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Oligonucleotide microarray has been one of the most powerful tools in the ‘Post-Genome Era’ for its high sensitivity,
high throughput and parallel processing capability. To achieve high detection specificity, we fabricated an isothermal
microarray using locked nucleic acid (LNA)-modified oligonucleotide probes, since LNA has demonstrated the
advanced ability to enhance the binding affinity toward their complementary nucleotides. After designing the
nucleotide sequences of these oligonucleotide probes for gram-positive bacilli of similar origin (Bacillus subtilis,
Bacillus licheniformis, Bacillus pumilus, Bacillus megaterium and Bacillus circulans), we unified the melting
temperatures of these oligonucleotide probes by modifying some nucleotides using LNA. Furthermore, we optimized
the experimental procedures of hydrating microarray slides, blocking side surface as well as labelling the PCR
products. Experimental results revealed that KOD Dash DNA polymerase could efficiently incorporate Cy3-dCTP
into the PCR products, and the LNA-isothermal oligonucleotide microarray were able to distinguish the bacilli of
similar origin with a high degree of accuracy and specificity under the optimized experimental condition.
[Yan J, Yuan Y, Mu R, Shang H and Guan Y 2014 LNA-modified isothermal oligonucleotide microarray for differentiating bacilli of similar origin.
J. Biosci. 39 795–804] DOI 10.1007/s12038-014-9485-1

1.

Introduction

Identification of bacteria plays an important role in clinical
diagnosis, drug screening, food inspection, agricultural product monitoring and many others. Quick identification of the
infectious agents and faster differentiation of pathogenic
bacteria can provide effective prevention and appropriate
antimicrobial treatment as soon as possible, reducing the
morbidity and mortality significantly. Several methods capable of implementing this detection have been documented,
including cell culture, ELISA, polymerase chain reaction
(PCR) and nucleotide sequencing (Wong et al. 2007).
However, these methods are laborious, time-consuming, difficult to differentiate strains of similar origin and unable to
perform high-throughput analysis. Accurate, sensitive and
parallel analyses of microbial species became possible by
the advent of DNA microarray techniques (Lee et al. 2007).
Keywords.

DNA microarray has been known for its ability to determine
thousands of genes in one microarray experiment simultaneously. It has become one of the most powerful tools in the
‘Post-Genome Era’ (Shi et al. 2005), and widely used in
analyses of gene expression (Binnicker et al. 2003;
Nicholson et al. 2003; Huber et al. 2004), identification of
single nucleotide polymorphism (SNP) (Wen et al. 2003;
Bao et al. 2005; Gunderson et al. 2005), and diagnosis of
clinical specimens (Chizhikov et al. 2002; Hwang et al.
2003; Foldes-Papp et al. 2004; Mitterer et al. 2004; Jin
et al. 2006; Wong et al. 2007). To achieve the desired high
detection specificity, isothermal microarray is highly preferred. All oligonucleotide probes on such microarray should
demonstrate a uniformity of melting temperatures. Thus, at a
given hybridization temperature, every oligonucleotide
probe on the microarray surface could form a stable duplex
with its target strand through a perfect match (PM) and
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Table 1. Oligonucleotides used for optimization of microarray
fabrication
Sequence
Conl
Capt
Rept

NH2-(CH2)6-Tn- GAGTGGCGGACGGGTGAGTAA-Cy3
NH2-(CH2)6-Tn- TTACTCACCCGTCCGCCACTC
Cy3-GAGTGGCGGACGGGTGAGTAA

n=12–16.

discriminate those non-complementary (or mismatched,
MM) strands effectively.
Locked nucleic acid (LNA) is one type of nucleotide
analogues having a methylene bridge between O2′ and C4′
atoms of ribose to form a bicyclic ribosyl structure. It is the
bridged structure that ‘locks’ effectively the ribose in the
C3′-endo sugar pucker conformation, which is observed
primarily in A-form DNA and RNA. LNA demonstrates
many unusual properties. For example, LNA-containing oligonucleotide probes can enhance the binding affinity towards their complementary DNA strands due to the
improved base stacking and phosphate backbone
preorganization (Petersen et al. 2002). Previous studies have
revealed that LNA-modified probes can improve the complementary duplex stability by elevating the melting temperature by 3.0~9.0°C per LNA nucleotide in general (Tong &
Ju 2002; Mouritzen et al. 2003; Tolstrup et al. 2003;
Johnson et al. 2004; Ugozzoli et al. 2004; Chou et al.
2005; Kierzek et al. 2005). In addition, LNA-modified
probes can improve their capability of discriminating the
mismatched base pairs (Piao et al. 2009; Yan et al. 2012).
These unique features highlight the possibility of using LNA
to improve the sensitivity and specificity of oligonucleotide
microarray by preparing isothermal oligonucleotide probes.

This article reports a study on the preparation of isothermal microarray using LNA-modified oligonucleotide probes
and identification of different bacillus species of similar
origin. To achieve the expected detection quality, we have
optimized the conditions to fabricate oligonucleotide microarray, including microarray hydration, improvement of the
signal/noise ratio and reduction of non-specific attachment
on microarray surface, and PCR product fluorophore-labelling. Under the optimized conditions, the isothermal microarray with LNA-modified probes can detect each bacillus of
similar origin accurately, which is superior to that conventional DNA microarray.
2.
2.1

Materials and methods

Strains, enzymes and oligonucleotides

Bacillus subtilis (ACCC02973), Bacillus licheniformis
(ACCC02936), Bacillus pumilus (ACCC02750), Bacillus
megaterium (ACCC01509) and Bacillus circulans
(ACCC10228) were purchased from Agricultural Culture
Collection of China (Beijing, China). Taq and Ex Taq
DNA polymerases were purchased from TaKaRa
Biotechnology (Dalian) Co., LTD. (Dalian, China). Deep
Vent (exo-) and KOD Dash DNA polymerases were obtained
from New England BioLabs Inc. (Beverly, MA) and
TOYOBO Co., LTD (Japan).
Cy3-dCTP used for labelling PCR products was purchased from GE Healthcare Life Sciences (USA). Cy3labelled primers, 5′-amino modified oligonucleotides and
LNA-modified oligonucleotides were synthesized by
TaKaRa Biotechnology (Dalian) Co., LTD. (Dalian,
China). The capture oligonucleotide (Capt) was tagged with

Table 2. Sequences and calculated melting temperatures of DNA oligonucleotide probes and LNA-modified oligonucleotide probes for
Bacillus
Tm (°C )
Probe
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus

subtilis A1
licheniformis B1
licheniformis B2
licheniformis B3
pumilus C1
pumilus C2
megaterium D1
megaterium D2
circulans E1
circulans E2

Sequence

PDNA

PLNA

GGCTCACCTAAACTATAATCAATGAACTC
CTTAGGCTCGCCCAAGCTGTAGTCG
GCACCGTTGATAATGAAGGTTCCAGT
GAACGAGCTGAGATACGATGACCCG
AGGATACTTAGGATCCCCTAGGCTG
ACACTTGGAGAACGTACTAACTGAG
TTCACGGCTTCCTAAGAATGCACCT
TTGAACGATGATTGCTTGTCCGCCT
GCTTGGAAATGACGATCTCGACCTG
CCTGTTCCTATTGCAGTAATCATGG

62.4
69.6
66.8
68.2
63.0
57.1
67.5
70.7
68.2
62.2

69.7
69.6
69.8
70.2
70.0
69.1
69.5
70.7
70.2
69.5

The underlined bold letters represent the LNA-modified bases.
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Figure 1. Microarray images showing the hydration effect on the microarray quality. (A) Chip A is hydrated in the closed wet box
overnight. (B) Chip B is hydrated in water vapour for 15 s 3 times with natural drying between each hydration. (C) Chip C is hydrated in
water vapour for 10 s 2 times with natural drying between each hydration.

a linker of NH2-(CH2)6-Tn (n=12~16) at 5′-end, and the
reporter oligonucleotide (Rept) was tagged with Cy3 at 5′end, respectively. Capt and Rept are fully complementary
with each other. The control oligonucleotide (Conl), used for
evaluating the hydration uniformity, was tagged with a linker
of NH2-(CH2)6-Tn (n=12~16) at 5′-end and a fluorophore
Cy3 at 3′-end. All sequences were listed in table 1.

2.2

Preparation of DNA and LNA-modified
oligonucleotide probes

Ten oligonucleotide probes were designed to distinguish
different bacilli of similar origin: probe A1 for Bacillus

subtilis, probes B1, B2 and B3 for Bacillus licheniformis,
probes C1 and C2 for Bacillus pumilus, probes D1 and D2
for Bacillus megaterium, and probes E1 and E2 for Bacillus
circulans. Probes A, B and C were designed to target the β
subunit of RNA polymerase (RpoB) gene, probes D and
probe E were to target glutamate dehydrogenase (GDH)
gene and DNA helicase (gyrB) gene, respectively. All these
ten oligonucleotide probes were analysed using BLAST to
ensure their species specificity. Melting temperatures (Tm)
of the DNA probes (PDNA) were determined in the range of
57.1°C to 70.7°C. To ensure the high specificity, their Tm
values were adjusted to being as close as possible by modifying nucleotides at specific sites with LNA (known as
PLNA, table 2). DNA microarrays and LNA microarrays for

Figure 2. Effects of hybridization and surface treatment on the signal/noise ratio. (A) Microarray images of different surface treatments.
Chip 1 was treated with 0.25% NaBH4 solution for 1 h in dark; Chip 2 was treated with 5% BSA for 1 h; Chip 3 was treated with 0.25%
NaBH4 solution for 1 h in dark, and then 5% BSA for another hour. (B) Comparison of background signals and signal/noise ratios of three
microarray treated using different methods.
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discriminating different bacillus species were prepared by
pin-printing either DNA oligonucleotide probes or LNAmodified oligonucleotide probes on glass slides.

2.3

PCR amplification and fluorophore labelling

Two labelling methods were compared. The first method is
to amplify the target DNA fragments using Taq DNA polymerase with Cy3-labelled primers. The forward primer and
reverse primer were Cy3-CAGTGGTTTCTTGATGAGGG
TC and AGAACCGTAACCGGCAACTT, respectively.
Each 25 μL PCR reaction system contains 2 μL dNTP (each
2.5 mM), 1 U Taq DNA polymerase, 2.5 μL 10× Taq Buffer,
0.5 μL each primer (20 μM) and 100 ng template DNA. The
PCR cycle consists of a 3 min denaturation at 95°C, 35
cycles of amplification (30 s at 94°C, 30 s at 58°C and
30 s at 72°C) and 5 min extension at 72°C. The second
method is to incorporate Cy3-dCTP into the PCR products
during PCR amplification process. The 25 μL reaction system was the same as the first method except that the primer
was not Cy3-labelled. There were equal molarities of four
types of dNTPs, and only one fifth of dCTP was Cy3labelled. PCR amplification procedure was identical to the
first method. Four types of DNA polymerases, Taq, Ex Taq,
Deep Vent (exo-) and KOD Dash, were tested for their
incorporation efficiency of Cy3-dCTP. PCR products were
confirmed with agarose gel electrophoresis.

2.4

DNA microarray analysis of bacillus species

KOD Dash DNA polymerase was utilized to incorporate
Cy3-dCTP into the PCR products of these five bacilli following the second labelling method. The universal forward
and reverse primers of Bacillus subtilis, Bacillus
licheniformis and Bacillus pumilus are CAGTGGTTTCTT
GATGAGGGTC and AGAACCGTAACCGGCAACTT, respectively. The forward and reverse primers of Bacillus
megaterium are CAATGGCTGTTCGTTTCG and TTGC
TTCACGGCTTCCT. The forward and reverse primers of
Bacillus circulans are GAGACTCTGCTGGTGGTTCTG
and TCCCCAATTCCTGTTCCTATT.
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Microarrays were hybridized with the labelled PCR products of bacillus species in hybridization solution (25% formamide, 3×SSC, 10× Denhardt's solution, 0.2% SDS) for 2 h
at 58°C. After washing with washing buffer I (WB I: 2 ×
SSC, 0.1% SDS) at 42°C and washing buffer II (WB II: 0.1
× SSC), microarrays were scanned using Microarray scanner
GenePix Personal 4100A (Axon, USA) with excitation at
532 nm and emission at 570 nm. The signal intensity of
microarray images were calculated for all true positive spots
by subtracting the background value from the median signal
intensity at 532 nm (Keum et al. 2006). Only the spots with
signal intensities ≥ 1000 and signal/noise ratio (SNR) ≥ 1.5
were considered to be the positive ones.
2.5

Statistical analysis

All experimental results were repeated at least three times
independently. Data were presented as mean ± standard
deviation. Statistical analyses were performed using oneway ANOVA by GraphPad Prism 5.0 software. p<0.05
was considered to be statistically significant.
3.

Results and discussion

DNA microarray contains hundreds and thousands of different oligonucleotide probes on one chip for high-throughput
detection and analysis of DNAs and RNAs. DNA microarray
has found a wide range of applications in whole genome
screening (Shi et al. 2005; Lee et al. 2007), SNP identification and abnormal gene expression discovery (Wen et al.
2003; Bao et al. 2005; Gunderson et al. 2005), since it has
demonstrated many advantages of stable and uniform immobilization of probes, high hybridization efficiency and highthroughput capability (Bryant et al. 2004; Lemarchand et al.
2005; Stoughton 2005).
Home-made microarrays are also frequently used to analyse those genes of interest in a more cost-effective, flexible
and convenient manner. However, fabricating high-density
and high-quality microarray needs to overcome some technical challenges. Extreme care must be taken at every step of
the whole analysis process: preparing oligonucleotide probes
and corresponding microarray, labelling PCR products,

Figure 3.

Evaluation of labelling the PCR products. (A) Electrophoretic analysis of Bacillus licheniformis PCR products amplified using
different polymerases (Taq, Ex Taq, Deep Vent (exo-) and KOD Dash) and different labeling procedures (Cy3-primer extension (lane 1) and
Cy3-dCTP incorporation (lanes 4, 6, 8 and 10)). And dCTP incorporation was also tested (lanes 3, 5, 7 and 9). (B) The microarray layout
printed with probes B1, B2 and B3 for Bacillus licheniformis (image 1), and microarray analysis of Bacillus licheniformis PCR products
amplified using Taq and Cy3-primer (image 2), using Taq and Cy3-dCTP (image 3), Ex Taq and Cy3-dCTP (image 4), Deep Vent (exo-)
and Cy3-dCTP (image 5) and KOD Dash and Cy3-dCTP (image 6). (C) Histogram showing the fluorescence intensity of the microarray
images. Asterisks indicate the statistical difference (p<0.05) when the hybridization signals generated by KOD Dash were compared with
other DNA polymerases.
J. Biosci. 39(5), December 2014

800

J. Biosci. 39(5), December 2014

Jing Yan et al.

LNA-isothermal microarray for analysing bacilli
hybridizing the PCR products with microarray and surface
processing. Any minor mistake in one step of this multiplestep process could lead to a failure and ruin the whole
analysis. The most troublesome problem is that it is hard to
identify the true causes of mistakes since there is no direct
and convenient way to visualize the correctness of each step
of the whole process. Thus, we proposed in the current study
to optimize the practical procedures to ensure the highquality analysis results.

3.1

Optimization of microarray hydration

To ensure the uniformity of all the capture probes pin-printed
on the slides, slide hydration has been proposed. We used the
control oligonucleotide (Conl) to optimize the hydration condition. Control oligonucleotide was prepared at the concentrations of 0.5, 1.0, 2.5, 5.0, 10, 15, 20, 25, 50 and 100 μg/mL in
SSC buffer, and then was pin-printed onto the glass slides in
10×10 array by Biochip Microarrayer (BioDot AD3200, USA)
with SMP3B pins at 25°C and 70% relative humidity. The spot
diameters were expected to be 100 μm and the interval between two spots was 150 μm. Three hydration conditions were
evaluated. The first hydration condition was to hydrate the
slides in the closed wet box overnight, the second one was to
hydrate the slides in water vapour for 15 s followed by natural
drying and to repeat this step three times, and the third one was
to hydrate the slides in water vapour for 10 s twice with natural
drying between each hydration. All slides were finally dried at
80°C for an hour, washed in 0.2% SDS solution and then
rinsed with ddH2O. Microarray scanner acquired the fluorescence images with excitation at 532 nm and emission at 570
nm. Three duplicated slides were assessed for each hydration
condition.
As shown in figure 1, after the treatment of the first
hydration method, the slide showed smaller spots, and the
fluorescence images of spots were not uniform. The slides
treated with the second hydration method also showed irregular spots. In contrast, the slides treated with third hydration
method exhibited much better fluorescence images than other two methods. All the spots were perfectly round in shapes
and uniform in the fluorescence signal. The microarray images of good quality slides lay a solid foundation for later
data processing. Thus, in the subsequent experiments, all the
slides were treated with the third hydration method.

3.2
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Improvement of the signal/noise ratio

Success of microarray-based analysis depends on the good
quality of fluorescence images as well as the low background. In general, the fluorescent background signal has
been considered to be due primarily to the non-specific
attachment of organic chemicals and fluorophores to the
microarray surface. Thus, use of blocking buffer to prevent
such non-specific attachment is highly required. Three surface treatment procedures were tested. The first procedure
was to incubate the microarray slide in 0.25% NaBH4 solution for 1 h in dark, the second one was to incubate the
microarray slide in 5% BSA for 1 h, and the third one was to
incubate the microarray slide in 0.25% NaBH4 solution for
an hour in dark, and then in 5% BSA solution for another
hour. After treatment, all the slides were then rinsed with
ddH2O thoroughly and centrifuged to dry.
Capture oligonucleotides (Capt) were prepared at the
concentration of 2.5, 5.0, 10, 25, 50 and 100 μg/mL in
SSC buffer, and spotted on the slide surface in 10×6 array.
After hydration, all the microarray slides were treated with
the blocking buffer mentioned above.
Rept oligonucleotide at the final concentration of 2.5 μg/
mL was prepared in hybridization solution. The hybridization solution was heated at 94°C for 3 min and followed by
quick chilling on ice for 5 min. 13.5 μL of Rept hybridization solution was spread evenly on microarray slide, and the
slide was kept in the sealed hybridization box at 50°C for 1
h. Thereafter, the slides were washed with WB I once and
WB II twice. The slides were dried by centrifugation using
SlideWasherTM 8 (CapitalBio Corporation, China), and
scanned on GenePix Personal 4100A. The signal intensity
of each spot was obtained by subtracting the background
from the median signal, and the SNR of these spots were also
calculated.
The microarray slides were prepared with printed Capt
probes at different concentrations (figure 2A), and then were
hybridized with Rept oligonucleotide in hybridization solution. One hour later, the slides were blocked with different
methods. Then fluorescence intensities of the printed spots
and the background of slides were measured separately and
their SNRs were calculated (figure 2B). Chip 1 (treated with
the first hybridization method) showed a low fluorescent
background and a high SNR, chip 2 displayed the highest
fluorescent background although it exhibited the highest

Figure 4.

Detection of bacilli of similar origin using LNA-modified isothermal microarray and DNA microarray. (A) PCR products of
bacilli targets using KOD Dash DNA polymerase and by the Cy3-dCTP incorporation. (B) Microarray layout. Q represents the positive
control, SSC represents blank control. (C) Microarray images of the LNA-modified oligonucleotide probes. 1: positive control; 2: probe A1
for Bacillus subtilis; 3: probe B1, B2 and B3 for Bacillus licheniformis; 4: probe C1 and C2 for Bacillus pumilus; 5: probe D1 and D2 for
Bacillus megaterium; 6: probe E1 and E2 for Bacillus circulans. (D) Microarray images of DNA oligonucleotide probes. Images 1 and 3
were acquired under the same condition as the LNA-modified isothermal microarray; image 2 was acquired by longer hybridization.
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SNR, and chip 3 exhibited the lowest fluorescent background, but its SNR was much lower than chip 1 and chip
2. Hence, we chose the first hybridization method for subsequent experiments.
3.3

Evaluation of fluorophore-labelling PCR products

The gene fragments to be examined need to be amplified and
fluorophore-labelled. Two labelling methods were compared: use of the Cy3-labelled primers and incorporation of
Cy3-dCTP into the PCR products. For confirmation, PCR
products of Bacillus lichenifomis (473 bp) were analysed
with agarose gel electrophoresis, and their images with UV
radiation were recorded. Figure 3A shows that all PCR
products exhibited almost identical visibility after EB staining for 5 min, indicating that the amplification efficiency of
each DNA polymerase is comparable. However, before EB
staining, the band intensities of PCR products with Cy3dCTP incorporation were different (lanes 4, 6, 8 and 10;
figure 3A), showing the differences in the incorporation
efficiency of Cy3-dCTP.
To compare the detection accuracy, oligonucleotide
probes B1, B2 and B3 were prepared which can recognize
three different conserved regions of Bacillus licheniformis.
Corresponding PCR products were obtained using different
DNA polymerases and different labelling procedures (Cy3dCTP and Cy3-primer). After hybridization, their microarray
images were obtained. Figures 3B and 3C showed their
microarray images and fluorescence intensities. As shown
in figure 3C, each method could generate comparable results
among three different probes B1, B2 and B3. Among these
five methods tested, the combination of KOD Dash and Cy3dCTP produced the fluorescence signal intensity about three
times higher than other four groups. Therefore, KOD Dash is
used in the subsequent experiments.
3.4

Evaluation of LNA-modified oligonucleotide probe

LNA is one of the extensively studied nucleotide analogues.
Previous study has shown that one complementary
LNA:DNA base pair can enhance the duplex stability by
elevating the melting temperature (Vester and Wengel 2004;
Kaur et al. 2006); (Piao et al. 2009). When two or more
LNAs were incorporated into DNA duplexes, the melting
temperature could be further increased. It is also reported
that LNA pyrimidines could contribute more to the stability
than LNA purines in order of C > T > G > A (McTigue et al.
2004; Levin et al. 2006), and the enhanced stability was
dependent on the context of the LNA nucleotides
(McTigue et al. 2004). In addition, LNA has shown a better
capability of discriminating the mismatched base pairs than
DNA probes (You et al. 2006), which have been

J. Biosci. 39(5), December 2014

successfully used in real-time PCR (Johnson et al. 2004;
Chou et al. 2005; Wang et al. 2005), genotyping experiments and SNP polymorphism analysis (You et al. 2006).
We have designed ten probes for these bacillus species
using BLAST software and found that their melting temperatures were in the range of 57.1°C to 70.7°C (table 2). To
ensure their uniform hybridization on one microarray slide,
we adjusted their melting temperatures using LNA modification at different sites of each oligonucleotide probe. Probes
A1, B2, C2 and E2 have two LNA modifications, probes B3,
C1, D1 and E1 have one, and probe B1 and D2 have no
substitution (table 2). Consequently, the melting temperatures of these ten probes were adjusted to a narrow range of
69.1°C to 70.7°C (table 2). The number, the site and the type
of LNA substitutions were carefully balanced when
adjusting their melting temperatures. These ten LNAmodified oligonucleotide probes were pin-printed to form
an isothermal microarray. This 12×12 isothermal microarray
includes eleven repeats of each probe, one blank control and
one positive control used for ascertaining the correct alignment of each target probe (figure 4B).
The five bacillus species were amplified by KOD Dash
DNA polymerase, and then analysed using 2% agarose gel
electrophoresis to confirm their correct size: 473bp (Bacillus
subtilis, Bacillus licheniformis and Bacillus Pumilus),
318 bp (Bacillus megaterium) and 166 bp (Bacillus
circulans) strands (figure 4A). Each PCR products of these
bacillus species were pooled together and then hybridized
with this LNA-isothermal microarray at 58°C for 2 h.
The fluorescence images of these microarrays (figure 4C)
showed that the highest intensity of the positive control
probes and no signals at the blank control. Figure 4C showed
that microarrays composed of species-specific LNA-modified isothermal oligonucleotide probes could identify each
experimental bacillus species of similar origin unambiguously. No false positive and false negative hybridization were
observed. Moreover, image #6 showed the highest fluorescence images. It could be attributed to the fact that the
minimal PCR product (166 bp) should have the maximal
hybridization efficiency (Lane et al. 2004).
For comparison, we also fabricated DNA microarrays
with ten DNA oligonucleotide probes (figure 4D). Image
#1 of figure 4D is compared with image #4 of figure 4C,
and image #3 of figure 4D is compared with image #5 of
figure 4C. Results showed that DNA probes exhibited lower
fluorescence intensity than LNA-modified probes under the
same hybridization condition. In particular, probe C2 generated the lowest fluorescence signals since it has the lowest
melting temperature. Intending to increase the signal on slide
#1 of figure 4D, we have extended the hybridization time for
an addition 1 h, and observed the increased signal of probe
C2 consequently. However, longer hybridization also increased the non-specific hybridization (slide #2; figure 4D).

LNA-isothermal microarray for analysing bacilli
In the present study, we used LNA to unify the melting
temperatures of oligonucleotide probes and fabricated an
isothermal microarray for differentiating different bacillus
species of similar origin. We also optimized procedures of
designing the LNA-isothermal probes, preparing microarray
slides, labelling the PCR products and improving the signal/
noise ratios of the fluorescence images. The experimental
evidence showed that the isothermal microarrays of LNAmodified oligonucleotide probes could accurately identify
the different bacillus species of similar origin. The procedure
we have optimized could be applied to fabrication of the
home-made microarrays, which would be widely and conveniently used to detect and analyse pathogenic bacteria in
clinical diagnosis, drug discovery, food safety control, environment protection and many other areas.
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