[DEXyESI

Acta Microbiologica Sinica

2022, 62(2): 686-702
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210308

Research Article

AR 2 TR R A AL AR S S R H S

22, A, 220, km mE WA BH L Mg

1 R EMOLRE2E AT B3R R TR, B SO AR R PR R B O B S A A S SR
=~F R 650224

2 B RZEMRERE, VL8 maT 210037

3 PUmMOL R 2R R 22 B, = R 650224

sk, SN, X224, SRR, ApEE, BRUL, S, BRGNS FEMAR Y Lo ol A ) A 2SN A TR A IS G A B S R T e
2, 2022, 62(2): 686-702.

Li Bin, Shi Hongxiang, Liu Lanlan, Zhang Xin, Yang Pu, Chen Hang, Feng Ying, Chen Xiaoming. Structure and diversity of
bacterial community in different niches of garden plant Ligustrum lucidum Ait.. Acta Microbiologica Sinica, 2022, 62(2): 686—702.

B E:[88] X ARKESHA S L BARGEAKAT . Y TR RAOBRORREFE
rad, AT Rt AR RFIZEANAESEOMABELEMN . WITERA S FHBAFIE, #
R A RAREARXMAEMEY EERF LA AL RAAEFRGEE TRELEMS, [FE] ik
et ELOAR RIFEEAFAMA, A TF4E 16S rRNA LB V5-V7 R, i@ it Illumina MiSeq
FHRTHAZMNFAENEEFIN, R NAR AN MAR LM, MITER. Fhe £
St AR, [ 2] % 0 4 A4 KL KT 168 229 £H %F75], BB+t 977 A~ OTU, )2
BT 2307, 544, 138 B, 227 #4399 B. REIA S MBARZ S HMMMRIREEIR, £,
ot B T # L& #7 44K, Shannon 3835 %) 4 4.514. 3.856. 2.704 #= 1.908. B-% H Mok, &
N AFAES L @ARKLEMGELELE 2 F(R=0.842 6, P<0.05), frt5%(R=0.481 5, P>0.05).
ARG ARER 3 (R=0.888 9, P>0.05)49 20 4 B K ss ARt 4 A AL, AR L, . EFtR
AmABRE AT FERSGOAZRBA N FREA, REEFAATFERSOAETH,
BREKFLE, X MR CHBRLIZOELREAE. DRALE. HABRLRAE. MAKEE. R4
BIBHABARBREE, AFTALREE. BARBARBF AN AL B TR, ARTNLERI T,
TRAMMMEBENARABEF AL, REFHCT. BB EIBAEAR. QWA T LEHS

HETH: Il i MR R it B A B 45 9% % I (CAFYBB2019SZ005, CAFYBB2017ZB005)
Supported by the Central Non-Profit Research Institution of CAF (CAFYBB2019SZ005, CAFYBB2017ZB005)
*Corresponding author. Tel: +86-871-63860019; E-mail: cafcxm@139.com

Received: 26 May 2021; Revised: 4 September 2021; Published online: 26 September 2021



A | AP, 2022, 62(2) 687

A, FHTF R (AR AAR IR L3R B AF L 2ATIR S RABIRAE X 09 g, [458] X A RR A S L mE
RS AR T R L 2 IR ENE, REARRE A AR ASEO U IEA R, AU
EHEEAHREHFE. XUAAXREDFY EESH AN G LR, EFE—FATATFLAA.

KR LR, MhAAeE,; REeE, BFEEM, ZH4K, A56801M1; FETRN

Structure and diversity of bacterial community in different
niches of garden plant Ligustrum lucidum Ait.

LI Bin"?, SHI Hongxiang’, LIU Lanlan®, ZHANG Xin', YANG Pu', CHEN Hang',
FENG Ying', CHEN Xiaoming"

1 Key Laboratory of Cultivating and Utilization of Resources Insects of National Forestry and Grassland
Administration, Research Institute of Resources Insects, Chinese Academy of Forestry, Kunming 650224,
Yunnan, China

2 College of Forestry, Nanjing Forestry University, Nanjing 210037, Jiangsu, China

3 College of Biodiversity Conservation and Utilization, Southwest Forestry University, Kunming 650224,
Yunnan, China

Abstract: [Objective] Ligustrum lucidum Ait., a plant with landscaping and medical values as well as
an excellent host plant for the resource insect Ericerus pela, is widely distributed in China. This study
aims to investigate the community structure, species composition, and diversity of bacteria in four
niches (leaf, stem, root, and rhizosphere soil) of L. lucidum, and to lay a foundation for the interaction
between L. lucidum and its associated microbiota, so as to provide a scientific basis for exploiting and
utilizing endophytic and rhizospheric bacterial resources. [Methods] The leaf, stem, root, and
rhizosphere soil samples of L. lucidum were collected, and the V5-V7 region of bacterial 16S rRNA
gene was sequenced with the Illumina MiSeq platform. The bacterial community structure, species
composition, and function in different niches were compared with bioinformatics tools. [Results] The
high-throughput sequencing generated 168 229 valid sequences for the four samples of L. lucidum. A
total of 977 OTUs were annotated, belonging to 23 phyla, 54 classes, 138 orders, 227 families, and
399 genera. The bacterial community diversity decreased gradually in the order of rhizosphere soil,
root, stem, and leaf, with the Shannon indexes of 4.514, 3.856, 2.704, and 1.908, respectively. The
B-diversity analysis indicated that there were significant differences in bacterial community structure
among four niches (R=0.842 6, P<0.05). The bacterial community structure was similar between leaf
and stem (R=0.481 5, P>0.05) as well as between root and rhizosphere soil (R=0.888 9, P>0.05). At the
level of phylum, Proteobacteria and Actinobacteriota were dominant in leaf, stem, and root, while
Chloroflexi had the highest relative abundance in rhizosphere soil. The dominant genera mainly
included Rhodococcus, Massilia, Sphingomonas, Burkholderia, Bradyrhizobium, and Acidothermus,
some of which, like Bradyrhizobium and Burkholderia, were plant probiotics. Chemoheterotrophy was
the predominant function in each niche. The bacterial community in the aboveground part (leaf and

stem) mainly played a role in carbon and hydrogen cycle, while that in the underground part (root and
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rhizosphere soil) mainly played a role in nitrogen cycle. [Conclusion] The bacterial community

diversity in different niches of L. lucidum showed a selective filtration mechanism from bottom to top.

The niche differentiation of bacterial community structure was obvious in different samples, and plant

compartment specificity existed in species composition. There were a variety of plant probiotics in

L. lucidum-associated microbiota, which were worthy of further study and utilization.

Keywords: Ligustrum Ilucidum Ait.; endophytic bacteria; rhizospheric bacteria; community structure;

diversity; niche differentiation; function prediction
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541.96, HEE®T RE (360.81), LE (166.52)
Fl SE (165.80); Shannon 5% K/NEF K

Sequencing information and diversity index of bacterial communities in different samples

Samples Raw sequences  Valid sequences Number of OTUs Chaol index Shannon index Coverage/%
LE 55 166 53 444 312 166.52+50.18 ¢ 1.908+0.46 ¢ 99.71

SE 57 105 50 756 255 165.80+26.89 ¢ 2.704+0.46 b 99.64

RE 56 444 30 551 537 360.81+£32.31 b 3.856+0.35 a 99.23

RS 64 172 33478 560 541.96+58.51 a 4.514+0.30 a 98.76

Total 232 887 168 229 977 — — —

The diversity index data in the table were means+SD (standard deviation). Different letters in the same column indicated
significant difference among samples at P<0.05 level. LE: leaf endosphere; SE: stem endosphere; RE: root endosphere; RS:

rhizosphere soil. The same below.
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Figure 1

Common species composition analysis of bacterial communities of leaf, stem, root and

rhizosphere soil. A: Venn diagram of bacterial communities of four samples at the OTU level; B: common
genera of bacterial communities of four samples. Different colors in the pie chart represented different
species, and pie area represented the percentage of a given species in the total number of common species.
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Table 2 Genera of endemic bacteria in leaf, stem, root and rhizosphere soil of L. lucidum

Samples Genus Taxonomic affiliation Percentage/%
LE Candidatus Liberibacter P: Proteobacteria; C: Alphaproteobacteria; F: Rhizobiaceae 17.33
Limnobacter P: Proteobacteria; C: Gammaproteobacteria; F: Burkholderiaceae 13.00
Geobacillus P: Firmicutes; C: Bacilli; F: Bacillaceae 8.66
Abditibacterium P: Abditibacteriota; C: Abditibacteria; F: Abditibacteriaceae 5.78
Parabacteroides P: Bacteroidota; C: Bacteroidia; F: Tannerellaceae 4.69
SE Salana P: Actinobacteriota; C: Actinobacteria; F: Beutenbergiaceae 32.99
NS5 marine group P: Bacteroidota; C: Bacteroidia; F: Flavobacteriaceae 8.25
Proteiniclasticum P: Firmicutes; C: Clostridia; F: Clostridiaceae 7.22
Tyzzerella P: Firmicutes; C: Clostridia; F: Lachnospiraceae 7.22
Eubacterium hallii group P: Firmicutes; C: Clostridia; ¥: Lachnospirace 5.15
RE Pasteuria P: Firmicutes; C: Bacilli; F: Thermoactinomycetaceae 14.23
Oceanobacillus P: Firmicutes; C: Bacilli; F: Bacillaceae 8.94
Thermobifida P: Actinobacteriota; C: Actinobacteria; F: Nocardiopsaceae 7.32
Candidatus Soleaferrea P: Firmicutes; C: Clostridia; F: Ruminococcaceae 6.91
Agathobacter P: Firmicutes; C: Clostridia; F: Lachnospiraceae 4.88
RS Bauldia P: Proteobacteria; C: Alphaproteobacteria; F: Rhizobiales Incertae 13.74
Norank Acidimicrobiaceae P: Actinobacteriota; C: Acidimicrobiia; F: Acidimicrobiaceae 10.54
Methylorosula P: Proteobacteria; C: Alphaproteobacteria; F: Beijerinckiaceae 3.19
HSB OF53-F07 P: Chlorofiexi; C: Ktedonobacteria; F: Ktedonobacteraceae 2.56
Norank Sutterellaceae P: Proteobacteria; C: Gammaproteobacteria; F: Sutterellaceae 2.24

The percentage indicated the proportion of a given species in the total number of endemic species. P: phylum; C: class; F:

family.

ai R WA TE & B 20 B RV Hh B AR 3= B 3
B/INM<1%).
2.3 AEESMRELBARS T
FENTAKE b, 4 BRSO AR h R
SO = O I e S S A I
(Proteobacteria) . L& J(Actinobacteriota) . %%
W 1(Chloroflexi) . FRFFHT ] (Acidobacteriota) .
J& BE B ] (Firmicutes) #l 5 % ¥R I
(Deinococcota), NIRANHE 11E 4 Fp A 2500 )
FEAELES, ZWHEIT{E LE, SE. RE [z RS
T AR B 40 41.90% . 51.36% . 50.54%
L 20.60% 5 i 2 B 1T B9 AR X R B 43 )
53.39%. 43.56% . 39.27%F1 27.61%; L]
(35.37%) R AT 14 1] (13.18%) =% /3 fii T RS
Wy JEBER](6.31%) EZ40 i T RE s S

<l actamicro@im.ac.cn, & 010-64807516

BRI 1(2.14%)7E SE FrpyAEx FE#E. |
AT UL, oot 250 M 3 FhA AL N A AR
T 7 v AR O 32 3 B 1 Sy A8 T TR D R i 2 TR
], METE] . BRAFRET TR PR 3 A
Xt A (] 2A)

TEMNKF- (K 2B), LE. SE. RE H 41
TE V% B0 I 2R T N (Actinobacteria) . y-Z2 B T
W (Gammaproteobacteria) M o-% & & 4
(Alphaproteobacteria)FAX} L5 3 RS HARXT
i B 1 AD3 (30.07%), HkCh o- BT
9 (14.19%) . JHZE 2N (14.15%) . TR #T I 4N
(Acidobacteriae) (13.16%) Fll Bg # i 0
(Thermoleophilia) (11.50%). AN, ZEAIFT 4N
(Bacilli) 5534 F RE (5.38%)H ; £F&H#i 4N
(Ktedonobacteria) ¥4 /3 4i T RE #l RS H1;



ZOREE | MUAEYIEE, 2022, 62(2)

693

TK10 . B2 B N (Acidimicrobiia) = 5 43 A 1€
RS H'; 5% BRI (Deinococci) | %434 T SE
M LE H. hiEl 2 B FH, MEEN
(14.15%-53.50%) F1 y-25JE TR 24(6.41%-36.55%)
L VTARPR 3 AR, X AR R
P2 T 5 1 AR A R

& 2C AT, fEJE/KF -, LE 1 SE 41
TRVt B AFDRT 3 B8 558 1 1) A 21 K TR 8 R vl
HI/RKHE (Ralstonia), — &5 35 ) & H 437
g 73.19%F1 45.02%, LE FrEF 2 B A s i 4
0 A Ay [T B (8.34%) , SE AR 42 A 5
) 41 TR TR A 5 T R (14.02% ) 4 22 2 i 1

A . C
(A) 100 = — [ Proteobacteria ©
= Actinobacteriota
80+ W Chloroflexi

W Acidobacteriota
Firmicutes

D
(=]

Deinococcota
Others

N
[e=)

[\
(=}

Relative abundance on phylum level/%

0
LE SE RE RS

60| Acidobacteriae

Thermoleophilia

Bacilli

40 + W Ktedonobacteria

WTK10

20| Deinococci
Acidimicrobiia

1 Others

Relative abundance on class level/%

0
LE SE RE RS

B2 M. Z. RAOWRETIFEFAEETA).

[ |
[ |
[ [ |
N
[ |
] |
[ |
Mycobacterium
[0 Acidothermus
(B) I%'OI/Iex]l(bjllth,r bacters
e m o= Wctinobacteria Norank JG30-KF-ASO.
I Gammaproteobacteria [ Eorant };Kl (Z)l ;
. orank Guaiellales
80 W Alphaproteobacteria Norank Solirubrobacteraceae
W AD3 Norank Acidobacteriales
-- Norank Elsterales

J&(11.08%). BLAk, RE H 8 A= i3 14 J& (10.46%)
FMA 5 QR (9.35%) AR FBE RO, HoAdAH
XoF = B 5 v 1) A TR IR A A B 2K ER TR (6.18%)

Acidibacter (6.10%) . Kutzneria (6.05%)F1# K
J&(5.53%) RS FH I LA IHZE 1) AD3 £4(30.07%)
FERE, HURCONIABRTEE (8.69%) . FEIH
JE(6.69%). HILWLIAE W, ZIBREE . HhiE
IRIRH . SUWETE & (Variovorax) 8 UL R ) 2H 2L

WA B0 A T2 st it 2R Th3%
A . B ATEE  RA IR .
J& . Frigoribacterium . 5 BKI# J& (Deinococcus)
BN ER & (Kineococcus) FH 4341 T & vl it b

I Norank AD3
Bacillus

Norank Xanthobacteraceae
Actinospica
Norank Actinobacteria
Nocardia
Paenibacillus
Catenulispora
Burkholderia
Bradyrhizobium
Amycolatopsis
Dyella

utzneria
Acidibacter

Phylum
Chloroflexi
Firmicutes
Proteobacteria

W Actinobacteriota

W Acidobacteriota
Deinococcota

| Escherichia-Shigella
Variovorax
\ Methylobacterium 5e—1
B Frigoribacterium
| Klenkia - 5e-2
BN Deinococcus 7e—3
B Kineococcus
lls\/lc;Zsszlla -8e—4
phingomonas
Rhodococcus . 9e-5
-- - Ralstonia

le-5

Phylum LE SE RE RS

WB)FE(C)KF LM FEE

Figure 2 The relative abundance of bacteria in leaf, stem, root and rhizosphere soil at phylum (A), class (B)
and genus (C) level. In figure A and figure B, the “others” represented the sum of bacterial taxa with relative
abundance of less than 1%. In figure C, the colors represented the logarithms of relative abundance of

bacteria.
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Table 3  Analysis of similarities (ANOSIM) of
bacterial communities between the samples

Samples R P

LE vs SE vs RE vs RS 0.842 6 0.002*
LE vs SE vs RE 0.629 6 0.001*
LE vs SE vs RS 0.860 1 0.007*
SE vs RE vs RS 0.942 4 0.001*
LE vs SE 0.481 5 0.098
LE vs RE 0.777 8 0.098
LE vs RS 1 0.098
SE vs RE 0.8519 0.098
SE vs RS 1 0.098
RE vs RS 0.888 9 0.098

The values with asterisk indicated significant differences at
P<0.05.
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Figure 4 LEfSe analysis of bacterial communities in different niches. A: the cladogram of bacterial
communities in different niches. The red, blue, green and purple nodes in the figure represented bacterial taxa
that were significantly enriched in LE, SE, RE and RS, respectively, and significantly influenced the
differences between groups at the same time. The yellow nodes represented bacterial taxa that have no
significant differences among different groups, or that had no significant effect on the differences between
groups. B: the LDA analysis of bacterial communities in different niches. The LDA score indicated the effect
of species abundance on the difference between groups, and the higher score represented greater influence.
The P, C, O, F and G represented phylum, class, order, family and genus, respectively.
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Figure 5 Comparative analysis of species composition of bacterial communities in leaf (A), stem (B), root
(C) and rhizosphere soil (D) among different individual plants. The Venn diagrams, bar diagrams and ternary
phase diagrams of bacterial communities in leaf, stem, root and rhizosphere soil among different individual
plants at OTU level were demonstrated in the figure. In the ternary phase diagrams, different circles
represented different OTUs, and the size of that represented the average relative abundance of OTU. The
circles with different colors represented different phyla. OTUs with relative abundance of less than 1% were

merged into “others”.
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Figure 6 Function heatmap of different niches. The color gradient represented the variation in abundance of
different functions in different niches, and the “*” indicated that corresponding functions were significantly

different among four niches at P<0.05.
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