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Growth strategies of microbes on mixed
carbon sources
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A classic problem in microbiology is that bacteria
display two types of growth behavior when cultured
on a mixture of two carbon sources: in certain
mixtures the bacteria consume the two carbon
sources sequentially (diauxie) and in other mixtures
the bacteria consume both sources simultaneously
(co-utilization). The search for the molecular
mechanism of diauxie led to the discovery of the lac
operon and gene regulation in general. However,
guestions remain as why microbes would bother to
have different strategies of taking up nutrients and
in the case of co-utilization what determines the
partition and distribution of carbon sources in the
cell. Here we show that diauxie versus co-utilization
can be understood from the topological features of
the metabolic network. A model of optimal allocation
of protein resources quantitatively explains why and
how the cell makes the choice when facing multiple
carbon sources. When two carbon sources are
being co-utilized, the model predicts the percentage
of each carbon source in supplying the synthesis of
every type of amino acid, which is quantitatively
verified by experiments. Our work solves a long-
standing puzzle and provides a quantitative
framework for the carbon source utilization of
microbes.
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Decoding the gene regulation network in
human germline cells by single-cell functional
genomics approaches
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Human germline cells are crucial for
maintenance of the species. However, the
developmental trajectories and heterogeneity of
human germline cells remain largely unknown. We
performed single-cell RNA-seq and DNA
methylome sequencing analyses of human
germline cells in female and male human embryos
spanning several critical developmental stages. We
found that female fetal germ cells (FGCs) undergo
four distinct sequential phases characterized by
mitosis, retinoic acid signaling, meiotic prophase,
and oogenesis. Male FGCs develop through stages
of migration, mitosis, and cell-cycle arrest.
Individual embryos of both sexes simultaneously
contain several subpopulations, highlighting the
asynchronous and heterogeneous nature of FGC
development. Moreover, we observed reciprocal
signaling interactions between FGCs and their
gonadal niche cells, including activation of the bone
morphogenic protein (BMP) and Notch signaling
pathways. Our work provides key insights into the
crucial features of human germline cells during their
highly ordered mitotic, meiotic, and gametogenetic
processes in vivo.
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An effective method to correct batch effects
among single-cell RNA-sequencing data using
machine learning approach
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Single-cell RNA-sequencing technology has
demonstrated great power in many aspects, and
has been selected as one of the breakthroughs of
the year 2018 by Science magazine. However,
there are still many challenges in the analysis of
single-cell RNA-sequencing data. One of such
challenges is batch effect correction, which, if not
dealt properly, could produce false cell-to-cell
expression variability, thus jeopardize the analysis
results to a large extent. Here, we present a new
machine learning-based approach to correct batch
effects among single-cell RNA-seq data. The
method demonstrates higher accuracy as
compared to other available batch effect correction
methods, and is capable to produce more
biologically meaningful results on multiple testing
data sets.
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On the ‘off-label’ use of data normalization for
sample classification in precision medicine

Z N3
Memorial Sloan Kettering Cancer Center

Data  normalization is an important
preprocessing step for genomics data containing
unwanted data variation due to experimental
handling. There has been a critical yet over-looked
disconnection between the wuse of data
normalization and the goals of subsequent analysis:
on one hand, methods for data normalization that
have been developed for group comparison
frequently encounter ‘off-label’ use for other
analysis goals such as sample classification; on the
other hand, analysis are often performed on
normalized data neglecting potential normalization
‘side-effects’ such as over-compressed data
variability. A bridge between these two is made
possible by a unique pair of microRNA array
datasets on the same set of tumor tissue samples
that were collected at Memorial Sloan Kettering
Cancer Center. In this talk, | will illustrate the use of
this dataset pair to study the impact of data
normalization on the development of tumor sample
classifiers, an important tool that is in dire need to
tailor treatment choices for personalized medicine.

Genetic mechanism of high altitude adaptation
in Tibetans
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Tibetans are well adapted to the hypoxic
environments at high altitude, yet the molecular
mechanism of this adaptation remains elusive. We
reported comprehensive genetic and functional
analyses of EPAS1, a gene encoding hypoxia

inducible factor 2a (HIF-2a) with the strongest
signal of selection in previous genome-wide scans
of Tibetans. We showed that the Tibetan-enriched
EPAS1 variants down-regulate expression in
human umbilical endothelial cells and placentas.
Heterozygous EPAS1 knockout mice display
blunted physiological responses to chronic hypoxia,
mirroring the situation in Tibetans. Furthermore, we
found that the Tibetan version of EPASL1 is not only
associated with the relatively low hemoglobin level
as a polycythemia protectant, but also is associated
with a low pulmonary vasoconstriction response in
Tibetans. We propose that the down-regulation of
EPAS1 contributes to the molecular basis of
Tibetans’ adaption to high-altitude hypoxia.

Tracking intron splicing through space and
time
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High resolution genome 3D architectures as
revealed by single cell level Hi-C and ATAC-seq
data
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The 3D genome architecture underlies many
cellular processes in the nucleus. High-throughput
chromosome conformation capture (3C)
technologies, such as Hi-C, have made it possible
to survey 3D genome structure. The sub-mage
base size topological associating domains (TAD)
have been observed from Hi-C. However, to
accurately detect such domains relay on ultra-deep
sequencing and sophistic normalization procedures,
making it a major challenge to decode the genome
architecture. Moreover, to the best of interests in the
gene regulation, detecting enhancer-promoter
interaction is much harder with solely Hi-C data.
Previously, our lab developed CISD_loop and
deDoc to predict high-resolution chromatin loop and
TAD with low resolution MNase-seq and Hi-C data,
respectively. However, for CISD_loop, the MNase-
seq data is much less prevalence than ATAC-seq,
while for deDoc, the data input still not in the single
cell Hi-C level. Here, in this talk, we present two
newly developed algorithms, adATAC and TOKI to
predict high resolution genome 3D architecture with
single cell level ATAC-seq and single cell level Hi-C
data, respectively. Our algorithms may facilitate
systematic investigations of chromosomal domains
and loops on a larger scale than hitherto have been
possible.



3D genome organization, function and
evolution
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Decoding the regulation of m8A methylation by
modified histones from epigenomic and
epitranscriptomic Data

Pt te
HLER A A R 2 B

N6-methyladenosine (m®A) is the most
prevalent internal post-transcriptional modification
in human transcriptomes and has been shown to
have important roles in various normal and
pathological processes. However, the process by
which m6A is deposited on mMRNAs is largely
unknown. Here we developed a serial of
computational methods to decode the regulation of
m6A  methylation from  epigenomic and
epitranscriptomic data and demonstrated that
histone H3 trimethylation at Lys36 (H3K36me3), a
marker for transcription elongation, guides m6A
deposition globally. Comparative analyses of ChiIP-
seq data for H3K36me3 and m6A-seq data
revealed that majorities of m6A peaks overlapped
with H3K36me3 sites and that the overlapping sites
were enriched near stop codons. We also found that
mM6A sites identified from miCLIP-seq are enriched
in the vicinity of H3K36me3 peaks and are reduced
globally when cellular H3K36me3 is depleted.
Furthermore, we show that a significant genome-
wide correlation between chromatin binding of
METTL14 to H3K36me3. Mechanistically,
H3K36me3 is recognized and bound directly by
METTL14, a crucial component of the m6A
methyltransferase complex (MTC), which in turn
facilitates the binding of the m6A MTC to adjacent
RNA polymerase |l, thereby delivering the m6A
MTC to actively transcribed nascent RNAs to
deposit m6A co-transcriptionally. The discovery of
interplay between modified histones and RNA
methylation represents a new regulatory layer, and
an additional level of complexity, in the control of
gene expression.
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Control of stem cells in both embryo and plant
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Development and regeneration require plant
and animal cells to make decisions based on their
locations. In this talk, | will start with the dual role of
Nanog during stem cell differentiation and
reprogramming. A stochastic five-node network
model shows the low-Nanog state can enhance cell
differentiation through serving as an intermediate
state to reduce the energy barrier of transition. Then
I will present a mathematical model to study
feedback of organs on shoot apical stem cells by
auxin transport switch. We find that auxin transport
from leaf primordia inhibits the establishment of
polar auxin transport out of the meristem. In
aberrant leaf development mutant and leaf removal
plant, the inhibition from leaf primordia is interrupted
and auxin transports out of the meristem, leading to
enlarged stem cell and stem cell region. The joint
work Qing Nie (UC Irvine), Chao Tang (PKU),
Yuling Jiao (CAS).

Generation of uniparental mice from
hypomethylated haploid ESCs with specific
imprinting deletions
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Uniparental reproduction is widespread among
lower vertebrates, but not in mammals. Deletion of
the H19 imprinted region in immature oocytes
produced bimaternal mice with defective growth,
however bipaternal reproduction has not been
previously achieved in mammals. We found that
cultured parthenogenetic and androgenetic haploid
embryonic stem cells (haESCs) display DNA
hypomethylation resembling that of primordial germ
cells. Through MII oocyte injection or coinjection of
sperm into hypomethylated haESCs engineered
with genetic deletions in specific imprinting regions,
we obtained live uniparental mice. Deletion of three
imprinted regions in parthenogenetic haESCs



restored normal growth of fertile bimaternal mice,
whereas deletion of 7 imprinted regions in
androgenetic haESCs enabled production of live
bipaternal mice that died shortly after birth. The
phenotypic analyses of organ and body size of
uniparental-derived mice support the genetic
conflict theory of genomic imprinting. Taken
together, our results highlight the factors necessary
for crossing uniparental reproduction barriers in
mammals.
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Big-data approaches to model cancer immune
evasion and immunotherapy resistance

Z M

National Cancer Institute

The rapid growth of big-data resources,
catalyzed by breakthroughs in  genomics
technologies, has resulted in a paradigm shift in
cancer research. | will introduce my recent works
that integrated the vast amount of public data to
model the cancer therapy efficacy. To predict
immunotherapy response, we developed TIDE, a
computational method to model two primary
mechanisms of tumor immune evasion: the
induction of T cell dysfunction in immune-hot tumors
and the prevention of T cell infiltration in immune-
cold tumors. TIDE repurposed many clinical data
cohorts without immunotherapy to identify immune
evasion signatures as surrogate immunotherapy
biomarkers. Using pre-treatment RNA-Seq or
NanoString tumor expression profiles, TIDE
predicted the outcome of melanoma patients
treated with first-line anti-PD1 or anti-CTLA4 more
accurately than other biomarkers. TIDE also
revealed new immunotherapy resistance regulators,
such as SERPINB9, which hijacked the self-
protection strategy of T cells for tumor immune
evasion. Besides the immunotherapy focus, we also
developed CARE, a computational method focused
on targeted therapies, to identify synergistic drug
combinations to overcome the resistance to primary
treatments, using cell line compound screens. In
summary, my recent works demonstrated that the
integration of big public data is a cost-effective
approach to rediscover new therapeutic knowledge.
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1. Genome Warehouse: a centralized resource
of genome assembly data

Meili Chen, Yingke Ma, Zheng Gong, Yiming Bao
([ s 2 e A2 BT ZEL AT 7 )
Email: chenml@big.ac.cn

The Genome Warehouse (GWH;
http://bigd.big.ac.cn/gwh) is a public repository
housing genome-scale data for a wide range of
species and delivering a series of web services for
genome data submission, storage, release and
sharing. For each species, GWH contains detailed
genome-related information including species
metadata, genome assembly, sequence data and
the corresponding annotations. Particularly, to
archive high-quality genome sequences and
genome annotation information, GWH adopts a
uniform standardized procedure for quality control.
Since the availability of submission service online in
July 2017, GWH has accommodated 256 genome
submissions, viz., 98 animals, 30 plants, 3 fungi, 85
bacteria, 23 archaea, one virus, 13 metagenomes
and 3 other species, showing the great promise to
have more and more genome data submissions in
the wake of high-throughput sequencing capability
and large-scale sequencing-based projects. Until
11th May 2019, GWH has released 96 genome
assemblies. Besides, GWH is also enriched by
integrating 138 newly released genomes (61
animals and 77 plants) from NCBI and sequenced
in-house. GWH provides friendly and interactive
interfaces for data visulization, and will integrate
popular online analysis tools to make genome
analysis more simple and convenient.

2. Anovel unsupervised learning model for
detecting driver genes from pan-cancer
data through matrix tri-factorization
framework with pairwise similarities
constraints

Jianing Xi'?", Ao Li?, Minghui Wang? (1: School of
Computer Science and Technology, Xidian
University, 2: School of Information Science and
Technology, University of Science and Technology
of China)

Email: jnxi@xidian.edu.cn

Identifying cancer-causing mutated driver genes
from passenger mutations is crucial to enhance the

de- velopment of cancer diagnostics and
therapeutics, and many previous effort s have been

undertaken to identify cancer driver genes from
somatic mutation data of specific types of cancers.
However, many driver genes are underestimated
when the mutation data of only specific cancers are
investigated, which complicates the understanding
of tumorigenesis. According to recent studies,
cancers of disparate organs have many shared
genomic mutations, and some driver genes that are
not highly frequently mutated in patients of one
cancer type may display considerable mutation
frequencies across patients of mul- tiple cancer
types. By taking into account both the similarities of
mutation profiles of different cancer types and the
information of gene interaction network, we propose
a novel unsupervised learning model based on
matrix tri-factorization by learning the similarities
from pairwise constraints to detect driver genes
from pan-cancer data. In the evaluation of known
benchmarking genes, our model achieves bet- ter
performance than those of the existing matrix
factorization based methods which do not consider
the pairwise similarites between cancers.
Furthermore, the detection performance of our
model is also largely increased (area under the
precision-recall curve = 9.1% for Vogelstein genes)
when compared with existing methods. Moreover,
our model discovers some driver genes that have
been reported in recent published studies, showing
its potential for application in identifying driver gene
candidates for further wet experimental verification.

3. Abnormalities in prefrontal cortical gene
expression profiles relevant to
schizophrenia in MK-801-Exposed C57BL/6
mice

AR, AT CEASEERR )

Email: yehh@ccmu.edu.cn

MK-801, a non-competitive NMDA receptor
antagonist, disturbs NMDA receptor function in
rodents and induces psychological and

behavioral changes similar to schizophrenia
(SCZ). However, the effects of MK-801 treatment
on gene expression are largely unknown. Here we
performed RNA-sequencing on the prefrontal cortex
of MK-801-exposed male mice in order to analyze
gene expression and co-expression patterns
related to SCZ and to identify mechanisms that
underlie the molecular etiology of this disorder.
Transcriptome analysis revealed that the
differentially expressed genes were more often
associated with biological processes that included
postsynaptic transmission, immune system process,



response to external stimulus and hemostasis. In
order to extract comprehensive biological
information, we used an approach for biclustering,
called FABIA, to simultaneously cluster
transcriptomic data across genes and conditions.
When combined with analyses using DAVID and
STRING databases, we found that co-expression
patterns were altered in synapse-related genes and
genes central to the mitochondrial network.

Abnormal co-expression of genes mediating
synaptic vesicle cycling could disturb release,
uptake and reuptake of glutamate, and the
perturbation in co-expression patterns for
mitochondrial respiratory chain complexes was
extensive. Our study supports the hypothesis that
research using MK-801-exposed male mice as an
animal model of SCZ offers important insights into
the pathogenesis of SCZ.

4. JUERNFI/NRGIEE A KR

PG L, BEERIR L, K4k, B M2 A HR YL &K
bes 1, AT L (LPa AL RARBHE R 22 B IR 2 B
AP SIS, 2P AL K 7 2 B
e, AN ER ALY E F5 5 A0 I H s
1 %)

Email: zhaoshanting@nwsuaf.edu.cn
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6. CPPred: coding potential prediction based
on the global description of RNA sequence

Xiaoxue Tong and Shiyong Liu*
Email: liushiyong@gmail.com

Recently, next-generation sequencing
technology has generated thousands of novel
transcripts. Previously developed methods CPAT,
CPC2 and PLEK can distinguish coding RNAs and
ncRNAs very well, but poorly distinguish between
small coding RNAs and small ncRNAs. Herein, we
report an approach, CPPred, which is based on
SVM classifier and multiple sequence features



including novel RNA features encoded by the global
description. The CPPred can better distinguish not
only between coding RNAs and ncRNAs, but also
between small coding RNAs and small ncRNAs
than the state-of-the-art methods due to the addition
of the novel RNA features. Remarkably, we also
reveal that the global description of encoding
features (T2, CO and GC) plays an important role in
the prediction of coding potential.

7. P3DOCK: a protein-RNA docking webserver
based on template-based and template-free
docking

Jinfang Zheng?, Xu Hong?!, Juan Xie, Xiaoxue Tong
and Shiyong Liu* (School of Physics, Huazhong
University of Science and Technology)
Email: liushiyong@hust.edu.cn

Protein-RNA interaction play an important role in
the metabolism of organisms. The information of
three-dimensional (3D) structures reveals that
atomic interactions are particularly important. The
calculation method for modeling a 3D structure of a
complex mainly includes two strategies: free
docking and template-based docking. In this paper,
we compare the difference between the free
docking and the template-based algorithm. And the
results of these two methods indicate that the
complementarity of these two methods. So, we
combine these two methods. Based on the analysis
of the calculation results, the transition point is
confrmed and used to integrate two docking
algorithms to develop P3DOCK. P3DOCK holds the
advantages of both algorithms. The results of the
three docking benchmarks show that P3DOCK is

better than those two non-hybrid docking algorithms.

And, the success rate of P3DOCK is also higher
(0%-20%) than state-of-the-art hybrid and non-
hybrid methods. Finally, the hierarchical clustering

algorithm is utilized to cluster the P3DOCK’s decoys.

The clustering algorithm improves the success rate
of P3DOCK. For ease of use, we provide a
P3DOCK webserver, which can be accessed at
www.rnabinding.com/P3DOCK/P3DOCK.html. An
integrated protein-RNA docking benchmark can be
downloaded from
http://rnabinding.com/P3DOCK/benchmark.html.

8. CLIP1 and DMD are two novel RNA-binding
proteins through computational prediction
and experimental validation

Juan Xie, Xiaoli Zhang, Jinfang Zheng, Xu Hong,
Xiaoxue Tong, Shiyong Liu* (School of Physics,
Huazhong University of Science and Technology)
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Email: liushiyong@gmail.com

Since RBPs play important roles in the cell, it is
particularly important to find new RBPs. We
performed iRIP-seq to verify two proteins, CLIP1
and DMD, predicted by RBPPred whether are RBPs
or not. The experimental results confirm that these
two proteins have RNA-binding activity in HeLa cell.
By analyzing the experimental data, we identified
significantly enriched binding motifs UGGGGAGG
and CUUCCG for CLIP1 and DMD, respectively.
The KEGG and GO analysis show that the CLIP1
and DMD share some biological processes and
functions. In addition, we found that the SNPs
between DMD and its RNA partners may associate
with Becker muscular dystrophy, Duchenne
muscular dystrophy, Dilated cardiomyopathy 3B
and Cardiovascular phenotype. Among the seven
cancers data, DMD and another 114 genes always
co-mutate, and 24 of these 114 genes interact with
DMD. These cancers may be associated with the
mutations in both DMD and the genes it interacts
with.

9. Evolution of avian limbs and digits

Wen Kang and Qi Zhou* (Life Sciences Institute,
Zhejiang University)
Email: 11707043@zju.edu.cn

The variety of digits and limbs is closely related
to the adaptation of avian. In ratites, a distinctive
clade of flightless birds, the emu possesses a pair
of vestigial wings with each having a single digit and
greatly reduced forelimb musculature. While the
ostrich and rhea possess strongly reduced
zeugopod and autopod harboring three digits.
Recent phylogenetic analysis indicated that each
ratite species has lost flight independently, but the
underlying molecular  and developmental
mechanisms are currently unknown. Meanwhile, in
chicken and other flying birds, they also show
instances of digit loss and have functional wings
with three digits. Such cases also exist in hindlimb
of the birds: while under different selective regimes,
the adult emu, ostrich and chicken show limbs with
three, two, and four digits respectively. This pattern
has emerged through a process of digit loss during
evolution, and the identities of avian digits still
remain controversial. Here, we performed RNA-seq
analysis on limbs and digits of four species (chicken,
emu, ostrich and Chinese softshell turtle) in five
different stages, to explore the molecular and
cellular mechanisms associated with the evolution
of limbs degeneration and digits loss in birds.
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Email: yangyd25@mail.sysu.edu.cn
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11. GenTree, an integrated resource for
analyzing the evolution and function of
primate-specific coding genes

Yi Shao*!, Chunyan Chen*!, Hao Shen, Bin Z.He,
Dagqi Yu?, Shuai Jiang, Shilei Zhao, Zhigiang Gao,
Zhenglin Zhu, Xi Chen, Yan Fu, Hua Chen, Ge
Gao, Manyuan Long, and Yong E.Zhang? (1:Key
Laboratory of Zoological Systematics and
Evolution & State Key Laboratory of Integrated
Management of Pest Insects and Rodents,
Institute of Zoology, Chinese Academy of
Sciences, *:Equal contributions)

Email: zhangyong@ioz.ac.cn

The origination of new genes contributes to
phenotypic evolution in humans. Two major
challenges in the study of new genes are the
inference of gene ages and annotation of their
protein-coding potential. To tackle these challenges,
we created GenTree, an integrated online database

that compiles age inferences from three major
methods together with functional genomic data for
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new genes. Genome-wide comparison of the age
inference methods revealed that the synteny-based
pipeline (SBP) is most suited for recently duplicated
genes, whereas the protein-family—based methods
are useful for ancient genes. For SBP-dated
primate-specific protein-coding genes (PSGs), we
performed manual evaluation based on published
PSG lists and showed that SBP generated a
conservative data set of PSGs by masking less
reliable syntenic regions. After assessing the coding
potential based on evolutionary constraint and
peptide evidence from proteomic data, we curated
a list of 254 PSGs with different levels of protein
evidence. This list also includes 41 candidate
misannotated pseudogenes that encode primate-
specific short proteins. Coexpression analysis
showed that PSGs are preferentially recruited into
organs with rapidly evolving pathways such as
spermatogenesis, immune response, mother—fetus
interaction, and brain development. For brain
development, primate-specific KRAB zinc-finger
proteins (KZNFs) are specifically up-regulated in
the midfetal stage, which may have contributed to
the evolution of this critical stage. Altogether,
hundreds of PSGs are either recruited to processes
under strong selection pressure or to processes
supporting an evolving novel organ.

12. Development and evolution of germ cells in
birds

He Huang-yi, Li Jing and Zhou Qi (Life Sciences
Institute, Zhejiang University)
Email: zhouqil982@zju.edu.cn

The primordial germ cells (PGCs) are
precursors to sperms and eggs and the only cell
type which can transfer genetic or epigenetic
information from generation to generation. After
being specified by germ plasm (“preformation”) or
induced from nearby cell signals (“epigenesis”),
PGCs migrate and colonize the genital ridge by the
bloodstream (birds) or the dorsal mesentery
(mammals). Despite great advances have been
made in tracing PGCs and culturing them in vitro,
our understanding into the gene regulatory
networks (GRNs) underlying their specification,
migration and differentiation are restricted to few
model organisms. In this project, gonad
transcriptomes at single-cell level from HH25, HH34
and HH39 of both emu and chicken have been
collected with 10X technology. Analysis of chicken
male HH39 gonad has identified 5 major cell types,
including germ cell, granulosa cell, sertoli cell,
leydig cell and endothelial cell. Further analysis will
be focused to characterize the dynamic
transcriptome landscape of avian germ cells across
different developmental stages and to explore the



evolution of germline sex determination
mechanisms between birds, and between birds and
mammals.

13. C3: Connect separate Connected
Components to form a succinct disease
module

Jie Hu and Bingbo Wang* (School of Computer
and Technology, Xidian University)
Email: bingbowang@xidian.edu.cn

Accurate disease module is helpful for
understanding the molecular mechanism of disease
causation and identifying drug target. However, for
fragmentization of disease module in incomplete
human interactome, how to determine connectivity
pattern and detect a full neighbourhood of disease
is an open problem. Here we develop a topology -
based method to dissect the connectivity of
intermediate nodes and edges and form a succinct
disease module. By applying this Connect separate
Connected Components (CCC, C3) method on a
large corpus of curated diseases, we find that most
Separate Connected Components (SCCs) formed
by Disease-Associated Proteins (DAPs) can be
connected into a well connected component as an
observable module. This pattern also holds for
altered genes from multi-omics data such as The
Cancer Genome Atlas. Overall, C3 tool can inspire
a deeper understanding of interconnectedness of
phenotypically related genes, and can be used to
detect a well-defined neighbourhood that drives
complex pathological processes.

14. Long non-coding RNA CCTT is required for
CENP-C targeting centromeres by RNA-
centromeric DNA triplex in trans

Chong Zhang'*, Dongpeng Wang?3*, Yajing Hao?*,
Shuheng Wu??3, Xuemin Zhang#*, Yuanchao Xue?,
Jianjun Luo?, Yan Teng**, Runsheng Chen? and

Xiao Yang'* (1:State Key Laboratory of
Proteomics, Genetic Laboratory of Development
and Diseases, Institute of Biotechnology, 2:Key

Laboratory of RNA Biology, Institute of Biophysics
Chinese Academy of Sciences, 3:University of the
Chinese Academy of Sciences, 4:State Key
Laboratory of Proteomics, Institute of Basic
Medical Sciences, National Center of Biomedical
Analysis, 27 Tai-Ping Road, * These authors
contributed equally to this work)
Email: yangx@nic.bmi.ac.cn
rschen@ibp.ac.cn
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Centromere is a unique region on the
chromosome that is required to attach to the mitotic
spindle and ensure chromosome segregation.
Abnormal centromeres can lead to genomic
instability and loss, leading to severe dysplasia and
tumorigenesis. Although centromeres have been
localized to specific chromosomal regions in many
organisms and many centromere-associated
proteins have been identified, the underlying
problems with regulating the identification and
formation of centromere regions remain unclear.
Recent studies have indicated that RNA produced
by centromere transcription plays an important role
in centromere heterochromatin. Here, we use RIP-
seq and irCLIP-seq to systematically search for long
non-coding RNAs that may be involved in
centromere formation and kinetochore assembly in
humans. We found a long non-coding RNA CCTT,
which plays a key role in the assembly of CENP-C
at the metaphase centromere. Using the ChIRP-seq,
we revealed that it can bind to centromeres in the
form of RNA-DNA triplex via the 44-79 nt DNA
binding region. Using irCLIP-seq and SHAPE-MaP,
we show that it recruited CENP-C to the
centromeric DNA to initiate kinetochore assembly
through the 127-177 nt CENP-C binding region. In
addition, the depletion of Lnc-CCTT leads to a
significant reduction of CENP-C localization to the
inner centromere and abnomal attachment of
kinetochores to the mitotic spindle. Moreover,
knockdown of Lnc-CCTT causes cell division arrest,
chromosome bridges and genomic instability,
including aneuploidy, chromosome bridges,
binuclei and micronucleus. Furthermore, the
overexpression of Lnc-CCTT can initiate the
formation of ectopic centromeres. This work shows
that human centromere is epigenetically regulated
by long noncoding RNA CCTT.

15. Copy number analysis and inference of
subclonal populations in cancer genomes
using Sclust

Yupeng Cun'>* Tsun-Po Yang'#*, Viktor Achter?*,
Ulrich Lang?3, and Martin Peifer# (1:Department
of Translational Genomics, Center for Integrated

Oncology Cologne—Bonn, Medical Faculty,
University of Cologne, 2:Computing Center,
University of Cologne, 3:Department of
Informatics, University of Cologne, 4:Center for
Molecular Medicine Cologne (CMMC), University
of Cologne, 5:Germplasm Bank of Wild Species,

Kunming Institute of Botany, Chinese Academy of

Sciences)
Email: cunyupeng@mail.kib.ac.cn


mailto:yangx@nic.bmi.ac.cn

The genomes of cancer cells are constantly
reshaped during pathogenesis. This evolutionary
process leads to the emergence of subclonal
populations, which can limit therapeutic
interventions by the emergence of drug-resistance
mutations. Data derived from massively parallel
sequencing can be used to infer these subclonal
populations from tumor-specific point mutations.
The accurate determination of copy number
changes and tumor impurity is an indispensable
requirement to reliably infer these subclonal
populations by mutational clustering. This protocol
describes a copy number analysis method together
with a novel mutational clustering approach. The
method is called Sclust. In a series of simulations
and comparisons with alternative methods, we
showed that Sclust accurately determines copy
number states and subclonal populations.
Performance tests showed that the entire method is
computationally extremely efficient. In particular,
copy number analysis and mutational clustering
takes less than 10 minutes. Sclust is designed that
even non-experts in computational biology or
bioinformatics with basic knowledge of the
Linux/Unix command line syntax should be able to
carry out analyses with Sclust.

16. RRMARIE N MRS S 1020 T IR BT 9T
SR, 2B (b R B s T FURT)

Email: lim@ioz.ac.cn
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19. Cytosine, but not adenine, base editors
induce genome-wide off-target mutations in
rice

Shuai Jin', Yuan Zong?, Qiang Gao?, Zixu Zhu,
Yanpeng Wang , Peng Qin, Chengzhi Liang,
Daowen Wang, Jin-Long Qiu, Feng Zhang, Caixia
Gao* (State Key Laboratory of Plant Cell and
Chromosome Engineering, Center for Genome
Editing, Institute of Genetics and Developmental
Biology, The Innovative Academy of Seed Design,
Chinese Academy of Sciences; University of
Chinese Academy of Sciences)

Cytosine and adenine base editors (CBEs and
ABESs) are promising new tools for achieving the
precise genetic changes required for disease
treatment and trait improvement. However,
genome-wide and unbiased analyses of their off-
target effects in vivo are still lacking. Our whole
genome sequencing (WGS) analysis of rice plants
treated with BE3, high-fidelity BE3 (HF1-BE3), or
ABE revealed that BE3 and HF1-BE3, but not ABE,
induce  substantial genome-wide  off-target
mutations, which are mostly the C>T type of single
nucleotide variants (SNVs) and appear to be
enriched in genic regions. Notably, treatment of rice
with BE3 or HF1-BE3 in the absence of single-guide
RNA also results in the rise of genome-wide SNVs.
Thus, the base editing unit of BE3 or HF1-BE3
needs to be optimized in order to attain high fidelity.



20. METTL3-mediated N6-methyladenosine
MRNA modification enhances long-term
memory consolidation

Zeyu Zhang'>*, Meng Wang!*, Dongfang Xie?,
Zenghui Huang®, Lisha Zhang?, Ying Yang?,
Dongxue Ma?, Wenguang Lit, Qi Zhou®#3,Yun-Gui
Yang?*® and Xiu-Jie Wang#*® (1:Key Laboratory of
Genetic Network Biology, Institute of Genetics and
Developmental Biology, Chinese Academy of
Sciences, 2:Key Laboratory of Genomic and
Precision Medicine, Collaborative Innovation
Center of Genetics and Development, Beijing
Institute of Genomics, Chinese Academy of
Sciences, 3:State Key Laboratory of Stem Cell and
Reproductive Biology, Institute of Zoology, Chinese
Academy of Sciences, 4:Institute for Stem Cell and
Regeneration, Chinese Academy of Sciences,
5:University of Chinese Academy of Sciences,

* These two authors contributed equally to this
work.)

The formation of long-term memory is critical for
learning ability and social behaviors of humans and
animals, yet its underlying mechanisms are largely
unknown. We found that the efficacy of
hippocampus-dependent memory consolidation is
regulated by METTL3, an RNA N6-
methyladenosine (m6A) methyltransferase, through
promoting the translation of neuronal early-
response genes. Such effect is exquisitely
dependent on the m6A methyltransferase function
of METTL3. Depleting METTL3 in mouse
hippocampus reduces memory consolidation ability,
yet unimpaired learning outcomes can be achieved
if adequate training was given or the m6A
methyltransferase function of METTL3 was restored.
The abundance of METTL3 in wild-type mouse
hippocampus is positively correlated with learning
efficacy, and overexpression of METTL3
significantly =~ enhances  long-term memory
consolidation. These findings uncover a direct role
of RNA m6A modification in regulating long-term
memory formation, and also indicate that memory
efficacy difference among individuals could be
compensated by repeated learning.
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21. MSTD: an efficient method for detecting
multi-scale topological domains from
symmetric and asymmetric 3D genomic
maps

Yusen Yel, Lin Gao'*, and Shihua Zhang?*
(1:Xidian University, 2:Academy of Mathematics
and Systems Science, CAS)

Email: zsh@amss.ac.cn

The chromosome conformation capture (3C)
technigue and its variants have been employed to
reveal the existence of a hierarchy of structures in
three-dimensional (3D) chromosomal architecture,
including compartments, topologically associating
domains (TADs), sub-TADs and chromatin loops.
However, existing methods for domain detection
were only designed based on symmetric Hi-C maps,
ignoring long-range interaction structures between
domains. To this end, we proposed a generic and
efficient method to identify multi-scale topological
domains (MSTD), including cis- and trans-
interacting regions, from a variety of 3D genomic
datasets. We first applied MSTD to detect promoter-
anchored interaction domains (PADs) from
promoter capture Hi-C datasets across 17 primary
blood cell types. The boundaries of PADs are
significantly enriched with one or the combination of
multiple epigenomic factors. Moreover, PADs
between functionally similar cell types are
significantly conserved in terms of domain regions
and expression states. Cell type-specific PADs
involve in distinct cell type-specific activities and
regulatory events by dynamic interactions within
them. We also employed MSTD to define multi-
scale domains from typical symmetric Hi-C datasets
and illustrated its distinct superiority to the-state-of-
art methods in terms of accuracy, flexibility and
efficiency.

22. Learning common and specific patterns
from data of multiple interrelated biological
scenarios with matrix factorization

Lihua Zhang and Shihua Zhang* (Academy of
Mathematics and Systems Science, CAS)
Email: zsh@amss.ac.cn

High-throughput biological technologies (e.g.,
ChlP-seq, RNA-seq and single-cell RNA-seq)
rapidly accelerate the accumulation of genome-
wide omics data in diverse interrelated biological
scenarios (e.g., cells, tissues and conditions).
Differential analysis and pattern identification are
two common paradigms for exploring and analyzing
such data. However, they are typically used in a
separate or/and sequential manner. In this study,



we propose a flexible non-negative matrix
factorization framework CSMF to combine them into
one paradigm to simultaneously reveal common
and specific patterns from data generated under
interrelated biological scenarios. We demonstrate
the effectiveness of CSMF with four applications
including pairwise ChiP-seq data describing the
chromatin modification map on protein-DNA
interactions between K562 and Huvec cell lines;
pairwise RNA-seq data representing the expression
profiles of two cancers (breast invasive carcinoma
and uterine corpus endometrial carcinoma); RNA-
seq data of three breast cancer subtypes; and
single-cell sequencing data of human embryonic
stem cells and differentiated cells at six time points.
Extensive analysis yields novel insights into hidden
combinatorial patterns embedded in these
interrelated multi-modal data. Results demonstrate
that CSMF is a powerful tool to uncover common
and specific patterns with significant biological
implications from data of interrelated biological
scenarios.

23. Joint prediction of cis-regulatory DNA
interactions across multiple tissues using
single-cell chromatin accessibility data

Kangning Dong, Shihua Zhang* (Academy of
Mathematics and Systems Science, CAS)
Email: zsh@amss.ac.cn
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Chromatin accessibility of cis-regulatory DNA
elements delineate the in vivo availability of binding
sites to transcription factors (TFs) and it now can be
measured in single-cell resolution. Recently, the
single-cell chromatin accessibility data have been
employed to connect regulatory DNA elements to
target genes. However, existing method for
interaction map reconstruction using single-cell
chromatin accessibility data only works on cells
sampled from the same condition. However,
regulatory networks of different tissues cannot be
directly compared due to the varied number of cells
as well as data sparsity in different tissues. To this
end, we develop JPRIM (Joint Prediction of cis-
Regulatory Interactions Maps) to explore common
and tissue-specific regulatory interactions across
multiple tissues based on patterns of co-
accessibility in single-cell data. We have applied
JPRIM onto single-cell ATAC-seq datasets across
13 tissues of adult mice containing ~100,000 cells
and ~400,000 potential regulatory elements. We
find that the common interaction related genes are
significantly enriched in housekeeping gene set and
the tissue-specific genes show higher activity in
their ~ corresponding  tissues.  Furthermore,
differential activity genes show significant relevance
with tissue-specific biological functions and tissue-
specific interactions are related to functional TFs.
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