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- QUIZ Recap

What would this Python code result in?

'a.tif'

N

'b.tif'

o

'c.tif'

o

'd.tif'
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Working with files in folders

Key-skill when it comes to automating data analysis tasks

# define the location of the folder to go through
directory = 'data_banana/’

# get a List of files in that folder
file list = os.listdir(directory)

file list o
It's just a
[ 'bananaBeez.tif’, Python list!
‘bananaggd3i.tif’,

"bananagbdd.tif ",
"bananafBbs.tif ",
"bananafbbe.tif ",
"bananaBBa7.tif ",

There are not

‘banana@@26.tif’, just images
"image source.txt'] inside
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Filtering file lists

To focus on image data, we need to filter the file list

@haesleinhuepf

[3]: image_file list = [file for file in file_list if file.endswith(".tif")]
image file list
[3]: [ bananaggg2.tit”,
"bananabBB3.tif ", A for-loop in
"bananagged.tif’, a single line
"bananabBBs.tif ",
"bananagBes6.tif’,
"bananaBBa?y.tif ",
"bananad@2e.tif’ ]
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Filtering file lists

To focus on image data, we need to filter the file list

# go through all files in the folder
for file in file list:

# if the filename is of a tif-image, print it out
if file.endswith(".tif"):
print(file)

bananaga@e2.tif
bananag@a3.tif
bananaggod . tif
bananag@@es.tif
bananag@gds. tif
bananaga@a?.tif

banana@@26.tif
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Filtering file lists

To focus on image data, we need to filter the file list
# go through all files in the folder
for file in file_list:
# if the filename is qf a tif-image, print it out
it file.endswith(".tif"
print(file)

# store the image
image = imread{directory + file)

# show the image
stackview.imshow{image) iiB
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Side note: comments

Your code will become longer... _
Consider structuring it and putting comments and empty lines in between.

X v

for file in file list: # go through all files in the folder
if file.endswith(".tif"): for file in file list:
print(file) # if the filemame is of a tif-image, print it out
image = imread(directory + file) if file.endswith(".tif"):
stackview.imshow(image) print{file)

# store the image
image = imread(directory + file)

# show the image
stackview.imshow(image)
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Image visualization

In Python there are many ways to visualize image data.
We focus on Jupyter Notebook compatible ways for now.

Before visualizing image data, get an idea about the dataset.

image = imread("../day2.1 image segmentation/data/BMP4blastocystC3-cropped resampled 8bit.tif")
image.shape

(86, 396, 393)

Image.shape | [ Not all image
tells you the viewers
dimensions of support 3D
an image data

File handling + Image Vis.
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Image visualization

scikit-image's imshow () (originating from matlab) can only visualize 2

dimensions.
from skimage.io import imread, imshow
[4]: center_slice = int(image.shape[@] / 2) .The fi.I’St sha!oe-
dimension - 2 is the
imshow(image[center_slice]) center plane inZ
[4]: <matplotlib.image.AxesImage at ©x2c9b9164828> — .
Image data in
0 Python is
commonly

organized in Z-Y-X
dimension order.

100 -
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Image visualization

Stackview can show 3D images (by applying a projection along Z)

import stackview stackview.insight(image)

- 250

- 200

- 150

- 100
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shape (86, 396, 393) ﬁ dimensions

dtype uint8

size 12.8 MB

min 0

max 255 Ba.SI.C
statistics
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Image visualization

Stackview also has some interactive tools

stackview.slice(image) stackview.picker({image)

G0

[z=60, y=114, x=114] = 58129
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stackview.curtain(image, binary_image)
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Image visualization

Stackview also has some interactive tools

stackview.switch(

{
"Lysosomes™ : lysosomes channel,
"Mitochondria” :mitochondria channel,
"Muclei”: nuclei channel

I

colormap=]
"pure _magenta”,
"pure_green”,
"pure_ blue”

1,

toggleable=True

)
Identical but less readable:

stackview.switch({"Lysosomes":1lysosomes channel,
"Mitochondria” :mitochondria_channel, "Nuclei”:nuclei_channel},
colormap=[ "pure_magenta", "pure_green”, "pure_blue"], toggleable=True)
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Image Visualization

Stackview is developed for microscopists. If something doesn't work as
you expect, communicate it :-)

v O Feature request: crop? - lssue & X + = (] %

crop widget = stackview.crop(image stack, continuous update=True)

crop _widget

<« Cc 23 github.com/haesleinhuepf/stackview/issues/14 C a ¥ 3 3]

— haesleinhuepf / [ ] .
- O stackview Q& 0

<> Code @ Issues 6 i1 Pun requests ) Discussions @ Actions ﬁa Projects

Edit m Jump to bottom

Feature request: crop? #14

(GQLatE=L R axcalpt opened this issue on Jan 20, 2023 - 10 comments

paxcalpt commented on Jan 20, 2023

Any chance | can convince you to add sliders to crop the dataset in stackview.slice and also get those

values?
Frame start: 0
Frame stop: 499
X start: 0
X stop: 127
Y start: 0
Y stop: 127
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Loading domain-specific file formats

Common Python libraries cannot open file formats such as OME-TIF, CZI,
LIF, ND2... Solution: aicsimageio

e

‘ From the Allen Institute for Cell Science ‘

from aicsimageio import AICSImage

aics image = AICSImage("data/EM C & cB.ome.titft")
aics image

¢AICS5Image [Reader: OmeTiffReader, Image-is-in-Memory: False]>»
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Loading domain-specific file formats

Aicsimageio supports dimension names and physical voxel size

_ | What's width, height,
alcs_image.shape depth and time?

(1, 1, 256, 256, 256)

aics _image.dims

Key feature when
working with big
data!

. . N
Lazy loading (virtual stacks) np_image = aics_image.get image data("Z¥X", T=0)

Allows processing files larger nP_image.shape
than computer memory.

<Dimensions [T: 1, C: 1, Z: 256, ¥: 256, X: 256]>»

(256, 256, 256)
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Loading domain-specific file formats

Aicsimageio supports dimension names and physical voxel size

aics _image.physical pixel sizes

PhysicalPixelSizes(7=0.16784672807196262, Y=0.1677608183346253663, X=0.16776818346253663)

def get wvoxel size from aics image(aics image):
return (aics _image.physical pixel sizes.Z, Such a helper-
aics _image.physical pixel sizes.Y, function may be
aics image.physical pixel sizes.X) different from
project to project

get voxel size from aics image(aics image)
(6.16784672897196262, 8.167768158346253663, @.16776818346253663)
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Loading domain-specific file formats

Common Python libraries cannot open file formats such as OM
TIF, CZI, LIF, ND2... Solution: aicsimageio

czi_image = AICSImage("data/PupalkWing.czi™)
czi image.shape

In case your file
format is not
supported, it gives
hints what to install.

Attempted file (C:/structure/code/BIDS-training-2824/dayl.2_file h
andling/data/PupalWing.czi) load with reader: aicsimageio.readers.
czi reader.CziReader failed with error: aicspylibczi is required f
or this reader. Install with “pip install ‘'aicspylibczi»=3.1.1" 'f

sspec»=2822.7.1"

Attempted file (C:/structure/code/BIDS-training-2824/dayl.2 file h
andling/data/PupalWing.czi) load with reader: aicsimageio.readers.
bioformats reader.BioformatsReader failed with error: bioformats j
ar is required for this reader. Install with “pip install bioforma

ts_jar” or "conda install bioformats_jar’

File handling + Image Vis.
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czi image = AICSImage("data/PupalWing.czi™)
czi image.shape

(1, 1, 86, 528, 692)

np_czi image = czi image.get image data("ZY¥X", T=8)
np_czi_ image.shape

(88, 528, B6%92)

get voxel size from_aics image(czi image)

(1.8, 8.2847619847619@476, @.20476198476198476)
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- Working with files in the cloud

Install another Python
Example nextcloud / owncloud il emetncs Fyiiom lorery

into your environment

import ipywidgets as widgets , , ,
Smport nextcloud client c?ndé activate devplo—naparl—env
plip 1nstall pyncclient

Login-form

server widget = widgets.Text(value="https://speicherwolke.uni-leipzig.de’, description="Server’)
username_widget = widgets.Text(description="Username:")

password widget = widgets.Password(description="Password"')

widgets.VBox([server widget, username widget, password widget])

Server | https://speicherwolke uni-leipzig.d

Usemame: Actually logging in

P d
Fsswet ncc = nextcloud client.Client(server widget.value)

ncc.login{username widget.value, password widget.value)

File handling + Image Vis.
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Working with files in the cloud

Listing files in a remote folder Uploading a file
# enter a folder on the owncloud ¢ ncc.put file(remote folder, local file to upload)
remote folder = "/data/"

True

for ¥ in ncc.list(remote_folder):
print (f.path)

fdata/blobs . tif

Downloading a file Listing files again

# enter the source file here for £ in ncc.list({remote folder):
remote_source_file = '/data/blobs.tif’ print (f.path)

# enter the destination .

local file = 'blobs.tif’ /data/blobs.tif

/data/blobs labels.tif

ncc.get file(remote path=remote source file,
local file=local file)

True

File handling + Image Vis.
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Quiz: Large Language Models

How often do you use ChatGPT or similar Al-
based tools?

monthly weekly daily hourly

A |

File han dIgImgVis.
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Quiz: Large Language Models

What do you use ChatGPT and similar Al-based
tools for?

Emails Paperwork Code other

File handling + Image Vis.
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Bio-image Analysis
My job ...

Original Image Segmented Nuclei

100 100

200 200
300 300

400 400

0 100 200 300 400 500 600 0 100 200 300 400 500 600
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Bio-image Analysis using Large-Language Mode
My job is changing, since we have ChatGPT

() ChatGPT

3 Original Image Segmented Nuclei

Prompt: -
“Please segment
the nuclei in the

100

Analysis

200 200

skimage io, filters, measure,
matplotlib. pyplot plt

300 300 ey
blue channel of
. " 400 400
the image
[ 00 - OO t,.\Ieﬁh' j Iil‘fe‘:l’S.th]fes:nld_rzzﬁufblue_chﬁn!’IBl}
U0 00 200 300 400 500 600 0 l00 200 300 400 500 600 sy = Bl shamnet = fhesh

cleaned = morphology.remove_small_objects(binary, 50)

The segmentation of the nuclei has been performed on the blue channel of the image. Tha right side 0f ST SEr SRt SR RS Ve E
the figure shows the segmented nuclei in different colors, each corresponding to a different nucleus in Labol inage - measure. Label (closed)

the fiald of view. Each color represents a unigque label assigned to the individual nuclei detected inthe

fig, ax = plt.subplots(l, 2, figsize=
ax[C].imshow(image}

image. I_-"—-] ax[0].set_title(

ax[1].set_title(
plt.show()

File handling + Image Vis. J—
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Coding assistance: BiA-Bob

Use ¢bob .. to ask for small things.

%bob Load the blobs.tif image file and show it.

from skimage.io import imread
import stackview

image = imread('blcbs.tif")
stackview.insight(image)

- 200

(254, 256)
uint8
63.5 kB

8

248

i— 150 ‘ m \

File handling + Image Vis.
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Coding assistance: BiA-Bob
Use $%bob .. to ask for complex analysis tasks.

A=bob

Load the blobs.tif grayscale image from disc.
Segment the nuclei-like objects in it using

from skimage.io import imread

Otsu's method and connected component labeling. o e e et e
Measure area of the segmented labels. e
Print the area on top of the labels. # Load the image

image = imread('blobs.tif")

# Apply Otsu's thresholding
threshold = threshold_otsu(image)
binary_image = image > threshold

# Perform connected component Labeling
labels = label(binary_image)

# Measure area of the segmented lLabels
props = regionprops(labels)
areas = [prop.area for prop in props]

# Create an image with Lobels and area values on top
fig, ax = plt.subplots(figsize=(§, 8))
ax.imshow(image, cmap='gray"')

for prop in props:
y, X = prop.centroid
area = prop.area
ax.text(x, y, f'{area}", color="red")

stackview.curtain(image, labels)

File handling + Image Vis.
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Coding assistance: BiA-Bob

¢ BOb adds a neW Ce” to N ;:D:e::z Izlaodb::i:aa:dn::lwd i}:l bs.tif from the disk and display it
your code. If you ask it 3 S — -
tl mesl It WI” ma ke 3 # Load the image from disk
Cel |S. image = imread(’'blobs.tif')

# Display the image
stackview.insight({image)

from skimage.io import imread
import stackview

from skimage.io import imread
import stackview

« Clean up from time to ? Load che inage site

image = imread('blobs.tif"')

ti m e! # Display the image

stackview.insight(image)

. from skimage.io import imread
Clle on import stackview
the bar # Loagd image from disk

image_blobs = imread('bleobs.tif")
here and

# Display the image
enter M stackview.insight(image_blobs)

File handling + Image Vis.
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Benchmarking LLMs for Bio-image Analysi

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

0 9550
1 3.0
2 8150
3 1188.0
4 1135.0
5 6800
6 13740
7 7120
: o N o &
Unit-test pass-rate (n=10): Lo o° S N © >
¢ M FP M o7 S &
2 F D O ¢ ¥ o N 2
&‘@ % Q’l' C q/g’\/ © & QOQ\,\Q & ©

%
workflow_segmentation_measurement_summary mm 0.1
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Benchmarking LLMs for Bio-image Analysi

Use-case: correlation matrix

a b c d e

0 1.600000 EiRlCCPVil 1.600000 1.700000 1.700000
1 2300000 QeeLlLE 2300000 2.400000 2.400000 d b c d e
2 2.600000 EUENVIE 2.600000 2400000 2400000
3 3.700000 [ENNGHGE 3.700000 3.600000 3.600000 0.945504 0.995800
4 3400000 RGN 3400000 3.500000 3.500000 1.000000 0.946039
5 3.500000 EHELGECIN 3.900000 3.900000 3.900000
6 | 4300000 Tl 4300000 kLl 0.949594 1.000000 | 0.995001
T 4200000 RSN 4.300000 4.200000 4.200000
s 0.946039 0.995001
4.000000 EeElEH]
g 5100000 0500000 POR0000- S 0000 0.995800 0.946039 0.995001
('R 5.200000 0.600000 5.100000 5.100000
LAl 5.300000 0.600000 5400000 5.400000
P8 5.500000 0.600000 5.400000 5.600000 5.600000
g ¢
, 0 (®)
: — . ° R (1 QO
Unit-test pass-rate (n=10): o S N © >
64 N NS Z rf) Y % R <
& M F Mo o~ Be &
@ &b Q’<>° P $ © & 2
N7 Qv v & & WQ < o
@ » 0% Q N ® ©
pair_wise_correlation_matrix 1.0 1.0 0.1
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Benchmarking LLMs for Bio-image Analysi

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

S
° — . / Q b/
Unit-test pass-rate (n=10): So A ©
& K T K
& g P K
& AN Al Q¢
workflow_batch_process_folder_count_labels 0.1 0.0 0.3

Sca Dsﬂ
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34
Data Source: https://www.ebi.ac.uk/biocimage-

archive/galleries/S-BIAD634-ai.html

S
,@{Q © L
\?;? \Q\ A Q>\,b
QOQ\,\Q(O Qf(\ (Joé
0.0 0.0 0.0
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Benchmarking LLMs for Bio-image Analysi
Summary: 57 use-cases (yet), 15 LLMs (yet), n=10

saph_otsu_trrashoie_snd_soun_oestiva_pixeis [ 00 ©0 00 0n 00 0g 00 00 0o oo Bi 02 01 00
binary_closing [N 64 IEERIEEE o IEEENEEN o 63 0z 01 oo 04 00 04
h\narv skeleion [N ECH IEER o oooo1 0B 00 01 00 10 —_— T

ot |SECN R I A NN N[ 05 [ 01 02
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Coding assistance: BiA-Bob

Keep your feed on the ground with Bob. Bob can do
crazy things, but you are responsible for what it does
with your data.

Do not enter personal / private information. What you
enter will be sent to the server of an american
company.
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Exercise: File lists and folder

Apply your knowledge about Python lists to list of files.

I / day1.2_file_handling /

Name -
B data
M datz_banana

(A 04_bia_bob.ipynb
+ [A] 05_nextcloud.ipynb

™ api_key.zip

M login.png

"] readme.md

Simple

O M2 @

+ [W] 01_list_files_in_a_folder.ipy...

M| 02_interactive_image_visua...

M| 03_opening_images_using_...

v 01listfile.. - Jupyterlab X +

<« =

.: File Edit View Run Kernel Tabs Settings
[ v Launc T (&}

o ‘ Filter files by name Q,

Last Modified
4 days ago

4 days ago

4 days ago

4 days ago

4 days ago

4 days ago

13 minutes ago
2 days ago

a month ago

3 months ago

Help

c @ localhost:8888/1ab/tree/day1.2_file_handling/01_list_files_in_a_folder.ipynb

(W] 01_list_files_in_a_folderipynt @ | +

B + X
bananagaig
bananaga2l
bananaga22
bananaga23
bananaga24
banana@a2s
banana@ae

0 [ RunSelected Cells
JELIF
JEif
JEif
JEif
LEif
JEif
JEif

Exercises

Write code that prints out the number of TIF images in that folder.

Interrupt Kemel Restart Kernel...

BV & F N

& & % 0

Write code that prints out the number of files in that folder which are no TIF images.

Python 3 (ipykernel) | Idle

Mode: Command @ Ln 1, Col 1  01_list_files_in_a_folder.ipynb m

O

Y

-

X

File handling + Image Vis.
BIDS Training

Robert Haase
@haesleinhuepf

May 13t 2024

ScaDS.AIl

DRESDEN LEIPZIG

38

TECHNISCHE
UNIVERSITAT
DRESDEN

UNIVERSITAT
LEIPZIG



[ ] [ ] [ ] o [ ] [ ] [ ]
v T 02_interacti... - JupyterLab x + — [m] X v T 03_opening_i.. (2) - Jupyterlab X+ — O
<« > C @ localhost:8888/lab/tree/day1.2_file_handling/02_interactive_image_visualizati.. o & Y o} }I : <« c @ localhost:3888/1ab/tree/day1.2_file_handling/03_opening_images_using_aicsi.. @a @& ¥ N ﬂ,l :
: File Edit View Run Kernel Tabs Settings Help _: File Edit View Run Kemmel Tabs Settings Help
vlaunc B3 1+ [Z Launcher X ®| 02_interactive_image_visualiz® | + o viaunc B + [ Launcher X | W] 02_interactive_im X | (M| 03_opening_imacX | +
Ba  +] * C 9 ' [ B s c pening c d-¢
g + X [T Run Selected Cells  Interrupt Kernel g + { T Run Selected Cells  Interrupt Kemel  #%
P
‘ = 2 : R ‘ rifter fles by name Q In case additionally the aicspylibczd library is o
o s (O " s : &
M / day1.2_file_handling / M / day1.2_file_handling / installed one can also open CZI files using
AlCSImagelO (example dataset kindly provided b
| Name - Last Modified | Name - Last Modified gell texamp v Y
= = kindly provided by Romina Piscitello-Gomez, MPI
B data 9 minutes ago B data 12 minutes age CBG)
* M data_banana 4 days ago * B8 data_banana 4 days ago I
« [W] O1_list_files_i... an hour age « A 01_list_files_i... an hour age czi_image - AICSImage("data/Pupalling.czi”)
« ] 02_interactiv... 24 minutes ago + W] 02_interactiv... a minute ago czi_image.shape
+ [A] 03_opening... 2 minutes ago » W] 03_opening... 5 minutes ago (1, 1, 88, 528, 692)
« [A] 04_nextclou... an hour ago + [A] 04_nextclou... an hour ago
« (A 05_bia_bobi... 2 minutes ago « [A] 05_bia_bobi... 4 minutes ago (e AT = CAL R ESE e (R, 1
np_czi image.shape
O api_key.zip 2 days ago O api_key.zip 2 days ago N
M login.png a month age M| loginpng a month ago
7 3 (80, 520, 622)
M| readme.md 3 months age Seosomes pitoctiondia Sucker M| readme.md 3 months ago
get_voxel_size_from_aics_image(czi_image)
EXQrCISG1 (1.8, ©.28476198476198476, @.26476198476198478)
Modify the code above to visualize the Hela nuclei
in red and the mitochondria in cyan. Exerc'se
. Open a file from a recent project. Try out CZ1, LIF,
Exercise 2 ” proEe
ND2 and others. Check the aicsimageio
Use the picker tool to get an idea about the documentation for additional installation
intensity in the nuclei. instructions.
| o " .
Simple 0 6 {8 Python 3 (ipykernel.. Mode: Com... Sk [hns ke 02_interactive_image_visualizati... m Simple 0 6 {8 Python 3 (ipykerne.. Mode: Com... @ Ln1,C. 03 _opening_images_using_aicsima... m
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Optional Exercise: Nextcloud

Download a file from your nextcloud/owncloud, process it and upload it

again.

v - 04_nextcloud... (3) - Jupyterlab X ar = O X v - 04_nextcloud... (5) - Jupyterlab X ar
<« C @ localhost:8888/lab/tree/day1.2_file_handling/04_nextcloud.ipynb @ 1?( D AJ &« (&) @ localhost:8888/1ab/tree/day1.2_file_handling/04_nextcloud.ipynb
: File Edit View Run Kernel Tabs Settings Help _: File Edit View Run Kernel Tabs Settings Help

[W] 05_bia_bob.ipynb X | [B 01 list files_in_a foltX | [® 04_nextcloud.ipynb @ | [M] 02 interactive_imag X

B+ X

[®] 05 _bia_bob.ipynb X | [ 01 list files in_a folcX | (M 04 nextcloud.ipynb @ | [®] 02 interactive_imag:X | = readme.md X |+ q,c
8 + X0 0 Restari Kemel... Restarl Kemel and Run All Cells...  Markdown + . O [ RunsSelected Cells InterruptKemel Restart Kemel..

Run Selected Cells  Interrupt Kernel

imsave(local_file_to_upload, labels, check_contrast-False)

‘We will upload the file to this folder:

~ Optional: Accessing image files in the nextcloud

This notebook we will demonstrate how to download files from a nextcloud server, how to process them locally remote_folder

* and upload the results back to the server. * ‘/datas"
ata

If you work or study at Leipzig University you can sign up for an account on such a server here.
ncc.put_file(remote_folder, local_file_to_upload)

from skimage.io import imread, imsave True
from skimage.measure import label
import ipywidgets as widgets
import stackview

Just to be sure, we check if the file arrived by printing out the files in the folder again.

for f in ncc.list(remote_folder):

import nextcloud_client
print (f.path)

/data/blobs.tif
/data/blobs_labels.tif

Login

After executing the next cell locally, you will see three input fields where you can enter the server url, username

Logout

and password.

‘When you're done, log out!

Server | hitps:/isharing biotec tu-dresden.c
Username:  abcd1234 ncc.logout()
Password | ssesssee True
Simple 0 4 {8 Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col1 04_nextcloud.ipynb m_ Simple 0 4 {8 Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col1 04_nextcloud.ipynb m_

Restart Kernel and Run All Cells...

aQ ¥ £ @ @

£ readme.md X |+ .ﬂ,a

Markdown

&

o
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Optional exercise: BiA-Bob

e

C O [ localhost:8888/lab/tree/Untitled].ipynb T ® ¥ 9

| @ oOpen previous tabs? You can restore your previous session from the Firefox application menu =, under History. m X

: File Edit View Run Kernel Tabs Settings Help

= * (o] @ Launcher X | W Untitledl.ipynb
X008 om cu - Put your OpenAl
o -/ import os
os.environ| 'OPENAI_API KEY'] = 'sk- e e re
.— Name a Last Modified
T m Desktop 7 days ago from bia bob import bob
@ Documents 6 days ago . -
» %bob load blobs.tif and show it
W Downloads 5 minutes ago
B8 Music 6 days ago shape (254, 256)
8 Pictures 6 days ago dtype uints
B8 Public 6 days ago Y
size 63.5 kB
W Templates 6 days ago
B Videos 6 days ago AL G
M blobs.tif 5 minutes ago 0 200 max 248
[ Objectse... 6 days ago
D test 2 hours ago
100 150
® W test.ipynb 6 days ago
[ untitled.i... 6 days ago
o W untitledl 53 seconds ago
150 100
200 o
Simple O B 3 @ devbio-napari(EMBO) | Idle Mode: Command © Ln1,Coll Untitledl.ipynb 1 Q
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