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Abstract: [Objective]l To investigate the effects of continuous cropping of Andrographis paniculata on soil
bacterial diversity and community structure. [Method] Sequencing analysis of samples from continuous
cropping group (rhizosphere soil of A. panmiculata continuous cropping for five years) and control group
(uncultivated natural soil with the same texture as the soil around 4. paniculata continuous cropping for five
years) were performed using 16S rRNA gene high-throughput sequencing technology. The differences in
richness, diversity and community structure of soil bacteria from two groups were analyzed. [Result] The
analysis results of o diversity index showed that the bacterial richness indices (Chaol index and Observed species
index) in the soil of continuous cropping group were significantly lower than those of the control group (P<0.05),
and the diversity indices (Shannon index and Simpson index) in the soil of continuous cropping group were lower
than those of the control group, but the differences were not significant. Principal coordinates analysis and
molecular variance analysis of community structure between groups showed that continuous cropping of A.
paniculata significantly changed soil bacterial community structure (P<0.05). A total of 2769 operational
taxonomic units were detected from the soil samples of two groups, belonging to 47 phyla and 885 genera.
Continuous cropping of 4. paniculata obviously changed the structure distribution of soil bacteria at the phylum
and genus level. At the phylum classification level, 11 bacterial phyla including Acidobacteria, Proteobacteria,
Bacteroidetes, Patescibacteria and etc. were the main bacterial communities in two groups. Compared with the
control group, the relative abundance of Proteobacteria and Acidobacteria in the continuous cropping group
increased by 21.97% and 46.33% respectively (P<0.05), while the relative abundance of Patescibacteria reduced
by 68.99% (P<0.05). At the genus classification level, the relative abundance of 10 dominant bacterial genera
changed significantly (P<0.05). Among them, compared with the control group, the relative abundance of the
beneficial bacteria Flavobacterium and Haliangiumin in the soil of continuous cropping group reduced by 78.40%
and 54.55% respectively, while the relative abundance of the plant pathogenic bacterium Burkholderia-
cropping group increased by 804.17%.

[ Conclusion] After five years of 4. paniculata continuous cultivation, the level of soil bacterial richness and

Caballeronia-Paraburkholderia in the soil of continuous
diversity decreased. At the same time, the relative abundance of beneficial bacteria significantly reduced, while
the relative abundance of pathogenic bacteria significantly increased, causing a change in the bacterial community
structure. The above-mentioned changes broke the original soil microecological balance, which may be one of the

important reasons for A. paniculata continuous cropping obstacles.

Key words: Andrographis paniculata; continuous cropping obstacle; soil bacterial community structure;

high-throughput sequencing; relative abundance
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2R B FEAREAL GEAE 5 E O OERR R £
) MO R (A 5 48 28003 J T [R) B ot (1 oK
MHE B R 38, B41 5 IRE A, IR B L BRIEY)
AR BRSSO KA S, Bik&rhiz
[, 7E 55560 2% 80 C 24 N IRAE P .
1.2 XRS5

Dacek reader (Clare Chemical Research); Qubit™
fluorometer (Invitrogen); /A 0oL (Baygene); ¥
EIR A s (AR UIJR); NanoDrop™ One (Thermo
Fisher Scientific); HLIKAX (LI 7S —)s BER AR X
(Tanon); PCR 1X (BioRad); %% 50> AL (Eppendorf).

MOBIO PowerSoil® DNA Isolation Kit
(MOBIO); Premix Tagq (Ex Taq Version 2.0 plus
dye). DL15000 DNA Marker. 100bp DNA Ladder #/1
DL2000 DNA Marker (TaKaRa); i b (i 154
¥1); Primer Al Quant-iT™ Broad-Range DNA Assay
Kit (Invitrogen); E.Z.N.A.” Gel Extraction Kit
(Omega); NEBNext® Ultra™ DNA Library Prep Kit
for Illumina® (New England Biolabs)s
1.3 HEZHMENE

DNA 215 PCR ¥4 #% [ DNA 2 HUd 7 &
Ui AT B 4 DNA 2 )5, FJH NanoDrop
One i ill DNA (PR FEFI4EEE . PCR 93K A 1 5
Ve 16S IRNA FEP P VA~V5 X514 515 F
(5'-GTGCCAGCMGCCGCGGTAA-3") 1 907R (5'-
CCGTCAATTCMTTTRAGTTT-3"). PCR [ W14 %
A: Premix Tag 25 pL, 10 mmol/L 1] b FE51#)%
1 uL, DNA (20 ng/pl) 3 pL, Nuclease-free water
20 pL. PCR M54 4:94 'C 5 min: 2R )5 94 C
30s,52 C 305,72 C 30 s 34T 30 MEH: 72 C
10 min, 4 C f#47#. PCR MW 5, F 10 g/L 3
JIE W S i FL VR PCR P20 ) Fr BRI PRI 2
FIH GeneTools Analysis Software (Version
4.03.05.0, SynGene) XF PCR /=47 5 5t b )
2 1 4 o R S U T H SRR T S AR AR, K & PCR 7™
YA TIR A o 1/ E.Z.N.A."Gel Extraction Kit %1

[ Wik 1) 4 BT W PCR IR G 724, TE 2 i e it [5]
Ui H 47 DNA JrBt.

5 - # 8 NEBNext®Ultra™ DNA
Library Prep Kit for Illumina®#5 #E i #2125 17 2 i 4
E. f# F Tllumina Hiseq 2500 V- & X #4 E (4 1+
SCREBEAT PE250 W5 o (LA _EARE0 5 ) AR e i 5k
IR A PR A 7] 58 )«

14 BIEAES S

% Hlumina Hiseq 2500 #5753 21 ) X iy /5 51) %4
Pk 9k, AT A A T E A ), AR AR S X 7 81
ZA) ) B S 00 R AT HF 4, BN 0 PFE 7 1 AT o
HILE, [EARNPHET Y, KRR 97% — Bt
() 7 1 58 28 1 A W] 4 43 2R B 90 (Operational
taxonomic unit, OTU). K84 OTU HRERFF 5
Silva #4fs e EET, FRAGARENE PP JII R AE % 73 20K
TR ER. BT OTU %, i QIIME ¥
443 7 1) make rarefaction_plots.py &5 BIAE AT
Observed species T 2 1B it 2 5 v 5, I H
R R hI MRt 42 . T3 — 4l OTU F XK,
i ] QIIME #4442 (V1.9.1) FF 11 alpha_diversity.py
A HEAT 4 FhZ FEMEFESL (Observed species. Chaol .
Shannon. Simpson) 115 . %&T> Unweighted Unifrac
PR HLRE, f# ] qiime2 A1 ggplot2 B4 HE4T AL
¥543 M7 (Principal coordinates analysis, PCoA) 34
K, KH PCoA [+ 75 2T (Analysis of molecular
variance, Amova) AT 41 R B V& &5 40 72 7 W 3 1 40
Bro M R A HIA R B &5 . A Excel
2016 1 SPSS 24.0 X 15 K dhs 2k 47 Ge it 70 #r,
X AR 2H [R] ) 22 S R FAOSTAE A ¢ A 334 T 70 AT

2 ERESH

2.1 FOEEEAEI TIRME o SRR
o ZFEMESITER (R 1) Bon, EAEH L EH
H=E & I8 ZU 35 Chaol F8EUM1 Observed species
TR AR T 0 IRAL (P<0.05), I 27 O IEAE
A - SR TR VR T R PR AR I

F1 FOEEFLRESHRIRAERN o ZHM"

Table 1 a diversity of bacteria in soil with continuous cropping of Andrographis paniculata and control soil

2H 51 Chaolf8 % Observed speciestd 4( Shannon#s %1 Simpson#s %1

Group Chaol index Observed species index Shannon index Simpson index
X} 2H Control group 2798.60+72.31 1994.60+83.74 9.05+0.40 0.992+0.006 4
HZAE2H Continuous cropping group 2546.67+67.61 1782.40+45.94 8.92+0.12 0.991+0.0022
P 0.000%*** 0.001** 0.517 0.877

DA HIEH T £ ARE £, %7 Fo “0xx” 530k R £ Fik 50.01420.00189 B Z KT (40 1)

1) Data in the table are means + standard deviations; “**” and “***” indicate differences at 0.01 and 0.001 significance levels

respectively (z test)
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T IERE S AT PCoA 20 HT (I8 1), PCI BTk E Ny
33.63%, PC2 [MTTHRZ N 13.47%, 2 D E M4 1 R
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BN T R R AR S5
23 FDEEELEXM TIEAEREEAEARLREE

=0pA

#:F Unweighted Unifrac ¥ 2555 B, @it 3
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Fig.1 PCoA (Unweighted Unifrac) analysis of soil of
Andrographis paniculata continuous cropping and
control
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S1-S5 belong to the control group, C1—C5 belong to the continuous cropping group; The left side of the figure is the UPGMA cluster tree structure, and the
right side is the relative abundance distribution map of each sample at the phylum level
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Fig.2 UPGMA clustering and histogram combination analysis of bacteria in soil of Andrographis paniculata continuous

cropping and control at the phylum level
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22.53%~27.48%)- B FT 1% '] Acidobacteria (FHX} 3=
BN 19.62%~28.71%)- #UHFF 1 '] Bacteroidetes (4
XN 12.14%~17.75%) £ B ] Chloroflexi
(FHXEE N 10.96%~11.62%) iF 5 # ']
Planctomycetes (FHXT £ N 5.43%~6.26%) FEill &
I'] Verrucomicrobia (A8 £ BN 4.24%~4.50%)- i
£ 1] Actinobacteria (FHX FFEH 2.86%~3.18%)-
M ] Gemmatimonadetes (A%} 3 N
2.48%~3.53%)- Wi ¥4 [ ] Cyanobacteria (FHX] =
4 0.10%~4.81%)+ Patescibacteria (F1X} 3= Ky
0.49%~1.58%) FHAHALIZIE R | ] Nitrospirae (FHX} 3=
4 0.89%~1.09%) iX 11 MHE [ T42 2 b Fig

B EEAH R A, FIR T ANT = B SRR AL
s B ZH 45 73 1) o5 AT R 96.44% FHT 95.81%

o A 2H 55 0 R A - 3 AT B S AN T 1D A
X3 R ST REAS ¢ K 36 30 4T 22 5 0 3 1 A AT
(% 2)o B REoR, WA ST s
1 SRS 1) WS FE AN A 1) AR R T 1] V7 B
U1 PEREE 1A X = FEAE 2 Bl b3 3% 22 e
W3, A B 1] BRFF 1% - Patescibacteria [ 4H X}
FFEAEAN A AL L3 rp 22 57 3 (P<0.05), HoHiEfE
AR TR ] BRAT T 1A = B0 I ZH 73
AIEHI T 21.97%- 46.33% (P<0.05), 1fi Patescibacteria
Bt R AL T 68.99% (P<0.05).

R2 FUOEEEDRSMBHRTEMNROENEELER"

Table2 Comparison of relative abundance of major bacterial phylums in soil of Andrographis paniculata continuous

cropping and control

FEXF /%
] Relative abundance
Phylum P {21 P
Control group Continuous cropping group

AFFLHE 1] Proteobacteria 22.5343.40 27.48+2.42 0.029%
FEFFI 1T Acidobacteria 19.62+5.60 28.7143.56 0.015%
AT B 1] Bacteroidetes 17.75+4.57 12.14+1.05 0.050
LB ] Chloroflexi 10.96+1.81 11.6243.33 0.705
#8514 '] Planctomycetes 6.26£0.91 5.4320.60 0.129
PERLEE ] Verrucomicrobia 4.50+2.52 4.24+0.74 0.834
JZE B ] Actinobacteria 3.18+0.65 2.86%0.23 0.325
ZEH T ] Gemmatimonadetes 3.53+0.93 2.48+0.17 0.064
W EENE ] Cyanobacteria 4.81+8.69 0.10£0.04 0.293
Patescibacteria 1.58+0.27 0.49+0.15 0.000%***
TEALIRE R ] Nitrospirae 1.09+0.26 0.89+0.17 0.184

D) A PHIEATYM L AREE; “*7 Fo Coex” 530k T Z F3%2]0.05420.001 69 2 F KT (e I)

1) Data in the table are means + standard deviations; “*” and “***” indicate differences at 0.05 and 0.001 significance levels

respectively (z test)

T )& 73 K b, MR B A R AR T8 2 KK
IR S T B AE I, IR 2R O i AR LI 5%
FE TSR0 1 = B HE A4 T 30 MR B LA RN
) = B AS B AR, IF 53 2R AE EFIRE i [B] 22
72N BT R (E 3). R ER, FO0EE
fE3E 5 MFEARE XTI 38 5 MEARFEEH A AT
30 NE AN F RS H R A—K, BT LE S
AR R OUR T LA A R K B SR A
2 MACFRA ) = EEAH B )& N BT R 8 Flavobacterium

(FXT BN 1.84%~8.52%) Bryobacter (FH* 3 FiF
N 1.57%~2.15%)~ 1A 5 K J& Burkholderia-
Caballeronia-Paraburkholderia (FXF F N
0.24%~2.17%)- HSB_OF53-F07 (FIXf £ E N
1.81%~1.94%). Candidatus_Solibacter (FAX} F-J& K
1.03%~1.76%)+ ADurb.Bin063-1 (8%} Ky
1.16%~1.65%)« MND1 (A8} 4 0.37%~1.46%)-
Acidibacter (MXTFEH 0.28%~1.43%)-
Mucilaginibacter (FAXFF N 0.38~1.37%)-
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S1-S5 belong to the control group, C1—C5 belong to the continuous cropping group; The value corresponding to the colored square in the heatmap is the Z
score of a sample in the genus classification, which is the difference between the relative abundance of the sample in the category and the average relative
abundance of all samples in the category divided by the standard deviation of all samples in the category; The redder the color of the box, the higher the relative

abundance of the sample

B3 ZROEEEDRSHRIRPEXNFERER 30 FAEEEERKTRRE

Fig. 3 Heat map of bacterial communities with top 30 relative abundances in soil of Andrographis paniculata continuous

cropping and control at the genus level

Ellin6067 (FHXF = 0.41%~1.19%). *F ¥ i )&
Gemmatimonas (FHXF FFEH 0.57%~1.18%)
Haliangium (FAXF=EEH 0.50%~1.10%). 1L 42 g
W J& Nitrospira (FIXTF BN 0.88%~1.08%)+
Candidatus _Udaeobacter (#13f £ &N 0.68%~
1.07%) F1 1921-2 (FHXFF=FEH 0.87%~1.00%)

Xof 0 T A 39 5 0] - A B AN
JEE PRV AR = B SR S AR AR ¢ A B0 dE AT 22 S R 3 1k
ST (£ 3). 45T R, HSB_OF53-F07. ADurb.
Bin063-1. Wi fLIE e B & 1921-2 « Candidatus
Udaeobacter WA FELE 2 Fl b 1+ 458 Fp 22 2 AN

3 (P>0.05), 1M % AT 56 J&+ Bryobacters Candidatus
Solibacter- A 5 KW J& MND 1. ZF 5. 5 )& |
Mucilaginibacter. Acidibacter- Ellin6067. Haliangium
(A AR X =F 2 A A [R) AL - 338 v 22 57 1B 2% (P<0.05),
HAZEAEH - Bryobacters Candidatus
Solibacter~ Mucilaginibacter- Acidibacter 1A %% K #
Ja& B AH R 2 B B IR 2 BN T 36.94 %
70.87%- 260.53%- 410.71% F1 804.17% (P<0.05), T
AT B JE.MND1. 2 B i i J& . E11in6067 .
Haliangium WA= REZH 43 50D 1 78.40%.
74.66%- 51.69%- 65.55% F 54.55% (P<0.05).
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Table3 Comparison of relative abundance of major bacterial genera in soil of Andrographis paniculata continuous

cropping and control

FHXS = FE/%
& Relative abundance
Genus X REZH HEAREH r
Control group Continuous cropping group

Flavobacterium 8.52+4.19 1.84+0.41 0.023*
HSB_OF53-F07 1.94+0.50 1.81+0.49 0.672
Bryobacter 1.57+£0.35 2.15+0.23 0.014%*
ADurb.Bin063-1 1.16+0.66 1.65+0.38 0.182
Candidatus_Solibacter 1.03+£0.33 1.76+0.17 0.005**
Burkholderia-Caballeronia-Paraburkholderia 0.24+0.05 2.17+0.13 0.000%**
Nitrospira 1.08+0.26 0.88+0.17 0.172
1921-2 0.87+0.20 1.00+0.18 0.319
MND1 1.46+0.28 0.37+0.16 0.000%**
Candidatus _Udaeobacter 1.07+0.63 0.68+0.11 0.216
Gemmatimonas 1.18+0.31 0.57+0.09 0.010*
Moucilaginibacter 0.38+0.15 1.37+0.18 0.000%**
Acidibacter 0.28+0.09 1.43+0.23 0.000%**
Ellin6067 1.19+0.52 0.41+0.14 0.026*
Haliangium 1.10+0.18 0.50+0.08 0.000%**

1) AP 338 A T AAT R £ “*7

1) Data in the table are meanststandard deviations;

1728

significance levels respectively (¢ test)
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