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1.1

2018 4 ) 11 )
20 C 5
( 29°42°N 116°26°E)
50 mL
A( ) B( )2

300 s.95 °C 30 s.55 C 45 s
72 °C 600 s. PCR

72C 90 s 35

1.4 16S.ITS

DNA
338F( 5 -ACTCCTACGGGAGGCAGCAG-3")
806R ( 5" -GGACTACHVGGGTWTCTAAT3") 16S

rDNA PCR ; ITSIF( 5"-CTTGGT-
CATTTAGAGGAAGTAA3")  ITS2R( 5"-GCTGCGT-
1.2 TCTTCATCGATGC3?)  ITS OME-
LB.TSA  PCA GA PCR
37 C 2d Invitrogen Qubit 3 DNA
\ \ ~ 8 ~ 16S rDNA
. ITS Mumina HiSeq2500
20% PE250 (
-80 °C ).
1.5
1.3 DNA 16S rDNA TB GREENTM Premix Ex TaqTM II (
0.5¢g Fast DNA TakaRa ) ABI 7500 Re-
@® Spin Kit for Soil ( MP Biomedicals) al-Time PCR System
DNA DNA  16S rDNA.ITS PCR(
OMEGA 1). 20 pl
DNA . 10 pL. TB GREEN Premix Ex Taq Il (2 x)
27F ( 5" AGAGTTTGATCMTGGCTCAG3") 0.8 wL.0.4 pL ROX Reference Dye Il
1492R ( 5"-TACGGYTACCTTGTTACGACTTS3") 1 uL DNA 7 L
PCR PCR 95 °C
1 PCR
PCR
165 (DNA Eub338 ACTCCTACGGGAGGCAGCAG
Eub518 ATTACCGCGGCTGCTGG 95 C5s 53 C 30 s
TS 5.8S CGCTGCGTTCTTCATCG 72 °C 30 s 40
ITS1f TCCGTAGGTGAACCTGCGG
2
2 /%  pH /% /%
A, 25.00 5.93 0.19 2.23
2.1 A, 22.98 6.21 0.20 2.41
A, 24.85 5.67 0.23 2.16
( 2) A A, 23.55 6.01 0.19 2.34
249 B A, 27.75 6.22 0.16 2.09
30% .2 6.26% . B B, 30.78 6.44 0.15 1.74
pH A 0.26 A B, 30.70 6.81 0.16 1.81
B B, 31.35 5.91 0.18 1.71
2.2 PCR B, 30.80 6.23 0.14 1.79
B; 31.96 5.93 0.17 1.72
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1.0 x10° ~1.0 x 10" Copies * ( Gemmatimonadetes) 10
pl™! 20 pL
1 3 (29.58% ~171.21%) (6.85% ~
24.65%) (13.59% ~32.09%) .
C, .
16S y=-3.305 Ig C +35.755 (54.01% ~172.98%) (6.71% ~
R*=0.999 E, % =1 000. 720 C 12. 85%) (9.15% ~13.71%) .
ITS ITS

y=-3.591g C +37.895 R>=1.00
E,% =89.773.

Copies = g~ (
0.5) Copies * uL.™".

3.0x10°f
2.5%10°}
2.0x10°f
L5X10°F
= 1.0Xx10°F
w
= 5.0X10°
=
6.0 107
w
& 5.0x10°

4.0X10°F
3.0X10°
2.0X10°
1.0X10%F
0 . L
Al

A2 A3 A4 A5 BI
e

B2 B3 B4 BS

4.0x10°}
3.5% 10}
3.0 10}
2.5%10°}
2.0X10°}
15X 1050
10X 10°

ITS#E N

= DO 0O OO =
coocococoo

X102
X 10%

X103+
X103+
X10%F
X 10% | |
X 10°

0

Al A2 A3 A4 A5 Bl
e

B2 B3 B4 BS

1

3.1
( 2(a))
( Actinobacteria) .
( Proteobacteria) .

( Chloroflexi)

( Firmicutes) .

( Acidobacteria)

( 2(b))

= Aeromonas

gaiella
( Pseudomonas) ( Bacil-
lus) NCBI SRA
SRR10048496—SRR10048531.
100, M Unassigned
B Others
80 B Nitrospirae
= Bacteroidetes
® Gemmatimonadetes
= 60r
< .
i W Dependentiae
E B Patescibacteria
Z 40 ® Chloroflexi
B Firmicutes
20H M Acidobacteria
W Proteobacteria
0 m Actinobacteria
Al AZ AB A4 A5 Bl BZ BB B4 BE
P
(a)
® Unassigned
® Others
- uncultured bacterium c
MB-A2-108
» Paenibacillus
uncultured bacterium c
Subgroup 6

® Subgroup 10
® Gaiella
® Crossiella
® Bacillus

= Pseudomonas
m uncultured bacterium o_
Actinomarinales

AAAAABBBBRB

17727783 774°571 7273 7476

Wb
(b)

3.2

115
16S rDNA ( 3).
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3 6 26 10 9 ; 14
12 10 ; 1 ; 2
9 ; 2 1 ; 1 1
2 ; 1 1
1
3
JXJJ4 Acinetobacter johnsonii strain ATCC 17909 NR_117624.1 TSA
JXJI3 Aeromonas hydrophila strain ATCC 7966 NR_074841. 1 TSA
JXJ]4 Aeromonas media strain RM NR_036911.2 TSA
JXJJ-6 Bacillus paramycoides strain MCCC 1A04098 NR_157734.1 TSA
JXJI9 Bacillus wiedmannii strain FSL. W8-0169 NR_152692.1 TSA
JXJJ43 Pseudomonas alkylphenolica strain K128 NR_145644. 1 TSA
JXJJ44 Pseudomonas baetica strain a390 NR_116899. 1 TSA
JXJJ45 Pseudomonas donghuensts strain HYS NR_136501.2 TSA
JXJJ16 Pseudomonas japonica NBRC 103040 NR_114192.1 TSA
JXJJ47 Pseudomonas mohniistrain IpA2 NR_042543. 1 TSA
JXJJ49 Pseudomonas parafulva NBRC 16636 NR_113856.1 TSA
JXJJ21 Pseudomonas reidholzensis strain 1D3 NR_157777.1 TSA
JXJJ22 Pseudomonas wadenswilerensis strain 1D2 NR_157778.1 TSA
JXJJ23 Serratia quinivorans strain 4364 NR_037112.1 TSA
IXJJ27 Bacillus albus strain MCCC 1A02146 NR_157729.1 PCA
JXJJ28 Bacillus amyloliquefaciens strain NBRC 15535 NR_112685. 1 PCA
IXJI29 Bacillus mobilis strain MCCC 1A05942 NR_157731.1 PCA
JXJJ30 Bacillus muralis strain LMG 20238 NR_042083. 1 PCA
JXJJ33 Bacillus nakamurai strain NRRL B-41091 NR_151897.1 PCA
JXJI35 Bacillus simplex strain LMG 11160 NR_114919.1 PCA
JXJJ36 Bacillus velezensis strain FZB42 NR_075005.2 PCA
JXJJ37 Glutamicibacterarilaitensis Rel17 NR_074608. 1 PCA
JXJJ39 Pseudomonas alkylphenolica strain K1.28 NR_145644. 1 PCA
JXJJ41 Serratia quinivorans strain 4364 NR_037112.1 PCA
JXJJ43 Acinetobacter johnsonii strain ATCC 17909 NR_117624.1 LB
JXJJ44 Aeromonas media strain RM NR_036911.2 LB
JXJJ45 Bacillus amyloliquefaciens strain MPA 1034 NR_117946. 1 LB
JXJJ46 Bacillus mobilis strain MCCC 1A05942 NR_157731.1 LB
JXJJ49 Bacillus wiedmannii strain FSL W8-0169 NR_152692. 1 LB
JXJJ-52 Pseudomonas alkylphenolica strain K128 NR_145644.1 LB
JXJJ53 Pseudomonas baetica strain a390 NR_116899. 1 LB
JXJ]-54 Pseudomonas donghuensts strain HYS NR_136501.2 LB
JXJJ-55 Pseudomonas japonica NBRC 103040 NR_114192.1 LB
JXJJ-57 Pseudomonas jessenii strain CIP 105274 NR_024918. 1 LB
JXJJ58 Pseudomonas mohnii strain IpA2 NR_042543.1 LB
JXJJ-60 Pseudomonas reidholzensis strain 1D3 NR_157777.1 LB
JXJJ-63 Pseudomonas wadenswilerensis strain 1D2 NR_157778.1 LB
JXJJ-65 Acinetobacter johnsonii strain ATCC 17909 NR_117624.1 TSA
JXJJ-66 Aeromonas hydrophila strain ATCC 7966 NR_074841. 1 TSA
JXJJ-69 Aeromonas media strain RM NR_036911.2 TSA
JXJJF0 Pseudomonas alkylphenolica strain K1.28 NR_145644.1 TSA
JXJJ91 Pseudomonas baetica strain a390 NR_116899. 1 TSA
IXJJ492 Pseudomonas donghuensis strain HYS NR_136501.2 TSA
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JXJ143 Pseudomonas japonica NBRC 103040 NR_114192. 1 TSA
IXJJ94 Pseudomonas jessenii strain CIP 105274 NR_024918.1 TSA
IXJJ97 Pseudomonas mohnii strain IpA-2 NR_042543. 1 TSA
IJXJJ49 Pseudomonas parafulva NBRC 16636 NR_113856.1 TSA
JXJJ80 Pseudomonas wadenswilerensis strain 1D2 NR_157778.1 TSA
JXJJ-81 Acinetobacter johnsonii strain ATCC 17909 NR_117624.1 PCA
JXJJ-82 Bacillus albus strain MCCC 1A02146 NR_157729.1 PCA
JXJJ-85 Bacillus amyloliquefaciens strain MPA 1034 NR_117946.1 PCA
JXJJ-86 Bacillus mobilis strain MCCC 1A05942 NR_157731.1 PCA
JXJJ87 Bacillus muralis strain LMG 20238 NR_042083.1 PCA
JXJJ-88 Bacillus nakamurai strain NRRL B-41091 NR_151897.1 PCA
JXJJ90 Bacillus velezensis strain CBMB205 NR_116240. 1 PCA
JXJJ91 Bacillus velezensis strain FZB42 NR_075005.2 PCA
JXJJ92 Bacillus wiedmannii strain FSL W8-0169 NR_152692. 1 PCA
JXJJ94 Glutamicibacterarilaitensis Rel17 NR_074608. 1 PCA
JXJJ95 Glutamicibacterhalophytocola strain KLBMP 5180 NR_156872. 1 PCA
JXJJ96 Serratia quinivorans strain 4364 NR_037112.1 PCA
JXJ1J97 Aeromonas hydrophila strain ATCC 7966 NR_074841.1 LB
JXJJ99 Bacillus simplex strain LMG 11160 NR_114919.1 LB
JXJJ401 Bacillus wiedmannii strain FSL W8-0169 NR_152692. 1 LB
JXJJ402 Pseudomonas alkylphenolica strain K128 NR_145644.1 LB
JXJJ403 Pseudomonas donghuensis strain HYS NR_136501.2 LB
JXJJ405 Pseudomonas japonica NBRC 103040 NR_114192.1 LB
JXJJ408 Pseudomonas mohnii strain IpA2 NR_042543.1 LB
JXJJ410 Pseudomonas parafulva NBRC 16636 NR_113856. 1 LB
3.3
PCA.LB  TSA 4 C, ~ PCoA (4
CnCy ~CnCpy ~C,y 11 €, ~ConCp ~Cran (D)) 4(b)
Cig ~ Cyg-
DNA
100} B ..I.llllllllIUnknown
W Others
) sof Fisevicg
Comanonas
N . 6ol W Flavobacterium
i W Serratia
g ® Glutamicibacter
3.4 = a0 ® Bacillus
Python W Citrobacter
. 20f ® Aeromonas
’ W Acinetobacter
4(a)) €, C,C C GGG G C CyCuCiC, GGG, Co

A.B2

Has
3
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M Others M uncultured bacterium c
" Paenibacillus MB-A2-108
W Aeromonas m unculBred bacterium c
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o Actinmarinales W Pseudomonas
(a)
15f 0
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CCA, (69. 28%)
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40%
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2
( 6)
( Ascomycota) . ( Basidiomy-

( Mortierellomycota)
2
( Ascomycota)

Unclassified
Aphelidiomycota
Rozellomycota
Basidiomycota
Mortierellomycota

Ascomycota

0
ZA, ZA,ZA,ZA,ZA 7B, 7B, 7B, 7B, 7B,

0
ZA ZA,ZA ZA,ZA 7B 7B 7B 7B 7B,

LG LES

B Unclassified
m Others

B Meyerozyma
= Rhodotorula
B Pithoascus

®m Fusarium

B Candida

B Talaromyces

Aspergillus
B Penicillium
B Malassezia

B Mortierella

GRLES
(b)
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4
2
(Mortierella) ZA5 I N W Unclassified
: 241 I [ 0 the s
( Malassezia) " P a—
. Rhodotorula
H M .
( Asperglllus) 7A2 Pithoascus
283 I rusariun
4.2 20+ I— s W Condide
752 I N 2 oronyces
Aspergillus
7 . PDA 83 Penicillium
ZB1 Malassezia
(Zyy ~Zi5~Zy ~ L) (Zy ~Zy-7y ~ L Hortierella
7 ) NZA WZB PR E=l
45 ( a)
PDA 1.0
|
100F l I l l ® Unclassified :@, 0.8
1111 W Others W&
11l o7t
80H ¥ Candida =z e
2 8
1 h;
© Clonostachys S 0.6F
® Acremonium %
® 60 ™ 0.5
b w Trichoderma :
H
= ® Purpureoci- 0.4} é
= 40t 1lium
® Ceriporia P L P . * +
® Cephalotrichum VE—P‘\] (EIEU . ZA B
('b) Anosim
20 ® Aspergillus
o 8 Anosim
¥ Penicillium
0 W Mortierella
211212213214215221 22222’3224225231 232233234235 241242243 244245 6 I o
BaE s
7
. 3r
4.3 Anosim
g E
H
Python 2 ° p K 2
z 0 N w
e RN
8( a) e B
A.B2 -3t °
2
Anosim - ) ) .
-6 -3 0 3 6
( 8(b)) 2
RDA, (28.19%)
R —
- 9
0. 800
P=0.016
A.B2
4.4
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6.26% .
6 26
2
2
.R.L. Barnard % Gaiella
3 ( Paenibacillus) . ( Crossiel—
la)
2628
T.D.V. Franciska ** Hazelrigg
OTU
OTU OTuU
. PDA
Ascomycota
Basidiomycota Mortierellomycota Mortierello— » PDA
mycota .R. L. .
Barnard ¥ qPCR 16S rDNA  ITS
.T.D. V. Franciska * Mor-
tierellomycota OTU N
30
N pH . N

pH

25

DNA
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The Comparison of Soil Microbial Community Structure in
Different Seasons of Longgong Cave in Jiangxi Province

MA Yangshuai' LU Ziyun' YANG Huilin'~ ZHANG Zhibin' YAN Riming' JIANG Yumei' ZHU Du’
(1. College of Life Sciences Key Laboratory of Protection and Utilization of Subtropic Plant Resources Jiangxi Normal University Nan—
chang Jiangxi 330022 China; 2. College of Life Sciences Jiangxi Key Laboratory of Bioprocess Jiangxi Science and Technology Normal
University Nanchang Jiangxi 330038 China)

Abstract: A combination of non-eulture method and traditional culture method is used and Illumina high-through-
put sequencing technology is utilized to sequencing and bioinformatics analysis for the microbial 16S rDNA and 1TS-
related regions in Longgong cave in Jiangxi Province. The content of bacteria and fungi in the soil is quantified abso—
lutely by real-time fluorescent quantitative PCR ( qPCR) . To explore the effects of different seasons on the structure
of the soil microbial community in the cave the distribution of the corresponding cultivable microorganisms is ob—
served. The results show that with the change of seasons the physical and chemical properties of the cave soil
change to some extent which leads to the change of soil microbial structure and the soil water content affects one of
the important factors of the flora structure. High-throughput sequencing technology is used to get the community dis—
tribution of non-eultured microorganisms. And adjusting the culture conditions according to their genomic informa—
tion may help to achieve culturability of uncultured microorganisms.

Key words: cave; microbe; high-throughput sequencing; community structure



