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Describe the processes involved in gene expression
Gene expression is a complicated process which involves many stages, it is vital to living organisms (Mitsis et al.,2020). The transfer of genetic information from DNA to messenger RNA to proteins involves translation, transcription and the modification of protein, the conversion of DNA to the RNA forms a functional product which is often proteins, these are used to perform functions in cells (Gibney & Nolan, 2010).  
The first stage of gene expression is known as transcription, here many processes occur beginning with initiation. Initiation is a vital step within gene expression as is the main area where the cells control what proteins need to be made and at what rate (Alberts et al.,2002). Within a stretch of genomic DNA there is an area known as the promoter region, this is found at the beginning of the transcription start site of genes and plays a role in communicating with transcription factors and RNA polymerase (Bansal, Kumar, Yella, 2014). RNA polymerase are enzymes which help support the transcription of DNA to mRNA (Hsieh, Borger, 2023). These RNA polymerases detect the promoter region, and the enzyme can reveal the DNA duplex (Cramer, 2019). 
[bookmark: _Int_9yR1q2ES]This starts the unwinding of part of the DNA double helix (Alberts et al.,2002). Albert (2002) goes on to explain that this is to reveal the base pairings within each strand of DNA, one of these strands is used as a template to allow the creation of an mRNA strand which is complementary to the DNA strand (Gibney & Nolan, 2010),  which means that the DNA strand is mirrored and synthesized into an mRNA molecule. mRNAs are read in the 5’ to 3’ direction, the beginning of the RNA is the 5’ end meaning that it concludes with the c’5 atom phosphate group, the other end is the 3’ end as it terminates with the c’3 atom of the hydroxyl group (Maga, 2013). Bansal (2014) states that the communication with the transcription factors (TF’s) helps initiate the process of transcription along with providing transcription factor binding sites, these binding sites are proteins which can merge certain DNA sequences which manage transcription and controls the transfer of genetic information from DNA to mRNA. TFs are able to control gene activity by “binding to specific short DNA base pair patterns” known as motifs, motifs are used to find their target sequence. TF’s can carry out these functions independently or alongside other proteins (Mitsis et al., 2020). The mRNA molecules that have been produced by transcription get released from the DNA. 
The next stage of gene expression is splicing, this occurs once the DNA has been copied to RNA. Within the RNA there are introns which get edited out, it is important that exons are merged (Shenasa, Bentley, 2023). Splicing is an intricate process because the addition or deletion of a single nucleotide can affect the reading frame. The spliceosome is what is used to perform splicing, and this must accurately identify exons within the pre-mRNA (Ward, Cooper, 2010). Ward (2010) goes on to say that this is a difficult job as the exons only contribute 10% of the pre-mRNA with the introns making up the rest of it. However, it has been discovered that genes containing introns are spliced during transcription, this makes the introns easier to recognize. It has been discovered that in some eukaryote's introns influence gene expression, they can do this without being binding sites for TF’s, this is known as “intron mediated enhancement” and it happens because the introns can change the rate of transcription, nuclear export and stability (Shaul, 2017). After the process of splicing the mRNA moves away from the nucleus into the cytoplasm, this begins the next process. 
Translation plays an important role in gene expression and this process occurs on ribosomes; these are the sites for protein synthesis, at this stage condons within the mRNA template must be aligned with the 20 amino acids they correspond with. There are tRNAs that help this process by behaving as adaptors (Cooper & Adams, 2022). A codon is a sequence of 3 nucleotides within DNA or RNA, it creates genomic information for amino acids or to trigger the end of protein synthesis (National Human Genome Research Institute, 2019).  A function of tRNAs is at the end of the tRNA there is an anticodon loop, which recognizes the mRNA template, this is important as this binds the tRNA to the amino acid that matches the codon (Cooper & Adams, 2022). Once the amino acid is attached to tRNA it is aligned on the mRNA template using the complementary base pairings with the mRNA codon and anticodon (Cooper & Adams, 2022). During the elongation phase of translation, the decoding of the mRNA occurs, and this happens when it moves through the ribosome leading to a synthesized polypeptide chain (Laursen, et al., 2005). The second function of tRNAs is located at the other end and this makes up the anticodon which is a set of 3 nucleotides that pair with the complementary codon (Alberts.,2002). Albert (2002) explains that tRNAs can recognize and bind to the amino acid and the codon. The end of translation occurs due to stop codons, there are 3 stop codons UAA, UAG and UGA. There are release factors and these can recognize the stop codons within the ribosomal A-site which can control the release of the nascent chain which recycles the ribosome (Brown, et al., 2015). 
Newly synthesized protein is released from the ribosome and many of these proteins go through post-translational modifications (PTMs), and these can strengthen the proteins capability (Müller, 2018). PTMs can alternate the properties of protein by adding modifying groups and by proteolytic cleavage, these can affect a proteins location and activity (Ramazi & Zahiri, 2021). Another PTM that occurs is glycosylation, this is the attachment of single sugars using a covalent bond, this is one of the most complicated PMTs and it helps the growth of organism's proteome along with influencing the function of protein and its stability and subcellular localization (Eichler, 2019). 
To summarise gene expression is a vital biological process which controls how information encoded in our DNA is used to produce practical products in most instances proteins along with RNA. The process of gene expression is a very complex process which is closely regulated to ensure that genes are conveyed at the right time, amount and in the right cell types. There are many stages to gene expression that all play major roles such as translation, transcription and protein synthesis. The final protein product plays important roles within the body.
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