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Abstract: The preservation and utilization of agricultural microbial resources are essential for
achieving green and sustainable agricultural development in China. However, the current state of
agricultural microbial resources in China is characterized by a limited total volume, insufficient
characterization data, low preservation throughput, poor development, and low sharing efficiency.
Establishing and operating advanced agricultural microbial resource repositories can provide
high-quality resources for the development of innovative microbial agricultural products and
ensure robust sharing of agricultural microbial resources. Based on the construction and operation
experience of conventional microbial resource repositories and considering the trends of scientific
development in the new era, this paper proposes several insights into the construction and operation
of new agricultural microbial resource repositories as a reference for resource repository developers
and managers.

Keywords: agricultural microbial resource; construction and operation of resource repositories;
opening and sharing
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Table 1  List of national collection of microbial resources of China
Number Collection name Construction supporting institution
1 FE| AR A R I3 9 D R AR B TS Al X BF5E BT
National Collection of Microbial Resource The Institute of Agricultural Resources and Regional Planning
of Chinese Academy of Agricultural Sciences
2 Il 5 FH TR M 5 9 D506 (3 ) ROl R
National Collection of Edible Fungi (Jilin) Jilin Agricultural University
3 FEl 2 £ G 5 9 D P 76 gL BB
National Collection of Edible Fungi (Shanghai) Shanghai Academy of Agricultural Sciences
4 Pl 2 £ IR B 58 DR P (B2 M) SHNE R EBE
National Collection of Edible Fungi (Guizhou) Guizhou Academy of Agricultural Sciences
5 [l S8 £ R B 58 U P (2 ) BB RN EBE A YA S R B IROET T
National Collection of Edible Fungi (Yunnan) Biotechnology and Germplasm Resources Institute, Yunnan
Academy of Agricultural Sciences
6 FE| SRR R 5 5% U P (W) Herpgll Ry
National Collection of Microbial Resource for Huazhong Agricultural University
Fertilizer (Hubei)
7 FE| SN A W R Jo % 8 P (s ) Hh RO B E B RS A DA 5 T
National Collection of Microbial Resource for Environment and Plant Protection Institute, Chinese Academy of
Fertilizer (Hainan) Tropical Agricultural Sciences
8 FEl SR A G R o 9 D P () Ll R =Bl at B BE ST T
National Collection of Microbial Resource for Feed  Institute of Animal Science of Chinese Academy of Agricultural
(Beijing) Sciences
9 FE| SR R B 0 DR P (9 52 1) WSROl R
National Collection of Microbial Resource for Feed  Inner Mongolia Agricultural University
(Inner Mongolia)
10 FE| SR DR A W R J5 9 D P (T ) AL BB BEA ) DA 5
National Collection of Microbial Resource for Plant ~ Plant Protection Institute, Hebei Academy of Agriculture and
Protection (Hebei) Forestry Sciences
11 FE| SR DR A W R JB 9 D P (WAL ) WAL RV EBE
National Collection of Microbial Resource for Plant  Hubei Academy of Agricultural Sciences
Protection (Hubei)
12 FE| AL DR B R JB 9 D P (L ) AR K
National Collection of Microbial Resource for Plant ~ Shandong Agricultural University
Protection (Shandong)
13 FE| G DR A R Jo 9 D P (2 D) TR R

National Collection of Microbial Resource for Plant
Protection (Anhui)

Anhui Agricultural University

(#4)
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22K 1)

Number Collection name Construction supporting institution

14 FE| AR BRSSO R B R IR () 2R) ITRA RN EBEAR GRS PR T
National Collection of Microbial Resource for Institute of Agricultural Resources and Environment,
Agricultural Environment (Guangdong) Guangdong Academy of Agricultural Sciences

15 FEl AR M BRI A W R Jo 9 R P (1 ) ) PV ER I RIS e
National Collection of Microbial Resource for Biogas Institute of Ministry of Agriculture and Rural Affairs
Agricultural Environment (Sichuan)

16 ERALIBEH VTR ) PR A AR
National Collection of Microbial Resource for Guangxi Academy of Agricultural Sciences
Agricultural Environment (Guangxi)

17 FE| AR BRI A R I 9 D P (L ) AR L= BE R RIS
National Collection of Microbial Resource for Tobacco Research Institute of Chinese Academy of Agricultural
Agricultural Environment (Shandong) Sciences

18 FEl & &K T R B o IR 2 (I a0 HrEAOL B EBE RIS
National Collection of Microbial Resource for Institute of Feed Research of Chinese Academy of Agricultural
Animal Husbandry and Aquaculture (Beijing) Sciences

19 FEl AR L A SR E R B IR () AR) JRAREBAE T BT
National Collection of Microbial Resource for Institute of Microbiology, Guangdong Academy of Sciences
Agricultural Patent and Type species (Guangdong)

20 ERCHERIRECE ) TR BB BT T
National Collection of Edible Fungi (Heilongjiang)  Institute of Microbiology, Heilongjiang Academy of Sciences

2 AR TR HREE AL B2 i BT
National Collection of Edible Fungi (Fujian) Institute of Edible Fungi, Fujian Academy of Agricultural

Sciences

22 [l RN W R Jo % 18 P (e ) PEALRARBI R
National Collection of Microbial Resource for Northwest A&F University
Fertilizer (Shaanxi)

23 R TR R R
National Collection of Microbial Resource for Tianjin Agricultural University
Fertilizer (Tianjin)

24 FE| SR DR G R B 9 D P () JestH AR B
National Collection of Microbial Resource for Plant  Beijing Academy of Agriculture and Forestry Sciences
Protection (Beijing)

25 EHIRBCE IR TR G ) WA B DT A8 B B A R 5
National Collection of Microbial Resource for Plant ~ Hunan Institute of Microbiology; Institute of Plant Protection,
Protection (Hunan) Hunan Academy of Agricultural Sciences

26 FE| AR BRI A W R I 9 D8 P (AL ) WA R
National Collection of Microbial Resource for Shenyang Agricultural University
Agricultural Environment (Liaoning)

27 EFARIIERE YR R T A

National Collection of Microbial Resource for

Agricultural Environment (Jiangsu)

Nanjing Agricultural University

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



S | MAEYE, 2025, 65(4)

1689

G AR M E R BT OIR R e i A B —, LA
PRI 3, DB IO B T & 1) 4 B SR B AR AN
gz, YRR A 7 b R 5 A %O
Mo A BEFE A AR ok, WRIR R A 3R
MEESIAR, BITE Y FEARB BT, U
SR GEIRIL A Y 25 SRR R S5 T
FEGR o TR A A RS T R, 5,
55 B bR R RS R AR b, 3R B RO B AR P R
PRI R 431, BT 088 0 A 7E 2 A B/
AR s, BT 50% (AR 4 9% TR A BIFT i
TE AR S5AF FK S 2 22 8 55 RO BE BT s
P S0, R R A s L R AN
HEREAE, LAY KI5
T ATCC. DMSZ %5 [5 Fr K B 13 A4 #y %% A
JENPL e fE, REERIEGBE MRS #E
WARSEE, (FR KRR, T BRI
EMAHRCR . Flan, Al g 5 4t &2 1
27 DRBRER R, AR 2 G T Mk

2 BRERLBENHIREEREK
5T LA RS

BET b R RN AR W B PR HAR R
fik, B3 A S A A DR IR AN L L RAE
BlEA 2 JPEMMRBCRAR . TPt 2K
BARSF ML, FRATHRE LT ILA B E (1), #E
JTRAO AE BRI R B T E S
21 RMREARFRELBEMFAE, EUE
IR PETT % BE
211 RAFRIFETRRES, WRIFRELFIR
BEAE

HESLAO A IR AT, TP R T
Pl B R A 3OV g 0 ) 46
FoR B m IR AR, SR A
AR Sl R B IR SRR, R
TUAN BE Y ARG o R RO AE S R G
AORE L, E R I BTV D B D RE PR AR W

Primary resource exploration
@High-throughput technology platform: microfluidics/flow

Cytometer/sequencer

OBig data analysis platform: multidimensional data integration
Olntelligent development system: digital profiling construction

Integrated platform

@ Multi-party collaboration: government+
industry + research institution

O Full-chain development: integrated
research and development complex

@ Benefit distribution mechanism:
contribution-based evaluation

Enhanced service capabilities

O Personalized services: strain screening and
optimization, formulation
development, functional assessment

O Market-oriented operations: diversified profit
models, industrial collaboration networks

Bl HRERLHEVFRERRSETESERE
Figure 1
in China.

(Ke} points for the
construction and

operation of

agricultural
microbial resource
repositories

Digitizing management systems
@ Comprehensive lifecycle management system:

QR code, automated storage/retrieval
 Digital twin platform: virtual laboratory,
remote access

\ O Specialized database: standardized data
management and intelligent search

Resource sharing system

/@ Multidimensional sharing: resource , information,
technology
O Innovative sharing mechanisms: blockchain

technology, smart contract, ...

O Expanded sharing methods: digital sharing platform,
openlab, science popularization

Key framework diagram for the construction and operation agricultural microbial resource repository

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



1690 QUAN Tuo et al. | Acta Microbiologica Sinica, 2025, 65(4)
B, CHERSAELASRE T RFEREE  EYL AR SRR 1 G D

MBIGE, anpops . Rl R AR 3H
Befe 2 M1 s R S D RE M il A= ) . i
FORQUH FORS e, J05E A BLE R VESR . BT
WOk O B Gl A SR, DA TR DR Sk B R
(4 A TS AR o
212 UK MEIREES T, ZIERE
BRIFREZHE

LA BUEY R &, BE RN
Wt . B FIAEL (R B AR 2 4R
i B R A RS EAC AL B, TR e BE 22,
AN R BHIFAILAL | 7l SRR P2 22 1] P
PEEaE I EEEREEE I TR, HfEh
TR R A2 9 AN 2SRRI, SCEE BRI
TFRAGHFI o i 7 B0 K 8l A DR SR S AL
il RSB IR A R LA R L DR R R B
i 1655 R AR AR AT AR Y
213 SEIRAMEIDERUTIT, IFFE
BRESNEFLZS5F A

LA BUEY R BRI &, S &
A e S I R Al 5 A s Rl e B A
NTHEBEEA, A PP AR Y5 IR Dy hE
Rtk 5 RIS AR AL AE . s DIReRs
PERAERSE, XA . SRR A
A PRS AR AR AT Rl N E , B ARG AR W B IR
g <Bewmge s [k, AN TR AR
PEAT SR REAL VAN, L B BT T A
FOACOE R bR HEAh, H A BRAL T L
FIEYI 6, B T (6 PR A DR B
HusE, RIFFIRIITARCR .
22 BEREENEEARS, #HIERE
RS R ETE
221 fEEEaEEAEE, RAZTIRFME
SREE

5 AR AE Y SR PR as AT 5 B L 5L

>4 actamicro@im.ac.cn, 7 010-64807516

BT B S BYE IR, T4 & 4
EA, BRGIREM RS . RIE . PTHN RN 4
HRREEEGEW . S SR SIS R g, L
TR PEE A PRSI SERT I, I B A S kA7
W, SCBUYIRAY A ShLEE, SR YA A
PEPCHCR . XA AR T A A XU, i
REA PR o 5 A5 B S R g BH
222 MBEHFEELE, RWBTERFILL
RAFAZE

B 28 e S 5 23 g B T A A K
S By AR B R 5 DR R AR (1)) A TR
HEE I, A S O S Y B SRR
AT S BN SEAR B R G W45 . 40 dr . D4R AN
W, ZEARCEZ AT N, A
F5 A ] 5 | A A A5 A 4 9 R P A A LS
TEGIRPE (is 4T S, d iy s,
PEAL UL EDE B, R IR s Ik
AL S S AT AT, A P
g P T g B IR S oL, s UK.
HFRFREAN-G, RS BT E, R
W AT DAAE R B i e g slde AT il o A, 78
LAFLIEER, MRSy i, 45
SCISIMERITERIRCE . LAk, ] SEEE AR )
H5HiE, HP R EL 6 SLa A i . 42
& G HF AR A WA BP9 3. X
{HE R T ORI, Js b 1 A fh
[ AT, IR BE AR B B AL S S RS A 1
BE SR, HESh BRI SR IME R EREfL .
R, BFap e -Gk il H P ELHE SPHHE
=, A EERE G R IE E N E YIRS,
PETHTIR I (A0 RN AN
223 BEMEWHIEE, WHRBIBEREF
A

A b B 0% R A T B R R i S SRR



S | MAEYE, 2025, 65(4)

1691

BARIPRELL . AR 28, DI AR5
PR R 5305 FEREaHE. LiES
— B YRR AL B, AN I ke U
Byuas X —8, o JiEm, e g s N S B
G, RIS A MBI B W SR AR Y
AR, SRRSOy . M VihlE R A
SERVERS I, AR REEOR 102 A e s il
MR R . BRIz S ENRS, e
BOyE 2 R R 80, HE S RHIE S 7=k i 1)
K.

23 BIFIHZEES. NHS5HN, LM
BRENSHHEE

231 HARIEZIEL, HIINFTHASIERF
WEAE

Ferp B, @SV, AE. LA TR
ERRR, MR RPN, B, %
BEN “BHIR A B < IRILE” LS,
S GEIR I A RCR RS, TR S ML 8] f) Y
TREE R . BIRDRAT A AL AR IE N A,
111 1 i A PR R R M S B . K, A
) fos > v o e N T [ = Y O 1 K v BN 4
N 97 g B X (i P ) NS 7N st 7
BRI [ 2%, S I A BRI IR PN AL ol A 1 e
Rttt s, I EPRES . Rm, 24
JER AL A — U W) S B PR I == g g
Flgcpdts | FEME | ORI EED AL
=, HES IR A 5 M i AR — AR AR )
Y R G
232 MUHEZENH, WEER. AT, 5
I ZHE

AL LR v S B A G o,
aod AL B8 PR B A RET AL B B, S BB
RO MR . BT, AL BUR . B
WEPLA . Ak S 205 AURA L I E & b1 2,

G GEIRIL R EOREE © VPG L RS M
Hok, MR It . O 2
FHPRMESE o W BEIRB Rb T e AT A A3
AL P A HLE, DA 2R IR s AR . AR
B PR AL 5 MU B R T A B i 8 W i 2K OO
S, R IR I R B . B m, as X
HEROR, R IR R AL JE
B A ] B BT g R, AL AR TR A OR
N TR 2 N O E < AN S R VSRV I 7 7
PRALTZ (B WIS m R 5 0 B U T B 2
FO7 AT e A E R, TR B IR AL E 1
FCas A3 B AR 4, s N T3, B AR A B
A o
233 HDHZEHFNSHENL, HESHEER
R Z ML

il 3 BT 2 R A Y 3t 5 0y AR 2 A [
MR, G s I
FIEE, B, # AR BC 3R
G, FP R DL 0 2% S NG R B R A
B, IR R BHEL i TR, BRI B IR
fEITIM . ok, @sr Lt ks,
T /N Al 49 0 P BA O i 3 = 52 36 =8 MR
M, ROEME L . AR IRER UL
FMRTs, FEAROE AR NA . &)m, ALY
B KA AR IR B T AR R TR 2
AN, & B2 I 2B 2 A AR 55 )1
PEo AL TFIH I 3 s U IR S, )
DN AR B A A By BT IR o (A0 L 5 B
fe w2 A
234 MEEFNRSAURIF, REE B S

il 5 583 BRI AU BRI RL, 80 PR AE 3L
AP IEIE RN, 4507 G kA AR REE AT
BIPRFR o 38 o A 57 4 A R AR AP AL R
Wt B IR B P AU TR L BRAT SR TS
B 1k A S AR TR A A o TR, FEE

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



1692

QUAN Tuo et al. | Acta Microbiologica Sinica, 2025, 65(4)

PR A2 B PRrh 8 S A 6 ARk DA AR B AR T
KI5 GRS R 55, B DR R FL AL RN
P H Gt 5 e, e SR i i R
o IR 2
24 EANMHEMIFENFFA LIRS EES,
SEE B IS gE
241 EFIEER, RAFASRSEEEN

WAL TR, S AR e 4L
M55, WIS Y RARTT . DORERAE . 5
T REGZAINT, S BER EE N BR Al i PR A7 4
PR 0] iz 55 BV S 57648 . sl Z 420y 5
ST R KRB I SRR &, X R
DI RE R A ¥ AT AL o R, 42
b 7R 25O TR R BB UL AL AR 55, R 35 IR 4
PSR AR PE TR R DI REM: , FFIT & T2 i
B il 311
242 ITERAKERZER, BUEFHREMN
fE

AT A IR 55 i, ST 22 Je Ak it 2 )
B, BRI AN A AT, S AT F
Sk WEAREL RS WP 4, B R R
e . DIRERAE . il 7T & S SRS A
FEARPE Ak T R PR A IR 55 o 4 i 8 R 3
W, WL RERAG B AL bR A
B RS T R R 5545 . BLAh, dEad 2Tl
FeRME WG ST IR E A B, &
KRS, OSSN HEAR SR, Bl
SEMAAER RS
25 HEEREALFIAEZEETEE, %5
NEEELERIEE
251 MWEZERXREEMLS, LIMMAEIFREE
iR

Z IRl TG G — sy i BB
Witz VG, 2 haaME, LA HEY

>4 actamicro@im.ac.cn, 7 010-64807516

VIR R ROT 2 S HES TR S e
MR ERTREARE G, FREAR
BTG AR L AR SR AFER
7, BRITREEAIR, BREITRBUED LR
TRV RS IR S5 e B INEL ™ &, R DRECA “ AIFSE
BN AW AR, 4 AT A 31 A 7 B e
JEI o M5 BRI B 11 Al 7 5 s
PRBCHCR AT SR, S E R BT G i ;
FEGEA I Al o KU 35 . R T B
TR B f, Inige 5 0T A i 24k
PR
252 HZNSIEEXENRELRE, HHFIR
MERTLAS A

Wi 2R G ERNER 1w, LA L
MG IRI R AOT A S . (1) AL <R+
H SR el S SR A, M —
IR A5 R BLL 5 (2) $) XS B A
o, BEHITIRE . Sl 54l i, P
DX SR A B BT IR T A B, i 22 X B A
RO, RTHEOREPERE S (3) AEAK
M BEE R P R, WA SR IR L Ak BRI
e BT SR 5L, WEA T ARE, AR,
BP0 S IR e J
253 FTEAENHISHmIBECNE, KE
B ZIRFFET

i3 e PR IR AL UM, BIRGB AE JT Z 1)
A BT IRAE IR, B kM g 1% . S 58 IRE
FE Y B ATl 2 B L DS AR D5 X
ARAT GRS IF AR, (R X SR T A
B, SRR S 20 . SR BEETT &
SR o G, AR A D7 DTk EE AT B A
XF T B IR AR5 W OT AR RCR, FR IR R
I7 BRI R TS M G AL DT M A Ll &
BB ARG S5 las, REEZ T l4i. It
Sb, L LI  RETR, S 207



i 4

E“E I, 2025, 65(4)

1693

TEBRS SRR ST AR, REMFN
CER (o0 S el TR TR E I v A A VAL WS E il
B

3 RE5RE

i B AR . LB A BRI,
KRB, R E T AR RUE IR, W]
S B A Al A= W i Rl o T S
& WA IS RA PR e Sk Al
FIE 3 TG 2= e BRAON A P B2 IROT A I HOR
QTR I R AT ) SCHE

162 UMk = WA

i WO SCERIE A ISR AR
A SCERIA A B SCEAE; AR SCERF
LG U] VSR RSO
KRG A SO SCEkIA A L it
paciiae

1B A a5 ¢ RATE 7 A

VR P DA AEAR AT ] BE 23 R 0 AR SC AT 4R
B IAERE AT A sl AR R

B33k

(1] M5 728, BRSYSC. RV E e Ko ARt g M. b
AU E A R, 2004,

YU ZN, CHEN SW. Research and industrialization
progress of agricultural microbes[M]. Beijing: China
Agriculture Press, 2004 (in Chinese).

[2] BRMeds, MRl . FeE RO RHL QRS R SOl 2F

). PEREE, 2019, 20(4): 1-5.
CHEN HC, CHEN XZ. Innovation of agricultural science
and technology and reform of agricultural higher
education in China[J]. China Agricultural Education,
2019, 20(4): 1-5 (in Chinese).

[3] JEl#z, M4a 5%, FEAR, ARAPER, S35, REE . FRER
A W=l & R AT (7). P B TR AR, 2022, 24(5):
197-206.

ZHOU Y, DENG MR, DU J, SONG ZJ, WU QP, ZHU
HH. Development of agricultural microbial industry in

China[J]. Strategic Study of CAE, 2022, 24(5): 197-206
(in Chinese).
[4] &% . BRI &% 0 K T sl RE[N]. 22 9% H 4,
2024-09-12.
JIN SQ. Unleashing new momentum for green
agricultural development[N]. Economic Daily, 2024-09-12
(in Chinese).
[5] TE, B, 2R, BRI . R R SCHEAE P R
R G E &R AT T E TR, 2024, 26(2):
121-131.
WANG C, XIA L, LI ZF, CHEN J. Key manufacturing
technologies of microbial protein and its application in
food industry[J]. Strategic Study of CAE, 2024, 26(2):
121-131 (in Chinese).
WREDT . T R B S L B i 2 R E 0], o
Pl R WA, 2021(15): 26-28
HU GF. Fighting for the turnaround in the fungal seed

—
)
=

industry: building a strong nation of edible and medicinal
fungi[J]. China Development Observation, 2021(15):
26-28 (in Chinese).

RIS . 2E Wil it MU P e B 22 v ] << TN B H
2, 2021-07-27.

CHEN X. The biomanufacturing industry calls for more

—
~
—

Chinese “fungi” teams[N]. Science and Technology Daily,
2021-07-27 (in Chinese).

(8] rhAE N RALFNE A ARATHR . A A RAE A A AR
A4 595 5[ Z]. 2022.
Ministry of Agriculture and Rural Affairs of the People’s
Republic of China. Announcement of the Ministry of
Agriculture and Rural Affairs of the People’s Republic of
China (No. 595)[Z]. 2022 (in Chinese).

(9] AR N R EAO AR HR . e A RS A E Al A
R4 745 5(Z]. 2023
Ministry of Agriculture and Rural Affairs of the People’s
Republic of China. Announcement of the Ministry of
Agriculture and Rural Affairs of the People’s Republic of
China (No. 745)[Z]. 2023 (in Chinese).

[10] ARS Culture Collection (NRRL). NRRL culture
collection[EB/OL]. [2025-03-02]. https://nrrl. ncaur. usda.
gov.

[11] Westerdijk Fungal Biodiversity Institute. WI-KNAW
collections[EB/OL]. [2025-03-02]. https://wi. knaw. nl/
Collection.

[12] American Type Culture Collection (ATCC). Who we are
[EB/OL]. [2025-03-02]. https://www. atcc. org/about-us/
who-we-are.

[13] German Collection of Microorganisms and Cell Cultures
GmbH (DSMZ). Bioresources|[EB/OL]. [2025-03-02].
https://www.dsmz.de.

[14] FRipA), SR BIAK -l B, ERIK. LAY
Pl K S B o B, R RO BB T 4, 2023,
25(11): 1-7.

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



1694

QUAN Tuo et al. | Acta Microbiologica Sinica, 2025, 65(4)

[15]

[16]

GUO JL, Dixat Nilufar, WANG DQ. Development
strategy on agricultural microbial industry in Chinal[J].
Journal of Agricultural Science and Technology, 2023,
25(11): 1-7 (in Chinese).

HUANG YM, SHETH RU, ZHAO SJ, COHEN LA,
DABAGHI K, MOODY T, SUN YW, RICAURTE D,
RICHARDSON M, VELEZ-CORTES F, BLAZEJEWSKI
T, KAUFMAN A, RONDA C, WANG HH. High-
throughput microbial culturomics using automation and
machine learning[J]. Nature 2023,
41(10): 1424-1433.

BELLAIS S, NEHLICH M, ANIA M, DUQUENOY A,
MAZIER W, van den ENGH G, BAIJER J, TREICHEL
NS, CLAVEL T, BELOTSERKOVSKY I, THOMAS V.

Species-targeted sorting and cultivation of commensal

Biotechnology,

bacteria from the gut microbiome using flow cytometry

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

[17

[18

]

—_

under anaerobic
10(1): 24.
i85, SRIGEAC, BT, kAR, HH0m . FRIE AW R
B K HAR BA T & e R e R (1], B
BE2F R R, 2022, 22(17): 3393-3400.

HE R, SANG XD, ZHAO TY, ZHANG LQ, TIAN JQ.
Progress of biological germplasm resource banks and

conditions[J]. Microbiome, 2022,

construction of their information platforms in China[J].
Progress in Modern Biomedicine, 2022, 22(17):
3393-3400 (in Chinese).

B, ok WL, B T BT AR R 4 ROR S SR
FIWFSED]. HAE PR, 2022(3): 33-37.

YE ZW, ZHANG YF, JU WG. Research on digital twin
network  technology typical  applications[J].
Telecommunications Information, 2022(3): 33-37 (in
Chinese).

and



