TRAE SRR Sep. 20, 2020, 47(9): 2934—2946
Microbiology China DOI: 10.13344/j.microbiol.china.200309

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

ET A EZn T AT EYAE SRR EWNE S
mFERME

ANEZD #hEE® FEE! BREE AR
1 AN R2EGEA AR fEE M 350003
2 fEEE RN BABE WP AR fmeE EM 363005

H B IHF)] TRAGRARLETZNRAEDRARN, sSHEDEAIRE. Ha. BHREEA. [B
a1 T 1A A N A A AR T AT E AP B, A L IR FARIE . [ ] RAT
3 I F B (Saccharum officinarum). 4Lk (Hibiscus cannabinus L.). % (Corchorus capsularis
L.). &AkIR(4belmoschus esculentus)F= B I #a (Hibiscus sabdariffa)Ak & L3E Fotf W A& 5F AT ) H 47
5%, A 16S IRNA KB R 7340 8 AR BT RER, o ARL T . [4R] HREF
T TRAFFIRATH A 144 21, L FARNAAFIRATEH 82 #k, RFFLIE 62 4k, £ 16S IRNA A F 7l

BRAFRATH 4 NB 3T, SAAFIRAARE. BFHEAE. £F IR BB R F
JOAFH B, FIRAARAEREFTEERIFALRIRLIEY 2 738K, RELEF FRAARH %
HEFimit K FAR, PR EE P F A E E %4 28 E 4 (02-370.0)x10° CFU/g, @ik A
(0.1-81.0)x10° CFU/g. A3 % & KIF89 F AT B AP L2 K FARIR L35, MAEMARIR 13 ¥ 3 351%
T FIATE 19 ANFF, MARIRIRAF N A& FIAT E 45 32 MY . T IKCF J@AT & (Bacillus aryabhattai). 4
3 3F AT H (Bacillus mesonae) AR ZE 4K 3F AT H (Bacillus pseudomycoides)F) Bt 7 12 F 4 F 4 4 694
& 23R AR 23R, A IOAT A RIUA LT | AR IR TR RF AR, [458] BT EDARIR LR
FotR I F AT AN R ERAFE, MALAET S BREANTIRATABEH DI, XA T B
M5 AR IR A A EAE R ARFRIASEA ST ARG T Bt A s Ae At 1R IE,

RER: FRATEH, RIFPIRIE LR, HRESH, RRFZTAES

Distribution heterogeneity of Bacillus-like species in endophyte
and rhizosphere of subtropical crops based on culturable
method

LIU Guo-Hong' YAO Yun-Fa’ CHE Jian-Mei' CHEN Qian-Qian' LIU Bo''

1 Agricultural Bio-resources Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China
2 Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou, Fujian 363005, China

Abstract: [Background] Bacilllus-like species are important microbial inoculants in agriculture to
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promote plant growth, prevent disease and insect. [Objective] To study Bacillus-like species community
of several subtropical plant endophyte and rhizosphere soil, providing scientific foundation for mining
Bacillus-like species. [Methods] On the basis of the culturable method, Bacillus-like species were isolated
from roots and rhizosphere soil samples of Saccharum officinarum, Hibiscus cannabinus L., Corchorus
capsularis L., Abelmoschus esculentus, and Hibiscus sabdariffa. Then, the isolates were identified by 16S
rRNA gene and phylogenetic tree was constructed to explore the relationship between isolates and their
related type species. [Results] There were 144 isolates obtained, including 82 isolates of endophytic
bacteria and 62 isolates of rhizosphere bacteria, which were identified as 37 species of 4 genera, including
Bacillus, Brevibacillus, Lysinibacillus, and Paenibacillus through 16S rRNA gene sequencing. The
dominant genus was Bacillus, and the second one was Paenibacillus. There was great difference of the
species number and colonies content in the root and rhizosphere soil. The colonies content in the
rhizosphere was greater than roots. The colonies content range of Bacillus-like species in rhizosphere was
(0.2-370.0)x10° CFU/g, but (0.1-81.0)x10* CFU/g in the root. Species number in roots was much larger
than rhizosphere, which 19 species were obtained from rhizosphere and 32 were from roots. Bacillus
aryabhattai, Bacillus mesonae and Bacillus pseudomycoides were both distributed in the 4 crop’s roots and
rhizosphere, other species only occurred in the one crop’s roots or rhizosphere. [Conclusion] There were
rich Bacillus-like species number and abundant content in the crop’s rhizosphere and roots, and several
culturable potential novel Bacillus species, providing the theoretical base and scientific foundation for
interaction of plant-microbe and ecological balance of rhizosphere environment.

Keywords: Bacillus-like species, Root and rhizosphere soil, Species distribution, Subtropical economic crops

WEE D) S A A B DTS B B AL O

(o, L R DRI R BE B e Al T SO E

I NAMI TR, R R 45 R AR N AR AR PR
ME LS A RCEE LR, Ak
Z0|Wk-3- 7, (indol-3-acetic acid, IAA). Bii&HE
F SRR EREY | (R KA R AR b
BRI WA OV L A, AT RV A5
RPN R BE R 5 pHPIR
[T 5 o AN RIVEP AR bR - A0 o 450 A 5 0 & 22
S, AFEFHEER A F T 42 5 H R4 2 4
P, R ARPR HHEROR T N, BFSTAE AR bR
PN A= 4 TR 22 4 0T 1 B X 4 A4 T ) g R A2 4 )
FHEA AR w0 L

FH %) N A T (endophtic bacteria)$g A= 1 52 H 4
— B BAETETEAE Y AN, X AR 5 E B 8%
FRER— KD, WSHE . HE S ERE
O W T N AT S R R,
FE T RS N A T EA 7 A S e EAR AR [R) BAH A
AEYTETE R RE T o A N A TR RE TR T T A
AEYIX R, W SRR A Ak R A
i, PSR, R YIS AR IR R

Yy, ARBR L HEE R R 25 2 M Ok B 37 3
NP S

L 412 38 A HE 0 P9 A T T AR B A 3 4 B AR 2 L
MR . BT RE . R e . [
R B SN I G AE R, KRR S P
VEYIARBREk & AR TR, TG T 27 dEVE AR B A AR
DAL AR 2 AT TR R 0 AT R AE I A LD o TR
ZURR . BRR . TERKEE BN AR 2 E N & U AR
Y, WA R FE, IR Ta4E2REY .
R, ASSGEEXT 5 B AEEYARLER 3R Py A=
ZEMIFF R A B K0, W FT AR R - 3 AR py A 2F
MAFHE P RGEL T, BRUTZE BT o8 Fh B> A R AE
S 1E B R AH M, A A RN A0 R 8 R B AR A 9T
PR IR IR AR S
1 BPRHS ik
1.1 #8
111 THFRE

20154F 1, MARERE RN TTRAE T 5 R4
WATEYHRE . 20K, SRR, SRS B

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



2936 TEY I8

Microbiol. China

AR PR T BEFAR AR A . BB AEYR)ZHE 5
WG, ZHBURES, AR Y e R bR
HEAEAS . MEASRAE 58 5 38 A JC TR 491 1] S 5 =8
JF 4 °C KA PR AS FH o
1.1.2 EFEAFFNEE

2xPCR Master Mix. 5%, AMEYH AR
AR E. LB B5R3E(g/L): BREE K 10.0, 2
FHEEW) 5.0, S kél 5.0, 3R 15.0, pH 7.2,
PCR {SUFIEERE MG AL, Bio-Rad 23wl ; fHIRS:
IR, TSN AR (FiE) A FRA F
1.2 F%
121 FHEFENSE. Gh5RE

HREBZEMAFT R 1 70 15 . FRIUR 1 g A 75%i14
K HIR M 30 s, 5 H 10% KA RANIZ UL 5 min,
FTCRKIEBERE & 3 S AR B i e
WP, FEBCR 107 WREREMR . KRR 107 1k
JERORE S E 2] 80 °C /KA N 10 min, ARAE
HAANER . EC 1 mL 435 £ 26 9 mL JoR K
A, BB AG 1072 ¥R, A VR B IC B
107, 1077, 107, 107 ¥, fa— IR RIS
VRN Jxt IR A T LB “PAl, BT 30 °C fHiEs
FEAEEIR 2 d, e RAE SHEEIIC

HRPR A+ 3 ZF M AT R A o 5 . LI 2RO I
(5 B S % X E 2 SRR )7k, B 10 g 3
5 90 mL JCH/KIRS 20 min JR%5), 80 °C /KBt
15 min, HKXFREERA LB K5383%E, 30 °C H55R 2 d
Ja BEA TSI FROC SR B R I BT 75 K/ L TEAR
g, e BUE . B LGERE. R
PR VE AP IE PRI TR 7%, SR i 2R 2 b A7 4k
b, ARAS PR VR R 20% H 0 VR i R T
—80 °C IR IKFE o
1.2.2 DNA 12HEU% 16S rRNA EF#Y PCR 1%

ZEMOFT R FE R 2 DNA (R332 R AR W -
AT, FARSIESCER[ 164 71k .
KA 16S rRNA FEFLE TS [4) 27F (5-AGAGTTTGA
TCMTGGCTCAG-3")#1 1492R’ (5'-TACGGYTACCT
TGTTACGACTT-3") % /77 & I #k DNA #E47 168

rRNA JEH Y PCR P74 . PCR WK RS2 X [H 41
xSRI J7 3, PCR UM 45F: 95 °C 5 min;
95 °C 30 s, 55 °C 45 s, 72 °C 1.5 min, 35 Mg
15 72 °C 10 min, PCR “#JLL 1.5%B R WHEERL HL
VKA, RAT S5 AR PCR 7736 24N 2R
WA (R BR A R TINY o W05E P F1 35S
% NCBI ) GenBank ¥4t 3K 1575145 (3% 1)
1.2.3 ET 16S rRNA EEFIIHNRF R EREE

P2 MAF I R Y 16S rRNA JE R F 1) FAE %
EzBioCloud (https://www.ezbiocloud.net/)!' 7l NCBI
Bk, S5O BTREPRD 16S rRNA K 741
AT EEXT, 025 0 W 43 5 TR AR 1 o 2 HlA6r o R
MEGA 7.0 #{F# 8 R 4 % & e w1, R
Al Neighbor-Joining Jy ¥ # 7 1k 1k s U1, k47
1 000 WHEERIFP, JEALEE BN p-distance
AT,
124 FHFEBESEMSEES R

PR FP I Z (B 16S rRNA I PR 51 AR Bl
98.65%E AR A BI{E . 38 Primer 5.0 #X44,
K F Shannon Z TR RO 5] BE 8 BOHA T 2F AT
P Z PR T LA
2 HRE546
21 FHANENSBEREESE

M5 FPVEPIHREFIAR s 39y B A RAS 2 A TR
144 #k, HAMIBR I 62 ¥k, A ZFIMOFTTE 82 k.
MR BR - 358 Hh ZF M AT T 7R 7 % 1 3 Rl (0.2-370.0) %
10° CFU/g, #MLFB N4 1 ¥ & & M (0.1-81.0)x
10° CFU/g. Hirr, MRBrHERE SRS HR N AE
W ERERR A, WEMZE 2 000 £
5, FE W T KK 2K ZE AT T8 (Paenibacillus
cineris)I & (3.7x10" CFU/g) 38, HREMARPRS
HAR WA R A A, P22 4 f5, HAe3F
VEMIAHZE 245 100200 1%
22 FHRAENEESREZEZENHN

XIS TEASFEIA T/, I 95 MRIEIE T
16S tRNA JEEFEJFHIME . M 1 ATHFl, 10 AR5 E
LR R 5 8 A BR R 4 R LA T IR AZ A

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



KNELLRE: FT Al Bk o A A AR ) A A 5 AR P 2 A TR Rt oA e s 2937

#=1 EHT 16S rRNA EEFFIMFHRTRLEE

Table 1 Identification of Bacillus-like species based on 16S rRNA gene sequence analysis

(a7 e (7] IR I PEfe & b2 dIRe3 FHABLE
Strain No.  Crop Source Closest match Colonies content  Accession No.  Similarity (%)
(x10° CFU/g)

FJAT-29801 pii! Bacillus aryabhattai BSW22" 0.110 MF948299 100
FJAT-29789 Saccharum  Root Bacillus bataviensis LMG 21833" 0.010 MF948291 99.1
FIAT-29786 officinarum Bacillus cereus ATCC 14579" 0.020 MF948290 100
FJAT-29799 Bacillus drentensis LMG 218317 0.100 MF948297 99.1
FJAT-29796 Bacillus mesonae FIAT-13985" 0.010 MF948296 99.9
FJAT-29790 Bacillus mesophilum IITR-54" 0.130 MF948292 98.2
FJAT-29791 Bacillus mesophilum IITR-54" 0.060 MF948293 97.9
FJAT-29792 Bacillus panacisoli CJ32" 0.090 MF948294 97.7
FJAT-29794 Bacillus safensis FO-36b" 0.080 MF948295 99.9
FJAT-29800 Paenibacillus woosongensis YB-45" 0.810 MF948298 95.9
FJAT-29886 H jE AR R - 4 Bacillus altitudinis 41KF2b" 0.500 MF948346 100
FJAT-29883  Sgccharum ~ Rhizosphere — Bacillus aryabhattai B8W22" 0.200 MF948343 100
FJAT-29890 officinarum  soil Bacillus cereus ATCC 14579" 0.500 MF948349 100
FJAT-29897 Bacillus drentensis LMG 218317 1.200 MF948353 99.1
FIAT-29884 Bacillus mesonae FIAT-13985" 0.500 MF948344 100
FJAT-29885 Bacillus pseudomycoides DSM 124427 0.200 MF948345 99.9
FJAT-29894 Bacillus safensis FO-36b" 2.000 MF948351 99.6
FJAT-29887 Bacillus siamensis KCTC 13613" 0.200 MF948347 99.9
FJAT-29896 Brevibacillus brevis NBRC 15304" 1.000 MF948352 99.7
FJAT-29889 Bacillus frigoritolerans DSM 88017 0.300 MF948348 99.7
FJAT-29893 Paenibacillus pocheonensis Gsoil 11387 1.000 MF948350 98.8
FJAT-29812 41 J#k bii! Bacillus altitudinis 41KF2b" 0.130 MF948306 100
FIAT-29808 Hibiscus Root Bacillus bataviensis LMG 21833T 0.001 MF948304 99.3
FJAT-29802 cannabinus L. Bacillus marisflavi TE-117 0.001 MF948300 99.7
FJAT-29805 Bacillus mesonae FIAT-13985" 0.005 MF948302 100
FJAT-29814 Bacillus mesonae FIAT-13985" 0.010 MF948308 98.5
FJAT-29804 Bacillus pseudomycoides DSM 12442"  0.005 MF948301 100
FJAT-29809 Bacillus bataviensis NBRC 15720" 0.001 MF948305 95.8
FJAT-29816 Bacillus timonensis MM10403188" 0.030 MF948309 98.8
FJAT-29813 Brevibacillus brevis NBRC 15304" 0.110 MF948307 99.7
FJAT-29806 Lysinibacillus mangiferihumi M-GX18"  0.004 MF948303 99.6
FJAT-29911 41 jf AR R A 458 Bacillus altitudinis 41KF2b" 21.000 MF948360 100
FIAT-29907 Hibiscus Rhizosphere  Bacillus cereus ATCC 14579" 2.000 MF948358 100
FJAT-29906 cannabinus L. soil Bacillus aryabhattai BSW22" 1.100 MF948357 99.9
FJAT-29905 Bacillus panacisoli CI32" 8.000 MF948356 97.8
FJAT-29898 Bacillus pseudomycoides DSM 124427 2.000 MF948354 100
FJAT-29901 Lysinibacillus xylanilyticus XDB9" 16.000 MF948355 99.9
FJAT-29910 Paenibacillus pabuli JCM 9074" 13.000 MF948359 99.4
FJAT-29833 #ijf R Bacillus acidiceler CBD 119" 0.020 MF948315 99.9
FJAT-29835 Corchorus Root Bacillus altitudinis 41KF2b" 0.020 MF948317 99.9
FJAT-29838 capsularis L. Bacillus aryabhattai BSW22" 0.110 MF948319 99.9
FJAT-29845 Bacillus cereus ATCC 145797 0.100 MF948321 99.9
FJAT-29832 Bacillus drentensis LMG 218317 0.010 MF948314 99.3
FJAT-29842 Bacillus kochii WCC 45827 0.010 MF948320 100
FIAT-29836 Bacillus mesonae FIAT-13985" 0.010 MF948318 99.9

(G
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(C=3)
FJAT-29830 Bacillus methylotrophicus CBMB205"  0.001 MF948312 99.4
FJAT-29822 Bacillus pseudomycoides DSM 124427 0.004 MF948310 100
FJAT-29831 Bacillus bataviensis NBRC 15720" 0.010 MF948313 99.6
FJAT-29834 Bacillus timonensis MM10403188" 0.010 MF948316 99.1
FJAT-29829 Lysinibacillusxylanilyticus XDB9" 0.003 MF948311 100
FJAT-29927 ik RIS 1 Bacillus acidiceler CBD 119" 3.000 MF948367 99.0
FIAT-29918 Corchorus Rhizosphere  Bacillus aryabhattai BgwW22" 8.000 MF948364 99.9
FJAT-29914 capsularis L. soil Bacillus drentensis LMG 218317 2.000 MF948362 99.6
FJAT-29917 Bacillus mesonae FIAT-13985" 1.000 MF948363 99.9
FIAT-29921 Bacillus pseudomycoides DSM 124427 2.000 MF948365 99.7
FJAT-29913 Bacillus frigoritolerans DSM 88017 2.000 MF948361 99.7
FJAT-29924 Lysinibacillus xylanilyticus XDB9" 4.000 MF948366 100
FIAT-29850 &fkz% i Root Bacillus cereus ATCC 14579" 0.002 MF948325 99.6
FJAT-29846  gpelmoschus Bacillus aryabhattai BSW22" 0.002 MF948322 100
FJAT-29855 esculentus Bacillus licheniformis ATCC 14580" 0.011 MF948329 99.9
FJAT-29847 Bacillus mesonae FIAT-13985" 0.001 MF948323 99.9
FJAT-29848 Bacillus muralis LMG 20238" 0.001 MF948324 95.3
FJAT-29854 Bacillus pseudomycoides DSM 12442"  0.010 MF948328 98.9
FJAT-29852 Bacillus tequilensis KCTC 13622" 0.001 MF948326 99.93
FJAT-29853 Lysinibacillus xylanilyticus XDB9" 0.010 MF948327 100
FJAT-29859 Paenibacillus cineris LMG 18439" 0.100 MF948331 99.9
FJAT-29857 Paenibacillus taichungensis BCRC 17757" 0.010 MF948330 98.3
FJAT-29930 #ifkzg AR R A 458 Bacillus altitudinis 41KF2b" 19.000 MF948369 100
FJAT-29933  gpelmoschus Rhizosphere —Bacillus aryabhattai BgwW22" 2.000 MF948372 100
FIAT-29932 esculentus soil Bacillus bataviensis LMG 21833" 2.000 MF948371 99.5
FJAT-29929 Bacillus cereus ATCC 14579" 2.000 MF948368 100
FJAT-29934 Bacillus mesonae FIAT-13985" 2.000 MF948373 99.9
FJAT-29937 Bacillus mesophilum IITR-54" 2.000 MF948375 98.2
FJAT-29938 Bacillus velezensis CR-502" 10.000 MF948376 99.1
FJAT-29936 Bacillus pseudomycoides DSM 12442"  1.000 MF948374 98.9
FIAT-29939 Brevibacillus brevis NBRC 15304" 370.000 MF948377 99.7
FJAT-29931 Bacillus frigoritolerans DSM 88017 1.000 MF948370 99.57
FIAT-29867 ¥ BRiih #2 Root Bacillus altitudinis 41KF2b" 0.003 MF948337 100
FIAT-29866 Hibiscus Bacillus cereus ATCC 145797 0.003 MF948336 99.9
FJAT-29881 sabdariffa Bacillus aryabhattai BSW22" 0.120 MF948341 100
FIAT-29868 Bacillus drentensis LMG 21831" 0.003 MF948338 99.1
FIAT-29880 Bacillus mesonae FIAT-13985" 0.010 MF948340 100
FJAT-29872 Bacillus oleronius DSM 9356" 0.001 MF948339 99.5
FJAT-29860 Bacillus pseudomycoides DSM 124427 0.002 MF948332 100
FJAT-29865 Bacillus sporothermodurans M215" 0.001 MF948335 98.7
FJAT-29861 Bacilus frigoritolerans DSM 8801" 0.001 MF948333 100
FJAT-29863 Lysinibacillus xylanilyticus XDB9" 0.008 MF948334 99.9
FJAT-29882 Paenibacillus pabuli JCM 9074" 0.120 MF948342 98.6
FIAT-29941 H#ishn PR 1 45 Bacillus amyloliquefaciens FZB42" 0.400 MF948378 98.9
FIAT-29950 Hibiscus Rhizosphere  Bacillus aryabhattai B8W22" 5.000 MF948382 100
FIAT-29949 sabdariffa soil Bacillus cereus ATCC 145797 1.000 MF948381 99.9
FJAT-29947 Bacillus mesonae FIAT-13985" 4.000 MF948380 100
FJAT-29944 Bacillus pseudomycoides DSM 12442"  2.000 MF948379 100
FJAT-29953 Bacillus vireti LMG 21834" 12.000 MF948383 98.3
FJAT-29955 Lysinibacillus xylanilyticus XDB9" 1.000 MF948384 100
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FEFOE LR EIME, 4l J& FJAT-29814 . FJAT-
29791 . FJAT-29937 . FJAT-29792 . FJAT-29905 .
FJAT-29848 . FJAT-29809, FJAT-29953 . FJAT-29800
F1 FJAT-29857,

FT 16S IRNA HERWHERGELETR, WK 1.
95 MREZFMIAT - 4 DR, FWITH B
(Bacillus) . % 2 MFF 1 & (Brevibacillus) . $#i 2 FR %
Ml ¥ W J& (Lysinibacillus) F1 38 ZF M ¥ W J&
(Paenibacillus) . f JUFF R & A ILHJE , Rk 2
AR, AR 2 R AT I s .
AR, TEEHRD FIAT-29814 . FIAT-29953
FJAT-29937. FJAT-29791 Fl FJAT-29809 5 HAHT
() 25 MO AT B AP BB TR R SR S — K2, W AE BT
FJAT-29792 Fl FJAT-29905 %K B —A4332, Lh b
B ZF LR TR . W TE BT AP FIAT-29800 Al
FIAT-29857 5 HAHIMT (S 2 AT R TR AR R I — K
Iy, Hidp, WEHTRP FIAT-29814 5 HAgAHTE
X Hi¥k Bacillus mesonae FIAT-139857 [#) 16S rRNA
FEDIARIPE K 98.5%, FIAT-29791 5 Hig ki =4
¥ Bacillus mesophilum TITR-54" 3 97.9% ,
FJAT-29937 5 HAE X Fitk B. mesophilum NTR-54"
J98.2% , FIAT-29792 5 H: g #H T #5% o i kR
Bacillus panacisoli CJ32" 3} 97.7%, FIAT-29905 5
B. panacisoli CJ32" 3 97.8%, FIAT-29848 SjAHITA
K& Bacillus muralis LMG 20238" & 95.3%,
FJAT-29809 Y5 Bacillus bataviensis NBRC 15720T 4
95.8%. FIAT-29953 5 Bacillus vireti LMG 21834"
o 98.3% , FIAT-29800 5 #H it # X & bk
Paenibacillus woosongensis YB-45" h 95.8% ,
FIAT-29857 5 Paenibacillus taichungensis BCRC
17757" 4 98.3%. i1+ DSMZ ) Phylogeny Server
TEL X 3 A, KBRS TE B f FIAT-29937 #il
FJAT-29791 f 16S rRNA J:RAHMWIM: Jg 99.9%, =
TR B E CHAE, WA —FF; FIAT-29792 #1
FJAT-29905 HIAIMUNE R 97.6%, I A 4> AS ] iy v
FEHTF

R, 95 BREEZ 16S rRNA JE R P % 78 o0 2F

WOAFTE 4 A& 37 DFP, A AT R .
LR G s 2 2 LA 1 s P 2 PR 25 A s o
HrpZE M )E & 29 AP, BEZFMAF TR 1 4
. ZEZFIATIE R 5 ARl 2R AT R 2
fift, ALEVELEHTR O (K 1),

2.3 iRPREIRSFRAATEMEE D o AT

5 FIYEMIAR PR -3 b 27 MO B 7 S SR
(7.6-409.0)x10° CFU/g, HHEMRPR 434 By 28 MuAT
R i b, T BRSPS s b Y AR
ik 409%x10° CFU/g.

MAEPIHR R -3 rh A5 T 2 AR 20 4
Fir, A3 JE T 2EMATF R E (16 ARl . 6 2F A IR
(1 ATy ZEEFREAT TR (2 i) R 2 2 27 AT o
J&@ A, UE AR BB AN 2
(FJAT-29905 1 FIAT-29953).

AT R TEARPR 3P A A WLIE 20 &l 2
AJHL, BT EG ZERAT R (Bacillus aryabhattai) FBCEIR
ZEMIAT R (Bacillus pseudomycoides)[R) B} 53 A 7E 5 Fif
VEUIRRBS 13 rh, ) A BRI o Al 2 AT
(Bacillus mesonae) IR ZEMIFF B (Bacillus cereus)
OIAGTE 4 FIVEYIARPR T3, R 2R AT B (Bacillus
altitudinis) . T FE€ZE AT B (Bacillus frigoritolerans)
AR R OBE B BR M AT W (Lysinibacillus
xylanilyticus) A TE 3 FVEPIAR PR 1458, Shyh 43 A1 B
T2 . HARZF AT A SEA A — P E AR PR 13803
BURAS, AR AT TRIRRSE
2.4 IRAEZFRAITERIFEELEH

2 AT TR PSS T R B i3 O (0.27-1.42)x
10° CFU/g, Jrp i el i A6 28 BT 1 1 v il
1.42x10° CFU/g, kiR, mRTHAML 4 FEY)
MR AOZE AT & i, HAR 4 PRI & 5l
(0.15-0.31)x10° CFU/g.,

MARFRIRAS AR ZF AR AL 30 A, Hohy
JaAFwE 23 AR, FEFMAFTETR 1 AP, 2R
FEE 4 DR B IRZ MR 2 P, 5T
TEHTF 6 1>,
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5 FIAT-29799 (MF948297)
Bacillus drentensis LMG21831" (AJ542506)
Bacillus vireti LMG21834" (AJ542509)
99 FJAT-29789 (MF948291) -
22165 —PBacillus baiaviensis LMG21833" (AJ542508)
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Figure 1 The phylogenetic analysis of Bacillus-like species isolated from crops endophytes and rhizosphere soil based on 16S

rRNA gene sequence

T 2037 BROSCTN Bootstrap {8, FERAERGEHALMIHTE 1 000 WINTEGZT S E /3, BERKT 50%M1E; 55 M5k
i} GenBank %35 ; Fr/ 0.01 103 1%0AY 16S rRNA FEK 551 kb 25 5.

Note: The bootstrap values (%) presented at the branches were calculated from 1 000 replications, only showing bootstrap value higher than
50%; Numbers in parentheses are GenBank accession numbers; The scale bar 0.01 represents 10 nucleotide substitutions per 1 000 nucleotides.
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Figure 2 The distribution characteristics of Bacillus-like species in the rhizosphere soils of five crops
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Figure 3 The distribution characteristics of endophytic Bacillus-like species in the root of five crops

F2  (EMIRFR L IRANRED SF BOAT B 2 A 1R 2K

Table 2 Diversity index of Bacillus-like species in the crops roots and endophytes

fE¥) Crop >k Source T Vel

HE PR 13 Rhizosphere soil 0.887 6 2.1283
Saccharum officinarum 2 Root 0.662 1 1.524 5
AN #7133 Rhizosphere soil 0.885 4 1.7229
Hibiscus cannabinus L. 2 Root 0.576 9 1.328 3
HE PR # PR 143 Rhizosphere soil 0.896 2 1.743 9
Corchorus capsularis L. 2 Root 0.710 1 1.764 6
R M5 13 Rhizosphere soil 0.211 1 0.4859
Abelmoschus esculentus 2 Root 0.530 7 1.2219
HoAh # PR 143 Rhizosphere soil 0.763 4 14855
Hibiscus sabdariffa 2 Root 0.498 1 1.194 3

TE: J BISEEEEG H: RN R

Note: J": Pielou’s evenness index; H". Shannon-Wiener index.

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



KIELLRE: HeT Al BRE A B A ) N A 5 AR B 2 M ER 2t 20 A e o e 2943

3 Wik

B 22 REE B R AN T R LS M T RE L
A IA G 2 C T B, A AR Br 4 1 2 4
PS5 HAZ AN AR R R A G . BT, CXF
INAERR QI T A s 2 A ek 2 T A AR B
s N A T 2R AT T RS, R THRE . 40K
BORK . B BCE B AR R AR b BB A TR
Yy, (EM AR S FEDIARER 13 sl MR 9 AR T
ZREVERIBE TS ARGE o AL I PR T T H 2R
WA AN 943 B, (BN R RAS 2T I . AT
B AR M PR . ST T8 3% 53,
FIF LB 5975, ASCAHE . 206K, #EFR. Bk
ZEFN B G AR Br A AR ERARAG T AT K% FF 2 AT
T 144 8k, PR 3R 2RI TR R 75 B i KT
WA, X SR ABITESE R —g, XAl m T
REBHY A BT £ b sy
FE DAL 0 Db %) 3 5 e 05, 3K S Al 5 ] B M 7R A
KA, B ABFSE CAE M bR 20 R VR T
BTN AT AR, HRE. ZORRRE
BUAAR PR IR ZREMETR B BR TR, 52
e AIF o 2 28—, (H RN S A S
ZAR, ELRJE R T E S — SR 50 UE, X il
HIAE ) S AR BRI A A BV E R G R 2R R 2% .

16S rRNA J [K 2 JFUA% A W 43 2 b o7 J T 14
SHatnZ—, MPIRRE ZH] 16S rRNA JEKF414H
APEMRT 98.65%I, AT K BIFHAS [ i Fp 1,
it 16S rRNA P E, AMFIEM S FfEY)
HRE . Z00RR . BORR . BORKSE AN ECBL M AR B 1 4 A0
MR B ARAS T TR IR 2E AT R R Y 4 Y 37 4
P, ZEMOFF R LR, RO I AT A
J&; WWAMEEBLT 9 MNEAERFl . AP, ZEH
FF BRI 2 AT T T S b A A5 3R 4 v 3 A7
TER AR RER TN RER . AEUEATIRIA . SMIHD)
WE L DR SR N R A K
R R e BTECZEMFFEA . Al 2 AT A A
IR ZEMIFF R 05 T 5 FIVEYIARBREARER, AT
AYATRIRPSE B PG 2 AT A b LRI R

JLTPAE AT L3 947 43 AT N 2 AT
S S FMEDIRIIAFD, 2% F0 A S0 % R B T
Je 2B, HOR T AN AR B — RPN AR T . A
FEM 5 FMVEDAIAAT TANFEZEROFT I, Ui iR 2
LT B AT g2 —PIE A N A SR s WA, 5 A
YIARBR AR AR & A 43 0 ZE M AT s o, AESR
RILER T AVE YRR N A= TR R B0 R TR PR, X
Al RE S R A B G R BRSO IKImAN
OISR P 3 B IR 3 T AR PN A A R o
R BARAT 0 4 TS R RE A S RE T MR B — e Y 22
o iz 2 ZEDTR B BN A0 A R A [ 2 [
A, ot RIS F R R A B 22 5. A
SCHRI LB Bl B TRl 8532 0 i 74t
T MA RS AL, T HARPRE AR AT
RE T B3 A R ) A K AR, T =3
HREBR AT RN g L, AR R 5 2 F— 2P 0 5%
Bk

FE ) N AR TR 2 e R e AR o7 TR 6 ) B ok
P, PR A U5 A 7 TR RE AT A5k A1 T A A AT
TSR A . UL A P AR TR B 2 AT TR X o
B JE FEHAT —E MBAE P, RN
ZF MUFF T AT B3R+ FAERMEDAR MY B bk
ZRRAE YR ZE T SR R N A TR 2 AT T
(Bacillus . Domibacilus # Fictibacillus)!'™ . {i] 4
2 UV S e R JHE 4 MR 2 - R 000 388 1 by T S P M
(Rhizobium radiobacter) fl 75 =~ 45 %f il ¥F
(Bacillus thuringiensis), FItHA—EMfEA . P
LIRS FRRE ST o ATt A O S A A AR AR AT L
0 450 3 ARG R A0 TR Y P A TR A U R 2 AT T
longA. AFTEHRAFHI T BRI FIAT-29941 B A7
R AT e R (R 1Y M B AR 1 Sh RE 4
AfFiE—2E 05T

YEYI AR PR 55 H 20 2R 25 ik O — 2R R R 3R
Bi, ZURCE PR RS EIR, W Bacillus
oryzicola sp. nov. 4 B H K Fg AL 1,
capparidis sp. nov.4> & FRIIARARERS . Ak
T 9N ZEMAT TR RN, XSy B TR R S H AR A

Bacillus

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



2944 A 2 A

Microbiol. China

A RRAY 16S rRNA KL AR RIMEAR T 40 B 2
Pl SCBIE , HARD A T 2t — S 2 M
ST B TR Hdr, 7 ANHRN AR A
ZEMAT RIS TE SRR, AR T A S5 H s B
VIR, RSO S FEIR & ST e ey, B
PR A RCE R T rh 2t , X SEVEY) 20 2 1
FE 2F M BT AP AT B AT 5 L AE AR L T RE R
P, BIATRE AT AL s I sl R AR AT A R AR T

4 &

BT ARSI, ASOHSE T 5 Rl 50
PR B FARFR AT 35 95 2 MUFF IR T I A 1, 2R
A AR B A 3 25 AT 78 3 i = AR N AR T . &
16S rRNA EEHFHIEE, 4 & Wbk E T2 MtT
W 4R o, BTLCZERAT B . Al ZE AT A A
T ER AT R LT AEAE T 5 R Te VD IARPR I
HRFR, X R T AR 5 MR 4 B ANy e 7 F
RARPE T —

REFERENCES

[1] Etesami H, Alikhani HA, Hosseini HM. Indole-3-acetic acid
(IAA) production trait, a useful screening to select
endophytic and rhizosphere competent bacteria for rice
growth promoting agents[J]. MethodsX, 2015, 2: 72-78

[2] Liu YP, Zhang N, Qiu MH, et al. Enhanced rhizosphere
colonization of beneficial Bacillus amyloliquefaciens SQR9
by pathogen infection[J]. FEMS Microbiology Letters,
2014, 353(1): 49-56

[3] Chen SF, Zhang MS, Wang JY, et al. Biocontrol effects of

AMCCI100017 on
common scab and its impact on rhizosphere bacterial
communities[J]. Biological Control, 2017, 106: 89-98

[4] Shahzad R, Khan AL, Bilal S, et al. Inoculation of abscisic
acid-producing endophytic bacteria enhances salinity stress

Brevibacillus  laterosporus potato

tolerance in  Oryza sativa[J]. Environmental and
Experimental Botany, 2017, 136: 68-77

[5] da Silveira APD, Sala VMR, Cardoso EJBN, et al. Nitrogen
metabolism and growth of wheat plant under diazotrophic
endophytic bacteria inoculation[J]. Applied Soil Ecology,
2016, 107: 313-319

[6] Hong YW, Liao D, Hu AY, et al. Diversity of endophytic and
rhizoplane bacterial communities associated with exotic
Spartina alterniflora and native mangrove using [/lumina
amplicon sequencing[J]. Canadian Journal of Microbiology,
2015, 61(10): 723-733

[7] Yao HK, Liu YF, Zhang CJ, et al. Analysis of soil biological
properties and bacterial diversity in rhizospheres of different
crops[J]. Southwest China Journal of Agricultural Sciences,
2018, 31(2): 372-378 (in Chinese)

WeARTF, XHETK, kg, 55 REEYRER 38k 2
PEAR B 40 22 FEPERRAE LB [D]. PO g A 54 4, 2018,
31(2): 372-378

[8] Huo QD, Zhao QF, Ma Y, et al. Effects of different
cultivation methods on bacterial community diversity in
rhizosphere soil of Angelica sinensis[J]. Guihaia, 2018,
38(2): 241-249 (in Chinese)

EPGHh, BT, D, & REBHE T 20 S EARRE 1
WA BEE Z R 2 [J]. PO RIY, 2018, 38(2):
241-249

[9] Jiao S, Lu YH. Soil pH and temperature regulate assembly
processes of abundant and rare bacterial communities in
agricultural ecosystems[J]. Environmental Microbiology,
2020, 22(3): 1052-1065

[10] Stone JK, Bacon CW, White JF. An overview of endophytic
microbes: endophytism defined[A]//Microbial
Endophytes[M]. New York: Marcel Dekker, 2000: 29-33

[11] He F, Zhang ZL, Cui M, et al. Identification, disease
resistance and growth-promoting effect of dominant bacteria
in the rhizosplane soil of healthy Amorphophallus konjac[J].
Acta Agriculturae Boreali-Occidentalis Sinica, 2015, 24(8):
75-83 (in Chinese)
fifdE, SRIOR, MY, 55 (R AR R RN R
BRI AR AR FI]. Pdbolk 2R, 2015, 24(8):
75-83

[12] Li YX, Guo PY, Sun JG. Isolation, identification, phylogeny
and growth promoting characteristics of endophytic
diazotrophs from tuber and root crops[J]. Scientia
Agricultura Sinica, 2017, 50(1): 104-122 (in Chinese)
B, SOTRE, INEDG. PURBR RIS VE ) P A AU 4
BUYE . RERF GRARED. hELIFE, 2017,
50(1): 104-122

[13] Tian XY, Zhang CS. Illumina-Based analysis of endophytic
and rhizosphere bacterial diversity of the coastal halophyte
Messerschmidia sibirica[l].
2017, 8: 2288

[14] Xu YJ, Zhao LF, Chen P, et al. Isolation, screening and
characterization of phytopathogen antagonistic endophytes

Frontiers in Microbiology,

from wild Artemisia argyi[J]. Acta Ecologica Sinica, 2013,
33(12): 3697-3705 (in Chinese)
W, ek, PR, & Y R R RO R A
N TR B 23 B T R SE 0], AR AR, 2013, 33(12):
3697-3705

[15] Liu GH, Liu B, Che JM, T et al. Phylogenetic diversity of
endophytic  Bacillus species isolated from Mesona
chinensis[J]. Amino Acids and Biotic Resources, 2015,

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



KNELLRE: FT Al Bk o A A AR ) A A 5 AR P 2 A TR Rt oA e s 2945

37(1): 35-40 (in Chinese)
XIEELL, XV, Gdse, 45 ANRIREY N A 2 MO AT RFP R
ZREHERTFR )] BRI AW BEIR, 2015, 37(1): 35-40

[16] Cheng HR, Ning J. Extremely rapid extraction of DNA from
bacteria and yeasts[J]. Biotechnology Letters, 2006, 28(1):
55-59

[17] Yoon SH, Ha SM, Kwon S, et al. Introducing EzBioCloud:
A taxonomically united database of 16S rRNA gene
sequences and whole-genome assemblies[J]. International
Journal of Systematic and Evolutionary Microbiology, 2017,
67(5): 1613-1617

[18] Kumar S, Stecher G, Tamura K. MEGA7: Molecular
evolutionary genetics analysis version 7.0 for bigger
datasets[J]. Molecular Biology and Evolution, 2016, 33(7):
1870-1874

[19] Saitou N, Nei M. The neighbor-joining method: A new
method for reconstructing phylogenetic trees[J]. Molecular
Biology and Evolution, 1987, 4(4): 406-425

[20] Felsenstein J. Confidence limits on phylogenies: An
approach using the bootstrap[J]. Evolution, 1985, 39(4):
783-791

[21] Nei M, Kumar S. Molecular Evolution and
Phylogenetics|[ M]. Oxford: Oxford University Press, 2000

[22] Zhao Q, Deng YY, Li W, et al. Analysis of endophytes
diversity in wheat seedlings by metagenomic technology[J].
Acta Phytopathologica Sinica, 2017, 47(3): 313-324 (in
Chinese)
BT, BUNEE, 2=, 5. NELE A 2R R
I [0]. MR AR, 2017, 47(3): 313-324

[23] Liu GH, Liu B, Che JM, et al. Diversity of Bacillus-like
species isolated from potato rhizosphere soils in Yili,
Xinjiang[J]. Biodiversity Science, 2017, 25(8): 856-863 (in
Chinese)
XL, X0, sk, & Bimit Al B AR bR 2f AT
AL IR ZRENE(T]. AW ZREE, 2017, 25(8): 856-863

[24] Wang L, Zhang JL, Wang JH, et al. Isolation and molecular
identification of endophytic bacteria in sugarcane stem[J].
Chinese Journal of Tropical Crops, 2013, 34(11): 2227-2232
(in Chinese)
A, WO, FAE, S R AN 4
FUEEN]. P EYIZE, 2013, 34(11): 2227-2232

[25] Hallmann 7, R, Kloepper JW.
Chitin-mediated changes in bacterial communities of the

Rodriguez-Kébana

soil, rhizosphere and within roots of cotton in relation to
nematode control[J]. Soil Biology and Biochemistry, 1999,
31(4): 551-560

[26] Lamb TG, Tonkyn DW, Kluepfel DA. Movement of
Pseudomonas aureofaciens from the rhizosphere to aerial
plant tissue[J]. Canadian Journal of Microbiology, 1996,
42(11): 1112-1120

[27] Wawrik B, Kerkhof L, Kukor J, et al. Effect of different
carbon sources on community composition of bacterial
enrichments from soil[J]. Applied Environmental
Microbiology, 2005, 71(11): 6776-6783

[28] Tan Y, Cui YS, Li HY, et al. Diversity and composition of
rhizospheric soil and root endogenous bacteria in Panax
notoginseng during continuous cropping practices[J].
Journal of Basic Microbiology, 2017, 57(4): 337-344

[29] Kim M, Oh HS, Park SC, et al. Towards a taxonomic
coherence between average nucleotide identity and 16S
rRNA gene sequence similarity for species demarcation of
prokaryotes[J]. International Journal of Systematic and
Evolutionary Microbiology, 2014, 64(Pt 2): 346-351

[30] Wu K, Fang ZY, Guo R, et al. Pectin enhances bio-control
efficacy by inducing colonization and secretion of
secondary metabolites by Bacillus amyloliquefaciens SQY
162 in the rhizosphere of tobacco[J]. PLoS One, 2015,
10(5): e0127418

[31] Jung WJ, Mabood F, Souleimanov A, et al. Antibacterial
activity of antagonistic bacterium Bacillus subtilis DIM-51
against phytopathogenic Clavibacter michiganense subsp.
michiganense ATCC 7429 in vitro[J]. Microbial
Pathogenesis, 2014, 77: 13-16

[32] Mohkam M, Nezafat N, Berenjian A, et al. Identification of
Bacillus probiotics isolated from soil rhizosphere using 16S
rRNA, recA, rpoB gene sequencing and RAPD-PCR[J].
Probiotics and Antimicrobial Proteins, 2016, 8(1): 8-18

[33] Liu GH, Liu B, Zhu YJ, et al. Diversity of Bacillus-like
species in Taiwan[J]. Biodiversity Science, 2016, 24(10):
1154-1163 (in Chinese)

XIELL, X, REH, & ST EYF 2R
PEII. A2 FENE, 2016, 24(10): 1154-1163

[34] Krishnamoorthy R, Kwon SW, Kumutha K, et al. Diversity
of culturable methylotrophic bacteria in different genotypes
of groundnut and their potential for plant growth
promotion[J]. 3 Biotech, 2018, 8(6): 275

[35] Liu B, Liu GH, Hu GH, et al. Bacillus mesonae sp. nov.,
isolated from the root of Mesona chinensis[J]. International
Journal of Systematic and Evolutionary Microbiology, 2014,
64: 3346-3352

[36] Zhang RJ, Zhang QQ, Huang XR, et al. Diversity of
endophytic bacteria in roots of Typha orientalis estimated by
culture method[J]. Wetland Science, 2016, 14(2): 201-211
(in Chinese)

SRERAR, SREG, BN, 5. FE T B IRIEE
RN AR Z D] 18R, 2016, 14(2): 201-211

[37] Fu YH, Qu JH, Zhang LJ, et al. Effects of different medium
coagulators on diversity of culturable bacteria in water
sediments[J]. Journal of Southern Agriculture, 2018, 49(9):
1787-1793 (in Chinese)

frizsy, T, KRB, 5. AR B IR EEEE R KR

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



2946 A 2 A

Microbiol. China

TUARM) AT 15 5% 20 B 22 RE PR RO SE I (D). 19 5 ROk 2 4ie,
2018, 49(9): 1787-1793

[38] Wang LY, Liao FX, Luo YP. Identification of an endophytic
bacterial strain HBS-1 isolated from Mangifern indica and
its biological control efficacy against diseases of postharvest
mango[J]. Jiangsu Journal of Agricultural Sciences, 2012,
28(1): 41-45 (in Chinese)
F2gE, BRUAN, SEAF. JURAE AN HBS-1 #Y %0E
Je HT T2 R R I B A [T]. YO AR 2 A, 2012,
28(1): 41-45

[39] Wang HJ, Chen ZJ, Wu YX, et al. Isolation and
identification of endophytic bacteria from canola with
control effect on clubroot disease of cruciferous crops[J].
Chinese Journal of Oil Crop Sciences, 2014, 36(1): 92-97
(in Chinese)
ERE, R, REEK, & b6 T EREY M
R 04 2 085 S 0, R 4
2014, 36(1): 92-97

[40] He J, Zhang LL, Zhao LY, et al. Identification of the
endophytic strain longA from apple twig and its antifungal
mechanism against Valsa mali[J]. Microbiology China,
2016, 43(10): 2254-2260 (in Chinese)
i, WaEam, BEZ, 4. FHERMER longA H9%
SE R AN B AE T HL B AR 0], B i, 2016,

43(10): 2254-2260

[41] Liu GH, Liu B, Che JM, et al. Screening of a Bacillus
amyloliquefaciens strain and its probiotic characteristics[J].
Journal of Agricultural Biotechnology, 2018, 26(6):
1043-1055 (in Chinese)
XL, X0, e, S5 —BRARERY SMIAT s i S H:
tiHEAFERIETE]. AR\ AEYIHOREH], 2018, 26(6): 1043-1055

[42] Chung EJ, Hossain MT, Khan A, et al. Bacillus oryzicola sp.
nov., an endophytic bacterium isolated from the roots of rice
with antimicrobial, plant growth promoting, and systemic
resistance inducing activities in rice[J]. The Plant Pathology
Journal, 2015, 31(2): 152-164

[43] Wang HF, Li QL, Zhang YG, et al. Bacillus capparidis sp.
nov., an endophytic bacterium isolated from roots of
Capparis spinosa L.[J]. International Journal of Systematic
and Evolutionary Microbiology, 2017, 67(2): 282-287

[44] Logan NA, Berge O, Bishop AH, et al. Proposed minimal
standards  for describing new taxa of aerobic,
endospore-forming bacteria[J]. International Journal of
Systematic and Evolutionary Microbiology, 2009, 59(8):
2114-2121

[45] Tindall BJ, Rossello-Mora R, Busse HJ, et al. Notes on the
characterization of prokaryote strains for taxonomic
purposes[J]. International Journal of Systematic and
Evolutionary Microbiology, 2010, 60(1): 249-266

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



