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Plants develop organs such as flowers and leaves with different morphologies. For plant survival, the morphogenesis of these organs is genetically programmed and flexibly changed in response to external stimuli [1]. Morphogenesis is largely achieved by the temporal and spatial activation or repression of the transcription of genes used for regulators and enzymes [2]. Therefore, the importance of transcription factors (TFs) in the morphogenesis is evident. This Special Issue underscores the regulatory mechanisms of TFs in plant morphology and function. This Special Issue also helps to identify important TFs for morphogenesis and clarify their genetic regulatory cascades for morphogenesis. Other contributions in this Special Issue offer insights into the integration of TFs and plant hormone signals for morphogenesis.



TFs tightly control plant morphogenesis and flexibly alter it in response to external stimuli. Pautot et al. demonstrated the role of SINGLE LEAFLET (SGL1), a member of the LEAFY TFs, in the morphogenesis of the leaves and petals of Medicago truncatula [3]. They compared the roles of SGL1 and SHOOT MERISTEMLESS, a KNOX-like TF, in the formation of the compound leaves of M. truncatula. Leaf morphological changes occur in response to environmental signals. Legume leaf movement results from the deformation of pulvinar cells. Nakata and Takahara reviewed pulvinar deformation and development, the latter of which is regulated by the complex actions of TFs [4]. Rorippa aquatica changes its leaf morphology to narrow blades in response to submergence. Sakamoto et al. indicated that submergence downregulates signals for ANGUSTIFOLIA3/GROWTH-REGULATING FACTOR TFs, which regulate cell proliferation and expansion during leaf morphogenesis [5]. Vegetative shoot meristems develop leaves, whereas inflorescence meristems develop flowers and other reproductive organs. Gonzalez et al. reported global changes in gene expression during the vegetative-to-inflorescence meristem transition of the common bean (Phaseolus vulgaris) [6]. They reported that APETALA1, LEAFY, and CONSTANS-LIKE5 TFs are markers that distinguish between vegetative and inflorescence meristems.



TFs also integrate plant hormone signaling into plant morphological regulation. Shi et al. reviewed recent advances in the functions of the BES1/BZR1 family TFs in brassinosteroid (BR)-dependent and -independent signaling for plant development [7]. Viola et al. comprehensively reviewed the roles and mechanisms of class I TCP TFs in the integration of hormone signals during development, defense, and abiotic stress responses [8]. AGAMOUS-like 15 (AGL15) is a member of the MADS domain of TFs and plays an important role in the regeneration of somatic embryogenesis, which is often utilized in biotechnological applications. Joshi et al. analyzed the target genes of AGL15 using next-generation sequencing and identified the BR signals downstream of AGL15 [9]. Ethylene affects young seedling morphology and Longo et al. investigated potential inhibitors of histone acetyltransferases, which are involved in the epigenetic positive control of gene regulation in ethylene signaling and hypocotyl elongation in Arabidopsis thaliana [10].



TFs regulate programmed cell death and senescence, both of which are important for plant development. Senescence is associated with color changes in organs and is involved in the translocation of nutrients from old tissues to newly growing tissues and storage organs. Andrade Galan et al. reported the involvement of HD-ZIP III TF REVOLUTA in leaf morphogenesis and senescence via the interaction with a member of the TIFY family of proteins [11]. The inhibition of senescence increases the commercial value of ornamental plants. Takahashi et al. identified a NAC domain TF, EPHEMERAL1, in Japanese gentians whose transcript levels increased with age [12]. They generated a knockout mutant of EPHEMERAL1 in Japanese gentians and confirmed improved flower longevity. Pollen development is important for reproduction and is mediated by programmed cell death in the tapetum of anthers. Guo et al. characterized an MYB TF that regulates tapetal cell death and is involved in pollen development [13].



Finally, TFs regulate plant responses to abiotic stress. Shen et al. explored the functions of SNF-related protein kinase2 and type A protein phosphatase 2C families in the abscisic acid signaling pathway and drought stress response in soybean plants [14].



In this research topic, impressive research and review papers have led us to investigate the roles of TFs in various aspects of plant morphogenesis and function. Fascinating progress has been made, but scientific questions remain in this research area, such as how TFs regulate heterogeneous cell populations for plant morphogenesis and how TFs coordinate individual biochemical and mechanical processes [15,16]. Future studies will uncover the regulatory mechanisms of TFs in plant morphogenesis and allow the development of genome-edited plants that are feasible for biotechnological applications.






Conflicts of Interest


The author declares no conflict of interest.




References


	



Nakayama, H.; Sinha, N.R.; Kimura, S. How Do Plants and Phytohormones Accomplish Heterophylly, Leaf Phenotypic Plasticity, in Response to Environmental Cues. Front. Plant Sci. 2017, 8, 1717. [Google Scholar] [CrossRef] [PubMed]

	



Varapparambath, V.; Mathew, M.M.; Shanmukhan, A.P.; Radhakrishnan, D.; Kareem, A.; Verma, S.; Ramalho, J.J.; Manoj, B.; Vellandath, A.R.; Aiyaz, M.; et al. Mechanical Conflict Caused by a Cell-Wall-Loosening Enzyme Activates de novo Shoot Regeneration. Dev. Cell 2022, 57, 2063–2080. [Google Scholar] [CrossRef] [PubMed]

	



Pautot, V.; Berbel, A.; Cayla, T.; Eschstruth, A.; Adroher, B.; Ratet, P.; Madueño, F.; Laufs, P. Arabidopsis thaliana SHOOT. MERISTEMLESS Substitutes for Medicago truncatula SINGLE LEAFLET1 to Form Complex Leaves and Petals. Int. J. Mol. Sci. 2022, 23, 14114. [Google Scholar] [CrossRef]

	



Nakata, M.T.; Takahara, M. Mechanics of Reversible Deformation during Leaf Movement and Regulation of Pulvinus Development in Legumes. Int. J. Mol. Sci. 2022, 23, 10240. [Google Scholar] [CrossRef]

	



Sakamoto, T.; Ikematsu, S.; Namie, K.; Hou, H.; Li, G.; Kimura, S. Leaf Cell Morphology Alternation in Response to Environmental Signals in Rorippa aquatica. Int. J. Mol. Sci. 2022, 23, 10401. [Google Scholar] [CrossRef] [PubMed]

	



González, A.M.; Lebrón, R.; Yuste-Lisbona, F.J.; Gómez-Martín, C.; Ortiz-Atienza, A.; Hackenberg, M.; Oliver, J.L.; Lozano, R.; Santalla, M. Decoding Gene Expression Signatures Underlying Vegetative to Inflorescence Meristem Transition in the Common Bean. Int. J. Mol. Sci. 2022, 23, 14783. [Google Scholar] [CrossRef] [PubMed]

	



Shi, H.; Li, X.; Lv, M.; Li, J. BES1/BZR1 Family Transcription Factors Regulate Plant Development via Brassinosteroid-Dependent and Independent Pathways. Int. J. Mol. Sci. 2022, 23, 10149. [Google Scholar] [CrossRef] [PubMed]

	



Viola, I.L.; Alem, A.L.; Jure, R.M.; Gonzalez, D.H. Physiological Roles and Mechanisms of Action of Class I TCP Transcription Factors. Int. J. Mol. Sci. 2023, 24, 5437. [Google Scholar] [CrossRef] [PubMed]

	



Joshi, S.; Awan, H.; Paul, P.; Tian, R.; Perry, S.E. Revisiting AGAMOUS-LIKE15, a Key Somatic Embryogenesis Regulator, Using Next Generation Sequencing Analysis in Arabidopsis. Int. J. Mol. Sci. 2022, 23, 15082. [Google Scholar] [CrossRef] [PubMed]

	



Longo, C.; Lepri, A.; Paciolla, A.; Messore, A.; De Vita, D.; Bonaccorsi di Patti, M.C.; Amadei, M.; Madia, V.N.; Ialongo, D.; Di Santo, R.; et al. New Inhibitors of the Human p300/CBP Acetyltransferase Are Selectively Active against the Arabidopsis HAC Proteins. Int. J. Mol. Sci. 2022, 23, 10446. [Google Scholar] [CrossRef] [PubMed]

	



Andrade Galan, A.G.; Doll, J.; Saile, S.C.; Wünsch, M.; Roepenack-Lahaye, E.v.; Pauwels, L.; Goossens, A.; Bresson, J.; Zentgraf, U. The Non-JAZ TIFY Protein TIFY8 of Arabidopsis thaliana Interacts with the HD-ZIP III Transcription Factor REVOLUTA and Regulates Leaf Senescence. Int. J. Mol. Sci. 2023, 24, 3079. [Google Scholar] [CrossRef] [PubMed]

	



Takahashi, S.; Yoshida, C.; Takahashi, H.; Nishihara, M. Isolation and Functional Analysis of EPHEMERAL1-LIKE (EPH1L) Genes Involved in Flower Senescence in Cultivated Japanese Gentians. Int. J. Mol. Sci. 2022, 23, 5608. [Google Scholar] [CrossRef] [PubMed]

	



Guo, X.; Li, L.; Liu, X.; Zhang, C.; Yao, X.; Xun, Z.; Zhao, Z.; Yan, W.; Zou, Y.; Liu, D.; et al. MYB2 Is Important for Tapetal PCD and Pollen Development by Directly Activating Protease Expression in Arabidopsis. Int. J. Mol. Sci. 2022, 23, 3563. [Google Scholar] [CrossRef] [PubMed]

	



Shen, X.; Nan, H.; Jiang, Y.; Zhou, Y.; Pan, X. Genome-Wide Identification, Expression and Interaction Analysis of GmSnRK2 and Type A PP2C Genes in Response to Abscisic Acid Treatment and Drought Stress in Soybean Plant. Int. J. Mol. Sci. 2022, 23, 13166. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Z.; Yu, X.; Qin, A.; Zhao, Z.; Liu, Y.; Sun, S.; Liu, H.; Guo, C.; Wu, R.; Yang, J.; et al. Research Strategies For Single-Cell Transcriptome Analysis In Plant Leaves. Plant J. 2022, 112, 27–37. [Google Scholar] [CrossRef] [PubMed]

	



Guo, K.; Huang, C.; Miao, Y.; Cosgrove, D.J.; Hsia, K.J. Leaf morphogenesis: The Multifaceted Roles of Mechanics. Mol. Plant 2022, 15, 1098–1119. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-24-07039


  
    		
      ijms-24-07039
    


  




  





media/file0.png





