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What are phytohormones?

Frits Went, 1903-1990 Kenneth Thimann, 1904-1997

“........characterized by the 

property of serving as chemical 

messengers, by which the 

activity of certain organs is 

coordinated with that of others”.  

-Frits Went and Kenneth Thimann, 1937

Phytohormones regulate 

cellular activities (division, 

elongation and differentiation, 

pattern formation, 

organogenesis, reproduction, 

sex determination, and 

responses to abiotic and biotic 

stress.
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Phytohormones regulate all stages of the 

plant life cycle



Brassinosteroids

Brassinolide (BL)

Plant Steroid Hormones

Brassinosteroids (BRs) are a 

family of about 70 structurally 

related compounds that 

contribute to:

•Growth

•Cell division, elongation, and 

differentiation

•Stress tolerance

•Reproductive development

Brassinolide and castasterone 

are steroids like some animal 

hormones（Oestariol, Ecdysone）

Castasterone (CS)

BR-deficient plants are 

severely dwfed（矮化）
BR structures are drawn in Vriet, C., Russinova, E. and Reuzeau, C. (2013). From squalene to brassinolide: The steroid metabolic and signaling pathways across the plant kingdom. Mol. Plant. 6: 1738-1757.

http://mplant.oxfordjournals.org/content/6/6/1738.abstract


Pollen extract was found to promote cell 

and stem elongation (1941)

POLLEN EXTRACT CONTROL

Beans treated 

with pollen extract 

showed dramatic 

stem and cell 

elongation as 

compared to 

control beans. 

230 kg pollen 10 mg BL

Mitchell, J.W., and Whitehead, M.R. (1941) Responses of vegetative parts of plants following application of extract of pollen from Zea mays. Bot. Gaz. 102: 770-791

http://www.jstor.org/stable/pdfplus/2472323.pdf


Characterization of det2 and cpd showed 

that BRs are essential

WT

det2

det2 

+ BL

WT

det2

det2 + BL

WT

cpd

In 1996, two Arabidopsis

mutants, de-etiolated2 (det2) 

and constitutive 

photomorphogenic  dwarf 

(cpd) were shown to be BR-

deficient. 

From Li, J. et al. (1996) A role for brassinosteroids in light-dependent development of Arabidopsis. Science 272: 398–401; reprinted with permission from AAAS.  Reprinted from Szekeres, M. et al. (1996) 

Brassinosteroids rescue the deficiency of CYP90, a cytochrome P450, controlling cell elongation and de-etiolation in Arabidopsis. Cell 85: 171–182 with permission from Elsevier. 

http://www.sciencemag.org/cgi/content/abstract/sci;272/5260/398
http://dx.doi.org/doi:10.1016/S0092-8674(00)81094-6


Brassinosteroid signaling

LRR

RK

Reprinted from Belkhadir, Y., Yang, L., Hetzel, J., Dangl, J.L. and Chory, J. (2014). The growth–defense pivot: crisis management in plants mediated by LRR-RK surface receptors. Trends Biochem. Sci. 39: 447-456 with permission from Elsevier.

http://www.sciencedirect.com/science/article/pii/S0968000414001091


Activation of BR signaling represses CUC gene expression 

and causes organ fusion phenotypes. 

· BR-hypersensitive mutants bzr1-1D 

display organ-fusion phenotypes, 
whereas BR-insensitive mutants det2-1

show enhanced or gan boundaries. 

· The BR-activated transcription factor BZR1 
directly represses the CUP-SHAPED 
COTYLEDON (CUC) family of organ 
boundary identity genes. 

· In WT plants, BZR1 accumulates at high 
levels in the nuclei of central meristem and 
organ primordia but at a low level in organ 
boundary cells to allow CUC gene 
expression.

bzr1-1D det2-1

Gendron JM, Liu JS, Fan M, Bai MY, Wenkel S, Springer PS, Barton MK, Wang ZY. Brassinosteroids regulate organ boundary formation in the shoot apical meristem of Arabidopsis. Proc Natl 

Acad Sci U S A. 2012 Dec 18;109(51):21152-7. doi: 10.1073/pnas.1210799110. Epub 2012 Dec 4. PMID: 23213257; PMCID: PMC3529081.



bait：BZR1      prey：CUC promoter

The same signal pathway exist in maize?

For density tolerance of maize?



UniProtKB - Q8S307(BZR1_ARATH)

family&domain



phylogenetic tree construction

Phylogenetic tree of BZR/LAT61 family of maize and Arabidopsis



The introduction of AHD



the information of bzr1-1D mutant



Plant Transcription Factor Database

Distribution of BES1 family in different species



Download of genome sequence

The Phytozome website and database provide you 

with access to gene families, individual genes, 

diversity and expression data for 52 released plant 

genomes.



phylogenetic tree construction

Phylogenetic tree of CDS sequence of transcription factor genes of 

maize and Arabidopsis



Database：

• UniProt

• Plant Transcription Factor Database

• Arabidopsis Hormone Database

Tools:

• MEGA.(molecular evolutionary genetic 

ananlysis)
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