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To tackle the issues mentioned above, we propose a novel
algorithm, Number of sIngle-cell Clusters Estimation (NICE),
to automatically estimate the number of cell clusters. The
algorithm consists of two main steps, hybrid clustering for
feature selection and critical number of cell clusters
identification. The hybrid clustering aims to identify the
features with high contribution to the discrimination of
different cell clusters. In the identification step of critical
number of clusters, subtle perturbations are discriminated
from significant variations by modelling the bimodality
property of variable genes. As a result, the proposed
identification criterion is completely objective and robust to
random perturbations.
We exemplified the proposed algorithm on several
simulated and experimental single-cell RNA-seq datasets
containing hundreds to over three thousands of cells. The
proposed algorithm has demonstrated the capability in reliably
revealing heterogeneity of single-cell datasets and their
corresponding biological meanings.

I. INTRODUCTION

II. PRINCIPLES OF NICE

Single-cell RNA-seq transcriptome analysis measures the
amount of transcripts within individual cells and can reveal
cell-to-cell variations; therefore, it has wide applications in
many areas, such as tumor and cell lineage commitment. The
interpretations of single-cell datasets are usually achieved by
decomposing the cells into a few clusters based on their gene
expression profiles. In most scenarios, the bunch of cells to be
investigated are either considered as homogeneous in
traditional bulk experiments or the cell classification
information is unknown [1]. Therefore, unsupervised
clustering methods have been widely applied, which usually
need to estimate the number of clusters.
The estimation methods can be categorized into two types.
The first type is visual inspection. The clustering patterns of
cells can be made visible by using projection methods, e.g.,
principle component analysis (PCA) [2] and t-distribution
stochastic neighbor embedding (tSNE) [3]. Such type of
methods is usually subject to artificial bias and noise
interference, which may blur the cell clustering patterns.
The other type is based on statistical metrics. Gap statistic
is one of the most popular criteria for cluster numbers
evaluation [4] and has been successfully applied in single-cell
data analyses [5]. The method maximizes the differences
between the real gap statistic and the one obtained by
permutation test. However, the method do not guarantee
statistical differences between clutters.

Here, we propose a novel algorithm, NICE, to guide the
generation of statistically optimized cells clustering results.
The NICE algorithm consists of two main steps: i)
Identification of variable genes by a hybrid clustering scheme
for a given number of clusters, N. We adopt a similar principle
to SHOCSY [6], which combines a supervised (OPLS-DA)
and an unsupervised (k-means) clustering methods. ii)
Identification of critical number of clusters. In principle, the
gene expression patterns of each cell cluster are modelled in a
binary manner, i.e., using 1/0 to represent high/low repression.
Then, the similarities between different clusters are evaluated
to detect which value of N best reflects the intrinsic
characteristics of data. Within this step, binaryzation process
is performed by modelling the bimodality property of variable
genes using auto-clustering and enrichment test methods. By
doing so, trivial cell-to-cell and gene-to-gene perturbations
can be precluded. A schematic diagram of the proposed
algorithm has been given in Fig. 1.
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Figure 1. A demonstration of NICE being applied in analyzing single-cell RNA-seq data.

III. RESULTS
The proposed algorithm has been evaluated using simulated
and experimental single-cell RNA-seq datasets.
A. Simulated datasets
The simulated datasets, which consist of 2 to 8 cell clusters,
have been adopted to justify the concept of the proposed
method. The analysis results demonstrated that when the
number of clusters were overestimated, the obtained minimum
distances immediately dropped to zero as designed (Fig. 2).
Therefore, the real cluster numbers can be reliably estimated by
N-1, when the minimum distance reached strict zero.
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Figure 2. The minimum Hamming distances of different putative N for the simulated datasets
containing various cell clusters.

B. An experimental single-cell RNA-seq dataset
The utility of NICE in dealing with large complex datasets
was demonstrated on a single-cell RNA-seq dataset containing
3005 cells, which were collected from mouse cortex and
hippocampus [7]. The new algorithm successfully dissected the
major neuron types reported in the original paper in a
hierarchical manner, Fig. 3. Furthermore, compared to a latest
published method, NMF [8], our algorithm performed better in
revealing neuron subtypes (data not shown).
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Figure 3. Summary of the NICE analysis results of the mouse neurons dataset (Zeisel, et al.,
2015). NICE 1-14 denote the cell clusters identified by NICE.
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