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Diversity and biological function of endophytic bacteria in
Populus euphratica leaves and phloem
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1 School of Future Technology, Xinjiang University, Urumqi 830046, Xinjiang, China

2 School of Life Science and Technology, Xinjiang University, Urumqi 830046, Xinjiang, China

Abstract: [Objective] To investigate the interaction mechanism between endophytic bacteria and host
poplar, the diversity, structural characteristics and biological functions of the endophytic bacterial
community in the leaves and trunk of Populus euphratica were analyzed. [Methods] By using Illumina
MiSeq high-throughput sequencing technology, we performed Alpha and Beta diversity analysis,
community composition analysis, and functional prediction compared with metabolic database of the
endophytic bacteria on three groups of Populus euphratica leaves and three groups of trunk samples
collected from poplar forests in Kashgar, Xinjiang, China. And endophytic bacteria from the samples
were isolated and purified. [Results] The dominant groups of Populus euphratica leaves were
Proteobacteria (40.71%), Actinobacteria (21.76%), Bacteroidetes (14.24%), and Firmicutes (13.92%),
and the dominant groups of Populus euphratica trunk samples were Firmicutes (56.91%),
Actinobacteria (37.01%). The results of PCoA analysis showed that there were significant differences
in the endophytic bacterial community structure between Populus euphratica leaves and trunks, and the
community structure of the same type of tissue samples was similar. Functional prediction revealed that
the metabolic pathways and enzymes with higher abundance of endophytes were mostly related to cell
wall and cell membrane, efflux pumps, oxidative stress, compatible solutes, energy metabolism, etc. A
total of 44 cultivable endophytic bacteria belonging to five genera were isolated, among which Bacillus
accounted for the largest proportion. [Conclusion] The diversity and abundance of endophytic bacteria
in Populus euphratica leaves were higher than in trunk tissues, and different Populus euphratica tissues
also influenced the composition of theendophytic bacterial community due to their different biological
functions. The functions of the endophytic bacterial community corresponded to the host tissues, and
the habitat in which Populus euphratica was located also influenced the functional expression of its
endophytic bacterial community. The cultivable endophytic bacterial community of Populus euphratica
has salt-tolerant and other characteristics, which are potential strain resources.

Keywords: Populus euphratica; endophytic bacteria; diversity analysis; functional prediction

bR B AL S R - R AR A A AR, W N R -
A5 PR el B A 2 DR R e b Ak R IE K i # % (Populus euphratica Oliv) J& ¥ J&
B, SRR T SR T R AR L2 (Populus) Pl RIG IR Rl 2 — , BT 5
AL K PEgEit, BrEmiEhel B A i, . TR RS, R
2905 2.18x10” hm*, HEbf H 1w AR . AT F T AR A Bl 2 FREVIL T2 X

P4 actamicro@im.ac.cn, 7 010-64807516



MZ% | MAEYER, 2022, 62(1)

215

FeAvAdl . AR XM, PEgeit, B i i Ak
FUIE 3.0x10° hm?, 4 & = 5 b S TET B 90%,
A7 SO ALY 55%LA I, FEZERFTCIR
Hhy XA AP O T R A LR, R st
(14 A A T BRI

T ILF5 i T 2 e ae fr, HE
ZRCAPLS R B EARAE LY, HiiZ
S TE A A B 4 AR W g B A
FKERYFET R AERBIE T, At 5 R
EEFRBEWN ST FEE M. 856, %
i 1E A My TR S EE YT Zhuang 25 K% PR
AR IR R R 2GR, SRR T A
B, A A KBS KA U R Populus>
canescens ML, T 5 AT F A BT AR
TN TAA B AW g hn, i H R TAA 5
R R I N T USRI AR Zeng SEXTHIAL )
it ER VLI RIE ST R BT, WA W] LA R DAY
T HERR Na™ i et

TP N A 0 T 3 AP AR TARAS | B )
o, TEAEAYIME R T , AP O
REfg s HPT e H MR E ™Y Khan S8 5%
< B — S P A A b 43 2 B PN A A T B S AR
Fa AR, Kang %5 % BT 385 9 A= 41 RES
WA ML et A e E . A, B
AR, RN A R S AR A
WaSR PR B Z R B AR RN Rifir, B
HION TS N A s i b, R 28005
ST T A T B 55 N AR AR G B e e O, ]
B SRRV SR ZRE MR B e B U, i X A e A
WA T IR S50 AR W2 D Re TSR B = 1 .

TR BUNEE ST, AR
3 W B AR R B A B R A A T DL SR
W N A A B RE TR 254 | AR Z AR T o T
FEXF A Y2 D geHEA T IO, A TR AL N A
TR 5 1 EZ A EAEC R B

WL

1.1 HEEE

SR b AL T R A b DX B i A
[ % AR B (B 76°57.935", N 38°01.848"), ##f
MR AR B Al — XN 3 BRIEEFEE A (leaf 1.
leaf 2, leaf 3), BFFRHUNM 8-10 Fr; FZELRUEEIG
Z B/ N ET , FERHR P EE R S A2
10-15 g (stem 1, stem 2., stem 3); FULEE TIX
BN 5 om VREE ) 1SR S . BRI SR AR S DATCTA
WS, Tk 2900 %, 28 DNA A1,
FEAAAE T80 °C,
1.2 HEAE K EKTFIE

I 75%10 BT S A I i 24 7 3% AT 1
FE T, C BB R A R 20 S FRE 3 g
BEE, AR 30 mL G K HY, 150 r/min 3§
¥ 30 min 7, B 100 pL %45 T LB K9 5L (B
B 10 g/L . BEEERA S g/l S 08 10 g/L .
pH 7.5), 37 °C {35 24 h, $kBURFIEZE . Bt
RNV, R Ll SR AT
1.3 DNA i£H. PCR ¥ # X Illumina
MiSeq | 7

fdiFl E.Z.N.A.“DNA &7 £ (Omega Bio-tek,
Norcross, Ga, USA)MFTA S HEEUA Y
DNA. )5, F NanoDrop 2000 “£4h-1] IL435%
D EE T (36 [ R W BB 2% 24 ]I DNA
e i FN4EJE . ] 338F (5'-ACTCCTACGGGAGG
CAGAG-3")Hl 806R (5'-GGACTACHVGGGTW
TCTAAT-3)5| 15 #4414 16S rRNA V3-V4 [X
At B EE AW EARHECA RA \lif4T PCR
FEY G K atifk, FF3ETF lllumina MiSeq ‘&
(Illumina, San Diego, USA)#EAT iyl il /7 o
1.4 THIBAMERNE

W RS TR AL B S AR, LR
2 mm 0T, FK KL 1S (W) e BliR &

http://journals.im.ac.cn/actamicrocn



216

Yang Duo et al. | Acta Microbiologica Sinica, 2022, 62(1)

HEAT - ER Ay e o fi T e 2 R (DDSJ-318,
Lei-Ci, H[EHIE AL G4 ] pH TH(FE20,
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Table 1  Soil physicochemical properties

Soil physicochemical properties Soil

N, v . , (COs™)/(g/kg) 0.061
. 4T 7 ¢
B BRI PR AR e
BEVE 10T RE AL 7 T o(Chelke) 0208
c(Ca®")/(g/kg) 0.600
2 % %-";7 5} )fﬁ' c(Mg*/(g/kg) 5.835
- e . (SO /(g/kg) 7.685
21 ﬁﬂ/ﬁii‘ﬁi%ﬂ o liﬁ* . . c(K"/(g/kg) 0.523
PR 0 0 EL B M SRR S IR e ek 3486
WERINER 1 o, LR pH {E04 8.81, ML pH 8.810
G 18.95 dS/m. HIEHM FEAR L I EC(dS/m) 18.950
x2 MPHEANLEME Alpha Z MR
Table 2 Alpha diversity index of endophytic bacteria in Populus euphratica samples
Sample OTU Shannon Simpson ACE Chao Coverage
Leaf 1 487 4.194 5 0.054 3 525.407 2 529.600 0 0.996 0
Leaf 2 567 4.740 9 0.017 5 710.213 3 726.507 0 0.9915
Leaf 3 528 4.304 9 0.040 0 657.430 5 708.185 2 0.992 2
Stem 1 89 1.378 3 0.367 6 159.186 8 133.000 0 0.998 2
Stem 2 215 2.444 8 0.172°5 410.949 5 316.527 8 0.9952
Stem 3 103 1.5312 0.286 4 192.114 8 153.647 1 0.997 6
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Figure 1

Community structure of endophytic bacteria in Populus euphratica samples at phylum level. The

abscissa is the sample name, the ordinate is the proportion of the species in that sample, columns of different
colors represent different species, and the length of the column represents the size of the proportion that is

accounted for by that species.
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(A) Community analysis pieplot on phylum level: leaf

Chloroflexi: 1.14% ‘,l Others: 2.69%
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Planctomycetes: 1.80% —_

Deinococcus-Thermus: 1.99%
Bacteroidetes: 14.24%

Proteobacteria: 40.71%

Firmicutes: 13.92%

Actinobacteria: 21.76%

(B) Community analysis pieplot on phylum level: stem

Chloroflexi: 0.1
Cyanobacteria: 0.02% —————

Planctomycetes: 0.00%"
Deinococcus-Thermus: 0.01%
Bacteroidetes: 1.18%

Proteobacteria: 4.71%

Actinobacteria: 37.01%

Others: 0.07%

 Firmicutes: 56.91%

E2 HHEKHESMTFREASERTKTTFAEARFEEN
Figure 2 Structure of endophytic bacterial community in Populus euphratica leaves and stem. A: leaf
samples; B: stem samples. Different colors indicate different species, and the area of the pie indicates the

percentage of that species.
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3 HOEARREBESH

Figure 3 Hierarchical clustering analysis of Populus
euphratica samples. The length of the dendrites
represents the distance between samples, and
different groups can be displayed in different colors.
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Figure 4 PCoA analysis of endophytic community
in Populus euphratica samples. Points of different
shapes represent samples of different groups. The
closer the two sample points are, the more similar
the species composition of the two samples.
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Figure 5 A heatmap diagram of the dominant 50 genera under six in Populus euphratica samples. The
abscissa is the sample name, and the ordinate is the species name. The abundance of different species in the
sample is displayed by the color gradient of the color block. The value represented by the color gradient is on

the right side of the figure.
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Figure 6 Phylogenetic relationships among bacterial isolates from Populus euphratica stands based on the
16S rDNA sequences. Bacteria of different genera correspond to different colors, and each short line in the
outermost circle represents the sample isolated from the bacteria, and each sample corresponds to a color.
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x3 PHAEMRAERSNERFEESR

Table 3 Abundance of some metabolic pathways in Populus euphratica endophytic bacterial community

Leaf abundance

Stem abundance

Puperpathway of phospholipid biosynthesis I

Peptidoglycan biosynthesis I (meso-diaminopimelate

Peptidoglycan biosynthesis III (mycobacteria)

Pathways Description
PHOSLIPSYN-PWY

(bacteria)
PEPTIDOGLYCANSYN-PWY

containing)
PWY-6385
PWYO0-1586

POLYAMSYN-PWY

Peptidoglycan maturation (meso-diaminopimelate
containing)
Superpathway of polyamine biosynthesis I

PWY-3781 Aerobic respiration I (cytochrome c)
NONOXIPENT-PWY Pentose phosphate pathway (non-oxidative branch)
TCA TCA cycle I (prokaryotic)

GLUCONEO-PWY

Gluconeogenesis I

GLYCOLYSIS Glycolysis I (from glucose 6-phosphate)

PWY-5101 L-isoleucine biosynthesis 11

VALSYN-PWY L-valine biosynthesis

PWY-2942 L-lysine biosynthesis III

TRPSYN-PWY L-tryptophan biosynthesis

PWY-7208 Superpathway of pyrimidine nucleobases salvage

PWY-7199 Pyrimidine deoxyribonucleosides salvage

PWY-6609 Adenine and adenosine salvage 111

PWY-7200 Superpathway of pyrimidine deoxyribonucleoside
salvage

PWY-6165 Chorismate biosynthesis |

SO4ASSIM-PWY

Sulfate reduction I (assimilatory)

PWY-7664 Oleate biosynthesis IV (anaerobic)
PWY-3661 Glycine betaine degradation I
P101-PWY Ectoine biosynthesis

102 771.782 3

92 148.321 1

88 456.280 6
55 808.777 3

22 608.500 1
262 073.297 0
113 000.367 2
111 346.845 9
91771.422°5
91 087.624 7
169 360.439 5
166 647.904 0
107 611.072 5
95 436.956 9
113 672.139 6
63 780.872 3
80 706.544 2
72 164.296 3

95 753.190 5
71 234.295 3
84 956.010 0
36 775.170 9
22 634.942 9

132 172.035 8

117 444.830 4

116 971.508 0
147 946.935 4

10 093.758 5
212 883.826 7
130 825.914 9
111 275.561 3
92 507.749 9
107236.582 2
112 528.279 6
105 379.515 4
121 829.840 0
82 615.091 7
141 785.443 6
99 491.778 8
159 575.603 5
98 804.923 5

112 033.708 7
58 149.407 3
28 284.577 4
58779.267 9
72 854.229 2

phospholipid biosynthesis 1)PA }& £ i A= ¥ 6 1l
& 1% (superpathway of polyamine biosynthesis 1);

15 BE B R 45 A0 O A A

AR AW N R A

A M Rk,

dehydrogenase ,

EC1.6.99.3) .

I NADH Jlii & f (NADH
4 WE A
(aldehyde dehydrogenase, EC1.2.1.3); HZ 5

(glycolysis 1) R M %1% (pentose phosphate
pathway) . & J B & W & & (L-valine
biosynthesis, L-tryptophan biosynthesis %)L &
O M R OA W KE M A K (ectoine
biosynthesis)i& 1% .

x4 B TN A R RETR R IR R
B DI REN , Horb A 2 5 R R R A A A O

P4 actamicro@im.ac.cn, 7 010-64807516

HHLH B s E A R B MR 5 iz ATP
@ﬁ(iron—chelate—transporting ATPase, EC3.6.3.34),
Cu’" & #y % H (Cu*"-exporting ATPase ,
EC3.6.3.4); DIKAALN AR SC R F anad s ALY
fif(peroxiredoxin, EC1.11.1.15), #BE L1k
fitf(superoxide dismutase, EC1.15.1.1), 11481k
Z( i (catalase, EC1.11.1.6),
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Table 4 Abundance of some functional enzymes in Populus euphratica endophytic bacterial community

Descriptions Leaf abundance Stem abundance
Pyruvate dehydrogenase (acetyl-transferring) (EC1.2.4.1) 233 344.48 385 564.46
Alcohol dehydrogenase (EC1.1.1.1) 188 699.03 309 120.83
Cytochrome-c oxidase (EC1.9.3.1) 365 640.90 296 313.24
Succinate dehydrogenase (quinone) (EC1.3.5.1) 180 073.27 185 671.58
NADH dehydrogenase (EC1.6.99.3) 109 042.68 113 229.68
Aldehyde dehydrogenase (NAD") (EC1.2.1.3) 183 853.82 218 496.94
Glucokinase (EC2.7.1.2) 114 221.89 103 458.11
Chorismate synthase (EC4.2.3.5) 89 640.87 104 106.52
Glycerol kinase (EC2.7.1.30) 77 964.70 166 146.08
H'-transporting two-sector ATPase (EC3.6.3.14) 246 508.13 253 489.75
Iron-chelate-transporting ATPase (EC3.6.3.34) 206 019.46 291 207.77
Monosaccharide-transporting ATPase (EC3.6.3.17) 273 241.18 214 383.64
Polar-amino-acid-transporting ATPase (EC3.6.3.21) 158 854.86 221 389.26
Ferredoxin-NADP" reductase (EC1.18.1.2) 77 242.88 93 325.97
Ferrochelatase (EC4.99.1.1) 76 129.20 72 375.54
Cu®"-exporting ATPase (EC3.6.3.4) 66 672.23 74 380.89
Zinc-exporting ATPase (EC3.6.3.5) 53 924.85 236 001.54
Cu’" exporting ATPase (EC3.6.3.54) 101 169.01 166 976.79
Peroxiredoxin (EC1.11.1.15) 181 427.12 172 387.45
Superoxide dismutase (EC1.15.1.1) 137 562.02 174 271.10
Catalase (EC1.11.1.6) 52 817.62 134 541.70
Betaine-aldehyde dehydrogenase (EC1.2.1.8) 64 046.79 99 720.42
Indole-3-glycerol-phosphate synthase (EC4.1.1.48) 83 561.37 72 795.89

3

EHAAAE Sy — b e 1 3 iy T SR R A 45 )
TV, N AR 0T R I 5 e T 2 B A EAE
KRAMBTTIRANT o ASBFGT R 18 P 5
ARG AT AR It S AR T 4 2 PN A A TR R T A A
KA Z AR, JEXT N AE AT AT TR
Dheemim . 45 R EoR, S R 2Rk LR
BEYETHTHL, R ETTREEIEET]
(Proteobacteria) . ZH | 1(Actinobacteria).
FFE [ 1(Bacteroidetes) . JERER | )(Firmicutes),

LR e i N S DK < W

(Firmicutes)FILZE R | ] (Actinobacteria), & %
FRFHEER 93.92%. SAPREY, AR
(Actinobacteria)E FHAEAH Y HI N TR, IFTE
oA 3 A 9 I A B A R A R Y R PR AR
FAROL JEBE 1] (Firmicutes) HAT B0 R 00 41 i BE
HZ8Re% )" A 2848, AT DAHRHL T 5 R o 1
P WA P EREAR TP R RE TR [ ] (Firmicutes)d
R, UL T 18 3 AR R PR I AR A
WAFFEZ N, £ TR MR R T, RERSHIIL
38 B R BE TR ) (Firmicutes)R] VLR i A= A7
FIRFEA R I3 L S PCoA /3B 27K [W]
— R AH ERE AR ARG, T R
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BT PSR TE A R A E RIS AL . A
Wt i R AGE FIRERAE T, JF 1T RE R fE
Ay AR, TR T 3 EE DR OK A R SR Y
B, EER AR, X R T AL )
BEANIE], o520 25 PN A 20 T BRI B T A L B AN
Al [FIEEH TS A TR -8, w125
R A B Na 1 C1, R — R ™y 1) 24
Be, ATRES 3 7T N AE AR 2 Beal vk A om
Y JERETR ]

AW Lo BT 44 BREITA N AR TR RE
KIET 5AE, HAPZEETHE (Bacillus) 5y &
B 29 BRNAEANE, 2B MR R .
X5/ Z RS AR EREE ]
(Firmicutes) &4 N A 4 AL 30 g — 2k,
RE 8 7 2B 2 16 HR B A o B 55 1Y 2F A4 8
(Bacillus)N A HA 5 T 347 /] {5708

WEFERI,  JoE S5 A P 38 N A T
B2k, SR . AT s
BREYIREEH ) A SCl AL X KEGG $odi PR L
S MetaCyc {3 B0 22 A T A N AR B R
WIS Re T, T B0 AR B A v ) A A i A
il X 22 55 20 e BE RO 20 LS . AMHESE | AR A
FHASVERS T . RERL AU ARG . 40 B e 2 Ak
Y 55N ARG S BRI B A )R B, BRER b
e R W AN RE G R TR A
LN AR A T T OCT IR G L 2 250 R 3R
RF R . TEZ BN IE B, LA S A A
IR IR S P 2SR ATRE , AR B A ik
B AR ) = R G R AL R Y i E
M Ko BT FE A P A 20 T B VR TP O AR AR )
(peroxiredoxin) . #A %A 1k ¥ I 1k [ (superoxide
dismutase) . 1 % b= [ (catalase) iy A I EETH
BRo AMNHESE & — 2Kl B 3l 1A 5 o 1 HE
NS B iZ A I K Z R
B, BB ASE, MRS B EAAG N AR
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Vi DIRERNE T ke B2 Pl iz B L ERIR TR R, BT R]
REAATERS Bh A W es 7, dEFran ks e rfE
Mo RISk & BN AR v P oS T U P A= 1
Z A i (indole-3-glycerol-phosphate synthase)
FERTEERDO, DL R B UL T A RS S e
FAFTESRIK, A7 P b A B 52 e 4 LN AR R TR
THRER IR, [F] I 2 3 o 25 i ok HARH ™ ) 2
5ia FHEWWER . A T 2R R T
20 TR RV D RE I AL B0 2P B b, SR SR
WF TR 23 BT Hk R A1 2 i — AR PR N AR R
515 F R Z A AR

AWIFFERI A I3 M T W14 X — it 2k B 3 A
PR i B A T N AR RE VR AR, AR ERIIA
[ 5 47 4 2B L A Bl A W AR P A M AP E 22 5%
PR AR 20 TR S RE TG BREE S5 I AR R R O,
TN AR A A S W R ARG R PR TR
K, TERLOsEh, T LLE A S N A
TEVRAEANLE , 0T AR TR 4540 22 SR HE IR A% 19 A2
PR, HETT MO T A A AR A A 5K 2 i fHE %
Bl FETFATAE R/ B0 609 N A= Al el , K
BT 085 BT PR I UE W R, T
A& R AEY =7 50 R T — AT AR
(next generation industrial biotechnology, NGIB)
JEBETR AR, SRS TR, T KT Y % B2 A T
R ER NI TR AR 1 2R i 7,
B 55 ) 20 R W W Ay 10 P A 2 O TR LAY
I 1 B TR R B IR
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