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. General Information

¢ Internal communications:
- Slack channels (mainly #course-announcements & DMs)

? location:
- Harvard Medical School - Gordon Hall - Room 106

% time:

- 9:00 am - 6.30 pm

- opftional office hours from 7:30 pm

LONGWOOD AVENUE

Tosteson

= breakfast:
- bagels £, coffee, tea & snacks @ 9:00 am Education

<% lunch:
- 12:00 pm In Gordon Hall, Room 106

Warren Alpert

= social dinner:
- Thursday July 9th @ 7:00 pm
- Shy Bird (201 Brookline Ave, Boston - 10 min walk) SHATTUCK STREET

< - we leave @ 6:30 pm (R) Entrance %
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https://www.shybird.com/location/fenway/

45 WIiFi Connection

» Harvard Secuvure: if you have Harvard credentials
» Eduroam: it you have academic credential (edu)

» Harvard Guest: you will nheed to register your laptop for that (if you
orovided the MAC address in advance, you should be able to directly
connect)

» If all of above do not work, let us know!
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< Course Structure

4’ bobiac.github.io

» The course is designed for beginners in python and image analysis

» Each day consists of a mix of lectures explaining key bioimage analysis concepts,
Inferspersed with practical, hands-on exercises using Python.

» Every morning, we will start the day with coffee and open discussion (Q&A).

» MOS
SMA

I of these exercises will be completed either step-by-step as a class or In

| groups.

» The course should be interactive, there are absolutely no stupid questions, you are
encouraged fto ask questions. During the practical exercise feel free to consult

with

your neighbors, you can help each other to understand concept.

» Each day (first four days), five participants will give a brief 3-5 minute intfroduction
using their prepared slide (intfroduce yourself, your work, and the image analysis
tasks you hope to perform).
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= Schedule

Monday 6th July

Tuesday 7th July

Wednesday 8th July

Thursday 9th July

Friday 10th July

& bobiac.github.io

Saturday 11th July

9:00am - 9:30am

Welcome + Intro

9:30am - 10:00am

10:00am - 10:30am

Getting Started with Python

10:30am - 11:00am

Coffee & Questions?

Coffee & Questions?

Coffee & Questions?

Coffee & Questions?

Coffee & Questions?

Error Messages

11:00am - 11:15am

Laptops Setup

11:15am - 11:30am

11:30am - 12:00pm

The Python Basics

12:00pm - 12:30pm

12:30pm - 1:00pm

1:00pm - 1:30pm

Student Presentations

Python Bioimage Analysis

Coffee Break

Segmentation
(Classic)

Student Presentations

Segmentation
(Machine Learning)

Coffee Break

Segmentation
(Deep Learning)

Student Presentations

Segmentation
(Deep Learning)

Coffee Break

Deep Learning Spot
Detection

Student Presentations

(5x5min) (5x5min) (5x5min) (5x5min)
1: -2:
30pm -2:00pm , Managing your own Python
The Python Basics
2:00pm - 2:30pm Workflow
~oP ~oP Segmentation Segmentation
2:30pm - 3:00pm - (Classic) (Deep Learning)
Introduction to
Digital Images Student Group Work
3:00pm - 3:30pm
3:30pm - 4:00pm Coffee Break Coffee Break Coffee Break Coffee Break
4:00pm - 4:30pm
Student Group Work
4:30pm - 5:00pm Python for Bioimage Segmentation Segmentation P
] ] Analysis (Machine Learning) (Deep Learning)
. . Measurements and
SHUEa S Quantification

5:30pm - 6:00pm

Coffee Break

Coffee Break

Coffee Break

Coffee Break

Single Cell Measurements

Coffee Break

Single Cell Measurements

Cell Population
Measurements (Spatial
Statistics & Colocalization)

Coffee Break

Cell Population
Measurements (Spatial
Statistics & Colocalization)

Coffee Break

Cell Population
Measurements (Spatial
Statistics & Colocalization)

Coffee Break

Cell Population
Measurements (Spatial
Statistics & Colocalization)

Student Group Work

How to Acquire Analyzable
Microscopy Images

Coffee Break

Using Python
in the Real World

Coffee Break

. _a- Python for Bioimage Segmentation Segmentation Measurements and Measurements and
U] = RS Analysis (Machine Learning) (Deep Learning) Quantification Quantification sl bl
6:30pm - 7:30pm

. _a. Optional: Optional: Optional: e Optional:
PR Office Hour Office Hour Office Hour ekl Pl Office Hour

8:30pm - 9:30pm
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_| Course Topics | © bobiac.github.io

° o
P Jupyter

Learning Python Basics

» Getting Started with Python and vuv: what is pythone How do | install it¢ How do | use it¢

» The Python Basics: how do | write python code?¢ What is the syntaxe
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_ | Course Topics |l

Learning Python for Bioimage Processing & Analysis N N

» Digital Images & Python: what is a digital image?¢ How do | deal with it in pythone

» Image Segmentation with Python: what are semantic and instance segmentatione how do | perform

segmentation on my fluorescence imagese [Classical Methods, llastik (ML) & Cellpose (DL)]

» Spot Detection: how can we detect small spot-like objects such as fluorescent puncta, foci, beads, or

RNA spofs in fluorescence imagese [Spotiflow (DL)]

» Object Classification: how can | classify objects in my images into different categories (e.g., mitofic vs.

non-mitofic cells) to enable class-specific analysise [llastik]

» Measurements & Quantification with Python: how can | extract quantitative data from my fluorescence

Images for plotting and drawing conclusions from my experimentse

» Colocalization analysis with Python: what is colocalization in fluorescence microscopye How can |

quantify Ite
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_ | Course Topics |l

Learning Python for Bioimage Processing & Analysis N

semantic seg. instance seg. classification

data instance seg.

— observed
95% CSR envelope

e
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@ Learning Objectives

& bobiac.github.io

Jupyter



http://bobiac.github.io

@ Learning Objectives © bobiac.github.io

» Gain a basic understanding of what Python is.

» Learn how to get started with Python: installing Python, setting up virtual

environments, and l[aunching Jupyter Notebooks and .py files.

» Get familiar with key Python packages commonly used in bioimage

analysis.

» Learn how to load, handle, and display images using Python.

» Explore different approaches to image segmentation in Python, including

classical methods, machine learning (llastik), and deep learning (Cellpose).

» Learn how to use deep learning for spot detection (Spotitlow).

» Understand the basics of image quantification and measurements and

how to apply them using Python (e.g. single-cell measurements, spatial

statistics, and colocalization).
(»Improve LLM prompfs)

jupyter



http://bobiac.github.io

A=)

Course Material 4 bobiac.github.io
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= Q i= Contents

B O B ] / \C Welcome to the BoBiAC Book

Boston Bioimage Analysis Course | 2026 ﬁ H ome
vz ACITE @ HARVARD

rrrrrrrrrrrr MEDICAL SCHOOL

Q, Search % 4+ K

H
nl‘l.l“.llul.ﬁ
Course Material
00 - 21 Introduction to BoBiAC E

01- @ Gettng Started with Boston Bioimage Analysis Course | 2026

Python

2 e
02 - @ Python Basics v Image Q! [—] A \} l\ I ’
03 - B Introduction to Digital v V VAMIYSIS 8 C | E R R

9 Collaboratory S Core for Imaging Technology & Education MEDICAL SCHOOL

Images
04 - #® Image Segmentation v
05 - € Spot Detection v ]
07 - ol Measurements & e Welcome to the Book — your resource for the

tificati . . . . . . . . . .
Quantification This book is designed for beginners and provides a hands-on introduction to image analysis using
08 - ® Colocalization v Python. Inside, you'll find everything you need to follow the course: lecture slides, Jupyter notebooks,

datasets, and step-by-step guidance through the material.
BoBiAC Exercises

BoBIiAC Exercises v

Lecture Slides

Course Materials Downloads

All Lecture Slides within the book are available for download as PDFs.

@8 Downloads
You can download the complete slide decks from the section of this book.
Links Additionally, each individual page that contains lecture slides has a Download the Slides button at the top
) for convenient access to slides for that specific topic.
BoBIAC (2
uv
juv @z Jupyter Notebooks
pyrunner (4

, All the Jupyter Notebooks within the book are available to download.
Core for Imaging Technology &

Education (CITE) &2 You can download the complete list of notebooks from the section of this book.

Additionally, each individual page that contains Jupyter Notebooks has a Download this Notebook button
Past Editions at the top for convenient access to that specific notebook. All the notebooks can also be opened with

. Google Colab usingthe Open in Colab button at the top of each notebook page.
2025 Edition2

1U@¢Jog: JEs!
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? Questions

4 bobiac.qgithub.io
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nl Why should you analyze images with computers?
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nl Why should you analyze images with computers?

concentrice

hitps://www.molllusions.com/pertect-circles-optical-illusion

4
<y




nl Why should you analyze images with computers?

concentrice

color perception and pattern recognition is individual, science less so.

hitps://www.molllusions.com/pertect-circles-optical-illusion
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nl Why should you analyze images with computers?

. identical central discse

hitp://www.brainbashers.com




nl Why should you analyze images with computers?

identical central discse

our size estimate is strongly influenced by the local neighborhood.

hitp://www.brainbashers.com
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nl Why should you analyze images with computers?

s the dot half-way up<

hitp://www.brainbashers.com




nl Why should you analyze images with computers?

s the dot half-way up<

our sense of distance depends on neighbborhood.

hitp://www.brainbashers.com
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nl Why should you analyze images with computers?

are discs equally greye¢

hitp://www.brainbashers.com




nl Why should you analyze images with computers?

are discs equally greye

INtfensity perception depends strongly on neighborhood.

hitp://www.brainbashers.com
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ul Why should you analyze images with computers?

are A and B equally greye

hitp://www.brainbashers.com




ul Why should you analyze images with computers?

are A and B equally greye

INntfensity perception depends strongly on neighborhood.

hitp://www.brainbashers.com




nl Why should you still use your brain?




nl Why should you still use your brain?

What do you see¢

hitp://www.brainbashers.com
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nl Why should you still use your brain?

What do you seee

IT's a cow!

hitp://www.brainbashers.com
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nl Why should you still use your brain?

What do you see¢

hitp://www.brainbashers.com
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nl Why should you still use your brain?

What do you seee

t's a Dalmatian dog!

hitp://www.brainbashers.com

102t ol JEst




il Why learn image analysis/Python if we have Al/LLMs?

G+ £ WO @8 & @ 2 M F W C A3%C 8 Wedll 310PM
¢~ » S 0DB0DE =

0 S W C : e 3% Claude Code X ¥ D &

® segment_cells.py
1

EXPLORER Untitled

v SEG
= cells.tif Claude Code

@ segment_cells.py

)

Highlight any text and press | Option | | K |to
chat about it

Write a python code in @segment_cells.py with a "PEP723" script at the top so | can run it with “uv
run’.

1 - The code should use "cellposed4’ with the 'cpsam_v2" model to segment both channels of the
@cells.tif image (O=nuclei, 1=cytoplasm).

2 - You need to save the labelled masks as "tiff’, one for each channel (e.g. <filaname>_nuc_labels.tiff
and <filaname>_cyto_labels.tiff).

3 - You need to use "'ndv’ to show me the results once the code is finished: | want to have the two
labelled masks in the same stack as the raw data so | can easily visualize them with 'ndv’. Use the
pattern similar to:

> OUTLINE -4 h! cells.p </> Edit automatically j@nj@'ﬂt

N

> TIMELINE

X ®oAo &8 ()GoLive 0J




il Why learn image analysis/Python if we have Al/LLMs?

@ Code File Edit Selection View Go Run Terminal Window Help C+ £ WO @8 ® @ 2 M 2 7 G A3BC 8 Wedil 3:10PM
s00 : Yy B DB0®=

0 ) ; ¥ Claude Code X % D &

EXPLORER ® segment_cells.py .
' - 1 [ . s ; - v ; Untitled

v SEG
= cells.tif Claude Code

@ segment_cells.py

)

Highlight any text and press
chat about it

The prompt is the key!

~ Write a python code in @segment_cells.py with a "PEP723" script at the top so | can run it with “uv
run’.

1 - The code should use "cellposed4’ with the "cpsam_v2" model to segment both channels of the
@cells.tif image (O=nuclei, 1=cytoplasm).

2 - You need to save the labelled masks as "tiff’, one for each channel (e.g. <filaname>_nuc_labels.tiff
and <filaname>_cyto_labels.tiff).

3 - You need to use "'ndv’ to show me the results once the code is finished: | want to have the two
labelled masks in the same stack as the raw data so | can easily visualize them with 'ndv’. Use the
pattern similar to:

> OUTLINE + Y s ells.py </> Edit automatically j@nj@'ﬂt

> TIMELINE

L X ®o0Ao0 &8 IcoLive [ 4




¥ Brief Self-Introduction

1. My name Is Federico

My position Is as a Director
My lab is the CITE@HMS in Boston, MA

My model system is a microscope

ok~ b

| acquired my data with any microscope

4 bobiac.qgithub.io
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