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Network-Dependent Architecture
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1. A historical background of genetics

Genetics is known as an old and ancient science that its origination goes back 
to at least 7000 years ago. Iranians are one of the earliest pioneers in genetics from 
ancient world. The brilliant Iranian (Persian) literature epic of Shahnameh edited 
by the Iranian shining star literate “Abolqasem Ferdowsi Toosi” is an invaluable 
evidence to prove this claim. By the time and progression in biology, the super-
amazing molecule of DNA was discovered. Today, we know that the unique mol-
ecule of DNA involves the genetic and vital data within its bases as constitutional 
structures of nucleotides. Both eukaryotic and prokaryotic chromosomes are made 
up of DNA molecules. In addition to DNAs, the role and importance of RNAs are 
not lesser than DNAs [1].

In 1953, the interesting structure of DNA molecule with anti-parallel double-
helix architecture was recognized by Watson and Crick. In 1958, the hypothesis of 
central dogma of molecular biology was published by Crick in which he described 
the translation of genetic language located on DNA into amino acid sequences of 
protein by the transient molecule of RNA (mainly messenger RNA (mRNA)). The 
primitive biological characteristics of mRNA were recognized in 1961, while these 
properties regarding ribosomal RNA (rRNA) and transfer RNA (tRNA) molecules 
were determined in the 1950s [2].

2. Central dogma

In accordance with central dogma of molecular biology, the genetic information 
hidden in the format of gene can be expressed throughout two vital processes of 
transcription (production of coding molecules of mRNA) and translation (in which 
nucleotides are replaced by amino acids). The central dogma’s content involves 
both eukaryotes and prokaryotes. In this regard, the RNA polymerase (RNAP) 
contributes in the process of transcription to produce mRNA molecules from DNAs. 
In the process of translation, ribosomes are also contributed. As it is known, the 
eukaryotic processes of transcription and translation are separated; this separa-
tion is because of the presence of intron sequences among exons. Indeed, introns 
were discovered in 1977 in eukaryotes which resulted in the recognition of their 
localization among exon sequences. In other words, the arrangement of introns 
was revealed as noncoding mosaics of introns among the coding mosaics of exons. 
Normally introns, dependent on the eukaryotic cell’s need, should be eliminated 
via the splicing process. The splicing process, which leads to the occurrence of the 
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spliceosome, separates the direct connection between transcription and translation 
stages, while the bacterial system misses splicing process. Therefore, the processes 
of transcription and translation couple together in bacteria. Furthermore, the 
coupling system of transcription-translation is achieved via the functional enzyme 
complex of RNAP and ribosome which is known as expressosome in bacteria [2–4].

Amazingly, the ribozyme domains (e.g. small self-cleaving RNAs) are present 
in noncoding sequences of introns and untranslated regions (UTRs) (mostly in 
3′UTRs) [2, 5].

By the progression of knowledge and technology from the 1970s in the twentieth 
century, the importance of the role of RNA molecules increased more and more. 
Pre-mRNA molecules in eukaryotes which are known as heterogeneous nuclear RNA 
(hnRNA) have incredible role in gene regulation and expression. Different manners for 
the beginning of transcription, different patterns of splicing process, different lengths 
of poly-adenine tails and different patterns in RNA editing processes have direct effects 
on gene regulation and expression. Incredibly, the RNA molecules act as trans-acting 
factors that affect the processes of gene regulation and gene expression [6, 7].

These characteristics relating to RNAs support the RNA World Hypothesis 
(RWH). According to RWH which was proposed by Alex Rich, RNAs are bifunc-
tional biopolymers which can appear in two different levels of bioactivities including 
enzymatic activities (ribozymes) and as informational genetic language. However, 
the Urzymes hypothesis challenges RWH. Urzymes are the earliest generation of 
enzymes originated from protein superfamilies with a conserved nucleus [6, 8–10].

The progression of the Internet, computers and online/offline software and 
tools, bioinformatics and computational biology and chemistry gives us a new hori-
zon in association with gene, gene regulation, gene expression and gene structure. 
By the help of advanced knowledge and technology, now it is known that DNA 
molecules play their roles as CDs which are burned and contain cells’ software tools 
as genetic information which encode into RNAs and proteins [1, 11].

3. RNA molecules, RNA network and gene regulation

In recent years throughout very strong evidences, it has revealed that the RNA 
molecules are not only temporal and transient transcripts which are obtained from 
the genes, but also they act as pivotal modulators that mediate pre-transcriptional 
and posttranscriptional steps and have direct effect on gene regulation and gene 
expression processes. Also, RNA molecules play a key role in producing and trig-
gering vital signals within the wide web of genomic structure. Now, it is known that 
there are two main groups of coding RNA and noncoding RNA (ncRNA) molecules 
in which each of them has its own functions, structures and characteristics. The 
coding RNA molecules are those which can be translated into proteins, while the 
ncRNAs cannot be translated in proteins. According to previous studies, a large 
group of RNAs has no ability to be translated. And in mammals as an important 
group of eukaryotes, only less than 2% of the transcribed RNA molecules can be 
translated into protein molecules. So, the population of ncRNAs overpasses the 
population of coding RNAs [1, 2, 6, 12, 13].

RNAs are important allosteric molecules that regulate the processes of gene 
regulation and gene expression. The allosteric property of RNAs enables them to 
switch different pathways by regulation of genes to be expressed or silenced. A great 
cooperation among rRNAs, tRNAs, mRNAs and small nuclear RNAs (snRNAs) 
in the processes of eukaryotic transcription and translation explains the depth of 
the RNA roles within a cell. In addition, eukaryotes encompass small nucleolar 
RNAs (snoRNAs), too. snoRNAs with 60–300 nucleotide lengths are known as 
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intermediate size of ncRNAs. They have different roles including targeting a diver-
sity of RNA molecules such as mRNA. This property depicts the regulatory role of 
snoRNAs. In this regard, there is another group of snRNAs known as small Cajal 
body-specific RNAs (scaRNAs) located in Cajal bodies or coiled bodies (CBs). CBs 
are compact organelles which are recognized within the eukaryotic nuclei. The CBs 
are consisted of a mass of proteins including snRNPs and snoRNPs. scaRNAs and 
snoRNAs are significant molecules which contribute in processing and modification 
of other RNA molecules like mRNA, rRNA, tRNA and snRNA. Interestingly, rRNAs 
are remarkable molecules which constitute ribosomal peptidyl transferase site. This 
illustrates the important role of RNAs as ribozymes which contribute in activation 
of peptidyl transferring and constitution of peptide bonds within polypeptides. 
Today it is known that short ncRNAs (such as microRNAs (miRNAs), Piwi-
interacting RNAs (piRNAs), transcription initiation RNAs (tiRNAs)), promoter-
associated RNAs (PARs) (including promoter-associated small RNAs (PASRs), 
transcriptional start site-associated RNAs (TSSa-RNAs) and promoter upstream 
transcripts (PROMPTS)) and long noncoding RNAs (lncRNAs) (comprising 
large intergenic noncoding RNAs (lincRNAs), transcribed ultraconserved regions 
(T-UCRs), telomeric repeat-containing RNAs (TERRAs), etc.) have unique role in 
gene regulation and gene expression [1, 2, 6, 14–19].

In prokaryotes such as bacteria, a diversity of small RNAs (sRNAs) act as 
regulatory molecules. These molecules are contributed in gene regulation and 
gene expression. Moreover, the cis-acting sequences of regulatory RNAs which are 
known as riboswitches have an effective role on gene regulation. In addition, some 
special DNA sequences have been recognized in bacteria and archaea which are 
known as clustered regulatory interspaced short palindromic repeats (CRISPRs). 
CRISPERs are able to be transcribed. The processed CRISPR transcripts act as 
guide RNAs (gRNAs) which destruct the viral nucleic acids including RNA or DNA 
molecules [2].

4. The importance and the role of NCRNA molecules

The ncRNAs are divided into two groups of lncRNAs (with >200 nucleotide 
lengths) and small ncRNAs (sncRNAs) (with 20–35 nucleotide lengths). Among 
different types of sncRNAs, the miRNAs are well-studied RNAs. They belong 
to RNA interference (RNAi) members with the length of 19–24 nucleotides. 
Amazingly, >60% of the coding genes are regulated by miRNAs. In other words, 
these molecules contribute in posttranscriptional process by silencing the related 
genes by prevention of translation. Drosha and Dicer are key enzymes to manu-
facture a mature miRNA molecule. The linkage of a single-stranded miRNA with 
the members of Argonautes produces RNA-induced silencing complex (RISC). 
The RISC binds to its complementary sequence on the 3′UTR section of targeted 
mRNA. In addition to miRNA pathway, piRNA and siRNA pathways are mem-
bers of RNAi pathways. piRNAs (with about 30 nucleotide lengths) and siRNAs 
resembling miRNAs bind to Argonautes to produce RISCs which contribute in 
gene silencing process. However, miRNAs have genomic origination, while the 
siRNAs may have exo- or endogenous origination. The piRNAs are free dicer 
pathways which bind to PIWI proteins. The PIWI proteins are known as the subset 
of Argonautes. The complex of PIWI proteins and piRNAs contributes in transpo-
son repression via degradation of transcripts belonging to transposable elements 
(epigenetic regulation). Furthermore, the piRNAs mediate the DNA methylation 
too. The tiRNAs as members of sncRNAs with about 17 nucleotide lengths may act 
as transcriptional regulators [1, 13, 18, 20, 21].
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snoRNAs contribute in rRNA modification within the nucleolus. These modifi-
cations involve pseudouridylation and 2’-O-methylation of rRNAs to promote the 
integrity and rRNA folding. According to characterizations of secondary structure 
and common motifs, the snoRNAs are divided into two main families of box C/D 
and box H/ACA. Interestingly, the majority of snoRNA molecules are mostly 
expressed from housekeeping gene introns. The presence of abundance of snRNAs 
and scaRNAs support the rate of snRNA modification [2, 16, 18].

PASRs (with 22–200 nucleotide lengths), PROMPTs (with lesser than 200 
nucleotides in length) and TSSa-RNAs (with 20–90 nucleotide lengths) are catego-
rized within the intermediate ncRNAs in size and have not been studied well [18].

The lncRNAs are consisted of heterogeneous ncRNAs with the length of >200 
nucleotides. They are known as the dominant mammalian ncRNAs of transcrip-
tome. lncRNAs are recognized as effective eukaryotic ncRNAs with a wide range of 
functions. lncRNAs are involved in gene expression and gene regulation by regulat-
ing the posttranscriptional processes, epigenetic modifications, etc. [2, 18, 22].

In conclusion, we can claim that RNA molecules have a key role in molecular 
biology. In recent years, the sciences of bioinformatics, computational biology and 
computational chemistry have offered us a new promise regarding the importance 
of RNAs in association with gene regulation.
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