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Abstract: [Background] Triploid Populus tomentosa is suitable for the ecological and economic
development of the Yellow River and serves as an important tree species for forestry extension projects
in China. Endophytic bacteria of triploid P. tomentosa play a role in the disease prevention, growth
promotion, nitrogen fixation, and biological repair. [Objective] The objective was to analyze the
diversity of endophytic bacteria and fully explore the microbial resources in triploid P. tomentosa.
[Methods] In this study, the diversity of endophytic bacterial community in the roots, stems and leaves
of P. tomentosa from the research base of Beijing Forestry University in Guanxian county, Shandong
province was analyzed via 16S rRNA gene high-throughput sequencing and plate streaking. The
variation trends and rules of endophytic bacterial diversity in different tissues of triploid P. tomentosa
were clarified to lay a theoretical foundation for the further application of endophytic bacteria. [Results]
The endophytic bacteria of triploid P. tomentosa had the highest richness and diversity in the roots while
the lowest in the leaves. Pseudomonas and Actinobacteria were the dominant phyla, and Burkholderia,
Pseudonocardia, and Acidovorax were the dominant genera. The structure of endophytic bacterial
community varied among different tissues. The functions of the endophytic bacteria mainly involved
amino acid metabolism, vitamin metabolism, degradation of aromatic compounds, and glycolysis. A
total of 217 endophytic bacterial strains were isolated, belonging to 44 species of 23 genera. Among
them, four strains shared the 16S rRNA gene sequence similarity below 97.5%, which might be new
taxa. [Conclusion] In conclusion, the diversity of endophytic bacteria in the roots, stems and leaves of
triploid P. tomentosa was significant. The diversity and richness of endophytic bacteria were higher in
the roots than in the stems than in the leaves. Some endophytic bacterial resources were obtained by
traditional isolation and culture methods, including 4 strains with 16S rRNA gene sequence similarity
less than 97.5%. However, the results of high-throughput sequencing showed that a large number of
endophytic bacterial strains had not been cultured in this experiment. It was necessary to further develop
new high-throughput isolation, culture and identification methods to fully explore more uncultured and

difficult endophytic bacterial strains.

Keywords: triploid Populus tomentosa; root; stem; leaf; endophytic bacteria; bacteria diversity
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MBY56R
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FORX A Z [ 3L R ASV, A @Y g EeE
FERXT I 2 B ASV B

Figure 1 Venn diagram of different tissue samples
of triploid Populus tomentosa. In the figure, each
color block represents a group, the overlapping area
between the color blocks indicates the common
ASV between the corresponding groups, and the
number of each block indicates the number of ASVs
contained in the block.

il Simpson $5HRAE ZHEEP, g 1 A4,
TE 9 DAY, WA ZFPEFE 2L Chaol |
observed species, Shannon F1 Simpson 435l 7E
298.6—1231.4, 284.3-918.1., 3.953 22-6.615 04

*1 ZREHEEAUAREAELR o ZHFEERE

10.863 708-0.962 319 Z [a] ,’K/NAy MBY56R>
MBY56S>MBYS56L (f>25>nt), FEILE =5k
Tl T, NAEMEZHEEMEE E R E
H>2E>1H
2.2 PIMEE KBRS WER

A 2021 4 42 DEZAYITIHRBNBLT 4
MR EZBITH, TR KR 2), =
FEVRE A A 25 v 1 PN A 20 1 P R
B [ (Pseudomonas) . UL | ](Actinomycetes) .
ZERAT R T 1 (Bacillus) HUFF 1 (Bacteroidetes)
M2 ¥F W 1] (Acidobacteria) . HH 4k W2 i€ & ]
(Nitrospira) X %% W 1 '] (Armatimonadetes) 55 21
B, HAPREIFR (R 2) 0 59.51% .
35.09%.3.34%.1.27%.0.17%. 0.04%7%1 0.03%,
JCH AR AR ] (Pseudomonas), TE = A5KE
M R FR Y AHRS F R E T 90.82% (3 2),
JUPFES T R iR 43 28O0 A
Mo fE=MEREAR. ZR 3 SAFEHE
o, WAL TR E KR T (Actinomycetes)
PRRE = BE IR F) 65.88%, HL[A] S A ZE 3R Ay =F B 4
1£(36.95%), W F P FE AU 2.45%; HRAIZE
kD8 0 R BE K ] (Spirochaetes) (FE R
0.002%-0.020%), fEMHIFREM; Witk
BT WO PR ] (Verrucomicrobia) (3 &N
0.020%), {HAEZEFNNrhR A

Table 1 Alpha diversity index of different tissue samples of triploid Populus tomentosa

Samples Chaol index Goods_coverage Observed_species Shannon index Simpson index
MBY56S1 723.4 0.989 243 606.5 6.036 45 0.959 293
MBY56S2 453.5 0.996 277 431.1 4.366 50 0.870 943
MBY56S3 831.5 0.986 865 673.2 5.752 64 0.945 001
MBY56L1 298.6 0.997 835 284.3 3.95322 0.863 708
MBY56L2 425.6 0.995 944 392.3 4.277 06 0.870 173
MBY56L3 489.9 0.994 944 448.0 4.551 47 0.889 371
MBY56RI1 1231.4 0.979 664 918.1 6.615 04 0.961 519
MBY56R2 991.3 0.983 967 774.8 6.258 09 0.962 319
MBY56R3 889.1 0.985912 710.0 5.292 11 0.892 361
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100 1
90t B pseudomonadota | Chloroflexota
~ 80r B icidobacteriota B Zenericutota
< 0l W Bacitiota B Chiorobiota
% 60 [ | Bacteroidota [ Cyanobacteriota
E 50+ [ | Actinomycetota | Spirochaetota
é 40 t B Nitrospirota B verrucomicrobiota
% 30+ B rmatimonadota B Fusobacteriota
E 20t [ | Chlamydiota B Deferribacterota
10t W Deinococcota B Others
ol [ | Planctomycetota

MBY 3568

MBY36L MBY36R

2 ZEFEEPTEEAFERVKEENEEZE  MBYS56R, MBY56S fil MBYS6L 43l 5-6 4
AEEEEAHRINR . A, B RRAXTEEHEA T 20 OIS0, RARRR AR AR,
AR N A ZRBEAE T T F RAR XS 2 3

Figure 2 Relative abundance diagram at phylum level of different tissue samples of triploid Populus
tomentosa. MBY56R, MBY56S and MBY56L respectively represent the roots, stems and leaves of 5—6 year

old triploid Populus tomentosa. The map was drawn according to the top 20 phylum with average abundance.
The abscissa is the name of each group, and the ordinate is the relative abundance of each taxon at the

phylum level.

%2

= FEAREBMARIELHERTKFE B FE AT FEEE>0.03%)

Table 2 Relative abundance of different tissue samples of triploid Populus tomentosa at phylum level (relative

abundance>0.03%)

Phylum MBY56S (%) MBY56R (%) MBY56L (%) Mean relative abundance (%)
Pseudomonas 56.28 31.44 90.82 59.51

Actinomycetes 36.95 65.88 2.45 35.09

Bacillus 4.66 1.43 3.93 3.34

Bacteroidetes 1.39 0.42 2.01 1.27

Acidobacteria 0.07 0.07 0.36 0.17

Nitrospira 0.01 0.01 0.10 0.04

Armatimonadetes 0.08 0.04 0.03 0.03

WIEAKF- B, FrafAta 10 NEmF
PIMXTEE R T 1.0%, 252405 K E R
(Burkholderia) . it K& (Pseudonocardia) .
R EB (Acidovorax) . Xig K HERB
(Nocardioides) . % 5H K # J& (Blastococcus) . Wi
& & (Caulobacter) . 35 >% 56 I J& (Frankia) |
105 W2 B J& (Magnetospirillum) . % /R Wil G 8
(Ralstonia) FI5E 75 1 J& (Streptomyces) , H:Hp -4
AR = B i v 1 J o Al B L B DA B ER R R

(Burkholderaceae)W) Burkholderia (18.56%), H:
WAE R T 1 MR R KBl (Pseudonocardiaceae)
# Pseudonocardia (6.42%) . R AMIE T IAEH
MR Comamonadaceae)l?) Acidovorax (5.42%)
Fjik & W 1] 25 1 R IR B (Nocardioidaceae) 1)
Nocardioides (4.04%) (£ 3). HHARIKEE
(Burkholderia) F1 i i#5 [ & J& (Pseudonocardia)
IGOE, AR TSRS, SEEAEX]
F R 153 5 18.56% 1 6.42%. HH Il 3 AT A,
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Table 3 Dominant genera of endophytic bacteria in root, stem and leaf of triploid Populus tomentosa

(relative abundance>1.0%)

Phylum/Class Family Genus Mean relative abundance (%)
Pseudomonas Burkholderaceae Burkholderia 18.56
Actinomycetes Pseudonocardiaceae Pseudonocardia 6.42
Pseudomonas Comamonadaceae Acidovorax 5.42
Actinomycetes Nocardioidaceae Nocardioides 4.04
Actinomycetes Geodermatophilaceae Blastococcus 2.65
Pseudomonas Caulobacteraceae Caulobacter 2.18
Actinomycetes Frankiaceae Frankia 1.40
Pseudomonas Rhodospirillaceae Magnetospirillum 1.18
Pseudomonas Burkholderaceae Ralstonia 1.11
Actinomycetes Streptomycetaceae Streptomyces 1.08
100 . Burkholderia . Marmoricola l Variovorax
0r . Pseudonocardia . Nocardia . Herbaspirillum
. 807 . Acidovorax . Bradyrhizobium . Pelomonas
9 I
E;-; 70 . Nocardioides . Actinoplanes . Flavobacterium
2 L
g 60 B Biastococcus [ | Methylobacterium [ | Mycobacterium
E 50t
= l Caulobacter l Rhizobium l Lactobacillus
= -
2 40 . Frankia [ | Glycomyces . Roseomonas
é 307 [ Magnetospirillum B sphingomonas B Devosia
207 l Ralstonia B Kribbella . Curtobacterium
10T [ | Streptomyces B Hyphomicrobium B others
MBY56S MBY 561 MBY56R W Pseudomonas
3 ZREAEAHRENANEERBAKFEHENEE  MBYS6R., MBYS56S fll MBYS6L 43t 5-6 4F4

=R B AR . 2RI MR EREHEA AT 30 MRIEAT I, RARAR N AR AR, N

AR R 2% FERELE R /KF B RYARXS 2

Figure 3 Relative abundance diagram in root, stem and leaf of triploid Populus tomentosa at phylum level.
MBY56R, MBY56S and MBY56L respectively represent the roots, stems and leaves of 5—6 year old triploid
Populus tomentosa. The graph was drawn according to the top 30 taxa at the genus level with average
abundance. The abscissa is the name of each group, and the ordinate is the relative abundance of each taxa at

the genus level.

BRI A AR 250 e AR ZE o (8 /NI SR AR > 25>
W, BIVRR S R A ) R 2 R = B B g o T 25 A
3. =R E A RARER BT 12.00%0
Kit R KB (Nocardioides) . 4.06% 1) 8§ 2% 5 [G B
J& (Frankia)® 3.20%1) %% 25 71 J& (Streptomyces) ,
HZEFnf i FEEERAG; seAh, WA R T

2.25%1 ¥ R & (Nocardia) Fl 1.60% (4 55
W& (Glycomyces), THTEZEFIM IR A
T LEfSe 43 M AEAS BR324 il 43 2%
o X EI(E 4), B5RRW, TR BB
() A2 A B L 1] (Pseudomonas) FRE A0 B e 7
I"I(Nitrospira); J&7KF_b 3 B8 02 2R J Bk
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Figure 4 Cladogram based on classification rank tree (LDA>2). The cladogram based on classification rank
tree shows the rank relationships of major taxa from phylum to genus (from inner circle to outer circle) in the
sample community. The node size corresponds to the average relative abundance of the taxa. Hollow nodes
represent taxa with no significant difference between groups, while nodes in other colors (e.g., green and red)
indicate that these taxa show significant difference between groups, and letters with higher abundance in the

grouping samples represented by this color indicate the names of taxa with significant difference between
groups.
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Figure 5 Heatmap analysis of microbial community under genus level in different tissue samples of triploid
Populus tomentosa. Clustering by species, using the average abundance of top 20 genera in drawing, showing
different species of a genus taxon and in the distribution of each sample group. By reflecting the abundance
of species change color shades, shown visually and change trend of species in each sample or grouping.

Seven group with seven different color display.
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Figure 6 Principal coordinate analysis (PCoA) of
different tissue samples of triploid Populus
tomentosa. Differences in community composition
between different samples and groups. The farther
the projected distance, the greater the difference.
The abscissa and ordinate represent the contribution
rate of the principal components 1 and 2 to the
distribution of the samples. Each point in the figure
represents a sample, and the points of the same
color come from the same group.
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Figure 7 Functional genes of endophytic bacteria in roots, stems and leaves of triploid Populus tomentosa.

The abscissa is the abundance of functional pathway, the ordinate is the functional pathway of MetaCyc
second classification level, and the most right is the first-level pathway to which this pathway belongs.
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Figure 8 Column diagram of endophytic bacterial genus accumulation in different tissues of triploid
Populus tomentosa. The figure shows the distribution of culturable genus groups in roots, stems and leaves.
The abscissa is the name of culturable genus groups, the ordinate is the number of species contained in each

genus, and different colors represent different groups.
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