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Abstract: RNA, as an important substance for regulating biological growth and development, has significant 

implications for visualization research. However, many spontaneously fluorescent substances in plants greatly 

interfere with the effectiveness of plant bioimaging. Aggregetion- induced emission luminogens (AIEgens), 

due to their luminescent properties, tunable molecular size, high fluorescence intensity, good photostability, 

and low cell toxicity, have been widely applied in the animal and medical fields. We have found that AIEgens 

have great potential as RNA fluorescent probes for efficient imaging in plants. In this review, we first introduce 

several common RNA labeling forms and point out their pros and cons. We briefly describe the development 

of AIEgens and the AIE mechanism, and then present various practical applications of AIEgens, including 

detailed examples of their use as biological markers. To further promote the application of AIE in the field of 

RNA, we suggest the use of AIEgens to modify target RNA via techniques such as click chemistry or 

CRISPR/Cas, to achieve RNA visualization in plants. highly possible to modify target RNA with AIEgens in 

vivo for RNA visualization. 

Keywords: aggregation-induced emission (AIE); RNA labeling; RNA aptamer; GFP; CRISPR/Cas; 

click chemistry 

 

1. Introduction 

Since the discovery of green fluorescent protein (GFP) in jellyfish by Shimomura and colleagues 

in 1962, this remarkable protein has enabled the visualization of various proteins within cells, 

allowing for flexible observation of gene expression and protein dynamics [1]. Concurrently, efforts 

to visualize other macromolecules within organisms have gradually emerged. While proteins have 

been extensively studied in this context, RNA, an equally vital component in biology, presents 

challenges due to its complex species and structures, as well as its intricate spatio-temporal 

localization. Thus, the development of a simple and effective RNA tracing tool represents a promising 

research direction. In 2011, Spinach, an RNA fluorescent complex that mimics the GFP principle and 

exhibits similar functionalities, was introduced to fill the gap in RNA fluorescent labeling, and over 

the past decade, numerous researchers have leveraged this technology to overcome various 

challenges associated with RNA tracing [2]. 

Both GFP and Spinach are potent bioimaging tools in botanical research, allowing for the 

elucidation of various mysteries surrounding plant growth and development, material metabolism, 

and regulatory mechanisms. Compared to animal cells, plant cells contain numerous natural 

fluorescent components, such as chlorophyll in chloroplasts and lignin in cell walls, which pose 

significant challenges for plant cell bioimaging. Moreover, Aggregation-Caused Quenching (ACQ) is 

a common issue with the use of conventional fluorescent substances, while GFP, as a protein with 

large molecular weight and low resolution, cannot directly penetrate the cell membrane, and current 

mature RNA fluorescent probes, such as Spinach, are complex to operate. Thus, the development of 

a novel RNA fluorescent probe is essential to address these issues. 
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Currently, Aggregation-induced emission luminogens (AIEgens) are emerging as promising 

fluorescent probes for in vivo animal and medical applications, but they have yet to be widely studied 

in phycology. AIE materials possess adjustable luminescence properties, tunable molecular size, high 

fluorescence intensity, excellent photostability, and low cytotoxicity, compared to conventional 

fluorescent materials [3]. The application of AIE to plant RNA fluorescent labeling technology holds 

great promise for addressing the aforementioned challenges in this field. 

2. Currently established RNA labeling tools 

2.1. RNA category and functions 

When messenger ribonucleic acid (mRNA) was discovered at the very beginning, it was thought 

to be a temporary transition carrying genetic information from DNA to protein [4]. Transfer RNA 

(tRNAs), generally containing CCA-3' end [5], was first discovered by Hoagland et al. [6], consists of 

about 76 nucleotides and binds to ribosomes, pairs with mRNA codons, and carries amino acids [7,8]. 

Ribosomal RNA (rRNA) is an important part of ribosome composition. Which is the most abundant 

RNA in living organisms and the first discovered non-coding RNA (ncRNA) [9].The microRNA 

(abbreviated miRNA) (18-24 nt) was discovered in 1993 [10-12]. As a component of RNA-induced 

silencing complex (RISC), when miRNA is complementary to mRNA the target mRNA is degraded 

with the action of RSIC [13]. In some cases, miRNAs can also activate gene expression and increase 

the level of protein translation [14,15].Subsequent confirmed long non-coding RNAs (long ncRNAs, 

lncRNA), commonly have more than 200 nucleotides, can regulate gene expression at multiple levels 

[16].The discovery of double strand RNA (20-24 bp) is a subversive achievement in the RNA field. It 

can interfere with the expression of an endogenous gene [17]. This special kind of RNA has the 

function of gene regulation. Synthetic 21-nucleotide siRNA duplexes were subsequently confirmed 

specifically suppress the expression of endogenous and heterologous genes in different mammalian 

cell lines [18]. In Xenopus oocytes, Vg1 mRNA is steadfastly localized at the vegetal cortex [19].The 

polarized localization of RNA within the cell means that the distribution of RNA within the cell is 

not uniform [20]. Research in the worm C. elegans and in other animals has also revealed RNA cell-

to-cell movement [21]. In addition to animals, RNA in plants also has the characteristics of long-

distance movement [22].Combined with the inhibitory effect of exogenous double-stranded RNA on 

gene expression in organisms, RNA mobilization is the last piece of the puzzle in the development of 

gene medicines in the future. 

2.2. RNA Tracing methods 

Figuring out RNA moving is not an easy task. RNA imaging is believed the starting point to 

present possible moving regulatory mechanisms. To track the trajectory of RNA movement, there are 

two commonly used methods. One is based on fluorescent proteins and the other is based on RNA 

aptamers. 

2.2.1. GFP fused to targeting RNA 

The coat protein of RNA bacteriophage MS2 can interact with a stem-loop structure from its 

phage genome [23]. Integration of the visualization of green fluorescent protein (GFP), and the RNA-

binding function of MS2, MS2-GFP is often used to label RNA localization in living cells [23-27]. 

However, the obvious disadvantage of this method is that the 5' or 3' end of the target RNA needs to 

be connected to the stem-loop structure RNA recognized by the MS2 coat protein. 

2.2.2. Aptamer-based RNA labeling 

Although the use of fluorescent proteins to indirectly label RNA is successful, there is still a 

certain gap from the high efficiency. It may be another effective way to enable RNA to emit light 

through the light-emitting principle of GFP. This requires a review of the discovery history and 

luminescence mechanism of GFP protein. 
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In 1961, Green Fluorescent Protein (GFP) was first coincidentally discovered by Osamu 

Shimomura as a byproduct when he tried to separate aequorin from Aequorea 3ictoria [1]. To figure 

out this bioluminescent protein, he analyzed its constituents. Like GFP of pansy Renilla, he found 

Aequorea GFP also contains chromophore otherwise amino acids [28]. The chromophore molecular 4-

(p- hydroxybenzylidene)-5-imidazolone moiety that Osamu Shimomura proposed was not exactly 

right [29]. The real chromophore in Aequorea GFP is showed in Figure 1 [29]. The green part in Figure 

1 is GFP’s photochemistry as the model compound that is usually synthesized to mimic the proteins 

chromophore. 

 

Figure 1. The chromophore of GFP and its photochemistry part. The green background indicates 

HBI. 

The chromophore in Figure 1 is spontaneously cyclized and oxidized by GFP Ser65-Tyr66-Gly67 

three amino acids which is protected by GFP protein inside [30-31]. A cylinder like GFP comprises 11 

beta-sheet strands and an alpha-helix [31]. This unique structure has contributed to some inside 

modifications that can lead to various variants other than GFP [31]. 

SELEX (Systematic Evolution of Ligands by Exponential Enrichment) is a powerful tool for 

screening biological target molecules from libraries. It can solve some fundamental biological 

questions surrounding DNA or RNA. These DNAs or RNAs are also called aptamers [32]. These 

aptamers, in the form of oligonucleotides, are single-stranded DNAs or RNAs that specifically bind 

to a target ligand or ligands [33,34]. 

To mimic the green fluorescent protein, Paige et al. [2] screened the RNA library containing 

about 5 × 1013 RNA molecules by SELEX based on the light emission principle of GFP. The HBI is a 

fluorophore in GFP which is encased within the protein. To avoid interference from GFP, they 

decided to start with HBI derivatives to screen aptamers for glowing RNA [2]. They started from 

several HBI derivatives, after ten rounds of selection, they finally found several aptamer-induced 

fluorescence RNA candidates. They have very different spectral properties [2]. Unfortunately, after 

cell experiments, it was finally confirmed that only 3,5-difluoro-4-hydroxybenzylidene 

imidazolinone (DFHBI) with 24-2 and 3,5-dimethoxy-4-hydroxybenzylidene imidazolinone 

(DMHBI) with 13-2 two pairs have the effect of RNA fluorescence at the cellular level [2].  

In following cell experiments, it was found that after Spinach binds to the target RNA, the 

fluorescence signal will be weakened. So, Jaffrey’s group continued to optimize the structure of 

Spinach and then updated version Spinach 2 [35] and Broccoli [36]. As for Broccoli, the fluorophore 

is DFHBI-1T [36]. Although multiple versions of RNA aptamers had been developed, the 

phenomenon of photobleaching has been a major bottleneck for the widespread application of this 
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technique. Using the same strategy, Chen et al. [37] also developed a green fluorescent aptamer RNA 

named Pepper. Another one named 3WJ-4 × Bro was derived from Broccoli [38]. It is worth 

mentioning that this is the first time that RNA fluorescence based on RNA aptamers has been 

successfully observed in plants. In addition, yellow and red RNA fluorescent aptamers had also been 

developed [39,40]. More details are presented in Table 1. 

Table 1. Successfully used RNA aptamers with different fluorescence. 

RNA aptamer Fluorophore Color Application Length of RNA 

Spinach [2, 41] DFHBI Green HEK-293T, E. coli and Onion 98-nt 

Spinach2 [35] DFHBI Green 
E. coli, HEK293T, HeLa and 

COS-7  
95-nt 

Pepper [37] HBC Green 

E. coli, 293T/17 HeLa, COS-7, 

NIH/3T3, U-87, HCT 116 and 

MKN-45 

43-nt 

Broccoli [36] DFHBI-1T Green E. coli and HEK293T 49-nt 

Corn [40] DFHO Yellow E. coli and HEK293T 28-nt 

3WJ-4 × Bro [38] DFHBI-1T Green 
E. coli and Nicotiana 

benthamiana 
1701-nt 

Mango [39] 
Thiazole Orange 

(TO1) 
Yellow E. coli and C. elegans 23-nt 

Mango [39] TO3 Red E. coli and C. elegans 23-nt 

Mango II [42] 
Thiazole Orange 

(TO1) 
Yellow HEK293T 40-nt 

3. Aggregation-Induced Emission 

AIEgens have been widely utilized as fluorescent labels in the animal and medical fields due to 

their historical development and luminescence mechanism. However, theiruse in plant science has 

been relatively limited, making it essential to review the luminescence mechanism of AIE for the 

development of novel plant RNA fluorescent markers. 

3.1. ACQ effect limits the application of traditional fluorescent materials 

In order to understand the mechanism of aggregation-induced luminescence, it is necessary to 

first comprehend the aggregation-caused-quenching (ACQ) effect of conventional luminescent 

materials in highly concentrated solutions or solid states, as well as the challenges posed by ACQ in 

practical applications. Structurally, conventional fluorescent chromophores are typically rigid planar 

molecules in a large π-conjugated system composed of planar aromatic rings, which emit strong 

fluorescence when isolated in solution but can weaken or even disappear due to molecular 

aggregation at high concentrations, a phenomenon known as the ACQ effect. At the molecular level, 

the stacking of planar aromatic rings increases the degree of π-π coupling between molecules, leading 

to a significant reduction in luminescence due to energy transfer between low-energy molecules and 

high-energy molecules via nonradiative leaps [43,44]. 

The ACQ effect has a significant impact on practical applications, and although many 

laboratories have conducted long-term studies employing various physical methods and chemical 

reactions to hinder the aggregation of conventional fluorescent chromophores in solution, such as 

linking branched chains and attaching bulky ring-likeunits, theseefforts have yielded only limited 

success and have created new problems, with mostapproaches only partially changing the properties 

of traditional chromophores and failing to address the issue fundamentally [45]. 

3.2. The development of AIEgens 
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Figure 2. Structure of 1-methyl-1,2,3,4,5-pentaphenylsilole, the first substance reported to have AIE 

effect, and a schematic diagram of the rotation of the peripheral group. 

Since the proposal of the ACQ effect by T. Förster et al. in 1954, this problem has remained a 

challenge for many scientists, until the discovery of the AIE effect by Luo et al. in 2001 (Figure 2). In 

their study of the molecule siloles, the isolation and dropping of 1-methyl-1,2,3,4,5-pentaphenylsilole 

in solution on a thin-layer chromatography plate resulted in no significant luminescence under UV 

light. However, the lack of luminescence was not observed in the dried position of the solution, which 

led to the discovery of the AIE effect resulting from intra-molecular rotation restriction (RIR), 

marking the beginning of a fundamental solution to the ACQ problem [46,47]. 

Since the initial discovery of AIE in polyphenyl-substituted silicone derivatives, a range of 

representative compounds such as tetraphenylethylene (TPE) and 9,10-stilbenylanthracene (DSA), as 

well as low-biotoxicity natural AIE effect molecules extracted from plants, such as riboflavin [48], 

mulberry pigments [49], mangiferin [50] and haematoxylin [51] have been widely developed. 

Additionally, many AIE derivative systems have emerged, including aggregation-induced 

phosphorescence (AIP) [52], crystallization-induced luminescence (CIE) [53], and crystallization-

induced phosphorescence (CIP) [54,55], providing researchers with a broad range of options for 

future applications. 

While AIE has been widely used in bioimaging, medical diagnosis, and other fields,its 

application in plant research remains limited. As AIE technology continues to mature,it is essential 

to explore its potential in botanical research, particularly in the development of fluorescent probes 

that can be applied in plants. This presents not only an opportunity to enhance the existing 

fluorescent probe system but also a chance to challenge traditional paradigms in fluorescent probe 

development. 

3.3. The luminescence mechanism of AIEgens 

Over the 22 years of AIE development, several theories have been proposed on the mechanism 

of AIE luminescence, with some focusing on intramolecular action caused by the structure of the 

molecule itself, while others concentrate on intermolecular action resulting from the interaction of 

molecules when they are stacked. There are six typical mechanisms of AIE luminescence, including 

restricted intramolecular motion, intramolecular coplanarity, non-compact stacking, formation of J-

aggregates, inhibition of photophysical processes or photochemical reactions, and formation of 

specific radical conjugates. 

TPE, a typical class of AIE molecules, contains a rotatable benzene ring in its structure, and the 

excited state energy can be consumed through the rotation of the benzene ring in a non-radiative 

way, resulting in weak fluorescence. However, when the molecule is in a high concentration or solid 

state, the peripheral rotatable aromatic group is limited in rotation due to spatial site resistance, and 

the excited state of the molecule can only decay back to the ground state through the radiation 

pathway, significantly enhancing luminescence. Additionally, TPE derivatives such as THBDBA and 

BDBA do not have rotatable benzene rings like the typical molecule of AIE, TPE, but have AIE effects 
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because their excited state energy can be consumed through the vibration of benzene rings by non-

radiative pathways, and fluorescence is enhanced when intermolecular aggregation prevents this 

vibration. These two mechanisms are combined as intramolecular rotational restriction (RIR) and 

intramolecular vibrational restriction (RIV) [56,57]. 

While most other AIE mechanisms complement or act in conjunction with the intramolecular 

motor restriction mechanism, it remains the most maturely designed mechanism upon which AIE 

materials are based. Therefore, it is crucial to consider this key mechanism when studying fluorescent 

probes for biomolecules. 

4. Application of AIEgens as a fluorescent probe and possibilities for RNA labeling in plants 

As a groundbreaking class of organic luminescent materials, AIE compounds have successfully 

overcome the limitations of traditional fluorescent dyes by avoiding the ACQ effect while retaining 

their advantages, such as simplicity of operation, high sensitivity, remarkable selectivity, and 

excellent spatial and temporal resolution [58]. Due to its significant implications for human health 

and agriculture industries, the biological field is gaining more attention, and it is undoubtedly the 

most promising arena for AIE to make a significant impact. 

4.1. Application of AIEgens in animal and medical 

4.1.1. Probes for Drug Screening 

Numerous neurodegenerative diseases, such as Alzheimer's disease (AD) and Parkinson's 

disease (PD), are associated with amyloid self-assembly [59,60]. For instance, β-amyloid (Aβ) is a 

crucial pathogenic factor in AD that disrupts synaptic plasticity and mediates synaptic toxicity 

through various mechanisms, whereas PD is linked to the amyloidogenesis of α-synuclein (αSN) 

[61,62]. To screen general amyloid inhibitors against different amyloid proteins, Jia et al. (2020) 

designed AIE@amyloid, an AIE-based amyloid inhibitor probe [60]. This probe is comprised of an 

AIEgen (EPB in this study) and an amyloid protein connected with an unnatural amino acid (UAA) 

(Figure 3). When amyloid aggregates, the probes also aggregate and emit strong fluorescence. 

However, in the presence of amyloid inhibitors, the amyloidogenesis of amyloid is prevented, 

resulting in the failure of the probes to aggregate and the absence of observable fluorescence. 

 
(a) (b) 

Figure 3. (a) Chemical structure of EPB; (b) Structure and construction of AIE@amyloid . 

4.1.2. Probes for Micromolecular Biomarkers 

Micromolecules play an important role as biomarkers in various diseases, making their detection 

crucial for disease diagnosis [58]. 

Hydrogen peroxide (H2O2) and glucose are two such micromolecules that are closely associated 

with many diseases and can be used as biomarkers [63-66]. In a recent study, Wang et al. developed 

an AIE-based probe, HPQB, for the detection of H2O2 and glucose (Figure 4a) [67]. The probe is 

composed of hydroxyphenylquinazolinone (HPQ), which exhibits typical AIE properties, but its 

fluorescence is quenched by the presence of benzyl boronic pinacol ester. The reaction of H2O2 with 

HPQB removes the benzyl boronic pinacol ester, thereby restoring the AIE properties of HPQ and 
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enabling the detection of H2O2 and glucose. Wang’s study also demonstrated the probe's ability to 

image nasopharyngeal carcinoma cells. Reactive oxygen species (ROS), including H2O2, play an 

essential role in plant immunity, and thus the HPQB probe could potentially be used for H2O2 

labeling in plant cells to determine the occurrence of immune responses. 

Glutathione (GSH) is another important micromolecular biomarker [68]. Xie et al. developed a 

GSH-activated probe with a disulfide bond as the GSH response motif [69]. Upon reacting with GSH, 

the disulfide bond is broken, resulting in the release of the fluorophore and the production of strong 

fluorescence due to the AIE effect. This probe can be utilized for the detection and imaging of GSH. 

4.1.3. Cell Imaging 

Visualization of cells or subcellular structures is of great importance in biological research and 

clinical analysis, as it provides valuable information on bioprocesses at the cellular or molecular level 

[70]. Organic fluorescent dyes with excellent optical and biological properties have been widely used 

in cell imaging to visualize cells or structures [71]. However, conventional fluorescent dyes are 

limited by the ACQ effect. AIE compounds,on the other hand, overcome this limitation and have 

high application value in cell imaging. 

Mitochondria, which are the energy centers of cells, produce ATP and heat to support all life 

activities, and their dysfunction is associated with various diseases such as diabetes and 

cardiovascular disease [72]. Li et al. selected two AIE compounds (Figure 4b) from a series of 

flavanones [73]. They found that both compounds showed low cytotoxicity and significant 

biocompatibility with A549 cells, and were specifically aggregated in mitochondria. Their study 

suggests that the compounds could have applications in mitochondria imaging of living cells. 

Lysosomes, which have diverse functions such as cell digestion, signaling, and generegulation, 

are associated with numerous diseases such as nonalcoholic fatty liver disease [74]. Lou et al. applied 

TPE-CA (Figure 4c), an AIE fluorogen containing tetraphenylethene and coumarin moiety, to 

lysosome-targeted imaging of living cells [75]. TPE-CA has a strong emission intensity at lower pH, 

which gives it lysosomal targ tingproperties. The application of TPE-CA may advance the 

understanding of the acid environment of lysosomes in related cells and provide a better testbed for 

cell imaging. 

 

 

(a) 

 
(b) (c) 

Figure 4. (a) Chemical structure of HPQB; (b) Chemical structure of the selected AIE compounds; (c) 

Chemical structure of TPE-CA.  
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4.2. Application of AIEgens in plants 

The utilization of aggregation-induced emission (AIE) in plants is a nascent field of investigation 

that has garnered significant interest in contemporary times. To date, there have been two major 

avenues of exploration: firstly, the association of AIE with plant photosynthesis for the purpose of 

enhancing its efficacy; and secondly, the application of fluorescent labeling to a diversity of 

constituents within plant cells. 

4.2.1. AIEgens enhance the efficiency of photosynthesis in plants 

In 2021, Tang and colleagues utilized click chemistry to incorporate two AIEgens, TPE-PPO and 

TPA-TPO, into living chloroplasts to enhance photosynthetic efficiency. These AIEgens absorb 

ultraviolet and green light that is typically unavailable to chloroplasts and convert it into blue and 

red light, which can be used by the chloroplasts [76]. This pioneering study demonstrated the 

potential of AIEgens for photoconversion to improve photosynthesis. 

Another study by Xiao et al. in 2021 reported a hybrid photosynthetic system that combined 

chloroplasts with CD-AIEgens, which were made of natural quercetin and designed using 

nanotechnology. This system was able to capture a wider range of light and improve electron transfer 

efficiency, resulting in enhanced photosynthesis [77]. This result was also mentioned in a 2022 review 

by Tang's team on the efficient use of AIEgens with solar energy.The review analyzed the feasibility 

of using AIEgens to optimize solar energy utilization systems, focusing on improving light 

harvesting, solar energy conversion, chemical conversion, and thermal conversion [78]. A significant 

focus was on AIEgens and photosynthesis coupling technology, recognizing the importance of 

AIEgens for enhancing photosynthesis. Another review also examined various methods of using 

AIEgens to enhance photosynthesis, such as adding AIEgens directly to the medium of cyanobacteria 

or coupling AIEgens directly with chloroplasts through click chemistry. These findings have 

important implications for addressing food and energy challenges and promoting sustainable 

development [79]. 

4.2.2. The application of AIEgens as fluorescent labeling in plant science. 

Compared to animal cells, plant cells contain more fluorescent substances that interfere with 

plant bioimaging. Traditional fluorescent dyes suffer from ACQ, which limits their usage at high 

concentrations to avoid fluorescence quenching, but weak fluorescence at low doses impacts 

experiments and interferes with multiple imaging with other fluorescent components like GFP. 

AIEgens have high stability and luminescence intensity, overcoming the limitations of traditional 

dyes in subcellular localization. Various AIEgen-based fluorescent probes have been developed for 

detecting plant cell substances. In 2017, Saponin Nanoparticles with AIE properties were used for the 

first time in Arabidopsis thaliana to fluorescently label plant cell membranes through the cell wall, 

paving the way for AIEgen studies in model plants [80]. Lu et al. used Kaempferrol as an AIE 

fluorescent probe to detect Al3+ in Arabidopsis thaliana roots incubated in a mixture of water and 

tetrahydrofuran containing Kaempferrol due to the plant's high metal content [81]. Plant hormones 

as an essential plant growth regulator, Wu et al. discovered an Abscisic acid (ABA) AIEgens 

fluorescent probe that can label ABA in the presence of bovine serum albumin (BSA), providing a 

novel perspective on in vivo or in vitro ABA detection [82]. 

5. Outlook 

The use of AIEgens fluorescent probes in plants showcases the universality of this technology, 

as AIEgens-based fluorescent probes have been extensively reported for other biomolecules such as 

DNA or proteins in animal cells, although their clear applications in plants are yet to be established, 

except for AIEgens serving as fluorescent markers for RNA. As a nascent technology, the application 

of AIEgens in plant cells will likely follow a similar path as that of GFP, starting with animal cells 

and requiring a prolonged optimization process before its widespread application in plant cells. 
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5.1. Click chemistry for AIE labeling RNA 

Based on available studies, AIEgens as RNA fluorescent probes in plants show the highest 

feasibility when using click chemistry. Click chemistry is an efficient method for in vivo biomolecule 

labeling. The most commonly used organic reaction is the Azide-Alkyne Cycloaddition, which 

utilizes compounds modified with alkyne bonds and organic azides for catalysis by Cu [83,84].  

Previously, the use of click chemistry in living organisms was greatly limited by theneed for a 

copper catalyst, which was toxic to bacteria and mammalian cells. However, in 2004, the development 

of the Strain-Promoted Azide-Alkyne Cycloaddition overcame this limitation and allowed for the 

performance of click chemistry in living animals with out causing physiological damage, 

demonstrating great potential for non-invasive imaging applications [85]. 

In 2008, Jao et al. demonstrated the incorporation of a substance with an alkyne bond, such as 5-

ethynyluridine (EU), into mRNA by transcription, followed by copper (I)-catalyzed alkyne-azide 

cycloaddition using fluorescent azides in living organisms [86]. This experiment fully demonstrates 

the feasibility of fluorescent group modification of biomolecules by click chemistry in living 

organisms. 

In 2018, Khatua et al. reported that [Ru(phen)2(4,7-dichloro-phen)] 2+, which contains a halogen 

bond can attach to nucleolar ribosomal RNA and aggregate luminescence for in situ tracing of 

nucleolar ribosomes [87]. 

Since there are few design cases of RNA and AIE together to form fluorescent probes, however, 

both RNA and DNA, as nucleic acid biomolecules, have some structural similarities, and the 

modifications to DNA molecules may be equally applicable to RNA molecules. However, DNA is 

mostly present in organisms as a double strand, which is again different from RNA that is often 

present as a single strand. Therefore, more modifications of RNA may be discovered in the future 

(Figure 5). 

AIE molecules could also be used as reactants to modify RNA in vivo by Azide-Alkyne 

Cycloaddition reaction, such as introducing monosubstituted alkyne groups to RNA probe molecules 

and reacting with azide-modified AIEgens to achieve in vivo RNA localization for imaging. But, the 

lack of biological selectivity is a major weak ness of click chemistry, and to efficiently and accurately 

label AIEgens to RNA, the CRISPR/Cas system may be needed. 

 

Figure 5. Several click chemical patterns of AIEgens linked to biological macromolecules. (1) 

Electrostatic interactions. (2) Formation of carboxamide. (3) Formation of thioester bonds. (4) Azide-

alkyne cycloaddition reaction. 

5.2. For AIE, CRISPR may be on the way 

The discovery of a highly efficient gene editing system from bacteria has ushered in a new era 

of molecular biology [88]. The CRISPR/Cas gene editing system is powerful. From the beginning, it 

only cuts DNA [88,89], to develop DNA [90,91] or RNA [92] base substitutions, RNA cut [93] and 

label RNA [94]. Developments around CRISPR-related technologies are still ongoing. But so far, there 

is no perfect report on the real-time imaging of RNA movement trajectories using the CRISPR/cas 

system in vivo. 
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Using inactivated RNA-targeting CRISPR/dCas13 fused with ADAR2 (Adenosine deaminases 

Adenosine deaminases that act on RNA), RNA adenosine-to-inosine (A-to-I) and cytidine-to-uridine 

(C-to-U) exchanging are realized by the ADAR2’s adenine deaminase domain [95] and cytidine 

deaminase domain [92] alternatively. 

Although click chemistry solves the problem of in vivo modification, it cannot overcome the 

specificity of biomolecules [85]. Some people have begun to try to combine these two technologies to 

do microRNA detection [96]. For the RNA labeling, it may be a good idea to combine the AIE with 

these two technologies. Unfortunately, no one has done so yet. Here, we propose an idea to use the 

inactive Cas13 (dCas13) or other proteins with specific RNA recognition properties, to target RNA, 

and use the related enzyme which is fused to the inactive Cas13 (dCas13) to perform click chemical 

modification on the target RNA. Looking for an enzyme is a crucial step. With the help of 

CRISPR/dCas13, this enzyme can specifically label RNA with AIE molecules through a click chemical 

reaction, thereby realizing the fluorescence tracking technology of RNA in vivo. 
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