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ABSTRACT

The genus Triticum L. includes bread wheat and other important cultivated species, which are economically
important for large parts of the human food. In this study, we conducted a phylogenetic analysis of A genome-
possessing species of genus Triticum L. (T. aestivum, T. turgidum, T. urartu and T. boeticum). Here, the internal
transcribed sequences (ITS) of nuclear ribosomal DNA were amplified by two pairs of primers in 26 genotypes from
the above species. Sequenced amplicons were aligned by ClustalW. Divergence matrices and phylogenic dendrogram
were made by MEGA 5.0. Results revealed the full length of sequences of ITS1 and ITS2 were 650 bp and 700bp,
respectively and G+C content were 60.25 and 60.50 in them. High levels of conservation in sequences were found
among genotypes (%63 and %88). Phylogenetic analysis using amplified sequences were successfully divided diploid
and polyploid wheats into individual groups. Regarding to the results, there were close relationships within T.
aestivum and T. turgidum and also within T. urartu and T. boeticum. However, our analysis suggests that the ITS
molecular markers seem to be proper tools for plant phylogenetic studies.
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Table 1. Information of genotypes used in the study

Row Species Genome Origin

1 T. aestivum A'BD 6x  Azarbaijanegharbi (Naghadeh)

2 T. aestivum A'BD 6x Golestan(Gonbad)

3 T. aestivum A'BD 6x  Qazvin

4 T. aestivum A'BD 6x Esfahan(Shahr Reza)

5 T. aestivum A'BD 6x Khuzestan (Izeh)

6 T. aestivum A'BD 6x Ilam (Salehabad)

7 T. boeticum AP 2x Lorestan (Sepid dasht)

8 T. boeticum A° 2x  Alborz (Taleghan)

9 T. boeticum A° 2x Kermanshah (Javanrood)

10 T. boeticum AP 2x  Azarbaijanegharbi (Silvana)

11 T. boeticum A° 2x  llam (Sarableh)

12 T. turgidum A'B 4x Khuzestan(Ahvaza)

13 T. turgidum A'B 4x  Ardabil

14 T. turgidum A'B 4x Kohkiluye va boyerahmad (Yasooj)
15 T. turgidum A'B 4x Kordestan

16 T. turgidum A'B 4x Khorasan (Mashhad)

17 T. turgidum A'B 4x Ilam (Mehran)

18 T. urartu A" 2x Kermanshah (Kerand Gharb)

19 T. urartu A" 2X Kordestan (Saghez)

20 T. urartu A" 2x Kordestan (Marivanl)

21 T. urartu A" 2x  Chaharmahale Bakhtiari (Sisakht)
22 T. urartu A" 2x Chaharmahale Bakhtiari (Farokh Shahr)
23 T. urartu A" 2x Kermanshah (Songhor)

24 T. urartu A" 2X Kermanshah (Biston)

25 T. urartu A 2X Kermanshah

26 T. urartu A" 2x Kordestan (Marivan2)

27 H. spontaneum H 2X Ilam (Golzar)
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Table 2. ITS primers information used in the study

Row Strand Primer Sequence T™ (°C)

1 Forward 5-GAGGAAGGAGAAGTGGTAAC-3 52.8

Reverse 5-CTGGGGTCGCGGTCGA-3 58.4

2 Forward S-TATCTTTAGAGGAAGGA-3 38.1

Reverse 5-GATATGCTTAAACTCAGC-3 38.6
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Figure 1. Results of amplification of ITS primers, (A): the first primer (650 bp), the second primer (700 bp), (M): 100
bp DNA ladder
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Table 3. Mean content of nucleotides in amplified sequences
Primer Nuleotid Content Dinucleotid Content i i e R (sifsv)
(%) (%)
T 17.5 TT 1578 CT 0.95 AT 0.32 GT 0.63
C 325 TC 0.95 CC 3062 AC 0.47 GC 0.63
TSI A 2175 TA 032 CA 063 AA 2004 GA o079 2248 363 39 09
G 27.75 TG 0.47 CG 0.63 AG 0.95 GG 26.04
T 17.75 TT 1654 CT 0.73 AT 0.29 GT 0.44
C 32 TC 0.73 CC 3089 AC 0.15 GC 0.15
ITS2 A 21.75 TA 0.29 CA 0.15 AA 2049 GA 0.59 9558 263 176 1.50
G 28.50 TG 0.29 CG 0.15 AG 0.59 GG 27.67

* |dentical Pairs, ** Transitionsal Pairs, *** Transversional Pairs.
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Table 4. Issimilarity coefficients between various genotypes

T.aestivum [ T.boeticum T.turgidum [ T.urartu
2 3 4 5 6 | 8 9 10 11 [ 12 13 14 16 17 | 20 24 25 26
e 2| -
S 3 |00 -
£ 4 [0018 0014 -
& 5 |0022 0016 0019 -
F 6 [0.022 0017 0.022 0016 -
g 8 |0.077 0.080 0.079 0.078 0.076 -
2 9 (0173 0174 0171 0173 0177 0131 -
§ 10 |0.077 0.077 0.079 0.082 0.084 0.045 0.131 -
= 11 | 0.067 0.064 0.065 0.066 0.066 0.043 0.147 0.047 -
c 12 [0013 0017 0018 0024 0022 0076 0.171 0077 0067 -
3 13 [0.028 0.025 0.025 0.025 0.022 0.078 0.178 0.082 0.074 0.029 -
> 14 0028 0.027 0.031 0.032 0.031 0.074 0.170 0.074 0.065 0.026 0.027 -
2 16 |0.030 0.029 0.031 0.032 0.033 0.073 0.172 0.074 0.066 0.029 0.024 0.013 -
- 17 |0.026 0.023 0.022 0.025 0.023 0.071 0.171 0.075 0.061 0.022 0.030 0.025 0.029 -
5 20 |0.067 0.070 0.069 0.072 0.069 0.044 0.151 0.048 0.020 0.068 0.071 0.062 0.067 0.058 -
£ 24 {0068 0068 0065 0.068 0.065 0.040 0.147 0.048 0.013 0.065 0.072 0.063 0.063 0.056 0.020
S 25 |0.064 0066 0.060 0.067 0068 0.039 0.144 0.045 0.016 0.063 0.069 0.063 0.063 0.059 0.018 0.017 -
- 26 [0.096 0.100 0.099 0.093 0.094 0.043 0.138 0.069 0.063 0.096 0.101 0.097 0.095 0.091 0.063 0.062 0.066
o )90 GBS g 9y (S Alols b Jgu
Table 5. Genetic distance within and between species
L Between Groups
Groups Within Groups T. aestivum T. boeticum T. turgidum T.urartu
T. aestivum 0.018 -
T. boeticum 0.091 0.099 -
T. turgidum 0.025 0.026 0.097 -
T. urartu 0.041 0.074 0.067 0.072 -
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Figure 2. Dendrogram obtained by ITS primers in cultivated and wild species of Triticum L. and wild barely
(H. spontaneum)
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Figure 3, Dendrogram obtained by ITS primers in various species of Triticum L. and wild barely (H. spontaneum)
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Figure 4. The chart of Bioplot obtained from principal component analysis in wild and cultivated Triticum L.



- SsS ) 0 A SIS JsSge i Teh s e 5 55 4.

Gk @y oYU e @ (Baiss ol o colatul
YL Sascbls samoylid a5 sl lees
2 gl @Y gl g LSS (b bls ol
Slapls Lide plolids 5 2l,ls sloalaly (o)
cldiss dor ax 51 (Ko gow | Lol el
57 8% 5 (IS 09 S o0 A LIS sl pus
03,5 (nl Lal e85 18 Jits 09,5 SG 0 (S22
5 99 Lasdshy b g laadolas 09,5 n 5 g9 ol LS
L sleaiss gilolas 4 0B o bS] ol
bogS 3 plewa OIS) 5 sk ol
Wyl G s LS
5 Vsling> s ln bagl leslinul Gl
sbcalls a5 ol ohaa S (gilulas
P Cayd (530303, 45 el 0l a8 wliscsy,
2l el leds pwlibcsy, ole 4L

LS

990 logad sO.\A“ﬁ«uJQQ e 4L,
s aliBes 09,5 dw @ |y lacomes sdeliawsa

¢ T. urartu

sy slas plply oS
A K5 g adelod &gy 9o 2 a5 T, boeticum
GO SKop g Slaize e S SO 0wyl
S )5 Ky

s T. aestivum odsh L 5 )5 sleaiss
S wijls B g A lay K55 a5 T, turgidum
Gy A8 S (Gl 095 Sy 0 g o 4 S
5 e Olyieds 45 55 H. spontaneum &8 Koo
iy sbaiss 5l ol Aol b s ooliiul 09,5
9 Slaize jemme 1 (6,508 Coww )0 oS (cl)5 g
(F JS) co,8 1,8 alflos 09,5 S j0

(G S Az
Syge ITS sla, S5kl Loy ool iS5 sla Jgs

REFERENCES

1.

Baghaee-Ravari, S., Falahati-Rastegar, M., Jafarpour, B. & Shokoohifar, F. (2007). The study of
probable variation in ITS- rDNA region of Fusarium solani in potato and its correlation with
pathogenicity and geographical origin in Razavi and Northern Khorasan Provinces. Journal of
Agricultural Sciences and Natural Resources, 14, 1-9. (in Farsi)

Bandopadhyay, R., Sharma, Sh., Rustgi, S., Singh, R., Kumar, A., Singh-Balyan, H. & Kumar-

2.

Gupta, P. (2004). DNA polymorphism among 18 species of Triticum—Aegilops complex using wheat
EST-SSRs. Plant Science, 166, 349-356

3. Belgerami, S. (2009). The effects of ploidy and planting season on the phytic acid and some
morphological characteristics of some species of grasses family. M.Sc. thesis. Faculty of Agriculture,
University Shahrekord. (in Farsi)

4. Calonje, M., Martin-Bravo, S., Dobes, C., Gong, W., Jordon-Thaden, I., Kiefer, C., Kiefer, M.,
Paule, J., Schmickl, R. & Koch, M. A. (2009). Non-coding nuclear DNA markers in phylogenetic
reconstruction. Plant Systematics and Evolution, 282, 257-280.

5. Carvalho, A., Guedes-Pinto, H. & Lima-Brito, J. (2009). Genetic variability assessed by ITS PCR-
RFLP markers in old Portuguese bread wheat. Journal of Genetics, 88, 363-367.

6. Doyle, J. J. & Doyle, J. L. (1987). A rapid DNA isolation procedure for small quantities of fresh leaf
tissue. Phytochemistry, 19, 11-15.

7. Dvorék, J. & Appels, R. (1982). Chromosomal and nucleotide sequence differentiation in genomes
of polyploid Triticum species. Theoretical and Applied Genetics, 63, 349-360.

8. Ehtemam, M H., Rahiminejad, M. R., Saeidi, H. & Ebrahim, F. (2014). Phylogenetic comparison of the A
genome using karyotype analysis in some Triticum species. Taxonomy and Biosystematics, 21, 11-20.

9. Golovnina, K. A., Glushkov, S. A., Blinov, A. G., Mayorov, V. ., Adkison, L. R. & Goncharov, N. P.
(2007). Molecular phylogeny of the genus Triticum L. Plant Systematics and Evolution, 264, 195-216.

10. Goryunova, S. V., Chikida, N. N., Gori, M. & Kochieva, E. Z. (2005). Analysis of Nucleotide
Sequence Polymorphism of Internal Transcribed Spacers of Ribosomal Genes in Diploid Aegilops
(L.) Species. Journal of Molecular Biology, 39, 173-176.

11. Hammer, K., Filatenko, A.A. & Korzun, V. (2000). Microsatellite markers-a new tool for
distinguishing diploid wheat species. Genetic Resources and Crop Evolution, 47, 497-505.

12.

Hsiao, C., Chatterton, N. J., Asay, K. H. & Jensen, K. B. (1995). Phylogenetic relationship of the
monogenomic species of the wheat tribe, Triticeae (Poaceae), inferred from nuclear rDNA (internal
transcribed spacer) sequences. Genome, 38, 211-223.


http://link.springer.com/journal/10722

2

13.

14.

15.

16.

17.

18.

19.

YYA8 Hlaaals oF 6 Les FA 8,90 oyl ) 2l)5 lalS pole

Kharestani, H., A.A. Nasrolah-Nejad-Qomi. A. A. & Mehrabi, A. A. (2013). Genetic diversity
assessment of Einkorn wheat by using microsatellite markers. Electronic Journal of Crop
Production, 6, 1-16. (in Farsi)

Mammdouh-Alnaddaf, L., Moualla, M. Y. & Haider, N. (2013). Genetic Relationships among
Aegilops L. and Triticum L. Species based on the Internal Transcribed Spacer Sequences of nrDNA
(ITS). Asian Journal of Agricultural Sciences, 5, 108-117.

Mostafavi, G. (2013).Taxonomy and molecular phylogeny of land plants. Islamic Azad University,
shahre rey. First Edition, 355 pp. (in Earsi)

Nalini, E., Bhagwat, S. G. & Jawali, N. (2007). Identification and characterization of some ITS
variants from hexaploid wheat (Triticum aestivum L.). Plant Science, 173, 262-268.

Peacock, W. J., Gerlach, W. L. & Dennis, E. S. (1981) Molecular aspects of wheat evolution:
repeated DNA sequences. In: Evans LT, Peacock WJ (eds) Wheat science today and tomorrow.
Cambridge University Press, Cambridge, pp. 41-60.

Wang, G. Z., Matsuoka, Y. & Tsunewaki, K. (2000). Evolutionary features of chondriome
divergence in Triticum (wheat) and Aegilops shown by RLFP analysis of mitochondrial DNAs.
Theoretical and Applied Genetics, 100, 221-231.

Zhang, W., Qu, L. J., Gu, H., Gao, W., Liu, M., Chen, J. & Chen, Z. (2002). Studies on the origin
and evolution of tetraploid wheats based on the internal transcribed spacer (ITS) sequences of
nuclear ribosomal DNA. Theoretical and Applied Genetics, 104, 1099-1106.


http://maxwellsci.com/jp/j2p.php?jid=AJAS
http://www.journals.elsevier.com/plant-science
http://link.springer.com/journal/122

