
国立研究開発法人理化学研究所・環境資源科学研究センター・ユニットリーダー

科学研究費助成事業　　研究成果報告書

様　式　Ｃ－１９、Ｆ－１９－１、Ｚ－１９ （共通）

機関番号：

研究種目：

課題番号：

研究課題名（和文）

研究代表者

研究課題名（英文）

交付決定額（研究期間全体）：（直接経費）

８２４０１

基盤研究(C)（一般）

2019～2017

Crosstalk between strigolactone and cytokini signaling pathways in plant growth 
and stress adaptation

Crosstalk between strigolactone and cytokini signaling pathways in plant growth 
and stress adaptation

１０５４９００９研究者番号：

ＴＲＡＮ　ＬａｍＳｏｎ・Ｐ（TRAN, Lam Son P）

研究期間：

１７Ｋ０７４５９

年 月 日現在  ２   ６ １２

円     3,800,000

研究成果の概要（和文）：(1)シロイヌナズナにおいて、エチレンがオーキシン、CK、ABA、SA、GB、BRとSLの生
合成の律速段階に関与する遺伝子発現に影響し、各ホルモンの量に影響を与える事を証明した。さらに、一次根
の成長、胚軸伸長及びシュート分岐において、CKシグナル伝達とMAX2（MORE AXILLARY GROWTH 2、SLとカリキン
経路両方の構成因子）シグナル伝達経路の相互作用を解明した。

(2)SL受容体DWARF14経路とカリキン受容体KARRIKIN INSENSITIVE 2経路は、様々な生理学的及び生化学的プロセ
スに重複、独立して影響を及ぼし、シロイヌナズナの乾燥適応を正に制御することがわかった。

研究成果の概要（英文）：(1) We showed that in Arabidopsis thaliana plants ethylene affects the 
levels of auxin, cytokinins (CKs), abscisic acid (ABA), salicylic acid and gibberellins, and 
potentially brassinosteroids and strigolactone (SL), by influencing the expression of genes involved
 in the rate-limiting steps of their biosynthesis. Furthermore, we reported interactive effects of 
CK signaling and MAX2 (MORE AXILLARY GROWTH 2, a member of both SL and karrikin pathway) signaling 
pathways on primary root growth, hypocotyl elongation and shoot branching in Arabidopsis.

(2) We found that the signaling pathways mediated by the SL receptor DWARF14 and the karrikin 
receptor KARRIKIN INSENSITIVE 2 show both overlapping and specific responses in affecting various 
physiological and biochemical processes to positively modulate the adaptation of Arabidopsis plants 
to drought.

研究分野： Biology

キーワード： crosstalk　hormone homeostasis　plant growth　stress adaptation　transcriptome
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研究成果の学術的意義や社会的意義
(1)We gained more insights into the importance of hormones and their crosstalk in plant growth and 
drought adaptation.

(2)We might manipulate hormone pathways for improvement of plant performance under normal and stress
 conditions, thereby contributing to sustainable agriculture and green innovation.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９（共通） 
１．Scientific background for the research (研究開始当初の背景) 

Cytokinin (CK) is an important phytohormone involved in many aspects of plant growth and development. 

In Arabidopsis thaliana, three families of proteins, namely the AHKs (ARABIDOPSIS HISTIDINE KINASES), 

AHPs (ARABIDOPSIS HISTIDINE CONTAINING PHOSPHOTRANSFERS) and ARRs (ARABIDOPSIS 

RESPONSE REGULATORS), were identified to conduct CK phosphorelay, which begins with the binding of CK 

to receptor kinases AHK2, AHK3 and AHK4 (Ha et al. 2012; Li et al. 2019a). Loss-of-function of AHK2 and 

AHK3 genes results in typical phenotypes of impairment in CK signaling, such as more developed root system 

(e.g., longer primary roots and longer root hairs), less developed shoot system (eg., shorter plant height and smaller 

leaf size), enhanced seed size, and reduced callus formation in the presence of CK (Riefler et al., 2006; Ha et al., 

2012). Recently, MAX2 (MORE AXILLARY GROWTH 2), an F-box protein, was identified as a member of both 

SL and karrikin (KAR) signaling pathways and shown to be implicated in regulating various processes of plant 

growth and development (Mostofa et al., 2018). Accumulating data demonstrated that MAX2 is involved in 

controlling root development, shoot branching and leaf senescence through SL signaling, and plays a role in 

regulating seed germination, hypocotyl elongation and root hair development through KAR signaling (Li et al., 

2016; Morffy et al., 2016; Mostofa et al., 2018). However, convincing genetic evidence has not been yet available 

for the interactions of the two signaling pathways in any developmental processes like shoot branching and root 

development still remain elusive (Li et al., 2019b). 

SLs are a group of carotenoid-derived terpenoid lactones that have been identified as a plant hormone 

affecting various processes of plant growth and development and responses to environmental stresses (Al-Babili 

and Bouwmeester, 2015; Mostofa et al., 2018; Li et al. 2020). Genes related to SL biosynthesis and signaling have 

been identified in Arabidopsis and rice (Oryza sativa) through the analyses of the max and dwarf (d) mutants, 

respectively (Al-Babili and Bouwmeester, 2015; Mostofa et al., 2018). SL signal transduction begins with the 

binding of SLs to the ‘open state’ pocket of the Arabidopsis D14 protein, which belongs to an /-hydrolase 

superfamily and possesses both enzyme and receptor activities (Al-Babili and Bouwmeester, 2015; Mostofa et al., 

2018; Li et al 2019b). Consequently, the D14 protein undergoes conformational changes in a ‘closed state’ and 

recruits the F-box MAX2 protein. The newly formed MAX2-based Skp1-Cullin-F-box (SCF) complex can 

polyubiquitinate the transcriptional repressors SUPPRESSOR OF MAX2 1 (SMAX1)-LIKE 6, 7 and 8 

(SMXL6/7/8) and trigger the degradation of SMXL6/7/8, thereby releasing the repressed SL-responsive genes (Al-

Babili and Bouwmeester, 2015; Mostofa et al., 2018; Li et al 2019b). Similar to SL signaling, a close homolog of 

D14, named KARRIKIN INSENSITIVE 2 (KAI2), mediates signals from exogenously applied KARs or an 

unknown endogenous KAI2-ligand (KL), as reported by intensive studies of the Arabidopsis kai2 mutants in 

response to KARs during plant growth and development, such as seed germination, hypocotyl elongation and root 

hair development (Morffy et al., 2016). KARs were purified from wildfire smoke and are capable of promoting 

seed germination in many plant species. Genetic evidence has shown that MAX2 is also involved in KAI2-

mediated signal transduction of KARs in a similar manner as the D14-mediated signal transduction of SLs, 

suggesting that MAX2 acts as a common protein of both the KAI2- and D14-mediated signaling pathways (Li and 

Tran, 2015; Morffy et al., 2016; Mostofa et al., 2018).  

In Arabidopsis, MAX2 has been reported to act as a positive regulator in response to drought through 

abscisic acid (ABA)-dependent and -independent pathways (Bu et al., 2014; Ha et al., 2014). As MAX2 functions 

in both D14- and KAI2-mediated signaling pathways, it was hypothesized that both D14 and KAI2 might be 

functionally involved as important positive regulators of drought responses in plants (Li and Tran, 2015). Indeed, 

SL-specific d14 and KAR-specific kai2 mutants both exhibited drought-sensitive and ABA-insensitive phenotypes 



(Li et al., 2017; Lv et al., 2018; Zhang et al., 2018), suggesting the involvement of the two paralogous proteins in 

plant adaptation to drought in connection with the ABA response. Additionally, a recent in-depth analysis of the 

kai2 mutants revealed that KAI2 played a critical positive role in the drought responses of Arabidopsis plants, by 

promoting stomatal closure and by increasing cell membrane integrity, cuticle formation, anthocyanin biosynthesis 

and ABA responsiveness (Li et al., 2017). However, the detailed mechanisms underlying the functions of D14 in 

regulating plant responses to drought remain elusive, particularly in comparison with KAI2. Furthermore, D14 

evolved from its ancestral KAI2 by duplication and speciation during the evolution process in the plant lineage 

(Morffy et al., 2016; Waters et al., 2017). Thus, in terms of evolution, it is also interesting to investigate which 

receptor (and its associated signaling) would play a more critical role, as well as the functional relationship of the 

two receptors in plant adaptation to drought. 

Ethylene (ET), as a gaseous hormone in plants, is known to regulate various biological processes, 

including plant growth and development (e.g., seed germination, shoot and root growth and development, and leaf 

senescence), as well as plant responses to various environmental stresses (Thao et al., 2015; Abdelrahman et al., 

2017). In the ET biosynthetic process, methionine is first converted to S-adenosyl methionine (SAM) by SAM 

synthase. SAM is then catalyzed to 1-aminocyclopropane-1-carboxylic acid (ACC) by ACC synthase (ACS), which 

is known as the rate-limiting step in the ET production process. Finally, ACC is oxidized to ET by ACC oxidase 

(Thao et al., 2015; Li et al., 2018). In Arabidopsis, ethylene-overproducer 1 (eto1-1) mutant, mutation in the 

AT3G51770 gene, releases its inhibition on the ACS5 activity, and thus increasing ET level (Wang et al., 2004). It 

is well-established that ET interacts with other hormones to regulate plant growth and developmental processes. 

However, the effects of ET on the biosynthesis of other hormones, including, auxin, CKs, ABA, gibberellin, 

salicylic acid, jasmonic acid, brassinosteroids and SLs at seedlings stage still remain elusive.  

 

２．Purpose of the Research  (研究の目的) 

This proposed project will enable us to understand how hormone homeostasis involving the hormones like SLs, 

KARs, CKs and ET are crucial for plant growth and development as well as for plant stress responses. Findings will 

allow us to design precise technology for manipulation of hormonal levels and signal transduction to improve plant 

performance and reduce the negative impacts of environmental stresses on plant productivity, thereby contributing 

to sustainable agriculture and green innovation. 

 

３．Research Method  (研究の方法) 

(1) Characterization of the collected and generated Arabidopsis mutant defected in the CK and/or MAX2 signaling 

pathway(s), and wild-type (WT) plants under normal growth conditions. The root and shoot-related traits of the 

mutant plants were compared as described previously (Li et al., 2019b) to examine the effect of interactions 

between CK and MAX2 signaling pathways on plant growth and development. 

(2) Comparative analysis of hormone contents and expression of associated genes in the 10 day-old seedling eto1-1 

mutant and WT plants were conducted as described in Li et al., (2018). 

(3) A series of physiological, biochemical and molecular experiments, including transcriptome analysis was designed 

to examine the phenotypes and various responses of the single mutants d14 and kai2, and the double mutant d14 

kai2, to drought treatments in order to: (i) characterize the detailed functions of D14 in drought responses; (ii) 

compare the contributions of the two paralogs D14 and KAI2 to Arabidopsis drought resistance; and (iii) provide 

evidence that the additive relationship of D14 and KAI2 modulates some physiological and biochemical processes 

in the plant response to drought (Li et al., 2017; Li et al., 2020). 



(4) Examination of stress-tolerant phenotype of the Arabidopsis mutant and WT plants under drought was performed as 

described in Li et al., (2017; 2020). 

(5) Various physiological and biochemical assays, including ion leakage assay, cuticular permeability assay, leaf 

temperature assay, stomatal closure assay, determination of relative water content, measurement of anthocyanin 

contents and ABA contents, etc. of the Arabidopsis mutant and WT plants under normal and abiotic stress 

conditions were carried out as described in Li et al., (2017; 2020). 

(6) Comparative expression analyses of the Arabidopsis mutant and WT plants under normal and stress conditions 

using qRT-PCR and/or transcriptome approaches were performed as described in Li et al., (2018; 2020). 
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