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Table 1. The basic properties of mollisol soils before soil transplantation
pH OM/(g/kg) TN/(g/kg) TP/(g/kg) TKI/(g/kg) AP/(mg/kg) AK/(mg/kg)  NH,-N/(mg/kg) NO; N/(mg/kg)
6.1+0.0 53.0+0.6 2.5+0.1 0.3+0.1 13.6+0.2 31.1+2.0 150.1+12.1 21.8+0.9 14.8+3.4

12 Tsgfbe e

A3 pH SR BEES RIE , Kb 250 1,
i 30 min J5IE 3 pH; LHEA LR (OM)R
FHE B AR ENE ; A (TN)IE R HF i
WP AW (TP) R BRI GA A Al , A%
(AP){Ill & % FH Olsen-P ¥, 4AEAPT LA E ; + 45
S A (NOs-N) PSR (KC) IR 2, &S sh by
% (Skalar San™ System)ill & . -3 (%) fb 2= L 43 By
PR R AW A2 b k0
13 HEENF

KM MO BIO 38057 & 45 5 W A URITEE 1Y)
D7 A& AR o T U E W L R 2 DNA, S22
DNA F Nanodrop 2000 £l DNA f4 i & & 4l
RN HE =20 ng/ul, HEH =500 ng,
OD>60280=1.82.0. DNA & F-20 °C {4745 .

XF T 6 b AR ARG I X 34T 5 IR . PCR
P, E 3 ANEESE, (R RIbR AR
K12l DNA Mix /B BHPEXT R, Hrx) T 2005 4F
Z 2011 AFHIREAS, JTIE PN AR Y 16S rRNA
J¥5 VA-V5 X B, 5IYRAAA barcode (138
A 51 4% Primer F=Illumina adapter sequence 1+
GTGCCAGCMGCCGCGG HI Primer R=Illumina
adapter sequence 2+ CCGTCAATTCMTTTRAGTTT;
2017 AFHYREAY P 5 9 A R Y 16S rRNA J351)
V4 X Fr B, 59k A A barcode (38 5[4 515
F (5'-GTGCCAGCMGCCGCGG-3')#1 806 R (5-GG
ACTACHVGGGTWTCTAAT-3)., #4 PCR [
1A Z (25 pL)fu 7 1xPCR buffer, 1.5 mmol/L MgCl,,

dNTP & 0.4 mol/L, I Fii#51#)4 1.0 mol/L, 0.5U
() DNA R4 fifi(TaKaRa, Dalian)ll 5 10 ng DNA
Bt . PCR K FEJF A 94 °C 2 min; 94 °C
20s, 55°C30s, 72°C60s, 3t 25 IME¥R; 72 °C
10 min. B HHEE E HL DA DU 471G 7 1) 0t 15
— RS o A [ — DR 3 A PATY 1S P iR
G, BRI EKRN AgencourtAMpure
XP(Beckman Coulter, USA)#% R4l k.74 2k % 724
i REL YA

HR A5 BN W BRI Fa Uk 002 A5 2R, X

S A2 H Index ARZE A SO MR BE A 73 2
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HH%ZF\E’J{DHT“JE;@%Y F AN e (BE IR U ) IR &
FEAS  IRAES B SO i Agilent 2100 Bioanalyzer
(Agilent Technologies, USA) I SCEE4H A H
BRI/, BHIATE 120-200 bp JoAREESPEY 1S,
I B = T SCEEMRE o SR Miseq F &
(lllumina, USA), 2x250 bp At Al 55 s X 32
FESEATINY, J5 ST AR B 2E T .
14 BEH

FIMH CoNet Fy#ERIZ& 7347, W28 4 E S50
TE R BEEE  HBLARNT 13 1) OTU 4Bk,
2 JG%EF$E Pearson, Spearman Fil Bray-Curtis =7}
JIEIEA TP OTU AHOGHERYTTAL , BB iR Ih %2k
W 20005 MAG B LR EE, BEESR
(Permutation) H . it AL X (bootstrap) ¥k £
¥J°% 1000, CoNet 2547 F| ] Cytoscape 3.4.0
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Network Analyzer f& {4 ; #L BBV (Modules) i X1 43
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W25 Aa P v, 4 s Gl i AR s s VIR g b
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TOCR) S HARSCH PAE, DASH 78 faxt R AR HE 1)
H 5 (direct effects)  [A]43 520 (indirect effects)
DA Kz S (total effects).,

AT 225 BT (ANOVA) L I 2k 1 71 1

SrHT#E SPSS 20.0 (SPSS Inc., Chicago, Illinois)
e HrPAH SR Pearson 1255 B 25 5+ 0
Pk Duncan i . EVIREA I RGBT ZHEE
JEFET A OTU U7 41idE 1d Mothur 734 T #

(https://www.mothur.org/wiki/MiSeq_SOP#Phyloge
ny-based_analysis).

2 HRFAH

2.1 HEHIE SR

I RS RIAS AL FE R () AR AT,
FE SRS R R IR IR 5 B TE T
TCRTET T BRFFIET ] B AU BT 1 R b )
TSR, AR BB N 2 2 28 TR
LRI T VAR AT B AR R RS TRA  R
(in situ)#% & 2 BE IR (warming 1), BT/
LR TE TR AR XS B AR AR AL K s AE A
(warming 2)i, JilCZR e FER AT B B9 AR X =F AR 1k
Ko MIAYRHE A 2R R, 20
A RTE BRI R G L B TR B & UL (R 2), 7KK
ST A0 A AR B IR REIR, MRGEK
[EEiE g ER s
2.2 TIEBEYIILA AR HITRTME R

FIM CoNet A= 25 00 25+ 1y e 58 AN [] K 44
RN A A I ZE SR R 1, 2 3). 4
R, AR 38 B ROR B PSSR ik
21 1 (Actinobacteria) ; #% # %3 fr(warming 1), 2
FFEE ] (Acidobacteria) 5 PEf3# I [ ] (Verrucomicrobia)

R2. WEMEBHEMMRFAEZHFE

Table 2. The diversity of microorganisms and phylogeny
Diversity In situ Warming1l Warming2
Shannon 7.38b 7.62¢ 6.89%
Phylogenetic 64.89c 62.91b 57.35a

The letters show difference analysis of Duncan’ test.
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(C) Warming 2
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Overview of the co-occurrence networks for bacterial communities in mollisol soils under hydrothermal

o' . m WPS-1

Verrucomicrobia
B Proteobacteria
B Acidobacteria
1 Actinobacteria
Planctomycetes

Chloroflexi

- . . -
"o W Firmicutes
|

Gemmatimonadetes
B Bacteroidetes
W Latescibacteria
m Nitrospirae
B Thaumarchaeota
| Others

gradients. Each node represents an operational taxonomic unit (OTU). Node size is proportional to the relative
abundance. Edges between nodes represent the relationships among OTUs.

*3. EBERSHINMEDER
Table 3. Microbial groups with higher connectivity
Sites OTU Phylum Degree
In sute oTu77 Actinobacteria 22
OTU372 Actinobacteria 22
OoTuU17 Acidobacteria 20
0OTUu82 Actinobacteria 19
OTU44 Acidobacteria 18
OTU31 Actinobacteria 18
Warimingl 0OTU122 Proteobacteria 19
0TU402 Verrucomicrobia 18
OTU1374 Verrucomicrobia 18
0oTuU143 Acidobacteria 17
Warming2 OTU15 Acidobacteria 67
0oTuU148 Acidobacteria 67
OTU575 Proteobacteria 66
0OTU1263 Proteobacteria 58
OTU364 Acidobacteria 56
OTU916 Acidobacteria 52
OTU701 Acidobacteria 50
OTU612 Proteobacteria 49
OTU59 Proteobacteria 45

I R s LR 6 2 T (warming 2), i
FERRMITAE YIS A IRFTTAT ] (Acidobacteria).
AT — 2430 T A AR M (3R 4). 3
PR, HIERUE YA 2 431 N5 A5 L 581
KL, H 64%NIEEL, 36% N AEL; M

BB T)E, MUEYIEA 28 s 2 309, 1%
LARRRE) 354, XAJREEHS B IS FEIMER
A5, BUEMIR A Z B, X — RIS R
RV AT LIATL . 569% 0 IEIEL, 44%JfikLk.
VEIIPRIE 248 Al g2 T B A P 6 2R BRI 4 i

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



1720

Dong Li et al. | Acta Microbiologica Sinica, 2021, 61(6)

PERRFEAL T H KT UMBRERS, W5
A EIRIZN A Pyt A 0 28719 S sk 3] 399,
LR BN %) 1810 4%, o 51% K IE 4k,
49% M kL, FEETOERENI N, RIH
355 705 A B ] T4 A ) %) T A S A O 2R AT R A
B, [FEF, MEHFMER T RIE R, B
% 2 V5 36 A= R 2% () % BE (network  density=
0.023)iz% = T F§ % 2 - (network  density=0.007)
L K JEA (network density=0.006) .

H TR LR IR AR IMAE B A T S O
Mrivie, XHEANMA AR TR E 3 A Z 530
FRIBCT 2% . X) 3 ANl s 48 AR M 5T A8 o A 4

LI 2, 3l s ML, TS I
L LA B % 25 57+ (P<0.001) . AR,
A 265 1) I B34 S H AT A K AR R T AR Ak
FLrR JEA R W IE S 2R il e = o 1.9740.12, B
B2 2 5 1E %2 el 1.05+0.16.
2.3 TGV MSKIEREL

x5 gt T REAEMERT, BLREY
A 0 % e S R A v ) TR S 2 I ) O a4 2k
o MUbRr UL, fE R R, W —
ABBENT I AR LOEEZL 3, PemR ]
WIS ELRETE 3 Al B AR ER T
G, ELKEE R NGRS BT R

R4 TIRMEYHLE MERIMER

Table 4. Topological properties of soil bacterial co-occurrence networks
. Edges .
Sites Nodes — . Network density
Total edges Positive edges Negative edges
In situ 431 581 372 (64%) 209 (36%) 0.006
Warming 1 309 354 198 (56%) 111 (44%) 0.007
Warming 2 399 1810 923 (51%) 887 (49%) 0.023
Total edges Nodes number Positive/Negative edges
400 | .
\ Wl
s — o=
- ] ; |
_  — ® |
350 |-
1.6
1000 L T [_L 3 K
®
ET T 2 1]
‘ 380 b ki k
3 1.2 i
500 [~ ——
i
250 |-
—_—
i L 0.8 I | | |

In situ  Warming 1 Warming 2

In situ  Warming 1 Warming 2

In situ Warming 1 Warming 2

2. KHIBIN6 FET LIRBEDHEEREIRIMER LR

Figure 2.

Comparison of topological properties in the co-occurrence networks under hydrothermal gradient within

6 years of soil transplantation. The asterisk indicates that the difference between the two groups is statistically

significant (T test, **P<0.01,***P<0.001).
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Table 5. Edge numbers among dominant taxa in microbial co-occurrence networks
Hubs Phylum In situ Warming 1 Warming 2
PE NE PE NE PE NE
Verrucomicrobia \errucomicrobia 11 0 4 1 9 3
Proteobacteria 8 19 6 8 26 54
Acidobacteria 12 3 9 7 52 31
Actinobacteria 8 18 2 1 7 24
Proteobacteria Proteobacteria 30 5 19 4 49 38
Acidobacteria 11 22 25 16 91 152
Actinobacteria 47 8 3 35 24
Acidobacteria Acidobacteria 23 1 9 8 128 66
Actinobacteria 9 43 4 5 21 44
Actinobacteria Actinobacteria 88 2 17 0 73 4
Total edges 372 209 198 156 923 887
PE: positive edges; NE: negative edges.
(M2 . NE=16, MB 2B NE=152), JET MR 128, (EAE R bz 2 i s & s,

124 8.2%-10.1%, ILAh, AWF5E4 R L S 1
AL B B KT XS, LR Ho )RR
i, X —25 BRI E S R Y 2 R S A
FARTRERESR . X SEI Ay f i 4k BRI A TE
BT HA A TR 1] 2 Bl R e g, JeoE
IEHE T T SRR 1 Z B RS BEAER . BRI
[TPEB I 17 28 HAE RS B e 1S .

DL B XTI 28 M BT o347, 26 v 19 14 2k 32 %
R g 5 = S AN TR ], AR R A
(5 ML RN 20.0%-23.6%) . R (16.3%-—
28.9%) . LR (11.1%-32.6%), SKTM, iXLENE
HBELE 3 DUl H L& 5. MR E R
IKRGFEMFEE XS, IR TSR

AEXT 2 2 EL 3 s T R B 1 AR G B 481 S R
BERRAE . LAt — S an kB M el e B 24 BUEEVIBHEMZERIRIRA TS
Ja Rk EWAE, WFEZFERMET ] AR, 1S WA IER AT SR 3 ulh
FREMN S, BEARUME R LA R RS A AR R A s (8] 3). Hir, R
(A) In situ (R*=0.68) (B) Warming 1 (R*=0.62) (C) Warming 2 (R?*=(.76)
15 1 : ¥ = il o [
: : * o *
P w 30
5 : * 10 | .
E o ,:** g | " R
e 5 p **# 5H *** [~ 10
L
L R ]' 0
0 gt —— 0 T:ﬁﬁ:i:i} )
' la |10 115 210 3 |Io II5
Degree Degree Dc:grc:t:
E 3. WMEMHEENET S EZHWESSHIUE

Figure 3. Fitting the node degrees in co-occurrence networks to normal distributions. Red stars are considered
outliers corresponding to P<0.1.
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HER LR 2 =N A A A X 2% P A T
BAERER KT 6. 4. 30, JEAMEN T, iR
S T 2R A T s Ry 58, M 1 AR Y
MR BT B 42, HEIR 1 BT Y 254X
2L SECh 46 (3 6).

XF LA PR R Y 3 A3l ek A A T 28 HX 2T
FUAET DR B EAT 300 73 (18 4) o o7 1) 2B -l A )
W 2 v B HX A 2 O i 4R TR (35%) . TR AT TR
(19%) . e (17%) A B TE H (17%); M2
HEE, B rRKA Ay = R
(22%) . FUAF A1 (19%) . A5 TE 147 (19%) . FRAT 141 (17%)
DL R PEA (10%) 2H A s F B8 B IEVE S, MR trp
() WX A T A ) R R T TR (33%) . L AT TR
(17%) . ZSTE T (17%) . PR (9%) LA K 27 HJfl b

(9%) AL A o XA P e A I 28 X 201715 it ) 40 BT 45
AT, BRAF R AZTE R TE 3 A W 28 Y rh R
P B R H ], A 1 i Xof A A 2 R % e Y
ML/ o 156 I A R R R I 4 R () B
WA R Tioh, BARPETER e A % v 5y
SUBCRHRT AR, AELX AT 28 1 P Fi AR SR 18 BRAE
3 Ul AR T, IR N 4 PR X Y
R4, BLAh, 38R IS IR B A I 45 Hh (X 41
VR M, HRE ) 35% B[R 2904 & 7%; #H
B, TR E ST T2 AR M 2
WX 3G, SUFF BT R A0 5% i 2 3
i 1 AP B 19%FIHE IR 2 AR AY 17%, 12
FOLTR 1] F SR Y 0003 fin Z= 3843 1 AbFE R 1Y 22%
FIEIE 2 Kb FER (4 9%,

=6 SRR EXA M ERA 5

Table 6. Number of hubs related to microbial community
Network hubs In situ Warming 1 Warming 2
Number of hubs in the network 58 42 46
Hubs related to taxonomic diversity 58 24
Hubs related to richness 57 3 0
Hubs related to phylogenetic diversity 58 11
Hubs related to taxonomic composition 58 8 46
(A) In situ (B) Warming 1 (C) Warming 2
Vhriamisiakin Veri n.‘c;rg;:crohra Verrucomicrobia_WS3

17%

Acidobacterid
19%

Proteobacteria 17%
17% < z
Planctomycetes.
5% f
Nitrospirae ™
2%

Planctomycetes :
) —
3/".’-'r'rm.icme.\‘ 5

2% yanobacteria.

2%

5%

Acidobacteric

Proteohacteria™ |

Actinobacteria

o/
17% 20,

Acidobacteria
Proteobacterid 339
2370

17%

Planctomycetes
4%
CGiemmatimonadetes
2%

9 Actinobacteria
Firmicutes 7%

AD3 2%

Chioroflexi
2% 2%

4., HEWERRAT R HE
Figure 4. Taxonomic classification of the hubs in co-occurrence networks. (A), (B) and (C) represent the hubs in
the in situ, warming 1 and warming 2 microbial network at the phylum level, respectively.
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E5 MEMEEREHXNSREDZHFEEZMEHEXHTRZE
Figure 5. Effects of network sizes on microbial diversities based on structural equation models. (A), (B), (C) and (D)
represent the influence of the number of network nodes and edges on the diversity of microorganisms and phylogeny,
respectively. MAP, mean annual precipitation; MAT, mean annual temperature; SOC loss, soil organic carbon loss.
Dotted arrows represent non-significant paths (P>0.05). Red and black arrows indicate positive and negative
relationships, respectively. The path widths are scaled proportionally to the path coefficient.
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Co-occurrence network of bacterial communities in mollisol soils under
increasing hydrothermal conditions

Dong Li', Xian Xiao“?, Bo Sun?, Yuting Liang®"

! School of Environmental and Safety Engineering, Changzhou University, Changzhou 213164, Jiangsu Province, China
2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, Jiangsu Province, China

Abstract: Mollisol soil is one of the soil types with high content of organic matter and fertility, climate change will
significantly change the structure and potential interactions of mollisol soils microbial communities. [Objective]
This study is aimed to explore the microbial community structure and succession characteristics of mollisol soils
under increasing hydrothermal conditions. [Methods] Based on a soil transplantation expriment, 16S rRNA
high-throughput sequencing was used to analyze the bacterial community structure of mollisol soils (in-situ,
warmingl and warming2); CoNet was used to construct the microbial co-occurrence networks and identify the hub
microbes, structural equation models and correlation analysis were used to explore the direct and indirect relationships
between soil properties, microbial co-occurrence networks, and diversity under the increasing precipitation and
temperature conditions. [Results] We found that mollisol soils were dominated by Verrucomicrobia, Proteobacteria,
Acidobacteria, and Actinobacteria. Soil transplantation simulating climate change altered the patterns of microbial
co-occurrence network with increased negative edge percentage and different network sizes. Climatic factors affected
the taxonomic diversity directly and indirectly from altering the microbial interactions. The strengthen of negative
interactions in communities directly induced the loss of soil organic carbon. [Conclusion] The increasing
hydrothermal conditions will significantly change the microbial community co-occurrence network of mollisol soils,
and the response of network hub microbes will be more sensitive.

Keywords: increasing hydrothermal conditions, soil transplantation experiment, microbial co-occurrence network,
hub microbes
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