TEIANY 224 (Jiangsu J.of Agr.Sei.) ,2021,37(6) :1370-1377
1370 http: //jsnyxb.jaasac.cn

wPlE A DL A A W R R KR P9 A A R AR R SRR BRI [ 1] TR 2441, 2021,37(6) :1370-1377.
doi :10.3969/j.issn. 1000-4440.2021.06.002

M R IR BB X K AR N £ A R A A A0 AR T RY S2 0

M|, B ow’, 4am, B #H'?
(LTI AZEBRES 159 4 TAR2ERR VT U 212013, 248 SR ILAR EI5 Tl A 9000 3 1 7 3L M — VAR B 0 e 22 2 1 S0
= VT BET 210014)

FE. e st KRS AR A0 B BEVK Y S , R Dlumina HiSeq 12 18 7 I 155 45 A %o 25 P4 4806 1) /K
MR AN HEST 16S TRNA T, FRASH T 2047 1686 889455 3l il 265 MHEMEAZ AL (OTU) , it
o VST A IR, T e s R A ST AR b N A A R TV AR RS I R X 2R MR AN R, 7R IR AP EXFAR
Tt OTU HEATIHERE , & IUK RG2S 3% B i DY A 4 D 2 2 W ER R 114 5 i ) S 392 ) W0 o g XoF 7 R M) A 4 1 20 B 45
SO, KA T PN A R R T 2 i R R B B R B — AR DG FEOK A 2K i A LG T i F
TR b PHL PN A TR TRV A e i P e e e R A PR B T

KR HTRR R MERENG KRR A S T

FESES: X592 XERFRIRAS: A TEHS:  1000-4440(2021)06-1370-08

Effects of thiamethoxam stress on the community composition and diversi-
ty of endophytic bacteria in rice

HUANG Bo-wen', CUI Kai*, YU Xiang-yang'>, GE Jing"’
(1.School of Environmental and Safety Engineering, Jiangsu University , Zhenjiang 212013, China; 2. Jiangsu Key Laboratory for Food Quality and Safe-
ty-State Key Laboratory Cultivation Base, Minisiry of Science and Technology, Nanjing 210014, China)

Abstract:  The effects of thiamethoxam stress on endophytic bacterial communities in roots, stems and leaves of rice
were studied by Illumina Hiseq high-throughput sequencing technology with indoor pot culture and soil addition treatment.
High quality sequences and operational taxons (OTUs) were 686 889 and 265, respectively. The results of o diversity in-
dex showed that thiamethoxam had a significant effect on the structure and diversity of endophytic bacterial community in
rice roots, but had no significant effect on the diversity of endophytic bacterial community in rice stems and leaves. The rep-
resentative OTUs were annotated at the genus level. It was found that the composition of endophytic bacteria in rice organs
was significantly affected by thiamethoxam, and which was in correlation with the residual level of thiamethoxam. The chan-
ges of endophytic bacterial community under the treatment with high application rate of thiamethoxam were more obvious
than those under the treatment with low application rate of thiamethoxam in the stems and leaves of rice.
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ZHLZA 0 A 0 s 200 T B e, AR R R TP A T
WA IR REVR 30 S AL S 2 G
TR AL R B e A 22 57 . Hameed
SR BN 5 e U A K RE AR P9 B BUS 4 5 m JL
TE PN ERFEA N, Ge 55 VW Z M, 3
IR TE T SR N B R 5 B 0% 1 A N AR T
PR H N, Eevers 2517 R 2, 2- W (4-F A K -1,
1- 5 &5 (DDE) 15 QL0 1 VU & 7 3 A= 1 A £l
R e, 2o 55 5% PR i 14 ( Stenotrophomonas sp.)
N B 5B TR ( Sphingomonas sp.) 7E DDE 15 44
0T F R 2 = T BRI BRI B ( Pseudomonas
sp.) MIAH I .

UTAER B AR B A HoFR) 2 2 o TR A — R
A% HUR) , g s AL H AR S 55 AR B2
A G P AERAEAO A 7= h e Tz R, BT
RGN W, A 5 B W s SR iR
FIAE AL BT W S 1Y) 49 R gk SERE S G 7
T AR TR A 24, G etk Hhmbe | I pi PR AFIIGE LGRS HY
R 100% , H IR A% 24 76 R i v 10 5k BR A 7E —
B AR BESEAR 2G TE A T B AR R
AL N A TR P U, 4 L6 R KRS I
A FLRE ARV 2 RS2 E RO I T e, R T
WA E B X 7K R PN A 40 TR A 7 1) 52 00 1 JC i, A ik
B0 28 N AR B, T 5 8 R Xof 7K R PN A= 40 T
TR ZELISURN Z2 R AR 52 0, LU Sy S 0 k218 4 245 73
Az 2 KU ITAG B AR SC e 53

1 ARSIk

1.1 RAFIEHH

TR 24 i . WE R R 2 B i 97. 9% , T A 4k Wi
ETABRA T AL (AR) , PEBEfE T A FRA
A G O, TEE R A Al AR A S kiR
(GCB) , & & REFEAEWA BR A w5l A 77 A TR #h
(AR) , R TAHRRAFE;95% L, B 5 F5 18
YA BR AT A,
1.2 #Hik#r

T HER AL RO R 2= B e F BT
e 3k 20 HifJF LA . Al (H—1k) . A
ML 0. 03 ;32 0. 50; %5+ 0. 21,570 0. 26,

TP B IS A P 1 kg 2 A0 A, B
LEMR I 100 ml PR A 725 i g e g St 2y () A - v
RSB PE I 5], B T30 KA A N 4% & 12 h,

Jit FHEEBEA < H IHEFE I & (FR, 1 mg/kg) ;10 fi54fE
17m (10XFR, 10 mg/kg) ;%5 H (CK) il 100 ml 7
PR, ~PATARIE 3 WK,

JKFE b AP R R RE 9108 ( FH VT I8 ARl Bk 2 B A
BVEYIT ST IT 4R AL ) . 30 CAKAFIRFN 1 h,30 C &
FERAWECMEZE 3 d, FEFh T 0 28 5 0 L 28 g g
Yt WALRE 20 £, 8T AN TIRE, & Bt
FeK A FIAEEL
1.3 H#mlEEREES

F Rl F AR okt 60 d, B FRFEHLEURE
3~5 KRG, FBY JDRKFE S AR 25 0 3 #5531
SR TR 5, 7S IOCER[5 ], B 75% 05 kG
BB 60 s, 1% IR GRS 120 s, BRIRFE L
VSRR TCRZKIEYE 3 IR, i — UK K IR A TR,
IE KRR, PR AR TRAET-80 CUKFE
1.4 DNA RENS¥ g

Plant Genom-ic DNA Kit & 57| &5 2 BUAE & &
DNA, 1% 35 JJg B B Uk A 2 B, Qubit2.0 Flurometer
PN ARG DNA FF 5L EE . B 10 ng DNA A%
B, 2R V3-4 s 51 %t B 0 XSk E 7 38, %F
P B R BeE AT s 4 RN ARE R index 7
5,

1.5 XEMZE.NFREVMERESHT

A Mlumina TruSeqTM DNA Sample Preparation
Kit 377 S A 8 S0 2R Qubit2.0 #1145 5 1 SCF IR
JE , SCPERFA B 5 HEA T SE I 28 6 A2 AR Y 3 A
W (qPCR) , % SCIE I A 8000 B 1 o, A DU 5 446
(1) SR HiSeq 7RI L ik BHE A B2 w0
P, iU JE R RS E T PEAR BB QI-
IME 43472 A6 50 45 /E 590 (OTUs ) #2523
OHT  Alpha ZEEMESMT S ] SPSS 25 Giit
43HT , origin2019b . CAD2008 il ff13% ,

1.6 fTFmATALE

FERSCER[ 16 A7 vE B 1.0 g URTHEAL, I 4
ml ZJE , HUB AT 20 min J5 0 1.0 g &A%Y, iR iE
30 5,5 000 r/minB5.0> 5 min, B2 ml W, N 50
mg GCB %€ 2 min, Bt 1 ml 5T 0. 22 pum JEE
BRI
1.7 {¢=8

Agilent 1200 WAH (3%, (3% FE Agilent ZORBAX
SB-C18 (4.6 mmx250.0 mm,5 wum), FiE1HH 2N
K =30 : 70( AR L ik 0. 6 ml/min, #Ei 25 °C
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PEREERE 10 wl, &% K 255 nm,
2 SRS

2.1 KBEREMBEFAEERNFER
RIS A RO 511762 6385% , 4lifb)n 3k

686 889 %%, WL T B # ¢ 51 342 117 %%, X AH AL >
97%J¥ 9 43 5 15 B ZE i OTU £ 23 il K
253.22 33(F£ 1), M3ZSK-Fnl A, A R4k B K S
HRHS OTU Hit W . = T I 125 AR R EB A7, Bl e
HgETit PR, OTU $it TF 44 3 06

£1 KBEREZMHBZEFHNEAENFER

Table 1 Sequencing of endophytic bacteria in rice roots, stems and leaves

. s R e EEE RIS o1 ALK I

(%) (%) (%) (%) (ba)

R CK 84 269 76 252 90.49 38 051 95 439.80
FR 83 999 76 041 90.52 38 018 62 442.96

10xFR 84 892 76 549 90.17 38 271 53 443.08

ey CK 84 250 74 899 88.91 36 246 11 440.15
FR 84 583 76 537 90.48 38 267 7 441.88

10xFR 85 017 76 997 90.56 38 496 4 441.91

i CK 86 039 76 125 88.48 38 026 15 441.07
FR 85 189 76 873 90.24 38 436 12 441.89

10xFR 84 400 76 614 90.78 38 306 6 441.87

CK: 25 [ ; FR; WE UG 1 mg/kg; 10XFR ; WE B FH B 10 mg/kg,

2.2 EHEIXTIKBARRE NEHEE S F R
Chaol ,Observed species ¥8 £, T8 #f =F B
. Shannon $8 EUH K , Simpson TERGEBAR, Bk £

FREFRFIIHE /N T CK,ZEH R 28 CK T
BB 225 P A FR AZb PR Simpson 8 %% B # KL T
CK, AW, 3 g b 2T 7K R AR 3508 PN A0 2 o

FEPEBER . 2 2 Wor , KRS AR I i e i P2 T
2 OKEIRE M o SHMEN

Table 2 The alpha diversity index of the endophytic fungi in rice roots, stems and leaves

T 2 REPESZ i B S O K R 357 A S

wE Qb Chaol F5% Observed species $84( Shannon $8%% Simpson 8%
it CK 75.44+19.82a 41.87+9.45a 1.23+0.10a 0.52+0.01a
FR 39.83+3.84b 25.80+2.18b 1.23+0.06a 0.52+0.01a
10xFR 44.22+3.27h 22.10+2.91b 1.16+0.05a 0.51+0.01ab
=% CK 3.33+1.35¢ 2.90+0.85¢ 1.00+0b 0.50+0bc
FR 4.16+3.74¢ 3.10+x1.91¢ 0.99+0.03b 0.49+0.02cd
10xFR 2.00+0c 2.00+0¢ 0.99+0b 0.50+0bc
it CK 5.22+4.27¢ 3.50+1.47¢ 0.99+0b 0.49+0cd
FR 3.95+1.77¢ 3.57+£1.50c 0.96+0.01b 0.47+0.01e
10xFR 2.17+0.15¢ 2.17+0.15¢ 0.97+0.01b 0.48+0.01de

CK.FR.10xFR WL3% 1 {, [FZERE G A R/NG 712 A B /] 25 5 8 3 (P<0.05)

2.3 BHAEX/KEAESRE N AEHEHKBI 0
HH P 1 AT, FE K FEAR &R, 0T BE ) D 3R T Ty
Rhizobium ( 38. 07%) . Acidovorax ( 29. 63%) , H. Ik N
Devosia (7.68%) . Pseudomonas (5.57%) , FR Ak #
A K FEAR FBAL 2 8 N Acidovorax (48. 51%)  Rhizo-

bium(23.59%) , He ¥Rl Pseudomonas (4. 86%) . De-
vosia(3.85%) . 10xXFR AbBRAY KRB OL SV E &
Acidovorax ( 37. 28% ) . Rhizobium ( 17.28% ) . Pseudo-
monas( 10.35%) , H:Ak N Ideonella (6. 92%)  Devosia
(5.52%) Massilia(3. 43%) , FifiZF 1 358 o € s it
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FHE T, Rhizobium  Haliangium WA 3 &
Wi T B, P Rhizobium B i e W1 2, M1 CK HY
38.07% [% 2 10x FR At # %) 17.28%; T Pseudo-
monas Ideonella . Massilia WFE X £ FE 7 10xFR Ab 3
B Z 4T, Acidovorax E Ry 3 Fh Ak BRI AT AL 4 TR
A, AR 2 B 7R e o H R 5 52 LSS T IS R A
7 kN BTN ) Bl B S AL N

1001 P 2 = 4 % d
e
----- NN
80
< 6or
i
+H_
=
=
40F
20F
0
CK FR 10xFR
sz

[luncultured soil bacterium; (3 Nitrospira; B Flavisolibacter;
A Pirellula; B4 Steroidobacter; &= Massilia, [3 Candidatus solibacter;
Huncultured gamma proteobacterium; F Opitutus; [l1deonella;
B Dendroceros granulatus; B3 Variovorax, [ Haliangium;
B4 Sphingomonas; [ Pseudomonas; & Devosia; N Acidovorax;
V1 Rhizobium,; [uncultured
CK.FR,10xFR WL 1 #:,
E1 EhAELETKERTNEARBKESE
Fig.1 Classification of endophytic bacteria in rice roots under

thiamethoxam treatments at the genus level

P 2 FTN, 7R K R 25 b ) 6 R D 3 TR T Sy
Dendroceros  granulatus ( 24.92%) . Sphingomonas
(11.91%) , FR ZLBRAKAEZE P OLRE B N Pseud-
omonas ( 88.89%) , . K A Rhizobium ( 11.11%)
10xFR ZLBRAK A2 S N A R E 5 CK oA
M, AT RE S 32 fen it o e HOBRSE R, A ] Ab K

S i B L 1 W AR &7 1% . Dendroceros granu-
latus F1 Sphingomonas {XAE CK Hfs i, AT ULiX 2 Fp
T JE X} 3 g s R RS . Pseudomonas A1 Rhizobi-
um AXAE FR AL PR | FR 512 Pseudomonas FHXT
FHE ik 88. 89% , A5 vl AL H ey , W AE At
o E RS P AR G, HL 20 Hodme il AR K X

100
80F S
< 60- ot e
M __________
H+ ----------
ﬁ; ..........
N N 77777 B RN
40 | T
20 2 BLE2 T
I N N SSNY

CK FR 10xFR
4b 3

B3 Rhizobium; [] Pseudomonas; [N uncultured soil bacterium;
& Sphingomonas; 4 Dendroceros granulatus; []uncultured

CK.FR10xFR W3 1 I,
B2 mARLETKBERNEARBKFESE
Fig.2 Classification of endophytic bacteria in rice stems under

thiamethoxam treatments at the genus level

H P 3 AT, A AR 7S, 0 ) A0 34 T s 2
Dendroceros granulatus ( 13.29%) , H: ¥X J& Pseudo-
monas(6.69% ) . Candidatus Solibacter (6.69% ) . Bry-
obacter(6.60%) , FR Qb P A8 2K R A B R N
Pseudomonas ( 87.94% ) . Rhizobium ( 10.34%) , 10x
FR ALK FErh ARG JE & 5 CK JoA G
R i R I ZHEYE . Dendroceros granulatus
XAE CK KR AR (25 ikt . Pseudomonas AH
XL CK 6. 69% T+ 2 FR 4R HE b 87. 94% , 1k
10xFR B ARG 3% 5 7R 2Eh 45 R — 2, R B
ARt FH 2 e e R BB A% 1 12 T AR T v it ]
e R HAE KA M, Candidatus solibacter . Bry-
obacter XA CK [ Hr 434, 33X R B1Z 2 A1 s n]
RERIE T /KRB, I HLGE g He g8 1 38 4 Ry #50R%
Rhizobium TE CK ) /K FEAH AR H A K Y, 76 FR Ab 2
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FKARZE (I B A AR T AE 10X FR AR 2 7K A5
TR R AAG HY  HHEI Rhizobium 7T BEA5 Y 4 ik g s e
e DRl T LA A 0 i o s R DR AR A i —
JE T WE HUGR IR ] ATEAR IR RSB

100
soF
60
g
il
-
=
=
401
20F
0
CK FR 10xFR
Qb3

£ Rhizobium; F& Bryobacter; [ Candidatus solibacter;
X3 Pseudomonas; uncultured gamma proteobacterium;
V] Dendroceros granulatus; [ ] uncultured

CK.FR.10xFR WL 1 i,
B3 mhELE T AkBEHPRNEARRBAFES S
Fig.3 Classification of endophytic bacteria in rice leaves under

thiamethoxam treatments at the genus level

3 WS T A [m Ak 3 S AR A A
IKREAN R EROL 0 A T B0 o 38 A% LK AR 25 i
A TR 0 A, REHR 3 — BE A TR 8 AR A7 AE B
WE e R it FH i HLA R S R E W R R . A0 Flavisoli-
bacter . Nitrospira {S 7E WE H & A0 B i 7K A5 AR ER A i
YA E Nitrospira AXAE 10X FR AL B K H  Steroid-
obacter Pirellula {{1E CK FJHEFHE ), Bryobacter 1L
T CK Ay Hhfe i e T340 e e el ok iU, — B
2 EIGE IR IE A TC AL, BRILLASN AR 4
FA T RE & A FROLAFAE— et W, Horh k4>
P RE S AE K R 25 A AE HL AT FEmE R 2
H:HE, Rhizobium Pseudomonas TE/KFEAR 25 iy
B3R SR HAEAS [R]85 X W5 Hh W28 11 00 1 47 7F 1

25 FERliE Pseudomonas , FoAEZE M FR A3
AHXTFBE 478 T 80% , i i T CK, #¢ il J& 22 v ik
88. 89% , T 7EAR FR A SR AH iz, Ui A% o1 J £ 25 55
rh A R IR B, 3XCAT B R R AR K R A (] R A
P REAT O, B 25 A R T2 1 i 1 e o A U R
AR SRS R A3 R 75 W e R A it FH 2t T A
PR AR P A 4G EE 2R RE NS LI ME RO IR IR

Acidovorax, Massilia,
Devosia, Steroidobacter,
Haliangium, Pirellula,
Variovorax, Flavisolib
Ideonella, Nitrospira
Opitutus

R

Dendroceros granulatus,
\Pseudomonas,
hizobium

Candidatus Solibacter

Bryobacter

i

CK.FR,10xFR W3 1 i,
B4 BRHESETKERETENEAHBEANR
Fig.4 Composition of major endophytic bacteria in rice under

thiamethoxam treatments

3 17 8

IR A A A0 TR A P RS 2 1 R T
R AR KR AR A B P AR 2, R
W KR PRI N T2 BRI T KA AR N AR A R s 2
REVE AR ER B 2 B2 W] R B, g% 25 iy AR
W RS AR R, N OTU Al L , K
RS i B PR A A R ) o 5 B - o el it
BT R

MIEIKEE KR b N AR 40 R TE A R e B Y
OMAAFAE N 22 5 o 7 AR 2 S B DR IR E T K R A
AT A PR, — 2 P A A R AR TR
REAH, RIMEAEAE T A [RIR AL, AT 3 5 A7 1t
DT TATAR 25 e A AR T e B S
fr A DI s ANl o, — S HA e 2E (it 30 D RE Y
PN A TR 8 WU AT T2 A7 AR T3k 28302, LN Rhizobi-
um BAT SHEP A A A D RE , FLAERS I 8 57
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TCREERA RT3 RE CEAE X 8 SR 0 2R BRI,
MR HERE A 3F0 T Rhizobium begumino-
sarum by phaseoli /K FEAR THLZE b, HAE Pyt Fil s
FEHR L E AN T Pseudomonas , B KR S
TR T rh— e A T B R AR AR iR
0 7 = SR P50 BT 0 0 L A1 il IO X 2 Ty | B A
WRAEE Y TR B R R LRSS e
WA b > T LA SR XAk ae  TRIRE, FRATT &
B Candidatus solibacter {XAEMR 5 M h 43745, % H @
FES 5 AR BA B A S A LTS )
BB AR 50 MOk R 2 5 AUE A 25, 4%
HE IR E S S5 A S DS AR A A
F3 NEHAEEEKEARRENENTEE

BUE'' . Sphingomonas {XAEAR | ZE P A Y, 1% 1 I
LA I e DR o R A 3R ) A 5 e
SETRE , AR KRS i 43 A DAl HE R 3 b - 253
EBWTE S nTA SRS IR R AR
Massilia RE7=": Z2 R R GAR I 7= 90 Fn il , HLHLA I
B B AN 7 4R 2 R I RE" . Haliangi-
um JBTFRANTE , CA BFFE 45 R 200, 35 40 5 fe 10
RSP0 BR1 R 22090 1 S 22 Aok s SR vl '
R HIE 05 445 SR A D, W RO 199 1 FH 1T R 2 S BOUK A
r ot AR B AT 25 TRk L, 91 il — 2 HA B T
PE S AR A B TR,

Table 3 Relative abundance of endophytic bacteria in different organs of rice

A ELE (% )
JRIKF- i % I
CK FR 10xFR CK FR 10xFR CK FR 10xFR

Uncultured 3.12 4.02 0.68 37.92 0 0 53.35 1.72 0
Uncultured gamma proteobacteri- 0.67 0 1.39 0 0 0 13.29 0 0
um

Uncultured soil bacterium 0 0 2.08 13.01 0 0 0 0 0
Rhizobium 38.07 23.59 17.28 0 11.11 0 0 10.34 0
Acidovorax 29.63 48.51 37.28 0 0 0 0 0 0
Devosia 7.68 3.85 5.52 0 0 0 0 0 0
Pseudomonas 5.57 4.86 10.35 0 88.89 0 6.69 87.94 0
Sphingomonas 2.17 0.33 1.37 11.91 0 0 0 0 0
Haliangium 2.12 0 0.69 0 0 0 0 0 0
Variovorax 1.43 0.67 0.69 0 0 0 0 0 0
Dendroceros granulatus 0.93 0 0 24.92 0 0 13.29 0 0
Ideonella 0.91 0 6.92 0 0 0 0 0 0
Opitutus 0.79 0.33 1.38 0 0 0 0 0 0
Candidatus Solibacter 0.67 0 0 0 0 0 6.69 0 0
Massilia 0.52 0.17 3.43 0 0 0 0 0 0
Steroidobacter 0.25 0 0 0 0 0 0 0 0
Pirellula 0.14 0 0 0 0 0 0 0 0
Flavisolibacter 0 0.17 0.69 0 0 0 0 0 0
Nitrospira 0 0 2.08 0 0 0 0 0 0
Bryobacter 0 0 0 0 0 0 6.60 0 0

CK .FR . 10xFR W55 1 7F,
WEE HUR b PR CAR T KRR AR B P AR AR R 43

A FEAE 8 it FH 2 15 A0, — SE T i A = B
U5 B F T AR Ideonella , 1% # J& RE M4 K 47

THIY R NEE K&, HAe ) i rp =
VA 0.91% , TFE10XFR AbFEHL 6.92% , BA1EH
TR o i 19 T W8 PN A TR R AT BE 5 1T Rhizobium AHXT 3
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2 ) S S0 3ok U A, AR OGSO s K S
SEEEH A A0S e Thie . (a0
Y, — SO JE AR IR PR A ) {H A FR
10xFR Ak B rfr, FEAR X 52 BE 2 W T i, A0 Flawisoli-
bacter, 1% W J& EBAAE T LIE, 55 L A
PR X 3 110t 5 U K e Sy i o 1 el 1
B SR G A SR N AR TR, PRI T K R AR R OK &
B I UL B i T R R R EE e R A AR B
H AT REAE A TR A e RO R AR T, A T R 7RIk
JEE HUBR S i) T AH N T B TR VR R A, A
Acidovorax VE Ry £t B J& 76 [A) Ab B ) AR A7 75
25 MR RKT AR FR A AR 3 B T i A
10xFR H T B, 150 B I i e eh 1 AT e i 0% T
AR HGE $E BZ A 8 B B R R 2R
P ZEPN R RE

KT B BE HUBR Bk R RE NS Bl L PN A A TR
AL, WE T K R 25 de B 1Y & i i e EMIAR U
ZESHRS I, & RO AR B 5 4 09 rh gk BA Mk B 5 A OG
KFR, TEAREE, 10xFR Ab3E 5 FR b 4 P AE 20 74
JBR A AT RIS AN 2 TR KT B KA AR AR A
A TR A2 8 R BR i P e S A S AN B A 5 TR 2R
rh PR Sz v it P k0 e A B %) PN A 0 R T S5 IR
Jiti P e A B ) oA A A R R S A AN TR, A A TR TS
AT I AR

A5 R H llumina HiSeq 15 8 & M ¥ £
AREOIRTW A BT T K FEAS [ 28 B b A 4l R VR
TEVE R0 T A B Z AR AL, S5 R KT,
WE HE XS 7K RE AN [ 45 B v P9 A 20 TR AR 7 R AT 52
LB H g it S5 KA A B T N AR A R S B Y
SN S EAH OGO R . IR A R nT Lo B b
OGRS 52 11 5 AR AR AR PR A 20 T 110 93 3 6 v e I
S, [FIEFLA] Sy g i e A 25 KU PP Al IR 2%

SE .

[1] MITTER B, BRADER G, PFAFFENBICHLER N, et al. Next gen-

limitations

eration microbiome applications for crop production
and the need of knowledge-based solutions [ J]. Current Opinion in
Microbiology, 2019, 49. 59-65.
[2] ULLAH A, FAHAD S, MUNIS F H. Phytoremediation of heavy met-
als assisted by plant growth promoting (PGP) bacteria; A review [ J].
Environmental and Experimental Botany, 2015, 117; 28-40.
WRAE W2 BE  ERH, . A N S R RDITER
[7]. EBHER, 2010, 19(7) ; 1750-1754.

(3]

[4]

[5]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B, BAGRL, iE, 45 . BRI IR AR SR N A L 2
T [J]. A9, 2016, 43(6) : 1262-1273.

HAMEED A, YEH M W, HSIEH Y T, et al. Diversity and func-
tional characterization of bacterial endophytes dwelling in various
rice ( Oryza sativa L.) tissues, and their seed-borne dissemination
into rhizosphere under gnotobiotic P-stress [ J]. Plant and Soil,
2015, 394(1) . 177-197.

GE J, CHENG J, LI'Y, et al. Effects of dibutyl phthalate contam-
ination on physiology, phytohormone homeostasis, rhizospheric and
endophytic bacterial communities of Brassica rapa var. chinensis
[J]. Environmental Research, 2020, 189(4) : 109953.

EEVERS N, HAWTHORNE J R, WHITE J C, et al. Exposure of
Cucurbita pepo to DDE-contamination alters the endophytic com-
munity; A cultivation dependent vs a cultivation independent ap-
proach [J]. Environmental Pollution, 2016, 209 147-154.

ZE SRR XIS AR 4 RN AT By A A AR B 32
HUERCR R AT L [1]. AP~ 2021, 47(1) : 241-
247.

WO O R AR BRSO AT A R A 2 5k
G AR R BRI (1], AT R, 2016,
11(6) . 67-81.

L SRR, AR W RO AR R A A TR R 2R
BRI [J]. TLIRAL 24, 2017, 33(4) : 802-808.

ZHANG J, KASSIAN K, TOMAS F, et al. PEAR; a fast and ac-
curate [llumina Paired-End reAd mergeR [ J]. Bioinformatics,
2014, 30(5) : 614-620.

GREGORY C J, JUSTIN K, JESSE S, et al. QIIME allows analy-
sis of high-throughput community sequencing data [ J]. Nature
Methods, 2010, 7(5) : 335-336.

JIYOUNG A, RASHMI S, ZHIHENG P, et al. Human gut micro-
biome and risk for colorectal cancer [ J]. Journal of the National
Cancer Institute, 2013, 105(24) ; 1907-1911.

KNIGHT R. PyNAST: a flexible tool for aligning sequences to a
template alignment [ J]. Bioinformatics, 2010, 26(2) : 266-267.
LANGILLE M, ZANEVELD J, CAPORASO J G, et al. Predictive
functional profiling of microbial communities using 16S rRNA
marker gene sequences [ J]. Nature Biotechnology, 2013, 31(9) .
814-821.

T ®% A 5 VIEM A PSR IR 4 BB R
WA 225 (1], TR R, 2018, 46(7) ; 205-
208.

RGN, THA A &, A BN T I e o il A R
B-1 (BRI [T]. MUES @R, 2021, 48(1) : 46-56.
TIAN X L, CAO L X, TAN H M, et al. Study on the communities
of endophytic fungi and endophytic actinomycetes from rice and
their antipathogenic activities in vitro [ J]. World Journal of Micro-
biology & Biotechnology, 2004, 20(3) : 303-309.
TR A AR N A TRV R MR IE S N [
F AL R, 2018,

FAEGR, XA, B A Rl T R N EE SR

D]. BA:



TR 5 W R A0 0T K R A A T T 7 5 A SRR

1377

[21]

[22]

(23]

[24]

[25]

(28]

PETSEAME Z R ()], B2 5 0 A 9%, 2020, 39
(5):2111-2117.

SINGH R K, MISHRA R, JAISWAL H K, et al. Isolation and i-
dentification of natural endophytic rhizobia from rice ( Oryza sativa
L.) through tDNA PCR-RFLP and sequence analysis [ J]. Current
Microbiology, 2006, 52(5) : 345-349.
WA, i B IEIRE , 4. AR R SOLIRSAETE DLIL Rk
ARZF AT B SZ5 % rg Jr IR EE 2k i T AU bk ik 5 7 i
ST [1]. AR, 2020, 46(6) : 96-102.
TR, 4 &, R, 4 GIMIERE AR E Pseudomonas sp. )
A FRTE I 1 70 X 5ol A BEASCOR AR AT [T AhAE R,
2020, 36(5) : 1039-1046.

o B, A, AR BUE W ST [T].
Hiog 2021, 4(2): 7-14.

HIZKNI. L DNA-SIP WF 58 H /R R G5 5 AR
IR IIREREMZAEYE [D]. )M AR AR K%, 2018.
KRB, 5 1,4 fF, % DRE FRMEN IEHNEHZ
FEPERYSZ IR [J]. A S Ak 22 (P 3C) , 2020, 28
(11): 1715-1725.

WL, m A% b WL BARIESHDLRGREE X K AR -
FARBR N, O HESszmg [T]. Y E SR SRR, 2016, 22
(5): 1319-1328.

204 TR, FA NI, A5 A [R] i1 X AR A S R A0
P P S B T PR S5 A BRI [J]. gl Ra=2 4l ( A 4%
Bh2#) , 2020, 35(4) ; 708-716.

FVF. B Y %o 3 2 TR0 1 i A ) I AL 3 B A B
FrAmse [D]. Jbat: hER R B, 2020.

[30]

[31]

[32]

[40]

WA A PHE T . SR AN A BT ik (1],
2Fil Ak, 2019, 46(6) ; 1537-1548.

MOS0 A, B AE. RN RN B R A3 A
FAYEERI (1], B R, 2014, 54(12) . 1429-
1437.

LI Z, YE X, LIU M, et al. A novel outer membrane -1, 6-glu-
canase is deployed in the predation of fungi by myxobacteria [ J].
The ISME Journal, 2019, 13(9) . 1-13.

SRR, LT AT LG RO U 0 S A A 4 it X ¥ K TR R
RAECRIFFE [D]. AR AR TR, 2019.

ik M. = Ak AR AR MR G Rk R 25 I U BR B S L BR PAEs
5T [D]. Jba: LR Tk k%, 2016.

ZE FE KRR R U R R I SR G Wk AL 5 o S AL AL
[D]. )7 P ERREE B R 2 (P ERERE M IR 2= A 5T
), 2018.

ARG, AT B T BR Acidovorax sp. T1 B> 85 %6 5€ PR At
AR MOCHERE R e [D]. B FRURO R, 2017.
BHRIG. 23055 SRt T A At AR e ik S G fb 2 S A R
ERIHBIZE [D]. M & M E K, 2019.

T, EE, R S BRRE RS eI R S
VA RERE ST [J]. BRI 5H0R, 2017, 40(8) : 128-133.
BEOWE,E LR, B Tlumina MiSeq 155 & 43
BRI Sy B2 i e W A [T oAl FL4# 2020,
48(24) .178-182.

XUTEFE I M R LRIl 2 21 5% s 20 mRNAs 22
SRR ] D7l 4R, 2020, 51 (11) :2827-2835,

(FoAE % 4% . K EAK)





