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Isolation, identification and the inhibition effect endophytic
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Abstract: [Objective] To provide a certain basis, for the relationship between the ecology of
endophytic bacteria and plant as well as the resources of endophytic bacteria. [Methods] Use
tradational cultural methods isolated 54 endophytic bacteria from the fruit of Focus hispida
through the restriction enzyme analysis (ARDRA) told have 16 operational taxonomic units,
16S rDNA sequence system development analysis on 16 representative strains. [Results] The
results showed that 16 strains were found the highest similarity of strains from GenBank, the
identities are from 95% to 100%. Six endophytic bacreia were classed to Bacillus genera, the
identities are from 95% to 98%, was the dominant genus among the endophytic bacteria in
Focus hispida fruit. Three were classed to Staphylococcus genera, one were classed to Pseu-
domonas genus, one was similar to uncultured bacterium, one were classed to Kocuria genus,
one were classed to Delftia genus. [Conclusion] The phylogenic tree showed that the 16
endophytic bacteria clustered two main branches. The inhibition experiment of 14 endophytes
bacteria, 13 strains have different degrees of inhibition effect. Especially the swx15 of Bacillus

genus and the swx25 of Acinetobacter genus had the biggest inhibition spectrum.

Keywords: Focus hispida, Endophytic bacteria, Isolation, Identification, Phylogenetic analysis,
Inhibition
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Pk, BETANE AR h kBN A ME S
HT 745 FhSRIE T 8 AR, FELL Py A 40T T
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FAE W P RN A A A B VR T, R Az
2 E PN AN E R Z AT ARk, ER
A0\ 22 FlRE PN A TR v O B A e B
PURPER A TE, Bane e E0 M E AR
3BT 10 B J o R A B A PO 1 Y A 2
{15 B4 ] T (Pseudomonas  aeruginosa); Wt %510
BT 53 B 3] 1 BRI AE RS BT ME HE-1 X 2

H it (Ralstonia solanacearum)f ¥ AIHT A
ROR o SR N0 N M AR B N A T B BT 5T L3R
/b, {A Suryanarayanan Fl Vijaykrishna &4 |
E[J BE T INiAR (Ficus benghalensis L)W R I
W L 2SS AR AR NS I A AR A AN ]
AR B 2R J5 B IR AR X TE AR
R (Ficus carica)ld . 25 | WM NAEEHEIHET T 05
Yt K EAIh A (2007) % X 48 P AE B I BT
JE BRI PEE T T R 1 S A R N A 4
TR A5 19 R DL AR o A BHF 388 2 % X AR A 2R
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BRI AT AL i e, DT A AR - N A AT 1 A
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Table 1 The tested pathogenies and their source

G P S A HIR
Number Pathogenic bacteria Source

Bl ISR BT AR
B2 R R
B3 M 2R mEAR R
B4 EVIVLE S mEAR R
BS i BN mEAR R
B6 SR P ap N
B7 i KB mEAR R

FE(NA), 1000 mL NA 53744 20 mL Jo B XT
ARSI N 5 T LI TS TR R o R
TIKIZ WA TR BUB A R T e, FR
B 80 g Ml A 200 mL 7K, 1x10° Pa K 20 min Ji5
T At ik
114 EEZRFIFLEE: EAM . NaCl, FRFE .
i . HIAHE . ANESEF 4] DNA PRI
EAWM) . 2xTag PCR MasterMix 55, 4 H B
it BHAH A PR F; 16S 38 51 491(27f-1492r), I
T EY) TRBAR RS AR A F G . BERUR R
%t T2A, PCRAY A MJ Mini, 3% [# Bio-Rad A7l
1.2 REHAEMIBESEL

Fepntet . Jod E S R NIE KRGS, 1H
KT, TR T5%REEGE 30 s,
TCH7K e 3—4 IR, 0.1%T1K3Z#0 10 min, JCR
Kk 6-7 IR, IEHEREHRER . IR A9
WOIFES, BREERGRRZE 107, Hk—FiBemh B R FH R
B BRI 10 AN BT RERR AR R
B — IR TCRK BRI R TAHR AR b, ARSI R
[TRI= 3 7))/ ORDAER D UE 235 == o T 0 )
aifb i A I TR RN AR T 4 °C %,
1.3 AU

FEOGA i SR T SRR A I i TR AR K
ANy S BRSCER 1534 T 5 22 R R 2R Y (2 )7
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AT AL ML, UL A RN %2 Tt )
Ko CH DT RGE S T W) AR X B R A T
I HEE

1.4 DNA $2BR#0 16S rDNA 1/ 1%

FHANR L 4] DNA Pt $R BOR ] & (R )
A, SREEMILEZH DNA J5, PCR ¥714 16S
DNA. HEF5Y) 27f 5-AGAGTTTGATCCTGG
CTCAGAACGAACGCT-3'F11492r: 5-TACGGCT
ACCTTGTTACGACTTCACCCC-3""%1 PCR % [
50 pL WK ZR: 2xTag PCR MasterMix 25 pL,
Each primer (10 umol/L) 2.5 pL, DNA (20 mg/L)
1 uL, #MEKFERIEEKE 50 uL. 16S rDNA-PCR
P4 444 95 °C 5 min; 95 °C 30 s, 55 °C 30 s,
72 °C 3 min, 4t 30 /MEFF; 72 °C 10 min; 4 °C
30 min, PCR P*#JGill: 2 80h 1.0%3 5
PEEERCFRIKIG 4S MR YLRL YL LSS, HIBER AL
1GALREAH
1.5 #%¥E{K DNA ¥ & F ELPR I BT o0 47
(ARDRA)

KH Hinf 1 il Tag T %t FiRHY 16S rDNA i
), HRNAKZ . Hinf1 15U, Tag 115 U,
10xTag 1 Basal buffer 2 pL, 0.1% BSA 2 pL, DNA
10 pL (<1 pg), KEKKFEF] 20 pL, 37 °C hE
2-3 h J5 T 65°C i 2 h, FH 4S Yekldets, H
WEEN 1.5% 0B R MEEERE /2 B )l B o AR

A

\

1
/i{

ARDRA Y] B 22 5 - 47 AT R 28, 1ok
A [R]85 43 2 BA 5T (Operation  taxonomic unit,
OTU). JFRENLZEREED OTU H AR 2Pk B ik
17 16S rDNA ¥ #{4, PCR j=¥Ji% ¥ Invitrogen /A F)
L)
1.6 HIEIRE

SR A TR Bl IR 7 s B BT A TS B
BRI o e A B B AR, B 2 mL PR R
BRI, AN EIZ) 45 °C 18 mL B PDA 4
PRI R RIS TR, IR G5 S B it
T IR P R IR AR, AR R R A A — BB
45 mm BNAERE R, 1828 °CH53% 3 d,
N+ 00 R P LA
1.7 #EAE

RAIEIMFES5 R, M GenBank ¥4, FIH
BLAST {48 R iR PR iy P91, H
MEGA 4.1 H1f#) Maxmium Composite Likelihood
BT A R e & BT,

2 GRE5AH

21 FMHBEBERAEMEEHNIBERVITEE
FAAE RS 53 B 7 i AR SR S8 v 4y
FEINAGE 54 bk, BRI B 522 G
FIPESL, B R 22 QP 48 K2 A AR,

A BAFEAR EERFFAR (B 1),

Bl1 BMOAEARE=RREEMRA
Fig. 1 Microgram of part endophytic bacteria by Gram stain
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2.2 WAELAE 16S rDNA B9 PCR ¥ 18 5 R I
% E5 1] 53 #T(ARDRA)

RIEFRRIEDE S22 LS, Pk 34 bRIE
SR NAAEE, DI DNA R, H
514 27 #1 1492r, 47 16S tDNA-PCR ¥ #4, 4~
2 1400 bp K/ (] 2) FHBR % A 1)
fifEXT PCR 4 3& A R (& 3), PEmEDIE
R 22 R IATRYS, KB 54 MR ILE
16 MREA ) ARDRA 258U H120 36 7% A4
RN R BA SN2
23 NEMERKZELEN

FIFH NCBI %) BLAST B 44%Hm Fe4h 51k
FrIFEVE LR R, 4551 54 BRAEMRIGHE] 7=
A B = I T RR, Herb 22 #RJE T Bacillus &,

bp M 1 2 3 4 5 6 7 8 9 M

1500 —

1 000 —

500 —

100 —

2 IS MELHE 16S rDNA B PCR #1845 R
Fig. 2 The results of 16S rDNA of some endophytic
bacteria by PCR

bp M 1 2 3 4 5 6 7 8 9 M

3 EOREMEHR ARDRA 4R
Fig. 3 The results of ARDRA of some endophytic bac-
teria
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Hps) o nl 5iZErh 2 ARy S8 G ik i 751 A8
e, HARLEE Ry 95%F1 100%, FIrLALL 6
B AT REST & T Bacillus J&H 10 2 M H 16 #E
T Staphylococcus J&, FHJ75 5350 5% )@ 2 F
Y LT BRI RR U ARLPEIS EI T2 99%A1 100%,
3 BRI REE TizErth ey 2 A 5 dRIE T
Acinetobacter J&, H Y5 Acinetobacter baumannii
I FIARIPE R 100%, FIEEIE Ti%M; 4 BRIET
Pseudomonas J&, HF5) 500 5%E 2
RV GRRR AR RUBE 2R 100%, PRI IEIX 4 BR TR AT g
MIZJEE 2 A 2 ¥k E T Serratia J&, 5 Serratia
marcescens WP FIAHBIEEIL ] T 100%, Al A8 T
WA 1 RN AR RS IR A0 Y R IR, AHARLEE K
99%; LA 2 ¥EJE T Kocuria Jg&, HARE S5i%)8
AP AR IR ] T8 100%; 2 BN
Delftia J&, HARBUE 528 P it 55— g i) AH 0
JEIKB] T 100%. FTLL, RSB 54 $R1C
KRR TET 748 16 P, Hffy 54280
TR EAREY 55.7%, HAR B R4 R
Swx1l, Swx4, Swx10, Swx15 Fl Swx25 (3 2),
24 NERRAFLAEMBIEIL

Xt 16 BRI A4 ER SRR R 16S rDNA
J¥5, FIHIMEGA 4. 1"Ha R G0 L B R (K 4):
Swx13 5 Bacillus cereus } Bacillus thuringiensis
RIE—R, EFEHXLRABI; Swx4 5 Bacillus
megaterium FIE—L, ELHILRKIT; Swx8 5
Bacillus tequilensis 7% % ) Z %I, Swx3l 5
Bacillus subtilis X Bacillus amyloliquefaciens %%
KRBT, Swx10 5 Staphylococcus saprophyticus
SEG R AR, Swx1 F1 Swx18 Fl Staphylococcus
sp. }2 Staphylococcus sciuri SRR AR5, Swx26
5 Kocuria sp.3E% X Z 85T ; Swx23 5 Uncultured
bacterium %K R, Swx34 5 Delftia sp. 7%
xR R, Swx5 1 Swx24 5 Pseudomonas
argentinensis M. Pseudomonas fulva 5% % 25T
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3% 2 16S rDNA &= F 51001 bb X3

Table 2 Comparison of the 16S rDNA sequence identity

(35173 FRARAE PR AR BIREL Ll
Representative strain The closest NCBI match Similarity (%)  Number of strains Proportion (%)
Swx 1 Staphylococcus sp. (AB689746.1) 99 5 9.3
Swx4 Bacillus megaterium (JX885486.1) 100 6 11.1
Swx5 Pseudomonas fulva (JN257136.1) 100 2 3.7
Swx6 Bacillus cereus (GQ329658.1)) 95 3 5.5
Swx8 Bacillus tequilensis (JQ904626.1) 100 3 5.5
Swx10 Staphylococcus saprophyticus (JN644598.1) 100 9 16.7
Swx13 Bacillus thuringiensis (JX456174.1) 100 2 3.7
Swx15 Bacillus amyloliquefaciens (JX519215.1) 100 5 9.3
Swx18 Staphylococcus sciuri (JX134627.1) 100 2 3.7
Swx23 Uncultured bacterium clone (GQ016558.1) 99 1 1.8
Swx24 Pseudomonas argentinensis (JQ770188.1) 100 2 3.7
Swx25 Acinetobacter baumannii (HQ632003.1) 100 5 9.3
Swx26 Kocuria sp. (HM045839.1) 100 2 3.7
Swx31 Bacillus subtilis (JX524224.1) 100 3 5.5
Swx32 Serratia marcescens (JQ308608.1) 100 2 3.7
Swx34 Delftia sp. (HQ327477.1) 100 2 3.7

Swx25 Fl Acinetobacter baumannii 3% 7 Z2 3T,
Swx32 5 Serratia marcescens FAE—iL, FELK
FRBGIT; Swx6 Fl Swx15 RAE—ile, REKLRKIA,
2.5 RNEMEINEIERNE

Xof AR FA R PN A A T T I 4 2R L3R 3
XoF 14 T A SR oA A 200 TR T T4 TR i o
AR N A TR R Swx26 TRIPRXTIX 7 B It i A 15
AIFEIERSN, HAE) 13 BRI R TASFE
RIS R I TR I ERIVER], Horb Swx15 Al
Swx25 iR, FTLAM] 6 Fhp IR SwxSs
I Swx8 nJ LU 5 Fhop A, Swxl, Swxd K
Swx10 A LA 4 Fhles; Swx24, Swx31 K
Swx6 A LI 3 Fifg U EE; Swx 13 Fl Swx34 1] L)
] 2 T B AT, Swix 18 1) 1M e Ik R i) 1
T JEE A o

)

iR 5Tt

B GE AR Y2 o3 B8 R 7 AP B
B AP X AR R S AL e B 54 BRIN
A, Hd 22 BN Bacillus J&, a5k
Staphylococcus J& . Pseudomonas J& . Serrata J& .
Kocuria J& ). Delftia J&, &4 1 tRAAESEFRAMH
A TR o P O A 2R 23R TR DA R R R SN A
M NARE, HRERKBER AT 16 PRNA
TR R AW S . A2 5 N AE R
TEDERT 14 BRINAHIR T, BR Swx26 S5 RPRXT
X 7 B SR AR A MR AN, HAR ) 13 BRI
A TR A (] A D T 2 B 1 A [ g 41 o 4
A, Hrr Swx15 fil Swx25 SHI e K, 5
VERR, PRI EA —E BTN A E
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Swx13 (JX984992)
9\ Bacillus thuringiensis (JX456174.1)
Bacillus cereus (GQ329658.1)
wx4 (JX984989)
98| 99' Bacillus megaterium (JX885486.1)
84| Swx8 (JX974338)
Bacillus tequilensis (JQ904626.1)

99| Bacillus subtilis (JX524224.1)
Bacillus amyloliquefaciens (JX519215.1)
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E—

82| Swx31 (JX985001)

99, Swx10 (JX984991)
Staphylococcus saprophyticus (JN644598.1)

99 Swx1 (JX984988)
Staphylococcus sp. (AB689746.1)

99| Swx18 (1X984994)
Staphylococcus sciuri (JX134627.1)

Swx26 (JX984998)
Kocuria sp. (HM045839.1)

| Swx23 (JX984995)

90

70

E—

.

991 Uncultured bacterium (GQ016558.1)
Swx34 (JX985000)
Delftia sp. (HQ327477.1)

Swx24 (JX984996)

Pseudomonas argentinensis (JQ770188.1)
Pseudomonas fulva (IN257136.1)

Swx5 (JX984990)

Swx25 (JX984997)
99 4|
99! Acinetobacter baumannii (HQ632003.1)
70 Swx32 (JX984999)

99" Serratia marcescens (JQ308608.1)

[ Swx6 (JX974337)

0.05

4 NEMEREFRIREKRS

9L—— Swxls

¥ 16S rRNA FHIH RS A B

Fig. 4 Phylogenetic tree derived from 16S rRNA sequences of endophytic bacteria and the nearest type strains

) N A TR RN S SZ A B A 3R a5 B
PRI P58 1 S MAAR Y, A A A T 1 A 2 R A 05
R E T A FE TS R b Bk, AT
Z BN 1, ARG PR SR I & 07 T
EUREY . DA A B — SRR SRS AR A0 14 N A= T
YRRy h BT B o, A5 N AR TR

WA 2 FpBR: — R A A AR R I TR
AR o5 — M AR SRR IR TR ER, I b
IR A ) 2 28 P 0 ) o e i ] e e s A ) A
K, BRI RIS
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Table 3 Inhibition spectra of the 14 endophytic bacteria against 10 pathogenies

JTE Pl Ei4% Bacteriostatic circle diameter (mm)

WS TECERBOR  feoh MW BURHER  Eaon  AURER BN
Number Alternaria Magnaporthe Penicillium Fusarium Alternaria Venturia Botrytis
brassicae grisea digitatum oxgsporum solani nashicola cinerea
Swx1 11 - 10 9 - 8 -
Swx4 - 15 11 11 - 14 -
Swx5 23 17 - 20 - 14 11
Swx6 - 15 - 17 - 13 -
Swx8 - 14 13 - 11 17 11
Swx10 - 12 - 8 - 15 9
Swx13 - 14 - 12 - - -
Swx15 15 18 21 - 14 17 22
Swx18 = 13 - — — - -
Swx24 - 11 - 10 14 - -
Swx25 - 18 25 26 24 26 24
Swx26 - - - - - - -
Swx31 - 11 - 15 14 - -
Swx34 - - - 10 9 - -

T — BRI

Note: —: Positive no antibacterial activity.
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