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UniMap: Type-Level Integration Enhances Biological
Preservation and Interpretability in Single-Cell Annotation

Haitao Hu, Yue Guo, Fujing Ge, Hao Yin, Hao Zhang, Zhesheng Zhou, Fangjie Yan,

Qing Ye, Jialu Wu, Ji Cao,* Chang-Yu Hsieh,* and Bo Yang*

Integrating single-cell datasets from multiple studies provides a cost-effective
way to build comprehensive cell atlases, granting deeper insights into cellular
characteristics across diverse biological systems. However, current data
integration methods struggle with interference in partially overlapping
datasets and varying annotation granularities. Here, a multiselective
adversarial network is introduced for the first time and present UniMap,
which functions as a “discerner” to identify and exclude interfering cells from
various data sources during dataset integration. Compared to other
state-of-the-art methods, UniMap emphasizes type-level integration and
proves to be the best model for preserving biological variability, achieving
noticeably higher accuracy in single-cell automated annotation under various
circumstances. Additionally, it enhances interpretability by revealing shared
and domain-specific cell types and providing prediction confidence. The

microenvironments.[¥! Recently, several

cutting-edge large-scale studies have aimed
to create comprehensive reference maps of
all human cells, other species, or specific
disease contexts.’”] However, due to the
high costs associated with such studies,
a more economical approach involves
integrating existing datasets to create
more comprehensive atlases for specific,
less-studied biological context.

The major issue is how to effectively
align Single cell RNA sequencing (scRNA-
seq) data from different domains, given
the substantial batch effects across datasets
acquired from diverse studies, sequenc-
ing methods, and sample origins.®) Cur-

efficacy of UniMap is demonstrated in terms of identifying new cell types,
creating high-resolution cell atlases, annotating cells along developmental
trajectories, and performing cross-species analysis, underscoring its potential

as a robust tool for single-cell research.

1. Introduction

Single-cell sequencing technologies, with their unprecedented
resolutions, have fundamentally revolutionized our understand-
ing of basic biological processes and various disease states, such
as cell differentiation,*? cell communication,!?! and the tumor

rent data integration methods aim to align
various datasets within a low-dimensional
space, while enabling automated cell an-
notation for unannotated datasets through
label transfer in the shared feature space,
thereby advancing research in the field.
For example, classic machine learning
integration methods, such as Harmony,®! Seurat v5,1
fastMNN,['!] Scanorama,!’?l and BBKNN,!'}] use strategies
like soft clustering or mutual nearest neighbor techniques to
integrate similar cells across different datasets. Subsequently,
deep learning models based on auto-encoders or variational auto-
encoders, including scVIL[** scANVLI®! trVAE,!1 Scalex,!”]
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