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Alternative Splicing Regulation during Embryonic Development

T i
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Abstract

Alternative splicing is pervasive in mammalian genomes and involved in embryo development, whereas
research on crosstalk of alternative splicing and embryo development was largely restricted to mouse and
human and the alternative splicing regulation during embryogenesis in zebrafish remain unclear. We con-
structed the alternative splicing atlas at 18 time-course stages covering maternal-to-zygotic transition,
gastrulation, somitogenesis, pharyngula stages and post fertilization in zebrafish. The differential alter-
native splicing events between different developmental stages were detected. The results indicated that
abundance alternative splicing and differential alternative splicing events are dynamically changed and
remarkably abundant during maternal-to-zygotic transition process. Based on gene expression profiles, we
found splicing factors are expressed with specificity of developmental stage and largely expressed during
maternal-to-zygotic transition process. The better performance of cluster analysis was achieved based on
inclusion level of alternative splicing. The biological function analysis uncovered the important roles of
alternative splicing during embryogenesis. The identification of isoforms switches of alternative splicing
provided a new insight into mining the regulated mechanism of transcript isoforms, which always is hidden
by gene expression. In conclusion, we inferred that alternative splicing activation is synchronized with
zygotic genome activation and discovered that alternative splicing is coupled with transcription during
embryo development in zebrafish. We also unveiled that the temporal expression dynamics of splicing
factors during embryo development, especially co-orthologous splicing factors. Furthermore, we proposed
that inclusion level of alternative splicing events can be employed for cluster analysis as a novel parameter.
This work will provide a deeper insight into the regulation of alternative splicing during embryogenesis in
zebrafish.
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Enhancer RNA transcriptomics-wide association study reveals an atlas of

pan-cancer susceptibility eRNAs
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Abstract

Increasing evidences have demonstrated that enhancer RNAs (eRNAs) play essential roles in human dis-
eases. However, the full identification of disease-related subsets of eRNAs remains a major challenge.
Here we construct an atlas of common and rare genetic variants influencing the expression of enhancer
RNAs across 49 human tissues. We identify 11,757 eRNA quantitative trait loci (eRNA-QTLs) associated
with the expression of 89.75% annotated eRNAs, with 28.48% of cancer variants being co-localized by
eRNA-QTLs that significantly contribute to cancer heritability. We perform an eRNA transcriptome-wide
association study (eTWAS) and identify 259 cancer susceptibility eRNAs for 23 cancer types and the ma-
jority of nearby target genes for these eRNAs are well-defined oncogenes. Interestingly, cancer risk can be
significantly influenced by rare functional variants that are linked to eRNAs with transcriptomic outliers.
Additionally, we develop a comprehensive and flexible data portal for exploring the genetic underpinnings
of eRNAs. Overall, this study reveals a systematic landscape of genetic dependencies on eRNAs across

pan-cancers and significantly expands the pool of disease-associated eRNAs.
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CancerSCEM: A database of single-cell expression map across various human

cancers
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Abstract

Whole-transcriptome mRNA sequencing at single cell resolution (scRNA-seq) is being widely applied to
answer many essential questions in developmental biology, immunology, oncology, etc. Particularly with
the proliferating studies of human cancers by scRNA-seq technique, massive cancer scRNA-seq datasets
were exponentially exploded in the past decade which are calling for a burning demand to be integrated
and processed for essential investigations in tumor microenvironment and further comprehensive com-
parative analysis. To achieve this goal, we developed a database of Cancer Single-cell Expression Map
(CancerSCEM, https://ngdc.cncb.ac.cn/cancerscem), which consists of 208 cancer samples across 20 hu-
man cancer types. A series of uniform and multiscale analyses for each sample were performed, including
cell type annotation, expression of functional genes (oncogenes, tumor suppressor genes and widely-used
immune checkpoint molecules), cell interaction network, survival analysis and etc. Plus, CancerSCEM was
visualized as a user-friendly web interface for users to browse, search, analyze and download all metadata
as well as analytical results. More importantly, the newly-constructed comprehensive online analyzing
platform in CancerSCEM integrates two analyze modules and seven functions, where investigators can
interactively perform cancer scRNA-seq analyses. For example, users can acquire the gene’s global expres-
sion pattern in a specific sample and rapidly find out cell types that contribute the highest expressions by
Gene analyzing module. While in Sample analyzing module, an interaction network for each sample will be
visualized indicating cell subsets as key mediators of cellular cross-talk in the specific tumor microenviron-
ment, guiding users to further investigate their underlying biological roles. Taken together, CancerSCEM
paved an informative and practical way to facilitate human cancer studies, and also provided insights into

clinical therapy assessments.
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A chromosome-level genome assembly provides insights into Cornus wilsoniana

evolution and oil biosynthesis
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Abstract

Cornus wilsoniana is an important woody oil plant in China, with high oil content and medicinal value.
To elucidate the genomic composition and evolutionary history of C. wilsoniana, we employed PacBio and
Hi-C technologies to generate the first high-quality chromosome-level genome assembly of this species.
The assembled genome size was 843 Mb, with N50 contig size of 4.49 Mb and total predicted gene num-
ber of 30,474. Comparative genomics analysis revealed that C. wilsoniana diverged from other families
approximately 106 million years ago, forming a unique Cornus genus, and underwent two whole genome
duplication events in the Mid-Cretaceous. Furthermore, through transcriptomics and metabolomics, we
identified key genes and pathways involved in oil biosynthesis in fruit and floral bud development of C.
wilsoniana. This provides valuable resources for understanding the evolutionary history and molecular

mechanisms governing important agronomic traits in C. wilsoniana.
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Systematic characterization of the expression patterns of TE/CE IncRNAs across

normal and cancer tissues
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Abstract

Long noncoding RNAs (IncRNAs) have emerged as significant players in gene function and regulation.
The precise regulatory effectiveness of IncRNA is closely associated with spatial expression patterns across
tissues and cells. Here, we systematic characterization of the expression patterns of TE/CE IncRNAs across
normal and cancer tissues, including 5 major bulk transcriptomic datasets and 181 single-cell transcrip-
tomic datasets. Firstly, we found the IncRNA transcriptomes exhibited high consistency within the same
tissues across resources. Moreover, TE IncRNAs also tend to be associated with cancer, and exhibited
differential expression or were correlated with patient survival. Next, in order to explore the regulatory
mechanisms of these TE IncRNAs in normal and disease, we collected multi-tissue m6A RNA methylated
data, and we found that TE IncRNA tend to be modified by m6A. Analysis of the m6A-modified TE
IncRNAs across cancers reveal that the m6A-modified TE IncRNAs were closely related to the progno-
sis of patients. To provide a comprehensive spatial atlas of expression for IncRNA, we propose LncSpA
(http://bio-bigdata.hrbmu.edu.cn/LncSpA) to explore tissue-elevated (TE) IncRNA across human nor-
mal and adult and pediatric cancer tissues. Finally, we propose the Cellular-Elevated LncRNA (LncCE,
http://bio-bigdata.hrbmu.edu.cn/LncCE) to explore cellular-elevated (CE) IncRNAs across normal and
cancer tissues in single cells. In summary, our results revealed that TE/CE IncRNAs may be novel potien-
tal biomarkers for diganosis and prognosis of patient, and could help the research community to understand

the biological function of IncRNA in cells, tissues and tumorigenesis.

e NS

TRAE, M/REBERIY, AWEER: SEARYE, AYEYT
FE 2021 FEWFR A, BB IncRNA, JEiE & R ML
27, Hop—AE /3t —s0# & £ AE (Molecular Cancer ), { Cancer Re-
search), { Briefings in Bioinformatics) &Z4ii, KA RKF KA
RO KRRV RFR RS T, R 21 NS E 5 HEAE 2
TE/CE IncRNA [k

36



Detection of Islet Autoantibodies Using Glass Capillary Nanopore
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Abstract

Background: Diabetes mellitus is a frequent endocrine disease in clinic. The early diagnosis and classifi-
cation are of great significance for its treatment and prognosis. Anti-glutamic acid decarboxylase antibody
(GADA) is recognized as a biomarker of value for clinical diagnosis and prognostication in type 1 diabetes
(T1D). Therefore, the development of rapid detection methods for GADA is of great value. Single molecule
detection based on nanopore technology is a very promising approach for medical diagnostics, drug therapy
and even DNA sequencing. Compared with other biological nanopores and solid-state nanopores, the glass
capillary nanopore has low cost, easy availability and stable mechanical characteristics. In the present
study, we demonstrate the potential of glass nanopore technology in the detection of GADA in vitro that
may contribute to the development of early clinical diagnosis of diabetes.

Methods: Glass nanopores were all fabricated by pulling method using a CO2 laser based micropipette
puller. Proteins diluted with a high concentration of ionic solution were then injected into the nanotube.
The current was collected by applying potential between the Ag/AgCl electrode inside the glass capillary
nanopore and the external Ag/AgCl reference electrode. A recognizable pulse signal is generated when the
protein translocates through the nanopore.

Results: The ion currents of GADA and GADA-GAD immune complexes were recorded separately and
all characteristic events were extracted and drawn as scatter plotTwo characteristics of dwell time and Al
become the key to distinguish the signals of different proteins. Due to a larger diameter, the relative signal
amplitude of the GADA-GAD complexes is significantly higher than that of GADA.

Conclusion: Translocation current event analysis results show that our glass nanopore device has the
ability to distinguish GADA and GADA-GAD complexes, which is helpful to develop a rapid identification
detection method for GADA in patient serum samples. The development of glass nanopore technology

shown in our study, could bring a useful tool in the early diagnosis of type I diabetes.
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scPlantDB: a comprehensive database for exploring cell types and markers of

plant cell atlases
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Abstract

Recent advancements in single-cell RNA sequencing (scRNA-seq) technology have enabled the com-
prehensive profiling of gene expression patterns at the single-cell level, offering unprecedented in-
sights into cellular diversity and heterogeneity within plant tissues. In this study, we present a sys-
tematic approach to construct a plant single-cell database, scPlantDB, which is publicly available at
https://biobigdata.nju.edu.cn/scplantdb. We integrated single-cell transcriptomic profiles from 67 high-
quality datasets across 17 plant species, comprising approximately 2.5 million cells. The data under-
went rigorous collection, manual curation, strict quality control, and standardized processing from public
databases. scPlantDB offers interactive visualization of gene expression at the single-cell level, facilitating
the exploration of both single-dataset and multiple-dataset analyses. It enables systematic comparison and
functional annotation of markers across diverse cell types and species while providing tools to identify and
compare cell types based on these markers. In summary, scPlantDB serves as a comprehensive database
for investigating cell types and markers within plant cell atlases. It is a valuable resource for the plant

research community.
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Construction of HLA-presented immunopeptidome from non-coding regions
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Abstract

LncRNAs are not only well-known as non-coding elements but also serve as templates for peptide transla-
tion, playing important roles in fundamental cellular processes and diseases. Meanwhile, IncRNA-encoded
peptides can also engage the immune system against tumor cells, thus exploring peptides derived from
non-coding regions is emerging as a fascinating field in cancer immunotherapies. First, we document
peptides encoded IncRNAs and integrate six types of direct and indirect evidence supporting the coding
potential of IncRNAs. Publicly available mass spectrometry-based HLA immunopeptidome datasets are
reanalyzed against our integrated benchmarked non-canonical open reading frame information. Ultimately,
we identified 245,870 non-canonical epitopes binding to HLA-I/IT allotypes across 15 cancer types and 30
non-cancerous tissues, greatly expanding the cancer immunopeptidome. Moreover, we further evaluate the
immunogenicity via several commonly used immunogenic features, including HLA binding affinity, stability
and T-cell receptor recognition. Overall, Our works greatly extend the cancer immunopeptidome, inves-
tigating the immunogenic capacity of IncRNA-encoded and non-canonical peptides and their potential as

therapeutic cancer vaccines.
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Identification of cell-type active CTCF binding sites using machine learning-based

methods

S
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Abstract

The transcription factor (TF) CTCF is a highly conserved zinc finger protein and its binding on the
human genome affects numerous regulatory functions, including the regulation of chromatin structure,
transcription and gene expression. Based on the ChIP-seq data of 67 cell lines from the ENCODE project,
the dataset of cell-type active CTCF binding sites was constructed. By using chromatin accessibility, DNA
motif, histone modifications and the binding signals of RAD21 and SMC3, we used convolutional neural
network (CNN) and support vector machine (SVM) to identify active binding sites of CTCF in a specific
cell type. Using the CNN model, the area under the curve of receiver operating characteristic (AUC) values
based on chromatin accessibility are greater than 0.850 in 37 cell lines, and the maximum value reaches
0.950. The AUC values based on the binding signals of RAD21and SMC3 was between 0.881 and 0.934 in 4
cell lines. By integrating chromatin accessibility, the binding signals of RAD21 and SMC3, the AUC values
can achieve 0.948 and 0.906 when applying the CNN and SVM models in 4 cell lines. The results indicated
that chromatin accessibility, the binding signals of RAD21 and SMC3 have stronger power for predicting
cell-type active CTCF binding sites, while DNA motifs and histone modification signals contributed less
to the recognition of these sites. This study may provide clues to understand the regulatory function of
CTCEF related to chromatin accessibility and histone modifications and displays the significant interaction
mechanism between CTCF, RAD21 and SMCS3.
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InsectBase 2.0: a comprehensive gene resource for insects
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Abstract

Insects are the largest group of animals on the planet and have a huge impact on human life by providing
resources, transmitting diseases, and damaging agricultural crop production. Recently, a large amount
of insect genome and gene data has been generated. A comprehensive database is highly desirable for
managing, sharing, and mining these resources. Here, we present an updated database, InsectBase 2.0
(http://v2.insect-genome.com/), covering 815 insect genomes, 25 805 transcriptomes and >16 million genes,
including 15 045 111 coding sequences, 3 436 022 3 UTRs, 4 345 664 5 UTRs, 112 162 miRNAs and 1 293
430 IncRNAs. In addition, we used an in-house standard pipeline to annotate 1 434 653 genes belonging to
164 gene families; 215 986 potential horizontally transferred genes; and 419 KEGG pathways. Web services
such as BLAST, JBrowse2 and Synteny Viewer are provided for searching and visualization. InsectBase
2.0 serves as a valuable platform for entomologists and researchers in the related communities of animal

evolution and invertebrate comparative genomics.
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The mechanism of tRNA derived fragment tRF-28 regulatory network in the

occurrence of gastric cancer and the diagnostic value analysis
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Abstract

Gastric cancer ranks fourth in the world’s cancer-related deaths, and it also seriously threatens the national
health of China. The current focus of gastric cancer research is to find stable and effective early diagnostic
markers and reveal the pathogenesis of gastric cancer. tRNA-derived fragment (tRF) is a newly discovered
regulatory non-coding RNA, which plays an important role in tumor diagnosis and treatment. The stable
existence of tRF in body fluid makes it advantageous as a new biomarker of gastric cancer. At present, the
research on tumor-related tRF is still in the initial stage of data accumulation, and little is known about
which target genes and signal pathways are regulated by tRF. This study screened a new molecule tRF-28-
ZJ47D1127Z4D7Z (tRF-28) related to gastric cancer. The specific detection system and absolute quantitative
method in plasma were established, and found that tRF-28 has potential early diagnostic value in gastric
cancer; Bioinformatics methods were used to analyze the function and pathway of tRF-28 target gene
enrichment, predicted the target gene CCND1 (Cyclin D1) and cell cycle signal pathway Cyclin D1/CDK4;
It can also affect the proliferation, cloning ability, cell cycle, invasion, migration and apoptosis of gastric
cancer cells through the target gene CCND1. To clarify the role and specific molecular mechanism of
tRF-28 in gastric cancer, we proposed the scientific hypothesis based on a series of research and literature:
tRF-28 may combine with Ago2 protein to form a complex, and binding at the 3° UTR of CCND1 negatively
regulates the expression of cyclin D1 and CDK4 and other key proteins, thus inhibiting the proliferation
of gastric cancer cell. This study will provide new clues for finding potential early diagnostic markers and

therapeutic targets of gastric cancer.
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scMoVe: single cell multi-omics latent vector filed infers cell developmental

trajectories
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Abstract

With the emergence of single-cell atlas that captures both gene expression and chromatin accessibility in
the cell developing population, reconstruction of congruent cellular trajectories from diverse modalities
has become a challenging task. To capture unified representations of intrinsic dynamics from different
omics profiles, we present scMoVe, a deep generative model to estimate low dimensional latent vector
field that governs cell multi-omics dynamics. We highlight scMoVe’s power to overcome the limitations
of traditional splicing-based RNA velocity models in single cell transcriptome to enable learning neural

ordinary differential equations that govern the dynamics of cell lineage in latent data manifold.

S N

BRATAS, ok AW IRE A Bk 2t e AR W5 B R R i i
H, HATEM=4%, ERROT5 R TR,
R Z2 A2 53 T RR B 2 S R

44



TWAS Atlas: a curated knowledgebase of transcriptome-wide association studies
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Abstract

Transcriptome-wide association studies (TWASs), as a practical and prevalent approach for detecting the
associations between genetically regulated genes and traits, are now leading to a better understanding of the
complex mechanisms of genetic variants in regulating various diseases and traits. Despite the ever-increasing
TWAS outputs, there is still a lack of databases curating massive public TWAS information and knowledge.
To fill this gap, here we present TWAS Atlas (https://ngdc.cncb.ac.cn/twas/), an integrated knowledgebase
of TWAS findings manually curated from extensive literature. In the current implementation, TWAS Atlas
collects 401,266 high-quality human gene-trait associations from 200 publications, covering 22,247 genes
and 257 traits across 135 tissue types. In particular, an interactive knowledge graph of the collected gene-
trait associations is constructed together with single nucleotide polymorphism (SNP)-gene associations to
build up comprehensive regulatory networks at multi-omics levels. In addition, TWAS Atlas, as a user-
friendly web interface, efficiently enables users to browse, search and download all association information,
relevant research metadata and annotation information of interest. Taken together, TWAS Atlas is of great
value for promoting the utility and availability of TWAS results in explaining the complex genetic basis as

well as providing new insights for human health and disease research.
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Integrated multiomics data analysis reveals cancer immune related oncogenous

pathway
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Abstract

Single-cell transcriptome has enabled the transcriptional profiling of thousands of immune cells in cancers.
How to accurately annotate cell types is a key issue. Besides, RNA-binding proteins (RBPs) are key
players of gene expression and perturbations of RBP-RNA regulatory network have been observed in
various cancer types. However, there is still a lack of computational methods to comprehensively identify
the critical RBP regulators based on single cell RNA-Seq (scRNA-seq) data. Therefore, we firstly introduce
ImmCluster for immunology cell type clustering and annotation by manually curating reliable marker genes
and integrating over 1,068,000 immune cells from all available data. Further, we propose a computational
method, RBPreg, to identify the RBP regulators by integration of scRNA-seq and RBP binding data. Pan-
cancer analysis revealed an oncogenic RBP-HNRNPK, which is highly expressed in tumors and associated
with poor prognosis of patients. Functional assays performed in cancer cells reveal that HNRNPK promotes
cancer cell proliferation, migration, and invasion in vitro and in vivo. In summary, ImmCluster is a valuable
resource for analysing cellular heterogeneity in cancer microenvironments. And we deciphered an oncogenic
RBP-HNRNPK, which can promote cancer cell proliferation, migration, and invasion in cancer, yielding

potential biomarkers for precision medicine.
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A chromosome-level assembly of the harlequin ladybird Harmonia axyridis as a

genomic resource to study beetle and invasion biology
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Abstract

The harlequin ladybird, Harmonia azyridis (Pallas), is a well-known model organism for genetic studies
and is also a well-studied natural enemy used for pest control. It became an invasive species after being
introduced to North America and Europe as a pest control agent. Though two genome assemblies for this
insect have been previously reported, a high-quality genome assembly at the chromosome level is still not
available. Here, we obtained a new chromosome-level genome assembly of H. azyridis by combining various
sequencing technologies, namely Illumina short reads, PacBio long reads, 10X Genomics and Hi-C. The
chromosome-level genome assembly is 423 Mb with a scaffold N50 of 45.92 Mb. Using Hi-C data 1,897
scaffolds were anchored to eight chromosomes. A total of 730,068 repeat sequences were identified, making
up 51.2% of the assembled genome. After masking these repeat sequences, we annotated 22,810 protein-
encoding genes. The X chromosome and Y-linked scaffolds were also identified by resequencing male and
female genomes and calculating the male to female coverage ratios. Two gene families associated with
environmental adaptation, odorant receptor and cytochrome P450, were analysed and showed no obvious
expansion in H. azyridis. We successfully constructed a putative biosynthesis pathway of harmonine, a
defence compound in the haemolymph of H. azyridis, which is a key factor for H. axyridis strong immunity.
The chromosome-level genome assembly of H. azxyridisis a helpful resource for studies of beetle biology and

invasive biology.
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