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§ 1: Basic Concepts and Disciplinary Development of
Bioinformatics: History and Trends
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Eukaryotic Genome Complexity
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Bioinformatics Positioning

Derived from Biology, Applied to Biology
Omics-Specific Data Analysis

Universal Methods and Technologies
Integration of Multi-Omics to Grasp Holistic

Characteristics and Discover New Laws
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1953: Molecular Biology 2002: Post-genomics 2013: Big Data & Al
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> Rely on new technolz)gies to “see” phenomena as data;
» Integrate more data to understand as a system.
GWAS, AlphaFold, ChatGPT: Key Reflections for Us: D Big Data, @ Effective Methods, 3 Integration!
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§ 2: Research Fields and Core Content of
Bioinformatics
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Bioinformatics & Omics
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Enrichment visualization in Genome browsers

Long Reads

* Database Platform
* Sequence Analysis

* Comparative Genomics
(Metagenomics)

* Transcriptomics

* Transcriptional Regulation
and Epigenetics

*  Proteomics

* Metabolomics

* Phenomics

* Systems Biology

* Integrative Bioinformatics

* Synthetic Biology

Ve, SERRARNRREDERY:, (EWEFE5) . 2004
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¥ Bioinformatics: transcript analysis

* Database Platform The transcriptome is the set of all RNA molecules, i
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shRNA: short hairpin RNA Soares L.M.M and Valcarcel J.
° Synthetic Biology EMBO J 25, 923 — 931 (2006)
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¥ Single-cell transcriptome analysis in Arabidopsis

ZHEJIANG UNIVERSITY

A 185,030 cels in 14 cell types. B

Plant Communications
Research article

mANA markers (n<681) gnatures (n=157)

@ CelPress

Partner Journal

Single-cell transcriptome analysis dissects
IncRNA-associated gene networks in Arabidopsis
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Inference of multimodal velocities and molecular mechanisms for single cells

@zZJu

Y]

Bioinformatics Server

Pipeline e GraphVelo ® oo A
W Tangent space projection Velocity transformation 1 1
£ B i .« Refining RNA velocity
g Multi-modalities data 1 E%%Etw ) \“ by ta n g € nt S pa ce & S——; S 4 s -
3 b [ e /)>'~ / projection and i, - 3
2 . | < onetwane mapping | 2 . ®
3 L] S 8 transforming between | g
L Moo e representations using
s| s ' ' GraphVelo i. -
:é w}x § 1 o
EA TS £ prevovpsesry
2 L2218 f
> Splicing-based velocity | ¢f © Viral gone
= . - Host gene
%i Tangent space projection (D & S A i ~
5 € Virus infection dynamics  f  Multi-modality dynamics § =
Host-virus interaction module Eeog s . ° %“ % Viral RNA j
s = . Usmg _GraphVeIo h | ==
|| Vst arstomaton oy e, VEIOCItIES 1O infer host- - [emreees
r ¥ / virus infection
i %\ﬁ b e trajectory and identify = k L
E LA in l‘lllcu viral factor perturbation host- pat ho gen (ol e el g t
g | IR e . R R olvmaresa § promoter
7 —— aappeb wugrakng
; o = interactions e —
. o’ —l. .l
|| Voctorfeid anayses e s ‘w.lMature C unications 2025




2025/12/24

@ZJU

¥ Bioinformatics: DNA/RNA regulation analysis BiS=5<

ZHEJIANG UNIVERSITY Bioinformatics Server

Database Platform e  (r— -
Sequence Analysis e s B () ° _—
Comparative Genomics 5 o R
(Metagenomics)
; R 4] %) d—l.!
Transcriptomics ji »
Chroma mRNA [
inti i ) NANNANNRAS INCRNA) 1§
Transcr_lptlonf;ll Regulation O s (Wengian Hu, et al., EMBO reports. 2012)
and Epigenetics T O O, O
Proteomics -
) CN i Ji- i 8 b Open chromatin
Metabolomics s %
Ph en Omi cs Sonication ]-v-fn,gl ilﬁ 3 Closed chromatin h /Tnﬁtnnlpolome
) C o m‘\) o
Systems Biology ﬂfg ' Q a O
L S NAND
Integrative Bioinformatics o -3 Workflows of ChIP-seq and ATAC-seq.
Svnthetic Biolo Lirary proparstion ) @ (Ma, et al., Mol Biomed. 2020)
y ay —IIm v B \@
secuoniny

Amplify and sequence

BiS=25«

ZHEJIANG UNI Y Bloinformatics Server

Amino

Primary structure
‘amino acid sequence

Database Platform

Sequence Analysis

D arm
(residues | 4

Comparative Genomics sidies
(Metagenomics)
Transcriptomics Anticodon |
Transcriptional Regulation 1' fatiton
and Epigenetics ) T setaysice
P rOteo mics ‘ AHTI Remove redundance @

) % DB-ID
Metabolomics ‘ Peptide Molif analyels %’
P h enom | CS 1. Peptide Sequences 2. Catagorization
S B I Antihypertensive X Tertiary structure

Stems |o [e] Anticancer Antimicrobial three-dimensional structure
Y ay 5 t x
Integrative Bioinformatits™ w oy Antiovesiy Qusterar i
N 5
Synthetic Biology T 4 oy gttt
Opioids Antioxidative

Mineral-binding
3. Database Construction  /nternational Journal of Food Sciences and Nutrition, 2018

10



Database Platform
Sequence Analysis

Comparative Genomics
(Metagenomics)

Transcriptomics

Transcriptional Regulation
and Epigenetics

Proteomics

Metabolomics

Phenomics

Systems Biology
Integrative Bioinformatics

Synthetic Biology
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Database Platform
Sequence Analysis

Comparative Genomics
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Transcriptomics

Transcriptional Regulation
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Proteomics
Metabolomics
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Systems Biology
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Probabilistic Modeling Ensemble Vision
£\ Transformer Improves Complex Polyp
Segmentation

Tianyi Ling' 2, Chengyi W1, Huan Yu?, Tian Cait, Da Wang!,
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% Kefeng Ding'*
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* Integrative Bioinfornfatics
he HTPmod Shiny application enables modeling

and visualization of large-scale biological data - -u mu u !
12, Liang-Yu Fu, Dahui Hu?, Christian Klukss2*, Ming Chen & Kerstin Kaufmann’ “ - - ‘ ‘ m -
Communication Biology, 201

* Synthetic Biology

Dijun Chen
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The study of the mechanisms underlying complex biological processes as integrated systems of many
interacting components. Systems biology involves:
Database Platform (1) collection of large sets of experimental data %3
) (2) proposal of mathematical models that might account for at least some significant aspects of this data
Sequence Analysis set BRI
. A (3) accurate computer solution of the mathemcatical equations to obtain numerical predictions, 1
Comparative Genomics  (4) assessment of the quality of the model by comparing numberical simulations with the experimental

(Metagenomics) data. ®E

Transcriptomics c Different levels of systems biology models and analysis
o
Transcriptional Regulation | evolutionary SRR
H H =] models 1 -1 1 0 0 0 0 -1 o 0
and Epigenetics 3 o
© &
. topolo 6 0 06 1 -1 0 0 o -1 0
Proteomics mgdelgy W s
; Systems iy
Metabolomics Biology o
) W stoichiometry
Phenomics J s models
Systems Biology flux = Mma[S]
. .. . Ku +[S]
Integrative Bioinformatics models
Synthetic Biology kinetic
models
Leroy Hood, 1999 mechanistic

M ;2% ¥ Systems Biology: network dynamics & flux balance analysis P SSoe
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PDE + Kinematics

Virtual Cell Challenge: Toward a Turing test for the virtual cell

Hybrid PDE-

. . o 2 Stochastic Parameter Estimation
v Copasi
) « - X
Main text =
Introduction
Spatial , Stochastic
Stochastic ‘
Smoldyn

Network-free
NFSim

K .‘ml“ﬂllu !

https.//vcell.org/

4% ;24 % Bioinformatics: data resources/platforms
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» Database Platform =NCBI

g.i‘feﬂc"ﬂﬁigﬁn'v“urrmauun GenBank Nucleotide v @ &
* Sequence Analysis 0=
. SRR SSWENA |
M Comparatlve Genomics European Nucleotide Archive - ®
(Metagenomics) o= o= 1 i= s
 Transcriptomics Bioinformation and DDBJ Center ¥ e ®
® = LR F] A N > “
* Transcriptional Regulation @5‘5—5*-}-7-!*&*3"‘%
i _ National Genomics Data Center -
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*  Proteomics . -
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*  Phenomics =1 =
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* Systems Biology
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Database Platform Research Domains of Integrative Bioinformatics
Sequence Analysis 1. Biological Data Mining and Integration

. . 2. Integration of Life Sciences and Bioinformatics ghlv}qHO;en,_d s
Comparative _Genomlcs Technologies alf Hofestadt Editors
(Metagenomics) 3. Integration of Disciplines and Talents Appfoa(he_s
Transcriptomics in Integrative

Bioinformatics

Towards the Virtual Cell

Transcriptional Regulation
and Epigenetics ff\

. \\\ |

Proteomics =7 E
S
H Genome igenome Transcriptome P
Metabolomics : pigs, i : : e
GWAS A eQTL ot anwetone modcsten maTL £ prnger

- Genetic mapping DNA methylation Gene expression Protein expression Metabolites profiling

Phenomics Structural varation | || Civomainscesssy | | Gene reguiation Protels fonclion Metabowc ntormedates

Systems Biology

Integrative Bioinformatics

~

With, BEEEMERY:, (GFEY#AE) , 2006

Synthetic Biology

Bridging Genomics and Phenomics B1SS5a
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Chapter 11
Bridging Genomics and Phenomics

Dijun Chen, Ming Chen, Thomas Altmann, and Christian Klukas
Ming Chen

Ralf Hofestadt Editors network

! ) ' ‘ ‘ Phenomics
G

Integrative

Bioinformatics

Abstract Genomics and phenomics are two fundamentally important branches of
HlStOfy and Future biological sciences, and they stand at both ends of the multiple “omics™ families.
A central goal of current biology is to establish complete functional links between
the genome and phenome, the so-called genotype—phenotype map. Recent advances
in high-throughput and high-dimensional genotyping and phenotyping technologies
enable us to uncover the casual networks inside the “black box™ that lies between
genotypes and phenotypes using the principles of genome-wide association studies
(GWAS). Application of GWAS and analogous methodologies and incorporation
of multiple omics data begin to unravel the contribution of genetic variation to
phenotypic diversity. Integrating “omics™ data at broad levels by using the systems-
biology approach is paramount to further bridging the gaps between genomics and
phenomics and eventually making accurate predictions of phenotypes based on
genetic contribution.

4 \;\n:x.}:vr
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Bioinformatics: integrated networks
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Gene Ontology
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PLoS One 2013
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Integrative Bioinformatics 2013

Collaboration with Bj&rn Sommer

Plant Cell 2014 (IPK)
Comm Biol 2018, GigaScience 2018

miRNA/siRNA

»
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) CircFunBase
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Molecular medicine> FE 2 + Innovate the cognition of biological systems and WA Vs

_ . . decipher life information *EIEE?—
Personalized medicine MEEE » Transform biological research paradigms and provide  Pracision

. e R [ 2 guidance and support for experimental science . .

Preventative medicine AR =5 Boost the development of agriculture, forestry, Medicine
Gene therapy & K877 medicine, and related industries
Drug development 31 % ; %}E?’jﬁ
Microbial genome applications£E 415 F 40 & F Precision

» Waste cleanup, Climate change Studies, Alternative energy sources, Biotechnology, Antibiotic Pha rmacy
resistance, Forensic analysis of microbes ;% & #& &, The reality of bioweapon creation

Evolutionary studiesi# L #f 5 %%ﬂ?
Crop improvement{fE¥I ¥ B *E:Etﬂl
B/EH

* Insect resistance, Improve nutritional quality, Development of Drought resistance varieties Smart Agriculture

Veterinary Science &R Precision Breeding

Comparative Studiestt & 5%

4% ;24 % Bioinformatics: Heathy China 2030 BiS56e
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Research Aligned with National Strategic Needs

On May 10, 2022, the National Development and Reform
¢ Commission (NDRC) issued the 14th Five-Year Plan for
fiLl L]\l Bioeconomy Development (hereinafter referred to as the "Plan™).
y 7 18 2() ‘\()“ ﬁ ) The Plan clearly proposes promoting the in-depth integration of
: \JU(J advanced technologies such as genetic testing and biological
genetics with disease prevention, conducting early screening for
— major diseases including genetic disorders, birth defects, tumors,
cardiovascular diseases, and metabolic diseases, and providing

@) TEARSAEEREBABERRS ) ocice solutions and decision support for personalized treatment.,

= National Development and Reform Commission

o T — M China still faces numerous challenges in the innovative development
of its bioeconomy. For instance, the capacity for original innovation
remains relatively weak; there is insufficient accumulation in basic
RFER (HOEENESTRRM) WEH life science theories, underlying key generic technologies, high-end
instruments and reagents, and bioinformatics resources. Additionally,
the technology innovation system featuring enterprises as the
o mmemeszax . Mainstay, market orientation, and in-depth integration of industry,
academia, and research is still imperfect.

A 00> T > BOAS
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§ 3: Opportunities and Challenges in Bioinformatics:
Big Data, Algorithms, and Integration

o o o ZJU
#j25. ¥ Bioinformatics: Challenges BiS55a
Innovation Collaboration
* Breakthrough advancements in high- * Rapid evolution of artificial » Growing requirements for closer
throughput sequencing technologies intelligence methodologies for large- partnerships with computer science,
» Expansion of abundant, scale biological data processing mathematics, and statistics disciplines
heterogeneous biological data » Escalating demand for advanced » Urgency to deepen biological
resources algorithm applications (e.g., deep phenomenon interpretation through
» Proliferation of multi-omics learning, graph neural networks) in cross-disciplinary insights, while
technologies (genomics, complex biological scenario modeling providing novel methodologies for
transcriptomics, proteomics, etc.) other research fields

17
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)24 ¥ High-dimensional, large-scale biological big data B,
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Big Data!

o {HiTHhER EASEEA 65100 NAE M (HIRFTE2.9+ 10%85%)

- BEAMES EBE100EMHNYEFERRBEFFNLERR)

© R B RRELN3500-5500121E, ZEYEEAI60-100%

s HEEZEEENS50-130012M1E, SEBEN0-140120E, WMEEBLLIEY Z106E
- BAMEEEA AN 0.5+100-1.4+107bp (so far)

* NMERSIMKAFL00R LM HE DB, SBREML-3% QTER)

« NMEHREAA40-607124, FIHERF10-20mm

* Even in Escherichia coli, for instance, there are 225,000 proteins, 15,000 ribosomes,
170,000 tRNA-molecules, 15,000,000 small organic molecules and 25,000,000 ions
inside the a few um cell.

* There are estimated 1014-10¢ biochemical reactions in a cell.

RO AR R EURSRAAR B AR SR T

) #7172 ¥ Bioinformatics: Computational methodology BiS55«

Z ZHEJIANG UNIVERSITY Bloinformatics Server

Data Mining and Knowledge Discovery

> A4NB 52 F (Inductive Logic Programming) » &% #¢ (Decision Tree)

>iR{EE % (Genetic Algorithm) >Pa /RO KiREY (Hidden Markov Model)
> Mg (Neural Network) > XA (Text Mining)
> 85t/ (Statistical Methods) >MZ&323E  (Internet Mining)

> DIt 757% (Bayesian Methods)

Inputs Dense Outputs
o /;-\ s & a,, Textbook
tate IQN“M . %:ﬁ
x1 yl state 3 D:) —
O =%
23
1 U 33
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OXFORD

AERDEMIC

Bioinformatics

Article Navigation ”‘{ fg 1_}‘}?@’% ~
JOURNAL ARTICLE

BNArray: an R package for constructing gene regulatory
networks from microarray data by using Bayesian
network @

Xiachui Chen, Ming Chen &, KaidaNing  Author Notes

Bioinformatics, Volume 22, Issue 23, December 2006, Pages 2952-2954,
https://doi.org/10.1093 bioinformatics/btl4s1
Published: 27 September 2006 Article histary v

[ POF  E@viewss ¢ Cite @ permissions = Share v

Abstract * Afiliated Faculty, Discovery Partoers Institute.

ped in R. 1t fac 2023

Summary: ENArrayis a systemized tool the eonstruction of University of linois,

Bay

onstructed Engineeriog,
BNArray can Champaign, 2014 - 2023

. Informatics Programs. University

extended subs orithm of directed

s 1] JRBE

URF) B ORBD . AZFF GHife)

RGENNEE RN SIHTEERE

data. To evaluate the

feature

rocedures are tilized to yield collections of

vk sets for min:

dense coherent sub-n

kage and the supplementary documentation ¢

Contact: mehen@zju.edu.c

Advisor: Z. Jane Wang
* Master of Science in Bioinformatics, University of

Issue Section: APPLICATIONS NOTE > Gene expression
British Columbia, 2008

Advisors: Raphael Gottardo and Kevin £, Murphy

« Bachelor of Science, Zhejiang University, 2006,

- e HROESEMERY, (EMERFE) . 2022

. ° o . ZJU
in Bioinformatics B ] SD@M

Bioinformatics Server

Advantages of Bayesian Methods:

Sequence Stiucture Biological Phylogenetics Meta: 1. Uncertainty Quantification: Clarify
analysis prediction network genomics the credibility of results through posterior
probability (e.g., branch support rates of
Base Error Optimization and G Regul Inference of IC?mmunifty phylernetic trees);
Correction of Acceleration of en:lefv?:r:mry Evolutionary né::c;xor 2. Multi-source Information
Sequencing Data Folding Simulation Relationships EcosystempAnalysis Integration . Na[urally integrate prior
knowledge (e.g., evolutionary conservation)
Trans_cription‘ Structurg and Protein-Pljotein Ancestral State with observed data (e.g., sequencing reads);
Foseriding e sontn eten - 3. Dynamic Model Updating:

Continuously optimize inferences with the
input of new data.

APPLICATIONS NOTE " .55 o zeezzes | the integration of Bayesian

methods and deep learning will
become a key tool for solving
biological complexity problems:

Gene expression

BNArray: an R package for constructing gene regulatory networks S )
* Multi-Omics Data Integration

from microarray data by using Bayesian network . Disease Risk Prediction
Xiaohui Chen’, Ming Chen'#* and Kaida Ning' * Drug Discovery and Target
"Department of Bioinformatics and “The National Key Laboratory of Plant Physiology and Biochemistry, Prioritization

College of Life Sciences, Zhejiang University, Hangzhou 310058, China o Bayesian Neural Networks
Received on June 14, 2006; revised on August 28, 2006; accepted on September 18, 2006 o +

Advance Access publication September 27, 2006 (Baye§lan X)

Associate Editor: John Quackenbush ¢ Bayesian Transformer
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* BN: Boolean Network
* BN: Bayesian network, DBN: dynamical BNs

* Stochastic

* ODE: ordinary differential equation

* MCA: metabolic control analysis

* Stoichiometric analysis, elementary flux modes
* FBA: flux balance analysis
* Petri net

¢ S-Systems

* L-Systems

* Rule based

;24 ¥ Petri net could be a solution?

ZHEJIANG UNIVERSITY

In Silico Biology 3 (2003) 347-365
10S Press

347

Quantitative Petri Net Model of Gene Regulated
Metabolic Networks in the Cell

Ming Chen” and Ralf Hofestadt

Bioinformatics / Medical Informatics, Technische Fakultit, Universitdt Bielefeld,
Postfach 10 01 31, D-33501 Bielefeld, Germany

it - Information Technology 2014; 56(2): 76-81 —— DOl 10.1515/itit-2013-1021 DE GRUYTER OLDENBOURG

Special Issue

Ming Chen* and Ralf Hofestddt

Open problems in Petri net modeling and
simulation of biological systems

Bioinformatics Server

Metabollc reconstruction

—_

* Network reconstruction, visualization, comparison, structural & functional analysis-

@zZJu

BiS=25«

Bioinformatics Server

o =y ¢ PN(Place/Transition)

v * Stochastic PN

| (@ .2 Colored PN
o * » I’. _I CHIFC
Mating Reproducing ¢ Fussy PN
| o e { «— ® | * Hybrid PN
o Feeding & Growth .

—

—.

Structural analysis of Petri net models
Multi-scale modeling

Diversity

Modularization

Parameter settings and optimization in
quantitative models

Intelligence
Data conversion and model construction

Analysis and visualization of simulation
processes

Virtual cell modeling and computing power
Cell-Cell Communication
Software development
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# 24 # Complex systems exist on the ‘edge of chaos'
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Sha

Butterfly Effect

=5
5

B

ioinformatics Server

randomness and order are both relevant for the behavior of the overall system

F=Fap S =Storm

N IS AR

-
P

—.
Ve,

I\ ~

T2T genomes
Pan-omics

‘ 10K, 100K, 1M  T2T

Trénécriptomics RNA-seq] Fanscriptomics+

New
Tech

more Non-coding RNA Big
Human Proteome Project . Single—cell omics
Bl vt Proteomics PPI prediction

_ Protein visualization

Metabolomics
orenamics

1 1 1 1 1 1 I T
1990 | 1995 2000 2005 2010 2015 2020
— GWAS. AlphaFold. ChatGPT-

Single-cell omics

BIRRA S

HPLC

Mass spectrometer

Big data !

Multi-model, Multi-level

Al & application
ATERENA

SR GEE

2025

What we have seen?
Good and sufficient
enough? (curation, clean)
How can we see more?
High resolution
Multi-dimension
Dynamics-

Global vs Local

Statics vs dynamics
General vs Specific

Modeling and Prediction (samples,
features, functions, mechanisms)

Various datasets

Different
methods

Integration

Dynamic Network pata-driven

Al-driven

Big Challenge:
to see what we can not see!
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#% ;4 ¥ PSI: Protein sub-cellar localization predic
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1 method
AUPR =0.41
Interacting . .
gene pairs Non-interacting

gene pairs

e

Integrating 5 methods

AUPR = 0.66

Integrating 30 methods

AUPR =0.97

20 40 60

Average rank

80

community integration can outperform the best individuals
Model for combination of group voting and neural network

Software

Input layer
(11520%10 units)

Hidden layer
(10 units)

Prediction Output layer a "

(10 units)

http://bis.zju.edu.cn/psi/

score

* o

029

0.79
0.08

b -

-
Aum 0%
*

lP PSI: Plant Subceltular localization

k@

am
o
L]
e

A
L ]
t Integrative predictor e

Cello

oA pmB»

» -
*

omib

:l

" +

o w ein g mem mn el peo s e

YLoc B ocollo @ eploc A mploc ¥ muioc ) maoprot M Yoo

\ o

Ranking System

{‘\;\\‘\\5[ Nucl ]

“‘ “ “‘[ Pero ]

Turs Posttive

[BRH] #as:

Multiloc

‘y“:\[ Plas ] ""[ SRS ] “‘\“#[ Plas ]

‘Y"Vacul Il"‘l “'Vacul

Artificial Neural network

o
U 01 02 03 04 05 08 07
False Pasibve

[T
Group voting

PLoS One, 2013
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* Regression
Classificatioj

« « Clustering

Reduction

Dimension Reducton (from 2-dim to 1-dim)

:kﬁ?ﬁ
YS1IE
=y

Dimensionalit;

ZHEJ UNI

Machine Learning
Model
(Focused on key
feature selection

Empirical Model
(Based solely on
key features)

Wi \.4:_\‘\:.‘
ABEHRHESENERF
W

B EMINQ TR, WM 310088)

Deep Learning
Model

(Comprehensive
feature incorporation

Integrated "Roadmap”
Design for Diverse
Features

Models represented by
CNNs: Effective only for
capturing local details

2025/12/24
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* N[E (difference)

+ Differential Analysis Method —

Statistical Significance

P value

Analysis of Variance (ANOVA, F-test), t-test, Chi-square Test

ENRRSENHE
LR

Wik SFE S

LES 1S

i LTS 3

* Biological Differences

Al Model Autore
(Multi-dimensional r:ssiveg
detailed features) LLM
(Global detailed features)
Consideration of relationships Generative
and contributions among Models:
diverse features Based on
probability
Models represented by rather than
Attention Mechanisms: causality

Enabling global
understanding yet limited to
single dimensions

Hafil !

i 08
ERRLT S S 31

# ;25 % Bioinformatics: Effective (right) Methods (AI) BiS=6«

Bioinform

Al-Enhanced Empirical Model
(Multi-modal correlation)
(Prediction & causality)

(Optimization & reasoning)

Artificial General Intelligence
(AGI) Large Models (Multi-
task & Multi-modal):
Decomposable and
intervenable hierarchical
models capable of
addressing scenario-,
workflow-, and goal-specific
Al tasks

Supervised Learning—> Reinforcement Learning - Self-Supervised Learning
->???(Decomposition and integration are indispensable)

Interpreterability?

VN

Checkpoint
pol “Prior Knowledge”
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Datapoints
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T EH TEREATTN
Regression: A supervised learning method
used to model and predict numerical

H_ | "

continuous random variables.

v v
Err) e

‘ h 4l n ‘

- MREZE
P BEFITE WERERFES,
TS RANSEBIRTHEA 7> SKEITRE X AISE
BlEkiREEH

Classification: A supervised learning method
that learns from labeled samples to classify

unknown samples into predefined categories

or labels. ZESVM 1 #%SVM

#% ;24 % Bioinformatics : Methods & Algorithms

ZHEJIANG UNIVERSITY

- REREE ] ) S

Rk FRYIEAEOBMUERE KRR N T
SENBIBEND HEANKS, UFH o S0 "
FEPREHSER, B—XRIRE x % x
EROERS, TEXFINEHEAM . . 2
ERIR oy e T
Clustering: Partition unlabeled datasets o ':g'. . See °

into multiple categories based on the % e ® % ° o 1.

intrinsic similarity of data, to identify A B o ; :

hidden patterns within the data; data K-meansB2

points within the same category have
high similarity, while those across
different categories have low similarity.

%4> B Partitioning Clustering: REIEE D ARRRIRE,
BXRkZEHkHierarchical Clustering: MBE—IRBEMRKEEZ R ANNREN

B EBE ¥ Density-Based Clustering: KR %E X b5 % E X 8 (K5 EXE

M1& B Grid-Based Clustering: &R B2 AMWE, SAEEEIEDECEIXS R A A%
BAEHEHybrid Clustering: B MNREEZESER, MEEFHRABEIELEY

fNK-means& % . K-medoidsE %%

@zZJu
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UMAP 1

BRI
RERFRILIER
A H
EARFIIH
RENEE
HMpRERK,
MRS ALERE
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- BRAREE 5
Biological Big Data — Multi-modal, high-dimensional, and
characterized by massive redundancy and noise (e.g., single-cell
transcriptome expression matrices with tens of thousands of cells x
tens of thousands of genes)

PRERE NSRRI EARMANSHE, RE
FEEBNEINRD TRESTRRE, SEIERER]
=HAFETEMAYEIET L

Dimensionality Reduction Algorithms — Extract the most
representative features from high-dimensional data, reduce

Methods & Algorithms

2025/12/24
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Dimension Reduction (from 2-dim to 1-dim)

*  original data
feature plane
*  projection data

redundancy and noise while preserving key information. Reducing “s
data to 2D or 3D also facilitates intuitive data visualization.

PCAp&EHE:
FHYIERFAERR A ERL 5 Principal Component,
BNERDEMRE 7 RIREUE—ER o a9

PCA Dimensionality Reduction: Map n-dlmensmnal
vectors onto k-dimensional space. These k dimensions

EFRHEERNTTA: EREEEENBEMRDEIRERE, W
HRAMELEE (Missing Value Ratio) . BEHLZRHM (Random Forest) %

ETENRARNFE: RERIERETNEEMRDSEZ ST
#t, MEFEDH (Factor Analysis)  EMIT (PCA) &

5

N EEMSTEIKE £, XkifER S

are brand-new orthogonal features called Principal

ETMSENTE: BEERSIFORESE S, WEEBRE
ISOMAP. t-SNEFIUMAPZE

424 % Bioinformatics: Challenges

ZHEJIANG UNIVERS IT\

Explosive Growth of Data Volume Imperatives for Al and Algorithm
Innovation

Breakthrough advancements in high- » Rapid evolution of artificial
throughput sequencing technologies intelligence methodologies for large-

» Expansion of abundant, scale biological data processing
heterogeneous biological data » Escalating demand for advanced
resources algorithm applications (e.g., deep

» Proliferation of multi-omics learning, graph neural networks) in
technologies (genomics, complex biological scenario modeling
transcriptomics, proteomics, etc.)

Optimization of Data Governance Advancement of Toolkits and
and Analytical Pipelines Algorithm Innovation

* Implement rigorous quality control « Integrate newly developed cutting-
protocols to ensure intrinsic data edge tools with well-established
accuracy classic analytical toolkits for

» Establish unified data standardization complementary advantages
frameworks for cross-study » Foster a culture of tool adoption and
compatibility iterative improvement to drive

» Develop standardized validation
workflows to enhance data reliability
and comparability across datasets

technological innovation and field-
wide progress

Components, and each principal component retains a
portion of the variation present in the original data.

@zZJu

BiS=25«
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Need for Enhanced Interdisciplinary

Collaboration

Growing requirements for closer
partnerships with computer science,
mathematics, and statistics disciplines
Urgency to deepen biological
phenomenon interpretation through
cross-disciplinary insights, while
providing novel methodologies for
other research fields

Development of Multi-Scale Data
Integration and Cross-Analysis
Frameworks

.

Design sophisticated computational
methods and specialized tools to
enable the integration and cross-
analysis of multi-scale data (e.g.,
multi-omics, phenotypic, and clinical
data)

Build cross-disciplinary teams to co-
develop and validate integrated
analysis pipelines for holistic
biological insight mining

25
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A\ |55 || il F 1| o8 (" > Data integration Integrative

N PoE || . g L » Method integration Bioinformatics
Genome | Epigenome | Transcriptome | Prote " » Pipeline integration towards .

omscmany | | "SI || caneremon || o cresion » Knowledge integration _

Gene regulation Protein function

—_
BEKLAZF (Lipidomics)
¥EHF (Glycomics)
BFAZ (Immunomics)
WEMAZF (microbiomics)
REIAEZ (Phenomics)
SEFEHEF (Exposomics)

Multiple Omics

*7-*-;‘ &
] <oy Various Levels

Individual

Coding!

?

or .
Non-coding?!

Individual or
Cell?!

HAMEAZ (Single-cell omics
N “ L Knowledge or
Xkt (Bibliomics) A 9

BiS=25«
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;22 ¢ Aging & Chronic Disease

ZHEJIANG UNIVERSITY

The rapidly aging population

Global population over 60 years old Chronic Disease % in China

25% 25 95
22%

20% . 20 90

15% 15 85

| --.
10 80 .
.

East South  Northeast Central North  Southwest Northwest

10%

5%

0%

2020 2030 2050

== Population esssPercentage =
B All Chronic Diseases

the global population over the National prevalence of any chronic disease

age of 60 expected to reach 22%
by 2050

among people aged 60 years and older was

81.1% in China (Su et al., 2022)
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100 - --- Colorectal
--~- Leukemia

--- Lung
Pancreas
75 1 --- Breast
(female individuals only) ./
--- Prostate e
(male individuals only) .- ;
=== All cancers 2 i

{ Cell e

7 January 2000, Poges 5770

The Hallmarks of Cancer

Douglas Hanahan ' & B, Robert A Welnberg ?

50 1

251

Normalized incidence (%)

S eapane

0 —F
76 Qua QPa Ta Sa Oa % &
W%%%%O%%gﬁ
Age (years)
Nature Aging, 2022, 2: 365-366

Interactions of Cancer and Aging Hallmarks

Epigenetic Alterations

Robert Allan
Weinberg (1942- ),
born in Pittsburgh,
Pennsylvania, USA,
received his SB
degree in biology
from MIT (1964),
PhD in biology
from MIT (1969).

Genomic Instability Douglas Hanahan

(1951- ), bornin
Seattle, Washington,
USA, received a
bachelor's degree in
Physics from MIT
(1976), and a Ph.D.
in Biophysics from
Harvard (1983).

Protsostasis Imbalance \
Metabolic Reprogramming
Redox Adaptations
Inflammation

Microbiome remodelling

Cell
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BAHENEKES

CelPress

Evading
apoptosis

AT XFeE KA S T

RSB E B

Sustained Tissue invasion

& metastasis

angiogenesis

EREHEEH

Y]
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@zZJu
DT

C, [——— EGFR Cyclin-dependent '\ 4 & &4k i 13 s
CelPress inhibitors kinase inhibitors (coK) #psIF
A ER R HIF amERE * o KB BUERZTICTLA-A B ST RE ik
2 @ ¥ Sustaini Evadit g 5
Hallmarks of Cancer: The Next Generation Aerobic glycolysis .&fg%-)ﬁgprg:f:gﬂ"\% g‘:'gwt%g S RG-S k@ Immune activating
T ——— inhibitors s signaling __ suppressors i gy anti-CTLA4 mAb
g Oeouaine mmune EETEADRETE
153‘5@95?? e:::lgue!:rcs des(rul::nin Lﬁ}ﬁﬁ =
ST AIBH3Z A 3 SRR SR TSR I I
Proapoptotic Resisting Y Enabling Telomerase
BH3 mimetics o= 38l ‘. Bt Inhibitors
HEBER TS ¥ ‘Q&.‘ TREHEN >
AT ‘@ TREHIHEE S
Z 4 Tumor-
o Yl vroneins TR
FEEINEES mutation O inflammation
7 ‘ . AN —
PARP FENDE Inducing Activating ZB4R{2ZF Selective anti-
inhibitors ég;ﬁﬁﬂangmgene% ;‘:'a:sil::si § #O#5E | inflammatory drugs
PARPH ] p A e A T )
vesrmm (meneest ) (et ) verscwesmon

10K R ZSYMAIE FEAE + AARS ML
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REVIEW | JANUARY 12 2022 Gene, Cell Multi-cell, interaction Development, environment
Hallmarks of Cancer: New Dimensions © 2000 2011 2022
T eS— All these features do not exist in isolation but are interconnected
= Putbos & At tematon and synergistically act to collectively drive tumor development.
;3I;Z?Z:Z“?kli:?“l-"i?‘?ﬂﬁ'?f{éﬁl?";.1"??ZJ-’I(.?TT‘- Bacteria Pks" E. coli C. albicans Fungi
WY /‘/’ FimH/FmlH
Emerging N N
ﬁﬁﬁﬁ_ﬂiﬁﬁ enabling cl Colibactin e =2
Unlocking I r7 ]
phenotypic o\ Je
plasticity _ Crosslinks NS
§ mdudce DNA ( . Candidalysin
lamage (= A

XX 5 ‘
...,_m.,S; EGFR
B . f‘? phosphorylation

HPV S. haematobium

4

‘j vV &

£5 e Q@ 3 . /’1‘Chronicinflammation

L 1 Ulceration
T
Ubiquitination an

T — 1 Metaplasia
degradation of p53
FEM icisee Parasites

Senescent o
cells

From: Dohiman et al. The multi-kingdom cancer microbiome, Nature Microbiology 2025, 10: 2369—

# 2 % F Type IV secreted effector proteins (T4SEs) BiSsoe

ZHEJIANG UNIVERSITY Bloinformatics Server

H. pylori Question:

oy o R . .
gastirc epithelial cell 3
systematically analyze H. pylori ool Viethod
T4SEs (how many?) , ,
Tass . . . S4TE Motif searching
their pathogenic mechanisms
- Burstein® Voting algorith
Eaoh (hOW to |nteract?) urstein’s oting algorithm
o Lifshitz's Hidden Semi-Markov Mode(HSMM)
l ;m,() Slug
7T o Chen’s Genetic Screening
: ) ? TAEffPred SVM
! / e ® ® .
14 oen e o * T4SEpre SVM
YAP CYR61 CagA )
-~ Wang's SVM
PredT4SE Stack Stacked generalization
Bastion4 Ensemble model
Li et al. JECCR 2018 OPT4e SVM
The proposed mechanism of Helicobacter pylori Tbooster LR,RF and SVM
CagA-mediated promotion of gastric CNN-TASE CNNwvot
tumorigenesis. CagA + H. pylori delivers CagA B voung
into gastric epithelial cells via T4SS where CagA orgsissec Phylogenetic profiles
induces oncogene YAP expression, increases TaSEfinder CNN: PLM
nuclear translocation of YAP that elevates
downstream gene expression. The H. pylori Our method Bi-conv; PLM; Ensemble
CagA-mediated activation of YAP then leads to Tronds inMicrobiology (T4SEpp)

enhanced EMT program, thereby further Cover TL, et al. Trends Microbiol. 2021
promoting gastric tumorigenesis
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U BIPY ] HPInet: Interpretable prediction of Host-Pathogen protein-protein B f S @zJu

mwemewversy  INteractions using a transformer-based neural network Bloinformatics Sarver
o m ey, T e > STRISITE EML :

(A) Distribution of interaction counts between human
proteins and bacterial effector proteins from the type |
to type X secretion systems.

(B) Interaction network of human proteins and
bacterial effector proteins.

> HPInet FM4&EHY

LT (C) Architecture of the HPInet model. Protein
sequences are embedded using the ESM-2 model,
followed by a convolutional module for extracting
local features. A transformer module variant is
employed to capture both global and local
dependencies, using a gating mechanism to refine
interaction predictions.

The number of TxSEs-human PPIs

CNNBlock

ESM-2 2
— prevained — — s
model

Non-neraction () @ Interacton

N=33,0=1280

ESM-2 embedding CNNBlock embedding TransformerBlock embedding

" "I e ® “ . o > FFES SIBAE (t-SNE):

i T g | | e (D) t-SNE visualization of feature embeddings

M $ L e generated at different stages of the model: ESM-2

2 » [ L v [a . B B embeddings (left), embeddings after the convolutional
b & i . F | * module (middle), and embeddings from the
e o2 4 Js op 1o %o o2 ok o8 08 1D %o o2 S [us s w0 transformer module (I’ight). bioRxiv, 2025

@ZJU

¥ Bioinformatics for Cancer/Aging Studies

The core role of bioinformatics in cancer research: By integrating multi-omics data (genome, transcriptome, proteome,
metabolome, epigenome, etc.) and combining methods such as machine learning and systems biology, bioinformatics
has become a core tool for analyzing cancer characteristics and driving precision medicine.

Bioinformatics Server

molecular
mechanisms related to
cancer characteristics

Precision cancer Drug development

diagnosis and ) and therapeutic
prognosis assessment ot target discovery

Multi-omics data Cancer classification Drug development and Immunoth_erapy and Systems bl0|Og¥ and
o o . . therapeutic target microenvironment cancer evolution
mining and precision diagnosis . . . .
discovery analysis simulation
Genome and mutation ) Targeted therapy target Immune checkpoint Cancer evolution tree
— ) Molecular typing model — . — : )
analysis screening analysis construction
|| Transcriptome and Prognosis prediction || Drug resistance | | Tcell receptor (TCR) Signaling pathway
functional enrichment model mechanism analysis sequencing network modeling
Epigenome and Microbiomes Virtual screening and _Inflammation and Microbiomes
— . — g | immune suppression .
regulatory network involvement drug repurposing network involvement
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«4*'/’*}—%" Integrative Bioinformatics
— {HZ(Omics) > ESEMIEEE > BRKERR

HRFAEF (Genomics) AD ——
FUMERBE (Epigenomics) —
% 4A% (Transcriptomics) /I\12|: LFIE}E EYEEE

EAZAEF (Proteinomics) " R R
RiBIA= (Metabolomics) (gﬂiﬂ@zﬂ) *E%

BE£4E% (Lipidomics) & T
A% (Glycomics) 7 “’ 2N E_ »‘ ’

BIEAZ (Immunomics) A— / -
i IRIE TEY)  tonn ABEX. [zyes

WAEMES (microbiomics)

FEEZ (Phenomics) FEREL? FKEE? kTS
FEHF (Exposomics) DFEF, DEEF,
IBEf4H% (Radiomics) e

Multiple Omics ~ Coding! or ~ ##1%%. £5%%E.

ST (Single-cell omics) Various Levels ~ Non-coding?!  E—f#8

XHERZBF (Bibliomics)

==

VSRS B £ 10131%1_

Bioinformatics B

8§ 4: Al in Bioinformatics
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A% 24 ¢ Bioinformatics: Why do we need Al

ZHEJIANG UNIVERSITY

2025/12/24

@ZJU

BiS25a

Bioinformatics Server

Why Al in Bioinformatics?

> Data Explosion: We generate
biological data (e.g., NGS, single-cell
omics) faster than we can analyze
them manually.

celltype

» Complexity of Bio-data: Biological
systems are complex and non-linear,
thus statistical methods struggle to |
find the rules. i

> Exploring Data with Al: Artificial

intelligence, particularly deep learning, o R . : -
can spot out hidden patterns within e . L =
vast, noisy data and has become an =

effective tool in bioinformatics. — | o

#j24 F Applications of Al in Bioinformatics

ZHEJIANG UNIVERSITY

AlphaFold: CNN (ResNet)
Predict inter-residue distance maps

@zZJu

BiS=25«

Bioinformatics Server

]
»
AlphaFold 2: Transformer :
Effectively solve the protein folding problem .
§
AlphaFold 3:Transformer + Diffusion e
Predicts unified complexes of proteins, DNA, RNA, &
. E—
and ligands o
Template 3
search
Confidence
= Inputs 3 I
e B : ! i e,
i Tergg‘?te h;dSA! (u Y 100
G (B -+ moduie |-+| modis |+ —
socsmn, | ] S ke rar | |R2eck9] | bloa| | pattomer TN E O -
ligands, i W4 3420+ 3blocks) TP (3N
it Snge s % ‘
Recycling ‘ | Dif |
1. Input Preparation 2. Representation Learning 3. Structure Prediction
2025/12/24 61

31



2025/12/24

#j4. ¢ Applications of Al in Bioinformatics BiSS5.

Bioinformatics Server

RFdiffusion: The "Stable Diffusion” of Protein Backbones

v Starts from random noise and denoises it into a
structured protein

v From Prediction to Creation

v De Novo Design of novel proteins not found in nature

v Designing binders, enzymes, and symmetrical
assemblies with high success rates

Forward (Noising) Process

. ProteinMPNN \
NOD ¥ ¥ ALY

Sequence Decoder
single
i step A i N
ssian i % Protein e
g : ; oo | [
o .K‘_. SR . Structure I DN
i R S
) A v ¢ lbu-*
+
Xr \AX, X \UAX

Output: mﬂ
sequence

Protein Design Workflow: Rfdiffusion + ProteinMPNN

Reverse (Generative) Process

2025/12/24 62
#;24 F Applications of Al in Bioinformatics BiS56e

Bioinformatics Server

Classification results of

(b) Classification result of smucaion st

original sequence

Sequence as
Language
(Bio-LLMs)

Lsat Hidaen

Genome scale

Natural Language Processing

Systems scale
r = o
e, ) ) -] ) e S : E@ » Biological Sequences
= Molecular scale 5 WD
e, [ ] T - ) ) ) (] £l
erondas [ (] [ ][] ] ] B ] [ ] | DNA __Protein DNA _ RNA _  DNA Protein RNA
Feed 1o the Embedding kyer P ( [BURRRLELRTRRRRETEEET TR AR ETEVRRRD B AR ETRET LT TR BN R B R TR R TR BT TR R R e
[CLS] AGC GCA CAC ACT = CTT [MASK] [MASK] [MASK] CAG [SEP] Evo: A genomic foundation model
e T R—— . L.
i TR An emerging topic in

Evo .. .
bioinformatics

2025/12/24
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@ZJU

2 4.¢ Bioinformatics: How to develop your Al model BiS=6«

ZHEJIANG UNIVERSITY Bioinformatics Server

ORIGINAL SCAN Al SEGMENTATION PROBABILITY MAP

>16s_H.volcanii domain4
CCGCCCGUCAAAGCACCCGAGUG
AGGUCCGGAUGAGGCCACCACAC
GGUGGUCGAAUCUGGGCUUCGC
AAGGGGGCUUAAGUCGUAACAA
GGUAGCCGUAGGGGAAUCUGCG
GCUGGAUCACCUCCUG

> Define a biological problem:
Sequence/structure processing? Omics data
processing? Medical image analysis?

> Construct a dataset: Data collection (public or
in-house), cleaning, normalization, and
annotation (ground truth)

> Build your model: Discriminative or Generative?
CNNs? RNNs? Transformers? Diffusion Models?

2025/12/24 -

# ;2 5 # Bioinformatics: How to develop your ALl model BiS=6«

ZHEJIANG UNIVERSITY Bloinformatics Server

Example: https://bis.zju.edu.cn/haldxai/home

> Define a biological <& HALDKAI i
problem: Integrating and
mining biological factors
related to aging and HALD
longevity

uman Aging and Longevity Database with

> Construct a dataset:
Collecting entities from @) Q m
PubMed Iiteratu re; Triplets in Al Knawle‘dgeGraph .Pre(iseDa!a Retrieval Relationship Tracing
Knowledge Graph — S s

» Build your model:
DeepSeek large language
model agent

2025/12/24 65
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#% ;24 ¢ Life Trajectories B Sz

ZHE Bioinformatics Server

Transformer-Enhanced Time Series Model Utilizes Dynamic
Health Trajectories for Mortality Risk Prediction

RESRELR
AIREREESYE | RERCRR

' Encoder Layer Xemer
Population EHR —_— - :
see o Classification Resull  Time n X patients | - BB :
E | . . i s i
h. [ |7 '
N=481, 845 860 ltems: p “1 - i ‘
Life Trajectories Matrix o= = . ”h:“
i i H e o -~
I : I 3 18 I
: Lite Trajectories Clock . - i x5 il
Data Classiication I " . 1 |
I I I I b c d
I s ) [ — o =1 pewmancar 034 e »
I l v mam 4
— Time Series . Time Series . i
; .y . i
L ] e 1 ¢ H '
EHR — i } » L&
[ ] = ! . z.
Patient = === Low Risk
%\ Ey == High Risk Normal range 4
----- - wree e N ooy oo [
EHR data pre-process Life trajectories construction Model learning 0 v D s

Unpublished

BiS=25«

Bioinformatics Server

HALDxAI: An Al-Enhanced Aging Knowledge Graph for
Intelligent Geroscience Discovery

Download Aging-related Articles Named Entity Recognition Relation Extraction

Human Curation & Manual Annotation (HCM)
Pras: High accuracy and domain reliability
Cons: Time-consuming and labor-intansive

Publled

{LLMs)
across domains

Large Language Model
Pros: Flexible and adapral
Cans: Camputationally expensive

Aging-KG
Repository

assoclates
Machine Learning & Deep Learning (ML/DL)
Pros: Large-scale automated processing

Cons: Limited generalization and accuracy

| and slohel

.
I
¥
( - - . 7
Relationship Discovery a . Chunks  Augmented Generate with Aging-Knowledge
0 e.g.: Show the pathway from mTOR to AT @ prompts Without aging-KG enhancement
aging 7 M prom—
° é]n Statistical Summary a & | ’%}“: ; v*ﬂii]ﬂ B
User Query Intent ®.g.: Which peptide is the most connected? 4 : R —
Interface Classifier v y f
Co-occurrence / Literature Mining @ ) & l
User 0 e.g.: Where do FOXO3 and ROS co-occur? ( 2 \
. N 1, 632, 394 Entities . * MoreAccurate *  Context-Rich
More query intent types ..... AGINg-KG 353) 372 petations  Alignment + Mechanism-Aware
. "

Query Intent Classification Knowledge Augmented Generation Answering

gt + AR + FEXIERE 67
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i j2 4 ¥ HALDXAI

ZHEJIANG UNIVERSITY

¥) #/°2. ¢ Transcriptomics: Non-Coding RNAs BiS25<

ZHEJIANG UNIVERSITY Bloinformatics Server

* Integrative Approaches (Non-coding RNAS)
* ncRNAs, what are they? characteristics

* Biogenesis, e | i

miRNA

(20-22nt) nat-siRNA |
* Expressions, o
. SRNA s
* Interactions,
. RNA Py
[ ] RegU|atI0nS, a ;:;Zd;‘::_\ < (75-87nt) m?o;
. . (31-200nt) | )
* Even dynamic functions, 3D o —
siRNA
o -:—I—-—
=
Al generation -
IncRNA z ‘
(+200nt> lincRNA
L—.—-—
Reeuy
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Bioinformatics

P

+ ¥ Transcriptomics: Non-Coding RNAs

Bioinformatics

Small RNAs in

q
distribution and generation =

MTids

Nucle

genes & ]

[

PlantCircNet: a database for plant circRNA -

Bl 195 1IN
Bioinformatics

DATABASE

——

DATABASE

wiRNA - mRNA regulatory networks @

g Liu, Jioey Xue,

i £/ 10,1093 dstabiase bl

integrated tool for the identification of
miRNA-target interaction in plants &

2015, Pages 290291,

ic Acids Reseal

Versatile interactions and bioinformatics analysis of
noncoding RNAs ©

CircFunBase: a database for functional circular RNAs 3

POF BMSpRMew 6 Gl B pwmssions o S

2025/12/24

@ZJU

B

Bioinformatics Server

Bioinformatics

Disse(!m[, the chromatin interactome of microRNA

Swmtv P

CircPro: an integrated tool for the identification
of circRNAs -nh protein-coding potential @
Mng Chen ®

2017, Pages 33143316

ncvlanmn aplant ncRNA database with polenlial ncPEP
and cell type-: pzum

Non-Coding RNAs and Their Roles in Stress Response in
Plants

CircPlant: An Integrated Tool for circRNA Detection and
Functional Prediction in Plants &

2020, Pages 352-358,

miRNA/siRNA

Bioinformatics 2015

RNA Biology 2011 New Phytologist 2013

¢ S
E==0 O==

Nucleic Acids Research 2017

Y
VA" T T
S /\% ™ T

/‘\_/\:cﬁNﬁ
INCRNA /

A SiRNA

Bioinformatics, 2010

Briefing in Bioinformatics 2016, 2017;

Target
mimicry precursor

Stress
T =

Bne/mgs in Funct:onal Genomlts 20164,2016b; Nucleic Acids Research , 2012
Pra & ics 2017
S
(P

Plant and Cell Physiology 2017

ah

Briefings in Bioinformatics 2017

zfq
sx‘*
PlantCircNet

Pt croste ANA ok

@

Database 2017

c(Plant

Modue 3

arvetaen RN mRNA-
MRNA network

Mo 4 cooma A
erscin

Fil s
I —
Wodin2
. s . o) o o
Bioinformatics 2017
ics, Pr ics & informatics 2020

CircFunBase
coos

Nucleic Acids Research 2025
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4% j2 4 ¥ Pretrained Model for DNA/RNA Generation

ZHEJIANG U ERSITY

GenNA can generate nucleotide sequences from natural-language prompts, including DNA/RNA

descriptions, species names, gene names, and gene-function annotations (species and gene names
being optional).

2025/12/24

EYERE FE EZ4 -
Bioinformaticis B J,OLL:I—JZQ?;(

8§ 5: Talent Cultivation in Bioinformatics
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;25 ¥ Bioinformatics: Education B1S<5e

ZHEJIANG UNIVERSITY Bioinformatics Server

ZARWG [Abstract] As a key interdisciplinary field integrating life sciences,
biotechnology, and information technology, bioinformatics has made
=+w KR @increasingly remarkable contributions to the bioeconomy and digital
economy. Currently, bioinformatics still faces challenges such as an
A liﬁ'ff'éH-]’R@Z%f.'f.ﬁ"}"f"}':ﬂ&kéfﬂA/]‘ @nadequ_ate Qiscipl_ina_lry_ system, ambiguous positio_ning,_ and
1 R SR insufficient  interdisciplinary — collaboration. Meanwhile, issues
Ed T regarding the accuracy, analytical processing, and shared integration
WALA PR W W of multi-modal, high-dimensional biological big data also pose
significant tests to the development of bioinformatics. In the process
of China building a world leader in science and technology,
bioinformatics serves as a crucial link in the layout of the bioeconomy
industry. At the same time, the integration of artificial intelligence (Al)
technology is triggering a paradigm shift in life science research,
driving bioinformatics to evolve from a cognitive science toward a
STEM-coexisting model that combines cognitive exploration with
engineering innovation.

Jkafla

S
N “prorLe oany

[pO1) 10

Furthermore, bioinformatics is confronted with the dilemmas of homogenized talent training and intense internal competition
("involution") among outstanding young talents. To address these, it is necessary to establish a multi-level training system,
optimize the research environment, and cultivate scientists with strategic vision. Therefore, we should strengthen top-level
design to improve the disciplinary and educational systems; establish a diversified talent training framework; fully promote the
"101 Plan"; and optimize the allocation of educational resources while innovating teaching models.

If “The 101 Plan*, a program for fundamental education and teaching reform, focusing on developing core courses, core
! textbooks, core faculty, and core practical projects. The aim is to cultivate a group of outstanding natural scientists, medical
\ scientists, and social scientists who will have significant influence globally in the future. )

Core practical
projects

-

Virtual Teaching and
Research section (MOE)

| ‘;...M.,-u = ‘ Core Courses
. WATANART s b
. =

/QM?U#T ;?,'aa&ii
| cience
Technology
Engineering
Top Scientists .
. ?0"9 Fetxcultles Management
irst front lecturers
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