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HEALTH & 
SAFETY

• Our priority is your safety!
• The following rules apply for in-person classes:

üYou can use sanitizing wipes to clean surfaces (desk and 
keyboard) at beginning and end of class

üStudents should not attend class in person if they have any of 
the listed infectious diseases within the Communicable Disease 
Policy

üFor more information consult the BSU campus public 
health website

https://www.boisestate.edu/policy/facilities-planning-campus-safety/communicable-disease/
https://www.boisestate.edu/publichealth/
https://www.boisestate.edu/publichealth/


INSTRUCTOR
• Name: Sven BUERKI
• Office: Science Building, office 114
• Email: svenbuerki@boisestate.edu

mailto:svenbuerki@boisestate.edu


CLASS 
LOCATION & 
MEETING 
TIMES

• Location: SCNC149 computer room

• Lectures: Wednesdays from 9:00-10:50 AM
• Labs: Fridays from 9:00-10:30 AM

• No office hours, but please contact me if you want to set an 
appointment



ETHOS

• Everyone here is smart; distinguish yourself by being 
kind
Kindness in Science is an inclusive approach that fosters diversity, 
respect, wellbeing & openness leading to better science 
outcomes.



ROUND OF 
INTRODUCTIONS

Who am I?
What program am I in?
What do I what to take 
away from this course?



RESOURCES

https://svenbuerki.github.io/Genomics-Bioinformatics 

Shared Google Drive

https://svenbuerki.github.io/Genomics-Bioinformatics


COURSE 
GOAL & 

DESCRIPTION

The goal is to provide students with the theoretical and applied 
knowledge in genomics and bioinformatics to sequence, assemble and 
annotate genomes, especially for non-model organisms.



COURSE 
FORMAT

• This class provides a mixture of lectures together with more 
applied, hands-on bioinformatic tutorials
Ø Tutorials are designed to support students mastering 

theoretical genomic concepts through their 
implementations in bioinformatics protocols

• The genomics field heavily relies on bioinformatic expertise 
Ø Work on computers running the Linux operating system
Ø Opportunities to become familiar with the bash/shell, 

Python and R computing languages 
• Lecture sessions will also serve as a platform to: 

Ø Work on graded mini-reports
Ø Study genomic literature through a journal club 



SCIENTIFIC 
PROCESS

1. Ask a question, 
review literature &
generate hypothesis

2. Design study

3. Collect data
4. Analyze data &
test hypothesis

5. Interpret 
results

6. Publish and/or
conduct next experiment

https://svenbuerki.github.io/EEB603_Reproducible_Science/ 

https://svenbuerki.github.io/EEB603_Reproducible_Science/


DATA LIFE-
CYCLE

Preserve

Create

Process

Document

Reuse

Share

Plan

https://svenbuerki.github.io/EEB603_Reproducible_Science/ 

https://svenbuerki.github.io/EEB603_Reproducible_Science/


REPRODUCIBLE 
SCIENCE

Publication only Full replicationPublication 
only

Publication +

Data Data & code Linked and executable 
data & code

Not reproducible Gold standard

Based on a survey published in 
Nature (2016), 90% of the 
respondents said that there is a 
reproducibility crisis in Science!

https://doi.org/10.1038/533452a 

https://doi.org/10.1038/533452a


https://doi.org/10.1186/s13059-015-0850-7 

REPRODUCIBLE 
SCIENCE

https://doi.org/10.1186/s13059-015-0850-7


doi: 10.1126/science.ade6076

REPRODUCIBLE 
SCIENCE

Main repository of genomic data

https://www.science.org/content/article/white-house-requires-immediate-public-access-all-u-s--funded-research-papers-2025


PROMOTE 
OPEN-ACCESS 
AND OPEN-
SOURCE 

RESOURCES



GRADING

https://svenbuerki.github.io/Genomics-Bioinformatics/index.html#13_Assessments 

Tests conducted during this course
Ø3 individual mini-reports (2x 25 points and 1x 50 points, TOTAL: 

100 points)
Ø1 group lab report (150 points)
Ø1 group lab presentation (50 points)

https://svenbuerki.github.io/Genomics-Bioinformatics/index.html
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COURSE 
LEARNING 
OUTCOMES

https://svenbuerki.github.io/Genomics-Bioinformatics/index.html#7_Course_learning_outcomes 

https://svenbuerki.github.io/Genomics-Bioinformatics/index.html


CHAPTER 1

Moving our mindset from the study of single genes (genetics) to the study 
of the entire genetic material in a cell (genomics).



CHAPTER 1

Appreciate that eukaryotic genomes contain extensive repetitive regions 
of several different kinds. This provides a challenge for genome assembly!

- Genome length (2n): 9.5Gbp
- Heterozygosity: 2.22%

Repeats: >60%

Data on sagebrush (Artemisia tridentata)



GENOME

TRANSCRIPTOME
RNA	copies	of	the	active	protein-coding	genes

PROTEOME
The	cell’s	repertoire	of	proteins

Transcription

Translation

CHAPTER 1

Know the basic dogma that DNA is transcribed to RNA, which is translated 
to protein.

Group Lab report



First NGS machine

CHAPTER 1

Perfect moment to study genomics, a plethora of data have been 
generated in the last 15 years.



CHAPTER 1

Perfect moment to study genomics, a plethora of data have been 
generated in the last 15 years.

https://doi.org/10.1016/j.gfs.2020.100411

https://doi.org/10.1016/j.gfs.2020.100411


CHAPTER 2

Independently on the approach used to produce a whole-genome 
sequence, all projects share the same major steps:
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CHAPTER 2

Learn the next-generation sequencing (NGS) jargon necessary to assemble 
and annotate genomes.

Lexicon on 
website



CHAPTER 2

Introduction to NGS platforms:
Mini-report 1



CHAPTER 3

Understand importance of computer science in: 
§ Producing raw sequence data (e.g. base-calling) 
§ Creating databases in molecular biology
§ Archiving and curation of data
§ Distributing data via the Internet
§ Creating information-retrieval tools to allow effective mining of 

the data for research application



CHAPTER 3

Gain knowledge on major molecular biology databases, which are key 
to genome assembly and annotation: 

§ Nucleic acid sequences databases (e.g. NCBI)
§ Protein sequences databases (e.g. Swissprot)
§ Gene ontology databases
§ Metabolic pathways databases (e.g. KEGG)
§ Specialized annotated genome portals

Mini-report 2



CHAPTER 4

Learn how to conduct reads quality checks on raw NGS data.
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STEPS INVOLVED IN READS QUALITY CHECK



de novo assembly

CHAPTER 4

Understand key steps involved in producing a genome assembly and 
best strategies to get there.

Referenced-based assembly

vs.



CHAPTER 4

Study de Bruijn graph procedure for de novo genome assembly.



CHAPTER 5

Learn about the different types of RNA molecules in cell.

Total	RNA

Coding	RNA
(4%	of	total)

Noncoding	RNA
(96%	of	total)

Pre-mRNA

mRNA

Pre-rRNA

rRNA

Pre-tRNA

tRNA

sncRNA IncRNA



CHAPTER 5

Adapt wet-lab and bioinformatics workflow according to targeted 
RNAs. 
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GENOME

TRANSCRIPTOME
RNA	copies	of	the	active	protein-coding	genes

PROTEOME
The	cell’s	repertoire	of	proteins

Transcription

Translation

CHAPTER 5

Study the link between the transcriptome and proteome via the 
genetic code.



CHAPTER 5

Understand key steps involved in producing a transcriptome 
assembly and best strategies to get there. 



CHAPTER 6

• Learn what we exactly mean by the term "genome annotation".
• Know the following key stages of the structural genome 

annotation process:
§ Repeat identification
§ Evidence alignment (map transcriptome on genome)
§ Ab initio ("from the beginning”) gene prediction
§ Evidence-driven gene prediction (use external info to improve 

prediction of gene annotations)



CHAPTER 7

Be aware of challenges to obtain accurate data on gene functions.

A study on the response of rice 
to salt stress discovered 649 

genes that were missing from 
the rice annotation!



CHAPTER 7

Study and compare available pipelines to conduct automated 
genome annotations.



CHAPTER 7

Review approaches to assess annotation quality. 



CHAPTER 8

• Learn to read and present a scientific paper reporting new 
genomic or transcriptomic data. 

• Become an expert on a specific area of comparative genomics and 
share it with your peers.


