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Abstract: Currently, the sustainable development of global agriculture is facing multiple
challenges, including soil degradation, resource constraints, and environmental pollution. With the
continuous growth of the population and the increasing demand for food quality, improving soil
health has become a crucial foundation for ensuring food security. Although chemical fertilizers
play an important role in maintaining the high yields and high quality of plants, their excessive or
unreasonable use can cause environmental problems, such as soil acidification and water
eutrophication. Rhizosphere microbial communities play an essential role in plant nutrient
acquisition, tolerance to environmental stress, and adaptation to environmental changes. Among
them, synthetic microbial communities (SynComs) are designed via the targeted assembly of
multiple microorganisms with well-defined functions and clear genetic backgrounds, enabling the
achievement of complex functionalities that cannot be accomplished by single strains. They are
powerful tools for deciphering the key interface interaction mechanisms among plants, soil, and
microorganisms and play a vital role in promoting efficient utilization of plant nutrients, enhancing
plant stress resistance, and increasing the efficiency and reducing the application of fertilizers. This
study reviews the conceptual evolution, current research trends, and construction principles,
methods, and tools of SynComs, and summarizes the role of SynComs in the sustainable
development of agriculture from the aspects of promoting plant growth, inhibiting biotic and
abiotic stresses, and improving and restoring soil health. Furthermore, this paper makes an outlook
on the future research directions and emphasizes the research and development of targeted
microbial agents, the application of artificial intelligence (AI) in community assembly, and the
performance improvement of SynComs in field applications, aiming to support the coordinated and
multi-objective development of food security, efficient resource utilization, and environmental
protection through near-natural microbial means, thereby facilitating the green agricultural
development of China.

Keywords: synthetic microbial communities; microbial interactions; health of plant-soil systems;
sustainable development of agriculture
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Select keystone species and their “helper” species
QO Keystone species: when screening strains, it is necessary
to establish core strains to avoid the loss of the entire
community function due to the lack of core strains
QO “Helper” species: microbial strains with different
metabolic functions and synergistic or symbiotic
relationships were selected for auxiliary functions (such
as cross-feeding, metabolite exchange)
Optimal cultivation conditions O Growth rate matching: select microorganisms with
similar growth rates to avoid the dominance of certain
» Environmental parameters: optimize species due to excessive growth
parameters such as temperature, pH, and
oxygen levels to ensure that all O Biodiversity: the function of a single strain is limited,
microorganisms in the community can and high species richness can enhance community
grow functionality
» Dynamic regulation: dynamic culture O Usability of genetic tools: priority is given to
conditions (such as batch culture and microorganisms with known genomes and easy genetic
continuous culture) were designed to manipulation (such as model strains)
simulate the fluctuation of natural
environment Assembly and verification of SynComs
P Inoculation ratio: according to the growth rate and
functional requirements of microorganisms, the initial
inoculation ratio was determined
» Dynamic adjustment: adjust community composition
(such as adding or removing certain species) during
culture to optimize function
» Composition analysis: high-throughput sequencing
(such as 16S rRNA gene sequencing) or fluorescence
labeling was used to monitor community composition
D Application verification: test the performance of the
community (such as pollution control, bioremediation,
etc.) in practical application scenarios
R 13 ” AE B
E3 SynComs “BTM L "HMESEBSER
: : . « )
Figure 3 Schematic diagram of SynComs constructed by the “down-top” method.
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Table 1 Constructing relevant models of synthetic microbial communities
Model Application References
Lotka-Volterra model and The coupling law of resource allocation and metabolic network in microbial [50-51]

consumer-resource model

Coarse grained metabolic
model

D-OptCom

Genome-scale metabolic
model

Super community
combinations

Flux balance analysis

community was analyzed and the niche of microbial interaction was predicted

The response of the microbiota to interference was accurately predicted by simulating  [52]

one-way, two-way, and multi-way cross-feeding

It is used for multi-scale metabolic interaction simulation of microbial community and [53]

microbial community analysis

Systematically characterize the metabolic network of organisms, predict the exchange [54-55]
of metabolites between species (such as cross-feeding, electron transfer), and guide

the optimization of strain combinations

Simulating complex microbial community synergy for dynamic analysis of [56]

transmembrane metabolite exchange flux in microbial communities

It is used to optimize the co-culture system, biological community metabolic network  [57]

reconstruction and metabolic simulation
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R 7 (genome-scale metabolic model, GEM)
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i) & ML (support vector machine, SVM)if iz Wi 2
FRAE G 8 5 AE LA IR B 1, TERUE A
s b b L 1 R0BE (P<0.05), TR RS
i 5 R T i B 0 22 A 2 B AR I
TECSL gesh, WFIR R S GLIES
ZRIG IR AR A TN AR L, AILgsa ) kT
FAR T 20K B 5 PN PEREVY), BacterAT (Gl i
BRI S0 6 A OB B, DA 25 405
Ak SynComs PR RS E-H) AN H shik & Rt
H W) B V% 5 1T 4% (automated synthetic microbial
community designer, AutoCD, ¥ 11752 & fa &5 35
T RS A S B R A . (E
FHERAY R, R~ (deep learning, DL)E AHL
e KR O R i A N [ M=K NS R
HURE 1 B 78 2224 AUl o B e 1 335 AT,
filhn, FEAZS2E P IEATRA T, KA
WS (RS AWV L W A A 2R A
YiE B BRI A s & J'¢ , SynComs F) 7
MY AHC T B 5 HORTE A sh A FR B A0S R 5
WAk, XK R HESN SynComs M\ S5 2 fiff
FE WL AL

3 AREHERLTRELRE
o A

IR, SynComs 7E A% b 40 3ak H 14 v FH Ay
L H g2 i, AR BLACA Y e T s AP s 5 5
Bl AR R AL S 2 PR,
X BB A H A w2 4y, BHAR AR
sx kS . REAA G A P o i i 25
AGR R 61, BAWMARXIR . (2
WA BESRA T . ) A S
RE. TR T K Az Wy BRI A A 245 1) o %
W, TEAESh L IEA 25 i 2 . S Bl 2 (1
K7 BAT A ETY AR FTA
Z MRS oy B A T 2 A Y AR B At AR R
(plant growth promoting rhizobacteria, PGPR) B
B, PRI T R R AR e SR AR I o
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FEPIHCLAE CRE SRR ER T . T 5 SRR W
SENY TR AN F TRVt G b7 )i Wy SR b e )
PEAL T A IR, SR, — A W TE S BR
N 5 52 B A AR EEsE m, S HTA +
AR E, XEAME A Y 5 1 A
S RIS OC R GEAHMFI S U R A 58y, B
I AE ) - 1 198 22 48 ) Pl 458 A50CR38  ANFRUE ©
W, Fo5r R AR - BERE Y D e i A AR —
EFRG . AHELZ N, 38T A 287 FRh i 3 At
(1) SynComs 3 i:f Z2 B Bk (1) BRI FH RE A5 o 24 o
B — B RRME LA SC IR B A AR A ThRe, TEfE
HE W) 33 3t ORI RN v A Py el ok T 2 A
E AR AT Gou ZEB4IE F357 Bl #Avkl
YIRBRARBRIZ IR A 2 e R, W T —
P 4 B8 2 BE H M ) PGPR B £ [Bacillus sp.
WM13-24, B EEE(Pseudomonas sp.) M30-35,
it V€ ¥y 2F 0 FF B (Bacillus amyloliquefaciens)
GBO03 DA N BL K W & B (Sinorhizobium meliloti)
ACCCI7578) I E A w7, Had i BUEY A
VEMI 2% I 25 23t T AR BRI B3R 8E, (1 e
AP Tr 21.89%, 5 HAEW RIS 2.3 4%,
PR E TR Gt/ A s o N TR T e
FE TR R R ARG L SRS R T X
— RV R O . WERRE A A
B R AR A - HEGIAE W BV S A g R S A
FEa AL BT, [E]BS, SynComs Fé) R FH X 44 oi A
/0 R a ¥ 11K N AP O A ok 23 S 1 A2 )
WO 25 A EAE I, A T sh Aol 4%
KIE(F 2).
3.1 SynComs 7E{R HE 4 K 5 EHI
Rz F

MR PR AE DA A <5 — RE 4, 2
FE P A PR 0 G R -, A R Y AR ) i B AR
KO A ELAEH], HAFE 451 5 D Re Rk
HAZsZ g EAEY W E R, R
SynComs 1 i JH A 4 35 & F+ 4K ffi 52 (Ceratonia
siliqua L)OCE ORG24 R a/b, 3K

B NER), IR oK R R DR K
g3 KRG MR, DT 3 s A ) 1 O A AR
FAPH, ¥ 8 FhH A 3 1 43 s A HLIR e 448 7 1 45
rHOME I PR TCHILBE B8 7 7 {1 B B TR T ) T R A
WECE AN ) SynComs, W] & FLRE®E SynComs
HTE R ZREE RGN, B B R TR AR TR BE
e A B A B A e B R 3 G
BEAb, KRR As M52 K NRT1.1B HE D1 i
HAR R A R AR . WE9E R 4%
PN THEAMKEMBERARLEREEEZS
RAGIAL G TEAED , DT S 4 b 05 A HLA
AT K REA KA Z R, o EE 5
T3 1 TR R 07 12 119 3 DA TR AR o 7 2 I 4y
T A5 AN 588 SR 15 T (Burkholderia) R PP i
(Pseudomonas)ft) SynComs, 1% [ #f BE ik & 14 hin
YA (3.4 5P, 1E SynComs H15 | A A
W R SR ML R, A B E R R
Sy RIS, i HLsk A RE RN 25 £ PO,
DA b A0, 26 W gt B v ) 5 PR B -l 2B O ) B - B4
53 PR 1] 1) B4 D) 4 5 IR 2R T A ) A A 1
PR OCHE
3.2 SynComs ZEHX I EMFAEE HIHNE
5 EHBN A

SynComs 7 3 5if A8 ) HRAH 638 7 1 473 76 22
KEE A FEN X AYMNEJ7 T, SynComs
L P W E AR A e R AR .
n, AR RIS YRR 0 SE R B (A R
Gr2F . ARSI A7) AT A R A E B AR
FRO8 . oy B 2 AT B (Bacillus subtilis) ¥ HE )
HAT IS E ) SynComs A3 15 437 22 Fh 4T
WY P IE R B MR, IR
o i TR A AL AR e R, (o 00 7 ki R AR
0 E AR HR A e AR Y e w1 T
ELA Tt £ ARV 00 240 R TR R TR 1 SynComs 7]
DUA SR m A i SR v A 0 mles, iR
FEYI (AN R, 7545 A 2ok AR B d i 5 A fie
A DyRe ST Na WREERE I Ty, T2 i
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Table 2 Application of synthetic microbial communities in agricultural production

Plant SynComs size & origin Mechanism Results References
Solanum 15 strains (isolated from Differential expression of salt Under salt stress and non-sterile  [85]
lycopersicum L. Indigofera tinctoria Linn. root  stress-related genes and ion conditions, SynComs has a
of Jizan) accumulation in aboveground strong growth-promoting effect
parts on Solanum lycopersicum L.
Arabidopsis 22 strains (symbiotic bacteria Redox-mediated mechanism of ~ The molecular mechanism was ~ [86]
thaliana (L.) isolated from Arabidopsis SynComs established to elucidate the
Heynh. thaliana (L.) Heynh. roots) composition of microbial
communities derived from
plants, and the functional
diversity of plant rhizosphere-
dependent specialized
metabolites was analyzed
Zea mays L. 6 strains (Bacillus strains Endophytic microorganisms Promote plant growth and [87]
isolated from roots and leaves fight pathogens by competing, significantly reduce the
of Zea mays L.) producing disease-resistant incidence of band-shaped leaf
substances, or activating plant blight and sheath blight
immune systems
Oryza sativa L. 4 strains (isolated from Synergistic soil phosphorus It effectively regulates the [88]
intercropping Oryza sativa L. activation, root architecture distribution of P in the
roots) remodeling, and transporter gene aboveground and underground
regulation to regulate parts of Oryza sativa L.,
phosphorus use efficiency promotes root growth and
increases the yield of rice plants
Triticum 4 strains (isolated from Indole acetic acid producing Protecting Triticum aestivum L. [89]
aestivum L. Triticum aestivum L. bacteria and some volatile- from Rhizoctonia solani AG8
rhizosphere) releasing bacteria interact with  infection, reducing the
fungi occurrence of Triticum aestivum
L. root rot and affecting plant
characteristics
Cucumis 2 strains (Bacillus strains Synergistic metabolic promotion Synergistically promote the [90]
sativus L. isolated from Cucumis sativus between strains growth of Cucumis sativus L.,

L. rhizosphere soil and native
Pseudomonas strains
beneficial to plants)

Glycine max 12 strains (isolated from To systematically regulate the N
Glycine max rhizosphere) and P signal transduction
network at the transcriptional
level and enhance the growth
pathway related to auxin
response

significantly increased the plant
branch height, dry weight, and
chlorophyll content

It significantly increased the
nodulation rate and nitrogenase
activity, and increased the field
yield of Glycine max by
approximately 20%-30%

[91]

M NP A By g O Ak, SHEERUZEE S AR MR R U W RETS I R T A Y e
Al AR YUR R R BOA T RSP — W S AR E Y EAE R R, FEBEE T
AL ) ok HE B R W AR B AE A W 0 B B REAE A D MU DR TR LA 32 X
FUOHON i, Castrillo ZEUh@ i AT AE R SR ERE, AT 4 i 8 LIk (phosphate
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starvation response, PSR). SynComs f& % i ik
T P aE T A PSR N 2B A% U 45 Rl - —— A )
HPE R G PHR WU YE, XA RIZN AN
M T IE W M PAR PR DAL gL ge, BT Hy
fELNSE A A =X /B B A A =X 7/ i T N N Ll
I3 JEL AT AR AR OS10 ss BTIE R] Sk A B
ToE 2 V45 TR WS 338 5 AL 0 X A= W) AN AE AR W W3 B
AR RE PRt 4%
3.3 SynComs EESIRE TIEBEES
E AR A

SynComs 3 11t 22 2 B I8 2= ML il 76 ol 3% 1 438
A R Ay BRI BT A R M i A B R AL
RESE 7 1 R B A Re L3, A B TR T - B
FIFMERE K. Sun PSR, B 555
FF e R A 2 o 1) - JE b Rl o ) AR R R
FHE, IR B AR SR A U YRR
FRERM AL . Qiao ZE' 071 yod #4 X S
JR e B A W orE ) SynComs, A& 81 4
SynComs Ab P & (A8 P M B A 25 B =F B2 38
o S EL TR B AR, OF BLRUZE I N 2% 58 24 (0
B PR BERT, PR G
B\ 47% FEZ 36%). AL, Song ZSIFSEIE
SCTAEER e K o SynComs 545 HLE B 7 5
[F) it PT 2 T b S B At B 9%-40%., Hir, Bl
AW o3 A ) S B 1 6 R AT e R AR A
T Y AR S5, 7t R AT s
HHEER L], (K AR AR R ROR B ), 7
EYMEE I, 20 e 80 AU A 2 E FE A
I ae Y i e 4 JR 15 g R 8, 38
T P ) A W Ak 2 e 7R AT A A R Y
BEEEET, PHETAENESES %L
NG s R IR RSN, hE AR
eI AEYE R ITRE T &, SynComs 1]
1 3 F) E Z2 AT I 2% S S G ) 1) A
(1) fEE &R B 5 JriE, PGPR [A] 1 HHREVE A
AL fi 3 5 A A W) 0 0T £ 2 PR B W 8 1Y) e
RETE Y AR W Az v, IR e A R

4 RS E . RE . TR e Y
AN, 3 E R A A B AR L (arbuscular
mycorrhizal fungi, AMF), J& 4 2 R H &
Aspergillus terreus 8 13 W45 4 & e 1s 8 1338 J
AL IR G PE, OB Co(VD IR JER KB A Cr
(I, [ B 30 o) 2 4 g ) 4 M 1 3 A A2,
Q) EAEPG YA, m AR PR B S
SRR IEEEORAH L, W ZA TR
(polycyclic aromatic hydrocarbons, PAHs) [ fi# B
fEnl i R PAHs (B ACR, 13 PAHs Bk
B0l 3k 45.7%, 25 R FE, SynComs 7E
T R R AR

4 REHFEZ

SynComs 1 Sk — 7 2% 1Y 58 AR 5 1]
G Ao A AR ) R O T ) T B B AN A G EAEAE
22738 Y PR v JR LA LU A% G PR — TR R T Dy L
AL 3 22 Tk I ) AR 28 AN RR A8 A1 200
W ERUE S, (R R R, R
YLk, BEEEBERIESBRER T,
R XA GEAR M e A K B R A e g
IR AL SEXE B AL T 3 A SR I E W AR e T R
SR, FEEIE N AR HZ6E 3 KA SynComs
AT T I 1 22 MR

wfa] s “UAE YIRS P B B SR, DL &
AR v 80 A RN AH A X SR B AR W TR AR, 2
SynComs F4 & Fir [T llf 09 B ZEXERE . KR B AR
WHAR S R, 5T DL U R
FE PRI B Ty Be b A R OCHEAE H B9 R D U -
Iz BT & ks R, PR 48 KR 43
A RERE 2R 77, X ™ FE BRSO AR
Py e A G SR AR5 LRI, ATRE s 33k
WAL R IR E Y i R B e . BRI, Ni4h
GRS T B, SR SR . T
RRIEE R HOR B 2 Y B e H R S, DA
IR TR A o

o A= W AE A W A B Bl A B L R
SynComs % it 578 £ & BB B . d8URIIAEEAF
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TEN 28R SR B, H AR A 45 1 O 5L (X DT
PFCAFA B L L P A B SR
FANEREAAR . MR G B RS AT &
GMF5E. SR, LA SynComs ) 23 & Jmy B2
TH-ERPOWEHAHSG, 2T HIR LK
WE AR Y Z 8 R B 28 BAE, RITE
9K T I GO b 0 o - LA - A AR -2k U
RSB R R AR, FELI T RN W o
A B — B R MR A o X R WX LA A
AR PR HL S AR, P RE S B AT H 8] 6 H A7
EOREANRBL . Kk, 4 J57E SynComs [
W h RS R AR SRR RS, Wil
A B (A5 AR AR W) 5 o i (AN B DR 1A=
AHAFR, NITTHETE SynComs 14 254V 3@ v RE /7,
FF AT AT B VR I Z E I BAE G R o

s B AL SynComs I, A= SRy, DU
K HEDE Al AR e M HRCR, W AR o) AU TR 5
TSP SynComs 78 ARV AT FF2E & i i Ao RS 1
M. &G ALTERM A ™ . W fUEY)
HEVR DAL A S B rh g I 1, 5 38 o 22 5 AT
HBEHERATHEA . ARSI HUEY - BAE
WAk . JEF AL ARSI ALk
TR X = KO, M SynComs TEAH ) filt
R N HARRE , e A HE Bl A A A B B AR A
ENULIES=2 .3/

1E# Tk = A

BPCE . SCRE BMAER E . BRI S
B, USRS R Y 58T £
WG R SBIT; B2 R3CH R 5%
1T ZEM. W EAERI. BEES. ®
SCH ST

1E& A 35 0F RATE 7 A

VR P A AEAT AR T B8 25 82 M AR SCPIr 4l
& TARME AT 1 s AR
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