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Bioinformatics

Bioinformatics […] is a scientific 
subdiscipline that involves using 
computer technology to collect, store, 
analyze and disseminate biological 
data and information

– National Human Genome Research 
Institute



Bioinformatics at the IBO

· A practical task explicitly called “Bioinformatics” 
has appeared in every IBO since 2019 (except for 
IBO Challenge II 2022).

· Even before then, many practicals have included 
bioinformatics-adjacent questions.

· Since 2019, we have included Bioinformatics in 
the training programme for the Italian team.

· Since 2022, we have also included a 
Bioinformatics task in the selection process.

IBO 2015 Denmark

IBO 2016 Vietnam

IBO 2018 Iran

IBO 2018 Iran



The Italian Natural Sciences Championships

· Note: used to be called Olympiad until 2022, but were required by the Ministry of Education to change 
name because of the 2026 Winter Olympic Games (which are clearly more important).

· Three local and national selection phases, followed by training:

School phase
(February)

Regional phase
(March)

National phase (May)
~40 students

Theory

Practicals
20 students

Training
(June/July)

4 (+6) students



The Italian Natural Sciences Championships

· Established in 2002, Italy participates in IBO since 2008.

· Goals:
• To create an opportunity for students to test their inclination for studying and understanding natural phenomena.

• To compare school settings across the Italian regions.

• To identify a reference curriculum for Natural Sciences, shared between the varied realities of Italian schools.

• To compare teaching in Italian schools with other nations.

• To stimulate thoughts about curriculum adjustments, also thanks to the comparison with foreign schools.

· Test difficulty and topics must be appropriate for Italian schools.

• We are selecting the best students according to the Italian school system.

• Hopefully this correlates with the students that would perform best in the IBO, but not necessarily.

• There are certainly distortions, exacerbated by the lack of funds.



The Italian Natural Sciences Championships

· The theoretical task consists of multiple-choice questions and lasts 80 minutes.

· Practical tasks were introduced in 2009, to help select the best students for IBO.

· Until 2022, two topics: Biochemistry and Ecosystematics, each lasting ~1 hour.

· Despite lasting longer, the practical tasks weigh 50% as much as the theoretical task (33% of 
the total).

· In 2022, in-person practicals could not be held. Instead, online “replacement practical 
tests” were developed, which did include a bioinformatics task.

· A true Bioinformatics practical was introduced in 2023, first as part of Biochemistry 
(extended to 95 minutes) and in 2024 as a separate task lasting 45 minutes.

· Bioinformatics has featured in the training programme since 2019.



Bioinformatics training for the Italian team

· Challenge: what does “Bioinformatics” even mean?

· We have no more than a couple of days to spend on this topic, so we cannot cover 
everything.

Develop a generic curriculum

Try to “guess” the topic of the IBO test for more specific training

Opportunity: identify topics that could be 
included in the school syllabus 
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Bioinformatics training for the Italian team

· Try to “guess” the topic of the IBO test for more specific training

2024
Pavian

· Challenge 1: commercial software (but free trial)

2019

(announced by the organisers)

· Challenge 2: not all students have laptops
· Challenge 3: laptops with different OSs · Free and browser-based ⇒ easier

· Different venue with a computer lab
USB stick with read-only custom Linux



Developing binformatics practicals

· Opportunity: bioinformatics can be related to almost every biological subject.

· We can create engaging linked tasks, where bioinformatics is integrated with the 
wet-lab part of the practical.

· Challenge: bioinformatics is not (yet) part of the school curriculum.

· We cannot assume that the students know anything.

· We cannot give too much weight to this task.

· Even more than usual, the test assesses the students’ ability for data mining and to 
follow instructions.



Administering bioinformatics practicals

· Opportunity: a bioinformatics practical is “cheap”

· It does not require any specialised equipment or reagents (other than a computer).

· Challenge 1: we do need computers that support the software used for the task

· While laptops are widespread in Italy, there will be occasional students who do not have a 
computer and should not be penalised.

· Italian schools usually have access to a computer lab, but the equipment is often outdated or not 
well maintained.

· Challenge 2: students + computer = cheating

· Allowing students to access a computer (maybe even the Internet, if we are running a browser-
based test) could likely lead to cheating issues, which must be considered while designing the task.



Bioinformatics practical 2022: insulin receptor

· This was part of the online “replacement practical test” and was linked to a 
Biochemistry task.

· In the first part, students were given data about a patient with high blood glucose and 
high blood insulin, thus concluding that the patient had issues with the insulin 
receptor.

· In the bioinformatics part, they were given the amino acid sequence for the patient’s 
insulin receptor gene and had to identify the mutation most likely involved in the 
disease.

· Inspired by a real case report (Tuhan et al 2017, DOI: 10.4274/jcrpe.4577).



Bioinformatics practical 2022: insulin receptor
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Bioinformatics practical 2022: insulin receptor

· Challenge 1: students + web browser = cheating
· Solution 1: students were at their schools with a supervising teacher and were also remotely 

supervised by us via video call.

· Solution 2: a “data mining” test – students had to reason on the sequence and generate 
data.

· Challenge 2: in a school computer lab, we cannot use custom software
· Solution: use a browser-based test

· Challenge 3: bioinformatics pre-requirements
· Solution: we provided very detailed instructions with screenshots.

· Opportunity: we managed to fit a bit of evolutionary biology in the test.



Bioinformatics practical 2023: α-amylase

· This test was part 2 of the Biochemistry task.

· In part 1, students were asked to measure the activity of α-amylase using Lugol’s 
solution, in three conditions: native enzyme, enzyme incubated with EDTA, enzyme 
incubated with EDTA + CaCl2. They were also given data about the enzyme activity 
when incubated with EDTA and other divalent ions.

· The goal was for the students to understand that α-amylase requires a Ca2+ ion.

· In the bioinformatics part, the students had to use UniProt and PDB to gather 
information about the enzyme.



Bioinformatics practical 2023: α-amylase
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Bioinformatics practical 2023: α-amylase

· Challenge 1: students + web browser = cheating

· Solution 1: small number of students (10), and someone supervising them at all times.

· Solution 2: data mining test.

· Solution 3: tight timings.

· Challenge 2: in a school computer lab, we cannot use custom software

· Solution: we used a browser-based test.

· Challenge 3: bioinformatics pre-requirements

· Solution: we provided very detailed instructions. Someone was available to help students if 
necessary.



Bioinformatics practical 2023: α-amylase

· Unforeseen challenge: VERY old PCs in the computer lab!

· Computers had a Core i3-2100 processor (discontinued in 2013).

· They had been updated to Windows 10, for which there are no compatible graphics 
drivers.

· Deceivingly, the computers appeared to work mostly fine…

· When we did a preliminary test, we coincidentally used one of the few computers that 
had a separate GPU (ironically, because the integrated GPU had previously failed).

· When students arrived at the structure visualisation phase, most of the computers 
did not work!



Bioinformatics practical 2023: α-amylase

· We frantically tested all PCs in the computer lab, and we managed to find three that 
worked (we had groups of 10 students).

· At the same time, we tried to gather as many laptops as possible...
· Side problem: laptop touchpads are not great for moving structures around, so we also had to move 

mice from the desktop PCs…

· We managed to get 7 working PCs. Students started the test on a random computer 
and were then moved to a working PC when they arrived at the final question that 
required it.



Bioinformatics practical 2023: α-amylase

· In the end it was mostly fine – we gave an extra 5 minutes to everyone to account for 
the disruption.

· There was only one case of a student that actually had to wait before accessing a 
working PC (who was given extra time).

· Key takeaway: if you are doing anything with PCs, test ALL of them beforehand.



Bioinformatics practical 2024: genome assembly

· This year, Bioinformatics was a separate task, 
lasting 45 minutes.

· Having been traumatised by the previous year, 
we decided to go for a paper-based test.

· The task involved assembling a (small) 
bacterial genome by hand.



Bioinformatics practical 2024: genome assembly
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Bioinformatics practical 2024: genome assembly

· Challenge 1: developing a paper-based test.

· Challenge 2: the test must only last 45 minutes.

· Solution 1: choose a relatively simple case.

· Solution 2: give an example of the expected outcome.

· Solution 3: include some restrictions (e.g., starting from a specific node in the 
graph) to simplify the problem and remove edge cases.

· Opportunity: test skills that are only tangentially related to biology. 

· E.g., many students are surprisingly bad at following instructions.



Conclusion

· Introducing some Bioinformatics in Biology Olympiads is not particularly difficult.

· The key challenges mainly involve technological preparedness – i.e., ensuring that 
computers are available and compatible with the task.

· Opportunities include:
· Modernising the curriculum

· Linking multiple topics (A à Bioinformatics à B)

· Testing multiple skills



Bioinformatics at the IBO

· Should Bioinformatics be included every year?

· Should the term be further clarified (e.g., by referring 
to a more specific topic or software tool)?


