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Figure 1.

I AN S X AL 7R S 5 E
The sampling sites (A) and images of sampling site 6 (B), 8 (C) for pool water and 7 (D) for dripping

water, respectively, in the Luohandu Cave, Guilin city, Guangxi province.
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Table 1.

Physicochemical parameters of samples in the Luohandu Cave, Guilin City

S0~/

Nich H
iches p (mg/L)

TOC/%  K/(mg/L) CI/(mg/L)

Ca/Mg

EC/(us/cm) DO/(mg/L) ORP/mV T/°C

w 8.7240.23 3.86+2.24 1.26+2.34 1.13+2.03 7.35+13.30 68.62+27.02° - - - -
S 8.77+0.68 1.22+1.05 0.45+0.35 0.24+0.12 3.22+4.03 4.22+17.41° — - - -

PW  7.66+0.18 -
DW  8.29+0.10 -
R 8.18+0.07 -

0.10£0.03 1.15+0.05 6.70+1.10 1.50+0.95% 585.83+18.42* 10.39+0.53 177.16+13.46 12.82+2.44
0.58+1.16 0.85+0.22 7.52+1.13 10.71+4.18% 318.17+29.80" 10.60+0.55 162.58+86.33 12.63+2.08
0.10£0.02 0.74+0.63 5.45+4.12 14.32+0.63® 139.67+13.65° 9.93+0.08 -

15.30+0.50

Statistical significance is assessed by one-way ANOVA, P<0.05. Different lowercase letters shows statistically significant

difference.

2.2 R[] A SR W VR W S A RRE A &
fe A A

B 7 A e T 1) Alpha Z A PERGA:
BEMi AR (3 2). A RERVLEIAY Shannon 5515
(8.43%0.74 F1 9.29+0.62), i ¥ AH KL AS K 54 4
Shannon & ZUAH % 42 K [(6.95+2.18)—(8.18+0.09)]
(¢ 2) o T ZK A0 b T 7] 2K ) 5L A 4577 1) Chaol
$5%0(2807+882) (% 2), MiKEBI/KPHUEYH
ACE. Chaol UL} Shannon $8& %0451 B 3K T
IR R K (3 2) BRAKTERUKFEASN, HAh
ARAE A v o A R 9 AR At 2B B W b e
W, (HY R 2R AR

F 2. BEMTNBAREREERE o-Z HFHEER
Table 2. The a-diversity indices of samples among
different niches in the Luohandu Cave, Guilin City

Community richness and diversity index
Niches

ACE Chaol Shannon  Simpson

w 1448.5+438.6° 1441.4+440.9° 8.43+0.74* 0.99+0.01%
S 1968.7+546.6™ 1969.1+545.8" 9.29+0.62% 0.99+0.01°
PW  1421.62955.3* 1403.3+922.7° 6.95+2.18% 0.93+0.06™
DW  2834.2+900.4° 2807.2+882.1° 8.11+1.39° 0.96+0.03°
R 2351.3+74.3® 2268.6+53.4" 8.18+0.09 0.96+0.01™

Statistical significance is assessed by one-way ANOVA,
P<0.05. Different lowercase letters shows statistically
significant difference.

VKN |, AT ] (Actinobacteria) . 78T
"] (Proteobacteria) Lk J% i #1 1 | ] (Acidobacteria)
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TEWRARREAS AR PR 22 5 B O 58 T [ AH
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A YRR I 2 5 AR R . &R
(Actinobacteria) 1) A % = B2 75 0 BEAE 5 o 32 5 42
w3 7% JE B 1] (Proteobacteria) I 481 A1 & ']
(Bacteroidetes) i AH Xt 7= J3 78 WA AR AR o B
WS TAREMUURRY) ; BRFTF AT ] (Acidobacteria) .
ZF B 7 1] (Gemmatimonadetes) 1 i 4 12 it i 17
(Nitrospirae) 7E %5 BE A1 I B Ho AR X = 8 i F Il
HIREAS . 5T 1T (Chloroflexi) e TURRPIFE A
X B (B 2-A) . TERTE W, B2 2N
(Betaproteobacteria, 8.13%-30.66%) Fly-25 1 4 44
(Gammaproteobacteria, 5.07%-42.65%)7EFi A £
A R LA R AR Ry AR TR A
(Gammaproteobacteria) 7 75 B H A X 4 B 2 5 T
6] — AL TR AR, A RUK | 7K 5
] K A )-8 T B 44 (Gammaproteobacteria)
FRFE X = J3E 1 %5 85 (9.82%—-42.65%) (/&1 2-B).,
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Figure 2. Microbial community compositions and microbial indicators of different niches in the Luohandu cave,

Guilin city, Guangxi province. A: the microbial composition of the top10 phyla. B: the relative abundances of the
classes within Proteobacteria. C: non-metric multidimensional scaling analysis of microbial communities based
on ASVs. D: the indictor groups in different niches based on LEfSe (Linear discriminant analysis Effect Size)

with the LDA score>4.
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Figure 3.

Redundancy analysis (RDA) between environmental variables and microbial communities in solid

samples (weathered rocks and sediments) (A) and in liquid samples (dripping water, pool water and ground river
water samples) (B). The correlation between environmental factors and the top 10 microbial genera in solid

samples (C) and in liquid samples (D). *: P<0.05, **: P<0.01, ***: P<0.001.
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Figure 4. Co-occurrence networks of the microbial communities in the Luohandu Cave (based on Spearman’s
correlation between ASVs) Guilin city, Guangxi province. All the connections have a correlation
coefficient >|0.6] and a P<0.05. Nodes were colored by modules (A) and by bacterial phylum (B). C: the relative
abundances of ASVs in different niches within individual modules. The size of each node is proportional to the
number of connections. Positive links are in and negative one in green.

actamicro@im.ac.cn



WREELA | PR, 2021, 61(12)

4127

wi ], HPBBET] . &R, BAFwETT 34
M1 2, iR R 77%LL E(K 4-B).
H A /i e P (betweenness centrality)if4y,
JEHEA T =R R o R OB, e T
Y 52 I PR 7 & (Sphingomonas) . FE -k v [ B
#}(Beijerinckiaceae) i) — > A 35 7% J@ i R IC
I J& (Pseudonocardia).

D 28 o BT T R0 B 8 S BB (B 4-A),
1-6 it i BT A1 M 28 BB b B
RIS TS A WA . ik 4-C Fros, 18
B 1#0 2 v, 28T ROk B A RE; TERIR 3, 4
6, ZHCH SR A TURY; WAHREAR
TR AR 5 h
2.5  [EIAHEE S AR AR AS RO B VR A

DR 7 A e v I BNTI {E R 247 T
-2 F+2 Z[A](1&] 5-A), KUY R R DLRE
LRGSR G = b, BENLLE R AR B AR A A
FARE AT V5 4 22 oh (9 STRR 3 4000 2 51.25% FN
64.76% (/&1 5-B). HARFIB g5 id /e, [
A A e iy P o R e 199 S T 3 43 R 9 o ik 4

Sy B TERR 26.75%7F1 21.99%; FlHLE L A 1Y
JE ™ BRI AS B 4 3 A 0 301l DR 40.42% 701 10.46%
WARREAS H, BTRREE H s BRI R A W] o 7
(28.57%) . [fi] Ji E£5(25.71%) . Y T 47 1 (24.76 %) ,
P L PR ] (10.48%) F1 5 B £ 5 (9.52%) (%] 5-B)-
3 it
3.1 R A M A R S R R IR B R
DU AR A W B 7 S s v B Y A B
Froedh, ANRASREEBEAR . 5AMPFRER
W2 RE AR WA U T o 3 St 7 B0, Ak
WFFE 45 et UE I 13k — Wk o e P i 2k
W BT LA SR AT BT BB AR R s, 37
Bl 39 v 5 oAy o DT[] sk e S A i K
FURY s b s3] TRt AR
B, B-ZZJE IF 4 (Betaproteobacteria) & = 4 /K
FBUK/NE SR O, T I AEAE T AN AR
FHKEBUK S, IF 535 SR ax HA
5T HPKTE UK BB R A — B0, TFET K/
Hergdp, R y-Z8 I 1 44 (Gammaproteobacteria)

(A) (B) 100
10 f
80+ Deterministic process
= Heterogeneous selection
St e§ 60 L = Homogeneous selection
& g
[z s Stochastic process
3 L :
= £ 40} Undominated processes
& B =Dispersal limitation
20 + Homogenizing dispersal
=5F

Solid Liquid

Solid Liquid

5 I AENTINAEMBEAFRBERE BNTI (A) AR AR EZSS T3 8 & M i sEk(B)

Figure 5.

BNTI values (A) and the contribution of individual ecological processes to community assembly (B)

in solid and liquid samples in the Luohandu Cave, Guilin city, Guangxi province.
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Abstract: Caves are extreme environments with permanent darkness and limited nutrients, which serve as natural
laboratories to study the subsurface deep biosphere. Although microbial communities have demonstrated strong
niche specificity in different caves, the environmental driving mechanism of microbial communities and the
ecological processes responsible for community assembly in different niches particularly those in
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different substrates e. g. solid versus liquid samples were poorly understood. [Objective] Here we aim to explore
the environmental driving mechanisms and community assembly process of bacterial communities in different
substrates e. g. solid versus liquid samples combined with physicochemical properties. [Methods] To this end, a
karst cave, the Luohandu Cave in Guilin city, Guangxi province, locating in the typical karst region in southwestern
China, was selected for a systematic investigation of microbial communities. Solid samples (weathered rocks and
sediments) and liquid samples (dripping water, pool water and ground river water samples) were collected along the
cave and subjected to high-throughput sequencing of 16S rRNA gene. Meanwhile, physicochemical properties of
these samples were analyzed. [Results] Results showed strong niche specificity of microbial communities in the
Luohandu cave. Actinobacteria and Acidobacteria dominated bacterial communities of weathered rocks and
sediments, respectively. In contrast, water samples were dominated by y-Proteobacteria. Redundancy analysis
(RDA) between microbial communities and environmental variables demonstrated that temperature, weathering
index and SO,*" concentration significantly affect microbial communities in solid samples. USCyand Pseudomonas
positively associated with temperature, while Pseudonocardia, Solirubrobacter and Gemmatimonas negatively
correlated with temperature. However, microbial communities in water samples were significantly controlled by
electrical conductivity (EC) and dissolved oxygen (DO) as indicated by RDA. The co-occurrence network of
bacterial communities was characterized by a good modularity with nodes from liquid samples locating in the same
module, indicating a niche preference. Positive links dominated in the network, suggesting a corporative strategy
among different microbial groups to survive in caves. Different ecological processes were found to be responsible
for bacterial community assembly in different substrates. Deterministic process (48.75%) and stochastic process
(51.25%) contributed almost equally to bacterial community assembly in solid samples, whereas stochastic process
(64.76%) dominated the microbial community assembly in liquid samples. As for the individual ecological
processes, homogenizing dispersal, undominated and dispersal limit in stochastic process contributed 40.42%,
10.46% and 3.13% to community assembly respectively; whereas homogenous selection and heterogeneous
selection within deterministic process contributed 26.75% and 21.99%, respectively, in solid samples. In liquid
samples, individual processes contributed to community assembly in order from high to low were undominated
(28.57%), homogenous selection (25.71%), homogenizing dispersal (24.76%), dispersal limitation (10.48%), and
heterogeneous selection (9.52%). [Conclusion] Our results for the first time revealed the different environmental
driving mechanisms and different community assembly processes underlining microbial communities living in
different substrates (solid versus liquid). This study offers a new window to understand the interactions among
microbes and their environments, and interactions among different microbial groups in the subsurface biosphere in
caves.

Keywords: extreme environment, karst caves, bacterial communities, environmental driving mechanism,
co-occurrence network, community assembly
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