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Abstract : To study the specific tools for the diagnosis of Newcastle disease virus (NDV) in
chicken, polymerase chain reaction (PCR) and its presumable conditions were evaluated for the
detection of hemagglutinin-neuraminidase (HN) gene of NDV RNA. For these purposes, Kyo-
jeongwon strain of the NDV was propagated in allantoic cavity of SPF embryonating chicken
eggs, and viral RNA was extracted from fractionated virus after the allantoic fluids were ultra-
centrifuged with sucrose gradient. The first-strand cDNA was then made for the HN gene of
NDV RNA by reverse transcription at 42°C for 1 hour using specific primer complementary to
the HN gene. The single-stranded cDNA was used as template in the PCR of the HN-DNA, and
various conditions of the PCR were evaluated to set up method for the specific detection of the
HN-DNA.

The PCR conditions promising for the detection of HN gene consist of preheating at 94T, 5
min, 30 cycles of denaturation at 94C, 1 min, annealing at 55, 1 min and polymerization at
72T, 2 min, and a cycle of extension at 72°C, 5 min. when NDVs of allantoic fluids without
fractionation were applied to the above PCR condition, the HN genes were detected effectively

not only from Kyojeongwon but from other velogenic strains such as Herts and a field isolate.
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FAEH L 27 TASE I AgH oA HY
A paramyxoviruse] £33} Newcastle disease virus(NDV)
olm’, 4 ARy AoPM Hxz HAHAL. &
gl A= 19294 Konno et al ‘o] o &te} HoA A
& BaE F 8ARA 2 2] ALHm JloH 5F
7), 287, AZAY dFd F4, AdE At A
Ant s Hatgo] gobd FALYGS F& Hef ool
g3 3o o W HAE At A # HesA 2
o] o] FoA 1 gloy HEA J1BAY, vloj2E
zoy F fAME AW Aol 4 ¥k £¢ ¥
AA Ade A% FANAZ FHFANG, 7
GRS, A G, E2FANAYZFAEY F
o] o] gHAT F A AETozE 2HY #39
oot EF utolg] 29 R FAANGLE F4Y A
Yoy A @k £ AT g A5t FAzbe]
2850 volgla FANY, 7 ePUE R 7%
A Waseol goz A& H Agol o
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NDVE #7159 RNAS Ha 02 7HAn, of7]d&
nucleocapsid protein$l L, P, NP$} envelope glycoprotein{!
HN, F, M 59 utojgix A Ed & st fraas}

I e}
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EARGT. o] HN 89S £FAXY vpolgx
F&Ad Qg 258 ey, F 34E 5 4

FAYGH §E3h AXANE NDVE JSjatA oz
A olE FUEIL wAEEY TG THE FA
om A AYE FEHTE

el polymerase chain reaction(PCRY'® 7% ol o]}
Aol nlolzl A2 HE DNA B RNAES
dovy {FAA FEAMY Sojio] & I
AeEa Qoh . =3 Seal e al *& NDVE F 2 M &
AHAAE FZE + T primer2A PCRE T35
H A% wAEHY BolFde] sMedE Rudin
2 A7) NDVY 72ad A3 948 Yeuy
F3aA A g Frdte B HN $9 {422
Eojx oz AZEY + 9= PCRYE &HPsux NDV
9] RNAZXE] HN-DNAE ¥ 58 7)d A¢s PCR 24
£ FEsT

Mz 3

NDVel st & 22| : NDV 2 958 Chamberss}
Samson’9] Wyl Fake] 23} 9~109% SPF &g
a7 01miE FFHLE HFFE F 37TAA
2-3947 et F4E whoje 28 Fidte A=
A FEA o2 AHF F 5,000rpmol A 30¢3 A
ARt Aol FHe AEE FHAIN L, FAHY
£ 40,000pm o 2 SA|7HEe 2 QA E2)dle wholg A
ARES FHA. o|AE TNE £ 4(10mM Tris, pH
7.2, 100mM NaCl, 1mM EDTA)d)| 1004] 2 525 A 43
& F 30~60%2] sucrose gradiento] A 40,000pm .2 184]
5N 244 R e whely g A9
Z} 23 9] optical density(OD), 487 ¢35 ¢ v
ojgix9 A& zAeHgth NDVY A4 & FA s
AR A 89| upojg{2 4L 40,000pmOE 4A]
tE AR 2 BAst] 2 AHESL TNE &9
of 1002 & &83 10T BRESHA Hlo]g A
RNAY #elo] A3ttt £8 WA UF, HertsT, Bl
F 9 opej el REFE SPF 25 AndPuy H
FF I AEGZAE AH RNA F2 AHgEG o,
o] & ufo] FAAGAThdA LUt FAH
At

NDVoll CH3t M7 SES : Beard” 9] HEIE o)
uzh FA NDVFE dig HEF e A3
vho] 2] £ 9] hemagglutination(HA) titerE ZA}31 0.

NDV-RNAZS| &£2| : Chambers et al 2] W) F3
o} NDVZ5E RNAE #e3tdth &, 2 xuzho A
FE 244 EHFAE vrolel2d 0lml BE Fx
w7 wf g 0.5mlE 2+ RNA 2 o (proteinase K 2mg/
ml, 10mM vanadyl ribonucleoside, 0.15M NaCl, 1% SDS,
12mM EDTA, 0.1M Tris-HCL, pH 7.5) 0.5ml & 1mls} &
grated 37T A 1A417HE<E WAl 7] phenol2 A
o] guAg AAGHD. oA 110 %9 M so-
dium acetate(pH 5.2) &3} 2w} 9%ko] 100% JEL 2L
& b8tz 70T A 287 AHA F 15000pmo 2
1583 942 e 3o &% NDV-RNAE F&3 At

Oligonucleotide primer2| 444 : Schaper et al *o]
B89 Y Texas GBF 9 HN &9 §43 RNAY 39
5 FYo} 2z} AAH AR sense primer(S' CTT GTA TAT
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AGC ATG GGG 3) ¥ antisense primer(5' GAA GCC
AGG TCT GGT TAG 3)& §A43¥on, o}& primerd
o] &3ted PCRE A AIE o HN &9 F229 o 1.6kb
g 8458 £ 9tk

NDV-RNAOI CH$t reverse transcription B+S : Ma-
niatis et al 9] Wo] F&to] NDV-RNAJ| th& first-
strand cDNAZ A48} t}. NDV-RNA 9plE template
3la) of 7lo] 2p1¢] sense primer, cDNA FAA ¢} JIE
(Boehringer Mannheim)% ¢} 2ul¢] 10mM dNTPs(dATP,
dCTP, dGTP, dTTP), 1pl¢] RNase inhibitor, 4p1¢] wF3-¢k
ZA(X)e £t o]ojA 29 reverse transcrip-
taseE 7}3ked & 20plo) A Eof thalo] 42T A 147
%<} reverse transcription ¥H-3-S &} first-strand¢] ¢cDNA
& TEAT.

NDV¢| first-strand cDNAO} CHEt PCR : Innis et al ¥,
Jestin et alV, Schroeders} Balassu-Chan'®2] ®p¥of Z3}
o NDVY] first-strand cDNAS| t) & PCR A &S A A5}
o double-strande] cDNAS ZZ Mite gt &, 2854
54.5p1¢] PCR A] ¢} 7] E (Perkin Elmer)% 9] 10p1¢] vh2-¢}
Z0l(10X), 16p1¢] 1.25mM dNTPs(dATP, dCTP, dGTP,
dTTP), 5p1e] 20pM sense primer, Sple] 20pM antisense
primer, 4p1¢] 25mM MgCl,, 5p19) first-strand ¢cDNA tem-
plaed MU2 et F 99.5u9] whg- AL thermo-
cycler(Hybaid model Omn-E)ol] A 94T, 5%3F ofu] 7€ 3}
St} o]oj A 0.5pK(2.5 units/ul)9] Tag DNA polymerase &
£33z 100p19) mineral 0ilZ 7}3}od 94~95TC oA 18
7} denaturation, 50~60C ol A 137} annealing 2 70~747C
o A 18 E&= 28749 polymerization ¥H&& 15 Hd o7
ata] 3034 AT HEFHoE NTAM 5§
polymerizationg £ ¥ ¥ PCR2 &3t}

PCR = TA} : PCR A &) A denaturation, annealing
o polymerization ¥Hg-9] 2L ¢ AEAMEE FIE
v w3}o] NDV-RNAZ F-E HN &9 §42& 723l
Agd 208 ZAB

HN &2 XX DNAS| ol : PCR A o2 J4tH
DNAZ 1% agarose geld| A} A7) 53l 2715 &elg
i1, DNA probeZ % hybridization 28L& A A}3}¢] HN-
DNA 9% & #2135

DNA probeo| 442t : of 59 WA U39 HN-DNA
g 223 % random primer labeling H 0.2 WA ¥

94 E ®A 5] DNA probeE AAtatTh &, ol&

o

o} A 23 DNAZ PstlC. 2 Hd3dta] HN-DNAF
1.6kbe] 2£4& BE3¢E o] DNA Splo] 3ple] dNTP
Eg94(2 0.5mM2] dATP, dGTP, dTTP), 2p1¢] hexanu-
cleotide primer(Boehringer Mannheim), 2pl¢] a-**P-dCTP
(10pCi/pl, Amersham), 574 7l 2 1pl9] Klenow en-
zyme(3.7 units/pl, GibcoBRL)S 7}3led 3770004 3087
HEe Al 7] 65T oA 1087+ 7834 DNA probeE 7t
EUTh

Hybridization A% : PCR A8 0.2 A4¥ DNAS
1% agarose gelo] Al #7149 F A1 7] & nitrocellulose mem-
brane(0.2um, Biorad)ejl Souther blotting® 31}, ©] mem-
braneo] DNA probeE 7}3}1 420 ¢ hybridization oven
(Hybaid)ol] A 9+-8-& 3o A& 2 A2A17 ¥ autoradio-
graphy 3] HN-DNA & & #lstgirt.

4 I

NDvel =& % RNA 22] : 2B 4F & SPF &
S oA wjoksl & sucrose gradient AEjol M XYM E
2 3 238, A3 Z3e Table 13} 2t £8 69
& sucrose buoyant density(SBD)7} 1.1822 4] OD7} 0.42
2 M4 Egonz 2HE YR velga 28 A
o2 #dolggtt. o)y 9 HA titers log2"'2 A 713 &
o} maA of £8e) wolg22 294 %G 100
o] %2 27 A RNA 224 Apgatsgo

Table 1. Biological properties of Kyojeongwon strain of New-
castle discase virus after ultracentrifugation and frac-

tionation

Fraction Sucrose Optical Hemagglutination
number Density Density(Azso) Titers(log 2)

1 0.220 0.02 2!

2 0.216 0.03 2

3 0.202 0.05 23

4 1.196 0.15 2*

5 1.188 0.28 27

6 1.182 042 21

7 1172 0.25 2¢

8 1.168 0.08 2*

9 1.160 0.04 2
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= ME NDVe RNAOI CH$t reverse transcrip-
tion g2 9 PCR : 28 A A€ w4 Y3 RNAY HN &
A Azl U3k reverse transcription W3O 2 first-strand
9} cDNAE A44¢ & PCR A4E & 33W A& o
# Zt

£ AdgeA AAHE PCRY AptzAF 1452
2 denaturationdl] A &3t 2AL o] 9] denaturation
Hhg-o] £E 9 AZLE 94T S 95TAM Y 1R F
B3l3, 7)o 2z 50c A 187} annealing 2 72°C
d| A 1837} polymerizationg 13 H 02 &« 308 v
39" AFE Fig 13} Zth Denaturation ¥Hg&-& 5 ¢
27} ZANA 242+ 1.6kb L 1.2kb 27]9] 2% 9] DNA
7} A AbE] 9] 2.1, DNA probe} 2] hybridizationol A o] &
D% oA ukeS el FAIE primerg-S HN
+el F A2 16kbe] DNA 24 & 238 4 e
o] 7 99 1.2kbo] DNAZF F% 8 2 denaturationd] 2
w o BrAglol WS ol 4 priming®] A%z AZEH YT

o rlo

[e>

Fig 1. HN gene amplified from fraction-purified Kyojeongwon
strain of NDV by different denaturation temperature and hy-
bridized with DNA probe: A, PCR products by denaturation
at 94T, lmin(lane 1) or 95C, 1min(lane 2), anncaling at
50T, 1 min, and polymerization at 72°C, 1min; B, positive-
hybridization of the DNAs with HN-DNA probe: M, 1kb
ladder marker.

o]} e B Eo)A vt A S HAF A A7) Y dena-

turation 2 polymerization Z 71 o] primer®] annealing W&

$ 747 s0C, 123 55T, 189 271X 2 3o PCRE
e AL Fig 294 2t} Annealing &5 50T A&
] &0 7 primingo}] AU WA 55T A& 1.6kb
o] HN-DNA7} Eojx o8 ZZ 9t} k3 denaturation
Lx7 94T Boh 95Ty | FEEHE 43 SAHS
o 2 Aole AAS A gttt

1.6 kb -
1.2 kb -

Fig 2. HN gene amplified from fraction-purified Kyojeongwon
strain of NDV by different temperature of denaturation and an-
nealing : PCR products by denaturation at 94C, 1 min(lane 1
and 2) or 95T, 1 min(lane 3 and 4), annealing at 50C, 1 min
(lane 1 and 3) and 55T, 1 min(lane 2 and 4), and polymeriza-
tion at 727, 1 min ; M, 1kb ladder marker.

1222 annealingdl] A3 AL Fatnx 94T
A 127} denaturation, 72Tl A 127t polymerizationg]
22189014 annealing {59 €29 AZHE 507, 55¢C,
60CoH A 1£7+e] 3712 2722 3to] PCRE 303] A
Agtdeh. 2 23} Fig 3948k Zo] 50CHA Y an-
nealingA| | % W o] primingo] FAHF LW, 55T
2 0l AE He4e Aolg AL 4 Ak

% polymerizationdl] A 35t 2 A4S FALS 3} 94C
ol A 187} denaturation, 55T ol M 1%+ annealing &
A3}l polymerization ¥-3-& 70T, 72T, 4TAAM 1£
e 3747 2922 dol PORE SAT. T A
Fig 49} o] polymerization®] &% 72C 2 74ToAM =
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1.6 kb -
2 kb -

Fig 3. HN gene amplified from fraction-purified Kyojeongwon
strain of NDV by different annealing temperature: PCR pro-
ducts by denaturation at 947, 1 min, annealing at 50T, 1 min
(lane 1), 55T, 1 min(lane 2), or 60T, 1 min(lane 3), and po-
lymerization at 727, 1 min; M, 1kb ladder marker.

1.6 kb -

0.9 kb -

Fig 4. HN gene amplified from fraction-purified Kyojeongwon
strain of NDV by different polymerization temperature: PCR
products by denaturation at 947, 1 min, annealing at 55T,
and polymerization at 70T, 1 min(lane 1), 72, 1 min(lane 2)
or 74, 1 min(lane 3); M, 1 kb ladder marker.

U8 16kbe HN-DNAvre] #ate] gl o1} 707 ol A

9 0.6kbel DNA7} W] o) 3 o

ot 947, 18
nealing®.2 21%
183 2802 veAe B3y
o] 1.6kbo] HN-DNASZ Eoj4 o2
v} DNAQ| %8 28719) polymerization WS o]A o &
0.8 o} 17:

T8 9% AT

FEREER |

2 A

7} denaturation ¥ 53T, 187} an-
72T A
S 9 Fig 5949

35w 4+ ane

aAE polymeri7ation%

1.6 kb

Fig 5. HN gene amplified from fraction-purified Kyojeongwon
strain of NDV by different polymerization time: PCR pro-
ducts by denaturation at 94°C, 1 min, annealing at 55°C, 1 min,
and polymerization at 72°C, 1 min(lane 1) or 72°C, 2 min(lane
2); M, 1 kb ladder marker.

0|ZHE NDVe RNAo| th3t reverse transcrip-
28 X PCR : SPF &5 39 Atz A NDVE

- O =0 =)
SAZ F Aung s 244y 4
A<A

2 AAe o
ZHE 27 HN-DNAE 7#A%387] 9389
i ok %ol 1HA unit7} log 2’ 20|t ZAY vholei A
H& PBS(pH 72)2 2'-2") g Me & 7 #Ajel 05
mlZ &) RNAZ #5389 uh. RNAS] )8 reverse tran-
scription WH&-3 947, SE7F dy] 7t d 3 940, 187+
denaturation, 55T, 127 annealing %! 727, 2#7F poly-
$Z7A 0% PCRE 303 AAletxn 12T,
Astae] Fig 63 22 44 & <&
Stk 2'-2%¢] g Ao A 1.6kbe] HN-DNA7} ZZg

merization®] 4h

5E2} polymerizationg
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Qod, o]5& X5 DNA probeo] ¢3}e] hybridization
kA uh2-2 VERR AT

A B
M1 2 3 456 1 2 3 4 5

16 kb -

Fig 6. HN gene amplified from kyojeongwon strain in allantoic
fluid of different HA titers and hybridized with DNA probe:
A, PCR products by denaturation at 94T, 1 min, annealing at
55T, 1min, and polymerization at 72C, 2 min; dilution rates
of the samples 1, 2, 3, 4, 5 and 6 respectively were 1 124 1:
25, 1:2% 1:2, 1:2° and 1:2° of the allantoic fluid har-
bouring 1 HA unit in log 27; B, positive-hybridization of the
DNAs with HN-DNA probe; M, 1 kb ladder marker.

§H NDVY wjolgiadda Fumy Wggoey
B A A ulo]g]~ RNAE $5% F YT PCREL
Z HN-DNAY A& A58 vt 24 9F, HertsF
9 opg Bg ZEF9 27 3 YA 1.6kbe] HN-DNA
7t A2 ATHFig 7). o]o ¥l3te BlFd A& 1.6kb9

A B
M K H B F K H B F

1.6 kb -
06 kb -

Fig 7. HN genes amplified from NDVs in allantoic fluids and
hybridized with DNA probe: A, PCR products by dena-
turation at 94T, 1min, annealing at 55T, 1min, and po-
lymerization at 72T, 2min; K, Kyojeongwon; H, Herts; B,
B1; F, field isolate; B, positive-hybridization of the DNAs
with HN-DNA probe ; M, 1kb ladder marker.

DNAS®] ol ok 0.6kbe] DNAZ} FAo] FEEHA o, o]
A DNA¥ hybridization 4 @l 4] HN-DNAY¢] &Q15
ok

o #

o] Agol|A NDVY HN &9 F1d2& HE3H7]0
A3 PCR Wy ¢ F9stuzt ek ol & Hsta] o
AHoe wAHYF RNAZ FFT T reverse tran-
scription 2 THFgt Z738tel 4 9] PCRE A AT A
A IHYFZHEH RNAE ¢4 FE37] 913t SPF
uh-g ko] A uj ok % sucrose gradient A Ej A ZYA
2a 9 3389< w SBD7} 1.1820]9, OD7} 0.42¢)
utolg 2l g A& & dch gt o2 NDV] SBD
= 1.18~1.19'2 &elA ¢J&s) SBD7F 1.1909) EH A
= OD7} 0282 YrolA] &g Qabe] whojej 27t ofd

Aoz Azts gk, wakA] SBD 118291 £ < vlo| g
24 QAL s 1000 FEAD F ol2FEH F

23 ujo] 2] A RNA9 )&} reverse transcriptiong 42T
ol M 1A 7HE ¢t AA A E Hp o] vEE 2L Hol AA
5129 o3 PCR A g oA 402 & o PCR ¥
Lof A& 2 first-strande] cDNA MAte] Hgehe o <+
AT

AAH first-strand2] cDNAY] tjdte] NDVE Az 2
HE 1.6kbe] HN-DNAE 5% 4 ¥ primerEE 9]
&3t ojg A utgz7s A PCR 48& Y3
t}. Z, Tag DNA polymeraseE A 93 ZE w-3A 4 &
Edtate] 94col M 583 ou] 7+E g F Tag DNA po-
lymeraseE H7}3} o] denaturation, annealing 3 polymeri-
zation ¥+-&9] 7 £59} A|7+& 2 ste] PCRE H A8
A1, 72¢A A 587k polymerization® X 8 ¥ PCRE
Z83d 7 gz Ad g2 A& vatsi

™A denaturation ¥H&F L 9409 95TAAM 187+
07 PEIA 2tz 50cd A 187 annealing 2 72C
A 187+ polymerizationd 13402 dtof 303 A A3}
42 u denaturation®] %o BA o) 1.6kb F 1.2kb¢]
27}2] HN-DNASY] Edo] #olg o 1.2kbe] DNAE
H|E0)3 priming®] A2 AZHU Yt O 2 primer
] annealing ¥+3-2 % 9} A7+ primerd] A7), €744
Hlg 2 55 g} g2y, 2nE 455 N 504

9] priming ' o]¢] wZ polymerizationg £4 & glT}".
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%93 denaturation I polymerization 7 A} annealing
2= g 247} 50T, 55T, 60TCE 3%e 9 55T
60C ZANME BgEe o] glo| 1.6kbe] HN-DNA
gt Eo]H o2 FE Q) 0, denaturation &2 % 95T
Mo FZaxst okt FAGALY MTANG 2
ol gigleh. webA denaturation 2 annealing 62
zbzk 94 9 55T oAM= 18 AAIgte] A% sloE
HAHJH EF 94T, 127 denaturation F 55T A
127} annealing 3 F ol polymerization ¥+3-& 72T &
E 74TAAM 127 3ge o EF Fo]AH 1.6kbe
DNAvto] #a5it. o] bk H 2 polymerization ]
&7} %-& 9 H] 50| #Q DNAY o] frEd + A
OE AFLCH 9253, 120 2 TN e $98
AHE 94 ey 72¢odA 287 polymerization
& #8 A9 PCR Ao ©f Bt 2322 HN-DNA
9 4&E& 9% PCR Z2H o024 94T A 183} dena-
turation, 55 C oA 183} annealing @ 72T o A 282t po-
lymerization ¥1-§-& 303] AAFo] AP Aoz A
A

Jestina} Jestin® & LaSoatF 5 Fuxo7bol A wjyd &
AANZ upolgj 2 £ vPAE vlo]g{afo R
B F &Y #3x& H&37] A% PCRE 3¢t o5
2 vlo|gf A RNAY thdte] 37T oA 1A+t reverse
transcription #H8-& ¥ ¥ 95T, 1.5% 7} denaturation, 51T,
2.5% 7} annealing X 75T, 1%37} polymerizationg 353
AN} 75T, 283} polymerizationd A5 E 23
F-DNAZ #2% & UL 2udirh o|42& F-
DNAS H22 913 PCRY 27 % yhgA & B Adq
#}9] HN-DNA9] dj 3 PCR ¥y 7} H] i 3t7] € of & $u
annealing % polymerization ¥F8-9] 2 X9 A|Zhel A tha
o)zt l&€ & AT

2 AYIH 2YIAY PR 208 $5B A
gy MGE FASA @S ZAHYF HN-DNA
Z) H4349¢ 9 1HA unit7} log2” $F0|Qd ol
glaole 22 34jejd)A HN-DNA7} ZE5S{ch
T3 HertsF, B1F ¥ ofj¥e ZE5FE W&d 4
x97h wigE WA A E vlo]g] 22 R E RNAE 3%
o] Y 249 PCRE AA3AE o 1.6kbe] HN-
DNA7} A& 59t} 88 BlFo A& 1.6kbe] DNAL] 4]
% 0.6kb9] DNAZ} A9 FEZ5Uh. o] & Adte

B Ao} FASYUY antisense primer’} 7554 Tex-

as GBF:¢] HN &4 fAAo] Bo|HQ ¢r|xdz +
Aso] 9lev BiFe HN &9 f4zt9 339 ¢
7\ E¥= gk Zolvt 917 HEQ Aoy 324
Atk g2tA B1F F9 4EFo] dig FA| primerd
PCR #Hg-4 & 35 ] ZALEo o} & Aol

a4 £

NDVS HN #4Y F4&E Soldog F&¥ + 4
= PCR & &Ys}r] A3t LY YFE SPF L5
& 9] Ay ut7toll A vl 93l 1L sucrose gradientoll A YAl
2 2 2, AT F 329 RNA9 HN 34 £43
o ) & reverse transcription ¥h-&-& 42 oA 1A]7F A A
#te] DNAY firststrandZ AT oo 3o
sense primer % antisense primerE A}-&3lo] PCR 4 ¥ 2
F9d 28L& o3 2ot

HN 39 F3ae] Eol &0 e PCR 272
B4 947, 58I oH] 7tEE F 94T A 1E7F dena-
turation, 55C ol 4] 187t anealing & 72°C oA 287k po-
lymerization®] ¥+-§-% 303] A A8 72T A 587k po-
lymerizations $-x3te] HN &9 #-2x5 1.6kb2] DNA
2 Y= 4 YAt o)L reverse transcription ¥Hg
2 PCR A& FuZu W3 oAAE woleix
dof] HL5tH S W) LA YT, HertsT 4 o9 E8 A5
Z:o] RNAZ Y E 1.6kbo] HN-DNA7Z} EojH o2 ZH&
HAt

= LR

1. Alexander DJ. Newcastle diseases and other paramyx-
ovirus infection. In Calnek BW et al, ed Diseases of
poultry . Towa State University Press, Ames, Iowa:496-
519, 1991.

2. Doyle TM. A hitherto unrecorded disease of fowls due
to a filter-passing virus. J Comp Pathol Ther , 40:144-
169, 1927.

3. Kraneveels FC. A poultry disease in the Dutch East In-
dies. Ned Indisch Bl Diergeneesk , 38:448-450, 1926.

4. Konno T, Ochi Y and Hashimoto K. Neue Gefluegel-
seuhe in Korea. Deut Tieraerztl Wochschr, 37:515,
1929.

- 571 -



10.

11.

12.

13.

14.

15.

16.

. Stewart DL, Hebert CN and Davidson I. International

reference preparation of anti-Newcastle disease serum.
Bull WHO , 38:925-928, 1968.

. Chu HP, Snell G, Alexander DJ, et al. A single radial

immunodiffusion test for antibodies to Newcastle
disease virus. Avian Pathol, 11:227-234, 1982,

. Gelb J and Cianci CG. Detergent-treated Newcastle

disease virus as an agar gel precipitin test antigen.
Poult Sci, 51:1450-1456, 1987.

. Snyder DB, Marquadt WW. Mallison ET, et al. Rapid

serological profiling by enzyme-linked immunosorbent
assay. I. Measurement of antibody activity titer against
Newcastle disease virus in a single dilution. Avian Dis
, 27:161-170, 1983.

. Wilson RA, Perrotta C, Frey B, et al. An enzyme-linked

immunosorbent assay that measures protective antibody
levels to Newecastle disease virus in chicken. Avian Dis.
28:1079-1085, 1984.

Chambers P and Samson ACR. A new structural pro-
tein for Newcastle disease virus. J Gen Virol, 50:155-
166, 1980.

Hightower LE and Bratt MA. Protein synthesis in New-
castle disease virus infected chicken embryo cells. J
Virol , 13:788-800, 1974.

Mountcastle WE, Compans RW, Caliguiri LA, et al.
Nucleocapsid protein subunits of simian virus 5, New-
castle disease virus and Sendai virus. J Virol, 6:677-
684, 1970.

Choppin PW and Compans RW. Reproduction of para-
myxoviruses. In Fraenkel-Conrat H, et al. ed Com-
prehensive virology . vol 4. Plenum Press, New York:
95-178, 1975.

Homma M and Ohuchi M. Trypsin action on the growth
I Structural
difference of Sendai viruses growth in eggs and tissue
culture cells. J Virol, 12:1457-1465, 1973.

Nagai Y, Klenk HD and Rott R. Proteolytic cleavage

of Sendai virus in tissue culture cells.

of the viral glycoproteins and its significance for the
virulence of Newcastle discase virus. Virology, 72:494-
508, 1976.

Innis MA, Gelfand DH, Sninsky JJ, et al. PCR pro-

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

- 572 -

focol : A guide to methods and application . Academic
Press, San Diego:3-12, 1990.

Jestin A, Foulon T, Pertuiset B, et al. Rapid detection
of pseudorabies virus genome sequence in biological
samples from infected pigs using polymerase chain
reaction DNA amplification. Ver Microbiol, 23:317-
328, 1990.

Schroeder BA and Balassu-Chan TC. Specific sequence
amplification of bovine viral diarrhea virus necleic
acid. Arch Virol, 111:239-246, 1990.

Allard A, Grirones R, Juto P, et al. Polymerase chain
reaction for detection of Adenovirus in stool samples.
J Clin Microbiol , 28(12):2659-2667, 1990.

Seal BS, King DJ, Bennett JD. Characterization of New-
castle disease virus isolates by reverse transcription PCR
coupled fo direct nucleotide sequencing and development
of Sequence database for pathotype prediction and mole-
cular epidemiological analysis, J Clin Microbiol , 33(10):
2624-2630, 1995.

Beard CW. Serologic procedures. In purchase HG et
al, ed A laboratory manual for the isolation and iden-
tification of avian pathogenes . Kendall/Hunt Publish-
ing Company, Dubuque, Jowa:192-200, 1990.
Chammbers P, Millars NS, Bingham RW, et al. Mole-
cular cloning of complementary DNA to Newcastle
disease virus and nucleotide sequence analysis of the
juntion between the genes encoding the hemagglutinin-
neuraminidase and the large protein. J Gen Virol. 67:
475-486, 1986.

Schaper UM, Fuller FJ, Ward MDW, et al. Nu-
cleotide sequence of the envelope protein genes of a
highly virulent, neurotropic strain of Newcastle disease
virus. Virology , 165:291-295, 1988.

Maniatis T, Fritch EF and Samson J. Molecular clon-
ing : A laboratory manual. Cold Spring Harbor, New
York:213-214, 1982.

47, AAE ATY 5. 8 TASY dolga
FA2 AZE BAG B D73 7AEY vho)
A2 HN, F 4249 423 2 38, 52053

AT R 1A, 1-46, 1995.
Ausubel F, Brent R, Kingston RE, et al. Short pro-



tocols in molecular biology. 3rd ed, John Wiley & 1991.

Sons, Inc., USA:3.19-3.20, 2.28-2.32, 1995. 28. Toyoda T, Sakaguchi T, Hiroda H, et al. Newcastle

27. Jestin V and Jestin A. Detection of Newcastle disease disease virus evolutions. II. Lack of gene recombination
virus RNA in infected allantoic fluids by in vitro en- in generating virulent and avirulent strains. Virology,
zymatic amplification(PCR). Arch Virol, 118:151-161, 169:273-282, 1989.

- 573 -



