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Development of strain-specific SCAR primers  
to beneficial rhizobacteria Bacillus subtilis OSU-142

Abstract

Background and purpose: Synthetic fertilizers damage the environ-
ment. Biofertilizers that consist of microorganisms emerge as an environ-
mentally friendly alternative. Biofertilizers improve plant growth by mobi-
lizing soil nutrients, triggering plant hormone synthesis, or competing with 
pathogenic bacteria. However, biofertilizers often fail due to insufficient 
colonization of the plant roots.

Materials and methods: To explore the colonization dynamics of a 
bacterial strain commonly used in biofertilizers, Bacillus subtilis OSU-142 
(OSU-142), developing a set of primers specific to OSU-142 was aimed. 
Since its genome is unknown, to identify genomic regions unique to OSU-
142 strain, DNAs of more than 40 bacterial strains were fingerprinted, most 
of which belong to Bacillus subtilis using the Randomly Amplified Poly-
morphic DNA (RAPD) method.

Results: This approach identified a polymorphic band at 880 bp, which 
was then cloned and sequenced. The sequence showed no perfect match to 
any known sequences in the tested genomic databases indicating that the 
region of OSU-142 DNA is highly unique. The primer was converted to 
Sequence-Characterized Amplified Region (SCAR) primers, and its func-
tionality in detecting OSU-142 genome was confirmed. Newly designed 
primer set can specifically detect OSU-142.

Conclusions: These primers can be useful for basic science or commercial 
applications on tracking OSU-142 in various environments, thus contribut-
ing to biofertilizers’ adoption in the long run.

INTRODUCTION

Fertilizers are inevitable in agriculture yet damage the environment. 
Phosphate fertilizers infiltrate groundwater, leading to cyanobacte-

rial overgrowth (1). Nitrogen fertilizers are produced by fixed atmospher-
ic nitrogen at extremely high temperatures and pressure, requiring fossil 
fuels (2,3). Fertilizer use can be lessened by supplementing Plant Growth 
Promoting Rhizobacteria (PGPR) to the rhizosphere of the plants.

PGPR are the bacteria that live near plant root cells and promote plant 
growth by forming a symbiotic relationship with the plant. PGPR help 
plants by solubilizing phosphates, fixing atmospheric nitrogen, and pro-
ducing phytohormones such as Indole-3-acetic acid (4), while benefit 
from them by receiving carbon source as sugars, organic acids, and oth-
er secretions (5). Furthermore, some PGPR, including Bacillus subtilis, 
mitigate biotic and abiotic stresses (6,7). For over three decades, people 
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have isolated PGPR from its natural environment, grown 
in large amounts in synthetic mediums, and delivered 
them back to plants to promote agricultural production.

One of the most significant drawbacks of PGPR fer-
tilization is the inconsistencies in its effect due to insuf-
ficient colonization of the bacteria in the rhizosphere. The 
fertilization efficiency varies as the season, the agricul-
tural site, or the applied crop changes (8). Non-optimal 
conditions may favor other microorganisms to outcom-
pete PGPR in the rhizosphere (9,10). Tracking the bacte-
rial faith showed PGPR cell numbers could decrease rap-
idly following the fertilization reaching below a certain 
threshold, where the beneficial effect is completely lost 
(11,12). The factors affecting colonization are not well 
understood but vaguely suggested to be climate, pH of 
the soil, the nature of the plant, and soil management 
practices. To exploit the PGPR potential, we must inves-
tigate the biotic/abiotic factors determining PGPR colo-
nization; however, tracking bacteria after inoculation is 
complicated when the bacterial genome is unknown.

Various techniques can detect PGPR. These include 
reporter genes, immuno-based or nucleic acid techniques 
(13–15). Nucleic acid-based methods take advantage of 
unique regions in the DNA sequence of the bacteria of 
interest to differentiate them from other bacteria abun-
dant in soil. Among the nucleic acid techniques, the Ran-
domly Amplified Polymorphic DNA technique (RAPD) 
has advantages, as it does not require prior knowledge 
about the genomic sequence and does not lead to the pro-
duction of genetically modified organisms; unlike report-
er-gene-based techniques. RAPD takes advantage of 
natural polymorphic DNA regions in differentiating bac-
teria of interest from the others (16). RAPD compares 
DNA patterns of microorganisms based on PCR ampli-
fication where random short primers are used (17). How-
ever, RAPD bands may offer poor reproducibility in PCR 
amplifications leading to inconsistent results (18).

Furthermore, in addition to polymorphic regions of the 
DNA, they also amplify non-polymorphic ones, which are 
unnecessary. Therefore, once a polymorphic RAPD band 
is obtained, the RAPD primer that amplifies the band is 
usually converted into a set of SCAR (Sequence-Charac-
terized Amplified Region) primers. These are typically 
elongated versions of the RAPD primers (19). Tracking 
bacteria with SCAR primers provides more specificity, 
simplicity, and reproducibility over RAPD primers.

Bacillus subtilis OSU-142 (OSU-142) is a renowned 
PGPR. It promoted growth in several crops; i.e., potato, 
sweet cherry, and barley (4,20,21), in several different set-
tings, such as cold or hot climates with varied soil types 
across Turkey (22). Furthermore, OSU-142 acts as a bio-
control agent, at least in apricot trees, against shot-hole 
disease (23). It is commercially available for agricultural 
use (BACTOGEN, Istanbul, Turkey). Despite being iso-
lated more than twenty years ago, methods to track these 

bacteria are still missing. We aimed to develop a nucleic 
acid-based strategy to track OSU-142 in the soil. To this 
end, RAPD method was used to take advantage of the 
unique regions in the DNA of OSU-142, compared to 
that of other Bacillus subtilis strains. 

MATERIALS AND METHODS

Bacterial strains 

All of the bacterial strains used in this study were 
listed in Table 1. This table included 52 bacterial isolates, 
40 of which belonged to different strains of B. subtilis. 
Strains were obtained from -80 ºC stocks and plated on 
Luria-Bertani (LB) agar medium (24). To work with fresh 
bacterial cultures, strains were plated on LB agar plates. 
All culture plates were incubated at 30 ºC for a week. 
Freshly collected bacteria were used in DNA extraction.

DNA extraction

Bacterial DNA was isolated with a bacterial genomic 
DNA kit (Product No: NA2110, Merck, Darmstadt, Ger-
many) according to the manufacturer’s manual for the 
strains obtained from Ataturk University Collection (Er-
zurum Atatürk University, Erzurum, Turkey) and ARC 
Seibersdorf Collection (Seibersdorf Research Center, 
Wien, Austria). Bacterial DNA from Erciyes University 
Collection (Erciyes University, Kayseri, Turkey) and 
Yeditepe University Collection (Yeditepe University, Istan-
bul, Turkey) were isolated manually (25). Genomic DNAs 
were eluted in 50 µl DNAse-free water. The presence of 
genomic DNA and its purity was confirmed by NanoDrop 
(Nanodrop Technologies, Wilmington, DE, USA).

RAPD analysis and optimization

To amplify random parts of the DNA, we used ready-
to-use 10mer primer sets from Operon Technologies (Eu-
rofins, Luxembourg, Belgium). These included the fol-
lowing primers: OPG1, OPG-5, OPB-5, OPG16, OPB-1, 
OPB-7, OPC-2, OPC-3, OPC-4, OPC-5 (Table 2). For 
each primer, unique bands that represent polymorphic 
regions of OSU-142 DNA were sought. The number and 
intensity of the PCR products changed immensely; there-
fore, not to miss any polymorphic band, PCR was con-
ducted in different conditions. Dependent on the PCR 
results obtained with each primer, these diverse condi-
tions included four different concentrations of MgSO4 
(1.2-1.6-2-2.4-2.8 mM), two different annealing times 
(45-60 s), two different primer concentrations (0.2-0.6 
uM), and four different annealing temperatures (50 ºC 
to 32 ºC) (26). To conduct a faster screening, at first, only 
a subset of the available strains was initially compared 
with OSU-142. If a polymorphic band was detected in 
the initial screen, the screening continued with the same 
parameter extended to the other strains. PCR cycles were; 
initial denaturation at 92 ºC for 2 min, denaturation at 
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ARC – ARC Seibersdorf Collection; AUC – Ataturk University Collection; YUC – Yeditepe University Collection; EUC – Erciyes University Collection

Table 1. Bacterial strains used in this study.
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92 °C for 30 sec, primer annealing for 45 sec, primer 
extension at 72 °C for 1 min for 40 cycles, final extension 
at 72 °C for 10 min. Reaction mixture consisted of 
dNTP’s  (0.2 mM), TSG polymerase (1U) and buffer 
(10x) from Biobasic (Toronto, Canada), primers (0.2 uM) 
and template DNA (0.1-10 ng for pure, 400 ng for unpure 
DNA) at 25 ml total volume. After the amplification, 
 agarose gel electrophoresis was conducted. 5 ml of PCR 
products and 3 ml of DNA marker (Sigma D-7058) were 
loaded in 2% Agarose gel and operated at 80 V for 60 min. 
The gel image was obtained in Bio-Rad (Berkeley, Cali-
fornia) GelDoc imaging system.

Cloning and sequencing 

The polymorphic band was excised from the gel and 
purified by Wizard® SV Gel and PCR Clean-Up System. 
To clone the DNA belonging to the polymorphic band, 
Qiagen PCR cloning kit was used according to the man-

ufacturer’s recommendations (Qiagen, Hilden, Germa-
ny). The transformation step was carried out using chem-
ically competent cells (C8620-03, Invitrogen, Waltham, 
USA) according to the manufacturer’s suggestions. After 
the transformation and selection, for the plasmid isolation 
step, single colonies were inoculated into 100 uM ampi-
cillin-containing liquid LB medium. The medium was 
incubated for 4 hours at 37 ºC with horizontal shaking. 
Plasmids were isolated by using the NucleoSpin plasmid 
isolation kit (Macherey-Nagel, Düren, Germany). To 
validate the correct size of the insert, 1 ng plasmid was 
used in PCR amplification as a template with M13 uni-
versal primers. The plasmids were then sequenced from 
both directions. The sequence of the OSU-142 polymor-
phic band was deposited to GenBank under accession 
number FR773525.1.

SCAR primer design

The sequence of the polymorphic band was analyzed 
on NCBI BLASTN through nr/nt database using the 
default parameters (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). Primers were designed by extending the OPG1 prim-
er annealing sites from the flanking regions of the se-
quence, using Primer3 software (27) (http://bioinfo.ut.ee/
primer3-0.4.0/). 

The name and sequence of the primers generated from 
extending the flanking region of the polymorphic band 
are as follows:

sec1: 5’-TGCCCGTCGTCTCTACGTC-3’
sec2: 5’-TGCCCGTCGTGGATACAGT-3’

Designed primers were confirmed for their specificity 
on Primer Specificity Check Software (PSC) (http:// bio-
compute.bmi.ac.cn/PSC). Newly designed primers were 
tested with all available bacterial strains (Table 1). For this 
test, stringent conditions were met by increasing anneal-
ing temperature to 65 ºC and decreasing annealing time 
to 30 seconds.

Table 2. The sequences of primers used in this study.

Name Sequence

OPB-01 GTTTCGCTCC

OPB-05 TGCGCCCTTC

OPB-07 GGTGACGCAG

OPC-02 GTGAGGCGTC

OPC-03 GGGGGTCTTT

OPC-04  CCGCATCTAC

OPC-05 GATGACCGCC

OPG-01 CTACGGAGGA

OPG-05 CTGAGACGGA

OPG-16 AGCGTCCTCC

SEC1 TGCCCGTCGTCTCTACGTC

SEC2 TGCCCGTCGTGGATACAGT

Figure 1. Representative agarose gel images of PCR products amplified with OPG1 primer. The first lanes of both gels: DNA marker (100bp); 
second wells, PCR products when OSU-142 DNA was used; other wells, PCR products when DNA of other bacterial strains was used as tem-
plates. All the bacterial stocks in Table 1 have been tested but only two of the gels were shown. Arrow heads show polymorphic bands.
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RESULTS 
Since genomic data lacks for OSU-142, we used RAPD 

method for fingerprinting OSU-142 specific bands com-
pared with other Bacillus strains. PCR amplification of 
OSU-142 genome with the random primer set OPG-1 
resulted in amplification of two bands (Figure 1). The first 
band was approximately 900 bp, while the second band 

was found to be approximately 600 bp. Other weaker 
bands were also produced, ranging between 300 to 700 
bp. PCR amplification with genomes of other bacteria 
produced bands that have sizes between 300 to 900 bp. 
Many of these bands were shared between OSU142 and 
the rest. However, the 900 bp band produced with OSU-
142 DNA as a template appeared to be unique.

Table 3. The most similar sequences to OSU-142 polymorphic band sequence in the NCBI database.

Description Max 
Score

Total 
Score

Query 
Cover Identity Accession

Bacillus subtilis RAPD fragment OPG1, strain OSU-142 1626 1626 100% 100.00% FR773525.1

Bacillus velezensis strain 10075 chromosome, complete genome 1613 3226 99% 99.89% CP025939.1

Bacillus velezensis strain SCGB 1 chromosome, complete genome 1408 1408 99% 95.66% CP023320.1

Bacillus velezensis strain SCDB 291 chromosome, complete genome 1408 2308 99% 95.66% CP022654.2

Bacillus velezensis strain L-1 chromosome, complete genome 1303 1303 94% 95.05% CP023859.1

Bacillus amyloliquefaciens strain LM2303, complete genome 1230 2461 94% 93.48% CP018152.1

Bacillus velezensis strain MH25 chromosome, complete genome 1064 1064 94% 90.05% CP034176.1

Bacillus velezensis strain SRCM103788 chromosome, complete genome 911 911 84% 88.95% CP035399.1

Bacillus velezensis strain Lzh-a42 chromosome, complete genome 911 911 83% 89.13% CP025308.1

Bacillus amyloliquefaciens strain ZJU1 chromosome, complete genome 752 752 55% 94.47% CP041691.1

Figure 2. Specificity of SEC1 and SEC2 primers for OSU-142. Upper panel, SEC1 and SEC2 primers were subjected to primer blast. FR773525.1 
is the Genebank accession number for OSU-142 polymorphic band. CP025939.1 and CP023320.1 represent sequences that have highest match 
with SEC1 and SEC2 primers in the Genebank database. SEC1 has one and SEC2 has 2 mismatches with them. Below panel, M:DNA 
marker; lane 1and 37: OSU-142; lane 10: Bacillus subtilis TV77B strain; Lane 26: Bacillus subtilis TV6F strain. All other lanes include PCR 
products from various other bacterial DNAs that belong to Table 1. Bands in OSU-142-related wells are at 880 bp. Note that the band on the 
lane 26 is far below than that of the lane 37.
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To obtain the DNA sequence of this band, DNA piece 
was extracted from gel and sequenced. BLAST result of 
the sequence indicated the sequence is distinct from the 
known genomic sequences (Table 3).

SCAR primers were designed by extending the OPG-1 
primers. These primers were examined for their specificity 
to known sequences. Designed primers showed no match 
to the existing sequences (Figure 2). PCR amplification 
using the newly designed primers amplified the intended 
band from the OSU-142 genome, but not with the ge-
nomes of other bacteria tested, except the DNA of Bacillus 
subtilis TV77 strain, which produced a similar size band.

DISCUSSION

Scientists must monitor the number of PGPR to inves-
tigate what factors help or inhibit their successful establish-
ment in the rhizosphere. A primer set was designed to detect 
and monitor a renowned PGPR, OSU-142 and validate its 
specificity using blast and PCR-based methods. Genomic 
DNA of OSU-142 was randomly identified in comparison 
with other bacterial DNAs and screened for a unique band. 
Obtained band was cloned and sequenced. SCAR primer 
set was shown to detect OSU-142 reproducibly.

Since OSU-142’s DNA sequence is unknown, designing 
a primer using bioinformatic methods was impossible. In-
stead, a sequence that is unique for OSU142 was sought 
and primers were designed to detect the bacteria, a tech-
nique called RAPD-SCAR (28). It can quantify the bacte-
ria and does not require genetic engineering (19,29), thus 
advantageous over other techniques such as molecular 
probes and hybridization-based techniques. The release of 
genetically engineered organisms to the environment is 
strictly forbidden in many countries, including Turkey (30).

To obtain unique DNA regions to differentiate OSU-
142 from other bacteria, bacterial genomic DNAs were 
amplified by using 10-mer oligos. These primers have fin-
gerprinted OSU-142 and other bacterial genomes tested. 
Among these primers, OPG1 primer amplified a band cor-
responding to 880 bp only when OSU-142 DNA was used 
as a template (Figure 1). OPG1 primer amplified addition-
al bands as well, but these found to be shared between 
genomic DNAs of other bacteria. Among the amplified 
bands, 880 bp one was brighter than the others, indicating 
the primer perfectly matched the genomic DNA. The se-
quence of the polymorphic band was most similar to the 
sequences from Bacillus sp. (Table 3), confirming the origin 
of the amplified band.

The OPG1 primer successfully amplified a DNA region 
that can differentiate OSU-142 from others but using 
OPG1 to detect bacteria in the rhizosphere had practical 
disadvantages in applications. First, the primer was short, 
10-mers, likely producing non-specific bands (31). Second, 
it produced additional bands that complicate the assess-
ment. Therefore, next, SCAR primers were designed by 
extending the OPG1 primer sequence (Figure 2, top panel). 

Newly designed primers were evaluated for their specificity 
using bioinformatics and wet lab (Figure 2). Regarding 
bioinformatics, PSC software analysis showed none of the 
primers perfectly match any sequence in existing databases 
(Figure 2). This indicated that the designed primers bind 
specifically to the polymorphic region but not to other 
tested microorganisms’ DNA. Since the newly designed 
primers amplified an unwanted band from only one strain 
out of 52, 40 of which belonged to different B. subtilis 
strains, we concluded that newly designed primers specifi-
cally bind to OSU-142 DNA; thus, can differentiate the 
bacteria in strain-level specificity. Since it was out of the 
study’s focus, the unwanted band from the strain TV77 
was left unexplored. A simple sequencing would determine 
how similar the unwanted band is to OSU-142 DNA. 

In this study, we developed strain-specific primers for 
PCR detection of B. subtilis OSU-142. B. subtilis OSU-142 
strain has been used in numerous studies (23,32), but mo-
lecular tools to confirm its existence after application has 
been missing. These primers can be used individually or as 
a complementary tool to cultivation-based techniques to 
monitor the bacteria in any medium. Several primers have 
been successfully developed for other beneficial bacteria, 
including Pseudomonas fluorescens, Pantoea agglomerans, 
Bacillus subtilis, Pseudomonas brassicacearum , Azospirillum 
brasilense in strain-specific levels (19,33–36). These primers 
can detect and quantify the bacteria of interest in complex 
matrices such as rhizosphere soil. The primers we developed 
here can detect the bacteria successfully, yet, whether they 
can be used in the rhizosphere should be further investi-
gated in the future. 
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