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Comparison, identification, and characterization of endophytic bacteria from
Chinese flowering cabbage (Brassica parachinensis) using soil and soilless culture®
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Absime Chinese flowering cabbage (Brassica parachinensis) is a type of special vegetable in southern China. In the present
study, several endophytic bacterial strains were respectively isolated from soil and soilless cultivated Chinese flowering
cabbage to identify the difference between the two materials. The isolated strains were divided into several groups according
to their IS-PCR DNA fingerprinting patterns. Thereafter, 16S rRNA gene sequences of representative strains were aligned
for phylogenetic analysis. The bacterial fluid of the representative strains was added into the soilless culture nutrient solution
during planting. The relative chlorophyll content (SPAD) and soluble sugar content of each group were muesured after harvest.
As a result, 31 isolates were respectively acquired from the two materials and were divided into 9 groups by the IS-PCR
fingerprinting method. Through a subsequent analysis of the 16S rRNA gene sequences of the representative strains, they were
implied to belong to Bacillus sp., Rhizobium sp., Microbacterium sp., Leifsonia sp., Sphingomonas sp., Alcaligenes sp., and
Agrobacterium sp. By using the plate counting method, we confirmed the presence of more culturable endophytic bacteria
inside the soil cultured than the soilless cultured Chinese flowering cabbage. Furthermore, the Bio-BIQA board test result
indicated that carbon metabolism of microbes from the soil cultured Chinese flowering cabbage had more diversity than those
from the soilless cultured cabbage. The physiological and biochemical tests revealed that some strains could secrete indole
acetic acid and produce siderophore. After adding the bacterial fluid of the strains, SCG14 and SCG0802, into the soilless
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culture nutrient solution, the relative chlorophyll content and soluble sugar content of Chinese flowering cabbage caused a

significant promotion relative to that recognized in the control group. These findings demonstrate that the endophytic bacteria

in soilless cultured Chinese flowering cabbage and those in soil cultured Chinese flowering cabbage differ in type, number,

distribution, and carbon metabolism. In addition, the isolated strains could enhance the relative chlorophyll content (SPAD)

and soluble sugar content of soilless cultured Chinese flowering cabbage, which have a prospect in the development of new

microbial preparations.

mﬁb soilless culture; soil culture; Brassica parachinensis; endophytic bacteria; relative chlorophyll content (SPAD);

soluble sugar content
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Hate S g, R R BRI A 25 uL.

PCRFEFH: (1) 95 CHIAEM: 3 min; (2) 95 CAEM: 60
s; (3)56 CiE -k 505s; (4)72 CHEfH 60s (552, 3. 44E35MF
FR) 5 (5) 72 CHEIE{H 5 min.
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Table 1 The endophytic bacteria from Chinese flowering cabbage of different culture mediums

G G BT B/ S Rk [EE7S G B A Kl R g atk

Strain Origin Source Medium Strain Origin Source Medium
WCGO1 H Root JC 3k 55 Soilless culture LB WCHO05 1€ Flower JC 148 Soilless culture LB
WCGO05 H Root JC 455 Soilless culture LB SCG06 #R Root + A5 Soil culture PCA
WCG0701 #R Root JC 4 #% 1% Soilless culture LB SCG0801 #R Root 4 Soil culture PCA
WCG0702 H Root T+ B Soilless culture LB SCG0802 # Root F R KT Soil culture PCA
WCG0703  # Root JG - # % Soilless culture LB SCG09 M Root + 4% 85 Soil culture PCA
WCG08 #R Root T+ #1 Soilless culture LB SCG1001 #R Root 4L Soil culture PCA
WCG0901 # Root JC + 4% 55 Soilless culture PCA SCG1002 #R Root + A5 Soil culture PCA
WCG10 #2 Root TG4 kK5 Soilless culture PCA SCGl11 #2 Root 4L Soil culture PCA
WCGI1 # Root JC + 4% 55 Soilless culture PCA SCG1201 #R Root + Ak 5 Soil culture PCA
WCJ0202 2% Stem Tt 8 Soilless culture LB SCG1204 L Root ALK Soil culture PCA
WCY0203 i Leaf T+ 3 B Soilless culture PCA SCG14 # Root + 3k % Soil culture PCA
WCY0301 i Leaf JG - #45 Soilless culture PCA SCGI5 R Root 4% 85 Soil culture PCA
WCY0302 i Leaf Jc + # 4% Soilless culture PCA SCG17 M Root + 44 B Soil culture LB
WCHO02 ¥ Flower JG AR5 Soilless culture LB SCGI8 #R Root + B Soil culture LB
WCHO03 1£ Flower JG 44k 5 Soilless culture LB SCY0302 I} Leaf 4L Soil culture PCA
WCHO04 ¥ Flower JC+ 3k Soilless culture LB
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®2 AEHERFEFD (CFU) FTEFRERELE (ne/g’, FM )
Table 2 The number of culturable endophytic bacteria from CFC (Chinese
flowering cabbage) of different culture medium (n¢p/g", FM)

FE i Ui B i 1k
Sample Root Stem Leaf Flower
R SR . - . .
Soil cultured CFC 2643+88 673+53 825+156 153.84+3.6
o A K0
Soilless cultured CEC 11.2+£0.3 0.8+0.2 54+07 1267+73

F PO R 3UCHE ST E = brifk .
The data in the table are the average + standard errors of 3 repetitions.
* P<0.05; ** P<0.01.

3 3 (CFU) MAEEKIEREF AERL
Table 3 The utility of carbon source of endophytic microbes in CFC
(Chinese flowering cabbage)

- AR ST R D
S mu ul Number of useable carbon  The carbon utility rate
ampre source (/%)
TSRO . B
Soil cultured CFC 83.7+1.2 88.1+1.3
L 72432 75.8+34

Soilless cultured CFC
Fe B Ry 3k T T + ARifEiR.

The data in the table are the average + standard errors of 3 repetitions.
* P <0.05.
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Fig. 1 The similarity clustering diagram of IS-PCR fingerprint of endophytic bacteria from Chinese flowering cabbage of two different culture medium

(UMPGA).
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R4 REREHR16S rRNAE F F 51l B8 14 bk 3 5

Table 4 The similarity of 16S rRNA gene sequence of the representative strains compared with known species

FRE R GenBank%f 5 7 AR d e 174 A5 2 T e AR

Type Strain GenBank accession number The most similar model strain Similarity (/%)
1 WCG0701 MKS838446 Bacillus badius 110" 98.3
Il SCG0802 MK843271 Rhizobium tropici CIAT 899" 99.4
I SCG1002 MK843272 Bacillus subtilis IAM 12118" 99.9
v WCGO05 MK843302 Microbacterium paraoxydans CF36" 99.5
AY SCGl14 MK843250 Leifsonia soli TG-S248" 98.9
Vi WCHO02 MK843306 Sphingomonas panaciterrae DCY91" 99.6
VI WCGO08 MK843304 Bacillus oleronius DSM 9356" 99.4
VI SCG06 MK843234 Alcaligenes faecalis sub sp. parafaecalis G" 99.6
IX WCGO01 MK843300 Agrobacterium tumefaciens NCPPB 2437" 98.9

Bacillus badius NBRC 157137 (NR 112633.1)
76 Bacillus badius 110" (NR 036893.1)

gs | 1L weaoron
] Bacillus oleronius ATCC 700005 (NR 043325.1)
100 WCG08
100 Bacillus oleronius DSM 9356" (NR 119157.1)
53. SCG1002
Bacillus subtilis IAM 12118" (NR 112116.2)
100 . Bacillus subtilis ICM 14657 (NR 113265.1)
& Bacillus subtilis NBRC 13719" (NR 112629.1)
100 70 _SCG14
96 | Leifsonia soli TG-S248" (NR 116501.1)
Leifsonia shinshuensis DB102"T (NR 043663.1)
10| 1 oifsonia lichenia2SbT(NR 112644.1)
100 Microbacterium paraoxydans CF36" (NR 025548.1)
—IOOD CGO5
63 Microbacterium maritypicum DSM 125127 (NR 114986.1)
Microbacterium maritypicum DSM 125127 (NR 042351.1)
98 | Microbacterium oxydans DSM 205787 (NR 044931.1)
20 —SCGO06
14| Alcaligenes faecalis sub sp. parafaecalis G (NR 025357.1)
20 | Alcaligenes faecalisNBRC 131117 (NR 113606.1)
Alcaligenes aquatilis LMG 22996" (NR 104977.1)
0 Alcaligenes aquatilis LMG 22996" (NR 114959.1)
7 Sphingomonas oleiK-1-16" (NR 157757.1)
— ‘ Sphingomonas panaciterrae DCY91T(NR 146851.1)
100 [ wcHo2
Beijerinckia fluminensis UQM 16857 (NR 116306.1)
100 Y Agrobacterium tumefaciens NCPPB2437" (NR 115516.1)
1007 weeor
100 SCG0802
Rhizobium tropici CIAT 899" (NR 102511.1)
100 Rhizobium tropiciNBRC 152477 (NR 113739.1)
50 i Rhizobium tropici CIAT 899 (NR 118084.1)

B2 RREKREEZBW. ORI 22 5, 23 M7 1 0000 A R SCHEH (%), BART AR HRAR S, 565 P9 A5 U Bk i NCBI
ks

Fig. 2 Phylogenic tree of representative strains based on 16S rRNA gene sequence. The scale shows the nucleotide base difference, the number at the branch is the self-
expanding support rate (%) of 1 000 times, the superscript T is the model strain label, and the NCBI registration numbers of the representative strain are in parentheses.

T BRI, 54 CRIR PO BERE ; 285BI, IV, V. Na,CO,, fi 15 5% 5 v i) 5 B 75 00 5 o Wk W (.

VI A% 2 AR P 3 2o 20 K A, R G 2008 43 ik, iR 57 2L pH EYReE i, MTEBINWCG0T01, & T 28
TR, Bt JEREI. M, VAR MR LIor e ke IVWCGOS5, JE TV WCGO8H — & 1 /r il A K 2 B
R SRVE MRS, F=A i — AL SR R E P AN E FEE A B TZRARIIAISCGO6HE = A= 4k 2 14k
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x5 RREMWEBELRINGERGER
Table 5 The physiological and biochemical properties of the representative strains
Wk Strain WCGO1 WCGO05 SCG06 WCG0701 WCG08  SCG0802  SCG1002 SCG14 WCHO02
FrERE IR 4N Citrate utilization - + - - B T T N N
PIE Gelatin - - + - + + +
TR £ 38 )5 Nitrate reduction - + + + + + L
Z T H FEHEE Voges prokauer + + + - - + 4 ; N
FHILZT Methyl red + - _ + 4 N
K &2 MUK fi# Arginine dihydrolase - + + - + 4
K & Indoleacetic acid - + . + + B }
B4R Siderophore - _ 4
OB RN, = S B R
“+” is positive reaction, “-*“ is negative reaction.

27 BEMARANEEMN L T HREFE OB

MR HETIS-PCRAN16S rRNAJE K FEA Al 45 5%, 1. 10,
VI, V4428 BRI I A AR T O H AR B A e Ak B 30 h, IV,
VI, X388 AP AT LA B 30, IV, VI, IX32e
HIFAETF B 83800 (K3) , e f e i — bR
PERAR R AL R AT AR R R 6. iR 6w, b BErp,
S350 20 mLAE R4 B A BB, T B ORI B ARG T HE
FEA3ANEL, RSB B E Y E AR DR, G307 R
Duncan’sfr B £ (a=0.05) , Siit455 0K 4.

Group |
Group 11
Group VI
Group VIII

Group IV

Group II

Group VII

Group IX Group V

T Ak B S0
CFC of soilless culture
B3 AmAHEAKXFED (CFC) PREMESHIHER.
Fig. 3 Distribution of endophytic bacteria from two different culture types
of CFC (Chinese flowering cabbage).

R
CFC of soil culture

Fz6 AEAET +HIEF O P EEEKRIIR
Table 6 The representative strains added to the soilless culture solution of
CFC (Chinese flowering cabbage)

b # IVNGEEYS

Treatment The representative strains added to the soilless culture solution

WCG05 (IV), WCG08 (M), WCGOI (IX), WCG0701 (1),
$CG1002 (Mll), WCHO2 (VI), SCG06 (Vi)

SCG0802 (1), SCG14 (V), WCG0701 (1), SCG1002 (1I),
WCHO02 (VI), SCGO06 (V)

3 SCG0802 (I1), SCG14 (V)

WCGO05 (IV), WCG08 (VI), WCGO1 (IX)
5 WCG0701 (1), SCG1002 (1), WCHO02 (VI), SCG06 (VII)
CK J& Without

BRI FR, SR 20 mLAE R AN B CROAIRAL. 455l 2%
HE A
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group. The group numbers are in the brakcts.
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Fig. 4 The quality of Chinese flowering cabbage (CFC, N = 3). The column represents average of 3 repeats, the error bars represent the standard deviation of each
group of data and different letters on the columns show the significance level of difference at 0.05 level. The number under the x-axis means different treatment. The

soluble sugar content was the content in the dry sample of CFC’s shoot.
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