Development of a System for Automatic Construction of Cell-Lineage of C. elegans from Nomarski DIC Microscope Images

Tomohiro Yasuda^{1,2} Hideo Bannai^{1,2} Shuichi Onami^1

tyasuda@ims.u-tokyo.ac.jp bannai@ims.u-tokyo.ac.jp sonami@symbio.jst.go.jp

Satoru Miyano^{1,3} Hiroaki Kitano^{1,4}

miyano@ims.u-tokyo.ac.jp kitano@symbio.jst.go.jp

1 Kitano Symbiotic Systems Project, ERATO, JST,

M-31 Suite 6A, 6-31-15 Jingumae, Shibuya-ku, Tokyo 150-0001, Japan 2 Department of Information Science, Graduate School of Science, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8654, Japan 3 Human Genome Center, Institute of Medical Science, University of Tokyo, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan 4 Sony Computer Science Laboratory,

3-14-13 Higashi-Gotanda, Shinagawa, Tokyo 141-0022, Japan

Keywords: cell lineage, Nomarski DIC microscope, C. elegans

1 Introduction

The development of a multi-cellular organism starts from a single cell, which consecutively divides to be an adult. The whole relationship of parent cells and their daughter cells is called the cell lineage, which can be described as a tree structure. The analysis of the cell lineage is important for understanding the development of multi-cellular organisms [3]. It is also important for studying gene functions. When certain genes are disrupted, the cell lineage may change from that of wild types [1, 2]. Such information is very useful for studying the function of the disrupted genes.

By using a Nomarski DIC microscope system, we can record images of a C. elegans embryo at multiple focal planes and multiple time-points. However, manual construction of the cell lineage is very time conuming and laborious, and a method which automates this procedure will greatly increase the productivity of cell lineage construction. We have developed and verified a system for this purpose [4].

2 Method and Results

Our system consists of four components: (1) Detection of nuclei from each 2D image included in a 4D image (image processing), (2) Removal of false positive nuclei by hand, (3) Unification of a single nucleus detected in multiple 2D images, and (4) Construction of a cell lineage. Since there are differences in the appearances of the nuclei, our nucleus detector employs multiple image processing algorithms and combines the outputs of them. Currently, we have developed three algorithms. The output of our nucleus detector contains lots of false positives, which are removed manually with a GUI tool developed to facilitate this task. A single nucleus will be detected in multiple time points and in multiple focal planes. Our system unifies them into one. Finally, a hypothetical cell lineage based on the detected nuclei is constructed.

We tested our algorithm using a 4D-image of C. elegans embryo up to the 7-cell stage for our data set (Fig. 1). The result is given in Fig 2. The hypothetical cell lineage created by our system was

I_{01,30} I_{05,30} I_{10,30} I_{15,30} I_{20,30}

I_{01,50} I_{05,50} I_{10,50} I_{15,50} I_{20,50}

Figure 1: Part of the data set. Images from the 30th and 50th focal planes, at 1st,5th,10th,15th,20th time-points. The notation ‘I_{t,f} ’ means the image at time-point t and at focal plane f.

Figure 2: The left tree is the true cell lineage [3]. Here, forking points show the time-points of cell division. The right tree is the cell lineage constructed by our system. Here, each thick line represents a detected nucleus. Each end of the thick line represents the time-point when the corresponding nucleus emerges or disappears. P_2 and C was recognized as a single nucleus, written as P_2:C in this figure.

close to the true lineage for the AB descendants. However, for the P_1 descendants, EMS and E were split into multiple nuclei, and P_2 and C were incorrectly recognized as a single nucleus. To overcome these problems, we should mainly improve the nucleus detection step of our system.

References

[1] Horvitz, H.R., “Genetics of Cell Lineage” in The Nematode Caenorhabditis elegans, ed. by Wood, W.B., Cold Spring Harbor Laboratory, 1988.

[2] Hutter, H. and Schnabel R., glp-1 and inductions establishing embryonic axes in C. elegans, Development, 120(7):2051–2064, 1994.

[3] Sulston, J.E., Schierenberg, E., White, J.G., and Thomson, J.N., The embryonic cell lineage of the Nematode Caenorhabditis elegans, Developmental Biology, 100:64–119, 1983.

[4] Yasuda T., Bannai. H., Shuichi O., Satoru M., and Kitano H., Towards automatic construction of cell-lineage of C. elegans from Nomarski DIC microscope images, Genome Informatics, 10:144– 154, 1999.