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Abstract 

 

Flowering at the proper time is critical for effective sexual reproduction and the subsequent development of seeds and fruits in 

plants. This entails synchronising flowering with the right season and the plant's developmental history. The cruciform weed 

Arabidopsis has shown discrete but connected pathways for sensing the primary seasonal cues of day length and low 

temperature, as well as other local external and internal signals, using genetic and molecular analyses. A common group of 

genes integrates the balance of signals from these pathways to decide when blooming commences. Billions of people around 

the world directly or indirectly depend on rice (Oryza sativa) for their daily nutrition needs. To fulfill the demands of the 

growing population, scientists are looking for ways to improve the yield by tweaking the flowering genes and controlling the 

expression of the miR156 gene. The circuitry of the miR156 and its effect on flowering is complex and involves various 

pathways; some of those pathways are yet to be discovered. The most critical interactions in the SPL-miR156 gene result in the 

plant's shift from vegetative to reproductive phase. This involves several environmental, morphological, and internal factors 

coherently effect. Future research will look into the importance of these interactions and more yields will follow by 

manipulating the genetic interactions. This paper is an attempt to understand the complex nature of the SPL-miR156 gene and 

how it regulates the flowering process. © 2022 Department of Agricultural Sciences, AIOU 
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Introduction 
 

In most countries, rice (Oryza sativa L.) is an essential 

element of most people's diets. Due to its importance either 

directly as human food or indirectly as animal feed, it is 

regarded as one of the world's most vital nutritious staple 

food crops among cereals (Verma & Srivastav, 2020). Rice 

is a carbohydrate-rich meal with a little amount of protein 

and fat, as well as vitamin B complexes including niacin, 

riboflavin, and thiamine. Amylose and amylopectin, a kind 

of starch, make up the majority of rice carbohydrates 

(Makky et al., 2021). Rice contains traces of copper (Cu
2+

), 

iron (Fe
3+

), manganese (Mn
+
), and zinc (Zn

+
), as well as 

minerals such as calcium (Ca
2+

), magnesium (Mg
2+

), and 

phosphorus (P) (Ravoson et al., 2019). Bioactive substances 

are additional nutritious components that are generally found 

in tiny amounts in different sections of rice (bran, germ 

fraction, and endosperm) (Ghanghas et al., 2020). Cellulose, 

hemicellulose, pectin, arabinoxylan, lignin, -glucan, 

polyphenolics, -oryzanol, -sitosterol, vitamins B9 and E 

isoforms, and important amino acids are some of the bioactive 

chemicals found in rice (Calderan-Rodrigues et al., 2019). 

      The genetics of flowering in plants and the development of 

sexual structures is a complex process that takes place in 
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phases. Of all the important features that develop over time 

flowering is an important phenomenon and must be 

controlled efficiently to coordinate the flowering season to 

ensure pollination and reproductive success (Kumar et al., 

2021). The development is controlled by many enzymes 

and an orchestra of miRNA and other non-coding 

nucleotide structures. To date, scientists have reported 

discovering a total of 700 miRNA through direct 

experiments and bioinformatics analysis (Li et al., 2010; 

Shi, 2022). However, the process that goes into the 

regulation of bolting and flowering through miRNA 

circuitry is largely unexplored. This is mainly because of 

the short life span of the miRNA and the lack of 

sophisticated techniques that go into the identification of 

small sequences of miRNA (Amasino & Michaels, 2010). 

The research is particularly important in the case of the rice 

plant as it is a staple food of billions of people around the 

world. Through regulation, understanding, and 

development of techniques and interventions to control the 

flowering in rice means more production and food for 

millions (Sanan-Mishra et al., 2009; Vega Rodríguez et al., 

2022). One of the most significant agronomic variables for 

rice seed yield is the flowering period. It is primarily 

regulated by genes linked to photoperiod sensitivity, 

especially in short-day plants like rice. Rice breeders and 

academics have been interested in explaining the genetic 

basis of blooming time since the early twentieth century 

since it is crucial for regional adaptation and yield 

optimization. Despite the fact that blooming time is a 

complicated feature governed by several quantitative trait 

loci (QTLs), traditional genetic investigations have 

revealed that many related genes are passed down through 

the generations according to Mendelian principles. On the 

basis of genome-wide mapping and gene cloning, decoding 

the rice genome sequence ushered in a new era in 

understanding the genetic regulation of flowering time. 

The first flowering time QTL to be identified using 

spontaneous variation in rice was heading date 1 (Hd1) 

(Fujino et al., 2022). Other QTLs, even those with minimal 

impacts on flowering time, have been cloned thanks to the 

recent collection of knowledge on the rice genome. With 

this knowledge, we were able to rediscover several of the 

blooming genes that were previously found using standard 

Mendelian genetics. Hd1 is one of the genes that has been 

identified so far and has been assigned to a specific 

photoperiod pathway. 

Mature miRNA is formed as a result of the cleavage of 

pre-miRNA and is carried out through the RISC complex 

(MacFarlane & R Murphy, 2010). Formed as a result of the 

transcription of the noncoding regions of the plant genome, 

these small structures usually 19-24 nucleotides long play 

an important role in mRNA pre- and post-transcriptional 

modification hence gene expression. Literature and studies 

of the past decade have elaborated on the importance of 

miRNA in terms of development, hormonal control, organ 

polarity, and development of specific organs (Ali et al., 

2020; Chen et al., 2021). The genetics and timing of 

flowering is a complex process and is not controlled by 

only one factor but is multigene and multifaceted. There are 

various factors other than genetics that play a vital role in the 

onset of the flowering process such as the light intensity and 

quality, hormones like the auxin and gibberellin balance 

(Rabinowitch, 2018), temperature as in vernalization that 

occurs in presence of the vernalin and the age of the plant (Nie 

et al., 2015). A critical balance is maintained among all these 

factors to bring a coordinated response. However, these 

microRNAs are the most important factor that can be 

controlled and tweaked to delay or induce flowering. 

  

Factors affecting flowering in rice 
  

The flowering period is directly linked to crop production and 

quality and is primarily controlled by environmental variables 

(Kazan & Lyons, 2016). Rice grain yield is greatly reduced by 

early or late-blooming due to weak fertility or insufficient 

vegetative growth. The flowering period must be carefully 

managed by combining internal and external signals to 

enhance reproductive success and grain yield. The highly 

consistent seasonal signal through which plants divine 

imminent modifications in environmental circumstances is 

photoperiod, or the length of the light period among the 

different environmental cues (Guadagno et al., 2018). As a 

result, the pathway that senses and responds to photoperiod is a 

blooming time regulator in plants. Plants have an independent 

mechanism to trigger blooming in the absence of external 

stimuli, in addition to the photoperiodic system. The 

components of the autonomous route regulate the expression of 

the floral repressor FLC (FLOWERING LOCUS C) by 

transcription, epigenetic regulation, and RNA processing (Eom 

et al., 2018). Once the rice was domesticated, it spread from 

Asia's tropical and subtropical areas to temperate regions at 

different altitudes. The development of photoperiod-insensitive 

characteristics allowed rice to adapt to these latitudes (Goretti 

et al., 2017). Several environmental stressors influence the 

expression of genes involved in the photoperiodic flowering 

pathway, which helps to regulate blooming timing. The 

framework for generating superior varieties of rice with the 

features necessary to respond to specific conditions will be laid 

by identifying essential components influencing photoperiod 

responsiveness and researching their responses to other 

climatic stresses. 

      Moisture stress slows blooming in most rice cultivars, but 

it can potentially speed up flowering in others (Sridevi & 

Chellamuthu, 2015). Differences in genetic backgrounds in 

genes involved in flowering-time regulation are likely to be the 

cause of this paradoxical occurrence among cultivars. Drought 

suppresses the expression of the rice florigen genes Hd3a and 

RFT1 as well as Ehd1 in both SD and LD conditions (Zhang et 

al., 2016). Furthermore, Hd1 cycling amplitude is decreased, 

but GI cycling amplitude is unaffected. During drought 

conditions, Hd3a and RFT1 expression levels in hd1 and gi 

mutants are similar to those of the WT, although blooming 

occurs later in the mutants (Cho et al., 2017). These findings 

show that GI and Hd1 are not engaged in the drought response 

in Arabidopsis and that the regulatory mechanisms in 

Arabidopsis and rice are different (Todaka et al., 2015). Under 
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both SD and LD circumstances, a bZIP TF called Oryza 

sativa ABA-responsive element binding factor 1 

(OsABF1) slows the floral transition by inhibiting Ehd1 

(Hossain et al., 2010). While overexpression of Ehd1 

prevents the blooming delay induced by OsABF1 

overexpression, RNAi silencing of Ehd1 reduces the time 

shift produced by OsABF1 (Zhang et al., 2016). This 

suggests that Ehd1 is a downstream effector of OsABF1. 

Drought-induced OsABF1 induction and downregulation, 

as well as its nearest homolog, OsbZIP40, delays 

blooming. Alternatively, an undiscovered repressor might 

be important in delaying floral induction in rice during dry 

periods. Even at modest NaCl concentrations (20–50 mM), 

salt causes rice to bloom later (Srivastava et al., 2016). 

Salt-sensitive species experience a longer delay. However, 

the chemical mechanism that causes this reaction in rice is 

mainly unclear. 

  

Management of Flowering duration in Rice  
  

To better understand the molecular machinery driving the 

floral alteration in rice, many QTLs (Quantitative Trait 

Loci) for heading dates are recently identified (Xu et al., 

2016). RICE FLOWERING LOCUS T1 (RFT1) and 

Heading date 3a (Hd3a), both Arabidopsis FT orthologs, 

encrypt rice florigens. These regulators were discovered to 

be important in controlling flowering time in this research 

(Jing Zhao et al., 2015). Comparable to the flowering time 

of Arabidopsis, the proteins of these genes are generated in 

the leaves and then transferred to the shoot apex to trigger 

blooming in rice (Cerise et al., 2021). Hd3a promotes rice 

blooming under short-day situations, while RFT1 is 

involved in blooming under long-day circumstances (Fig. 

1). The Arabidopsis CO-FT module-like Hd1-Hd3a route 

and the rice-specified Ghd7-Ehd1-Hd3a-RFT1 route both 

control RFT1 and Hd3a expression (Shim & Jang, 2020). 

Heading date 1 (Hd1) was the first flowering time gene to 

be discovered in rice, due to map-based cloning (Hori et 

al., 2016). Hd1 is an Arabidopsis CO ortholog that encodes 

a zinc finger protein. In rice, Hd1 is essential for day-time-

definite blooming stimulation; much in Arabidopsis CO 

(Lee & An, 2007). Hd1 is a bifunctional protein that 

regulates the expression of the rice florigen gene Hd3a by 

either repressing or activating it. The circadian clock and 

light signaling govern the Hd3a expression is regulated by 

Hd1 in a Hd1-dependent manner. (Song et al., 2010). 

Under induced short-day circumstances, Hd1 is mostly 

regulated at night, but it is also highly translated from night 

until dawn under non-inductive long-day conditions (Itoh 

& Izawa, 2013). Hd1's diurnal expression is controlled by 

OsGI, an Arabidopsis GI homolog. In the dark conditions, 

Hd1 up-regulates the expression of Hd3a. In the 

occurrence of light, Hd1 is changed to a repressor of Hd3a 

production from a trigger, a procedure reconciled by 

phytochrome. In the mutant with phytochrome deficiency 

photoperiod sensitivity 5 (se5), expression of Hd3a is 

regulated by Hd1, independent of light duration (Andrés et 

al., 2009). Thus, Daily expression samples mediated by the 

light-dependent developmental translation of Hd1, and the 

circadian clock help in the activation of Hd3a regulation under 

short-day situations. The repressive act of Hd1 is boosted by 

Hd6's kinase action, although Hd6 emerges to have an indirect 

effect on Hd1's repressive activity on Hd3a translation under 

long-day circumstances (Shim & Jang, 2020). Rice has 

homologs of Arabidopsis CDFs, GI, and FKF1 which control 

CO expression in Arabidopsis based on day duration. Despite 

the fact that OsFKF1 interacts with OsDOF12, and OsGI, it is 

OsFKF1 that regulates rice-specific blooming genes rather than 

Hd1 (Han et al., 2015). OsDOF12 might be to account for the 

divergent outcomes of OsFKF1-dependent flowering pathway 

modulation in rice and Arabidopsis. By controlling the 

translation of Hd3a only, OsDOF12 aids photoperiodic 

blooming. Rice Hd1 has a different posttranslational regulation 

than Arabidopsis CO. CO is vigorously deteriorated in the dark 

in Arabidopsis by the COP1-SPA complex, which inhibits FT 

expression. Rice likewise has a low Hd1 protein content at 

night. In Hd1 over-expressing plants, however, Hd1 protein 

was identified in equal quantities during the day and night, 

showing that Hd1 protein appears to be constant in rice in the 

absence of light. As a result, the activities of COP1 and SPA in 

rice may differ. An ortholog in rice of Arabidopsis COP1 is 

considered as Peter Pan Syndrome (PPS) (Tanaka et al., 2011). 

The shift from the vegetative to the reproductive stage is aided 

by PPS1, like COP1, although it is not regulated by the Hd1-

Hd3a/RFT1 passageway. In accumulation to PPS1, HAF1, a 

C3HC4 RING domain-including E3 ligase, affects the protein 

of Hd1 gene stabilization in rice (Yang et al., 2015). HAF1 

interacts physically with Hd1, and haf1 mutants have high 

amounts of Hd1. As a result, HAF1 may play a role in the 

ubiquitination of Hd1 in preparation for degradation by the 26S 

proteasome (Zhu et al., 2018). A molecular system that 

comprises rice-specific B-type response regulators like Ghd7, 

and Early heading date 1 (Ehd1) also controls rice blooming 

and other several characteristics (heading date, plant height, 

and Grain number) (Zhou et al., 2021). Under both short-day 

and long-day circumstances, Ehd1 stimulates flowering by 

enhanced regulation of RFT1 and Hd3a regulation. Ehd1 

expression in rice is regulated by several upstream regulators. 

Under both short-day and long-day circumstances, Ehd2, 

Ehd3, and Ehd4 affirmatively controlled Ehd1 regulations 

(Gao et al., 2013). Ghd7, on the other hand, suppresses Ehd1 

expression. In response to the lengthening of the day, Ghd7 

expression rises progressively. Phytochrome is engaged in the 

day-duration-reliant accretion of Ghd7 transcripts (T. Zheng et 

al., 2019). Under long-day circumstances, 

Hd5/LH8/Ghd8/DTH8 is a transcription mediator of CCAAT-

box-binding that slows blooming in rice by downregulating 

Hd3a expression (Wang et al., 2019). Importantly, DTH8 up-

regulates Hd3a regulation during short-day circumstances. It 

was discovered that the genetic consequences of DTH8 on rice 

blooming time regulation are influenced by the genetic 

conditions. The physical interaction of DTH8 with Hd1 might 

explain its bi-functionality. H3K27 trimethylation at the Hd3a 

gene is increased by the DTH8-Hd1 complex, which inhibits 

Hd3a production (Du et al., 2017). As a result, the 

development of the DTH8-Hd1 complex is critical for Hd3a 
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transcriptional suppression by Hd1 during the long days 

(Zong et al., 2021). DTH8 also inhibits Ehd1, an upstream 

regulator of Hd3a, in an indirect manner. DTH8 is thought 

to bind to the Ghd7 promoter and stimulate its expression, 

according to recent research. In the presence of Hd1, this 

binding is boosted. As a result, the Hd1-DTH8 complex may 

inhibit Hd3a expression both directly and indirectly through 

Ghd7 (Hori et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 A partial map of the genes involved in the flowering onset, various factors collectively regulate the flowering based on 

the external and internal factors 

 

Regulation of flowering time by miR-156 

  

The vegetative stage and the reproductive stage are the two 

major stages of blooming. Although there is just one 

flowering phase in the reproductive stage, the vegetative 

stage is split into two sub-phases: juvenile and adult 

(Bahuguna et al., 2017). The shoot formation transition 

between juvenile, adult, and reproductive phases and the 

phase shift phenomena are important contributors to 

heteroblasty. Although the floral induction process and 

reproductive development phenomena are well understood, 

the molecules involved in the transition from juvenile to 

adult phase (change in the vegetative phase) have just 

recently been discovered (Ahsan et al., 2019; Kinoshita & 

Richter, 2020). In Arabidopsis and maize, the microRNA 

(miRNA) miR156 is one of the essential RNAs (D’Ario et 

al., 2017). Expression of miR156 is high early in the 

development of a shoot, but it drops substantially during 

the juvenile-to-adult transition. This miR156 expression 

prolongs the expression of the juvenile phase; yet, when 

miR156 activity decreases, the transition to the vegetative 

phase is expedited, making miR156 an important factor in 

this transition (Guo et al., 2017; Manuela & Xu, 2020). 

MiR156 supports juvenile development by suppressing 

members of transcription variables SPLs. The transcription 

factors AP1, miR172, LFY, AGL42, SOC1, and FUL are the 

major targets of the suppression (Teotia & Tang, 2015). While 

there is a lot of miR156 in the juvenile period, the levels of 

miR156-targeted SPL genes are low. As plants develop the 

quantity of miR156 declines and cause the SPL level of 

miR156-targeted to rise (Wang, 2014).Two processes, 

regulated by SPL9 and SPL3, stimulate flowering in the shoot 

apex and leaves (Andrés et al., 2014). MADS-box genes such 

as LFY, SOC1, AP1, and FUL are activated at the shoot apex 

through SPL3 and SPL9 mechanisms, resulting in flowering in 

the shoot apex. In both long-day and short-day regimes, 

inducing SPL3 or SPL9 expression under a promoter-specific 

to the shoot apex improves early-blooming characteristics 

(Golembeski et al., 2014). 

  

MiR156 and heading time in plants  
  

The flowering time of the plants or heading time is the most 

crucial time for the plant. Studies on Arabidopsis thaliana have 

produced a considerable insight into the circuitry that controls 

this flowering time. MiR156 is one of the most crucial factors 

that regulate flowering or bolting. Unlike other plants where 

miR156 diminished with age in rice, it gradually increases 

from young to old leaves and brings about the phase change 

process that controls the flowering process (Xie et al., 2012). 
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MiR-156 is a short non-coding RNA of 19-24 nucleotides 

long and is found both in plants and animals. It is one of 

the most conserved RNA and modifies the expression of 

genes through post Transcriptional modification of the 

mRNA or by modification of the translational assembly. 

The main target of miRNA156 is the SQUAMOSA 

PROMOTER BINDING LIKEs (SPLs) (Yu et al., 2012). 

The overproduction of miRNA 156 is involved in 

senescence and delayed flowering in all experimental 

plants. The expression decreases with age in most plants and 

that is due to the higher amount of circulatory sugar 

phytochromes and age-related factors. Similarly, the SPL 

factors also play an antagonistic role and promote flowering 

when overexpressed in a plant at a late stage of development 

(Wang et al., 2009). These are a group of promoters that 

enhance flowering in the plant by careful molecular crosstalk 

that involves many molecules all working to balance the 

flowering time with the day length and temperature (Fig. 2). 

  

 

Fig. 2 The detailed diagram of the factors that are inhibited by the miR156 and how the regulation cases a transition from the 

vegetative to reproductive phase in rice. The role of miR156 and miR172 is shown with the result of flower 

  

Phytochromes and miR156 expression 
  

As mentioned earlier, the regulatory mechanism of any 

phenotype expression is not simple and requires multiple 

factors to initiate and stop the process. This is done to 

maintain an expression of the phenotype or character even 

when one pathway fails or reaches its limitations. 

Similarly, the shade avoidance mechanism which is 

originally developed by the plant to seek more light and 

grow at a rapid rate in presence of low light intensity and 

quality plays a vital role in miR156 expression. The 

phytochromes are a family of proteins expressed in plants 

under red or far-red exposure (Stief et al., 2014). 

Overexpression or accumulation of the phytochromes 

affects the expression of the miRNA in two ways i.e., it 

directly binds with the promoters of the miRNA genes thus 

hindering the transcription process, secondly by promoting 

the SPL proteins that antagonize the effect of miRNA and 

induce flowering (Xie et al., 2017). This two-way 

suppression brings a rapid flowering onset even when the 

flower is artificially kept in a reduced light period. 

Similarly, other studies also suggest the role of different 

phytochromes like PHYA, PHYB, and PHYC genes as a 

promoter of phytohormones like gibberellin and auxin that 

promote apical growth and thus flowering. A simultaneous 

mutation in all the PHY genes induces early flowering that 

suggests the role of these genes in regulating the 

morphogenesis and also suppression of miR156 genes.  The 

phytochrome interacting factors (PIF) are directly involved in 

the downregulation of the miR156 gene box by allowing the 

PHYA, PHYB, and PHYC proteins to occupy the G-box motif 

in the promoter of miR156 genes. With the advanced studies 

and literature review, it is obvious that four factors regulate the 

flowering and other transitional changes in plants from 

vegetative to reproductive state. The PHY-PIF-miR156-SPL 

interaction regulates flowering in Arabidopsis (Yu et al., 

2015). However, there is a need for further investigation to 

know if any such completely developed system is found in rice 

as well. This would help us develop crop varieties that yield 

better and develop faster. 

  

Epigenetics and DNA modification  
 

There is a consensus among scientists that the methylation of 

DNA, histone proteins, and small non-coding RNA plays an 

important role in the expression of particular genes. It all 



Ayaz Ahmad et al                                                                              Journal of Pure and Applied Agriculture (2022) 7(2): 73-82 

78 

 

happens in response to certain internal or external factors. 

As mentioned above light, sugar, and exposure to shade 

play a vital role in the plant conversion to reproductive 

generation from vegetative (Jinlei Shi et al., 2015).  Unlike 

Arabidopsis onto which most of the flowering-related work 

has been done rice is a short-day plant (SD) so there is no 

influence of temperature in its flowering phase transition 

but there are other genes such as HD3a (Heading date 3a) 

gene and RFT1 (flowering locus T1) genes. Both of these 

genes are activated in rice plants exposed to SD. In shorter 

days (SD) length, both of these genes are produced in 

higher amounts which in turn activate the “florogin” 

protein that travels to the apical shoots and induces the 

flowering (Sun et al., 2012). There are two ways the HD3a 

and RFT1 genes are activated i.e., either via early heading 

date 1 (EHD1) or through Heading date 1 (Hd1) genes. 

Where the EHd1 genes activate the B-type activators and 

that in turn upregulates Hd3a and RFT1 genes. However, 

the genes once activated start the flowering process (Wang 

et al., 2013). However, the process is far more complex 

and needs more attention to uncover more of the factor that 

regulates the crucial timing. Ehd1 gene expression is 

regulated via three different pathways all converging at the 

endpoint of upregulating the Hd3a and RTF1 gene 

expression. The Oryza sativa OsId1 gene pathway 

regulates the Ehd1gene that eventually affects Hd3a and 

RTF1 genes. In this pathway, there is also Edh4 that 

encodes zinc finger-like transcription factors which 

directly act on SD and LD plants. This makes this pathway 

unique as it can influence the flowering time in both types 

of plants. The remaining two factors are light length-

dependent and involve many genes all eventually 

influencing Hd3a and RFT1 genes (Shafiq et al., 2014).    

  

MiR156-SPL toolbox for plant architect improvement 
  

A plant is always battling with many biotic and abiotic 

factors and produces a variety of enzymes and proteins to 

maintain steady growth and fight off the problems (Long et 

al., 2018). Members of the SQUAMOSA-PROMOTER 

BINDING PROTEIN-LIKE (SPL) family of transcription 

factors, were first discovered in Antirrhinum majus, have 

emerged as critical regulators of a wide range of biological 

processes in plants, including leaf development, 

tillering/branching, plastochron, panicle/tassel architecture, 

fruit ripening, fertility, and stress response. 

MicroRNA156s target the transcripts of a subset of SPLs 

for cleavage and/or translational suppression (miR156s). 

Endogenous developmental signals and a variety of 

exogenous stressors both influence the levels of miR156s. 

Increasing evidence suggests that the regulatory circuit 

focused on the miR156/SPL module is largely conserved 

across phylogenetically diverse plant species and plays a 

key role in plant fitness, biomass, and yield regulation. We 

can now use the miR156/SPL module as a plethora of tools 

to genetically manipulate crops for optimal parameters in 

growth and development, and ultimately to maximize yield 

through intelligent crop design, thanks to growing 

knowledge and a mechanistic understanding of their roles and 

regulatory relationships (He et al., 2022; Lai et al., 2022; Xing 

et al., 2022). 

      The miR156 and SPL are two of the main factors that help 

plants tolerate the changing abiotic stress such as temperature, 

light intensity, quality, and water and salt problems. There are 

virtually enough SPL factors discovered by many studies 

however they are divided into four groups and the confirmed 

number is 16. All these SPL proteins show a diverse function 

and regulation of plant development aspects from 

morphological changes in the long term, yield, and tolerance to 

the biological and abiotic stress (Cui et al., 2014). The MiRNA 

and SPL are associated with each other as the miRNA 156 

regulates and binds with many SPL protein genes and 

downregulates their function during early development. This, 

however, reduces with age and the plant produces more SPL 

proteins once mature and miR156 expression subsides once the 

leaf development is high and the circulating sugar is enough to 

suppress its expression. Also, the SAS mechanism and related 

proteins suppress the expression of miR156.  Out of 16 SPL 

found in rice 11 are targeted and regulated by miR156. The 

miR156 attaches to the 3UTR of the SPL gene also called a 

miRNA responsive Unit (MRU) and reduces its transcription 

process (Wang et al., 2009).  There are many potential uses of 

exploring and tweaking this toolbox to produce higher quality 

and elite crops especially rice but the lack of complete control 

over the expression and its other unexplored functions are 

bottlenecks that are to be solved. 

  

Age and miR156/SPL pathway 
  

Till now the literature has established that the plant has internal 

clocks that regulate the physical and hormonal changes. These 

changes are highly sophisticated and result in the changes in all 

the plants of a particular species undergoing a morphogenic 

change at the same time. This is ensured to bloom and flower 

simultaneously.  This mass synchronization is based on the 

balance of expression of miR156 and SPL genes (Zheng et al., 

2019). The miR156 genes are highly expressive when the level 

of glucose is low as a result of fewer leaves and photosynthesis 

is not established yet. Treatment of the plant at the early stage 

of its development with sugars results in a rapid decrease in 

miR156 gene expression. This decrease occurs due to the 

interference in the transcriptional and post-transcriptional 

levels of the miR156 gene. However, with the development 

and identification of shoot apical meristem (SAM) the 

expression of miR156 starts to decrease which in turn causes a 

surge in SPL gene expression. SAM works in two ways: it 

serves as a reservoir for the cells during the elongation and 

leaves the production phase also called the vegetative phase 

while the same cells under the influence of internal and 

external stimuli start the reproductive phase (Wang, 2014). 

Similarly, a miR172 molecule promotes the flowering and is 

produced in response to the external stimuli and decrease of 

miR156. 

      Recently, plant scientists turned their attention toward the 

miR156-SPL pathway and its associated genetic circuits. 

Although there is a strong association of miR156 
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overexpression with the exogenous pathways, the scientists 

are looking at the role of light and the SPL-targeted 

MADS-box genes. These genes including AP1, LFY, FUL, 

and SOC1 are regulated by the level of SPL3 and SPL9 

genes which are in turn regulated by the level of miR156 

(Wang et al., 2009). This complex integrated and intricate 

system of gene regulation brings about the growth of the 

plant and also its shift to the reproductive phase from the 

vegetative phase.  

  

Role of SD preferential activators in Ehd1 genes 

regulation 
  

Of the total three Ehd1 genes, Ehd2 and Ehd3 genes are 

light-induced and are activated under specific day length 

while the third Ehd4 is light-independent and works with 

the OsId1 gene in the upregulation of Ehd1 genes. While 

the Ehd3 gene works with the OsMAD51 gene box that 

regulates the Ehd1 gene upstream and induces florogin 

production through Hd3a and RFT1 gene pathway. The 

remaining Ehd2 gene is LD preferential gene and works 

with the GHD7 gene that encodes the CCT protein in rice 

and OsLFLs proteins. Together all these proteins encode 

the B3 type factors that again converge at the Hd3a /RFT1 

gene pathway (Tsuji et al., 2011). The mentioned three 

pathways are much conserved in all rice varieties but the 

Edh4 and Edh2 pathways are found both in Arabidopsis 

and rice alike although both of these plants bloom in 

different light conditions. 

There is also another gene called OsELF3 that has two 

homologs in rice, the ELF3-1 and ELF3-2.  These genes 

are also engaged in the expression of Ehd1 genes through 

LD and SD pathways (Junming Zhao et al., 2012). Both 

ELF3-1 and ELF3-2 are involved in the circadian rhythms 

of the plant through their influence over the OsPRR gene 

box (OsPRR1, OsPRR37, OsPRR73, and OsPRR95). 

Similarly, ELF3-1 also regulates the effect of the GHD7 

gene that was involved in the LD-preferential pathways in 

the flowering phase transition in long-day plants (Junming 

Zhao et al., 2012). A mutation in ELF3 homologs showed 

a late flowering or heading time. An orthologue of the 

same gene was discovered in Arabidopsis Thaliana, which 

displayed similar alterations as the rice plant, confirming 

its critical role as a flowering phase regulator in plants. 

  

SPL4 and flowering 
  

For a young plant, the most important thing is to develop 

structures that help it perform well in a challenging 

environment such as shade, resource deficit, and root 

formation to compensate for the absorption of nutrients and 

water. At this stage, the flowering is of the least 

importance (Gou et al., 2019). The shade and higher 

number of cell divisions, an indication of the vegetative 

growth phase, induce the miR156 and miR172 production 

in a higher amount. Both of these microRNAs, as 

described earlier, are instrumental in the suppression of the 

transition to the flowering or reproductive phase. One of 

the most important genes for both of these microRNA targets 

is the osSPL4 gene which induces flowering (Teotia & Tang, 

2015).  

      With age the apical tissues especially the phloem cells start 

producing the osSPL4 enhancing factors that travel to the 

nodes and start the flowering process. The phloem under the 

higher amount of sugar starts the production of such SPL4 

enhancing factors. Recent development has revealed a direct 

role of SPL4 in the activation of the FRUITFUL (FUL), 

APETALA1 (AP1), and LEAFY (LFY) all of these have a 

direct role in the flowering initiation. These genes can only be 

activated in the absence of miR156 or miR172. Because the 

flowering initiation process is a complex mechanism there is 

no consensus on what factor predominantly leads to the 

flowering as there are multiple factors that induce miR156 

suppression and osSPL4 expression (Preston & Hileman, 

2010). 

  

Conclusion 
  

Rice is a major crop in the world with more than half of the 

earth's population directly or indirectly dependent on it. The 

last decade has been a crucial year for the redevelopment of the 

strategies to identify and develop plant varieties that flower 

early and yield more than the natural plant varieties. This has 

been possible through the investigation and uncovering of the 

gene circuits that regulate the flowering time. Rice is a short-

day (SD) plant but most of the research for the identification of 

the factors and genes that influence the plant's flowering time 

has been done on the Long Day plants like Arabidopsis. This is 

the reason a detailed pathway of LD is available as compared 

to the SD plants that the scientists believe have the same 

number of genes but currently, very few are known. This 

review paper has identified the genes and factors that involve 

heading time in rice plants. The major influencers of heading 

time in rice plants are the miRNAs that downregulate the 

heading time genes and delay flowering which is in turn 

regulated via external and internal factors. Other genes that 

actively participate in flowering time are Ehd1, Ehd2, Ehd3, 

Ehd4, OsId1, OsMADBox 51 and 50, GHD7, CCT proteins, 

and OsLFL and ELF3 variants. However, the complex pathway 

is still far from being complete and needs more attention and 

the development of more sophisticated techniques to uncover 

more hidden gene regulation and communication pathways. 

This would help develop the varieties that are easy to cultivate 

under artificially induced day period length and temperature. 
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