Summer 2026 Name:

BIN — Bioinformatics — 22.5.2026

Q1 Q2 Q3 Q4 Q5 Exam (50) | Labs (50) || Total (100)

Instructions: The written exam takes 120 minutes. Answer directly below the questions, use free sheets
only when necessary. You can use the front page as well. Be as detailed as possible, answer in a structured
way rather than in free text.



Question 1 (10 points) Sequence assembly

Explain the basic principles of DNA sequencing and subsequent sequence assembly by answering the questions
below.

(a) (2 points) Explain the terms and connections between them: DNA fragment, read, contig, gap, scaffold-
ing, coverage.

(b) (2 points) Name the basic methods of DNA sequencing and compare them in terms of speed, cost, error
rate and read length.

(¢) (2 points) Explain why in vitro DNA sequencing methods cannot read the entire DNA sequence of a
human cell at once.

(d) (2 points) Define the problem of assembling a DNA sequence biologically and then as a mathematical
problem. Name the difference. Put this problem in the correct complexity class, explain what is the key
parameter that the complexity estimate is based on.

(e) (2 points) Suggest a straightforward heuristic solution to the above mathematical problem based on
greedy search. Estimate its complexity.



Question 2 (10 points) Read mapping and variant calling

You are solving the variant calling problem, i.e. your goal is to detect variants based on a reference genome
and a set of reads obtained from an individual genome. Ilustrate the problem on genome G and read set
M:

GG = AACGTACCGT

M = {ACCT, AACC, ACCG, CCGT, GTAC}

(a) (2 points) Consider the short-read option. For now, assume exact read mapping. Name a suitable
method you would use to map the reads to the genome and briefly explain its principle. Define the
algorithmic complexity of this mapping and compare it to the naive method.

(b) (2 points) Now consider approximate mapping, which is inevitable in real-world problems. What are the
two main steps of approximate mapping and what is their principle?

(¢) (2 points) Summarize the entire procedure into a pipeline (= a sequence of steps) that must be performed
in order to obtain output in SAM (Sequence Alignment/Map) format.

(d) (2 points) Manually perform the procedure described above for the illustrative example. That is, generate
a concrete SAM file (= describe the result of the mapping). Discuss the specific problems that the
algorithm solves.

(e) (2 points) Did you find any potential variant, and if so, which one? How can variants be separated from
sequencing artifacts? What other types of variants exist in general?



Question 3 (10 points) Markov sequential models

You are solving the problem of gene finding in an unannotated DNA sequence of a eukaryotic organism. The
task is to find the positions of genes in this sequence, including distinguishing the positions of exons and
introns. You are solving the task using probabilistic models.

(a) (3 points) Define the basic types of information that DNA carries and that you can exploit during gene
finding. There are three categories — name each of them and give an example.

(b) (3 points) Describe the global structure of the probabilistic model you would use to solve the given task.
Briefly describe the individual submodels.

(¢) (2 points) Describe the submodel that will represent exons. What type of probabilistic model will it be?
Explain why, and draw this model.

(d) (2 points) Explain how you will use the model to annotate the DNA sequence. What kind of task is this
from the perspective of probabilistic modelling?



Question 4 (10 points) Phylogenetic trees

Based on the parsimony method, decide whether a left or right phylogenetic tree is more appropriate for a
given triplet of sequences. Part of the solution is finding the optimal sequences for the internal nodes of the
tree on the left, for the tree on the right these sequences have already been found. Assume that the sequences
are aligned and consider independence between residues, i.e. positions in the sequences. Rate substitutions
between nucleotides according to the price matrix below. Points will be awarded for:
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(a) (4 points) use of the weighted parsimony algorithm,
(b) (4 points) adding sequences to the internal nodes of the tree on the left,

(¢) (2 points) evaluating both trees and deciding which one is better.



Question 5 (10 points) Protein structure prediction.
Discuss protein structure prediction questions below.

2 points) Define the 4 levels of protein structure description.

(a
(

b) (1 point) Which of the above-defined structures is the most stable and why?

(c
(d

) (
) (
) (1 point) Does the amino acid sequence of a protein determine its higher structures? Explain why.

) (1 point) How would you estimate the number of possible conformations/foldings in a protein of 100
amino acids? What is the Levinthal’s paradox?

(e) (3 points) How can the higher structure of a protein be determined experimentally? Name 3 methods,
explain one of them in more detail.

(f) (2 points) Explain the principle of homology modeling of higher protein structures. Define its strengths
and weaknesses. Only if you do not know the method, describe another protein structure prediction
method.



