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The deep integration of artificial intelligence and the healthcare industry has
entered its best era, with China now becoming a global leader in digital healthcare. To
further lead academic development and strengthen China's influence in this field,
Shanghai Jiao Tong University has decided to host the 2024 International Conference
on Biomedicine and Al. The main themes of the 2024 conference are Metaverse
Medicine and Al Drug Development, with five sub-forums: 1. Al and Drug
Development; 2. Al and Computational Biology; 3. Al, Synthetic Biology and
Bioengineering; 4. Al and Medical Imaging, Digital Diseases; 5. Entrepreneur Forum,;
6. Computational Biology. The conference will include three key sections: report
exchanges, paper submission, and membership recruitment. We have established the
International Society for Bioinformatics and are recruiting members. We hope that this
conference will provide a platform to promote communication and collaboration among
members. The conference will recognize outstanding young presentations and excellent
posters to honor the remarkable contributions and innovative thinking of young

researchers.
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Intelligent Screening and Design of Neoantigens for Cancer Immunotherapy
MERE:

Cancer immunotherapy has been among the most promising breakthroughs in
oncology, particularly in the case of immune check point inhibitors, however, the
effective response rate remains quite low, only about 20-30%. In this presentation, I
will talk about our recent work with molecular modeling and machine learning which
solves one mystery behind this low response rate. We found that patients with certain
HLA genotype (HLA-B44) have consistently higher survival rate, while patients with
some other type (HLA-B15) have much poorer survival rates. Large scale molecular
dynamics simulations further reveal that HLA-B15 proteins with poorer therapeutic
outcomes had structural appendages that closed over the cancer neoantigens with much
less flexibility. HLA typing thus might serve as a useful biomarker in future
immunotherapy. Two effective neoantigens Neil3 and Myole are further identified for
bladder cancer. The same techniques have also been applied to the design and
development of HIV and T1D vaccines, which has been of great interest as well in
recent years. With a combined in silico and in vivo approach, we studied the HLA-
peptide-TCR interactions from multiple clonotypes specific for a well-defined HIV-1
epitope, and found that effective and ineffective clonotypes bind to the terminal
portions of the HLA-peptide through similar salt bridges, but their hydrophobic side-
chain packings can be very different, which accounts for the major part of the
differences among these clonotypes. Meanwhile, a new x-autoantigen from a dual
expressor (X-cell) has been identified for T1D patients, which shows a super potent
binding affinity to HLA-DQS8, the main risk allele for TID. Newly designed

autoantigen mutants might serve as HLA-DQS blockers or vaccine candidates.
20



2024 SEHER A EEZG 5 N TERER 2 - 2UF

EN] #Hi%

FiRE KRR A ESY TR A K,
IEEE/AIMBE/IAPR/MICCAI/ISMRM/IAMBE Fellow, Fx 5 %/
REHXE CEO, [ The Academy for Radiology & Biomedical
Imaging Research N7 E % . H{F3%E UNC-Chapel Hill
AEHHR . WANNEIR, EAEBWARY: (UPenn) BB
2, ZymE 40K~ (Johns Hopkins University) Hifi. tH 5
iR FITRESEZEBN TR R NIR SR L —, IR S N T
AR

mEEH -
IS T A —— MBI R B BIR 2T
MEME:

PR 2 B BT R CREBIEEIT S ML PERBUR) MORIRE, 984BT 530
STHE T R, STILTFAR 10 2 AL, ST A S AR 5 B

21



2024 SEMEFEMEL 5\ TRRERS - 2T
HIE B

HA AT T 1997 4 G Rk S T TR AR
220, 2003 4 G R K S B R, AT G RSB K
VR R HOR . SISO . VHREEUE. R, A EN
ek, BEEMRIRESEEK. BUEEER SR | /
o 5 BBl  BER K T . RIS K () R LR 8
R AT K

WA :
LU G EUAE AR 285> THUB SR : DA microRNA JyS% i

BT

RS

gy h TR BT SR DT g A g . SR, TR R R RTT
RORZHE VLK 2 103 2 B8 s KRR S A8 A5E 70 12 1 AR e b o 25 (R DL e T bk
filo AR, BANEE ST S, Moy $EhR IR % R 48 2 42 S i vh 245 19
VERINLEE o £E R S HERRZ T, A2 N8 B 2 W REAR TR AR DL IR
M o A5 R B SR BOR, ZOULHENT P 24 A O e AT AE S by . R, JEIE
93 BN T EERAURN 2 T 7y 5 SRR 25 B e Sl LR o AR R I 2%
JETH, FRATHEE T L miRNA FIEML miRNA %0 A 2850 T iR i,
Zhah 2RI 2 2 B, A 22 b SR20T rh 24 R R 4% W 2% EAT AL AT B4k
I ANTTHENT 28 (AR AL B OB oo K S HE T )1 FH I 25 mT LLIdE I 7)1
SEIGHEATIOUE, R R R, ATUCASE & N LR RS RG M7,
AJ DA 4 T AT 2GR > TR IR T L, AEAS BBl S SR S B Al 24
FrEHESD TR 2 BLAL,  SRAUHT 00 L ATA T

22



2024 SEHER A EEZG 5 N TERER 2 - 2UF

TR IR

KT, EFRRMEA QIR Al S E£E, BRE
Ot ERKID LRI FAE, B EE S RS,
2023 fEFRVFMITIAERE (10 £i7), 2023 R AT+ RAH
ANV WNERBHE. AWER . NTERE. XS ARITTT
H R AL 8 &, 7E Nature Machine Intelligence 5 BT & 3=
AR 200 A5, WICEIH 9000 429k, 2024 FENEAEERAT
2% THARBFE R, 3K 2019 FH X RHE P — 5522, 2019 i B HARKH—
A (HEA 1), 2013 FAERARHEES —552 1 0T, 2021 4F CCF FARKH 4%
¥ (HE4 1), 2018 4F CCF HARBl: 2832 (HE4 1), 2016 Far =257,

wEEHE :

ZARAS HE W IR 2 R AN T e AR A
RERE:

A A REEELE B AN TR BE R AR IR S 4 gk N BT B AR, M4t i
SRR BB BA S S, MR D BB 545, AR O U B HE R TT AR
BLEE N, MAEMDER 25BN T8 Be i 297 AU KA R, AdnRlEamist N 17—
AR KBRS N TR RERAC . 2022 4F 2438 F N T8 BE A0 A= B R KA 7
P BRI AR e, o R N =R, Rk EAaT, N LR e
FRATTEE B AR R AN AR F A i, 1R IS R R 2 TR A= o (R SR 28, 387 N 209
e R RN 8 A 5 1) R ] B [ P B Rt R T 77 56 AR 4 s 24 KB RN AR TR 1) 4 T
WHIE, 2 5 S 20 B T AR 25908 22 A B s SR B R T I B A7 i s B
S AR, L [ BT s ] P SR IR AE P 25 KR R E E E E
2023 FH EWFRE G RAEI AR GPT (FFIED, 1T UG BB A RS HE Ak 75 Al
G FEWEARZY o I ST AT S T E TR 5 KR, YRR ) T 4 H R ELA
MM Z B YRAE, HAT KBS LY R CRFRER 8 BURiE. AR
SN BEVESE ). S T e 2 ) O AN AR BENUER AN T ) S5 AR
L. R GPT 29K H At DR EMIEE R . | ARANRER. JLETHE
TNRERSERAASBIN . 2021-2024 4, BFFEENTR T A AL S HAT i K
B PAYT I 2 A 2R R A TN SR KA RS . 2 4122 & F R e R AT &
DNA 254 8 A fUKE 5 2 ESM-DBP.

23



NP
Dil?
=<
44
==

2024 FEHEFAEY R 25 5 N TRBER

Diwakar Shukla %

Diwakar Shukla is an associate professor in the Department of
Chemical and Biomolecular Engineering at University of Illinois at
Urbana-Champaign. He is also an affiliate faculty in the Center for
Biophysics and Quantitative biology, National Center for
Supercomputing Applications, Department of Plant Biology and

Department of Bioengineering. His research work is focused on

understanding the complex biological processes using novel physics-based models and
techniques. Shukla has received numerous early-career faculty awards from the
American Chemical Society, American Institute of Chemical Engineers, Foundation for
Food & Agriculture Research, Alfred P. Sloan Foundation, National Institutes of Health

and the National Science Foundation.

WEBH -

Predicting substrate selectivity of proteins using Artificial Intelligence based
methods
MERE:

In this talk, we will present recent work on developing a tailored language model
for lasso peptides, which is one of the classes of Ribosomally synthesized and post-
translationally modified peptides (RiPPs). Lasso peptides display a characteristic
rotaxane conformation formed by a lasso cyclase. This unique, threaded conformation
endows lasso peptides with diverse biological activities and remarkable thermal and
proteolytic stability. The prediction of lasso peptide properties, such as substrate
compatibility with a particular lasso cyclase or desired biological activity, remains
challenging due to limited experimental data and the intricate nature of the substrate
fitness landscapes. Protein language models (PLMs) have demonstrated impressive
performance in predicting protein structure and function. However, general-purpose
PLMs perform poorly in lasso peptide-related predictive tasks. Therefore, there is a
need to provide effective representations for lasso peptides to enable enhanced property
prediction. Furthermore, we also demonstrate a cross-attention-empowered SE(3)-
equivariant graph neural network architecture named EZSpecificity for predicting
enzyme substrate specificity, which was trained on a comprehensive tailor-made

database of enzyme-substrate interactions at sequence and structural levels.
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WEEH -

Predicting Influenza Virus Antigenic Variation and Vaccine Strains with PREDAC
MERE:

Due to the development of high throughput sequencing technologies, large-scale
sequencing of pathogens, such as influenza viruses, SARS-Cov-2 and HIV, has become
a routine work in surveillance of infectious diseases, significantly enhancing our
understanding towards the evolution of diseases, promoting new strategies for
prevention and control of these viruses. In my laboratory, we are interested in
developing computational methods to model the antigenic changes of influenza viruses
from the viral surface protein haemagglutinin (HA) genes. In our previous work, we
developed a computational method, denoted as PREDAC, to predict antigenic clusters
of influenza A (H3N2) viruses with high accuracy from viral HA sequences. Later on,
we extended this method to other influenza viruses including A(HIN1), A(H5N1) and
type B viruses.  In collaboration with China CDC, these computational methods have

now been in use in China CDC for assisting flu vaccine strains selection.
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WEBH -

Coding genomes with gapped pattern graph convolutional network
MERE:

Genome sequencing technologies reveal a huge amount of genomic sequences.
Neural network-based methods can be prime candidates for retrieving insights from
these sequences because of their applicability to large and diverse datasets. However,
the highly variable lengths of genome sequences severely impair the presentation of
sequences as input to the neural network. Genetic variations further complicate tasks
that involve sequence comparison or alignment. Inspired by the theory and applications
of “spaced seeds,” we propose a graph representation of genome sequences called
“gapped pattern graph.” These graphs can be transformed through a Graph
Convolutional Network to form lower-dimensional embeddings for downstream tasks.
On the basis of the gapped pattern graphs, we implemented a neural network model and
demonstrated its performance on diverse tasks involving microbe and mammalian
genome data. The method consistently outperformed all the other state-of-the-art
methods across various metrics on all tasks, especially for the sequences with limited
homology to the training data. In addition, our model was able to identify distinct
gapped pattern signatures from the sequences. The framework is available at
https://github.com/deepomicslab/GCNFrame.
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WEEH -

Protein conformation dynamics and Al prediction based on experimental
structures in PDB
MERE:

Protein structure prediction has reached revolutionary levels of accuracy, implying
biophysical energy function can be learned from known protein structures. However
apart from single static structure, conformational distributions and dynamics often
control protein biological functions. Towards this goal, we develop DeepConformer, a
diffusion generative model for sampling protein conformation distributions from a
given amino acid sequence. Despite the lack of molecular dynamics (MD) simulation
data in training process, DeepConformer captured conformational flexibility similar to
MD simulation and reproduced experimentally observed conformational variations.
Our study demonstrated that DeepConformer learned energy landscape can be used to

efficiently explore protein conformational distribution and dynamics.
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WEBH -

Large protein language models and their prompt-based learning
MERE:

Protein language models (PLMs) offer powerful representations of protein
sequences and their evolutionary patterns. We introduced S-PLM, a structure-aware
PLM that enhances protein prediction by integrating both sequence and structural
information. This model employs a multi-view contrastive learning strategy to align
protein sequences with their structures at both the protein and residue levels within a
shared embedding space. Equipped with an extensive set of fine-tuning tools, S-PLM
achieves superior prediction performance compared to other PLMs. In addition, we
developed Prot2Seq to extend PLMs’ capabilities for multitasking in protein prediction
and design. Prot2Seq utilizes an autoregressive language modeling approach, where
task-specific tokens are added to the decoder to enhance simultaneous multitasking
training within a single model. Furthermore, we implemented a Parameter-Efficient
Fine-Tuning framework on the ESM2 model, employing various prompting methods
such as Prompt Tuning, LoRA, and Adapter Tuning for tasks like predicting protein

signal peptides and localization signals.
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of three international journals including “Interdisciplinary

Sciences--Computational Life Sciences”, “Current Computer-
Aided Drug Design” and “Computational Biomedicine”. He
mainly engages in research in computational biology, network pharmacology, drug
design, foodborne pathogens, and artificial intelligence. He has published over 150
international papers, including one paper recommended from the World Academic
Organization of the “Faculty Opinions” and one highly cited ESI paper. He won three

provincial and ministerial level awards.

WEBH -

Intelligent Identification of Foodborne Pathogenic Bacteria by Self-Transfer Deep
Learning and Ensemble Prediction Based on Single-Cell Raman Spectrum
MERE:

Foodborne pathogenic infections pose a significant threat to human health.
Accurate detection of foodborne diseases is essential in preventing disease transmission.
This study proposed an Al model for precisely identifying foodborne pathogenic
bacteria based on single-cell Raman spectrum. Self-transfer deep learning and
ensemble prediction algorithms had been incorporated into the model framework to
improve training efficiency and predictive performance, significantly improving
prediction results. Our model can identify simultaneously gram-negative and positive,
genus, species of foodborne pathogenic bacteria with an accuracy over 99.99%, as well
as recognized strain with over 99.81%. At all four classification levels, unprecedented
excellent predictive performance had been achieved. This advancement holds practical
significance for medical detection and diagnosis of foodborne diseases by reducing

false negatives.
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WEEH -

Towards structure-based Al drug design
MERE:

Computational drug design methods are broadly classified into ligand-based and
structure-based approaches. Structure-based drug design utilizes the three-dimensional
(3D) structures of target proteins to identify and optimize active compounds. One
widely used approach in this domain is molecular docking, which predicts the binding
affinity of candidate molecules to known receptor structures from large chemical
libraries containing millions of compounds. In this presentation, I will highlight
advancements in structure-based virtual screening and molecular design through our
methods, EViS and SWIT. EViS integrates ligand docking, protein pocket template
searching, and ligand template shape similarity calculations. It introduces the PL-score
to efficiently assess pocket-ligand template similarity, leading to improved enrichment
factors (EF) on the DUDE dataset compared to traditional docking-based virtual
screening methods. SWIT, on the other hand, incorporates 3D target structural
information into molecular generative models for structure-based drug design. This
method combines a message-passing neural network, which predicts docking scores,
with a generative neural network as its reward function, enabling more efficient
exploration of chemical space. By constructing target-specific molecular sets for
training, SWIT addresses the transferability challenges often faced by conventional
docking models, enabling the generation of novel compounds that bind favorably to

specific targets without prior knowledge of active compounds.
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WEEH -

Development and application of multi-dimensional genome information analysis
technology for three-generation sequencing
MERE:

The interplay among genomic sequences and epigenetic modifications plays an
essential role in shaping phenotypes and disease development. Decoding such high-
dimensional genomic information using third-generation sequencing presents
challenges. We leveraged interdisciplinary knowledge and techniques from
bioinformatics, biomedicine, and other fields to focus on the analysis and application
of high-dimensional genomic information using third-generation sequencing. We have
developed fundamental tools for efficient processing of third-generation sequencing
data, significantly reducing reliance on high-performance computing. Additionally, we
have developed methods for long-read based DNA modification detection and 3D
genomic structure analysis to reveal epigenetic regulatory patterns at the single-
molecule and haplotype levels. Applying these methods to disease research, we have

discovered new pathogenic mechanisms and drug targets.
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WEEH -

Heterogeneity analysis and modelling in single-cell data
MERE:

Single-cell transcriptomics has transformed our ability to characterize cell states.
New methods for simultaneous profiling of multi-omics single cell data enable a better
understanding of the cellular states and functions. Cellular indexing of transcriptomes
and epitopes by sequencing (CITE-seq), allowed for parallel quantification of cell-
surface protein expression and transcriptome profiling in the same cells; Methylome
and transcriptome sequencing from single-cells (scM&T-Seq) allows for analysis of
transcriptomic and epigenomic profiling in the same individual cells. However,
effective integration method for mining the heterogeneity of cells over the noisy, sparse
and complex multi-modal data is in growing need. In this talk, we will address the
problem of heterogeneity analysis and representation learning in single cell data, for
analyzing the optimal embedding representation and identifying cell clusters in a robust

manner.
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WEEH -

Multi-Level Knowledge-Inspired Molecular Property Prediction
MERE:

Molecular property prediction is pivotal in the realm of artificial intelligence-
driven drug design. Deep learning strategies have become highly effective tools for this
purpose. Yet, a common shortcoming among current methods is the underutilization of
domain-specific knowledge, such as physical and chemical insights. To surmount these
obstacles, our team has developed innovative computational models, including
CasANGCLE (BIB2023), MPPNet (ESWA2024), MGPhyche (ESWA2023), and
MoILLMKD (accepted). These models leverage multi-granularity physicochemically-
inspired representation learning and the power of Large Language Models (LLMs) to
significantly enhance the accuracy of molecular property predictions. Our cutting-edge
methods have consistently achieved top-tier performance on various benchmark
datasets, underscoring their exceptional potential and superiority in molecular property
prediction. This advancement not only streamlines the drug discovery process but also
promises to revolutionize the way we approach molecular analysis in pharmaceutical

research.
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WEEH -

Molecular properties prediction based on multi-view molecular representation
learning
MERE:

Accurate prediction of the relevant properties of drug candidate molecules is
crucial in the drug discovery process. With the advancement of technology, various
machine learning methods and different forms (e.g., text sequences or graphs) of
molecular representation methods have been developed for molecular modelling, which
have contributed to the development of areas such as molecular property prediction.
Molecular representation and its learning affect the accuracy and efficiency of
molecular modelling related tasks. However, previous molecular representation
learning methods often have limitations, therefore, we have carried out research on
issues related to how to effectively learn and integrate multiple molecular
representations. In this report, we introduce two molecular property prediction models
based on multi-view molecular representation learning, which break through the
limitations of a single molecular representation learning method and realize more
accurate molecular property prediction, which is expected to facilitate the process of

drug discovery and material development.
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WEEH -

Protein Complex Structure Prediction Enhanced by Deep Learning and Huge
Metagenomics Data
MERE:

Protein-protein complexes are crucial to biological processes, making them key
targets for disease research, therapeutics, biomarker discovery, and drug development.
Traditional methods like X-ray crystallography and Cryo-EM for protein complex
structure determination have limitations. To overcome these challenges, we developed
DMFold, a deep learning-based tool that enhances protein-protein complex structure
prediction through accurate multiple sequence alignment (MSA) construction using
large metagenomics databases. In the CASP15 world-wide competition, DMFold
outperformed all 80 participated methods, including AlphaFold2, particularly excelling
in large protein complex and antibody-antigen/nanobody-antigen predictions. Recent
benchmarks also show DMFold outperforming AlphaFold3. Moreover, DMFold
generated high-quality global folds (pLDDT > 0.7) for 1,934 of 5,042 difficult human
proteins that AlphaFold2 failed to model. The latest DMFold server integrates
functional annotations such as Gene Ontology, Enzyme Commission, and Ligand
Binding Information, significantly enhancing its capacity for structural biology studies

of protein complexes. DMFold is available at https://zhanggroup.org/DMFold.
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WEEH -

Genomic structural variants detection based on deep learning
MERE:

Structural variations (SVs) play important roles in human genetic diversity,
accurately detecting and genotyping SVs is significant for disease research. To further
improve the accuracy of SV detection, our team utilizes multiple deep learning
networks to extract complex features and has developed several SV detection methods
based on deep learning networks. These proposed methods are benchmarked against
some other structural variation detection methods on multiple different datasets, our
work shows that deep learning network can be combined with short reads and long

reads to call SVs more effectively and sensitively.
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WEEH -

The Algorithm of DNA Binding Site with Combined Feature Encoding
MERE:

Due to the richness of biological and drug data, identifying hidden DNA binding
sites has been a rewarding but difficult task. For the final prediction of DNA binding
sites, we propose the OptimDase algorithm, which combines an optimal decision idea,
combined feature encoding and weighted multi-granularity scans. The algorithm
OptimDase is very robust, which is not only suitable for classification tasks but also
regression tasks. Experiments based on two different datasets show that OptimDase
achieved an accuracy of 0.8943 in classification tasks and an RMSE of 0.0054 in
regression tasks, achieving excellent high accuracy and low error rates, respectively. In
general, the OptimDase algorithm is excellent to the current algorithms in all evaluation
indicators and has better portability and higher prediction accuracy. The research in this
paper can not only detect hidden DNA binding sites but also provide ideas for the study

of efficient recombination systems for drug design.
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WEEH -

ERnet: Transformer-Based Precise Segmentation and Multi-Parametric Analysis
of Endoplasmic Reticulum from Super-Resolution Images
MERE:

Quantifying structural changes in the endoplasmic reticulum (ER) is essential for
understanding its architecture and function. However, the dynamic behavior and
complex topology of ER networks present significant challenges to this task. To address
these challenges, we developed a state-of-the-art semantic segmentation tool, ERnet,
for the automatic classification of ER sheet and tubular domains within individual cells.
The data are processed through skeletonization and represented as connectivity graphs,
allowing for precise and efficient quantification of network connectivity. ERnet
provides metrics on the topology and structural integrity of ER networks, enabling the
assessment of changes in response to genetic or metabolic manipulations. We validated
ERnet using data from multiple ER imaging techniques across various cell types and
synthetic ER structure images. This tool supports automatic, high-throughput, and
unbiased analysis, detecting subtle changes in ER phenotypes that could provide

insights into disease progression and therapeutic responses.
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WEEH -

Ultra-fast and Accurate Prediction of Protein-protein Interaction Sites with
ProtFormer-Site
MERE:

Proteins play a critical role in various biological processes such as signal
transduction, metabolic regulation, and gene expression control. These processes
largely rely on the physical contact and molecular docking between proteins within
cells or organisms, a phenomenon known as protein-protein interactions. Identifying
PPI sites is essential for predicting protein functions, revealing the molecular
mechanisms of diseases, and designing therapeutic drugs. In this study, we developed
two models, ProtFormer-Site-Single and ProtFormer-Site-3D, using advanced deep
learning techniques to predict protein-protein interaction sites. ProtFormer-Site-Single
relies solely on protein sequence information, utilizing Protein language model to
generate rich feature embeddings. These embeddings are fine-tuned using low-rank
adaptation to enhance feature representation for PPI site prediction. ProtFormer-Site-
3D incorporates additional 3D structural information. This integrates both sequence and
structural information to improve prediction accuracy. ProtFormer-Site demonstrated
outstanding performance across all evaluation metrics on three benchmark datasets,
with Matthew’s correlation coefficient improvements ranging from 22.4% to 61.5%
across different datasets. These results demonstrate that ProtFormer-Site offers
significant advantages in PPI site prediction, providing a more accurate and efficient

solution.
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WEEH -

ERNIE-RNA: An RNA Language Model with Structure-enhanced Representations
MERE:

Ribonucleic acids (RNAs) act as essential regulators and structural components
influencing a wide range of life processes. Nowadays, the advancements in high
throughput sequencing technology have produced a wealth of unlabeled data, which
contain rich information about RNA structures and functions. Many BERT-style RNA
language models trained on abundant RNA sequences have been reported. However,
existing RNA language models overlook the impact of structure when modeling the
RNA semantic space, resulting in incomplete feature extraction and suboptimal
performance across various downstream tasks. The self-attention mechanism used in
the transformer-based models such as Alphafold2 and Uni-mol plays a pivotal role in
the feature extraction. In this study, we developed a RNA pre-trained language model
named ERNIE-RNA (Enhanced Representations with base-pairing restriction for RNA
modeling) based on a modified BERT (Bidirectional Encoder Representations from
Transformers) by incorporating base-pairing restriction with no MSA (Multiple
Sequence Alignment) information. We found that the attention maps from ERNIE-RNA
with no fine-tuning are able to capture RNA structure in the zero-shot experiment more
precisely than conventional methods such as fine-tuned RNAfold and RNAstructure,
suggesting that the ERNIE-RNA can provide comprehensive RNA structural
representations. ERNIE-RNA achieved SOTA (state-of-the-art) performance after fine-
tuning for various downstream tasks, including RNA structural and functional
predictions. In summary, our ERNIE-RNA model provides general features which can
be widely and effectively applied in various subsequent research tasks.
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WEEH -

Generative Al for Protein Design
MERE:

Generative Al plays a crucial role in molecular design and can be applied to protein
and drug design. We have developed a large protein model based on 50 billion tokens
of high-quality protein data and connected it with over 20 downstream synthetic
biology design modules through an agent system, achieving "Protein Design All in
One." This enables the design of new molecules and proteins with superior functionality.
Our model uses two generative models: a diffusion model based on geometric deep
learning and a sequence-based conversational protein large model (ChatGPT-like). The
basic modules of the model, such as Transformer and deep equivariant graph neural
networks, combine Bayesian statistics, particle equations, harmonic analysis, and
learning theory. They are highly interpretable and demonstrate stronger generalization

and representation capabilities for molecule designs.
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at Kyoto University as a staff Scientist in 2008. He joined Wuhan University as

Research Associate in 2004. Dr. Hu joined School of Informatics

and Computer Sciences University of California Irvine in 2007 as

a Postdoctoral Research Associate, and then Bioinformatics Center

Associate Professor of School of Pharmacy in 2010. Then, Dr. Hu joined in Chinese
Sciences of Academy as Full Professor since 2014, and his research interest focuses on

data-driven synthetic biology for solving global health challenges.
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Yuan Lu is an Associate Professor at Tsinghua University.
After receiving B.S. (2004) and Ph.D. (2009) from Tsinghua
University, China, he received postdoctoral training from Johns
Hopkins University (2009-2010) and Stanford University (2010-
2014), USA. He was a project researcher from 2014 to 2016 at the
University of Tokyo, Japan. Dr. Lu joined the faculty of Chemical

Engineering at Tsinghua University in 2016. His central research paradigm is to exert
extreme interdisciplinary approaches, intelligently manipulate atoms, molecules,
complex networks, and interface fusion at different levels, constantly break through
human cognitive boundaries, and trigger a chain of technological innovation changes.
His main research focus is to aim at the commanding heights of future technology,
develop the world's most cutting-edge technologies, break through the limitations of
natural life, accelerate technical innovation in fields such as human health, material
manufacturing, energy and power, information technology, and environmental

protection, and cultivate emerging and future industries.

WEEH -

Toward intelligent artificial life
MERE:

Innovatively creating artificial life with intelligent features is a persistent dream
and pursuit of scientists, striving to achieve precise control of life systems from
different physical scales to meet the diverse needs of basic science and applied research.
Our research objectives include three aspects: (1) Assemble artificial cells or living
systems to understand basic life and employ a new biosynthesis philosophy to
overcome problems in living cells; (2) Break through the limitations of life systems and
build unnatural systems that surpass natural cells for infinite possibilities; (3) Create
innovative applications for flexible manufacturing, human health, and environment
governance. We first copied nature in artificial systems to realize biological central
dogma, compartment, metabolism, and communication features. Then we reconstruct
the basic life features from bottom to top and then integrate them with cutting-edge
technologies, such as intelligent materials, optogenetics, electronic engineering,
microfluidics, swarm robotics, etc., to achieve artificial living systems with smart
responses to physical and chemical signals in space and time. Furthermore, by fusing
with artificial intelligence technologies, we expand its applications in biomolecular

synthesis, diagnostics, and drug delivery fields.
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WEEH -

The integration of protein engineering and computational science: a
complementary path forward
MERE:

Enzyme is an indispensable building block in synthetic biology. Synthetic biology
often exploits the efficiency and selectivity of enzymes to transform natural substrates
under mild conditions. However, natural enzymes are often not suitable for actual
production in harsh industrial environments (organic solvents, high temperatures,
disorder, etc.). Herein, we developed a series of significant and broad protein
engineering strategies by integrating directed evolution and computational biology.
Meanwhile, our molecular understanding has provided effective explanation for
achieving high robustness and targeted immobilization of enzymes. Furthermore, deep
learning has opened a novel route for developing an enzyme function prediction model,
which is then verified through experimental characterization. This approach overcomes
the challenges of traditional enzyme function learning, which is often difficult and
imprecise. In short, by leveraging protein engineering and computational science,

biocatalysis can advance a range of solutions in synthetic biology.
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Bingxin Zhou is currently a Research Scientist at Shanghai
Jiao Tong University. She obtained her Ph.D. degree at the
University of Sydney, Australia, in 2022 and later became a visiting

scholar at the University of Cambridge. Her research primarily

focuses on the development of deep learning techniques, especially
geometric deep learning, to address challenges in biology such as
enzyme engineering, metabolic gene networks, and proteome-wide evolutionary
analysis. For model development, she has published useful Graph Neural Network
models for static, dynamic, heterophilic, and noisy graphs in IEEE TPAMI, JMLR,
ICML, NeurIPS, etc. In the field of protein analysis and application, she has established
general deep learning frameworks for protein engineering and sequence design, with
promising experimental evaluations. Some results have been published in Cell

Discovery, eLife, Chemical Science, JCIM, etc.

WEEH -

Understanding and Engineering Proteins with Geometric Deep Learning
MERE:

Protein engineering plays a pivotal role in addressing global challenges, from
healthcare to sustainability. Recent research leverages deep learning methods, such as
language models and graph neural networks, to analyze protein sequences, structures,
and functions. This emerging biotechnology significantly reduces the cost and
complexity of studying and modifying proteins. This talk introduces our recent deep
learning solutions for protein engineering, aimed at enhancing protein functionality and
properties to meet practical needs. We address a range of challenges faced by biologists,
including zero-shot mutations, deep mutations, few-shot dry-wet experimental
iterations, and patent blockades. The reliability and generalizability of our solutions
have been validated through wet lab experiments on a variety of proteins and protein

assays.
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WEEH -

Skin-Interfaced Wearable Biosensors
MERE:

The growing interest in personalized medicine is set to transform conventional
healthcare, offering new avenues for predictive analytics and tailored treatment
approaches. In this talk, I will present our advancements in developing wearable
biosensors for non-invasive molecular analysis. These wearables autonomously access
and sample body fluids, such as sweat and exhaled breath condensate, continuously
monitoring a wide array of analytes—including metabolites, nutrients, hormones,
proteins, and drugs—during various daily activities. To enable large-scale, cost-
effective manufacturing of these high-performance nanomaterial-based sensors, we
leverage techniques such as laser engraving, inkjet printing, and 3D printing. The
clinical utility of our wearable systems is assessed through a series of human trials,
focusing on precision nutrition, stress response and mental health assessment, chronic
disease management, and drug personalization. Our wearable systems' clinical
applications are evaluated through human trials in areas like precision nutrition, stress
response monitoring, mental health assessment, chronic disease management, and drug
personalization. Furthermore, I will explore our efforts in energy harvesting from both
the human body and the environment, paving the way for battery-free, wireless
biosensing devices. This integration of wearable technologies has the potential to
revolutionize personalized healthcare, spanning diagnostics, real-time monitoring, and

therapeutic innovations.
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WEHH

Medical Multimodal Fusion for Computer-Aided Diagnosis of Alzheimer’s
Disease
MERE:

Alzheimer’s Disease (AD) is a complex neurodegenerative disorder that requires
comprehensive diagnostic approaches, integrating both imaging and clinical data.
Multimodal fusion, which combines diverse data sources such as brain scans, genetics,
and clinical assessments, holds great potential for improving diagnostic accuracy.
However, challenges arise in aligning multimodal features, managing redundant
information, and ensuring interpretability in clinical contexts. This talk addresses these
key challenges, presenting innovative solutions that enhance the effectiveness and
interpretability of computational tools for AD diagnosis. Our approach shows

promising results in advancing the field of medical multimodal fusion for AD diagnosis.
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Dr. Donghui Wei is a Professor at College of Chemistry,
Zhengzhou University. He perfomed a series of theroretical stuides
on the mechanisms of enzyme reactions (such as the reacitons

between proteasome and different peptides, cofactor-free oxidases

and oxygenses ctalyzed reactions, and so on) and organocatalystic
reactions (such as N-heterocyclic carbene (NHC) -catalyzed
reactions). Recently, he proposed the concept of directional reactivity index, and
developed wave function analysis programme Pywfn and Al models for predicting the

chemoselectivety of homogeneous catalytic reaction.

WEHH

Predicting chemoselectivity of enzyme-catalyzed reactions based on Pywin
programme and artificial intelligence
MERE:

Understanding and even predicating chemoselectivity of the reactions is a
challenging question in both enzyme catalysis and organocatalysis filed. To reduce the
experimental cost, many computational approaches for predicating reaction
chemoselectivity have been developed by our team, for example, Projection of Orbital
Coefficient Vector (POCV) method, wave function analysis programme Pywifn, and
artificial intelligence tools. Recently, we have disclosed the origin of chemoselectivity
of halohydrin dehalogenase (HHDH)-catalyzed ring-opening reactions of epoxide with
the nucleophilic reagent NO2— (J. Chem. Inf. Model. 2024, 64, 4530), and have planned
to update and develop the wave function analysis programme Pywfn and Al tools to

predicate the chemoselectivity of the enzyme and organocatalytic reactions.
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Dr. Duanchen Sun graduated from the Academy of
Mathematics and Systems Science (AMSS), Chinese Academy of

Sciences, in 2017, majoring in operations research and

bioinformatics. His research interest mainly involved cross-

research on mathematics, computers, and cutting-edge biomedical
issues. Published articles as the first or co-first author in journals
such as Nature Biotechnology, Molecular Cancer, Nature Communications, Briefings

in Bioinformatics, and Clinical Cancer Research.

WEHH

Identifying phenotype-associated cell subpopulations based on multi-omics data
MERE:

Single-cell RNA sequencing (scRNA-seq) distinguishes cell types, states and
lineages within the context of heterogeneous tissues. However, current single-cell data
cannot directly link cell clusters with specific phenotypes. Here we present Scissor, a
method that identifies cell subpopulations from single-cell data that are associated with
a given phenotype. Scissor integrates phenotype-associated bulk expression data and
single-cell data by first quantifying the similarity between each single cell and each
bulk sample. Applied to a lung cancer scRNA-seq dataset, Scissor identified subsets of
cells associated with worse survival and with TP53 mutations. In melanoma, Scissor
discerned a T cell subpopulation with low PDCD1/CTLA4 and high TCF7 expression
associated with an immunotherapy response. Beyond cancer, Scissor was effective in
interpreting facioscapulohumeral muscular dystrophy and Alzheimer's disease datasets.
Scissor identifies biologically and clinically relevant cell subpopulations from single-

cell assays by leveraging phenotype and bulk-omics datasets.
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