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ZI1 57 K5 9 ALl T AR €, PN A g 7 71 34 48
A 120t H AN Yo BRIV, TR 09T NDV 5 K411
3757 s A B A R

¢DNA R S PR B £ R Rapid amplification of
¢DNA ends, RACE) &P H I3 RNA K 3 (1)
Jiike BEAEBARANW K E, LT %R x5 A
AL RACE 7715 R FIRS 0 75 25 A 41 RNA
(PIRE i, — MR T4 RNA JE BRI IE B RNA ligase
mediated RACE, RIM-RACE)#4T RACE & B ¥, 3
FEARJFHZE R A T4 RNA W51 H 25 2 1 IR
JBCT B DNA B RNA 3£ 4%, 48 J5 H PCR 81 RT-
PCR 75 45 DR A (R R it @R AT DRI () 9 38 o A SOxT
— I RLM-RACE P8R HEAT T — & B St ffiij 4k
D5 7 HER S VIb A0 VI 28457 3k 92 9 #5 5E R 41 oK
Ui [ 34T LEXS 3T

1 MRATT %

1.1 ##

1.1.1 05 85 SEU0 A0 F B AR 3 th A S50 % 7 3 %8
SE WYYR Ay B RE JS/7/05/ Che RS U5 4y 55 BE AR JS/9/
05/ Go %52 Jy SE R I 45 #EIR 2 B HK JS/5/05/ Go M
FEDRL VIT 2 s 859573 B AR JS/07/04/ Pi A1 JS/07/16/ Pi

FHETR VIb 8. b R R I I P 5 32 11 v Al
1k 3 £
1.1.2 2 A AKX A PT-2000 PCR A%, Model
3000Xi FLIVK AW H BioRAD & ;5 Agarose Gel DNA
Extraction KitsX-Gal~IPTG+dNTP-LA Taq BE504 H %
YT KIEH AT REITENVIBEF T4 RNA
ligase /) Hl Fermentas; LB 3775 Trizol #2171, 1%
H Invitrogen: Mo-MLV & #% 55 i . RNasin. T-easy %4
FIZEEHEIY H Promegas PCR 246G %0 Axygen
L
1.2 sl¥git

R RACE #8422 K Bevt 4l € 5149 adaptor)
CL+,5"-CGC CAG GGT TTT CCC AGT CAC GAC-37,
KL M H AN 1Y) anti-adaptor)CL-, CL + 57 R i fi
TR Ak o AR Bl L R L NDV 5 28 L R 41 C AP 51,
7t 3" K 300 bp-500 bp 8 [ % 1+ 3" RACE ¥ 5 5
W, Ric 2k 3SRs 75 57 K 1000bp ELA ¥ 1 5" RACE
H—H% PCR R 57519, dnid A SLF; 76 57 K% 300-
500 bp 76 ¥ 71 5" RACE 2 % PCR 57514, #x
04SSR HE T~ 25 M R DR 2R 9 2 7 41 22 S 0K, B
XPEERIEE R % B — B 51, 2 Bl AR TREA
Al G SISV 1 A

Fz1 SMERIL.VFAVE NDV Kk RLM-RACE 7454 F 5
Table 1 Specific primers used for RLM-RACE of genotype [ll, VI and VI NDV strains

Genotype Specific primer Primer sequence § —3") Position  fit)
Il 3SR GAGAGATATGAGAGCACCTTGTCTGAGT 322-349
SLF GTCCATTCTGTGCAGAGAGTTTAGTGAG 14520-14529
5SF CAATACTGGGTCTCAGAGTCAAAAATC 14724-14750
VI 3SR TGCTATCACCATGAATCTCTGTGCTCTCTC 488-517
SLF CACGGTACACTTCTGTCTAAATCGGATGAG 14339-14368
5SF ACAGACGGTAAGAAGAGAACATCACTCAAACAG 14669-14701
vl 3SR ACCATCGATCTCAAGAACAGCCAGTG 414-439
SLF GGCTATGCCTGTAGAGGGGATATGGAG 14222-14248
5SF CCATTAAGGACATACCTGAAGCGCA 14816-14840

1.3 %% RNA 2

NDV JRFEM 10000 x g #5010 min. W L,
¥ /8 Tnvitrogen Trizol 7745 H 15t B 45 0 B2 S BDUW 75
FERAL RNA . B4 90 75 RNA FE S 7 150 L
DEPC AL BK 1, RAF- T - 70°C % T .
1.4 3’RACE #&1E
1.4.1 i #3541 RNA 37 3 1) 8l € 73 2 RNA
10 pL, #5514 CL+ 25 pmol, 10 x T4 RNA Buffer
2.5 pLs 10 mmol/L ATP 1 pL, 1 mg/mL BSA 2.5 pL,
RNasin 20 U, T4 RNA ¥ #:/# 25U, DEPC /K42 %
25 pLe 37°CAHEH] 1.5 h, 75°CAEH 15 min.
1.4.2 RT-PCR: B 5 pL 3EH =0 N I 1) i i 5 |

W) CL-J 55, [ VAR 28 3 2 2 T I i il 0 W
AT, A CL-A1 3SR 7 38 H 1 Jv Bt, PCR [ V.44
FARNGE A F v R L U0 B 1 2R AT, B O BE 38 Ok
61C.

1.5 5 RACE #&1E

1.5.1 LSRR oDNA 2lifh: 2 B s % S i B 15
AT S s A s RO 519)h 51F,42°C 1he R
SN EAARL 0.6 mol/L NaOH, 60°C 1 H 20 min
Jii » F PCR [HISCIA T S 4li4k cDNA

1.5.2  ¢DNA 3’ ¥i4#i %€ : cDNA 10 pL, CL+ 25 pmol,
10 x T4 RNA Buffer 2.5 pL, 10 mmol/L ATP 1 L,
Img/mL BSA 2.5 ;1. T4 RNA g 25 U, DEPC /K
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WA 25 plo 37°CAEM 1.5 h, 75°C 15 min.
1.5.3 &K PCR: % —% PCR KN 5144 CL-H
SLE, 779 100 £5 AR Jo A0 50 SOV AR o B
¥ PCR 5| HA CL-F1 5SF. PCR J VA4 & Fil 4% A
% LA Taq B UL P HEAT, 1B Kl FEAE 61°C ~ 65°C
ETRY R
1.6 RIEFLFERNFDH

PCR =¥ 1 HI 3% Agarose Gel DNA Purification
Kit Ui 21T . ¥ a4k 5 7~ ¥ 3% pGEM-T easy
Vector Ut ] PIREATIERREAL . 28 ATX VB0 1% FH
PETERE, H T AR IR, FH EcoR T HEAT W1 %6
SE o A A ORI BRE Bl AR TR R A
HIEAT W Y. N 4 A 5K #F DNASTAR A1 MEGA
version 4 Tamura, Dudley, Nei, and Kumar 2007), %}
SR EEAR A GenBank WSS 1) 3L 2 NDV #50K (1) AH
e BT L X 434 o

2 H#X

2.1 3’RACE #REFFILLxS
I B 0 A ] 55 DR 28 ) S 5 | A2 0 2 ) i 5
V) CL-BC 34 H i B W 1. alad e 41 e,
1 B € 519 CL + BUYBERAC IR TR AL R4 37 K 3
A3 5 Bk NDV 37 K3 J¥ 4] _F A% EMBL/GenBank, &
S5 W R JS/5/05/Go  ®J600546 )5 JS/07/04/ Pi
1600547 ), JS/07/16/Pi  F¥J600548 )5 JS/7/05/ Ch
€J430159), JS/9/05/ Go  €J430160) -

M 1 2

bp
10—

00—
400—

100—

'1 3’if RLM-RACE PCR Bk E R
Fig.1  The results of 3’ RLM-RACE. Lane 1 was JS/07/04/Pi> lane 2
was JS/07/16/Pi

2.2 5'RACE &R K F5I L3t

I AR X0 AN (] 5 BRI 2R (e S 5 | A R s ) i 5
V) CL-y ¥ H W v B, 25— %8 PCR =9 Wik Jo ml L
7. PCRTIHIZE 107" ~ 107 F B I » 43 AE M i

Wit 2 PCR, MUK 45 R LK 20 ik Al
S, B E W) CL + B AL DNA 37 ¥ijo 3K
3 5 Bk NDV 5° K J¥ 4] b 4% EMBL/GenBank, % 3%
5w R: JS/05/05/Go  (FJ600549 D, JS/07/04/ Pi
1600550 ), JS/07/16/Pi ®J600551 )5 JS/7/05/ Ch
£J430159), JS/9/05/Go  €J430160). £ LX), A Hf
FE RIS S R (1] 2R VI 7835 IR 2 o AR i i R

N, T AER VIId B BERR JS/05/05/ Go 5 7)1 FT NA-1
—FE, 57 K s 9 MiAZ RN TRAE N Co

M 1 2 3 4

'z F K JS/7/05/Ch 5’ i% RLM-RACE % —% PCR B
KE R
Fig.2  The results of 5" RLM-RACE of strain JS/7/05/Ch. Lane 1-4
represented the products of hemi-nested PCR with templates 10~! ~ 1074
diluted.

2.3 ¥V EKRHBFLSHIS ERFHFLDPTEE
5 r ER#UHBXES T

1L DNAstar 8 2F L6 X 50 #T GenBank & 1 1
NDV & A A i [ 41, IR 7 ASE KR NDV leader
J7 50 B RIS 24 85 8, T trailer /3% 1) B[R] 95 12E AH X
BAK, A A JE K B NDV 2 K 4 K 3 leader AT trailer
FEIAFAE DR R 4 66 2D

FIH 57 % trailer J7 5122 i 184 105 AR A 15 1)
F 3L 47 nt-420 nt £ R A — 35, WLIE] 3.
WIS GETE 2 A X EE R VI B NDV 57 K 3 trailer
FEH [R5 AN F S BT RS AR DGV B AT T a0 T
SERWORNE BEMK 0<0.00), BAHKRH r=
0.857. K4 ) NDV AN[F#EFE 57 K trailer /7515
F 3L 47 nt-420 nt PA0— 00 R e 1 53 BT 1]
2.4 RNA ZREMHH

I RNA = 4% 45 0 100 4K A+ RNAfold ttp: //
mfold . bioinfo.. rpi. edu/) TR NDV 3 A 40 f 5 [n) 2
41 RNA WA s 1) — 2 4549« 45 R 7R, NDV 2 4]
Y1 37 Auty R[] FE PR 2 37 A it TG i — A R R 45
¥o BEFE JS/05/05/ Go LAk 7)1 F NA-1 57 5 AR Ui 55
9 PLAZ IR I T/C AR FE M BE R 4L 57 i Al J 1)
R4 37 5 ) RNA 2451 P AT NDV 2E
Y137 K iy K A= 25 A AR IX (1) RNA J7 51 #8037 -
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' Fz2 FEAFEEZE NDV 8 leader A trailer RNA BI{R=F 771

Table 2 RNA subsitituion of leader and trailer conversed in specific genotypess given as viral

genomic RNA sense in the 3" to 5’ direction.

NDV leader trailer
genotype 40 27 47 51 6 18 32 54 56 61 62 70 77 81 86
1 C U G C G U U U U C G A C C C
II C U A C G U U U U C G A C C C
I} C U G C A U U U U C G A C U C
v C U G C A U U U C C G A C U C
Vv U U G U A C C G C U A A C U C
Vi U C G U A C C G C C U A 0] U C
i U U G U A C C G U C G G U U T

93 A2-1334 (AY935490)
46 E 08-1252 (AY935493) ||
-2 (AY935499)
il Nodreland/Ulster/6 7 (AYS62991) 1
PHY-LMV2 (DQ097394y ]l

% EI:{ LaNota (AYR45400)
28 VG/AGAEU289028)

731 B1 (NC002617)
AQENDO26 (DQUG00S3)
L U8/7/83/Ch (FH30159)]
Muliteswar (EF201803) T
/ IIS;’WE‘)‘:T/G'U {FJ4301 ﬁﬂ}|
Hert33 (AYT41404) 1
gameforl/US.(CAR2 1147242 (AY562987)
mixed species/U. 8. Largo/71 {AY562990) \

4&]': aninga/U.8, (F/44083/93 (AYS62986)
1083 (Fontuna)/72 (AY562988)

54 95 | dovedsaly/2 73600 (AYS629890)
4{ 11-227/82 (AJB80277 vl
35_ l#57/16/P; (F160055T)]
— qg | [75/87/04/Pi (FI600550),
73 711 (AF431744)
NA-T (DQ659677)

P l: /8/5/85/0 (FI600549)|
chickenChina/Guangxid03 (DQ485130)

93

o4

VI

10 3 0

—
L

3 #R4E NDV trailer B cDNA 554 HI BB EH L L 5B
Fig.3  Phylogenetic tree analysis based on ¢DNA sequence of trailer. Horizontal-line distances are proportional to the minimum
numbers of nucleotide changes needed to join nodes and gene sequences. The vertical lines are present simply for spacing the branches

and labels. The sequences determined in this study were framed.
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Fig.4 The statistical analysis of homology correlation between trailer of

NDV genome and partial F gene 47 nt-420 nt).

UCUUA-5", ZE A 1-VI L NDV % [ JE R4 37 A v
REHFIR X B RNA 74142 37-UUUC-5", T 45 A
VIId 4 B #E JS/05/05/Go VA M ZJ1 F1 NA-1 4 3-
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Fig.5 RNA secondary structure of the 3’ end region of genome and
anti-genome. The position of U/C subsititution in the 3" end of anti-

genome was framed.

3 itk

RIM-RACE & —FhFI ] T4 RNA ZEH Mg 0117
BEEREIY RACE /715, 5 HE RACE M1 EL, AT 2
H poly © 8K poly C)>K51'F 5 —4HE cDNA IG5 1, &

A D0 5E 4B RNA 5 25 10 A 3 41 B s, AR s
5% — M 1 RLM-RACE 5 88 ME AT — 5 19 ] A6 FH 0
b, AR BRI RACE FE 5 223K, 040 T 4 2 51 1
WIT RACE 1 AR R L& cDNA I 2lifbiife. &
KL 56, IX 45 RACE 77 S BE08 HEA I & NDV 28 R 4 K
i P 1), m HE A v, R S R R T LK R
I T A

—MIAh, RACE #5 4F 75 2 AN v vk B 0 4l B2 (1)
RNA Ff i 1, 3 th it Wk 25 175 2065 246 1 R 27
RNA HEAT W45 FI A4 . 95 75 < 45 2l 4k 1R FE KK
HINT RACE J N (1) B [B) FBEAS, 129 T RACE £
ARG ZAEH o AT I 223K 5 8 R R IR B2,
AN T R O R Al P TR, 5 5 RNA $EHC LA
JaEHH LL RLM-RACE #:1E. &E 25 UEW, %
JIEARATIN B RNA 1YW BE 1 40 BE A 52 RACE (1)
AT, MRS .

3’ % RIM-RACE [ B F 45 0 B85 1% 1R
B U RNA JEHE, 7 RT-PCR J7 V50 S R 41 (1)
R BEAT 9 FLIREE R T4 RNA & Bl %
FEE DNA BC RNA 57 3 B 2 F1 37 oy 72 26 (1) D) g
N A BN R 7 B 57 R R 5, 5 220
AL A BRSZE 2 s Tl A2 T IR B B 37 i R ik I
) _E Ay DURUAE o] 5UBE DNA 8 RNA, L2 54011 57
Ui Bl P 3% 2, B 25 5% M RACE [MRR, = AR 2 11
AR S 46 M, I 240 A i ) FR JE BT . AR s
B, B E 514 57 i W R AT 37 i oA BHL BT, H vk 4
E B EANEI SR i (ERENIOP: i 71 i) /N

5% RLM-RACE 5 3 I A AHABL, AN [A) 1) 2 4
HHT RT, € 5195 DNA E#, &G P&
2 PCR 7732 %) 36 DA A 1) R g R AT (47 385 0 AR SIE 6
7t RLM-RACE ¥ #4545 H 4 S % s i 5 RACE 1)
R EER R REEEM . 2l U %
filF 1, Promega ¥ Mo-MLV [ % 55 i 200 L # i, T 4%
BT SIS R BIR, 7E4E RNase H S sk I
B E S ERAE 5" R LI AR+ 2 —, K2
HEFEAE T oNDA 57 Kuii 5 J5 100 nt 6 [ P9, #E D
RNase H~5 %% i AN e S5 2 s 1) 56 DR 20 K 3

AP AL E T 5 £ NDV 5 55 leader Fl
trailer /7> 1), 2835 U 20 AT AR I IX 43 NDV 5559 5
FREEIHHE D B2 R IR NDV #58K leader F1 trailer
J7 B RSO 70 DA 2R R) AT — o AR ST, XS 4R
NDV &t % 40 B A5 45 5 23 o Wl leader )
40 nt~51 nt, trailer ] 18 nt> 32 nt M 54 nt, ZEH -1V
B NDV #IK A Cy C U U~ U, 1M1 3£ R v-VIT % NDV
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MR UsUSCACGo FRdRIE, 22 11V &L NDV
AR 20 4 20 ~ 30 AR, FEIALKE N 15,186 nts
T2 V-VIT B AN BT 20 20 60 24K, D
HKE N 15 192 nt 5., NDV FFAE leader A trailer J7
FIIZE 5 NDV BREAE 73 B 845 T8 il Al i, (A2
1548 RACE BRI BRI, H AT O 280 & 1) leader
N trailer JFHNIAZ o

R LA T TR 2, A S0 ff o 1 B U v 2
BEFE JS/7/05/ Ch FEZH 1 155184 nt HH—A T 48N
TG 5RIME LR viD B EERE 271 1 NA-1 AR
— B AL 4 BRIED LA VIR NDV 3R K
BZFRAE . = HRIER VII AL NDV 1) T—C Al 1L
5" Uil trailer 5 37 Uit leader PIEZE H AMNF A H 8 nt A
N 12 nte R RACE 75324 Reffi 8 NDV 2 A
K% 15, 184 nt A& AL SEAL , W S F B A v {4
SERE A B 51 W, 3R AR 1 R i A0 N D L
H . H AT E A T>C S8A8 1) B AR 38 N R 5 A
VIId B4, AR W AN e 8 57 i 58 A8 A& 15 A 6 U5 58 A
VI BB FE A vild B NDV e

JS/7105/ Ch~ZJ1 T NA-1 #% trailer S 4% IV B AT
THERA 57 B R i, 3X HLJE i B RNA M) RNA
FEGTR e UM L 255 LSS R 41 RNA i 4R
(A7 A T RNA 9 0 4540 o M, 1) 3 D 41
RNA 1) 3" Ruig JE e — N KR 458, U—>C T—>C) 1)
SN TR A b, AR g AR . JS/7/
05/Ch ¥R &R FA K RNA JF4124 37-UCUC-5", 55
M 373 KR 37 -UCUUA-5" AHALL, th o] RERZ e T
FEIRZH RNA (AR o HRRIE, A% Ytk /K a1
RINTE Cesicular stomatitis virus, VSV 1E8EA 5145 1]
ST R 5 B R g A A O, R4 57 Ui trailer
J 4 e 8 2 RN S (9 8 D0 L 37 i Teader /7291 )5 8))
S DR S () RE ) 4258 5 ~ 10 £%, 11 H. 24 leader
JPA I By 2 TR 3 o e Je SO TR 4 42+ 1 ) e
trailer /341 i3 2l 5 PR 41 2 i 1 Th B8 K 2B i 5 I,
T RNA A se)ash L N4 =41 7. NDv %
K41 RNA 57 Ky U—C AL R AN v BURF
DA SR R AR ) 2 i S8 5 B S 30 1 — D IGE

2% Xk
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Analysis of leader and trailer sequence of genotype [[[; VIb and VIId Newcastle
disease virus determined by modified rapid amplification of ¢cDNA ends RACE)
strategy

Xusheng Qiu> Qing Sun, Weiwei Wang, Li Dong, Shuang Wu, Shunling Hu, Yantao Wu, Xiufan Liu”
Key Laboratory of Animal Infectious Diseases, Yangzhou University, Yangzhou 225009, China)

Abstract: IObjective ] The purpose of this research is to establish a simple rapid amplification of ¢cDNA ends RACE) strategy
for direct mapping of the 3’ end and 5" end of the genomic RNA of Newcastle disease virus WNDV), and to analyze the leader
and trailer sequence of NDV strains belonging to different genotypes. [Methods ] Classic RNA Ligase Mediated Rapid
Amplification of cDNA Ends ®LM-RACE) was specifically modified for mapping both ends of the NDV genome. 3’ -RACE was
carried out by genomic RNA ligation with 5° end phosphated adaptor CL+ » and the 5" end was obtained by first strand cDNA
with adaptor CL.+ . [Results] A modified RLM-RACE strategy was established in this paper, which proved simple, low-costs
repetitive and could be specifically used to map genome ends of NDV. By using this method; the leader and trailer sequence of
5 NDV strains, termed JS/5/05/ Go» JS/07/04/ Pi,» JS/07/16/ Pi> JS/7/05/Ch and JS/9/05/Go» belonging to genotype [l VI
and VII was determined, respectively. [Conclusion] The initial 8nt at the 3" and 5’ ends of the genome of genotype I-VI NDV
strains were complementary, whereas, the complementary sequences of strain JS/5/05/Go were up to 9 nt due to a mutation from
T to C at the 9th nt in the 5" end. The 3" end of NDV genomic and anti-genomic RNA was predicted to form a potential hairpin
structure. The U—C T—C)mutation was located in the circle part of the hairpin in the 5" end of anti-genomic RNA, and had
no visible influence on the formation of RNA secondary structure. However, the sequence of the circle part of the hairpin was
changed from 3’ -UUUC-5" to 3’ -UCUC-5"» more similar to the 3’ -UCUUA-5" in the hairpin of genomic RNA.

Keywords: rapid amplification of cDNA ends RACE); genotype Il 5 genotype Vlb; NDV; leader; trailer
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