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AR AT T 25 MOAT B IR R A B AS TR K R 20 20 P9 A AN BR 2 S R VR 45 SR8, 3 R 27 AT B R P Ak B AT LA 2 1R 7K
FERR R 20 P A A DA 5 00 = B R 50 5 AU 0 R A A R R i %) 3 B N S8 50 ) I S R AR 3 P £ S A R s AR
IETHET] (Proteobacteria) JFEEER ] ( Firmicutes ) MILAT 1] ( Bacteroidetes ) JE: /K A AR AR AN ZEFRILAT PE B 171, 52 BE T 1R 25 Jfd
FFEA IR ( Bacillus ) &M OE3EE TTRUR . 2 MR B 12 Ak B 25 8 vy T P8 P A JERE G 1) 0 20 LR T i 1) A ) = 38, B8
TR R ANZEFRA LN A A0 R 1) 432 A JT OTU (Operational Taxonomic Units ) £, % i3 40 252 Wl AS BH S 5 BRAIC T 2530 A3 v
Z 5 AR 0 N AE QI D B, BN T AR S SAA0HE B N A I R, B, 3 R 2R AT R R R AL B AT L 2
AR KRG AR TR | ZEFB N -5 N A 20 DA RS 2540, O KRS AR K U E SR8

RABIA L SE AT IR 5 12 P 2R s KR D9 2R AN B s BEVR S5

Impact of seed soaked by Bacillus on endophytic bacterial community structure

of rice
SHA Yuexia“, SHEN Ruiqing

Institute of Plant Protection, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750011, China

Abstract: Endophytic bacteria in plant are important components of plant micro-ecosystems. The endophytic bacterial
community structure of rice is an important biological indicator for the plant to evaluate the internal environment being
health and stabilization or not. Bacillus strains are important bio—control microorganisms. In order to reveal the impact of the
endophytic bacterial community structure of rice because of seeds dipped in fermentation broth of 3 Bacillus strains, the
illumina MiSeq technology was used to detect 16S rRNA gene of rice endophytic bacteria. The micro—ecological regulating
effect on endophytic bacterial community of rice seeds treated with Bacillus suspension was analyzed. The experimental
results showed that the community richness index and evenness index of endophytic bacterial community structure of rice
root and stem were promoted, the richness index and evenness index of rice leaf was reduced, and the community diversity
of endophytic bacterial community structure of rice root was increased significantly after rice seeds dipped in Bacillus
suspension. Among all experimental treatments, the same preponderant phylums of rice root and stem were Proteobacteria,
Firmicutes and Bacteroidetes. In addition, Proteobacteria and Bacillus were the same preponderant phylum and genus of rice
leaf, respectively. After the rice seeds dipped in fermentation broth of 3 Bacillus strains, the relative abundance of
Proteobacteria and Bacillus of rice leaf were promoted obviously. In addition, the Operational Taxonomic Units ( OTU)

number of endophytic bacteria in rice root and stem tissue was increased evidently and the OTU number in rice leaf was not
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changed significantly compared to the water control. The endophytic bacterial abundance of rice root and stem involving in
metabolic pathways was reduced and that the abundance of rice leaf was increased significantly. Therefore, the measure that
rice seeds were dipped in fermentation broth of Bacillus strains could change evidently the endophytic bacterial community

structure of rice root, stem and leaf, and improve the microecological environment of rice growth.
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LEMAT BB (Bacillus ) J& T4 B ARG EBER ] ( Firmicutes ) o R & /KR AL 7 oS 3 B ™ JE A9 3, B
FBETE Magnaporthe oryzae(T.T. Hebert) Yaegashi & Udagawa ( JCVEZS : Pyricularia oryzae) g5 ,— B IE L Ae
A3 I 20%—30% (7= BEA5 R 7 E 0 B BURLTCIC ™ Al AR 25 2 B TR RS e B0 24 791, (F R R i
ST TS 5 15 Yo AR S R 6 NS Bt SRl KA gl o PRI 3 OO AR A8 R TE 5 e R TR BCR B e i A=
B3 T 0 Bl R R R B SZ B ST . 2T R I, 2R AR AR HUas PR SR A 2 M, Bl £ 2B A5O3 X
NBTLE ARG ARG AU P X A S 4 S B iAo 0y S22 A B A B e R, A WFoT R L
SEHTZEMUFT 1 ( B. velezensis ) E69 S TR 2EMUFT 1 ( B. amyloliquefaciens ) S170 A1 /N ZE MUAT B ( B. pumilus ) S9
Xt R P 1 55 A . ) AT LA K R T R A R P RS (4 A P B I

T P9 AE LA B A S T BE R A 0 35 R G M E B R A A ) PN A TR 45 ) 2 3
PREELO7 RBE A PSR AU I 2 R A e AR P9 A TR R TR S R S R R
PR VIASE " A PN AR A TR R T N A R TR, P A A R 1 T 4 O S e B S S e A A L
APTTE , EBAE RSEUESE T AR HUmE fF 1 P A 4 TR AR R TR R . West S IFST ZR A A
2R ATCI it R0 P A R ) TR 2 R R 2 A R L R 2 R B

JKRE N AR 20 T R 7 AR R A K R AR S R R U8 AR 2 — o A RYWF ST UE SRS 9 A= 40 T 9 AR
DU RE AR R KRB DOR RUE M RE S R AR R s R e SR m P R RE Y e A
SR E TR T WS PR e e R TS Y A 2R S A R AR ARt X KA P A
TR TG 2 REME R S A I B ILAE T R S Bk | R AR Tk R PR R i S 2 R AR AR AR R N
MRS S 1B AR 2B IR KRN 5 O BRI (ER T AR PN 2 0 TR Vi 22 AR M 52 i fF
FAER D,

PR ASBFSE A Mlumina MiSeq 55 ARG 2 BT BRI A Ak 3O6E 7K et 28 20N A 20 T3 % 22 AR PR 10 52
e, — 5 TE D 23 LT R T2 Ao b JHEXGT 7 R A S | 230 AR P08 oA A 4 T 1% TR A Vi 205 4 DA B 2 R Y 5%
Wi 5 55— 3 T AT 2K RS 2 4 PN A A0 T R - K R R P 22 B) 18 O 2R, DT 48 7 25 B AT T 32 e A B8 X 7 AR
FRBTPERI LN, A SIS T8 28 MOAT TR 2R ORI 7R /K R AT R 2 Jre v i o R 22 Ak Al

1 FR#BFTTE

L1 e atod

I T 2018 4F 8 A—9 AAET HAMBLABe i Y) R4 058 BT H DGR = HEAT (38°47'N, 106°27'E , 13345
J 1080 m) , ik R E TR+ A LTS i =>12.0% TR £ = 128% , K53 <20.0% , pH { 4.0—8.0,
12 Bt

R BLE 12 AREALE R RATREA 3 DTS, ST AR AS L( Leaf) : JGBK B ( CKL) (J/IN 2 HOAT
F SO (SOL) UM ZEMIFFIE S170(S170L) Fil VLS B 25 AT B 69 (E6IL) 5 25 MREAR S (Stem) - To B AKX
(CKS) JE/NEERIFFE SO(S9S) At VE# ZF MUAT B S170(S1708) Al U SEHT 2E I AT B E69 (E69S) ; IRFBFEA R
(Root) : JCHI/K B (CKR) /N MIFT 1 SO (SOR) M bt 2 AT B S170(SI70R ) 1 LS 2 MIAT 1 E69
(E69R) .
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1.3 JKAEFAE S AEA R4

RIS FE SR G19 5 RN F7E 70% kS IR 20 min, R FHIC K 5552wk, ohdk Js R0 43 31
FE 100 mL AN [ ZF MOFTF 1R & B (1x10° CFU/mL) HiR3 30 min , % HEAE TC R 7K 12 L 30 min, BT A R FS 1
IKFEFFHCETE 28 C AN TAMAE T, 2 d J5 R T 3RAR h OIREBE AR 5.3 emx EFFEAR 9.5 emx (& 11.5
em) o BEAHURIAR LR RD 5 RN B SORHT A BLL 6 SRR, BN A FRFP A 24 S YEEE

IKFERIHE 20 d J5 RAEFEA 23 BIRAESEEM AR 2RI 2 om AIZEFRA LU H PRy 10 em AYHEL
1.4 ShERZKAE N A 4 Es A LR 41 DNA

SeZEBK ph e R R, R WIRFT W R 58 20k, A HEARTE 1% AR AN IR 10 min, S8
JETE T0% kG TRt 1 min, 55 FHICRIK I, e — PR AE NA [EASE 57 2 B4R, 30 CHE 3%
48 h J5 ,NA P FARK M EIE I FEAR RO R, R8BI A R IR AEA A LR 20 5 DNA 1T 1% i
T s FEL YK ARG
1.5 16S rDNA |5

XP7K A P9 A= 40 B Y 16S rRNA JE Rl V5-VT7 & 48 X #E 47 PCR ¥ 34, ¥ 3% 51 ) J& 799F . 5'-barcode-
AACMGGATTAGTAGATACCCKG- 3", 1193R: 5'-ACGTCATCCCCACCTTCC - 3" ¥ S ¥ 5| ¥ 5 B U &
barcode , 113575 A W BE 2 BHE A FRAFIA L, PCR KW ZR (20 wL) £245 2 wL 8 10xPCR Buffer,2 pL
A9 2.5 mmol/L dNTPs,0.8 pL F 5 wmol/L 1E[H5#),0.8 wL B9 5 wmol/L JZ [/ 5[47,0.2 pL # rTaq Polymerase,
0.2 pL %) BSA,10 ng 1Y) Template DNA , #b ddH,0 % 20 pL, S A46145 95 C 3 min; JEHEIx (95 C 30 s,
55 °C 305,72 °C 45 5) ;72 °C 10 min, 10 °C HE| W EEH . 26 4 PCR ¥ 1= ¥ % H QuantiFluor™-ST # {4
DENCRE 1 R0 ( Promega A ) ) X PCR F=¥ b A7/ 52 & % B8 — 2 Fb iR &, )5 A Ilumina 23 7] A9 Miseq
2x300 “F-H T,
1.6 HdEAb B 50

P Chao 1ENIEM L £ B B MY458 45  Shannoneven VE NG FEVS 14 5] FE AOFE AR . Shannon 1E M i B L%
ZRETERFE b Coverage VE R B W 55 B 48 AR . Shannon P9 U(E 1 5 , RV I RETE Z FE TR H
Shannoneven FUE K 57 , 2 BAGAE ) (0 B VE 359 50 FE B G 5 Coverage 11 BIU(ELE 55 , 2% HARE A P B AGE DU HS ) A %6 ik
15, BENS B S MR AS S 51 B S 0L, TRUE I HEYS Alpha Z2FE MR mothur (version v.1.30.1 http://
www.mothur.org/ wiki/Schloss_SOP#Alpha_diversity ) #4740 11537 .

fHH DPS15.0 #XAFSE LG43 B, S 351 49 B R FH 2R IR 2R T 22 40 A i SR /R 25 75 ( Least significant
ranges , LSD) (P<0.05) , £ A-F 4 {E AR R

2 HBROH

2.1 ZFMIAT IR AR KRR N A A R e 9 e A e

K H Flash #4406 90 B o DR | Bia a8 AR 2800 8 Btk & 4, i 3R 45004k 5 51 H T3k —
. 12 AN 36 MEEAILIRTS 786298 A RUT I, AT 21842 NF A, PR A YT 5138 1oF
RGN, FHNARRLAI R 53—/ Nl FR2Z2 R 4325 558 ( Operational Taxonomic Units, OTU) . —BHN T, X}
FARIKFAE 97% 19 OTU Ui A 2 FEVETR B AT A W15 B 2= Ge it 4007, 36 MEAILERTS 1576 1~ OTU, HRER
HEUH) OTU Ju Bl 64—123 , ZEHBZHELUH OTU Ju BBl 2 67—93, MFEB41L4UAY OTU YuFZ 8—12, ZEHEATF R Fh
S X K FE AR N ZE T N A 4R R ) OTU S0 235 (P<0.05) |, %3 N A= 4R B ) OTU A 520 (P>0.05) .

Alpha ZHEAE AT IPEAL AR D REGS (0 A 2 & BE 2Rk 150 BE A 26 B2 S5 48 4 . A9l Alpha 2
FEMEECE R AT 2 M AT BRR Fh AL B K RS R 2L S0 A AR o R 2R R & 8 ISR sE ), 45 R L3R 1,
JKAEAR 2R ZEFRAI: B AR A REVS 0 5 B8R Chao F880E I — By 28 fk#4a % . R>S> L, Hi SOR>E69R >
S170R>CKR , S9S>S170S>CKS>E69S , E69L>SOL>S170L>CKL , 2 AT B 1= Fh Ab BRI I 1 /K FE AR 22 A ZE5B 4 41
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AR ZH VR 09 F 8 B2 (P<0.05) W IFR2H 2N A= Al B RV 1) 2 8 BE T 10 35 52 0 ( P>0.05) . KA 4
A= 2 B 1 ZAEPE S AR ( Shannon ) ZRFEARAE 25 55488 /N . ReaS> L, ZE M IR oG K REARES 2538 A2 21y A4
MEBEE I ZREER B E 52 m (P<0.05) . Y2 EHEFR (Shannoneven ) : S>R>L, 27 0T 1R A0 o] DABE /K fg AR
T ZE TS L 2P A 20 TR R 7 9 22 51 B (P<0.05) |, ARG 3408 7Y A= 2R TR AR v O 29 2] J8E (P<0.05) &

R1 FRAFRNKBAEANE@EEESFEENZM

Table 1 Impact of seed soaked by Bacillus on endophytic bacterial community diversity of rice

b LREFERER ER Hk Wy SIRESE A R A OTU &
Treatment Shannon index Chao index Coverage Shannoneven index Number of sequences OTU number
CKL 0.28+0.27e 9.11+£2.98f 100 0.13+£0.12¢ 21144+1577.69a 7+1.20a
S170L 0.01+0.01f 6.50+1.26f 100 0.01+0.01c 20695+5527.01a 5+0.58a
SOL 0.04+0.02ef 8.00+1.53f 100 0.02+0.01c 19164+5583.28a 6+0.33a
E69L 0.01+0.01f 9.00+1.53f 100 0.01+0.1¢ 18159+1909.93a 5+1.20a
CKS 2.19+0.07¢ 67.67+£5.73de 100 0.57+0.01a 24685+113.13a 55+1.86bc
S170S 2.54+0.07a 68.82+0.44cde 100 0.61+0.01a 20502+1791.57a 63+1.15ab
S9S 2.52+0.03ab 81.13+10.24bc 100 0.59+0.01a 24347+421.40a 69+4.81a
E69S 2.16+0.07¢ 57.42+1.41e 100 0.54+0.02ab 21181+740.18a 54+0.67c
CKR 1.76+0.29d 76.24+3.59¢d 100 0.44+0.07b 22713+1467a 56+8.45¢
S170R 2.26+0.02bc 76.83+3.56¢cd 100 0.54+0.01ab 22838+909.10a 67+3.84bc
SOR 2.35+0.21abc 106.05+2.03a 100 0.52+0.05ab 23732+224.25a 92+0.33a
E69R 2.29+0.10abc 90.18+6.79b 100 0.52+0.02ab 22940+865.15a 80+5.13ab

CKL ; JE TR 7K %o e b BIL2H () - SR 5 SOLL A /N 2F MLFF 7T SO Ab BRLZH 1) I AR RE AR 5 SITOL. . 7 VE M3 27 LA B S170 Ak 320 1%y - AR FE A E69L:
FEHTZF AT £69 b ZH Y - B AL A ; CKS : FTTR 7K X Bt b PRZH A ZE AR RE AR 5 SOS : /N ZF LA T SO Ab BEZH (Y ZEEF AL AR 5 S170S .« At V& M3 28 ML 7
S170 Ab AL (Y ZEFREEA ; £69S . DUSEIT2E AT B £69 AbHIA (¥ 253 REA ; CKR ; JOTE 7K XF R b LA ) AR FRAE AR ; SOR - Sl /N2 AT T SO b 34 1Yy
HRFRREAS ; SITOR - i JE B3 ZE AT TR S170 AbFRLH (M ARFR LA s E6OR - UUSEHTZF MUFF T4 £69 Ab BRAH A ARFBIEAS s AN [) T2 BRAR 38 35 43 1T (/D
247 18D,P<0.05)

Beta ZFEME 2 AT LR YR B () 22 5, E AR5 508 ( Principal Co-ordinates Analysis, PCoA 43#T)
SRR WL TEAL vk, il3d PCoA 4HT, A IRAS[RIAb B 2 [a] 26 22 S 4 B (B 1) . PCoA R 2 A~ F AT
IIEIRRE T 67.79% TR 22 5% bl T Andh 11435112 56.89% F1 10.90% , U1 SISl 25 MU 7 £69 i 1 4 27 Ml
FFEE S170 FAG/INZEMOFT 1R SO J=Ff A B 5 I35 i 4 PR R VR A 5 AHARL, CK . S170 1 SO Ab B A% AR P9 A= 4l e
HRETE—AFZBRN, HAAEFE P AE AR W 5 20 JF . Beta 40 HT 45 SR U6 I 25 IOAT TR A AL BT /K R AR P4 2
S DA RV 52 M A5 TR, XoF 7R 250 P A 20 BRI 5 S A 050 /N % 3508 DA 26 240 781 7 52 e A A A
2.2 ZEMIFT BRI K RS L 41 PN A A T B S5 R R
221 ZEMUFTFERFOS AR IR OTU B30

ZEMUAT R FP AL BRXT K S G19 AR ERZH 2N A= 4 B VR s i 34— 3%, B T OTU (JP 4% =5) 1Y
HiE (P<0.05) ,S9R(92+0.33) >E69R (80+1.53) >S170R (67+3.84>CKR (56+8.45) . HHB N A 41 i B 7% = /D
BT 5A47,9—11 A4, 13—18 4~ H |, 22—34 NEE, 36—57 IN&, 65—123 4~ OTU, 2 M AT 5 = Fb 4 38 %6 /K
i G19 ZEEBLHZUN A= AU T HEVR IS i 34— 30, W BEAR T OTU (JF 4148k =5) B4R (P<0.05) ,S9S(69+4.
81)> S170S(63+1.15) >E69S(55+0.67) >CKS(54+1.86) ; 3401 T 40 H FBHOBCR . ZI N ME K Z /D
J&F 4—5417,9—11 N4, 15—18 A~ H ,25—28 F}F,36—49 A& ,67—93 4~ OTU,, ZF AT 12 F Ak B X
JKAB G19 M4 LN A= 40 R BE VR PO IR HOR — 20, X OTU (F 0% =5) M WA B & 0 (P>0.05) .
SOL(7+1.21)>S9L(6+0.33) >S170L(5+0.58) = E69L(5+1.21) ;S170 R BRFEAR T -8 AL 4 1] 20 @
B s £69 IR FPAL RN T B LR S M50 ; SO 12 A AL BEFRAE T 49 B AR EECE, BN T 40 5 s 14K
i, KA SRR G19 HEBLH LR N AR AR REE SRR T 2—4 AN T, 4—6 49, 6—8 N H L6—9 R 8—11 N,
8—12 /> OTU,
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S5 < ZF AT B ARSI PR A 0 R Vi 45 A B 52 5

2.2.2 ZFNIATEEE MO KR N LR ARG 11K B A 52

KRR A PR 1 > 19 00114 3 A, B S CKR vEGR +SIOR - SOR
A FEZEFE 1 1] ( Proteobacteria ) | J&BE I# | ] ( Firmicutes ) L CKS  + E69S S1705 59
FHLFFIE 1T ( Bacteroidetes ) , Higx 2 AT T 5 Ho 9] H 41K 3 : *
T 106(F12) . FFRRHK RS | | -
S TE B 1D B SRR 183 (P>0.05) , E69R (75.13% = % Lm o I T
3.31%) >CKR(71.65%+9.23% ) >SOR (69.65% + 1.26% ) S o1} , | v
>S170R (64.21% +3.20%) ; 3§ im0 FF B 11 09 =F &, 02 | |
SI70R(27.19%+0.52% ) >SOR (24.82%+3.77% ) >E69R 03 | R
(18.08%+3.32% ) >CKR( 11.91% +9.68% ) ; [4 1% J5L BE 5 e o2 0 02

I THYE B, CKR (16.16% +9.34%) >S170R ( 8.05% + 3.
01% ) >E69R (6.46%+0.71% ) >S9R(5.25%+2.57%) .
SRR DL A A A A TR A E R IE AT JERE R
IR BRI TT , 28 MAT PRSP AL 3T 40 77 1] =F B2 52 i)
FH(P<0.05) AP TR FE RS N, JERER T TR FEE TR
FE(EL2) RT3 R AR 3 . E69S (85% +3.
69% ) >S9S(76.32% +0.48% ) >CKS (75.51% +4.32%) >
S170S(69.45%+6.31% ) ; JERER | 1Y AR (Ll 34 2 .
CKS(20.34%%3.66% ) >89S (7.22% +4.55% ) >S170S (7.
64%+1.07% ) >E69S(6.84% +5.11% ) ; AT 18 F
HaFIE . S170S(22.43%+1.29% ) >S9S(16.13%+1.56% )
>E69S(7.86%+1.96% ) >CKS(1.8%+0.69%) .

PC1(56.89%)

E1 FREAEEMEXEBAANERNEFEENELERSN
(OTU K F)

Fig.1 Principal co—ordinates analysis (PCoA) of seed soaked by
Bacillus on endophytic bacterial community of rice tissue ( OTU
level )

3L “PCoA on OTU level” : 7E OTU 7K F- I 14 3 A A5 431 ; PCL AR
R — TS PC2 AREE — F 4% 5 CKL: JCTE 7K X itk BELEH 1Y
R SOL L JE /N ZE MIFF TR SO Ab 3 2 (1 - F A AR 5 S170L . fiff e
FYZERIATE S170 ABRAL A TR A ; E6OL: D3R HT 28 MUAT B 69
A1k LR f) I B AR 5 CKS : T B 7K o IR Ak BILEH 1) 25 TR AR 5 S9S 2 4
ANEEMIAT BT S9 AL THZH (Y 2R EREEAS ; S170S : fif 3 B3 25 AT S170
ALPRZE A ZEFREA  £69S : VLRI ZF AT 1 E69 b FHLZH () X AR A

Kl 2 S ZEMOAT TR A S 5 T iR e A g
AV BIDCE R RE (P <0.05) < MM 1 J5EBE BT 1] A8 A X
FJF  E69L(99.97%+0.01% ) >S170L(99.96% +0.01% )

A% 5 CKR ; JC TR 7K X B AL BL2H (9 AR T RE A 5 SOR - /1N 2F HUAT 1T S9
SEFRAL AR FBREAS  SITOR : A JE B3 2F MUFT B S170 4b 2 19 4R 55
FEZR s E69R 1436 DU ST 25 M T 8 E69 AbFRZH A MU REAR . N [l
TR WS (/MK 22 LSD, P<0.05 51T )

>S91.(99.61%+0.11% ) >CKL(74.20%+0.58% ) ; F&AIK T
LT TR ERE, CKL B 17 (25.79% 0. 17% ) , 28 M AT = il Ak B85 A2 J2 B 1T B9 AR A =R B3 FLE 0.
02%—0.39% ,,
2.2.3  ZFMMOFTTER B KRS A A 20 5 207K P2 B Y 52

ZEMUFT R AP AL B S K R BUN A SRR T 11 (K 3) 6 MNIAEXTFEE = 1%, ZFHFTFH# R
oAb XS 7K R AR P 2 28 PN A 2 T R 1) 5 i e B — 350, B I T AR AR ZH 2 -5 B T 2N ( Gammaproteobacteria ) |
AT IR 4K ( Flavobacteriia) 2 F# 4X ( Clostridia ) Fl a-28 JE T8 24 ( Alphaproteobacteria ) fJFHX) 3 &, E69R >S170R >
SOR>CKR; FEIK T B-28 ¥ 1# 4X ( Betaproteobacteria ) F1 25 Ml T F# 4 ( Bacilli) A9 #HXS 3= B, CKR>S170R >E69R >
SOR, Hrf y-ABTE A (39.31%—69.17%) o-ZEJE 4N (0.62%—6.29% ) Fil B-EIE 2N (3.42%—31.69% ) K
J&TASE T, 2 AT 49 (2.21%—15.91% ) FIMR 49 (0.25%—3.43% ) J& TIEREG ], BAT B4 (11.63%—
24.50% ) J& TAMTFET],

25 HUFT TR T Ah JHLXGT 7K R 25 B8 2H 2 PN A 200 T 20 B s e B SO — B30, 350 T B AT TR AN BB IR T A o T
TR AN I AEDN 2B, S170 SO BEAN T -8 JE T A9 R 25 LT T A9 RE X 232, 69 BRI 1 y-728 I T 20 0 28 AT 1
AR 2 B 5 3 AR ZF MUAT BRI Pl A BRREAIR 1 /KA 250 T 2 AR X 2

K FET P08 DA A A T 2 AT -7 T TR R 2 LT BT 4, 2 BT 77 352 o Ak 3K 48 T 40 ) 552 i 44— B
R Ty~ T8 B9 ARG 2 B2 350 T 25 AT PR A9 ARG 2 B TR KON B CK BB 1Y) -8 T 77 40 0 25 B AT 1T
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m Al m fJ#F 1] Bacteroidetes m JEREH ] Firmicutes m A JEHi ] Proteobacteria
1.0 —

08 +

0.6

04

FHXFE B Relative abundance

02

CK-L S170-L  S9-L  E69-L CK-S S170-S S9-S  E69-S CK-R S170-R  S9-R  E69-R
iR J6 4k B Experimenal treatment

2 FRFERMINKEBEANERHEFARBBE(TIKE)

Fig.2 Impact of seed soaked by Bacillus on endophytic bacterial community structure of rice tissue ( phylum level )

P F LB IR 25.78%+0.83% Fl 74.21%+0.58% , 25 B AT 81 1= A 5 I35 040 26 AT 18 24K =F 15 3] 99.64% L) I,
S170 Fl E69 4b3H4H 43 3k F] 99.97% £0.05% F1 99.93%+0.01%

B IR 4 Gammaproteobacteria m  ¥EAFHE 49 Flavobacteriia B BBIEH 4 Betaproteobacteria
B HRE N Clostridia B o-BIEHE N Alphaproteobacteria m FHATE A Bacilli
m Al

100
80
60
40

20

FIXFFEBE Relative abundance/%

CK-L S170-L S9-L  E69-L CK-S S170-S  S9-S E69-S CK-R S170-R  S9-R  E69-R
RIGALFE Experimentaltreatment

3 ZFREMFER T KTEE AN G R A A A BRI (k)

Fig.3 Impact of seed soaked by Bacillus on endophytic bacterial community structure of rice tissue ( Class level)

2.2.4  ZEMOFFTRR AN KR N A= 40 D 2K P 5 BE 5 e

AHXS B = 5% FK R LU AL TR R | 28 AT R A A BEX K A SUL A W R s a3 — 2 (K 4) .
TH KT BEORR 0 PN AR A B O S T e R B AT B B ( Enterobacter ) | YU B J& ( Stenotrophomonas ) | W A7 T4 &
(Pantoea) SFEHE (Massilia)) A 708 /R8T ( Burkholderia-Paraburkholderia) . 5 ¥T 1 J& ( Flavobacterium ) 1
R ZEMUFT T B ( Rummeliibacillus ) 3 2F AT HIR AP AL B G2V B BB BRFT H & ( Citrobacter) 45 ¥
)& ( Chryseobacterium) JAFT B & | HAL10 B J& A 50 75 (01 81 I ( Klebsiella) . WUAZ )& (10.93%+5.51%) \ B %%
B (23.05%+7.54%) AT /RTETE (8.21%+5.34%)  HEAT B (7.07% +6.41% ) &K /K 2 MUAT 5 )8 (8.
79%+6.49% ) 715 /KX HAMUAT B DL VR B , AT I IR AT 1818 ( 2.05%—31.44% ) 4 BIFF TR (17.25%—26.18% )
M FLEAA B (5.66%—21.06% ) f& 2 MUFT B AL BRZA A B LT 8 o 150 45 SR R W] 27 M AT e i Pl b 31 Wb 25
BT ERRFT I8 AT R SO R E N, B AT R Sz e | SRR A s R AR
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VR ECFT DA 5 MR ZF AT o s AR 2

TR 7K X B2 PN A A B O 4 T R 2 (B TR 8 ( Pseudomonas) FPEERRATHE AT H)E e B MEE .
YR & ( Lachnospiraceae) , F MUFT TR A AL SROLF R B 2 B PR TR 8 | & B AT T W AT 11 D8 P L A7 i R A
B R ( Comamonas) . AR R AT 8 (23.91%+2.84%)  SL E AH & (7.82%+0.83% ) FIl &2 % &
(18.44%+3.79% ) S K X BEZE T A R AR R , & AT W8 (6.26%—15.42%)  HA B & (5.49%—9.
10% ) FINTE F I ER i (3.30%—8.31% ) J& ZFMUAT RV Fh AL BRZH I0 A A OE 3B o X6 45 SR I S5 28 Ja AT B =
PR PRI T 4 EEAT A8 R B SRR A T, BEE RN AR e AR Az
P MR A A AT R

LT B IR e 6 K R 5 P A 200 B ) P 34 B T8 5 i) 35 ( P<0.05 ), S 35 388 i oA A 25 MOAT B T %) A+ X
FJF  S1701L(99.96%+0.01% ) >E69L(99.93%+0.04% ) >S9L(99.64%+0.24% ) >CKL(74.21%+1.17% ) ; FEAL K
17z b 8 AT FE 5, CKL A9 S 23.58%+9.84% , 2F MUFT IR RIS I e PR AR A DU s i AT 72 T i 25 e
FF R A P ISR AL S0 P A 25 AT P SRR 2 B AT Y 16S 3 51 AR R 5 2L i AL e s R vk i —
HHE,

= FENMIAFEE Bacillus = [RHEE Pseudomonas = ¥l R AT B Citrobacter

s SHAFHE Chryseobacterium = GAFHi 8 Enterobacter u MR E Stenotrophomonas

= FEIAH B Klebsiella = KAZH 8 Pantoea = BB Lachnospiraceae
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Fig.4 Impact of seed soaked by Bacillus on endophytic bacterial community structure of rice tissue ( Genus level)
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B OTU /& 6 1~,S170 K69 1S9 JA 1Y OTU 432 14 11 AN 13 4>,
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S170R CKR E69S CKS

E5 FRAFSMHMIKBRB[AKNEHAET OTU XN Ee6 FHRMESMIIKBEMBALANEAT OTU HFMN
(Venn 53#7) (Venn 43#7)
Fig.5 Impact of seed soaked by Bacillus on endophytic bacterial Fig.6 Impact of seed soaked by Bacillus on endophytic bacterial
community OTU of rice root ( Class level) ( Venn analysis) community OTU of rice stem ( Class level) ( Venn analysis)

3 i E69L S170L

AR s 5308 Y 54 T A ) 2 A 3 e -
JE AR RGN [ L4 P A 0 B RV B4 SR, BF e 45 0 2
FEFFF TR PG KRG AR 28 RIS P 2E A HLA E B
SOREVE, R N A A0 2 R R AR KR N A R 4
TR LI T B 3R OR AT 55 A LR T, SR M W i s 5
Jr ik HRESRAT RN 9 A AN B BV 2 15 B, KA AR Al
HFR AR B O B TC TR TR M b A5, 3 S A i
W A R HG 1 B B0 50 P B A ) 2 RE PR
Ferplal

KRG LEL LU A 0 B RE T S5 K 2 R PR Y S s 4%
ﬁ: ‘%1ﬁ¢%ﬁﬁi%ﬁﬁ%g ﬁ:%% EZ [l[ﬁjo ZIKE}% Fig.7 Effect on species of bacterial endophytes in rice leaf sewed
b SR DUSIEH 2 MR TR £69 A U249 2 BT S170 H1 in Bacitius (Venn analysis)
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S KRR 2 RV 30 DA A 0 T 9 1) 22 RS MR A S5 (I 2 BB MRV BE 1 21 T /KRB AR 2 N A AR B %
(9 2 REVE SN I S5, 76 0 B % P T IR R 28 P 0 B R 9K R L X S AT T 45 S 22 S K, T Ak 2k
24 5 1 5 TR 90 X KRS PR A A TRV T B ) R ) U8 T e BT BRI kB AR R 24 0 B it v
FhEB 2 SR KRS P9 A A B RV 0 2 REPE 520 AT IELDRL , 2E R 1 — 7 T 7T R AR T /K R 2EL 40— 8 py 2
QPR S — 7 TR T30 B K, BRI, S8 T MR ZR 230 340 Py A 20 1 R v e %
A4k,

CARIBRARLR T, SOV RT ] BRI (Actinobateria) TR A BERT AR 7 MIZESH LAY
QNVATT . 2F BT B R Rl b B /K R AR 25 R0 A A 400 T A O A B I B 1) ST B AR 1 T, Herh
AT AT T B e A A (E DT B T A o B ) S | LR R ] 0 o R IS O A AN
A SR R RE B 1T B L 2 IR e B, PRk | 5 S 0 ek IR T R P PR A, K R R 2R

7 EFRIFFERTH X KRS M DA R N A 4 E R B9 R0 ( Venn
)
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P A RS PR AR AR TR BT ], ASBIFSE R F Illumina MiSeq 07 B A U H 25 MOFF B2 AR /KRS AR R 1Y
DU R AT BB e AT E AT R SRR s AR . 5 K BRI R 22 5
R AR A — S R PE R E (B2 th TR TE L afeh | 3 rh—SL PR3 iRT Jm E A KA AR 2, AR R N A
A DU B R RO, IR AR I TR o 2 AT R Al A BN T AR R A — T N AR SR A A I 7 AR
THARIPCRRE . ZF AT R AR R RS P03 R e R M R & AT R AT e | R B A
B S AR B A R BT R B S A OB A R o 2R R P s KRS MR B DA
Je HA ZF AT R, FREIKE 99.619% DAL, HEAR A /N 2E AT 8 SO =M Bk A 0.39% R i s . 2
JEAT B REAE AE AR R SR AR E S B, 1T ELIR SOy J2 8 3R , AN K R A AR A P9 B0, e AL 2 AT B
PR PR RS E HA BJ ,  T R DA B, SO RS AR A A 2R, S3 A0 P REA R
JKAEFIAESS 20 d, RS I R P9 TR TR 19 =2 8 i MR, J M 2 AT B 2 b 3 N A R B A Sl ,
FPAREA AN R K 2 R A AT REMT e N AR AR R AP 2 LU R R 7S BAIEDT 2R MAT AR O AR )iz B
B A2 A R T ARG 10 B 2 AT R 0 Ak B AT D4R i K R S A B . AR ST LRI T 2 AT T i
Tof S 7K PR A 20 A 22 R R R D, SR AGHII T PR A BT AT P A TR T A v 2 R PR RS ) 7 20 = T AR
GERGE AR — 25 BT 2R MOAT B R Bl AR i Rl DR A2

AR 2 (1 5% BR S AN 25 5 15 e A 25 R S5 R S ol N S A T 0 S /K A P A A R R LA — A
FHEE2200 A e ) 2 I A3 o S5 6 AT R T 6 o 7 A R L A e ) S i A B R i L
XHESHEEBA TR, AWTFEE AL U] DU 2E AT B B69 S TE ks 2F MUFF I S170 FIAE/N 28 MUAT B S9 m]
ATEZK R ol R A e afie ) BT

4 Lt

ZEMOFT RNREFP AT A S 35 388 T 7K AR AR 22 R 253508 P A A D R 1 3 8 B RIS A0 B AR i) = 8 B R85
JE 3 AR KRR AR 2 P A A B TR 0 2R S 2R R T i SRR I R SEMUAT R A S, KRS
G19 MR AR FZEIRAYAIC T TF B %A WAL, 30U B 1T =F 5 3 B, JE BB 10 8 5 IR Ak, 1= A
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