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Case study as creative teaching resource may be used for the following aims:

i, profound in-class learning of modern biotechnology;  

ii, self-work in gene expression issues; 

iii, team work in these and other issues depending on instructor’s task and team spirit;

iv, application of case studies and related presentations to the department seminars, circles of biotechnology or public lectures as other public events.  

Generally speaking, the content of case study includes a, 5-25 questions to the learners without ready answers (which may be given separately as specific keys for instructor’s version of the case study); b, detailed terms or the list of key words to the theme; c, complete but preferentially concise teaching unit including major findings and best illustrations to the theme; d, conclusion; e, main and supplementary references as available web resources. 
To show one of self-works performed by the graduate student of the 1-st year in Biotechnology, we are addressing such topic as Genomics and Human Genome Project.  
Genomics and “human genome” project

Questions:

1. What is genomics?

2. What are the main points of genomics?

3. What is hierarchical shotgun (HS) assembly?

4. How whole-genome shotgun (WGS) assembly works?
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Genomics is the chapter of genetics or molecular biology engaged in the study on the living things genomes. This chapter reflects immense efforts to determine the entire DNA sequence of organisms and fine-scale genetic mapping [1-5].
The first genomes to be sequenced were those of a virus and a mitochondrion, and were done by Fred Sanger. His team has offered new techniques for DNA sequencing, genome mapping, database storage, and bioinformatic analyses in the 1970-1980s. 

In 1995 the first free-living organism to be subject to sequencing was that of  Haemophilus influenza (1.8 Mb), and since then genomes are being sequenced extensively indeed. As of October 2011, the complete sequences are available for: 2719 viruses, 1115 archaea and bacteria, and 36 eukaryotes, of which about half are fungi.

A major branch of genomics still continues to sequencing the genomes of numerous and various organisms, whereas the knowledge on complete genomes has paved way to the new field of functional genomics, mainly considering patterns of gene expression under various external or internal conditions.

The goal of functional genomics is to comprehend relationships between an individual genome and its phenotype. The term functional genomics is often used in a broader sense to refer all plausible approaches to revealing true properties and functions  of the entire number of  genome’s genes and different gene products. The goal of future functional genomics is to synthesize and completely cover genomic and proteomic knowledge in order to understand dynamic properties of living things at different structural levels, from molecules to whole plant or human/animal  body.  This would provide a more precise picture of how biological function arises from the information encoded in specific genome. Comprehension  on how a particular mutation may lead to a given phenotype has important implications to healing human genetic diseases.

Another  branch , or field of genomics is called comparative genomics. Comparative genomics is aimed at analysing and comparing the genomes from diverse species to gain a new knowledge on how the species have evolved as well as what may determine functions of the genes or noncoding regions in the genome. Nowadays investigators have learned a lot about the function of plat or human genes by examining their counterparts from simpler model subjects including Arabidopsis and mice. Genome researchers consider different features while comparing the genomes: sequence similarity, gene location, the length and number of coding regions (called exons) in the genes, percentage of noncoding DNA as highly conserved regions intrinsic for organisms simple as bacteria or complex as humans.

The Human Genome Project (HGP) (October 1990  – 2000/2003) is a giant  international research project with a primary goal of determining the sequence of human DNA, and mapping approximately 20,000–25,000 genes of the human genome from both physical, and functional standpoints. 

Much of the sequence (>70%) of the reference genome produced by the public HGP came from a single anonymous male donor from Buffalo, New York (code name RP11).
To determine the sequence of a large DNA molecule, it has been suggested that it would be convenient to proceed by cleaving the DNA into smaller random overlapping fragments to obtain the sequence ‘‘reading units (reads)’’ from these fragments, then using computer analysis to reassemble the random reads into ‘‘contigs’’.

Hierarchical shotgun (HS) assembly. In this technique, the genome is first cleaved into an overlapping collection of intermediate clones known as artificial chromosomes (i.g. BACs, or bacterial artificial chromosomes). Each BAC sequence  is determined by shotgun sequencing, and complete genome sequence is obtained by merging BACs sequences. 

Whole-genome shotgun (WGS) assembly. In this approach, the genome is splitted directly into individual random reads to be then re-assembled into the genome as a whole. The WGS technique avoids any preliminary work. However, it may have certain disadvantages related to a greater risk of erroneous re-assembly.

HGP has been aimed at:

i. identifying  20,000-25,000 genes of  human DNA;
ii. determining the sequences of the 3 billion chemical base pairs that make up human DNA;
iii. saving and storing this information in databases;
iv. improving specific tools for database analysis;
v. transfer related technologies to the private sector; and
vi. address a range of ethical, legal, and social issues (ELSI) that may arise during or after project implementation.

HGP was declared to be accomplished in April, 2003. The first rough draft of the human genome was available in June 2000, and by February 2001 a working draft had been completed and published to be followed by the final sequencing mapping of the human genome which became public on April 14, 2003. Although this was reported to be 99% of the human genome with 99.99% accuracy, a major quality assessment of the human genome sequence was published on May 27, 2004 indicating over 92% of sampling exceeded 99.99% accuracy which is within the intended goal. Further analyses and papers on HGP are being continued to appear. 

Principal HGP findings are:

1. Approximately 23,000 human genes, the same amount has been indicated in mice and round worms. By understanding how these genes are expressed , clues to how diseases are caused and would be cured might be ascertained.

2. Human genome is enriched to a large extent by segmental duplications (nearly identical DNA repetative units), when compared with other mammalian genomes. These sections may underlie the creation of new primate-specific genes.
3. At the time when the draft sequence was published fewer than 7% of protein families appeared to be vertebrate-specific.
Human genome. The haploid human genome encompasses  about 20,000 protein-coding genes, significantly fewer than had been anticipated. Protein-coding sequences account for only a very small fraction of the genome (approximately 1.5%). Resting sequences are associated with non-coding RNAs, regulatory DNAs, introns, and sequences which function remains still unclear. 
Protein-coding sequences represent the most widely studied and best understood component of the human genome. These sequences ultimately lead to the production of all human proteins, although several biological processes (e.g. DNA rearrangements and alternative pre-mRNA splicing) may lead to the production of unique proteins, apart from the number of protein-coding genes. The complete modular protein-coding capacity of the genome is ascribed to the exome, which consists of DNA sequences including the exons that can be in turn translated into proteins. Due to exome’s biological significance, and the fact that it composes less than 2% of the genome, exome sequencing has been the first major milepost of the HGP.

Noncoding DNA is defined as all of the DNA sequences within a genome that are not found within protein-coding exons (not found in the exome), and so are never present in the amino acid sequence of expressed proteins. By this definition, more than 98% of the human genomes is composed of noncoding DNA (ncDNA).

Numerous classes of noncoding DNA have been identified, including genes for noncoding RNA (e.g. tRNA and rRNA), pseudogenes, introns, mRNA untranslated regions (UTRs), regulatory DNA sequences, repetitive DNA sequences, and mobile genetic elements.

Conclusion

HGP (the human genome project) is anticipated to provide for extensive knowledge that may probably take years to sort out. Directly or indirectly, project’s impact would touch every human being. The question is, "Are we ready for such a great HGP effect on each of us and society?"
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