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Figure 1. A. Three FtsH genes (StFtsH10, StFtsH6, and StFtsH5) and their expression in three ﬁotato tissues (stem,
root, leaves) under cold, heat, and high-light stresses. SH24, SH48, éStem under 24h and 48h heat stress), SC24,
SCA48, (Stem under 24h and 48h cold stress), SL24, SL48, (Stem under 24h and 48h high light stress), B. RH24,
RH48, (Root under 24h and 48h heat stress), RC24, RC48, (Root under 24h and 48h cold stress), RL24, RL48, (Root

under 24h and 48h high light stress), C. LH24, LH48 (Leaf under 24h and 48h heat stress), LC1, LC2 (Leaf under
24hand 48h cold stress), LL1, LL2 (Leaf under 24h and 48h high light stress).

&l
1. Gill, S.S. and N. Tuteja 2010. Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology and Biochemistry, 48: 909-930.

2. Gottesman, S. 1996. Proteases and their targets in Escherichia coli. Annual Review of Genetics, 30:
465-506.

3. Gottesman, S., S. Wickner and M.R. Maurizi 1997. Protein quality control: triage by chaperones and
proteases. Genes & Development. 11: 815-823.

4. Hajibarat, Z., A. Saidi and Z. Hajibarat. 2018. Bioinformatics analysis of MADS-box in
Brachypodium distachyon. Crop Biotechnology, 8: 1-15 (In Persian).

5. lIvashuta, S., R. Imai, K. Uchiyama, M. Gau and Y. Shimamoto. 2002. Changes in chloroplast FtsH-
like gene during cold acclimation in alfalfa (Medicago sativa). Journal of plant physiology, 159(10):
85-90.

6. Johnson, S. M., F.L. Lim, A. Finkler, H. Fromm, A.R. Slabas and M.R. Knight. 2014. Transcriptomic
analysis of Sorghum bicolor responding to combined heat and drought stress. BMC genomics, 15(1):
1-19.

7. Kapri-Pardes, E., L. Naveh and Z. Adam. 2007.The thylakoid lumen protease Deql is involved in the
repair of photosystem Il from photoinhibition in Arabidopsis. The Plant Cell, 19(3): 1039-1047.

8. Kato, Y. and W. Sakamoto. 2010. New insights into the types and function of proteases in
plastids. International review of cell and molecular bioloay, 280: 185-218.

9. Kato, Y. and W. Sakamoto. 2018. FtsH protease in the thylakoid membrane: physiological functions
and the regulation of protease activity. Frontiers in Plant Science, 9: 855.


http://dx.doi.org/10.52547/jcb.14.44.148
http://jcb.sanru.ac.ir/article-1-1358-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-07 |

[ DOI: 10.52547/jch.14.44.148 |

6l Lo jaeome g (el ol e ol (Sl a0 (gdum olis

\oF 35 555 5 LoyS da s (sl 425 b dgalye )3 sisojnpms o SERESHLO 5 SERESHE StRESH5 cla s (31,8l oL

10. Komayama, K., M. Khatoon, D. Takenaka, J. Horie, A. Yamashita, M. Yoshioka, Y. Nakayama, M.
Yoshida, S. Ohira, N. Morita and M. Velitchkova. 2007. Quality control of photosystem II: cleavage
and aggregation of heat-damaged D1 protein in spinach thylakoids. Biochimica et Biophysica Acta
(BBA)-Bioenergetics, 1767(6): 838-846.

11.Li, M., L. Ji, Z. Jia, X. Yang, Q. Meng and S. Guo. 2018. Constitutive expression of CaHSP22. 5
enhance chilling tolerance in transgenic tobacco by promoting the activity of antioxidative
enzymes. Functional Plant Bioloay, 45(5): 575-585.

12. Lindahl, M., C. Spetea, T. Hundal, A.B. Oppenheim, Z. Adam and B. Andersson. 2000. The thylakoid
FtsH protease plays a role in the light-induced turnover of the photosystem Il D1 protein. The Plant
Cell, 12(3): 419-431.

13. Lopes, K.L., R.A. Rodrigues, M.C. Silva, W.G. Braga and M.C. Silva-Filho. 2018. The Zinc-finger
thylakoid-membrane protein FIP is involved with abiotic stress response in Arabidopsis
thaliana. Frontiers in plant science, 9: 504.

14. Mishra, L.S. and C. Funk. 2021. The FtsHi Enzymes of Arabidopsis thaliana: Pseudo-Proteases with
an Important Function. International Journal of Molecular Sciences, 22(11): 5917.

15. Navabpour, S., K. Morris, R. Allen, E. Harrison, S.A.H. Mackerness and V. Buchanan-Wollaston.
2003. Expression of senescence-enhanced genes in response to oxidative stress. Journal of
Experimental Botnay, 54(391): 2285-2292.

16. Saidi, A., Z. Hajibarat and Z. Hajibarat. 2021. Phylogeny, gene structure and GATA genes expression
in different tissues of solanaceae species. Biocatalysis and Agricultural Biotechnology, 35: 102015.
17.Sakamoto, W. 2003. Leaf-variegated mutations and their responsible genes in Arabidopsis

thaliana. Genes & genetic systems, 78(1): 1-9.

18. Sakamoto, W. 2006. Protein degradation machineries in plastids. Annual review of plant biology, 57:
599-622.

19. Sakamoto, W., A. Zaltsman, Z. Adam and Y. Takahashi. 2003. Coordinated regulation and complex
formation of vellow variegatedl and vellow variegated2, chloroplastic FtsH metalloproteases involved
in the repair cycle of photosystem Il in Arabidopsis thylakoid membranes. The Plant Cell, 15(12):
2843-2855.

20.Sakuraba, Y., S.H. Lee, Y.S. Kim, O.K. Park, S. Hortensteiner and N.C. Paek. 2014. Delayed
degradation of chlorophylls and photosynthetic proteins in Arabidopsis autophagy mutants during
stress-induced leaf yellowing. Journal of experimental botany, 65(14): 3915-3925.

21. Sedaghatmehr, M., B. Mueller-Roeber and S. Balazadeh. 2016. The plastid metalloprotease FtsH6 and
small heat shock protein HSP21 jointly regulate thermomemory in Arabidopsis. Nature
communications, 7(1): 1-14.

22.Seo, S., M. Okamoto, T. Iwai, M. lwano, K. Fukui, A.Isogai, N. Nakajima and Y. Ohashi. 2000.
Reduced levels of chloroplast FtsH protein in tobacco mosaic virus—infected tobacco leaves accelerate
the hypersensitive reaction. The Plant Cell, 12(6): 917-932.

23.Sinvany-Villalobo, G., O. Davydov, G. Ben-Ari, A. Zaltsman, A. Raskind and Z. Adam. 2004.
Expression in multigene families. Analysis of chloroplast and mitochondrial proteases. Plant
Physiology, 135(3): 1336-1345.

24. Srivastava, V.K., S. Raikwar, R. Tuteja and N. Tuteja. 2016. Ectopic expression of phloem motor
protein pea forisome PSSEO-F1 enhances salinity stress tolerance in tobacco. Plant cell reports, 35(5):
1021-1041.

25.Sun, A.Q., S.Y. Yi, J.Y. Yang, C.M. Zhao and J. Liu. 2006. Identification and characterization of a
heat-inducible ftsH gene from tomato (Lycopersicon esculentum Mill.). Plant Science, 170(3): 551-
562.

26. Wagner, R., H. Aigner and C. Funk. 2012. FtsH proteases located in the plant chloroplast. Physiologia
Plantarum, 145(1): 203-214.

27.Xiao, J.J., R.X. Zhang, A. Khan, W.X. Gai and Z.H. Gong. 2021. CaFtsH06, A Novel Filamentous
Thermosensitive Protease Gene, Is Involved in Heat, Salt, and Drought Stress Tolerance of Pepper
(Capsicum annuum L.). International journal of molecular sciences, 22: 6953.

28. Xue, G.P., J. Drenth and C.L. Mclintyre. 2015. TaHsfAG6f is a transcriptional activator that regulates a
suite of heat stress protection genes in wheat (Triticum aestivum L.) including previously unknown
Hsf targets. Journal of Experimental Botany, 66(3): 1025-1039.

29.Yu, F., S. Park and S.R. Rodermel 2005. Functional redundancy of AtFtsH metalloproteases in
thylakoid membrane complexes. Plant Physioloay, 138(4): 1957-1966.

30.Yu, F., S. Park and S.R. Rodermel. 2004. The Arabidopsis FtsH metalloprotease gene family:
interchangeability of subunits in chloroplast oligomeric complexes. The Plant Journal, 37(6): 864-876.

31. Zelisko, A., M. Garcia-Lorenzo, G. Jackowski, S. Jansson and C. Funk. 2005. AtFtsH6 is involved in
the degradation of the light-harvesting complex Il during high-light acclimation and
senescence. Proceedings of the National Academy of Sciences, 102(38): 13699-13704.

32.Zhang, S., J. Wu, D. Yuan, D. Zhang, Z. Huang, L. Xiao and C. Yang. 2014. Perturbation of auxin
homeostasis caused by mitochondrial FtSH4 aene-mediated peroxidase accumulation regulates
Arabidopsis architecture. Molecular Plant, 7(5): 856-873.


http://dx.doi.org/10.52547/jcb.14.44.148
http://jcb.sanru.ac.ir/article-1-1358-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-07 |

[ DOI: 10.52547/jch.14.44.148 |

Journal of Crop Breeding Vol. 14, No 44, Winter 2023 .............oiieoieiieeeeeetete e e e eeeeiiee et e eiteeeneenveieieseseeeennennennens 1DD

Differential Expression of StFtsH5, StFtsH6, and StFtsH10 Genes in
Potatoinduced by Cold, Heat, and High Light Stress

Abbas Saidit, Zahra Hajibarat?, Mehrshad Zienalabedini® and Mohammad Reza
Ghaffari®

1- Department of Plant Biotechnology and Biotechnology, Faculty of Biological Sciences and Technology,
Shahid Beheshti University, Tehran, Iran, (Corresponding author: abbas.saidi@gmail.com)
2- Department of Plant Biotechnology and Biotechnology, Faculty of Biological Sciences and Technology,
Shahid Beheshti University, Tehran, Iran
3- Department of Systems Biology, Iran Agricultural Biotechnology Research Institute, Agricultural Research,
Education and Extension Organization, Karaj
Received: 9 March, 2022  Accepted: 29 June, 2022

Extended Abstract

Introduction and Objective: Abiotic stresses are among major factors limiting crop yields.
Cold, heat, and high-light are the most important abiotic stress among plants. Thus, it is
considered the understanding of molecular mechanisms response to stress. FtsH
metallopeptidase is one of the key regulators of plant response to abiotic stresses. Many surveys
were performed on the FtsH in different plants. However, there is not report on potato under
cold, heat, and high-light stress.

Material and Methods: In this study, the gene expression of StFtsH5, StFtsH6, and StFtsH10
was evaluated in root, stem, and leaves under cold, heat, and high light stresses. Agria
genotypes were planted under controlled greenhouse conditions. After cold, heat, and high light
treatment duration, leaves, stem, and root sampling were performed under two conditions stress
and normal after 24h and 48h treatment. The relative expression of selected genes was
estimated.

Results: StFtsH5 gene was strongly up regulated in leaves and stem at the 24h and 48h under
cold stress as compared to non-stress condition, respectively. Further, this gene had the higher
mean relative expression than normal condition in root and leaves at the 24h and 48h under heat
stress. At 24h after high light stress, the more mean relative increase StFtsH5 gene than control
condition was observed. However, StFtsH6 gene is not increased gene expression under low
temperature, and high light after utilization of stress treatment in leaves, stem, and root.
StFtsH10 gene showed the significantly increased expression of in stem and root under high-
light stress at the 48h. It showed an increase in gene expression in stem and leaves under cold
stress at the 48h after stress treatment. However, this gene had the high gene expression in stem
and root as compared to control at the 24h and 48h after stress treatment. The results of this
study showed that StFtsH5 and StFtsH6 had the maximum and minimum gene expression in
stem, leaves, and root under three stress treatments.

Conclusions: Among three genes, StFtsH5 showed the high expression in three tissues under
cold, heat, and high-light stress. According to the above results, changes in gene expression of
StFtsH5 could refer to the key roles of this gene in abiotic stresses, particularly cold, heat, and
high light stresses.
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