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H E: ERsmERATHZERA TR X ARALLT 405 RALMT 2412 A RE 5 DLSCREE XA (F 4)RE A It 4, Fl
FHANEE 16S rRNA F:F 73 il il P BRI E A R A ERE S 5 2R, HREE TUR T (RDAMRST A AR fh B ot
FOFEMERE SR . SRR ZXECEAE TGS LT 4UE AR AR o ZRETRE(EEE Faith’s REERF
ZHMAE4(PD) . Shannon 784X . Chaol FEEUAAFHEFEA AEE OTU B RE R T MT 4Ufl F A5 a5, H o 2R
BEWRAAYR S22 B F EMHXE=0.80 ~ 091, P<0.01). ZXIMCARAMRE LR FEFOEE Firmicutes(REERE T, AHXF 8
66%) . Proteobacteria(ALTE 1], 15%)Fl1 Actinobacteria(UZER 1, 11%). PCoA Fil UPMGA RIS/ et R s 3 4 E Ak a2
MR BEEAEAE D E 225 . Firmicutes W [ AIAHXT 32 B i m 24098 MT 2H>F ZH>LT 4, Actinobacteria F11 Proteobacteria [ ] F{4H
Mot B R B 3R LT Z0>F Z>MT 4. RDA 4550 SR s AL BB Tz X A Ak, 93% MBEEAR R, HAF A Ca
S RUA T AR S S i EEIRSI N R, R T 36.6% BUREIKLEHIIE R . MM R ISR (5 Firmicutes 4h)
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Biodiversity of Bacterial Communities Inhabiting Slate Surfaces of Debris Flow Areas in

Dongchuan, China
ZHAO Wenyu', YANG Bin', CHENG Cheng', WANG Qi'", ZANG Shenggang®, SHENG Xiafang’

(1 School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2 College
of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The low weathered (LT) and high weathered (MT) rock samples from the source area, and the rock samples from the
circulation area (F) of Jiangjiagou debris flow in Kunming City, Yunnan Province were collected as the materials. The
high-throughput sequencing of bacterial 16S rRNA gene sequence was used to study the community structure and diversity of
bacterial communities inhabiting rock surface, and the driving effects of the physiochemical properties of rock samples on the
variation of rock epiphytic bacteria community were explored through redundancy analysis (RDA). The results indicated that the
rocks in this area belonged to slate. The a-diversity indexes of bacterial community in rock samples of LT group (including Faith's
phylogenetic Diversity index (PD), Shannon index, Chaol index and the number of unique OTUs in each sample) were
significantly higher than those in rock samples of MT group and F group, and a-diversity index was significantly positively
correlated with the organic matter content of slate (»=0.80 — 0.91, P<0.01). The dominant populations of surface bacteria in the
slate included Firmicutes (with relative abundance of 66%), Proteobacteria (15%) and Actinobacteria (11%). The results of PCoA
and UPMGA showed significant differences in the bacterial communities of the three rock samples. The relative abundance of
Firmicutes from high to low was MT group >F group > LT group, while the relative abundances of Actinobacteria and
Proteobacteria from high to low were LT group >F group >MT group. RDA results showed that physiochemical properties of slate

explained 93% of the variation of rock sample community, and the content of available Ca was the main driver for the variation of

OHATHE . FHF HRPEIEA T I E 41977040, 42077288, 42273079)F1 % 54k & 5 51 #E1+R1 55 H (110000216220228007)% Bl .
* Sl HAE# (qiwang@nuist.edu.cn)
EE A R EERQ000—), PUJIAGERA, B0l , E8MNEE b YA 5 PR SEMISE . E-mail: 202212330012@nuist.edu.cn
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the bacterial community inhabiting salte surface, which explained 36.6% of the toral variation. The relative abundance of

dominant phyla (except for Firmicutes) were significantly positively correlated with the contents of available Si and Mn, while

negatively correlated with the content of available Ca. This study further enriches the resources of rock surface microbiota and the

driving mechanisms of variation in rock surface microbial communities.

Key words: Slate; MiSeq sequencing; Epiphytic bacteria; Biodiversity; Community structure
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Fig. 1 Images of the sampling sites
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1) % 3 3 W O R B0 A BT A R AN [RDRLAR
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1.3 EHAHm DNA REL, PCR ¥ 5 MiSeq &

EENF

FREL 1 g A A1 kRS A B Fast DNA® Spin kit soil
(MP Biomedicals, Santa Ana, CA, USA)I& 7| & 2 U
T E DNA, 2% Wang P98 05, FIH
S15F/806R 541X 4T 16S rRNA FEH V4 [ A5 [X
24 300 bp )P AT PCR Y3 B39 LS
T 12 bp MY barcode PAIX A AN[RIFESL . SRS, fiff
A Illumina MiSeq PE250 *F- {5 (Illumina, San Diego,
CA)XTZIALS 9 PCR A Sl AT i 38 f2 X R o
WA T A B E NCBI g, Bx5H
PRINA985102,
1.4 #HEFHITHW

FIH i-Sanger = 4l 4 7 °F & (http://www.
isanger.com) X = i 12 W 7 ARAS O B S HEA T oA .
YRR S, FIF UCLST K B it 17 91 3 2K
OTUMIMMEAML T 97%%), FIH RDP Hdx} 44
OTU #1455, EFHIME R 0.80%7, ik G AN IRl
JP IR BEXTEE AT 7= AR T, IR FEA B A LA
110 000 ZRFFIIEATIREE o Fl B ZREME M. 1HEHE
Shannon F5%(** . Chaol #5448 HI Faith RE A B L
FEPERE B (Faith’s PD)POUR AR FLAS A RIRE S H] o 22
FEPER 225 o SR FARFRSI BT (PCoA), F3 AR Hi it
Y Bray-Curtis #5525 . AMALAY unifrac #5250
KLY unifrac FEEY, PEANAEA Z [ RAE M0 RE T 2H LY
25, 3R ANOSIMEFI ADONIS 23 ArB2%} 24 5
W B E TR . IEAh, A UPGMA JEXTHEE
A EAT R A R 1B EFT RDA S04 LA
PRI A AR R AR 5 A 2 A Al B RV AR S 11
IREEA . 18id Spearman AHICME /3 HTHERIT 40 1 BETE
o ZAREVE | DS BRT TR TR S R 22 ) AT i A A S
(SPSS v.21)P4, FIFH| Tukey-Kramer HSD #6546 A ] kb
) 2 5 1 24

2 ZER591M%h

21 AEREEERESELER

nFk 1 P, ARFESAEARE AL K. Si
Al Mn SR AAIURAAEREES . AREE Al &
i EUERAR R LT >MT 4>F 40, s K &8
i BMRAR K S MT 4H>LT 4H>F 4H. ARE Si. Mn
FA ML il s IR O LT 41>F 4>MT 41,

MT 1M F ARA RS Ca S %A RFEES, B
T LT 410 5 A A b 2 S v (pH 7,79 ~
8.40).

F1 PEXAREAERMLFHER

Table 1 Chemical properties of different slate rock samples

A2 LT 4 MT 41 F 4
HHA Na(mgkg) 9.4+04b  9.0+05b 114+10a
HRA Fe (mg/kg) 112+5a 92+3b 129+25a
F3AS Mg (mg/kg)  394+26b  597+40a 377+6b
B Al (mg/kg) 524 +41a 244 +8b 54+ 11c
AR K (mglkg)  60.5+£2.7b  769+52a 41.3+39¢
FRA Si (mg/kg)  414+23a 130£7¢ 169+ 10b
FHHE Mn (mg/kg) 30.7+08a 13.6+09c 27.0£0.6b

A Ca(mg/kg) 784+49b 2369+586a 2295+143a

AHLE (gkg)  8.19+0.15a 5.75+0.05¢ 7.67+021b

pH 7.87+£0.08¢c 833+0.07a 8.17+0.05b

T RPEIEVIME £ ARUER@=3); RATAR/NG Fbk
FoNHE i [A] 22 57 1 35 (P<0.05),

it A XRD Ai5 0T, AR IrR S
FR) A RE B 38 R AR, AN TR A R o LA AR LAY
WA sy, FEAREERA . miea . BRERA
Pe(Kl 2) HAFFEEMIE, (FE MT 48 Ak E
T )5 AT AR (d=3.21) . ANIR)EA0RE S R A2
b7 Fnge 2 firs , HhaRo B o H A R B AR T
s LT 4>MT 41>F 41, %KW 3 et n xk
FEPE IR RN SRR LT 41<MT 41<F 41,
22 AERUEBEEREREDREE o ZHY
YHPAHETS 16S TRNA JEFEN P IL5RAS 123 369 4%
TR RS (B FE AN 11 662 ~ 15 258 24 B 51).
XA IEIE T 29 ANTT, 92 44K, 134 ~H A
200 FF. HA Firmicutes(JRRER ], AHXT 2 & L
66%) . Proteobacteria(ZE L ], X FEF 15%).
Actinobacteria(FLZE R[], AR EBE 11%) WA E AT
VL Faith’s R4 K T ZHE1ETE8((Faith’s PD).
Shannon #8#{. Chaol #§%UFIAENFE G AL 45 A9 7l 4F
OTU %t BAE M ¥8 b HL R R 241 2 40 B i 2 A 40 v
BRI o ZREME, S5RINAE 3A PR, ANEAE AR
inlE o ZFEEATER E 2R BA L, LT 48 A
i RS o SRR B W S T MT 4080 F 41
FrARER, RIS RE G R A A o
SRR
23 AERUEERSREMDFEEE P SHFE
JF Bray-Curtis AU 5115309 PCoA 43l
UPGMA RIS Mgt Aok H#E OTU JKF B[RS A
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Fig. 2 Mineralogical compositions of different rock samples

*2 TRERFMRAEAN

Table 2 Compositions of particle size fractions of different slate rock samples

FE b KRR (%, mim)
>2 000 pm A 200 ~ 2 000 pm HHb 63 ~ 200 um b 2 ~ 63 pm W <2 pm Bk
LT 348+021a 5944094 1.42+0.06 b 3.71+031b 0.12+0.01 a
MT 29.6+0.17b 629+1.38a 33140122 63740232 0.14£0.02a
F 27.7+0.09 ¢ 62.1+2.56a 3.09+0.12a 6.41+£0.19a 0.13+0.01 a

T RPEAR N FIE + ARfERn=3); FIFUARRE/NG FEERR R ) 22 5 135 (P<0.05).

FEaRAE MR BRI A 22 5, 4518 3B, 3C i
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HEAE R E 2R . X—45iethit—4 ) ADONIS
F1 ANOSIM F3 A BT IESE (3R 3)-

TEITKF B, LT 45 FEM Actinobacteria 1
Proteobacteria B[ JAIAHXT 8 femy, KR F 41,
MT ZH A R b AR 2 B AR, AN RLA AR AL 3R
HANTE ERE Chloroflexi(28Z5 & [ ])M1 Firmicutes
[T AR = B2 = B A3 0 o MT 41>F 40>LT 4.
ASTRLRAE 1. 5 A1 22 AN TR WK L AR S RE A AR
X FERA TSR (D 3D). b AH X 32 B A i 1)
Firmicutes B[], MT 41 Bacilli(FF & 49) (1 A X 32 5
i, HKJEF4l, SREE LT 4.

TEEACE L, 39N LT 26, MT 2HM1 F 454
FEMSEE R 190, 125 FI1 172 AR - AWF705 5 frfs
FEHIAINTFRE 0.25% LA B & a2 SCH AR H g . a0

= 4 P, MT 4080 F 48 AR5 Lactococcus(FLER
W E). Streptococcus(55BRH)E) . Lactobacillus(FLERFT
H&). Leuconostoc(M IR E) . Bacillus(GF{OFTH
J&). Solibacillus(FRM IR ZFAUATRR) . Lysinibacillus
(AR ZFAT R E) . Exiguobacterium(f/MTHEIE) |
Brochothrix(# 221 J& ) . Caulobacter(FA ¥ 1 J& )
Pseudomonas(5 MU &) A AN F B B35 F LT 4
AAEER . T LT 45 A FEm SR8 T Actinobacteria
W 1B Modestobacter (A FHATHIE) . g T
Bacteroidetes B[ 1Y Flavisolibacter(¥i 0 IR )E) .
)& T Planctomycetes | JH) Gemmata(H ZFHE) .
Alphaproteobacteria #4411 Sphingomonas(¥ ¥ e g
W @)1 Methylobacterium(F 3EFT 14 )& ) LA M S E A4k
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Fig. 3 Comparison of a diversity indices and bacterial community compositions inhabiting different rock surfaces

%3 LT. MT 0 F HE AR RREMERHEHEME LR

Table 3  Similarity comparison of bacterial community
compositions among LT, MT and F groups

1 B A R 1 g ezl AR PfE
Bray_Curtis ADONIS 0.942 0.005™
ANOSIM 0.998 0.001"
FIMALH unifrac ADONIS 0.931 0.005™
ANOSIM 0.992 0.004"™
TN unifrac ADONIS 0.966 0.001"
ANOSIM 0.996 0.003"

T R gl 22 57 .35 (P<0.01).

fE OTU 7K I+, 3 NARERFEAL s i A
AR E] 3 114 4~ OTU, H:h 281 4~ OTU /& 3
HAAFEMIEA R OTU, (AP 9.5%, 3%
WXLty OTU KZEFEWHr, A A A YA
1 OTU KZ R+ & HHRMYF(E 3E). Kb, LT
A OTU (/5 3 114 4~ OTU # 41.8%) KT MT
2H(7.6%) 1 F £H(2.5%).

24 FEAREHAMERMIREREARFEENZMN

5 RDA B 5 3 AH 5 (P<0.05) i A1 BRAL R 7 (£
FHCA ARG Ca, Mg, Si Al Mn B35 #BkiE
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Table 4 Distributions of abundant genus among different rock samples

S 4A), ARG Ca S B U e AN FERE AR
M FEETRkE, R T 36.6% ARSI (X 4B),

WITAET) [ AR R (%)
LT MT F

Actinobacteria Arthrobacter 5.82+0.25b 7.15+0.89 a 6.67 +0.86 ab
Actinobacteria Modestobacter 0.81+0.03a - 0.04+0.02b
Bacteroidetes Flavisolibacter 0.26+0.07a 0.01£0.01b 0.01£0.01b
Firmicutes Lactococcus 1.64£0.07b 370+ 0.35a 2.55+1.07a
Firmicutes Streptococcus 1.18+0.15b 242+043a 240+021a
Firmicutes Lactobacillus 0.20+0.04 b 0.45+0.07 a 0.46+0.10a
Firmicutes Leuconostoc 0.11+0.02b 0.32+0.07 a 0.21 +£0.05a
Firmicutes Bacillus 4.52+1.06c¢c 1292+0.75a 1041+1.20Db
Firmicutes Solibacillus 0.14£0.02b 0.39+£0.09a 0.34+£0.09a
Firmicutes Lysinibacillus 0.57+0.11b 1.64+0.15a 144+0.23a
Firmicutes Exiguobacterium 0.22+0.05b 0.64 +0.07 a 0.57+0.13a
Firmicutes Brochothrix 0.08 £0.04 b 0.37+0.06 a 0.27+0.08 a
Nitrospirae Nitrospira 0.31+0.03a - 0.09+0.07b
Planctomycetes Gemmata 0.29+0.05a - 0.01+0.01b
Alphaproteobacteria Caulobacter 0.15+0.04b 0.49+0.25a 0.54+0.04 a
Alphaproteobacteria Kaistobacter 7424052 a 0.05+0.01 ¢ 0.32+0.15b
Alphaproteobacteria Sphingomonas 0.59+0.09 a 0.03+0.03b 0.02+0.02b
Alphaproteobacteria Rubellimicrobium 0.88+0.06 a 0.01 £0.01 ¢ 0.12+0.02b
Alphaproteobacteria Rhodobacter - - 0.69+0.58a
Alphaproteobacteria Agrobacterium 031+027a 0.01 £0.01c 0.06+0.04 b
Alphaproteobacteria Methylobacterium 0.36+0.01 a 0.01£0.01b 0.03+0.02b
Betaproteobacteria Hydrogenophaga - - 1.42+0.96 a
Betaproteobacteria Limnobacter - - 0.94+0.70 a
Betaproteobacteria Thiobacillus 3.62+£0.20 a - 0.07+0.03b
Gammaproteobacteria Pseudomonas 1.45+0.19b 4.10+£0.84 a 3.92+0.63a

T RPEERNFIE £ fifiRe=3), “=" FoR AR, FATAR/NG 5 7m i i) 22 53 1.2 (P<0.05).
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Fig. 4 Redundancy analysis of bacterial communities inhabiting slate rock sample surface, which depicts correlations between bacterial
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FAEMERTE o ZFERBS A ORERARE
Ca fll Mg S W E A, 5AHES Si il Mn &
R EIEMCGEE 5). A, FAEMERE o 25
PEFREC S A DL & i S IEAHDG(=0.80 ~ 0.91, P<0.01),
5 pH B HAHE(= —0.93 ~ —0.91, P<0.05). MifH
IT(B& T Firmicutes)AHXF ¥ 5A %S Si f
Mn &2 REEML, M5HME Ca HRERFE
UiV P

%*5 RDAMAGGAMNERELERERSREAEIE
o BRI R AEEIENEE Z B ETHEXE
Table 5 Spearman's correlations among a-diversity indexes, relative
abundances of bacterial phyla with rock properties selected with
RDA model

AR Ca AHE Mg ARG Si ARG Mn

OTU -0.853" ~0.653 0.936" 0.834"
Chaol -0.776" —0.694" 0.910™ 0.832"
Faith’s PD —0.834" -0.708" 0.925™ 0.872"
Shannon -0.907" —0.542 0.973" 0.760"
Acidobacteria  —0.932" -0.436 0.992" 0.681"
Actinobacteria  —0.905" -0.492 0.952" 0.719"
Bacteroidetes ~ —0.968" -0.414 0.9817 0.689"
Chloroflexi ~ —0.930" —0.422 0.973" 0.671"
Firmicutes 0.904™ 0.519 0973  -0.739"
Proteobacteria  —0.829" -0.602 0.927" 0.781"

W *FTRTE P<0.05 KPR EMC, **FRRTE P<0.01 /KF
WEME, n=9,

3 ihie

RIRVEZS RGP AETEE RIR A DR,
Lepleux 25215 B K A7 2 4= A0 0O e S i £ Bk
Proteobacteria(F X%} 3 5 50% ~ 73%) . Bacteroidetes
(7% ~ 37%)Fl Acidobacteria(1% ~ 16%). 4 ML+
RAEME PR R HE R Actinobacteria (22% ~ 28%) .
Chloroflexi (16% ~ 23%)F1 Firmicutes (7% ~ 20%)"7,
LA FREME T RS EREA Actinobacteria(Af
Xf = ¥ >80%) , Ifj Proteobacteria 5 b <2.3%;
Cynobacteria (#5401 A KA FI KA 324240
FREVE T B SRR, XTS5 >12%
>20% P ARG A B, MU R AN A R
5390 R Firmicutes(AH X F & 5 b 34% ~ 83%) .
Proteobacteria(7% ~ 28%)#1 Actinobacteria(8% ~ 19%)
(K 3), SHAbS A RAEAMERE B AR, A5
tr, Firmicutes St R HARXS B memy IR 1],
e RIR IR AR it A rp s A7, 2EAT LI
1443 i R it EEZEVE T, Firmicutes B8 1119
TRZ TR AT LA Az 2460, BEHRAE B /K Rk i PRI o A%
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RN HIE . Bacillus J& AR R4 Fp 740 L A+
e v 25 R Bl R 3] 1208 40451 U3 nl g 2 RO B AT TR
il B RS A K R A A v A5 2 FE A
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