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=BG, LRI iGN IR A,
B SR @A M B e ", B4R SRS
B A T A

MG b ) F R YR, TR
Yy RE A A AR, R Y
ZREE RIS S5 S A K KT e E DR %R
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BN ERTR . RIRI EAEBRACR, B
Kim A BB AR Xk, X Fh ok A4 AfR
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A W 15 5 R I A B 240 R ) SR R 1)
™ (H R R R E Y A RS, xR
J7IEANBE BLSC I N - S A IR TE 454 o Bt 4y
FHEYFFE AR LR, YPCRA.OHARKIPCR-
DGGE. RFLPHFIRAPDSE: 5T AW 240 5% I,
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MESFE RS, TOIRIRBIRA TR H Y. AR A
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AT RE. Hir, 454FPH AR R PSR
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M ZE AT B (Bacillus subtilis) 2 2 104 B
B, HFRer A 2R Ll S AR B AL e, #E
) TR E R AR . AR SR
ISR AT VARAG B 2F AT T TpbSSTRIMR , XAk
X B SRR T R B T R AR B
A AR R P BRI BEK 25T (ARDRA)
Jrik, WESE T TpbSSTRBRXT KR B AR 6 240 B A 75 1Y
SN . SRIM, ARDRAJY AN ) 40 B Pl EEAT PR
HREAG I3 - rh RS E R A Y TR . Ry
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1.1 Rt

FH T 230 7 LU AR BV S T v gl 8 2 B 0
WF5E T i gty R IR S s [l L /R 17, ISR Sl g
M A o Ay SR L AR N
1025, HERZHH): 4.1x10" CFU/ghl B 2 AT 0k
FR CHE AT M A8 g o W T 5 2 5 v B S
Bl ). 2014453 H8 HEER, SH17THRER,
17100 cm, #REE30 cm, FTA 5/ X AR B 5544
—3, R BE2AbH. AbFE. 4.1x10"° CFU/g
R ZERUT AR B 10° CFU/MLMEAR , ARtk
100 mL; XffR. WK, BMEHELE3R, B4
INK3AT, BEATISKHRIA . 7H7H AT HEAR AL B
7H7HGEMRTD, 7H17H . 7H29H 2 978
o BA/DNXBEVLEIMRIE, HRE L RETIES IR
Zhang®5 )5 M, ARRAHEBUR Bl 1100 giRA), B
100 g /N IRE i o K538/ N X AR 2H
RAERE, B100 g 1AL ZERE i, kb3
FIBORER ) 2T 5 (e 1) o BURESERUR , S B AH
W O8I EE, & Trk& T mLg=
—80 °CHR-AF# . 4l F7H17H . 7H24H . 8H
1 HFI8 ] 11 H A0 S 1 15 B ge it
1.2 TIEAE S DNARRE S 4ifk

B0.50 g+#¢, F+IEDNAFEBGR ] & (Ultra
Clean DNA Isolation kit, MOBIO)$&H 1 1 4 5 &1
DNA, B DNAHDNA 4 b3k 57 & 17 46
1k, PEEBURAiAb I PR E UL 1 T
1.3 16S rDNA PCRY 1

¥4tk )5 i 3L P ZH DN AYE S PCRY MG B4,
P AN 16S tDNA VI1-V3IX, {fi i 5 #127F
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Table 1. Sequence data statistics of different samples

Sample

Effective

High quality Percent/%

Observed

Richness index

Diversity index

Time codes sequence sequence OTUs Coverage Chao 1 ACE Shannon

7 July 707T 12556 7129 57 2732 0.8754 2665 2605 6.9186
707CK 11582 6563 57 2491 0.8702 2618 2501 6.8628

17 July 717T 12337 6920 56 2671 0.8731 2729 2566 6.9531
717CK 13242 7236 55 2699 0.8865 2585 2422 6.9166

29 July 729T 12593 7099 56 2844 0.8633 2848 2798 7.0199
729CK 11412 6260 55 2351 0.8796 2263 2179 6.6889

T: Tpb55 treatment; CK: control.

(5'-AGAGTTTGATCCTGGCTCAG-3")F1533R (5'-
TTACCGCGGCTGCTGGCAC-3"), &uiat&549
F (5'-454adapter-mid-AGAGTTTGATCCTG
GCTCAG-3")FIR (5'-454adapter-TTACCGCGG
CTGCTGGCAC-3"), H_ IR A YR A R
INEE . FERFRBE 220 ng/uLIENPCREE, I
MK RAUSE . KE#BAI/K16.375 pL, Buffer (10x)
2.50 pL, dNTPs (2.5 mmol/L) 2.00 pL, £45%(20 ng/uL)
2.00 pL, 51#JF (10 pmol/L) 1.00 uL, F1#JR (10 umol/L)
1.00 uL, TaKaRa Pyrobest fiff(5 U/uL) 0.125 uL, K&
125.00 uL, PCRYFIMELEE W ZHL: 94 °C 4 min;
94°C30s,55°C45s, 72°C 1 min, 28MEHR; 72 °C
7 min, {4710 °CEL 2 2 FE %o
1.4 PCRY HIRATFIABERRNI

HUS uL PCR™=4 I 1.5% B B A 468 s FL K A
i, f# FHHAMPure BeadsX} PCR/™=#yEAT4lifk, B
Ry G i, aifk)s, SO E T
W EDNARWEE , B IrA Y 1P % (100 ng)
BAETUNME . 987 WA HEIRD A DR
A PR/ 7] 454 GS-FLX (454 Life Sciences/Roche
Diagnostics, CT, USA)MJ¥, 24 4400 bp.
1.5 Tpb55E#£16S rDNA V1-V3JlfF

et FH 440 7 25 R 2 42 B 65 (Sangon Biotech)
FEEUTpb5 5 MR LI ZHDNA, DA Tpbs55L K41k N

PCRY M, 2 M81.3)57:PCRY HETpbS5S 16S
tDNA V1-V3IX, 7 TAEf b JEAEYHEARS
B ] SE AL
1.6 FFHIBHESHT

i 33 Qiime” " FIMothur” 4 HFruchime ™ 1Y 7
BT EAR FP FN A T BE A L BRI AR . BRIV
FIFE : (1) 5051 )6 L B F 10751 5
(2) BB I o L A X R TR 55 (3)
R BN T 255 (4) KREE/NTAET200 bpak
HRIERLAET1000 bpl 7515 (5) # Ak

7 Qiime T FHuclust ™ it 77 ¥ XL B 971 44
FRIUE .97 4T RS, B KK WITFH N
RFEFH), 6% FIBLAST 7 2% 17 51) S 4
JEPIEAT X, RIS RN OTUN A B . i
F B 2 N Chao 135 40FIACEFS SR R Y )
FEE, Mothurfs 7451 OTUZE 2 " Fin gy Fl
ZFEPEShannond§ %5, LATpb55 16S rDNA V1-
VIX P T S, RABLASTH 5 ik %t
OTUFFNE G FEHEAT HEXF, RIS TpbSSHI#£16S
tDNA V1-V3IX ¥4 [FJEAIOTU,
1.7 RESHTETE A R AT

XFOTUZE M H QiimeE 1A 7] 43 28k F I
(M. . B, B B)WF £ ERMEZHESY)
Py A
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2 GRFHH

2.1 WEER

T k% AR 16S IDNARY E JEAS R IX V-
V3BT 38T, RN T 34N s ] s 61> 1A
i, XHEAR P EEAS IE S, 6 MR —ILIkAR
322G %075, HiBrslh412075, &
HEFH55.90% (F1), BIFEMAIE11412—-
1324256 %0791, BT SIEFIFE6260-7236 2
] o Ak BT X BEAL BT e 8 K BE o i R T
361-421F1445-5202 8], FrA A i A R80T 51 F1
e RS i 097 H 17 H R SRR R, AR EY
729 H X B
22 HEEENEBEMZEME

A B AN IR = 5 R AR A R AR e
A BRI = E BETR BOA WG N, Chao IFIACEAL#
HI43 5 2665 F12605, ALFHF22 d4 748 hn 3
2848F12798, MM/ 5146.87%H17.41%, X HRE
B E IS BOB AR, Chao 1FIACEZM 97 H 7H
9261812501 F 427 H 29 H 192263512179, IR
I3 iA13.56%F112.87% . 5, AbFRAFIXT IR
Shannon#g ¥t 2 AN [ 1 A8 fb il # . Ak HL Y
Shannonf§ B W4 im, 7H 7 H Shannon#g 4
6.92, 7H17HM7H29H 5513 mE]6.95517.02.
Xif HE ) Shannon$8 50N H17 7 7 H 196.86, /Mg LT+
THITH6.91, SRJEE T REE7H29H 196.69.

FEFLEE 97 % T4 ARAF B P 1 R 2 HOUT
(Operational Taxonomic Units), ZtitEEA~ KA
[ SR RIS IOTURL H (R 1), & HEMOTU%KH
FATTE2351-2844 2 18], B H R Z M 5 &
TH29H ARBEAE Sy, AT H 29 H O XT REAE
o ALPRRT ., ALPRIF 10 AL ELS 22 d, AR AN
MR AFA OTUZL H 4351252081, 2044, 2230 Fl
1840, 2072, 1737 (1), HAMOTUXLH 435K
651, 627F1614, A[RIALHLAY 3R OTUSHU R
AL A 22 S (E ). AABEOTUs K 5 T B¢
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Ja BTF, B EE HEAE (2671-2844), XA
OTUSTEANFR)S 10 d2491 | T122699, 4bFH)522 d
TFREFI2351, BEBhEIK(2351-2699).

T CK
20818 140
(a)

T CK T CK
2044 27 2072 0300 N 1737

(b) ()
& 1. 0.97H81UE T AN ERAERTE] 4 fE venn &
Figure 1. Venn diagrams between the treated and
control samples under 0.97 sequence similarity level at
different time. T: Tpb55 treatment; CK: control.

A RE I ARAS RO DL BT T 511 (6260-7236)
T 4 2R . WnE2ET R, 6B B
BT 22, (ARAEIRA, OTUSH 4
B FChao 1HIACESSEUAL 14 H 1995.1%-104.4%
199.6%—111.4%, Ui B 3 % B LA B 50 38 i ik
R 2
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Figure 2. The rarefaction curves of different samples.
T: Tpb55 treatment; CK: control.
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412074 B F AL R N R 254 1], 834
9, 155400, 23708, 351108 KI3ER T3 1%
AR IS 1) A AL BRI PR TRIAE T T 532K L AR
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FHE, SN E S S B RT1%M M EEREA
TR ] (Actinobacteria) . Z8JE T[] (Proteobacteria) |
PR AT T J(Acidobacteria) . £ [ ](Chloroflexi)
729 CK

729 T

717 CK

717T

707 CK

707 T

FHMIE ] (Gemmatimonadetes) . % # [
(Planctomycetes) . JEREE [ ](Firmicutes), UM
I"J(Bacteroidetes) . fiffb 42 /iE & [ ](Nitrospirae).

= Actinobacteria
= Proteobacteria
= Acidobacteria
= Chloroflexi
= Gemmatimonadetes
= Planctomycetes
= Firmicutes
= Bacteroidetes
= Nitrospirae
] XM7 .
-‘ = Armatimonadetes
= Verrucomicrobia
= Cyanobacteria
= 0ODI1

- Elusimicrobia
= WPS-2

= WS3
AD3
‘ = BRC1 .
= Chlorobi
= FBP
= QP11

___He
= Spirochaetes

| Tenericutes

|
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& 3. 153 FKFE TR EE T 4w 5 5 E
Figure 3. The distribution of bacteria at phylum level in different samples. T: Tpb55 treatment; CK: control.

AN [ SO B[] 550 ot 40 PR 2 T o5 L A
BKEN., TATH, ARBRRT AT SR 51
SR BETT . ARTE R T VRRAT R 1], Hohik g
IR — A B R, FEALBRAK B8 P BT & e A9 43
WR37.3%H133.5% BlJE, AT & RABT
W, Z7H29 HIRERT, BT T 230 TR 2
23.2% (ALE)FI27.6% (3F &), DAL B e R
KR (-14.1%) . BTG TR FRFXS B b &5 5 3
/NE BT AR, I N25.8% 1T 27.6% M
27.8% L %228.2%, FFHAURZ R TS —1L
P HE . FRAT B ] & AL TpbSSAb 3 b A8 1k B
b, HET S AW B, 7 H7H B910.5%3
INZETH29H (916%; 1% R R ERFT BT T Ho ] A
XFRATE(9.8%—-10.5%) . HILOKEAFEF, AbHAILR
DR, SRR LB W n, i BEAH I 5
ZEPAMARA ] . AT BT B e A B R HE AR Ak
R, BB, (AT R T 3
IR B (FH 1.4%38 I %5.3%) & 3 & T A #H (i
LA%IEINZE2.1%); AbEEFDG B b 7R85 B 1 RIS £
UETRE TR T E A BT A X AR o

FERHZKF- L, A E 915 2371k, 3R
250 T 5 e HEFERT 140 R, TH7H, A FRATG
SO SO A S NI = S B B N 0 R
(Micromonosporaceae) (KT5%); 7H17H,
Gaiellaceae A PRI H Y ; 7TH29H , LB
XF B2 6 B A KR53 5l K oribacteraceafll
Gaiellaceac, XTHEHT, [FE5F A%, Koribacteraceae
FIHF A B TR FH Sphingomonadaceae) 5 B & |
F#a#, HodPiKoribacteraceae I Ft i M B g
(1.50%%3.8%); 12498 # %L (Bradyrhizobiaceae) |
3 2= W IR Bl (Frankiaceae) . BT AR
(Oxalobacteraceae) F12£ /T 7 FF(Bacillaceae) £ &
JEVIR TR, Hrh DZFAAT R N s
M3.2% FREE].5%; %% FHStreptomycetaceae)
TRt EIHE TR, 3 S A
Ir1.2% . 1.6%F11.2%, TH, /NAREER.
A3 F K E Bl (Nocardioidaceae) . I 7 1# Fl
(Geodermatophilaceae) . #5%% A5 == 5 [CHF}
FEEETREES, DUNUERT By
B A28 #FH(Hyphomicrobiaceae) . # 5 jid
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®2. FNREIFE LR 2K TR MU SRR ST

Table 2. Relative abundance (%) of 14 most abundant family presented at different time

Fanily P Cowol b Cowol  Rub o
Micromonosporaceae 5.80 3.10 3.10 6.20 2.50 2.10
Gaiellaceae 5.30 4.60 5.60 3.80 4.50 5.00
Nocardioidaceae 3.60 4.00 3.10 2.80 2.00 3.20
Geodermatophilaceae 3.30 2.40 2.40 1.60 1.70 2.70
Koribacteraceae 3.30 1.50 2.60 2.30 4.90 3.80
Rhodospirillaceae 3.10 2.20 2.30 3.20 2.60 1.50
Streptomycetaceae 2.70 1.20 1.90 1.60 1.20 1.20
Hyphomicrobiaceae 2.60 4.00 2.70 2.10 2.80 2.50
Nitrospiraceae 2.30 1.80 1.50 1.60 2.00 2.30
Sphingomonadaceae 2.10 3.60 2.30 3.90 2.70 4.00
Bradyrhizobiaceae 2.00 2.00 1.10 1.70 1.50 1.30
Frankiaceae 2.00 1.50 1.20 1.30 0.90 1.20
Oxalobacteraceae 1.90 2.80 1.80 2.00 1.70 1.40
Bacillaceae 1.80 3.20 2.20 2.10 2.30 1.50

PR ZE AT RN 2 BT, IR B R X
FasE (W shVE FEl1.7%-1.9%) .
2.4 AREEIRRRERERRLET

Xof BRI AL B it JR I i 15 415 A AN 3R 3 i
Xof BER 7 H 24 H IR 46 HBUR R R, Bl SRR
R, BESHILH, WNHEEGA38.52, 10° CFUML
WA ZE AT B TpbsSAC PR 8 A 1 H IT 46 &% ,
HRE & R, Z8H 11 HRERECNS.29, &
FART X B A P A, 2 IR S 2R AT T
TpbS 5 pr 71X A . SRR AT B A A Bl VA R

3. T EIRTEEREHRIEIER ST
Table 3. Black shank disease index of different

treatments
Treatment 17 July 29 July 1 August 11 August
CK 0Oa 1.73a 20.26a 38.52a
T Oa 0b 0.90b 5.29b

T: Tpb55 treatment; CK: control. Different small letters in the
same column meant significant difference at 0.05 lever (P<0.05).

actamicro@im.ac.cn

2.5 Tpb55E#k16S rDNA V1-V3X P H=Y) 1§
OTUF3|

Tpb55 16S rDNA VI-V3[XPCRy“ 43545516 bp
hB, LUZPCR™HINZ IR, ffi[IBLAST 2.2.31+
BAFAEOTUF 51848 12 vh #: 47 3 S A ABL: e X,
HPAFT6 M ERVROTU (E<10 "), Hirfr, A
ZEAF R TpbSSHE R H 17 H AL FEOTUS H K31,
TH29H AL FHOTURL H 45, I

3 i

e T EL A e L S R
Tl SR MERRE AR AR
AR FH A ARDRA 5 543 M7 A 55 2 AT 1 Tpb S S
Jiti FH S50 d 5 X 00 AR [ A+ S A o 2 MR G
w3 A 74.500TU, RI4F K124
AT ] MAHF SRS 1E A R e rh i e 3 Bk
IFE] L, 20 Tpb55EE 710 d. 10 dFiI22 dJn
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AP AN RS AR AL . Tl sl a3k T
WEZMIEIGTY, FHENHMOTURCAH2631,
K53 25411, 83404, 15548, 2371 %,
3514V @, Bl s AT, teAh, AR R
B, AHJSF10 dFI22 dAYOTUR I $ 4k 12 v 5
Tpb55 16S rDNA V1-V3 X PCR™ ¥ 1Y i Ji [A] 5
OTUXK H 43l 318145, [8]42UE B TpbSSHEFE M
BARPRER, X5 aReet R 8"

AR 2SR TR (5 8 K 29%)
R, IR BRAFET], BRI EA
BARZS. XS5 R —5, Han
3B THERET] . BT RAFET T IAFE L
R BE . ERET E HRAed & mA
MR T o TR W T R F 2 AT
8k e TR R A PR TR ) EL B, T
TR YA A e Em A Xt
HEFIAb B PP 2R BRT 1] L B2 B S R R, (B AE AL B
TR T T TR IR SR, A T BB & TpbSS /3t
TR0 X R A T T LA BRI VE o R R AN T
WASTE BT TRRRAFEA ], AT DURAE 4855 Ik il
AR BRAT R R e, £
FHTERZZ NS RY ) HEEES
B AT P S R OEY S MR 2R AT TpbS SAb B -
HRAF R T TELBIBA B BT, Reme i 3o 50s
FY R TR, RUTpbSSXHZFREA fEEEH .
AT T E B RS R bem p T T, 2
(BSOS A AT ORI G S
Ab PR B AR TR BT EG AR PR N,
B TpbS5 54 B X AR I B 171 AH X = 3 TG B S 5
Hili B AT B Tpb S 5 ) T 00 B AR [l - 18 J5L R TRy
PR B, A3 b 2R AT A2 BT
B, AR5 AN R 2 AL TR Tpb 5 S7E M HEAR [l e
WA . AN, BHRRATHEAI R R A SE
BEPEM BRI, ALBR P SRR AT R LR
T E (W shyu FEI7E 1. 7%—1.9%), T %o I e i) 2 )

R, X FBHTpbSSIEIE T 43 40 v 1F V% 45 44 i AR
XTRRAE o

OTUM=F B AT LAWIAE O A [RI R it i 0 b =
R R RO ZRE R BOW R T RETE
Sik Ak BEE R R AHER , A Chao 148
BOTEASWT I 38 4, T 6 BEOR I T R . Ab PR Y
Shannonfg XA FE L /R ) T FIChao 148458 —FERY
G, IEAIIN6.918634 K B i 5 197.0199, X HiE
AShannonf§ 8AE7 H 17 H A /NEEERE N, Bl )5 K
& TR 216.6889, LI 45 F LM, it FIAL A 21
FFTR Tpb5 5 W I £ i A R AR [l - S A0 R %) = 8 B
MZREME, X —FFE 45 RS IR %" Sang 25
LR —3

ST Y 2o R X R A AR R RN A1) )
YR EAR W mE N O RN, MuEnE
BEVE R AR AR 3 & AR Y BB R ™ I RE
M, ASBIFSY r Bl R R R o 1 )8 T R
Xf B ¥ Shannondg £ iz Wi Ik . R AFFE R M,
USSR A B i A P e 4 e A AR I I A )
FIHEZREVERN 5 B, AT 08 35 19 e A= 0
JE ., PRI B e A AR, 1R
T RIERUE IR 2R, TSR T AN
RIRIFTE], BEAR A% . A A 5T3R WIF Al e Jat
PR AR - 1 A U 22 B e A 4 v
Ui U W) 2 AR ) 4 e Pl e AR B T ) A
FABLE . AW, it FH A, B 2F FR AT 7 Tpb 5 5%t
A B SRS A B I B IR ROR , RE RS i A
JE, GEIRKRIE(K3). 5 EiRBR g R 2L,
TpbSSALHRSE , MR FIAMEFE & . SR
s a5tk e YE W) WAt v, IR X T RE R H
B BE R

2% X B
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Correlation between root irrigation of Bacillus subtilis Tpb35
and variation of bacterial diversity in tobacco rhizosphere

1 . 2 . . 3 1 1 . 1
Teng Han , Limeng Zhang’, Jiaming Gao™, Fanyu Kong , Chao Feng , Jing Wang ,
1 *
Chengsheng Zhang
' Key Laboratory of Tobacco Pest Monitoring & Integrated Management, Tobacco Research Institute, Chinese Academy of
Agricultural Sciences, Qingdao 266101, Shandong Province, China

? Yunnan Tobacco Company in Yuxi, Yuxi 653100, Yunnan Province, China
* Hubei Tobacco Company, Wuhan 430000, Hubei Province, China

Abstract: [Objective] The impact of inoculation with the biocontrol agent Bacillus subtilis on bacterial communities
in rhizospheric soil of Nicotiana tabacum was assessed by using 454 pyrosequencing technology. The control effect of
Tpb55 on tobacco black shank was also studied. [Methods] Two treatments were done as follows: irrigating root with
Bacillus subtilis strain Tpb55 inoculants (10° CFU/mL) and the control. Soil samples from tobacco rhizosphere were
collected at 0d, 10d and 22 d after the treatment. Genomic DNA of soil samples was extracted and amplified for the
16S rDNA V1-V3 tags, and then the tags were sequenced by 454 sequencing. Qiime was used to analyze soil
bacterial diversities. [Results] A total of 41207 high quality sequences were obtained from all samples, which were
classified into 25 phyla. The dominant bacteriophyta were Actinobacteria, Proteobacteria and Acidobacteria in all
samples. The content of Actinobacteria was decreased gradually in the development of disease, whereas
Proteobacteria showed an opposite tendency. Acidobacteria revealed a marked increase andexceeded control in
content after inoculation with Tpb55. The control showed a significant decline in Bacillaceae, as well as
Oxalobacteraceae which was known as an indicator for bacterial diversity. However, Bacillaceae showed an
increasing tendency and Oxalobacteraceae was relatively constant in Tpb55 treatment. The Chao 1, ACE and Shannon
index of treatment showed a constant improvement of variety and richness. In 10 d and 22 d after Tpb55 inoculation,
the number of sequences with high homology of V1-V3 regions of Tpb55 16S rDNA was 31 and 45, respectively.
The disease index of tobacco black shank in inoculated tobacco (5.29) was significantly lower than the control
(38.52). [Conclusion] Tpb55 could improve the diversity of soil bacterial community and ecosystem stability, which

presented a possible reason for its biocontrol efficacy on tobacco black shank.
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