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Beneficial microorganisms are widely used in the forestry, livestock, and, in particular, agricultural sec-
tors to control soilborne diseases and promote plant growth. However, the industrial utilization of these
microorganisms is very limited, mainly due to uncertainty concerning their ability to colonize and persist
in soil. In this study, the survival of beneficial microorganisms in field soil microcosms was investigated
for 13 days using quantitative PCR with B. subtilis group-specific primers. Bacterial community dynamics
of the treated soils were analyzed using 16S ribosomal RNA (rRNA) gene amplicon sequencing on the Illu-
mina MiSeq platform. The average 16S rRNA gene copy number per g dry soil of Bacillus spp. was 4.37 X
10° after treatment, which was 1,000 times higher than that of the control. The gene copy number was gen-
erally maintained for a week and was reduced thereafter, but remained 100 times higher than that of the
control. Bacterial community analysis indicated that Acidobacteria (26.3 £ 0.9%), Proteobacteria (24.2 +
0.5%), Chloroflexi (11.1 £ 0.4%), and Actinobacteria (9.7 £ 2.5%) were abundant phyla in both treated and
non-treated soils. In the treated soils, the relative abundance of Actinobacteria was lower, whereas those
of Bacteroidetes and Firmicutes were higher compared to the control. Differences in total relative abun-
dances of operational taxonomic units belonging to several genera were observed between the treated
and non-treated soils, suggesting that inoculation of soil with the Bacillus strains influenced the relative
abundances of certain groups of bacteria and, therefore, the dynamics of resident bacterial communities.
These changes in resident soil bacterial communities in response to inoculation of soil with beneficial
Bacillus spp. provide important information for the use of beneficial microorganisms in soil for sustain-
able agriculture.
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Table 1. List of beneficial Bacillus spp. used in this study.

FEUREY AR AL 7|&S AEsty] dT

o
T8 F2E0] 2 Aol

upAe 2 vy

B o) A3 Al YA 3 FF B. subtilis S37-2
[15], B. velezensis GH1-13 [16], B. vallismortis BSO7TM
171 25 48 4% 20 $42 AT AoT 2eA 9
o} v A 3 #5355 ZZ tryptic soy broth (TSB)o| %
5to] 28T oAl 150 rpm 22 48A17F 52t wi st ict. 8
F9] okl oF 10008 3]43ke] 1.0 x 106 cfu/ml FEZ
oE & AR

A& A 9 upo|a23F A%

AgEre g3l AX3 FHsdLTd FGRER A
FEGANN TEFFE)S A stdth. 154 - B
ANEE 2mm A2 FHAZ & &Y ZE(NF-2/0256 x
0234 x 297 mm; 1/2000a)°] AGHFS UFo YTt F-&
o]y Eo] 2 AR iAo A S-EE= HS 125t A
datg2o) &y 2 EE A5t A2 tof vHal g
2 3 FF9 wFH1.0 x 10 cfuml)E &Y ZE| 2 g
B4, gj 2ol 53] TSB iz 1,0008] 34 & 3
StETh 2= Ad e sutEo2 AN gdS X
st A5 RE 3%, 5Y, 7Y, 114, 13¥ Fo| B ARE A
& & ZA] DNAE F&319th UMA] EG AE= 2 ml
-7 (Eppendorf tube)e]] #53}e] —80Ce] 7] HE3}tt.

DNA 32 2 A% 24

E% AR 0.5 212 ZE¥E PowerSoil DNA isolation
kit (MoBio, USA)E AH-&-3to] A|2AHe] wh o] w2} DNA
£ 2£319 . &% DNAE micro-volume nucleic acid
spectrophotometer ASP-2680 (ACTgene, USAYE 0|83}
TS ¢EE FUsth Oy ZE HYF EF Y
v E A0 I W3kE S4517] 98 52 DNAE °]&
3l A PCR &4 ¢35ttt &4 A3 CFX96 real-
time PCR detection system (Bio-Rad, USA)Y} GoTaq
qPCR master mix (Promega, USA)E ©]&3}%tt. E3 B.
subtilis 152 16S rRNA §A Ao E0]Z 2l H7| A< (595

Strain name Scientific name Deposit number Characteristics
S37-2 Bacillus subtilis KACC 91281P Plant growth promotion and antifungal activity [15]
GH1-13 Bacillus velezensis KACC 91953P Plant growth promotion and biocontrol [16]
BSO7M Bacillus vallismortis KCTC 11991BP Plant growth promotion and induced resistance [17]
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Fig. 1. Quantitative-PCR analysis of three Bacillus strains
using B. subtilis group specific primers. Different letters indi-
cate significant differences between days (p < 0.05). Values were
log transformed into log prior to statistical analysis.
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Fig. 2. Rarefaction curves for operational taxonomic units
(OTUs) clustering at 97% sequence similarity of 16S rDNA
sequences for each sample.
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FE7} dopx|= ol dth(Fig. 3). o2’ A= o]d &
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Fig. 3. Relative abundances of bacterial phyla in each sample in 11 days after treatment. The phyla with relative abundances less

than 2% are grouped in the “others” category.

Table 2. Summary of lllumina MiSeq data obtained in this study.

Samples # of OTUs Chao Ace Shannon Inverse Simpson
Control 1,771.7 £130.9 1,9128 £ 924 2013811124 5.9+0.02 1351 +4
S37-2 1,642 + 89.1 1,793.5+79.3 1,895.8 £ 83.1 5.9 +0.04 114+ 9.1
GH1-13 1,653 £ 49.1 1,9103 £ 20.6 2,008.9 £ 30.3 59+0.1 124.3 £ 19.1
BSO7M 1,697 £ 60.4 1,988.5 + 196.7 2,087 +217.8 6 +0.09 128.1+£8.8

Values indicate mean + standard deviation for three replicated runs.
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Fig. 4. Relative abundances of three phyla, Actinobacteria,
Bacteroidetes, and Firmicutes. Different letters above the bars
indicate significant differences between samples (p < 0.05).
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Fig. 5. Change of relative abundance of genera affected by application of beneficial Bacillus spp. Vertical axis indicates total
relative abundance of operational taxonomic unit (OTU) belonging to genus. *Chitinophagaceae-gen means unknown genus
belonged to the family of Chitinophagaceae.
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