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Abstract

For epidemic control, rapid identification and characterization of the responsible unknown agent are crucial. To address this critical question,
a method was developed for virus discovery based on a flexible nested-PCR subtraction hybridization. As a positive control, we used hepatitis
C virus as a hypothetical unrecognized virus and “discover” it in the sample. Using template-switching universal long-PCR to produce
large quantities of cDNA, our nested-PCR-based subtractive hybridization coupled with a single-strand deletion technology removed most
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f the common cDNA. Following subtraction hybridization, a cDNA library was constructed and displayed by differential reverse
ybridization. This new genomic subtraction hybridization method will be ideally suited to identify rapidly any previously unrecogni
gent.
ublished by Elsevier B.V.
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. Introduction

Based on past history, it is not just a hypothetical risk that
any people have been infected with unrecognized viruses.
y the time a new virus, such as hepatitis C virus (HCV), hu-
an immunodeficiency virus (HIV) or severe acute respira-

ory syndrome (SARS) associated coronavirus, is found, it is
oo late to save the lives of many individuals even thousands.
or longer-term solutions, a powerful molecular technique is
eeded to rapidly identify any previously unrecognized vi-
al agent without using virus isolation. Such a method could
hen be applied for investigation of future outbreaks. The
ost recent technologies for detecting and identifying pre-

iously unrecognized pathogens are differential display, rep-
esentational difference analysis, subtractive hybridization,
xpression library screening, broad-range polymerase chain
eaction (PCR) and serial analysis of gene expression. But
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E-mail address:yhu@ora.fda.gov (Y. Hu).

they are all time-consuming and not very reproducible
proaches (Allander et al., 2001).

It is now more than 10 years since the invention of
ferential display (Liang, 2002; Lisitsyn et al., 1993). Sub-
tractive hybridization, a differential display-like technolo
has been an approach used to identify and isolate cD
of differentially expressed genes in the field of cance
search (Yen, 2000; Su et al., 1997). These methodologie
all have in common that one DNA population (driver)
hybridized in excess against a second population (te
DNA to remove sequences present in both populat
In this project, we adapted the method for mRNA a
ysis to rapidly detect genes from an unknown virus.
this purpose, a subtraction hybridization-like method w
a single-strand deletion technology was developed,
HCV was used as a hypothetical unrecognized virus in
study.

The traditional subtractive hybridization often requ
large amounts of mRNA as starting material and it is c
monly a challenging problem to obtain sufficient amount
mRNA from the virus. In this project, high-quality full leng
166-0934/$ – see front matter. Published by Elsevier B.V.
oi:10.1016/j.jviromet.2005.02.016
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cDNAs in large quantities were obtained by using a universal
long-PCR based method (Clontech, BD, USA).

Normally, subtraction hybridization generated libraries
typically contain some background clones representing non-
differential genes (Liang, 2002). To overcome this problem
a single-strand specific mung bean endonuclease in between
the 1st and 2nd PCR was used which is ideally suited to
rapidly reduce the number of false positives that could arise.
More specifically it is single driver strands and linear am-
plified tester strands that are degraded. The double stranded
products of the exponential amplification of the unique tester
sequence remain unaffected. After reducing the background
of the 1st PCR products, a nested PCR was performed by
using the nested primers to further enrich the differentially
produced sequences, which are from the tester but not from
the driver.

After the subtracted cDNA library was obtained, it was
cloned directly into a pGEM-T cloning vector, and plasmid
DNAs from 96 random selected clones were analyzed. Dif-
ferential reverse dot blot hybridization was carried out to de-
termine whether the unique subtracted tester products repre-
sented the genomic region of the hypothetical unknown virus,
in this case HCV. The hybridized clones were sequenced and
sequences corresponding to the hypothetical unknown virus,
HCV, were recovered. The inclusion of mung bean endonu-
clease treatment in the protocol precludes the need for mul-
t
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single-strand deletion technology limited the background
from common sequences. (8) A subtraction cDNA library was
constructed and displayed by differential reverse hybridiza-
tion. (9) DNAs were sequenced for further characterization.

2.2. HCV infected cell lines

The human MOLT-4 acute lymphoblastic leukemia T cell
line was obtained originally from the American Type Cul-
ture Collection (ATCC, Rockville, MD, USA;Lohmann et
al., 1999; Wellnitz et al., 2002), and was maintained in RPMI
1640 ATCC modified medium (ATCC, Rockville, MD, USA)
supplemented with 5% fetal bovine serum (ATCC, Rockville,
MD, USA) in 75-cm2 culture flasks at approximately 3× 105

to 2× 106 cells/ml. In vitro infection of the cell line was per-
formed by using HCV RNA-positive serum from chronic
HCV carriers. The cells were subcultured regularly with a
split of 1:10 every week (Hu et al., 2003).

2.3. Total RNA preparation

Total cellular RNA was isolated from cell lines by a
single-step extraction method with an acid guanidinium
thiocyanate–phenol–chloroform mixture (Biotecx Laborato-
ries Inc., Houston, TX, USA). The total RNA remained ex-
clusively in the aqueous phase while proteins and DNA were
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In recent years, methods for PCR amplification of l

NA fragments have advanced significantly. With intrin
erminal transferase activity of a reverse transcriptase
Clontech, 2002; Petalidis et al., 2003) long PCR is capab
f generating a full-length cDNA library from a small qua

ity of RNA. Additionally, the combined use of single-stra
eletion technology in subtraction hybridization may el

nate or shorten steps required by traditional methods.
ethod will improve the ability to respond rapidly to a

nfectious disease outbreak and provide added value i
vent of a bioterrorist event.

. Material and methods

.1. Experimental design, an overview

(1) The hypothetical unknown virus (HCV) was cons
red as an unknown mRNA in our study. (2) Unknown v
RNA sequences present in the specimen were consi
s tester (tester = HCV infected cell line). (3) The same
f specimen obtained from the same environment was
idered as driver (driver = non-infected cell line). (4) La
uantities of cDNA were produced by universal long-P
5) Our method is ideally suited to subtract out the most a
ant common mRNA sequences present in both popula
tester and driver). (6) The method focused on a small nu
f unknown virus mRNA sequences present in the spec
nd then enriched it by stoichiometry and kinetics. (7
xtracted into an organic phase and interphase. The tota
as precipitated from the aqueous phase by addition
qual volume of 100% isopropanol, washed with 75% eth
nd solubilized in RNase free water. During RNA extr

ion, special care was taken to avoid cross-contaminatio
eparating pre- and post-PCR work areas and using ae
roved tips. After extraction, a small aliquot of the RNA pr
ct was run on a gel to determine its quality.

.4. mRNA preparation

Once the isolation of total RNA was complete, h
uality mRNA was prepared from it with a Poly (A)+ Tract
RNA Isolation System III (Promega, Madison, WI, US

ollowing the manufacturer’s instructions. Briefly, 500�l
f total RNA were heated at 65◦C for 10 min. 3�l of
iotinylated-oligo (dT) probe and 13�l of 20× SSC were
dded and incubated at room temperature until compl
ooled. The entire mixture was added to the tube conta
he streptavidin paramagnetic particles and incubated at
emperature for 10 min. The mixture of mRNA-biotinyla
ligo (dT) probe-streptavidin paramagnetic particles
aptured on a magnetic stand and washed for four t
ith 0.1× SSC. mRNA was eluted from the streptavi
aramagnetic particles with 100�l of RNase-free water, an

hen used as a template for cDNA synthesis.

.5. Template-switching cDNA amplification

The template-switching activity of moloney muri
eukemia virus (MMLV) reverse transcriptase with a m
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ified oligo(dT) primer was used to synthesize a full-length
first-strand cDNA by using the SMARTTM PCR cDNA
Synthesis Kit as follows (Clontech Laboratories, Palo Alto,
CA, USA).

2.5.1. 1st strand cDNA synthesis
mRNA was mixed with 7�l of 12�M 3′ modified oligo

(dT) primer (5′-AAG CAG TGG TAT CAA CGC AGA GTA
CT30N−1N-3′) and 7�l of 12�M template switching primer
(5′-AAG CAG TGG TAT CAA CGC AGA GTA CGC GGG-
3′). The reaction mixture was incubated at 65◦C for 2 min
and the temperature was then reduced to 42◦C. The following
reagents were then added, 20�l 5×1st strand buffer (250 mM
Tris–HCl pH 8.3, 375 mM KCl and 30 mM MgCl2), 2�l
100 mM DTT, 10�l 50× 10 mM dNTPs, 100 units RNase in-
hibitor (Applied Biosystems, Foster City, CA, USA) and 5�l
MMLV reverse transcriptase. The reaction mixture was incu-
bated at 42◦C for 30 min in a Perkin-Elmer 9700 DNA Ther-
mal Cycler (Applied Biosystems, Foster City, CA, USA). The
reaction was stopped by adding 2�l of 0.5 M EDTA.

2.5.2. Column chromatography purification
In order to remove unincorporated nucleotides and small

cDNA unused fragments, cDNA products were purified by
using the NucleoSpin Extraction Spin Column according to
the manufacturer’s instructions (Clontech Laboratories, Palo
A

2
l

late
f were
a
1
C e
r ng:
9
f by
a y
p uri-
fi ot of
t ality
o ular
w

2

ntly
t re di-
g hat
y
c l
o ing
8 e
R the
d

2.7. Unphosphorylated adaptor ligation

The tester cDNA was subdivided into two portions. Each
blunt ended cDNA fragment was ligated with a different un-
phosphorylated adaptor. (adaptor 1: 5′-CTA ATA CGA CTC
ACT ATA GGG CTC GAG CGG CCG CCC GGG CAG GTA
CCT GCC CGG-3′, adaptor 2: 5′-CTA ATA CGA CTC ACT
ATA GGG CAG CGT GGT CGC GGC CGA GGT ACC TGC
GGC CG-3′) (Clontech BD, Palo Alto, CA, USA) The ends
of the adaptors do not have a phosphate group, so only one
strand of each adaptor attaches to the 5′ ends of the cDNA.

2.8. First round of hybridization

After evaluation of the ligation efficiency, an excess of
driver cDNA was added to each sample of tester cDNA. The
samples were then heat denatured at 98◦C for 2 min and
allowed to hybridize at 68◦C for 8 h.

2.9. Second round of hybridization

During the second hybridization, the two primary hy-
bridization products from the 1st hybridization were mixed
together without denaturing. Fresh denatured driver cDNA
was added to the above mix. The second hybridization was
performed at 68◦C for 16 h.
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lto, CA, USA).

.5.3. Double-stranded cDNA amplification by
ong-PCR

20�l of the 1st strand cDNA was then used as temp
or the second strand synthesis. The following reagents
dded, 62�l dH2O, 10�l PCR Buffer (BD Clontech), 2�l
0 mM dNTPs, 2�l PCR primer (5′-AAG CAG TGG TAT
AA CGC AGA GT-3′) and 2�l polymerase mix, and th

eaction mixture was subjected to the following cycli
5◦C for 1 min and then 25 cycles of 95◦C for 5 s, 65◦C

or 5 s and 68◦C for 6 min. The reaction was stopped
dding 2�l of 0.5 M EDTA and the cDNAs extracted b
henol:chloroform:isoamyl alcohol (25:24:1) mix and p
ed by column chromatography as above. A small aliqu
he PCR product was run on a gel to determine the qu
f the full-length cDNAs synthesized and a high molec
eight smear was expected.

.6. Produce blunt ended cDNA fragments

Because long sequences will be amplified less efficie
han shorter sequences, the tester and driver cDNAs we
ested withRsaI, a four-base-cutting restriction enzyme t
ields blunt ends (RestrictionMapper, 2004). The purified
DNA was incubated with 10 unitsRsaI and buffer in a tota
f 350�l at 37◦C for 3 h. The reaction was stopped by add
�l of 0.5 M EDTA. After digestion, a small aliquot of th
saI digested cDNA product was run on a gel to confirm
igestion quality.
.10. Fill in the ends

0.5�l of DNA polymerase, 2.5�l of 10× PCR buffer and
.5�l of 10�M dNTP were added to the 2nd hybridizat
roduct to fill in the ends of each molecule to create a dou
tranded primer sequence annealing site for PCR. Onl
olecules that are unique to the tester amplicon and rea
ith each other will form double-stranded molecules w
CR priming sequences on each end that are able to am
xponentially.

.11. Selective PCR amplification

The entire population of molecules was then subje
o PCR to amplify the desired differentially expressed
uences in a total 25�l reaction mixture with PCR buffe
NTP, polymerase as described above and only one
rimer. (PCR primer: 5′-CTA ATA CGA CTC CAT ATA
GG C-3′′) (Clontech BD, Palo Alto, CA, USA). The mix

ure was subjected to 27 cycles of PCR in the DNA The
ycler: denaturation at 94◦C for 10 s, annealing at 66◦C for
0 s and extension at 72◦C for 1.5 min.

.12. Mung bean nuclease treatment

Mung bean nuclease is well known to cleave DNA
egions of single-strandedness (Kuvbachieva and Goffine
002). In order to eliminate potential false positive results,

ore doing the nested PCR, the 1st PCR products were tr
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by mung bean nuclease (Promega, Madison, WI, USA) with
20�l of 10× reaction buffer (150 mM sodium acetate pH5.0,
250 mM ZnCl2, 25% v/v glycerol) and 10 units of mung bean
nuclease at 37◦C for 30 min in a total of 100�l. After treat-
ment with mung bean nuclease, the mix was extracted once
with phenol, twice with chloroform and ethanol-precipitated
with NH4OAc. The pellet was dissolved in 100�l 10 mM
Tris, pH 8.0 containing 0.1 mM EDTA, pH 8.0 (TE buffer).

2.13. Nested PCR

In order to further reduce any background PCR products
and to further and even more enrich specifically for unique
tester cDNA, a secondary PCR amplification was performed
within a total 25�l reaction with 10�l of mung bean nuclease
treated 1st PCR product, 2.5�l of 10× PCR buffer, 0.5�l of
10 mM dNTP, 0.5�l of 50× polymerase mix and two nested-
PCR primers. (Nested-PCR primer 1: 5′-TCG AGC GGC
CGC CCG GGC AGG T-3′′ and nested-PCR primer 2: 5′-
AGC GTG GTC GCG GCC GAG GT-3′) (Clontech BD, Palo
Alto, CA, USA). The mixture was subjected to 10 cycles of
PCR in the 9700 DNA Thermal Cycler, denaturing at 94◦C
for 10 s, annealing at 68◦C for 30 s and extension at 72◦C
for 1.5 min.

2.14. A one step strategy for constructing a subtracted
c
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hybridization with digoxigenin labeled probes. The hy-
bridization with DIG Easy Hyb solution (Roche, Indianapo-
lis, IN, USA) was performed at a non-stringent temperature
of 42◦C, which ensures the probe would bind to any clone
containing a similar sequence, but a high-stringency wash
was used at 58◦C to decrease the hybridization background.
Duplicate membranes were prepared and hybridized. Clones
corresponding to unknown viral cDNA (HCV) hybridized
only with the tester probes, and not with the driver probes.

2.17. Sequence identification

The DNAs from selected clones were subjected to a cycle
sequencing reaction with 3.2 pmol of an unlabled T7 pro-
moter primer (5′-TAATACGACTCACTATAGGG-3′) (Qia-
gen Operon, Alameda, CA, USA) and a terminator reaction
mixture according to the manufacturer’s instructions (Ap-
plied Biosystems, Foster City, CA, USA). The cycle sequenc-
ing reaction consisted of 25 cycles in the 9700 DNA Thermal
Cycler, and each cycle consisted of denaturation at 96◦C
for 10 s, annealing at 50◦C for 5 s and extension at 60◦C
for 4 min. After 25 cycles, the fluorescent extension prod-
ucts were purified by a simple isopropanol precipitation step.
DNA sequence data were analyzed by the Chromas program
(Helensvale, Queensland 4212, Australia), the GenBank se-
quence database and the Blast program from the National
C
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DNA library

After the nested-PCR amplification, subtracted cDN
ere inserted directly into a T/A cloning vector (Prome
adison, WI, USA). Molecular cloning was performed

igating subtracted cDNA and pGEM-T cloning plasmid v
or with T4 DNA ligase and ATP at 4◦C overnight. The
himera was introduced into JM109 high efficiency com
ent cells by transformation with heat shock at 42◦C. The
DNA insert was detected by its interruption of the cod
equence of�-galactosidase by blue/white color screening
B/Ampicillin/IPTG/X-Gal indicator plates, and 96 positi
lones were randomly selected for further work.

.15. Generation of reverse hybridization probes

Multiple digoxigenin labeled probes were prepared f
ester and driver double stranded cDNA by long-PCR
igoxigenin-11-uridine-5′-triphosphate (Roche, Indianap

is, IN, USA). The long-PCR reaction andRsaI digestion
ere performed as described above.

.16. Analysis of subtracted library by differential
everse dot blot hybridization

DNA from the 96 randomly selected clones from the s
racted library were prepared by using Minipreps DNA Pu
ation System (Promege, Madison, WI, USA) and blotte
nylon membrane (Intergen, Purchase, NJ, USA). Poten

nteresting sequences were detected by solid phase re
enter for Biotechnology Information (NCBI).

.18. Control system

It was very important to have appropriate controls in
tudy in order to validate the procedure. A human plac
NA control (Clontech BD, Palo Alto, CA, USA) was us

n parallel with tester and driver RNA. Also, all the PCR re
ions were always carried on the same PCR machine be
ptimal parameters may vary with different thermal cycl
ll the agarose gels were SYBR Green I stained (Molec
robes, Eugene, OR, USA).

. Results

.1. cDNA analysis

The research started with poly (A)+ RNA from HCV in-
ected and non-infected cell lines. The traditional rev
ranscriptase cannot always transcribe the entire mRN
uence. By using RNase H− point mutant MMLV revers

ranscriptase, the enzyme can reach the 5′ end of the mRNA
nd specially bind an oligonucleotide to the 5′ end of the
-methylguanosine cap structure allowing synthesis o

ull-length cDNA (Clontech Laboratories, Palo Alto, C
SA). A large quantity of full length cDNA was produc
y long PCR. Our results confirmed that long target

ength cDNA was end-to-end amplifiable directly from
st cDNA strand. The cDNA was then digested with R
hich created blunt ended cDNA fragments.
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3.2. Subtraction hybridization analysis

The kinetic theory behind subtraction hybridization and
the hybridization association rate are very important in this
study. Basically, subtraction hybridization is a subtractive
DNA enrichment technique. These methodologies all have in
common that one DNA population (the driver) is hybridized
in excess against a second population (the tester) to remove
sequences present in both populations, thereby enriching tar-
get sequences unique to the tester. In theory, under standard
conditions, subtraction hybridization has second order ki-
netics of hybridization (C/C0 = 1/1 +KC0t) (whereK is the
second-order hybridization rate constant,C is the surface
concentration of cDNA, andC0 is the initial concentration of
cDNA in solution) (Miner et al., 1995; Towery et al., 2001;
Wang and Drlica, 2003). During the hybridization reaction,
re-annealing is faster for the more abundant molecules. Con-
centrations of high (driver cDNA) and low (tester cDNA) be-
come roughly equal, and based on this theory, tester cDNA
is significantly enriched.

In our study, two different adaptors were ligated to tester
cDNA molecules. After the first hybridization, the reaction
significantly enriched unique sequences found in the tester
cDNA due to the second order kinetics of hybridization as
described above. After the second hybridization, the reaction
generated three major molecular types. (1) cDNA without
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modified. The 1st PCR product was treated by a specific
mung bean nuclease before nested-PCR amplification. The
driver strands, linear amplified tester strands and other
single-strands were degraded, but the selective amplified
products remained unaffected. As a control, an experiment
was carried out without mung bean nuclease treatment. No
significant positive clone was found in the first round of
subtraction hybridization.

3.5. Subtracted cDNA library analysis

After the transformation of competentE.coli cells and
blue–white selection on IPTG plates for transformed bacteria,
96 white colonies were individually randomly picked on am-
plicilin plates. The chimeric DNAs were directly extracted
by using the Minipreps DNA Purification System without
traditional amplification and deletion.

3.6. Clone analysis

In the present study, 96 selected cDNA clones were used
for the experiments to detect all potentially interesting se-
quences by solid phase reverse hybridization. Clones consid-
ered as corresponding to an unknown viral cDNA were those
that hybridized only with the tester probe, e.g. clone A5 and
C12 (Fig. 1). Those clones that hybridized to both tester and
d pre-
p d.
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daptor to cDNA without adaptor: this would be the m
robable combination of re-annealing due to the excess o

igated driver cDNA. This cDNA would not be amplified du
ng PCR due to the absence of ligated adaptor. (2) cDNA
daptor from tester to cDNA without adaptor from driver:
ould be the second most probable combination due t
xcess of cDNA without adaptor. The ligated cDNA wo
mplify during PCR but its product would not be amp
ble. Thus there would be a linear amplification (3) un
DNA with adaptor 1 will only re-anneal to unique cDN
ith adaptor 2 from tester. This would be the least lik
ombination, occurring only with unique sequences fo
n the tester cDNA. This cDNA would be amplified exp
entially by PCR as a primer binding site is present on
trands and all newly amplified strands also contain pr
equences. The target cDNA can be enriched by rep
ycles of PCR and nested-PCR.

.3. Selective amplification analysis

Only the tester/tester duplexes which have two diffe
daptors with primer sequences on both ends were a
ed exponentially. These are the equalized, differentially
ressed sequences. But during PCR, other molecules
issing primer annealing sites, and thus could not be a

ed as discussed above.

.4. Mung bean nuclease treatment analysis

In order to further eliminate a false positive backgrou
he traditional subtraction hybridization protocol w
river probes were excluded. Duplicate membranes were
ared for hybridization and similar results were obtaine

.7. Evaluation of subtractive efficiency

In the standard protocols for subtractive hybridizatio
s necessary to have multiple rounds to enrich the differe
equences. In our study, using long-PCR to produce a
mount of cDNA in conjunction with mung bean nucle

reatment to decrease the background, it was possible
ect the unknown virus cDNA with one round of subtrac
ybridization.

.8. DNA sequence analysis

After reverse dot blot hybridization, potentially posit
lones were directly sequenced by using ABI Prism Big
erminator Cycle Sequencing Ready Reaction Kits ver
and the ABI Prism 310 Genetic Analyzer (Applied Bios

ems, Foster City, CA, USA) according to the manufactu
nstructions.

.9. Data analysis

Clones containing tester specific fragments were re
red in our new subtraction hybridization. In the subtra

ibrary, 16 unique tester specific fragments were dete
rom 96 randomly selected clones. Sequence analysis
6 selected clones showed that 25% of them correspond
nown HCV genes. Thus of the 96 random selected cl
nly four inserts could be ascribed to the HCV genome.
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Fig. 1. Subtraction hybridization results. (1) Corresponds to cDNAs from both the tester and driver samples, (2) corresponds to cDNAs from the driversamples,
(3) corresponds to cDNAs from the tester samples.

remaining clones demonstrated no significant matches with
entries in the databases. They may be non-specific, chimeric
fragments and incompletely digested fragments.

4. Discussion

Many human diseases of unknown etiology may be caused
by unrecognized viruses, and their detection and character-
ization remains a major challenge for virologists and clini-
cians. For investigation of an outbreak caused by an unknown
virus, its rapid identification and characterization must be a
high priority. Once the relationship between a potential new
infectious agent and a known virus is established by sequenc-
ing, appropriate culture conditions, serologic tests, nucleic
acid detection and even therapeutic strategies can be rapidly
developed.

Molecular analysis of unknown viruses has proceeded
slowly because, to date, a highly reproducible test model
has not been developed. Most of the current methods are
labor-intensive and cumbersome. A problem is that there is
an extremely small quantity of the viral mRNA present in
comparison to the host’s mRNA. Although traditional sub-
tractive hybridization methods have been successful in some
cases, they require a large quantity of mRNA as starting
material and several rounds of hybridization (Kellam and
W on
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T ry
o this
s tivity

of MMLV reverse transcriptase with a modified oligo (dT)
primer to synthesize a full-length first-strand cDNA as start-
ing material. In order to prepare a large quantity of cDNA, we
successfully used long-PCR to generate sufficient quantities
of both tester and driver cDNA samples before subtraction
hybridization.

This method removed most of the common cDNA by
nested-PCR-based subtractive hybridization and the single-
strand deletion technology reduced the number of false
positives. These steps overcome the technical limitations
of traditional subtraction methods. We also showed that the
long-PCR cDNA products can be used directly as hybridiza-
tion probes for screening the subtracted cDNA library.

In conclusion, a subtraction hybridization procedure us-
ing long PCR full-length cDNA preparation and single-
strand deletion technology was successfully developed in this
project. Using an HCV infected cell line as tester and an un-
infected cell line as driver, several HCV cDNA fragments
were recovered. The results indicate that our subtractive hy-
bridization method is a high sensitivity, low background,
rapid, simple and reliable protocol. For emerging diseases,
such as SARS, and defense against bioterrorist attacks, rapid
identification and characterization of the responsible agent
are crucial first steps. This efficient technique represents a
valuable tool for the discovery of unrecognized and unchar-
acterized viral agents present in low copy number and highly
c

A

ical
C

eiss, 2001) which are not well suited for the identificati
f unrecognized and uncharacterized viral agents. Obta
full-length cDNA is one of the most important, and of

ne of the most difficult steps in subtraction hybridizat
o prepare full-length cDNA libraries for rapid discove
f a new virus still remains a challenge in the field. In
tudy, we used successfully the template-switching ac
omplex backgrounds.
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