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Bio-image Analysis

Biologist
Domain-specialist 

(focused on 
real-world problems)

Computer Scientist
Method + infrastructure specialist 

(algorithm-centered)

Bio-image Analyst
 Generalist → 

(data-driven, 
service-oriented)

Kubernetes 
cluster

Many 
computers 

working 
together

Tribolium 
castaneum

Flour 
beetle
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Bio-image Analysis

• My job …
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Bio-image Analysis

• My job is changing, since we have ChatGPT

Prompt: 
“Please segment the 

nuclei in the blue 
channel of the 

image”
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Why code generation using LLMs?
• Output of LLMs is often criticized

for

• Limited reproducibility

• Hard to evaluate (automatically)

Output of LLM-generated code is

• Reproducible

• Can be executed and evaluted
(automatically)

No matter how often you execute this
code, the output is always garanteed

to be „a“.
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Benchmarking LLMs for Bio-image Analysis
• Use case: segment the image and measure the average area of objects.

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

858.04

…

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis
• Example test-case inspired by HumaEval (Chen et al 2021)

Prompt

Reference 
solution

Unit test 
(excerpt)

We formulated 57 
of such test-cases 

(yet)

Chen at al 2021: https://arxiv.org/abs/2107.03374 
https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

https://arxiv.org/abs/2107.03374
https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis
• Use case: segment the image and measure the average area of objects.

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

858.04

…

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

• Use-case: compute the correlation matrix

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 

Unit-test pass-rate (n=10):

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
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Benchmarking LLMs for Bio-image Analysis

• Use case: Count segmented objects in a folder of 
segmentation results.

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1    
https://github.com/haesleinhuepf/human-eval-bia 
Data Source: https://www.ebi.ac.uk/bioimage-archive/galleries/S-
BIAD634-ai.html 

Unit-test pass-rate (n=10):

300
398
368
378
363

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
https://github.com/haesleinhuepf/human-eval-bia
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD634-ai.html
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Benchmarking LLMs for Bio-image Analysis

Unit-test pass-rate (n=10)

Statistics / tabular data wrangling

Measurements / feature extraction

Advanced workflows / big data
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Benchmarking LLMs for Bio-image Analysis
• Summary: 57 use-cases (yet), 26 LLMs (yet), n=10

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3 
https://github.com/haesleinhuepf/human-eval-bia/   

$

$

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v3
https://github.com/haesleinhuepf/human-eval-bia/
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Studying strengths and weaknesses
• LLMs use different 

Python libraries 
than we Bio-image 
Analysts do.

• What can we teach 
LLMs?

• What can we learn 
from this?

Human 
reference
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Large language models

• In a nutshell

LLM

Black box

User‘s query Response



Robert Haase
@haesleinhuepf
GloBIAS DataCarpentries
workshop, IST Austria
April 2025

20

Prompt Engineering

• In a nutshell

User‘s query

Prompt Engineering

Response

LLM
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Prompt Engineering

• Modify a prompt until it works.
• Write python code to open the image file 'data/blobs.tif' 

• and threshold it using Otsu's method.

• Apply connected component labeling to the result to 

• retrieve a label image. Visualize the label image.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_generatin
g_code.html 

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Prompt Engineering

• Modify a prompt until it works.
• Write python code to open the image file 'data/blobs.tif' 

• and threshold it using Otsu's method.

• Apply connected component labeling to the result to 

• retrieve a label image. Visualize the label image.

• Do not explain the solution. 

• Only write Python code and short comments are ok.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_generatin
g_code.html 

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Prompt Engineering

• Modify a prompt until it works.
• Write python code to open the image file 'data/blobs.tif' 

• and threshold it using Otsu's method.

• Apply connected component labeling to the result to 

• retrieve a label image. Visualize the label image.

• Do not explain the solution. 

• Only write Python code and short comments are ok.

• Assume the code is executed in a Jupyter notebook.

• Do not use any of these Python libraries:

• * OpenCV

• * PIL

• * Pillow

https://scads.github.io/generative-ai-
notebooks/50_code_generation/03_generatin
g_code.html 

„L
o

n
g“

 C
o

n
te

xt

https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/03_generating_code.html
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Long-context prompting
• Also known as in-context learning

• Context with plenty of knowledge provided in system message

User‘s query

Prompt Engineering

Response

LLM
System message 
(1000s of words)
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Example: Scientific coding assistant: bia-bob

https://github.com/haesleinhuepf/bia-bob 

• long-context 
prompting for bio-
image analysis code.

https://github.com/haesleinhuepf/bia-bob
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Under the hood: long-context prompting
• Context-dependent 

system prompt 
considering

• local variables and 
functions

• installed python 
libraries

• chat history

You are a extremely talented bioimage analyst and you use Python to 
solve your tasks ...

## Python specific code snippets
If the user asks for those simple tasks, use these code snippets.

    * Load an image file from disc and store it in a variable:
    ```
    from skimage.io import imread
    image = imread(filename)
    ```

## Todos
Answer your response in three sections:
    1. Summary: First provide a short summary of the task.
    2. Plan: Provide a concise step-by-step plan without any code.
    3. Code: Provide the code.

+ your prompt

About 6500 
tokens 
(words)

…

…
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Under the hood: long-context prompting
• E.g. giving advice 

for how to use 
scikit-image

https://github.com/haesleinhuepf/bia-
bob/blob/main/src/bia_bob/suggestions/_scikit_image.py 

https://github.com/haesleinhuepf/bia-bob/blob/main/src/bia_bob/suggestions/_scikit_image.py
https://github.com/haesleinhuepf/bia-bob/blob/main/src/bia_bob/suggestions/_scikit_image.py
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Built-in: Vision Language Model

Computer
scientist

That 
makes 
sense!

Biologist

That’s 
right!

To write prompts like this, you need to have
image analysis knowledge!
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Built-in: Vision Language Model

Computer
scientist

Jeey!

Biologist

Jeey!

To proof-read this code, you need 
programming skills.

https://scads.github.io/generative-ai-
notebooks/50_code_generation/25_vision-
microscopy-hints.html 

https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
https://scads.github.io/generative-ai-notebooks/50_code_generation/25_vision-microscopy-hints.html
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Personalized ad-hoc training

• … using AI

https://chatgpt.com/ 

https://chatgpt.com/
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Personalized ad-hoc training

• … using AI

https://chatgpt.com/ 

https://chatgpt.com/
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Personalized ad-hoc training

• … using AI

https://chatgpt.com/ 

https://chatgpt.com/
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Personalized ad-hoc training

• … using AI

https://github.com/haesleinhuepf
/git-bob-playground/issues/92 

https://github.com/haesleinhuepf/git-bob-playground/issues/92
https://github.com/haesleinhuepf/git-bob-playground/issues/92
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Chatting with LLMs on GitHub/Lab
• Goal: Transparency + knowledge exchange

…

…

https://github.com/haesleinhuepf/git-bob-
playground/issues/241 

…

https://github.com/haesleinhuepf/git-bob-playground/issues/241
https://github.com/haesleinhuepf/git-bob-playground/issues/241


Robert Haase
@haesleinhuepf
GloBIAS DataCarpentries
workshop, IST Austria
April 2025

44

Collaborative Learning with AI Assistants

https://github.com/haesleinhuepf/git-bob/  
https://www.nature.com/articles/s43588-025-00781-1 

H
Domain 
expert

H
Data 

analyst

Github / Gitlab CI

Hi! I have data and would like to 
measure x.

I propose to try algorithm alg.
git-bob comment on how to do 

this with Python

AI

git-bob

LLM service 
provider 1

LLM service 
provider 2

Certainly! Try this:
from algorithms import alg

x = alg(data)

boxplot(x)

For result visualization let’s better 
use a violinplot.

git-bob ask claude to try this!

I created a 
notebook for 
using alg and 
drawing a 
violinplot:

LLM service 
provider 3

LLM

gpt-4o

LLM

claude

LLM

gemini

That looks ok/correct!

Nice! Thanks!

Just out I press 

https://github.com/haesleinhuepf/git-bob/
https://www.nature.com/articles/s43588-025-00781-1
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Collaborative Learning with AI Assistants

At that point, neither Mara 
nor me know how to do this.

https://github.com/NFDI4BIOIMAGE/training/issues/285 

Now, you can read how 
we used AI to solve it.

https://github.com/NFDI4BIOIMAGE/training/issues/285
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AI-generated training materials
• LLMs can translate and fully generate training materials 

(preferably for basic stuff)

https://scads.github.io/generative-ai-notebooks/  
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/ 
https://generated-books.github.io/ 

AI-based, automatic 
translation of training 

materials

AI-based, automatic 
generation of training 

materials

https://scads.github.io/generative-ai-notebooks/
https://haesleinhuepf.github.io/BioImageAnalysisNotebooks/
https://generated-books.github.io/


Robert Haase
@haesleinhuepf
GloBIAS DataCarpentries
workshop, IST Austria
April 2025

48

Notebook LM: Paper to Podcast

• one more very creative example how to learn using AI

https://notebooklm.google.com/notebook/70
774cfa-a940-4b7a-aa7d-be27873c88e6/audio 

Try this with a 
document you 

wrote!

https://notebooklm.google.com/notebook/70774cfa-a940-4b7a-aa7d-be27873c88e6/audio
https://notebooklm.google.com/notebook/70774cfa-a940-4b7a-aa7d-be27873c88e6/audio
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Retrieval Augmented Generation
• Enriching a prompt with relevant context

Prompt 
Engineering

Response

LLM
Knowledge base

(many documents)

Selection 
by 

relevance

User‘s query

Selection 
by 

relevance
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Training material embeddings

• Embeddings / Large Language Models a 
way to  find materials

https://github.com/haesleinhuepf/stackview/blob/main/docs/slice
plot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Training material embeddings

• Quiz: What lies between Research Data 
Management and Research Software 
Management?

?

https://github.com/haesleinhuepf/stackview/blob/main/docs/slice
plot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Training material embeddings

• Quiz: What lies between Research Data 
Management and Research Software 
Management?

https://github.com/haesleinhuepf/stackview/blob/main/docs/slice
plot.ipynb

https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
https://github.com/haesleinhuepf/stackview/blob/main/docs/sliceplot.ipynb
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Challenges

• Generative artificial intelligence imposes a risk to science

https://x.com/MicrobiomDigest/status/1825963342822793400 

https://x.com/MicrobiomDigest/status/1825963342822793400
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Rules…

• „When making their results publicly 
available, researchers should, in 
the spirit of research integrity, 
disclose whether or not they have 
used generative models, and if so, 
which ones, for what purpose and 
to what extent.“

Source: DFG (2023)
https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602
995974832f9/230921-statement-executive-committee-ki-ai-data.pdf 

Check your institutions’ 
and funders’ guidelines.

https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602995974832f9/230921-statement-executive-committee-ki-ai-data.pdf
https://www.dfg.de/resource/blob/289676/89c03e7a7a8a024093602995974832f9/230921-statement-executive-committee-ki-ai-data.pdf
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Good scientific practice

• If you use custom code written by …

• a human expert       an expert LLM 

• You should …

• Understand the code (roughly)

• Question used methods

• Check results carefully

• Test code on samples the
expert didn‘t see
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Good scientific practice

• If you use custom code written by …

• a human expert       an expert LLM 

• You should …

• Pay the expert

• Mention the expert

• Share responsibility

• Ask the expert endless
questions

• Share how you prompted the expert

$100/h $0.1/h

co-author in methods
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Summary

• Using AI in [bioimage] data analysis seems 
more and more unavoidable

• Maintaining good scientific practice is 
challenging

• Learning how to use AI responsibly is crucial 

• We are on the edge towards AI-generated, 
personalized training

https://doi.org/10.5281/zenodo.15165424 

https://doi.org/10.5281/zenodo.15165424
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