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i E: (31 EDNE@R S5 Ty KRALR S IEY, #8558 TANT R EZA L4
KA., EHWAERTZORELSY DA EDH O L. RERSAH, mALME LA REY
PR AT A & K SRR . #788 RUE S (Salvia deserta Schangin) 2 —#F B % #2493 % M a9 444,
mA kxR RARENNEMAARKRY, EASENHRANEL. [BH]IRAFRBIALEALDE @
SN FIEARAADAN LA TR, [FE VB RS B F iR 3 ARG AMYFTERLEE
MPHATNAMEA G B, KT 16S I(RNA KB F I HATRRT 3 MR AT RAEZAL@E 0
S, AT B RFNE S AREAT S B0, A B ARG A5, [ZR] A58 3 X #
BREZT AN BRIFBOMALME, ZELRKETINTA4ARM6 A8 144823 4B 70 4ANFF,
E BB A 45 A1 B (Curtobacterium). B2/ H & (Pseudomonas). 3 Ja4F i /& (Bacillus) A= M 4
1 /& (Enterobacter); ABxH KA AIKIE K Z 3R F752 RAEE N A @ME WFF 2 A8 5 A2 E 3R
WX F 5, #HEBREFLZ80°C. 1 h G5 BFH 6L HA 1 (Actinomycetota) &) T 7 m &AL 32, F
HBKF Lo WA TR G; H5 24 68 B B4 EA L7, 80 il A Bl At ), 35 i 2
HERBARGE S, 4T HREATUAFAZABE, 5T HRE T T EF %L, B REENA 48 KA
xt 3 R KL R R A B R e B (Valsa mali)g ) 20k, A 37 ARE X & ek R R R Fadk )
# (Fusarium oxysporum)# 374 80UR, A 20 #k 8 x50 F KRR 5% % /7 3 U ARAR E (Rhizopus arrhizus)

FIH - 55 = JOR 4R A LA 5 I H (2022xjkk020605)

This work was supported by the Third Xinjiang Comprehensive Scientific Expedition (2022xjkk020605).
*Corresponding authors. E-mail: SUN Yanfei, 81711308@qq.com; LI L1, lili.bobo@outlook.com
Received: 2024-08-23; Accepted: 2024-12-02; Published online: 2024-12-20



2124 (YIS Gk Microbiol. China

HirhlR., (41 FBREELNAMA LA FEOMTZHAN, RRAAZNITBIEELNA DR
FELHELEER., HoFHBRAENAME ARARFAGELT AR —T BN,
KA B RAE, Adaer,; S4EM; AN, WAREMR
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isolated from the medicinal plant Salvia deserta Schangin

ZHANG Xiaoye!”Z, CUI Lei**, ZHOU Delong'?, LIAN Haiting?*, SUN Yanfei'!, LI Li">}

1 Key Laboratory of Xinjiang Phytomedicine Resource and Utilization, Ministry of Education, Key Laboratory of
Oasis Town and Mountain-basin System Ecology of Xinjiang Production and Construction Corps,
College of Life Sciences, Shihezi University, Shihezi 832003, Xinjiang, China

2 Xinjiang Key Laboratory of Biodiversity Conservation and Application in Arid Lands, Xinjiang Institute of
Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, Xinjiang, China

3 State Key Laboratory of Ecological Security and Sustainable Development in Arid Lands, Xinjiang Institute of
Ecology and Geography, Chinese Academy of Sciences, Urumqi 830011, Xinjiang, China

4 College of Marine Life Sciences, Ocean University of China, Qingdao 266003, Shandong, China

Abstract: [Background] Endophytic bacteria form a mutually beneficial symbiotic relationship
with the host plant in the process of long-term co-evolution. The growth environment of plants
will affect the species, number, and distribution of endophytic bacteria. Endophytic bacteria
have the effects of enhancing plant resistance to diseases and promoting plant growth. Salvia
deserta Schangin is a plant with a variety of pharmacological activities. However, there are few
studies on the endophytic bacteria of S. deserta Schangin, which have a potential research value.
[Objective] To explore the diversity of endophytic bacteria in S deserta Schangin and explore
the endophytic bacterial resources of medicinal plants. [Methods] The culture-dependent
method was used to isolate endophytic bacteria of S deserta Schangin growing in three regions.
The diversity of endophytic bacteria was explored by 16S rRNA gene sequence analysis. Some of
the isolated strains were characterized in terms of enzyme production, growth-promoting properties,
and antifungal effect. [Results] A collection of 386 strains of endophytic bacteria were isolated
from S deserta Schangin, and they were identified as 70 species belonging to 23 genera,
14 families, 6 orders, 4 classes of 3 phyla. The dominant genera were Curtobacterium,
Pseudomonas, Bacillus, and Enterobacter. The diversity of endophytic bacteria of S. deserta
Schangin in Xinyuan with lower altitude and precipitation was higher than that in Zhaosu and
Huocheng. The Actinomycetota strains isolated from S deserta Schangin samples treated at
80 °C for 1 h were more than those from the samples treated at room temperature, and the
diversity of S deserta Schangin at the genus level was significantly improved after the high
temperature treatment of the plant samples. A total of 68, 80, 35, 47, and 57 strains were able to
solubilize potassium, fix nitrogen, produce siderophores, produce protease, and produce
cellulase, respectively. In addition, 48, 20, and 37 strains showed inhibitory effects on Valsa
mali, Rhizopus arrhizus, and Fusarium oxysporum, respectively. [Conclusion] S deserta Schangin
harbors rich endophytic bacteria. The abundance of endophytic bacteria is different among hosts
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in different habitats. Some endophytic bacteria have the potential of promoting plant growth and

antifungal effect.

Keywords: Salvia deserta Schangin; endophytic bacteria; diversity; growth promotion;

antifungal effect

YN EME S FZEBAR A
FRRRIILA G R M 25258 TN A2
B, TAE FEAE A R N AR A0 T PR R E A AR KA
M WAMEREE (e UE A R R, 1Y
oif HO 0T £5 Blops SR AR R R 38 KPR 015 I8
AT DAY Y B 2 (B Ik A ™ 1 1)
B RS AY RN, EAEE, Bk
i 22 HAT R0 TR RIS A 00O 9 P9 A 20 T I 24
FAE Y vh o s i e A5 2 o F A N AR AR TR AT
DI [ B AR . 7 A2 ms5| W & 2 (indole
acetic acid, IAA), ## ik . A F MR (hydrogen
cyanide, HCN)FIZ XA [RIFEY) 7 AR A4,
X T B R R AR R A R (plant growth
promoting, PGP)I PGP A A 4 & A LA 2 X i
L7 S N (O AR 373 VIR 6 = A N
P | VAR PR o S AR LR SR AR P A
KBS EW & SRS H A G,
AR B Al AT RELe v i A R R DY, BT
DL B BRI el , X Se iR B AR ) A R N A 2
PR T AR AR AN 2 s e i - A T A A
B0, VEY g B R Al 28 B0 Ok 1Y) e T
Kz —, 25 TR 9 N A6 4 v o] DG 2o 175 A )
PUEGUE . SRR AL PR ARG
PEALA W) LA S i 2y A VR 45 O U0 24 A )
B 52 SR AR AR T A0 N AR A A el
A 7K S A D A A R RE AR G, AL TR
fitf . LT YE R, 27 4t K AR RS 5
Hb, XEEHGIAE] DL AL, (A bR 1 g
FEPEA, AR IR B2 SF A P AR K H P,
Pk, FH—FB A PGP A AN 1E N B A
Z AR A R TE A AR L A
Biiie e 346 52 0 e vh B B0 S

H7 i 2 7 (Salvia deserta Schangin) /& /&1
BB RS AR AN, P
S0 P2 53 A TR E Hr LR 2701 850 m
SN LS AT 57 B 5:119) % N N AR =1 151 0 B
AN FE TR . AR TR
PRUA, BB R 2y FRe IR F e s =42
P B AW E R R - e Re . Herp
VFZAEAN LA R B2 97 5 T 0 o FH 2 g i, an
Pr . AHL PR, U . PoREIbUA L
YERIAE, HRfArE S H AR Y ) AL E TP,
AT UL, i s e s ELAT A 1 2 e,
R 3o 8 SR ) P 5 B R 2 24 AT ) B U A7 A
IR A SRR A RS . BRI, FF & 55 ) i
SR E N A AR A EEMR M E, &
HA R TRt nig . 25 Bk, i
T 0 W e SR B N AR AN ) 2 REME, DL T iR
L) A 45 0T i s RS P A R R e
X BT BB L A A TR Y, R BN PGP
ST AT 1 R A TR R AU AN 24 = AR TR R
LR, B —EREE F R AESE T . B,
Ao R N A ZREE . AR
Prai . fE AR S IRR ST BEAT il . AR ST IR
R A 3 N HIX N AR 2R, IR
A 5 X0 s B R R A A A TR Y R

AWFFE EH LA 3 A4 Hb X A HT 98 B B R i
FXTH, s aitb N AEANE, i id 16S rRNA
FEH P I AT R G IR 5808, 0 T8 B
RENAME 2N, BERNGFLAEYNE
P B R A P O R T 5 R FH B4 it 5 (] B
e —HE LA AR B AR T T RE R MR, DA
AR 25 A M 275 R 5 51 & TR b AR ™
PR —E MR AR SRR 248
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1 5 rE®
1.1 #MH

B4 B FE(Salvia deserta Schangin) A 4]
FESD T 2022 4F 6 J1 R Fasm4e & /8 i XA
B 5 B NHTIRE . BOR B AEE 3 N
X o 3 ANSRAE S Hb BRECHE AT 2022 47 Ji P22
IR EIR IR | Frn . Bl . R 9555
LT O AL AR M X B9 A< L PO L FP FIPE R R
A0 R FE IR . BEK i, R AR
AR . s AR, BRI
T AE X A

M 2% JICHR J5 9 5 JE TR /D AR AR %5 (Rhizopus
arrhizus) . 75 Ak 259 18 22 f0 8k JJ 1 (Fusarium
oxysporum) Fl S SR B K2 5 B 2R R 5t
(Valsa mali)rh Hr B2 B g e Ak 28 5 s B oY
PR P 52 30 = ARAE I B AL 9 S T T AL A
T PDA ¥53R3E |, 28 °CHE% 7d, TP Kl
MG R TR 4 CCIRAEE .

1.2 EHFRE

afifb 5 IR 30 R2A 555 (g/L): BERRR M
0.50, M 0.50, BEEFKEY 0.50, Hi%
B 0.50, AT TETERY 0.50, KaHPO, 0.30, MgSO,4
0.024, NERAEREM 0.30, BE 20.00.

i 6 P R O T 4R AN B IR
(potato dextrose agar, PDA)K 35 KE(g/L): A%
(2:52)200.00, % 20.00, g 20.00,

SYEREFREL: ML AR MBI
(4 g REXMMS 1 000 mL ZZKIES)E,

#1 HRFESREXRHEREG5RE:R
Table 1

121 °CZ& & 20 min, FF-LBRAYITRIE), il 20 g.
M2 Kusters ¥ ##%E(g/L): Hih 10 mL, BEH
0.30, KNO;s 2.00, KoHPO4 2.00, AJ M TER
0.50, RAWERE 0.10, FeSO4-7H,0 0.01, CaCO;
0.02, MgSO4-7H,0 0.05, FiflE 20.00, M3 £ 4
R HERR R R (g/L): SRR 2.50, I
FRAN 2.00, ifi %R 1.00, KNO; 0.25, MgSO4-7H,0
0.20, K,HPO, 0.20, CaCl, 0.50, FeSO47H,0
0.01, Zfg 20.00, M4 BERFREU R F 2 (g/L) -
Fe B EUY) 0.25, Ko,HPO4 0.50, Bii§ 20.00,

M5 K5G8 I B R 97 2 (g/L) - A R 15.00,
KEHEMME 5.00, NaCl 5.00, B 20.00. M6
T o B e R R A (g/L): MR H RN
2.000, KA 0.100, NEREN 4.000, KoHPO,
0.500, MgSO4 0.100, FeSO4 0.001, Zfi§ 20.000,
pH 8.1£0.2, M7 &K —S 13 5(g/L): Tl
FEN} 20.00, KNOs 1.00,K,HPO,4 0.50, MgSO4-7H,O
0.50, NaCl 0.50, FeSO4-7H,0 0.01, Eifig 20.00.
M8 FrEE R G 1 F= 2 (g/L) : FPETR 0.12, F1i5
MR4k%E% 0.12, NaNO; 1.50, K,HPO4-3H,0 0.40,
MgS0,4-7H,0 0.10,CaCl,-H,0 0.05,EDTA 0.02,
Na,COs 0.20, Bifig 20.00, M9 R2A K55E 3 (g/L):
P B1I2 K3 0.50 , 2 1115 0.50 , Fi& 25 11K #4727 0.50,
HiZIHE 0.50, ATAPEVER 0.50, KoHPO,4 0.30,

MgSO04 0.024, NFHEREN 0.30, ZEAE 20.00, M10
2216E }igidk(g/L): FEHAME 5.00, BEEEHY 1.00, 7
BERE 0.10,NaCl 19.45,MgCl, 5.98,Na,SO4 3.24,
CaCl, 21.80, KC10.55, NaCOs0.16, KBr0.08,

Sample numbers and meteorological information of latitude and longitude of each sampling point

Fedhdi's  RAEHD EEEA Y IR SRR fre U AR Rk &
Sampling  Sampling site Latitude and Altitude  Tm (°C) Tmax (°C) Tmin (°C) Precipitation
code longitude (m) (mm/d)
SWCXY  Xinyuan County, 43°25'41"N, 852.00 6.27 30.75 -22.52 43.88

Yili, Xinjiang, China  82°57'44"E
SWCHC Huocheng County, 44°26'31"N, 1415.00 5.50 29.70 —24.50 60.91

Yili, Xinjiang, China  80°482"E
SWCZS Zhaosu County, 43°2'17"N, 1722.00 1.50 24.65 -22.71 89.55

Yili, Xinjiang, China  80°58'49"E
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SrCl, 0.034, H;BO; 0.022, Na,O-nSiO 0.004,
NaF 0.002 4, MH4NO; 0.001 6, Na,HPO, 0.008,
Bifg 15.00, pH 7.6+0.2,

I RE I 1k B R 5

(1) TCHLBEEE R (/L) HZFE 10.00,
Ca3(POs4)2 5.00, FEEERZ K3 0.50, (NH4)2S04 0.50,
NaCl 0.20, KCl 0.20, MnSO44H,0 0.01,
FeSO4-7H,O 0.02, MgSOs7H,0 0.10, I fig
20.00, pH 7.0-7.2, 115 °CK % 30 min.

(2) LR FFHR(g/L): H#EEE 10.00, CaCO;
5.00, MgSO,4-7H,0 0.20, NaCl 0.20, CaSO4-2H,0
0.20, KH2PO4 0.20, 5§ 20.00, 121 °CKH
15 min,

(3) Bzl KGR H(g/L): HEREE 10.00,
CaCOs; 5.00, NaCl 0.20, MgSO40.20, KH,PO,
0.20, CaS04 0.10, Fifig 20.00, 121 °CKE 15 min,

(4) # K7 (chrome azurol sulphonate, CAS)
R g2 . FH 10 mmol/L HCI i ] 10 mL 1 mmol/L
FeCl;-6H,0 i J7, 5 50 mL 1.21 mg/mL CAS
KIEWIRA, 855 40 mL 1.82 mg/mL 75 k¢
e = W 3L & Ak 2 (hexadecyltrimethylammonium
chloride, HDTMAYKIF R 2 IRA, 1HIHH ao
FREXL K,HPO, 0.30 g, NaCl0.50 g 11 NH4C11.00 g
Beii 750 mL ERES G AR -1,4-— LR
[piperazine-N,N'-bis(2-ethanesulfonic acid), PIPES]
30.40 g, FFHEMER pH [ E 6.8 I ERE
800 mL, 15¥ K bo FREUEZHE 2.00 g, H3BOs
1.40 mg, H&M 2.00 g, MnSO4-H,0 1.17 mg,
MgS0O4-7H,0 493.00 mg, CuSO4-5H,0 0.04 mg,
CaCl, 11.00 mg, ZnSO4+7H,O 1.20 mg,
Na;MoO4-2H,0 1.00 mg At il 70 mL $HEw , 5
VW co ¥ a. b, ¢ X 3 FNARIRA I AZUE
20.00 g, 121 °CK# 20 min, FFRGREHE
50 °CJ [ H A i A 30 mL 52 38 K B A 10% 1Y %
EEIEIR, RS, BIS CAS Rl 5% 55 4 .

(5) JPHHEREIE SR (g/L): R gER
i (carboxymethyl cellulose Na, CMA-Na) 20.00,
E 1 2.50, Na,HPO4 2.50, KH,PO4 1.40, 3

g 20.00, pH7.0-7.5, 121 °CKF 15 min,

(6) ZF Wy 85 3% K . KHPOs 040 g,
MgSO4-7H,0 0.20 g, T #EM 10.00 g, FEEREZ M
3.00 g, Bl 15.00 g FLifil 500 mL %, 121 °C
KT 15 min 19T R 5%EAE Wik 50.00 g
i il 500 mL {E#, 110 °CKH 15 min, BHE
4050 CAFI ML, P15 W TRI I W LVR S 1524
B8 O
1.3 FERFIFLES

PBS ZZ i (g/L): NaCl 8.00, KCI 0.20,
Na;HPO, 1.44, KH,PO, 0.24,

S i AN S S S VR
Rl EAE AR A A HEsTES, B
MR ABRA R BEIF IR & s R J1280A
KR g, T R A (B R T e A PR
Chelex-100 #fig. PCR {X. HiJK{¥, Bio-Rad 2
Al BEREAL, JUBHRRA A BRA 5 BERIR A,
IKA {U# A RA A
1.4 HEIHERILE

W FA R B i S R R S R PR A R
A KR RE RS, HHH 9-10 cm
/NBE, TR PR P IV RSO Uk B K ARV T .
T TAES N 5% NaClo #5 3—5 min, JC
PRKIEYE 3K, BEE R 75% B 5 min,
PR AKBYE 3 Ko BURG —KIFVERICHE
7K 100 pL %4 T R2A B35 5L |, 8532 2 d 5 WL
REVEAE RGN, DIKIERE SR G ¥
THER U IIAEAR/NBE T TR BY J) 85 L3k 29 1 em,
BCE T IR AR JO R By SR L B AR
FIA /N T IO B0 4 °CRRAF . BUKT
SEA AR /NEE , I TG 1R R AT B o s 2R
&, BEHTILEELEDZ0, BT-20 °Cft
e M.

1.5 REERE@ENTE24US5E
Feh R %

FEMALER ] 2 FbE vk, AbFE—. TG
WA R RRIC 2 g FEHPIFE S K B FER Ak
PR ORI FRREL 2 g AR S A K TR Y
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BT, ABERS 80 °CALRE 1 h JE A KA
WFER . 2 Fb e 3 MR A 18 mL JCi
PBS 2% tf AT 74 AF S I i B 0 A

s SR N AR A Y W 1 mL Ab
F— 20 PBS ZMEWIR G S 9 mL &
EAKIREG, BEMRBEZE 107, 107, 10°3: 34
BEEEIPW; WL 1 mL ZbFE R4S 301K PBS
EERIRSYS o mL TH/KIES , BT R
2107, 107%, 107° 3L 3 BEE BIF IR . 435K
BBUA%- U B 6 35 10 T 2R 80 ul, T 10 Rl /B 1%
FEEE E R H IR R AR R B SR A, &
F 28 cCIHEIG M K5 . B RMEIHEBOL A
AN BT T, R IX Rk ik Al A B4 25 H Y
S P T 2 I T o e SRR R PN A A TR TR
BRERAY . FTCEE T2 PR B b i) P AR 4l B T
20% M Jo i HE TRk, PRAF7E—80 °CE& .
1.6 RMEEREWAENEE

Chelex-100 722 HUA A= ZH T HE H 24 DNA
PRBCR I BATE 75 T 50 uL 5%—10% Chelex-100
W IR e IR G AR ), Z 05 F 99 °CHLfiR
10 min, AR R DNA, RrHAH
F A AR AR O AURE 2.0 2 min, 155
) 5 W DNA AR . K15 DNA B 5 37 B
PEAT PCR ¥4 16S rRNA JE[H . FrHS 14 k4l
I 16S rRNA JE M H 514 27F (5'-AGAGTTTG
ATCCTGGCTCAG-3")HI 1492R (5'-GCTTACCT
TGTTACGACTT-3'), PCR W 1A Z (25 uL): DNA
¥ty 2 uL, 2xEasyTaqPCR SuperMix 12.5 puL,
51%7(10 pmol/L)4% 1 puL, ddH,O #ME 25 pL,
PCR S 4514 : 94 °C 5 min; 94 °C 1 min, 56 °C
1 min, 72 °C 1 min, 36 ™ME#; 72 °C 10 min,
i 1 %35 i W B8 J H kX PCR =424 5 Azl
24 DNA KEEZ24 1 500 bp ] PCR P2 ¥)& 44 .
¥ PCR =¥t 1AW TR (RO FRA
AL AL R, K153 16S rRNA JEH P
41, Y NCBI (https://www.ncbi.nlm. nih.gov/) 5 J
PESEAT XS, W A S H A .

1.7 REBERLEINGEANEMEAYIFIE

VEWEVE A . I AU RN R Rk 3R BE ) TR AR
ik InES % Liu S0k IS BEE iR
(R - B o D TR AR 32 D T O ML B 97 3 |
28 °CH5 3% 35 d MER MR A KA OL, 75 H B
BRSO B I R B R RE . BAEH
BRI FR) 07 0+ 8 7R ) BT o 422 o 7 TG U3 SR S A
BTZ5 DL FCRE SR 3L, 28 °CHEFE 3-5 d MR HA K
L, A FEFE 2 gt FAEK, WA %
PR RR LA B R T o R BRI TR AR T A -
PIMREEFIF CAS 5955, 28 °CHEFE 3-5 d AL
P RRA K AE O, 25 RS ek 3 A I e, ]
UL R LA P R R R ) . AT S R
BBk B 2R B R PR T e 2% Li S
oo PELFYER BB AR K R B R A
Freer i LRk B, 28 °CHige 7 d e, M
FH S%MIER LK IERIR L, #5 H BLE B e, Wi
B AR LA P 2R R WRE 7 o ™ 2R I PR A
(R 0 06 K 1 I B AR A T AR IS 3R 3 I
28 °CH:3: 7 d, PGB AR, A% E bk
HLAT 7= 2 PUBERE J7 o 0 D V% 2 A K figk e 2
7, WETERERE I KN TERERE =B W A
BIEERE, ML REL 3K, HAHCEY
AR R 7 BERE 758 55 (R 5 4 o
1.8 REEAEHAEMEYREAER
gt

KA IR 3R vk o R P AT FL 2% BOHT £
973 VL T TR DR EE R T PDA AR R g, RN Bk
BB o PN A A R S R A B AR e 2.5 em Ak
M) 4 A, T 28 °CHEFR 7 do WA RN IR
B AE K AR /N H T 2 33X TR R X I BT 1) 410
TSI,
2 HERE540
2.1 EYIHREEESSIERLN

WLER IO IEF- A P E R VR K, R %R

HH TR, Jo 2 se 5 B o0 8 1 40 T 425K B AR
WAL RN, RIE 8 SR o N AR AN R
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22 HMBEREENEHAESLLEER
ZHEMERDTR

AHIFGEIN 3 A b X e R A i Ak
9 386 FR4NTH , £ 16S rRNA KHNXKE, /@
F 3T 44096 4N H 14 4F 23 N8 70 A Ff
(% 2). 55T 16S rRNA KE K b 4 Fe M e 41 g
RELEWE 1), HE 2A ATLIE 1 386 #R4l
T A A TR MU T ] (Pseudomonadota) ,
Ay B MR B 41.97%; HR KR E]
(Actinomycetota) 1 Z 11 #1 1 '] (Bacillota) 43~ |
hi 37.82%H1 20.21%. HEl 2B s, 3 MHbIX
BT W= S A SR ) e i AN el
(Curtobacterium), 4355 B FREAY 23.58%;
HYR K IR B 1 i (Pseudomonas) . 4 HIAT i &

(Bacillus) #l i #T 1% J& (Enterobacter), 4 % /5
19.43%., 15.80%7F1 13.47%. WAL, B5rE5155)
— LR )R . AT R (Paenibacillus) . 242
PR 14 A J& (Ornithinimicrobiumy) . ] /N 1
(Okibacterium) . #fi %4 i . Jifd 1< J& (Lysinimonas) .
-5 )& (Phyll obacterium) &£ 76 N 1 9 Mg, 3k
7 o B S TR MR 4.16%

AR Sk b IX 3 25 45 21T i B PN A A TR
778k, AR T 2413404 4H 740894
J o DABE 5 s Xy 1 75 380 0 SR o A A AN
83k, E T3 NI3ANSAH MR 1248 .
MBI DX 43 25 75 21 e SRS PN AE 4 1 226 1
BT 3IATI3ANHN44H 8 MFHIS MME & 3A
BRI ER T 3 ANHb X B i B B N A4

x2 EMHMXHEREENEHEILLEESR
Table 2 Classification and identification of endophytic bacteria in Salvia deserta Schangin in three regions
N 4 E Jai i T b
Phylum Class Order Family Genus Species Strain
Actinomycetota Actinomycetota Micrococcales Microbacteriaceae Curtobacterium 3 91
Frigoribacterium 2 9
Labedella 4 8
Lysinimonas 1 1
Microbacterium 7 23
Okibacterium 1 1
Plantibacter 1 5
Micrococcaceae Kocuria 1 2
Paenarthrobacter 1 5
Ornithinimicrobiaceae Ornithinimicrobium 1 1
Bacillota Bacilli Bacillales Bacillaceae Bacillus 7 61
Priestia 2 5
Bacillales Exiguobacterium 2 8
Paenibacillaceae Paenibacillus 1 1
Lactobacillales Enterococcaceae Enterococcus 2 3
Pseudomonadota Alphaproteobacteria ~ Hyphomicrobiales Brucellaceae Brucella 1 1
Phyllobacteriaceae Phyllobacterium 2 2
Gammaproteobacteria Enterobacterales  Enterobacteriaceae Enterobacter 6 52
Erwiniaceae Erwinia 2 13
Pantoea 3 10
Hafniaceae Hafnia 2 4
Yersiniaceae Rahnella 2 5
Pseudomonadales Pseudomonadaceae Pseudomonas 16 75
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1 ET 16S rRNA EEFFHNRRMEFFINERGLER B i A 15 SR T 3w Fh
AFRSIERE RS, 70 3R BB RIR Bootstrap {8, T & /r K AT EEE . FRRYEN 0.02, £oR
AP 973 AR 0.02 BB R IR

Figure 1 Phylogenetic tree based on 16S rRNA gene sequences of the representative isolates. In the tree,
the terminal nodes are labeled with the names of the microbial strains and their corresponding strain
accession numbers. The numbers at the branch points represent Bootstrap values, which are used to measure

the reliability of the branches. The scale bar value of 0.02 indicates that each unit length of the branch
represents a genetic distance of 0.02.
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Figure 2 Phylum distribution (A) and genus distribution (B) of endophytic bacteria in Salvia deserta

Schangin in three regions.
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Figure 3 Diversity comparison of endophytic bacteria from Salvia deserta Schangin in three regions (A)
and venn diagram of genus relative diversity distribution (B). HC: Huocheng; ZS: Zhaosu; XY: Xinyuan.
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Table 3 Diversity comparison of endophytic bacteria from Salvia deserta Schangin in different areas

YNEEELT RAEHL Sample area 25
Index =Y Huocheng HA 75 Zhaosu BTE Xinyuan Total

["] Phylum 2 3 3 3

2 Class 3 3 3 4

H Order 4 5 4 6

A} Family 7 9 8 14

J& Genus 9 12 15 23
BIREEL Strains 77 83 226 386
P54 Dominance index 0.287 4 0.189 2 0.195 8 0.1419
5] FE$5 %0 Evenness index 0.5312 0.6199 0.508 3 0.440 8
32 & B 5% Richness index 1.842 0 2.489 0 2.583 0 3.694 0
P AP EL Simpson index 0.712 6 0.810 8 0.804 2 0.858 1
TR #5 %1 Shannon index 1.5650 2.007 0 2.0310 2.316 0
EfR B, RUIBHEDOREEZ, HiE X,

Ho BT RS AR AN R S AR 2.3 FMAESEHERRENE A
IR HLIX . 8 ARG B s I 2 e e, ¢ ESIUREEER

T RRAR BB, RIS SR, R
DX 7 50 Bl 2 5 DA A A R A PR SR I BT
WX AR . BRI BE S THENFEEE
X SJRE, AR BOBGR , RIS ) Rl
ZREEGE, JF B AR BRI
TS B DR A A R A A A B e TR SR

FIRALFRA 80 °CALFH 1 h 4374 B 155
217 F1 169 PRHT 55 B2 B 8 A= 40 T o i Ak 3 A
PAF 217 8k, IR T 3ATT 4409 6 41~H 12 18}
16 M@ 58 Fh, HALHJE K Bacillus.,
Curtobacterium, Enterobacter #l1 Pseudomonas,
1M 80 °CALFE 1 h H:3R1T 169 ¥k, & T 3 4]

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



skttt S5 | BT aE BUR T P AR G T 2 RE M A T BE TR K 7 i 2133

340 4 4H 8 AFE 17 ANEA 45 AF, HAL
# J& & Curtobacterium . Enterobacter il
Pseudomonas. 2 FabFEfSE] 11 AMHFE, 30 4>
FHIE R 80 cCALBRELH AL FEZ H 6 1M 8 1
B, I HFZEP TR, WIEE 4 A
H T 38 DX T 75 b DX i LR 85 80 °C
bR 1 h JE NAE AR ZERAT IR B R R
K, o it D i B B850 80 °CAE 3 1 h Ji5
T ES RIS A ]z B X A PR S 69%,
T IRAAE, JFHEAKE R A
FIrRE . & ERTiAR, 80 °CAEIR 1 h 5455 N 4=
2 B 5 AR IRLAL B BRI, HR ]
R PRTE R K B 34T
24 THHIERESTEHEREERNE
HER LR

R PO AN () 355 5 JH6F T i Bl e R P A 4
WA 5 B, X R A g 1 5 v 43 2 31 1Y
NAE SRR R B CR - T 40T it ai R ankEl 5
JiR, M7 8537850 B 3 14 A @i N A4 T
M3 F1 M4 iR 58005003 13 AN E N A4

100 |

80

The numbers of isolates at genus level

HC HC-80 ZS

ZS-80 XY

4 AMALEGENFEREENTME D HBRELE

TEHLIX ; 80 M4t 80 °CALFE,

B, M8 KEFRIrar & 2] 12 A& i N AR g e
M9 FIM10 Bi g2 5 a5l 25 280 T 11 AN g N
A AR . AT IR M7 55 SR B A P A
MW ZHIER N FE, SEBCRECON I, H
K M3 I M4 55373k 0 D43 P9 AR 0 B AR
F, M7 BRI B3 47 RGN, M2 F
M10 B5353L50 5005 #5346 MRINZEANET, M4 K557
FLoy BB 42 RRINAEAN TR o T R 10 Rl SR
FEALHT M7 4y B M R 2, KRR M2
I M10. 25625 B AR G 35 5843 85 21 1 9 A= 41
B RSB, M7 55 35 3 5B A 0 5 i
RUBZINAEME, M4 5 M10 tBES5E T4 5
o R N AR A
25 MEREERYWAEREINGER
MEEMHSER

R A Pl 25 AN ) 8 ) A (L 43 2 D8 YR AN [+
SN, DB i BURE ) B AR A5 10 386 HEINAE
YT BRIk Y 92 Pk N AR AN B OEA A BT | I
RIGHE . PPERERRRE T o AR 4 RN AR
RE B e R, 25 RN 6 i . ABEsE L

B Bacillus B Microbacterium

B Brucella B Okibacterium

B Curtobacterium W Ornithinimicrobium
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Enterococcus I Paenibacillus
Erwinia Pantoea

B Exiguobacterium Phyllobacterium

B Frigoribacterium Plantibacter

B Hafnia Priestia

B Kocuria Pseudomonas

B Labedella Rahnella
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HC: EWMX; zS: HHHX; XY: B

Figure 4 Comparison of the isolation effect of endophytic bacterial from Salvia desert Schangin using two
treatments. HC: Huocheng; ZS: Zhaosu; XY: Xinyuan; 80: Treated at 80 °C.
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Figure 5 Comparison of the isolation effect of endophytic bacteria from Salvia desert Schangin using
different medium. M1-M10: The number of the isolation medium.
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Figure 6 Statistics of hydrolytic enzyme-producing, plant growth-promoting and antifungal activities of

endophytic bacteria of Salvia desert Schangin. The size of circle represents the number of active detection
strains in genus, the color of circle represents the positive result in proportion to the strains of testing strains.
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Figure 7 Venn diagram of endophytic bacteria promoting growth and enzyme-producing activity of Salvia
desert Schangin (A) and antagonistic pathogenic activity of Salvia desert Schangin (B).
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