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• Reading a research article - T1

• Summarize, report and discuss scientific results – T1 & T3

• Searching scientific literature– T3

• Writing a research article – T3

2

Introduction to scientific writing
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• Lectures: 

– Structure of a scientific article

– Methods and models in biomedical research

• Own work

– Read an article, understand the methods and results, prepare a short presentation to discuss in 
small groups

• Group work

– Discuss article with classmates and prepare a group presentation

Introduction to scientific writing

3
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Background: The Scientific Method

1.

2.

3.

4.

5.

6.

• The process by which science is 

carried out.
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Background: The Scientific Method

Suggested Readings: Thomas S. Kuhn – The Structure of Scientific Revolutions (1962)

• The process by which science is 

carried out.

• Question: How does DNA store genetic information?

• Hypothesis: Crick & Watson propose helical structure.

• Prediction: X-rays image of  DNA should show an X-shape.

• Experiment: Franklin obtains 1st X-ray image of  DNA: 

       It has an X-shape!
• Analysis: Model of  DNA helix structure to store genetic 

information.

• Report conclusions: Seminal paper ‘Molecular Structure of  

Nucleic Acids’.

• An example: The structure of  DNA
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• Abstracts - Kongressrapporter

• Original articles- Originalartiklar <- Term 1

• Review articles – Översiktsartiklar <- Term 3

• Dissertations - Avhandlingar

• Text books - Textböcker

• Guidelines - Vårdprogram

Types of research articles

7
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How to distinguish an original research article from reviews?

8

•Original Article: Reports new findings from a study or experiment.
•Review Article: Summarize and critically analyze existing research on a topic.

Original article Review article

Based on? Unpublised data (analysis) Published data (analysis)

Whose work? Your own work Mostly work by others

Focus? Narrow: Your research hypothesis Broad: Topic or field

Other 
characteristics

-Active voice (We found…)
-Shorter bibliography
-Detailed Methods section

-Passive voice (Studies suggest…)
-Long bibliography
-Often No Methods section
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Anatomy of an original research article

9
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• Abbreviations - Used frequently & defined the first time that are mentioned

• Supplementary Information:
– Additional methods

– Additional Figures and Tables

– Additional Movies

• Data Availability - Most journals now require data to be available
– Zenodo, Figshare (research data, figures, supplemenets)

– Github (code, software)

– SRA, GEO (genomic data)

Other sections in original articles

10
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• Evaluate and summarize previous work in a research topic

• Identify unsolved questions and future directions

Review article

12
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Scientific journals
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Interdisciplinary and specialized journals



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY 16

Research articles and where to find them:

https://pubmed.ncbi.nlm.nih.gov/

https://scholar.google.com/
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PubMed Search results: Cell

17
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PubMed Search results: Cell (The Journal)

18
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• Peer Review - All manuscripts are reviewed by at least 2 scientists before publishing

• Reviewers can ask for new experiments and analysis

• Many times manuscripts are rejected or require extensive review

• Can be a long process (3 months – 2 years)

Publishing an article - Peer Review

19
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• A measure often associated to journal ‘fame’ or ‘reputation’ 

• IF = (Number of citations received) / (Number of papers published)

• Interdisciplinary Journals: Nature 50.5, Science 47.7, Cell 66.9 , NEJM 92,  

• Specialized Journals: Nature Immunology 27.8, Immunology 7.5, Biochemistry 2.9

• IF is often an important consideration, but can sometimes be misleading

Impact factor (IF)

20
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• Journals that publish papers with little or no 

peer-review for exorbitant fees.

Predatory Journals

21

https://beallslist.net/
https://www.nature.com/articles/d41586-019-03759-y

• How to identify them:

- False or misleading information (IF, address, editors)

- Lack of transparency

- Agressive solicitation of papers

- Other: spamming, poor English

https://beallslist.net/
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• Explore Journal content:

– Does it publish work similar to your work?

– Do you read it and cite it?

• Other important factors:

– Impact factor (IF)

– Avoid Predatory Journals

“Predatory journals have rapidly increased their publication 
volumes from 53,000 in 2010 to an estimated 420,000 articles in 
2014, published by around 8,000 active journals.” (Wikipedia)

Choosing a Journal to publish your work

22
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Instructions for the Research Article Assignment

23
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Objectives

24

• Learning objectives:

To understand the structure of a research paper.

To summarize the main results of a research paper.

To learn how to present the results of a research paper to an 

audience.

To critically assess and discuss the methods used in a research 

paper and prepare questions about it.



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY

Organizing subgroups and assigning articles

25

Today: 

• Organize groups (A1-10 and B1-10)
• Divide each group in half (3/4 students), with each half preparing one of the two articles.

Group A:

Article A1: Fey, M. F., et al. "Clonal analysis of human tumors with M27 beta, a highly informative 

polymorphic X chromosomal probe." The Journal of clinical investigation 89.5 (1992): 1438-1444.

Article A2: Gale, RE., et al. "Acquired skewing of X‐chromosome inactivation patterns in myeloid cells of the 

elderly suggests stochastic clonal loss with age." British journal of haematology 98.3 (1997): 512-519

Group B:

Article B1: Salomon, D., & Meda, P. (1986). Heterogeneity and contact-dependent regulation of hormone 

secretion by individual B cells. Experimental cell research, 162(2), 507-520.

Article B2: Dorrell, C, et al. "Human islets contain four distinct subtypes of β cells." Nature 

communications 7.1 (2016): 11756.



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY

Between Today and January 16th:

• Each subgroup prepares a 10 minute presentation of their article.

Preparing your subgroup presentation

26

• The presentation MUST include these sections:

- Introduction and scientific questions addressed in the article

- Summary of main methods and results

- Select 1-2 figures and present them

- Discussion and conclusion

• Every student must present at least one section
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Class Activity and Presentation

27

Activity on January 16th (Room T Bjurström, Group B: Morning, Group A: Afternoon)

• Within group presentation:

• Each subgroup presents their article to the other subgroup (10 minutes).

• Questions and in-depth discussion of the two articles in each group

•  Prepare for class presentation:

• Instructors will assign one section (introduction, figure, methods) of the 

articles to each group

• The group will prepare to present it to the class. 

• Class presentation

• Short presentation of the assigned section to the class (10 minutes)

• Figures can be displayed

• Paper notes and blackboard allowed, powerpoint not required



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY

Questions?

28
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Research methods in life sciences

29

Joan Camuñas-Soler
Department of Medical Biochemistry and Cell Biology 

Wallenberg Center For Molecular and Translational Medicine
Institute of Biomedicine

Sahlgrenska Academy
University of Gothenburg
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• Study biological processes and systems to understand health, disease and treatments.

• How do they work?

– Organisms

– Cells

– Molecules

• Understand disease process, test how treatments affect biology -> implement in clinical 

practice

Biomedical research

30
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Types of research

31

Basic Research Translational Research Clinical Research

How does it work?
Discover

Does it benefit human health?
Apply

How well does it work? Is it safe?
Patient care

Bench Bed-side

In vitro In vivo
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Created with BioRender.com

Scientific Method
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Methods in biomedical research

33
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Central Dogma of Molecular Biology

34

Store information Function in cellsGene expression to 
make proteins

•All human cells contain the same DNA.

•Different genes are expressed (mRNA) in 
each cell to produce proteins to perform 
specific functions and respond to their 
environment.

•Example: Beta cells in the pancreas 
express the INS gene to produce insulin, 
which regulates glucose levels.
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The human genome

35

• The complete set of DNA in humans.

• Size: 3 x 107 base pairs.

• 23 chromosome pairs (22 autosomes + X/Y)

• ~20,000 protein-coding genes.

• Only 1.5% of genome is protein-coding

• Human Genome Project (1990-2003): First full 

sequence of the human genome.

Human Chromosomes (Male)
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Polymerase Chain Reaction (PCR)

36

• Foundation of modern molecular biology

• Rapid DNA amplification: Millions of copies

• Each cycle doubles number of molecules: 
• 2N amplification (N: number of cycles)
• 20 cycles: 1 million copies

• Key applications: 
- Diagnostics: viral detection, mutations
- Forensics: suspect identification
- Research: clone genes, sequencing

How to become a molecular biologist in 4 days. DNA & RNA. BosterBio.
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Polymerase Chain Reaction (PCR)

37

• Foundation of modern molecular biology

• Rapid DNA amplification: Millions of copies

• Each cycle doubles number of molecules: 
• 2N amplification (N: number of cycles)
• 20 cycles: 1 million copies

• Key applications: 
- Diagnostics: viral detection, mutations
- Forensics: suspect identification
- Research: clone genes, sequencing

• Basic requirements:
- DNA/RNA template, DNA polymerase 

(Taq), primers, nucleotides, thermal 
cycler.

How to become a molecular biologist in 4 days. DNA & RNA. BosterBio.
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Simplest method to detect and quantify DNA:

1. Load DNA samples in wells of a gel matrix. 

2. Electrophoresis – Short DNA fragments move 

faster in an electric field. 

3. Fragments separate by their size.

4. Add fluorescent dye to visualize DNA.

5. Use a DNA marker with fragments of known size 

as a reference.

DNA gel electrophoresis

38

Encyclopedia Britannica &Wikicommons
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Quantitative PCR (qPCR)

39

•Measure real-time DNA or RNA amplification to quantify genetic 
material.

•During amplification, fluorescent dyes or probes emit a signal 
that increases as the target DNA is amplified.

•Essentially, it is a PCR where DNA fluorescence is measured at 
every PCR cycle.

Key Components 
- PCR components (DNA, primers, polymerase, nucleotides)
- Fluorophore (e.g., DNA dye, TaqMan probe)
- Thermal cycler with fluorescence detection

Applications
- Gene expression analysis
- Viral load quantification
- Mutation detection

Thermofisher – qPCR guidelines
Qiagen - Introduction to real-time PCR. 
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Next Generation Sequencing

1013 bp per run (1 day)
100 Human genome (30x) 

• High-throughput method for sequencing DNA and RNA.
• Enables rapid, large scale genomic analysis.

• How it works:
- Fragment DNA/RNA, attach adapters, bind to flow cell.
- In the flow cell, identical clusters are generated and 

bases read with fluorescence microscopy.
- Bioinformatic analysis to map sequences to the human 

genome

• Applications
- Whole genome sequencing, RNA-seq, variant 

detection (e.g. mutations, deletions)

Microbe Notes
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Next Generation Sequencing

• High-throughput method for sequencing DNA and RNA.
• Enables rapid, large scale genomic analysis.

• How it works:
- Fragment DNA/RNA, attach adapters, bind to flow cell.
- In the flow cell, identical clusters are generated and 

bases read with fluorescence microscopy.
- Bioinformatic analysis to map sequences to the human 

genome

• Applications
- Whole genome sequencing, RNA-seq, variant 

detection (e.g. mutations, deletions)

• Key Technologies
- Illumina , PacBio, Oxford Nanopore

• Advantages
- High throughput, deep coverage, and broad 

applications in diagnostics and research.

“Progress in science depends on new techniques, new 
discoveries and new ideas, probably in that order.”
Sydney Brenner
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• Research: Study underlying mechanisms.

• Disease Treatment: Modify genes in somatic cells or germ cells/embryos.

• RNA Interference (RNAi):
• Double-stranded RNA (dsRNA)

• MicroRNA (miRNA)

• Small interfering RNAs (siRNA)

• Short hairpin RNAs (shRNA)

• Gene Editing Technologies:
• Zinc Finger Nucleases (ZFNs)

• Transcription Activator-Like Effector Nucleases (TALENs)

• CRISPR/Cas9

Gene editing

42
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• RNA interference 
– Nobel Prize in Physiology, 2006, Fire & Mello, “For 

their discovery of RNA interference - gene silencing 
by double-stranded RNA”

– Silence a gene by reducing mRNA expression - 
knockdown

• Crispr-Cas9 gene editing
– Nobel Prize in Chemistry 2020, Charpentier & 

Doudna, “For the development of a method for 
genome editing”

– Origin: Bacterial defense mechanism against viruses

– Silence a gene by editing DNA – knockout

– Can also be used to modify a gene (e.g. introduce or 
correct a mutation)

RNA interference and Gene editing

43

https://www.synthego.com
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• Sickle-cell Disease: Mutation i β-globin gene

• Approved in the UK (nov 2023)

CRISPR as a therapy

44

https://www.synthego.com/crispr-sickle-cell-disease
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• Immunostaining (ICC and IHC) 

• Enzyme-linked immunosorbent assay (ELISA)

• Western blot (WB)

• Flow cytometry and FACS

Studying proteins - Methods based on antibodies

45
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• Label-based method to detect proteins in cells 

using antibodies with a fluorophore

• Use of antibodies that specifically bind to proteins 

of interest (antigen)

• Antibody is conjugated with a fluorescent die – can 

combine multiple colors (3/4 usually)

• Immunohistochemistry: In tissue slices

Immunostaining

46

Dai X, Camunas-Soler, et al. Cell Metabolism 2022
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• Detect an antigen in a biological sample

• The antibody gives a signal that is proportional to the concentration of the antigen

• It is a bulk measurement, usually performed in plates (96- or 384-well plates)

ELISA (Enzyme-Linked ImmunoSorbent Assay)

47

Created with BioRender.com
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Detect and quantify protein:

1. Size separation of the protein using 

electrophoresis

2. Transfer proteins to a membrane

3. Bind primary and secondary 

antibodies to the protein

4. Visualize the proteins

Western blot

48

Created with BioRender.com
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• Laser-based analysis: Flow of cells 

is illuminated with laser beam.

• Fluorescence Detection: Dyes or 

antibody markers emit signals to 

identify cell features.

• Cell Identification: Differentiates 

cell types in mixed populations 

using surface markers.

• FACS: Sorts and isolates into wells

 cells based on fluorescence signals.

Flow Cytometry and Fluorescence-activated cell sorting (FACS) 

49

Used to analyze immune cell populations or sort stem cells
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Model organisms in research

50
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• Most diseases cannot be exclusively studied in humans - practical, ethical reasons

• Reduced complexity in model organisms:

– Controlled environment

– Study one aspect at a time

– Large control: inbreed animals, same sex, genetic background

• Model organisms can be edited and manipulated:

– Gene edits, drug treatment, stress, toxins, infections, microbiota.

Disease models

51
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• Monogenic disease:
– Diseases caused by defects in a single gene. 

  Cystic Fibrosis: mutations in the CFTR gene

• Complex diseases:
– Many genes involved, sometimes in combination with environment

 Type 2 Diabetes, Cancer, Heart Disease

– Patient Variability

 Genetics and environment are many times associated to disease development

   The immune system can affect many diseases as well

Considerations

52
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• Cells
– Human cell lines 

– Bacteria

– Yeast

• Simple Organisms
– Caenorhabditis elegans (worm)

– Drosophila melanogaster (fruit fly)

– Danio rerio (zebra fish)

• Animal Models
– Mouse

– Rat

– Primates

Model systems

53
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• Ethics

• Cost 

• Easier to understand how a system works when you can modify it and break it down

Why using model systems?

54
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• Cells:

– Pros: Practical, cost-effective, many replicates - easy to modify, test and repeat

– Cons: Low complexity – may not fully replicate disease biology

• Animals:

– Pros: high complexity – allows studying disease in a whole organism (closer to humans)

– Cons: Expensive, time-consuming, ethical concerns, complex handling

• Combine models (cells, animals and human tissues)

Choosing a model system

55
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• Cell lines:

– Immortalized: Edited to resist an unlimited number of cell divisions

– Can be grown ‘forever’ on a dish

– Easily available 

– Well studied (HeLa cells: 115,757 publications)

– Easy to add genetic modifications (e.g. CRISPR)

– Cells in culture acquire mutations not present originally

• Primary culture:

– Cells directly obtained from animals or humans

– Grown on a dish for a limited number of day (stop dividing / die)

– Closer to disease physiology

– Genetic background changes from patient to patient

Human cells

56

Neurala cancer stem cells, Carén lab
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Human cells – culture methods (I)

57
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• 2D culture
– Adherent cells: Grow on plastic surface (e.g., fibroblasts)

– Suspension cells: Grow freely in solution (e.g., T-cells, B-cells)

– Simple, cost-effective, and useful to study isolated cells or 
monolayers.

– Lacks complexity of 3D tissue microenvironment

• 3D culture
– Organoids: Aggregate of primary or stem cells that self-organize 

and mimic organ-like features

– Closer to in vivo physiology

– Limitations:

▪ Short cultivation periods

▪ Size limited due to lack of vascularization, affecting nutrient 
and oxygen supply.

Human cells – culture methods (II)

58
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• Multicellular eukaryote

• Live cycle ~2 weeks -> quick!

• Hermaphrodyte, 1 mm long, ~1000 eggs/day

• Transparent – Follow individual cells in organism.

• Sequenced genome, 60-80% of human genes have homolog in 
C Elegans, 40% of genes related to diseases

• Easy to screen new drugs

• Easy to mutate genes to study their function

• Applications:
– Studies of aging

– Development of nervous system 

Caenorhabditis elegans (worm)

59

Corsi et al, Wormbook
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• Life cycle of 2 weeks -> quick

• Sequenced genome, 60-75% of human disease genes

• Genetic studies of inheritance, but also cognitive 

studies, infections, etc

• Does not require ethical permission

Drosophila melanogaster (fruit fly)

60
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• Genes are organized in chromosomes

• Gender is controlled by chromosomal inheritance & offspring become a mixture of 

parents by combining genetic material – Nobel prize (Morgan, 1933)

• Radiation leads to mutations – Nobel prize (Müller, 1946)

• Isolation of mutation in the tumor suppressor genees

• Identification of genes regulating embryonic development– Nobel prize (Lewis & 

Nüsslein-Volhard & Eric F. Wieschaus, 1995)

Groundbreaking discoveries with Drosophila

61



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY

• Vertebrate – organs and tissues like humans

• 3 months for an adult fish

• 200-300 eggs/week – external embryonic development

• Fully sequenced genome

• 70% of human genes have a homolog

• 84% of human genes associated with disease present

• Transparent -  life-imaging of inner organs

Danio rerio (Zebra Fish)

62

AB wild-type

Casper

Transgenic GFP
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• Developmental biology, 

regenerative medicine, 

diabetes, immune research, 

cancer 

• Drug screening

In vivo imaging in zebrafish

63
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• Most common mammal model

• Genome very similar to human, share ~90%

• Shares many physiological and anatomical functions with humans

• Longer lifespan(2-3 years)

• Complex diseases– aging, neurodegenerative disorders, heart disease, obesity, cancer

• Essential in drug development

– Used to study metabolism, safety and efficacy

Mus musculus (I)

64
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• Genetically inbreed strains available

• Strains with different characteristics. e.g., db mouse 

model develops obesity and glucose intolerance

• Possible to cross mice with different mutations

• Types:

– Wild-type

– Knock-out:

▪ Homozygot

▪ Heterozygot

Mus musculus (II)
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Other mouse models(I)
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• Rat, pig, dog, horse, apes.

• Have greater similarities to humans

• Have longer lifespan:

– Long term effects on treatments

– Chronic disease

• Higher ethical bar

• Atypical animals can be of high interest:

– Axolotl – Regrows body parts

– Blind Mole Rat – Longevity (40 yrs vs 2 yrs most rodents)

Other animals in research
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• Animal experimentation is when you use animals in:

– Basic and applied research

– Diagnosis of multiple diseases

– Development and manufacture of pharmaceuticals or other chemical products

– Perform surgical procedures in animals, inject or draw blood, or if you cause animal suffering in 
any other way

– or for other equivalent purposes

Animal experimentation
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• Various permits and approvals are required to perfom research in animals.

• Personnel taking care of the animals must have the right training and competence.

• Experiments involving animals are approved by a regional ethical board. 

• The benefit of the experiment must be greater than potential animal suffering, and there

must not be an equally good alternative. 

• The requirement for ethical review applies generally to vertebrates (e.g. fish, mammals

birds). Embryos are also covered.

Research in animals – Ethics (I)

69



UNIVERSITY OF GOTHENBURG  |  SAHLGRENSKA ACADEMY  | MEDICAL BIOCHEMISTRY AND CELL BIOLOGY

• Strict rules
– In general stricter than in other environments (food production, tick control)

• 3 R – replace, reduce, refine

• Replace:
– Alternative methods

• Reduce:
– Use fewer animals through statistical planning

– Minimize variation using animals with same genetics background

– Controlled environment

• Refine:
– Plan research to minimize pain and distress to animals

– Improve living conditions with enrichment and group housing when possible.

Animal Research – Ethics (II)
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• Basic research: 

– 212,500 animals

– Cardiovascular, blood and lymphatic system (22 %)

– Nervous system (17 %) 

– Immune system (15%)

• Translation and applied research:

– 46,000 animals

– Nervous and mental disorders in humans(24 %)

– Cancer in humans(17 %) 

– Endocrine disorders and toxicology (14 %)

Animal use in research 2018
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