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Bio-image Analysis
* My job ...

Original Image
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Bio-image Analysis
* My job is changing, since we have ChatGPT

() ChatGPT

Original Image Segmented Nuclei

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

100
200 200
300 300

400 400

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

500

The seagmentation of the nuclei has been performed on the blue channel of the image. The right side of
the figura shows the segmented nuclei in different colors, each corresponding to a different nucleus in

the field of view. Each color represents a unigue label assigned ta the individual nuclei detected in the

image. [>-)
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Analysis

skimage io, filters, measure, morphology
matplotlib.pyplot s plt

numpy np

image = io.imread(

blue_channel = imagel:, :, 21

thresh = filters.threshold_octsu(blue_channel)
binary = blue_channel > thresh

cleaned = morphology.remove_small_cbjects(binary, )]
closed = morphology.closing(cleaned, morphology.disk(Z))

label_image = measure.label({closed)

fig, ax = plt.subplots(i, 2, figsize=(i12, £))
ax[0].imshow(image)

ax[0].set_title( )
ax[1].imshow(label image, cmap=
ax[1].set_title( 1]
plt.show()
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Why code generation using LLMs?

« Output of LLMs is often criticized Output of LLM-generated code i

for « Reproducible

 Limited reproducibilit
P / , « Can be executed and evaluted
« Hard to evaluate (automatically) (automatically)
55}! 3 Sa}.r 3 Write Python code that says "a”.
< EI.I"E 55 Certainly! Here's a simple Python code snippet that prints the letter "a":

No matter how often you execute this
code, the output is always garanteed
to be ,,a“

&G a

Robert Haase
@haesleinhuepf
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Benchmarking LLMs for Bio-image Analysis

« Use case: segment the image and measure the average area of objects.

31.0
815.0
1166.0
1135.0

680.0
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Benchmarking LLMs for Bio-image Analysis
« Example test-case inspired by HumakEval (Chen et al 2021)

def workflow_segmentation_measurement_summary(image):

This function implements a workflow consisting of these steps:
* threshold intensity input image using Otsu's method

* label connected components

* measure area of the labeled objects

* determine mean area of all objects

o

Prompt

import skimage
import numpy as np
binary_image = image » skimage.filters.threshold octsu{image)

label image = skimage.measure.label(binary_image) Refe rence
stats = skimage.measure.regionprops(label_image)

areas = [s.area for s in stats] S()Iljti()r]

return np.mean(areas)

def check{candidate):
import numpy as np We fO rm U|ated 57
assert candidate(np.asarray([

[0,0,0,0,0], L Unit test Of SUCh test-cases

[1,1,1,8,8],
[1,1,1,8,0], (excerpt)

el (yet)
1Xe== _ 7
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Benchmarking LLMs for Bio-image Analysis

« Use case: segment the image and measure the average area of objects.

aréa
0 G55.0
1 1.0
2 15.0
2 1166.0
4 11350
g &80.0
6 13740
7 712.0
& o
?;,) ' Q\'QK \\’b@'b
X Q Q
NN & &
S % S
0.1
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Benchmarking LLMs for Bio-image Analysis

« Use-case: compute the correlation matrix

b c d e

0 1.500000 EeAlvdveil 1.600000 1.700000 1.700000

1 2300000 EEROULWIE 2.300000 2.400000 2.400000 =] b c d =

2 2600000 Eeleliliiil 2.600000 2400000 2400000

0.949504 0. 775 0995800 0.995800

3 3.700000

4 3400000 Ripugyl 3400000 3500000 3.500000 I 1.000000 0. 0.046039 0.946039
S 3.900000 EiELVEIE 3.900000 3.900000 3.900000

6 | 4300000 EeEIGVVON 4300000 500y

7 4300000 EURIIVIN 4300000 4.200000 4.200000

eI 3700000 3.600000 3.600000

0.949594 1.000000

0.946039 0.995001

4.000000 WU 4.000000

N 5100000 0.500000 5.000000  5.000000

0.995800 0.946039 0.995001

'R 5200000 0.600000 5.100000 5.100000
Ll 5300000 0.600000 5400000 5.400000

(P8 5500000 0.600000 5.400000 5.600000 5.600000

. _ . 5 Q\\ﬁ" o et
Unit-test pass-rate (n=10): S 3 S $ o
e B Lo W ° $ N
Q/Q(J Q&?{ VQV/ fb\}e} Qrﬂ/ Q\fb‘ ,\Q§ &?J' . \Q\' Q}\’b
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Benchmarking LLMs for Bio-image Analysis

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

=i Ganglioneurcblastoma_0.tif
=i Ganglioneurcblastoma_1.tif

=i Ganglioneurcblastoma_2.tif

=i Ganglioneurcblastoma_3.tif

=i Ganglioneurcblastoma_4.tif

. . , N , o
Unit-test pass-rate (n=10): Fo S 0 & o N
& NN D > Q© e Q¢ S
& & NQ > b‘g’\/ %Qx' © Q\"bb {(\\o\ 66\\
& RN C N & RS ¢ Ko
workflow_batch_process_folder_count_labels 0.1 0.0 0.3 0.0 0.0 0.0
Robert Haase https://www.biorxiv.org/content/10.1101/2024.04.19.590278v1 .
S DS AII gggﬁf@;ﬂg ontrios https://github.com/haesleinhuepf/human-eval-bia » EEI?\I/-IENRIgﬁiE i UNIVERSITAT
Ca . workshop, IST Aupstria Data Source: https://www.ebi.ac.uk/bioimage-archive/galleries/S- DRESDEN LEIPZIG

DRESDEN LEIPZIG April 2025 BIAD634-ai.html



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

Benchmarking LLMs for Bio-image Analysis
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5 9 S S
& W oS &’f’b % A o &
. & & o @ QOQ“ N Q’“’b © (0\0\
Unit-test pass-rate (n=10) A AN & XS &

Statistics / tabular data wrangling
combine_columns_of _tables m 0.1 m 0.1
SWE 0 | os | o | oo | o | os [
B0 0 | 0 | 0 | 0o | o [NGGRMNE

Measurements / feature extraction

measure_intensity _over_time 04 0.1 04 0.0 0.1
measure_intensity_of labels 04 04 0.1 0.0 0.0
measure_properties_of regions mm 0.2 0.0 0.1
count_number_of touching_neighbors 0.1 0.2 0.1 0.0 0.0

Advanced workflows / big data
tiled_image_processing 0.2 0.0 0.0 0.0 0.0

0.0
workflow batch_process_folder measure_intensity 0.0 m 0.1 0.0 0.0
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Benchmarking LLMs for Bio-image Analysis

* Summary: 57 use-cases (yet), 26 LLMs (yet), n=] 0
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Studying strengths and weaknesses
bt ool e ol ol e

118 170 104 112 118 123 131 141 65 126 141 89 156 144 76 57 76 168 82 138 118 31 133 155 82 114

220 497

220

numpy

L]
* LLMs use different
L] L]
Python libraries
o o cv2 56 45 51 31 66 63 44 57 52 40 100 112 85 107 144 107 43 90 76 107 120 82 137 192 31 137I
than We BIO-Image pandas § 60 95 100 98 97 99 100 99 97 68 100 100 101 100 100 90 88 74 98 72 99 81 52 97 98 89 95
Analysts dO. pyclesperanto_prototype §404 0 0 0 0 0 0 0 0 O O O O O O O O O O O O O O O O 0 O

vedofj2000 0 0 0 0 O O 0O OO O OO OTOOOOUOOU OOTUOTU OQCOTUWO

skimage 124 115 110 108 102 129 125 132 149 119 87 149 98 85 115 91 154 118 102 129 151 116 60 68 131 96

umap § 20020 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 16 20 20 20 19 20
dask y104y 0 o o o 0 o 0o 0o 0 0 0 0O 0O OO OC OOOWO3 0 0 0 0 O
nibabel § 10813 12 18 15 16 17 10 20 10 18 20 11 20 20 11 11 14 11 10 11 10 10 10 11 17 12

SimplelTKR Of7 10 2 5 7 2 10 1 4 2 0 0 0 O 8 10 2 7 10 0 9 7 8 0 0 1

« What can we learn mesn | o

0o 000 0OOOOOT O T2 002 11 000 1 00 0 0
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Large language models

e |n a nutshell

LLM

{ User’s query J [ Response J
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Prompt Engineering

e |n a nutshell

Prompt Engineering

{ User’s query J [ Response J
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- Prompt Engineering

° MO d[fy a prompt unti/ it WO[’kS. Here is the python code to achieve the task:

« Write python code to open the image file 'data/blobs.tif'

import cv2

« and threshold it using Otsu's method. import numpy as np
) impeort matplotlib.pyplot as plt
« Apply connected component labeling to the result to

. . . . . # Load the image
+ retrieve a label image. Visualize the label image. e T e e e

# Apply Otsu's thresholding
_, thresholded = cv2.threshold(img, ©, 255, cv2.THRESH_BINARY + cv2.THRESH OTSU)

# Apply connected component Labeling
num_labels, labels = cv2.connectedComponents(thresholded)

# Visualize the Label image
plt.figure(figsize=(1@, 18))
plt.imshow(labels, cmap='nipy spectral’)
plt.colorbar()

plt.show()

Make sure you have the necessary libraries (OpenCV, NumPy, and Matplotlib) installed in

your Python environment before running the code.
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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. import cv2

) impeort numpy as np
+ Apply connected component labeling to the result to
# Read the image

* retrieve a label image. Visualize the label image.
img = cv2.imread( data/blobs.tif", cv2.IMREAD GRAYSCALE)

lain th luti ‘ # Apply Otsu's thresholding
* Do not explain the solution. thresh = cv2.threshold(img, @, 255, cv2.THRESH BINARY + cv2.THRESH_OTSU)

—3

* Only write Python code and short comments are ok.
# Apply connected component Labeling

num_labels, label image = cw2.connectedComponents(thresh)

# Visuaglize the label image

cv2.imshow( Label Image', label image.astype(np.uintd) * 58)
cvZ.waitKey(8@)

cv2.destroyAlllWindows()

_I (R@Oht)aeer;:iiieepf https://scads.github.io/generative—ai— TECHNISCHE i UNIVERSITAT
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- Prompt Engineering

« Modify a prompt until it works.
« Write python code to open the image file 'data/blobs.tif’
. . i t matplotlib. lot 1t
« and threshold it using Otsu's method. T
from skimage import io, filters, measure
* Apply connected component labeling to the result to
) ] ) ) ) # Load the image

« retrieve a label image. Visualize the label image. image = io.imread( data/blobs.tif")
=
_,q_-,) # Threshold using Otsu's method
S « Do not explain the solution. thresh = filters.threshold otsu(image)
Q ) binary image = image > thresh
< 1 ° Onlywrite Python code and short comments are ok.
go # Connected component Labeling
®) label _image = measure.label(binary_image)
— . .

2 « Assume the code is executed in a Jupyter notebook.
D . fth Pvth libraries: # VWisualize the label image
+  *QOpenCV plt.imshow(label_image, cmap='nipy spectral’)
plt.axis( ' off")
e *PIL plt.show()
«  *Pillow

Robert Haase
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Long-context prompting

 Also known as in-context learning
« Context with plenty of knowledge provided in system message

/
System message
(1000s of words)
-
{ User’s query J [ Response J
Robert Haase TECHNISCHE /7
—I @haesleinhuepf HE (il
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Example: Scientific coding assistant: bia-bob

r] r] import bia_bob import numpy as np

([ ] O —CO eX - from skimage import ioc, filters, measure, segmentation
import matplotlib.pyplot as plt
import pandas as pd

ro l I l tl n fo r b I O— %%bob :i.mpor‘t |:-y|:_'les?erant:_prntctype as cle
# |Lpad blobs.tif from disk import stackview
# Segment the bright objects on the dark background

iImage analysis code. il o e erinecer of the obects

* Show the original image, the segmented image and an

# Load the image
image = io.imread( blobs.tif’)

# Segment the bright objects

: + Tl e b id = bfi thresh = filters.threshold_otsu{image)
darea versus perimeter plo 51de-Dy-51de using su igures. binary = image » thresh

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-5- # Lobel the objects

sonnet-20240620, vision model: claude-3-5-sannet-20240620, endpoint: Mane, bia-bob version: 0.21.0. Do not labels = measure.label(binary}
enter sensitive or private information and verify generated contents according to good scientific practice. Read Y ———
maore: hitpsy//github.com/haesleinhuepf/bia-bob#disclaimer ;_,..OF_E,:__i;S - r']éte;', ‘ares’, 'perimeter’]

df = pd.DataFrame(measure.regionprops_table(labels, properties=properties))

# Create the figure with subfigures

Segmented tmage Areava Auvtmater fig, (axl, ax2, ax3) = plt.subplots(l, 3, figsize=(15%, 5))

Onginal image

20 # Original image
o % * axl.imshow(image, cmap="gray’}
g & axl.set_title{ Original Image’)
o o 50" axl.axis('off')
- '
B "J’ # Segmented imoge
Z - axl.imshow(labels, cmap='nipy_spectral')
L axd.set_title('Segmented Image")
05 3 axi.axis('off')
N
o-
# Scotter plot
0 0 00 10 8
o ax3.scatter(df[ "area’], df[ perimeter'])
) ax3.set_xlabel( Area')
. label area per‘lmeter‘ ax3.set_ylabel( Perimeter’)
.A (%] 1 433.0 91.254834 axi.set_title{ Area ws Perimeter’)
1 2 185.0 53.556349 N .
plt.tight_layout()
Jupyter 2 3 658.0 95.698485 plt. shaw()
3 4 434.0 76.870058 .
# Display the dotaframe
4 5 477.0 83.7989%0 print{df.head{}}

o
Robert Haase TECHNISCHE
@haesleinhuepf . . . Al
Sca DSA" GloBIAS DataCarpentries https://github.com/haesleinhuepf/bia-bob 28 UNIVERSITAT

DRESDEN LEIPZIG workshop, IST Austria DRESDEN
April 2025

UNIVERSITAT
LEIPZIG



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

- Under the hood: long-context prompting

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

« Context-dependent
system prompt

considerin
g ## Python specific code snippets

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

 |ocal variables and

functions e . e
* Load an image file from disc and store it in a variable:
* installed python e
I.braries from skimage.io import imread
| image = imread(filename)

e chat history
## 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.

About 650(C
L tokens
(~words)

Robert Haase
@haesleinhuepf
GloBIAS DataCarpentries
workshop, IST Austria
April 2025
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Under the hood: long-context prompting

° E.g. glVlng adV|Ce ### Processing images with scikit-image
for hOW to use * Load an image file from disc and store it in a variable:
scikit-image

from skimage.io import imread

image = imread(filename)
* Expanding labels by a given radius in a label image works like this:

from skimage.segmentation import expand labels

expanded labels = expand labels(label image, distance=18)
* Measure properties of labels with respect to an image works like this:

import pandas as pd

from skimage.measure import regionprops_table

properties = ['label’, 'area', "mean_intensity'] # add more properties if needed
measurements = regionprops_table(label image, intensity image=image, properties=properties)

df = pd.DataFrame(measurements)

Robert Haase
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Built-in: Vision Language Model

B¥bob image

What's in this microscopy image?
Answer in one short sentence.

The microscopy image shows numerous cell nuclel scattered across a dark background.

F¥bob
What deep-learning-based Python library could be used to segment the nuclei?

A deep-learning-based Python library that could be used to segment the nuclei is Cellpose.

A¥bob
Please provide Python code for applying this algorithm to my image.

Make sure the result is a label image of integer type.
Also visualize the result using an animated curtain.

To write prompts like this, you need to have Biologist
image analysis knowledge!

Computer
scientist

Robert Haase ]
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Built-in: Vision Language Model

Robert Haase
@haesleinhuepf

from cellpose import models
import numpy as np

# Load the pre-trained model
model = models.Cellposei{model tvoe="nuclei'?
F¥bob

Please provide Python code for applying this algorithm to my image.

Make sure the result is a label image of integer type.
Also visualize the result using an animated curtain.
™ rraLAar P I e e L L L= (R p LR '\.l'll.ﬂl:rl_ LF'JI I.II_H_HI_I LJ'_F'H_

label image = masks.astype(np.int32)

# Visualize using an animated curtain

stackview.animate_curtain(image, label_image)

T

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

https://scads.github.io/generative-ai-

Sca DS.AII GloBIAS DataCarpentries notebooks/50 code generation/25 vision-
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Personalized ad-hoc training

... u SI ng AI ® Sure! Let's break this down step by step.

1. Understanding Variables:

E){FJ|E]IH the fD”DWIHQ code like I'm 12 years old: * ‘date_range’, ‘temperatures", and “rain® are like boxes that store lists of information.

Imagine you have three lists:

data = {
‘date: date_range,
temperature’: temperatures,

e One list (" date_range") has different dates.

» Another list (" temperatures*) has temperatures for those dates.
'rain’: rain ¢ The third list (* rain*) shows whether it rained on those dates.
}

df = pd.DataFrame(data)

Robert Haase
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Personalized ad-hoc training

e ...using Al

Explain the following code like I'm 12 years old:
2. Creating a Dictionary:

data = {
‘date: date_range,
temperature’: temperatures,

¢ ‘data' is like a big box that contains three smaller boxes. Each smaller box has a label and a

list inside it.

¢ The label *date" has the list of dates.

rain’: rain
} * The label * temperature® has the list of temperatures.
df = pd.DataFrame(data) » The label “rain® has the list of rain information.
Robert Haase TECHNISCHE _
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Personalized ad-hoc training

e ...using Al

Explain the following code like I'm 12 years old:

data = {
‘date: date_range,
temperature’: temperatures,
rain’: rain
1 3. Creating a DataFrame:

df = pd.DataFrame(data)

* ‘pd.DataFrame(data)" is like turning the big box *data® into a super-organized table. This

table is called a DataFrame, and it's very easy to read.

* ‘“pd* stands for *pandas*, which is a library (a collection of tools) in Python that helps us

work with tables and data.

ha.a»_,-- ) , UN IVE RSITAT
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" Personalized ad-hoc training

[ ]

e ...using Al

v @ ChatGPT X  + — (m]

€ > C % chatgptcom/c/6725dd72-a984-8013-bc70-84edd93c714c w &

[«

(D & ChatGPT &, Share

please generate a python jupyter notebook that explains the very
basics of tabular data wranging using pandas

@  Here'sa simple Python Jupyter notebook that explains the basics of tabular data wrangling using
pandas . The notebook covers loading data, exploring it, and performing basic transformations. You

can copy and paste this code into a new Jupyter notebook to run it:

python (P Copy code

# Jupyter Notebook: Basics of Tabular Data Wrangling with Pandas
# Let’s start by importing the pandas library

import pandas as pd

# ## 1. Loading Data

# Pandas can load data from various file “~wmats such as cSV, Excel, SQL databases, etc.

# For demonstration, we'll create a simpt. data dictionary and convert it to a DataFrame.

@ Message ChatGPT

ChatGPT can make mistakes. Check important info.

[Statistics question]: How to use Pandas #97

haesleinhuepf opened this issue 1 minute ago - 0 comments

haesleinhuepf commented 1 minute ago

“ew

Owner

Please generate a python jupyter notebook that explains the very basics of tabular

data wranging using pandas

git-bob try to do this.

®)

Preview

github-actions  bot commented now =

This message was generated by git-bob (version: 0.12.1dev, model: claude-3-5-sonnet-

20241022, |og), an experimental Al-based assistant. It can make mistakes and has

limitations. Check its messages carefully.

| created a comprehensive pandas tutorial notebook that
demonstrates fundamental data manipulation tasks using pandas,
including creating DataFrames, basic operations, filtering, grouping,
and visualization. The tutorial generates example datasets saved as
CSV files (statistics.csv, grouped_stats.csv, and measurements.csv)
and includes a visualization showing a boxplot comparing
measurements across different groups.

statistics.csv Sample dataset containing basic statistical
measurements.

grouped stats.csv Dataset showing grouped statistical
calculations.

measurements.csv Raw measurement data used for the tutorial
examples.

172 lines (172

github-actions[bot] Created a basic pandas tutorial notebook demonstrating DataFrame crea... @@
loc) - 3.97 k8
Code  Blame

Pandas Basics

This notebook explains the basics of working with tabular data in pandas.

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

Creating a DataFrame

Let's create a simple DataFrame with some measurement data

data = {
lexperiment’: ['A', 'A', 'B', 'B', 'C'],
. [0.5, 15.2, 8.7, 9.1, 12.3],
[e, 1, 0, 1, 0]

‘time
}
df = pd.DataFrame(data)

df .to_csv('measurements.csv', indexzFalse)

Basic DataFrame operations

# Reading data

df = pd.read_csv(‘measurements.csv’)

# Basic statistics
stats = df.describe()
stats.to_csv(‘statistics.csv’)

67¢1028- 1 minute ago

8 rw D& 2

l
Y
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Chatting with LLMs on GitHub/Lab

« Goal: Transparency + knowledge exchange

0 haesleinhuepf opened last week see @ github-actions st week Contributor) *** Image Classification using ResNet30

First, let's install and import the necessary libraries.

This message was generated by git-bob (version: 0.19.1, model: claude-3-5-sonnet-20241022, Io_g}, an

Ipip install torch torchvision pillow requests

Ild ||ke tO ha\fe python COde .ltor experimental Al-based assistant. It can make mistakes and has limitations, Check its messages carefully.
[ N N ]
CIaSSIfymg images. | think using the | worked on implementing image classification using ResNet50 from torchvision o
. . . . . From torchvision impert models, transforms
resnet50 model from torchvision. We can for the microscope and cat image. | first saved the input image as 6 Pl (T g

impert requests
from io import BytesIO

microscope_cat.jpg, then created a Jupyter notebook (image_classification.ipynb)

use this as example image:
P 9 that implements the classification logic using the ResNet50 model. The

Load and preprocess the image

notebook loads the image, preprocesses it, and uses the pre-trained model ta 4 berine tmse tromsFormations
. L . - . . = . . reprocess = transforms.Compose ([
» predict what's in the image. The classification results were saved to a text fild Top 5 predictions: s Tt

transforms . CenterCrop(224),
transforms. ToTensor (),

and | made sure to specify the required dependencies in requirements.ixt fo sewing machine: ©.443 e TR (TS, (S e, (LT, (AT
1]

anyone who wants to run this code. o
toaster: 8.248 0 T e e
input_tensor = preprocess(image)

input_batch = input_tensor.unsqueeze(8)

see iron: @.132

. Load the pre-trained ResNet50 model and run inference
o . . ) soap dispenser: 8.847
* classification_results.txt Contains the top predicted categories from the

# Load model and weights

Before running the classification, make ResNet50 model for the input image vacuum: ©.033 g i i i DU

. . . i model.eval()
sure all necessary libraries are installed. * image_classification.ipynb Jupyter notebook implementing the image _ & fum tnorence
with torch.no_grad()

classification using ResNet50 model from torchvision output = model (input_batch)

. . . . . # Get class names

git-bob try to do this. * requirements.txt Lists the Python package dependencies needed to run the iR o e ]
classification code i W
probabilities = torch.nn.functional.softmax(output[@], dim=a)
@ # Save results
. with open(’classification results.txt’, 'w’) as f:
Create sub-issue v (O & 1 el T 3 et

f.urite(f' {categories[idx]}: {probabilities[idx].item():.3f}\n")

Robert Haase
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ScaDS.mI G|oaB?Z§BatL;i2rpenmes https://github.com/haesleinhuepf/git-bob s et

DRESDEN LEIPZIG workshop, IST Austria plavground/issues/241 DRESDEN
April 2025

UNIVERSITAT

. LEIPZIG



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

Collaborative Learning with Al Assistants

LLM service Github / Gitlab CI
provider 1 Hi! | have data and would like to
measure X.
LLM | propose to try algorithm alg.
- git-bob comment on how to do
gpt-=0 this with Python
Domain .
Certainly! Try this: - E:‘
LLM service from algorithms import alg expert JUSt OUt | preSS 4
rovider 2 x = alg(data)
P boxplot (x) g
LLM Al For result visualization let’s better 0 nature computational science
use a violinplot. Data
CIaUde . sit-bob ask claude to trv this! Explore content ¥ About the journal v Publish with us v
git-bob . analyst
I created a nature » nature computational science » correspondence » article
notebook for
LLM service using a/g and Correspondence | Published: 27 March 2025
provider 3 drawing a R Towards transparency and knowledge exchange in Al-
violinplot: assisted data analysis code generation
LLM
That looks ok/correct! Robert Haase
gemini Nature Computational Science (2025) | Cite this article
Nice! ThankS! 235 Accesses | 16 Altmetric ‘ Metrics

Robert Haase

@haesleinhuepf
GloBIAS DataCarpentries
workshop, IST Austria
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" Collaborative Learning with Al Assistants

nghllghts of Download stats on main page. github-actions bot  commented 2 weeks ago Contributor | +=+ haesleinhuepf commented 2 weeks ago » edited ~ | Member | Author | =»»
#285
Thiz message was generated by git-bob (version: 0.8.0, modek: github_modelzgpt-4o, log). an Hi @marabuuu .
axperimental Al-bazed aszistant. It can make mistakes and has limitations. Check itz messages
haesleinhuepf opened this issue 2 weeks ago - 3 comments - May be fixed by carefully. as discussed yesterday, could you please check if this works or can be made
#3353 to work? (-
To download the first file from a Zenodo record and convert it to a PNG if it's
. Edit: Feel free to let git-bob do the hard part of the job )
pssionces @ a PPT or PDF: 9 Pa J
Thanks!
import requests i8]
haesleinhuepf commented 2 weeks ago Member | ««s from pptx import pPresentaticn Best,
from pdf2image impert convert_from_path Robert
It would be great if we had a script that determines the recently most from io import BytesIO
downloaded zenodo records, similar to this notebook: and then updates the from PIL import Image Q (&1
website main page. For example, it could replace a placeholder such as
{most_dounloaded} with some actual content. def download first_file from_zenodo(record id):
# Fetch record metadata
Optional: It could download the most downloaded thing, turn it into a PNG url = f"https://zenodo.org/api/records/ {record_id}"
and show it on the main page. This will not work with all contents obviously, response = reguests.get{url) marabuuu commented 2 weeks ago Collaborator | «++
but with PPTx or PDFs. response.raise for_status{)
data = response.json() ) i
ait-bob comment: Given a zenado record url, how would you automatically Yes, | am happy to look into this )
download the first file from this zenodo record using the zenodo AP and if & Get the first file download link
its & PPT or PDF turn the first slide or page into a PNG? file_url = data['files'][@]['links']['self'] @ @
file type = data['files'][e][ 'type"]
@ b1
. marabuuu linked a pull request 3 days ago that will dose this issue
R @ hassieinhuept assigned marabuu 2 weeks ago At that point, neither Mara \o\\VARV/eIIN-a M- Ts Male)WAN 1ighiights download stats #333

nor me know how to do this. we used Al to solve it.

Robert Haase
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Al-generated training materials

e LLMs can translate and fully generate training materials
preferably for basic stuff

Al-based, automatic Al-based, automatic
translation of training | | generation of training
materials materials

v @ Generative Artificial Intelligenc: X + v @ Bio-image Analysis Notebooks X | + v @ Introduction to Python D8

¢« > C %5 scads.github.io/generative-ai-notebooks/intro.htm| € > C % i github. g html y ¢ > € %N og od 10/bioimage-analysis- books-cn/intro.html B % € > e

25 generated-books.github.io/python-basics/intro.ntm| () Google

= = ¢ - B

ScaDSAIll  Generative Artificial Intelligence SN ‘ Bio-image Analysis Notebooks N ENEEIHECE : Introduction to Python Basics

DRESDEN LEIPZIG . . . o ’ o 2010
This page s a collection of Jupyter Notebaoks about Generative Artificia 0do.10465773 GENERATED Welcome to this comprehensive guide on Python basics! This Jupyter book is designed
in techni = i N .. GENERATED
use certain techniques using Python. It aims at Python programmers wh| BOOKS : iR, B0, REEALPRN=H  __paaqpg—* fundamental concepts of Python programming, from the very basics to more advanced
Q cer Jsd & code and images using commerical and open source/weights models ‘ This collection of Python jupyter notebooks are written for Python beginners who are interestec HBEPythonFI# BRS, BAEIRA ~ i EGEIE P B T AR T = B =F0 machine learning
dimensional images of cells, tissues, organoids and organisms acquired using modern fluoresce *,

Contributions and feedback are very welcome! In case you see room for| Basic principles are demonstrated in two-dimensional image data and more sophisticated exam

and/or consider contributing. Q search | ctrl [+ three-dimensional image data and time-lapse data sets. This book is written for biologists, biocl

Generative Artifical FERMEDES, TSRS, MOAGTH R This entire book is Al-generated, providing a structured and comprehensive approacht
B R S SRR, 4

content has been created to offer clear explanations and practical examples for each to
Intelligence Notebooks

biophysicists. We introduce the technical language computer scientists and data scientists use v Basics
Setup . Bio-image Analysis image segmentation, scientific computing and image data science. In case you see room for imj RIS R L HY/SAEBR, Introduction to Jupyter
Setting up your computer To pics Notebooks create a github issue and/or consider contributing. Notebooks Contents
L . ) % 4 Mathematical Operations
N The notebook collection aims covering these topics | Basics ARlupyterBHILEts i ython This book covers the following topics
Prompting basics . + Large Language Models (LLMs) Trailer: Bio-image Structure of this Jupyter book AHBIE S YNREPython. EHSINEEIRS AV, 257 B Data Types: Lists, Tuples,

> , « Introduction to Jupyter notebooks
EPRMFRR T BENEGS T RIS N BSET . SRS e,

Dictionaries

|
|
| Analysis with Python
|

Accessing LLMs v + Vision Language Models (VLMs) Satting up your computer The chapters of this book initially cover basics in Python, image processing and image analysis. Y SERBIETI. BB TRARE $ G T A ERERI APy thon RS * Mathematical operations
. ) R X 3 ) Sl 3 x For-loops in Python
Chatbots ~ * Multi-modal Language Models advanced topics are covered including machine learning and statistics. The order of the chapter SEEEE, BRENSLTEE, EititEoFRRA upyter BHHERERTRBEEE, (BN psin Ftl . ctionaries
. Python basics ~ N - X i PR :
Function / Tool calling ~ » Text/Code/Image generation image analysis workflows, starting at image visualization, filtering and segmentation, followed b b2 BUHHYLERVIZH— ) condaliiR a0 S — S Ak, Conditions| Statements in .
i . o A . Pyth —

« Prompt Engineering Writing sustainable v tabular data wrangling, statistics, plotting and data visualization. At the beginning of every ch: _ Jinen .
Multi-Modal LLMs . . code terminology is introduced and installation instructions for the required Python libraries covere} ] Custom Functions in -

» Retrieval-augmented-generation B 3 ® Custom functions
Image generation v Image analysis v presented. The notebooks aim to be self-contained, self-explanatory and fully reproducible. H Python I

ge g . ge Processing with scikit-ima
* Model fine-tuning basics . . * Image Processing with scikit-image
< lati download this Jupyter book and execute all notebooks as they are. As a general requirement, Image Processing with — =

Image manipulation ~ - { . . . .
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Notebook LM: Paper to Podcast

e One more very creative example how to learn using Al

v @ NotebooklM X [ = o X v @ Atitchhiker's Guide to Bio-lm= X +
« > C 25 notebooklm.google.com/ = % ) ;J 3 < - C 25 notebooklm.google.com/notebook/70774cfa-a940-4b7a-aa7d-be27873c88e6?_gl=1*12tc47r
Try this with a
A NotebookLM £83 Settings ;J = NotebookLM A Hitchhiker's Guide to Bio-Image Analysis Softw
Welcome to NotebookLM document you
Sources @
* Notebook guide wrote!
Select all sources
FE BS o é *FEBSPRESS plp me create Audio Overview %
Let‘t’ers @7 @ science publishing by scientists L_|
o FAQ == Study Guide eep Dive conversation
Create your first notebook REVIEW o o noss (Enlieh o)
. . . - . Table of Contents E‘ Timeline
NotebookLM is an Al-powered research and writing assistant tha A Hitchhiker’s guide through the bio-image analysis — ° Customive
works best with the sources you upload software universe Briefing Do

Robert Haase'? (7, Elnaz Fazeli® (), David Legland*® (%), Michael Doube® (), Sian Culley” (%),
llya Belevich® (), Eija Jokitalo® (), Martin Schorb®™ (), Anna Klemm'" () and Christian Tischer'® pmmary

is article from arxiv.2204.07547 pdf provides a comprehensive guide to bio-image analysis
III E g‘ ftware. It offers a glossary of commonly used software packages, categorized by function
Correspondence Modern research in the life sciences is unthinkable without computational d features suc'h as open-sourcg status and da.ta han.dlin.g capabiliti?_s\ The autho_rf_discuss
R. Haase, DFG Cluster of Excellence methods for extracting, quantifying and visualising information derived from ctors t_o consider when selectlng'scftware,'lncludmg interoperability, repro.du(_:\blhty, a.nd
Upload your documents Convert complex material Add key resources t{ “Physics of Life", TU Dresden, 01307 microscopy imaging data of biological samples. In the past decade, we :Et'?ounnsltfyofifsg;:srnhgeéz:? r:;‘;’“(;’ﬁ‘t‘;é’:‘t:'gl'::”;’i::z:IUCT: ;iz sl‘i?:&letah':“;fp‘;‘;zc}lr:gti)?;a”d
‘ and NotebookLM will into easy-to-understand notebook and share [E)rr;saciill';:Sliel‘znr::::e@tu—dresden de observed a dramatic increase in available software packages for these pur- |age analysis software landscape and encou.rages c;oHaborative decision-making in software
‘ answer detailed questions formats like FAQs or your org to create a g ' ’ ' poses. As it is increasingly difficult to keep track of the number of available |lection.
‘ or surface key insights Briefing Docs knowledge base |(received 1 February 2022, revised 1 May ~ image analysis platforms, tool collections, components and emerging tech-
[ 2022, accepted 12 May 2022, available nologies, we provide a conservative overview of software that we use in daily
\ online 29 July 2022) routine and give insights into emerging new tools. We give guidance on which
‘ ) aspects to consider when choosing the platform that best suits the user’s |yi.. cpat 1source  [Start typing... = % Notebook guide
Create doi-10.1002/1873-3468. 14451 needs, including aspects such as image data type, skills of the team, infras-
[ tructure and community at the institute and availability of time and budget. Y] e e e, oo Al St
|

Edited by Jan Borst
Keywords: bio-image analysis; open-source; software
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Retrieval Augmented Generation

 Enriching a prompt with relevant context

-

Selection
by
relevance

Knowledge base
(many documents)

Prompt
ngineering

-

"l

{ User’s query J [ Response J
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Good Scientific Practice for
[Al-based code generation]

Robert Haase

These slides can be reused under the terms of the CC-BY 4.0 license.
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Challenges

» Generative artificial intelligence imposes a risk to science

8

Elisabeth Bik @MicrobiomDigest - 16h
The amount of (suspected) Al-generated manuscripts and published
papers is sharply rising.

Why are journals not doing a better job screening for these?

This generates an enormous burden for peer reviewers and pollutes the
scientific literature.

We need better tools and rules,

Q12 11 84 ¥ 22 ihl 26K [

[+

Robert Haase
@haesleinhuepf

ScaDS All GIOBIAS DataCarpentries 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, Statement by the Executive Committee
I of the Deutsche Forschungsgemeinschaft (DFG,

Wh | Ch ones, fO r;lWhat p u rpose an d German Research Foundation) on the Influence of

to Wh at exte nt. Generative Models of Text and Image Creation on
Science and the Humanities and on the DFG's
Funding Activities

Check your institutions’

September 2023

and funders’ guidelines.

Robert Haase Source: DFG (2023)
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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

e Test code on samples the
expert didn't see

7
7
7/
4

AN N QN
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Good scientific practice

* If you use custom code written by ...
. a human expert  an expert LLM

* You should ...

$100/h J $0.1/h
 Pay the expert J /
e Mention the expert J co-author J in methods
« Share responsibility J x
+ Ask the expert endless x J
guestions
« Share how you prompted the expert Q/
Robert Haase

aesleinhue TECHNISCHE i('-;_"

ScaDS.All %Erig\hlsogfhltgg%ﬁggies 59 UNIVERSITAT ([} ifnd ™™

DRESDEN LEIPZIG
April 2025



summary

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

Maintaining good scientific practice is

challenging :ﬂ.T
Learning how to use Al responsibly is crucial

|..

|:' -

N
https://doi.org/10.5281/zen0do.15165424

We are on the edge towards Al-generated,
personalized training

Robert Haase
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