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Surmary A rapid and pc& rrm&raiseecha)mafﬂamemnf i cation system was
devel oped for flaviviruses that makes use of reverse

transcription-polynerase chain reacti on (RT-PCR). A priner pair (YF-1 and
YF-3). which corresponds to theMH diakaer ved sequence at 3' noncoding
regi on anong fl aviviruses, was use for | dentification of m)sqw t o- bor ne
f1 avi vi r Pgragimeng of &irglogx I‘l'if"“sfpé'd'r%“’sﬁé‘(‘ﬁ"f"l YaggsakiEniveryity - Yaggiok el Japagh sel ect ed
to identify and distinguish sReieA: September 198% | .ow fever. West Nile, Mirray
Val | ey encephalitis. Japanese encephalitis, St. Louis encephalitis and
dengue type | to 4 viruses. This method. required only two hours for

conpl etion using infected culture fluid: thus facilitating rapid

Cidenti ch—bm&nﬁhavrwms—spmr—R:FrPeR—Fhaww rus:
~Uni ver saPM3%¥er: Virus identification | nt roducti on The genus

flavivirus in famly Flaviviridae is a single-stranded, positive- polarity
RNA vi r usA( Riptd asd adcuragsdytechon andlxdcmﬂleatloremeraavas,)dcvdepe&ssoof t hese
are assfavidvirdeshdt makes ude of aseeran draaseriptiangulymechseadhdiy rbyctiosqui t oes
(Porter (NLHCRJ)%D)pmﬁangm (Y FUsad ¥ -3) yehlctvedredspondsr testHeYghlypnd
Japa“eséoﬁi&? a %&d dtr:&‘%o(nkﬁhm 18&%% ﬂﬁ(rﬁm*ﬁs@é"s)ia?@% 9‘?5'& C In

i

?rg;.“zardécoma.e e ﬂaw;g o
oyl

1986) 128 ! i s it I Y‘i netltute
of Tropred’SF @%ﬁ‘e eXJﬁi“ QFSS&R‘S?R)‘?%}“P\% i Loigjasaki .
- Japan 8emncephalitis and dengue tvpe 1 to 4 viruses.

This method required only two hours for complenon using infected culture
fluid. thus facilitating rapid identification of mosquito-borne flavivirus species.

RT-PCR: Flavivirus: Universal primer: Virus identification

Introduction

The genus flavivirus in family Flaviviridae is a single-stranded, positive-
polarity RNA virus (Rice et al.,1985) and includes at least 66 species. 29 of
these are associated with human disease and are transmitted mainly by
mosquitoes (Porterfield, 1980). Dengue virus (DEN), yellow fever virus (YF),
and Japanese encephalitis virus (JE), for example, are highly pathogenic in

~ humans and their epidemics are significant public health problem in tropical
countries (Halstead et al., 1980; Umenai et al., 1985; Monath, 1986).

Correspondence to:  Mariko Tanaka. Department of Virology. Institute of Tropical Medicine. Nagasaki
University, 12-4 Sakamoto-machi. Nagasaki. Japan 852.
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usi ng suckl® ng nouse brain (Work, 1964) cultured nosquito cells
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PEN (DL: Hawsinganrustindeaigd cel sultare fed. (D2 New Guinea B strain), type

8 DEN (D3: H87 strain) and type 4 DEN (D4 H241 strain). The viruses

ypere inocul ated once to C6/36 cells (lgarashi, 1978) in tube culture. The

jnfected flmggng\p{,ﬁd heeated 1 week after i ncubation at 28[err] C and

istored at C until use. Sequence-handl i ng software
sequencagsel ctlons searches. conparisons and confirmations after

sequenC| ng g( Hrmed with a DNASI S-MAC Version 1.0 software system

i H tachi, 1991
i ( N _ Tgxe flavivirus strains used in this study were YF (17D vaccine strain), West

Nile virus (WN: EglOl strain), Murray Valley encephalitis virus (MVE:
prototype), JE (JaOArS982 strain), St. Louis encephalitis (SLE: prototype),
type | DEN (D!: Hawaiian strain), type 2. DEN (D2: New Guinea B strain),
type 3 DEN (D3: H87 strain) and type 4 DEN (D4 H241 strain). The viruses
were inoculated once to C6/36 cells (Igarashi, 1978) in tube culture. The
infected fluids were harvested | week after incubation at 28°C and stored at
—380°C until use.

Sequence-handling software
All sequence selections, searches. comparisons and confirmations after

sequencing were performed with a DNASIS-MAC Version 1.0 software system
(Hitachi. 1991).



313 TABLE | Sequence of synthetic oligonucleotide primers. Primer code

Sequence (5" to 3') Product Rererences
(bp) YF- | GGTCTCCTCTAACCTCTAG Rice et al. 3131987
YF-3 GAGTGGATGACCACGGAAGACATCGC YF- S10 GTAACAGTI TACATCGCTGAG

278 Rraacett al .. 1987 YF-C10 AGCAAGAAACATGTCCACCA WN- S3

CACA T A 229 Castle et al. 1985. Wengler et
A obymberl ofisoncientide prmencin . /. < GICAGACGITTCTACGGTGT
273  Datigarme Gtavabe (s 1986 WE-C  AGAMKIMAT TRGEAEGACTGG JE- NS3- | S

AGAGCGGGGAAAAAGGT CAT 142  Sumitgpbshi et al.. 1987 JE-NS3-4R
TTTCACC{:IQTTTCTWC%A§ TGTATATCACATAQ@QQ@,, " 233~ Trent
et al..y#987 SLEAGTGGATERAD, EREAATCGT D - CGACTGOGTATGGAGTTTTG

470 VEStEN et GIAACAGEBCADCLESAG ATGGGﬁGT GG&GIMT@AT D2- S
GI’TCCTCYMACA@T’G@AGAAACATGTCCACCXIO - Hahn et al.. 1988. Deubel et al..
1988 D2¥V-S3 g ﬁ%@gﬁgﬂfﬂe D3- S12%%  GIEEr vabACKGY et rner iy 1985

300 D3- C1 T G D4-S
CATTAT gﬁcr ,Amcmg,\gfﬁm ck(c):v%e\ Iy "‘°f;i %87 Zhao et al .
1986 DAsENS3.IS CAGAATCCTORAARAGS - Priygyers sumiydhilec 0 iog®r s were

synt hesiezési-#Ri t MTETN t:‘l"eU:TBcasystens DNA synt hesi zer (nodel 392) and
checkedSEoy purF‘t\ GRATATEACAR & Gg gel chﬂonatT@grap‘hy"S(Genpack Waters) .

When no han ngth ol j go was o rved, the priner
was di sigggded ag% G&% SO E}'g?

synt h&%i zed 8 TRe nucl eoti de

. sequencg.end re*bfef@m@ctn REA®IccAn of theiopri mMRkse al, @osb. Rlifle i) 19801 € 1,
and t hept-ocat i o0¥GUfATYFTAATIHECBTGM t hin a few fl avi virus genones are
illustr@¥¥d in F'T CTTACACRGEBETATTIT For hyPI0i di Qsgwengand Sumiyeshi 19990 t he RT- PCR

product P*ghch f Fe A G speci fi g CDNA prob epared. with TA
c oni ngg stem: fq% i f| ed R’V PCRW%’HGE{T‘SWE FE’Q <1986 -

speC| €S-8y a S 2 . gen)
and the recorrbl nant pCR pI asm ds wer e sequenced by the rret hod of Sanger et
al . (1977). Each flavivirus species-specific cDNA was cut fromthe

reconbi RamersCR pl asmids with restriction enzynme of vector's polylinker
site. The cloned flavivirus species-specific cDNA fragnents were | abel ed

Wi th bi ot Al pishiegs veld SyMihekizédRath Bl AypliednBibsYstems DNA synthesizer
(model 392) and checked for purity by ion-exchange gel chromatography
(Genpack. Waters). When more than 1% of incomplete length oligomer was
observed, the primer was discarded and the sequence was synthesized anew.
The nucleotide sequence and reference information of the primers are listed in
Table 1, and the locations of YF-1, YF-3 within a few flavivirus genomes are
illustrated in Fig. 1.

Probes

For hybridization to confirm the RT-PCR product, each flavivirus species-
specific cDNA probe was prepared with TA Cloning System (Invitrogen).
Amplified RT-PCR products using species-specific primer pairs were ligated
with pCR vector (Invitrogen), and the recombinant pCR plasmids were
sequenced by the method of Sanger et al. (1977). Each flavivirus species-specific
cDNA was cut from the recombinant pCR plasmids with restriction enzyme of
vector’'s polylinker site. The cloned flavivirus species-specific cDNA fragments
were Jabeled with biotin using a Bio-Nick Labeling System (BRL).
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[err] Fig. 1. Location of flavi-universal primer pair in
flavivirus 'genonmes. Qpen arrows indicate YF-3. closed ,
arrows, i ndid¢ate YF-1. The size of products (bp) are given. Rapid Reverse
Transgription (R T)-PCR 5 [err]l of | nfected cul ture fluid was incubated
w th an equal vo| f ‘ et—P=40 Q U of RNase
I nhi pitor (Takarm i kal i ne (-)) in a
2 . This was foll owed
% m of each priner. 0.2 nM
dexynucl eoside t \\\\\\\\\\\\ He (PH 8.9). 15 mM MgCl[err], 80
KCl, 0.5 ng of bOVI ne serum aI bumn per m, 0.1% sodiumcholate. 0.1%
T#i ton X-100. W& Fanscri [iTe Stienckel nCces UK and 2 U
thernostabl e Tth ENA pol ymer ase (Toyobo Qe Osaka. Japan). The reaction
xture was cover eral g and the tube was incubated
4 10 min at- 48[ \&\\\\\\\\\\W s by Vever
$anscri ptase reaction. PCR anplification was achieved in 25 cycles using
ge foll owing 52 e U o ar_947err¢ for 60 s, annealssng at
8[err]C for 60 s. ampl extension at 7#samr|C for 60 s using a thernmnal
ycler (Iwaki Co., Tokvo. Japan) Analysis of anplified DNA Af ter
gcling, 5 [erP} H——wa—s——r—g—e-l—x:éd on a 3% Nu'8 eve®3: 1 Agarose
bl (FNO) in TAE buf f3r (40 M Tris/8e&ate (pH 8.0), 1 nMEDTA). Gels were
fained with ephi SRR \\m.lllll‘ DNA bands wgje vigual i zed by
|1 ght transHIuma:atlon @et #m| ot anal ysi s. —-]:emortlon of
- RCR m xture was denatured in 0 25 M NaCH at room t 8RFEFEPS ® for 5 nin
afid then i ﬁmbLJ ht8dr Ali-universal primer pair in flavivirus genomes. Open arrows indicate YF-3. closed
15 Hybond-N menbrane (AW nsicadTy F-N th sidOf ¥rodios (Hpf ack gi®&C i s 150 mM NaCl and
> mM sodi um citrat e) using a Bl O DOl apparatus (Bio-Rad). After rinsing,
'otsvverealrg d irradi at \ggréEUVIight (256 nm) for 3 mn.
F ehybri di 2804, "Wéé" ?’f’éf’ﬁé’ﬂ” f i zation buffer (Anersham) contain-
5 ul of' infected culture fluid was incubated with an equal volume of detergent
mix (1% Nonidet P-40. 10 U of RNase inhibitor (Takara Co.. Kyoto, Japan) in
| phosphate-buftfered saline (—)) in a 0.5 ml Eppendorf-type tube for | min at
room temperature. This was followed by addition of 90 ul of RT-PCR mix (100
pmol of each primer. 0.2 mM deoxynucleos:de triphosphate, 10 mM Tris/HCI
i (pH 8.9). 1.5 mM MgCl,, 830 mM KCl, 0.5 mg of bovine serum albumin per ml,
i 0.1°% sodium cholate. 0.1% Triton X-100, 10 U of reverse transcriptase (Life
Science Inc.. UK) and 2 U of thermostable Tth DNA polymerase (Toyobo Co.,
Osaka. Japan). The reaction mixture was covered by 2 drops of mineral oil, and
i : the tube was incubated for 10 min at 53°C for Ist strand cDNA synthesis by
i ™~ . reverse transcriptase reaction. PCR amplification was achieved in 25 cycles
using the following steps: denaturation at 94°C for 60 s, annealing at 53°C for
60 s. and extension at 72°C for 60 s using a thermal cycler (Iwaki Co., Tokyo,
Japan).

Analvsis of amplified DNA

After cycling, 5 ul of PCR product was resolved on a 3% NuSieve 3:1
Agarose gel (FMC) in TAE buffer (40 mM Tris;acetate (pH 8.0), | mM
EDTA). Gels were stained with ethidium bromide, and amplified DNA bands
were visualized by UV light transillumination. .

For dot-blot analysis. a 10 gl portion of RT-PCR mixture was denatured in
0.25 M NaOH at room temperature for 5 min and then immobilized on




flavivirus specific cDNA probe was added to the prehybridizatioipuffer.

\I ng 45% f or mam de at 42[err]Cfor | h. After 1 h. each biotin-|abeled

_“"""mmm

1 Col umBrginhsidizatien Wwascpasformed i Hyhidizadian,

| Term nflis?fucﬁ{)‘ﬁ%eof%ﬁ%ﬁﬁhmt

(After overni ght incubation at 42[err]C, positive signals were detern ned

d f . th N E
ﬁéﬁ?;da% opf ! uhﬁﬁég RARTH ) i r’*”ssg“r X 35€ BN NEERC ot
di rect

UM Girage). paag 2 ehﬂls %P “g_r

ﬁ“ﬁts wer e
- separ atlaﬂlﬁgﬁ&‘ h'éerﬁraﬂﬁﬂrf@dam éﬂ‘ﬂ?ﬂ’@‘ wl'th EE‘ Y mel'f 'H%f&i‘}@k Spi n
furer

(Boehr pg45% fatmamide atl 423Cefoiral hwadterr ki gretmbeetinilabeled HlaayItUsd dri ed
in vacgbmﬁ@aDrNAqgebanehs\/wde@I @S@de\{&dhvml(hhala@lpb@ﬁeraﬁ&ﬂf(ﬂ%?ﬁ%‘ t water
i mredi glRlbadidRl Ut 49S€; ﬁg\gge@cg HaMasweperdaemachedsiavgordimgrdg mieDeoxy

smﬁm EBIUS BNB NeowradibadtiveBNueldiy, a
20-[er cota|n32prml of prlrrer (each

- conpl e {? r] X
'sequencef’B ﬁfggl‘e“‘é‘ &re 1#’&??@ 85? rfg‘(ra‘?r?éR tta dsa b fgﬁeom de
tri phoEQfﬁtEfoqll%‘r Sxerensepasatedn fram) t ea\é P ase and the
react i dnomghtm@lmksswﬁeﬁ'bblmnwﬂhe eged)} éﬁc%ﬁ'ﬂﬂ MRt 'BF ruc fat el y
after phechagufaceureeaBoehrirtgeppsThe elutade muerialy ovasy P(N‘é@Hﬁée L“(‘él t he
foll O%ﬂﬁaddwumanedqw Vitula ceherifugd andbyes dissolved i apoapprgpTiate s;
60[err un‘ie 'E‘S‘t' Wmft@{‘ u%rﬂé?ﬁ&‘dely%e%’i’e%&' Segueiibien, was perferntedonsingiher e was

purifi Ha 651 u@ﬁétﬁﬂ Kit (Applied) BivsysiemsgENCR. eci pi tat e
] E‘ﬁ ] d
as 1 e; M 0 §‘r¥8 as p E& é&Et‘éﬁA @nv (p”mél mr?;tr)ilgk;r%;glzh] 021 gﬁd
°é

forma

| oadedcomplemgniary| H\ Eﬂ% e uenc r c t he

i nst r ubuftens eéﬂ‘t‘hﬂé‘l nQbepéél‘lbr@r tmﬂ?ﬁ ? she eagﬁl ts

Det ect flmorescenb dquninatonk rand 1ol vI4q PYén a9 P&F@Qew agiPler sal

pri mer mixturdswas ovedatd ghltyonordsep\ddnswq Aeoid cbmmediae! Xsa“&ﬁtprl%%at ed

regi on t&éJTE’Actmn rTobesiit @ liheratall tyatérv( Techngehodk thei tdlawing theruwds) |

flavi-y als d%h@&f 99T 15 B 50T | 060°OF IminWord) toms ofedBcyales.  or

maxi ”“ﬁyg}g% m@xﬁ@@%‘% g: éd @Yt'l"VQﬁit‘ft%pm\@olME ankEdriéd,inD3, D4
8

whi ch ﬁ@g@é Rl in3 WRoaﬁaﬁ JBAlRsH [ Sle

cYéeuB‘F“fn‘g ? h th
e o) %xﬁatfeﬁ ormamids M EPTA é.né.rus,és 1€ vehs ‘*gggg%tﬁ;““

pri mer 953ddov2 minaaddepded oat9 HBlé‘Td qspgs ms ga% S near the
3' end aezomfing Yb theriostructions ob thermanufaciursgd with the
expected size on the agar.ose gel for t he remai ni ng 9 fIaV| viruses (Fig. 3).
Because this RT-PCR coul d detect nosquito-born flaviviruses such as SLE,
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0 lmng the highly,conserved sequences in the 3' untrans 10496
1
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mosapuito-borne flavivirus genome. (Rice _et_al, 1988), flavi-universal primer 10472
paxD@pnmer code YF-1, YE-3)-was selected fosmaximum homology with 6 10419
species of flaviviruses, YF MVE, JE, D2, D3, D4 which have already been
sequenced for their 3 UTR. The nucleotide sequences of flavi-universal primer
pair are shown in Fig. 2 together with the number of mismatches with
sequenced flavivirus species. Since the primer code YF-1 was expected to
anneal with 2 conserved sequences near the 3'-end except YF genomic RNA, 2
amplified DNA bands were observed with the expected size on the agarose gel
for the remaining 9 flaviviruses (Fig. 3). Because this RT-PCR could detect
mosquito-born flaviviruses such as SLE, D1, MVE for which the 3-UTR
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Alignnent of ‘the flavi-univcrsal priner pair w thsH'e correspondi ng
sequences of other flaviviTuses. The Symbol (-) pepsesents igentical bases:
m smat ched pases are indicated by the characterg, dfie 5 nucl gotide position
of the sequgfices and nunber’ of msmaiches are giygr, YF-1 priner was

desi gned to, anneal wi th 2 poSiti‘on except for Yl%ogéd'us: * shpws 5 side
anneal i ng position. [err] 'shows 3 side annealing :

position
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_ ) WN Ry G----ommmmnmes 10045 2 - 489
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broni de stalhing aft et agarsse gelT-erect rophor es? 8¢ YF- pri mer
JE pri meig. 2. Alignment of the Navi-uddrs) pici® paif @i the corresponding sequences of other flaviviruses.

The symbol (—) represents identical bases: mismatched bases are indicated by the characters. The ¥

nucleotide position of the sequences and number of mismatches are given. YF-1 primer was designed to

anneal with 2 position except for YF virus: * shows 3 side annealing position. ** shows 3’ side annealing

position.
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Fig. 3. Utility of universal primers for amplification of different flaviviruses. Each flavivirus species was
amplified by RT-PCR using flavi-universal primer pair and the product was visualized by ethidium
bromide staining after agarose gel electrophoresis.




Fig. 4. Identification and specificity of each species-specific prinmer pair
to anplify flavivirus by RT-PCR Each flavivirus infected fluid (5 x
f10[err] to 6 x 10[err] PFU mM) was anplified with 9 kinds of 317

speci es-specific prinmer pairs and the anplified product was detected in
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Pr dfd8id dentilication and specificity of each specief-gpeqiljc primer pair to amplily flavivirus by RT-PCR.
Each flavivirus infected fluid (S x 10° to 6 x 107 PFU/mI) was amplified with 9 kinds of species-specific
primer pairs and the amplified product was detected in ethidium bromide-stained agarose gel

' electrophoresis.

sequence has not yet been reported. the result indicated that these viruses
possess a conserved sequence similar to that of other mosquito-born
flaviviruses. '

Detection of each flavivirus species using species specific primers

In order to identify the viral-species. the nucleotide sequence of flavivirus
species-specific primer pairs was selected from published data by computer
analysis. A computer search showed that the homology of the complementary
primers was less than 4 base pairs to the heterologous flavivirus RNA
sequences. Each primer could amplify only its homologous virus genome, and
no detectable DNA fragment was amplified by heterologous primers for any of
the flavivirus species (Fig. 4). The specificity of the RT-PCR product was
confirmed by dot blotting using species-specific cDNA probes, since each
species-specific cCDNA probe reacted only with the homologous virus species
product (Fig. 5). The specificity of the RT-PCR product was further confirmed
by complementary primer direct sequencing. As an example of this experiment,
nucleotide. sequence of D1-specific amplified PCR product (Hawaiian strain)
was shown to compare to the published D1 sequence (Nauru Island strain)
(Fig. 6). There were only 13 base mismatches in the sequenced region of 304
nucleotide, showing that the method can detect strain difference.



Fig. 5. 'Dot blot hybridization of flavivirus species-specific RT-PCR
product with cloned cDNA probes of each flavivirus. Code nunber of the
. product. 1: Yellow Fever virus. 2: West Nle virus. 3: Mirray Valley
encephalitp® virus. 4: Japanese encephalitis virus. 5. St. Louis
encephalitis virus. 6: Dengue type 1 virus. 7: Dengue type 2 virus. 8:
Dengue type 3 virus. 9: Dengue 9/88 4tVi rus. 10: each honol ogous pri ner
pair (50 roduc pmol each). Di scussi on
Thi s study describes a sinmige 918 Ifoé $a¥ 3tPeti dentification of flavivirus
group and species from i nfesred~8e~36~cehtr——Tutture f,l uids by direct RT-PCR
Cl assical hemagglutination inhibition and neutr ¥iF z4ti on tests have been
sed for these purposes but both are cunbersone afd tinme-consunm ng. The
vdentification and detection of the virus Psol aWN Rave been facilitated by
he application of MAbs. Recently, however we obserlved that three D virus
gtrai-ns from dengue henorrhagic fever patlent i MVIlRdi | and di d not react
JMith a Dl-specific MAb 15F3 (Henchal et al.. 1982), lal t hough they reacted
M t h pol ycl onal anti-dengue and anti - Die Mab | FIJEKi d%/ supplied by Drs. B.
gnnes and A. Nisalak). These three isplates werg id fied as D by RT-PCR
#glescribed in this paper (Maneekarn. in preparat E) ghe results suggest
g hat one particular MAb may not be gble to deteﬁh ch nutants with altered
#im no aci d sequence of the rel evant epitope he PCR nethod. it is
$Hossible to identify the virus iselates with taDget sequence of the priners
i thin approximately 20% -nucl eotide sequence variafion (Lee et al.. 1988).
Mreysover. the PCR method nay t’e appl i cabl e topgat lhol ogi cal speci nens from
gvhi ch antigen detection by g may be difficukt. t hough identification
fof flavivirus or dengue vir{Eg®®nome by RT- PG B4s been reported (Deubel et
dal .. 1990: Henchal et al.. O1l: El dadah et a
319 Fig. 5. Dot blot hybr@Bdi®n of Navivirus species-speaific RT-PC R2)3>7!3c: with cloned cDd)probes of
§CAGT T GCCATESTCACHCT GF ACTRACGA GG TV ERARAEREENETEW est N“: ‘gf“s- 3 H"A[W Valley

virus, 0: Dengue ty vITWy, /.
§ %GTTCI;CAEEKAEL type 2 vggbg{%ﬁ%@wr Den%%ufsl%ach homolomkwn’ﬁer paiuri( 50
GGATGT GTAATCAACT GGAAAGGCAGAGAACT CAAW&I‘C%&AGCGGCAT HAW
QGGATGT GTAATTAACT GGAAAGGCAGAGAACT CAAATGT GGAAGT GGCAT 51

75 Discussion

This study describes a simple method for the identification of flavivirus
group and species from infected C6:36 cell culture fluids by direct RT-PCR.
Classical hemagglutination inhibition and neutralization tests have been used
for these purposes, but both are cumbersome and time-consuming. The

_ identification and detection of the virus isolates have been facilitated by the

N application of MAbs. Recently, however, we observed that three DI virus

strains from dengue hemorrhagic fever patient in Thailand did not react with a

Di-specific MAb I5F3 (Henchal et al.. 1982), although thev reacted with

polvclonal anti-dengue and anti-D1 MADb 1F1 (kindly supplied by Drs. B.

Innes and A. Nisalak). These three isolates were identified as D! by RT-PCR

described in this paper (Maneckarn. in preparation). The results suggest that

one particular MAb may not be able to detect such mutants with altered amino

acid sequence of the relevant epitope. Using the PCR method. it is possible to

identify the virus isolates with target sequence of the primers within

approximately 20% nucleotide sequence variation (Lee et al.. 1988). More-

over, the PCR method may be applicable to pathological specimens from which
antigen detection by MCA may be difficult.

Although identification of flavivirus or dengue virus genome by RT-PCR
has been reported (Deubel et al.. 1990: Henchal et al.. 1991: Eldadah et al..
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TTTTGTCACCAATGAAGT CCACACCT GGACAGAGCAATATAAATTCCAGG HAW

' f‘l'TTTGT CACCAATGAAGT TCACACTTGGACAGAACAATATAAATTCCAGG 101
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product (304 nucl aeid des) from D i nf enbfd fluid (Hawaiian strain) and the
publ i shed DI NiN&ur m't'edrandcstrnmﬂccm:mcdwhmmanmneonmcposi tions are
nunber ed accord| nq 1°0 *RMESOn” et * al '“'1987"'NA‘U 'Dé e {é"" Naur u I sl and
str ai n, HAW TT‘I‘GTCACCAATGAAG‘I‘TCACACTTG%h APT ’ian Strain.
. 1991; Laille et aI::;, 1991; Lanciotti qrs,ﬁl , 1992) our system al | ows
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single reaction tube ant ‘rosquittottrorne fiavtvi'rus unirveY’sal prinmer pair.
The reacti vi H§Wof CB‘EhCTFFWMFP%‘&W\FSP%‘&I“W‘M&?“*‘W“‘f“c&ﬁﬁ YF-3, with SLE,
D, ME indicated zhat the target seq@«gi‘n,ces of these prinmers were well
conserved anpRe WSMG&GTGJ&QE%&E?dl:lcxwdﬁeﬁccaedamebaﬂcmpossess an
| nportant bi ol ogi eate fvenctic o sivme {+she-repti-cation: process. ** The present
results can BHawyut FFT‘Z@G%%@E‘@MW@&]CWC‘?C(?Fctq‘fecﬁféﬁfH"-i"@&t“l‘on of unknown
flavivirus isol at% The rel evant vi HZ% speC| men should first be screened
Wi th the YF- §a@nd a¥id aREinkREa@hkadcRcRitrthdbrarkaighcoehakat € of the viral
speci es by the nunber andeSicZen «Of e e O e c TPI 4 oo b €3 « preaducte c@n agar ose gel
- el ectrophor egiaw. SexantdrgacartraiTASpEer e TShOURMAMICEOMACAANRD by RT- PCR
- using speci es- speé?‘f [ c pr| mers. Hybridf%ation with enzyne-| abel ed
' speci es- spechflgjc 2can be used as a confirmatory test. Qur nethod is
-al so suitable for .uough 320 quantitative estimation of flavivirus
"RNA in the sHati exraf viral replication; inhibition or interference.
Al t hough Sout hern bl3@#ting, dot blotting or restriction enzynme cl eavage
have Fig. 6. Alignment of the nucleotide sequences of RT-PCR amplified product (304 nucleotides) from DI

infected fluid (Hawaiian strain) and the published D1 Nauru fsland strain. Nauru Island nucleotide

positions are numbered according to Mason et al., 1987. NAU: Dengue type | Nauru Island strain, HAW:
Dengue type | Hawaiian strain.

1991; Laille et al., 1991; Lanciotti et al., 1992), our system allows identification
of the flaviviral genomes without RNA extraction using a single reaction tube
and mosquito-borne flavivirus universal primer pair. The reactivity of our
flavivirus universal primer, YF-1 and YF-3, with SLE, D1, MVE indicated that
the target sequences of these primers were well conserved among mosquito-
borne flaviviruses and probably possess an lmportant biological function in the
replication process.

The present results can be utilized systematically for the identification of
unknown flavivirus isolates. The relevant virus specimen should first be
screened with the YF-1 and YF-3 primer pair to obtain a rough estimate of the
viral species by the number and size of the. amplified product on agarose gel
electrophoresis. Secondly, viral species should be confirmed by RT-PCR using
species-specific primers. Hybridization with enzyme-labeled species-specific
probe can be used as a confirmatory test. Our method is also suitable for rough



been “‘used for the confirmation of PCR product, direct sequencing of RT-PCR
product using the automati c DNA sequencer can serve as an alternative
confirmat gigy method that can be conpleted within 2 days. This direct
sequencing method is a valuable way to obtain sequence infornation required
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A protocol was designed for the rapid and efficient construction of cosmid
libraries from cell-associated viral genomes available in very low quantities.
Purification of viral DNA from cellular DNA was unnecessary. The vast excess
of cellular DNA compensated for the limited amount of available viral DNA,
enabling titration of the restriction endonuclease partial digest. A cosmid
library of the -turkey herpesvirus DNA genome was constructed from 1.5
micrograms of cellular DNA containing approxnmately 6 nanograms of viral
DNA.

Cosmid library; Recombinant DNA; Herpesviruses; Cloning

Introduction

Traditional methods of constructing cosmid libraries from very large viral
genomes involved isolating DNA from purified virion and generating DNA
fragments in the 30 to 50 kbp size range either by shearing or partial restriction
endonuclease digestion. The DNA fragments within the 30-50 kilobase pair
(kbp) size range were purified from other fragment sizes by sucrose gradient
centrifugation or gel electrophoresis before cloning into the cosmid vector. One
difficulty with this approach was the requirement for large quantities of DNA

Correspondence to: R.F. Silva, USDA/Agriculture Research Service, Avian Disease and Oncology
Laboratory, 3606 East Mt. Hope Rd., East Lansing, M\l 48823, USA.



