TR SRR Dec. 20, 2024, 51(12): 5141-5158
Microbiology China DOI: 10.13344/j.microbiol.china.240426
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

TR AR R P BB R 5540 . SRR
INRETHh

B, xlkF L bR 2 REED

1 Jb iR BE AW SR IEREE2ABE, dbat 100096
2 gl R AR AL ER T Ab B S 525 %, JEaT 102206
3 PEBFEBE AR T SUAEY IR RO R B R E ALK, Jbat 100101

B, XRT, XUBEHE, RUTE. AN SRR AR P9 A 4 B B E 454 . ZREME I REAS AT [0]. TR sA AR, 2024,
51(12): 5141-5158.

CUI Bofei, LIU Chenyu, LIU Yueping, TAN Xinyu. Structures, diversity, and functions of endophytic bacterial communities in
the roots of different peach varieties[J]. Microbiology China, 2024, 51(12): 5141-5158.

5 O [FF) SRR A A mB AR LAY A K diit e, AR A Bt
Bt B e R T A BE— F AR A A B AMMARFTAERL T TOER, TAHBEMENTIRITAL
Fa Al RAESE . LB 6] 50 TE AP AR IR 69 A A mH BB SRR Fahbe, AHit—
TR S NAEA BB A KRB A, [F%] KA 16S RNA AR F T FH K, HiE
B %At A WAE & F R BATHELSA, AT T FEREAEL 7 NFRE AP AARA A o H it
ATRER LR . B M. LEfSe 247 F= PICRUSt2 Fh 46 Fml. [4 R 1 LI AF) b AP Hest o9 4R 31
NAEMBABRZELEN. OEMRPTARTHARGERZELZF. TERLFINTAHARKA
(Actinobacteriota). % i I'1(Proteobacteria)f= /&2 & Il (Firmicutes), H ¥ XKL & [1£ XKIF 040
P E AL, A MBEE SRS H R, SoFPE 49 Shannon. Simpson 454k £ F R F, KA
Fldkanfr iR M A B 69 S AL £ 730, PR E 2. LEfSe 5475 T B4 a4 X 69 4R 1 2
HAREM, 4o XA B (Bifidobacterium) £ 4L £.bFe & £k b B A 4 492 F &, PICRUSt2
AN KR, NAMALEMFARERR L LIS E £2FRK, 255 E KSR A
RABKB, BT NARBHN B I AMAER S ROBED A, [£4£] KRBT T RE etk
PIARE A A WA B A ER . SHERE, HBET AR ALBGINR, AR EDE
TR LAV BT Rk,

FHEIR: AAMBAREE; EETUN; ARRHRIR, A M

TNIH - H A B A 28 - b U 2 e T A8 XA AR I8 M 4 ks T 35T H (01226)

This work was supported by the Chongqing Deloitte Charity Foundation-Beijing Agricultural College Pinggu District
Low-carbon Recycling Agriculture Demonstration Project (01226).

*Corresponding author. E-mail: tanxy@im.ac.cn

Received: 2024-05-27; Accepted: 2024-07-17; Published online: 2024-08-26



5142 (YIS Gk Microbiol. China

Structures, diversity, and functions of endophytic bacterial
communities in the roots of different peach varieties
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Abstract: [Background] Endophytic bacterial communities in the roots of peach plants have
the potential to promote plant growth and enhance stress resistance. Studying the structures and
functions of these microbial communities can reveal the role of endophytes in peach root growth
and development. The results can serve the subsequent development and utilization of microbial
resources. [Objective] To study the structures, diversity, and functions of endophytic bacterial
communities in the roots of different peach varieties, laying a foundation for further research on
the relationship between peach plants and endophytes. [Methods] We employed 16S rRNA
gene amplicon sequencing to study the community structure and diversity of endophytic
bacteria in the roots of seven different peach varieties in the National Peach Base in Pinggu
District, Beijing. Furthermore, we performed linear discriminant analysis effect size (LEfSe)
and used PICRUSt2 for function prediction. [Results] Significant differences existed in the
structures of endophytic bacterial communities in the roots among red-skin, white-skin, and
yellow-fleshed peach varieties. The dominant phyla were Actinobacteriota, Proteobacteria, and
Firmicutes, with Actinobacteriota being predominant in most samples. The Shannon and
Simpson indices of the bacterial communities were significantly different among the varieties,
indicating the varied and complex diversity of root endophytes among different peach varieties.
LEfSe identified the root endophyte biomarkers associated with peach varieties, such as
Bifidobacterium, which had higher relative abundance in red-skin and white-skin peach varieties.
The endophytic bacteria showcased varied biological functions among different red-skin peach
varieties, mainly participating in carbohydrate and amino acid metabolism, which highlighted the
potential impact of endophytic bacteria on the physiological functions of host plants.
[Conclusion] This study revealed the structures, diversity, and functions of endophytic bacterial
communities in the roots of different peach varieties, enriching our knowledge and laying a
foundation for the development and utilization of endophytic bacterial resources in peach plants.
Keywords: endophytic bacterial community; functional prediction; peach tree roots; microbial
diversity
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TR EY . KHE MRS REREY,
X A AR 50 A 25, A B T 4E R ik
() IE & I RN — 2t MR — 2B R M
(B 5 B7KCR o SR AR TEAG ) 1A R P 3 B H
BRIIRE , 2 WIBOK o SR AR E SR E
I Hadk A Aa P e B a2 PR E M, ILAMR
IR RIS SR T ) F B, SRR T
—AEAE K FIRE I AR R UL R BE),

TEAE P (1) 45 Fh ZH LR 8% B N FRAEAE — 254
PR N AR TR B TR D, N A TR RE S TEAR ) AR
?“%DW?EPEEE SHYIE RS A R, TErEY)

i JE A A A B A B B AL ] A 1R 1,
Wﬁfiiﬁﬁ%ﬁiﬁﬁlﬁ@ﬁ%%”ﬁ (67 N A T RE
% Sy R )i R 22 5 TG Y 2 AL @%ﬁﬁik\
B SRPTIPE R = s B HCHT 155, Shah 451
M3 HfNZE SRR R R A B AR B 5 BRI AR
PR, R B O 34 1) TR R S s HE AN [R] K P 8 et 4
teE s vE . ARG . B idae S, DL e
Z.MR (indole-3-acetic acid, IAA)FIER AR P-4
feJ1, RIMHXEY WA KIEHGET, ALEN
A TR D0 R B s ) SR R B Bk - Verma 45U
MAMZ B 2R rp 2B 9 BRINAR AT, 2R 15
—PRXT ARk 7] 7 (Fusarium: oxysporum) =545 5%
ZUMEIVE R . ISR N DI ZEXTAR P A= T )
U AU LS, DR 0 25 H B N
AR IR AR R A2 EVE M . Andrade
SR 5T 2 BN 22 AL AR T v 32 1 N AR T
HAT Y 2L TAA FERER AR £ RE ) . Eke
LRI UE SRR . 25 mrh A B
[ 7 E M3 2 70 FT 14 (Bacillus amyloliquefaciens)
BABENAEVBIAEES . X R, 1
Py 5 P9 A= T 2z 1) 0 AR T A ) A AR A g R L
AEEE L,

AR FHOR, R P R
O TEAN [RIHE 7 %) Tl A= e s 2 8RR 465 ) 1)

TR T EEAEHT, MR TR G R R
Tk, eI I R ROR FTIR AT AR AR ) N A A
PRI BB Z A, B e L
o AWFFER A 168 rRNA HE R 1 700189 )7
12, XA R4 XX S S E RE AR N 7 A
[i] s B AR AR 3 P9 A= A B AT T SRR Al il
FP, R REVE AR . AR B . 2t
TRV K/ (linear discriminant analysis effect
size, LEfSe)sHrAILIRETIIN , HRIHAS[A] di bk
WAL IR AR PR Vs I G5 A A D fig 5 B s PR AR
A SRR R ORI . AR5y
J5 SEME R AR FR A MU RE I S RE RO DS SR L S
SCRE, AR SEN AR IR AT R HH]

1 M5 F*E

1.1 RiFEMS

AW SERE it RAE M R U A8 XX K
JE BT MR R, Z A 40°14'520"N Al
117°01'309"E , J& Tty Ktk 2 X fee , 451
WAIRA 117 °C, FEIXEE 1.56 m/s, “F34H
ST 59%, 4EXIRFKE 626 mm, 4ERF/K H %L
70d 2.
1.2 HFmRERFTELE

T 2023 4£ 7 AR 9, ERE P IERE 7 A
ANl L R R BER HEAT AR ZRAE (R 1)5 ARG
MARE it xof 7 1 8 B Ak 1 SR T S 0 = A A
(3R 2)0 3% £E - HEFb 1 S5 4 0 5 7 A A
KARESEA T, WRBREE AIIE R HI 962—2018
P, A LS A E R NY/T 1121.6—2006
FrUE (https://www.nssi.org.cn/cssn/js/pdfjs/web/
preview.jsp?al00=NY/T%201121.1-2006), %X
WA E R LY/T 1232—2015 HiifE(https://www.
nssi.org.cn/cssn/js/pdfjs/web/preview.jsp?al 00=LY/
T%201232-2015), A9 E WK LY/T
1234—2015 #p#fE(https://www.nssi.org.cn/cssn/
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x1 TRAHNERERER

Table 1 Basic information of samples from different groups

Hedh HEMATR Rgie  REE6E B HY

Sample Sample name Flesh color  Peel color Peach type

plbR  ZEfk /A LVHUAIJIU {4 White  #£1 Pink #1. Mk Red Fuzz Peach
p2bR 90342 {4 White ¥4I Pink 41 &Mk Red Fuzz Peach
p3bR  HIE BAIRUYU F{% White  [1 White H &k White Fuzz Peach
p4bR  #iFit HUANGRUIGUANG #{f Yellow £ Red Mk Yellow Nectarine
p5SbR  Hiil 4 ZHONGYOU4 M Yellow #L Red #IMAk Yellow Nectarine
p6bR  # 4% HUANGJINMI O Yellow 20 (AHH4Y) Yellow (unopened bag) # EHk Yellow Fuzz Peach
p7bR M 9 5 WANIHAO F1{% White  ¥21 Pink #1 Bk Red Fuzz Peach
F2 TREIEE LR

Table 2 Soil physical and chemical properties of different groups

AP (mg/kg) AK (g/kg) AN (mg/kg)

¥ Sample  pH OM (g/kg)
plbR 6.780+0.085b 21.109+1.304ab
p2bR 6.855+0.106ab 17.903+1.812bc
p3bR 6.923+0.123ab 21.789+2.467a
p4bR 6.940+0.175ab 21.134+2.734ab
p5bR 6.928+0.113ab 20.572+3.249ab
P6bR 6.953+0.079a 22.970+3.382a
P7bR 6.980+0.114a 18.812+5.930ab

83.304+12.719b
68.190+10.120bc
79.704+9.747b
62.420+8.900¢
84.797+6.665b

0.270+0.018b
0.260+0.022b
0.282+0.017ab
0.288+0.038ab
0.315+0.022a

131.725+6.733ab
139.809+7.645a
129.945+22.069ab
116.975+16.713b
143.800+19.414a
121.417+23.195a 0.317+0.040a 141.618+4.206a
84.223+£14.763b 0.247+0.039b 111.593+14.470b

pH. OM. AP, AK. AN /3 jI3R/R R8I . T IEHF PR
BEFRIR A 22 58 1B 5 (P>0.05), A [A) 7 B 38R 2 ] 2% 5

HRHE . B . AR, NS PR B EEER. R
3 (P<0.05)

pH, OM, AP, AK, and AN represent acidity/alkalinity, soil organic matter, available phosphorus, available potassium, and

alkali-hydrolyzable nitrogen, respectively. Lowercase letters indicate significant differences. The same letter means no significant

difference between groups (P>0.05), while different letters indicate significant differences between groups (P<0.05).

js/pdfjs/web/preview.jsp?al 00=LY/T%201234-2015),
Bl A% 480 B9 %E SR LY/T 12282015 45 1

(https://www.nssi.org.cn/cssn/js/pdfjs/web/preview.
jsp?al00=LY/T%201228-2015), EE AR 4 K

MRV A 8 52 A it o 7E R BE 25 32T 30 om
LN . HBF 29 20 om 4k, $Z4AR R EEM . MR R
HHBEEARTE 2-3 mm FYARERAE R B b kL, 7E
4 °CIEE FRAE, T 6 h N R AL BE B JE,
WERE S T A RKIE VR, IF B4R TR T K 7
JE TR B WL R AR E T HA 75%
LR 2% EBREN BV e 2 min, #2557
YK 2% EFRENALFE 3 min, SRIGTE 75%Z
ALFE 1 min, 55 FHTCHEZIBKEDE 1 ming X—
WREERE 2 R EBE S E T4 30 min, f#

TCEA B J1 53 B 25 L BURE A B Bl N, TG
W 50 mL EHARCIRE. #iE — IRk
B KR T LB K5 IR MLH, LAEA T 0 A SR e Wl
1.3 EFHEMETELF. (L

LB }i#dt(g/L): BEEER M 5.0, BEEAMG
10.0, & k#h 5.0, EE 20.0,

MGIEasy 1 ] DNA 3CJ% il #5328 7 2596
RXN), RINAERE R B A B A H

Qubit ¢ Y T4Y , Thermo Fisher Scientific
ovdly AR, MR- R 2R (R A
B H) s BB e T, BN B AR
BRAEL aJEvs, dbat-RJsil A PRk e A B
Nl BLIKAYAT PCR 12, Bio-Rad Al ; Bk
BB, SCATE i) EBR S 5 A PR A
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1.4 DNA $EHL. ¥ &5+

K1 CTAB 7532 BCRAE MR AR A 1Y
FEN4 DNA, f£T-80 °Cokfirh. iid 1%
B Ji L K AG I DNA R EUST i, A1 F 26t
SE I FLHR B . B i SE R 4] DNA e 2
1 ng/uL, DIFBEIEFER 4] DNA i, R
7 barcode FEFHGI1H F (5-ACGGHCCARA
CTCCTACGGAA-3")HIR (5'-CTACCMGGGTAT
CTAATCCKG-3)%} V3+V4 X {7 PCR ¥4,
PCR S04 % (20 pL): KAPA HiFi HotStart Ready
Mix 10 pL, 1E. R 5[#)(10 pmol/L)# 0.8 pL,
FES(10 ng/ul) 1 pL, ddH,O #bE 25 pL, PCR
FN 46295 °C 3 min; 98 °C 20's, 56 °C 155,72 °C
20 s, 30 MEHR; 72 °C 5 min, PCR §44J5
1% B IR WHEEE I L VARSI 97 18 ety , FEEA T Rl
[E ) PCR F=#){di ] MGIEasy & Ji] DNA 3CJ%
il gl Sl s P SCPE . B, SRR 1
BGI2000RS M 715 747 PE300 AT
1.5 SEENFHELE

AT barcode 74 3F 43 5 im0 %%
i, i FastQC A PG B i o B
izl Trim Galore #F H 2l I 2B iy 4
3k, [FIEHET Phred 43 80(Q)HI(H 30, 2Bk
B 2% read R AT R)IT A, PREPIIHCEER
F 150 bp WX 741 . it iE F P800 2 BR )5,
FIFH QUME 2 #4743 1041, “RA DADA2
BEH G R 7 5 A TR | 23B89 1) S5 0t
KRR, iR N 10 (985, 15808
Ay %1% S5 (amplicon sequence variants, ASV )4
e, BlfE, FIH classify-sklearn BEHUE: ASV
5 Slival38.1 ZHHH ALY, MR- A4 F0
MR FH , 13BN LU )5 1 ASV FRHIER K Y Fh
TR e, PRI T — b b3,
DLeSE 8L e F o IR G I 5l © B &
NCBI, %i'5 > PRINA1101462.

1.6 Zitoth

R &5 (v4.1.1) “vegan”fL H F11744 Shannon .
Simpson, Chaol I ACE 8§45 o Z 4551
AT EAEAE] A Bray-Curtis 21T A8 AR
M (principal coordinates analysis, PCoA)l B £
FEVE ST, i Anosim 73 B R Ak A AR -4 (8]
B & 2 R “microeco”fu F T2 4] 5 o0
(linear discriminant analysis, LDA)FIZL N K /N3
Pr, LDA PP By IB(HB 4. Past 4.0.9 Bt
T Shannon ik kA=, FIH] PICRUSt2
YRR P S AT R R, 2R T KEGG %4
X REAS v BT E D e AN ) g 3 DR R A 7 i o 8
H Origin 2024 A9 Fisher LSD % (P<0.05) b %5
ENE

2 ERE54M

2.1 SEENFHIELE

Jir ey 00 S A W e A5 AR ) 1 372 765 4%
FF51, BJEH QUIME 2 #{F ) DADA2 et
BB PSRN . BB, A I U AL
WL BRI G, mA195] 405 855 5574, it
EFLFEFE/NT 10 BIJF4, 7E 100%)7 5 HHLEE K
PR B TR R R T, AR E] 269 A
ASVs, FA[LIAR 11 481] 16 D40 51 4~H 75 4
B0 4N E .

FEFAVEAE A, AR R T A
[F3] {400 7 7S AR A v s 0 380 7 A A 0 0 A
HECERE . N L TR, BEE R E R
W, MR TR, X RS
B PR R, W) Shannon 840K B & 1
e RS EREFEA T WMAE Y ZEHC S
22 AERGEMNEHAFREEZERRER

TEI K F, T ] (Actinobacteriota) 3

BE e, FXTEREE N 57.43%-79.27%. HykEAS
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Rk fE 7 AMBRRRFI R, B TR (R
_al b pebR PR BT R LAV R A
(=) — S,
g ISR B PLS AR . plbR. p2bR. p3bR
@2 JEREB T TIIAEA SRR R 10.35%-31.53%, T
e , , , AT B T B A X 3 (3.96%-8.32%) 5 H R AE
0 20 000 40 000 60 000 ot
i e p4bR . p5bR. p6bR FlI p7bR F1JREEE ) AH %
FEEN 1.23%-10.32%, SR T2 &1 TR AH
1 MR IREBAI A 4B Shannon #57%EHh 2k & it 2 B (15.16%-33.14%) .
Figure 1 Shannon dilution curve of endophytic

bacteria in peach tree roots.

JE B ] (Proteobacteria) Fll S EEEE [ ] (Firmicutes),
FAXTERE /351 2.18%-33.14%F11 1.59%-31.53%.
AT AT ] (Bacteroidotay fHX 4 0.58%-2.31%.
B 2F 0 B '] (Myxococcota) . M1 45 Hr 7 1)
(Patescibacteria) . PEf## R [](Verrucomicrobiota) .
MRAT ] (Acidobacteriota) . #¢5iTE ] ](Dependentiae)
F15E FAT 7 1 (Armati monadota) it - 14 #H Xt =
FE/NT 1% (K 2A).

1EJE/KF |, plbR. p2bR. p3bR UL
¥ )& (Bifidobacterium) (i = i 7, AN S
H1 47.64%64.76%; p4bR . p5SbR. p6bR H4HE%E
7 J& (Streptomyces) (7 3= & 4 , AT B A
34.30%48.74%; 5 HAh A [F] A9 /2 p7bR H
i 35 S 7 Y & 145 TR &8 (Nocardia), AH X 3= B
4 26.18% (&l 2B). Al Rl AL AAAEX R A )
RER S22 5, TR T BT B IR
5 2 517 R B4 3 W TR B AN [ 7 R R
il

g 50 Firmicutes Acidobacteriota
= Unclassified B Dependentiae
:a: 25 Bacteroidota B Armatimonadota
Tﬂj Myxococcota
& 0
FFEFFEES
Sample Genus
B g 1001 Bifidobacterium || Actinoplanes
§ iz Strep.fmﬁyces B Bui‘khola{er:a—Cabai!eroma-Paraburkhola’erra-
ks UI‘IC]&SS}ﬁed P Novosphingobium
£ sob Nocardia Uncultured
s Staphylococcus Enterococcus
2 25 = = I Cryptosporangium Streptococcus
k=i — == | X67.14 Blautia
& 0 Myeobacterium Bradyrhizobium
Q\~§' 'Q;QQ' &@Q'pr‘%' &QQ'Q@Q. Q,\@' Sphingomonas Others
Sample

2 HRREIBALEEEREENAFBB)KFE LT

J& A H AT 3 BE/INTF 1%8 004 others

Figure 2 Distribution of endophytic bacterial communities in peach tree roots at the phylum (A) and genus
(B) levels. Relative abundances less than 1% at the genus level are classified as others.
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23 ARIGMRAEEEFESHEES T

TE 7 DRSS L, 2Rk AR
W, WAEZNE Shannon, Simpson. Richness
Ml Chaol 8% — & 2 5% . Shannon F54H,
p4bR . p5bR I p7bR 15 T HAl A F; p1bR . p2bR
F1 p6bR {9 Simpson FE4E T HAh A FR; Richness
FEHOR Chaol 8%+, p4bR prR e T A
AP 3)o p4bR. pSbR Al p7bR iX 3 A4-dfhFH
A F ) Shannon 54K, %%ﬁ%nuﬁlﬁﬁz
Mg B A Y ZFEE, seag iRt LT

R3 HRIRBALAER o SHEMESH

A TNRE , AL 25 EARR AR AR
P& i X PR AR AL N F AR T

PCoA 73 Hr &5 A B , kB AN [a) 4 i [A] A7 7
W IR 45t 22 5. iEl 3 s, PCol A
PCo2 B T 54.56%F1 19.09%M s )5 2%, AL
RIS [FIAE Sl AR A L A o i R 2, 2D Bbk
plbR. p2bR FIE ABEAY p4bR F1 pSbR. p6bR
S REE—, HEBE p3bR ML BB
p7bR e 2 FLAAE A 2, 2L 0] 52 B AR BH I 0 43
BIIR . X RIS TR A Y A B 2

Table 3 Alpha diversity analysis of endophytic bacteria in peach tree roots

Richness index

Chaol index

Sample Shannon index Simpson index
plbR 2.310+0.522cd 0.199+0.124ab
p2bR 2.087+0.473d 0.236+0.094a
p3bR 2.665+0.519bc 0.135+0.053bc
p4bR 3.128+0.400ab 0.102+0.061bc
p5bR 3.282+0.197a 0.109+0.034bc
p6bR 2.448+0.103cd 0.236+0.019a
p7bR 3.421+0.166a 0.059+0.016¢

31.500+10.630e
39.500+12.450de
52.000£20.298cd
79.250+11.587ab
89.000+5.944a
62.250+6.551bc
65.750+9.430bc

31.625£10.719¢
39.583+12.312de
52.000+20.298cd
79.250+11.587ab
89.000+5.944a
62.250+6.551bc
65.750+9.430bc

ARNG FHEFR R 4 0] 25 7 B2 (P<0.05)

Different lowercase letters indicate significant differences between groups (P<0.05).

A Bray PCoA

04F g

|
_02f ! Group
= ! plbR
S 00— T - == 2g —- — «p2bR
Z Tree ; p3bR
> : p4bR
8 =02} ! pSbR
& ! p6bR
-04F I p7bR

B

é Bray-Curtis Anosim

§ 300 R=0.784 438 775 510 204

EZOO P=0.001

g 100 ﬁ

i% 0 L 1 #=$ $

3 & & FF ST
Zf ) “0 X0 AS) 0 )

ST T TFTEFLSAS

3 MINIRIBAEMERN P ZHMESHT A EET Bray-Curtis [ 25502 F BE HEE N A= 415 19 PCoA
M. B: JET Anosim Z3HT Al AEAS S 2 0] ) i 5 P 22 57

Figure 3 Beta diversity analysis of endophytic bacteria in peach tree roots. A: PCoA analysis of endophytic
bacteria on peach tree roots based on Bray-Curtis distance algorithm. B: Evaluate the significant differences

between sample groups based on Anosim analysis.
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SEPES PR SRR AR GG . #E—2P 8 Anosim
SRR 7K R 2E S ey M, LB T PCoA
AT A R AR B
24 ARISMRAEEEREINLEE

i LEfSe SRiEBIAN[F] S AP A BER AR A
AR ERERERE. B 4 B/R THEARRES T
LDA 73 40KTF 4 B9HT 30 SR A ZERPIRUEAE 43
R (B 4A), DN a1 8h R SR i (5 Pl 2 s DT
B & 1y 43 2KF-, Hdt plbR A 1 A& , p2bR
A9 HJE, p4bR A 4 MEJE, pobR A 3 H
J&, p7TbR WA BIWA ZRFRRZE, K2 134
(&1 4B).

plbR PG 2R EJE N c_ Clostridia;
p2bR A 22 % M & J& & p_ Firmicutes .
o__ Bifidobacteriales, o __Lachnospirales %, H:
H o Bifidobacteriales Y} LDA 4ME fi &, 5%
T 5512; pdbR M EF WM HE B F XL N
c__Alphaproteobacteria; p6bR F 2 5 1 &
F% -k o Streptomycetales; p7bR HAT 2 I E
J& FE¥% N p_ Proteobacteria, ¢ Thermoleophilia
#1 o Corynebacteriales,
2.5 ET PICRUSt2 BYIN&EFM

i PICRUSL2 MIREWUN G , 75— IihE
SR BCEBAERT R T 1%89 DRe i T4
Brs W LA L (5 AL BN R A5 2 AL
3N —HIhaemrdE. H, R i FE6E,
IR 73.82%; HUCONBHEE B, F
YIERE N 10.73%; feJa 2B G B, P
FHEH 9.83%.
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Figure 4 Cladogram (A) and LDA score distribution histogram (B) of LEfSe analysis for endophytic
bacteria in different peach tree roots. The figure shows the top 30 species with LDA scores greater than 4,
indicating species with significant differences among different groups. In the cladogram, the radiating circles
from the center represent taxonomic levels from phylum to species. Each small circle at different taxonomic
levels represents a taxonomic unit at that level, and the diameter of the small circle is proportional to the

relative abundance of the species. The length of the bars in the histogram indicates the magnitude of the
impact of species with significant differences.
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Figure 6 Analysis of level 2 differential genes of endophytic bacteria in peach tree roots. A—P shows the
secondary functional classifications with relative abundances greater than 1%. A: Carbohydrate metabolism;
B: Amino acid metabolism; C: Energy metabolism; D: Biodegradation and metabolism of xenobiotics; E:
Metabolism of cofactors and vitamins; F: Nucleotide metabolism; G: Lipid metabolism; H: Metabolism of
other amino acids; I: Metabolism of terpenoids and polyketides; J: Biosynthesis of other secondary
metabolites; K: Glycan biosynthesis and metabolism; L: Translation; M: Replication and repair; N: Folding,
sorting, and degradation; O: Membrane transport; P: Signal transduction. Lowercase letters indicate

significant differences. The same letter means no significant difference between groups (P>0.05), while
different letters indicate significant differences between groups (P<0.05).

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



EEY F | TRGAMBMIRIBALWHE RS, SHEMERIEST

5153

A

Relative abundance (%) Relative abundance (%)

Relative abundance (%)

19.5
19.0
18.5
18.0
17.5
17.0
16.5

2.5

2.0
1.5
1.0 1
0.5K

0.0

o

to

o
oo

N
~

5
o

16.5

Relative abundance (%)

Relative abundance (%)

16.0
15.5
15.0
14.5
14.0

0.8

0.4

0
p1bR p2bR p3bR p4bR p5bR p6bR p7bR

Carbohydrate metabolism
L a

b b b b =
L BEET
| =

plbR p2bR p3bR p4bR p5bR p6bR p7bR

Amino sugar and nucleotide sugar metabolism

L b a
g
I L bc
l E c c c

plbR p2bR p3bR p4bR p5bR p6bR p7bR

Pentose phosphate pathway

a

I
I

b
Ic cd

——io

Ho

cd

plbR p2bR p3bR p4bR p5bR p6bR p7bR

Amino acid metabolism

[ & a a
; R — é —
b = =
b
plbR p2bR p3bR p4bR pS5bR p6bR p7bR
Tryptophan metabolism
ab  gp a a

L b = ik

—t—0

——ia

O

L
o

n o

Relative abundance (%)
n

o o
=)

& = = b b
wtm O th © W

Relative abundance (%)

S
o

—
(=)}

to

<
~

Relative abundance (%)
o o
=} 0

it
o

W

o
W

Relative abundance (%)

0
plbR p2bR p3bR p4bR pSbR p6bR p7bR

8.4
8.2

8.0

7.6

Relative abundance (%)

—
(=1

781

Glycolysis/Gluconeogenesis
a

?
1 bc

o

c be C

HH o

plbR p2bR p3bR p4bR pSbR p6bR p7bR

Starch and sucrose metabolism

ab g
1 abc
| 1 I c ¢ be

pIbR p2bR p3bR p4bR pSbR p6bR p7bR

Galactose metabolism

be
I bc e

ab a
[
1

T
HH oL

plbR p2bR p3bR p4bR p5bR p6bR p7bR

Valine, leucine and isoleucine degradation
ab  ap a

b I

2

p 8

ab
I

— o

Energy metabolism
a

b =

C

cd c
= B 4

I =

4 1 1 1 1 1 1 1
p1bR p2bR p3bR p4bR p5SbR p6bR p7bR

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



5154 A 2 AR Microbiol. China

K Oxidative phosphorylation L 50 Carbon fixation pathways in prokaryotes
~_ a - [ a
20t 4 ¢ lf be  be [ & ch c b b b b [
3 T cTi £ 8 1.5 =p L
g 1s5H L i g
o o =
5 51.0
2 1.0H Z
g’ g 0 5 H
= 050 5
3 2

0 0.0
plbR p2bR p3bR p4bR p5bR p6bR p7bR plbR p2bR p3bR p4bR p5SbR p6bR p7bR

M Xenobiotics biodegradation and metabolism N Benzoate degradation
3 :g” a ab a S 8 ab %
< 8.0r = < T
3 , HE T s sl o m ]
g 7.0 c = g d -

g 6.0 g 1.0 T
250+t < e
o d o J
240} Z 051 I
3 5| Il
ol &
= , . ; , : ool—L 1L 11 1L 1 [l |
& o a a a a § a a a Zf
= == — =5l B 2y g
g s50p b = 2 |
= C =]
E %m-l c
£ = .|.
S 40 5 I
= 2 0.5H
= g
> )
~ 301 7
: - : : . : - 0.0
pIbR p2bR p3bR p4bR p5bR p6bR p7bR pIbR p2bR p3bR p4bR p5bR p6bR p7bR

7 BERRESNEME level 3 EREESE  A-PJRIR T 5 RINEES I LN R = TRE
o3 Hh AR FROR RS, HRRIEIFRIR ZONRE 2R A oKL GRS B WERER A SR
C: ZILMEFAZ RS D: JEMFIREREICS E: BRRRIHERAS; F. PILBEUSLG G &S
H: SEIR . B RMF @R 1 @R T e U K. SR L. YN
Bl 2 i A s M SNBEAL S DR E IR N R ERREAR; O: it P. ARWimeFEmE. AN
/NG PR IR A 0] 22 57 .25 (P<0.05)

Figure 7 Analysis of level 3 differential genes of endophytic bacteria in peach tree roots. A—P illustrates
five secondary functional classifications and their corresponding tertiary functional classifications; The box
plots represent the secondary functional classifications, while the bar charts represent the tertiary functional
classifications. A: Carbohydrate metabolism; B: Glycolysis/Gluconeogenesis; C: Amino sugar and nucleotide
sugar metabolism; D: Starch and sucrose metabolism; E: Pentose phosphate pathway; F: Galactose
metabolism; G: Amino acid metabolism; H: Degradation of valine, leucine, and isoleucine; I: Tryptophan
metabolism; J: Energy metabolism; K: Oxidative phosphorylation; L: Carbon fixation pathways in
prokaryotes; M: Biodegradation and metabolism of xenobiotics; N: Benzoate degradation; O: Lipid

metabolism; P: Fatty acid degradation. Different lowercase letters indicate significant differences between
groups (P<0.05).

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



EEY F | TRGAMBMIRIBALWHE RS, SHEMERIEST 5155

TEJE KV b, S b ol ) P9 2 A8 T A 2 1
FREBAERFZR, £ 7 AR5 F
PIRRER N A TR, BUEAT IR 52 IR Flid
R B G R, EE, SUEAT R &
A s n EAE R KB, R ale e AR
A FL P i B, (R 5T A B
BUBCHE T o T LA A AR BRAEAER Y %
W BN ER PRI REE, R ERE
A 4 1 0 ) A i R A AP0 B R R L AT DA
W BT 52 AN R S5, ENAET 2
BRI B T PR BT N AR, B Ao 1Y) 39 455 36
PEPT; FE Villafadie PR, NRGHR R
RAEH T —F &k Streptomyces N2A 1444
LR E T — R RE 8 B R A W A K
R ALY PO BE ) B TH 8, TEA S W AEY) s
I R0 B 1B A R AN O T B TR A A
Fdt o R R R 7R 2 EE o TR AT R e i T
5D {HJEAE Khilyas S IBFSE Rk B B2
Wi G T# (Nocardia mangyaensis) NH1 P
BRATAR ) 43 Wb RIS\ W 2 R 1Y & L RE T, I HL AR
AR PRI P TS, AT REY)
Yo Z P IR AR B 42 % o Bk 2R (siderophore)
RSN . LA . R — LA Y
A U EE AR 2 0, s i) I R SR SR A B
DR SRR G, T DB g =Bk
BPIREEEER aEe, WA %S
S5 24 BMmA iR IF Bk a] UKL H
PUILTAIEYE, WA AE D e 2 1l P s ) A4 1)
T MU W7 A R AR S Al B A
JCE R A VEAR Y 0 AR R, SRR A1 B b aE Y
Tiif 2 P44,

W W EAE N m B AL R AT
WG Il 4O S 3N ANk A
SR, 7E VA 2 FE b ) b, AR 5 =
WE T L AR 4, CAMREN,

B R Be 5 A RDE AW BE A U RO, Al
FE 18 28 HL Wl M AN AbC R ) B2 v A R 8t 1
ORI, X —HLH AT RE AR R T LE - A R
TGN SROE T, B T R TR B AR
FREE T I8 2 DB RS FI S

it PICRUSt2 BHRETI 73 #7 1 A [F kA
an Pl N AE TR WD TS SRR AE . S5 R B,
G, L (R B AN H A B (5 B AL BRI RE 2 A
FE—RIRETE, XTI RE AR T A AR 4
R FEREAE P25 D) RE RN A FRIE B0, 0
MR AR 2 E A A, OREERN
BB B ST  BE VAR L A
BEEME, WS BCMEE, JFaTER
VI Z MY AR AR W B ETAR ST Bk b G
YA AT A P B A RN TR ) g i
=9y, IF77 £ T6 A A B i H el
Py A gE AR R oK AL S AR
ARG T s, R T X 2 AR
T E IR

TE LA A 149034275 2 MELEHR A FIAR A
AR, TR S A AR . AR R
AR P A S 2 AR T LA S A, R D R AT AR B AR
Yy E R FIBR (jasmonic acid, JA) XA 12-54
AL F8 J5E R (12-oxo-phytodienoic acid, OPDA)
TEAF T B0 Ji 1A 1 o 7 v i E A
TS I R 3 AL R AR A A B AR B, S B AR A
LT 5 Bl A=y FnAE AR P Ea B2 I B AR S
M 3 5 L-RondMRE G BIE MR, i
I X 51 1 2% e iy DR B, (AR A SR
MAGER BB RN, W A AL
Yk 5| B sh Y i &, IS 3 P i)
Bl A S i3 <A A F1<90342° Bk iy A (1) 1R 5
WA RS S H A S AP Y 25 55, AT B
S e FL B AR 2R A A BOFREh R, AT BE R
FED B AR PRI 38 TR R B AN R BB T o

%
1#

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



5156 WA

FiE Rk

Microbiol. China

4 Z

AT EE T B AR BE Y 2 BRI
WA, KT NAEMEE R ERA KT+
APRLEAE T, O e bk oA AR T W 98 32 4l R R
Mt THENZSH, AL ih A Bl
AR 3 A P R EER AR R AR FR) 2257 7

REFERENCES

[1] BENTO C, GONCALVES AC, SILVA B, SILVA LR.
Peach (Prunus Persica): phytochemicals and health
benefits[J]. Food Reviews International, 2022, 38(8):
1703-1734.

[2] WHITE PJ, GEORGE TS, GREGORY PJ,
BENGOUGH AG, HALLETT PD, McKENZIE BM.
Matching roots to their environment[J]. Annals of
Botany, 2013, 112(2): 207-222.

(3] R AVREG. RRORE A E M) Jbat: Kol e,
1993: 165-166.

SHU HR. Fruit Tree Cultivation Physiology[M].
Beijing: Agricultural Press, 1993: 165-166 (in Chinese).

[4] HARDOIM PR, van OVERBEEK LS, BERG G,
PIRTTILA AM, COMPANT S, CAMPISANO A,
DORING M, SESSITSCH A. The hidden world within
plants: ecological and evolutionary considerations for
defining functioning of microbial endophytes[J].
Microbiology and Molecular Biology Reviews, 2015,
79(3): 293-320.

[5] KANDEL SL, JOUBERT PM, DOTY SL. Bacterial
endophyte colonization and distribution within plants[J].
Microorganisms, 2017, 5(4): 77.

[6] KHARE E, MISHRA J, ARORA NK. Multifaceted
interactions  between

endophytes and  plant:

developments and  prospects[J].  Frontiers in
Microbiology, 2018, 9: 2732.

[71 FRANK AC, SALDIERNA GUZMAN JP, SHAY JE.
Transmission of bacterial endophytes[J]. Microorganisms,
2017, 5(4): 70.

[8] MORELLI M, BAHAR O, PAPADOPOULOU KK,
HOPKINS DL, OBRADOVIC A. Editorial: role of
endophytes in plant health and defense against
pathogens[J]. Frontiers in Plant Science, 2020, 11:
1312.

[9] CHAUDHARY P, AGRI U, CHAUDHARY A,
KUMAR A, KUMAR G. Endophytes and their

potential in biotic stress management and crop
production[J]. Frontiers in Microbiology, 2022, 13:
933017.

[10] SHAH D, KHAN MS, AZIZ S, ALT H, PECORARO L.
Molecular and biochemical characterization,
antimicrobial activity, stress tolerance, and plant
growth-promoting effect of endophytic bacteria isolated
from wheat varieties[J]. Microorganisms, 2021, 10(1):
21.

[11]VERMA SK, KINGSLEY KL, BERGEN MS,
KOWALSKI KP, WHITE JF.

prevention in seedlings of rice (Oryza sativa) and other

Fungal disease

seed-associated
endophytic  bacteria  from Phragmites
australis[J]. Microorganisms, 2018, 6(1): 21.

[12] COSTA PSP Jr, CARDOSO FP, MARTINS AD,
TEIXEIRA BUTTROS VH, PASQUAL M, DIAS DR,
SCHWAN RF, DORIA J. Endophytic bacteria of garlic
roots promote growth of micropropagated meristems[J].
Microbiological Research, 2020, 241: 126585.

[13] ANDRADE GVS, RODRIGUES FA, NADAL MC, Da
SILVA DAMBROZ CM, MARTINS AD, RODRIGUES
VA, dos REIS FERREIRA GM, PASQUAL M,
BUTTROS VH, DORIA J. Plant-endophytic bacteria
interactions associated with root and leaf microbiomes
of Cattleya walkeriana and their effect on plant
growth[J]. Scientia Horticulturae, 2023, 309: 111656.

[14] EKE P, KULESHWAR PRASARD S, ASHARANI P,
NEELAN S, NYA DINANGO V, AUNDY K.
Endophytic bacteria, from the desert spurge (Euphorbia

grasses by  growth-promoting

invasive

antiquorum) enhance nutrients uptake and suppress root
rot in the common bean[J]. Biocatalysis and
Agricultural Biotechnology, 2023, 53: 102880.

[I5]LT Q, GUO RJ, LI YJ, HARTMAN WH, LI SF,
ZHANG ZX, TRINGE SG, WANG HQ. Insight into the
bacterial endophytic communities of peach cultivars
related to crown gall disease resistance[J]. Applied and
Environmental Microbiology, 2019, 85(9): €02931-18.

[16] SUN MX, LIU XL, SHI KW, PENG FT, XIAO YS.
Effects of root zone aeration on soil microbs species in
a peach tree rhizosphere and root growth[J].
Microorganisms, 2022, 10(10): 1879.

[17] FADIJI AE, BABALOLA OO. Elucidating mechanisms
of endophytes used in plant protection and other
bioactivities  with  multifunctional  prospects[J].

Frontiers in Bioengineering and Biotechnology, 2020, 8:

467.

[18] TRIVEDI P, LEACH JE, TRINGE SG, SA TM, SINGH

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



EEY F | TRGAMBMIRIBALWHE RS, SHEMERIEST

5157

BK. Plant-microbiome interactions: from community
assembly to plant health[J]. Nature
Microbiology, 2020, 18(11): 607-621.

[19] EID AM, FOUDA A, ABDEL-RAHMAN MA, SALEM
SS, ELSAIED A, OELMULLER R, HIJRI M,
BHOWMIK A, ELKELISH A, HASSAN SED.
Harnessing bacterial endophytes for promotion of plant

Reviews

growth and  biotechnological applications: an
overview[J]. Plants, 2021, 10(5): 935.

[20] KOGEL KH, FRANKEN P, HUCKELHOVEN R.
Endophyte or parasite: what decides?[J].
Opinion in Plant Biology, 2006, 9(4): 358-363.

[21] SCHULZ B, ROMMERT AK, DAMMANN U, AUST
HJ, STRACK D. The endophyte-host interaction: a
balanced antagonism?[J]. Mycological Research, 1999,
103(10): 1275-1283.

[22] LUDWIG-MULLER J. Plants and endophytes: equal
partners in secondary metabolite production?[J].
Biotechnology Letters, 2015, 37(7): 1325-1334.

[23]REN F, DONG W, YAN DH. Organs, cultivars, soil,
and fruit properties affect structure of endophytic

Current

mycobiota of Pinggu peach trees[J]. Microorganisms,
2019, 7(9): 322.

[24] GLYNOU K, ALI T, BUCH AK, HAGHI KIA S,
PLOCH S, XIA XJ, CELIK A, THINES M,
MACIA-VICENTE JG. The
determines the assembly of root endophytic fungi at a

local environment
continental scale[J]. Environmental Microbiology, 2016,
18(8): 2418-2434.

[2571J1 X, XIA Y, ZHANG H, CUI JL. The microscopic
mechanism between endophytic fungi and host plants:
from recognition to building stable mutually beneficial
relationships[J]. Microbiological Research, 2022, 261:
127056.

[26] LIU SS, HOU YG, ZHENG KX, MA Q, WEN M,
SHAO SC, WU SH. Exploring the diversity, bioactivity
of endophytes, in  Synsepalum
dulcificum[J]. Frontiers in Microbiology, 2024, 15:
1258208.

[271PETROSYAN K, THIJS S, PIWOWARCZYK R,
RURAZ K, KACA W, VANGRONSVELD J. Diversity
and potential plant growth promoting capacity of seed
endophytic bacteria of the holoparasite Cistanche
phelypaea (Orobanchaceae)[J]. Scientific Reports, 2023,
13: 11835.

[28] ZHANG Q, ACUNA JJ, INOSTROZA NG, MORA ML,
RADIC S, SADOWSKY MJ, JORQUERA MA.
Endophytic bacterial communities associated with roots

and metabolome

and leaves of plants growing in Chilean extreme
environments[J]. Scientific Reports, 2019, 9(1): 4950.

[29] LOPEZ JL, ALVAREZ F, PRINCIPE A, SALAS ME,
LOZANO MJ, DRAGHI WO, JOFRE E, LAGARES A.
Isolation, taxonomic analysis, and phenotypic
characterization of bacterial endophytes present in
alfalfa (Medicago sativa) seeds[J].
Biotechnology, 2018, 267: 55-62.

[30] SAIKIA J, MAZUMDAR R, THAKUR D.
Phylogenetic affiliation of endophytic Actinobacteria

associated with selected orchid species and their role in

Journal of

growth promotion and suppression of phytopathogens[J].
Frontiers in Plant Science, 2022, 13: 1058867.

[311 GHORBANI S, HARIGHI B. Characterization of
endophytic bacteria with plant growth promotion and
biological control potential isolated from walnut
trees[J]. Forest Pathology, 2018, 48(2): e12403.

[32] TURRONI F, DURANTI S, MILANI C, LUGLI GA,
van SINDEREN D, VENTURA M. Bifidobacterium
bifidum: a key member of the early human gut
microbiota[J]. Microorganisms, 2019, 7(11): 544.

[33] RAJ G, SHADAB M, DEKA S, DAS M, BARUAH J,
BHARALI R, TALUKDAR NC. Seed
microbiome of rice genotypes indigenous to three

interior

agroecosystems of Indo-Burma biodiversity hotspot[J].
BMC Genomics, 2019, 20(1): 924.

[34] YAO YX, ZHANG X, HUANG ZL, LI H, HUANG J,
CORTI G, WU ZJ, QIN XL, ZHANG YR, YE XY,
FAN HX, JIANG LJ. A field study on the composition,
structure, and function of endophytic bacterial

community of Robinia pseudoacacia at a composite

heavy metals tailing[J]. Science of the Total
Environment, 2022, 850: 157874.

[35] VURUKONDA SSKP, GIOVANARDI D, STEFANI E.
Plant growth promoting and biocontrol activity of
Streptomyces  spp. as endophytes[J]. International
Journal of Molecular Sciences, 2018, 19(4): 952.

[36] WORSLEY SF, NEWITT J, RASSBACH J, BATEY
SFD, HOLMES NA, MURRELL JC, WILKINSON B,
HUTCHINGS MI. Streptomyces endophytes promote
host health and enhance growth across plant species[J].
Applied and Environmental Microbiology, 2020,
86(16): €01053-20.

[37] de JESUS SOUSA JA, OLIVARES FL. Plant growth

Streptomycetes:

applications[J].

promotion by ecophysiology,

mechanisms and Chemical and
Biological Technologies in Agriculture, 2016, 3(1): 24.

[38] VILLAFANE DL, MALDONADO RA, BIANCHI JS,

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



5158 WA

FiE Rk

Microbiol. China

KURTH D, GRAMAJO H, CHIESA MA,
RODRIGUEZ E. Streptomyces N2A, an endophytic
Actinobacteria that promotes soybean growth and
increases yield and seed quality under field
conditions[J]. Plant Science, 2024, 343: 112073.

[39] MEHTA HH, SHAMOO Y. Pathogenic Nocardia: a
diverse genus of emerging pathogens or just poorly
recognized?[J]. PLoS Pathogens, 2020, 16(3): ¢1008280.

[40] BROWN-ELLIOTT BA, BROWN JM, CONVILLE PS,
JR WALLACE RJ. Clinical and laboratory features of
the Nocardia spp. based on current molecular
taxonomy[J]. Clinical Microbiology Reviews, 2006,
19(2): 259-282.

[41]KHILYAS IV, MARKELOVA MI, VALEEVA LR,
IVOILOVA TM, SHAGIMARDANOVA E, LAIKOV
AV, ELISTRATOVA AA, BERKUTOVA ES,
LOCHNIT G, SHARIPOVA MR. Genomic insights and
anti-phytopathogenic  potential  of  siderophore
metabolome of endolithic Nocardia mangyaensis
NH1[J]. Scientific Reports, 2024, 14(1): 5676.

[42] DEB CR, TATUNG M. Siderophore producing bacteria
as biocontrol agent against phytopathogens for a better
environment: a review[J]. South African Journal of
Botany, 2024, 165: 153-162.

[43] TIMOFEEVA AM, GALYAMOVA MR, SEDYKH SE.
Bacterial siderophores: classification, biosynthesis,
perspectives of use in agriculture[J]. Plants, 2022,
11(22): 3065.

[44] FERREIRA MJ, SILVA H, CUNHA A. Siderophore-
producing rhizobacteria as a promising tool for
empowering plants to cope with iron limitation in saline
soils: a review[J]. Pedosphere, 2019, 29(4): 409-420.

[45] NASRABADI R G, GREINER R, MAYER-MIEBACH
E, MENEZES-BLACKBURN D. Phosphate solubilizing

and phytate degrading Streptomyces isolates stimulate
the growth and P accumulation of Maize (Zea mays)
fertilized with different phosphorus sources[J].
Geomicrobiology Journal, 2023, 40(4): 325-336.

[46] L1 R, DUAN WY, RAN ZF, CHEN XL, YU HX,
FANG L, GUO LP, ZHOU J. Diversity and correlation
analysis of endophytes and metabolites of Panax
quinquefolius L. in various tissues[J]. BMC Plant
Biology, 2023, 23(1): 275.

[47] RAI VK. Role of amino acids in plant responses to
stresses[J]. Biologia Plantarum, 2002, 45(4): 481-487.

[48] PRATELLI R, PILOT G. Regulation of amino acid
metabolic enzymes and transporters in plants[J].
Journal of Experimental Botany, 2014, 65(19):
5535-5556.

[49] GIORDANENGO P, BRUNISSEN L, RUSTERUCCI C,
VINCENT C, van BEL A, DINANT S, GIROUSSE C,
FAUCHER M, BONNEMAIN JL.
plant-aphid interactions: how aphids manipulate plant

Rendus Biologies, 2010,

Compatible

responses[J]. Comptes
333(6/7): 516-523.

[50] PLAXTON WC. The organization and regulation of
plant glycolysis[J]. Annual Review of Plant Physiology
and Plant Molecular Biology, 1996, 47: 185-214.

[SIJFERNIE AR, CARRARI F, SWEETLOVE LIJ.
Respiratory metabolism: glycolysis, the TCA cycle and
mitochondrial electron transport[J]. Current Opinion in
Plant Biology, 2004, 7(3): 254-261.

[52] LIU WS, PARK SW. 12-0xo-phytodienoic acid: a fuse
and/or switch of plant growth and defense responses?[J].
Frontiers in Plant Science, 2021, 12: 724079.

[53] SVOBODA J, BOLAND W. Plant defense elicitors:
analogues of jasmonoyl-isoleucine
Phytochemistry, 2010, 71(13): 1445-1449.

conjugate[J].

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


