
Method and/or apparatus of oligonucleotide design
and/or nucleic acid detection Field of the invention
The present invention relates to the field of
oligonucleotide design and/or nucleic acid detection.
The method, apparatus and/or product according to the
invention may be used for the detection of pathogens,
for example for the detection of viruses. Background
of the invention The accurate and rapid detection of
viral and bacterial pathogens in human patients and
populations is of critical medical and epidemiologic
importance. Historically, diagnostic techniques have
relied on cell culture passaging and various
immunological assays or staining procedures. Accurate
and sensitive detection of infectious disease agents
is still difficult today, despite a long history of
progress in this area. Traditional methods of culture
and antibodybased detection still play a central role
in microbiological laboratories despite the problems
of the delay between disease presentation and
diagnosis, and the limited number of organisms that
can be detected by these approaches. Faster diagnosis
of infections would reduce morbidity and mortality,
for example, through the earlier implementation of
appropriate antimicrobial treatment. During the past
few decades, various methods have been proposed to
achieve this; with those based on nucleic acid
detection, including PCR and microarraybased
techniques, seeming the most promising. In particular,
PCR-based assays have been implemented, allowing for
more rapid diagnosis of suspected pathogens with
higher degree of sensitivity of detection. In clinical
practice, however, the etiologic agent often remains
unidentified, eluding detection in myriad ways. For
example, some viruses are not amenable to culturing.
At other times, a patient's sample may be of too poor
quality or of insufficient titre forpathogen detection
by conventional techniques. Moreover, both PCR- and
antibody-based approaches may fail to recognize
suspected pathogens simply due to natural genetic
diversification resulting in alterations of PCR primer
binding sites and antigenic drift. DNA and
oligonucleotide microarrays with the potential to
detect multiple pathogens in parallel have been
described (Wang et al. 2002; Urisman et al. 2005).
However, unresolved technical questions prevent their
routine use in the clinical setting. For example, how
does one select the most informative probes for
comprising a pathogen "signature" in light of
amplification and crosshybridization artifacts? What
levels of fluorescent signal and signature probe
involvement constitute a detected pathogen? What is
the accuracy and sensitivity of an optimized detection
algorithm? (Striebel et al. 2003; Bodrossy and
Sessitsch, 2004; Vora et al. 2004). Accordingly, there
is a need in this field of technology for alternative
and improved methods of detection of nucleic acids. In
particular, there is a need for alternative and/or
improved diagnostic methods for the detection of
pathogens. Summary of the invention The present
invention addresses the problems above, and in
particular provides a method, apparatus and/or product
of oligonucleotide design. In particular, there is
provided a method, apparatus and/or product of
oligonucleotide probe and/or primer design. There is
also provided a method, apparatus and/or product of
nucleic acid detection.According to a first aspect,
the present invention provides a method of designing
at least one oligonucleotide for nucleic acid
detection comprising the following steps in any order:
(I) identifying and/or selecting at least one region
of at least one target nucleic acid to be amplified,
the region(s) having an efficiency of amplification
(AE) higher than the average AE; and (II) designing at
least one oligonucleotide capable of hybridizing to
the selected region(s). The at least one
oligonucleotide may be at least one probe and/or
primer. In particular, in step (I) a score of AE is
determined for every position i on the length of the
target nucleic acid(s) or of at least one region
thereof and subsequently, an average AE score is
obtained. Those regions showing an AE score higher
than the average may be selected as the region(s) of
the target nucleic acid to be amplified. In
particular, the AE of the selected region(s) may be
calculated as the Amplification Efficiency Score
(AES), which is the 



probability that a forward primer h can bind to a
position i and a reverse primer h can bind at a
position j of the target nucleic acid, and \i -j\ is
the region of the target nucleic acid desired to be
amplified. In particular, the region \i -j] may be <
10000 bp, more in particular < 5000 bp, or < 1000 bp,
for example  500 bp. In particular, the forward and
reverse primers may be random primers. According to
another aspect, the step (I) comprises determining the
effect of geometrical amplification bias for every
position of a target nucleic acid, and selecting at
least one region(s) to be amplified as the region(s)
having an efficiency of amplification (AE) higher than
the average AE. For example, the geometrical
amplification bias is the PCR bias. The step (II) of
designing at least one oligonucleotide capable of
hybridizing to the region(s) selected in step (I) may
be carried out according to anyoligonucleotide
designing technique known in the art. In particular,
the oligonucleotide(s) capable of hybridizing to the
selected region(s) may be selected and designed
according to at least one of the following criteria:
(a) the selected oligonucleotide(s) has a CG-content
from 40% to 60%; (b) the oligonucleotide(s) is
selected by having the highest free energy computed
based on Nearest-Neighbor model; (c) given
oligoncleotide sa and oligonucleotide Sb substrings of
target nucleic acids va and Vb, sa is selected based
on the hamming distance between sa and any length-m
substring Sb and/or on the longest common substring of
sa and oligonucleotide Sb; (d) for any oligonucleotide
sa of length-m specific for the target nucleic acid
va, the oligonucleotide sa is selected if it does not
have any hits with any region of a nucleic acid
different from the target nucleic acid, and if the
oligonucleotide sa length-m has hits with the nucleic
acid different from the target nucleic acid, the
oligonucleotide sa length-m with the smallest maximum
alignment length and/or with the least number of hits
is selected; and (e) a oligonucleotide pi at position
i of a target nucleic acid is selected if Pi is
predicted to hybridize to the position i of the
amplified target nucleic acid. In particular, the
oligonucleotide may be a probe and/or primer.
Accordingly, two or more of the criteria indicated
above may be used for designing the
oligonucleotide(s). For example, the
oligonucleotide(s) may be designed by applying all
criteria (a) to (e). Other criteria not explicitly
mentioned herein but which are within the knowledge of
a skilled person in the art may also be used.In
particular, under the criterion (e), a oligonucleotide
p,- at position i of a target nucleic acid va is
selected if P(p |va) > l, wherein l is 0.5 and P(p
|vfl ) is the probability that p, hybridizes to the
position i of the target nucleic acid va.More in
particular, l is 0.8. c . In particular, P(p ; \va)
P(X < ,)= - , wherein X is the random variable K
representing the amplification efficiency score (AES)
values of all oligonucleotides of va, k is the number
of oligonucleotides in va, and c,- is the number of
oligonucleotides whose AES values are < x,-. According
to another aspect of the invention, the method of
designing the oligonucleotide(s) as described above
further comprises a step of preparing the selected and
designed oligonucleotide(s). The oligonucleotide,
which may be at least one probe and/or primer, may be
prepared according to any standard method known in the
art. For example, by chemical synthesis or
photolithography. According to another aspect, the
present invention provides a method of detecting at
least one target nucleic acid comprising the steps of:
(i) providing at least one biological sample; (ii)
amplifying nucleic acid(s) comprised in the biological
sample; (iii) providing at least one oligonucleotide
capable of hybridising to at least one target nucleic
acid, if present in the biological sample, wherein the
oligonucleotide(s) is designed and/or prepared by
using a method according to any aspect of the
invention described herein; and (iv) contacting the
oligonucleotide(s) with the amplified nucleic acids
and/or detecting the oligonucleotide(s) hybridised to
the target nucleic 



acid(s).In particular, the oligonucleotide is a probe.
The amplification step (ii) may be carried out in the
presence of random primers. For example, the
amplification step (ii) may be carried out in the
presence of at least one random forward primer, at
least one random reverse primer and/or more than two
random primers. Any amplification method known in the
art may be used. For example, the amplification method
is a RT-PCR. In particular, a forward random primer
binding to position / and a reverse random primer
binding to position j of a target nucleic acid va are
selected among primers having an amplification
efficiency score (AESi) for every position / of a
target nucleic acid va of : j+z wherein 2 P = Pr(i+1)
+ Pr(i+2) + Pr(j+Z), =max(/+l,j+500) Pf (i) andP' (i)
are the probability that a random primer r,- can bind
to position / of va as forward primer and reverse
primer, respectively, and Z < 10000 bp is the region
of va desired to be amplified. More in particular, Z
may be < 5000 bp, < 1000 bp, or < 500 bp. The
amplification step may comprise forward and reverse
primers, and each of the forward and reverse primers
may comprise, in a 5'-3' orientation, a fixed primer
header and a variable primer tail, and wherein at
least the variable tail hybridizes to a portion of the
target nucleic acid va. In particular, the
amplification step may comprise forward and/or reverse
random primers having the nucleotide sequence of SEQ
ID NO:1 or a variant or derivative thereof.The
biological sample may be any sample taken from a
mammal, for example from a human being. The biological
sample may be tissue, sera, nasal pharyngeal washes,
saliva, any other body fluid, blood, urine, stool, and
the like. The biological sample may be treated to free
the nucleic acid comprised in the biological sample
before carrying out the amplification step. The target
nucleic acid may be any nucleic acid which is intended
to be detected. The target nucleic acid to be detected
may be at least a nucleic acid exogenous to the
nucleic acid of the biological sample. Accordingly, if
the biological sample is from a human, the exogenous
target nucleic acid to be detected (if present in the
biological sample) is a nucleic acid which is not from
human origin. According to an aspect of the invention,
the target nucleic acid to be detected is at least a
pathogen genome or fragment thereof. The pathogen
nucleic acid may be at least a nucleic acid from a
virus, a parasite, or bacterium, or a fragment
thereof. Accordingly, the invention provides a method
of detection of at least a target nucleic acid, if
present, in a biological sample. The method may be a
diagnostic method for the detection of the presence of
a pathogen in the biological sample. For example, if
the biological sample is obtained from a human being,
the target nucleic acid, if present in the biological
sample, is not from human. The oligonucleotide(s)
designed and/or prepared according to any method of
the present invention may be used in solution or may
be placed on an insoluble support. For example, the
oligonucleotide probe(s) may be applied, spotted or
printed on an insoluble support according to any
technique known in the art. The support may be a
microarray, a biochip, a membrane/synthetic surface,
solid support or a gel. The probes are then contacted
with the nucleic acid(s) of the biological sample,
and, if present, the target nucleic acid(s) and the
probe(s) hybridize, and the presence of the target
nucleic acid is detected. In particular, in the
detectionstep (iv), the mean of the signal intensities
of the probes which hybridize to va is statistically
higher than the mean of the probes va, thereby
indicating the presence of va in the biological
sample. More in particular, in the detection step
(iv), the mean of the signal intensities of the probes
which hybridize to va is statistically higher than the
mean of the probes < va, and the method further
comprises the step of computing the relative
difference of the proportion of probes . va having
high signal intensities to the proportion of the
probes used in the detection method having high signal
intensities, the density distribution of the signal
intensities of probes va being more positively skewed
than that of probes va, thereby indicating the
presence of va in the biological sample. For example,
in the detection step (iv), at least one target
nucleic acid in a biological sample is detected if the
density distribution of its probe signal 



intensities is not normal, i.e. more positively
skewed, given by Anderson-Darling test value < 0.05
and/or a value of t-test < 0.1 and/or a value of
Weighted Kullback-Leibler divergence of  1.0,
preferably  5.0. , In particular, the t-test value is
< 0.05. More in particular, the method of the
detection step (iv), further comprises evaluating the
probe signal intensity of probe(s) in each pathogen
specific signature probe set (SPS) for the target
nucleic acid(s) va by calculating the distribution of
Weighted Kullback-Leibler (WKL) divergence
scores:where Q U ) is the cumulative distribution
function of the signal intensities of the probes in Pa
found in bin bj ; Q U ) is the cumulative distribution
function of the signal intensities of the probes in Pa
found in bin bj. Q-U) is the cumulative distribution
function of the signal intensities of the probes in Pa
found in bin bj . P is the set of probes of a virus va
and Pa = P - Pa- Vox example, each signature probe set
(SPS) which represents the absence of target nucleic
acid(s) va has a normally distributed signal intensity
(assessed by Anderson-Darling test value < 0.05)
and/or a Weighted Kullback-Leibler (WKL) divergence
score of WKL<5. Each signature probe set (SPS) which
represents the presence of at least one target nucleic
acid va has a positively skewed signal intensity
distribution and/or a Weighted Kullback-Leibler (WKL)
divergence score of WKL>5. The method may further
comprise performing Anderson-Darling test on the
distribution of WKL score(s), wherein a result of
P>0.05 thereby indicates the absence of target nucleic
acid(s) va, or wherein a result of P<0.05 thereby
indicates the presence of target nucleic acid(s) va.
Additionally, a further Anderson-Darling test may be
performed thereby indicating the presence of further
co-infecting target nucleic acid(s). According to
another aspect, the present invention provides a
method of determining the presence of a target nucleic
acid va comprising detecting the hybridization of at
least one oligonucleotide probe (the probe being
selected and designed according to any known method in
the art and not necessary limited to the methods
according to the present invention) to at least one
target nucleic acid va and wherein the mean of the
signal intensities of the probe(s) which hybridize to
va is statistically higher than the mean of the probes
va, thereby indicating the presence of va. In
particular, the mean of the signal intensities of the
probes which hybridize to va is statistically higher
than the mean of the probes < va, and the
methodfurther comprises the step of computing the
relative difference of the proportion of probes va
having high signal intensities to the proportion of
the probes used in the detection method having high
signal intensities, the density distribution of the
signal intensities of probes va being more positively
skewed than that of probes a, thereby indicating the
presence of va. More in particular, the presence of a
target nucleic acid in a biological sample is given by
a value of ttest < 0.1 and/or Anderson-Darling test
value < 0.05 and/or a value of Weighted
Kullback-Leibler divergence of  1.0, preferably > 5.0.
For example, the t-test value may be < 0.05. According
to another aspect, the present invention provides a
method of detecting at least one target nucleic acid,
comprising the steps of: (i) providing at least one
biological sample; (ii) amplifying at least one
nucleic acid(s) comprised in the biological sample;
(iii) providing at least one oligonucleotide capable
of hybridizing to at least one target nucleic acid, if
present in the biological sample; and (iv) contacting
the oligonucleotide(s) with the amplified nucleic
acids and detecting the oligonucleotide(s) hybridized
to the target nucleic acid(s), wherein the mean of the
signal intensities of the oligonucleotide(s) which
hybridize to va is statistically higher than the mean
of the oligonucleotide(s) va, thereby indicating the
presence of va in the biological sample. In
particular, the oligonucleotide is an oligonucleotide
probe. In step (iv), the mean of the signal
intensities of the probes which hybridize to va is
statistically higher than the mean of the probes va,
and the method further comprises the step of computing
the relative difference of the proportion of probes va
having high signal intensities to the proportion of
the probes used in the detection method having high
signal intensities, the density distribution ofthe
signal intensities of probes va being more positively
skewed than that of probes < va, thereby indicating
the presence of va in the biological sample. In 



particular, in step (iv) the presence of at least one
target nucleic acid in a biological sample is given by
a value of t-test < 0.1 and/or Anderson-Darling test
value < 0.05 and/or a value of Weighted
Kullback-Leibler divergence of  1.0, preferably  5.0.
The t-test value may be < 0.05. The nucleic acid to be
detected is nucleic acid exogenous to the nucleic acid
of the biological sample. The target nucleic acid to
be detected may be at least one pathogen genome or
fragment thereof. The pathogen nucleic acid may be at
least one nucleic acid from a virus, a parasite, or
bacterium, or a fragment thereof. In particular, when
the sample is obtained from a human being, the target
nucleic acid, if present in the biological sample, is
not from the human genome. The probes may be placed on
an insoluble support. The support may be a microarray,
a biochip, or a membrane/synthetic surface. The
present invention provides an apparatus of the
invention, comprising an apparatus for performing the
methods according to the invention. In particular, the
apparatus may be for designing oligonucleotide(s) for
nucleic acid detection and/or amplification, the
apparatus being configured to identify and/or select
at least one region(s) of at least one target nucleic
acid to be amplified, the region(s) having an
efficiency of amplification (AE) higher than the
average AE; and design at least one oligonucleotide(s)
capable of hybridizing to the identified and/or
selected region(s). More in particular, the apparatus
may be configured to detect at least one target
nucleic acid comprising any one of the steps of:
providing at least one biological sample; amplifying
nucleic acid(s) comprised in the biological sample;
providing at least one oligonucleotide capable of
hybridizing to at least one target nucleic acid, if
present in the biological sample, wherein the
oligonucleotide(s) is designed and/or prepared
according to the apparatus being configured according
to the invention; andcontacting the oligonucleotide(s)
with the amplified nucleic acids and/or detecting the
oligonucleotide(s) hybridized to the target nucleic
acid(s). The present invention also provides at least
one computer program product configured for performing
the method according to the invention. There is also
provided at least one electronic storage medium
storing the configuration of the apparatus according
to the invention. According to one aspect, the
invention provides a removable electronic storage
medium comprising a software configured to perform the
method(s) according to the invention. In particular,
the removable electronic storage medium may comprise a
software configured to determine the WKL divergence
score and/or Anderson-Darling test for designing at
least one oligonucleotide probe and/or primer, and/or
detecting at least one target nucleic acid. More in
particular, the removable electronic storage
comprising a software configuration may comprise the
WKL, Anderson- Darling test, the designing of probe(s)
and/or the detecting of target nucleic acid(s) as
defined according to the invention. Accordingly, there
is also provided a software configured as described
above. Brief description of the figures Figure 1 shows
a RT-PCR binding process of a pair of random primers
on a virus sequence (SEQ ID NOS: 1to 9). The labels
for Figure 1 are as follows: A: Reverse transcription
(RT). Primer binds to template. B: Tagged RT products
are generated (in detail with hypothetical viral
sequence template, and hypothetical specific random
primer). C: Second strand synthesis is completed
incorporating tags. D: Amplification of tagged RT
product using PCR Primer GTTTCCCAGTCACGATA (SEQ ID
NO:8).Figure 2 shows an Amplification Efficiency
Scoring (AES) Map for the RSV B genome. Figure 3 shows
oligonucleotide probe signal intensities for 1
experiment for RSV B. Figures 4(A5 B). Figure 4A shows
the density distribution of signal intensities of a
virus that is the sample tested. An arrow indicates
the positive skewness of the distribution. This
indicates that although there is noise, there is
significant amount of real signals as well. Figure 4B
shows the density distribution of signal intensities
of a virus not in the sample. It is noise dominant.
Figure 5 shows an analysis framework of pathogen
detection chip data. Figure 6. Oligonucleotide probe
design schema. This illustrates the tiling probes
created across the genome of NC_001781 Human
respiratory syncytial virus (RSV). The numbers
represent the start and end positions of each probe. 



1948 probes were synthesized to cover the entire 15225
bp RSV genome. This process was repeated for the
remaining 34 viral genomes. Figure 7(A,B C) Key to
labels of microarray bars:RNA isolated from SARS
Sin850-infected cell line (A) or Dengue l-infected
cell line (B) was hybridized onto the pathogen
microarray following SARS-specific or Dengue
l-specific RT-PCR respectively. SARS cross-hybridized
(shown in black colour) to other coronaviridae
genomes, particularly to the highly conserved middle
portion of the genome (Ruan et al. 2003). Dengue I
crosshybridized to probes derived from flaviviridae
and other genomes based on their sequence similarity.
By examining the Hamming Distance (HD) and Maximum
Contiguous Match (MCM) scores, we established
thresholds to predict whethercross-hybridization would
occur and utilized this information to generate in
silico hybridization signatures. (C) RNA isolated from
a clinical patient diagnosed with RSV was amplified
using random RT-PCR and hybridized onto the pathogen
microarray. Figure 8 Relationship between probe
Hamming Distance (HD), probe Maximum Contiguous Match
(MCM) and probe Signal Intensity. Average probe signal
intensity decreases as HD increases and MCM decreases.
This correlates with a reduction in the percentage of
detectable probes (signal intensity > mean + 2 SD). At
the optimal cross-hybridization thresholds HD<4 or
MCM>18 (shaded), >98% of probes can be detected. At
HD=5 or MCM=I 7, the detection rate falls to 85%.
Figure 9(A, B) RNA isolated from a RSV-infected
patient was hybridized onto a pathogen detection
array. (A) Distribution of probe signal intensities
all 53,555 probes show a normal distribution (grey
solid line). Non-RSV probes, when examined on a
genome-specific level, e.g. parainfluenza-1 (grey
dotted line), also show a normal distribution. Signal
intensity of RSV-specific probes have a positive skew,
with higher signal intensities in the tail of the
distribution (black solid line). (B) Distribution
frequency of WKL scores for the 35 SPS with majority
ranging between -5 and 3. However the WKL score for
the RSV genome is 17, so the distribution is not
normal (P<0.05 by Anderson Darling test). Excluding
the outlier genome results in a normal distribution.
From this computation, we conclude that RSV is present
in the hybridized sample. Figure 10 AES is indicative
of probe amplification efficiency. Higher proportion
of probes with high AES are detectable above signal
intensity thresholds over 5 experiments. Figure 11
Schema showing the processes necessary for pathogen
detection using microarray.Figure 12 Hybridization
signal intensity correlates to Amplification
Efficiency Score (AES), P=2.2 x 10~16. A RSV patient
sample was hybridized onto a microarray, and signal
intensities of each probe were plotted together with
the computed AES. The signal threshold for
high-confidence detection on a typical array is
indicated by the green line. Figure 13 Using
AES-optimized primer tags for random RT-PCR increases
the AES by 10-30-fold. The optimized primers were
predicted to have the same performance across all 35
genomes represented on the microarray. Most patient
samples were amplified using the AES-optimized primer
A2. Figure 14(A,B) Key to labels of microarray
bars:Choice of primer tag in random RT-PCR has
significant effect on PCR efficiency. Heatmap showing
probes hybridizing to a clinical hMPV sample following
RT-PCR using (A) original primer described by
Bohlander, et. al. 1992, or (B) primer designed
following PCR modeling to ensure that it will
efficiently amplify all genomes (high AES) represented
on the microarray.Figure 15 Diagnostic PCR results for
RSV Patient #412 confirm that patient does not have a
coronavirus infection. (A) PCR using Pancoronavirus
primers. Lane 1: OC43 coronavirus positive control,
Lane 2: 229E coronavirus positive control, Lane 3: RSV
patient #412, Lane 4: PCR primers and reagents only
negative control. 1 kb ladder. (B) PCR using OC43
specific primers. Lane 1: OC43 coronavirus positive
control, Lane 2: RSV patient #412, Lane 3: purified
RSV from ATCC, Lane 4: PCR negative control. 50bp
ladder. (C) PCR using 229E specific primers. Lane 1:
229E coronavirus positive control, Lane 2: RSV patient
#412, Lane 3: PCR negative control. 1 kb ladder.
Detailed description of the invention Bibliographic
references mentioned in the present specification are,
for convenience, listed in the form of a list of
references and added to the end of the examples. The
whole content of such bibliographic references is
herein incorporated by reference. 



The present invention addresses the problems of the
prior art, and in particular provides at least one
method, apparatus and/or product of oligonucleotide
design. In particular, thre is provided a method,
apparatus and/or product of probe and/or primer
design. There is also provided a method, apparatus
and/or product of nucleic acid(s) detection. While the
concept of using oligonucleotide hybridization
microarrays as a tool for determining the presence of
pathogens has been proposed, significant hurdles
remain, thus preventing the use of these microarrays
routinely (Striebel, H.M., 2003). These hurdles
include probe design and data analysis (Striebel,
H.M., 2003; Bodrossy, L. & Sessitsch, A., 2004; Vora,
G.J., et al., 2004). The present inventors observed in
a pilot microarray that despite meticulous probe
selection, the best in silico designed probes do not
necessarily hybridize well topatient samples. The
inventors realized that to generate probes which would
hybridize consistently well to patient material, it
was necessary to develop a new and/or improved method
of probe design so as to determine the optimal design
predictors. In particular, as described in the Example
section, the present inventors created a microarray
comprising overlapping 40-mer probes, tiled across 35
viral genomes. However, the invention is not limited
to this particular application, probe length and type
of target nucleic acid. According to a particular
aspect of the invention, the present inventors
describe how a support, in particular a microarray
platform, is optimized so as to become a viable tool
in target nucleic acid detection, in particular, in
pathogen detection. The inventors also identified
probe design predictors, including melting
temperature, GC-content of the probe, secondary
structure, hamming distance, similarity to human
genome, effect of PCR primer tag in random PCR
amplification efficiency, and/or the effect of
sequence polymorphism. These results were considered
and/or incorporated into the development of a method
and criteria for probe and/or primer design. According
to a more particular aspect, the inventors developed a
data analysis algorithm which may accurately predict
the presence of a target nucleic acid, which may or
may not be a pathogen. For example the pathogen may
be, but not limited to, a virus, bacteria and/or
parasite(s). The algorithm may be used even if probes
are not ideally designed. This detection algorithm,
coupled with a probe design methodology, significantly
improves the confidence level of the prediction (see
Tables 6 and 7). According to a particular aspect, the
method of the invention may not require a prediction
of the likely pathogen, but may be capable of
detecting most known human viruses, bacteria and/or
parasite(s), as well as some novel species, in an
unbiased manner. Genome or a fragment thereof is
defined as all the genetic material in the chromosomes
of an organism. DNA derived from thegenetic material
in the chromosomes of a particular organism is genomic
DNA. A genomic library is a collection of clones made
from a set of randomly generated overlapping DNA
fragments representing the entire genome of an
organism. The rationale behind this detection platform
according to the invention is that each species of
virus, bacteria and/or parasite(s) contains unique
molecular signatures within the primary sequence of
their genomes. Identification of these distinguishing
regions allows for rational oligonucleotide probe
design for the specific detection of individual
species, and in some cases, individual strains. The
concomitant design and/or preparation of
oligonucleotide (oligo) probes that represent the most
highly conserved regions among family and genus
members, will enable the detection and partial
characterization of some novel pathogens. Furthermore,
the inclusion of all such probes in a single support
may allow the detection of multiple viruses, bacteria
and/or parasite(s) that simultaneously co-infect a
clinical sample. The support may be an insoluble
support, in particular a solid support. For example, a
microarray or a biochip assay. According to a
particular aspect, the invention may be used as a
diagnostic tool, depending on the way in which
oligonucleotide probes are designed, and/or how the
data generated by the microarray is interpreted and
analyzed. Determination of efficiency of amplification
According to a first aspect, the present invention
provides a method of designing oligonucleotide
probe(s) for nucleic acid detection comprising the
following steps in any order: (i) identifying and/or
selecting at least one region of at least one target 



nucleic acid to be amplified, the region(s) having an
efficiency of amplification (AE) higher than the
average AE; and (ii) designing at least one
oligonucleotide probe capable of hybridizing to the
identified and/or selected region(s).In particular, in
step (i) a score of AE is determined for every
position i on the length of the target nucleic acid or
of a region thereof and an average AE is obtained.
Those regions showing an AE higher than the average
are selected as the region(s) of the target nucleic
acid to be amplified. In particular, the AE of the
selected region(s) may be calculated as the
Amplification Efficiency Score (AES), which is the
probability that a forward primer h can bind to a
position i and a reverse primer h can bind at a
position j of the target nucleic acid, and |/ - j \ is
the region of the target nucleic acid desired to be
amplified. In particular, the region \i ~j\ may be <
10000 bp, more in particular < 5000 bp, or < 1000 bp,
for example < 500 bp. In particular, the forward
and/or reverse primers may be random primers.
According to another aspect, the step (i) of
identifying and/or selecting region(s) of a target
nucleic acid to be amplified comprises determining the
effect of geometrical amplification bias for every
position of a target nucleic acid, and selecting the
region(s) to be amplified as the region(s) having an
efficiency of amplification (AE) higher than the
average AE. The geometrical amplification bias may be
defined as the capability of some regions of a nucleic
acid to be amplified more efficiently than other
regions. For example, the geometrical amplification
bias is the PCR bias. Modeling of amplification
efficiency Since it is not known what target nucleic
acid (for example a pathogen) exists within the
patient sample, random primers may be used during the
amplification step and/or the reverse-transcription
(RT) process to ensure unbiased reversetranscription
of all RNA present into DNA. Any random amplification
method known in the art may be used for the purposes
of the present invention. In the present description,
the random amplification method may be RT-PCR.However,
it will be clear to a skilled person that the method
of the present invention is not limited to RT-PCR. In
particular, the RT-PCR approach may be susceptible to
signal inaccuracies caused by primer-dimer bindings
and poor amplification efficiencies in the RT-PCR
process (Bustin, S.A., et al, 2004). To overcome this
hurdle, the inventors have modeled the RT-PCR process
by using random primers. According to a particular
aspect of the invention, the amplification step
comprises forward and reverse primers, and each of the
forward and reverse primers comprises, in a 5'-3'
orientation, a fixed primer header and a variable
primer tail, and wherein at least the variable tail
hybridizes to a portion of the target nucleic acid va.
The size of the fixed primer header and that of the
variable primer tail may be of any size, in mer,
suitable for the purposes of the method according to
the present invention. The fixed header may be 10-30
mer, in particular, 15-25 mer, for example 17 mer. The
variable tail may be 1-20 mer, in particular, 5-15
mer, for example 9 mer. An example of these forward
and reverse primers is shown in Figure 1. More in
particular, the amplification step may comprise
forward and/or reverse random primers having the
nucleotide sequence d'-GTTTCCCAGTCACGATANNNNNNNNN-S',
(SEQ ID NO:1), wherein N is any one of A, T, C, and G
or a derivative thereof. According to a particular
embodiment, also exemplified in Figure 1, the present
inventors have modeled the random RT-PCR process as
follows. Let va be the actual virus in the sample. The
random primer used in the RT-PCR process was
preferably a 26-mer primer having a fixed 17-mer
header and a variable 9-mer tail of the form
(5'-GTTTCCCAGTCACGATANNNNNNNN-3')(SEQ ID NO:1 and, in
particular, SEQ ID NOS:2-7). However, it is clear to a
skilled person the that primer according to the
invention is not limited to the sequence(s) of SEQ ID
NOS:1-7 and Figure 1. In fact, nucleotide size of the
primer, and in particular of the header and variable
tail may be varied and chosen within the
rangesdiscussed above. To obtain a RT-PCR product in a
region between positions / and of va, the inventors
required ( 1) a forward primer binding to position /,
(2) |/ -j\  10000, and (3) a reverse primer binding to
position j . In particular, \i -j\, which is the
region of the target nucleic acid desired to be
amplified, may be < 5000 bp, more in particular <
1000, for example < 500 bp. The quality of the RT-PCR
product depends on how well the forward primer and/or
the reverse primer bind to va. Some random primers can
bind to va better than others. The 



identification of such primers and where they bind to
va gives an indication of how likely a particular
region of va will be amplified. Using this approach,
there is provided an amplification efficiency model
which computes an Amplification Efficiency Score (AES)
for every position of va. For a particular position /
of a target nucleic acid va, Pf (J) and Pr (i) are the
probabilities that a random primer h can bind to
position / of va as forward primer and reverse primer
respectively. For simplicity, it is assumed that a
random primer can only bind to va if the last 9
nucleotides of the random primer is a substring of the
reverse complement of va (forward primer) or a
substring of va (reverse primer). This is shown in
Figure 1. Based on well-established primer design
criteria (Wu, D.Y., et al., 1991), the Pf (i) was
estimated to be low if h forms a significant
primer-dimer or has extreme melting temperature. On
the other hand, if h does not form any significant
primer-dimer and has optimal melting temperature, then
Pf (i) will be high. Note that if the header of the
random primer is similar to va, it may also aid in the
binding and thus result in a higher Pf (i) .
Similarly, the Pr (i) was computed. The binding of the
random primer r, at position / of va as a forward
primer affects the quality of the RT-PCR product for
at least 10000 nucleotides upstream of position /.
Similarly, the binding of the random primer h at
position / of va as a reverse primer affects the
quality of the RT-PCR product for at least
10000nucleotides downstream of position /. Thus, an
amplification efficiency score, AESj, for every
position / of va can be computed by considering the
combined effect of all forward and reverse
primer-pairs that amplifies it: wherein j r ) _ p i+1
+ p r i+2 ) + pr(j+Z) k=max(i+l,j+500) Pf (/) and P'
(i) is the probability that a random primer r,- can
bind to position / of va as forward primer and reverse
primer, respectively, and Z < 10000 bp is the region
of va desired to be amplified. Accordingly, Z may be <
10000 bp, < 5000 bp, < 1000 bp or < 500 bp. To verify
if the variation in signal intensities displayed by
different regions of a virus has direct correlation
with their corresponding amplification efficiency
scores, several microarray experiments (in the
particular case, a total of five microarray
experiments) were performed on a common pathogen
affecting human, the human respiratory syncytial virus
B (RSV B). Modeling of RT-PCR for amplification
efficiency According to the method of the invention,
which is an improvement of the method of (Sung et al.
2003, CSB) the primer used for the reverse
transcription comprises a fixed oligonucleotide tag
(header) and a random oligonucleotide tail. In theory,
the random oligonucleotide tail should bind
indiscriminately to allnucleic acids in the patient
sample, initiating first strand synthesis. After the
second strand synthesis, all reversed-transcribed
sequences will have the fixed oligonucleotide tag
(header) at both ends. These sequences are amplified
by PCR, using the fixed oligonucleotide tag (header)
as the primer to generate PCR products of at least
10000 bp in length. In particular, the majority of the
amplified PCR products are between 500-1000 bp in
length. According to the particular embodiment, the
26-mer primer used for reverse transcription (RT)
comprises a fixed 17-mer tag with a 9-mer random tail:
5'- GTTTCCCAGTCACGATANNNNNNNNN-3' (SEQ ID NO:1). In
our model, va represents the pathogen in the clinical
sample. To generate at least one PCR product, for
example of 500-1000 bp, in any region of the genome,
defined by positions / and j of va requires a forward
primer binding to position / and a reverse primer
binding to position j in the anti-sense direction such
that 500 = \i -j\ = 10000, and in particular, such
that 500 = \i -j\ = 1000. The binding affinity of a
primer is determined by at least two factors: (1)
primer dimer formation, and (2) hybridization affinity
of the primer to the virus va. Genomic regions which
can be successfully amplified by virtue of having
ideal primer binding locations within 10000
nucleotides, in particular within 1000 or 500
nucleotide, can be predicted for by calculating an
Amplification Efficiency Score [AES) for every
position of va: Figure 1. Amplification Efficiency
Score (AES) For each position / of va, letP / (/)andP'
(z)be the probability that a random 



primer n can bind to position / of va as forward
primer and reverse primer respectively. For
simplicity, we assumed that a random primer can only
bind to va if the nucleotide of the random tail of the
primer (for example, the last 9 nucleotides of the
random primer as shown in Figure 1) is a substring of
thereverse complement of va (forward primer) or a
substring of va (reverse primer; Figure 1) . Based on
well-established primer design criteria (Wu and
Ugozzoli, 1991), we estimated Pf (i) to be low if h
formed a significant primer-dimer or had extreme
melting temperature. On the other hand, if r,- did not
form any significant primer-dimer and had optimal
melting temperature, then Pf (i) will be high. If the
fixed oligonucelotide tag (header) of the random
primer (for example, the fixed 17-mer tag shown in
Figure 1) is similar to va, it may also aid in the
binding and thus result in a higher Pf (i) .
Similarly, we computed P' (/) . The binding of the
random primer r, at position / of va as a forward
primer affects the quality of the RT-PCR product for
the nucleotides upstream of position / (for example,
for the 500 to 1000 nucleotides upstream of position
i). Similarly, the binding of the random primer h at
position / of va as a reverse primer affects the
quality and coverage of the RT-PCR product for the
nucleotides downstream of position / (for example, for
the 500 to 1000 nucleotides downstream of position /).
Consider a position x of va. All effective primer
pairs that reside at positions / and j respectively
contribute to the quality of the RT-PCR product at x .
Note that i = x =j and i - j = 10000. For example, 500
= i - j = 1000 since our RT-PCR product when 500 to
1000 basepairs long. Thus, an Amplification Efficiency
Score, AESx, for every position x of va can be
computed by considering the combined effect of all
primer pairs that amplifies it:AES threshold
predictive of successful RT-PCR The threshold for
amplification efficiency scores for probe selection
for a virus va is determined by the cumulative
distribution function of the AES values va. Let X be
the random variable representing the AES values of all
probes of va. Let k be the number of probes in va.
Then, we denote the probability that the AES value is
less than or equal to x be P(X  x) c/ where c is the
number of probes which have AES values less than or
equal to x . For a probe p,- at position / of va, let
X be its corresponding AES value. Since the signal
intensity of a probe is highly correlated to its AES
value, we estimated P(p \va) , the probability that
p,- has high signal intensity in the presence of va,
to be P(X  c,) Thus, P(j> t \ v a) P(X  x t ) C1 where
c, is the number of probes whose AES values are less
than or equal to X1. For probe selection, probe p,- is
selected f |va) > l. In our experiments, we set l =
0.8. At this threshold (top 20% AES), we observed that
more than 50% of expected probes would hybridize
reproducibly to different clinical samples. While
using probes with higher AES (eg. top 10% AES) would
improve reproducibility, this would reduce the number
of unique probes remaining for some genomes to <10 at
the species level, consequently eroding the ability of
the array to specifically identify pathogen. Thus top
20% AES was used.Empirical Determination of
Cross-Hybridization Thresholds on a Pathogen Detection
Microarray: Probe Design The step (ii) of designing
oligonucleotide probe(s) capable of hybridizing to the
selected region(s) may be selected to any one of the
probe designing techniques known in the art. The
following description relates to probe design,
however, it will be clear to a skilled person to apply
the same principle also for designing primer(s), in
particular, for designing primer(s) for RT-PCR. For
example, given a set of target nucleic acids (for
example, viral genomes) V = {v-i, V2, ..., vn} , for
every , e V, a set of length-m probes (that is a
substring of Vi) which satisfies the following
conditions may be designed taking into consideration,
for example, at least one of the following: (a)
established probe design criteria of homogeneity,
sensitivity and specificity (Sung, W.K. et al, 2003,
CSB); (b) no significant sequence similarity to human
genome; and (c) efficiently amplified using AE
score.for example by RT-PCR, as herein described.
Noisy signals caused by cross-hybridization artifacts
present a major obstacle to the interpretation of
microarray data, particularly for the identification
of rare pathogen sequences present in a complex
mixture of nucleic acids. For example, in clinical
specimens, contaminating nucleic acid sequences such
as 



those derived from the host tissue, will
cross-hybridize with pathogen-specific microarray
probes above some threshold of sequence
complementarity. This can result in false-positive
signals leading to erroneous conclusions. Similarly,
the pathogen sequence, in addition to binding its
specific probes, may crosshybridize with other
non-target probes (i.e., designed to detect other
pathogens). This latter phenomenon, though seemingly
problematic, couldprovide useful information for
pathogen identification to the extent that such
cross-hybridization may be accurately predicted. With
various metrics to assess annealing potential and
sequence specificity, microarray probes have
traditionally been designed to ensure maximal specific
hybridization (to a known target) with minimal
cross-hybridization (to non-specific sequences).
However, in practice we have found that many probes,
though designed using optimal in silico parameters, do
not perform according to expectations for reasons that
are unclear. To systematically investigate the
dynamics of array-based pathogen detection, we created
an oligonucleotide array using Nimblegen array
synthesis technology (Nuwaysir et al. 2002). The array
was designed to detect up to 35 RNA viruses using
40-mer probes tiled at an average 8-base resolution
across the full length of each genome (53,555 probes;
Figure 6, Table 1). Table 1. List of Genomes
represented on the pathogen detection microarray.
(column 1) Number of probes for each genome
synthesized on the microarray. (column 2) Number of
probes for each genome remaining following application
of probe design filters, (column 3) Number of probes
for each genome which are unique to the genome and do
not cross-hybridize with human.A Load Detector for an
AC-AC Power Supply Field of the Invention The
invention relates to a load detector for determining
whether a load is connected to an AC-AC power supply
and to an AC-AC power supply comprising such a load
detector. Background of the Invention External power
supply adaptors usually have two modes of operation:
an active mode (in which the input of the power supply
adaptor is connected to an AC power supply and the
output is connected to a load) and a no-load mode (in
which the input of the power supply adaptor is still
connected to the AC supply, but no load is connected
at the output). An example of an AC-DC external power
supply adaptor is a charger for a mobile telephone.
The charger is in active mode (to charge up the
telephone) when the telephone is placed in the cradle
for charging and is in no-load mode when the telephone
is not in the cradle. An example of an AC-AC external
power supply adaptor is a speaker for a personal
computer (PC). When the PC speaker is switched on, it
is in active mode and, when the speaker is switched
off, this is equivalent to disconnecting the load, so
the speaker is in no-load mode. Other examples can, of
course, be envisaged. In active mode, the external
power supply adaptor should ideally supply power to
the load at high efficiency and, in no-load mode,
minimal power should be expended - ideally just enough
for the adaptor to switch back to active mode when a
load is connected. One known way to achieve low power
consumption during no-load mode is to use a switching
mode power supply (SMPS). However, an SMPS has
drawbacks: a lot of switching noise is generated, the
implementation can be costly and there may also be
some limitations on the power consumption of an SMPS
during no-load mode, especially if the load requires
high power during active mode.Another power supply
design, which is simpler and less costly, is a linear
power supply. An AC-DC linear power supply comprises a
rectifier and filter capacitor on the secondary side
of a transformer, whereas in an AC-AC linear power
supply, the rectifier and capacitor are moved over to
the load itself. However, in either case, because the
AC power supply is still connected to the primary
winding of the transformer, even when no load is
connected at the output, there is still high power
consumption during no-load mode. This problem has been
partially solved by adopting a standby mode in which,
when no load is connected on the secondary side of the
transformer, the AC power supply is disconnected from
the primary side. Of course, this means that some sort
of load detector is required to determine whether a
load is connected and to switch between active and
standby modes appropriately. In an AC-DC linear power
supply, the load detector can be rather simple and 



various load detectors have been developed, one of
which is described in US 5,624,305. This is because,
firstly, it is easier to measure and monitor
conditions in DC and to detect any relevant changes
due to the presence or absence of a load. Further, the
load detection circuit needs some power, in the form
of DC, to function. This is readily available for the
DC case but not for the AC case. Finally, for the
AC-AC case, the load detection circuitry will have to
be coupled to the secondary winding of the
transformer. The secondary winding tends to present a
closed circuit to whatever circuitry that is
implemented and is a short circuit for DC and low
frequencies. For the AC-DC case, however, the filter
capacitor decouples the power supply from the load and
so a load detection circuit can be placed in between.
Although an AC-DC linear power supply can mean a
rather simple load detector, an AC-DC linear power
supply does have the disadvantage that the efficiency
during active mode can be quite low because of the
presence of the rectifier.Thus, an AC-AC power supply
may be preferred. However, in an AC-AC power supply,
the load detector cannot be so straightforward,
because the power being supplied to the load is AC
i.e. fluctuating between zero and a maximum, so it is
much more difficult to determine whether or not a load
is connected. One way to detect a load for the AC case
is to detect the AC current drawn by the load using a
current sense transformer, which translates a current
flow to a voltage signal. However, as the frequency of
the AC power source is low (typically 50 or 60Hz),
such transformers tend to be bulky and costly. Also,
for light loads that do not draw much power, the
current sense transformer will have to be made quite
sensitive, by increasing the number of turns in the
transformer windings. Further, when the load is not
constant, this operation of the current sense
transformer will be even more complicated. Summary of
the Invention According to a first aspect of the
invention, there is provided a load detector for
determining whether a load is connected to an AC-AC
power supply, the power supply comprising a
transformer having a primary winding and a secondary
winding, the primary winding being coupleable to an AC
voltage supply via a switch, and the secondary winding
being coupleable to a load, the load detector
comprising: a signal generator for generating a
signal; a sensor for detecting the signal, the sensor
being arranged to detect the signal if a load is
coupled to the secondary winding and to not detect the
signal if a load is not connected to the secondary
winding; and switch control circuitry coupled to the
sensor and being arranged to keep the switch closed if
the sensor is detecting the signal and to keep the
switch open if the sensor is not detecting the signal.
Thus, the load detector is arranged to determine
whether a load is connected to the secondary winding
of the power supply, and to open and close the switch
between the AC voltage supply and the primary winding
of the power supply appropriately. Thus, when a load
is connected so that the sensor is detectingthe
signal, the load detector keeps the switch between the
primary winding and the AC voltage supply closed, so
that the AC voltage supply can deliver power to the
load. However, when a load is not connected so that
the sensor is not detecting the signal, the load
detector keeps the switch between the primary winding
and the AC voltage supply open. The signal generator
is preferably connectable across the secondary winding
of the transformer of the AC-AC power supply.
Preferably, when the signal generator is connected
across the secondary winding and a load is coupled to
the secondary winding, a closed path is formed from
the signal generator back to the signal generator via
the load and the sensor. Because a closed path is
formed via the load and the sensor, the signal
generated by the signal generator can be detected by
the sensor. Thus, the presence of the load, which
results in the closed circuit, means that the switch
control circuitry of the load detector keeps the
switch on the primary side of the AC-AC power supply
closed. Preferably, when the signal generator is
connected across the secondary winding and no load is
connected to the output nodes, no closed path is
formed from the signal generator back to the signal
generator. Because no closed path is formed, the
signal generated by the signal generator cannot be
detected by 



the sensor. Thus, when no closed path is formed, the
switch control circuitry of the load detector keeps
the switch on the primary side of the AC-AC power
supply open. In one preferred embodiment, the signal
generator is arranged to generate a pulsed signal.
This is advantageous because a pulsed signal comprises
high frequency content. The signal generator may
generate a pulsed signal by repeatedly charging and
discharging a capacitor, thus providing a pulsed
voltage at an output node.The sensor may comprise a
transformer for locating between the secondary winding
of the AC-AC power supply and an output node for a
load. The primary winding of the transformer may form
part of the connection between the secondary winding
and the load output node. The secondary winding may be
connected to the circuitry for controlling the switch.
The switch may comprise a relay. In that case, the
switch control circuitry may be coupled to the relay
such that, when the sensor is detecting a signal,
current flows through the coil of the relay, closing
the switch between the AC power supply and the primary
winding, and, when the sensor is not detecting a
signal, no current flows through the coil of the
relay, and the switch between the AC power supply and
the primary winding remains open. According to a
second aspect of the invention, there is provided an
AC-AC power supply for a load, the power supply
comprising: a transformer comprising a primary winding
and a secondary winding, the primary winding being
coupleable to an AC voltage supply via a switch, and
the secondary winding being coupled to output nodes
for a load, via a load detector, the load detector
comprising: a signal generator for generating a
signal; a sensor for detecting the signal, the sensor
being arranged to detect the signal if a load is
connected to the output nodes and to not detect the
signal if a load is not connected to the output nodes;
and switch control circuitry coupled to the sensor and
being arranged to keep the switch closed if the sensor
is detecting the signal and to keep the switch open if
the sensor is not detecting the signal. Thus, the load
detector in the power supply is arranged to determine
whether or not a load is connected to the secondary
winding of the power supply, and to open and close the
switch on the primary side appropriately. When a load
is connected and the sensor is detecting the signal,
the switch between the primary winding and the AC
voltage supply is kept closed so that the AC
voltagesupply can deliver power to the load. Then, the
power supply is in active mode. However, when a load
is not connected, and the sensor is not detecting the
signal, the switch between the primary winding and the
AC voltage supply is kept open. Then, the power supply
is in no-load mode. In one embodiment, the signal
generator is connected across the secondary winding.
In that embodiment, the power supply is preferably
arranged such that, when a load is connected to the
output nodes, a closed path is formed from the signal
generator back to the signal generator via the load
and the sensor. Because a closed path is formed via
the load and the sensor, the signal can be detected by
the sensor. Thus, the presence of a load, which
results in the closed circuit, means that the
circuitry keeps the switch on the primary side closed.
In that embodiment, the power supply is also
preferably arranged such that, when no load is
connected to the output nodes, no closed path is
formed from the signal generator back to the signal
generator. Because no closed path is formed, the
signal cannot be detected by the sensor. Thus, when
there is no load connected at the output nodes so that
no closed path is formed, the circuitry keeps the
switch on the primary side open. The signal generator
may be arranged to generate a pulsed signal. This is
advantageous because a pulsed signal comprises high
frequency content. If the signal generator is
connected across the secondary winding, a pulsed
signal is particularly advantageous because the high
frequency content of the pulsed signal will mean that
the secondary winding presents a high impedance to the
pulsed signal. Thus, the secondary winding will not
provide a closed path for the pulsed signal from and
to the signal generator, which could mean that the
sensor accidentally detects the signal even when no
load is connected at the output nodes. The signal
generator may generate a pulsed signal by repeatedly
charging and discharging a capacitor, thus providing a
pulsed voltage at an 



output node.The sensor may comprise a transformer
between the secondary winding and one of the output
nodes. The primary winding of the transformer may form
part of the connection between the secondary winding
and the output node. The secondary winding may be
connected to the circuitry for controlling the switch.
The switch may comprise a relay. In that case, the
switch control circuitry may be coupled to the relay
such that, when the sensor is detecting a signal,
current flows through the coil of the relay, closing
the switch between the AC power supply and the primary
winding and, when the sensor is not detecting a
signal, no current flows through the coil of the
relay, and the switch between the AC power supply and
the primary winding remains open. In a first
embodiment, the power supply further comprises a
standby power supply for supplying power to the signal
generator when no load is connected to the output
nodes. Thus, when a load is connected to the output
nodes, power for the signal generator is supplied by
the AC voltage supply and, when no load is connected
to the output nodes, power for the signal generator is
supplied by the standby power supply. The standby
power supply is preferably connectable to the AC power
supply. In a second embodiment, the power supply
further comprises a capacitor across the switch. In
this second embodiment, when the switch is closed, the
AC power supply is connected directly to the primary
winding, bypassing the capacitor, and, when the switch
is open, the AC power supply is connected to the
primary winding via the capacitor. Thus, when the
switch is open (i.e. no load is connected to the
output nodes on the secondary side), power is still
delivered to the secondary side, but the amount of
power can be controlled by suitable choice of the
value of the capacitor. In the second embodiment, the
power supply may further comprise a connection from
the secondary winding to the signal generator, via a
rectifier,for supplying DC power to the signal
generator when no load is connected to the output
nodes. According to a third aspect of the invention,
there is provided a method for detecting whether a
load is connected to an AC-AC power supply, the power
supply comprising a transformer having a primary
winding and a secondary winding, the primary winding
being coupleable to an AC voltage supply via a switch,
and the secondary winding being coupleable to a load,
the method comprising the steps of: generating a
signal on the secondary side of the transformer; if a
load is coupled to the secondary winding, detecting
the signal and, in response to the detected signal,
keeping the switch between the primary winding and the
AC voltage supply closed; if no load is coupled to the
secondary winding, not detecting the signal and, in
response to no detected signal, keeping the switch
between the primary winding and the AC voltage supply
open. Features described in relation to one aspect of
the invention may also be applicable to other aspects
of the invention. Brief Description of the Drawings
The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same become better understood by
reference to the following detailed description, when
taken in conjunction with the accompanying drawings,
of which: Figure 1 shows a first embodiment of the
invention; Figure 2 shows a second embodiment of the
invention; Figure 3 shows one possible circuit
implementation of the embodiment of Figure 2; Figure 4
is a plot of the voltage at node 313 with respect to
time, for the arrangement shown in Figure 3; andFigure
5 is a plot of the voltage at node 315 with respect to
time, for the arrangement shown in Figure 3. Detailed
Description of Preferred Embodiments Figure 1 is a
diagram of a first embodiment of the invention.
Referring to Figure 1, AC-AC linear power supply 101
comprises a transformer X 1. The primary winding X1a
of the transformer X 1 is connectable to the AC power
supply 103 at nodes 105 and 107, via a switch 109. The
AC power supply may be any AC voltage at any frequency
e.g. 110VAC, 120VAC, 230VAC or 240VAC at 50 or 60Hz.
The secondary winding X 1b of the transformer X 1 is
connectable to a 



load 201 (shown disconnected in Figure 1) at nodes 111
and 113 (normally via a cable and connector) via load
detector 301. The AC-AC linear power supply 101 also
includes a standby power supply 115. The switch 109,
between primary winding X 1a and AC power supply 103,
is for switching on and off the AC power supply 103 to
the transformer X 1. The switch 109 may be any
suitable type of switch for example a relay or an
optocoupler. Switch 109 is controlled by control 307
(to be described below) in load detector 301 . The
load detector 301 , between secondary winding X1b and
nodes 111 and 113, comprises pulse generator 303,
sensor 305 and control 307. The pulse generator 303 is
connected across the secondary winding X 1b of
transformer X 1 at nodes 309 and 3 11. Sensor 305 is
connected to the line between one side of the
secondary winding X1b and the output node 113. As
already mentioned, control 307 controls switch 109.
The control 307 receives an input from sensor 305. The
control is arranged to keep the switch 109 closed only
if a load is present. If no load is connected to nodes
111 and 113, the switch 109 is open. The load 201
typically comprises a rectifier 203 and a filter
capacitor 205 to convert the AC voltage to a DC
voltage for the load RL.Operation of the arrangement
of Figure 1 will now be described. Consider a first
stage, when the AC-AC power supply 101 is connected to
the AC input 103 at nodes 105 and 107 but there is no
load connected on the secondary side of the circuit to
nodes 111 and 113. Since there is no load connected,
we are in standby or no-load mode. At this stage,
switch 109 is open so standby power supply is
providing power for the pulse generator 303 and the
control 307. Pulse generator 303 receives power from
standby power supply 115 and starts to send a pulsed
signal through node 309 to check for the presence of a
load at nodes 111 and 113. Since, at this stage, no
load is connected to nodes 111, 113, the circuit is
open, so no return path is provided for the pulsed
signal so no signal is picked up by sensor 305. Then,
in a second stage, a load (like 201 for example) is
connected at nodes 111 and 113. The pulse generator
303 is still sending its pulsed signal to node 309,
but now there is a load at nodes 111 and 113 so the
circuit is closed. Thus, the load 201 provides the
return path for the pulse from 309 to 3 11, via
rectifier 203 and capacitor 205. Therefore, a signal
is picked up by sensor 305. Once sensor 305 detects
the pulsed signal indicating that a load is present at
nodes 111 and 113, it sends a signal to control 307,
which then closes switch 109. Thus, primary winding
X1a of the transformer X 1 is now connected to the AC
power supply 103 so that the AC power supply 103 can
deliver power to the load at nodes 111, 113. Thus, we
are now in active mode. Then, in a third stage, the
load 201 is again disconnected from nodes 111, 113.
Because the circuit is now open again, the pulsed
signal is no longer picked up by sensor 305. Once
sensor 305 no longer detects the pulsed signal
(indicating that the load has been disconnected), it
sends a signal to control 307 to open the switch 109.
Once switch 109 is open, primary side X1a of
transformer X 1 is no longer connected to the AC power
supply 103. This returns the AC-ACpower supply to
standby mode once again, with standby power supply 115
supplying power for the circuit. The standby power
supply 115 is connected to the AC power supply before
the switch 109. Thus, even when switch 109 is open,
the standby power supply is still connected to the AC
power supply so as to be able to provide power to the
pulse generator 303 and to the control 307. When the
AC-AC power supply is in standby mode, the standby
mode power supply 115 should preferably deliver just
enough power for load detector 301 and switch 109 to
function properly. This minimizes the power
consumption during standby mode. A pulsed signal is
used to check for the presence of a load at nodes 111
and 113 because it has high frequency content. When a
load is connected to nodes 111 and 113, the secondary
winding X 1b of the transformer X 1, which is an
inductor, will be seen as high impedance to the pulsed
signal from pulse generator 303, whereas the load 201
will be seen as low impedance to the pulsed signal.
Thus, most of the pulsed signal from pulse generator
303 via node 309 will pass through the load 201 and
return to the pulse generator 303 via node 3 11, so
that the sensor 305 will detect the signal. Figure 2
is a diagram of a second embodiment of the invention.
The 



arrangement of Figure 2 is very similar to that of
Figure 1. The only difference is the way in which
power is supplied to the load detector 301 and to the
switch 109. As in Figure 1, AC-AC linear power supply
101' comprises a transformer X 1. The primary winding
X1a of the transformer X 1 is connectable to the AC
power supply 103 at nodes 105 and 107, via a switch
109. In the Figure 2 arrangement, there is also a
capacitor 115 across switch 109. Once again, the AC
power supply may be any AC voltage at any frequency.
The secondary winding X 1b of the transformer X 1 is
connectable to a load 201 (shown disconnected in
Figure 2) at nodes 111 and 113, via load detector 301
. The ACAC linear power supply of Figure 2 also
includes a rectifier 117 and filtercapacitor 119
connected across the secondary winding X 1b, via
resistors 121 and 123. As in the Figure 1 arrangement,
the switch 109, between primary winding X1a and AC
power supply 103, is for connecting and disconnecting
the transformer X 1 directly to the AC power supply
103. However, in Figure 2, because there is a
capacitor 115 across switch 109, when switch 109 is
closed, the AC power supply 103 is connected directly
to the transformer X 1, whereas, when switch 109 is
open, the AC power supply 103 is connected to
transformer X 1, but only via capacitor 115. This will
be described further below. As before, switch 109 may
be any suitable type of switch, for example a relay or
an optocoupler. The load detector 301 , between
secondary winding X 1b and load 201 , of Figure 2 is
identical to that of Figure 1. That is, the load
detector 301 comprises pulse generator 303, connected
across the secondary winding X 1b at nodes 309 and 3
11, sensor 305, connected to the line between one side
of the secondary winding X 1b and the load 201 , and
control 307, for controlling switch 109 and receiving
input from sensor 305. As before, the control is
arranged to keep the switch 109 closed only if a load
is connected at nodes 111 and 113. If no load is
connected, the switch 109 is open. The load 201 may
also be identical to the load in the Figure 1
arrangement. That is, load 201 comprises a rectifier
203 and a filter capacitor 205, to convert the AC
voltage to a DC voltage for the load, represented by
RL. Operation of the arrangement of Figure 2 will now
be described. Consider a first stage, in which the
AC-AC power supply 101 is connected to AC power supply
103 at nodes 105 and 107, and there is a load
connected at nodes 111 and 113. Since there is a load
connected, we are in active mode. As in the Figure 1
arrangement, the pulse generator is sending its pulsed
signal to node 309. Because the circuit is closed by
load 201 , the load 201 provides thereturn path for
the pulsed signal from node 309 to node 3 11 via
rectifier 203 and capacitor 205. Therefore, the pulsed
signal is picked up by sensor 305, which sends a
signal to control 307, which keeps switch 109 closed.
So, the AC power supply 103 is connected directly to
the transformer X 1 (bypassing capacitor 115) so that
the AC power supply 103 is providing power for the
load 201 at nodes 111, 113. Power for the load
detector 301 and switch 109 is taken from the
secondary side of the transformer X 1 after conversion
to DC by rectifier 117 and filter capacitor 119. Then,
in a second stage, the load is disconnected from nodes
111 and 113. Thus, the circuit is now open, no return
path is provided for the pulsed signal from pulse
generator 303 and no signal is picked up by the sensor
305. Thus, control 307 opens switch 109. Now, the
primary winding X1a of transformer X 1 is connected to
the AC power supply 103 via capacitor 115. Capacitor
115 acts as a current limiter, limiting the current,
and effectively the power, to the primary side X1a of
transformer X 1. Since the load 201 is disconnected,
we are in standby mode and only a small amount of
power is required to keep the load detector
operational. The exact amount of power supplied, can
be selected by appropriate choice of capacitor 115.
Ideally, the capacitor should deliver just enough
power for load detector 301 and switch to function
properly. Power for the load detector is still
provided from the secondary side of the transformer X
1, after conversion to DC by the rectifier 117 and
filter capacitor 119. The resistors 121 and 123 are
included to provide a high impedance to the pulsed
signal from pulse generator 303 and hence prevent the
pulsed signal taking this path. Inductors could be
used as an alternative to resistors 121 , 123. Figure
3 is a diagram of the second embodiment of the
invention (as previously shown in Figure 2) but with
possible circuitry of the pulse generator 303, the
sensor 305, the control 307 and the switch 109 shown.
The rest of the circuit is 



exactly the same as shown in Figure 2 and will not be
described further. The load 201 is not shown in Figure
3. Note that the circuitry shown in Figure 3 isonly an
example of possible circuitry for the Figure 2
arrangement. The skilled person will appreciate that
any alternative suitable circuitry could be used
instead. Referring to Figure 3, the circuitry of the
pulse generator is shown in box 303. The pulse
generator comprises transistors Q 1 and Q2, resistors
R 1, R2 and R3, capacitors C 1, C2, C3 and C4 and
zener diode Dz . Operation of the pulse generator is
as follows. Power to the pulse generator at node 312
is DC, after the rectifier 117 and filter capacitor
119. At the beginning of a cycle, the voltage at node
313 is lower than the breakdown voltage of Dz. The
voltage at node 314 is therefore at ground potential
and transistors Q 1 and Q2 are off. As C4 continues to
charge up, the voltage at node 313 rises. Once the
voltage at node 313 has risen sufficiently, the zener
diode Dz will start to conduct and the voltage at node
314 will start to rise. Once the voltage at node 314
has risen sufficiently, Q 1 and Q2 will switch on. As
Q2 switches on, the voltage at node 315 rises rapidly.
The increase in voltage at node 3 15 is translated
back to node 314 through capacitor C3. This results in
positive feedback. A discharge path for C4 is created
due to the switching on of Q2. Because of positive
feedback, C4 is rapidly discharged, causing the
voltage at node 313 to drop very quickly. This causes
the voltage at node 314 to drop, switching off Q 1 and
Q2. As Q2 is switched off, the voltage at node 315
drops back to ground potential. Due to this
short-lived switching on and off of the transistors, a
voltage pulse is seen at node 315. This pulse is
coupled to node 309 via capacitor C2. If a load is
present across nodes 111 and 113, this pulse will go
through the load and return to ground at node 3 11 via
capacitor C1. As transistors Q1 and Q2 are turned off,
C4 will start to charge up again so that the cycle
repeats. The voltage at node 313 has the form shown in
Figure 4 and the voltage at node 315 has the form
shown in Figure 5.Referring once again to Figure 3 ,
the circuitry of the sensor is shown in box 305. The
sensor is simply a transformer X2. The primary winding
of the transformer X2 forms part of the line from the
secondary winding X 1b of transformer X 1 through node
3 11 to load output node 113. The secondary winding of
the transformer X2 is connected to the control 307.
When no load is connected at output nodes 111, 113, no
return path for the pulsed signal is provided, so no
pulse is picked up at the primary winding. On the
other hand, when a load is connected at output nodes
111, 113, the pulse is picked up at primary winding of
transformer X2 and hence at the secondary winding of
transformer X2. Referring once again to Figure 3, the
circuitry of the control is shown in box 307 and the
circuitry of the switch is shown in box 109. The
control comprises transistors Q3 and Q4, diode D 1 and
capacitor C5. The switch comprises a relay having a
switch S 1 and a coil CO1 . With each current peak
through the secondary winding of X2, the capacitor C5
charges up a little. Once capacitor C5 has charged up
sufficiently to switch on transistor Q3, current
starts to flow from rectifier 117, through the coil
CO1 and through transistors Q3 and Q4. The current
through the coil CO1 causes switch S 1 to close. When
the load is disconnected so that there are no current
peaks through the secondary winding of X2, the voltage
across capacitor C5 begins to fall, until the
transistor Q3 is switched off. Then, there is no
current through the coil CO1 and the switch S 1
opens.Claims: 1. A load detector for determining
whether a load is connected to an AC-AC power supply,
the power supply comprising a transformer having a
primary winding and a secondary winding, the primary
winding being coupleable to an AC voltage supply via a
switch, and the secondary winding being coupleable to
a load, the load detector comprising: a signal
generator for generating a signal; a sensor for
detecting the signal, the sensor being arranged to
detect the signal if a load is coupled to the
secondary winding and to not detect the signal if a
load is not coupled to the secondary winding; and
switch control circuitry coupled to the sensor and
being arranged to keep the switch closed if the sensor
is detecting the signal and to keep the switch open if
the sensor is not detecting the signal. 2 . The load
detector of claim 1, wherein the signal generator is
connectable 



across the secondary winding of the transformer of the
AC-AC power supply. 3. The load detector of claim 2,
wherein, when the signal generator is connected across
the secondary winding and a load is coupled to the
secondary winding, a closed path is formed from the
signal generator back to the signal generator via the
load and the sensor. 4. The load detector of claim 2,
wherein, when the signal generator is connected across
the secondary winding and no load is coupled to the
secondary winding, no closed path is formed from the
signal generator back to the signal generator. 5. The
load detector of claim 1, wherein the signal generator
is arranged to generate a pulsed signal.6. An AC-AC
power supply for a load, the power supply comprising:
a transformer comprising a primary winding and a
secondary winding, the primary winding being
coupleable to an AC voltage supply via a switch, and
the secondary winding being coupled to output nodes
for a load, via a load detector, the load detector
comprising: a signal generator for generating a
signal; a sensor for detecting the signal, the sensor
being arranged to detect the signal if a load is
connected to the output nodes and to not detect the
signal if a load is not connected to the output nodes;
and switch control circuitry coupled to the sensor and
being arranged to keep the switch closed if the sensor
is detecting the signal and to keep the switch open if
the sensor is not detecting the signal. 7 . The power
supply of claim 6, wherein the signal generator is
connected across the secondary winding. 8. The power
supply of claim 7, wherein, when a load is connected
to the output nodes, a closed path is formed from the
signal generator back to the signal generator via the
load and the sensor. 9. The power supply of claim 7,
wherein, when no load is connected to the output
nodes, no closed path is formed from the signal
generator back to the signal generator. 10. The power
supply of claim 6, wherein the signal generator is
arranged to generate a pulsed signal.11. The power
supply of claim 6, further comprising a standby power
supply for supplying power to the signal generator
when no load is connected to the output nodes. 12. The
power supply of claim 6, further comprising a
capacitor across the switch. 13. The power supply of
claim 12, further comprising a connection from the
secondary winding to the signal generator, via a
rectifier, for supplying power to the signal generator
when no load is connected to the output nodes. 14. A
method for detecting whether a load is connected to an
AC-AC power supply, the power supply comprising a
transformer having a primary winding and a secondary
winding, the primary winding being coupleable to an AC
voltage supply via a switch, and the secondary winding
being coupleable to a load, the method comprising the
steps of: generating a signal on the secondary side of
the transformer; if a load is coupled to the secondary
winding, detecting the signal and, in response to the
detected signal, keeping the switch between the
primary winding and the AC voltage supply closed; if
no load is coupled to the secondary winding, not
detecting the signal and, in response to no detected
signal, keeping the switch between the primary winding
and the AC voltage supply open. 


