Gene finding exercises

Go to the web-site www.bioinformaticslaboratory.nl (Education). The exercises will guide you through several aspects of gene structure and signals prediction using specific software applications and biological databases. In real practice the elucidation of gene structure involves much more detailed and complex analysis.

Exercise 1: determination of the open reading frame of the HBA2 gene.
a) Retrieve the alpha2 globin mRNA sequence (NM_000517) from the GenBank database. Can you manually identify the Open Reading Frame (ORF), i.e., the coding sequence? For this you have to determine the start and stop codons (use genetic code tabel). Note that the sequence contains multiple triplets of nucleotides that are similar to the start/stop codons but which are not the true start and stop codons.

b) Once you have determined the ORF of the HBA2 gene, translate the first 10 codons to the amino acid sequence (use genetic code tabel)

c) Are the ORF and the amino acid sequence confirmed by the NM_000517 annotation in the GenBank database?

d) For the automatic determination of putative ORFs you can also use the ORF finder at the NCBI site. Go to the ORF finder and copy/paste the NM_000517 sequence or just type in the accession code (the program is linked to the GenBank database). The results are the ORFs for all six reading frames. The largest ORF is most probably the frame that will be translated to the protein. By ‘clicking’ on the largest ORF, the corresponding translation is given. Is this correct?

Exercise 2: Determination of the ORF in the Hb Constant Spring.
In the Constant Spring variant of hemoglobin, named for the community in Jamaica where it was first discovered, the alpha 2 chains have 173 amino acids rather than the normal 142. This may reflect a chain termination mutation in the alpha 2 chain (this mutation is further discussed in OMIM 141850). Can you confirm this mutation by looking at the mRNA sequence for Constant Spring from the course web-site? Note that the sequence with this particular sequence is not in the GenBank database. Use the NCBI ORF finder to identify the new ORF.

Exercise 3: Sickle Cell disorder (HBS)
a) Sickle Cell anemia is a group of inherited red blood cell disorders. Sickle hemoglobin (HBS) differs from normal HBB by a single amino acid: valine replaces glutamate at position 6 on the surface of the beta chain. To determine the corresponding mutation in the mRNA sequence you may use Blast. Go to the Blast site and select ‘Blast two sequences’. Copy/paste the mRNA sequences for Hemoglobin beta chain (HBB, NM_000518) and Sickle beta hemoglobin (HBS, M25113) in the input fields and submit your Blast job. Can you identify the mutation for inspection of the aligned sequences.

b) To understand how the nucleotide mutation is responsible for sickling cell go to the hemoglobin tutorial and select ‘Sickle Hemoglobin’. (www.umass.edu/microbio/chime/hemoglob/2frmcont.htm). Next walk through the tutorial by clicking on the buttons in the right frame. Note that you need the CHIME plugin (www.mdl.com/chime) for this exercise, thus you probably have to do this exercise at home.
Exercise 4. Determining sequence composition and signals.
The EMBOSS toolbox is very useful for sequence analysis. In the next few exercises we will see some examples of EMBOSS programs that may help you to identify some properties of sequences. Use the EMBOSS toolbox (http://emboss.bioinformatics.nl)
Use the HBA sequence (J00153) (unless otherwise specified) in combination with the following programs.

a) CompSeq: calculate dinucleotide frequencies. Which dinucleotide is used most? Which is used with lowest frequency? 
b) CpgPlot: identify CpG islands. How many CgG islands are identified?

c) Cusp: codon usage file (use NM_000518). Which codon is used most? Which is used with lowest frequency?
d) Dreg: regular expressions. Use Dreg to identify polyA signals in the genomic sequence. How many signals did you identify? Did you expect this? 

e) GetOrf: determine open reading frame (use with NM_000517). Which open reading frame is most likely to be correct? Why?

Excercise 5. Gene prediction with GeneMark.

In this exercise, you do gene predictions using a bacterial sequence from Heliobacillus mobilis. This provides the foundation for operon predictions and promotor predictions. One way to verify the gene prediction result is to check the presence of Shine-Dalgarno sequence in front of each gene which is a purine-rich region with a consensus AGGAGG and is located within 20 bp upstream of the start codon. 

a) Go to the GeneMark web-site (use the 'GeneMark' program). GeneMark uses HMM for gene prediction. 
b) Copy/paste the fasta sequence file of Heliobacillus Mobilis in the input field and choose Bacillus subtilis as "Species" (the closest organism). Leave other options as default and start the GeneMark program. 
c) Save the predication results in Microsoft WordPad. 
d) To confirm the prediction results, the sequence needs to have numbering. Convert the original sequence file into a GenBank format using the ReadSeq program (save the output as a text file and open with WordPad). 
e) Based on the prediction by GeneMark, the gene start sites in the sequence file. Can you find the Shine-Dalgarno sequence in each predicted frame?
f) Do another gene prediction using the Glimmer program (http://www.ncbi.nlm.nih.gov/genomes/MICROBES/glimmer_3.cgi). Glimmer uses interpolated markov models to identify coding regions. Select "Glimmer genes". Use B. subtilis as the closest organism. Copy/paste the fasta sequence file of Heliobacillus Mobilis in the input field and run the Glimmer search. 
g) When the data processing is complete, click the "Get Summary" button. In the following page, select Retrieve: text table.
h) Compare the prediction results of Glimmer with that from GeneMark. Pay attention to the boundaries of the open reading frames. For varied gene predictions, verify the presence of Shine-Dalgarno sequence in each case. Have you noticed problems of over predictions or missed predictions with Glimmer? 
Exercise 6. Operon prediction. 

In this exercise, you predict operons of the above heliobacterial sequence using the 40bp rule: if intergenic distance of a pair of unidirectionally transcribed genes is smaller than 40bp, the gene pair can be called an operon. This rule was used widely before the development of a better scoring method (Wang et al), which is a little too complicated for this practicum. 

a) Using the gene prediction result from GeneMark, calculate the integenic distance of each pair of genes.
b) How many operons can you derive based on the 40bp rule? 
Keep the results for the next exercise.

Exercise 7. Promotor prediction. 

Perform ab initio promotor predictions based on the operon prediction from the previous exercise. Algorithms for promotor prediction are often written to  predict the transcription start sites (TSS) instead. The -10 and -35 boxes can be subsequently deduced from the upstream region of this site. 

a) Using the operon prediction result that you believe is correct, copy about 150bp upstream sequence from the first operon start sites and save the sequence in a new file (use notepad or wordpad). 

b) Convert the sequence to the FASTA format, using the ReadSeq program. 

c) Do a promotor prediction using BPROM (http://linux1.softberry.com/berry.phtml?topic=bprom&group=programs&subgroup=gfindb). BPROM uses linear discriminant analysis. Copy/paste the sequence in the query window and press the PROCESS button. Record the result. Is the output correct? 
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