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Abstract: The internal transcribed spacers (ITS1 and I1TS2) and 5.8S ribosomal DNA gene
were sequenced from twelve genotypes representing four species of Hordeum. Whole
sequences of ITS region revealed 87 variable nucleotides. Alignment sequence lengths of
(ITS1, ITS2 and 5.8S) regions were 220-222bp, 223bp and 161bp, respectively. Differences
in ITS1 lengths are attributed to insertion/deletion, while the sequence length of ITS2 and
5.8S regions was uniformly. GC content was higher in ITS2; number variable sites were
higher in ITS1 while transitions/transversions ratio was higher in ITS2.

Phylogenetic analysis of the ITS1, ITS2 and 5.8S regions distinguished clearly the four
Hordeum genomes (H, I, Xa, and Xu). These results indicated that ITS region was successful
marker in confirming species. However, ITS region is not suitable marker for intraspecific
level studies in genus Hordeum.
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Introduction

Barley (Hordeum vulgare L.) is an important feed and food cereal crop, ranking fourth among the
cereals in worldwide production, and grown in a wide range of environments. Hordeumis the largest genus in
the tribe Triticeae and comprises about 50 taxa'. Classification of the genus is mainly based on morphometric
data, the capacity of different species to produce fertile progeny in crosses, and the analysis of meiotic pairing
of chromosomes in hybrids®. Previous studies, based on the meiotic pairing behavior of different interspecific
combinations of Hordeum species, suggested the presence of four "basic genomes" designated I, Xa, Xu and H
234 poth H. vulgare and H. bulbosum carried the Igenome, whereas H. marinum and H. murinum carried the Xa
(formerly X) and Xu (formerly Y) genome, respectively, but the remaining species sharedvariants of the H
genome.

ITS region has been used to gain insight into DNA sequence evolution®. As it belongs to a multigene
family with hundreds to thousands of homogenized copies in a single genome®, it allows for direct sequencing
of PCR products for many eukaryotes. Since ITS sequences evolve relatively quickly”®, it makes them an
interesting subject for evolutionary investigations®'%**as well as biogeographic investigations*?*3*.

ITS sequence data has been implemented in earlier studies to assess genetic diversity in cultivated
barley®. Also, sequence comparison of the ITS region was used to determine genetic diversity at intraspecific
level in the wild barley Hordeum spontaneum and common wheat Triticum aestivum L. *.

The present study was devoted to estimate nucleotide polymorphism of the 5.8S rDNA, ITSland ITS2,
and to demonstrate phylogenetic relationships between Hordeum genotypes which belong to groups with
different genomes.
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Materials and Methods
Plant Material:

Twelve genotypes representing four species of genus Hordeum were used in this study. The grains had
been provided by The International Center for Agricultural Research in the Dry Area (ICARDA) and the
General Commission for Scientific Agricultural Research in Syria (GCSAR) as shown in table 1. The grains
were grown in plastic trays at a glass house.

DNA extraction

Fresh young leaves -during stage of two to three leaves- from three plants at least for each genotype
were frozen in the liquid nitrogen, then disrupted and homogenized by Tissue Lyser LT (Qiagen, Germany).
Total genomic DNA was isolated using DNeasy Plant Mini Kit (Qiagen, Germany). Its quality was determined
by running the DNA on 1% agarose gel. DNA concentration was adjusted to 50 ng/uL by DNase/RNase Free
Water after measuring the concentration by spectrophotometer.

PCR reaction and DNA sequencing

The target segments containing the ITS1-5.8S-ITS2 region were amplified using the following
universal primer pair: ITS-4(5’-TCCTCCGCTTATTGATATGC-3’),ITS-5(5’-GGAAGTAAAAGT
CGTAACAAGG-3")" PCR amplification was done using HotStarHiFidelity Polymerase Kit (Qiagen),
containing 35.5ul RNase-free water, 10ul of 5x HotStarHiFidelity PCR Buffer containing dNTPs, 1ul of each
primer (10 picomole), 1.5ul (50ng) genomic DNA and 1pl HotStarHiFidelity DNA Polymerase. PCRs were
performed in pegSTAR 2X Gradient Thermocycler (Germany), as follows: primary denaturing at 94°C for 5
min, followed by 35 cycles of 94°C for 1 min, 54°C for 1 min and 72°C for 1 min, with a final extension step at
72°C for 7 min. The PCR products were enzymatically purified with ExoSAP-IT kit (GE Healthcare), and then
sequenced from both directions using the forward and reverse primers by running on an ABI Prism 310
capillary DNA sequencing instrument. All sequences obtained in this study were submitted to the GenBank
database under the accession numbers KP008150, and KP126667 to KP126677.

Sequence alignment and tree construction

The boundaries of ITS-1, ITS-2 and 5.8S sequences presently investigated were determined depending
on the published literature *®.Sequence segments were assembled into contigs by CodonCode Aligner software
(CodonCode Corporation, Dedham, MA, USA),and then were alignend using ClustalW multiple sequence
alignment™. Sequence characteristics; total nucleotide length (bp), GC content (%), number of
deletion/insertion, conserved and variable sites and parsimony informative sites) were calculated with MEGA
version 6 software?. The proportion of nucleotide differences was calculated among pairs of species using the
Kimura two-parameter model®, with all codon positions weighted equally. Phylogenetic construction was
performed using the neighbor-joining method and the Jukes-Cantor method?.Statistical support for internal
nodes was estimated by 100 bootstrap re-sample®®.The investigated samples were analyzed together with four
homologous sequences of Hordeum species representH.Chilense (AJ607872),H. brevisubulatum (AJ607853),
H.marinum sub spmarinum (AJ607984) and H. marinum subsp. gussoneanum(AJ607976)obtainedfrom
GenBank. As well as Sorghum bicolor(SBU04789) and Sorghum nitidum (U04797.1) that belong to the tribe
Triticeaewere used as an out-group in the construction of the phylogenetic tree.
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Table 1: List of the species and sequences used for phylogenetic analysis
. . . Genome Accession o . Accession
Species Subspecies Ploidy Origin/Province Source Sequence name
group number(1G) numbers
| ®Barley Line Syria °|cARDA vulgarevulg(1) KP008150
subsp. vulgare 2x=14 I Furat 9 cultivar Syria ‘GCSAR vulgarevulg(2) KP126677
H. vulgare I Abiad cultivar Syria GCSAR vulgarevulg(3) KP126676
I 1G39918 Syria /Sweida ICARDA vulgarespon(1) KP126675
subsp. spontaneum 2x=14 | 1G38639 Syria/Al Hasakah ICARDA vulgarespon(2) KP126673
I 1G39843 Syria /Raqga ICARDA vulgarespon(3) KP126674
I collecting Syria/lHoms INCBT bulbosum.bulb(1) KP126667
H .bulbosum subsp. bulbosum 4x=28 I collecting Syria/Damascus NCBT bulbosum.bulb(2) KP126668
| collecting Syria/Sweida NCBT bulbosum.bulb(3) KP126669
] subsp. glaucum 2x=14 Xu 1G39948 Russia ICARDA murinumglauc KP126671
H. murinum
subsp. leporinum 4x=28 Xu 1G48945 Iran/Tehran ICARDA murinumlep KP126672
H .marinum subsp. gussoneanum 4x=28 Xa 1G39887 Cyprus/Kyrenia ICARDA marinumguss KP126670

Barley Line: Man/Huiz//M69-69/3/Apm/RI//H272/4/CP/Bra/5/J0s0'S'/6/Hyb85-6/7/Aths ‘ICB95-0224-0AP-9AP-0AP-8TR-5TR-0AP’
PJCARDA: International Center for Agricultural Research in the Dry Area

“GCSAR: General Commission for Scientific Agricultural Research in Syria
INCBT: National Commission for Biotechnology
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Results and Discussion:

A single PCR product ranged approximately from 653 to 655 bp was obtained from each studied
genotype. The number of aligned sites used for this analysis was 608bp only, because the two segments;18S
Ribosomal RNA at the 5' end of ITS1 and26S Ribosomal RNA at the 3' end of ITS2, were not included in the
analysis. The ITS1 varied in length (220and 222 bp), whereas the length of 5.8S and ITS2 sequences were
uniformly; 161 and 223 bp, respectively. The length variation observed in the ITS1 in Hordeum species was
caused by an indels. The deletion within ITS1 believed to interfere with rRNA processing by inhibited
production of mature small and large subunit rRNAs**?°, whereas certain deletions and point mutations in ITS2
prevented or reduced processing of large subunitrRNAZ,

The GC content of ITS1 ranged between 56.81% and 59.9%, for ITS2 ranged between 59.64% and
62.78%, and for 5.8S rDNA ranged between 59.62% and 60.24% (table2). This is somewhat similar to the
findings for Hordeum and Triticum? 14628 As a result, the GC content of ITS2 is relatively high compared to
ITS1, which is compatible with theresult of Zhanget al.?®, who indicated that GC content of tetraploid wheat
varied from 59% to 62% for ITS1 and from 60% to 65% for ITS2.

Table 2:Length and GC Content of 1TS1,5.8S and ITS2regions

ITS1 ITS2 5.8S
Genotypes Size (bp) | %GC Size (bp) | %GC Size | %GC
(bp)
H.vulgaresubspvulgare
vulgarevulg(1) 220 56.81 223 62.33 161 59.62
vulgarevulg(2) 220 56.81 223 62.33 161 59.62
vulgarevulg(3) 220 56.81 223 62.33 161 59.62
H.vulgaresubspspotaneum
vulgarespon (1) 220 56.81 223 62.33 161 59.62
vulgarespon (2) 220 56.81 223 62.33 161 59.62
vulgarespon (3) 220 56.81 223 62.33 161 59.62
H.bulbosumsubspbulbosum
bulbosum.bulb(1) 220 58.18 223 60.08 161 60.24
bulbosum.bulb(2) 220 58.18 223 59.64 161 60.24
bulbosum.bulb(3) 220 58.18 223 59.64 161 60.24
H.murinum
murinumglauc 222 58.55 223 60.98 161 59.62
murinumlep 222 58.55 223 60.98 161 59.62
H.marinum
marinumguss 222 59.9 223 62.78 161 59

Multiple Sequence Alignment (MSA) of the 12 sequences obtained from the 12 studied genotypes was
constructed using ClustalW (Figure 1). Within entire ITS sequence region, out of 608 total nucleotides, 519
nucleotides were constant. On the other hand, 69 variable nucleotides were informative and 18 nucleotides were
uninformative. ITS1 provides higher number of variable sites 46 (20.72%) compared with 39 (17.49%) sites of
ITS2. In addition, ITS1 contributes a greater number of informative sites(38)than does 1TS2 (30) (table 3).This
level of divergence in ITS1 comparing with ITS2 is in agreement with previous studies'****",

Table 3: Sequence characteristics of ITS region ofHordeum species in this study

| Transversions Pairs | 8 | 3 | 0 |
ITS1 ITS2 5.8S
No. of variable sites (%) 46 (20.72%) 39 (17.49%) 2 (1.24%)
No. of constant sites (%) 176 (79.28%) 184 (82.51%) 159 (98.75%)
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No. of informative sites (%) 38 (16.96%) 30(13.45%) 1(0.62%)
No. of indels 4 0 0
Transitionsal Pairs 10 11 1
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Figure 1 Multiple alignment of ITS sequence for 12 Hordeum genotypes constructed using ClustalwW

system

data are similar to that of Brown et al.

1660

The transitions/transversions (ti/tv) ratio for a pair of sequences ranged from 1.61 to 3.25 (table 4). Our

, who found that transitions generally occurring more frequent than

transversions. Also Wakeley® showed that ratio of the rates of transitional to transversional changes plays a role
in evolutionary distance correction methods, and implemented in several evolutionary models.

We report here that 5.8S rDNA region was the most conserved compared to ITS1 and ITS2 regions, as
it exhibited only two nucleotide base substitutions (transitions) at position number 24 bp (T<C) for H.
marnium and 129bp (T«<»C) for H. bulbosum species. Pairwise divergence values (0.0 to 0.013) from
comparison of 5.8S sequences were much lower than both ITS1 and ITS2 regions, which is in agreement with
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other studies****? that emphasized that the 5.8S region is identical and less different than both of ITS1 and
ITS2 regions in the two related genera Hordeum and Triticum.

In this study low levels of ITS sequence divergence were observed™. The sequence divergence of ITS1
ranged from 0.0 to 0.174, and it is relatively higher than that of ITS2 ranged from 0.0 to 0.152 *****!, The ITS
sequences of three H. vulgare, three H. spontaneum, three H. bulbosum, and two H. murinum genotypes were
used to investigate the intraspecific genetic variation in ITS region. Overall, sequences of each species were
identical except for bulbosum.bulb(2), which has one substitution at position number 447 bp (G«>A) sequence
divergence ranged from 0.000 to 0.002 (Kimura 2-parameter distances). Generally, ITS sequences of cultivated
varieties of barley are identical due to the highly conserved nature of this region®*°, therefore the internal
transcribed spacer can be useful in determining interspecies *2"*, and sometimes intraspecies relationships™®.

Table 4: Estimation of evolutionary divergence of entire ITS regions among 12 genotypes of
Hordum,using Kimura 2-Parameter model (the lower-left matrix) and the numbers of
transitions/transversions (upper-right).

No |Sequence name 1 2 3 4 5 6 7 8 9 10 11 12

1 | vulgarevulg(1) 0 0 0 0 0 | 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
2 | vulgarevulg(2) | 0.000 0 0 0 0 | 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
3 | vulgarevulg(3) | 0.000( 0.000 0 0 0 | 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
4 | vulgarespon(1) | 0.000| 0.000| 0.000 0 0 | 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
5 | vulgarespon(2) | 0.000| 0.000| 0.000| 0.000 0 | 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
6 | vulgarespon(3) | 0.000| 0.000| 0.000| 0.000| 0.000 25/8 | 26/8 | 26/8 | 33/22 | 33/22 | 32/18
7 [pulbosum.bulb(1) | 0.057| 0.057| 0.057| 0.057| 0.057| 0.057 1/0 | 1/0 | 33/20 | 33/20 | 36/18
g [pulbosum.bulb(2) [ 0.059| 0.059| 0.059| 0.059| 0.059| 0.059| 0.002 0 | 34/20 | 34/20 | 37/18
g9 [pulbosum.bulb(3) | 0.059| 0.059| 0.059| 0.059| 0.059| 0.059| 0.002| 0.000 34/20 | 34/20 | 37/18
10 | murinumglauc | 0.098| 0.098| 0.098| 0.098| 0.098| 0.098| 0.092| 0.094| 0.094 0 | 30/16
11 | murinumlep | 0.098| 0.098| 0.098| 0.098| 0.098| 0.098| 0.092| 0.094| 0.094| 0.000 30/16
12 | marinumguss | 0.088| 0.088| 0.088| 0.088| 0.088| 0.088| 0.096| 0.098| 0.098| 0.081 | 0.081

Note:distances in the lower-left matrix: gaps and missing information were removed from the analysis (pairwise
distance computation)

The sequence of the ITS regions did not reveal any variation between H. vulgare and H. spontaneum.
However, 33 variant sites were recorded in the same regions with H. bulbosum. This result is highly concordant
with that of Shao®, Zohary and Hopf*‘who postulated that H. spontaneum is the oldest ancestor, and the first
stage of evolution of cultivated barley.

The sequence divergence between H. vulgare and H. murinum (0.098) was greater than the divergence
between H. vulagre and H. marinum (0.088) (table 5).These results disagree with the findings of Bothmer'who
revealed that H. murinum as the closest wild species to H. vulgare.

Table 5: Conserved motif in ITS1 of some plant species

Species Sequence

H.vulgaresubspvulgare GGCGCCGAAGGCGTCAAGGAA

H.vulgaresubspspotaneum GGCGCCGAAGGCGTCAAGGAA

H.bulbosumsubspbulbosum GGCGCCGAACGCGTCAAGGAA

H.murinumsubspglaucum GGCGCCGAATGCGTCAAGGAA

H.murinumsubspleporinum GGCGCCGAATGCGTCAAGGAA

H.marinumsubspgussoneanum GGCGCCGAAGGCGTCAAGGAA

Triticumaestivum GGCGCCGAAGGCGTCAAGGAA

Oryza sativa GGCGCCGACGGCGTCAAGGAA

Arabidopsis thaliana GGCACG-AAAAGTGTCAAGGAA
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A conserved motif within ITS1 region was identified, as the conserved sequences GGCGCCGAA (B)
GCGTCAAGGAA (where B= C or T or G) were present in ITS1 sequence. In table 5 the variance in this
conserved motif among Hordeum genotypes, Oryza sativa and Arabidopsis thaliana were presented. In previous
studies on flowering plants, this conserved motif has been reported in the middle of ITS1 which was presumed
to work as a recognition site for processing of a primary transcript into the structural rRNA. Identification of
such conserved motif will facilitate alignment of sequences for phylogenetic analysis **.

Phylogenetic tree construction of the Hordeum Species:

The phylogenetic relationships within and among Hordeum species were studied using substitutions in
the sequences of ITS-1, ITS-2 and 5.8S regions. The phylogenetic analysis identified two well-resolved clades,
supported by high bootstrap values attached to the out-group clade of Sorghum.

The first main clade consistedof two subclades; the first one contained H. vulgare subsp. vulgare and
subspspontaneumthat grouped together with bootstrap 100%, while H. bulbosum formed the second subclade.
This position highly corroborated bythe previous study *°.

The second main clade subdivided into three subclades corresponding to two sublclades including H.
marinum group,H. chilense and H. brevisubulatum group, which clustered together with the third subcladeH.
murinum group (bootstrap values 96%).

Phylogenetic analysis based on the ITS sequences of Hordeum species distinguished unambiguously
the four basic Hordeum genomes (Fig. 2), as the groups reflect the taxonomical classification within the genus
Hordeum?*3#,
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Figure 2 Phylogenetic tree of Hordeum based on ITS region sequences using the Neighbor-Joining
method was constructed. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (100 replicates) is shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the Jukes-Cantor method.
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In conclusion, ITS region was a convenient marker in confirming the species, revealing hidden
diversity in Hordeum species and its evolutionary construction. Although ITS analysis was sensitive enough to
identify the interspecific variation, but it was not suitable for intraspecific level studies, as sequences of ITS
region were highly conserved within the same species. Our data of ITS-rDNA have strengthened the view that
the H. bulbosum is phylogenetically closest to H. vulgare. Our findings were in a good agreement with the
classification system which suggested dividing the genus into four major groups according to the genomes H,
Xa, |, and Xu. Finally, the nucleotide differences may prove to be more useful, especially when sequence data
are used either for PCR or probe development.

Acknowledgements:

The authors would like to thank Prof. Dr. Michael Baum—-ICARDA (International Center for
Agricultural Research in the Dry Area) for kindly providing us with the plant material, and particularly grateful
toDr. ArwaShahin—-Damascus University, for her helpful discussion and valuable comments.

References:

1. Bothmer R. von., Jacobsen N., Baden C., Jorgensen R.B. and Linde-Laursen I. An ecogeographical
study of the genus Hordeum. In: Systematic and Ecogeographic Studies on Crop Genepools 7. 1991,
International Board for Plant Genetic Resources (IBPGR), Rome.

2. Bothmer R. von., Jacobsen N., Baden C., Jergensen R.B. and Linde-Laursen I. An Ecogeographical
Study of the GenusHordeum, 1995, second ed. IPGRI, Rome.

3. Linde-Laursen 1., Bothmer R.V. and Jacobsen N. Relationships in the genus Hordeum: Giemsa C-
banded karyotypes. Hereditas, 1992,116: 111-116.

4.  Wang R.R.C, Bothmer R. von., Dvorak J., Fedak G., Linde-Laursen ., Muratmatsu M. Genome
symbols in the Triticeae. In: Wang, R.R.C., Jensen, K.B., Jaussi, C. (Eds.), Proceedings of the 2nd
Internationa.Logan, Utah, 20-24 June 1994. Edited by R.R.C. Wang, K.B. Jensen, and C. Jaussi.Utah
State University, Logan, Utah. 1996, pp. 29-34.

5. Herskovitz M.A. and Lewis L.A. Deep-level diagnostic value of the  DNA-ITS region. Molecular
Biology and Evolution, 1996, 13: 1276-1295.

6.  Dubouzet J.G. and Shinoda K. Relationships among old and new world Alliums according to ITS DNA
sequence analysis. Theor. Appl. Genet., 1999, 98: 422-433.

7.  Cronn R. C., Small R.L., Haselkorn T. and Wendel J.F. Rapid diversification of the cotton genus
(Gossypium: Malvaceae) revealed by analysis of sixteen nuclear and chloroplast genes. Am. J. Bot.,
2002, 89:707-725

8.  Small R.L., Ryburn J.A., Cronn R.C., Seelanan T. and Wendel J.F. The tortoise and the hare: choosing
between noncoding plastome and nuclear Adh sequences for phylogeny reconstruction in a recently
diverged plant group. Amer. J. Bot., 1998, 85: 1301-1315.

9, Baldwin B.G., Sanderson M.J., Porter J.M. The ITS region of nuclear ribosomal DNA: A valuable
source of evidence on angiosperm phylogeny. Ann. Missouri Bot. Gard.,1995, 82: 247-277.

10. Hershkovitz M.A. and Zimmer E.A. Conservation patterns in angiosperm rDNA ITS2 sequences.
Nucleic Acid Research, 1996, 24: 2857-2867.

11. Hershkovitz M.A., Zimmer E.A. and Hahn W.J. Ribosomal DNA sequences and angiosperm
systematics. In: P.M. Hollingsworth, R.M. Bateman and R.J. Gornall eds. Molecular systematics and
plant evolution. Taylor & Francis, London, 1999, pp. 268-326.

12. Baldwin B.G. Molecular phylogenetics of Calycadenia (Compositae) based on ITS sequences of
nuclear ribosomal DNA: Chromosomal and morphological evolution reexamined. Am. J. Bot., 1993,
80: 222-238.

13. Suh Y., Thien L.B., Reeve H.E. and Zimmer E.A. Molecular evolution and phylogenetic implications
of ribosomal DNA in Winteraceae. Am. J. Bot., 1993, 80: 1042-1055.

14. Hsiao C., Chatterton N.J., Asay K.H. and Jensen K.B. Phylogenetic relationships of 10 grass species:
An assessment of phylogenetic utility of the internal transcribed spacer region in nuclear ribosomal
DNA in monocots. Genome, 1994, 37: 112-120.

15. Petersen G. and Seberg O. ITS regions highly conserved in cultivated barleys. Euphytica, 1996, 90:
233-234.



Makhoul, M.T. et a//Int.]). ChemTech Res. 2015,8(4),pp 1656-1665. 1664

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sharma S., Rustgi S., Balyan H.S., Gupta P.K. Internal Transcribed Spacer (ITS) sequences of
ribosomal DNA of wild barley and their comparison with ITS sequences in common wheat. Barley
Genet.Newslett., 2002, 32: 1T38-45.1T

White T.J., Bruns T., Lee S., Taylor J. Amplification and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds) PCR protocols: a guide
to methods and applications. Academic Press, 1990, pp 315-322.

Blattner F.R. Phylogenetic analysis of Hordeum (Poaceae) as inferred by nuclear rDNA ITS sequences.
Mol. Phylogenet. Evol., 2004, 33: 289-299.

Thompson J.D., Higgins D.G. and Gibson T.J. CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, positions-specific gap penalties and weight
matrix choice. Nucleic Acids Research, 1994, 22:4673-4680.

Tamura K.,Stecher G., Peterson D., Filipski A. and Kumar S. MEGAG6: Molecular Evolutionary
Genetics Analysis version6.0. Mol. Biol. Evol., 2013, 30: 2725-2729.

Kimura M. A simple method for estimating evolutionary rate of base substitutions through comparative
studies of nucleotide sequences. Journal of Molecular Evolution, 1980,16:111-120.

Jukes T.H. and Cantor C.R. Evolution of protein molecules. In Munro HN, editor, Mammalian Protein
Metabolism, Academic Press, New York, 1969, pp. 21-132.

Felsenstein J. Confidence limits on phylogenies: An approach using the bootstrap. Evolution, 1985,
39:783-791.

Musters W., Boon K., Sande Van Der C.A.F.M., Heerikhuizan H.V., Planta R.J. Function analysis of
transcribed spacers of yeast ribosomal DNA. EMBO,1990, 9: 3989-3996.

Nues R.W., Van Rientjes J.M.J., Sande Van Der C.A.F.M., Zerp S.F., Sluiter C., Venema, Planta R.J.,
Raue H.A. Separate structural elements within Internal  Transcribed Spacerl  of
Scccharomycescerviasiae precursor ribosomal RNA direct the formation of 17S and 26S rRNA.
Nucl.Acids. Res., 1994, 22: 912-919.

Sande Van Der C.A., Kwa M., Van Nues R.W., Van Heerikhuizen H., Raue H.A. and Planta R.J.
Functional analysis of Internal Transcribed Spacer 2 of Saccharomyces cerevisae ribosomal DNA . J.
Molec. Biol., 1992, 223: 899-910.

Chatterton N.J., Hsiao C., Asay K.H., Wang R.R.C., Jensen, K.B. Nuleotide sequence of the internal
transcribed spacer region of rDNA in wheat, Triticumaestivum L (Gramineae). Plant Mol. Biol., 1992,
20: 59-160.

El Rabey H. Comparison of the internal transcribed spacer region (ITS) of the ribosomal RNA genes in
wild and cultivated two and six-rowed barleys (Hordeumvulgare L.). MolBiol Rep, 2014, 41:849-854.
Zhang W., Qu L.J., Gu H., Gao W., Liu M., Chen J. and Chen Z. Studies on the origin and evolution of
tetraploidwheats based on the Internal Transcribed Spacer (ITS) sequences of nuclear ribosomal DNA.
Theor. Appl. Genet., 2002, 104: 1099-1106.

Kollipara K.P., Singh R.J. and Hymowitz T. Phylogenetic and genomic relationship in the genus
Glycine Wild. Based on sequences from the ITS region rDNA. Genome, 1997, 40: 57-68.

Moller M. and Cronk Q.C.B. Origin and relationships of Santipulia (Gesneriaceae) based on ribosomal
DNA Internal Transcribed Spacer (ITS) sequences. Am. J. Bot., 1997, 84(7): 956-965.

Brown W.M., Prager E.M., Wang A. and Wilson A.C. Mitochondrial DNA sequences of primates,
tempo and mode of evolution. J. Mol. Evol., 1982, 18:225-239

Wakeley J. The excess of transitions among nucleotide substitutions: new methods of estimating
transition bias underscore its significance. TREE, 1996,11: 158-163.

Asay K.H., Hsiao C., Chatterton N.J., Jensen K.B. andWang R.R. Nucleotide sequence of the internal
transcribed spacer region of rDNA in mountain rye, SecalemontanumGuss. (Gramineae). Plant Mol.
Biol.,1992, 20:161-162.

Chatterton N.J., Hsiao C., Asay K.H., Wang R.R-C and Jensen K.B. Nucleotide sequence of the
internal transcribed spacer region of rDNA in barley, Hordeumvulgare L. (Gramineae). Plant Mol.
Biol., 1992, 20:165-166.

Jorgensen R.A. and Cluster P.D. Modes and tempos in the evolution of nuclear ribosomal DNA: new
characters for evolutionary studies and new markers for genetic and population studies. Ann. MO. Bot.
Garden, 1988, 75: 1238- 1247.

Vogler D.R. and Bruns T.D. Phylogenetic relationships among the pine stem rust fungi (Cronartium
and Peridermium spp.). Mycologia, 1998, 90: 244-257.

Cullings K.W., Szaro T.M. and Bruns T.D. Evolution of extreme specialization within a lineage of
ectomycorrhizalepiparasites. Nature (London), 1996, 379: 63-66.



Makhoul, M.T. et a//Int.]). ChemTech Res. 2015,8(4),pp 1656-1665. 1665

39.

40.
41.

42.

43.

44,

Baura G., SzaroT. andBrunsT.Gastrosuilluslaricinus is a recent derivative of Suillusgrevillei: molecular
evidence.Mycologia,1992,84: 592-597.

Shao Q. The evolution of cultivated barley. Barley Genet, 1982, IV :22-24

Zohary D. and Hopf M. Domestication of plants in the old world. Clarendon Press, Oxford, 1993, pp
54-64.

Liu J.S. and Schardl C.L.A conserved sequences in internal transcribed spacer 1 of plant nuclear rRNA
genes. Plant Molecular Biology, 1994, 26: 775-778.

Petersen G. and Seberg O. Phylogenetic analysis of the diploid species of Hordeum (Poaceae) and a
revised classification of the genus. Syst. Bot., 2003, 28: 293-306.

Bothmer R. von.andKomatsudaT. Barley origin and related species. In: Barley production,
improvement and uses. Wiley-Blackwell Press, 2011, pp: 14-63.

%k XKk %k k



	OLE_LINK7
	OLE_LINK75
	OLE_LINK76
	OLE_LINK29
	OLE_LINK141
	OLE_LINK142
	OLE_LINK77
	OLE_LINK78
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK40
	OLE_LINK49
	OLE_LINK38
	OLE_LINK39
	BM14c2df37afdece30_results
	OLE_LINK36
	OLE_LINK37
	OLE_LINK116
	OLE_LINK117
	OLE_LINK118
	OLE_LINK69
	OLE_LINK86
	OLE_LINK107
	OLE_LINK108
	OLE_LINK139
	OLE_LINK140
	OLE_LINK72
	OLE_LINK73
	OLE_LINK95
	OLE_LINK96
	OLE_LINK97
	OLE_LINK137
	OLE_LINK138
	OLE_LINK106
	OLE_LINK129
	OLE_LINK135
	OLE_LINK109
	OLE_LINK152
	OLE_LINK155
	OLE_LINK110
	OLE_LINK113
	OLE_LINK156
	OLE_LINK157
	OLE_LINK122
	OLE_LINK126
	OLE_LINK158
	OLE_LINK163
	OLE_LINK32
	OLE_LINK33
	OLE_LINK127
	OLE_LINK147
	OLE_LINK34
	OLE_LINK128
	OLE_LINK35
	OLE_LINK52
	OLE_LINK74
	OLE_LINK27
	OLE_LINK28
	OLE_LINK60
	OLE_LINK61
	OLE_LINK44
	OLE_LINK45
	OLE_LINK21
	OLE_LINK22
	OLE_LINK18
	OLE_LINK20
	OLE_LINK98
	OLE_LINK99
	OLE_LINK114
	OLE_LINK115
	OLE_LINK104
	OLE_LINK105
	OLE_LINK31
	OLE_LINK59
	OLE_LINK3
	OLE_LINK4
	OLE_LINK19
	OLE_LINK57
	OLE_LINK58
	OLE_LINK56
	OLE_LINK53
	OLE_LINK46
	OLE_LINK47
	OLE_LINK48
	OLE_LINK54
	OLE_LINK55
	OLE_LINK62
	OLE_LINK63
	OLE_LINK64
	OLE_LINK65
	OLE_LINK71
	OLE_LINK66
	OLE_LINK67
	OLE_LINK16
	OLE_LINK17
	OLE_LINK100
	OLE_LINK101
	OLE_LINK41
	OLE_LINK42
	OLE_LINK43
	OLE_LINK68
	OLE_LINK102
	OLE_LINK103
	OLE_LINK5
	OLE_LINK159
	OLE_LINK160
	OLE_LINK119
	OLE_LINK120
	OLE_LINK121
	OLE_LINK8
	OLE_LINK9
	OLE_LINK92
	OLE_LINK93
	OLE_LINK143
	OLE_LINK144
	OLE_LINK153
	OLE_LINK154
	OLE_LINK162
	OLE_LINK133
	OLE_LINK134
	OLE_LINK132
	OLE_LINK70
	OLE_LINK123
	OLE_LINK146
	OLE_LINK164
	OLE_LINK165

