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The consortium NFDI4BIOIMAGE B

e 11 co-applicantinstitutions (6 Task Areas)
Lead institution: Heinrich Heine University Dusseldorf
N ® Speaker: Prof. Dr. Stefanie Weidtkamp-Peters

IT infrastructure (storage & playground: @Uni Miinster & @Uni Freiburg)
But not: a central data archive for all bioimaging data

¢ ° ® 12 participating institutions

[ « data stewards (DaSts) & research software engineers

o ® :
2 . community use cases

Community-oriented services (implemented or planned)
2 « Help Desk for use community support
« Training portfolio
o « Bioimage RDM playground infrastructure

£ « Supporting reproducible image analysis

Modified after: Stefanie Weidtkamp-Peters. (2023, Juni 22). NFDI4BIOIMAGE - National Research Data Infrastructure
for Microscopy and Biolmage Analysis - Online Kick-Off 2023. Zenodo. https://doi.org/10.5281/zenodo.8070038
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NFDI4BIOIMAGE Objectives - - e

Objective 4
Capacitate researchers

Objective 1
Champion the

é image

acquisition

for FAIR image data standardization
management of the ,bioimage
storage data” type
Objective 3 sare i};nﬁZLamem Objective 2
Maximize the reach . Provide scalable
process infrastructure

of reproducible image
analysis workflows for FAIR image data

in the community

Out of scope: Medical, clinical, and preclinical imaging (MRT, PET, ultrasound, etc.)

Modified after: Stefanie Weidtkamp-Peters. (2023, Juni 22). NFDI4BIOIMAGE - National Research Data Infrastructure
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Bio-image Analysis

Many
computers
working
together

Tribolium Flour
castaneum beetle

Biologist Bio-image Analyst
Domain-specialist & Generalist 2
(focused on (data-driven,
real-world problems) service-oriented)

LLMs Bio-Image Analysis, NFDI4DS Conference,

NOl4
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Kubernetes
cluster

Computer Scientist

Method + infrastructure specialist
(algorithm-centered)



Bio-image Analysis - It
* My job ...

0 Original Image o Segmented Nuclei
100 100
200 200
300 300
400 400
500 500
0 100 200 300 400 500 600 0 100 200 300 400 500 600
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Bio-image Analysis - It
* My job i1s changing, since we have ChatGPT

() ChatGPT

3 Original Image Segmented Nuclei

Prompt: -
“Please segment the
nuclei in the blue
channel of the
image”

100
200 200
300 300

400 400

0 100 200 300 400 500 600 0 100 200 300 400 500 600

The seagmentation of the nuclei has been performed on the blue channel of the image. The right side of
the figure shows the segmentad nuclei in differant colars, each corresponding to a different nucleus in
the ficld of view. Each color represents a unigque label assigned to the individual nuclei detected inthe

mage. [>-)
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Bio-image analysis beyond image

segmentation
 Crossing this border seems challenging

NOl4
3I0IMAGE

a

Feature Dimensionality
extraction reduction

Background

removal

Statistics Visualization

“Frontier of
perfectionism”

Y
Wide variety of [computational] skills required to achieve all this
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Consulting LLMs
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~® ChatGPT 5 v~

Can you help me writing code for
denoising a microscopy image?

ChatGPT 5 v~

Can you help me writing
code for segmenting a
microscopy image?

Thought for 19s

Absolutely! Below is a clear
common MICrosCopy NOIse

denoising options out of t}

ChatGPT 5 v~

Can you help me extracting features
from a segmented microscopy image?

Thought for 31s

Absolutely! Here's a reliable, ready-to-run Python workflow to
extract per-object features from a segmented microscopy image
(labels) and the corresponding raw image (intensities). It works

for 2D (and easily extends to 3D).

W IS
at d¢

W Co
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=  ChatGPT 5 v @
Can you help me writing code for
generating a UMAP from a table of
measurments?
Thought for 9s

Absolutely! Here's a clean, production-ready Python example
that reads a table (CSV/Excel), handles preprocessing (numeric
+ categorical features, missing values, scaling), runs UMAP, and

plots the embedding—with or without labels.




onsuiting S 310IMAGE
:. v Z)

ChatGPT 5 @ ([0 Data Clustering Code Implementation v Share
Can you help me writing code for @ Can you help me writing code for clustering objects based on a table of
clustering objects based on a table of measurements?
measurements

I'd be happy to help you write clustering code! To create the most useful
solution, I'll need to know a bit more about your specific situation:

Thought for 5s About your data:

. Gemini . )
Absolutely! Below if — : a - What format is your measurement table in? (CSV, database, pandas
. 2.5Flash « ¥
rows (objects) from DataFrame, etc.)
sensible workflow: « What types of measurements do you have? (numerical, categorical, or
mixed) 2
Can you he'D me Writing code for CIUStering ObjE.‘C'[S based on « Rnnghlv hnw manw nhiecte and haw manv meacnrement dimensinne?

a table of measurements? Reply to Claude...

R i Claude Sonnet 4 -

.*

What kind of objects are you trying to cluster? What kind of measurements do
you have? And how many objects and measurements are we talking about?

If you could provide me with more details about your specific problem, | can give
you a more targeted and useful response. However, here's a general guide and a

Python code example for clustering objects based on a table of measurements.
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Benchmarking LLMs for Bio-image Analysis

« Use-case: segment an image, extract features and create a UMAP.

label maximum mean median minimum sigma sum variance
0 1 1430 117489451 117.041016 930 9489786 278450 90.056032
1 2 1130 83.052219 82177734 650 9699808 31809.0 94.086271
2 3 130.0 108.930403 108.076172 920 7557057 297380 57.109109
3 4 129.0 94.576991  93.134766 700 11433116 534360 130.716136
4 5 149.0 119454545 119.033203 89.0 12017958 328500 144.431321
5 6 1420 124947368 126.005859 1040 10.544100 11870.0 111.178052
6 7 1480 124.129964 124.013672 99.0 11.807226 343840 139.410584
7 8 1520 103.128120 99.111328 740 18019024 619800 324685225
8 9 137.0 83685407 79.189453 59.0 16.856217 69961.0 284.132050
9 10 163.0 135924832 136.962891 99.0 13564650 101264.0 183.999719
10 m 1750 98.692044 92.138672 59.0 25488803 115371.0 649.679055
1 12 1270 76991909 72216797 540 16391926 47581.0 268.695234
12 13 160.0 130.877049 129.990234 109.0 10845245 638680 117.619349
13 14 123.0 112.602410 112.060547 103.0 4.444618 93460 19.754628
14 15 1750 123444924 121.025391 83.0 18915416 571550 357.792956

%/
. . . S
—
NIt-test pass-rate \nN= : > R
& PN 0
Q < Q > SV X
\Q}QJ QOQ ’1?‘/ ® q?‘g R

workflow _segment_measure_umap 1.0
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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

label maximum mean median minimum sigma sum variance elongation feret_diameter
0 1 143.0 117.489451 117.041016 930 9.489786 278450 90.056032 1.228690 8.774964 . . .. . . . .
label maximum mean median minimum sigma sum variance elongation feret_diameter
1 2 113.0 83.052219 82.177734 650 9.699808 31809.0 94.086271 1.325096 13.152946
label EEECVVVREEIEECIESCEY P I CEYA R MR PEEN -0.136779 -0.170934 -0.134539  -0.014857 0.105859
2 3 130.0 108930403 108.076172 920 7557057 297380 57.109109 1.565911 12.884099
3 A e r——— 00 TI/ESG R0 ERTIEED . VTR maximum [EUCRETECREENRo0LRR: L EEERS I VETAELS  0.577706  0.576118 0.522637 0.563160  -0.028076 0.144944
4 5 149.0 119.454545 119.033203 890 12.017958 328500 144.431321 1429829 10.723805 [LLELN -0.651268 = 0.824653 1.000000 0.997051 0.918750 ENeXeZIZLTRENE EYET: VAo % 1] 0.122359 -0.173872
5 6 142.0 124.947368 126.005859 1040 10.544100 11870.0 111.178052 1.196911 9.273618 median EVCEFAEEERNVEFAECRERREF{C) BN RO PER CER -0.013701 0.111119  -0.002710 0.133479 -0.205403
6 7 148.0 124129964 124.013672 99.0 11.807226  34384.0 139.410584 1.137575 13.114877 minimum [GLYPEE} Wevaal 0918750 0.928168 1.000000 -0.057844 0.217240
7 8 152.0 103.128120 99.111328 740 18.019024 61980.0 324.685225 1.373404 14.866069
sigma -0.136779 0.576118 0.040456 -0.013701 1.000000 (EEEEEEN  -0.250655 0.436449
8 9 137.0  83.685407 79.189453 59.0 16.856217 69961.0 284.132050 1.205095 14.456832
sum -0.170934  0.522637 0.157387 0.111119 -0.057844 Rl 0602559  -0.074555 0.775197
9 10 163.0 135924832 136.962891 99.0 13.564650 101264.0 183.999719 1.169756 14.730920
10 1 1750 98692044 02138672 500 25488803 1153710 649.679055 1201427 16.911535 variance -0.134539  0.563160 0.052848 -0.002710 WELLELl  0.602559 ERfdoiel  -0.191963 0.370870
11 12 127.0 76991909 72216797 540 16391926 47581.0 268.695234 1.272889 15.066519 elongation -0.014857 -0.028076 0.122359 0.133479 0.217240 -0.250655 -0.074555 -0.191963 1.000000 0.184445
12 13 160.0 130.877049 129.990234 109.0 10.845245 638680 117.619349  1.143453 13.152946 feret diameter 0.105859  0.144944 -0.173872 -0.205403 0436449 | Wliihcr. 0370870  0.184445
13 14 123.0 112602410 112.060547 103.0 4.444618 9346.0 19.754628 2.025953 9.110434
14 15 175.0 123444924 121.025391 830 18915416 57155.0 357.792956 1.339038 13.892444
’
(9 /
O )

Unit-test pass-rate (n=10): & K g S

O q ?)’ '\, , (O (e
e O AR ‘ ) R Q
& & K R Wl %) & NS
@ Q A¥ A% O S & Qo & &
132 & Qv Q& ) S & &

\2 D%
pair_wise_correlation_matrix 1.0 1.0

) N
I T BT 0

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
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Benchmarking LLMs for Bio-image Analysis - I

 Use case: Open a zarr file

bi.zarr mp |

b N , 0(9 / O
Unit-test pass-rate (n=10): & & S S .
& AN ¥ A XN ) R &
& & o (}Q’\) b"\/ %Qx @ &6 ((;\o &,}\
,\Qs/& %,\9’1’ ,\/Q'\' & o",»'»g o2 &

https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1
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Benchmarking LLMs for Bio-image Analysis

* Summary: 57 use-cases (yet), 26 LLMs (yet), n=10

Check out KISSKI ChatAl and
Helmholtz Blablador:
https://kisski.ewdg.de/leistu

ngen/2-02-llm-service/
https://helmholtz-
blablador.fz-juelich.de/

reference
claude-3-5-sonnet-20241022
claude-3-5-sonnet-20240620
gpt-40-2024-08-06
01-mini-2024-09-12
gpt-40-2024-05-13
gpt-4-turbo-2024-04-09
claude-3-opus-20240229
gpt-4-1106-preview
gemini-1.5-pro-001
meta-llama-3.1-405b-instruct
gpt-40-mini-2024-07-18
deepseek-coder-v2
llama3-70b-instruct-q8_0
llama3-70b-instruct-q4 0

Possibly gpt-3.5-turbo-1106
) gemini-1.5-flash-001
available on : codegemma-7b-instruct-fp16
. . . | =+ mixtral-8x22b-instruct-v0.1-g4_0
Institutiona mixtral-8x7b-instruct-v0.1-g5 0
H phi3-3.8b-mini-instruct-4k-fp16

or national codellama-70b-instruct-g4_0
infrastructure gemini-pro

mistral-nemo
llama3-8b-instruct-fp16
command-r-plus-104b-g4 0
codellama

MRV IR BN N LS N Ep) RN @ela i< (=g [«=38 Robert Haase, November 25th 2025 21
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Can LLMs solve real-world GitHub issues? - SioiMAGE

Published as a conference paper at ICLR 2024

SWE Bench (full)
35 &V{E-agent 1.0 (Claude 3.7 Sonnet)

SWE-BENCH: CAN LANGUAGE MODELS RESOLVE

REAL-WORLD GITHUB ISSUES? 30 - ppenHands + (odeAct v2.1 (claude-3-5-sonnet-20241022)

CarlosE. Jimenez ™ John Yang''*  Alexander Wettig!? 25 - ‘AutoCodeRov pr-v2.0 (Claude-3.5-Sonnet-20241022)

Shunyu Yao'? Kexin Pei’ Ofir Press'?  Karthik Narasimhan'-

"Princeton University  “Princeton Language and Intelligence  *University of Chicago

D 20
% & WE-agent + Claude 3.5 Sonngt
&V_} 15 -
SWE-bench R §xi-agent :‘sﬁc}figg%kgﬁ)cw 40 (2021-05-13)
Moaodel % Resolved % Apply 10 4 et
Claude 3 Opus 3.79 46.56
Claude 2 1.97 43.07 1 RAG + Claude 3 Opus
EgaTlﬁ_FT_if []]é*;r %233 Al B i g{;&d!el 2 45 + GPT 4 (1106)
-G4-[ur . s
SWE-Llama 7b 0.70 51.74 RN IR I
SWE-Llama 13b 0.70 53.62 LSS
Date
Source: Jimenez et al (2024), Plot data source:
licensed CC-BY 4.0 https://www.swebench.com/
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Al-generated Code - i

* ... appears online

Q ]
more and more 3 %P — china
&) — rance
8 0.301 Germany
. .E; 0.5 — India_
* Indicator: Share of Al- g ™%| — [
generated code to 9 0.20
Python-Contributions = ...
on Github.com 5
O 0.10{
((v]
e
v 0.05]
©
Q
£ 0.00
g
S —0.05
~ 2020 2021 2022 2023 2024 2025
Year

Source: Daniotti et al (2025), licensed CC-BY 4.0
Iy e o9 Robert Haase, November 25th 2025 25 https://arxiv.org/abs/2506.08945
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Collaborative working with Al assistants

* New Al-assisted coding
solution appear darly

e Human-human-Al
Interaction

* Transparency
» Knowledge exchange

nature computational science

Explore content v About the journal v  Publish with us v

nature » nature computational science > correspondence > article

Correspondence | Published: 27 March 2025

Towards transparency and knowledge exchange in Al-
assisted data analysis code generation

Robert Haase &

Nature Computational Science (2025) | Cite this article

235 Accesses | 16 Altmetric | Metrics

LLM service
provider 1

LLM

gpt-4o

LLM service
provider 2

LLM

claude

LLM service
provider 3

LLM

gemini

MRV IR BN N LS N Ep) RN @ela i< (=g [«=38 Robert Haase, November 25th 2025
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Github / Gitlab Cl

Al

git-bob

Hi! | have data and would like to
measure Xx.

| propose to try algorithm alg.
git-bob comment on how to do
this with Python

Domain
expert

Certainly! Try this:
from algorithms import alg
x = alg(data)
boxplot (x)

For result visualization let’s better
use a violinplot.
oit-bob ask claude to try this!
drawing a

violinplot:

That looks ok/correct!
Nice! Thanks!

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

Data
analyst

| created a
notebook for
using alg and
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Summary & Outlook - I

« Using Al / LLMs in [bioimage] data analysis
seems more and more unavoidable

« Maintaining good scientific practice is
challenging (esp. human-Al peer-review)

* Relying on institutional infrastructure
exclusively is important but hard

* Learn how to use Al responsibly
(-> train the trainers)

« We are on the edge towards Al-agents
analyzing image data autonomously.

https://doi.org/10.5281/zen0do.17669681
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Bio-Image Analysis Communities - i
* Image/data analysis + data management support

* Networking opportunities
* Trainings

o o
o. —

// o

- oo \\
NFDI 4 . )
- 310IMAGE @ image.sc  GloBIAS 1

Global Biolmage 4?"

Image Science Community Forum Analysts’ Society .
-, ’
x:=

National Infrastructure for Research
Data Management in Biolmaging

https://nfdi4bioimage.de/help-desk/ https://image.sc/ https://www.globias.org/about-
globias/globias-association
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