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Abstract: Identifying the microbial community composition, diversity, and spatial distributional features in samples
collected from the plateau peat wetlands is important to understand the ecological characteristics and evolutionary processes
of plateau wetland ecosystems. In this study, by using high-throughput sequencing technology, we studied soil bacterial
community composition and structure as well as bacterial diversity at the local scale of geographic spaces in the peat
wetlands of Zoige Plateau, which are located in Sichuan province, China. The basic plant and soil properties were tested

and the geographic distances between the pairwise sampling points were quantified. Additionally, the spatial turnover of the
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different members of bacterial communities (i.e., endemic taxa and ubiquitous taxa) was compared, and the relative
contributions of the different environmental variables and spatial factors to the bacterial community composition and structure
were analyzed. The results showed that Chloroflexi, Proteobacteria, and Firmicutes were the most dominant bacteria in the
peat wetlands of Zoige Plateau, and the relative abundance of these dominant phyla was 26.25% , 23.21% , and 10.56% ,
respectively. Soil bacterial community compositions were strongly related to the spatial distances. The composition similarity
of bacterial communities gradually decreased with the increase in geographical distances between the pairwise sampling
points, and bacterial community compositions showed a decreasing order in their spatial turnover rates as follows; the total
bacterial community>ubiquitous community>endemic community. The results of Mantel test analysis showed that the above-
ground biomass exerted the most significant effect on the bacterial community composition and structure (P <0.01);
meanwhile, soil sulfur content, soil active phosphorus content, soil manganese content, as well as soil pH also affected the
spatial distribution of endemic taxa. Variation partition analysis showed that, at the local scale of geographic spaces,
edaphic factors played more important role than spatial factors in shaping the composition and structure of soil bacterial
communities in the peat wetlands of Zoige Plateau. Especially, soil heterogeneity was the key factor that affected the spatial
distributions of soil microbial communities. The present work provides an important reference for investigating soil microbial
diversity in the plateau peat wetlands and also provides a theoretical basis for revealing the mechanisms of microbial

community assembles over geographic spaces in the plateau wetlands.

Key Words: soil microbe; plateau wetland ; micro-geography; environmental response
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1.1 MRS

1R 5 e R e TR A 7 e e R AR G, I H 48 38 Bk (33°25'—34°00'N, 102°29'—102°59'E) ,
BT R X A B G Y, B S IR AR Y 2R REFEAIEE AR TR AE 0.6—1.1C 2
[E] , MR 27— 4 [ b W R VR A 45 3 I 9T DX A0 TR b 2K TR Ry BRI, B S N K BLE L ( Carex
muliensis) o #7 /K w5 KRR IG AR IRAFR AT, TR 55— K I E e i, 2 A AR e K IR R 58
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FRREATAROEAL Y R SRR SR 0.5mx0.5m FEJ7 B RE TS NS A P st b 38 A IAcE] e [ S0
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Fig.1 Schematic diagram of the location and sampling points of the study area
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Table 1 Physical and chemical properties of soil properties in the study area
A B Zf =)
sbi i M Rk R g i M Rkl R
. Coefficient of . Coefficient of
Index Mean Min Max o Index Mean Min Max o
variation/ % variation/ %
ARtk i BA
37.1 26.0 433 9.82 16.97  10.67 32.6 21.9
Natural water storage/ ( kg/m?) Total nitrogen/ ( mg/g)
il s JEY;
AR ) 41.8 36.1 46.2 4.89 w . 5.64 034 128 61.7
Saturated water storage/ ( kg/m*~) Total potassium/( mg/g)
A TR
0.15 0.11 0.22 21.23 63.7 39.8 74.9 12.6
Bulk density/( g/cm?) Labile carbon/( mg/g)
LIEALBE Wy
0.09 0.03 0.22 52.6 25.5 462  46.1 37.1
Soil porosity/ (%) Ash/ (%)
T A %EF
4.72 1.98 7.66 30.55 2.47 0.82 6.05 49.4
Below-ground biomass/ ( kg/m?) Potassium kalium/ ( mg/g)
W7/ 58
he . ) 4.68 4.06 5.52 9.62 # . 9.05 3.05 247 50.1
Above-ground biomass/ ( kg/m~) Calcium/ (mg/g)
B
H 6.25 5.37 7.7 7.99 13.5 6.04 33.5 56.15
b Magnesium/ ( mg/g)
WA DL .
Dissolved organic carbon/ 0.82 0.01 3.39 96.0 o 1.69 0.91 2.96 29.9
Sulfur/ (mg/g)
(mg/g)
ALk B
305 204 393 15.7 163 79.6 313 33
Organic carbon/( g/kg) Ferrum/ (mg/g)
PHE T ac i g
Cation exchange capacity/ 40.1 21.7 61.7 33.9 4.74 1.21 17.4 73.9
Manganese/ (mg/g)
(emol/kg)
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A5 L Z 75 B Z 8
sk B RN Rkl R | e BRI ROKE K
. Coefficient of . Coefficient of
Index Mean Min Max o Index Mean Min Max L
variation/ % variation/ %
AR HASH
14.6 3.62 330 53.6 0.12 0.04 0.24 48.8
Available phosphorus/ ( mg/kg) Exchangeable potassium/(mg/g)
HAA SR
60.8 24 308 85.82 7.8 1.63 14.4 37.2
Nitrate nitrogen/ ( mg/kg) Exchangeable calcium/( mg/g)
2 75% 3
B . |
. . 23.32 459 70.2 71.73 Exchangeable magnesium/ 2.13 0.8 6.74 60.0
Ammonium nitrogen/ ( mg/kg) (mg/g)
mg/g

1.4 3 DNA $2HCF1 16S rDNA 414 5 /7

Y DNA R BUE ] Ezup 220 L AL DNA il &, a0 G e v Wl 5428, 9F % A 0.
8% HUIGHHEEE B VKA DNA . 168 LR5F P9 v Be i 4 34 51 ¥4 H] 515F (5'—GTGCCAGCMGCCGCGGTAA—
3') il 806R (5'—GGACTACHVGGGTWTCTAAT—3") ™', LA 10 {5 #5 BEJ (9 56 PRI 4 DNA AR, A48 0 77 X
BRI Barcode AURESAES [ HEAT PCR 718 B DMEARBEST =4 PCR $0RE &, PCR “#)5 1/6
TR 6X loading buffer 15, 1111 2% BRNRMEEE R HEAT HLDKAGIN . % B 1 25717 E AT HIBE DI, £ ] QTAquick
Gel Extraction Kit( QIAGEN) {7 &, FIUS (1) PCR 2k ™ #yfdi H Qubit@ 2.0 Fluorometer( Thermo Scientific ) i#f
Tigm, e /R EiRE, #%EMMH TruSeq DNA PCR—Free Sample Prep Kit 1377 &, # L 1Y SCPE L1 /8
TSR 5 4 J , SEF2 T A W0 Hiseq 2500 -5 PE250 &L,
1.5 RAF A5 b 3R 25 R IR

BN R T i 2S [ R AL B 455 GPS(eTrex enture, Garmin, Olathe, KS, USA) #4715, Z 5%
TET FL AR AR R Z RIS SR A SRR X B 8 (LSS — SRRSO I8 1) o T R 3R F Y Vegan 3157
SR R 2T (1% 190 790 e R DA T B A SR AR 2 T 7% e BB 2
1.6 Kdaortr Ak B
1.6.1 HE/ LRI Alpha ZFEMES BT

ffiH R 1EF 1 Vegan WA 745 WAL L 5 alpha Z2AE AT = BE A THE B AE A AR b th B
BERT 2 B9 OTU & LA OIS ( core microbiome ) | i FH grid £ ggplot2 A0 B0 #E 47 T A0 AL AL BE
1.6.2  TIERA Ve AR 55 R B8 10 A DA o B

i 42 OTU 7328 B 50 F58 &) 70 i A7 F ( Endemic taxa ) (75 BT AT dh b Y B0 R AR T 25% HY
OTU ) FI =5 it ( Ubiquitous taxa) (75T A FE il vh H BUAY IR 5 T 75% 89 OTU ) , 235177 A 4057 SH1 716 4
OTU 528850, bl , it AR B R 2 4 AR ( Bray—Curtis ) FEES Y  SR AR S B 78 B 40146 56 FAH L 43
Fr (999 AHEF ) 2 20 B SRRV A FPaEV | VA TR SR s TR RUBE AN [ REAR 22 ] A AR v 45 R AR 1B
PEC AN A A SR I R ORI AR o M P S (I XPECE ) 5 BE TS A R (In XU ) %
Z A3 e/ e [MH ( Ordinary Least Squares Regression ) FIEPE . BERAYTHE AT .

In(S)= In(a)+ zIn(G)

Kb, S AR IS AR RIYE, 6 b B ER B, o S R 2880, 2 S 3 et e 00 R 3R B A R A i 1Y) R e
AR
1.6.3  Mantel K358 75 25 73 73 Hr

KT o3 W IR A i DL e b PR B A WA T 2 s T R TR S TR Y ggeor AT Mantel 64043
M , LIS AS [R) B 74 21 B A 3R 35 A8 1 22 [B] Y Spearman A 5GHE, [RIE, {8 FH vegan £ 47 2% T BE & 0 7043 40 Hr
( Distance—based redundancy analysis,db—RDA)

S ARKE R4 3= AR principal coordinates of neighbor matrices, PCNM) ST BENE AR AR AN () 23 [8] 26 2 1 40 fi#
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), 5 A PCNM A5 B B B B R as 18] R 0 b B ik > . PCNM 2l 1 X6 5 R Y18 1B A f 25 )
BB HE ST AR AR , i R Mk AT AL B, 15 8] PCNMI -+ PCNMn, PCNM1 F&/R M58 R YA %5 1]
R, B RE ; PCNM2 -+ \PCNMn UM RBEAR SR8, 15 2178 8] A 4008 J5 |, 45 & - e A 8o | ok
W5 2538453471 ( Variance Partitioning Analysis, VPA ) A PFAl 25 0] PR - | A 398 [ X 40 1R BB 0 s A FPRE TS
Fo B ROREVR Z2 R ZH RN 25 7 A5 AL A AR X STk, PCNM 230 B L & VPA 3 Br 248 R 15 5 H Y vegan 4
AT,

2 ZERE5H5H

2.1 HERAHTEREE R S R AT
2.1.1  BEEAR

TEFTAA O ERE AR | — L3R4S 986532 4% T & AN T 51 , 7 97 % AR BIZK T #E47 OTU 25t
J& , A5 5] 6456 N AHIT, EADKEAES OTU 4328 BT B 43 M # A Tl == 5 F, 43 30 7= A6 4057 F1 716
A~ OTU, FATHES T FEARD =5 FORLEAH & B 75 76T 1T7KF RS ZKSF AR 3= BEAE T 10 B9 4 SRR AR
(K2),

e EX

04 06 g 0250.3 0.35
2 80 -6}- ‘Jg.'l- O.q

'Q

(IS B
® Chloroflexi ® Euryarchaeota Lactobacillus ® Bacteroides
Proteobacteria Verrucomicrobia ® Thauera e Anaerolineaceae UCG 001
e Firmicutes Planctomycetes ® Methanobacterium ® Ornatilinea
@ Bacteroidetes © Latescibacteria ® Geobacter ® Ruminococcaceae UCG 014
@ Acidobacteria ~ ® Rokubacteria Anaerolinea ® Bacillus

2 HBEWM FEEMMAARHEEEEIKEMEKE LB ER(H10) B
Fig.2 Relative abundance (top 10) of endemic, ubiquitous and total bacterial communities at phylum and genus levels

) v SCT B, 425 T 1]« Chloroflexi ; Z8TE 1] : Proteobacteria; JEBE T | ] ; Firmicutes ; $04F 12 | : Bacteroidetes ; BRFF i 1] ; Acidobacteria; ) iy B

FFE R : Lactobacillus ; ¥ ) FS % @ : Thauera; ' ¢ #T & J& : Geobacter; #1 ¥T 18 J& : Methanobacterium ; JK %8 48 18 J& : Anaerolinea; T T #i J& .
Bacteroides ; R 4E 1 Bl UCG. 001 ; Anaerolineaceae UCG.001 ; Ornatilinea J& : Ornatilinea ; BR 1 Bl UCG. 014 ;: Ruminococcaceae UCG. 014 ; 25 AT T
J& : Bacillus

24 168 rDNA FEPII ), SR 54 ASFT1A1 934 RIS . HoA 19 SRR 121 A3 1972
FEET 1%, ST ( Chloroflexi ) 7 W25 AUUCENVEE ], 7EM A FIRE | F 5 ML BRE TS b & 22
3k 21.88% ,26.45% F1 26.25% , HABAR F TRV 73 5 0 ZE T TR 1] ( Proteobacteria) |\ JEREF ] ( Firmicutes ) |8l
FFEE ] ( Bacteroidetes) JRFT B 1] ( Acidobacteria) \J* i #i [ ] ( Euryarchaeota) JEGLEE ] ( Verrucomicrobia ) | 7% %5
1] ( Planctomycetes ) | Latescibacteria £l Rokubacteria, 7£J& 7K I, FLFFE & ( Lactobacillus ) & 5 /) 5 3 B
& FERG A PR R RS AN B VR TP LT S AR 0.7% 1% M1 3%, 1EFA FIH , Ruminococcaceae
UCG—014 ZAL AR
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AN GE T 30 A TSR YIREAE B M T TR kIR W A% O A WU (core microbiome)
31278 4~ OTU 732K 85T, 43 I8 T 17 AT 1K1 84 AN @AKo B3 3128 T RO A e T 1K1 Fi g 7K 1K)
gy FARXTFEFETT 10 MO A . Horh  ZETTKF b 32 BERT = A 40 R 530 2 48 25 TE 1] ( Chloroflexi ) | AR TE T4
I"J( Proteobacteria ) F1JEBE B[] ( Firmicutes ) , 3 S6 G4 W) EAZ O U Wi A T o 32 5 5 18 69% 5 16 J& /K F I
EEHERT = a0 TR Y o B R AT & ( Bacteroides ) EREHF UCG.014 ( Ruminococcaceae UCG—014) A1 H E AT 1
J& ( Methanobacterium) , Ffr 5 =E 4 18.04%

TP KT

. Chloroflexi B (Eubacterium) coprostanoligenes group
Proteobacteria Ml Anaerolinea

! Firmicutes . Anaerolineaceae UCG-001
Bacteroidetes B Bacteroides

lAcidobacteria [ Lactobacillus

Crenarchacota [ Methanobacterium
Euryarchaeota Ornatilinea
Verrucomicrobia - Ruminococcaceae UCG-014
Spirochaetes . Streptococcus

[ Rokubacteria B Thauera

B3 ET 30 N TEERGERKFEREAKTE LHENEER 10 Wik OHMED
Fig.3 Relative abundance of top 10 core microorganisms at the phylum level and genus level
P51 v SC T B, 550 B 1]« Crenarchaeota ; #2142 1] ; Spirochaetes ; [ Eubacterium ] coprostanoligenes group J& : [ Eubacterium ] coprostanoligenes
group ; AUAT B & : Lactobacillus ; 5EBR T J& . Streptococcus

2.1.2  Alpha ZFEE

X5 DX T A R A s B R E V4 1) Alpha ZAEPEFE B0 BT 7 (181 4) , Chaol 454§, Shannon 45 £
Simpson F8EL5> AT 1663—3571.3.21—6.49 F10.98—0.99 2 [a] , #5 /K 5 iy JFL T b -+ HEARE 5 HAT 35008 A0 s
WZFerE, TRl &3, Chaol $8EUHY L 7 R4 (14.71% ) KT Shannon 4844 (3.21% ) A1 Simpson $6%%(0.32%) .
2.2 ANGERETE AL B R B SR 2

AR ER T LU e T A VR T M - S P (R AR R VR I A A AR A W b 33 A A R AR AR v AR L
Hh PRI 5 2 () (4 D& R UEA T 40T, R 3RAS TR T8 AR DL 128 B e IR 26 208 A ) e DB ARAE , 25 SRR TR A = Fh
IV I TR 7 O AR B PE 2 B 5 S BRI 5 900 B M e sl ( 181 5) |, 3R B sy S e e 0 s, - S0 0 1) 25 1) 3 A R i
FEE A Wy 3R O3 AT A — =X Tl He e, LA G AE VR 1) S e 3R (T 5, R Slope ) TEAN AR I& ThAFTE 22
Seo RVAK b R RV Y P B TR R (Slope = —0.026 ; P<0.001; R* =0.139) & T-#i 4 i ( Slope = —0.006 ; P
=0.004;R*=0.056) Fl1 3= & 1 ( Slope =—0.025; P<0.001 ; R* = 0.112) . 3 4 TE #E 7% X 23 6] KR AR H ok
BN BRSSP RES E AR AR B ILIRATTRT AR AE SRS A 5 PR A R AT (A R i e e TR 5 i IR
VM AR BT T - SR WA v A LI i LR 5 1% A e e, A S A R I TR S A
2.3 WA Rl LS R A X R DR 1 e

XF 3 R4 B A TS FIEREE T HEFT Mantel K360 07, 4559 Wos (18 6) i AR S 3 Rl MR is 2 1)
FEIL AR AR OGP (0.001<P<0.01) , 2 SO A W BF i A 2 1) 122 S 00 A0 () AR R, [RIR)
BRBERE S AR & B AR B A M (0.001< P<0.01) , 5 3 pH JHPEREFT Mn 2 [ 7775 .5 6 &
(0.01<P<0.05) ,

R T HE—25 BA R IR S W RIS 2R SR R 25 S ) SC B ERBE T, S5 T Bray—Curtis [ 2
P LR F AR AT R (B 7) WA R = AR RV 2RSS0 11.54% \38.20% F1 31.85% 7] LA
RIS 4> (CAPL A1 CAP2) S fit e, e PREE R 1% 3 b 40 B R v 2 2 S S i ) 236 IO (T 1] 22
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Fig.8 Variation partitioning analysis of the relative contributions of spatial factors and soil factors to bacterial community structure
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Table 2 Statistical table of variance partitioning analysis ( VPA) results

g il . ) » S
Baoterial JJLJW? 2 2 RCum  Adj RCum e e $5$ﬁ’¢ﬁ ,\Vlﬁlﬁﬁfé%
community Predictor Variable Pval Unique Shared
T A A 2 PCNM1 0.054 0.054 0.021 1.608 0.001 0.014 0.020
Endemic taxa PCNM2 0.046 0.100 0.034 1.377 0.003
THEH R i 0.051 0.051 0.017 1.511 0.001 0.016
bACL 7} S 0.051 0.102 0.035 1.524 0.001
F b 27 PCNM1 0.162 0.162 0.132 5.414 0.003 0.036 0.170
Ubiquitous taxa PCNM2 0.098 0.260 0.206 3.596 0.014
THEH R M AR 0.162 0.162 0.133 5.429 0.002 0.073
e 0.132 0.295 0.242 5.065 0.001
SR R 23 [i] ] PCNM1 0.159 0.159 0.129 5.291 0.001 0.039 0.158
Total bacterial PCNM2 0.093 0.252 0.196 3.356 0.009
community THERER i APt 0.152 0.152 0.122 5.014 0.001 0.070
O ER 0.129 0.281 0.228 4.851 0.001

PCNM . &P RS RS 3 A AR 34T, Principal Coordinates of Neighbor Matrices
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