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Abstract

The optical projection tomography (OPT) microscope method is becoming more interesting
to use for imaging samples that fall between the ranges of confocal laser scanning microscopy
(CLSM), which images tissues with a reach from micrometer to millimeter, and magnetic
resonance imaging (MRI), a method for imaging large organisms starting from 1 centimeter.
One of the most important models used in research is the zebrafish model which falls right in
the range so that the entire organism can be imaged at once. Before experimentation, the
zebrafish samples are prepared and imaged using the OPT method. This thesis focuses on
visualizing the zebra fish and designing a workflow to be able to calculate the volume of the
sample after being reconstructed and segmented with the help of the program Amira. It also
investigates the difference in the volume after being treated. This was determined to not have
an influence on the volume of the sample. The pipeline that was developed seems to have a
similar effect to manually segmenting the model.
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1 Introduction

One of the most fundamental tools for biological discovery is optical microscopy which has been
used for the last three centuries. Unfortunately, in vivo, tissue has tested the limits due to light
scattering. Thus, the most that can be done is a super�cial investigation, including the more modern
methods of confocal or multiphoton. Recent advances in optical imaging allow for imaging to be
done at depths and resolutions unprecedented for optical methods [Ntz10].

1.1 The use

When working with a zebra�sh a microscope needs to be used. Because of the size of the sample
(having a length between 3.5 to 12 mm) [SH14], an Optical Projection Tomography (OPT) mi-
croscope is used. Besides the range of the microscope being good for zebra�sh and other small
organisms, it carries other advantages. The time spent on preparing and imaging a sample is also
relatively short. This makes for a more e�cient work
ow during a study.

What has already been established is the protocol for the preparation of a sample, speci�cally
a zebra�sh, the embedding of the sample, and the imaging of a sample. The processing of the
image of the sample misses a pipeline. This thesis is part of research to calculate the volume of the
zebra�sh sample.

The zebra�sh used for this thesis do not have neuroblastoma but do have control injections. This
thesis is part of a larger research to see the in
uence of treatment on neuroblastoma. It focuses on
the development of the size of the zebra�sh and of the neuroblastoma. To contribute to this I made
a pipeline to calculate the volume of the zebra�sh after OPT imaging.

For this project, I used the program Amira to make a pipeline to convert the reconstructed images
from the OPT microscope into 3D models. After making a pipeline I also labeled the model by
hand.

1.2 Research Question

The goal of this thesis is to answer the following research question: How e�ective is a pipeline made
using Amira in calculating the volume of a zebra�sh imaged with an OPT microscope? By making
a pipeline consisting of several operations to make a visualization of the zebra�sh I hope to answer
this question.

1.3 Thesis overview

This chapter 1 contains the introduction. Section 2 gives the background on the relevant topics and
previous research knowledge. The methods used in this thesis project are explained in section 3.
The results are shown in section 4. Section 5 concludes the found results and section 6 discusses
this thesis and plans for further work.
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2 Background

2.1 Zebra�sh

The zebra�sh (Danio rerio), especially the zebra�sh larva, get used more and more in drug discovery
and early drug development. That is because the zebra�sh model is very popular in biomedical
research. It forms a link between in vitro experiments and in vivo studies in mammalian species.
The zebra�sh is an easy target to genetically modify to develop disease models because of its
external fertilization, its large litter size, the size of the embryos and larvae, and the fast rate with
which the larvae grow, which is ideal for high-throughput experiments.

Zebra�sh are optically transparent during early embryonic and larval stages, so it is easy to image
anatomical and certain physiological developments. Because there aren't any invasions, the �sh can
stay alive which has the bene�t that e�ects can be observed by microscopy over time in a single
subject [vW20].

The zebra�sh is a specimen that is typically suitable for this type of imaging because its size �ts
in the range of the OPT microscope. Zebra�sh can be easily embedded in large-scale projects as
su�cient amounts of samples can be made available in a reasonable time. In experimental setups,
we are highly interested in the phenotype and the gene expression of the phenotype in a zebra�sh
sample.

2.1.1 Related Work

Multiple articles have been published since 2000 using zebra�sh as a cancer model. It was discovered
that Zebra�sh develop almost any tumor type known from humans. [HB19].

Genetics has proven to be a very powerful complementary approach to embryological studies, as
genetic screens in zebra�sh mutants have identi�ed over 50 genes that are necessary for normal
development [SBD00]. Results with zebra�sh models have been positive enough to warrant their
own niche in cancer research, complementing existing models with their experimental advantages.
Examples of these are imaging of tumor progression in living �sh, treating the tumors, and screening
possibilities for genetic enhancers and suppressors [TL13].

Besides cancer there have been other ways to make models of zebra�sh such as using CRISPR
[CDDT18] and next-generation sequencing technology. The molecular mechanisms of human genetic
diseases that are studied can be researched faster. These studies are fundamental for the future
of precision medicine. Recently a study used zebra�sh disease models for biomedical research in
developmental disorders, mental disorders, and metabolic diseases[CCL+ 21].

2.2 OPT

Looking at �gure 1 there are multiple microscope techniques presented with their corresponding
range. With respect to CLSM, we are confronted with a limitation of the size of the specimen for
whole-mount imaging. With MRI the strength of the magnetic �eld determines the resolution that
can be obtained for whole-mount imaging. The OPT technique is a microscope method that can
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Figure 1: Overview of the scale and the microscope used for the range. The corresponding size of
the sample is shown on the top [Tan20].

visualize gene expression or speci�c staining using bright-�eld and 
uorescence channels, imaging
the specimen as a whole. Because of this, it adds an important range of scale [Sha04]. It allows for
the acquisition of high-resolution full-body images of animal or plant tissues as well as organs or
even organisms and has been studied for the capability of imaging with good spatial resolution and
contrast. After imaging it is able to make a reconstruction of the tomogram made from the sample.

The OPT can be advantageous over other available methods. When using OPT to image develop-
mental processes, there is a possibility to monitor gene expression and anatomical alterations. The
OPT microscope can use 
uorescence and absorption as contrast[RBM+ 11]. The 
owchart of the
microscope is depicted in �gure 2. In table 1 the important knobs of the OPT are visualized.

2.2.1 Related Work

Research regarding the OPT microscope and its potential has been going on since it was �rst
developed [SAP+ 02]. There has been a lot of research with respect to improving the reliability and
quality of this form of imaging. This research was continued, focusing on the application of OPT in
biomedical research, dealing with the design and implementation of algorithms and computational
strategies to deal with data, and images that are acquired with an OPT microscope [Tan20].

2.3 Amira

Thermo Scienti�c Amira Software is a software that can be used for visualizing, analyzing, and
understanding di�erent subjects related to life science. The data can be made using Optical and
Electron Microscopy, CT, MRI, and other imaging techniques. It can visualize data related to
structural and cellular biology and also tissues. From any 3D image data, Amira Software can
make data visualizations but can also process and analyze the resulting model [lif ]. The main
focus of Amira is 3-D reconstruction and quanti�cation of data[ASTM07]. Amira has the ability to
make a work
ow to combine segmentation and 3D reconstruction tools. It is also customizable,
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