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B E: [#%] 485% 5% & (pigeon adenovirus, PiAdV). 4% [ 3K 5% 2 (pigeon circovirus, PiCV)5 48 J&
#-y& #(pigeon herpesvirus, PiIHV) 2 " & & F B 69 T 2R R, FFHRGRE, LEAE
Ao kB, [B8) Z2—HT A FF$40 PiAdV. PiCV #= PIHV 4 =& TagMan % X2
¥ PCR (real-time quantitative PCR, RT-qPCR) 7 % . [ 7 % 1 i2 & 4% GenBank & 7 #9 PiAdV. PiCV
Fo PIHV A B 20 5FAn A st JRECE AR BAR 7 R 3R, AR T R3340, A4 & R Ar e o
pMDI19-T-PiAdV I. pMD19-T-PiAdV II. pMDI19-T-PiCV % pMDI19-T-PiHV; % R S 4k Z 4k, 47
MW RAH], PN R4 SRt E A, I TR H 4N PiAdV. PiCV A= PIHV 49 =&
TagMan RT-qPCR 7 ik ; A& % 7 ik $AT V6 RAF AAR M A3 74E Hols R iE A . [45 R 14Z PiAdV. PiCV
#= PiHV #9 =% TagMan RT-qPCR 7 ik A7/ #h &8 A y=3.396x+43.210 (R*=0.998 3). y=—3.540x+40.540
(RP=0.999 4)A4= y=—3.280x+38.470 (R?=0.998 4), &M * Z R¥F; L mi. ML KRpEFHT
HAw m R A B IR 4 AR, 454k, EHBRMFT @, ZF R REKEE B 5 A
10 copies/uL. 10 copies/uL #= 1 copy/uL, #&E 2 & # PCR 7 %49 100—1 000 4%, LM &, A .
ol MR R F AT 2.0%, TAMARE M RE. A E 56 PIADV. PiCV f= PIHV
49 =% TaqMan RT-qPCR #77 ik 152 448§ 6 KA AR ZEATAEN], RT-qPCR FEMA # F(PiAdV
55.92%. PiCV 51.32%. PiHV 40.13%)% & T ## PCR F %, BAH R&FHeRER M, [44] &
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Establishment and preliminary application of a multiplex TagMan
real-time quantitative PCR assay for detection of PiAdV, PiCV,
and PiHV

AN Lele!?, ZONG Baojun?, REN Xiaoting', ZHANG Yetao?, ZHAO Yongqing"*"

1 Biomedical Research Center, Northwest Minzu University, Lanzhou 730030, Gansu, China
2 School of Life Sciences and Engineering, Northwest Minzu University, Lanzhou 730100, Gansu, China

Abstract: [Background] Pigeon adenovirus (PiAdV), pigeon circovirus (PiCV), and pigeon
herpesvirus (PiHV) are major pathogens that seriously jeopardize the health of pigeon flocks
and often lead to coinfections, posing challenges for clinical differential diagnosis. [Objective]
To establish a triplex TagMan fluorescent quantitative PCR (real-time quantitative PCR,
RT-qPCR) method for the simultaneous detection of PiAdV, PiCV, and PiHV. [Methods] We
obtained the conserved regions by searching and comparing the genomes of PiAdV, PiCV, and
PiHV published in GenBank. Primers and probes were designed based on the conserved region,
and plasmid standards pMDI19-T-PiAdV 1, pMDI19-T-PiAdV 1II, pMDI19-T-PiCV, and
pMD19-T-PiHV were prepared. The reaction systems were optimized and the standard curves
were drawn to evaluate the specificity, sensitivity, and repeatability of the established assay. A
triplex TagMan RT-qPCR assay for simultaneous detection of PiAdV, PiCV, and PiHV was thus
established. It was then used to test the clinical samples, and its clinical applicability was
established. [Results] The standard curves of the triple TagMan RT-qPCR assay for PiAdV,
PiCV, and PiHV were y=-3.396x+43.210 (R*=0.998 3), y=—3.540x+40.540 (R*=0.999 4), and
y=3.280x+38.470 (R*=0.998 4), respectively, showing good linear relationships. The assay
showed no cross-reaction with other common pigeon pathogens such as pigeon pox virus and
pigeon rotavirus, as well as fowl adenovirus type 4, showcasing strong specificity. For PiAdV,
PiCV, and PiHV, the assay showed the minimum detection limits of 10 copies/uL, 10 copies/uL,
and 1 copy/uL, respectively, which are 100 to 1 000 times more sensitive than the conventional
PCR method, indicating high sensitivity. The coefficient of variation was less than 2.0% in both
intra-batch and inter-batch repeatability tests, demonstrating good repeatability and stability.
The established triple TagMan RT-qPCR assay for PiAdV, PiCV, and PiHV was used to detect
152 pigeon clinical samples and showed slightly higher positive rates (PiAdV 55.92%, PiCV
51.32%, and PiHV 40.13%) than the conventional PCR method, demonstrating good clinical
applicability. [Conclusion] The established triple TagMan RT-qPCR assay for the detection of
PiAdV, PiCV, and PiHV has good linear relationships and high specificity, sensitivity, and
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repeatability. It can be used for rapid, efficient, and specific detection of PiAdV, PiCV, and PiHV
in clinical samples, serving as an efficient technical method for early diagnosis of the three viruses
as well as for the study of synergistic pathogenic mechanism and epidemiological investigation.
Keywords: pigeon adenovirus; pigeon circovirus; pigeon herpesvirus; multiplex TagMan
RT-qPCR; early diagnosis; an epidemiological survey

AR, WRSEA IR AR RSB X
W AN T oK, A S i B RS TR TR TR
AR . JUHR AU EE . 89 R P ARG
Y95 95 B B TR A BRI A, L AT A R
PEH 2200, A5 FRFEE K T E R & T
PANPERRAE TR o Besh, XT3 s B E R
PR B AR R, BRAG ARG ikt 5 AN W BT LA
XA kK o DRIE, N —Fh R A R R
JEE 1 2 T ARG I AR f R ik ke IR A TR
YR E REEN . 2905 (pigeon adenovirus,
PiAdV) N B 5E DNA Je#E, J& T iRk
(Adenoviridae) & I % 7% J& (Aviadenovirus)!!
DL RARE AR hy 2% 5% PIAAV 43 PiAdV 1HI(&
MR EE) R PIAAV IR (BRFIEEAT ). PIAdV 1
AU Sy Xt 5 F T W 38 A9 A B R G ™ T Y
U I e A e VB Y N = ¢ B IS S K
FF SRS I ACAE AR B, PIAAV TG YL AN PR 45
TE RS B B, X AT AR i B B R 48 HL A J%
YeRES1, DAAVEBET- M2 Mk 4540 R AR
AL, PIAAV PR A% 5 A 35l o bsf [i] A S e
ARG, BN B R . A R R
(pigeon circovirus, PiCV) BB IR IR DNA Ji
B, JOREREDL FER BT AR B — R Y
INZTARL T, SRR AR RR . R
J& T I ¥ %5 7 Bl (Circoviridae) [5 ¥ 5 2 J&
(Circovirus), PiCV BEZH K/NA Ry 2 kb, & F
V1.C1.C2.5'IGR. 3'IGR 5 ik [ 52 4E (open
reading frame, ORF)!), X #& ORF 111 ¢ 4t % 25
HEHMARTFEMZ AN EA R, L, vI
C1 735 9 i 52 1 2 11 (Rep) . AKX 7¢HE 1 (Cap),
Rep 570K 8 DNA BU&E i, i Cap WA B T
AT IINZEEM, A BT E T A R R

T, PICV R EAR ARSIRREIN e R G051 & e
e, R AHE VD] IR (Salmonel la) &5 2 i 25 14
SO AR Ak A SR B RS T Y BRI
R, PR, MEVE A KR 28 55— R 41 5 Hifth
BIBIRARLIE ARAEIR . 7348, PICV {2 YL aY
TP RZHCR BT ERY , TCATAT I ARAERD
ek, e B —E R TE EVa Rk, B
ARG AT REYE . A99692 9% 5 (pigeon herpesvirus,
PiHV) X #K HF 1 L 3 96 92 #§ B 15 (Colombian
herpesvirus type 1, CoHV-1), J&—2Z N
DNA Ji %, J& T &2 EF o200 5 AR
oy v P a0 PiHV 5 i a5 5 —
BE, HA & AL e v R — g R . %
B A7 YL A8 T )5 v BE R 25 57 21 H B S I AR A
R, ARG ERS FIRPNER, E—E Rk E
BTSRRI OR RN,

PiAdV. PiCV I PiHV J& ™ 5 & A2 (it
FRE EEE IR, B 5 EE FIRA BRI
HAPEII R L I S P E RN, R E R
Wi 55— 1) {5 ANl 249 725k i & e . HR, BR
BRI ARAFAE—E B R PR . Flan, RAfE
G PRy PSR AL ) R AR A A R AR
17 PICV YL 2 KRS, T PiAdV fl PiHV &
YAl ] BB 5 | AH UL R AR P RR D, S E o
SGESRORATAE L B8 PCR J7 ik SRS 1 A A%
JE, ABHAAEARG I R K . BRESTBR TE Tk
IR R R AR R AN, XA AR
B 45 P B ARSI 1 TR G T
HHETH AR & RAMWEZE RT-qPCR Kl
Peo UL, LU RS Wi 50K HE B 75 75 2K M
Sy, RBEFET — MU E: —F TagMan
RT-qPCR #il Jy iJ& 43 a1
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ABF5E LA PIADV Hexon K:[H | PiCV Cap A
N J PiHV DNA 55 il B PR R~ X3 oy 8 6k
, BRSSPI S Y S 2 0Ot hRid IR T
(FAM. HEX. CYS5), Pifbin 45372 il br e
Mk, SCMsE R S5 mar B, B
AT — R | g R R RGN 1 R R
B Z # TaqMan RT-qPCR Kl Jy vk, AP 2 6
PiAdV. PiCV. PiHV &4 J1 5085, Jass
B A FH BTG T i HR R A

1 MHET%

1.1 REERMIGRER

RS Jt % B (PiIAAV 1 IDA4, PiAdV
CH/BJ/1/2022) . 4% [5 ¥F %% % (Fa3/Beijing/2021,
zj2). ARG EE(PIHV, BJ). A9J%56 5 (pigeon
pox virus, PPV). #9%8IRH5 5 (pigeon rotavirus,
PiRV) . #9 40 ¥/ % B (pigeon torque teno virus,
PTTV) Fl & i 5 5 4 % (fowl adenovirus 4,
FAdV-4)55 0 BHREAS , SRR 17 . PiAdV 113
F B (YPDS-Y-V1.A19.11-2013 , & 3% 5 .
NC_031503.1, 5E[K 19 848—20 228, K J& 4 381 bp).
pUCS57-PiAdV (CH/GS/1/2023 , & & 5 .
PP495499.1, H 1YFLIA 87-604, K J&F K 518 bp),
A TAY) TARR () A BR A F) 5 8. 23 51
Wb LA 3 AN R RS T IE . AT
e WIENEYSERRREASL 152 1y, &85k

HRIZMBELKE, —80 °CHfE. Frfshs:
o vt R R = Akl 5 TR e sh P 1o
PR 51234 M (xbmu-sm-2024104).,

1.2 FERFIFNE

Pro Taq HS AiRBY4REF 7% RT-qPCR A7 &
I, SR A TRARRA ] 90 mm 557
Il., DEPC 7K., 50xTAE i, Jbii&3eEhl
HIR/ 5 2xTaq Plus Master Mix 1T (Dye Plus) .,
HiScript II Q RT SuperMix for qPCR (+gDNA
wiper), T 5 MERE A= M) BRI A RN F
pMDI19-T #fk, % HEAYHEAREZ)ERA
F]; SanPrep A0 DNA Jit [F1 555 £ . SanPrep
FEAX BB DNA /i il 42 3250 & F K W+
(Escherichia coli) DHSa fb22Is2 2540, A T4
Y TRE( R BAR A BRA R s AxyPrep HRBR
DNA/RNA /Nl sl &, FiFasREmHE AR
e RN 7] ; DL5000 DNA marker A1 DL2000
DNA marker, FREZEYIRHEARAA] .

PCR 4" 4%, BT b AS Bb 2 A 28 BR 2 7] 5
SERE B PCR Kl 248, {1 AR AR awBE ™ b (B
AR E] UK EER YL, FEBRCHERBHY
(PEHABRA A,

1.3 5|4, IREHEIT

TE NCBI M5 GenBank F F#iE LMK
PiAdV IH) | PiAdV II%! | PiCV il PiHV A[A]JE
PIRLEE R 4 (3R 1), FIIFH DNAStar 25 44%5 2 A

=1 BTF3I¥i&I. TaqMan iRTHIERESHKER

Table 1 Genomic strain information for primer design and TagMan probes

Virus GenBank accession number  Strain Country/Region Host
PiAdV I FN824512.2 IDA4 Netherlands Pigeon
PiAdV 1 MW286325.1 P18-05523-6 Australia Pigeon
PiAdV 1 NC _024474.1 IDA4 Netherlands Pigeon
PiAdV I 0Q576013.1 CH/HB/1/2022 China Pigeon
PiAdV 1 OR822284.1 PiAdV-1 China Pigeon
PiAdV I PP495499.1 CH/GS/1/2023 China Pigeon
PiAdV I 0Q576011.1 CH/XJ/1/2022 China Pigeon
PiAdV 1 PP488439.1 CHSD China Pigeon
PiAdV I PP495496.1 CH/Shaanxi/1/2023 China Pigeon
PiAdV I PP495497.1 CH/SX/1/2023 China Pigeon

(T %8)
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Virus GenBank accession number  Strain Country/Region Host
PiAdV I PP495498.1 CH/NMG/1/2023 China Pigeon
PiAdV I PP495491.1 CH/BJ/1/2022 China Pigeon
PiAdV I NC 031503.1 YPDS-Y-V1.A19.11-2013 Germany Pigeon
PiAdV II KX673408.1 M144 Hungary Pigeon
PiAdV II PP999622.1 PL pigeon_63/2023 Poland Pigeon
PiAdV II PP999623.2 PL pigeon_4a/2023 Poland Pigeon
PiAdV I MF576429.1 PAV/FJ2017 China Pigeon
PiCV NC 002361.1 CoCV Germany Pigeon
PiCV 0Q184742.1 WQ4/SN/2022 China Pigeon
PiCV OR801883.1 BI 2b C3 Poland Pigeon
PiCV MF664481.1 POA-MA2/2016 Brazil Pigeon
PiCV OR999200.1 SI la C5 Poland Pigeon
PiCV JX901125.1 98-324/1998 Belgium Pigeon
PiCV 0Q715331.1 Hebei/TS-YZ2/2023 China Pigeon
PiCV 0OL901206.1 Hebei/TS/2021 China Pigeon
PiCV DQ915960.1 Fra A40042 Britain Pigeon
PiCV OR&800318.1 PLK-2023 Thailand Pigeon
PiCV PP405066.1 GS-DN2023-1-3 China Pigeon
PiCV PP405068.1 HB-DN2023-4-1 China Pigeon
PiCV MF136691.1 P15/AUS Australia Pigeon
PiCV PP405070.1 SX-DN2023-6-1 China Pigeon
PiCV PP405071.1 SX-DN2023-6-2 China Pigeon
PiCV PP556374.1 PiCV-LY8 China Pigeon
PiCV MZ447864.1 Senegal Dove-CS19-1715 Australia Pigeon
PiCV PP663502.1 CDVUM-2022-28072747 Canada Pigeon
PiCV PQ346905.1 Hebei/TS-3/2024 China Pigeon
PiCV PQ902090.1 FVS_CV_060924_64 India Pigeon
PiHV AF141890.1 KP 21/23 Germany Pigeon
PiHV KC544263.1 BJ China Pigeon
PiHV KJ995972.1 BJ China Pigeon
PiHV KX589235.1 HLJ China Pigeon
TAdV 5 KF477314.1 D1648 Austria Tiirkiye
FAdV D PP471938.1 D2342/2/5/13/US USA Chicken
FAdV 2 KT862805.1 685 Britain Chicken
FAdV 4 PP070411.1 PK-1-SBL2021 Pakistan Chicken
FAdV E PQ117788.1 LN/2021 China Chicken
FAdV 8 PP537790.1 HD2402 China Chicken
GAdV PP331815.1 XZ11 China Anser indicus
FAdV 7 KY364398.1 SD15-21 China Chicken
OAdV LC638697.1 Owl adenovirus Japan Eagle owl
FAdV A OP985634.1 D4622/2/19/HU Hungary Chicken
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FENHEA T Fe A3 BT I AR BOE RS X 3k, 3728
Y62 & PCR 5141 TaqMan $REF B — U]
¢ [ B - i83E TUB 45 #E , 7E PIAAV Hexon &[] |
PiCV Cap J:[A & PIHV DNA -4l 5L R AT X
Wbt s | R RT-qPCR A5 [ 4
RHREF (3R 2)0 510, BRET A AL E R E RN
A A B2 A8
1.4 FRRHEARAZES BV H2 BY

PiAdV . PiCV. PiHV, PPV, PiRV, PTTV,
FAAV-4 F1 152 f3 I RAE S E A TAZ R $E B . BN
FRA R R ST R, AR A S 1B
SRIGINA 500 uL PBS KT 1.5 mL &0
&, 8000 r/min &.0> 5 min, H{ 200 uL [
W i AxyPrep (R 5 DNA/RNA /)N ifil £
TR U B 5 PR B 25 5L [ ZH 7 DNA FITRNA,
Hp PiRV 4] RNA % HiScript II Q RT
SuperMix for qPCR (+gDNA wiper)is 7] & 4k ¥
5 ARBUL 5% 77 cDNA, DNA #l ¢cDNA T
—20 °CIR-AT

®2 514, REFIER

Table 2 Primer and probe sequence information

1.5 FRAmERPHEEELE

DA PiAdV 17 | PiCV ., PiHV BYJER 4 DNA
FIE R PIAAV TTRIEE R 4] DNA AT, £
¥ S PE T H1(PIAdV I-F/PiAdV I-R . PiAdV II-F/
PiAdV II-R. PiCV-F/PiCV-R. PiHV-F/PiHV-R)
47 PCR 438 H I JE A o [ W& & : 2xTaq Plus
Master Mix II (Dye Plus) 25 L, . Fig|9
(10 umol/L)%% 2 uL, DNA (15 ng/uL) 2 uL, ddH,O
M 50 uL. SO AcAF: 95 °C 3 ming 95°C 15's,
56°C20s, 72°C2min 10s, 35 MEH; 72 °C
5 min, ffi [ SanPrep 2 DNA F& [R5 &
Xt H B9 EF T scRn 4t dk . 8 Lk B G 3
DR H- B %42 5 pMD19-T M4, Wit 7= it Ak,
2 RIAFF R DHSo fb22 82 54, 37 °C¥-#ie
BrFRUS10] P IR v [ TR B R A T B PR (R
% 100 mg/mL, 7EF% F IR 1:1 000 fin A8 35
g KRR FR, TR R T PCR %
TE K PHPE R B A T A TR () A
RS F AW )T . [RIES, {8 SanPrep 4

Name Sequence (5'—3") Product/length (bp) Target gene
PiAdV I-F CCACCGGCAGCTACTTCGAG 2 066 Hexon

PiAdV I-R GGGACTCCGCTTGATTTCGAACAC

PiAdV II-F GGCTGCAAATCAGATTCTACCCT 381 Hexon

PiAdV II-R ATGTCGCAAAGTTAGCTTCGG

PiAdV-qF CCGCCRTARGGTTTGAAGGA 101 Hexon
PiAdV-qR AGCATCAAYGTSGGMGACAG

PiAdV-qP CYS5-CCGCGRTCYAGSACGCCCTTGAT-BHQ2

PiCV-F CACTCTGAACAACCCGACTGAGG 1 843 Cap+Rep
PiCV-R TCACGCCACTTCGTAGGTCATGC

PiCV-qF GTCTCGCGTGATAATMGTGACC 123 Cap

PiCV-qR AACTTGTCRTGRTTCCAGACC

PiCV-qP FAM-CCGCCGGAARAGCGCCTGGAC-BHQI

PiHV-F AACTTCTGCCAAACCGTCACCA 1627 DNA polymerase
PiHV-R TGACCACCCCACAGAACCCGTA

PiHV-qF GATTACAAGCTGCTGTGTTTCGAT 119 DNA polymerase
PiHV-qR GAGTACAGCAGACACGATATTTGG

PiHV-qP HEX-ACGCCAGCTCGTTGTGCCCGCTA-BHQI
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AR DNA /)N il B i) @ 0k BH 1 B A T
JT ok B B, IR K B Ok 4> A A 44 N
pMD19-T-PiAdV I, pMD19-T-PiAdV II, pMD19-
T-PiCV 1 pMD19-T-PiHV ., %4 K FR1Y
D5 B PR B2 RV B, f DI Ok 4 IR
52, N B A SOREAE Ry SR AR R Sk
SEG B BHPERAR , T—20 °CEEAE# . AR (1)
THE RS 14K

P& U1 80= 50k e ¥ (ng/uL)x107x6.02x10%/
T2 TR K (bp) <660 (1)
1.6 5147, IREFBEWNRZ X & MR

LR AR E 5 pMD19-T-PiAdV I, pMD19-
T-PiCV Hl pMDI19-T-PiHV g 2 Wi #ib o S i 1A
Z: 2xPro Tag HS Probe Premix II 10 uL, gqF/qR
(10 umol/L)%% 0.8 uL, qP (10 umol/L) 0.4 uL,
BifR 1 uL, ddHO Mg 20 pL. JRWEcF: 95 °C
2min; 95°C5s, 60°C30s, 45 KIEH, %k
B B FAM \HEX .CYS5.7E PiAdV .PiCV .
PiHV — i TagMan RT-qPCR ¥ 14 {4 2 vh 43 1| 2
— A pMDI19-T-PiAdV 1, pMDI9-T-PiCV #
pMD19-T-PiHV ; 7E4 K R i 2 Bl A 2 5t
BIRAW, IRAWWT : pMDI19-T-PiAdV IHl
pMDI19-T-PiCV, pMD19-T-PiAdV IF1 pMD19-
T-PiHV . pMDI19-T-PiCV #l pMD19-T-PiHV ;
Y IEIRZ P MA 3 FhEURIR A W (pMD19-
T-PiAdV I, pMD19-T-PiCV I pMD19-T-PiHV)
HEATRON, B UEAS [ EE 511 . ERE S AR
Z ) R AR AE RS SO Ry 38 T4, DAL Al
PiAdV. PiCV. PiHV —# TaqMan RT-qPCR
BV R G IRE B9 38 s 3k A
1.7 REEZRKK

DL 1 pL BUkidR#Edh pMDI19-T-PiAdV 1,
pMD19-T-PiCV Fl pMD19-T-PiHV 4 52 i/ # 4 ,
X5 ILHREE | TRETF LU BE A T RO AR R Ak o
T LAERET 200 nmol/L WA IAZH FE #1514
LRIEAAL, Jo RS | AR A TR 24
W BE LA o 5 | s Ak FE 152 2R 100-450 nmol/L,
PRET A e BE % Bl 50-400 nmol/L, Sz v i

F K20 pL i@ it 1 [N 2R A % 45 R S50 (C
(B 3 MRN8 0 B 4B i —F TagqMan
RT-qPCR Kl J5 i 514 . IRET AR LR TE
FW 451 95 °C 2 min; 95°C 5s, 60 °C 30 s,
45 WG, DSCliE ¥ E N FAM, HEX, CYS,
W I S SR A N T I S T SR 5
1.8 tREMZART

W5 FORLAR HE & pMD19-T-PiAdV I, pMDI19-
T-PiCV il pMD19-T-PiHV BEFTHiRE, K% Il
Bk BE R 4% A 1.0x10'° copies/uL, J&PEAT 10 £%
i LR B8 (1.0x10'°-1.0x10° copies/uL). 434 A
1 uL AR 46 BE (108-10% copies/pL) A8 JFCRLBR ME b
pMD19-T-PiAdV 1., pMDI19-T-PiCV #l pMD19-
T-PiHV NEARHFT RT-qPCR "4, ki
Ve UUEO S 3 IRE R B X ], i
ik =T TaqMan RT-qPCR Kl J5 ik 547 3 f
Co -S4 (B 5 A X o7 o 48 D e o o 30 =2 ] )
KR, itriEthZ.
1.9 45+ MIRIE

PL PiAdV 1, PiCV, PiHV, PPV, PiRV,
PTTV HI FAdV-4 JEF AN 2 AR, [F] B LA
B TR AR AR 1 B M B, Bk ik
J& B e I b 45 R4 T —F TagMan RT-qPCR
PHE, RS Y i L OE S =
H TagMan RT-qPCR #0772 i) e S
1.10 SR LE

PL 1 uL Fkits#Esh pMD19-T-PiAdV 1,
pMDI19-T-PiCV Fl pMD19-T-PiHV A [a]#% I %k
WP (10%-10° copies/pL)E R WA AR ,  [m]Hs A
FB T RN AR 1 M B, i E i fk
Jei W e A S N 45 R84 T —F TagMan RT-qgPCR
g, [k, R E B PCR )y sk A7 A Rl #5 01
BOTOR AR E ST 1G , DL2% B KI5 X R
W HL PCR JZ WK % . 2xTaq Plus Master Mix 11
(Dye Plus) 10 uL, qF/qR (PiAdV. PiCV. PiHV,
10 umol/L)#$ 0.5 uL, Jifi 1 pL, ddH,O #h2
20 puL. JZ % 4% : 95 °C 3 min; 95°C 15 s, 58 °C
20's, 72°C 20s, 35 & ; 72 °C 5 min, i@
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i He 8 =5 TaqMan RT-qPCR A5 7 i 55 5 81
PCR K1 7 32 O B ARAG I R B, 3Pk T A 57 )
— i TagMan RT-qPCR #a il J5 vk A U o itk
Ah, XFEEST B RT-qPCR Al k847 25 Wi
IRV BE ) S AR, K PTG R >95% 1)
e AR MR B 5 A2 A I T 7 %) e AR ARG N B < B B
PEREbRE . P HZE Co <40 BF, FEA
o N &5 SR 5 R BHAE 5 24 5 3 26 C CAELRY,
FEAKG I 25 S 1) 2 M BAME; Sy Ik Cfi
AET 4045 BF, FE S BEAEAS, SEINEE RA A
CoAE B 05 b FHAE: .
1.11 8xFMRE

KA ) =T TagMan RT-qPCR J7ik57
MI%F PiAdV 1. PiAdV II. PiCV #l PiHV AJa)3E
VR ARAZ TR VLA TR, [R]SH5E B B o B 3 et
XFIX 7 FiAS [ Y5 S AR AR 51 T RT-qPCR A6l
KIS UEIZHE ) — T TagMan RT-qPCR il /7
B
1.12 Mt

BE B SORL AR UE i pMDI9-T-PiAdV 1 .
pMD19-T-PiCV #l pMDI19-T-PiHV &5 ik FF #%
D1 % (1.0x10% copies/uL) Fil A% ¥ BE 42 D1 %%
(1.0x10* copies/uL)VEN R WA A, 15 & Ak
B 40 53] (3 3)iE1T —F TaqMan RT-qPCR ¥"##,
DA 56 IF 755 #5 D1 B0k B A AR FAICHS D1 B0k B
AR ZBIH B R, HEBR AN R B AR ik
J& 25 S5 R A AR BT B AT REE: .

% 3 =E TaqMan RT-qPCR /521 FH 14k
4R 5l
Table 3  Anti-interference test groups of the triple

TagMan RT-qPCR method

Group pMD19-T- pMDI19-T- pMD19-T-
PiAdV 1 PiCV PiHV
(copies/uL) (copies/uL)  (copies/uL)

1 1.0x108 1.0x10? 1.0x10?

2 1.0x10? 1.0x108 1.0x10?

3 1.0x10? 1.0x10? 1.0x108

4 1.0x108 1.0x108 1.0x10?

5 1.0x108 1.0x10? 1.0x10%

6 1.0x10? 1.0x108 1.0x108

1.13 EEMRKE

PL 3 B SR AR ME S (pMD19-T-PiAdV 1.
pMD19-T-PiCV I pMD19-T-PiHV )/ iy )2 v/ A
Me, BB B E 3 A DB E R
(1.0x10%, 1.0x10°, 1.0x10* copies/uL), [FH}LLZ
B P KAE AR BB X R, AR A
J& W B R 5533847 = TaqMan RT-qPCR
Py, XPEEN ) = TagMan RT-qPCR kil J7
BT E R R, WA TR DR T
b N A (] — InFIa]), - ik 8] B A 30 (A [+]
I [A] FO A [R] St Yk RT-qPCR TR AR 22) % 3 1R
AMANRERE IR AR EE AR CHERR
., P =T TagMan RT-qPCR Kl 7 iy &
SRR E T
114 IERAEAR

i F AxyPrep 8% 5 DNA/RNA /)N ifill £
R SR 152 i aSm RAEAS i JE [T 41 DNA
VE N I R AEAR , [R) B A 25 8 7KV S BR P ot B
i R p Ak 5 i fE e g Ak AR AT <
TaqMan RT-qPCR 434, [a] i} F 1.10 H % # PCR
Xt 152 i el RFEAS (¥ 3L 41 DNA 4 7
K, A1 B 7 () = E TagMan RT-qPCR ki
D5 2 I TS FHE . SRR AR A RAGAE T Tl
it e P P BE AN 45 B ) (WS/T505—2017)

(https://www.nhc.gov.cn/wjw/s9492/201710/057103
76b9ed473tb3bd39c¢70318ad3a/files/173978158778

7_51482.pdf) Y 5 12 43 Al RATE A 4G DN 235 SR
I, ZHCHR[1713H8 RT-qPCR 777 5% ¥ PCR
TR G R ARG R R A E R,

2 ERE55M

2.1 FRAFrEREISER

Pl PiAdV I, PiAdV II, PiCV #1 PiHV %[
20 DNA Jtsiti , & A5 14 PIAdV I-F/R
PiAdV II-F/R ., PiCV-F/R #l PiHV-F/R #4174 #i
PCR ¥4, /15 HIWEH . ¥ PCR ¥ 1= H
B LR T R Il L 4lifl, iEH:E pMDI19-T 5
B B AREE AL = R FT 7 DHSa {242 54010
L, PR TR BT 37 CClI R T R N
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Rty KB 3% . W PCR B4R 1S
HgSE R —3k, 250 UEB E4 5k pMDI19-T-
PiAdV 1. pMDI19-T-PiAdV II. pMDI19-T-PiCV
F pMD19-T-PiHV A . fii 42 i K Wl b
SO e d 2 ki v B, AR E 4
. pMDI19-T-PiAdV 1. pMDI19-T-PiAdV 1I .
pMD19-T-PiCV #l pMD19-T-PiHV 3£+ D1 %551
h 5.7x10'°,4.2x10' 5.6x10'°, 5.8x10' copies/uL.
22 RXNRMRIEE

WATRIREES W . REHRA R — Rk R
H, DU —ORIbRME S . 2 N ORPR IS & 3 A
JORLBRAE b A3 A AR R, BRES |9
PREFIR] AR B2 . 45 2R R, 78 = TaqMan
RT-qPCR WK ZR Hr, F— BRI i it 45 H
PR S DS 15 5 FAM (pMD19-T-PiCV) . HEX
(pMD19-T-PiHV) . CY5 (pMDI19-T-PiAdV 1)
(K 2A-2C); 2 A FrkitnifEdn (B 2D-2F)F1 3 4~
BrkRiARfEan (B 2G) I 9E0A5 5 Z 18] JCAH .52 1R
MAR . HIA I, ABFEAEE ST PIADV ., PICV.,
PiHV = TagMan RT-qPCR £ il 77 32 th #5631
ANRYEEET ) . BREF P S .22 6] I A8 R
0L, FEA A 7 R AR A AR AR R 1
I, YRR R R IR e E S, 5l
Y. BRE P O AT e R S U B R R Y

381

1 EHEFRKAER PCRETE

Figure 1 PCR identification of the bacterial liquid
of the recombinant plasmid. M: DL5000 DNA
marker; 2: pMD19-T-PiAdV I; 4: pMDI19-T-PiAdV
II; 6: pMD19-T-PiCV; 8: pMD19-T-PiHV; 1, 3, 5, 7:
Negative control.

23 RNMNAFRMUER

WAL R XSS R AR AT A
ALY . EFREE R 10 pmol/L), ZEG %1
KSR S B & E —F TagMan RT-qPCR
for Wy R AR . E S AR AR E
200 nmol/L #4752k FE LAk, 51 I 7E PiAdV
(250 nmol/L) (&l 3A).PiCV (250 nmol/L) (¥ 3B).
PiHV (350 nmol/L) (& 3C)it C A, D¢658 B
=, Bl E i E(E 3D). Hk i Es 19
W T Ry BEAR A TR O B LAk, Rl 4
7N, TREHE PiAdV (250 nmol/L) (& 4A). PiCV
(200 nmol/L) (1 4B) .PiHV (250 nmol/L) (& 4C)
i CABAR, ORI &, IREH R B i AR (& 4D).
Ht, SmERNKRN: 2xPro Tag HS Probe
Premix II 10 pL, PiAdV-qF/qR (10 umol/L)%%
0.5 pL Fl1 PiAdV-gP (10 pmol/L) 0.5 pL, PiCV-gF/gR
(10 pmol/L)#% 0.5 uL F1 PiCV-qP (10 pumol/L)
0.4 pL, PiHV-qF/qR (10 pmol/L)% 0.7 pL F1
PiHV-qP (10 pmol/L) 0.5 pL, #i#z 1 pL, ddH,O
MR 20 uLo SV FEF : 95 °C 2 min; 95°C 5's,
60 °C 30 s, 45 KAGIF(K 3. Bl 4). KIHMH
S %% N FAM (PiCV). HEX (PiHV)., CY5
(PiAdV),
24 tRERRZKRIENLE

gt 10 £5 4%t Fi B 09 53R AR HE
pMD19-T-PiAdV 1. pMDI19-T-PiCV #l pMD19-
T-PiHV 2% # 37, # = TaqMan RT-qPCR £l
D7V, E I T R R DL B R g
5 COFHEMAECL MR, kA GraphPad
Prism 8.0.2 k{441 PiAdV . PiCV. PiHV HI#x
HERNZE, PiAdV FRifERTZE N y=—3.396x+43.210,
MXRECR H 0.998 3, §HAE E H 97.00%;
PiCV brifEHIZE N y=—3.540x+40.540, #H5R%L
R4 0.999 4, ¥ H%0% E N 91.64%; PiHV Fr
HERh 20 y=—3.280x+38.470, ML ZRE R N
0.998 4, P AR E K 101.78% (& 5), FH
1% —H TaqMan RT-qPCR il 77 i (bR vE Hh £
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Figure 2 Cross-reaction test between primers and probes. A—C: Single plasmid standard; D—F: Double

plasmid standards; G: Three plasmid standards. FAM: Blue; HEX: Green; CY5: Purple.
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¥ilig DNA B cDNA i, [RIEF L2 8 F KA
SRS 15 R X B, X A7 A9 = B TagMan
RT-qPCR A 7 k47 7 ke e . & 6
RN, A PIAAV 1. PiCV F1 PiHV #&: H
S BSOSO UE S, UL A L 1Y
PiAdV. PiCV, PiHV —# TagMan RT-qPCR ¥i

3 = L &M 75 SR RO R B 2 ; ; 2.
5 = TaaMan RUGPCR BAIZZAAVERER  yp)rop sty 1 LA 3 IAORA B ) FAGV-4
Figure 5 Standard curves of the triple TagMan

RT-qPCR assay. MR RSSO, FeSE R AT
A B 2500 _
400 - 2 ,,-
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300 )
o L
= E 1500
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{>_-) = 1000
100 500 -
1 2
0 == L L |’ = L 0 — T .. -
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6 = TaqMan RT-qPCR &5 AR F MR  A:CYS;B:FAM;C:HEX;D:FAM/HEX/CYS,
IRIRS R 5 5 2. ASIAIBA TS 3. ROJEBINTE: 4. AORDWNTE: 5. ROFOIRIGTE; 6. ASANENINTEE; 7

%H%flﬁﬁ4ﬁ”, 8: BAMEXTIE

Figure 6 Specificity test of the triplex TagMan RT-qPCR assay. A: CY5; B: FAM; C: HEX; D:

FAM/HEX/CYS5. 1: Pigeon adenovirus I (PiAdV I); 2: Pigeon circovirus (PiCV); 3: Pigeon herpesvirus

(PiHV); 4: Pigeon pox virus (PPV); 5: Pigeon rotavirus (PiRV); 6: Pigeon torque teno virus (PTTV); 7: Fowl

adenovirus 4 (FAdV-4); 8: Negative control.
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2.6 HHUEAMIHINER

LR AR E 5 pMD19-T-PiAdV 1, pMD19-
T-PiCV H1 pMD19-T-PiHV A [F4% U1 %5 &
FR AR, (AR B B, el A AR S
B RN 5 R EAT RT-qPCR 4714, X7 Y =
# TagMan RT-qPCR #5247 Rgst i
AT S5 AL PCR rikistie st b r g, HH
PCR ¥l 570, PiAdV (& 7A). PiCV (& 7B).
PiHV (& 7C)EARA: HBR 43710 1.0x10%.1.0x10°
1.0x10° copies/uL; WE 8. K 9 Fix, 7 25 K
AR E R ZRM S, PIAdV K E K 96%
(24/25), PiCV Fl PiHV KRN 100%, K
KI>95%, 17 1Y = TaqMan RT-qPCR 5l )5
RIS e A Y EARBR 5352 10 copies/uL
10 copies/uL . 1 copy/uL. HIILRIHL, ASBF5EHEE
3B = TaqMan RT-qPCR 5l Jy s SR B S
HHL PCR 709 100-1 000 1%, 45 RUiH% =
# TagMan RT-qPCR Kl Jr ik Utk iy, 78
i PRASE A A6 0 Hh 5 HLAR 3
27 BFMREER

K F @57 /) = TagMan RT-qPCR gl 7
P%F PIAAV. PiCV #l PIHV 7 RN [R5 TE 1k 1
IR DNA sk E A TR . &5 R BoR, 78 =5
TagMan RT-qPCR JUWAKZR A1, ATRE S P A
PiAdV \PiCV il PiHV /R [RIR ISR 8RR (E 10),
H 7 £ TaqMan RT-qPCR 5 J7 5 X6 A ]
o FE AR HL A B A A M Al L R
5 A AT LU S AG I PiCV AT PIHV A )9
B, 80 IR SR MR PiAdV TFI PiAdV IIA
[Fi] 5 B K
2.8 IMTFMMHIELER

TEf# F 43 57 /) = H TagMan RT-qPCR £l
JFEHAT TR IR ek b, SR 1 il £k
MPCAF S IHMAT B T R ER, R
1 Al % U1 B0 B (10°) 5998 2 R AR 1 i X T
Fogx 2 PIREE DUECHR BE (10°) A8 2 JBORL A T i
FUTLTE 2 Bl 35 DL Sk B (090 25 JT0RE bR E b
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Figure 7 Sensitivity tests of conventional PCR
methods for pigeon adenovirus (PiAdV) (A),
pigeon circovirus (PiCV) (B), and pigeon
herpesvirus (PiHV) (C). 1: Negative control; 2—10:
1.0x103—1.0x10° copies/puL.

(L0%XF F A 1 AMIKHS DB B (10%) 9 57
AR E S A S B TC A E (B 1) FH I
B, XFF 3 MR RIAEA,, EAEI T
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SEMERE IR T .
29 EEMAEER

DA KL bR HE & pMD19-T-PiAdV 1,
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ROBUMEIRIE 1. PAMEXTER; 2-10: 1.0x10%-1.0x10° copies/uL.

Figure 8 Sensitivity test of the triple TagMan RT-qPCR assay for pigeon adenovirus (PiAdV) (A), pigeon
circovirus (PiCV) (B), pigeon herpesvirus (PiHV) (C), and three viruses (D). 1: Negative control; 2—10:
1.0x108-1.0x10° copies/pL.
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Figure 9 Repeatability test of the lowest detection limit of the triple TagMan RT-qPCR assay for pigeon
adenovirus (PiAdV) (A), pigeon circovirus (PiCV) (B), pigeon herpesvirus (PiHV) (C), and three viruses (D).
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E 10 == TagMan RT-qPCR #&M5EMNER
ML 1 S WEE Bl 20 SRR EE
Fa3/Beijing/2021; 3: &9[H W # zj2; 4: pUCST-
PiAdV CH/GS/1/2023; 5: RS8R 8 CH/BJ/2022;
6: RYBRAGHEL IDA4; 7. RYHRHSH I YPDS-Y-
V1.A19.11-2013; 8: FAYEXHR,

Figure 10 Inclusive test of the triplex TagMan
RT-gPCR  assay. 1: PiHV BJ; 2: PiCV
Fa3/Beijing/2021; 3: PiCV z2; 4: pUC57-PiAdV
CH/GS/1/2023; 5: PiAdV CH/BJ/2022; 6: PiAdV 1
IDA4; 7: PiAdV 1II YPDS-Y-V1.A19.11-2013; 8:
Negative control.
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Figure 11 Anti-interference test of the triple TagMan RT-qPCR assay. A—C: One high concentration

plasmid standard and two low concentration plasmid standards; D—F: Two high concentration plasmid
standards and one low concentration plasmid standard.

F<4 = TaqMan RT-qPCR U5 AR, #HtBE S M4 IE
Table 4 Intra-assay and inter-assay repeatability tests of the triple TagMan RT-qPCR assay

Plasmid standard Concentration Intra-assay repeatability Inter-assay repeatability
(copies/pL) Mean+SD CV (%)  MeantSD CV (%) MeantSD CV (%)
PMDI19-T-PiAdV I 1.00x10% 16.073+0.025 0.155 16.333+0.237 1.450 16.240+0.150 0.922
1.00x10° 22.693+0.017 0.075 22.880+0.151 0.661 22.897+0.146  0.638
1.00x10* 30.083+0.033 0.110 30.313+0.204 0.673 30.273+0.232  0.767
PMD19-T-PiCV 1.00x108 12.273+40.021 0.167 12.390+0.136 1.097 12.460+0.148 1.185
1.00x10° 19.203+0.025 0.130 19.487+0.246 1.263 19.480+0.224 1.149
1.00x10% 26.560+0.045 0.171 26.857+0.264 0.982 26.733+0.192 0.718
PMD19-T-PiHV 1.00x108 12.527+0.026 0.210 12.730+0.179 1.407 12.720+0.169  1.326
1.00x10° 18.493+0.021 0.111 18.797+0.257 1.370 18.817+0.261  1.389
1.00x10* 25.520+0.029 0.115 25.837+0.287 1.110 25.970+0.359 1.383
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Figure 12 The clinical samples were tested positive by the triplex TagMan RT-qPCR assay. A: Distribution
of clinical samples positive for PiAdV, PiCV, PiHV; B: Incidence of PiAdV, PiCV, and PiHV infections and

mixed infections.
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