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ABSTRACT
Early diagnosis is crucial for disease treatment and control as it reduces the inappropriate use for

antimicrobial therapy and surveillance activity. This requires the ability to detect and accurately diagnose
infection at or close to the source/outbreak with minimum delay the need for specific, approachable point-
of-care diagnosis able of selective between Causative Pathogens and their subtypes. Nothing of the
available Pathogen diagnostic assays combines a point-of-care format with the complex capability to
identify a large repertoire of human and. The ability of the microarray to identify divergent Pathogens is
based on a balance between the stringency of the hybridization conditions and the signal of the virus
relative to background noise on the array. Although Microbial microarrays can test for all Pathogens
simultaneously, the requirement for nonspecific amplification by random priming reduces their analytical
sensitivity, as compared with assays that detect a single or few agents at one time. This review discusses
the applications of microarray technology has turn out to be a shows potential new tool for the detection
and identification of Microbial pathogens in human Serum, plasma and cell cultures.
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bioinformatics and statistical data analysis
With the huge number of tests accessible for the
finding of Microbial agents affecting humans, it

INTRODUCTION is commonly not predictable that the majority of

The rising accessibility of rapid and responsive
nucleic acid testing assays for Microbial
diseases will modernize the practice of medicine
by gradually reducing the need for standard
culture-based Microbiological methods that take
time '. Molecular theranostics in Microbial
diseases is a promising conception in which
molecular biology tools are used to provide
rapid and accurate diagnostic assays to enable
improved initial management of patients and
more efficient use of antimicrobial % It is a
multiplex technique used in combination of
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these tests are indirect. For infections caused by
agents, commonly used tests determine the
presence of specific antibodies produced by the
patient's immune system in response to
infectious agent *. These tests are useful for
blood screening and in a limited extent as
diagnostic tools, but, because they offer only an
indirect measure of infection, they do not tell the
clinicians whether the infection is past or
current, or if there is a response to the therapy °.
An antibody based test can also miss a recent
infection, because generally it may take several
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days to weeks for the immune system to mount
an antibody response to the infectious agent® .

Microarrays can be used for the identification of
a defined set of known Pathogens using specific
or random PCR primers, the resequencing of
known Pathogens to identify sequence variants,
or for the discovery of novel Pathogens using
Microbial microarrays '. Microbial microarrays
attempt to represent all known Pathogens using
tens of thousands of oligonucleotide probes ®.
Known Pathogens can be detected on the
microarray, as well as novel Pathogens with at
least some degree of relatedness to known
Pathogens °. Although Microbial microarrays
can test for all Pathogens simultaneously, the
requirement for nonspecific amplification by
random priming reduces their analytical
sensitivity, as compared with assays that detect a
single or few agents at one time *°.

Microarray:

Biomedical research evolves and advances not
only through the compilation of knowledge but
also through the development of new
technologies ''. Using traditional methods to
assay gene expression, researchers were able to
survey a relatively small number of genes at a
time 2. Microarray technology aims to monitor
the whole genome on a single chip so that
researchers can have a better picture of the
interactions among thousands of genes
simultaneously™. They represent a major
methodological advance and illustrate how the
advent of new technologies provides powerful
tools for researchers 15. Scientists are using
microarray technology to try to understand
fundamental aspects of growth and development
as well as to explore the underlying genetic
causes of many human diseases *°.
Microarrrinciples

Microarrays are typically composed of DNA
“probes” that are bound to a solid substrate such
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as glass (Figure 1). Each spot (50 to 150 um) in
the array lattice is composed of many identical
probes that are complementary to the gene of
interest *. During hybridization DNA “targets”
diffuse passively across the glass surface, when
sequences complementary to a probe will anneal
and form a DNA duplex *°. Hybridized targets
can then be detected using one of many reporter
molecule systems *°. In essence, a microarray is
a reverse dotblot that employs the same
principles of hybridization and detection used
for many years with membrane-bound nucleic
acids (e.g. Southern and Northern blots) %.

Microbial source and nucleic acid isolation
Microbial samples are purified from whole
blood, plasma, and serum throat swabs, cerebral
spinal fluid, amniotic fluid, Urine, Stool, Genital
tract, Throat, Microbial culture supernatants,
Virus-infected supernatants and other cell-free
body fluids %%,

Primer design, Probes and array for
confirming the identity of Microbial strains

Most critical parameter for successful PCR is the
design of Primers. All things being equal, a
poorly designed primer can result in a PCR
reaction that will not work .The primer sequence
determines several things such as the length of
the product, its melting temperature and
ultimately the yield . A poorly designed primer
can result in little or no product due to non-
specific amplification and/or primer-dimmer
formation, which can become competitive
enough to suppress product formation®*?®. This
application note is provided to give rules that
should be taken into account when designing
primers for PCR. More comprehensive coverage
of this subject can be found elsewhere 2°%,
Several variables must be taken into account
when designing PCR Primers. Among the most
critical are: Primer length, Melting Temperature
(Tm), Specificity, Complementary Primer

International Journal of Current Research and Review www.ijcrr.com

Vol. 03 issue 10 Octaber 2011



Sequences, G/C content and Polypyrimidine (T,
C) or polypurine (A, G) stretches ,3’-end
Sequence %.

Sample amplification and labeling

The C-DNA from the cells in two different
conditions is extracted and labeled with two
different fluorescent labels: for example a green
dye (Cyanine 3) for cells at condition 1 and a red
dye (Cyanine 5) for cells at condition 2 (to be
more accurate, the labeling is typically done by
synthesising single stranded DNAs that are
complementary to the extracted mRNA by a
enzyme called reverse transcriptase). Both
extracts are washed over the microarray.
Labeled gene products from the extracts
hybridize to their complementary sequences in
the spots due to the preferential binding -
complementary single stranded nucleic acid
sequences tend to attract to each other and the
longer the complementary parts, the stronger the
attraction *.

Microarray hybridization

The core principle behind microarrays is
hybridization between two DNA strands, the
property of complementary nucleic acid
sequences to specifically pair with each other by
forming hydrogen bonds between
complementary nucleotide base pairs. A high
number of complementary base pairs in a
nucleotide sequence mean tighter non-covalent
bonding between the two strands. After washing
off of non-specific bonding sequences, only
strongly paired strands will remain hybridized
%1 So fluorescently labeled target sequences that
bind to a probe sequence generate a signal that
depends on the strength of the hybridization
determined by the number of paired bases, the
hybridization conditions (such as temperature),
and washing after hybridization . Total strength
of the signal, from a spot (feature), depends
upon the amount of target sample binding to the
probes present on that spot. Microarrays use
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relative quantization in which the intensity of a
feature is compared to the intensity of the same
feature under a different condition, and the
identity of the feature is known by its position.
An alternative to microarrays is serial analysis of
gene expression, where the transcriptome is
sequenced allowing an absolute measurement®,

Image acquisition

Microarray images are acquiring through with
laser scanner. The scanner executes a region
scan of the slide and creates for each dye a
digital map or an image, of the fluorescent
intensities for each pixel*®. For a distinctive
microarray examination, the scanner generate
two 16-bit tagged image file layout (TIFF files),
one for each fluorescent dye. Dissimilar dyes
attract and emit luminosity at diverse
wavelengths®. In classify to calculate the large
quantity of the two luminous dyes for every
spot, the scanners are intend create excitation
luminosity at diverse wavelength and perceive
dissimilar discharge wavelength. The dyes used
usually are Cy3 and Cy5 having discharge in
510-550nm and 630-660nm ranges respectively

35

Data Analysis

Signal potency is commonly sequence
dependent Intended for this cause, averaging
indicate intensities is not suitable and probe
variant should be investigate separately in
expectancy of the concluding data evaluation
steps. Probe reproduces have the similar
progression, by the way of various instances on
the arrangement. In theory, these should have
the same expression, and their justification is to
amplify. The self-assurance in the dependability
of the gene investigates authentication
development *°. Probe replicates are developed
in two most important approaches *'The
subsequent alternative is to comprise all replica
values in the occupied dataset (e.g. to apply
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ANOVA-type investigation methods afterward
% Investigational inaccuracy is then pooled with
genetic variation. It is essential not to puzzle this
supplement in the numeral of data values for
each gene in the company of the true statistical
sample size, which is purely the number of
biologically autonomous objective samples *.

Data normalization
There are two types of variation in the data, the
biological variation causal the study plan which
one would like to notice and compute and the
deviation due to the technology, the handling
and processing, which one would like to
minimize in order to not obscure the biology .
For this reason we compared the variation
reduction efficiency of our Z-normalization
approach with three other methods by
calculating three measures of data technical
variation: We can be use the following notation
to represent the normalization methods we
compared:
NLRi= log, (Ri/Gi) median (log,) ®©
The median of all logs (ratios) is subtracted from
all individual logs (ratios), resultant in a new
taken as a whole median log (ratio) of zero.
Log-ratios can be non-linear with respect to
signal magnitude. Once applying a locally robust
LOWESS function to this graph, the following
serves as normalization procedure:

LRi=log, (Ri/Gi)- log,(2y(xi)
Log-ratios can be non-linear with respect to
signal magnitude **. Use of the R-I plot, namely,
logye (R/G) vs log2(R/G) will show if this effect
is present. After applying a locally robust
LOWESS function to this method, the following
serves as normalization procedure:
NLRi=log, (Ri/Gi) -log, (2 ¥ *")
Provided a sufficient number of probes or
control probes are contained within each
subarray, the options above can be expanded to
normalize these within an array, adjusting for
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possible print-tip or hybridization gradient
problems *.

Analysis

It is significant to note down that for
microarrays projects intended to study distinct
gene pathways and communications, a greatest
of explanation and statistical consistency is
required. For minimum result set for each gene
should comprises mean expression prominence
per condition, P values, and fold-changes from
consequence testing®. Data points are usually
the mean values of biological chip replicates of
each gene in a given condition *. Limited
subsets of interesting genes can evidently be
plotted by means of simple vertical bar charts *°.
ANOVA-type methods are somewhat more
involved, and appropriate where there is more
than one  experimental  factor  under
investigation*®*". It is significant to note that the
expression of personality genes of attention is
typically backed up by substantiation using other
techniques such as PCR, in situ hybridization
and Northern blotting®®*.

CONCLUSIONS
Accessible techniques to screen a broad range of
Pathogens are intrinsically biased and there by
constrained to detecting a restricted number of
candidate Pathogens. To prevent this difficulty,
we required to expand a Microbial recognition
line of attack based on a combination of
Microbial genomics and long oligonucleotide
microarray technology. To accomplish this
objective, the extremely conserved nucleotide
sequences within a Microbial family can be
selects for illustration on the microarray. By
using the most conserved sequences, we
anticipate maximizing the prospect that all
members of each Microbial family, as well as
unsequenced, unknown, or newly evolved
family member can be detected. Secondary, but
corresponding, ambition, we required to take
advantage of the elevated resolution of
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microarray hybridization to distinguish among
Microbial subtypes, which is a complex and
difficult job with conventional methods.

REFERENCES

1. Tang, B.S., Chan, K.H., Cheng, V.C., Woo,
P.C., Lau, S.K,, Lam, C.C., Chan, T.L., Wu,
AK., Hung, ILF., Leung, S.Y., Yuen, K.Y.
(2005). Comparative host gene transcription
by microarray analysis early after infection
of the Huh7 cell line by severe acute
respiratory  syndrome coronavirus and
human coronavirus 229E. J Virol.10:6180-
6193.

2. Yang, Y.H., Dudoit, S., Luu, P., Lin, D.M,,
Peng, V., Ngai, J.,, Speed, T.P. (2002)
Normalization for cONA microarray data: a
robust composite method addressing single
and multiple slide systematic variation.
Nucleic Acids Res. 30: 4:e15.

3. Natarajan, K., Shepard LA, Chodosh, J.
(2002). The use of DNA array technology in
studies of ocular viral pathogenesis. DNA
Cell Biol. 21:483-490.

4. Wilson, W. J., Strout, C. L., DeSantis, T. Z.,
Stilwell, J. L., Carrano, A. V., ndersen G. L.,
(2002). Sequence-specific identification of
18 pathogenic  microorganisms  using
microarray technology. Mol. Cell. Probes
16:119-127.

5. Conejero-Goldberg, C. E., Wang, C. Yi, T.
E. Goldberg, L. Jones-Brando, F. M.
Marincola, M. J. Webster, and Torrey E. F.,
(2005). Infectious pathogen detection arrays:
viral detection in cell lines and postmortem
brain tissue. BioTechniques 39:741-751.

6. Lin, B., Blaney K. M., Malanoski A. P.,
Ligler, A. G., Schnur, J. M., Metzgar, D.,
Russell, K. L. and Stenger, D. A. (2006) .
Rapid testing for over 20 respiratory
pathogens  simultaneously in  clinical
samples using resequencing arrays. Naval
Research Laboratory, Washington, DC.

203

10.

11.

12.

13.

14.

Wang, Z., Daum L. T., Vora, G. J,
Metzgar, D. E., Walter, A. L. , Canas, C.,
Malanoski, A. P., Lin, B. and Stenger, D. A.
(2006). Identifying influenza viruses with
resequencing microarrays. Emerg. Infect.
Dis. 12:638-646.

Wang, D., Coscoy, L., Zylberberg, M.,
Avila P.C., Boushey, H. A., Ganem, D.,
DeRisi, J.L. ( 2002) . Microarray-based
detection and genotyping of viral pathogens.
Proc Natl Acad Sci U S A, 24:15687-15692.
Tan, S. L., Ganji, G., Paeper, B., Proll, S.,
Katze, M.G. (2007). Systems biology and
the host response to viral infection. Nat
Biotechnol. 12:1383-13809.

Woo, P.C., Lau, S. K., Chu, C.M., Chan,
K.H., Tsoi, HW., Huang, Y., Wong, B.H.,
Poon, R.W., Cai, J. J., Luk, W. K., Poon, L.
L., Wong, S.S., Guan Y, Peiris, J. S., Yuen,
K. Y. (2005) Characterization and complete
genome sequence of a novel coronavirus,
coronavirus HKUL1, from patients with
pneumonia. J Virol, 2:884-895.

Brazma, A., Hingamp, P., Quackenbush, J.,
Sherlock, G., Spellman, P., Stoeckert, C.,
Aach, J., Ansorge, W., Ball, C.A., Causton,
H. C. (2001). Minimum information about a
microarray experiment (MIAME) — toward
standards for microarray data. Nature
Genetics 29: 365-371.

Chuaqui, R.F., Bonner, R.F., Best, C.J.M.,
Gillespie, JW., Flaig, M.J., Hewitt, S.M.,
Phillips, J.L., Krizman, D.B., Tangrea, M.
A., Ahram, M. (2001) Post-analysis follow-
up and validation of  microarray
experiments. Nature Genetics 32 509-514.
Churchill, G. (2002). Fundamentals of
experimental design for cONA microarrays.
Nature Genetics Supplement 32 490-495.
Bryant, P.A., Venter, D., Robins-Browne,
R., Curtis, N. (2004) .Chips with everything:
DNA microarrays in infectious diseases.
Lancet Infect.Dis, 4 :100-111.

International Journal of Current Research and Review www.ijcrr.com

Vol. 03 issue 10 Octaber 2011



15.

16.

17.

18.

19.

20.

21.

22.

Call, D. R., M. K. Bakko, M. J. Krug, and
Roberts, M. C. (2003) Identifying
antimicrobial esistance genes with DNA
microarrays. Antimicrob. Agents.
Chemother. 47:3290-3295.

Wang, H. Y., R. L. Malek, A. E. Kwitek, A.
S. Greene, T. V. Luu, B. Behbahani, B.
Frank, J. Quackenbush, and Lee, N. H.
(2003). Assessing unmodified  70-mer
oligonucleotide probe performance on glass-
slide microarrays. Genome Biol. 4:R5.
Tembe, W., Zavaljevski, N., Bode, E.,
Chase, C., Geyer, J., Wasieloski, L., Benson,
G., Reifman, J.(2007). Oligonucleotide
fingerprint identification for microarray-
based  pathogen  diagnostic  assays.
Bioinformatics. 23:1:5-13.

Rimour, S., Hill, D, Militon, C., Peyret, P.
(2005). GoArrays: highly dynamicand
efficient ~ microarray  probe  design.
Bioinformatics, 21:1094-1103.

Li, X., He, Z., Zhou, J.(2005). Selection of
optimal  oligonucleotide  probes  for
microarrays using multiple criteria, global
alignment and parameter estimation. Nucleic
Acids Res, 33 :6114-6123.

Stafford, P., Brun, M. (2007) . Three
methods for optimization of crosslaboratory
and cross- latform microarray expression
data. Nucleic Acids Res, 35 (10):e72.

Coiras, M. T., M. R. Lopez-Huertas, G.
Lopez-Campos, J. C. Aguilar, and Perez-
Brena, P. (2005). Oligonucleotide array for
simultaneous detection of respiratory viruses
using a reverse-line blot hybridization assay.
J. Med. Virol. 76:256-264.

Ghedin E, Pumfery A, de la Fuente C, Yao
K, Miller N, Lacoste V, Quackenbush J,
Jacobson S, Kashanchi F: Use of a multi-
virus array  for the study of human
pathogens: gene expression studies and
ChIP-chip analysis. Retrovirology 2004,
1:10.

204

23.

24,

25.

26.

27.

28.

29.

30.

31.

Striebel, H.M., E. Birch-Hirschfeld, R.
Egerer, and Foldes-Papp, Z. (2003). Virus
diagnostics on microarrays. Curr. Pharm.
Biotechnol. 4:401-415.

Weil, M.R., T. Macatee, and Garner, H.R.
(2002) Toward a universal standard:
comparing two methods for standardizing
spotted microarraydata.  BioTechniques
32:1310-1314.

Altschul, S. F., Gish, W., Miller, W., Myers,
E.W., Lipman, D. J. (1990) Basic local
alignment search tool. J Mol Biol, 215:403-
410.

Tsai MF, Lin YJ, Cheng YC, Lee KH,
Huang CC, Chen YT, Yao A:. PrimerZ:
streamlined primer design for promoters,
exons and human SNPs. Nucleic Acids Res
2007, 35:W63-W65.

Rozen, S., Skaletsky, H. (2000) Primer3 on
the WWW for general users and for
biologist programmer. Methods Mol Biol,
132:365-386.

Sambrook, J., Fritsch, E. F., Maniatis, T
(1962). Molecular Cloning, Molecular
Cloning: A Laboratory Manual Cold Spring
Harbor Laboratory Press. Cold Spring
Harbor, NY; 1989. Bolton ET, McCarthy
BJ: A general method for the isolation of
RNA complementary to DNA. Proc Natl
Acad Sci USA . 48:1390-1397.

Wilson, W. J., C. L. Strout, T. Z. DeSantis,
J. L. Stilwell, A. V. Carrano, and andersen

G. L. (2002).  Sequence-specific
identification of 18 pathogenic
microorganisms using microarray

technology. Mol. Cell. Probes 16:119-127.
Cheadle, C., Vawter, M. P., Freed, W. J. &
Becker, K. G. (2003). Analysis of
microarray  data using Z  score
transformation. J Mol.Diagn 5, 73-81.
Hmov, A., H. Modi, D.P. Chandler, and
Bavykin, S. (2005). DNA analysis with

International Journal of Current Research and Review www.ijcrr.com

Vol. 03 issue 10 Octaber 2011



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

multiplex  microarray-enhanced PCR.
Nucleic Acids Res. 33:ell.

Mirzabekov, A. and Kolchinsky, A. (2002).
Emerging array-based technologies in pro-
teomics. Curr. Opin. Chem. Biol. 6:70-75.
Irizarry, R.A., Hobbs, B., Collin, F., Beazer-
Barclay, Y. D., Antonellis, K.J., Scherf, U.,
Speed, T.P. (2003) Exploration,
normalization, and summaries of high
density oligonucleotide array probe level
data. Biostatistics. 4(2):249-264.

Feng, S., Tillier, E.R. (2007) A fast and
flexible approach to oligonucleotide probe
design for genomes and gene families.
Bioinformatics. 10:1195-1202.

Vijaya Satya, R., Zavaljevski, N., Kumar,
K., Reifman, J. (2008) A high-throughput
pipeline for designing microarray-based
pathogen  diagnostic  assays. BMC
Bioinformatics. 9(1):185.

Quackenbush, J.(2000). A concise guide to
cDNA microarray analysis. BioTechniques
29 548-562

Quackenbush, J. (2001). Computational
analysis of microarray data. Nature Review
Genetics 2 418-427.

Quackenbush, J.( 2002). Microarray data
normalization and transformation. Nature
Genetics 32 496-501.

Dudoit, S., Yang, Y.H., Callow, M. J. &
Speed, T. P. (2002). Statistical methods for
identifying differentially expressed genes in
replicated cDNA microarray experiments.
Statistica Sinica 12 111-139.

Nadon, R. & Shoemaker, J.(2002) Statistical
issues with microarrays: processing and
analysis. Trends Genet. 18, 265-271.
Rhodes, D., Barrette, T., Rubin, M.A,,
Ghosh, D. & Chinnaiyan, A.M. (2002).
Meta-analysis of microarrays: interstudy
validation of gene expression profiles

205

42,

43.

44,

45.

46.

47.

48.

49.

reveals pathway dysregulation in prostate
cancer. Cancer Res. 62, 4427-4433.
Tseng,G.C., Oh,M.K., Rohlin,L., Liao,J.C.
and Wong,W.H. (2001) Issues in cDNA
microarray analysis: quality filtering,
channel normalization, models of variations
and assessment of gene effects. Nucleic
Acids Res., 29: 2549-2557.

Mehlmann, M., M. B. Townsend, R. L.
Stears, R. D. Kuchta, and K. L. Rowlen.
(2005) Optimization of fragmentation
conditions for microarray analysis of viral
RNA. Anal. Biochem. 347:316-323.
Altschul, S. F., Gish, W., Miller, W., Myers,
E.W., (1990) Lipman DJ: Basic local
alignment search tool. J Mol Biol
215(3):403-410.

Dunbar, S. A. (2006). Applications of
Luminex XMAP technology for rapid, high-
throughput  multiplexed  nucleic  acid
detection. Clin. Chim. Acta 363: 71-82.
Raychaudhuri, S., J.M. Stuart, and Altman,
R.B. (2000). Principal components analysis
to summarize microarray experiments:
application to sporulation. time series. Pac.
Symp. Biocomput. 455-466.

Fejzo, M. & Slamon, D. J. (2001) . Frozen
tumor tissue microarray technology for
analysis of tumor RNA, DNA, and proteins.
Am. J. Pathol. 159, 1645-1650

Greenberg, S. A. (2001). DNA microarray
gene expression analysis technology and its

application to neurological disorders.
Neurology.57: 755-761.
Goodman, N. (2002). Biological data

becomes computer literate: new. Advances
in bioinformatics. Curr Opin Biotechnol 13:
68-71.

International Journal of Current Research and Review www.ijcrr.com

Vol. 03 issue 10 Octaber 2011



