Lecture 7. Transcriptomics. Methods of transcriptome investigation.

Learning outcomes:

1. Give the definition to the following terms: “transcript”, “transcriptome”, “transcriptomics”,
“gene expression profile”.

2. Describe and analyze the different types of RNA by their structure and functions.

3. Explain the methods of different RNA extraction, amplification and sequencing.

4. Explain how the methods of gene expression profiling, RNA microarray and RNA-seq can be
used for diagnostics of different diseases?

Transcriptomics technologies are the techniques used to study an organism's transcriptome,
the sum of all of its RNA transcripts. The information content of an organism is recorded in
the DNA of its genome and expressed through transcription. Here, mRNA serves as a transient
intermediary molecule in the information network, whilst non-coding RNAs perform
additional diverse functions. A transcriptome captures a snapshot in time of the total
transcripts present in a cell. Transcriptomics technologies provide a broad account of which
cellular processes are active and which are dormant. A major challenge in molecular biology lies
in understanding how the same genome can give rise to different cell types and how gene
expression is regulated. Gene expression profiling is the measurement of the activity (the
expression) of thousands of genes at once, to create a global picture of cellular function. These
profiles can, for example, distinguish between cells that are actively dividing, or show how the
cells react to a particular treatment. Many experiments of this sort measure an entire genome
simultaneously, that is, every gene present in a particular cell.

Several transcriptomics technologies can be used to generate the necessary data to analyse. DNA
microarrays measure the relative activity of previously identified target genes. Sequence based
techniques, like RNA-Seq, provide information on the sequences of genes in addition to their
expression level.

A non-coding RNA (ncRNA) is an RNA molecule that is not translated into a protein. The
DNA sequence from which a functional non-coding RNA is transcribed is often called an RNA
gene. Abundant and functionally important types of non-coding RNAs include transfer RNAs
(tRNAs) and ribosomal RNAs (rRNAs), as well as small RNAs such as microRNAs,
siRNAs, piRNAs, snoRNAs, snRNAs, exRNAs, scaRNAs and the long ncRNAs such as Xist
and HOTAIR.

The number of non-coding RNAs within the human genome is unknown; however, recent
transcriptomic and bioinformatic studies suggest that there are thousands of them.] Many of the
newly identified ncRNAs have not been validated for their function.[7] It is also likely that many
ncRNAs are non-functional (sometimes referred to as junk RNA), and are the product of
spurious transcription.

Non-coding RNAs are thought to contribute to diseases including cancer and Alzheimer's.
Noncoding RNAs belong to several groups and are involved in many cellular processes. These
range from ncRNAs of central importance that are conserved across all or most cellular life
through to more transient ncRNAs specific to one or a few closely related species. The more
conserved ncRNAs are thought to be molecular fossils or relics from the last universal common
ancestor and the RNA world, and their current roles remain mostly in regulation of information
flow from DNA to protein.

The first attempts to study whole transcriptomes began in the early 1990s. Subsequent
technological advances since the late 1990s have repeatedly transformed the field, and made
transcriptomics a widespread discipline in biological sciences. There are two key contemporary
techniques in the field: microarrays, which quantify a set of predetermined sequences, and
RNA-Seq, which uses high-throughput sequencing to record all transcripts. As the technology



improved, the volume of data produced by each transcriptome experiment increased. As a result,
data analysis methods have steadily been adapted to more accurately and efficiently analyse
increasingly large volumes of data. Transcriptome databases have grown and increased in utility
as more transcriptomes are collected and shared by researchers. It would be almost impossible to
interpret the information contained in a transcriptome without the context of previous
experiments.

Measuring the expression of an organism's genes in different tissues or conditions, or at different
times, gives information on how genes are regulated and reveal details of an organism's biology.
It can also be used to infer the functions of previously unannotated genes. Transcriptome
analysis has enabled the study of how gene expression changes in different organisms and has
been instrumental in the understanding of human disease. An analysis of gene expression in its
entirety allows detection of broad coordinated trends which cannot be discerned by more
targeted assays.

The questions for self - control:

1. What are the “transcript”, “transcriptome”, “transcriptomics”, “gene expression profile”?
2. Which types of RNAs do you know and what are their functions?

3. Methods of different RNA extraction, amplification and sequencing.

4. Transcriptomic methods of molecular diagnostics.
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