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Fig. 1 Proteomic analysis of mitotic chromosome proteins with Random forest analysis predicting novel proteins of interest

(A) The 27 classes of proteins found in chromosomes. (B) The rank of all proteins observed for proteomic abundance, enrichment,
retention, SMC2 dependency is plotted as vertical color coded lines (rug plots). Proteins are ranked from the highest (left) to
lowest values. Centromere proteins are indicated by longer bars. (C) Separation of the two training sets by RF analysis. The line
provides optimal separation of the two training sets. RF analysis of B includes the bioinformatic analysis. (D) Position of novel
cloned proteins and remaining uncloned proteins in the same 2d analysis with classification of newly cloned proteins from regions
to the left and right of the dividing line, respectively. This figure was modified from Ohta et al., 2010 (15).
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(A) Two-dimensional scatter graph plots of RF scores for (a) CPC versus condensin II and (b) CPC versus condensin 1. Key
proteins are color coded by category: condensin I, pink; condensin II, purple; CPC, blue; kinetochore, orange; and CCAN, green.
(B) Magnification of the part of the heat map depicting the combined results of 5,058 proteins from nanoRF targeting condensin,
condensin I, condensin II, cohesin, SMC5/6, CPC, histones, CCAN, Nup-Ran complexes, kinetochore, chromosomal scaffolds, and
ribosomal proteins. (C) Relative mitotic index of HeLa cells after 28 individual siRNA treatments against human orthologues. * in
(B) shows the siRNA target in. This figure was modified from Ohta ef al., 2016 (17).
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Packaging of the DNA into condensed chromosomes during mitosis is essential for the faithful segregation of the
genome into daughter nuclei. Although intensely studied for over 100 years, mitotic chromosome structure and
composition are still yet to be fully elucidated. We developed the multi-classifier combinatorial proteomics (MCCP)
and nano Random Forest to reveal the protein composition in mitotic chromosomes purified from chicken DT40 cells.
One of the greatest advances from the MCCP approach to analysis of the mitotic chromosome proteome is the ability
to combine with genetic knock-out and the stable labeling with amino acids in cell culture. These approaches open
the door to the identification of all functional components of mitotic chromosomes despite the adventitious binding
of cellular background proteins during mitosis. Furthermore, they can be extended by adding additional classifiers to
delineate protein complexes and define functional dependencies between them in the context of intact mitotic chro-
mosomes. This will serve both as a starting point for systematic determination of the full range of functions involved
in mitotic chromosome segregation, and as a basis for the development of detailed structural and functional interac-
tion maps of key chromosomal sub-domains. Indeed, we have discovered and characterized several number of novel
centromere or chromosomal proteins. Currently we succeeded the identification of 4,274 total phosphorylation sites
and 350 mitosis-specific phosphorylation sites in mitotic chromosome-associated proteins with using TiO,-based
hydroxy acid-modified metal oxide chromatography. In future, phosphoproteome analysis combined with MCCP and
nanoRF approaches based on machine learning would be useful for the analysis of much more complex hierarchical
regulation network on mitotic chromosomes.
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