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Simultaneous Detecting Six Immunosuppressive Chicken Viruses by
a GeXP Analyser-based Multiplex PCR Assay
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Abstract: The objective of this research was to develop a novel, high-throughput Genome Lab
Gene Expression Profiler Analyser-based multiplex PCR method (GeXP-multiplex PCR) for sim-
ultaneous detection of 6 immunosuppressive chicken viruses. Using chimeric primers,6 immuno-
suppressive chicken viruses, including Marek”s disease virus (MDV), three subgroups of avian
leucosis virus (ALV-A/B/J), reticuloendotheliosis virus (REV), infectious bursal disease virus
(IBDV), chicken infectious anaemia virus (CIAV) and avian reovirus (ARV) were amplified and
identified by their respective amplicon sizes. The concentration of the chimeric primers,Mg*" and

Tag,and annealing temperature,and time were optimised according to the amplification efficiency
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of the GeXP-multiplex PCR assay. The assay specificity for each immunosuppressive viral target
was individually and simultaneously tested with a mixture of 8 sets of chimeric primers in a multi-
plex PCR assay. Plasmid DNA and transcribed ssRNA were diluted to a final concentration ran-
and then subjected to the GeXP-multiplex PCR

assay with 8 sets of chimeric primers,both individually and in pre-mixed solutions. A total of 300

ging from 10° copies * 20 uL.”' to 1 copy * 20 L7
clinic specimens of disease chicken were detected by using GeXP-multiplex PCR. The results were
confirmed using independent real-time PCR and sequencing to determine true positives. The speci-
ficity and sensitivity of the optimised GeXP-multiplex PCR assay were evaluated, and the data
demonstrated that this technique could selectively amplify these 6 viruses at a sensitivity of 100
copies + 20 uL.7' when all 6 viruses were present. Of the 300 examined clinical specimens, 190
were positive for immunosuppressive viruses according to the GeXP-multiplex PCR assay. The
GeXP-multiplex PCR assay is a high-throughput, sensitive and specific method for the detection of
6 immunosuppressive viruses that can be used for differential diagnosis and molecular epidemio-
logic surveys.

Key words: GeXP analyser;multiplex PCR;high-throughput;chicken immunosuppressive viruses
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Table 1 Sources of pathogens

¥ it Pathogen S Source

%2 B ff Reference viruses
57 5 7 Marek’s disease virus KC453972,KC453973,GX130112,GX140301,050118,070123,090201,
100428
B MK KT A WEE Avian leucosis virus subgroup A isolate RSV-1 cvcee
BHEIMER T A WEE Avian leucosis virus subgroup A isolate GX110521,GX110522, ALVAO01,ALVA02,

GVRI

ALVAO03 GVRI
B MM R B W AE Avian leucosis virus subgroup B isolate RSV-2 Ccvcce
BHIMPHR: B W Avian leucosis virus subgroup B isolate GX111230,GX130401, ALVB15, ALVB23, GVRI
ALVB28
B E MR KT ] W R Avian leucosis virus subgroup J isolate KC453974, KC453975, GX090201, GVRI
GX090521,GX110110,GX120081,GX130018,GX140010
B WUR N 2 4 2 2 E i 7 Reticuloendotheliosis virus AV235 cvcce
B WK P9z 2 2138 M 5 9% 75 Reticuloendotheliosis virus KC453976,KC453977,GX120825,GX131118 GVRI
B Avian reovirus S1133,1733,526,C78,GuangxiR1, GuangxiR2,GX110058 GVRI
f& e M1 IR 32 4 9% 7% Infectious bursal disease virus CA,AV162,AV144 cvce
1B ek G 3% R % 5 Infectious bursal disease virus AV6 CIVDC
A& e P 1 R4 28 9% B Infectious bursal disease virus 070124,080113,090053,100008,110110,130223 GVRI
X 4% YL 4% 1955 2 Chicken infectious anaemia virus CAU0728,CAU0729,CAU0730,CAU0731,CAU0732 cvee
X4 YL 4% 1% B Chicken infectious anaemia virus GXC060821 GVRI
HAb R Other viruses
B % Inactivated H5N1 avian influenza virus Re-1 HVRI
& B Avian influenza virus HOIN6/Duck/HK/147/77 HKU
& B % Avian influenza virus H7N2/chicken PA/3979/97 PU
Fr I E i B Newcastle disease virus F48E9 GVRI
B RE % 5 Newcastle disease virus GX6/02 GVRI
WAL Yu Pk & S 9% B Infectious bronchitis virus Massachusetts 41 GVRI
WAL Ye PEE S 4 5 7% Infectious laryngotracheitis virus AV1231 CIVDC
T 98 i % JEE Moyco plasma synoviae CAUOTAS cvee

HVRL /R 3-8 EWFTE T HKU. F s K225 GVRL 7 P4 8 BE AT E B s CIVDC. o [5] 5 B2 25 & i 45 s PUL 52 47 3 Je W R 2%
CVCC. [ 8 B= ol 4 0 P o0

HVRI. Harbin Veterinary Research Institute, China; HKU. University of Hong Kong, China; GVRI. Guangxi Veterinary Re-
search Institute, China; CIVDC. China Institute of Veterinary Drugs Control, China; PU. University of Pennsylvania, USA;
CVCC. China Veterinary Culture Collection Centre, China
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(Madison, USA), 3@ PCR [, i A1 538 57 £, 8k
ZAMMEY A XA st R ED ; BRI PE NI
fitg Spe | W B 5 A=Wy CRI%E , D s DNA R FM e 5
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4 pL, buffer N & il F 51 ¥, T AE ¥ & A 0. 25
pmol « L' ;MgCl, (25 ymol « L") 2 uLs;i &5 ¥R
AW 1 pl; Thermo-Start DNA polymerase 0. 35 pL;
cDNA/DNA #5841 L s ToA% B2 il 8 2l 7k #h 2 AR TR

Z & PCR W &7 4% 3 26:95 °C 5 min il
AP 5,94 °C 30 5,55 C 30 5,72 °C 30 s,10 MF
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°C 30 s,50 °C 30 5,72 °C 30 s,10 PFFF;72 °C ik
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1.7 EWHEBKMERSH
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HERPE. IBDV Al ARV [ ik £33 Spe 1 1145
PEAL Z JG R b 55 5l ssRNA, fif A DNA i R il
ssRNA F 584043 6 06 B 1 vk B . LAAS i 47
) DNA JORL AT ssRNA b 5 A #3218 8 57 i) &2 8
GeXP-PCR i FE » B — B A 1 28 1k 132 43 J31] ] & Oy
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Table 2 Primer sequences
THAE  HM g1k B
ek S5 (5'-3" /bp FEH /(umol + L)
Virus Primer sequence Amplicon Target Primer
size region concentration
F.:AGGTGACACTATAGAATAAGGGAGCAGACGTACTATGTAGACAA
MDV - ) 227 meq 0.16
R:GTACGACTCACTATAGGGATGGTAAGCAGTCCAAGGGTCA
F.:AGGTGACACTATAGAATACAAGGGGTTCCTTGGTATCT
ALV-A - 155 g p85 0.2
R:GTACGACTCACTATAGGGATGTGCCTATCCGCTGTCA
F:AGGTGACACTATAGAATATCAATCACGATTCTCCCACC
ALV-B 285 gp85 0.2
R:GTACGACTCACTATAGGGATGTGACGCTTCGTTTACGTCTT
F:AGGTGACACTATAGAATACTGATGCAACAACCAGGAAA
ALV-] 204 gp85 0.2
R.GTACGACTCACTATAGGGAGCAGTGACATTAGTGACATACCC
F.AGGTGACACTATAGAATAGACCAGGCGAGCAAAATC
REV 182 gp90 0.2
R:GTACGACTCACTATAGGGAGGTGTAATAGGTAGGTATGGAGGA
F:AGGTGACACTATAGAATAGGGTCAGGGCTAATTGTCTT
1IBDV 294 VP2 0.2
R:GTACGACTCACTATAGGGATCTGTCAGTTCACTCAGGCTTC
F:AGGTGACACTATAGAATAAAAGGCGAACAACCGATGA
CIAV o 269 VP1 0.2
R.:GTACGACTCACTATAGGGATGCCCTGGAGGAAAAGACC
F:AGGTGACACTATAGAATAGGACCCCTACTTCTGTTCTCA
ARV 215 S1 0.16

R:GTACGACTCACTATAGGGAATTTCCCGTGGACGACAT

F. L5190 RO T US40 T RIZ i vl 519 - %6 51 4 s F 51 0 Fs S 4 51 90— & UL R

F. Forward primer;R. Reverse primer; Universal tag sequences are underlined. Chimeric primers were synthesised using univer-

sal tags and specific primers

10° copies » 20 ul. ' & 1 copy « 20 pL ', E L H
GeXP-PCR X 2 #5501 U AE
1.9 EHIREREMTHIAE

S T EE ST i £ #E GeXP-PCR J7 i i F
e DA B ey o 5 A 0 0 e o 8 ok o B 43 5 RN I O
U TE 12 DA S 2 U e i SRR P 0 X U R
wm e MO LT TQ R B TR MLV B ALAL S O DME R
e IR &, il $2 5 DNA/RNA, 4% B @ 7 1) £ &
GeXP-PCR J5 ¥ i BE AR A7 46 )

Ry ¥ A [R) A AR 22 8] 18 vk J32 22 S 50 K I AN T
W BE PRSI X N7 1) 2 H GeXP-PCR J7 51 919 14
B0 T 2 ) AR 5 7 R R A ) 380 AP o B 1 A AN
87 A T e 2 ¢y B P AR A IR e v A AR VA B 28 /i
IR W BE Y 10" ) BENLA & A B 1T 2 &
GeXP-PCR.Jf DL 8 — K iy g Xf B 47 2 T GeXP-
PCR. MWREHLPEE T ALV-].MDV #il CIAV 1 k41
Go SELIBER L 9O 5 PCR I B AR v B, )5 48
PEAR Ak FEAR YR R 107 . 10% A1 10° copies » 20 pl 7' 3
172 8 GeXP-PCR, [l i} 43 51 LAAH [F] ¥ B2 1Y ALV-] F

MDV i — itk i# 47 £ H GeXP-PCR,
1.10 R AEIH S E PCR ik ik RS

SR B9 FE NG 1 Je AR L 3 G LB L B TR I
W IRA AT G 2 5 DNA/RNA, #i B e 1 £
# GeXP-PCR J5 kAT R0 00 . [A] B DA A BfF 5% 4 31
B4R S W #E4T SYBR Green | 5 ft PCR, 3 4%
PCR =¥y v B 15 , 30 UF FH P 45

2 & B
2.1 #HRMERAR

SRR R AL B L B T W ) L A8 A RE DL
F 2, WHE L E GeXP-PCR Jy ik, ik 1 th
JIT 53 bR O AR HE AT B — B R R M, &0
GeXP HLJk, #1325 e i, & 1A~H iRk
BB LUK L BOR /NS 51 B U AR A 5
1T 2R SRS 208 GeXP Lk, [A] Bf 75 51 8
AR SR B s DASR 1 v A & JEL AR F SPT g B
XL B IR J WA o 1 B, AR 2 E
M) AR R S 4 3 0 LA 1,
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£ GeXP-PCR [ 5 — R i S 43036« A ALV-A,155. 38 bp; B. ALV-B,284. 65 bp;C. ALV-J,204. 55 bp;D. MDV,227. 35 bp;
E.REV,182. 64 bp;F. CIAV ,268. 61 bp;G. ARV,215. 83 bp; H. IBDV,294. 27 bp; £ & GeXP-PCR i £ B 4 15 . 1. 6 Fp
WRRE.8 MM B BRI ALV-A,155. 80 bp; REV,182. 67 bp; ALV-J,204. 50 bp; ARV, 215. 75 bp; MDV, 227, 16 bp; CIAV ,
268.59 bp; ALV-B,285. 09 bp;IBDV,294. 02 bp;J. FAPEXT 8 LI H A 2 55 5 A& Fl SPF 38 41 22 4% B M ALHR , 216 54 marker

The GeXP-multiplex PCR assay was performed using a single template and mixed primers for the following: A. ALV-A, 155. 38 bp;B.
ALV-B,284. 65 bp;C. ALV-],204. 55 bp; D. MDV, 227. 35 bp; E. REV,182. 64 bp; F. CIAV, 268. 61 bp; G. ARV, 215. 83 bp; H. IBDV,
294. 27 bp; 1. The GeXP-multiplex PCR assay was performed using mixed templates and mixed primers for the following:8 single products:
ALV-A,155. 80 bp; REV,182. 67 bp; ALLV-J,204. 50 bp; ARV,215. 75 bp; MDV.227. 16 bp; CIAV ,268. 59 bp; ALV-B,285. 09 bp;1BDV,
294. 02 bp;J. Negative control was performed using nucleic acid of others avian viruses and SPF chicken,signal was marker

1 % E GeXP-PCR 7MKL GeXP ik &R
Fig. 1 Specificity of GeXP-multiplex PCR assay
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B, ALV-A ALV-] . REV.CIAV 1 ARV 1 &K
M {E & 10 copies * 20 HLfl ; MDV., ALV-B Hl
IBDV >}y 10% copies * 20 uL.7' . 6 Fi 3 8 4~ H i3
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M 2 1 DNA Jii ki M1 ssRNA 85 4 #F 47 £ & GeXP-PCR J5 i, B A X M & Al B4R 20 51 o AL 10°

copies » 20 pL™';B. 10" copies *

20 L' ;C. 10° copies » 20 uL™';D. 10° copies »

20 pLL !

The GeXP-multiplex PCR assay was performed using equal amounts of specific DNA-containing plasmid template and

in vitro transcribed ssRNA corresponding to 6 immunosuppressive viruses, 8 templates at concentrations: A. 10°

copies » 20 pL ™' ,B. 10" copies *
B2 %E PCR IR GeXP Bk R
Fig.2 Sensitivity of GeXP-multiplex PCR assay
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Table 3 Detection results for clinical specimens

PAHR JR YL Single infection

MDV+ MDV+ ALV-B+

MDV ALV-A ALV-B ALV-J] REV IBDV CIAV ARV
ALV-A ALV-] ALV-]

$E Number 2.6 6 2 21 15 17 9 23 4 25 1
./ % Rate 8.7 2.0 0.7 7.0 .0 5.7 3.0 7.7 1.3 8.3 0.4
A it PCR 454
Real-time PCR 26 6 2 21 15 17 9 23 4 25 1
results
) 2% R _ _

26 6 2 21 15 17 9 23 4 25 1

Sequencing results

RA &Yy Co-infection

MDV+ALV- MDV+ MDV+ ALV-J+ IBDV+ MDV-+CIAV REV+

ALV-]+ ALV-]J+

J+REV CIAV REV REV ALV-] +ALV-] ARV ARV IBDV

%¥0H Number 6 5 6 5 4 3 6 3
Lt/ % Rate 2.0 1.6 2.0 1.6 1.3 1.0 2.0 1.0
S it PCR 45 3
Real-time PCR 6 5 6 5 4 3 6 3
results
W 2%

6 5 6 5 4 3 6 3

Sequencing results

3 3 i

MDV., ALV (LA ALV-A/B/] i ¥).REV,
IBDV . CIAV Fl ARV J2& 5 & X e 58 91 il 1) £ 2L
i i o JF HH B R AR TR A R L 42 W SR AR R Y
ML ARG ST A A T O T AR TE AR
FE I 0 B A~ sz Ao 1t H 2 iy BR 1 FL Y PCR 8§
A i PCR AR RS RO H AR 2~4 Foig et

T GeXP ZE KW KL T R4 0 £ & PCR
T3 s DA AR B 1 4 S e 0 R g 3 g [ I 2
S W DL LR IR SR L T A e gy U, 1o,
AT FE 1 A G 3 2k PCR Y
WY 2 H# PCR & 18 5 MR R BRI 9
[ EAH TR ROCR ., B — 2 10 MERR
PCR ¥ i 2 i & I MR R i 51 &,
R gl was G B b gl RIF a1, W i)
G 2 R A 2= 5 W R Y T 5 4
oA BRI 51 K AR Y1 5

210 MEA R R G5 KA M G EZ
A 10 NG R PCR 7™ 4 11 195 o » 4k 252 1F 47 4 507
Pl BT — 2 IR R LR — 2 R 13 C L4
SRS R o AN 2 45 A B R AR SRR L BRIE T ik
BHI YRGS FERT 10 MR PCR =4 155
= 10 M R EEE SN T PCR ™=
Y TR 2538 L 5 W) 45 6 1 & Al B T )
() PCR 7= b e RALFRAR o FAS [ 4 52 1 5 | 0 TR
BRI BRI RE R BT A Y PCR ™ 4445 51 )L
S TR) A 7 48 Al G ARG U I PR o B 3 g
T 3R AR S SO A

HWK A £ F GeXP-PCR 7 i HAR B4
B, ZH PCR P 1 J5 . PCR =¥ & it TAEH
TRHEN =4 R B RIS 25 5 5 B A BRI 22 1
bp P AT HI W7y BHEZS SR a1 ALV-A [ 18 PCR
PR B R /N A 155 bp, # 13 2B PCR ) &% H
154~156 bp {19 Be, BIATIA A ALV-A K 45 5 o4
FHYE. GeXP B4 MUk G . &3 F i 4 Hr . PCR =
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YUL s g R SR B0, B (2 000 %% Ok B
(absorbance units, A. U.) L F R BHMS ., A<
G2 R U s 22 TR 1 e AR I K Sy B
FRAEAR 100 copies « 20 pl.™' WA R , Fie /N L
9000 AL UL, 83 = 1 BH M B(E . i @ Sr i £
# GeXP -PCR i B A R 0y BUEE .

LR HE T I £ E GeXP-PCR Jy vk H &l 5 1
PN, GeXP fE¥EIA 110~400 bp 5 HE N B9 PCR
B, HEMA- B R B Z M AH2E 7~10 bp B o] 4
B BCREAS RN AT AN 20 AN L B R 3 B R
A5 AGE 51 98 £ B PCR.—A 52t 7] LA TA]
R e 5 O S & I B~ 3 7 RN o o (% O A Y
PCR s £ & F & PCR &4~ 5 b K H 6 3% 4 H
Z—AF UL B R — R, R AR —
PCR JinAE—wk, ik — W, BI AT 45 8] 8 Fh L H Y
FER R 25 5 . — ANk BRI 96 FLAR . e fE
— K GeXP BRI AT K 96 3 4 & o X FE AT K AL
00 B AT 27 R A I I G e R e A L

i FH ST () 2 8 GeXP-PCR J7 ik kil 300 4y
I RAE it () B P AR B 90 0 I e S PR 5 ) i A 7
o it PCR &N, PCR ™ 9730 7 55 1k BH 1 45 2R 19
HERTE A 100 %, [F) I 28 3o AS T 04 900 77 6 2 1
BATEEBREABL T ERHRE, B —ELH
GeXP-PCR & R4 A fig 1< 10 2 I DR il i) 75 2K
7 AN R T AU A B TR 2 R 5 Yok ik
) WX o AN DTS S R K

TESL PR EEEH , MDV Al CIAV J& DNA ¥ & ,
ALV (L ALV-A/B/] Jy¥).REV.IBDV fl ARV
A& RNA 8 Bt RNA/DNA 8238500 £ #F 17
%R P& I P AT S sg A T 1) I e sy i) 4 % A%
R H i) DNA 843 Jes2 i . [AlEf ALV #l REV J§ F
LSRR T, T ER B9 DNA s 2 4 0 B 4 P 4
B s A e A 4 B T B DNA, e 7 2 &
PCR #  i}, & [\ i L ALV fl REV A9 2 H 4
RNA FIHTH 5 DNA AT .

4 #F it

ARG E I EET GeXP ZEH KL T RS
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