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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 Combining 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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s, BEERUIGI, FREBMRNRARE S A K
AR TR T IR, 1 a5t R — L T BB AE PR h k4
R R, DABOCEAER AL 38 b i
PRRE VR 2 L 50

UEAh, AR AR 8 55 e R G R A
AR ) A T AR SCRI R 33 AR U T A A
WA, AT R 57 RO TR 1% S AR AR IR ok #R b AT g
eSS W, BRI FREREARKNEE S
TR AS, (B E)ZMERGREST)Z
£ 240 6] Bt AR BB 3% 5 TR AR G R R Y R
Yy 248 ML T o BRSSO VR A 2 T A
W AR, ARG SR NI U W A K A2 B
IR AR B R BRI BRI A R A 77 3
X} % S AR AR S AR R AT B SR A W R 2 R Y
M) 6 A 2 3 o

fe I I PR R PO R S, S RGN i L
AR AR 7 v - ] B S TR R A R AR it B S HOR
SCPEO AR R FR A RS FRIE LA A R AR
300 1 A R ST A B A 85 77 3 v o A R R AR
YITEVE /AR, BE X AT 55 3R 50 A W SO A PR B A )
M DNA, MR 16S rRNA JERF51], 5800 4
SER MR T R G L B R AT, BRI AN R 4R
WY AT 5 TR E Y 2 e A8 A, BB AT 5 SR U E )
PR, 1] BT, FIRRR IS T b 4R
AP FR AR, KIMES o B kst I i A s
7 F ik 95.2%01, R4, 4 55 95 L X 11
i Bl TR A TAR AR B B G R RO 5 4B, DU e e ) fy
T AT R SR AR R RS LA, DL R AEAN R B
FEIEEACR B & S

HR Ao dn mFh L B2 . B SRR 2l
BE IR AR T, SRR g h mT B 5 e R 2
FEPESRAE TG A% R R R . R BEHIL P A
ZMER, HECAREBR, 3224 P rE g b ma 1k
PRBE A R FNIE N o Horbr, phoD JERI BNy J2 e
Oy L o A B L R A A L R 2 —
BA phoD BERGWA YV IR Al gty 2209 2 0
f# W5 ¥$ . FunGene ( Functional gene ) ZhREREA
BOREPESE T K& phoD JEH ¥ 51 KA R 40 R B
T AU, Sk A T D S Ao ol o O VR AR I L —
Z%

R PR i A Y T G R R R B R R &
FEVE, REAE M fif i T 9 R E — 20 I & R S A

W FETULLE, AWM AN R A o e 4% 15 9 5
il LA IR BRI IR IR — 10
o AR AU B R, P e v e
HORBEAT AT 55 37 A W T 0 2E I RN 2 A P A, i —
A5 5 A M A e T A R A R R S P A T
PO, DASE A AN R 23 SR T 3 ml B 0 A
W EZREPE . LA SRR

1 MRSk

1.1 ikt

b R BV B, il ek R
[ % B B KA £ KRR IR SR 0~20 cm
B2 L4, WAk s, i 2 mm b,
RAEWS, T4 CRFAF. R pHS.61,
BAA 259 mgkg!', WAL 1.25 mgkg', 4k
20.67 gkg ', A 2.23 gkg ', A RHE 10.30 mgkg '
1.2 FEFBHBENEE
1.2.1 15 57 09 e 6 (B 44 TC AL W 1 77 2
( Solid-TPM ) FE B RAMIEG . H4IME 2.0 g, Bl
0.1 g, #fkiH 0.06 g, FRFREE 0.06 g, HRRWEL
0.006 g, iR % 0.006 g, BkRES 1.0 g, A L5 0.06 g,
B =45 1.0 g, BillE 3.6 g, N5 T L Hi 7K 200 mL.
[ 1A AT HLIE % 3R 55 ( Solid-OPM ) 1, [ 0.06 g B
BERRICE WL =855k, HR s M 5 Solid-IPM
AR o o RS 3R 28 0 AGE 24 F AL AR pH &=
7.0-7.5,

AR ML RS J2 56 ( Liquid-IPM ) FIA AL#E LG
773k (Liquid-OPM) BRAIIAZEARSL, HARB 5
AR MR IR AR . B R R AL E T R R KR
1115 °CKH 30 min. FfREARIGFRERBR G, 75
I A TSR
1.2.2 TR A AR R g PRI SRR AL 1.0 g,
TE 100 mL JCi7K iR, fNA 5.0 g TR B L,
PL 200 rmin ' 7E 30 °C F#E% 30 min, fil# &
o ARSI TR G Rl K S i, RRHE AR JEHL
BEFIA ML SR B MM WES, TN
JERTA VR T 43 Al IR A A TR AR

A A S 5 L G & ARG 5% W 100 pL + 32
Bk, HSRAERERIERE, £ 30 CHEFEMD
BB RS S 4, FRREPAR B AR ELIRC 10 mL
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TC TR 7KK 1 F5 B3R T R 7K 73 2 pPgE 2 50 mL o TR
B W AU R, T mL iR HUDNA
[FI AT B 100 wL BAVR, 1 Al 0 A i e F A A 8
F%, 3R 5 dJE, REERDESE—REE e,
5 ARE TS R R 50 mL RE BT, e
REERWE . EE LRIk, HIGE U8 FRR,
JFHEH DNA, B E 4 REX

I FH R A B 5 B 0 ARG 5% R 100 pL 3
B, HEAP R 100 mL JC RIS SR B8 S
A 30 CH: MY, BHKEE 7d, REE-REL
B ¥ 100 mL K LA 4 000xg B.0> 10 min, 37 |
I, A 10 mL TRE/KIRGIRS], w48 5 —IUE
W, B 1 mL $#28 DNA. A E 100 L 45—
R R, AR 100 mL ARG SR, AB4L
B 7 d, R BRMHE D ks e e R
W HRMLZEHE, HEAT50 =AU A 1% % SOs AR TR T
il g, HRRE3IRER.,
1.3 BEtENSHFESN
1.3.1 fE% DNA #8013 DNA R
FastDNA® Spin Kit for Soil ( MP Bio ) 7] & #2H .
PRI 0.5 g 148 3 iy, HIT 1-5E DNA $2H, H2%
DNA ¥%f#F 100 uL DES &k, T-20 CLAAF .
Al 3% SR T B 45 Y DNA £ E.ZN.A.® Bacterial
DNA Kit( Omega ) i G #1742 B 5 hIA 50 pL
Elution Buffer, €4 DNA, T-20 CLR-fF-
1.3.2 Illumina Miseq =i &0 7447 I
R E AT UE Y 2R, IR
M. i B IR AR A YRR A R A w91+
HERES R E EY P 16S rRNA R (519
515F/907R ) JfF# /%, £ Tllumina Miseq /¥ F 5 I
Kb H X0 7 AR 3 barcode |70 kEAS , 2 B% barcode
JF3. BFXT 16S rRNA HEH, 3di) QUME2 i ik 15
P, R PHE. KAk, R153E singletons ASVs
FREFIMERER, RIERIASE, L Greengenes %L
P5/% (Release 13.8, http: //greengenes.secondgenome.
com/) ( DeSantis et al., 2006 ) “HZE TR FE
A, TERGPRAKET, At ksl 2 09 Bir A 4
Pl o2 f5 B (A48 43 28 FROT A A3 28 T % L 1Y
FEXTERE ) AHXFFERE, 2 DIREA T 45 43 2K 45 2
UG AN B R AP 91 S Bk 3R o il fEZ T
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AT PP-Ak TT B 7 A B0 T ) 2R, R SR IR st U
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F£515 PRINA1030136.

14 EARBEIEENRRAE

3 3 X6 SCHR A B 43 5 IR A i R )
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Table 1 High throughput sequencing results of soil and enrichments
IR ILARA R o BT U 7 A
Medium type Sample High quality sequence number
MR+ B¢ Soil 68 240=11 982
TEHUBE S IR Ak LS 551U 1st-En 42 643+14 312
Inorganic phosphorus media Liquid 55 2 AXE Y 2nd-En 39 819+6 704
(IPM) % 3 R4 3rd-En 36 999+5 025
GEEN 55 1 U 1st-En 379932 773
Solid 5 2 R 4EY) 2nd-En 31272+7 861
% 3 R Y 3rd-En 29 5124 220
A LB I7 ELS 551 U4 1st-En 45 805+7 071
Organic phosphorus media Liquid % 2 U %Y 2nd-En 60 517+11 590
(OPM) % 3 4 3rd-En 57 528+10 600
I#l {4 551 U4 1st-En 382013 760
Solid % 2 A 4% 2nd-En 42 43946 339
5% 3 B &Y 3rd-En 49 650+8 376

{E: IPM il OPM 25 AR THLBEAIA HLBET 572 . Solid A Liquid 705 AR B AW AR F7 4L . 1st-En, 2nd-En. 3rd-En 233l
RE|E M 5 A = E %Y. 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.

2 4 R

2.1 AEHEFREMRRPATESF “BE” @R

SR EL B

M - A A Py LA 58 7. 160 4K, 373
H. 575 81979 J& (El 1a). RREEFRIEMUR
JEEE IR E Y (IPM+OPM ) H3L4Gi 20 177, 35 49,
80 H. 121 BHF1 223 J& (&l 1b), BPATHE5E “VETE”
fEERAETT . W H . BHFRE K530 o5 K 1
ARSI 34.5%.21.9%.21.5% . 21.0%F1 22.8%
(K 1d). FER—220KF, ARIEFREEER 95
TE” BB TR A OT R E RAECK . OPM & 4 “W7E”
i R AP 2B = T IPM, HZEWRIA OPM Hhfx
%, MFEwM IPM i (Kl 1b). XA A 77 5
MARVORIEEE R &YW 5, TR WA ik
A TE 1K 1 7 et i (8.62%~25.9% ), i 73
727K o AR 3.22%~12.5% (& 1c ).
ZE Ll UL, TPM it OPM 4 5E [) & 4 T A 4 850 “W

TE” R . DURhEE IR AR I R TR A T
B mERRRK B (26 )8 ). BHC19RH), H (14
H). X (649). I'1(417), HAaRERINKK R
17(21.0% ), H(18.4% ), H(17.1% ), B+ (15.7% ).
J& (11.7%) (K 2),
22 AEEFEMRRIDTEFRCHBRESHE

14 F0 b i)

miE 3 Fros, 7EJEAKF, Hh R 2
AR 110 &, £ HEMCE RS b b el
11.2%. IPM & EPRME] “WAE" MekE 112 )8,
b IR RUE MR 11.4%, HOh LG B 56
&, TEEEYRIE TSN 50.0%; IPM X HiER
PRI R A 15 % LU B AT 3K 50.9% . OPM & S Hh i
W TR MEET 185 B, 5 T IEA YRR
18.9%, (UIHC MBI 71 8, 755 EWRE T Y
b 38.4%; OPM X - 18 0 Al 11 119 35 5 L0 43 ]
ik 64.5%, FRFEH], OPM &4 C A Mk E 2R
T IPM,
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Table 2 The known phosphate-solubilizing bacteria (PSB) database retrieved from previous pure isolates and the FunGene repository

["J7KF Phylum 7K Class J&7KF Genus
Proteobacteria Alphaproteobacteria 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, 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, [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, [Leclercial, Lysobacter,
Marinobacter, Marinobacterium, [Marinomonas], Methylomonas, Microbulbifer,
Moraxella, Oleispira, [Pantoea], Paraglaciecola, [Photobacterium], [Providencia],
Pseudoalteromonas, Pseudomonas, Pseudoxanthomonas, Psychrobacter, [Rahnella],
[Raoultella], [Salmonellal, Salinisphaera, [Serratia) ,[SAR86], Shewanella, [Shigella],

Solimonas , Stenotrophomonas, Teredinibacter, Thalassolituus, Vibrio, Xanthomonas,

[Yersinia)l, Zhongshania

Epsilonproteobacteria Arcobacter

http://pedologica.issas.ac.cn



1686

R T

["17KF Phylum M /KF- Class

J& 7K Genus

Actinobacteriota Actinobacteria

Nitriliruptoria
Rubrobacteria
Thermoleophilia
Vicinamibacteria

Firmicutes Bacilli

Bacteroidota Flavobacteriia
Saprospiria
Chitinophagia
Cytophagia
Sphingobacteriia

Cyanobacteria Cyanophyceae

Planctomycetota Planctomycetia

[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, Luteipulveratus,

Marmoricola, [Microbacterium], Microbispora, Micrococcus, Microlunatus,

Micromonospora, [Modestobacter], Mumia, Mycobacterium, 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
Euzebya
Rubrobacter
Patulibacter

Luteitalea

[derococcus), Aneurinibacillus, Bacillus, [Brevibacillus], [Enterococcus],
[Exiguobacterium], Fictibacillus, Geobacillus, Halobacillus, Jeotgalibacillus,
[Oceanobacillus], Paenibacillus, [Planococcus], [Planomicrobium), Sporosarcina,

[Staphylococcus), Streptococcus, Virgibacillus

Chryseobacterium, Flavobacterium, Fluviicola

Haliscomenobacter
[Arachidicoccus]
[Flexibacter], [Spirosoma)
[Sphingobacterium]

Acaryochloris, Anabaena, Anabaenopsis, Aphanothece, Aulosira, Calothrix,
Chroococcidiopsis, Crocosphaera, Cyanothece, Cylindrospermum, Dolichospermum
Fischerella, Gemmatirosa, Gloeobacter, Gloeocapsa, Halothece, Hapalosiphon,

Hassallia, Leptolyngbya, Mastigocoleus, Microcoleus, Nodularia, Nostoc,

Pleurocapsa, Rivularia, Scytonema, Tolypothrix, Trichormus, [Westiellopsis]
Aquisphaera, Blastopirellula, Gemmata, Gimesia, Isosphaera, Paludisphaera,

Pirellula, Planctomyces, Planctopirus , Rhodopirellula, Roseimaritima, Singulisphaera
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gk
[J7K3F Phylum ZNKF- Class J&7KF Genus
Deinococcus-Thermus Deinococci Deinococcus
Gemmatimonadota Gemmatimonadetes Gemmatimonas
Euryarchaeota Halobacteria Candidatus_Halobonum, Haladaptatus, Haloarcula, [Halobacterium), [Halococcus],

Halobiforma, Haloferax, [Halolamina), [Halostagnicola), [Haloterrigena],

[Natrialba], [Natrinema), Natronococcus, [Natronoarchaeum]

TE: FRILHMAEDIE, w7 DU SOk bR 3R #1208 P L 3wl A B B Al 70, I HJR IR A 7E FunGene B0 FERER 2R ;
FRES 1P RAEYIE, TRRIZE POEE MR AR, (HR7E FunGene B EBR R ; HALTC N RIL I 65 MHAEY IR,
{V AT 7E FunGene #5942 . 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.

1600 - 300 -
a) I 1] Phylum b)
1200 - [ 4 Class
5 _ [ H Order i
& = 800 1 Bl Family N
1S g [ J& Genus 200
52 ol
pulf:
K =
K< -
;g ._g 150 100 -
# <§‘_3 100 |-
0 IrI'I-|-|-|IrI‘|-I_|-|Irrn-1-|I 1.—.—rri-||.—r|'ri_|| 1 | Ir‘rrrHIr—rrrHI | 0 1 1 | II_‘_‘ |
Soil Ist-En2nd-En3rd-En 1st-En2nd-En3rd-En 1st-En2nd-En3rd-En 1st-En2nd-En3rd-En Liquid  Soild  Liquid  Soild IPM+OPM
Liquid-IPM Soild-IPM Liquid-OPM Soild-OPM IPM OPM
2 40% - 40%
=°- ) d)
— = M
\l»lb —
= 2 30%| 30% - 1
= 8
i - _
2 3 -
:‘%’ 5 20% - 20%
“ 3
~ O
s
j*;ﬁ £ 10% 10%
)
=
[5Y 0% 1 1 1 1 1 1 1 1 1 1 1 ] 0% 1 1 1 1 ]
= Ist-En 2nd-En 3rd-En 1st-En 2nd-En 3rd-En 1st-En 2nd-En 3rd-En 1st-En 2nd-En 3rd-En Liquid  Soild Liquid  Soild IPM+OPM
Liquid-IPM Soild-IPM Liquid-OPM Soild-OPM IPM OPM
FEAb KR Sample source Kb KIR Sample source

TE : AR BB o 28 BT AR, ol 2 R T AR TR DU 38 8% A AR AT R 1 23 28 BB ST HOR 18- 21 . 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 REBEDIEARET, Ak B MR 2K ou8 (a, b) FIFE LEEARBAEY H AT S RG] (e, d)
Fig. 1 The taxon number( a, b )and proportion( ¢, d )of culturable “potential” phosphate-solubilizing bacteria( PSB )in soil at different microbial

taxonomic levels

IPM+OPM ARSI “VEAE” ffmieed 223 J& (& 3), /02 24.5% (27 J& ) HIEC A AR E S aGER
FIFEE A 83 &, b HIEC R 75.5%, IPM Al OPM [ElAKGIN B AH R 2 a0 44 )8 (& 3).
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a) [ J7K3¥F Phylum

Solid-IP! uid-OPM Solid-IP

d) BHKF- Family

b) 447K Class

¢) H7K¥ Order

uid-OPM Soild-IP uid-OPM

%, %,
o 0,
% %
1 3

e) J@ 7Kk Genus

B2 AR FREE AT RR AT i A A LB ()

Fig. 2 Co-occurrence of the culturable “potential” PSB in different media at different microbial taxonomic levels ( Venn diagram )

R K

Q The know PSB database D
S

IPM

K3 ORI FREE AT R AR R S OB
Bl AR 73 28KV I AR AR
Fig. 3 Diversity comparison of culturable “potential” PSB in
different media and the known PSB database at the genus level

Ak, BEHEYPERNEI AR RN e
W, IRATRRZ AR TR, 23t 140 J&, 7ERTH53R 08
16" AT 1 62.8%, 7E IPM Al OPM Wit
PR 50.0% (56 J& ) F161.6% (114 )8 ).
23 AEEFREMRRDPATIESF “BE” BEE
BEEAMEER
HIFE 4a AT, 671K, H3Eh R34 2 h

15 Bk A : Proteobacteria( 27.45% ). Acidobacteriota
(15.38% ). Chloroflexi ( 11.9% ).
(6.40% ). Bacteroidota ( 6.14% ), Planctomycetota
(5.68% ). Nitrospirota ( 4.98% ), DA I ZEREIL 5k
WAEPIREIE R 77.93%, ARG FEIEACUCLIE S 4
Yy oob O A fi 8% W E 2SR 8 T Proteobacteria |
Actinobacteriota fil Firmicutes, J&/& IPM 1 OPM &
LAY FFEA Proteobacteria Fl Firmicutes, P& 2
H5I13K 99.11%~-99.89%F197.20%~99.79% . [ {4 IPM
MY EEA Proteobacteria 1 Actinobacteriota,
P B T 98.76%. [H 1A OPM & A=) 3%
A Proteobacteria. Actinobacteriota #1 Firmicutes, —
H AT 99.97%.

TEBACE B E A HAEY (REBAESERRIETR
=AY PR SR> 1% )8 ), AN 4b iR
ARG IR 5L B SRR W 22 K WA 1IPML 32
B&EE T Ralstonia . Pseudomonas . Burkholderia .
Bacillus . Paenibacillus %, [E{& IPM B £ E
Y, RIREESE Pseudomonas, BRMZAN, b FEALFE

Pseudarthrobacter .

Actinobacteriota

Cupriavidus . Variovorax
Azospirillum . Massilia 55 . W& OPM & A

Y, & Pseudomonas . Paenibacillus 1 Bacillus =& [d)
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WK IPM #{LL, & Chelatococcus. 5HE1A IPM AH
te, R OPM [RIFEE4E T Z Pseudarthrobacter
Pseudomonas 1 Cupriavidus, WAL, Burkholderia F

a)

Bacillus FEAEARREFEIS S L3RR . LA A ik
HWH, Chelatococcus ., Pandoraea F Arthrobacter =
JRAERS SR & S A TE L3 Pl

100% B Actinobacteriota
[ Proteobacteria
80% | @ Firmicutes
O Acidobacteriota
@ Chloroflexi
60% -

40%

T

I IR ARRT =
Relative abundance at the phylum level

@ Bacteroidota
M Desulfobacterota
B Planctomycetota

M Nitrospirota
B Myxococcota

20%
M rare phyla <1.5%
M unclassified bacteria
0%
° Soil  1st-En 2nd-En 3rd-En Ist-En 2nd-En3rd-En Ist-En 2nd-En 3rd-En Ist-En 2nd-En 3rd-En
Liquid-IPM Soild-IPM Liquid-OPM Soild-OPM
. b) B Pseudarthrobacter
W00%r— = 95 m 0 = = . m m = = /& @ Pseudomonas

5 ] L @ Cupriavidus

> ] . O Azospirillum

g 80% O Variovorax

5 . B Ralstonia
0 B Burkholderia
S 60%F W Paenibacillus
' s B Microvirga
E o
Te B Bacillus
i < 40%L B Massilia
Iﬁ g B Chelatococcus

i B Clostridium_sensu_stricto 5

o —

> o/ L O Rhizobium

= 20% B Pandoraea

& B Arthrobacter

) . @ Methylobacterium
Soil  Ist-En 2nd-En3rd-En 1st-En 2nd-En 3rd-En 1st-En 2nd-En 3rd-En Ist-En 2nd-En 3rd-En ;gl;:gndmm sensu_siricto !

Liquid-IPM Soild-IPM

Liquid-OPM

Soild-OPM

FEAh KR Sample source

e EbRA FRILMAY, Il Ed . ERRMRRY WA MBI 18U8, Note: The underlined microorganisms are the

“potential” PSB which were enriched but have not yet been searched in the known PSB database.

4 EHOAERIE R R I MBUEBITED ] () RUBAE (b) BOAR

Fig. 4 Microbial relative abundances in soil and enrichments at the phylum ( a) and genus level (b)

24 AREEFREMRXPAIER BT BEE

HEENE

TE 1K, B WA A [ B o 5 v i R R (A
X R AR BN A2 1L ) A (K 5a-&] 5S¢ ),
Proteobacteria ¥ E A HHEME , JLHAE OPM F
e smE k> (& Sa). FE PR E AR SRS,
Actinobacteriota HBTESS — UG IR & A2 A dR i, Bl
FARIREBOE N, & AR N [ 1T P A IR A 8
FEEE R E (K Sb), fTEHESL IR

Firh, Firmicutes 7£ OPM FIR{A IPM & S 7L 75
WrEg I, 5 =AU AR AR AR R T Ak 45 4%, TR [ A
IPM 3T B 2 w4 (& 5 ).

TEIR K- b, AN SR Ak b % SR W 0 4
R R AL AR K A8 Al 352 S R (18] 5d-T81 5s ).
Azospirillum . Cupriavidus . Variovorax #1 Rhizobium
TEFE & IPM b s SR B I i T HA = Fh % 7R 5, H
BEAZAROCEE T ag n , ABAE HA = Fh 15 R b AR

/N . Clostridium_sensu_stricto 1. Clostridium_
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sensu_stricto 5. Ralstonia. Microvirga TEVRAK IPM IPM, H7E AR OPM HhBEALAR B i i, 76 &
TR SRR e T A=A 0L, Pseudarthrobacter R IPM HARAE /N, Paenibacillus & 92 AE IR RAA
Methylobacterium 1 Massilia 7€ [E1& IPM 4405 57 BrFRd b T AL AP E AR SR L, HEW A OPM
BRI CRESE IR 7E A& OPM R R =, Chelatococcus RAETRIAR OPM A2
AT, EHERIRRIUN TR, HAR LR IPM [ BAKMH . Pseudomonas TE [EIAE: F2HL )
BN FEHADPI AR AR TR & SR B Bacillus BRG] R TR FR 5L 76 IPM s el —
H Burkholderia & 4EZ%AEE A OPM B & & T [ B, E AR A I
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Liquid Soild Liquid Soild Liquid Soild Liquid Soild Liquid Soild Liquid Soild Liquid Soild Liquid Soild 8 Liquid Soild Liquid Soild
IPM  OPM IPM  OPM IPM  OPM IPM  OPM IPM  OPM

IR LR Types of media

TE: W a-c AARRIBAEWTETTKFRIAIN S BEREAOR LA s 18] d-s DA IR A W 7 Ja K7 AR e BEBEAR IR i 284k . 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 different microbes at the genus level.

Bl 5 ARG FREEPRIIE IR WA i v AR = B2 B A AR B A8 £k

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

3 ¥ ® TIERTE SR AR MR T AL R AN T R T
11.2%, M 83 J& & Wl d B AT i e 2F BH URRAIE Sk
BEXS 551 /i i bk o3 A & B Proteobacteria | Ll RO TR 75.5%, UL, AR
Firmicutes F1 Actinobacteriota J& H #& Ft 4 b 3+ & 1Y 11 (24.5% ) -SSR B BRA A 57 BB T« 3 ad 4
I, SRS R 8, EMEA S BLRE FR AL 7 AU By IR ks, ] BB RO A R B
B S AF TR - R R R AT T A AUE S, ] FEAHEN A A — AR R B IR R T Y
LSRR 2 FEE PP A SR A TR B KT AR ZFEE
FrAEP R R LR TR Y], TERACET, wHERFERE - ERNIEEE RS, ™
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Y Z AR EAE R AN A o AT T AR
A TR AT MR S E O R TR B
B, AEASRE 58 A HERR A AR 0 oA =l fife ol o i
AE s AN A AR AR . a0, IPM AT OPM
OYBIAT 56 JEAN 114 & “TETE” fRTE MR TE O
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IPM 25 =X 34.72%; [E{& OPM 25 =1X 46.97% ),
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PR A A E il v 8 56 DR T,k e R R ) 5 )
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Z—, [HARMMIH Chelatococcus phoD F:H KWK
Ko (3) 4 Fobrid e (DNA #2HC, PCR 43, X
PErg gt sy As ), BRTRenI ARZE, oA —
SERR A P A8 A, SE IR R B R EOR N 4 2
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