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B E: [FF) MDA EHRARKEN % A AE it ibey = &, K K3 (Cistanche deserticola)
RI| G HRHMZ—, A BEARGER, BARSZUAHRANME. ROAXAREANEFHN
AR AF . (B AT AR RN KRN A AL SR ER, FIBEEXALDE K
B [7rk]) AR SBZNFHAR, & LW AR (GH) A= 705 1K (HM)BR AR £ 57 A % A it
TN, RAEGRAEN S B H ETFRMENEMB S BIZF, #F 16S rRNA L F 57| bt 4
A ARG KT AL, SE—F N FRG I, RAERTEHHE. [ER] 5B FNAFEEERHA,
GH #= HM £ 3R1F WA H OTU 1 086 A~, H &4 OTU A 46 />, X & & 40H) 4.24%; FTRIFH A
A 4mE OTU L3 & 19 ANT7 104 A~ B 226 AN B A —% k4o Re9mH, K FH 1] (Proteobacteria) 2
R FE T, & 69.46%, AR AREF BRI AL MABRLLEMGEAR LR, S BRF
65 R KR A A @B, V25T F A E 11 (Bacillota). % # # I (Proteobacteria) #= 38 &, # 1]
(Actinomycetota)¥ 3 A1 20 /& 34 AN, o F 34T E 11 (Bacillota) & ek &, FF4 & it Z M
B, RAEZFFA AW, (28] ERAREGH)FFE N KRMEAM)RENBEE ARG LN R £ 7, F
R A REANE DA AR, AH—FFLAR AR AL BRET 37 4135k,
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Diversity of endophytic bacteria and screening of functional
strains from Cistanche deserticola

Munire-Mutalifu', Ainijiang-Ersiman’, YE Yijie', ZHANG Xinyu', CHU Min?,
ZHU Jing’, WANG Wei'', ZHANG Zhidong "

1 College of Food Sciences and Pharmacy, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China
2 Xinjiang Laboratory of Special Environment Microbiology, Institute of Applied Microbiology, Xinjiang
Academy of Agricultural Sciences, Urumqi 830091, Xinjiang, China

Abstract: [Background] Plant endophytes represent the treasure for investigating microbial
diversity and adaptive evolution. Cistanche is a genus of medicinal plants belonging to
Orobanchaceae and honored as “ginseng of the deserts”. However, few studies have been
carried out on the endophytes of Cistanche. [Objective] To investigate the diversity of endophytic
bacteria in different Cistanche species and explore the endophytic bacterial resources.
[Methods] The plants of Cistanche tubulosa (Schrenk) R. Wight (GH) and C. deserticola Y.C.
Ma (HM) were sampled and subjected to high-throughput sequencing. The conventional
microbial isolation method was used to isolate endophytic bacteria, and the isolates were
identified by 16S rRNA gene sequence alignments. Subsequently, the stress tolerance, plant
growth-promoting effects, and antimicrobial activities of the strains were evaluated. [Results]
The high-throughput sequencing revealed a total of 1 086 OTUs of endophytic bacteria in GH
and HM samples, among which 46 (4.24%) common OTUs were shared by the two species. The
OTUs belonged to 226 genera, 104 orders of 19 phyla and some uncategorized bacteria.
Proteobacteria was the dominant phylum in both samples, accounting for 69.46%. Significant
differences were observed in the community structure of endophytic bacteria between the two
species. In addition, 65 strains of endophytic bacteria were isolated from the plants, belonging
to 34 species, 20 genera of 3 phyla (Bacillota, Proteobacteria, and Actinomycetota), and
Bacillota had the highest relative abundance. Furthermore, the stress tolerance, plant
growth-promoting effects, and antimicrobial activities of the isolates were evaluated.
[Conclusion] The community structure of endophytic bacteria presented significant differences
between Cistanche species. This study isolated several endophytic bacterial strains, which
provided a basis for subsequent applications.

Keywords: Cistanche deserticola; endophytic bacteria; high-throughput sequencing; stress
tolerance; growth-promoting effect; antimicrobial activity

TN A e — P TE R A B 7 AR A 25185 S A R g T A A £ e A=
B 1) 25 A AE A AL N R FL A e A KRRERERZEMAD. BEr, RTNERZH
JEARTIE Y BRAE MY, WAERMAE L MNP Pk R R TG R E . R
FEL ARz, REEMBMEYRBEEY ) T, ARG IR T AN R A I S WA
TR TG FAY RO SRRy, M AR mE R R EOR R R R L 5 R
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HAENL, B ENATHREMAEYY . B
WA R A T A ) 2 R
3 R L L

IR Ak %5 (Cistanche deserticola) & H [H 1% 4t
MY Z—, HHUREY) . T AR B
BEAE IR I T i A B 2ET, B B
S AN /1 = I AR 13 7B 32 SR 7 A P <1
WFRE R, WAREAATE T &N BER 2
P, FEEBANFIFPAEHLIX . R AZET A
7 e A B A — R i 22 ST R
T, A 5 TR AR PN A 20 T 22 e A G T A i
TR 5 i A 4R 0E

ABF X BT SRR B R B iR Xk T A
DX AE YR 28 (GH) G I8 A A 2 (HM) #E 47 3R
B, I v D BRI R 2R S TR A
BT, JF I RE T PR AE N AR A TR Y O 5
e, MG AR BT . A . B R I
R, RHE— DR R L R PR A N AR A A
W T S At AR 22K 4

1 MHE7%

1.1

PR AR AE B A (GH) NI AR (HM)
T2022 4F 12 J1 R BosdE /R Big X &3
B [X (E88°29'28"—89°54'33", N42°15'10"—43°35") ,
B i R AR ML R ARV 36 PG 48 AR iy fat B
R4F. JCHlRmdE, HIR/NEDG 58 B
K, RATHEMAELIUEN, 12 h Wiz 525
%=, JHTE 48 h WIFJRRIIHEE . OHE, DLKAA
A T 356 K] 2 44t BRI B8 PR 4 2 7 16 5

i 25 ZEFFF 1 (Bacillus subtilis) . [164 &2k
[ (Canidia albicans) . 4 # & ] 4 Bk &
(Saphylococcus aureus). KT (Escherichia
col i) FlA £E A 2595 1 (Fusarium oxysporum f. sp.
vasinfectum) . P4 A2 7 (Fusarium: oxysporum

f. sp. niveum) . A% BEJE %295 14 (Cytcospora sp. )
FH BT sl A 0 9% T DR B PO (Microbiological
Culture Collection Center of Xinjiang, MCCCX)
FEft

1.2 EFHE

MRS $5 555 | 4% A 49 B 3R (potato
dextrose agar, PDA)R5FEHE | B 7 BE (nutritional
agar, NA)E; 32 3L | % 5% A% (nutritional broth,
NB)$F 5L . IR R 2 L [l R0 T B 2 DL
R AL | FRUEANTA IS SR L . CAS Rl R4t |
R2A BiiGHE 33 . R2A WA IR . AR (1
K E 38 (tryptone soy agar, TSA)Fi#dL . 4K B
R . OHLEEIG SR SR s R L, H &
P Tl bl ¥ A= B R A R

¥ 3L 2 4 K 4 (carboxymethylcellulose
sodium, CMC)H5 3% 3 (g/L): #2 H B4 2k K 44
10.0, BREREN 2.0, BREREE 0.5, BEERE M 1.0,
WRBREEk 0.01, & ALAT 0.5, 35018 20.0,pH 7.2-7.4,

YMA i35 56 (g/L): H 2R 10.0, FEE:
¥ 1.0, BERRE P 0.42, BRAREE 0.41, S fkik
0.1, pH7.2-7.4,

1.3 EFER TR

S Taq Wi S50, 248 TAEY) TRE(E )
Rt AR AR 2H DNA S BU0 &,
RARAEAFL A BR 2]

TS, BMEBETEARARAH
BB ZRE DAL, Sigma ATl AEERETEAA,
R SRR A A RA s B, AL
A RATR; AShE B KE#, HIRAYAMA 24
mls PRz EEIRAE, R FEIRSOIAT RA Al B2y
WA PR, BEEEAGER{GER]T; PCR
PHGAL, B AR R
1.4 #HEHREHES

AR R AT # AR ST S ik
Hg T S BRE 174 PR AR it T I SRk e SR T 78
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T AHANZRT, IR A SRoK ik 10 min, TG
IR TR AT S TES; AL
B AR PPE 5-6 TR, 75%H 2 BEHELAE 3—5 min,
TorE Kbk 4 W, FEH 75% G EEEYE 1 min, TG
FRZKIPGE 4 U, WKy, & RS —i
TCW KGRI, AT R I B BCR BE
1.5 E[FE4H DNA BI$Z B 37 18

BRI 3 5 145 A6 R U8 (GH) FITE B 1A
AR HMFE SR TR AT S, FFasR ik
J& EAT R RN FE 43 WIS, BRUIE S (A i e E 2
PR 20 DNA $2BGR5R & Ui ] 1342 5 DNA,
I 1%B BEWEEE I L VKR I T 2 . DNA. 1)
WeRERNAiRE . RAEMGY 799F (5-AACMGG
ATTAGATACCCKG-3")#1 1193R (5'-ACGTCATCC
CCACCTTCC-3"#47 16S tRNA FE[H V3-V4 X
PCR #34, PCR J W 554 FI S WA 2 5 2% Joii S
PR RS ), PCRY =) 4
o A JE ok 2 AU R AEYE BRHCA IRA
A AT A A
1.6 SEBEENFREELE

SERidE barcode MHATYR RIS BEAFEAL 1
JE AR, I barcode HIS|Yy, W@t
flash FAEXT R1 A R2 J9 40508 647 PR32 o X DF
e tags JEAT S, 753 clean tags, FFUEATHRK
Gk g, HEBRTE 3 SRR T 50 B T
15 2 A T )5 224 B 19 A B8 I (effective
tags). LAFHI 97%H)— B AR N —14> OTU, &
FE b R 2 — AR AL PR S A RS b . Tl
o 3 o I R ) A% = R R 2R g
rh.0>(National Microbiology Data Center, NMDC,
http://nmdc.cn/), *&3%5 5 NMDC10018872,
1.7 AXBEREAENIESEE
1.7.1 BE®HREE

Fi2 1.4 P AR i 5 5 B 20.0 g i 200 mL
TCRK F IR R BRI, AR =

107, 107*, 1073 3 MR E . A S B B
BRI 100 uL %34T MRS ZiflE . R2A Biflg.
1/3TSA. FIZRDIEG . NA EFHBE . BRERE
L OOHLBER FRIE . CMC AR 3R 3 %
AT 3AER, T 30 °CHi3% 24-96 h,
B P 24 hOULEETR T, PRIBCHL TR 7 45l 22 A
(AR IR 3L BEA T o B Al Ak IR g 50 s
1.7.2 ALYIRIE

i KR 0 R 41 25 J5 10 T A 7E G
B AE R YIS 1 emx 1 em BY/NEE, M BEHLIE
FEA RO AR e, HIJo B 1 il B T 4%
KB FRHE B TR R, Higraifb b an 1.7.1
e Rt
1.8 REEMS FEMFERE

T i 24k J5 AR PREGE T &, R
7% PCR Ji%, FIFAH4HE 16S rRNA F K8
514 27F (5-AGAGTTTGATCCTGGCTCAG-3')
H1 1492R (5'-GGTTACCTTGTTACGACTT-3")i#
i34, PCR WK ZR: Master Mix 15 pL,
27F, 1492R 5|#J(10 pmol/L)4% 1 pL, DNA &
(10 ng/uL) 1 uL, ddH,O #pE 30 uL. PCR J2
&5 95°C 5min; 94 °C 30s, 54°C 30s,
72 °C 1 min, 30 ME#; 72 °C 10 min!', PCR
FE RIS T B A TAEY TR (R B
Uy A BRA AT Y o B S P 8 26 N TR E
PHEIG B4 2 NCBI 8ds PEFA TR VE LT, IF
PE B B VR F MEGA 11.0 200k NJ 3 7t
RGKEM, BE BRI AL
1.9 SEERUEFERNE

W o3 25 Al AR B TR AR O B B R R B 0% .
10%. 15%. 20% NaCl i) NA 15323 | Rk,
30 °CE|E SR 3 d, A3 ANESE, W
A RAFBL, DA E B AR G i AE U

i A4 SR AR AU ik AT, KRR
BEMEIE 10%. 15%. 20% PEG6000 f YMA
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WK IR AL, 28 °C., 160 r/min 1555 72 h, W&
ODeoo, VAT PEG6000 11 K%t , 4E4~4b B
3NEKE,
1.10 D EEREESF RN E

W a4k 5 i T AR AD TJOHLEE . BT 2e DL I
FRFRHORN CAS Rl sRsidr, F 30 °ClEiIEF:
3-7d, WEHTE S FDE A RIS, AR
FRIVEA TOARSCHERERY, 77 TAA SRAT k2,
200 pL AR T34 5 mL 200 mg/L 7
LRI 4 K B KR RIS L-A AR 1 4
[C B S5, 30 °CHE9% 3 d J5 8 000 r/min .
4 °CE.0> 15 min WEE FVEW, 25550 k
T WA Salkowski b8V 7E F1 AR B AR B 1:1 3R
A, FIRBOLEE 30 min JFWEL, DIRERTE
PR 2s O R, AR R N e B AR T R R A T
FIWT, BRI TR TAA g 1 R .
.11 D EEKINESFERNE

SR FARHIRESPAR I AGHI B AR T e 4, g
KIGFFHE(E. coli), & EEAEKE(S aureus)
ARG B 28 04T 1 (B, subtilis) %5 955 J5L 40 B 1% 5%
10 h J5HiBE R 107° (ODge=0.2), HX 100 pL 1y
SIRATE] NA 8 3R5E o KRl ik 2 T
4 °C. 8 000 r/min #§.0> 15 min, FHTFLES(EAR
5 mm)Z3 B FE R FE MR 2 A0 2 om 404T4L,
ASEARAT 4 LB EIEWGE 0.22 pm TCRE B,
B 70 pL MREE S I A B FR LA i fL A, B
R KA S % R

5 4% Bk S8 149 T8 (Cytcospora sp.) . Hf A Ak
Z2R # (F. oxysporum f. sp. vasinfectum), 7/
Wi ZER I (F. oxysporum f. sp. niveum)Fl {48
KIA(C. albicans)d§ 4 Fl I ELI B2 7P T PDA 15
FrIk B3R 35 d. FHTCTEFTHALAR O S0 1A
HPHE T PDA RO E, L 2 em
b SRR AR, 30 °CHEFE, AR I A AR
il JE L A A K A e AP

2 EREGHN

21 SEENFER
2.1.1 HEZHMN

MG A6 TR AR (GH) FISTE T8 1A AR 2% (HM) B
i LIS G 41 301 260 4%, i IEIAICR &
FE 8 BRAE AR N 2ok | SR AR O
Y G 3 A5 R A RUTF 1) 300 063 45K 1), a £
FEVESS SR B, ASTR] PR i e 2 55 B2
99.99%, I LABE T S BRASE it Hh PN A A0 T A LSS
HAEN . Simpson F5%44H Shannon FEELTE 2 Ff
N FE G Z ) 225 A B 2%, 1 Chaol #5%K
fEfE2E5E, JFH HM FEfhmF GH e, 138
GH £ I REVE G T HM FE S RIS £
2.1.2 OTU &4k

A3 SR A A K2 (GH) FITE B 1A A2 (HM)
T 7 81 LA 371 97 % ) — BUHEAE i — 4> OTU,
Il WA F BB 1), Sk R IR AR
1086~ OTU, Hiir, GH FI HM K543 546
FHEA OTU %k 582 F1 458 4, TidkA OTU
VA 46 4>, 5 OTU B 4.24%, FW 2 F
PR AR5 PN AR 2 B 2 A AE I s 25 5
2.1.3 YHEESEYM S

PR Z AR R B, B8 R KA (GH)
FE 5 PR A28 (HM) PN A i R e 8 19 AT
104 ~H 226 & S—S0 R RN . 71K

x1 AEHERALHAEREN o SHEMESH

Table 1 Alpha diversity analysis of endophytic
bacterial communities in different samples

Item GH HM

Effective sequence 137 890 162 173

Chaol index 163.67+15.60b 259.00+30.20a
Simpson index 0.23+0.27a 0.24+0.19a
Shannon index 2.04+0.46a 2.52+0.57a

Coverage (%) 99.99 99.99

ENEUNCESS T T2 T

Different lowercase letters indicate significant differences.
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GH HM

1 ARERAEAEERE OTU 7 HRAE

Figure 1 Venn diagram of OTUs distribution of
endophytic bacterial communities in different
samples.

Vb, FEW AL ] (Proteobacteria) . ZE 1
A 1] (Bacillota) . Jilt£E i [ ] (Actinomycetota) ,

FATTA | ] (Acidobacteriota) . 4425 1] (Chloroflexi)
SFESAWIT, RIS 98.00%LA F o
v, A8JE B ] (Proteobacteria)hy 2 Fi A A A Y
X RFEBETT, 0 79.74%H 67.68%, (A
AT I ARRT 32 B A I 22 = (] 2),

EHAKYELE(E 3, Byl EHE
(Pseudomonadales) . Jt HH f§ J& & H

(Acholeplasmatales) . 1115w 1# H (Burkholderiales) .
B % W H (Streptomycetales) . M % E H
(Rhizobiales)% 5 NF H i &AL 1) 86.62%.
Forp i B R H (Pseudomonadal es) 1 iy 7 Fifr [4]
WP ILFE AR H, 450G 41.61%F1
64.16% . {0 H At 5 H 09 40 Xt =F B A7 76 B B 22
S, A1 7% [ H (Burkholderial es)Fi G fIH 5 5 {4
H (Acholeplasmatales)r 7l 5 GH [ 32.67%F1
2.50%; HM # o F 5 [G e H (Burkholderial es)
1 B 5 5L {K H (Acholeplasmatales) 43 5l 5
1.86%7F/1 29.53%.

PR AR S A AT L L X b 0L 2R TR
BRREZ (B B 22 Sk AU R R 3R 26 ¢
R, B R MR R ) F 2
K, Bl CRIER F RN, 2 P

100 -

80| B Others
S Nitrospirota
=4 B Verrucomicrobiota
é Myxococcota
= 60 - W Gemmatimonadota
2 Bacteroidota
i W Chioroflexi
= Acidobacteriota
= 401 W Actinomycetota
[ Bacillota

B Proteobacteria
20+
0 SRV A IR VK )
B 2 7 EAE R Tk A R

GH: LM, HM: TEl A%, T

Figure 2 Relative abundance of endophytic bacteria at
the phylum level in different samples. GH: Cistanche
tubulosa (Schrenk) R. Wight. HM: C. deserticola Y.C.
Ma. The same below.

Q
=
o
<

100

M Others
Flavobacteriales
B Bacillales
Sphingomonadales
W Micrococeales
Steroidobacterales
B Rhizobiales
Streptomycetales
B Burkholderiales
Acholeplasmatales
B Pscudomonadales

80

60

40t

Relative abundance (%)

201

0
SEESFS

3 TAEHEmALEHAEBKFEHENERE
Figure 3 Relative abundance of endophytic bacteria
at the order level in different samples.
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WO B ACEHT 20 B AE G TR A I8 201 T 25 =
M, ARG IE (B 4), SRR 2 Fh N
RBEFE S TE B KV F RIS T B AA e B 25 57

iR B MY ® J& (Pseudomonas) .
Phytoplasma . %' /K J il [C [# J& (Ralstonia) .

Methyloversatilis. %%%5 [/ (Sreptomyces) 3 (4 %
e 85.21%. Hrpfi LR J& (Pseudomonas)
B R R BN 54.90% . 50.31%. B H A
B FEAEZES, PR MEKRER
(Ralstonia)Fll Candidatus Phytoplasma & GH # /i
AR, 0 37.77%F1 4.31%; HM Ffih
H Candidatus Phytoplasma Fl Methyloversatilis &

Candidatus

(S N Group

Streptomyces

ﬁ:gﬁﬁﬁ%

GH1
GH2
GH3
HM1
HM2
HM3

4 AEF@ALAERE BREXMERE

Flavobacterium

Mangrovibacter

R, 40515 23.16%F1 0.80%.
2.1.4 FRSOW

F 14353 1 (principal component analysis,
PCA)ZS SR LW 5), T4 1 (PCHFIE
BLAT AT 2 (PC2)XIRE S #E 35 1 BTk 26 431
31.47% M 22.56% , — & B it vt mk K ik 5
54.03%. fEEBST K, HM AR A
FESS =R B HAE S AR rh, RUIHER 251
2SR, T GH R 43 A 0 ELRE St 8] 25
Bam, ULEH R R G 2 B AR REVE 22 5% T
BF, HM Al GH A &b 8] 4% 5520 A £ 7 W] 5 22
5, RUIRIR RRE R AL RAFAE ] 1 25 5

2 Group
l o
I HM

Kocuria

Candidatus Phytoplasma
Staphylococcus
Sphingomonas I
Methyloversatilis
Pseudomonas

Bacillus

Mitochondria
Subgroup 2

AD3

Burkholderia

Ralstonia

Leifsonia
Corynebacterium
Acidibacter
Allorhizobium

Novosphingobium

Figure 4 Heat map of dominant genus correlation of endophytic bacteria in different samples.
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GH2 ¢

30+

20+ e GH
e HM

10

PC2 (22.56%)

I
I

I

I

I

| 1 1 L
0 10 20 30
PC1 (31.47%)

El5 TREHERAEMEEFEZNERD TITE
Figure 5 Principal component analysis plots of
endophytic bacterial communities from different
samples.

22 ARBRAEFAAEAENTESEE
ZER

MR ZH ZH rh 23 251551 65 FRANTRI (] 6),
2 16S TRNA JE[H 751 BLAST X, &85 R BN,
AN A EIHE T 34N 20 48 34 4~Fl,
PR R PR S B TR 16S tRNA N 751

FLPETE 99.04%-100% . Hi, ZEAATHIE
(Bacillus, 9 FiHFhkiEZ, HKCH A ER
(Pseudomonas, 3 Fi) . #i & MR % M4 i R
(Lysinibacillus, 3 ). 14T % J& (Microbacterium,
2 F. Wi22E & (Saccharothrix, 2 #f), HAH
B 1 B, WP R ES TR ILE 2, R
I MEGA 11.0 #4F NI I8 R 508 B
(Kl 7 FE 8).
2.3 ERAIIUISE R AR EFFYE

E—2EXF 65 BRPAE AR A SCHTIN K fid A= 4
PESEAT 1M (B 9), R ZEH R A BRI PLIRR
P AR ER R DT T, I TR R AT AE 3% Y NaCl
SN AR, I H.23.53% 0 B FR T 7E 10%[ NaCl
U NAEK, TEMRRE T, 69.54% 1 B A]
FEWRIE N 10% PEG6000 7%/ FAK, 26.12%0
BIRRATTEWRE 20% PEG6000 IAE K, Z5 530
IHR 3 P MR PN A A T B B BT ek . &
P MAFEG B IRBEMEQ M), eHE
(Leucobacter, 1 F) f#FK & (Micrococcus, 1 F)
TEAFRRE_FHUiiretae g1

6 WHWEFAEMRETFREA

Figure 6 Colonies plate photograph of some culturable endophytic bacteria. A: CS-4. B: NGW-3. C:
NGW-4. D: RGW-4. E: AGT-3. F: NGW-2. G: TGW-4. H: GG-13.
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Table 2 culturable endophytic bacteria summary table

No. Genus Number of Number Ratio (%) Strain code

species of strains

1 Bacillus 9 19 29.23 RGT-2, RGT-3, RGT-1, GGT-4, RGW-4, GGT-18, RGT-1,
NGW-3, AGT-2, AGW-1, PT-26, GGT-23, GGT-22, MGT-4,
MGT-1, MGT-2, MGT-3, GGT-13, RT-10

2 Lysinibacillus 3 6 9.23 TGW-5, TGW-6, TGW-7, TGW-8, NGW-1, NGT-7

3 Pseudomonas 3 6 9.23 NGT-5, NGT-6, PT-5, PT-1, PT-2, Z-TT-3

4 Saccharothrix 2 4 6.15 AGT-3, AGT-6, AGT-7, CGW-2

5 Priestia 1 4 6.15 AGT-5, MGW-6, MGT-7, MGW-8

6 Paenibacillus 1 4 6.15 CGW-1, GGW-1, AGT-4, AGW-8

7 Achromobacter 1 3 4.62 RGT-7, GGT-5, GGT-6

8 Glutamicibacter 1 2 3.08 RGT-5, RGT-6

9 Enterobacter 1 2 3.08 GGT-25, GGT-8

10 Delftia 1 2 3.08 GGT-3, GGT-29

11 Brachybacterium 1 2 3.08 RGT-9, RGT-8

12 Senotrophomonas 1 2 3.08 GGT-12, GGT-11

13 Microbacterium 2 2 3.08 Z-TW-2, Z-TT-4

14  Alcaligenes 1 1 1.54 RT-11

15 Chelatococcus 1 1 1.54 NGT-8

16  Arthrobacter 1 1 1.54 Z-TT-5

17  Lactiplantibacillus 1 1 1.54 Cs-4

18 Serratia 1 1 1.54 TGW-4

19  Micrococcus 1 1 1.54 NGW-4

20  Leucobacter 1 1 1.54 NGW-2

TEARAE AR METT 1T, 26.47% 0 T8 AR 7L AR TE AL
Tl 5 7 R (361 R0 % % 6 St B A AN [ R 2 19 3 T
B, 41.18%MFRTE CAS KR4 W] & s
R =, 38.24% M AR H A 7= TAA F51E,
RIZEARFFI T Py, PR (1 A FFLER A
(Lactiplantibacillus, 1 FiNZEA FIREREE FAE A 4F
MERE 18
24 EHRBIESFE
2.4.1 HIHIREAEAE M

25 X TR R SR A T 45 090 D 200 BT R g
G, BRGIHNE 10 R, 29.41%M Y
HA R R BE AL B 2R AP I . G M R 2
BRI IAFFE R et Joh 2R A (6 Fi)
FLERE (1 ). FE 6 1 (Alcaligenes, 1 Fl)

15 D 210 TR R T 58 o
242 HIHREEEREN

25 0 R R R AT A5 B0 I L TR R A
FE, BERGETHUNE 11 R, 35.29% 00 B BT P
A 22 95 T RIAE 6 A 22 995 oA 5 A I R
38.24% XAk R R HA IR, 23.53%H
AIE O SRR, TR ZERAF Q).
REAMITR (1 Bl P BT TR (1 )30 55 D B R
REJIHcoR, & 12 A AR M R RCR 'R

3 W
NAEMEFETEMEY S, BEEEN

TR Z R, (BAEAE DAY dh Bl . R BRI |
TR 2 A AN AL, S B30 AR T A B AL T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARRH-ARENE F | AXTRNEWE ZHMRINEEERN S B iH ik 4067

7 ETAEFAEMEEFEMEIIEN 16S rRNA EEFIHENRGELAEN FHoThmMrsSh
AR GenBank 5% 55 B 0.02 AR FHIMMZEE ;s 70 S0 ERBCTARERITE 1000 YR HIHER
Figure 7 Phylogenetic tree constructed based on 16S rRNA gene sequence of cultivable endophytic bacteria
Bacillota. The serial number in brackets is the GenBank accession number of the strain, and the value of 0.02
represents the sequence deviation value. The number at the node means the percentage of occurrence in 1 000
boot-strapped trees.
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8 ETHIEANEMARTHEI VMR TEK 16S rRNA EEFIIMENRZLEN 5
IR MR GenBank %555 AR/ 0.05 FUERFFAINZEME s 70 3R ERECTAAERTTE 1000 YRR
Figure 8 Phylogenetic tree constructed based on 16S rRNA gene sequence of cultivable endophytic bacteria
Proteobacteria and Actinomycetota. The serial number in brackets is the GenBank accession number of the

strain, and the value of 0.05 represents the sequence deviation value. The number at the node means the
percentage of occurrence in 1 000 boot-strapped trees.
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Figure 9 Statistics of stress-resistant and growth-promoting properties of culturable endophytic bacteria.
PSMs: Phosphorus-solubilizing effect; NF: Nitrogen fixation; CAS: siderophores; IAA: Indole-3-acetic acid.
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Figure 11 Statistics of characteristics of endophytic
bacteria inhibiting pathogenic fungi.
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Figure 12 Results of inhibitory bacterial and fungal indicators of some endophytic bacteria. A: C. albicans.
B: B. subtilis. C: Cytcospora sp. D: Fusarium oxysporum f. sp. vasinfectum
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