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Diversity of cultivable endophytic bacteria
isolated from tobacco
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Abstract: 267 endophytic bacteria of tobacco were isolated from roots, stems and leaves by the method
of grinding separation. A preliminary analysis was made on the diversity of the isolates by phenotypic
characteristics and molecular classification methods based on partial 16S rDNA sequences, the analyti-
cal comparison was also made between them. 267 bacteria isolates were separated with 8 different
phenotypic characteristics, and were grouped into 5 clusters and 56 subclusters at the level of 2.15 with
numerical classified based on the unweighted pair group method with arithmetic averages algorithm, and
they were clustered into 21 molecular groups based on partial 16S rDNA sequences. The results show that
there are much more phenotypic types than molecular groups, phenotypic characteristics was not consis-
tent with the results of molecular classification exactly. The result of sequence analysis of the 16S rDNA
showed a 98%—99% homology with 21 species in the GenBank. The dominant bacterial groups of to-
bacco endophytic bacteria belong to Firmicutes, Bacillus genera.
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1A Z (50 pL)4H f%: 10xPCR Buffer 5 ulL, dNTPs
(10 mmol/L) 4 pL, 3% F27/R14921* (10 umol/L)
£ 2 uL, #iH DNA (2950 g/L) 1 uL, Taq i 2.5 U,
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Table 1 The clustering analytical characteristic table of bacteria

5 AR Fifi 3R - 4
The number of each character ~ Characters Description-Number
- FOR-1; BB -2; AHUIE, KBUIR-3; AHNIE-4; AN, Zik-5; BIE, K
1 AR N,
i AR—6

2 KN HH A mm
3 T T=1; 8-2; 1, KitH-3
4 B WE-1; FLHG-2; KRE-3;, HE@-4; KI5 FLH-6; KML-7
5 Jo FOLEE-1; JEE-0
6 eS| MAE-0; JmF-1; ML RP-2; maE-3; M4
7 BUE 3 -0, AEFF-1
8 7 W B0, NEHI-1; RiEY]-2

1 BFBhHHBLEELERRAE
Fig. 1 Picture of some colonies of tobacco endophytic bacteria
I WREENIER 2SS, KEREER/D.

Note: These pictures mainly display the morphological variation of the bacteria colonies and do not show the size of them.
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Table 2 The species and distribution of tobacco endophytic bacteria

Thk 2 HBAL I3 B IR AL
Species HREH 30 AE AR Number of isolates from different parts
7. # J& . Fh Number of strains Sequence similarity pis! B3 It
Phylum and Class Genus and Species Root Stem Leaf
Bacillus pumilus 132 98%-99% 22 17 93
Bacillus subtilis 4 99% 2 0 2
Bacillus simplex 99% 2 0 4
Bacillus aquimaris 3 99% 0 0 3
Bacillus cereus 57 99% 4 8 45
Bacillus clausii 1 99% 1 0 0
Lysinibacillus sphaericus 23 99% 3 8 17
Firmicutes Paenibacillus lautus 2 98%—-99% 0 0 2
Paenibacillus pabuli 2 98%—-99% 0 0 2
Cellulosimicrobium sp. 1 99% 0 0 1
Enterobacter hormaechei & 99% 1 0 2
Enterobacter ludwigii 1 99% 0 0 1
Serratia proteamaculans 4 99% 0 0 4
Pseudomonas gessardii 1 99% 0 1 0
Pseudomonas fluorescens 7 99% 1 3 3
Actinobacteria  Arthrobacter luteolus s e o o 3
a-Proteobacteria  Pseudochrobactrum kiredjianiae T % o o 1
o MO T,
Achromobacter sp. 1 99% 0 0 1
y-Proteobacteria  Stenotrophomonas rhizophila s e s o 3
Bacteroidetes Myroides odoratus T e o o 1

*3 JBAATFEREESHERRER

Table 3 The rate of sterilization from different
disinfection time of different tissue sample

EEA A
Disinfection time (min)
1 2 3 4 5
it Leaf 100%  100%  100%  100%  100%
2% Stem 85% 94% 100%  100%  100%
R Root 64% 74% 82% 92% 100%

i
Sample

22 REFMENFRITRELESHR

MRBVRHIE R EE 0 2 R R EIR R, X 267
SR EA £\ 2R (K 2) 7ERRIGEE 25
Jy 2.15 BFA] 3ROy B AN RLEE, 7ERRIGHEE 252k 1.00 B
AI R A 56 NEHE(ER 4).
2.3 WHEYEH 16S rRNA F5 9

Zead e REI F 3RAR T A 267 RN AR A A Y
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16S rRNA J¥51, HTHMH A ESWEEER, HAER
RURRAE M BUE /3 2R ISP S B 56 NI HE 45 3%
B AN EE RN BT T RERE I
Mr(E 3). 4558 & BUKIE 16S rRNA J7 51 i R 245
5 A TR TR TR L S I EUE R B R A B2 —3
U SCAL, SCA2, SCA3 ¥ HEEH /25—~ Bl
FFULHEE, {H7E 16S rDNA R4 K F# I SCAL #1%
£ 5 SCA2. SCA3 R Jy— 8, VLHHREVEIE A
TR T B YR G LR AT RS ROE, [FE, 24
VRIS E P LT 16S rRNA FFAI RSk
AR — IR, W Bac ZeBE, HPAHE T 0
T 5 AFOUBE R 0 I, XU SR O BRI
M BEHEREIEES EBERA—ERER,

Wit GenBank f BLAST F2/F % 267 #k N A= 41
PR 16S rRNA P45 S 17 AP LT, % 40



WRIFERRAT B ] 55 7 PN A A R 118 705 B 22 R 40 # 1351

x4 BRVBFPAENEIZERZRSRES BSRE P PR G LA

Table 4 The colonial morphology of isolates in five apparent groups and their proportion

F A 1,55 1 SR ARSI IR BT 5 L
Apparent group Subcluster Colonial morphology Number of isolates  Proportion
ZHEIE . HfE 2mm, KitH . A6, AL KRR, #1%

SCA SCA1-SCA3 B EEN 25 9.4%

SCB SCB1-SCB23 FEORFEDE . AR . B, RN, B%EST . LiEY 98 36.7%

scc SCC1-SsCC10  JEIRVIBIE . sy E, BELIAGREE N E, REJLHF 53 19.8%

— SCD1. SCD2 %:ﬁﬁﬂlmﬂﬁ;\ AR, T EE . AR, k. BgEST. 0 A
FiE

SCE SCE1-SCE18  EE A€ . RimM AP 80 30.0%

WM, &I 267 BROrEY S 2 Mo KA 7
Fiiy 16S rRNA JFFIARRIPE RS R T 97% (% 2), K
B33 B ) 55 R I 50 T v Y © R0 B PR 2 1) A AL
PEFL IR T 98%-99%. iX 267 Kk B )4 IR 5
BETH '] (Firmicutes) . JLZE T[] (Actinobacteria) . o-
A5 & B 4N (o-Proteobacteria) . p- A& H N
(B-Proteobacteria) . y-2%J¥ I 44 (y-Proteobacteria) .
UFF 5 1] (Bacteroidetes) 6 KA, 200l 5 5
J2E v L4 ZE 6 FF B (Bacillus) . 5t 2 R 2 f AT 1
J& (Lysinibacillus) . 2 ZF 84T I J& (Paenibacillus) .
2F 4k 1% B J& (Cellulosimicrobium) . 7 #F & J&
(Arthrobacter) . & #& - #T 1 J& (Pseudochrobactrum) |
P B AT B OJB (Alcaligenes) . G 4 KT H B
(Achromobacter) . 7 #T 1% J& (Enterobacter) . 7> [G
)& (Serratia) . %% £ ¥LJifl ;4 )& (Stenotrophomonas) ,
i B0 i 1 J& (Pseudomonas) . 7 B # J& (Myroides)
T2 TE Y 16S rRNA B 88w A, Forh g T
JEEER TRIA 247 #k, REHE5HFMATHEECHR
Y] (AR N 98%—100%); M 1] T AL 4E 3 Bk
YR, 50 R JE AL 99%,; o-ZEIE T 49 A &
W1 BE, HIRE AR E AR 99%,; B-AEIE R 4
HALSR 7 BRA R, 6 BR-S )7 BT R AR RLE 99%, 1
PR5 T AT H R A M 99%; y-748 I8 T 49 A4S 8
PRAITE, 575 M B AL PE 99%; AT
R 1 R, SEWRKEEMLIME 98%., M
FET S Lol R A, JERE TR 1] sk A W 3k 1 B 15 )
247 Bk, 5oy B W BEOW 92.5%, Horb IR B R
TR LSy B A5 2 203 KK, o W B AL 76%, H

LRI S DT 0 R A 0 R O R AR R R TR R TR T 1Y
ZEALFF P R 4R
3 Wit

WKHE 165 rRNA J3 51 (1% 5 45 5 5 4R 5 240 11 o
TEIEAS B 0 8 R 58 42— 2L, o] A 1 A il
AN—B KA B 5 2R 1 2 SR S Al T Y
D75 RAVRRAE, DARAVRRIE E 47 2R 28 B W 11 2 — o
FHRER, HARERM BN ENRE LT RER; It
Ah, FEXT K R A AR TG, 2 IR T
EH Y R W AN 9T 2200, B OC R BG4 R
MIMERTE . AN TSI S BAIER £ E N 2R,
VATEVE T A5 EA T 40 A5 B 0 PP BE B LUAZ TR T 51 43 2%
BB E LS, SRR SEIREA —Er
Tt A . ARG B 0] 5 (0 B0H SRR A5 L, W Zi ik
— UL RISy PR bR, WK P VE R i & X
SR O DI A3 0 I R X DA VR 3 1 B ST
b p ke O By

AT YO MR A BRI AR AT 16S rRNA 1Y
RGEREFIFRETHFIE . &I F AR 1 8 40 5 2 AR
B R SR A A AR AR R, BT K E
AT T A R A AR AR A 2 A s ) 3
BRIl O I, ALK ZE A5 AR 2
o 18 S SRSV T K e 43 B A 9 A 40 T e 2 DA ZE AT
WE R F . X AT RES 2T R 20 R P P B A G,
25 5 38 1 AR SR IR AR HE A5 FIAE ) I 2 B LR Y
20T
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Fig. 2 Dendrogram based on the numerical taxonomy of characteristic using clustering analysis
7 NS: WAL Sub: WRE; Clu: FULEE.
Note: NS: Number of isolates; Sub: Subcluster; Clu: Cluster.
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3 EOMENLEMAE 16S rDNA FIHEBEMRZ L SR
Fig. 3 Phylogenetic tree for partial strains based on 16S rDNA gene sequences

W HREAREAEA L, &0 BTG NS hAR X AR TR IR 45, RS S R B W 0 GenBank £ 5t 5
Note: The number above each branch is the bootstrap value; (Fir: Firmicutes; Act: Actinobacteria; a-Pro: a-Proteobacteria; B-Pro:
B-Proteobacteria; y-Pro: y-Proteobacteria; Bac: Bacteroidetes; Bac: Bacillus; Lys: Lysinibacillus; Pae: Paenibacillus; Cel: Cellulosim-
icrobium; Art: Arthrobacter; Pse: Pseudochrobactrum; Alc: Alcaligenes; Ach: Achromobacter; Ent: Enterobacter; Ser: Serratia; Ste: Steno-
trophomonas; Pse: Pseudomonas; Myr: Myroides). Data in parentheses are the GenBank accession numbers of the isolates represented by the
number out of the parentheses. Bar, 0.05 substitution per nucleotide.
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