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(1 MR R TR ES SRR, Bt 210044; 2 FRifOl A MRl E#BE, Bt 210095; 3 MR ERAREA: ARl =4 P,
TRUER 233030)

 E: AURAA S EENFEA . Biolog EcoPlate KAl s &4 W5 B 2% 0T T-B LU WHSE T VLI A P AT AR £ BARKUL(LR)
A= KAEE IR A (MR) LA BT AT 5SS RESh R AR AN R o 20N | BREZSH SDIREM 2252 . S5, B EEIE RALRERE
JEl, ANPEREEIRE OTU $UH . Chaol 8% R AA WIinAI AV AR e B R A BB Wi &5 . BRFFIR T 1(Acidobacteria, AHXT=E
B 17.8% ~ 40.7%) . T4k ](Actinobacteria, 9.2% ~ 29.2%)FIASJE 14 ] (Proteobacteria, 18.8% ~ 34.6%)/Z %A H LA, b
EHEKC A NALFREE RSN, Acidobacteria AHXT =B SRS, 11 Actinobacteria #11 Alphaproteobacteria X} = FE B MiI#IK. A A FEM
pH. AHLTIOM) & LR RS P K Hl Ca & R THEICE RANE 99% MIRFEZHAE S . PICRUSK2 X4 & ) g
SRR, 3 ARER P AR ERIRITEG(CA) . #E & nURE MR P= A T RE L A G 3 B2 (9 HE 24 SSSMR>LR, i LR Hr =4k A o6
DIREFERIMI B e o 25 0, BlE XALFEEE RN, SERA R RS o- ZREMEREZ Thim, BEESS A A: w 820k, R4
HEVE T RE I A 2RO SRS s B A X T R RSB EA R RO e R, Bieas il — | THIRE
WALTE AT e R i A PR 2540 S T BB A AR S A .

KB BEICE; LLME; AEREE; U PICRUSt ZhRETN

FESZES: Q93 XEARERD: A

Community Structures and Functions of Epibiotic Bacteria in Tuff with Different Weathering

Degrees

WANG Qi', XU Jiahui', CHENG Cheng'", SHENG Xiafang?, XI Jun®

(1 School of Ecology and Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044,
China; 2 College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China; 3 College of Life Science, Bengbu
Medical College, Bengbu, Anhui 233030, China)

Abstract: In this study, the less (LR) and more (MR) weathered rock samples and the adjacent red soil samples (SS) were
collected from Dongxiang County, Fuzhou, Jiangxi Province to compare the differences in diversity, structure and ecological
functions of bacterial communities by applying the high-throughput sequencing of partial bacterial 16S rRNA genes, a metabolic
profiling technique (Biolog EcoPlate) and bioinformatics analysis. It was found that as rock weathering degree intensified, the
number of unique OTUs and Chaol index of bacterial communities, as well as microbial carbon utilization and metabolic
diversity Shannon index gradually increased. Acidobacterium (with relative abundance of 17.8%—40.7%), Actinobacteria
(9.2%-9.2%) and Proteobacteria (18.8%—34.6%) were the most dominant phyla in these habitats, the relative abundance of
Acidobacteria increased, while the relative abundances of Actinobacteria and Alphaproteobacterium decreased. pH, the contents
of organic matter (OM), available P, K and Ca of rock (or soil) samples explained 99% of the community structure variation of
tuff (or soil) surface bacterial communities. The prediction results of bacterial community function by PICRUSt2 showed that the
relative abundances of genes encoding carbonic anhydrase (CA), flagella synthesis and organic acid production in the three
groups of samples were in the order of SS>MR>LR, with LR having the highest relative abundance of iron producing carrier

related functional genes. In conclusion, as the degree of rock weathering intensifies, a-diversity of bacterial community on tuff

ORETH . FFRARBARST EWH (41977040, 42077288, 42273079) %h.
* Sl HAE# (chengcheng9 1 8@nuist.edu.cn)
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surface increases, and the community structure changes significantly changes. Bacterial communities inhabiting rock surface

might simultaneously weather tuff in multiple ways. Additionally, microbial communities inhabiting tuff surfaces with different

weathering degrees had different priority utilization patterns for different carbon sources. The present study further enriched the

changes in microbial community structure and function during the weathering process from tuff to red soil.

Key words: Tuff; Red soil; Bacterial community; Carbon metabolism; PICRUSt function prediction

IRARAE FH S b 2 B L BRE3IT 1925  f 485 2ok
PIHf | flsp A Wl B R A B AR AL RN IR . A 3
BRI E R 2 — | A WA TEAR K — Bt
] X H I . TC R HIERIEER RIS CO, WEJERY
P EAEEAERYY, YRR DA R A
M5 —Ht e s, LA sl A R U 7E , fE
SRR R e - HEA AL R S TP SR
MBI T=i B5 3R IR 4 R WA, Sk mT DL i 7
(iR E LN Y R =R LT NN A = R 2 Y S E I T
FEAE TR S A R i R AR S e, B
A AR RS B PR G B 40 B4 A 9 R th A R R Bk

A A @ W) (iR | 75 ARG, Ao
A, WRRERT Y. ks . BEKE . XES)RE
TR BEVE A BEVE AL B AR KL RE A — R 51
B! B A () R A MR YRR 2 A AR
Wy R ) BEA 2 TR RS S e SRS T B
AR HASPERR BEBERE LUK (DGGE) . X-JT 20t HL
T RE TS BRI TN [ Ofe 5 K 2 T A P
A PR S A8 B A TP ) B AR AR S0 AN [ XL
PR B B I 3R AR A WU RV 5 D e AR S R ST 4D
fif WL TE o FE AR 2 /i B 5 R R R R 3R
2, WITPEEPEM T AR & ELR R XA AR B o I %
I o B A T AT IE SR AN, R IR R I
FAT G IR MBI s il Fe AL AL ARSI
S, T - HE A BE IR A EE S s S RE )
g2, 2 B A B n] B IR WA TR A

1%, FHIE AT RIS 3 ) OG- BE DA AL AR v SO A
ASTRERR I AT BIRAY , T e i H2 I Py B AR R i
YA AT A MR R IR AL T v T R

RS A A (8038 PR PR 5T A0 4e] 52 1 i 2F
Yitevs Z RN S DA B A ARG R S RE , A1)
T GG A Gl A R R AR SR O PR R L S A
(AR ASBFFE 3T T 2Z BT R SR AR XU AL
T JE B W R i FIAT r 21 SR i A R VR 45 5 2
FEVE L XA TR BE SR AN R BRI A A PR 0, LAY
BE— 2 A W BRI IR R

1 #RERE

1.1 HERXESEBELERIWH

FITHE N R £ H.(28°23' N, 116°62" E)*%
B2 TR (LR) A i KUAL (MR)BE K LA K BB AT R 2T
HESS) (P AL £ . AR )P b X8 T
MR A, SN . RN T . U R
B, AR FEEARIR 19 ~ 21 C, AERFEHREK
i 1600 ~1900 mm. %X FEA A KA, £
B MR LT, XRD 40HT R AR BE K A A+
HERER O A RS AN R R
PRI RZE AT, JEh 2Bk LR FR AR 0 4
4%, WA UAE MR FILSS ZHRE & g 32 R
[7i) JXUAK R B s R - S S M S AN 3R 1 T T
Ry A 0 P R 4 A AR R (Biolog) BT Y A
(HHOFERHTUKGEELRER 80 °C AT

R1 AERIEE B RS IRAERIER

Table 1 Properties of weathered tuff and soil samples

EfEL LR MR Ss
OM (g/kg) 88+1.0¢ 11.3+£1.2b 192+3.6a
pH 732+0.17a 4.63+£0.04b 4.77+0.10b
Si (mg/kg) 41.0£3.6b 507+75a 342+86b
Al (mg/kg) 135+21Db 361 +41a 396+48 a
K (mg/kg) 463+21c¢c 14518 b 310+ 84 a
Fe (mg/kg) 134+ 14 ¢ 176 £ 16 b 223+22a
Ca (mg/kg) 771 £50 a 443+ 12b 281 +48 ¢
Mg (mg/kg) 163+ 10a 84+12b 48+5¢c
P (mg/kg) 240+1.0b 50.5+£9.2a 27.6+3.4b

E: LR, XA MR, BRALAARENM; SS, IR . [RATEUE /NG F REAR R 3 7R A i 8] 22 53 (2. 35 (P<0.05).
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1.2 DNA ZE5 Miseq S BENF

FIH] Fast DNA®™ Spin kit soil (MP Biomedicals,
Santa Ana, CA, USA)IAFI&EM 1.0 g 754 (3 50k
s HREUE. DNA, {i#i ] NanoDrop ND-1000 43¢
FETEXT AR 9 DNA #5472 8 R0, K555 2K
DNA F -80 °C iff. FIf] 341F/305R XT41E 16S
rRNA 751 V3 ~ V4 XEf 7 35 pCR pe44lif
JE A Tlumina MiSeq PE250 -5 #5471 = sl v, Jit
THEAE T NCBI EE 4 3R 155 5% 5 (PRIEB22180)..
1.3 SE=EHESH

£:7% Sun ST  vR H Fe JR A R ot
ATAbEE . R B 4s 5 R UCLUST X i v
ST R, BALIERT 97% MIFsIeE Xh
—/~ OTU; #JH PyNAST L) K RDP Greengenes (GG)
v 13 8 99 ¥dliFExt OTU ¥ T R G K B/ H), Ky
TR G P R B AN [] 0 235 SR 53 A s USR], A A A
B 15 000 793047 R 224t it o
1.4 ZEitoan

PEFEAS OTU $0H (OTUs), Chaol #8%. %
FEFR BV E A Hahn ok LB R A TS o 2R BT
Bray-Curtis & [4: 5 25 F1| F PCoA 43 #1 2K FL B A R 2H A
mnlE BEVE S 24 55 RIRERI T UPGMA Ryt &
Bt B R LA [RIAE i B Vs S A AR RLEE o SR
Spearman & RECR VT MR BV o ZAEMEFEER

RN RE R e R R il IR i Sy O
Tukey-Kramer HSD A6 56 A [F] b 3 ] 2 75 A 1 5k
FIFH PICRUSE2 FRAFA XA [a] KU BE 38 I S
AR S AN R R AR B R A T BB A T T O JF
T P NATTHE RO SRR A TP AR 4 5 05 1
22 B DR 2 PR DR B A T Ak 90 00 o A 2 45 3] I
F KEGG il % 1
1.5 7 Biolog {3t il 7€ 4A B 8% 7% A9 X it ik
FIH 96 FLI#F-H (Biolog Inc., Hayward, CA)J 5>
BEASIRL A (18R S A W R v A 7). sl st
T AWCD {ER PA A P 18 X 45 A e s 4 1
R IR AR RSO AR M YRI5 (B A Qi
ZREME . R SR T (PCA) TR PRASTRIRE S8
R, SRR YRR T DRSS F A TR AE

2 HERE4SWH

21 AESEAGE)FERAREEELEN

W 2 FiR, 78 97% MUK L3 56 (Y
KTF 0.99, X REEE AT FIRERER R LR L
BT BB RIS ITINTE2E . Mk OTU 4L
H . Chaol #5¥(7E 3 41 4L 5 b (% 4> 5 B0 Atk
SS>MR>LR, & BHBE i 7 Bifi KU AR AR B2 1) 185 o 440 e A 5
o ZREPERR R .

R2 TREAGEBHFRREAHBZELEIRS N

Table 2 Community structure and functional diversity of bacteria in different rock (soil) samples

B FEVE ZREtE e 2t
OTUs Chaol 5% ik T U5 HI (%) FARTEHL AWCD fH
LR 733+38 ¢ 837+45¢ 0.993 +0.001 b 613+32¢ 2.93+0.05b 0.64 + 0.06 b
MR 831+41b 924+ 15b 0.993 +0.000 b 720+£19b 3.04+0.02a 0.86 % 0.06 a
Ss 11424252 1166+22a 0.998 +0.001 a 79.6+19a 3.03+0.02a 0.80+0.02 a

TE: TEVESS AR TR BEALII 15 000 FFAIEATIHE, MIhRELAEMENEE T Biolog EcoPlates 7% 96 h BYW G AL {H
TR R TEE T % + FRUER(=3); [FFIEUR/ NG 5 BEAN R 2R M i 8] 22 57 8.3 (P<0.05).

WA 1 Fizs, UPMGA 73 g R R, AFEXAL
FREE A A (O RIS 7032, LR ZHFE i
ME—F, MR 4SS HEEMBR S/ —F, H
MR 41H1 SS ZHAE 5 Y 3 A A W 3 i & SR — 3
AN TR XA B2 R 2 A it 208 2 A TR A % 45 4 il 2 AN
], ELA R BE I 38 A6 AN R i U 5 v AR BRE I DA
oA SR S A DR R VR 45 25 S TR

TEITKF L, BRFFHITT (Acidobacteria, XTI
FE 17.8% ~ 40.7%) . JZkIA]] (Actinobacteria, 9.2% ~
29.2%) FIZETEH | ](Proteobacteria, 18.8% ~ 34.6%)

s B Byt W 1T . Acidobacteria I
Gammaproteobacteria 1A%} = B Kl % &8 ik # KALFE
£ B3N B HG. AHRCHE, Actinobacteria., ¥
["J(Cyanobacteria) Al Proteobacteria [JAHX} 3 FERE%E
I AL AR B Ay 348 Jon o b 2 IR (T 1)
FEEBKE L, B AERTFEER T 0.25% H)EE
SC R E o Bryocella . Gaiella . 5% 32 4T i )&
(Mycobacterium) , "EWRFT B (Acidiphilium), W X
FFHEJE (Methylobacterium) j LR A5G IEHE; &
WETR & (Holophaga), K¥LAMERE (Marmoricola) .
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= Actinobacteria

== Bacteroidetes
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Cyanobacteria

== Firmicutes

== Nitrospirae

== Planctomycetes

== Alphaproteobacteria

== Betaproteobacteria

== Deltaproteobacteria
== Gammaproteobacteria
Verrucomicrobia

== others

Bl1 AREAGBEMHAEREMEFEZLN UPMGA BESMRABEAILINHEMEESLH
Fig. 1 UPMGA clustering analysis of bacterial communities in different rock (soil) samples and relative abundances of dominant
bacterial phyla (subphyla)

Oryzihumus . KT &  (Bacillus) . R FEFTH g
(Phenylobacterium), /KJEH & (Aquincola), HFEH
J& (Massilia) FRMAME IR (Pseudomonas) NAE
MR AR RIS PR (Planctomyces) A

SS ZHFE AT DR
OTU /K- L, FA FIFEAT OTU 7 3 ALFER Y
SIATANE 2 BF7R 1329 4~ OTU Wi 584 ANJ& T4
OTU, 55 OTU iy 43.9%. iXLEdA OTU J& T
(A) AT 5F#TOTUs

Pl 5 RSN 80.7%. THiRFA OTU KZNHH
Fl, SS AlFEf A OTU 2, 4 OTU (19 10.1%,
HCH LR AREM (5 5 OTU 19 9.0%), MR ZH4%4
OTU ¥ H /5.4 OTU 4 1.0%.
22 EAGEBEAMRNREAFFEENT
SRRz 1EH
RDA #RISEERE T 99% BIANFHEIS AR5, Ho
LR 2 R T 97.9% (BETR A5 S R (A 3).

(B) A7 545471751

LR. MR [ SSHAT

(210 569 J¥-%1], 584 OTUs)

MRAISSHAT

(24 032 J7°31, 293 OTUs)

LRAISSHAT

(16 110 F¥31, 167 OTUs)
 MRFILRIEA]

(563 J¥°%1], 18 OTUs)

SSHEAT

(3692 J¥%1, 134 OTUs)

MREHAT e
= (1363 )71, 13 OTUS) w7

LR¥FAT

(4 463 J¥%1), 120 OTUs)

(e OTU F B, M+ BIE T OTU Fra & /75150

B2 FEEAGBHARREMAEFEHLFNEE OTUsS(A)SFFIB)HIHH
Fig. 2 The distribution of shared and unique OTUs (A) and reads (B) among different rock and soil samples
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e Core | ESUEX, I OM AR R EEHY; 52
10 gk/ﬁ{ JZ, Actinobacteria X} FEH OM 1 I EF AAK,
5 0S8 A5 Ca i & ¥ 1EAH X ; Alphaproteobacteria AHXT
g FHES pH, ARS K Ca SRR EIEAE;
N Y - IR [](Verrucomicrobia) AHXf £ OM it
2 B,

s 23 EARGEREBEEEEEESIELLE
i . LR, MR FI SS 1¢S5 #Y NSTI B 43514 0.139.
20 0.156 F1 0.168, PEIUERAMA AL, BRIRITHE . #EE5

RDAI (67.1%)

3 MEMESEAEREMERBXRB RSN
Fig. 3 Redundancy analysis of the relationship between bacterial
communities and physicochemical properties of rock (soil) samples

RDA R 3 AL SR ZEAE LA PCoA 43t
g, Nk 3 PR, WEREE o ZFEERES
OM i BB FIEME, HAME Ca FREEEFEN
F2E; Acidobacteria FHX}FEF LS pH Ml Ca FEER

R A LRI 4 ASZHER DI RESE N = BERTA A
[ (38 Al B S AR P R v e . A&l 4 T
Y iR AH C T RESE R A A X SE AR 3 AR
G347 SS>MR>LR. SS ZHAF: fit Hh G Ayl P8 T i A
AR CTIRESREH ) FJE B3 & F MR 4081 LR
4, LR A Ekakii G mor o ReSE R 32 5 2
MR ZH71 SS 4, UiHA4HTRHEH AT Gei i Z ALk
T A R

R3 HMERE o SHMER. ABENW@IMDENFEESEAER)ERZERHEXME

Table 3 Spearman’s correlations between a diversity indices, relative abundances of bacterial phyla (subphyla) and properties of rock (soil)

samples
pH oM P K Ca

ZREPERE R OTU -0.636 0.805™ -0.117 ~0.180 -0.859™

Chao 1 ~0.660 0.758" -0.143 -0.218 -0.881"

Good’s coverage -0.567 0.716 -0.229 -0.127 -0.821"

AN E TR Acidobacteria -0.729" 0.783" -0.047 -0.314 -0.919™

PR Actinobacteria 0.627 -0.797" 0.164 0.179 0.860"

Bacteroidetes —0.472 -0.316 0.8917 ~0.806" -0.118

Chloroflexi -0.800" 0.470 0.640 -0.680" -0.727"

Cyanobacteria 0.986" —-0.571 —0.481 0.769" 0.965"

Firmicutes -0.679" —0.044 0.912" -0.871" -0.370

Nitrospirae -0.901" 0.298 0.848" -0.896" -0.712"

Planctomycetes —-0.266 0.691" -0.516 0.209 —0.584

Alphaproteobacteria 0.975" -0.619 —0.442 0.735" 0.973"

Betaproteobacteria —0.800" 0.013 0.914" -0.959" -0.532

Deltaproteobacteria —0.958" 0.323 0.671" -0.903" -0.823"

Gammaproteobacteria —-0.813" 0.742" 0.116 —0.444 -0.923™

Verrucomicrobia -0.241 0.723" -0.538 0.245 -0.572

T RS P<0.05 il P<0.01 /K-
0.08 0.14r (B) 0.90 (C) 124 (D)
g 007} S & 0.80F S 122]
= 0.06} w013t sy 0701 I I
0.05} # = 0.60f o 1.20f
= = & 0507 = r
= 0.041 Z 012 Z 10l Z 118]
E 883 E 0.11 5 030] |
-l &2 & 0.20¢ 210
&] 001 R = 0107 S
0.00 0.10 0.00 1.10
LR MR  SS LR MR  SS LR MR  SS LR MR  SS
B Bl B B

(A, BREMRGAG B. BRIRETEE; C. #EBGAG D ANLER. B /NG BEAR [l A il ) 22 55 10 35 (P<0.05))
B4 S5 1RLHE KR TH BEE E R A% AE X 3 E R T

Fig. 4 Inferred microbiome functions associated with mineral weathering
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1.0
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X
<
a
3 0
a
-0.5
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-1.5 -1.0 -0.5 0 0.5 1.0 1.5

PC1(65.2%)

(CO1, pyruvic acid methyl ester; C02, Tween 40; C03, Tween 80; C04,

a-cyclodextrin; C05, glycogen; C06, D-cellobiose; C07, a-D-lactose;
C08, B-methyl-D-glucoside; C09, D-xylose; C10, I-erythritol; C11,
D-mannitol; C12, N-acetyl-D-glucosamine; C13, D-glucosaminic
acid; Cl4, glucose-1-phosphate; C15, D,L-a-glycerol; Cl16,
D-galactonic acid vy-lactone; C17, D-galacturonic acid; C18,
2-hydroxy benzoic acid; C19, 4-hydroxy benzoic acid; C20,
v-hydroxybutyric acid; C21, itaconic acid; C22, a-ketobutyric acid;
C23, D-malic acid; C24, L-arginine; C25, L-asparagine; C26,
L-phenylalanine; C27, L-serine; C28, L-threonine; C29,
glycyl-L-glutamic acid; C30, phenylethyl-amine; C31, putrescine)

E5 AREAGBE)HRBENEERERRERL

PCA 7 f
Fig. 5 PCA analysis of microbial community carbon source
utilization in different rock (soil) samples
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