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BEE, FRIBFEHHEK L%, [FE]1H NP, P LARRREERALBEAMRIARK
R pCL ¥, MEAHTRIE AL NP, P. L&A 948 Atz PCI-NPL; R B, KA 2BRLE/H
#6975 X, ¥ NDV LaSota #r A& F 40 cDNA & T A AL A4 pCl &9 CMV B3 T T i, 4
B P Ao M A E F 35 AIRE AR 3 5% A 4% & 5% L& & (enhanced green fluorescent protein, EGFP).
Skl NERRKEEEFF . IRINTEARKEKRELBERSI, HRAEEARBAEIRTE
pCI-LaSota-EGFP; vA pCl-LaSota-EGFP ﬁu pCI—NPL YRR R A R 4E S £ BHK-21 @ /ie,
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A two-plasmid rescue system for rescue of recombinant
LaSota strain of newcastle disease virus

ZONG Xianchun, DUAN Shuyu, ZHU Guangmei, XU Zhe, XIAO Mengmeng,
WANG Dan, HE Huaiyue, WANG Jianzhong’

Engineering Research Center of Microecological Vaccines (Drugs) for Major Animal Diseases, Ministry of
Education, College of Veterinary Medicine, Jilin Agricultural University, Changchun 130118, Jilin, China

Abstract: The conventional rescue system of newcastle disease virus (NDV) contains a cDNA
clone plasmid and three helper plasmids expressing NDV: nucleocapsid protein (NP),
phosphoprotein (P) and polymerase protein (L), respectively. These four plasmids have to be
transfected into the same host cell simultaneously to complete the assembly of the virus, which
is relatively inefficient. [Objective] To improve the rescue efficiency of NDV, this study aims
to establish a two-plasmid rescue system. [Methods] The expression cassettes of NP, P, and L
genes were constructed and sequentially cloned into the eukaryotic expression vector pCI to
generate a single-helper plasmid, named pCI-NPL, capable of co-expressing NP, P, and L
proteins. During this process, the genomic cDNA of the NDV LaSota strain was incorporated
downstream of the CMV promoter in the pCI expression vector. Simultaneously, the reporter
gene EGFP was inserted into the genome between the P and M genes, accompanied by the
introduction of a hammerhead ribozyme sequence at the 5’ end and a hepatitis delta virus
ribozyme sequence at the 3’ end. This culminated in the development of the full-genome
transcriptional plasmid termed pCI-LaSota-EGFP. The two plasmids pCI-LaSota-EGFP and
pCI-NPL were co-transfected as a two-plasmid system into BHK-21 cells to rescue the
recombinant virus rLaSota-EGFP. The biological characteristics of the virus were then
examined. [Results] RT-PCR, fluorescence microscopy, Western blotting, and growth
characterization confirmed that rLaSota-EGFP was correctly constructed and expressed the
foreign gene. The rescued recombinant virus rLaSota-EGFP had similar biological
characteristics to wild-type (WT) LaSota. [Conclusion] A novel two-plasmid rescue system for
NDV based on the CMV promoter was successfully established, laying a foundation for the
efficient rescue of recombinant NDV and other paramyxoviruses.

Keywords: reverse genetics; newcastle disease virus; virus rescue; two-plasmid rescue system

BT I B (newcastle disease virus, NDV)
J& T A1 5595 7 H (Mononegavirales) . &l 265 25
i Sl A
EE MR RN E R
(Orthoavulavirus) B 51, AN 5315 Be i) 5 1% 171
RNA Ji§ 7 . NDV FEF 41 H 6 25 8 (1 B LA

Bl (Paramyxoviridae) .

(Avulavirinae) .
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K 3051 S ¥4 (leader sequence) il 53 it FE
B ¥ %1 (trailer sequence) ZH A% , 4K WK HE 51 Ky
3’-Leader-NP-P-M-F-HN-L-Trailer-5', &~k
WA #0 A  5% L IR (gene-start, GS) F1 £ [k
(gene-end, GE)F S ¥4, FHLIIRIE L N F% 560
BIR AL, MISZARTEEANP), BEAP).
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EFEAM) . MEEAEF), MEER-M2EmR
Fit 2 11 (HIN) R RN A RO 2R 4 il 2 11 55 6 Pty
g, s ARG BB, HIRAWGE NDV
LR IRE  BOwR LT M e i 0 R Pt T )
T H,

H 1999 4E55 —Fk NDV #&FUs I LIk ,NDV
PRRL 2R G5 B T7 RNA BRAT, 2 H) 1 EH
AN IZFLER RNA BREBRIZ T 2K
Sel T EAE TN RTEAE T7 RNA R
A, AT DL )Y & 5 9 i (avian. pox virus,
FPV/T7). J5 115 2% (vaccinia virus, MVA/T7) A &
Fa AR R F60K T7 RNA RE B 40 R 3 Fh i X
I RE T7 BA . RNA BEEILE
FEFE T A EAZ A0 N 944k DNA §% 5% 7= A4
mRNA [, 77 LURSIZFA sh 18 shis %,
Hr MV s F N iR T2 o FERR BEPREL
Rt b, HFEEEENY cDNA wiER
FLRIREAR CMV JR 81 T i, e 2 Uk
i HE, PRI m R R R R . AT S
T7 RNA REWEZR S, T RNA RE B
PR SRR M EE, H RNA RAMIAA
H s IEIIRE, PRUE T JE R 2l F% - vER P,
[, HERR T T, 1S TR 254
F, HAAEH BEH . RNA REGHFIR 035
TERAE R G0 H B R HB AT AL T 15 RNA
) I AR ERR Y, G0 TR BE PR RS

TERREE PR R R rh, B4 NDV [ SR B GL AL
i, R E R SZASTEANP)., ME
H(P). REMEALSS, BREHZEAR
&) (ribonucleoprotein polymers, RNP)™, /F 9%
B/ NG BN, R BE L4 RNA 4580
1ESE RNA, FF AR & Bk s 45 S5 i &
HORTA % N e B AU T OB o X EOR TR
PR R 2=/ DR EIE AR 3 AN Bh A
%5, WEKIEFY4 cDNA STREFRF 3 Nl

Bl mo e e 22 1 E A0, T A 4 A BoR [R]
HEA R A ARE TS TR %, Be—Aart

DRIt , SRy T 4 e 35 A1 4 i SOk A el B 2 1
FEIR FURLHEA G — 4 L3, ARS8 ]
[ 15 NP P L & 125 1 5 B Bk
5IF CMV JA 8 NDV LaSota 4 K
2 3 S5 SR A A RUBRE PR R R GE , LAY 1
AR FORIECR , B NDV R0 K, 8 NDV
S A S 5 RNA 58 A0 | SRR SE
)RR S Bt 1) S

1 HE5xZ

1.1 FER. 4R FR

053 3k 932 76 8 T (LaSota #R) A H W 24 4 A
HEYIRET A BRAF; BHK-21 41 i 3L sl %
KRR pCI (GenBank &3%5 : U47119)¥R-FT
i MRAM 27 Bl Wy H R Bl AR S T (25 9))
HE T LR L.
1.2 AU

2xPhantaMax Master Mix (Dye Plus) DNA
RAEME . Josk e iR &I A Vazyme A5 BR
HE VI EEE H ThermoFisher Scientific 2] ;
s T4 #3300 & . Alexa Fluor 555 #Ric ¥t
/N B IgGHHL) | 280t R -5- 5 B W IR P
(fluorescein-5-isothiocyanate, FITC)#¥xic Ll 34T
% IgGHAL)W B FiF 38 = RAEDRAARAL
Al s HRP AR A5/ R 1eG (H&L)E F
Bioworld 72\ ] ; HUH 1 A Ak ¥ B (horseradish
peroxidase, HRP) #1 FITC #5 ic 1l ¢ BT X4
IgG(H&L)W F bt B AR A M AR IR A W] 5
AT NDV =i . IR NP 8 H T, il
P25 [ 2 vaREHUATING I L 35 19 2 S BEP TR H 75
MR N5 Sl W3 B A% Gl S50 2 152
1.3 NDV E[E2H cDNA 52 p& e

Hi4f NDV LaSota 5 [K 2 (GenBank % 5%5
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AF077761)J751, F 43R4 538 F1-F5 ALK
Uiy 8 2 (AN ) Beb AT oy B B S5 P . $R R
NDV LaSota FRFEEH 4] RNA, JU 5457 cDNA #4
B, DIARRLGIPI%F (R DI 4 F1-F5 B, FFLAM
¥ PCR %I1E F1 FrB 59m 51 AHESIRAZ
(hammerhead ribozyme, HamRZ)/% 4! #1 Mlu Tfi
DIBisi . AE F5 BL 3Umidsin T BT 903 B % il
(hepatitis delta virus ribozyme, HdvRz)%% ¥ |5 5]
I Not TRGYVIN £, 7€ F1 Fl F2 Bz ] (BEH
7 3155-3 162 nt)RAZTF| A Pme IIEUIN 1. 45
B Beddi A s AR, )7 % B S
3 2o BRI Y VTR OO SERE AR EYT TR, DA
T4 YRR PHE T 2 pCI # /A Mlu TF1 Not Ifiz
Mz Ia], H R 4 4K B pCl-LaSotas

DA pEGFP-C1 ik At , | H EGFP-F #
EGFP-R 5| ¥ %} 4" 4% EGFP 3 K JT i 5 B2 HE (open
reading frame, ORF), Jf% PCR 7t EGFP Jt[H

=1 ENDV EFELK cDNA REMESIH

ORF ¥ 5%l Pme 1BV S 2 JFAKIKBIA
NDV H & # 3 # # 3t GE J¥ 4
(5-TTAGAAAAAA-3") .GS J#41(5'-ACGGGTAG
AA-3")Fl Kozak J351(5-GCCACC-3")4 bl 52 %%
B FRB L R AT | AR Pme I fidhi A
FIFE 4K cDNA wiffE ikl pCI-LaSota [
Pme IEGUINL AL, HEE NS EGFP 5 BE 1)
NDV &K 21 5% 5% Jfiki pCI-LaSota-EGFP,
1.4 HHBIRRAE

LI NDV KE[K[2H cDNA S5t 433 522 PCR
P3NP, P Al L 3E[K ORF, H L LA LI Xma
TGS, i R 03 B (LT A L2)4 3 J5 H Df 4%
Bl ILFE 2), FHAEAHLIN ORF Fii5| A Kozak
FP5l . f4E NP P B W5 AR Nhe THI
Not TEEVI7 &5 . L 3 F B 5] AR Xba T1 Not T
[T A=W R BU e - O) = A LN E |V A - VA
4k, 12 A pCI-NP, pCI-P, pCl-L,

Table 1 Primers were used for construction of the recombinant NDV

Clk/EX eIk 2]l

Primers  Sequences (5'—3)

RO A,
Restriction enzyme
cutting sites

F1I-PF2 CGACGCGTITCTGTTTGGTCTGATGAGTCCGTGAGGACGAAACTATAGGAAAGG Miul
F1-PF1  GGACGAAACTATAGGAAAGGAATTCCTATAGTCACCAAACAGAGAATCCGTGA

F1-PR GTTTAAACTCTCCAAGCGGCAATCCTCTCTCGCT Pmel

F2-PF GGGTTTAAACTTGGGTCTGCGGGGGGGAA Pmel

F2-PR GTGGCTCTCATCTGGTCTAGAGT Xbal

F3-PF GCTTGGGAATAATACTCTAGA Xba I

F3-PR CCAGAATGCCGGGTCCGTACG BsW I

F4-PF GCTCTAGACATTCGTACGGATCCGGCAT XbaI+BsiW 1

F4-PR CAATATTGTCTAGGCCTCTTACT Sul

F5-PF GCTCTAGACCTGAGAGTAAGAGGCCTAGACA Xbal+SuT

F5-PR1  TCGGATGCCCAGGTCGGACCGCGAGGAGGTGGAGATGC
CATGCCGACCCACCAAACAAAGATTTGGTGAAT

F5-PR2 TTGCGGCCGCCGCCCTCCCTTAGCCATCCGAGTGGACGT Not I
GCGTCCTCCTTCGGATGCCCAGGTCGGACCGCG

EGFP-F  GGGTTTAAACTTAGAAAAAATACGGGTAGAACGCCACCATGGTGAGCAAGGGCGA Pmel
GGAGCTG

EGFP-R  GCGCGTTTAAACTTACTTGTACAGCTCGTCCATGCC Pmel

The restriction enzyme cutting sites were underlined; the hammerhead ribozyme (HamRz) and hepatitis delta virus ribozyme
(HdvRz) sequences were bolded and in italic, respectively.

P4 actamicro@im.ac.cn, 7 010-64807516
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Table 2 Primers used for construction of helper plasmids

EIE7EN Bk 2] 27D

Primers Sequences (5'—3") Restriction enzyme
cutting sites

NP-PF CCGGCTAGCGCCACCATGTCTTCCGTATTTGATG Nhel

NP-PR TTGCGGCCGCTCAATACCCCCAGTCGGTGT Not I

P-PF CCGGCTAGCGCCACCATGGCCACCTTTACAGATGC Nhel

P-PR TTGCGGCCGCTTAGCCATTTAGAGCAAGGC Not I

L1-PF GCICTAGAGCCACCATGGCGAGCTCCGGTCCTGA Xba I

L1-PR CCCCCGGGTCACCGATATTTCT Xma I

L2-PF CCCCCGGGGACTACTGCTTTTG Xma I

L2-PR TTGCGGCCGCTTAAGAGTCACAGTTACTGT Not I

NP-PolyA-PF CGACGCGTGCCACCATGTCTTCCGTATTTGATGA Mlul

PolyA-PR TGGCTAATGGCCAATATTGATACCACATTTGTAGAGGTTTTAC

CMV-PF ACCTCTACAAATGTGGTATCAATATTGGCCATTAGCCA

NP-CMV-PR GCTICTAGAGCCCGCGGCTGTGGAGAGAAAGGCAAAG Xba I+Sac 11

P-PolyA-PF TCCCCGCGGGCCACCATGGCCACCTTTACAGAT Sac 1l

P-CMV-PR GCTICTAGACTGTGGAGAGAAAGGCAAAG Xbal

The underlines indicate the restriction enzyme cutting sites; the bolds indicate the Kozak sequences.

R EE AT [FNFFIA NP, P A L HEAMZE
B F B Bh kL, 18 i NP-PolyA-PF Fil
PolyA-PR 5| 9% 14 pCI-NP Fikr I NP Jk [ A
5 HAHER) PolyA JBicoh NP-PolyA, Pl
CMV-PF il NP-CMV-PR 5|#] PCR §#4 CMV #}
Y, FF i E NP-PolyA 3 K, W N
NP-PolyA-CMV #5#, Z&fLih, i@ PCR 474

pCI-NPL

315 P-PolyA-CMV %514, i ik NP-PolyA-CMV
B A B Mlu TR Sac TG Y7 A5 &
P-PolyA-CMV J BeMivi s | A Sac 1A Xba 17
YIfi s, DL T4 #3053 3% NP-PolyA-CMV K
BLHI P-PolyA-CMV F B iddi A 2] pCI-L Ak
MIul, SaclIl. Xba I &2 [a], #agnT [F )3
K NP, P Ml L & A% 4 pCI-NPL (K] 1),

olyA

lvA

I PolyA | I Po

1 PCI-NPL FTiAFHIRRIEREE
Figure 1

Construction strategy of the pCI-NPL expression vector.
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1.5 #ifk pCI-NPL WU[EiZE B R AL E
Wik K RFRY BHK-21 40006 T 24 FLA0HD
M, 1 5% CO 3G FRAEH 37 °CHiFrd i, LU
Lipofectamine 3000 fig [z 4<% Y a3 44 Ut ] 5K
pCI-NPL %% 4t % 24 fLARANMEIN, 2.5 pg/fl. 24 h
5, FEAIMIAR N TSR, A 80%1% PN I [ &
30 min, FEFENER, UL PBS Wk 3 K. 29U
R NP & I saRESUA . bt P MM . Y
Pt L A MG A —Pr, AHLL Alexa Fluor 555 #5
ICYP/NEPAR . FITC Frid il £t 1gG M
FITC Fricth2EH00 1gG A —Hdkfr g e,
2 PBST ¥ Ja, LA 4',6- kI -2- 25 g
(4',6-diamidino-2-phenylindole, DAPT) 4 {4, i 7
SHMMAZ YD, T Leica 1E B2 E e FWigL
LN DO EIE S o
1.6 #{& pCI-NPL £Y Western blotting £ E
B BRI B3 f BHK-21 48 i 3300 T 6 4L
YRR, T 20 L& E 3 80%, LA Lipofectamine
3000 Ao iA%% Yin] 435154 Y pCI-NP ., pCI-P,
pCI-L Fll pCI-NPL Jfiki, 2.5 ug/fL, ABAnnGHr
R %Yy 48 h J5 , PBS i Uk 6 FLAR IR 5 A RIPA
SL(RIPA: 2 I FHIN 1 77:EDTA= 98:1:1), fifi [
AN H T AR 1.5 mL B0, 4°C,
12 000 r/min 0> 10 min Y _E3E A 4x A
S PR BE 10 min, #£17 SDS-PAGE, )2k
AEWELL 80 V HLYK 30 min, ZFESHELA 120 V HLUK
50 min, HAUKEE ARG, R & A
FEENZ NC b SENSSHREHE NC BT 5%
RAE Wk N IR FE IR 1 h, PBST (% 0.05%
Tween 20 [ PBS)1&EWE 3 WJa, 403 A BUJE NP
EEPUA, RIE P EAVUA. W L EAbuk
K B-actin HLA Jg—HT, 1:2 000 F Bl i A4k
Yl (HRP)FRCH L EPT R 1gG. Ptk 1gG. it
X9 1gG NAHN. —HiEAT Western blotting 4 246
W, THREEZ RSN EEE R .

<l actamicro@im.ac.cn, & 010-64807516

1.7 REERK

WA K LAY BHK-21 4Af0EERN T 6 LR,
RIS 0% AT, LARSRRAL Yy
TR S0k N A % 5 ik pCl-LaSota-EGFP Fll
HiEhFoRL PCI-NPL #4208 1:1 Jt4EYL % BHK-21 4
M, 5 pgifl. 4T 5% CO,. 37 °CREFEAFILEFE
12 h 53 K5 YSRE Y, A 10% DMSO 1) PBS
S5 MR TAMARSE 2.5 min, FEYL 48 h 5 BTG
FEW M Opti-MEM, F0l TPCK i, 2 ng/fL. %
YL 96 h JFICRANMI 37, 0.22 umol/L AL IE
FeA 911 H W ICHRE W )54 (specific pathogen free,
SPFR)WYIRRBERS, WFE 120 h J5 SO VR R 3%
HEAT I E (hemagglutinin, HA)IRXES , HA {5045 F
FHE 0 M rLaSota-EGFP, {347 T80 °C.,
1.8 J#%& RT-PCR 4T

ST AT PRI K- 55 7 R R 4 2 LR A
B rLaSota-EGFP B4 AR FEWEFN WT
LaSota Ji5 &, PEEUIERL RNA, 2563 BUH:
cDNA, L EGFP-F 1 EGFP-R }5 |14/ 14 15 71
2R 0,5¢ .25 1 (enhanced green fluorescent protein,
EGFP)J¥41, 2B BEWHEEIE B kA I 737 o
1.9 EFREBRBINEEBFTIEELEE

R T 2P B e T IR A IR L K EGFP
7F rLaSota-EGFP EYLdifurp A s is, Fak
K R4F0) DF1 i+ 6 FLA, 78 5% CO, K537
P T 37 cCHigEit k., ML DMEM # &
rLaSota-EGFP [ %% I bR # % 1l WT LaSota bR %%
FEOET 100 F8E, BEFhT DF1 40P, 200 pL/AL,
T 5% CO,. 37 *CliANIEE 1 h J5, A 2%
I35 ) DMEM ZEHFi 4k 2 TIRA N3G 5% . BR
W2 I 10 S5 20 B P9 28 D6 A5 55 B 240 RS A8 2500
(cytopathy effects, CPE)#L 4 .
110 FEZHf/REINEFEEHE Western blotting 2578

HU# rLaSota-EGFP X I JR B $% MOI=1
JRYLE RKORS R AP DF1 400, 48 h J5 3240
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MO 5 SR, RIPA 24, RN E 1T
Western blotting 734, 4351 PA 1:2 000 Fi B2t
GFP Bt RGBT BE 5 e L K B B-actin
BB — B R, 1:5 000 Fi B HRP AR
EHT 4R 1gG L IEHIS 1gG FLEHT 186G h
THUEIRME 1 h, PBST URiRJE AR Ak
RG] T R T RE B N R W5 .
L1 HERREEEN

DL B A B3R K 23 51 #% rLaSota-EGFP F
WT LaSota R #fiBe 2 10°-10° 5, BB 12
5 M 11 Hi% SPF MSIRIREERS , 100 pL/AC, 5 H
R 2 Wk, EZEUER 7d, CsRASAYNRFE TR E],
TR XY AR ZHE s ] (mean death time, MDT),,

% rLaSota-EGFP F1 WT LaSota & 75 /R 2E K
PR G AEFEER K 10 R5M RS, I HeFl 10 H
7C 24-40 h () SPF 4EX%, HAhi N 0.05 mL/ A,
TRMEEIAT 4, IEH LA 0, WAL A 1,
FET LN 2, ELMEL 8 d, A Sy 1A
2H 41 (World Organization for Animal Health,
WOAH) tr #E 11 55 ixi PN 20 45 %X (intracerebral
pathogenicity index, ICPI),
112 fREGELE K

4353 %% rLaSota-EGFP il WT LaSota 5 22 %

A

bp M FI F2 F3 TF4 F5 bp

5000
3000
2000

1310 B0 Yy ik (EIDso 2 AP S IR IR FE 1 , I
SYAE 24, 48, 72, 96 h AERIERAESL, 2210 fi%
ZYRS, R T 9-11 HIWAR, 0.1 mL/IR,
BAFRRE R 4 RN, 5 d SIS IR IR
HEW AT M EE(HA)RE , #4E Reed-Muench
1153 EIDso.
1.13 SHENH

{8 B 3%k GraphPad Prism 9.0 JH{74¢
T SRAERE, SPEEI 125 5 B, il
SEGZERII TR 3 RINAEYIF R, T A
Y HARE W2 (standard  deviation, SD), P {E{KT
0.05 WA EHA G422 57(*: P<0.05; **: P<0.01).

2 BER540

2.1 ¥#H EGFPBINDYV LaSota £ £ F 4
cDNA )%

¥ NDV LaSota #R&FEHE AR 5 B
(F1-F5)5 547 RT-PCR ¥4, Bl it e da
KR BN, I K458 3216.3 014,
2680, 3 985 F12 437 bp (K 2A), 45551
¥ o RIS sl Be S o MBI AL, %
FFARIT T 15 186 bp 585 5 JE K 4 s B ik,
fir44 4 pCI-LaSota (/& 2B).

B HamRz HdvRz
(P} F_H{HNY L i

pClI

Miu 1 Pmel Xbal BsiW1 Stul Not 1
F1 F2_1r3 | F4 | F5 |
—

— TV - N

2 NDV LaSota R EEE SR ZESEKERFHAIME  A:NDV LaSota £k RT-PCR HLIK45 ). B:
NDV LaSota #k 4= 3 [H v [ 5ok i # i 5 5C]

Figure 2  Construction of full-length transcription plasmid of NDV LaSota strain from subgenomic
overlapping cDNA fragments. A: RT-PCR amplification of the complete genome of NDV LaSota strain by 5
fragments. M: DL5000 DNA Marker; Lane F1: RT-PCR product of F1; Lane F2: RT-PCR product of F2; Lane
F3: RT-PCR product of F3; Lane F4: RT-PCR product of F4; Lane F5: RT-PCR product of F5. B: Construction
pattern of full-length transcription plasmid of NDV LaSota.

http://journals.im.ac.cn/actamicrocn
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TEFIEESE LAY LaSota 3 R4 4K 7 e Jiok
pCl-LaSota 1) Pme IR il VB UIA7 d F7 41 22 1]
1 JosE va bR A EGFP M5 &, M a sy ¢
G RIS SER ) NDV Ik R 41 4% 5§ ik

A

Pmel Pmel

2500
/ M —FT—HN — s |—

Pmel Gene-end  Gene-start  Kozak

ESK

pCI-LaSota-EGFP JFuki ] % €. M: DL15000 DNA /> T brifi; 1.

Pmel
GTTTAAACTTAGAAAAAATACGGGTAGAACGCCACCHIEEEREN GTTTAAAC

pCl-LaSota-EGFP (& 3A)., #|H Pme I[§1)
pCI-LaSota-EGFP JFiH7, 45 5 0] LA E] 19 298 bp
FIZRAAR R BEFD 756 bp BYRERE 2547 (K 3B), K/h
5T

B
bp M 1
15000 19298 bp
10 000
5000

rLaSota-EGFP E[E4H cDNA B9#IE  A: rLaSota-EGFP JL[H4 cDNA [t aEfi K. B:

pCI-LaSota-EGFP ] 74

Figure 3 Construction of the rLaSota-EGFP genomic cDNA clone. A: Construction pattern of rLaSota-EGFP
genomic cDNA clone. B: Identification by pCI-LaSota-EGFP plasmid by digestion. M: DL15000 DNA Marker;

1: Digestion products of pCI-LaSota-EGFP.

2.2 HENERAIAAE

435K NP, P Al L :[H ORF # A pCI 4
o, ¥ pCI-NP . pCI-P l pCI-L &35 F ki, 4
LA Nhe IH1 Not Ifi§] pCI-NP il pCI-P JF i |
Xba Il Not IfitFH] pCI-L Jikr, 455 AT DL i i
FX5] 3 942 bp HIEAARSH (pCDAI 1477 bp 1Y NP,
1195 bp [ P, 6 628 bp 1 L FEF 25 (E 4), K/
BISWUHAAHST, B 3 D RIR BRI E R

O3 AEAR L NP AP LR 8% 323 pCI-L
JERE 22 SRS T 22 R) 2 Al — A 5T B I TR
pCI-NPL (&l 5A). LABR A VI Miu 1TF Su T
B35 UE JTORE , By R BRE A v VKR AT D /NG
HJ2 10 605 bp FISMEIER R 5 132 bp ZIAP
A BBl 5B), K/NSHUHARSRF .
23 HEERAEERERNALEE
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YL pCI-NPL A4t [l i EE FI) e 15 NP (410)
P (o) e s O R fE S, tReRIRT WE 33k
K NP (ZLE) I L (B ) s Ot dsEf5 5 (18 6).

bp M1 1 2 3 M2

4 pCI-NP.pCI-P.pCI-L RRESIEE Ml
1 M2: 43514 DL5000 #1 DL10000 /) DNA 4> F
ARE; 1: pCI-NP B4 ;5 2 pCI-P JFUI 4] ;
3. pCI-L BFYI=4)

Figure 4 Identification of pCI-NP, pCI-P and pCI-L
plasmids by digestion. M1 and M2: DL5000 DNA
Marker and DL10000 DNA Marker; 1: Digestion

products of pCI-NP; 2: Digestion products of pCI-P;
3: Digestion products of pCI-L.
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5 =B FiENERA pCI-NPL B9  A: —JashFHiBI ok pCI-NPL WX &, B: 4B SOk,

pCI-NPL XU Y] % E 45 5. M. DL15000 DNA Zr FHdnifE; 1.

pCI-NPL Jfi%i; 2: pCI-NPL ¥ =4

Figure 5 Construction of the helper plasmid pCI-NPL based on three promoters. A: Construction pattern of
the helper plasmid pCI-NPL based on three promoters. B: Results of double enzyme digestion of helper plasmid
pCI-NPL. M: DL15000 DNA Marker; 1: pCI-NPL plasmid; 2: Digestion products of pCI-NPL.

Anti-NP Anti-P

pCI-NPL

Anti-NP Anti-L

pCI-NPL

6 HHENFRAL pCI-NPL [EiEGR B R AEE
Figure 6
2.4 %HBARAL Western blotting £ 7F

¥ pCI-NPL X pCI-NP, pCI-P Fl pCI-L 43
WE Y BHK-21 ZHfifl, 48 h J5iE4T Western
blotting £, Z5HAT WA/N 518 53.1. 42.3,
248.6 kDa ) NP, P Fll L #5 [ Bk T 78 B30k JTOkE
LA Rk, WAl7E pCI-NPL %% 4L 4 it
k(7). I pCI-NPL Fiki7E BHK-21 4
AT RS 5 NP, P L&,
2.5 E%H rLaSota-EGFP %% RT-PCR ¥

T ik — 2R B AR IS K B rLaSota-
EGFP, # BUH 2 )5 % rLaSota-EGFP £:[K 20 RNA
PEAT R EE 5 cDNA, LA EGFP-F #l EGFP-R H5|

DAPI Anti-NP/P

DAPI Anti-NP/L

Merge

Identification of the helper plasmid pCI-NPL by indirect immunofluorescence.
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Figure 7  Identification of helper plasmid by
Western blotting.
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245
Figure 8 Identification of the recombinant NDV

rLaSota-EGFP by RT-PCR. M: DL2000 DNA
Marker; Lane 1: Amplification results of WT LaSota;
Lane 2: Amplification results of rLaSota-EGFP.
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Figure 9 Analysis of the replication characteristic of rLaSota-EGFP (200x%).
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Figure 10 Analysis of the
rNDV-EGFP by Western blotting.
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%3 rLaSota-EGFP & WT LaSota BUi%/1f5FRNIE
Table 3 Pathogenicity of rLaSota-EGFP and WT LaSota
Pathogenicity index MDT ICPI

WT LaSota >120 h 0

rLaSota-EGFP >120 h 0
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%B 4 - WT LaSota
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Time after inoculation (h)

B 11 EERBBRESEIF L
Figure 11  Growth curve of rLaSota-EGFP and WT
LaSota virus in embryonated chicken eggs.
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