
Not Working on Mice or Humans?
A Pipeline to Rapidly Generate Species-specific Microarrays from Sequence Databases

We have developed a pipeline that allows 
the production of oligos for in situ synthe-
sizing microarrays starting from unanno-
tated, redundant EST sequences. The sys-
tem was tested by constructing the first 
annotated microarray with a covering of 
most of the sheep genome. This method 
can be easily extended to other species of 
which genetic sequences are present in 
public databases. As a perspective, the 
approach can be applied also to species 
of which no sequences are available to 
date, thanks to high-throughput “next 
generation” sequencing methods.

What Is a Microarray?

Microarray technology, since its intro-
duction in 1995 [1], has been employed 
for many different applications, such as 

gene expression profiling, microbial de-
tection, SNP genotyping, comparative ge-
nome hybridization, ChiP on chip analy-
sis and miRNA detection. 

Microarray manufacturing is based on 
spotting cDNA or pre-synthesized oligo-
nucleotides, inkjet depositing technolo-
gies [2], light-directed synthesis pro-
cesses [3], and local electrochemistry [4]. 
Schematically, a gene expression mi-
croarray works as follows: mRNA, ex-
tracted from a sample and labeled with a 
fluorescent dye as it is or converted into 
cDNA, is hybridized to a platform har-
boring targets corresponding to genes of 
interest arranged in an easily-coded tem-
plate (the array). When the microarray is 
excited by a laser with a specific wave-
length, the hybridized probe emits fluo-
rescence. The raw intensities of the fluo-

rescence give an estimation of the level 
of gene expression. A typical microarray 
experiment uses cDNA or oligonucle-
otides arrayed on supports that are usu-
ally glass microscope slides or silicon 
chips. The platform employed influences 
the number of gene probes that can be 
hosted on the array, which is higher in 
the case of in situ synthesized oligos. In 
spotted microarrays, the gene probes are 
formerly synthesized and then „spotted“ 
onto glass. This technique is commonly 
used to produce customized printed mi-
croarrays at a relatively low-cost per 
unit. 

Today, the most densely populated ar-
rays are produced by in situ synthesis 
through light-directed process [5, 6] or, at 
a lower scale, through electrochemistry 
[4]. The latter technology, based on a sili-
con microchip that includes also a cir-
cuitry, can be employed for the oligonucle-
otide synthesis and also for electrochemical 
detection of target molecules bound to the 
microarray, beside the conventional fluo-
rescent scanner method [4].

A standard microarray experiment 
compares mRNA abundance between two 
different samples on the same support, 
designed to work with either a single or 
dual detection system. In inkjet-printed 
and spotted microarrays two different 
samples are simultaneously hybridized 
using a two-color hybridization method. 
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Microarrays technology is fast devel-

oping and its application is expanding 

from Homo sapiens to a wide number 

of species where enough information 

on sequences and annotations are 

available. The number of species for 

which a dedicated platform exists is 

not high. The Expressed Sequence 

Tags (ESTs) databases represent a 

collection of anonymous sequences 

that can be used to build species spe-

cific microarrays for species whose 

genome sequences are largely un-

known. 
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We conclude that the 
method is very efficient and 
can be easily extended to 
other species of which ge-
netic sequences are present 
in public databases [10]. With 
this procedure, even a mi-
croarray in single copy can 
be generated with a moder-
ate cost. Therefore, we be-
lieve that this method allows 
the study of species so far ne-
glected with advanced de-
vices like microarrays. As a 
perspective, the approach 
can be applied also to species 
of which no sequences are 
available to date, by using 
high-throughput deep se-
quencing methods.
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On the Affymetrix GeneChip, 
only one sample per chip can 
be hybridized using a single-
color detection system; Com-
bimatrix chips employ either 
two-color or single-color 
scheme and the same array 
can be stripped and re-hy-
bridized up to four times.

Available Platforms

In NCBI Gene Expression Om-
nibus (GEO) more than 100 
species are present, with most 
(~70 %) platforms represented 
by spotted DNA/cDNA or oli-
gonucleotides. This is a weak 
point in microarray genera-
tion in that, before spotting, 
libraries have to be prepared 
and sequenced, while oligo-
nucleotides should be synthe-
sized on a large scale. There-
fore, a considerable lag is 
expected between the start-
ing of information collection 
and the microarray applica-
tions. 

Compared to cDNA arrays, 
in situ synthesized oligonucle-
otides offer increased speci-
ficity and sensitivity and min-
imize chip-to-chip variations, 
even if one drawback is the 
price that can be up to 10 fold 
higher than in house spotted 
arrays [7]. The ~30 % of GEO 
platforms represented by in 
situ generated oligonucle-
otides are mainly produced 
by big companies interested 
in species for which there is 

high attention worldwide and, 
as a result, they are 65 % hu-
man, 37 % model species, 8 % 
pathogens, and 3 % agricul-
tural species.

Cross species hybridization 
has been used for compara-
tive analysis of transcriptome 
between divergent genomes. 
Different methods have been 
proposed to select unbiased 
probes for interspecific tran-
scriptome analysis, as those 
based on genomic DNA hy-
bridization [8].

Anonymous sequences of 
species whose genome se-
quences are largely unknown 
are deposited in gene banks, 
particularly as a result of Ex-
pressed Sequence Tags (EST) 
sequencing projects. EST da-
tabases are redundant and 
errors are likely, nevertheless 
they represent accessible 
data that can be exploited 
with some bioinformatic 
work. Part of it is already car-
ried out by NCBI, which elimi-
nates the redundancy by con-
verting raw sequences in the 
Reference Sequences (Ref-
seq). However, most of the 
work still remains to be done, 
i.e. the annotation of the 
anonymous sequences.

A Pipeline to Rapidly Gener-
ate Custom Microarrays 
from Sequence Databases

We have developed a pipeline 
of software instruments that 

allow starting from unanno-
tated, redundant sequences as 
those found in public data-
bases or generated by parallel 
sequencing, to yield oligonu-
cleotides suitable for in situ 
generation on chip. Microar-
rays designed from not fully 
annotated genome become 
quickly obsolete, due to the in-
creasing availability of tran-
script sequences in public da-
tabases. Our developed pipeline 
software answers this prob-
lem, since the target oligonu-
cleotides can be easily and 
rapidly regenerated, including 
new information just before 
the microarray production. 

The method was tested by 
generating a chip from sheep 
ESTs deposited at NCBI. Oli-
gonucleotides of 40 nucle-
otides length were designed 
using the GoArrays software 
[9], which designs two short 
sequences interleaved by a 
random DNA spacer to 
achieve a better annealing of 
the cDNA, and in situ gener-
ated using the Combimatrix 
(Seattle, WA, USA) equipment. 
The 40-mer length was cho-
sen because shorter oligonu-
cloetide probes might be more 
deeply influenced by a single 
base pair mismatch, while 
linkers have been used to ex-
tend probes and provide 
greater specificity. The chip, 
carrying 21,743 non-redun-
dant features in quadrupli-
cate, 73.4 % of which are fully 
annotated and correspond to 
10,190 genes, represents a 
good coverage of the sheep 
genome [10]. The NCBI sheep 
sequences have been anno-
tated in a sequential proce-
dure by blasting anonymous 
ESTs on the sheep specific da-
tabase, and subsequently on 
databases of homologous spe-
cies in phylogenetic order, if 
sequences were not covered 
by the closer database. 

The microarray efficiency 
was assessed by performing 
pilot experiments using RNA 
of two sheep breeds [11] and 
achieving very good technical 
outcomes, such as in slide 
replicates coefficient of varia-
tion <0.25 for differentially 
expressed genes with P<0.01 
(fig.1).

Fig. 1: Microarray pipeline flowchart: from unannotated, redundant se-
quences to oligonucleotides design, in situ generation on chip and probe 
hybridization.
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