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Practical Exam 2, Bioinformatics

Use the IBO Challenge 2020 Bioinformatics (IBOC) application to address the following
questions. The IBOC application may be accessed using any Web Browser.

Find the URL of your country’s server at:
URL: https://bit.ly/IBO2020file

Or refer to the URL list at the end of this exam file/booklet.
Then, enter the server using the following username and password

Username: 1b02020
Password: i1b02020binagasaki

If you have a connection problem, try the following alternative servers;
Competitors in Asia, Oceania, or America: 18.181.30.53/ec2-user/ibo2020bi
Competitors in Europe: 18.184.254.217:3838/ec2-user/ibo2020bi/

IBOC applications should not be accessed except during exam hours. The above URL should not
be shared with others even after taking the test.

If you experience any problems using the IBOC application, reload the application using the
reload button on of your Web Browser.

The IBOC application consists of 14 tabs. After starting the test, check first to see if you can open
all tabs. Immediately after the application is loaded for the first time, it may take about 1 minute
for a tab to be loaded.

This exam consists of three parts: Part 1: 13 marks, Part 2: 66 marks, and Part 3: 21 marks.
The total score is 100 marks. You will have 90 minutes to answer all questions. These questions
are designed to be solved in order, from beginning to end.



Overview of the topics covered in the bioinformatics questions

Bioinformatics is a discipline that aims to elucidate how information is transmitted and
interpreted within living organisms. Research scientists use bioinformatics tools to convert
observations of natural phenomena into digital format, and subsequently to visualize, analyze, and
interpret this information using computers.

Digitization has benefited scientific progress in ways that are well beyond simply making the data
easier to handle. First, the development of more powerful computers enabled the simultaneous
analysis of amounts of data so large that the task would be impossible to perform manually. In
addition, online sharing of the data has made it possible for researchers around the world to share
their observations on various life phenomena more efficiently. In particular, research on genomic
DNA sequences and on the three-dimensional structure of proteins benefited very early on from
the advent of computing technology. Nowadays, the benefits of computers in the life sciences are
widespread.

Use the IBOC application to address the following questions. IBOC application may be accessed
using any Web Browser.

Note: These application tools may return an error string written in red letters like the

following: " Error: An error has occurred. Check your logs or contact the app author for
clarification". You will see this if the query data is formatted incorrectly.

Part 1: Genome databases
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2" position serine, 3™ position serine
1. AAT, TGT
2. AAT, AAT
3. GAC, GCA
4. GAC, GAC
5. TCT, TCT
6. AGC, AGC
7. AGC, TCT
8. GCC, CGG



In the GenBank entry, not only the amino acid sequence encoded by the target mMRNA can be
found in /translation=, this information is linked to another database (GenPept) as
/protein_id="NP_061975.2".

NP _061975.2 is the accession ID of the GenPept database, also operated by NCBI. The GenPept
data for NP_061975.2 is shown Proteins tab.
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HOXA6 (NP_076919.1 homeobox protein Hox-A6 ,s 1, Homeodomain (PF00046.30) <G .Y Jlgw
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The homeodomain (PF00046.30) region in HOXA6 gene starts (“from (ali coord):”) at
[No.2][No.3][No.4], and ends (“to (ali coord):”) at [No.5][No.6][No.7].
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1 bp ~ 1,000 bp
1001 bp ~ 2000 bp
2001 bp ~ 3000 bp
3001 bp ~ 4000 bp
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Part 2. Analysis of sequence features and motif discovery
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Question 8. Let's check the GC content for the first 10,000 nucleotides of "Human Genome
DNA 1" using window search.

1. Open the "Window Search” tab and select "Human Genome DNA 1" from the
Reference Sequence list.

2. To check the total number of G’s and C’s combined, select "G+C" from the Nuc.
selection list.

3. Enter 1 in the Start field and enter 10,000 in the End field.

4. Set the “Window Size” to 100 bp, the “Step Size” to 100 bp, and the “Bin Size” to 10 %.

5. With the above settings, the GC content will be calculated for every 100 bp window from
the 1st base to the 10,000th base of "Human Genome DNA 1".

6. Finally, clicking on "Show Chart 1", displays the result as a histogram representing the
frequency of GC content values in intervals of 10 % (corresponding to the histogram’s
Bin Size) in "Histogram for the selected nucleotide(s)”.

7. Additionally, clicking on "Show Chart 2", displays the result as a plot representing the
frequency of GC content values along the region above in "Frequency for the selected
nucleotide(s)".

Note: X-axis in Chart-2: nucleotide position (bp). Y-axis in Chart-2: frequency for the selected
nucleotide(s).

Note: In Chart 2, Chart 3 and Chart4, the x-axis position may be displayed as “le-4" instead of
“10,000”.

Note: If you have changed the parameters, click on "Show Chart 1( or 2, 3, 4)" again to reflect the
change.

Select the most appropriate item for [ No. 18 ] in the following sentence. [ 4 marks ]
Using the above settings, 100 bp windows with a GC content of [ No. 18 | % appear most
frequently in "Human Genome DNA 1.

10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
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Question 9. As we saw in Question 7. ~ 8. the GC% of DNA varies from region to region. Find
out where the 200 bp window with the highest GC content is located on "B. burgdorferi B31
Genome DNA", and choose the corresponding location from the following options. Note that the
genome DNA of this organism is circular and 910.724 bp long. Note that this calculation may
take some time (about one minute per calculation) in IBOC applications. [ 5 marks ] [ No. 19 ]

50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp
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GC-skew = ([C]-[G]) / ([CTH[G))
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50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp
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50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp
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50,000 bp ~ 100,000 bp

100,000 bp ~ 200,000 bp

200,000 bp ~ 300,000 bp

300,000 bp ~ 400,000 bp

400,000 bp ~ 500,000 bp

500,000 bp ~ 600,000 bp

600,000 bp ~ 700,000 bp

800,000 bp ~ 900,000 bp

The region including 900,000 bp ~ 910,724 bp and 1 bp ~ 50,000 bp
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1. 200bp
2. 800 bp
3. 1,400 bp
4. 2,000 bp
5. 2,600 bp
6. 3,200 bp
7. 3,800 bp
8. 4,400 bp
9. 5,000 bp
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Consider the most 5’-end-most position among the search results (also called “hits”) of this full-
length sequence as the transcription start site, and also consider the most 3’-end position among

the hits of this full-length sequence as the end of transcript.
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In the following question, we will examine the characteristics of functional sequence motifs found
on genomic DNA.

DNA contains a variety of functional sequence motifs. A famous example is the polyadenylation
signal (AAUAAA sequence) encoded by the transcribed RNA in its 3' untranslated region (UTR).
On mRNA precursors, a group of protein complexes recognizes this polyadenylation signal and
truncates the 3’-end of RNA before adding a poly(A) tail. In other words, we can expect to find a
polyadenylation signal in the last exon at the 3'-end of a coding sequence.

If the location of the motif is known, an analysis method called “sequence logo™ enables statistical
evaluation of the consensus sequence. As an example, let's use the sequence logo program to
visualize the polyadenylation signal motif. The 3'-end of genes are shown in FASTA format
below. The sequence of the polyadenylation motif is shown in capitals. Ten bases either side are
shown in lowercase. (Same sequences are shown on the bottom of the Sequence Logo tab).

>HoxA5 1638bp 1663bp
tggaacaaaaAATAA Actttctattg
>CBX3 2027bp_2052bp
acagttgggaAATAAAagtttcatgt
>HNRNPA2B1 3591bp 3617bp
ggctgtccccAATAA Atgetgttcat
>Stk31 3238bp 3263bp
ggttgtgaaaAATAAAgatgtttggc
>Tra2a 1752bp _1777bp
agtagtctcaAATAAAagctaatttc



The figure below is a representation of the sequence alignment as a sequence logo (Figure 5).
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Figure 5. An example of a result of the sequence logo

Using the Sequence Logo tab, make sure that you actually get the same diagram as above. (Copy
the above sequences in the Sequence Logo tab and paste those into the "Input Sequence" window
in the Sequence Logo tab, and then click on the “Exec Sequence Logo”).

Thus, the AATAAA sequence, a common polyadenylation-signal motif in all five sequences, is
highlighted on the sequence log as you can see. In this example, only five gene sequences were
used, but in the actual discovery of motifs, many more sequences need to be analyzed. Otherwise,
you run the risk of highlighting sequences that just happen to be coincidental matches.

Question 16. In eukaryotes, protein-coding genes consist of several exonic and intronic
sequences on a genomic DNA. It is known that the boundary between exons and introns contains
a distinctive sequence that allows the spliceosome (the enzyme that cuts out the intron) to
recognize the intron sequences to be spliced. In addition to their commonality within eukaryotes,
they also have species-specific and taxonomic specificity. The HNRNPAZ2BI1 gene has a typical
exon-intron boundary sequence motif in the human genome. Determine the correct motif of exon-
intron boundary and intron-exon boundary. You can use the information of the HNRNPA2B1
gene in the GenBank format in the Genes 1 tab, mRNA sequence in the Predicted mRNA
sequences tab. Then choose the most appropriate answer from the following options. [ 13 marks ]

Note that these represent the 4 bp motif (2 bp at the 3'-end of the exon and 2 bp at the 5'-end of
the intron) that make up the main exon-to-intron boundary in human ([No. 27 — No. 30]), and the
3 bp motif (2 bp at the 3'-end of intron and 1 bp at the 5'-end of exon) that makes up the major
intron-to-exon boundary in human ([No. 31 — No. 33]).



[ Exon-side bases ] - [ Intron-side bases ]

[ [No. 27], [No. 28] ] - [ [No. 29], [N0.30] ]

[ Intron-side bases ] - [ Exon-side base ]

[ [No. 31], [No. 32]] - [ [No. 33] ]
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eg) If you would like to answer “ ...exon... at - gg ...intron... ca - t ... exon ...”, the answer

should be as follows:

No. 27 :
No. 28 :
No. 29 :
No. 30:
No. 31:
No. 32:
No. 33:
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No. 34 :
No. 35:
No. 36:
No. 37:
No. 38:
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(A comparison of the domain structure of cadherin proteins in animals and non-animals shows

that, (i1)[ PF ***** * ]is added to the (ii1) [No.44]-terminus next to the repeat of the (i) domain

in animals).

0303 10 .0y 1.5 00500 Plam luliss o)l jo 1, alais 5l o sloel : 4G

(i) PF [No. 39][No. 40][No. 41][No. 42][No. 43]



(iii) [No.44]
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(iv) [No.45] _[No. 46][No. 47][No. 48][No. 49][No. 50]

// End of Practical Exam 2.
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