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Abstract: Engineered microorganisms, as the core driving force of biomanufacturing and the
development of the new bio-economy, demonstrate increasingly prominent strategic values. The
newly built Engineered Microorganisms and Genetic Tools Collection Center of China (EMTCC)
supported by the Ministry of Education aims to break through the limitations of “microbial culture
collection centers” and provide a comprehensive resource innovation service platform supported by
information technology and integrating resource acquisition, intelligent creation, data analysis, and
open sharing functions. This platform intends to meet the needs of basic research, technology
development, and industrial applications. This article elaborates on the building framework of
EMTCC, which takes large-scale resource preservation as the basis, intelligent mining and analysis
as the core, and digital storage and computing sharing as the link. By carrying out large-scale
acquisition and standardized preservation of natural and engineered microorganisms and plasmids
and integrating cutting-edge technologies such as high-throughput automation, multi-omics, single-
cell analysis, artificial intelligence prediction models, and digital twins, the EMTCC achieves a
complete process of “acquisition & preservation, analysis & identification, and data sharing”. On
the basis of drawing on the standardization and quality control systems of internationally renowned
institutions such as American Type Culture Collection (ATCC), a resource repository model
integrating living “organisms, information, and intelligence” will be developed. This innovative
practice is expected to provide strong resource guarantee and technical support for research
innovation and industrial upgrading in the fields of synthetic biology, metabolic engineering,
biomedicine, and environmental remediation.

Keywords: Engineered Microorganisms and Genetic Tools Collection Center of China; data
sharing; synthetic biology; artificial intelligence; digital twin
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Table 1

Comparison of core features among typical microbial resource repositories domestically and

internationally
Name Resource type Data integration level Intelligence level Service model
ATCC Standard strains, cell lines Basic metadata (taxonomy, Informatized Standardized resource sales &
source, culture conditions) management, online professional technical
ordering & logistics services
tracking
DSMZ  Systematically classified and Integrated phenotypic, partial Online query tools Resource ordering, custom
functional strains, genomic genomic, and literature data  available, limited preservation, identification &
DNA intelligent analysis training
JCM Extremophiles, strains with ~ Detailed culture conditions High level of Resource supply &

industrial/agricultural and partial genomic

characteristics information

CGMCC/ Diverse application-oriented

CIcC strains, large collection scale integrated omics data

EMTCC Living entitiest+data+digital
twins (strains, plasmids,

parts, engineered microbes & and phenotype to

Basic digitization, partially

Full-spectrum structured
integration (from sequence

informatization, few international collaboration
intelligent prediction

tools

Combination of public
welfare and market-oriented
services (preservation,

Transitioning from
information
management to

intelligent services development)

Al-driven (intelligent Integrated “resource-data-
solution” (full-chain

customized services & cloud-

recommendation,
function prediction,

engineering history and based innovation ecosystem)

performance parameters)

experimental simulation,
low-code analysis)

their digital counterparts)

ATCC: American Type Culture Collection; DSMZ: Leibniz Institute DSMZ-German Collection of Microorganisms and Cell
Cultures; JCM: Japan Collection of Microorganisms; CGMCC: China General Microbiological Culture Collection Center; CICC:

China Center of Industrial Culture Collection.
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Figure 2 Workflow diagram of the microbial screening process.

http://journals.im.ac.cn/actamicrocn



1482

LI Xiaopeng et al. | Acta Microbiologica Sinica, 2026, 66(4)

IR TSt E—20H, BT iRm G 25 Al
W IR FHR R PR S5 X . Blun, A T4k
24 R P 22 X 2% (graph neural network, GNN)55¢
R 7% ) #% 2 (Monte Carlo tree search, MCTS),
REWRERFES N, IR T NS 5
AEAE T 0 R 2 AN S AT TR E A 0 TR S PR R Ak
HEPA . HEGIEN, WA e p A A
58 M RE Y, GRS A AU S U 25 )
MBI A LR

BT LR, BA kel AL SRR BE 0
HT TR IR & C o EH 2 M,
O TE A EE 3 35 22 21 A 5 E 10 & B )2
FEFIH B #2228 SRS R fg Af JE D A . RS
78 S R QT G S P 0 N I =1
AE . KEE . JE 4R LA A 2= B TR
JERG, RIORIEEE T A it 2 . Dhaef 54K
BRI . i —20, Al & T ) L
AW RE TS5 GG B Y AR i AT BRI, ST
AL DA [l i AT I 2% 19 B ee Ak i i+ S5 04k,
AT ik 25 I TR R R B A R i

JAE AL BLRLAE Dy fig 0 v i 35 0% T
AL AT P v AR AR T S AR AR
R, AREMET ZHEUEAR: (1) Eds2E
28 U UE5 I DU R PRASE R A 5 (2) W
PAE T Z2FE B R S0 50 25 A 70 1) 1 S B i
(3) FFalAt X R it E R AR . [F]R, SR
HI SHAP ., TR B35 24 o A5 47 AR 46T AT i ek
Wl BA W EE . BRILZ A, XA PRk
R B A e AR R, S BT AU
A PLEE . Ak, EMTCC 5] AP AT {5 R
PREE(He K %k k), 5| FHPBMERE, Kok
it i F2= > . Lab-automation S2HF I 25555
IEAESIEIRY [ F il

w3 s, R REIR A R TS o £
JEUA . B E TR S 2 R A A
INAZ 8 AT B AL 38 2000 py JE 5 O HG
B3 2 F) AR R R UEA 7 e R 5 B AR 1 DSk i
T 2 ) e 2 A 0 AT R T S 0 I ) TR R

P4 actamicro@im.ac.cn, 7 010-64807516

BT S, E—Ra R NS RIHER,
b G ARG Wy 58 E 13 1) ] F500 |l g A
R BEAL BT B o
23 BREBEFESEETE: HFHK
e EAREESHFEETE

S VIR R IRTR B2 4, M
Ak R RE AR S B =G B BRI
EHFESHEREZL, BT — %
Bl A fw R AR B S BCE AR R
T B UZ A R A, Es— ]
P IRR A SR ST IR, JE IR 55 T AW
By 2p A R e e R & . it SRS
PERETHS L IR, S 5 O i AR Rl S A1
LR AR S, ST B R A
FEff . AREREN BT R AR A B

R E R R, SRR T
RARHS . 28 B A AR — i AR WA B 2% 3 B 38
Bi, WEGER T YRR AR 2 A B
BA VBRI, s T A 21 R Y
Fede. HE—4, VP HEEEMEGE AT BT,
RS O FH P PRI A 7 S dtien . A5 R S5 A
BB LR A BEAL R 55, AT B S A W)
Bop 2B AR A | DS A AT, R
A fr Rk BB AR R S B A B

e 4 fros, %A 0B 3 4
SR Bl RR A S 2 R S A A R
s FH SR ERBEZCHITRSIE . R
oA TR K AUBERL R S5 5 07 A 55 J2 0] v fs)
PR AR R 3L = R RE o b SR AR A N
FHMAIME. XA, TR
TR W o R TR R 425 4 5 R BE A B 25 T I
SRS TR
231 TiIEWMEMFRERRERERSR

PR 5 5 BE AT R SR
frE R, Eargi— . MR B G FR
REREE, AV LLRHAL 5 PRt
o, M TR AR - TR RN
W TR E IR R R b A R (R 2), B 1E



BN A

PR, 2026, 66(4)

1483

The cognitive layer: decoding

networks

circuits

complex connections
: : % Breaking . Testing D
Data integration Building knowledge Core Al Core AI  Design Smart feedback and
. down Al models : . : the Output
and governance networks algorithms e algorithms ~ subject design o model
refinement
n Gra h The : o o
Genome The interplay of D asmEsiEn Generative Microbial . )
Transcriptome  genes, proteins, ~_\eural T Artificial ~ genetic  Srting  Synthetic performance .
Proteome metabolites, ~ Networks genes and Intelligence  parts Om - assembly  merics  High-
Metabolome  environment, and (GNNS) i Predictive : (promoters, scratch  Fermentation Omics _Performance
Ramanome phenotypes : ’ models for i ribosome- Automa?ed ?-lﬁsa};s e engineered
. : Response to phenotypes binding  [ine-tuning I arlmsis Closed-loop ml;rqblal
environmental and their sites/RBS, : o optimization RIS
o disturbances "egulatory i etc.) 3
Environmental mechanisms ! ’ : : : :
factors : I 1 : : !
: ! Metabolic ; ' i !
Research data Interactions : pathways : E : ;
from literature in metabolic gene

| I | '
v v v v

E3 IIEREMERRTSEIHEE

v

Figure 3 Smart design and engineering pathway for synthetic microbes.
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Table 2 Data standard system of the engineering microbial resource repository

Level Standard Content Relationship Innovation
Fundamental MIXS core Outline the key biological Follow the MIxS guidelines set Establishing the groundwork
level package based  characteristics of the resource, by the Genomic Standards for globally comparable and
such as its classification, Consortium (GSC) to maintain interoperable data
origin, growth conditions, and seamless compatibility with
biosafety level, to maintain global databases like NCBI
consistency and accuracy in and European Bioinformatics
the core dataset Institute (EBI)
Extended basic  Building on the MIxS The MIXS framework allows  Early-stage demonstration of
metadata framework, the following for expansion while keeping  the core characteristics of
required extension fields are  core data parsing intact engineered microbial resources
defined: engineered status
(indicating whether the sample
is genetically modified),
primary application domain
(such as medical or industrial
use), and intellectual property
status
(e.g., patented or open-source)
Technical Genetic Documenting genetic The component specifications For the first time, researchers
implementation engineering modifications systematically:  align with SBOL standards, have systematically and
level specification track editing methods, target ~ while the workflow comprehensively recorded the
(GESpec) locations, added or deleted descriptions follow the MISO  entire genetic modification
components, vector details, framework history of engineered microbial
selection markers, and stability strains, enabling traceability
data and advanced data-driven
analysis
Standardized Enhanced component The data model supports both  Offering clear, measurable, and
parts registry specifications: requires using  SBOL v2 and v3 standards, visually intuitive descriptions
description SBOL Visual standard while its performance metrics of components to support data-
(SPRD) diagrams; adds details like build upon and expand the driven design and virtual
quantitative performance SynBioDB evaluation assembly
metrics and compatibility for  framework
interactions; includes links to
functional validation data
Practical Performance Track key industrial Taking cues from the minimum The key to unlocking the
application level characterization performance metrics: product information about a marker potential of resources lies in
metadata output/yield, how efficiently =~ gene sequence/minimum converting raw experimental
(PCMeta) raw materials are used, information about a data into actionable, high-value

resilience under harsh
conditions, reaction rates,
critical fermentation
parameters, and real-world
application test results

metagenome sequence
(MIMARKS/MIMS) approach
to documenting environmental
factors, we developed the first
standardized metadata
framework specifically
designed to assess how well
engineered microorganisms
perform in real-world
applications

insights that are both
comparable and predictable.
This shifts resources from
mere “storage” to real-world
“utilization”

P4 actamicro@im.ac.cn, 7 010-64807516
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iGEM Registry 5 SBOL KUt A1 JLmdt |, 58
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RESTful API (324} JSON-LD #&=). *H OAuth
2.0 NIENU, IRz P B SR Bdi i 5
EHIA{AK (ontology of bioscientific data analysis and
data management, EDAM), 4= ¥ & 7 i 45 A &
(ontology for biomedical investigations, OBI), =4

R BEEOSXE

Table 3 Data interface and interaction

D4R Ak 2% S K (chemical entities of biological
interest, ChEBIY S EFRA YA T S, AR
T HENAN AR SRR TSR
el

AR Z R BT 2 3 3 A MIxS,
SBOL A [ PR/ bnif, [ AE i AL 4R R Al
& (genetic engineering specification, GESpec). 1
fe oo 7F & 1k & X (standardized parts registry
description, SPRD) 5 i M ¥ 68 #r 1 1k
(performance characterization metadata, PCMeta)
SE ORI BRSO, X — Bl T
R AR IR R A OO BRI
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SERAE IHORIRME B . B e s . AT AR
FEAeE | 2 20 2 S B S S AR A o A 4
AR E e, 18R 4R B R (RFID)SE4)

Standard Content Relationship Innovation
Data The system offers RESTful API-based By leveraging commonly adopted web ~ Enabling open data sharing and
exchange data access, featuring support for services and data exchange standards,  smooth interoperability across
interface JSON-LD formatting and OAuth 2.0 the system ensures seamless systems
specification  security protocols, while allowing integration with third-party platforms

flexible queries across all data tiers
Ontology Aligning core metadata fields with Boosting data’s machine-readability Boosting data’s machine-
mapping widely-used biological ontologies like  and logical inference capabilities using readability and unlocking its

EDAM, OBI, and ChEBI

semantic mapping

knowledge discovery potential
in the Semantic Web
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