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Abstract: Regulation at the level of translation plays an essential role in modulating gene expression. Given the 

importance of knowledge about translationally active mRNAs as an indicator of translation efficiency, it is 

crucial for researchers to have at their disposal organised sources of functional information on translation - 

plant translatomic maps similar to transcription maps. The development of a general experimental and 

computational methodology for constructing translatome maps is essential to address this challenge. In this 

manuscript, we discuss what researchers can do to design plant translatome maps, namely, we review: (i) 

experimental methods to obtain translationally active mRNA fractions, considering their advantages and 

limitations; (ii) additional methodological approaches to obtain complete pools of translationally active 

mRNAs; (iii) sequencing methods to qualitatively and quantitatively assess different mRNA fractions; and (iv) 

multivariate analyses of sequencing results by bioinformatics methods, including metrics for assessing mRNA 

translational activity. 

Keywords: efficiency of translation; experimental approaches; computational algorithms; 

translatome maps 

 

1. Introduction 

The importance of studying the mechanisms of genetic information realization in eukaryotic 

cells, including plants, was realized by researchers at the earliest stages of research in this field. The 

first steps in the research of this problem were made through a deep study of the mechanisms of 

transcription control, as the first stage of gene expression and the easiest for experimental execution 

and study 

Over the past two decades, key mechanisms of transcription regulation have been largely 

elucidated, and this has greatly expanded researchers' knowledge of the transcriptional control of 

gene(s) [1]. The results of transcriptional profiling (using high-throughput technologies - 

microarrays, RNA-Seq) allowed the construction of transcriptome maps - powerful organised sources 

of functional information on full-genome regulation of gene transcription for a large sample of plant 

tissues and/or organs, different developmental stages and/or environmental conditions (Figure 1). 

Many plants that have been the subjects of such transcriptome maps are model systems or 

economically important crops, and organs or tissues are studied at high morphological or temporal 

resolution. In plant science, applications of transcriptome maps range widely from inference about 

gene regulatory networks to evolutionary studies [1]. 

Note that transcription is only the beginning of the gene expression pathway. According to the 

current opinion, regulation at the level of translation plays an essential role in modulating gene 

expression (Figure 1). This became more evident when analysing the quantitative correlation between 
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mRNA levels and protein abundance in different species of living organisms. Thus, comparative omic 

studies of eukaryotes, including plants, have provided compelling experimental evidence for an 

extremely modest correlation between levels of transcription (abundance of individual mRNAs) and 

translation (levels of relevant proteins in the proteome). In this case, the observed fluctuations in 

transcript level do not necessarily lead to the expected change in the level of the corresponding 

protein [2–6] (Figure 1). Across a wide range of species, more and more studies are incorporating 

translation data to better assess how gene regulation occurs at the level of protein synthesis. The 

inclusion of translation regulation data improves, and has been shown to be more accurate than 

transcription regulation studies alone [7] (Figure 1). Thus, it has already been convincingly 

demonstrated that the global association of mRNAs with polysomes changes dramatically both 

during growth and development and under the action of environmental factors. It should be noted 

that the genome-wide mechanisms of specific translation control during the development of plants, 

including the model plant Arabidopsis thaliana, have been studied fragmentarily, even though 

translation control mechanisms for many specific genes have been described. The question of tissue- 

and organ-specific control of translation remains open as well.  

 

Figure 1. The pathway of genetic information realisation and research methods for key biological 

molecules. 1. Transcription results in the formation of mRNA (transcriptome), which is quantitatively 

analysed by RNA-seq (RNA seq) or microarray (Chip seq) methods. The mRNA levels of individual 

genes vary widely (mRNAs of different genes are indicated in different colors). 2. Translation results 

in the formation of protein products, which are quantified mainly by mass spectrometry (MSM) 

methods (different color indicates proteins synthesised from different mRNAs. The same color of 

mRNA and protein products correspond to the same gene). An extremely weak quantitative 

correlation between mRNA level and protein abundance was experimentally confirmed. The main 

experimental approaches for the study of mRNA translational efficiency are outlined: polysome 

profiling (PP); profiling of full-length translating mRNAs (RNC); ribosome profiling (RP). 
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Modern technological advances have increased knowledge of the modulatory role of translation 

in gene expression, and have allowed the development and use of new experimental approaches to 

investigate the translational efficiency of mRNAs on a global scale, i.e., to study populations of 

translationally active mRNAs associated with ribosomes [5,8]. There is a view, based on current 

experimental data, that in some cases, assessment of ribosome-associated active mRNA populations 

can partially replace proteome quantification [4]. 

Given the importance of knowledge about translationally active mRNAs as an indicator of 

translation efficiency, it is crucial to have at the disposal of researchers organised sources of functional 

information on translation - plant translatomic maps similar to transcription maps. This would allow 

analyses of translatomic data, without extensive preprocessing of raw data available in public 

databases, and would provide ease of use. However, despite the large amount of experimental data 

illustrating the critical role of translational regulation in determining gene expression levels, only a 

small number of these data have been integrated into the only resource to date [9]. 

The lack of systematic and comprehensive studies on plant translatomics indicates significant 

gaps in the understanding of translation as an important regulatory step in the realisation of genetic 

information, and, in our opinion, this gap can be filled by developing a common experimental and 

computational methodology to the design and construction of translatomic maps. 

We emphasise that the solution of this scientific problem requires an integrated approach in 

terms of methodology: obtaining plant material and mRNA fractions (resting and translationally 

active) corresponding to different physiological states of the plant; qualitative and quantitative 

assessment of different mRNA fractions through sequencing using modern technologies; and 

multifaceted analysis of sequencing results using bioinformatics methods: mapping, annotation of 

translatomes, quantitative analysis of translation profiles, assessment of differentiation profiles, and 

analysis of translation profiles. 

It is quite justified, in our opinion, for the design of organised resources on translatomics 

(translatome maps) to partially rely on the experience of developing transcriptome maps, which have 

demonstrated their effectiveness and demand by the scientific community. 

2. Experimental methodology for the creation of translatomic maps 

In this section of the review, we will consider methods of separation and obtaining samples of 

actively translated mRNAs, additional experimental techniques for obtaining primary data, and 

sequencing methods. We will briefly describe the essence of each method, the potential of their 

combination, and discuss their applicability to translatomic projects (Figure 2). 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 September 2023                   doi:10.20944/preprints202309.0137.v1

https://doi.org/10.20944/preprints202309.0137.v1


 4 

 

Figure 2. Methods for separating and obtaining mRNA samples with different translational activities. 

From top to bottom: Polysome profiling, involving separation of mRNAs with different ribosome 

loadings in sucrose gradient, isolation and purification of mRNAs from different fractions (mono- 

and polysomal) and preparation of mRNAs for sequencing; ribosome profiling, involving obtaining 

ribosome-protected mRNA fragments after RNase treatment, purification and subsequent sequencing 

of mRNA fragments; full-length translating mRNA profiling (RNC), which includes obtaining all 

translating mRNAs on a sucrose cushion, isolating and purifying mRNA and preparing mRNA for 

sequencing; affinity purification of translating ribosomes (TRAP-seq), which includes incubating cell 

lysates with anti-FLAG agarose beads, isolating and purifying mRNA, and preparing mRNA for 

sequencing. 

2.1. Methods of separation and preparation of samples or fragments of actively translated mRNAs 

According to the current view, the term "translatome" refers to the entire translated mRNA or 

RNC-mRNAs (RNC - ribosome nascent-chain complex) [4,6]. The main task of translatomics is to 

qualitatively and quantitatively assess such translatable mRNAs on a genome-wide scale. Thus, the 

primary experimental step is to divide the total mRNA pool into fractions with different translational 

status: translationally quiescent and actively translated mRNAs. Currently, most translatomics 

studies use several main methods: polysome profiling, full-length translating mRNA profiling 

(RNC), translational affinity purification of ribosomes (TRAP), ribosome footprinting (ribosome 

profiling) (Figure 2) [6,7]. 

2.1.1. Polysome profiling - to assess differential translation 

The essence of the polysome profiling method is the separation of transcripts into mRNA 

fractions loaded with different numbers of ribosomes. For this method, a sucrose gradient with 

increasing concentration from top to bottom is used, on which a clarified cell extract of the tissue 

and/or whole plant of interest is layered [10,11]. The density of mRNA complexes with different 

numbers of ribosomes differs, which allows their separation during ultracentrifugation: molecules 

migrate within the gradient until they reach their equilibrium, with heavier molecules (polysomes) 

moving down the gradient to more concentrated layers than lighter complexes with single ribosomes 

(monosomes) or individual ribosomal subunits. And mRNAs not bound to ribosomes remain at the 

top of the gradient (Figure 2).  

The polysome profiling method is well adapted to plant material, does not require any 

manipulation of growth or plant media, and provides a general picture of how ribosome load (and 

hence translation) varies in certain experimental samples or conditions. Nevertheless, it should be 

noted that polysome profiling is time and material intensive and requires obtaining and utilising 

more biological material compared to, for example, the method of obtaining total transcriptome 

samples. 

2.1.2. Profiling of full-length translating mRNAs (RNC-seq) - to identify all actively translated 

mRNAs (overall quality composition of the translatome) 

The essence of the method of obtaining all translating mRNAs is to separate the fraction of 

transcripts bound to ribosomes from free mRNA and other cellular components. For this method, a 

30% sucrose cushion is used on which cell lysate is loaded and ultracentrifugation is performed. As 

a result, a pool of all translatable mRNAs (RNC-mRNA) can be collected, providing complete data 

on the qualitative composition of the translatome (Figure 2). It should be noted, however, that 

profiling of all translating mRNAs is somewhat easier to use compared to the polysome profiling 

method, but has its own technical complexity, which is related to the stability of mRNA-ribosome 

complexes. Namely, dissociation of ribosomes from mRNA and/or degradation of transcripts can 

occur, which can lead to systematic errors [12]. 
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2.1.3. Translating Ribosome Affinity Purification (TRAP) 

TRAP (translating ribosome affinity purification) – a method based on immunoprecipitation of 

labelled ribosomal protein and mRNA bound to the labelled ribosome. It allows the isolation of 

transcripts bound to at least one ribosome, i.e. those involved in the translation process. The first step 

of this method involves the creation of transgenic plants expressing a FLAG-tagged version of the 

ribosomal protein RPL18 in the tissue of interest. FLAG is a small epitope that does not affect 

ribosome function or polysome formation, but allows FLAG-tagged ribosomes to be isolated using 

antibodies. Biomaterial from transgenic plants is homogenised in buffer, the extract is purified by 

centrifugation and incubated with anti-FLAG agarose beads, then eluted and mRNA purified (Figure 

2). The positive aspects of the TRAP method are the possibility of obtaining mRNA bound specifically 

to ribosomes but not to other RNA-binding proteins, which is difficult to do using other methods of 

separating translated mRNAs. In addition, the use of tissue-specific promoters that control the 

expression of labelled ribosomal protein allows the study of translation specific to cell type or 

developmental stage [6,10,13]. Nevertheless, this method has limitations: it requires the production 

of transgenic plants or the temporary expression of labelled ribosomal protein - this process requires 

time and skill, and the choice of the object may be limited to the range of organisms for which 

technologies have been developed to produce stable transformants. Overproduction of labelled 

ribosomal proteins, which can alter the structure and properties of ribosomes, should also be 

considered[12] 

2.1.4. Ribosome profiling (Ribo-seq) - to search for regulatory sequences that determine the 

translation efficiency of individual transcripts 

Ribosome footprinting (ribosome profiling) is a method based on enzymatic cleavage of mRNA 

not protected by ribosomes. It is known that ribosome covers a fragment of mRNA about 30 

nucleotide residues long during translation. In this method, cell extract of plant tissue is treated with 

single-strand specific RNase, after which only mRNA fragments of 22-35 nucleotides, protected by 

ribosomes, remain in solution, samples of which can be obtained by separation by electrophoresis 

with subsequent separation and purification of fragments of a certain length from the gel (Figure 2). 

This method was originally developed for yeast [14], then adapted for several plant species [6,15]. 

The method provides information on the number and localisation of ribosomes on a particular 

mRNA, assuming that translated mRNAs are bound to ribosomes and that the number of ribosomes 

on an mRNA is an indicator of its translation efficiency. Nevertheless, this method has significant 

limitations, which are described in detail [see for an example review 6]. Some of them should be 

highlighted: (1) some RNA regions may form secondary structures or be protected by RNA-binding 

proteins rather than ribosomes and will be included for analysis; (2) it is impossible to distinguish 

the translation level of isoforms of a single gene or similar genes and a number of others. This should 

be taken into account when using primary data for subsequent qualitative and quantitative 

assessment of the translatome [7,16]. Additionally, ribosome profiling (compared to the other 

methods described above) requires a greater amount of starting material as well as material and time 

costs [6,17]. 

Thus, by applying the methods described above, samples of translated mRNAs can be obtained. 

It should be noted that both the number of mRNAs of each individual gene and the number of 

actively translated mRNAs can vary widely in the samples.  

According to current data, mRNAs with a high level of representation (several thousand mRNA 

copies of an individual gene) can account for up to 20% of cellular mRNA (for 5-20 genes); mRNAs 

with a medium level of representation (several hundred copies of an individual gene) account for 

about 40-60% of cellular mRNA (for 500-2000 genes); the remaining 20-40% of mRNAs are 

represented by rare transcripts (from one to several tens of mRNA copies of an individual gene). Such 

huge differences in representation complicate the analysis of actively translated mRNAs at the whole 

genome level, as it leads to repeated sequencing of more represented transcripts 
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2.2. Additional Experimental Techniques for Obtaining Primary Data 

To facilitate the identification of rare transcripts (mRNAs), researchers can use an additional 

methodological approach - cDNA normalisation using duplex-specific nuclease (DSN). This 

approach is highly efficient and is used to normalise a full-length enriched cDNA library [18]. The 

method is based on the kinetics of nucleic acid hybridisation [19] and unique properties of duplex-

specific nuclease (SDS), strictly specific to double-stranded (ds) DNA [20]. The approach is based on 

the fact that after denaturation, ds cDNA flanked by known adaptors undergoes renaturation. During 

renaturation, frequently occurring transcripts are converted to the ds form more efficiently than those 

that occur less frequently. Thus, two fractions are formed, namely the frequently occurring ds- cDNA 

and the normalised single-stranded (ss) cDNA. The ds-cDNA fraction is then cleaved by DSN. The 

remaining normalised ss-DNA is amplified by PCR. In doing so, primers and reaction conditions are 

optimised to minimise the tendency for shorter fragments to amplify more efficiently than longer 

fragments. The normalised cDNA can then be used for sequencing. DSN-normalisation has been 

successfully applied to a variety of plant models [21]. Detailed protocols for DSN normalisation 

modifications are described in a number of publications [22,23]. Thus, cDNA normalisation reduces 

the prevalence of highly represented transcripts and equalises the number of unique transcripts in a 

cDNA sample, thereby dramatically increasing the probability of detecting rare transcripts. This 

approach is widely used for sequencing transcriptomes, but can also be useful for analysing actively 

translated mRNAs [24]. 

2.3. Sequencing methods 

It should be noted that the methods of separation and obtaining samples or fragments of actively 

translated mRNA alone do not provide information on the translation efficiency of a specific 

transcript or the whole set of transcripts. For more detailed studies, it is necessary to combine these 

methods with others. Namely, with methods of quantifying the level of individual transcripts in the 

obtained samples using RNA sequencing, microarrays or quantitative PCR. This combination allows 

not only to see the differences in transcription and translation efficiency of a particular gene, but also 

to obtain general information about the differential translation of the transcripts of interest [7,25]. 

Currently, experimental data on expression profiles of samples at the whole genome level are usually 

obtained using two technologies: microarray or RNA-Seq. It should be emphasised that experimental 

data obtained by different technologies are similar to each other (Pearson correlation coefficient for 

different samples ranges from 0.70 to 0.83). Nevertheless, it has been convincingly proved that RNA-

Seq allows detecting transcripts of a significantly larger number of genes (82.1% of all annotated 

genes versus 56.5% for microarrays), including tissue-specific genes, as well as better distinguishing 

the expression of paralogous genes [1]. Since all methods of separating and obtaining samples of 

actively translated mRNAs combine with sequencing methods, we next compare the two main 

sequencing platforms, and address the issues of additional experimental techniques in preparing 

samples for sequencing, and their applicability to constructing translatomic maps. 

RNA-Seq is a widely used next-generation sequencing (NGS) methodology for transcriptome 

and translatome profiling, both for the identification of novel transcript sequences and for differential 

expression studies at the transcription and translation level [26]. 

The two main RNA-Seq technologies most popular with researchers are (1) short reads 

technology, and primarily the use of the Illumina platform, which allows accurate assessment of 

differential transcript representation in samples; (2) long reads technology (LRS) (such as Pacific 

Biosciences and Oxford Nanopore), which allows longer transcript sequences but with lower quality; 

nevertheless, LRS is highly sought after for the identification of spliced transcript isoforms. 

Above we have briefly described the two most popular RNA-Seq technologies among 

researchers. Which sequencing platform is better for solving problems in translatomic mapping? For 

most users, next-generation sequencing is a choice between higher quality short reads, exemplified 

by the market-leading Illumina platform, or lower quality longer reads, exemplified by PacBio and 

Oxford Nanopore. Short-read sequencing approaches accurately quantify gene expression and work 

well in identifying alternative exon splicing, but often cannot identify which full-length alternative 
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isoforms are expressed. Consequently, although short reads accurately quantify gene expression, 

they often cannot identify the correct isoform from which a read is derived because isoforms of the 

same gene are largely similar. Long reads technologies have a distinct advantage over short reads 

because they can reliably generate reads that span the entire isoform. This removes the difficult task 

of reconstructing possible transcript isoforms from fragmented read sequences and may improve our 

understanding of alternatively spliced isoforms of complex genes [27]. The growing popularity of 

third-generation sequencing methods that provide long RNA reads is due in part to their potential 

to rapidly and affordably combine the advantages of previous sequencing methods and full-length 

isoform profiling (Oxford Nanopore Technologies, 2021) [28]. 

Thus, polysome profiling combined with methods for quantifying the level of individual 

transcripts makes it possible to study the translational state of an entire plant or a specific tissue, i.e., 

to draw conclusions about translation efficiency at the global level or a specific mRNA of interest [25]. 

Like the polysome profiling method, the full-length translating mRNA profiling technique does 

not provide information on the pool of translated mRNAs, but complemented by sequencing of full-

length transcripts of the obtained samples allows studying the complete sequences of all translated 

mRNAs. Based on the results of fractionation combined with sequencing (RNC-seq), it is possible to 

elucidate the specificity of transcript splicing variations in plant cells at certain stages of plant 

development and/or different organs. Additionally, information on the translational status of specific 

transcripts can also be obtained and new proteins, such as those encoded by "non-coding RNAs", can 

be searched for, thus expanding and/or updating the list of annotated transcripts (by directly proving 

their translational status), and indirectly identifying possible variations in their protein products. In 

this way, RNC-seq provides an accurate database of proteins that may exist in a sample. One example 

of the use of RNC-seq is the discovery of 1397 genes previously annotated as non-coding RNAs 

(ncRNAs) in the RefSeq database, some of which were later confirmed at the protein level [12]. 

Like the above methods used to analyse actively translated mRNAs, the TRAP method is 

complemented by sequencing. As a result, an insight into the translational state of a specific plant 

tissue can be obtained. TRAP was used to compare translatomes in response to various 

environmental factors and during photomorphogenesis and pollen growth.  

The ribosome profiling method (Ribo-seq) identifies the location of the ribosome with codon 

accuracy, which can provide information about upstream open reading frames (uORFs) and non-

canonical start codons. 

It should be noted that combining several methods to separate and obtain samples or fragments 

of actively translated mRNAs and different sequencing technologies to study translation may allow 

overcoming the “pitfalls” of individual methods [7]. 

2.4. Theoretical and computational methodologies for the design and construction of translatomic maps 

The volume and quality of raw sequencing data are the most important parameters affecting the 

success of their use for high-resolution translatomic mapping. Let us briefly review the most 

important of them - read length, sequencing depth, optimal RNA-Seq data volume, availability of a 

reference genome/transcriptome and its quality.  

The length of reads is an important parameter affecting the success of mapping and, 

consequently, the amount of data obtained. Longer read lengths provide better mapping, which is 

not so important for species with well-assembled and annotated simple genomes, but is necessary 

for polyploids and other variants of complex genomes. In most current publications, read lengths 

range from 100 bp to a maximum of 150 bp [1]. The structure of the reads should also be mentioned: 

paired reads increase the resolution of mapping, so they are used in most of the works. It should be 

noted that single reads have also been successfully used for objects with good genome or 

transcriptome assembly [1]. This experimental design reduces the cost of sequencing compared to 

paired-end reads, allowing more samples to be analysed and/or sequencing depth to be increased. 

Sequencing depth is another important parameter of RNA-Seq because of the trade-off between 

the cost of the experiment and the completeness of the resulting data. Some researchers believe that 

increasing sequencing depth allows for higher resolution analysis and, consequently, more reliable 
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conclusions about gene expression at the genome level [1]. The current view is that greater 

sequencing depth is required to extract less abundant transcripts [26]. 

In addition to sequencing depth, the availability of a reference genome and its quality have a 

great influence on the results of RNA-Seq data analysis, in particular, for the construction of 

transcriptome maps. At the same time, however, read mapping on the transcriptome is now widely 

used for both model organisms and non-model objects with large genomes. For example, among the 

available transcriptome maps, nine have been mapped to the reference transcriptome specifically [1]. 

Potentially, when accumulating translatomic data, it is possible to generate plant translatomes 

using RNC-seq data, with accurate determination of isoforms, and use them for mapping and 

subsequent assessment of differential translation. 

In our opinion, the analysis of differentially translated genes should be performed using RNA-

Seq data from three samples: total RNA fraction, monosomal and polysomal fractions. 

Two objectives should be addressed: (i) to map the reads obtained to a reference genome or 

transcript in order to calculate the number of transcripts of each gene in the samples (transcript 

abundance), and (ii) to identify differentially translated transcripts (i.e. DEG mRNAs at the 

translation level). 

2.4.1. Mapping 

To address the first task (mapping), a number of software tools have been developed using two 

approaches: the first is to construct an index based on the Burrows-Wheeler Transform (BWT), and 

allows mapping to the reference genome. This allows reads to be mapped when they do not fully 

match the reference, and also takes alternative splicing into account. Among the software tools that 

implement this approach, STAR is worth mentioning STAR [29], BWA [30] и Bowtie 2 [31]. 

Another recently developed approach is based on the use of k-measures: in this case, the 

reference transcriptome is represented as a de Bruijn graph, and reads are partitioned into fragments 

(k-measures), which are mapped according to the principle of exact correspondence. This algorithm 

is the basis for the programmes kallisto [32] and Salmon [33]. 

The use of indices in BWT allows you to determine the position of a read sequence coordinate 

in the genome and then compare it to a reference. The advantage of this method is that differences 

are allowed between the reference and the read, the extent of which can be specified when running 

the programme. However, due to the fact that the comparison of the read with the reference is done 

character by character, it takes a certain amount of time. 

In the case of k-mers, the index is a set of short, about 30 bp, sequences. Each read is also 

partitioned into short sequences whose size corresponds to the size of the index, then the 

corresponding sequence in the index is searched. Due to the use of hash-table this process is much 

faster than sequence mapping in BWT, a read can only be mapped if the sequence k-means is the 

same in both cases. However, given that the reads are 100 or more nucleotides long, the probability 

of finding the corresponding k-mer is quite high.  

Despite significant differences in approach, the above programmes show similar mapping 

efficiency results [34]. At the same time, the use of k-measures allows mapping reads an order of 

magnitude faster than in the case of BWT. In addition, it is worth noting that kallisto output can 

provide both information about the position of reads on the transcript in SAM format and the number 

of transcripts (transcript abundance), on the basis of which a search for differentially translated genes 

can be carried out subsequently. 

2.4.2. Search and evaluation of differentially translated mRNAs 

In pioneering work assessing translation efficiency, such as the study of regulation under the 

influence of mTORC [36] translation efficiency was evaluated using RPKM (reads per kilobase per 

million) [37] with certain modifications. However, the correctness of the results when using fold 

change can be affected by the experimental conditions and sequencing protocol, which leads to the 

need for additional statistical processing of the results [38,39]. 
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Traditional means of searching for differentially expressed genes can be applied to solve this 

problem: EdgeR [40], DeSeq2 [41], limma [42,43]. 

In addition, software packages developed specifically to analyse the translation efficiency of 

ribosome profiling data are worth mentioning: RiboDiff [44] and Babel [45]. 

In the process of studying translation mechanisms, regulatory elements (non-translated regions, 

codon composition) are of particular interest, which, in turn, can be affected by alternative splicing. 

In this regard, the researcher may face the task of analysing the efficiency of translation not only at 

the gene level, but also at the level of isoforms. The sleuth programme can be recommended for this 

task [46], developed by the creators of the aforementioned programme kallisto. 

The resulting analysis using the above resources - obtaining differential transcription or 

translation values for each gene and/or transcript (Log2FoldChange), accompanied by statistical 

significance values for the data (р-Value). 

As mentioned above, we believe it is better to analyse differentially translated transcripts using 

RNA-Seq data from three samples: total mRNA fraction, mono- and polysomal fractions (Figure 3).  

Below we will explain the basis of our considerations. The translation process is a dynamic 

process, and to correctly quantify the translation process for each transcript it is necessary to apply 

quantitative indicators. Such indicators can be calculated by normalisation, i.e. by bringing the data 

to a single form that will allow comparing them among themselves or using them to calculate the 

similarity of objects, as well as to reduce the potential inconsistency of information obtained in 

different scientific teams. Two indicators can be proposed as such (Figure 3): 

(i) Translation Intensity (TI), i.e. a characteristic reflecting the potential of transcript (mRNA) 

involvement in the translation process, which can be calculated as a ratio of the level of translated 

mRNA (total level in poly- and monosomal fractions) to that for total mRNA in each transcript (e.g., 

in Log2FoldChange values). Thus, translation intensity will reflect the ability of a transcript (mRNA) 

to translate as a whole - the higher the value of this ratio, the more transcripts of an individual gene 

are involved in translation. 

(ii) Translation efficiency (TE), i.e., a characteristic that reflects the potential of transcript 

performance in the translation process, which can be estimated by the ratio of transcript (mRNA) 

levels in the poly- and monosomal fractions of each transcript (e.g., in Log2FoldChange values). Thus, 

translation efficiency will reflect how successful translation of an individual transcript can be - the 

higher the value of such a ratio, the greater the probability of formation of more protein product of 

an individual gene transcript. 

Thus, the TI and TE metrics may provide a basis for the development of a common 

computational methodology for the design and construction of translatomic maps in the future, and 

the use of these metrics will allow the correct comparison of data from different research teams and 

their integration into a common translatomics data pool (Figure 3). 
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Figure 3. Strategy of experimental and computational approaches towards the construction of 

translatomic maps of plants. 1. Collection of biological material for extensive sampling of plant tissues 

and/or organs, different developmental stages and/or environmental conditions; 2. Obtaining pool of 

all translatable mRNAs (RNC), pools of mRNAs with different translational activities (mono and 

poly) and total mRNA (PP); 3. Sequencing of RNC pools using long reads technology to obtain the 

qualitative composition of the translatome, including isoforms and rare transcripts, and sequencing 

of mRNA pools with different translational activity (mono and poly) and total mRNA (PP) using short 

reads technology to assess differential expression at the level of transcription and translation; 4. Use 

of computational methods to correctly quantify translation efficiency for each transcript (logCPM, 

logFC, TI, TE and DEG are quantitative metrics that can be used to assess differential translation of 

mRNAs, see description in text); 5. Design of translatome maps either with convenient visualisation 

or those that allow for additional analyses. 

2.4.3. Translatomic maps 

First of all, we note that databases, including transcriptome maps, can be divided into two 

categories with different sets of tools: first, those designed for easy visualisation, and second, those 

that allow for additional analysis [1] (Figure 3). The choice of option for the design of translatomic 

maps is left to the researcher. Nevertheless, the option of translatomic maps with the possibility of 

additional data analysis seems to be the most effective, and will allow, in our opinion, to find out 

what precise molecular mechanisms underlie the formation of unique morphological and 

physiological properties of certain tissues and organs during ontogenesis, under the influence of 

environmental factors. In this case, a set of tools can be presented to the researcher, allowing, for 

example, to search for stably translated mRNAs; to determine tissue specificity of translation, as well 

as specificity of translation under the action of environmental stress factors on the plant; functional 

analysis of potential cis-regulatory elements important for the translation efficiency of the 

corresponding transcripts, evolutionary studies, etc. 

3. Conclusions 

Translation of mRNA into a protein product is an exquisitely regulated, and highly complex, 

process. The current view based on experimental evidence is that a systematic study of translation 

control in plants during growth, development, and stress events can clarify many fundamental 

questions and is needed to clarify the complex mechanisms of translation. The role of established 

translation rules as a cornerstone in biology for understanding plant gene expression is obvious. But 

at the same time, experimental evidence and theoretical predictions indicative of the complex, multi-

level information encoded in the mRNA sequence are increasing at an accelerating pace. Given the 

key role of translation in the overall mechanism of genetic information realisation, and the fact that 

plants can exploit higher-order rules of mRNA regulation and decoding, it can be concluded that 

new knowledge of how critical each regulatory context in mRNA, as well as combinations of these 

contexts, are for translation efficiency is seen as crucial. In addition, compilation of lists of translated 

mRNAs (tissue-, organ-, stress-specific) has an important practical purpose: identification of target 

genes for genetic manipulations to increase economic productivity. All this taken together can bring 

the researcher closer to an important achievement - all stages of regulation of gene expression, 

including those introduced from outside, under his strict control, and thus will allow expanding the 

applied potential of translation mechanisms: laying the foundation for a new generation of 

transgenes obtained using genome editing technology, and, as a consequence, bringing great benefit 

to humanity 
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