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The rapid rate of discovery in cellular biology necessitates the need for more tools that
not only render the research process more convenient but also provide means to improve the
reproducibility of experiments. The purpose of this study is therefore to develop image
analysis-based methods to facilitate the functional analysis of human proteins particularly those
that may be or are involved in the maintenance of the metaphase chromosome structure.

To gain insights on the techniques and methodologies involved in determining the
cellular roles of proteins, the functional analysis of the Regulator of Ribosome Synthesis 1
(RRS1) using biochemical and image analysis approaches was performed. Localization studies
using a GFP-RRS1 over-expression cell line indicated that RRS1 is a nucleolar protein that
relocates to the chromosome periphery during mitosis. Knockdown studies of RRS1 using RNA
interference (RNAi) resulted in mitotic aberrations such as misaligned and non-aligned
chromosomes. Furthermore, mitotic cells with prematurely-separated sister chromatids were
observed after RRS1 knockdown. Interestingly, Aurora-B was mislocalized along the
chromosome arms and the localization of Sgol in the centromeres was perturbed in
RRS1-depleted cells. The results suggest that RRS1 is a nucleolar protein with an essential role
in chromosome congression.

Based on insights obtained from the analysis of RRS1, the development of a statistical
classifier using time-lapsed images of HeLa cells transfected with an EGFP-Histone-H1 fusion
protein was undertaken. Features based on the shape and texture of the chromosomal regions in
images of live HeLa cells were measured and analyzed. Linear discriminant functions were
calculated for the eight cell-cycle phases namely interphase, prophase, prometaphase, metaphase
early anaphase, anaphase, telophase and cytokinesis. Several sets of linear discriminant
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functions were formulated and combined to compose the multistage linear discriminant classifier
with an average classification efficiency of 87.30%.

Since the aforementioned classification scheme cannot be used to discriminate between
abnormal from the normal cell phenotypes, the development of classifiers that can be used for
the purpose was performed. Cell images were collected and divided into the congressed and
un-congressed chromosome groups, which were further subdivided into the normal or abnormal
sub-groups. Four methods were employed for classifier development, namely, linear and
quadratic discriminant analyses (LDA and QDA, respectively), MLP and LS-SVM. The LS-SVM
classifiers had the best performance for both the congressed and un-congressed chromosome
groups.

The classifiers proposed herein may be used in a high-throughput platform that
automatically collects images and performs phenotype scoring and analysis. Although these
classifiers were developed using adherent HeLa cells, the methods used in their development can
be utilized for other cell lines.
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