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Abstract: To investigate the potential mechanisms of endophytic bacteria from Phedimus aizoon (Linn. )t
Hart on the accumulation of active components in the roots of P. aizoon, three endophytic bacterial
isolates with growth-promoting potential, which were previously isolated from wild P. aizoon, were
utilized, and one-year-old cutting seedlings of P. aizoon were taken as the experimental material. The
contents of active components in the roots of P. aizoon were measured after re-inoculation of the target
bacterial isolate, differentially expressed genes in P. aizoon after inoculation of the target isolate were
analyzed, and real-time fluorescent quantitative reverse transcription PCR (qRT-PCR) was performed for
differentially expressed genes related to growth promotion and active component synthesis. The results
show that compared with uninoculated treatment, the contents of flavonoids, polysaccharides, and
triterpenes in the roots of P. aizoon inoculated with endophytic bacterial isolates Pwx052, Pwx053, and
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Pwx056 are extremely significantly (p <0.01) increased, but only the content of notoginsenoside

inoculated with isolate Pwx053 is extremely significantly increased. Based on the result of molecular

identification, isolate Pwx053 is preliminarily identified as Sireptomyces coelicoflavus. The transcriptome

analysis result shows that the enriched pathways of up-regulated differentially expressed genes in the

transcriptome of P. aizoon inoculated with isolate Pwx053 are related to plant defense response, active

component synthesis, cell development, etc. The qRT-PCR analysis result shows that the expression of

differentially expressed genes related to active component synthesis, such as CM3 and HUGL, exhibits an
up-regulation tendency in the roots of P. aizoon inoculated with isolate Pwx053. It is suggested that
treatment of P. aizoon with isolate Pwx053 triggers plant defense response and up-regulates the expression
of genes related to active component synthesis, thereby promoting the accumulation of active components
in P. aizoon, indicating that isolate Pwx053 has the potential to be developed as microbial fertilizer.
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1 = 1005 2 17 b o 10 TR VR e 1 1 1 [ — 5 M AR 85 5%
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-80 CVKAATRAT , FH 1 1 A0 3 i A
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FEFIK(B) IOk VRN, DR F 10~ 35 min, 1K
T8 83% A 535 ~ 55 min, A0 50 74% A 5 55 ~
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519.1.0 pl 1492R 51 47.2.5 pl. DNA.8.0 pL
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rRNA BEFT SR 2G04, FIH] Mega 11 #R1F SR B
REMEE R G R T, A REBCE N 1000,

1.2.3.2 FEAL A DR | 45 B 22 S 3R IR AR A oy
Bro XPAERORS AR — BRI 1 a 0928 3440
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WFe . ARA5 e I i I e Bl =2 5, A Trinity %
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wiki) HEATEIE 425 . i1t clean read 0. GC 7 Al
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BEAT A A b ) o [RIBSPEAE mRNA R B AR ) Fifi
BLPE mRNA B A 175 00, 80 O 0 e SRy B, )
H DESeq2 #k £ (http: // bioconductor. org/packages/
stats/bioc/DESeq2/ ) 73 Hr #% M & ¥k 5 A [ i+ 8] 22 T8]
LR Tk 22 e 44 BRI IR A2 22 AL (FC) =
2 FEIRE PR (FDR) <0.017 By ZER 0 22 5 ik 5
W, 225 R IR B B TR TE RS Bl T GO #da 1%
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Hi4T qRT-PCR 4347, WS I N Actin, 5191111
i1 NCBI ® 3 H Primer—BLAST 58 %, 2A 5 32 i 48 T
AV TR L) B A RA R G, 51975 0L 3%
Lo i A b 5 S8 3 A= W B 42 A7 BR A | AE 77 1
EASYspin Universal Plant RNA Kit R AR BCRE R Ab
FH O F124 h 1) P RARERM RNA

®1 RATHEFXERRIEEE RT-PCR BI5|#1/7 31
Table 1  Primer sequences used for qRT-PCR of differentially
expressed genes in Phedimus aizoon (Linn.)’t Hart

514 Primer J¥51 Sequence (5'—3")

Actin—F GAAGCCCAGTCCAAAAGAGGTATCC
Actin-R ACATGGCAGGCACATTGAAAGTCTC
CDFI-F CATTTGCTGTGCTCGCTTGT
CDFI-R TGGGGTTGTTTACCGTCCAG
LHY-F AGGCTTACCACCTCCGTACT

LHY-R TTGCGTGTTTGGTTTCTCCC

UPP-F AGGCGAGCAGAGGTATTTGG
UPP-R GCAGACTTGAACATGCCACC
CM3-F AAGCGGAGACATTCGGACAA
CM3-R AAGCGGCATGACCCATTCTT

PLS-F AGCTAGGGCCTTGGCATTTT

PLS-R AAACTCTTGGAGGCGGGATG
HMGL-F CCTTAGTGTGTCGCCTCCAA
HMGL-R ACTCGGGGATGGGGAGTTAT
ARF-F TGCAGAATGTGGAGCGAGTT
ARF-R GCAACCTTTTCATTGGCGGT
gapN-F AGCCGTCTCCATGACCTTGT
gapN-R TACTCCGAGGGGGAATGGAA

1 FH A 5 R A )RRy A RN W) A= 77 1Y)
35 & HiScript 11 Q RT SuperMix for qPCR, PA£54H 44
B RNA OB AT G 55, 3000 S S A 28 G R
F120.0 pL, 3% 2.8 pg Btk RNA 4.0 wL 4xgDNA
wiper Mix, JIl ddH,0 % 16.0 pL, JHB AR R KTT
RAET 42 CRKB N 2 min, ZRJGIMA 4.0 pL 5x
HiScript II Select qRT SuperMix 11 , BBIAE #2452k 4T

R2 BEMEXNERAEOEFIRIFERS &2 (X£SD)

IRAIET 50 CARIBNL 15 min, 85 CI/KIRNL S s,

it T P v MR A R A A B 2 W) AR 7 1Y
X7 & ChamQ SYBR qPCR Master Mix Q341 % g
ABI StepOne Plus #7317 qRT-PCR, qRT-PCR JX
MR R SAA 20.0 pL, 4245 10.0 wL 2 x CHamQ
SYBR ¢PCR Master Mix 0.6 pL iE 5[4 .0.6 wL 2
514 .2.0 wl Bt ¢cDNA 6.8 L ddH,0. qRT-
PCR KW FRJF:95 °C WAE M 30 5595 CAE M 10 s,
60 CiRk 30 s, 4t 40 PMEFF, FHE S 3 K, K
27 PO R X R A
1.3 HIERIEMSH

FIH EXCEL 2016 % 4%4 A1 & 5 da i A7 58 1 F
P F ] GraphPad Prism 8.0.2 #4147 BRI R 7
22531 (one-way ANOVA ) Fll 22 5 i 35 V£ 40 #7 (¢ A6
%) .

2 HERAH

2.1 BFIRBEERSSESH

0 2 3 N AR A TR 1) 2 SRR AR T PR 1 1 DL
#2,
2.1.1 EBFEASE R 2 0L MR Pwx052
Pwx053 Fll Pwx056 A3 2H 21 =52 A 0 114 A 3 1 5 £ 73
WM 21.24 29.57 F123.56 mg - g, B % (p<0.01)
R TR (CK) 20 (16.78 mg - g™') , 20 %4 CK 411
1.3.1.8 1 1.4 %,
212 ¥ 3442 I 260 I SRR RE Pwx052,
Pwx053 Fl Pwx056 Ab P 20 9% 52 AR5 (%) 5 22 b 15 & 40
W4 59.93 .48.91 F141.42 mg - ¢, M BEE T CK
4(31.92 mg - g7'), 4% CK AT+ T 88% .53%
H130%,
21.3 E=Z#4FE

Hi 2 2 ab W WL 4% B R AR

Table 2 The contents of active components in the roots of Phedimus aizoon (Linn.)’t Hart inoculated with endophytic bacteria from P. aizoon

(XxSD)

WA AT

i/ (mg - gV

Content"

Endophytic bacterium ¥R Flavonoids

2B Polysaccharides

S Triterpenes =-E "2 Notoginsenoside

X H8 The control (CK) 16.78+0.68 31.92+1.14 21.93+0.78 1.85+0.54
Pwx052 21.24+0.39 59.93+2.01 == 33.15+3.87 = 1.01+0.10
Pwx053 29.57+0.68 = 48.91£2.41 *x= 46.67+4.57 == 3.40+0.10 s
Pwx056 23.56+0.68 #:* 41.42+1.26 #x* 35.42+0.64 = 2.18+0.41

D e, R0 2 3 PN A1 20 T AL B X R ) 22 S 3 (p<0.01) The differences between treatments inoculated with endophytic bacteria from Phedimus

aizoon (Linn.)’t Hart and the control is extremely significant (p<0.01).
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Pwx052 . Pwx053 Fil Pwx056 AbHH2H 2% 52 M ¥R B s =
S W 33.15 .46.67 F135.42 mg - ¢ M E
BT CK24H(21.93 mg - g7*) , 4331k CK 2019 1.5 2.1
1.6 15,
214 =k edFsF R 2 B0, BR
Pwx052 . Pwx053 Fl Pwx056 &b FH 40 2 S AR 45 1 =+
AR 1.01 3.40 #1218 mg - ¢ ', Hirh, 3
PR R Pwx053 b HZH A = LB S &K CK 4
(1.85 mg - g ") W 5835 T, 3 R R 84% ; B2 I #k
Pwx056 A AL = L RF TR CK A @ T
18% AH 25 57N I 3 He P A R Pwx052 A0 FEZH ) =&
EAF SR CK A T PR,

IR Hr AR R R A R Pwx053 J5, 2R
FREB Y S BT S 22 S =R = L R A R R

BETE I R Pwx053 PEATE— 2 OA5E
2.2 Bk Pwx053 IS FEER BERERAZSN
2.2.1 EHk Pwx053 89 o F %2 ARAETF A LEXTES
B H MR Pwx053 5 K W 85 5% % B ( Streptomyces
coelicoflavus ) YA R 99.86% , R Gt K& B W43 #T
ZERL(IEL ) SR B AR Pwx053 5 K5 SR B R
— 3, I RAFE R SR E (91%) o )20 5 7€ T Bk
Pwx053 g K 5 B HERE 1A

222 MAEL@AELER LT RS N
g% 32 P9 2 41 18 B AR Pwx053 B 9% 30 e s 4l v 3k A
19 clean data ) GC & = 1E 45.77% ~ 47.37% 2 [d],
Q30 Al FE [ 43 LB AE T 93.76% (£ 3) , mRNA F
BALBENLIERS B TG ™ H R AR B4, T IS 2
ST 2K

K ik R W Streptomyces coelicoflavus (PP456336.1)
XK 5 Wk 25 T Streptomyces coelicoflavus (MH362709.1)
K W5 T HE RS TR Streptomyces coelicoflavus (MH685384.1)
K15 E 5 B W Streptomyces coelicoflavus (KI855087.1)

0.02

WL BT Genetic distance

ﬂ'__ ‘B TR £ B A Streptomyces ossamyceticus (NR_116219.1)
BRIVAE B T Streptomyces glebosus (NR_116221.1)
S4%|
— PR R I Streptomyces ascomycinicus (EU170121.1)
& R 5k R W Streptomyces wellingtoniae (EU170124.1)
USRS 25 AT 58 Bacillus velezensis (MK522153.1)

AT AL B BUE A SR (U 7R KT 50% HO%UE) The values at the branch nodes are support values (only values greater than 50% are shown). &
g5 N4 WARTE GenBank H Y55 Nos. in the brackets are the accession numbers of each strain in GenBank.

Bl 1 ET 165 rRNA B E XN EMEE K Pwx053 5HAM 10 (kAR REREH
Fig. 1 Phylogenetic tree of endophytic bacterial isolate Pwx053 from Phedimus aizoon (Linn.)’t Hart and other ten bacterial
strains based on 16S rRNA

F3 EMBENEMAFRFELK Pwx053 WEZERABESRITER
Table 3 Statistical results of transcriptome data of Phedimus aizoon
(Linn.) ’t Hart inoculated with endophytic bacterial isolate Pwx053
from P. aizoon

223 EFERBEABE M R IRSEN A 4 E R
Pwx053 35 56 s 4 22 7 R FE B L % 4, Hi R
AR 5T 0 h AHEL B2 6 h ik 3 128 22 5%

poRey ?ﬁ%ﬂﬂ'lﬁ]/h Clean read %% GC &5/ % Q30 W E 43/ %
N Inoculation Number of CC e Percentage of Q30 N e . )
0 e GC content e 4 EMBRNLEMBEH Pnx0S3 NBRERAE SR AREY

Table 4 Number of differentially expressed genes in the
1 0 22 810 388 46.10 94.54 transcriptome of Phedimus aizoon ( Linn.) ’t Hart inoculated with
2 0 20 573 125 45.92 94.69 endophytic bacterial isolate Pwx053 from P. aizoon
3 0 20 813 828 45.77 94.34 . 2R RIRIL AL
4 6 23 476 469 47.37 94.23 ZE SRR SN Number of differentially expressed genes
Differentially - - —
5 6 26 330 405 46.97 94.54 expressed gene set | T Bt
6 6 22 160 427 45.95 94.23 Up-regulated Down-regulated Total
7 24 20 176 594 45.78 94.33 Ohvs6h 64 64 128
8 24 21 982 865 46.45 93.76 Ohvs24h 34 51 85
9 24 26 441 827 45.77 93.83 6hvs24h 107 143 250




#

51 TR, 2F SRR PN A RO AR PRI A o AR R S S e SR 2 oM 39

FIRFEH Horp 64 AN FERIR IR F L, 64 AR KA
N SRR O h AL R 24 h T ER] 85 DRk
IR Horp 34 SRR ERA Bl 51 N EERIERIR T
A ST 6 h AL, $E T 24 h FfEER) 250 255k
IREEPR Hp 107 AR KRR R, 143 SRR R A
TR,

224 EZFAKAECO ARG ESH R
AR H T TR PR Pwx053 11 2% S i St 4 25 S R A KR T
1 GO IR s s LR 5. B BR . 5i%E
0 h AHE 4574 6 h Bl i A 106 D EFRIL
FEPATE GO Bd e rh U s S HE 0 h AR L 3R
24 h PFEE SR 60 2R RIBEHTE GO B
FEH R TR RE S EE 6 h A L, R 24 h PSR SR
A 178 225 R IBE N TE GO Kl o b il 2 1
B TERN RSN AR 40T T bR Pwx053 1Y B Sid i s 2
FEPRE BB GO TR 41 b A W) i #2 ( biological
process ) 4 L ZH 3 ( cellular component ) F153F I fig
(molecular function)3 K&, 58 0 h AHEL, 31 6
24 h el s vh 22 e R BE R LUK S TR 6 h
FHLG, FETR 24 h 2SR sk 2 vh 25 S RO B 2L R
T AW BRI Th AT 2 (metabolic process)

FNAH AL B2 ( cellular process ) | 4 g 2H 43 K 2 v 1 41
Ji ( cell) FIARLFER S (cell part) A K 4>FIhRE K
(3% 4% (binding ) FI#EALIE M ( catalytic activity) .

225 EFAZARKEGG &£ XHERTH
AR R R Pwx053 1 2835 SR AL P il 22 5k
IR L 2 R ARRYHET 20 > KEGG AU it f itk —
WOt S5 R (3R 6) Bon: HHEEE 0 h ML, 4274 6 h
BRI S 2 b 2 S AR B D AR 13 B 2 2 ik
{18} ( carbon metabolism) | BY4Z4A ( spliceosome) | N Jit
P v 114 2 L BTAN T ( protein processing in endoplasmic
reticulum ) | ZFEHH FUZ AT B AL 8 (amino sugar and
nucleotide sugar metabolism) . MAPK {5 5 i [ — /4
(MAPK signaling pathway-plant) EZLH ] ( galactose
metabolism) | Z, % iR 1 — 32 BR 18 i ( glyoxylate and
dicarboxylate metabolism ) LI & if %A fk ¥ B &
(peroxisome ) FFiE s . S 0 h AHLL, #27R 24 h I
22 S R IA DY 32 B AR TR M AR R A
MAPK {553 %~ HE W) S5 %, SHEE 6 h AL, &
W 24 h 1o 28 S RGA LN B R AR BT A
¥ ( circadian rhythm-plant ) | 2} Z| 4 A% 3 ( galactose
metabolism ) . N FFAE H ( endocytosis ) %538 %

RS5 EMEXANEAFEKR Pwx053 WEXERAZFREEEN GO EEEESTER

Table 5 GO functional enrichment analysis results of differentially expressed genes in the transcriptome of Phedimus aizoon (Linn.)’t Hart

inoculated with endophytic bacterial isolate Pwx053 from P. aizoon

GO TIfETER
GO functional annotation

2 S FRIKIEHHY

Number of differentially expressed genes

GO HIgEiH & 1D
GO functional
annotation ID

)]

Ohvs6h Ohvs24h 6hvs24h
T2 Biological process G0 0008152
54 Reproduction G0:0000003 1 1 5
AR5 2 Metabolic process G0:0008152 31 27 76
AL FE Cellular process G0:0009987 33 23 63
H B 1L F2E Reproductive process G0:0022414 1 1 5
5% Signaling 00023052 3 3 6
Z Y0 AR i AR Multicellular organismal process G0:0032501 3 3 9
KB 112 Developmental process G0:0032502 7 2 8
H K Growth G0 0040007 1 1 1
A3 & Single-organism process G0 :0044699 28 19 49
A A Rhythmic process 00048511 8 — 6
N3OSV Response to stimulus G0:0050896 16 10 30
E Localization G0O.0051179 15 6 20
AR Biological regulation GO .0065007 32 11 40
A 43 I LH L sk A B Cellular component organization or biogenesis G0:0071840 8 3 8
fift % /E i Detoxification G0:0098754 2 — 2
Z W3 FE Multi-organism process G0:0051704 — 1 5
iz3J] Locomotion G0:0051179 — — 3




40 N7/ I AR SRS A 5533 &

4R5 Table 5 ( Continued)

P GO TIAETERE ID 25 RISRE
GO UfEH R ~ ; Number of differentially expressed genes'
GO functional Yy exp 8
GO functional annotation

)

annotation 1D

Ohvs6h Ohvs24h 6hvs24h

AL 2H 53 Cellular component G0 .0005575
HufMX Extracellular region G0 0005576 2 5 4
AL Cell G0:0005623 48 16 55
fi% Membrane G0.0016020 27 16 46
%} 4] 5 Membrane-enclosed lumen G0:0031974 1 — —
KI5 A% Macromolecular complex G0:0032991 4 3 8
% Organelle G0:0043226 41 15 46
HAbAE#I1R Other organism G0.0044215 3 — 2
HoAt A= MR 73 Other organism part G0:0044217 3 — 2
AR5 Organelle part G0:0044422 10 7 13
B4 Membrane part G0:0044425 25 13 42
IR 4Y Cell part GO .0044464 48 16 55
BT 8 5% Supramolecular complex G0 0099080 2 — 1
A e 3%z Cell junction G0 0030054 — 3 3
AP X4 Extracellular region part G0.:0044421 — 2 3
LA Symplast G0 .0055044 — 3 3
43T IEE Molecular function G0.0003674
KPR ZE A s 5 T 1% M Nucleic acid binding transcription factor activity G0:0001071 11 2 11
AL TE M Catalytic activity G0.:0003824 33 26 73
32 35 PE Transporter activity G0.0005215 12 4 16
4% Binding G0:0005488 58 24 84
L T2 AR5 M Electron carrier activity G0:0009055 1 1 4
PrEALTE M Antioxidant activity G0.:0016209 2 — 2
I FIEEVETY Molecular function regulator G0O.0098772 2 3 9
SR IR TG ME Signal transducer activity G0.:0004871 — 1 2
B FEAEAEETE PE Nutrient reservoir activity G0.0045735 — 9 8
I AL IRER 6 PE Molecular transducer activity GO 0060089 — 1 2
ZERY 4> T 15 Structural molecule activity G0:0005198 — — 2

D, Jo2FFIKFLN E4E There is no enrichment of differentially expressed genes.

F 6 BEMBEXNEMAREEK Pwx053 HHXERA L PERRZEFRRESEMA 20 > KEGG K i
Table 6 The top 20 KEGG metabolic pathways significantly enriched by up-regulated differentially expressed genes in the transcriptome of
Phedimus aizoon (Linn.)’t Hart inoculated with endophytic bacterial isolate Pwx053 from P. aizoon

%5 R
KEGG i j#% KEGG 3@ # 1D Number of differentially expressed genes'’
KEGG pathway KEGG pathway ID
Ohvs6h Ohvs24h 6 hvs24h

H AW AR AR AR ) & A Ribosome biogenesis in eukaryotes ko03008 1 — 2
/i Carbon metabolism ko01200 4 — —
BRI BE 842 Pentose phosphate pathway ko00030 2 — 1
iAW) A Y Diterpenoid biosynthesis k000904 1 — —
CEERR A R R ATt Glyoxylate and dicarboxylate metabolism ko00630 2 — 1
FEY -5 AR HAE Plant-pathogen interaction ko04626 — 1 —
kT2 2= A Porphyrin and chlorophyll metabolism ko00860 1 — —
SRR T B BRI Amino sugar and nucleotide sugar metabolism ko00520 3 2 —
B Spliceosome ko03040 4 — —
MAPK {553 % -#i% MAPK signaling pathway-plant ko04016 3 2 —
)RR} Sphingolipid metabolism ko00600 1 — —

BRI Tryptophan metabolism ko00380 2 — —




55 REAET

S ¢ BRSO AR TR P 0 R 3R B4 5 W) B S 2 3 A 41

4536 Table 6 ( Continued)

KEGG 3
KEGG pathway

KPR

Number of differentially expressed genes!

KEGG i#j# 1D
KEGG pathway ID

Ohvs6h Ohvs24h 6hvs24h
SEARIH Z2A 10 Fructose and mannose metabolism ko00051 2 — —
He& A9 BB E %€ /] Carbon fixation in photosynthetic organisms ko00710 1 — —
B EEHA Peroxisome ko04146 2 — 1
BHEEAR/ B2 E Glycolysis/ gluconeogenesis ko00010 2 — —
FHR YA I Biosynthesis of amino acids ko01230 2 — —
IR T MY Circadian rhythm-plant ko04712 2 — 8
FALWERR fk Oxidative phosphorylation ko00190 — — 2
PR X H B B BN T Protein: processing in endoplasmic reticulum ko04141 4 1 —
A BHIC U Galactose metabolism ko00052 3 — 3
WEAEH Endocytosis ko04144 2 — 3
AL F IR Cyanoamino acid metabolism ko00460 — 1 —
PERAERCH Pyruvate metabolism ko00620 — 1 —
RNA %432 RNA transport ko03013 — 1 —
SRR A BIAR A 45 ) Tsoquinoline alkaloid biosynthesis ko00950 — — 1
HER SRR ARRIM Valine, leucine and isoleucine degradation ko00280 — — 2
ik 2 FR A Tyrosine metabolism ko00350 — — 1
itk & 91 Selenocompound metabolism ko00450 — — 1
ABC #%iZ8 H ABC transporters k002010 — — 1
Fi 1A B A A5 B Synthesis and degradation of ketone bodies ko00072 — — 1
2 bl 2 i A R R A i Cysteine and methionine metabolism ko00270 — — 2
TR Butanoate metabolism ko00650 — — 1
AT AR Arginine and proline metabolism ko00330 — — 1
Fi=E Z A5 W Betalain biosynthesis ko00965 — — 1
AT Nitrogen metabolism ko00910 — — 1
FF W& & Phagosome ko04145 — — 1
D, 25 FEIEIKFEE There is no enrichment of differentially expressed genes.
P AT AR R SR O h AHLE 3K 6 h _lor
S

Tl b R 2 S 2Rk DR 4 3 - AR 9 4 B %5 .

A% NPT R R TN T ZRERR A R AY §

5 ok S 25 T S O 16 h A L, 3527 24 g7 e I

h b2 5 2R A IR 2 A A B 2ot T

ok
KRB SR T A R B, AT A A @2
Yy RIEBERRZH TRBE QI P FUBE U B

2.2.6 qRT-PCR %4547  EHS 5AEEFIEPE K
I3 UG 8 9325 7 3RIA T qRT-PCR
Sy, DA 5o ik 7 2 2% S PN AR 41 BT PR Pwx053
24 h ESF XA, 458 (K 2) B~ qRT-PCR
5T SR L D 1) B iR S =CAH B, 22 I RNA - Seq $iC4i
(AT SRR, S A TR R A B A Y 8 A
ZSERGRIL YRR R B o], BB R Pwx053 fi2
HESR SRR R B0 R85 LIRS 5 IR A
CAH G FE R 2238 1 A ¢

0
Actin CDFI LHY UPP CM3 PLS HMGL ARF gapN
225 3GA LA Differentially expressed gene

H: RNA-Seq 2257154 RNA-Seq fold change; O; qRT-PCR.

sk FEBALH O h 15 24 h [i] 9% 2% 5 F B (K AU AR X 3 35 B 22 S iR
.3 (p<0.01) The differences in the relative expression of differentially
expressed genes in Phedimus aizoon (Linn.)’t Hart between 0 h and 24 h
after inoculation are extremely significant ( p<0.01).

B2 BEWMHBEZNEAFER Pwx053 24 h BEBHERRIEZEEN
qRT-PCR WiE4E R

Fig. 2 Verification results of qRT-PCR of some differentially
expressed genes in Phedimus aizoon ( Linn.) ’t Hart inoculated with
endophytic bacterial isolate Pwx053 from P. aizoon for 24 h



42 N7/ I AR SRS A

33 4%

3 i fegia

UTAESK B AR ) PN A T A R A P P i 0 PR 2R
BCABE AR, RS S L FIEE T 165 TRNA 19 7
GEAEAL B o B 45 2R, W20 M5 e 2 S N A A T T B
Pwx053 J 3 & THER & ( Streptomyces ) B K W5 5 4%
B, HETVFZ2 9T O Uk S0 8 5 e m 40w B e A
J A iR ) i 1 B AR R AR T T DI BB, Kaewkla
2TV KA (Oryza sativa Linn.) % ¢ KDML 105° H
I3 S WA B R A TR Streptomyces shenzhenensis subsp.
oryzicola FA B E I 1 W R ARV e 0 07 L7 ik Ak
REJ) 5|k LR (TAA) BB P £F 4 R RE ) LA Mt
PE =B R B - 1 - R R (ACC) It 2 i g
Maggini %% % 30 32 B A 3 34 ( Echinacea purpurea
(Linn.) Moench ) A= 40 e g E 48 9 b 44 & 14k
B RN IR YIS TR BB, AR BT
PRI AT I L [ R I W] 2% T AR Pwx053 B AT 8058
R | T URE T, IR IR 7 TAA BB P BR A A
REJ) U™ ACC BLZRERE ) 77 - 4 R RE I A A
FEFRE 1, HE— 20 3R B o e 1 i A0 T AT — S R fiE A= RE
1o ABEFE R 23 N A 20 T B R Pwx053 4b B
iR & i EYSS I DISE 2 I St o R eSS E
BRI AL B AR 2% (p<0.01) T, M B bk
Pwx053 AEME 7 WA ] FLHERE Al IFAE F] T A A S S i
W R B T P I, T AR A 3 0 ) R
R, VI BN FOREUS RE K AR AL RIS N
PR PR RS AT B A Hoh ) i R
VRS 55 R BRNE P R A% 3 5 3 R 0 1k 4ROk
VAT LR JEOP A R T R AL A i A
DAL X ) R SN T DA R TS R AR T £ i 3
AL 5 O S 7 AT D R A B SR A 43 T
R, GEAI N PR Pwx053 0 h A L, 3241
ZHIR 6 h B2 SRR SRR 1 ARG HEAR K
A SR AAZ T A P LB MAPK {5
53— ) A PR AL R R AL AR N
JoT P R TN T DA R U R RN AR R A
UEIITERE RN bR Pwx053 5 9% 25 AT B 7™ A= 48040 1
PEAT B SO, FETT 4 i 1 RSP R B R

ZM IR 1 2 B BT U KRR K 31, 9
Y 20 AR L LR TR R AL T
WSS B2 B 2 DR A | 5 O W BT 5 114 38

Jirt R AR Bt M i HEE R4 — A 1 IR W 2 ( NADPH ) J2 pH A
TR A T — 3 — Tl T o S A AL T R, 17T gap N 55 A
A 2 i A B R AL P S — 3 - Wi Rt 0l 5>, I
3 JFUBE A & B, Yuan S0V BIFSE T 4025 A fif
( Dendrobium moniliforme (Linn.) Sw.) ¢4 h= 5
ZHR S A SRR S A e T At
PLS SHEISIRVEMDG  FEMEZ I A ) & b B i 2
YER . ARBISE v, 55 H2 25 5 D9 AE 40 B4 AR Pwx053
0 16 h ML, BERMIZERE 24 b EiH2E F RN E
B AR TR AR P FUME A DL R S
R TR S e, LRI S 2 A A DG 3
PLS .gapN WYk ¥k FEEH, EEIREEY
JEZG AR T AT LAY Y M B2 Ak
BB T BT A TR A SRR T AR I R A £
HRES5 ,CM3 FEH A FRIK, BEUS ML 2R T 2 fR Al
Fik RS A R S A A L,
TTRAHEG A JEAEY) A W A A R AR
3PN B A Rk I HMGL 32N 5 5 %
FER IR MR, SR A (7R AT
BETNVY AR A 0 R 2 T AR A A B S Ak
BRI G R, ABEGE S R A R 5%
FEH CM3 HMGL W335 34 i R TR Pwx053 7]
et IS5 20 LA P ST AR
TR AR TR A DG 35 PR Sfe 12 5 22 W N B I 2 Ak A P 1 2
SR, AN, E R SR AL qRT-PCR 4 A4t 2R
H, S GRS A U SRS PP |
CDFI1V" By skt 1, W AR Pwx053 1] g5 1R
P, R HIE s R B R BEVE R

25 bR RS N AR TR T AR Pwx053 AT A R
TR T 5 M o 1 B R, B 5 F R Pwx052 Al
Pwx056 #H LLEE , % = B 17 A SR A8 afE R fe ok I
., BAN ARG I T S 4 K qRT-PCR 45471 25
BT T B RE Pwx053 B XF 2% 326 1 B 20 B3R () T 7
S FHUE, 5 BB S AT & o W AR T B
A

S 230k

(1] b, 415, FEE, % SR =B ZE 46 b B
FEAE(T]. WO REE, 2021, 60(23) ¢ 131-135.

[2] & F, & B, % B, % SR=LERERERSS 8,
SLHFIMEMELT]. EAIFEFH, 2019, 28(5) : 908-917.

[3] % i, B, K, % SR RHS SIS S
WIEEM BT [J]. R W R 5 &, 2018, 30(11):



F5

PR, 25 SR PN A A RO AR TR M o BUR B S e s 2 W 43

(7]

(8]

[10]

[11]

[12]

[15]

[16]

[17]

[19]

[20]

1957-1962, 1970.

% fF, BHE, FEE =S RR =R RS R LS
WIE[ )], BRVTPBE AR 244, 2007, 30(1) : 49-51.

QI X, LU X T, SUN X H, et al. The regulatory effect of total
flavonoids of Sedum aizoon L. on oxidative stress in type 1 diabetic
mice[ J]. Current Research in Food Science, 2022, 5. 1140-1147.
WO, REE, & U, S RR= LR B2 PR T
ek [)]. hE R ES, 2018, 27(17) ; 49-52.
MRERAL, BEEE, B, 4. HPLC ML [RA I E 5ok =L i
BFR OB TRIFRARREATRM&SE[]]. miEhES
REEAR, 2014, 24(2) : 27-30.

HHEEE, A T B L= [T ], R R B 2 4
&, 2012, 18(7): 60-63.

WANG B L, GE Z K, QIU J R, et al. Sedum aizoon L. a review of

its history, traditional uses, nutritional value, botany,
phytochemistry, pharmacology, toxicology, and quality control[ J].
Frontiers in Pharmacology, 2024, 15 1349032.

WHR, MFBEAR, EWL. FR=L BB R L KA
PPEDFSELT]. ML= Be a4, 2020, 37(3) : 33-37.
ZE0LL, BRI, MR 8, 45 HPLC-ESI-MS/MS IE%f 5tk =
LTI ], ThERIRZY), 2007, 5(6) : 431-434.
LIN Z C, FANG Y J, HUANG A Y, et al. Chemical constituents
activity [ J ].
Pharmaceutical Biology, 2014, 52(11) . 1429-1434.

M. —Fh R =L R HBURIREOR . CN109258476A[ P .
2019-01-25.

TAULE C, VAZ-JAURI P, BATTISTONI F. Insights into the early

from Sedum aizoon and their hemostatic

stages of plant-endophytic bacteria interaction[ J]. World Journal of
Microbiology Biotechnology, 2021, 37(1) . 13.

AFZAL I, SHINWARI Z K, SIKANDAR S, et al. Plant beneficial
endophytic bacteria: mechanisms, diversity, host range and genetic
determinants[ J ]. Microbiological Research, 2019, 221. 36-49.
SANTOYO G, MORENO-HAGELSIEB G, OROZCO-MOSQUEDA
C, et al. Plant growth-promoting bacterial endophytes [ J ].
Microbiological Research, 2016, 183, 92-99.

SCHMIDT C S, MRNKA L, FRANTIK T, et al. Plant growth
promotion of Miscanthus X giganteus by endophytic bacteria and
fungi on non-polluted and polluted soils [ J]. World Journal of
Microbiology Biotechnology, 2018, 34(3) . 48.

MARAG P S, SUMAN A. Growth stage and tissue specific
colonization of endophytic bacteria having plant growth promoting
traits in hybrid and composite maize ( Zea mays L.) [ J].
Microbiological Research, 2018, 214 101-113.

ALI M, ALI Q, SOHAIL M A, et al. Diversity and taxonomic
distribution of endophytic bacterial community in the rice plant and
its prospective [ J ]. International Journal of Molecular Sciences,
2021, 22(18) . 10165.

ISLAM M N, ALI M S, CHOI S J, et al. Salicylic acid-producing
endophytic bacteria increase nicotine accumulation and resistance

against wildfire disease in tobacco plants [ J]. Microorganisms,

[21]

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[30]

[31]

[32]

2020, 8(1): 31.
ZHOU J Y, SUN K, CHEN F, et al. Endophytic Pseudomonas
medicinal

Plant

induces metabolic flux changes that enhance
sesquiterpenoid accumulation in Atractylodes lancea [ J ].
Physiology and Biochemistry, 2018, 130, 473-481.
PTAK A, MORANSKA E, WARCHOL M, et al. Endophytic
bacteria from in vitro culture of Leucojum aestivum L. a new source
of galanthamine and elicitor of alkaloid biosynthesis[ J]. Scientific
Reports, 2022, 12(1) ; 13700.

SONG X L, WU H, YIN Z H, et al. Endophytic bacteria isolated
accumulation  in

2017, 22

from Panax ginseng improves ginsenoside

adventitious ginseng root culture [ J ]. Molecules,
(6) : 837.

JIANG Z H, ZHOU X, LI R, et al. Whole transcriptome analysis
with sequencing: methods, challenges and potential solutions[ J].
Cellular 2015, 72 (18):
3425-3439.

ZHAO X, YAN Y, ZHOU W H, et al. Transcriptome and

and Molecular Life Sciences,

metabolome reveal the accumulation of secondary metabolites in
different varieties of Cinnamomum longepaniculatum [ J]. BMC
Plant Biology, 2022, 22(1) . 243.

CHEN C H, ZHENG Y J, ZHONG Y D, et al. Transcriptome
analysis and identification of genes related to terpenoid biosynthesis
in Cinnamomum camphora [ J]. BMC Genomics, 2018, 19
(1) 550.

ZHOU G L, ZHU P. De novo transcriptome sequencing of
Rhododendron molle and identification of genes involved in the
biosynthesis of secondary metabolites [ J]. BMC Plant Biology,
2020, 20(1) . 414.

DHIMAN N, KUMAR A, KUMAR D, et al. De novo transcriptome
analysis of the critically endangered alpine Himalayan herb
Nardostachys jatamansi reveals the biosynthesis pathway genes of
tissue-specific secondary metabolites[ J]. Scientific Reports, 2020,
10(1): 17186.

EK-RAMOS M J, GOMEZ-FLORES R, OROZCO-FLORES A A,
et al. Bioactive products from plant-endophytic gram-positive
bacteria[ J]. Frontiers in Microbiology, 2019, 10. 463.

WU W, CHEN W H, LIU S Y, et al. Beneficial relationships
between endophytic bacteria and medicinal plants[ J]. Frontiers in
Plant Science, 2021, 12 646146.

LIJ, WU HT, PUQ, et al. Complete genome of Sphingomonas
paucimobilis ZJSH1, an endophytic bacterium from Dendrobium
officinale with stress resistance and growth promotion potential [ J].
Archives of Microbiology, 2023, 205(4) . 132.

IRAAMG, PULHE, BIENS, 5. MRIEME T AMF 35K =LA
WA BRI m [J]. &R %, 2016, 33 (12):
2452-2464.

Fakg:, ZEFS, BN, A —FPR R b A K AR
1 B M : CN116790397A[ PJ. 2023-09-22.

B, WoKE, &8N, % RR=L 2 A SRR 20



44

EIE7/B R SRS R N e

33 4%

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

FELT]. EMAL TR, 2014, 31(9) : 17-20, 49.

WU J Y, LIN L D, CHAU F T. Ultrasound-assisted extraction of
ginseng saponins from ginseng roots and cultured ginseng cells[ J].
Ultrasonics Sonochemistry, 2001, 8(4) . 347-352.

ZHAO F Z, MAREN N A, KOSENTKA P Z, et al. An optimized
protocol for stepwise optimization of real-time RT-PCR analysis[ J ].
Horticulture Research, 2021, 8(1) . 179.

KAEWKLA O, SUKPANOA S, SURIYACHADKUN C, et al.
Streptomyces spinosus sp. nov. and Streptomyces shenzhenensis subsp.
oryzicola subsp. nov. endophytic actinobacteria isolated from
Jasmine rice and their genome mining for potential as antibiotic
producers and plant growth promoters [ J ]. Antonie van
Leeuwenhoek , 2022, 115(7) . 871-888.

MAGGINI V, DE LEO M, MENGONI A, et al. Plant-endophytes
interaction influences the secondary metabolism in Echinacea
purpurea (L.) Moench: an in vitro model[ J]. Scientific Reports,
2017, 7(1) . 16924.

ZHU J K. Abiotic stress signaling and responses in plants[]J].
Cell, 2016, 167(2): 313-324.

B RR, ARHRLL, B, S JURNEE SR R A AR B AR
N ST A 5 I AR B o TR AT S e e [T ] A= 4
A, 2013, 24(2) . 285-289.

WANG J Y, ZHAO H'Y, CHEN T, et al. Effect of Burkholderia
ambifaria LK-P4 inoculation on the plant growth characteristics,
metabolism, and pharmacological activity of Anoectochilus
roxburghii[ J]. Frontiers in Plant Science, 2022, 13. 1043042.
PALMA J M, CORPAS F J, DEL RIO L A. Proteome of plant
peroxisomes ; new perspectives on the role of these organelles in cell
biology[ J]. Proteomics, 2009, 9(9) : 2301-2312.

LICS, QI YT, ZHAO C Z, et al. Transcriptome profiling of the
salt stress response in the leaves and roots of halophytic Eutrema
salsugineum[ J]. Frontiers in Genetics, 2021, 12 770742.
KIDWAI M, AHMAD [ Z, CHAKRABARTY D. Class 1l
peroxidase; an indispensable enzyme for biotic/abiotic stress
tolerance and a potent candidate for crop improvement[ J]. Plant
Cell Reports, 2020, 39(11) . 1381-1393.

MITTLER R, VANDERAUWERA S, GOLLERY M, et al
Reactive oxygen gene network of plants [ J]. Trends in Plant
Science, 2004, 9(10) : 490-498.

CAI HY, WANG H P, ZHOU L, et al. Time-series transcriptomic
analysis of contrasting rice materials under heat stress reveals a

faster response in the tolerant cultivar[ J]. International Journal of

Molecular Sciences, 2023, 24(11) ; 9408.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

RS, s, B B, B SRSl BRSNS
EAE BRI P AT YRR ST [ ], A2, 2023, 54(1):
100-111.

PIATTONI C V, RIUS S P, GOMEZ-CASATI D F,
Heterologous expression of non-phosphorylating glyceraldehyde-3-

et al.

phosphate dehydrogenase from Triticum aestivum and Arabidopsts
thaliana[ J|. Biochimie, 2010, 92(7) : 909-913.

RUMPHO M E, EDWARDS G E, LOESCHER W H. A pathway
for photosynthetic carbon flow to mannitol in celery leaves: activity
and localization of key enzymes[ J]. Plant Physiology, 1983, 73
(4): 869-873.

GAO Z F, LOESCHER W H. NADPH supply and mannitol
biosynthesis. Characterization, cloning, and regulation of the non-
reversible glyceraldehyde-3-phosphate dehydrogenase in
leaves[ J]. Plant Physiology, 2000, 124(1) . 321-330.
YUAN Y D, ZHANG ] C, KALLMAN J, et al. Polysaccharide

celery

biosynthetic pathway profiling and putative gene mining of
Dendrobium moniliforme using RNA-Seq in different tissues [ ]J].
BMC Plant Biology, 2019, 19(1) . 521.

YUAN Y D, ZUO J J, ZHANG H Y, et al. Transcriptome and
metabolome profiling unveil the accumulation of flavonoids in
Dendrobium officinale[ J]. Genomics, 2022, 114(3) . 110324.
MOBLEY E M, KUNKEL B N, KEITH B. Identification,
characterization and comparative analysis of a novel chorismate
mutase gene in Arabidopsis thaliana[J]. Gene, 1999, 240(1) .
115-123.

CHEN H, KIM H U, WENG H, et al. Malonyl-CoA synthetase,
encoded by ACYL ACTIVATING ENZYME13, is essential for growth
and development of Arabidopsis [ J]. The Plant Cell, 2011, 23
(6): 2247-2262.

HEMMERLIN A, HUCHELMANN A, TRITSCH D, et al. The
specific molecular architecture of plant 3-hydroxy-3-methylglutaryl-
CoA lyase[ J]. The Journal of Biological Chemistry, 2019, 294
(44) . 16186-16197.

MAINGUET S E, GAKIERE B, MAJIRA A, et al. Uracil salvage
is necessary for early Arabidopsis development [ J]. The Plant
Journal, 2009, 60(2) . 280-291.

LEE J Y, LEE HS, SONG J Y, et al. Cell growth defect factorl/
CHAPERONE-LIKE PROTEIN OF POR1 plays a role in
stabilization of light-dependent protochlorophyllide oxidoreductase
in Nicotiana benthamiana and Arabidopsis [ J]. The Plant Cell,
2013, 25(10) ; 3944-3960.

(FEHHE: KAH)





