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Abstract—Tracking plant cells in three-dimensional (3D) tissue captured through light microscopy presents significant challenges due
to the large number of densely packed cells, non-uniform growth patterns, and variations in cell division planes across different cell
layers. In addition, images of deeper tissue layers are often noisy, and systemic imaging errors further exacerbate the complexity of the
task. In this paper, we propose a novel learning-based method DEGAST3D: Learning Deformable 3D GrAph Similarity to Track Plant
Cells in Unregistered Time Lapse Images exploits the tightly packed 3D cell structure of plant cells to create a three-dimensional graph
for accurate cell tracking. We also propose a novel algorithm for cell division detection and an effective three-dimensional registration,
improving state-of-the-art algorithms. On a public dataset, our novel cell pair matching method outperforms the baseline by 6.83%,
5.96%, 6.40% in precision, recall, and F-1 score, respectively. On the same dataset, our proposed novel cell division technique
improves the results of the baseline method by 15.38% and 14.78% in terms of recall and F1-score, respectively. The implementation of
our method can be found using this url path: https://github.com/ShazidAraf/PLANT-CELL-TRACKING

Index Terms—Cell Tracking, Cell Division, 3D Segmentation, 3D Registration, Graph Matching, Deep Learning.
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1 INTRODUCTION

MORPHOGENETIC analysis is a cardinal topic of in-
terest in computational biology, which analyzes the

development of various biological forms, including cell
growth and division patterns in both plant and animal
tissues. Tracking the development of these cells over time
provides a quantitative description of cell growth and divi-
sion characteristics [1], [2], [3], [4], gene expression [5], [6],
enzyme/protein localization [7], [8], [9] and analyzing bio
signals [10] .

The plant of interest for this study is Arabidopsis thaliana.
This plant is a genetic model system and a representative
system to study shoot apical meristem (SAM) morphology
of dicotyledenous plants. Thus, its study aids in understand-
ing the morphological processes of several other plants as
discussed by the authors of [11], [12]. In order to analyze
the cell growth and division characteristics, this work fo-
cuses on the Shoot Apical Meristems (SAM) [13] of the
plant. Shoot Apical Meristems (SAM) are densely packed
multi-layer tissues that provide cells for the development
of leaves, stems, and branches. With the advancement of
microscopy imaging techniques, time-lapse images of long
time series can be collected from SAM by Confocal Laser
Scanning Microscopy (CLSM) [14] based live cell imaging.
In this imaging technique, a laser beam is moved along
the depth of the SAM tissue, which results in a series of
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two-dimensional images. The two-dimensional images are
referred to as slices, which, when put together, forms the
image stack of the SAM. Fig. 1 shows some exemplar slices
of the SAM region of Arabidopsis thaliana captured by CLSM.

The Shoot Apical Meristems (SAM) of Arabidopsis
Thaliana is a tightly packed structure with many cells.
Spatio-temporal tracking of such a large number of cells
is computationally expensive and time-consuming. In ad-
dition, the images captured from the deep layers of SAM
suffer from low signal-to-noise ratio (SNR), as mentioned in
[15], which makes the problem of tracking deep-layer cells
very challenging. Further, the plant has a natural tendency
of growing towards the light source it gets exposed to
[16]. As a result, when a plant is kept in a non-uniform
lighting setup, the plant leans toward the light source and
gets tilted. The live cell imaging technique can not capture
this information as it only captures two-dimensional images
on X-Y plane (or, top view), thus further complicating the
problem of tracking plant cells. Hence, there’s a need for
an automated, fast, and robust algorithm that can perform
tracking of plant cells in Shoot Apical Meristems (SAM)
of Arabidopsis Thaliana. In this paper, we propose a novel
deep learning-based method, DEGAST3D: DEformable 3D
GrAph Similarity to Track plant cells and detect cell divi-
sion events.

1.1 Related Work

There are several studies on plant cell tracking. Most of them
are based on two-dimensional local-graph matching [17],
[18], [19], [20], which exploits the tight spatial topology of
neighboring cells. In those studies, a two-dimensional local
star graph [21] is constructed by connecting the centroid
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