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Abstract: [ Objective] High-throughput sequencing technology was used to study the changes in the
diversity of culturable phosphate-solubilizing bacteria (PSB) during serial enrichment, to evaluate the
effects of different media and generations on diversity assessment of culturable PSB in paddy soil.
[ Methods] Through serial passages with inorganic phosphorus medium (IPM) and organic phosphorus
medium (OPM) in both solid and liquid forms, culturable "potential" PSB enrichments were obtained from
the first (1st-En), second (2nd-En) and third (3rd-En) generation of the media and then for DNA extraction
together with the tested soil. Bacterial 16S rRNA genes were analyzed by high-throughput sequencing
technology to explore the enrichment laws of soil culturable "potential” PSB and their proportions to soil
background indigenous bacterial community. [ Results] The results showed that a total of 58 phyla, 160
classes, 373 orders, 575 families and 979 genera were detected in soil background bacterial communities,
and 20 phyla, 35 orders, 80 orders, 121 families and 223 genera of the "potential” PSB were cultured by
four media after three generations. The diversity of culturable "potential" PSB was generally higher in
OPM than IPM and the proportions of culturable "potential” PSB in soil background indigenous bacterial
community were the highest at the phylum level (8.62%-25.9%), while only 3.22%-12.5% at other
taxonomic levels. Compared with the known PSB database constructed in this study, 110 genera of the
known PSB existed in soil background indigenous bacterial community; 83 genera of the known PSB were
existed in the enrichments of four media after three consecutive generations and accounting for 75.5% of
the known PSB in the background soil. Thus, at least about 24.5% of the genera of the known PSB in the
soil were not enriched or omitted. During the culture of three generations with different media, the
culturable dominant PSB mainly included Proteobacteria, Actinobacteriota and Firmicutes, and their
relative abundance reached a total of 97.20%-99.97%; at the genus level, PSB with different physiological
and metabolic characteristics was enriched by different media and generations. In addition, a large number
of 140 genera were also enriched in which phosphorus-dissolving function or characteristic genes were not
demonstrated, accounting for 62.8% of soil culturable "potential" PSB communities. Most of the above
genera were rare with relatively low abundance, but a few have growth advantages, such as Chelatococcus.
[ Conclusion JCombining the high-throughput sequencing technology with the traditional microbial culture
technology, our study reveals that the diversity of soil culturable PSB can be strongly affected by the
components and status of culture medium and the generations, which provides a reference for the
directional exploration and research of environmental PSB resources.
Key words: Phosphate-solubilizing bacteria; Inorganic phosphorus; Organic phosphorus; Serial enrichment;
High-throughput sequencing
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IR RIR G, AT 0.1%88 B BCR M. 3R E 70% LA #3540 T 5k
RZS. fEBEE (Phosphate-solubilizing bacteria, PSB) /& 1 IEGE AR ) B2 — 51, JHid /A ALER -
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WAL, AR AR R TR i & AR R IR R by, AR W A P A S0 =OR TR E F 3R BT THI A7 AE B 5
ANFE, TR RS AR TR A E R b, FEASFRERIAKPER 2 T3k
B R, B R Z 0 X G I R 2 40 i B i R B R B 5% s A IR R N AR ) 4 i
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FEAEVIBEIE AR, B0 AT RS TR B L JE AT A B 1) 5 DNA, U 16S rRNA 2751, I
Bt e rh SE TR AR AT RGO B FIETE A, BERTT A AR B T 55 IR e 2 RE A4k, I AT
BRI EIA RN . s F BIRTTVE, BENPE R, PR IR AR AT R R AR, KA
G55 B 71N ) [ 8B B o5 LUk 95.2% 0. JE A, I RR 8 3 5 BT 0 IR i s AT AR AN E
BE SRR FE 73 A, )] R B 8 R s R M B B AR R AT L Ag, DL RAEAS [ BE FR B AR B A
MR

HR TR AR E 2. Bl ORI 2 AR FR M B R 710, S pP il 358 vh mT 355 R R i A
DR T AN TR . RIS L2 R, BTN IR, SR i e S A
PRI R R AL . o, phoD FERIBEIN & TR A i) B B DM B R Mg g R S (R 2
—, B phoD F KA VI RETE TR AT B A0 N =1 240 D ANt B 95 U% . FunGene (Functional gene)
e B FES sk 7R & phoD IR Fp 91 SORH R R A5 B2, DAy 4 T oA R 438 e s 11 2 DA
N —HESF,

AR P AR T ) W] B SRR MR SRR BB UR AR, Re 8 e R TR BT URE — B T R NUR] FH AR
%, BT UL, AR AR R 7R, BB UE B FRHOR, AR IR
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1 MRS TTA
L1 R0

FUA R E BILPTR R &, it RO & B AR KRS . AKAREUGR A, REE 0~20
cm BHE LI, RO RAEIAASE, & 2 mm 7, REA, T 4 °)CHRAF. HIEBALET: pH 5.61,
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AR 259 mgkg!, AR 1.25 mgkg!, 4k 20.67 g-kg!, 4% 2.23 g-kg!, A% 10.30 mg-kg's
1.2 AEFRSENES
1.2.01 BRI pgms  ERLHIBERE TR HE (Solid-IPM) FE B/ H5: %&bk 2.0 g, BilE% 0.1 g,
AL 0.06 g, BREZEE 0.06 g, TRERTAK 0.006 g, FRlRER 0.006 g, BKEES 1.0 g, SALE 0.06 g, T
FR=451.0g, HfE3.6g MEETLEAK200mL. BEAEGHEERFRE (Solid-OPM) 1, 5 0.06
g UNEEAEAC B IR =454, H AR MEYS Solid-IPM AHF . 4 A 773 In N & 24 E 8L i
¥ pH £ 7.0-7.5.

AR TR 725 (Liquid-IPM) AP HUBEEE 7R, (Liquid-OPMD BRAIMAZE 4L, HARETT
5 FRFEMARE FREAA . PrA R 5 E T R KB 115 °CKH 30 mine {7 [l 455 7R 5 A 20 )5
TEI 15 6 )28 oA
1.2.2 fEBEEE I E RN ARECEIERES, 1.0 g, 78 100 mL JCH K HEE, IO 5.0 g Tow BEFEER,
A 200 r'min 7E 30 °C &% 30 min, & FHERR. ARSLICHT TN ROV R IR MR, Rrfe e Tl
BERTE MBS TR P RIS, TR AR FTE “WETE” W5 B Al F7 IR R B 1k

FIFH B AR FR I 0 & 7% T 100 uL HIRE, WAIRMIERFRILRME, 75 30 °CH -5
FR BB SR 5 d, TR PR, 788 & LU 10 mL 70 B /K 15 97 3 3R T 1 V& 20 2 0 % 50 mL
T ECES, HBEE—REERE, B 1 mL$2H DNA. [FHIREL 100 pL B, A PR
MG TE, 5385 d)E, FFFDEE—MRERE M T, 35 ZAREEMBEE 50 mL OB O
o, HIECGE —AREEER. EE LRI, HIEE = E R, I DNA. BRRE 4 RES.

FIFHRAR RS 7R AL 0 & 4R % TR 100 pL H3ER, HFE 100 mL LA 7R3, KGR
BN 30 °CCE TR, B%HE7E 7d, PARE A ELFM. ¥ 100 mL FKLL 4 000xg B> 10 min,
F+ BiE, I 10 mL EE/KIRG RS, W45 N5 — M E L EW, B 1 mL $2H0 DNA. [FIR I E 100 pL
FANEREW, P AE 100 mL RS FREE, AAEFR 7d, R BBHIE 72K 45 9 58 — AR
BRI RIERHE, T AR e W% BRIE 3 RER.
1.3 FRIAEIEY A A
1.3.1 7449 DNA #2880 At 1% DNA K/ FastDNA® Spin Kit for Soil (MP Bio)iX7fl &8 . K
0 0.5 g 383 7, F+ 3% DNA $2H, 526 DNA B f#ET 100 pL DES 2K, T-20 °CIRAT-
AR IR T W 54 DNA K E.ZN.A.® Bacterial DNA Kit (Omega)il 7/ & AT H2 . fJE A 50
uL Elution Buffer, i3 £S5 DNA, T°-20 °CLRAFo
1.3.2 Illumina Miseq mR@ERENF 4T FF R S@ SN T M E 2 FEEARAL, PRI B = S
o W EEIRARE YR B A PR A 7 8 R SR E SRR AN 16S tRNA F [ (514
515F/907R) I %%, £ Illumina Miseq M /7~ & X X0 1 - AR $% barcode Xl 73 FE A%, #2 B barcode
J¥50 . EXF 16S IRNA A, @it QUME2 i FEHFAT s £, PHE. A, RS singletons
ASVs FFAE 7 A A FE R . R B INZ H, UL Greengenes #( #% E (Release 13.8,
http://greengenes.secondgenome.com/) (DeSantis et al., 2006) S H B TYIMERE . BeJ5, 152K
SR, S HTRE SR B R AT A YR RAE R (AFE S SRR e R AN RO R AR D) o AHXT
FE, BUNATESLKFEERBEFUEND T IR LT B HRER R, BEEL TR
(https://bioinformatics.psb.ugent.be/webtools/Venn/) 4= i venn &, LLEFEA [ FLE TAEY KRB LAY
FRA, EEEN TSR 1 R, ATV AT RS IR M0 5 1) 2R, B RAG BOEIR SR
AR A, G EERE R IRT G I8 WP R IGEEE C H 18 2 NCBI #4587, 7
515 PRINA1030136.

# 1| TEMEEYHRNSBENFER

Table 1 High throughput sequencing results of soil and enrichments
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IR K 1A 0 2%
Medium type Sample High quality sequence number
AL L3 Soil 68 240+11 982
TeHLBEE IR itk % 1 AVEHY 1st-En 42 643£14 312
Inorganic phosphorus Liquid 5 2 /R 4EM) 2nd-En 39 819+6 704
media. (IPM) % 3 AR E 44 3rd-En 36 999+5 025
% 55 1 AREEY Ist-En 3799342 773
Solid 5 2 U 44 2nd-En 3127247 861
5 3 AEHEH) 3rd-En 29 512+4 220
AP 772 s o5 1 AAE M 1st-En 4580527 071
Organic phosphorus Liquid % 2 /LB 4E4) 2nd-En 60 51711 590
media (OPM) % 3 AR E 44 3rd-En 57 528410 600
1k 55 1 REEY Ist-En 3820143 760
Solid

2 2 R EHEY 2nd-En
% 3 R EEW 3rd-En

42 439+6 339

49 650+8 376

¥E: IPM R OPM A AR EHLBERAHIBER 756 . Solid 1 Liquid 48 B AR AR 973 . Ist-En. 2nd-En. 3rd-En 43I
KE—R FRRE =REEY. T, Note: IPM and OPM represent the inorganic phosphorus and organic phosphorus medium for the
selection of PSB, respectively. Solid and Liquid represent solid and liquid medium for the enrichment of PSB, respectively. 1st-En, 2nd-En and

3rd-En represent the first, second and third generation of culture enrichments, respectively. The same below.

1.4 SHBBRERIREENQRAE

A SRR 70 1 B IR AR AR T101LL K FunGene %4 2 & A phoD J PR R A8 1 14T
RN, JFE OO EIR A S% (R 2). Hr, (1) MRIEESCIRE R BBk #
SPCFNEREDE 125 J&: (2) #I%) FunGene (4 e, 12 E 24 (mimimumHMM Coverage=97%)
K13 9682 %% phoD FEHRFFHMN A IERAEE, BEIUR, BEHEBCHMMERE (FBREEID 309 8.
CLEPRER S B 62 )8, [AIUL, A AR B Bt 38 372 IR

® 2 AR E MEBE KRR
Table 2 The known phosphate-solubilizing bacteria (PSB) database retrieved from previous pure isolates and the FunGene repository
I"17K*F Phylum 7K Class J&7KF- Genus
Acetobacter, Afipia, Agrobacterium, Altererythrobacter, Asticcacaulis,

Aurantimonas, Aureimonas, [Azospirillum), Beijerinckia, Blastomonas, Bosea,

Bradyrhizobium, Breoghania, Brevundimonas, Caulobacter, Celeribacter,

Citromicrobium, Confluentimicrobium, Devosia, Ensifer, Erythrobacter,
[Gluconacetobacter], Gluconobacter, Hartmannibacter, Hirschia, Hyphomonas,
[Inquilinus), Jannaschia, Komagataeibacter, Labrenzia, Labrys, Leisingera,
Litoreibacter, Lutibaculum, Mameliella, Mesorhizobium, Methylobacterium,
Proteobacteria Alphaproteobacteria Microvirga, Neorhizobium, Nitratireductor, Nitrospirillum, Novosphingobium,
Oceanibaculum, Oceanicaulis, Oceanicola, [Ochrobactrum), Paracoccus,
Pararhizobium, Parvibaculum, Phaeobacter, Phenylobacterium, [ Phyllobacterium],
Pleomorphomonas, Porphyrobacter, Pseudolabrys, Pseudorhodoplanes,
Puniceibacterium, Rhizobium, Rhizorhabdus, [ Rhodobacter], Rhodoplanes,
Rhodopseudomonas, Rhodospirillum, Rhodovulum, Roseivivax, Roseovarius,
Ruegeria, Shinella, Sinorhizobium, Skermanella, Sphingobium, Sphingomonas,
Sphingopyxis, Sphingorhabdus, Sphingosinicella, Stella, Sulfitobacter,
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[Swaminathania), Tardiphaga, Tepidicaulis, Thalassococcus, Thalassospira,

Variibacter, Youhaiella

Betaproteobacteria

Acidovorax, [Achromobacter), [Alcaligenes), Alicycliphilus, Aquabacterium,

[Aquitalea), Burkholderia, Chromobacterium, Collimonas, Comamonas,

Cupriavidus, Curvibacter, Delftia, Diaphorobacter, Duganella, Gulbenkiania,
Herbaspirillum, Hydrogenophaga, Hylemonella, Janthinobacterium, Leptothrix,
Massilia, Melaminivora, Methylibium, Mitsuaria, [ Nitrosomonas],
Noviherbaspirillum, Ottowia, Pandoraea, Paraburkholderia, Paucimonas,
Pigmentiphaga, Polaromonas, Pseudacidovorax, Pseudorhodoferax, Ralstonia,
Ramlibacter, Rhizobacter, Rhodoferax, Roseateles, Simplicispira, Sphaerotilus,

[Tetrathiobacter], [ Thiobacillus), Variovorax, Verminephrobacter, Xylophilus

Deltaproteobacteria

Corallococcus, Minicystis, Myxococcus, Polyangium, Stigmatella, Streptacidiphilus

Gammaproteobacteria

Acinetobacter, [Aeromonas], Ahniella, Alcanivorax, Alteromonas, Azotobacter,
Bacterioplanes, [ Cedecea], Chromohalobacter, [ Chryseomonas], Cobetia,

Congregibacter, [ Cronobacter), [ Dyella), Enhydrobacter, Enterobacter,

Enterovibrio, Erwinia, [ Ewingella), Ferrimonas, Granulosicoccus, Gynuella,
Hahella, Halomonas, [Klebsiella), [Kluyvera), [Kosakonia], Kushneria, [Leclercia),
Lysobacter, Marinobacter, Marinobacterium, [Marinomonas],
Methylomonas,Microbulbifer,Moraxella,Oleispira, [ Pantoea), Paraglaciecola,
[Photobacterium), [ Providencia], Pseudoalteromonas, Pseudomonas,
Pseudoxanthomonas, Psychrobacter, [Rahnella), [Raoultella), [Salmonella],
Salinisphaera, [Serratia], [SAR86], Shewanella, [Shigella], Solimonas,
Stenotrophomonas, Teredinibacter, Thalassolituus, Vibrio, Xanthomonas, [ Yersinia),

Zhongshania

Epsilonproteobacteria

Arcobacter

[Agromyces), Actinoalloteichus, Actinokineospora, Actinomadura, Actinoplanes,
Actinopolymorpha, Actinopolyspora, Aeromicrobium, Actinokineospora,
Allokutzneria, Amycolatopsis, Arsenicicoccus, Arthrobacter, Asanoa, Auraticoccus,
Beutenbergia, Brachybacterium, Brevibacterium, Candidatus_Microthrix,
[Cellulosimicrobium], Citricoccus, [ Clavibacter], Corynebacterium, Cryobacterium,
Dermacoccus, Dietzia, Frankia, Friedmanniella, Glutamicibacter, Gordonia,
Hoyosella, Isoptericola, Janibacter, Jiangella, Kibdelosporangium, Kineococcus,

Kitasatospora, Kocuria, Kribbella, Kutzneria, Kytococcus, Lechevalieria, Lentzea,

Actinobacteria Luteipulveratus, Marmoricola, [Microbacterium], Microbispora, Micrococcus
Microlunatus, Micromonospora, [Modestobacter], Mumia, Mycobacterium,
Actinobacteriota Mycobacteroides, Mycolicibacterium, Nocardia, Nocardioides, Nocardiopsis,
Nonomuraea, Paenarthrobacter, Pimelobacter, Planomonospora, Prauserella,
Pseudarthrobacter, Pseudonocardia, Rhodococcus, Saccharomonospora,
Saccharopolyspora, Saccharothrix, [Sanguibacter], Salinispora, Sinomonas,
Stackebrandtia, Streptomonospora, Streptomyces, Streptosporangium,
[Streptoverticillium], Terrabacter, Thermobifida, Thermobispora,
Thermomonospora, Tomitella, Tsukamurella, Williamsia
Nitriliruptoria Euzebya
Rubrobacteria Rubrobacter
Thermoleophilia Patulibacter
Vicinamibacteria Luteitalea
[dAerococcus), Aneurinibacillus, Bacillus, [ Brevibacillus), [ Enterococcus],
Firmicutes Bacilli [Exiguobacterium), Fictibacillus, Geobacillus, Halobacillus, Jeotgalibacillus,
[Oceanobacillus], Paenibacillus, [ Planococcus], [ Planomicrobium), Sporosarcina,
[Staphylococcus], Streptococcus, Virgibacillus
Flavobacteriia Chryseobacterium, Flavobacterium, Fluviicola
Saprospiria Haliscomenobacter
Bacteroidota Chitinophagia [Arachidicoccus)
Cytophagia [Flexibacter], [Spirosoma)
Sphingobacteriia [Sphingobacterium)
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Acaryochloris, Anabaena, Anabaenopsis, Aphanothece, Aulosira, Calothrix,

Chroococcidiopsis, Crocosphaera, Cyanothece, Cylindrospermum,
Cyanobacteria Cyanophyceae Dolichospermum, Fischerella, Gemmatirosa, Gloeobacter, Gloeocapsa, Halothece,
Hapalosiphon, Hassallia, Leptolyngbya, Mastigocoleus, Microcoleus, Nodularia,

Nostoc, Pleurocapsa, Rivularia, Scvtonema, Tolypothrix, Trichormus, [ Westiellopsis)]

Aquisphaera, Blastopirellula, Gemmata, Gimesia, Isosphaera, Paludisphaera,

Planctomycetota Planctomycetia Pirellula, Planctomyces, Planctopirus, Rhodopirellula, Roseimaritima,
Singulisphaera
Deinococcus-Thermus Deinococci Deinococcus
Gemmatimonadota Gemmatimonadetes Gemmatimonas

Candidatus_Halobonum, Haladaptatus, Haloarcula, [ Halobacterium],
Euryarchaeota Halobacteria [Halococcus], Halobiforma, Haloferax, [Halolamina], [Halostagnicola],
[Haloterrigena), [ Natrialba), [ Natrinema], Natronococcus, [Natronoarchaeum)

e TRIZRAEYR, AR U SOIR PR R BNZJR P S o SRR AU T, JF HAZJRIF AT FE FunGene $U ARG R ;
TSP RENE, TRRBZE DS O BB AR, (HRTE FunGene #Udl BT R ; HAB LR LA T8-S5 MREWE,
{ AT /£ FunGene $#% ZE#i#2Z:. / Note: The underlined microbial genus represents this genus of culturable PSB and can be retrieved in
previous literature and the FunGene database; the microbial genus in the square bracket [] indicates this genus of culturable PSB could be

retrieved in previous literature, but not in the FunGene database. The genus without the underline and bracket represents this genus only can
be retrieved in the FunGene database.

L5 WiEF EBE” MBEMNSHNBSMENLEGIREEENITE

AIRETR TR MABETA LIRS 0 03RAS (1) HIEDNAPRUEY R BT HERI L
HEDNA, il E P AEI16S IRNAFER], JEAENT. 9. H. BB AT HHATERE, SRS
AN ARG EE RN HBTTEE. (2) HEVDNATHEY KR RIEATIR D75
%, 7 RIBAFICHLBEAT A USRS TR 55— AL 58 —AREAN SR =X 1 v 8 SR v T B SR A TR 1)
PRAE R PRI T JEEBRUATE, BTS2 A FEREY 73 IR T TR IR IR Rk
TR R EE A

AR 7R AR B LU A THA 4 S SRV DN A L 3EDNA A= W TE S8 7K T 43 il 55 e 14
B e RS BT EEX, W E B AR AT s e B R B R KT R T, T E R ELS
F, FEEKT T SRR B A AT RS IR L

AR TR B AR A0 TE B BT 16S IRNAJE R 7338, HIEIEIR/KF T, 7073k 15 & 4 DNA
TR R RR VAR MRTER IR SRR FLOERS - HEDNA PR N TR R ROARR R AT B
LUR#, RIATRE]. @RS 1IN ZHE BRI PR T HE.

2 4 B

2.1 FEHEFEMRRPAIEF “BE” BSESEF A5

BER A A LRGN 58 7. 160 44, 373 H. 575 BHA1979 J& (B 1a). AHEEEFRFEAN
WRIERE IR &Y (IPM+OPM) FRALAGII 20 1] 35 49, 80 H. 121 BHAI 223 J& (& 1c), EPmIE:
Fr IBTET REBEREAED]S WL B RHRUEACE A G A R AR RUE I 34.5% 21.9% 21.5%-
21.0%H01 22.8% (B 1d). {EFRI—53 2K, NEBEFREE LR “WEE” MR o R oieE R Eok.
OPM & £ “YEAE” i W B A 2R B0 3 & T TPM, FLYEUAR OPM e, i fE3AA TPM fe/b (] 1b).
XEFAFE R R AR VOGRS R E RIS, TR “WE” MW 2K S e
(8.62%~25.9%), TMiEHAth 73 ZKF E 5 EAUCH 3.22%~12.5% (B 1e). % BRI, IPM Al OPM
BE M E R TR IR B . DURP RS IR E AR I MR B A 2R e B S B IRAR OR -
B 6 @), B (198D, H (14 H). W (640D, 11 4171, IEHEEERKIIA: 17 (21.0%)-
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~
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E
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3
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=
1)
T g
& 0% 0% 1 L 1 1 1
2 Liquid  Soild  Liquid  Soild IPM+OPM
= Liquid-IPM Soild-IPM Liquid-OPM Soild-OPM IPM OPM
F KB Sample source FE SRR Sample source

T RSN RCEY 2 FE R TTH, A A A R G B R A RS A T 32 B R RT3 3. Note: The microbial taxon
number of group samples was obtained by summing the number of shared and specific microbial taxa detected in all samples in the group.
K1 AR SRR T, ATEIR AR MRBER I R ITCEL (a, b) AIE R+ BT S R EE B Ce, dD

Fig. 1 The taxon number (a, b) and proportion (c, d) of culturable “potential” phosphate-solubilizing bacteria (PSB) in soil at different

microbial taxonomic levels

a) [ 7k F Phylum b) 7k *F Class ¢} Bk F Order

Solid-IP| uid-OPM Solid-IP! uid-OPM Soild-IP! uid-OPM

d) 7K 3 Family ¢) JB 7K “F Genus
Solid-IP| iquid-OPM Solid-1Pf iquid-OPM

B 2 AEEFRIEP TR W BRI AN (RED
Fig 2. Co-occurrence of the culturable “potential” PSB in different media at different microbial taxonomic levels (Venn diagram)
2.2 RNEIEFEMAR RIS T B MR HE S AL
Wk 3 fros, ERKCE, BRI AR I R CRERER 110 J&, £ HIERAEYIRRE P Y
11.2%. IPM &SV E] “TEE” MRBEE 112 &, & HIRGEUEYIREE 11.4%, HroBis g i
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56 J&, TEEEVITEIE T A 50.0%; IPM XF 358 ORI 1 155 7% LL 9 Tk 50.9%. OPM & 4
HRRTIN R “TECE” RBER 185 )8, LI R 18.9%, QIR AR 71 8, 1EE WK
o BN 38.4%; OPM X 4338 LA B () 15 77 LU Tk 64.5%. LIRR B, OPM & 4 ANl B
ZFMEE T IPM.

IPM+OPM FLAGI 3 “ 707 i 223 8 (& 3), A6 CAN@miE 83 8, & 3% O il i
V% 75.5%, 2/0%124.5% (27 J&) T3 CNARTE A & EEUiis. IPM A1 OPM [A]IL A 21 A8 ]
CUAIARER 44 J8 (B 3). A, EEMTERNEKERE R “BE” MiE, TRz N
REEBER, LT 140 J&, fEnE3R “WBE” MRERAE T 5 62.8%, 7E IPM Al OPM &M%
ol 50.0% (56 J&) 1 61.6% (114 )8).

R b e

Q The known PSB database >

PM
Bl 3 AREIREER TR W BB S ORGSR HUR 1R 8 2 P I 2 FEE L
Fig. 3 Diversity comparison of culturable “potential” PSB in different media and the known PSB database at the genus level
2.3 AEHEFEFRRPAEF “EBE BMERRAEMIEER
HHE 4a 750, EITKF, HIBEPOLAFAYI SR A: Proteobacteria (27.45%).  Acidobacteriota
(15.38%). Chloroflexi(11.9%). Actinobacteriota (6.40%). Bacteroidota(6.14%). Planctomycetota
(5.68%). Nitrospirota (4.98%), LA EFEFFIL HBARGAEMITIEN) 77.93%. ANFEEFREEFARIK
P& Y AR A 32 225 )8 T Proteobacteria.  Actinobacteriota 1 Firmicutes. /& IPM I OPM
= BRI EY 2 Proteobacteria Al Firmicutes, 52 2 Fl1 73731k 99.11%~99.89%411 97.20%~99.79%
[E {4 IPM ‘& 254 Y 3 2 Proteobacteria F1 Actinobacteriota, 3 M AT 98.76%. [E1k OPM &
EAEY ] F B Proteobacteria.  Actinobacteriota FIl Firmicutes, —# M A& T 99.97%.

TEJE /KB R AR (REAFERRIRE TR E R FE> 1%8)E), wE 4b
JiR . AR FREE S AR BEME Z R A IPM F2E 4 T Ralstonia. Pseudomonas. Bur
kholderia~ Bacillus Paenibacillus 5. & IPM &SRR BEY), FFEEYE Pseudomonas, Bt
ZAh, W FE BT Pseudarthrobacter< Cupriavidus Variovorax- Azospirillum- Massilia %5 . A% OP
M B EFIBMEY), Bk Pseudomonas Paenibacillus R Bacillus = J&[FIRAA IPM AL, i&H Chel
atococcus. SE IPM AL, [E& OPM [FIFEE 4 T 8% Pseudarthrobacter. Pseudomonas F1 Cupri
avidus, W4, Burkholderia M Bacillus TEAEAIGEFRIN TEFFZEIG M. L ERAGAEY T, Chel
atococcus Pandoraea. Arthrobacter = JEAXAEE: 37 & SN ARAE L IE A B AS I o
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Fig. 4 Microbial relative abundances in soil and enrichments at the phylum (a) and genus level (b)
2.4 FEREFEMAORPANEFT “BE” BEENEEARE

FETIKF, SUAEVIFEAS R B Ik b SRR RN =E BB AR AR R 22 46D AN (8] Sa-I 500,
Proteobacteria i H A & HEIM R, JLHAE OPM el (&l Sa). EMIFRE A IR,
Actinobacteriota #R7E S —UEE IR B AR R ferm,  BEALARIREOGIN, HAERAW N, ML
Bor B ORI R E AR (18] 5b) . RS IR RS, Firmicutes /£ OPM AV IPM & 275
FEZHIEM, 5 =ACh & AR R m Ik 45 %, e A IPM AR R E S (B So).

TEJR Kb, AR IR 3 b % Ja Gl A Y ) e S AR B % AR ) AR A 35 22 R R (I 5d-I 5
$)o Azospirillum. Cupriavidus. Variovorax R Rhizobium E[Ef& TIPM & 23 8 i & T HoAh =k
Frdk, HEEAAREOE N, (B AR =M IR th AR BN . Clostridium_sensu_stricto_1. CI
ostridium_sensu_stricto_5+ Ralstonia Microvirga fERAK IPM H & FE 3B L 5 T HoAth = Fpdi 955, Ps
eudarthrobacter. Methylobacterium F Massilia 7[5 IPM AR 7241, & B3 b AL AR IEE InTi A
WrEEA%: FEF1A OPM ALK IRk, HAERIRRIL TRE&ES, HARMWTE BN 78 AR PRI AR
FRFPE R BUK . Bacillus 1 Burkholderia & %R {E[f & OPM B & & [E 4Kk IPM, HE[{A OP
M BB AEARESE I G 0, EFE A IPM AR EUIN . Paenibacillus ‘& 525 AE B AR AR 7758 s
T H AR AR AR IR, BAEW A OPM W& % i & . Chelatococcus RAEHRA OPM TMANZ IPM |
BAKMIA . Pseudomonas 1E [ 1455 F7 3 o 1) 8 R IR W B0 TR R 7R 2% 78 IPM s Sl —
B E SRR AREE g .
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B a-c A EIAEMFETARCE A 3= BEBE AR AL 18] d-s AN RIAEYITE S8 /K1 AR =F BEREARIK 72 4k « Note: Fig.
a-c represent the relative abundance changes of different microbes at the phylum level; Fig. d-s indicate the relative abundance changes of
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5 ANFEIEFRE AT IR CTELE” PR A R AR A

Fig. 5 Changes of relative abundance of culturable “potential” PSB in different media with generations

30

EFXE 551 M id s B A% 79 B &K I Proteobacteria. Firmicutes il Actinobacteriota /& H A S i NFE &
PIRRBE B 1100, SARWT RS Bm B — 3, UEPAE AR S0 264 Tt LB B e B VR 24T T A R 4,
R R TR R 2 AR E VP SR AL T ORI . KT AR TR B SR R LR G TR B, fEJE K
PR, RIERTRRSE CWBLE” MR A G IR AR 11.2%, Hob 83 & OOk IE B A A ek Ak 3 ek
FRAEREDN, 7 I8 ORI R TR 75.5%, DRI, FHSLEH (24.5%) - SEAARE B R Bl 1 77 Bt e
IS O R B FREE I T M U B TR SRS, W REAA AU R B TR 0314, G R — P i LT R
BTN EZY S

BRI N ERMIREESE IR, WA MR AR MATE . AR
FT A AT BE AR PR 4R & 8 SUNTT R TR “UEAE” FRWEE, (EANEE T8 A HEBR AN A A 0 o | A ik T B
H AR BRI A )RR R . W1, TPM AT OPM W 4r 5T 56 JBAT 114 J& “TEAE” @ i AR
LRI iR B e P A R, IR R RN K. AR KRB 1) “HEL3s” Metfies, JRnlgee A
Ffe T B s e ) B B A AR R R T AR ) AR AR . B I DU R R SRS AR, RAFIX
G 5 RN B 16S rRNA & [R] 75y B2 [R5 0 4l B ok oA B 2 3
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FE MR o RAR IR IR 25 520 T 15 77 Aol v BV 2EL RRORD 2 REPE ARk (18T 4b) o — A sk T m o ik
U TR B HLIR VA i O L B o WA R TR I . MR M SV AR LI SY s SR, AN IR AR B 0 TA TR
FE 2 ARSI XOMAR K, SBUABEEMEA A KB Re I A EE R ZE . ik, BEAAFBRE
i e BRCAE KA TR A ) 38 T 5 R ol R SR AN [F) & SR FFAE, U0 Azospirillum. Cupriavidus
Variovorax “EAE[E & IPM T A& OPM EE 45851 (K] Se-Kl 5g) , RIALL &R Re s 2 i oL
A K617 Chelatococcus F1 Paenibacillus TERAE OPM A& IPM _EEA KA H (K 5d, B sm),
R\ EHHREYBENIRE JJ; Bacillus« Burkholderia. Pseudomonas 1 Pseudarthrobacter 1t IPM Fl
OPM s zlE 5 (& 55-K 51, Bl 50) , RILL & & RN B A&V oL B HLIE 0 A4 2% 1%
AR 5w AR A, E—Leii 50 S BIESEUS19), AHF 5 R AR B KR TE A [R) ol e 1 AR KRR A
T AH [E) P 8 B A — BRI AR AEAS [RI IR EE 2% A1 T I Al e ) S LR AT e AN [RIU7-200,  AHSCH SR B Ak — 20
ESAE

AR AR AR TR 0 B AR T AR B 2R . AR Bl IPM M), [E4R IPM G E 5% T
Azospirillum Cupriavidus~ Variovorax~ Rhizobium~ Pseudarthrobacte. Methylobacterium F1 Massilia;
M LPM &4 T % £ Clostridium_sensu_stricto_1. Clostridium_sensu_stricto 5. Ralstonia-
Microvirga; Paenibacillus TER ARG 755 S A2t T WA RE R 0L . 18 BUIX — 22 53 1 Ji (R vl
FEEAEFRY. TR MEMFER R FAR R B R E 52 o8l ARE S (L8 21%),
TR AR S TR TP i S R BE 52 31— e PR, (R R EE NS4 5) . CAIIER M Paenibacillus Al
Clostridium EA T o3& RS E ae /121220, thah, FEARE IR T INANTEG, TERL T AR AR
K, FEYISEAE 7 EEY), AT 075G TR R VA Y B R A 22 SR T A IR sk Ak A g e 230,
T T SO el TR A v D) R A TR S R, AT S Al o S L AR AR M AR B AR AT N

[ {455 FRIELIINT Pseudarthrobacter 1 Pseudomonas HA T & HEMHE (Pseudarthrobacter: TPM
548 80.65%; OPM =A% 39.36%; Pseudomonas: IPM 3. =R 51.47%~52.23%; OPM #i—.
X 57.82~61.09%) . Pseudomonas 7& 5 H S B B AEYME A w B2 —, AMUBRWHE A %L
WS R, IERREE AN AR . JE A BIEAE Ny [E 5 . HIHIAE YR IR AEYD . FRAESTAE R AR
REERFE T, (RAHEYAE KA K B2, Pseudarthrobacter #& 2016 £ M\ Arthrobacter J&X 5 H K1)
BB, fERGKE L5 Arthrobacter 153 ¥l . /D EWI AR Pseudarthrobacter J& W kk B A& 77
Z DRetE e Z Fhpi i ia s, gete 2 5 YIRS G B ARR-20 . H AT CARIER 5 A
Pseudarthrobacter WPk PR 2H F 35460 1| phoD2830, (B HfRBERE 71K/ AR 7] A1

Bacillus 75 TR A B8, E NSO AR Z, F L% A7 8 A IR B bk 0 ik
8. 5 B R R R AR S B R S 08191, AR TR FH A oM L A ] A pL R 1 77
T RS = ARG FIRIG AL Bacillus ‘B8N GBAE IPM 25 =48 34.72%; [E#& OPM 2 =A%
46.97%), AN Bacillus J& ik 3 — 2 i 1 AT T SR K

UL phoD FEDRINFREERIMERERT, WIVERN O B et i 2l B DU RSN B A 78, R 24T E AR IR
B A o B ) B AT . H AT, FunGene 208 P00 & R BE B A 62 JBAE ARG 75 550 T ik 5K
BABEIIRE, Hap 247 JBIUIE] phoD FE [R5 T O %0 % 0 40 15 2508 22 7R 63 J8 KR /E FunGene
BIERR R AR —IRATREH T (1) FURMBE R 7 3 2R AL R TR, R
phoD FERKEERIFEAT 734, HAREAY . B0, FA7SRE Azospirillum SERR RN ™ 4 %
FERZ T F 2L Cas(POy4), FEAAU, (HARAE FunGene 045 E 12 2% )& phoD 3:H . (2) Bk phoD 41,
AR TR A7 A LA A B S RIS, W M E B ER B S A JE (K] phoA « phoX, TRVEWERIESRISEER phoC. acpA,
TR B ImMISEE R phyd phyC 55, HEIFERR ™ EAHRIER ged. pgqC 55, XECEERIR SR, 5
BRI ETR R . B, XIERERLEE phoX AN 2 /K ZEPIARYI T Chelatococcus L35 fk i
W Z—, [AARBFTH Chelatococcus phoD FRIRRI R . (3) 73 For it #2 (DNA $2HL. PCR 473,
EEREE . m@ENTE), BINRESINRE, oA AR Sk, TR B O sk A
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IrRJEHTEEY, IR UNAHE T ARSI B 2 B R AETE R R AN F2 1 <0.1%.

B RSB FIALARYEOCTE P 5 e 1338 v 55 SR AR B 22 FEVEVPAY o R DU Rh I PR e 4 =
RAEARRE TR, TIREFR VAR AR b 70 38 S5 AR AR P ) o5 LU AE T TR e (8.62%~25.9%),
T AEHAR > AP AR 3.22%~12.5%. 5 AR R 500 e dE A7 LUAL,  DUMES TR E SRR =X
ot 38 CL AR B B I B R LA 75.5%, 28 W E /0% 24.5% 135 OV 40 e i 8 R & 42 Blstie » 1%
FrHIE ' B R & M AR PR SE B A R Th e B R I R A AR 1R, 1T R BN AR M) 7 B 5 9 I
FAEE IR . ARREFRRANRIKEE TP, FEAFE Proteobacteria. Actinobacteriota
1 Firmicutes; MAEJEAKCE T, AEBEFREFMRR ELE T A BB AU Z 5 1R R R .
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