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Katayama-Fujimura % (G+C)mo1% www.ncbi.nlm.nih.gov/BLAST) BLAST
1.4.3 16S rRNA 16S rRNA DNAMAN
DNA 16S rRNA Neighbor-Joining 1000
PCR R 57
ACGGCTACCTTGTTACGACT-3“ F 5~*AGAGTTT- 1.4.4 recA PCR Lul0-1
GATCCTGGCTCAG-3 #% PCR 94 DNA
I0min 94 Imin 54 15min 72 2min 35 recA
72 10 min 1.0% PCR 10 Bcec recA
DNA ( nHie X
pMD18-T DHS5a PCR Smin 94 50s 40 s
( 1) 72 60 s 30 72
5 min 1.0%
16S rRNA BLAST (http: //

*1 FEAREREREHBo)TEEEE recA BANERSIY

Table 1 Bcc-specific recA primers

Species name Primer name The sequence of primers(5 % 3 9 PCR-annealing temperature/ Product size/bp

B.cepacia BCRI1 TGACCGCCGAGAAGAGCAA 58 1042
Complex BCR2 CTCTTCTTCGTCCATCGCCTC
B.cepacia BCRGI11 CAGGTCGTCTCCACGGGGT 62 492
Genomovar BCRG12 CACGCCGATCTTCATACGA
B.cepacia BCRG21 CGGCGTCAACGTGCCGGAT 62 714
Genomovar BCRG22 TCCATCGCCTCGGCTTCGT
B.cepacia BCRG3A1 GCTCGACGTTCAATATGCC 62 378
Genomovar -A BCRG3A2 TCGAGACGCACCGACGAG
B.cepacia BCRG3Bl1 GCTGCAAGTCATCGCTGAA 60 781
Genomovar -B BCRG3B2 TACGCCATCGGGCATGCT
B.cepacia BCRG41 ACCGGCGAGCAGGCGCTT 64 647
Genomovar BCRG42 ACGCCATCGGGCATGGCA
B.cepacia BCRGS51 GGGCGACGGCGACGTGAA 62 378
Genomovar BCRGS52 TCGGCCTTCGGCACCAGT
B.cepacia BCRG61 TGACCGCCGAGAAGAGCAA 67 135
Genomovar BCRG62 CGAGCGACCGGTCGAT
B.cepacia BCRG71 GTCGGGTAAAACCACGCTG 62 810
Genomovar BCRG72 ACCGCAGCCGCACCTTCA
B.cepacia BCRGS1 TACGGTCCGGAATCGTCG 61 473
Genomovar BCRGS82 CGCACCGACGCATAGAAT
1.5 HEHREEENE Amp (300 pg/mL)
151 Lul0-1 (Rif) Lul0-1R
(Amp) 1.5.2 Lul0-1R
5pg/mLRif  NA Lul0-1R Rif
Rif NA (300 pg/mL)  Amp (300 pg/mL) NB

1 10 pg/mL Rif (28 180 r/min) 24 h
300 pg/mL Rif NA 1.5x10% cfu/mL

PBS

Lul0-1 24 h
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1/2 MS 25 % 2 Lulo-1 E#KAIHDE
1 35 7 10 14 21 30 Table 2 Antimicrobial spectra of strain Lul0-1
45 Plant pathogens Widﬂzlo(ii/rilgition
Colletotrichum morifolium 26
12 h Septogloeum mori 23
Dothiorella gregaria 11
5 Pestalozzia theae 16
Fusarium oxysporum f.sp.vasinfectum 25
Rhizoctonia solani 23
Alternaria alternate 16
5 1 7 Botrviis ci
otrytis cinerea 20
14 21 28 35 42 49 Gaeumannomyces graminis 29
Pseudomonas syringae pv. mori 12
15.3 Lul0-1R Erwinia carotovora pv.carotovora 9
02 g 75% 30 s Clavibacter michiganens subsp. sepedonicum 14
0.1% 5 min e I e g
’ 2.2 Lul0-1 E#RRIE RS R B TR 4HE
NA Lul0-1 NA
I mL 2~4 mm
. -1
15 min 100 pL 10 (0.5~0.7) pm % (1.5~1.8) pm,
107 107° 100 uL (
Rif (300 ug/mL) Amp (300 pg/mL) NA ) 1
3 30
2~3 d
(cfu/g)
Lul0-1P
154 Lul0-1P
1.3
1 Lul0-1 E#kHI B 4EER A (25000%)
Fig. 1 Electron micrograph of strain Lul0-1 (25000%). B,
s y Bacterial cell; F, Flagellum.
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21 REMREBSBNEREKRTGE
116 33 pH5.7
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morifolium) (Septogloeum mori)
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Lul0-1 12
2
Lul0-1 3
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&3 Lul0-1 EARAIRAS RA R AE (A1t
Table 3 Morphological and physiological characteristics of strain Lul0-1

Characteristics Results Characteristics Results

Morphology rod Voges-Proskauer -
Mobility + Salt Endurance
Spores - 2% NaCl +
Gram stain - 5% NaCl -
Requirement for oxygen Growth at + Utilization of sodium citrate
4 _ Production of indole +
41 + Arginine hydrolysis _
42 _ H,S production +
O/F test + Ornithine decarboxylase -
Catalase + Lysine decarboxylase +
Oxidase + DL-alanine Acid production from -
Starch hydrolysis - D- mannitol +
Gelatin liquefaction + L-arainnose +
Urease test + D-xylose +
Deoxidization of nitrate + Maltose
Deoxidization of nitrite - (G+C) mol1% 60.7
Denitrification -
“+” positive ( growth or reaction ); “~” negative ( unavailable no growth or no reaction ); “+”weak or delay.

24 16STRNA EEFINERERF L ERAIIEE Lul0-1

DNA
PCR 1500 bp DNA B. cepacia (X80284) 98% Lul0-1
1509 bp
GenBank EF546394 Lul0-1
NCBI BLAST 9 25 Lulo-1 EHRHYEERLEE
16S rRNA recA Bcece (BCR1/BCR2)PCR  Lul0-1
DNAMAN 2 1 000 bp
Burkholderia cenocepacia (EF602551)
16S rRNA Lul0-1

Burkholderia cepacia (X80284)

Bce recA
Lul0-1 (EF546394)

Burkholderia glathei (AY 154379)

5 _ BCRG11  BCRGI2 Lul0-1

Burkholderia caribensis (AY17011)

DNA (
—— Burkholderia kururiensis (EF178438)
] 66 500 bp)

Burkholderia tropicalis (AY561845)

Lul0-1
—— Burkholderiaceae bacerium KVD-unk-75 (DQ490278)
50 2.6 WHEME Lulo-1 FHRHAREENE
— Ralstonia solanacearum (AY 712685)
] 2.6.1 Lul0-1R 1.5.1
Herbaspirillum frisingense (AJ238358) le (300 ug/mL) Amp (300 p,g/mL)

2 f&#% 16S rRNA £ E F IR A E K Lul0-1 MR L
RER 2.6.2 Lul0-1R

Fig. 2 Phylogenetic tree of the strain Lul0-1 based on 16S rRNA

gene sequence.Numbers at the nodes are the bootstrap confidence Lul0-IR

values obtained after 1000 replicates. Support values lower than 50% ( 4
are not indicated. The number of substitutions per site is indicated by

the bar at the top left of phylogeny. Phylogenetic trees were generated

by the neighbor-joining method based on the two-parameter Kimura

correction of evolutionary distances. The GenBank accession numbers

for nucleotide sequence data are shown in the brackets. Lul0-1R
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R4 TRAHEEMIFAIFICER LUL0-IR ERMERM S BER
Table 4 Isolation of Lul0-1R strain with dual-resistant label from mulberry by different inoculation methods
The isolating results of Lul0-1R strain
Inoculation methods
Root Water CK Stem Water CK Leaf Water CK
Seed dipping + - + _ + _
Root dipping + - + — + _
Leaf daubing - _ _ _ + _
Stem and leaf scathing - - + — + -
“+” stands for that the bacteria isolated from mulberry tissue; “ -” presents that the bacteria not isolated from mulberry tissue.
Lul0-1P 5.110° cfu/g
3.110° cfu/g 1
2.6.3 Lul0-1R
Lul0-1R
( 3 5 127
g LO¢ root
= mstem
Q ~
42%“ 0.8 ,' ! oleaf
1 = =
g2 06 |
20 53204
=]
180 cfu/g 45 E | I I
Lul0-1R SR 1§ I
=4 I 7 14 21 28 35 42 49
Time of sampling/d
- B4 RAREM LUL0-IR EMERK Y EARRBE KT
§ 8 Fig. 4 Population fluctuation of Lul0-1R in mulberry by dip-
_§ g ping root inoculation.Data denote the bacterial quantity in 1 g of
2% fresh mulberry tissue.
E I
“~
sE 4 265
5% 3 h
T2
E
S 05 5 g0 a1 S0 4s
o
Time of smpling/d
B3 ZMEM LUI0-IR EMERMOERRRIE KNS

Fig. 3 Population fluctuation of Lul0-1R strain in mulberry by
dipping seed inoculation.Data denote the bacterial quantity in

1 g of fresh mulberry tissue

2.6.4

4)

Lul0O-1R

El5 Lul0-l RIGEMKR B E R R RER HE B RIER
Fig. 5 Antagonism to Colletotrichum morifolium of wild and
re-isolated LulO-1 Strain.1. Aseptic filtrate of wild Lul0-1
strain; 2~4. Aseptic filtrate of the Lul0-1 strain re-isolated from
mulberry root, stem and leaf, respectively.
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Identification and colonization of an antagonistic endophytic
Burkholderia cepacia Lul0-1 isolated from mulberry

Zhimei Mu'", Guobing Lu', Xianling Ji', Yingping Gai’,
Yanwen Wang', Huiju Gao', Chuanyong Cha'

('College of Forestry, Shandong Agricultural University, Taian 271018, China)
(*College of Life Sciences, Shandong Agricultural University, Taian 271018, China)

Abstract: [Objective] To identify and colonize an antagonistic bacterium, Lul0-1, isolated from the healthy mul-
berry.[Methods] Strain Lul0-1 was identified based on the analysis of its 16S rRNA gene sequence homology, the
physiological and biochemical characteristics, and the reCA gene sequence comparison. A spontaneous Lul0-1 mutant
tolerant to rifampicin and ampicillin were isolated by gradually increasing the concentration of the two antibiotics. The
mutants were used to assess the ability of Lul0-1 to colonize mulberry by different inoculation approaches, including stem
and leaf acupuncturing, seed soaking, root soaking and leaf daubing. [Results] Lul0-1 belonged to Burkholderia. In the
phylogenetic tree, Lul0-1 was the closest relative to B. cepacia (X80284) with more than 98% sequences similarity. The
16S rDNA sequences of Lul0-1 have been registered at GenBank database under the accession number EF546394.
Moreover, our results also indicated that the population of strain Lul0-1 living in the mulberry tissues decreased as a
whole after the treatment of seed soaking . The bacterial density inside the mulberry seedling tissues decreased to a steady
level 20 days after germination. The population of strain Lul0-1 in mulberry leaves and stems after the treatment of root
soaking increased first and then decreased. [Conclusion] The strain Lul0-1 fell into Burkholderia cepacia genomovar [ as
a single species. Furthermore, the strain Lul0-1 could colonize and transmit in mulberry, while its resistance to plant
pathogen was not changed during the process of colonization compared to the original strains. Taken together, we suggest
that Burkholderia. cepacia Lul0-1 will play an important role in the biological control of mulberry disease.
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