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Figurel. Morphological traits in inoculated without (BO) or with (B1) bacteria, under 0 (S0), 150 (S150) and 300 mM NaCl
(S300). The same letters indicate non-significant changes between different treatments (p < 0.05).
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Table 5. Identified proteins with significant expression changes under salt stress conditions and in plants inoculated

with P. fluorescens compared to control plant
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Figured. Expression changes of identified proteins in plants inocul ated with the bacterium under salt stress compared
to control plants (without inoculation and salt treatment). Bars above X axis indicate significant up-regulation and
bars below X axisindicate significant down-regulation. Numbers above bars show protein spot numbersand Y axis
indicates induction factor (IF).
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Figureb. Protein spots with more expression intensity in plants inocul ated with the bacterium under salt stress. Graphs

(right side) indicate the expression intensity of protein spots 1, 2 and 6. Gray bars indicate the expression intensity of

proteins in plant inocul ated with the bacterium EB*S) and white bars indicate the expression intensity of protein spots

in plants non-inocul ated with the bacterium (S). Protein spots of interest are represented on the gel (left side). Spot
numbers are according to protein numbersin table 2.

1- Saprophyte


http://dx.doi.org/10.29252/jcb.9.24.40
http://jcb.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-15 ]

[ DOI: 10.29252/jch.9.24.40 ]

¥ VRS lias IVF o)lad [ Jlo /25 oS 3o calitimgy

&l

1. Aki, F., SK. Kazemitabbar, S.H. Hashemi and H. Ngjafi Zarini. 2016. Evaluated of Effect of Cold
Stress on Proline, Malondialdehyde and Photosynthetic Pigments in Seedling Stage of Sesame
(Sesamumindicum L.) Genotypes. Journal of Crop Breeding, 8: 166-175 (In Persian).

2. Anjum, SA., X.Y. Xie, L.C. Wang, M.F. eem, C. Man and W. Lei. 2011. Morphological,
physiological and biochemical responses of plants to drought stress. African Journal of Agricultural
Research, 6: 2026-2032. o _ o - _ _

3. Ashraf, M. and T. McNeilly. 2004. Sdlinity tolerance in Brassica oilseeds. Critical Reviews in Plant
Sciences, 23: 157-174.

4. Banaei-Ad, F., A. Bandehagh, E.D. Uliaei, D. Fargjzadeh, K. Sakata, G. Mustafa, and S. Komatsu.
2015. Proteomic analysis of canola root inoculated with bacteria under salt stress. Journal of
proteomics, 124: 88-111.

5. Banaei-Adl, F., D. Fargjzadeh, A. Bandehagh and S. Komatsu. 2016. Comprehensive proteomic
analysis of canola leaf inoculated with a plant growth-promoting bacterium, Pseudomonas
fllg%e?czes%s under salt stress. Biochimica et Biophysica Acta (BBA)-Proteins and Proteomics, 1864:

6. Bandehagh, A., G.H. Salekdeh, M. Toorchi, A. Mohammadi and S. Komatsu. 2011. Comparative
proteomic analysis of canola leaves under salinity stress. Proteomics, 11: 1965-1975.

7. Bandeh-Hagh, A., M. Toorchi, A. Mohammadi, N. Chaparzadeh, G.H. Salekdeh, and H. Kazemnia,
2008. Growth and osmotic adjustment of canola genotypes in response to salinity. Journal of Food
Agriculture and Environment, 6: 201-210.

8. Baxter, A., R. Mittler and N. Suzuki. 2014. ROS as key players in plant stress signaling. Journal of
experimental botany, 65: 1229-1240.

9. Bhattacharyya, P. and D. Jha. 2012. Plant growth-promoting rhizobacteria (PGPR): emergence in
ag?nculture_. World Journal of Microbiology and Biotechnology, 28: 1327-1350.

10. Blankenship, R.E. 2013. Molecular mechanisms of photosynthesis. John Wiley & Sons, US, 321.

11. Bradford, J. 1986. Methods of Soil Analysis: Part 1-Physical and Mineralogical Methods. Soil Science
Society of America, US, 478. ) _

12. Bricker, T.M. and L.K. Frankel. 2002. The structure and function of CP47 and CP43 in photosystem
I1. Photosynthesis research, 72: 131-146.

13. Chaves, M., J. Flexas and C. Pinheiro. 2009. Photosynthesis under drought and salt stress: regulation
mechani sms from whole plant to cell. Annals of botany, 103: 551-560.

14. Fargjzadeh, D., N. Alia%harzad, N.S. Bashir and B. Y akhchali. 2010. Cloning and characterization of
a plasmid encoded ACC deaminase from an indigenous Pseudomonas fluorescens FY 32. Current
microbiology, 61: 37-43.

15. Fasciglione, G., E.M. Casanovas, V. Quillehauguy, A.K. Yommi, M.G. Gofii, S.I. Roura, and C.A.
Barassi. 2015. Azospirillum inoculation effects on growth, product quality and storage life of lettuce
plants grown under salt stress. Scientia Horticulturae, 195; 154-162. o )

16. Fathi Saad Abadi, M., G. Ranjbar, M. Zangi, S.K. Kazemitabar and H. Najafi Zarini. 2017. Evaluation
Salt Tolerance in Earliness Genotypes of Cotton (Gossypium hirsutum) at Seedling Stage. Journal of
Crop Breeding, 9: 109-116 (In Persian).

17. Fu, J. and B. Huang. 2001. Involvement of antioxidants and lipid peroxidation in the adaptation of two
cool-season grasses to localized drought stress. Environmental and Experimental Botany, 45: 105-114.

18. Gharelo Shokri, R., A. Bandehagh, D. Farajzadeh and M. Tourchi. 2016. Canola 2-dimensional
proteom profile under osmotic stress and inoculation with Pseudomonas fluorescens FY 32. Plant Cell
Biotechnology and Molecular Biology 17: 257-266.

19. Giardi, M.T., J. Masojidek and D. Godde. 1997. Effects of abiotic stresses on the turnover of the D1
reaction centre |1 protein. Physiol %ﬂia Plantarum, 101: 635-642. o

20.Hidri, R., J. Barea, O.M.B. Mahmoud, C. Abdelly and R. Azcén. 2016. Impact of microbial
inoculation on biomass accumulation by Sulla carnosa provenances, and in regulating nutrition,
physiological and antioxidant activities of this species under non-saline and saline conditions. Journal
of Plant Physiology, 201: 28-41.

21.Maere, S, K. Heymans and M. Kuiper. 2005. BiNGO: a Cytoscape plugin to assess
overrepresentation of gene ontology categoriesin biological networks. Bioinformatics, 21: 3448-3449.

22.McFarland, J. 1907. The nephelometer: an instrument for estimating the number of bacteria in
suspensions used for calculating the opsonic index and for vaccines. Journal of the American Medical
Association, 49: 1176-1178.

23. g/loighra, N.C. 2011. Introduction to proteomics: principles and applications. John Wiley & Sons, US,

24. Mohammadi, P.P., A. Moieni and S. Komatsu. 2012. Comparative proteome analﬁlsis of drought-
sensitive and drought-tolerant rapeseed roots and their hybrid F1 line under drought stress. Amino
Acids, 43: 2137-2152.

25.O'brien, R.D. 2008. Fats and oils; formulating and processing for applications. CRC press, US, 680.

26.Penrose, D.M. and B.R. Glick. 2003. Methods for isolating and characterizing ACC
deaminase-contai ning plant growth-promoting rhizobacteria. Physiologia plantarum, 118: 10-15.

27.Purty, R.S,, G. Kumar, SL. Singla-Pareek, and A. Pareek. 2008. Towards salinity tolerance in
Brassica: an overview. Physiology and Molecular Biology of Plants, 14: 39-49.

28.Richmond, G.S. and T.K. Smith. 2011. Phospholipases Al. International journal of molecular
sciences, 12: 588-612.

29. Sagi, M. and R. Fluhr. 2006. Production of reactive oxygen species by plant NADPH oxidases. Plant
physiology, 141: 336-340.


http://dx.doi.org/10.29252/jcb.9.24.40
http://jcb.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-15 ]

[ DOI: 10.29252/jch.9.24.40 ]

¥A 89 W& <o Pseudomonas florescence FY32 (¢ xS b oids gl 13157 5y paig ye (6o lyusss (oo y2

30. Samancioglu, A., E. Yildirim, M. Turan, R. Kotan, U. Sahin and R. Kul. 2016. Amelioration of
Drought Stress Adverse Effect and Mediamir;? Biochemical Content of Cabbage Seedlin%s by Plant
Growth Promoting Rhizobacteria. International Journal of Agriculture & Biology, 18: 948-956.

31. Sengupta, S. and A.L. Majumder. 2009. Insight into the salt tolerance factors of wild halophytic rice,
Porteresia coarctata: a physiological and proteomic approach. Planta, 229: 911-929.

32.Sharma, P., A.B. Jha, R.S. Dubey and M. Pessarakli. 2012. Reactive oxygen species, oxidative
ggrf;gle,zaéwd antioxidative defense mechanism in plants under stressful conditions. Journal of Botany,

33. Shih, P.H., C.T. Yeh and G.C. Yen. 2007. Anthocyanins induce the activation of phase Il enzymes
through the antioxidant response element ;)athwa against oxidative stress-induced apoptosis. Journal
of agricultural and food chemistry, 55: 9427-9435.

34.Siegel, D., D.L. Gustafson, D.L. Dehn, J.Y. Han, P. Boonchoong, L.J. Berliner and D. Ross. 2004.
?Ié%g £|3)4I7-| guinone oxidoreductase 1: role as a superoxide scavenger. Molecular pharmacology, 65:

35.Tiwari, S, C. Lata, P.S. Chauhan and C.S. Nautiyal. 2016. Pseudomonas putida attunes
morphophysiological, biochemica and molecular responses in Cicer arietinum L. during drought
stress and recovery. Plant Physiology and Biochemistry, 99: 108-117.

36.Van Loon, L.C., B.P. Geraats, and H.J. Linthorst. 2006. Ethylene as a modulator of disease resistance
in plants. Trendsin plant science, 11: 184-191. _

37.Wahid, A. and E. Rasul. 2005. Handbook of photosynthesis. CRC Press US, 952.

38.Weller, D.M., J.M. Raaijmakers, B.B.M. Gardener and L.S. Thomashow. 2002. Microbia populations
z%ﬁpé)gg glz%for specific soil suppressiveness to plant pathogens 1. Annual review of phytopathology,


http://dx.doi.org/10.29252/jcb.9.24.40
http://jcb.sanru.ac.ir/article-1-933-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-15 ]

[ DOI: 10.29252/jch.9.24.40 ]

Journal of Crop Breeding Vol. 9, NO 24, WINEEr 2018 ........c.uiuuiiniin it et et e et et et e eer et ee neeaeaneeneeens 49

Evaluation of the Proteome Profile Changes of Canola L eaf Inoculated With
Pseudomonas Florescence FY 32 under Salinity Stress

Ali Bandehagh', Mahmoud Toor chi?, Davod Far aj zadeh®, Ebrahim Dorani Uliaie’,
Reza Shokri Gharelo® and Aysel Malekpour®

1- Associate Professor, Department of Breeding and Plant Biotechnology, Faculty of Agriculture,
University of Tabriz, (Corresponding author: bandehhagh@tabrizu.ac.ir)
2 and 4- Professor and Associate Professor, Department of Breeding and Plant Biotechnology, Faculty of
Agriculture, University of Tabriz
3- Associate Professor, Azarbaijan Shahid Madani University
5- Graduated M.Sc. Student, Department of Breeding and Plant Biotechnology, Faculty of Agriculture,
University of Tabriz
Received: August 8, 2016 Accepted: December 4, 2016

Abstract
Plant growth-promoting bacteria enhance plant performance under stressful conditions using
various mechanisms. This study was aimed to investigate the effects of Pseudomonas
florescence FY 32 on growth characteristics and to identify proteins involved in plant-bacterium
interaction under salt stress. The results indicated that under salt stress (150 and 300 mM NaCl),
plants inoculated with bacteria compared to non-inoculated plants possess better growth
characteristics. Study of proteome pattern changes in leaf indicated that of 170 reproducible
spots, 20 spots had differentially expression changes. Differentially expressed proteins were
categorized into six functiona groups, including energgl metabolism (25%), antioxidants (20%),
ene expression regulation (20%), photosynthesis (15%) and membrane proteins (1%). All of
these proteins underwent same changes either in uninoculated or inoculated plants under salt
stress, except Photosystem 1| CP47 (spot no. 1), Photosystem |l CP43 (spot no. 2), and
NAD(P)H-quinone oxidoreductase (spot no. 6) which had more expression level in inoculated
plants than those non-inoculated plants. In general, results indicated that inoculation of Sarigol
with the bacterium could improve its growth under salt stress.

Keywords: Canola, Plant-bacterium interaction, Protein profile, Pseudomonas florescence
FY 32, Salt stress


http://dx.doi.org/10.29252/jcb.9.24.40
http://jcb.sanru.ac.ir/article-1-933-en.html
http://www.tcpdf.org

