
ABSTRACT
Plant growth and development are dependent upon complex biochemical reactions where phyto-hormones are key 
players. Recent scientific developments in the research field of crop physiology have identified a class of novel 
plant hormones called strigolactones (SLs). Strigol, the first strigolactones was isolated in 1966. After twenty years 
of this discovery, the structure of strigol was completely elucidated. The significance of strigolactones lies in the 
fact that they act as rhizosphere signalling molecules, play important role in regulation of plant architecture, 
promote germination of root parasitic weeds which have fatal effects on plant growth. Strigolactones are play 
significant roles in plant biotic and abiotic stress responses. They have emerged as important biological targets to 
study different signalling pathways, stress responses and developmental stages of plant. Presently, two naturally 
occurring SL families have been reported. One of those is having stereochemical configuration of (+)-strigol and 
the other is having (−)-orobanchol. The most prominent role of SLs has found to help in seed germination in the 
Orobanche and Striga, parasitic weeds. They proved to be important bioactive compounds in in-planta and ex-
planta signalling pathways and molecular botany. The potential uses of SLs in controlling parasitic weeds seed in 
agriculture, amplification of the branching in arbuscular mycorrhizal (AM) fungi is discussed in this review along 
with the biosynthesis, mode of action and roles of synthetic SL mimics in sustainable agriculture are highlighted. 
The objective of this work is to harness the benefits of SLs for sustainable agriculture in the near future. There are 
about 285 free full text out which 98 review articles are archived in PubMed database in the last five years, i.e, 
2015-20, with the keyword “strigolactone”..
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INTRODUCTION

In plant kingdom, the physiological features of plants 
are greatly affected by five phytohormones, namely, 
cytokinins (CK), auxins (IAA), abscisic acid (ABA), 
gibberellins (GA), and the aging hormone ethylene. 
The found hormones regulate different physiological 
functions; often one hormone is involved in controlling 
of several mechanisms in plants. Auxins are known to 
be primarily involved in stimulation of plant growth; 
cytokinins play role in regulation of cell division, 
making new plant organs; gibberellins (GAs) regulates 
stem elongation; ABA’s major function is to regulate 
moisture; and ethylene plays important role in ripening 
of fruits and rotting. Phytohormones are interrelated in 
a complex manner and a number of their mechanisms 
are yet to be understood. A new class of phytohormones 
have been discovered recently, known as strigolactones 
(SLs). This class of phytohormones are involving in 
several biological processes that includes initiation of 
plant-fungal symbiosis, triggering of germination of 
parasitic plants that pose a major threat to farming 
(Bürger and Chory, 2020).

The rationale of  writing this review article is as follows: 
Strigolactones (SLs) are most recently discovered plant 
hormones that has potential application in agriculture.SL 
biosynthesis takes place via carlactone (CL) intermediate 
and can serve as important target to study plant 
signalling pathways, stress responses and architectural 
development in molecular level. SL has  been found to 
help in seed germination in the Orobanche and Striga, 
parasitic weeds, in regulation of the branching activity 
in AM fungi and also in control of plant architecture, 
which helps in sustainable agriculture. Of the various 
functions of strigolactones,most important ones are, 
that they can stimulate branching in plants, growth of 
symbiotic arbuscular mycorrhizal fungi (AMF) in the soil, 
impede shoot branching and trigger the germination of 
parasitic plant seeds  as depicted in Figure 1.
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exudates). It took almost twenty years to elucidate its full 
structural information (Cook et al., 1972; Brooks et al., 
1985). One of the most important function of strigol is to 
help in germination of the seeds of Orobanche and Striga 
spp., these are the most common parasitic weeds found 
in agricultural fields.  Before 1990, only one naturally 
occurring SL was known to the scientific community, 
that is, strigol. Novel SLs started to come in lime light 
from the year 1990. 

They were being isolated from various natural resources. 
For an example sorgolactone has been isolated from 
the root exudates of sorghum (Hauck et al., 1992), in 
red clover, orobanchol has found (Yokota et al., 1998) 
and in tobacco, solanacol has found  (Xie et al., 2007). 
Strigolactones were found in negligible quantity in root 
exudates, thus, their structural elucidation was very 
difficult; especially determining their stereochemistry was 
troublesome (Zwanenburg and Pospíšil, 2013). All SLs 
have the basic structural features, containing 3 annular 
rings, an ABC scaffold that is connected to a butenolide 
ring via an enol ether unit forming ABC-D structure as 
shown in Figure 1 (Zwanenburg and Ania, 2018). There 
are from the known SLs families, namely strigol and 
orobanchol. These two families differ in stereochemistry 
of B-C junction as in (+)-strigol and (−)-orobanchol. At 
C-2′ position, the spatial configuration of the butenolide 
D-ring in each naturally occurring SLs always remains 
the same (Figure 2).

Figure 1: Functions of Strigolactones

Strigolactones performs a pivotal role in controlling plant 
growth and the developmental phases. This hormone has 
stirred curiosity among the scientists that is reflected in a 
good number of research publication published so far. In 
this article, recent developments in SL research has been 
described. Strigolactone was first identified by Cook et 
al., 1966 as (+)-strigol has been isolated from cotton (root 

Figure 2: Basic structure of Strigol

Biosynthesis of Strigolactones (SLs): Strigolactones 
derive from carotenoids via two carotenoid cleavage 
dioxygenases CCD7 and CCD8 (Aly et al., 2014). 
Biosynthesis of SLs take place via a carlactone (CL) 
intermediate. Carlactone is formed from C40 all-trans-
β-carotene by the enzymatic complex isomerization 
(β-carotene isomerase D27, chloroplastic) and oxidation 
reactions of the two carotenoid cleavage dioxygenases 
(Seto and Yamaguchi, 2014; Al-Babili and Bouwmeester, 
2015; Flematti et al., 2016). Biochemical steps involving 
SL biosynthesis occurs in plastid of a plant cell and 
the product, i.e., CL is being exported to the cytosol as 
described in Figure 3 (Mishra et al., 2017). Carotenoid 
is the precursor of the central intermediate compound 
carlactone, and the stereospecific enzymes, viz., all-
trans/9-cis-β-carotene isomerase (D27), the 9-cis-specific 
CAROTENOID CLEAVAGE DIOXYGENASE 7 (CCD7), 
CCD8 play are the major players (Jia et al., 2019).
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Once the CL is exported in cytoplasm, it undergoes 
oxidation, closure of ring and functionalization of 
the involvement members from the family of CYP711 
(Cytochrome P450 monooxygenase MAX1) (Zhang 
et al., 2014), and ultimately results in formation of 
SLs and SL-like compounds. It was reported that the 
enzyme cytochrome P450 monooxygenase or MAX1 
in Arabidopsis thaliana was able to convert CL to 
carlactonoic acid, which in turn, again transform into a 
compound like SL called methyl carlactonoate (MeCLA) 
by an unknown enzymatic reaction (Abe et al., 2014). 
Once synthesized, these composites are transported 
through the plant and transferred into the rhizosphere. 
PhPDR1, a member of ABC family, is regarded as the 
key SL transporter (Kretzschmar et al., 2012; Sasse et 
al., 2015). Biosynthesis of SL occurs mostly in roots 
(sometimes in stems) is highly synchronised (Al-Babili 
and Bouwmeester, 2015). Starvation of Phosphate is 
reported to be strongly inducing the biosynthesis of SL 
(López-Ráez et al., 2008). The mutation study of SL-
deficient and SL-insensitive has found in different plant 
species show that there must be a feedback mechanism 
of biosynthesis of SL regulation (Hayward et al., 2009; 
Proust et al., 2011).

transduction pathway (Zwanenburg et al., 2016). The 
first step of SLs activity is its interaction with a protein 
receptor called strigolactone esterase or D14 protein 
(Hamiaux et al., 2012; Kagiyama et al., 2013). An 
underlying molecular mechanism of germination process 
requires involvement of a part of active protein is called 
α/β-type hydrolase. This hydrolase contains a well-
established catalytic chain of serine–histidine–aspartate 
having a big cone-shaped internal cavity that can 
encapsulate a SL molecule to accomplish the detachment 
of a hydroxy D-ring. It was reported that SLs change the 
phenotypic yield of PIN-FORMED (PIN) protein family 
of auxin transporters for calibrating of development and 
formative reactions (Hýlová et al., 2019; Lee et al., 2020; 
Zhang et al., 2020).

PIN genes are present in the genomes of multicellular 
plants exclusively and regulates asymmetric auxin 
distribution in multiple developmental processes 
that includes embryogenesis, organogenesis, tissue 
differentiation and tropic responses. Signalling 
pathway of SLs in rice is described in Figure 4. The 
signalling components in rice include a putative α β 
hydrolase receptor (D14), F-box protein, a component 
of SCF complex (D3), and a ClpATPase (D53). This 
complex is known to regulate the gene expression by 
modulating the degradation of various transcription 
factors, which act as either repressors or activators of 
transcription. Strigolactone distribution is regulated via 
PDR1 transporter within the plants and outside into 
the rhizosphere. PDR1 encodes Pdr1p (Pleiotropic Drug 
Resistance), a transcription factor involved in general 
drug response.
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Figure 3: Biosynthetic Pathway of Strigolactones (SLs), 
Adapted from Mishra et al., 2017 Biochemical and genetic 
modulation of the SL pathway is identified as a promising 
approach to modify plant architecture, although whether 
and how the genes involved in the SL pathway play role 
in breeding still remain elusive (Wang et al., 2020).

Mode of Action Strigolactones: The mechanism of 
strigolactones action depends on the detachment of the 
D-ring by an enzyme forming a hydroxyl butenolide 
structure which is capable of inducing a change in 
conformation in a receptor pocket which will be initiating 
a biochemical cascade of reactions, reflecting in a signal 

Figure 4: Signaling pathway of strigolactone

Mimics of Strigolactones: A class of compounds 
which lacks ABC scaffold but are capable to stimulate 
germination are known as SL mimics. As the organic 
synthesis of natural SLs is strenuous, there is an acute 
need for easy-to-synthesize and efficient analogs of 
SLs. These mimics perform the same functional activity 
like naturally occurring SLs, but have not exhibited the 
typically featured structured SLs. One of this group of 
mimics has an aryloxy substituent at C-5 and are called 
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debranones (branching furanones) and inhibits shoot 
branching (Fukui et al., 2013). Strigahermonthica seeds 
have high to medium response to debranones, whereas, 
parachlorophenoxy-debranone has the highest activity. 
Another finding says that there is a group of SL mimics 
are having an aroyloxy substituent at C-5 position of the 
D-ring (Zwanenburg et al., 2013) and they are modest 
germination stimulant for S. hermonthica seeds but are 
hyper active in Orobanchecernua and Pelipancheramosa 
seeds (Zwanenburg et al., 2016). Recently, Jamil et al., 
(2019)  have  synthesized and studied the biological 
activity of the SL analogs MP13 and MP26. They 
reported that methylation at C-3′ position in D-Ring 
of Strigolactone analogs reduces biological activity in 
root parasitic plants and rice. There is a lot of scope 
of research in the area of SL mimics to study their 
mechanism of action more clearly.

Applications of Strigolactones in Agriculture: 
Strigolactones play important role in molecular 
mechanism of plants including regulation of protonema 
branching, quorum which acts like signalling of a 
sensor in the moss Physcomitrella patens (Protust et al., 
2011), factors affecting the branching form AM fungi, 
controlling parasitic weeds as well as plant architecture, 
etc. Some of the important applications of SLs are 
described below.

a) Strigolactones, a factor, helping in branching for 
arbuscular mycorrhizal (AM) fungi: SLs are reported to 
be the branching factors for AM fungi (Parniske, 2008). 
Orobanchol exhibits the highest activity, next comes 
5-deoxystrigol. Like strigol, strigolactone analog GR24 
is remarkably active but the mirror image of GR24 is ten 
thousand times less active. Another strigolactone analog 
GR7 (lacking A-ring) was found to be one thousand times 
less active than GR24. From the previous information 
it can be deduced that to act as an active branching 
factor for fungi, SL should have all the rings of the ABC 
scaffold. The stereochemistry too must be at par with 
the strigol family. However, it was reported that that the 
B-ring is not mandatory for branching factors. 

The parasitic plants have symbiotic relationship with 
AM fungi (Bonfante and Requena, 2011) and the fungi 
behaves as natural soil fertiliser by expediting the mineral 
(phosphates, nitrates) uptake from soil. Phytohormones, 
microRNAs, secreted peptides regulate the development 
of arbuscular mycorrhizal (AM) symbiosis with the 
phosphorous status of the plant (Müller and Harrison, 
2019). Rhizophagus triggers strigolactone biosynthesis 
gene expression in Arabidopsis roots and in the 
early stages of interaction, Rhizophagus activates the 
strigolactone biosynthesis genes CCD 7 and CCD 8 
(Fernandez et al., 2019). In depth understanding of this 
type of symbiotic relationship may pave the path for 
newer experimental plans for controlling and managing 
the symbiosis between beneficial fungi and the parasitic 
weeds in agricultural lands. In depth understanding of 
this type of symbiotic relationship may pave the path for 
newer experimental plans for controlling and managing 

the symbiosis between beneficial fungi and the parasitic 
weeds in agricultural lands.

b) Strigolactones are inhibitors of shoot branching 
and control plant architecture: Strigolactones (SLs) are 
butenolide molecules that play essential roles in plant 
growth and development (Jamil et al., 2019). SLs crosstalk 
with other plant hormones in a cascade of events, though 
details of these interaction are still not clearly understood. 
Like all other phytohormones, the biosynthesis and 
action of SLs are controlled by other hormones. For 
example, cytokinins antagonizes the function of Sls in 
the outgrowth of axillary bud regulation (Dun et al., 
2011) and mesocotyl elongation in dark (Hu et al., 2014). 
Similarly, auxins are key regulators of biosynthesis of SL 
(Hayward et al., 2009; Al- Babili and Bouwmeester, 2015). 
Auxins also found to be an antagonists of enhancement 
of auxin transport by SLs (Cheng et al., 2013). Lopez-
Raez et al. (2010) demonstrated that abscisic acid, one of 
the important hormones took part in plant abiotic stress, 
finds importance in SL biosynthesic pathway. Vice-versa, 
SLs also regulate the abscisic acid biosynthesis (Al-Babili 
and Bouwmeester, 2015). Moreover, it was also reported 
other than hormones, presence of phosphates is inversely 
related with SL biosynthesis (Koltai, 2015).

Plant architecture control studies have been carried 
out with increased branching mutants, mainly with 
ramosus (rms) in garden pea has found decreased apical 
dominance (dad) in Petunia hybrid, more axillary growth 
(max) in Arabidopsis, dwarf (d) and high tillering dwarf 
(htd) in rice. Treatment with exogenous SL analog GR24 
resulted in:

inhibiting branching of shoots (Dun et al., 2013)•	
stimulating growth of internode (Germain et al., •	
2013)
speeding up of leaf senescence (Yamada et al., •	
2014)
upregulating root hair elongation and growth of •	
primary roots (Kapulnik et al., 2011)
inhibiting outgrowth of axillary buds (Minakuchi •	
et al., 2010)
inhibiting formation of adventitious and lateral roots •	
(Rasmussen et al., 2013)
inducing stem thickness and secondary growth •	
(Agusti et al., 2011) and other morphological 
changes.

c) Strigolactones control parasitic weeds: Parasitic weeds 
are responsible for huge crop losses and potential threat 
to agricultural production in all developing countries like 
India, Africa, and Middle East. The parasitic weeds seeds 
can be in inactive condition inside the soil for long period 
of time (several years of dormancy has been reported). 
They are activated by strigolactones secreted by any 
plant in vicinity that acts as host for the parasitic weeds  
(Parker, 2013). It is difficult to get control over these 
parasitic weeds in an eco-friendly way. Manual weeding 
is a tough job and least effective if already the parasitic 
weed has been invaded the host root system, exploiting 
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strigolactones exhibit a positive effect on hypodermal 
passage cells (HPC) density while administration of ABA, 
ethylene or auxin result in a strong reduction of HPCs 
and may play a role in shaping exodermal morphology 
(Liu et al., 2019). SLs and their synthetic analogs have 
found to be anti-carcinogenic. (Mayzlish-Gati et al., 
2015). Hence, it can be stated that strigolactones seem 
to be a promising compound not only in agriculture, but 
also in medical sciences.
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