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Abstract: [ Objective] The prevalence of waterfowl circoviruses (WFCVs) including goose circovirus (GoCV) and duck
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circovirus (DuCV) at geese farms was surveyed, and molecular characteristics of the GoCV and DuCV genomes in the first
case of natural co-infection on geese studied. [Method] From the flocks at geese farms in 6 provinces, 153 tissue specimens
were collected during 2023-2024. GoCV and DuCV were detected by using a tri-primer PCR method. Genome sequences of
the viruses in samples of the first natural co-infection case were determined. [Result] Fifty-three WFCVs were identified
from the collected specimens at a positive rate of 34.6%. Of which, 47 were positive for GoCV, 5 for DuCV, and one from
Anhui Province (named as AH2367) with both GoCV and DuCV. The whole genome sequence of Go-AH2367 was 1821 nt in
length with a homology of 82.9%-99.0% with GoCV and 67.0%-70.9% with DuCV, while that of Du-AH2367 was 1992 nt
long with a homology of 84.4%-99.7% with DuCV and 66.1%—68.8% with GoCV. The two major functional proteins of the
Go0-AH2367 and Du-AH2367(Rep and Cap) were consisted of highly conserved critical motifs with a few sporadic site
variations but free of gene recombination, site deletion or insertion on the amino acid sequences. The phylogenetic tree of Go-
AH2367 was clustered into an evolutionary branch of the Genotype 1 GoCV isolates, while that of Du-AH2367 of the Genotype
I DuCV isolates in the same evolutionary branch. [Conclusion] The WFCYV infections in geese occurred in China were severe.
They were mostly the GoCV type with only one confirmed cross-species case that could cause a diverse epidemic. The

genomes of Go-AH2367 and Du-AH2367 found in the co-infected goose were genetically stable with no apparent variations by
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deletion or recombination.

Key words: goose circovirus; duck circovirus; cross-species infection; co-infection; molecular characteristics
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[oF 5% & XY K& B K #E (waterfowl
circovirus, WFCV ) & %L 4 45 #9 [ 3£ %5 7 ( goose
circovirus, GoCV ) #1 T8 [&] & %5 # (duck circovirus,
DuCV ). ¥ [ br #5 2 70 26 2 5t 2% (International
Committee on Taxonomy of Viruses, ICTV ) 432 ##18,
WFCV W [ 35 9% # Bt ( Circoviridae ) |8 ¥ %5 % J&
(Circovirus ) W51, fZ—FhJCHE/ DNA Ji#E, HH
oA i A SR R A, KR/ 1821~
1996 nt, & A 64> 3 JF i 8 i HE (open reading
frame, ORF ) V1~ V3 1 C1~C3, X ORF V1 Ziig
g B A K AH S I AH G EE H (Rep ), ORF C1 % b4
iR R M G I K S EE (Cap) M. GoCV T
1999 45 Y 1648 [ 1 36 1 b g & B, Tt DuCv )
T+ 2003 47 7 U AE 78 O WS RE b g BT, B K
Tl 7 R 7 tHE 25 b B S AR, L R R g
RE FFHRHIT, SR BT WECY 58 B Rl
LRI, BEATE IR & WECV ()R e 185 5
£, B R R 2 0 o> AR AN AR SR A, W]
TEJAZ I 43 SO HLH I 58 B i 28 4T 22 A R IR
Bl R PR R 2 Ak . KT AT GoCV +
ol EBAERKAFTRZ ., PELA. BE, KK
SRR DAL S5 2 2K L A0 v /0 A 2 A 4
A, DA RE TR v A 2 R L e 0 TR K 1)
7EP. 3% KR T 2005 4E ¥ UCHGE TR RE P fE TR
GoCV g™, Bl I I i 72 7 % R AT . R
5 % B R 1 15 FR 5 7 £ GoCVPY, (H i 4k
AT R e BRI, BOBHE%"2000 4
UCAHIE 1 R — 19 B & P A I 21 DuCV,  Shehata

AV 2013 AR 2% 58 B I — 1 & AR RS AN/ N
TR 1 0L BTG A R I B T GoCV R 2 R g
Xu 25020 FE e e oh ok SRS (R, BT TR RSB
R B DuCV B[R 1 BT 2 A DA YA
AT K YRR R A O B 2% 1 WFCV i B A A I
FPARBL R X e T F R [ B9 35 31T 2 TR A
K00k e 1 G ) J ] AR AF 5 1 =5 | A I 1%
X 3T A SR SCHE 19 1 DR 3R 5 T e WECV B e i 2
L30T A 1 R 24w RE B R GoCV R DuCV 1 A 7
(O AT R A, AT R B A AR S R R B Y
GoCV 5 DuCV B:H 4 53 FH#E S A8 AR O, 4T
T RIS WRCV AT U S B2 Bl iR S AR 4
1 #HHE57*
1.1 REHR
111 mAi R

2023—2024 4, AR . JIUMLEEE 6 A
(HIAX ) FLUcE 5] 153 (R REFAT . MAE . MafR . ik
[REEFLALIRE N, XS ZURIETIGIK HAE K E B AR/
TRULIHE . PR IE RAET- RIS, W04 PR BE AT e K
BRI EERY, FEMIES T-80 CIRAEH,
A B IR 1.
1.12 2 &KX/ 5

Simply P Virus DNA/RNA Extraction Kit Il§ H HT M
1 H R A RS E], 2 X Phanta Max Master Mix
W e i ME R A W B B A A5 B R, DL2000
DNA Marker 14 HIL 5 % H EAYEARAFRAF, &
MR EE O (RN ERBHEARAR ), BE
PCR {Y (Bio-Rad A ] ), = s 1K 4 ZUAIF AR (X
TR RPHE A BRA A ) o
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Table | Information on tissue specimens collected from geese farms

WA I ] ZH U S SRYE 5 # & Sample sources and number/4
o A1t Total/fi
Collection time yaa i L IR VL7 WL
20234 28 21 25 10 8 7 99
20244 19 13 5 8 5 4 54
4t Total 47 34 30 18 13 11 153

1.2 RIEHE
1.2.1 #4225 R 47 IR

WIS R AR W25 & T AR T, A 3 4%
TRFREY 1 XPBS 5 BB B, 28 e IR ZH ST
ARG, REGR 3K, TrREEHEE L4 C
12000 X g &.0> 10 min; ML 200 pL | % W i 1] Simply
P Virus DNA/RNA Extraction Kit #£ B4l fb i 1k, 2 18
GV B T, BRI IR BRI 7 T80 C.
1.2.2 GoCV 5 DuCV # il

FEAL GoCV 5 DuCV Ry Kl 2 HE T 44 2% fy
Fik, mAETAYTRE (L) BIGERARSK, w
[ A0 GoCV 5 DuCV 5|#%f: CVF 5-AAY CWC
GCG GGA AGT GGT GGG A -3'; DuCV-R1: 5'- TTC
TAR GCA TAA ACG AGA TC -3'; GoCV-R1: 5'- ATA
MGA TTC GGA CAA TGG ACT G -3'. DL B #%
fig MR, 4T GoCV 5 DuCV i PCR A& . 2 i
& & . 2 X Phanta Max Master Mix 10 uL, CVF (10
pmol'L™') 0.6 uL, DuCVR (10 pmol'L ') 0.45 pL,
GoCVR (10 pmol'L™") 0.3 uL, BEHg 1 pL, RNase
Free H,O #M & % 20 pLo W 254 : 95 C FAE % 5
min; 95 °C 8% 30s, 54.6 CiEk 30s, 72 °C fEf#
30s, 36 MEH; 72 °C WIIELEA 10 min, S b 45
Ja 28 1% B R AR BE I L VR o PR AR ik &2k T
YT (L) B A RA RS
123 AEX BBy 55705

% GenBank I3 1ii B GoCV Fl DuCV 4 %
J¥%, KA Primer 3 plus fEZE5 | Wit f2y, £ £&F
LR A 1R TR T S e D A L kA 1L/ I 1
AT BIIER R BE. 5195 RS 445 GoCV-F1: 5'-C
GTTGTCTT GAATGGAGT TTAGCC A-3, GoCV-R2:
5'- ATA GCC RTC CCA CCA CTT CCC -3'; DuCV-FI:
5'-GGA TTA AAC ACT TGG GCA GC-3', DuCV-R2:
5-GTA ACG GGT AAC GGT CGG TA-3', H:H GoCV-
F1 5 GoCV-R2 Hl + 9" #f GoCV 3t A F+ B, DuCV-
F1 5 DuCV-R2 fl T ¥ 1 DuCV 3 K B Bf . | b
& & . 2XPhanta Max Master Mix 10 pL, I i 5]
¥ (10 pmol-L ™) 4 0.25 uL, #HE 1 uL, ddH,0 #h

EE20uL, WM 95 C HiASYE S ming 95 °C AF
PE30s, 55~58 CiR &k 30s, 72 C ZEff 2 min,
35AEIS; 72 °C IR SEAH 10 min. [ W 45 U5 28
1% B AR AR I A UK A I 4 35 45 50 o B BHPEAE ik 2
ATAY TR (EE) BROARA S HTIR .
1.3 BRSO

5 25 3 N F DNAStar 4% /4 SeqMan #2 J7 it
rotie s, RS AF 55 GenBank FUHE
JIE H ) GoCV Al DuCV 3 (K] 20 77 41 #E 47 L XF 43 #7 o
I FH Lasergene 7.0 24 £3 # 19 MegAlign F2 )7 43 71 i2F
T GoCV il DuCV 4 5 K 21 [&] 9 44 43 B, I B
TBtools- I # {4 Heatmap 72 F¢ 2 A YAtk g P
JH MEGA 11 #{ phylogeny 2 /¥ # 4T 8 44 . % ]
Neighbor Joining /7%, bootstrap method & 1000 X,
S HIBR NSRS R 17 4 BE PR 21 w5t 4% AL 4B o

B 345 SR e 5 KR Y Rep M Cap B 112 B R ¥
%1 5 NCBI U e (9 4 N & 1 E AT te g . I H
MegAlign & 7 43 5l #£ 17 GoCV il DuCV F T g
H VIR 2 B o N FH 7E 2672 77 BepiPred 3.0 Server il
D531 B L RE R A 2T BE Cap 11 B 4 i BT
e

FHE R RAFEE A S, FoRER AR
SR YL IR B FE AR 5 GoCV Ml DuCV £ % J¥ 51l i 17t
o FHE ALK IR FF RDPS B9 BRIABE B 51 kA7
ST, IFIH Simplot 3.5.1 BEATERIE

2 ZRE55H

2.1 GoCV 5 DuCV &

XF ok B B B 20 LR L #E 4T GoCV 5 DuCV |y
PCR ¥, #5 H K /N Ky 407 bp Fl 554 bp 19 45 H Y
i, Hoh 407 bp 9934 B GoCV, 554 bp K/Ih
MY 14 R Bl DuCV, FBER/NS TEIAHAT . 7 153
YRR SR, R 53 0 WFCV R PR, PHMESR
ik 34.6%. HH, GoCV BHMERE S 47 0y, BHMER K
30.7% (47/153), DuCV FHPERE M SOy, BHPER N
3.3% (5/153), i —#y 2k A 4 By 38 20 2 v [a) i A6
tH GoCV 5 DuCV, #aasfani& 1 i,
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M 1 23 45 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2000 bp

1000 b
750 bB 554 bp
500 bp 407 bp
250 bp
100 bp

M: DNA 7 TEF5 R DL2000; 1~24: IGRIEH: M 7 ZBERIE GoCV M DuCV JLR AL i o
M: DNA marker DL2000; 1-24: clinical specimens from geese; 7: sample of Anhui-origin containing both GoCV and DuCV.
1 A IEEKHE SR GoCV 5 DuCV PCR # 18
Fig. 1 PCR amplification on GoCV and DuCYV of some clinical samples

22 HEHFHBREFISH ON227557.1) f) [a] V8 VE7E 79.2%~ 81.0%, 5 DuCV-
22,1 AABESTRHILAR R 39 EER (OP432310.1) Y[R EEAY A 70.9%, DuCV

S P25 R B, SR B TR Y GoCV R TEPR Du-AH2367 tR4 257415 DuCV-1 (EU3448
Go-AH2367 FRILK 20 42K 1821 nt, ORF VI K 882 nt, 03.1~OR134489.1 ) B[RS, 7E 93.2%~99.7%,
ity 293 & LR 1Y Rep & 1 ; ORF Cl K 753 nt, 5 DuCV-2 ( MK814585.1~MN928807.1 ) )54 [ #
9 % 250 > E FE R (1) Cap 8 H o LG 9] H 1Y PETE 83.2%~92.9%, Ifii 5 DuCV-3 ¥k (1 ¥ 51l [ I Pk
DuCV Du-AH2367 ¥ FEF 41 42 K 1992 nt, ORF V1 K AR, 10K 73.7% (0OP432310.1), 5 GoCV (KR86
879 nt, Zif 292 2 HfE Rep #2111 ; ORF Cl K 774 9727.1~AF536933.1 ) W [FIIEPE(LH 66.1%~68.8%:

nt, Zifth 257 N ILFRAY Cap H . 222 AHREFAEE)H
IRIE B Go-AH2367 # 5 Du-AH2367 Bk i 4 £ 4 B A B 5% 3K 18 (9 GoCV Go-AH2367 5 DuCV

2P A Z [ B[RRI R 69%. Witk WECV %E [ 7 Du-AH2367 #: 5 GenBank % 4 £ ' ) 30 ¥k GoCV .
51| 5 B & A 1) GoCV I DuCV 2 #k 5 1 [8] 4 23 Br 45 ¥k DuCV 4 8 20 )7 9 E A7 st A E Ak 2 B o 45

LB (E2), GoCV Go-AH2367 k5 GoCV ( KR8697 (E3) W, Go-AH2367 #4bF GoCV i & bk ik fk
27.1~AF536933.1 ) 43k R 41591 [T AE 82.9%~ 42, 52015 4 10 AR A9 RS R GoCV #£ Shandong
99.0%, 5 DuCV-1 ( MN078102.1~PP056136.1) ][] (KT387277.1) G HE B i ie, 5 2012 4F % 22 1958
TR AE 78.5%~ 79.5%, 5 DuCV-2 ( MN928806.1~ Ji5 FE PR 2GK (KR869727.1) K 2014 4% = iy RS 9% £

[A195 14 Homology
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Fig.2 Heat map of genome-wide homology between Go-AH2367 and Du-AH2367 and reference strains
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@ " 1 A DuCV-1
@ 15U 2 B DuCVv-2
O M8 3 2 DuCV-3
@ MBI 12 GoCV- 1
@ FRIFRHEE AL GoC V-1
O HEAFF I EE M AL GoCV-TI

3 GoCV 5 DuCV £ E [ 4HIE & (it
Fig.3 Phylogenetic tree based on whole genome of GoCV and DuCV

B DG5 (KT808653.1) it f& I i % L . DuCV Du-
AH2367 #k 4k T DuCV Rk 5y 32, 5 DuCV-1 9%
BERAL TR — /DA 53 3, 57 2022 4E 1 15 YA
DuCV # DuCV-GX51-2022 ( OR134489.1) F1 2020 4
1S Y5 DuCV Bk DuCV-GX28-2020 ( OR134475.1 ) 3£ %
KFEmI
223 HRERELRBT AN

i 1] RDP5 43 51 % GoCV Go-AH2367 il DuCV
Du-AH2367 Lk} GenBank %45 % ' 76 #& WFCV JE[H
¥ (46 ¥k DuCV #1 30 £k GoCV ) &% [¥5 k17
T 4558 B8 GoCV Go-AH2367 Al DuCV Du-
AH2367 5% 74 Z 4R KA R F.
224 GoCV Go-AH2367 ##H L &H &AL F 9T

GoCV Go-AH2367 # ¥k ORF V1 % [ 4 ) & 3
iz 1y 50 [\ U5 M 3 B 45 SR R W], GoCV Go-AH2367
ORF V1 5 GenBank %% #i& /2 ' GoCV ORF V1 [ I
PR 92.15%~ 100%, 5 DuCV ORF V1 ¥ [&] 5 ¥
TE 81.2%~ 84.2%, 5 2015 4F 111 4 i #8 JH GoCV #k
Shandong ( ALZ45069.1) ZFEMR 7 41 [F] U535 100%.
ORF C1 H [H gt it 2 FE 12 17 5] [A] P 1k 43 A 45 A Wl
Go-AH2367 ¥k ORF C1 5 GenBank (4} % H i) GoCV
ORFC1 [a] J8 ¥ K 79.9%~ 100%, 5 GenBank
BOdE )% B9 DuCV-1 ORF C1 F# 41 [l Y5 1 Ny 45.0%~
48.8%, 5 20154F 1l & #§ JE GoCV ¥k Shandong
(ALZA5071.1) K 2005 4F i VL %5 J5 GoCV 5 & K

yk3 ( ABA39142.1) ORF CI [a] {1 ik 100%.
GoCV Go-AH2367 #: £ ORF V1 { 882 nt, Ziht
— A 293 AN E AR Rep &, ZEA L
H®WAZ A 3T g EF 1 (FTINNP ), 1I
(TPHLQGF ). III (YCSKE), M J5 % dNTP 45 &
I 8 % A JiE B 5L P Walker A ( GRPGSGKSR ) Fl
B (DDFYGW ) ¥ B 5F; ORF C1+ 753 nt, %
i —~ 250 R LR LAY Cap HEH, ST &AM
FIFER T8 GoCV (GoCV-1) Cap [ 841~ B 41t
JR AL (1822 nt, 57-65 nt, 72-84 nt, 94-104 nt,
127-168 nt. 179-190 nt. 195-199 nt, 220-231 nt) 7
FERSTE, 5 GoCV- 1T Fil GoC V-1l 7E X &6 2 37 43 5l 47
TE3 NS M 225 (K 4),
2.2.5 DuCV Du-AH2367 ## £ & H & A L F o947
DuCV Du-AH2367 # £k ORF V1 & [H 4 1% & 3L iR
73 A P8 Ak o b 45 SR % W], DuCV Du-AH2367 ORF
V1 5 GenBank % 4 /& 1 () GoCV ORF V1 J¥ %1 []
PR Ny 82.2%~85.1%, 5 DuCV-10RF V1 iy [H] J&
PE K 96.2%~100.0%, 5 DuCV-2 ORF V1 #Y [q] 5 1
M 92.8%~99.7%, 5 DuCV-3 ORF V1 &y [& ¥ 1
89%, 15 2018 4F 1l 4 H I DuCV % # #& SDHZ1223
(QIP76518.1) %5 Z #k DuCV-1 1) ORF V1 # 1 M2 J¥
H 6 ¥ M 35 100%. Du-AH2367 #% ORF Cl 5
GenBank %4 4l /&2 # B GoCV ORF C1 11 6] I8 ¥4 Ky
46.9%~51.4%, 5 GenBank %4 (% DuCV-1 ORF
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GoCV- 1 Rep
GoCV-1I Rep
GoCV-1Il Rep
Go-AH2367 Rep

GoCV- 1 Rep
GoCV-1I Rep
GoCV-1II Rep
Go-AH2367 Rep: B

GoCV- 1 Rep
GoCV-1I Rep
GoCV-1Il Rep
Go-AH2367 Rep:

GoCV-1 Cap
GoCV-1I Cap
GoCV-1Il Cap
Go-AH2367 Cap : B

GoCV-1 Cap
GoCV-1I Cap
GoCV-1Il Cap
Go-AH2367 ( ap

[ ] e o bt e

B4 GoCVZEHEZZEII&E

RVGEPNRKGRSSDLSDAASDVLAGL

REKYYKSRGEW!

RVRTCGSTYIIKEbNITTTTSb EWNVDPYAAMS TWSPH, XHAK6FIPhPTICCGG3G3NIﬂS<WYTPGGh WLNSICDNVVFYGMGMSLRCAEDTAaPLTSEATI
'

I B AR A

FFELER 3 4

Fig. 4 Major functional motifs of GoCV proteins

C1 WP TE N 92.6%~99.6%, 5 DuCV-2 ORF C1 HY
A Y5 A N 86%~ 94.6%, 5 DuCV-3 ORF C1 f4 [ J&
T 50.8%, ZFE K, 5 2018 4 1L AR HS I DuCV
Y% £ ¥k SDHZ1223 (QIP76519.1 ) 45 % ¥k DuCV-1 1
ORF C1 J& 4 [a] itk =ik 99.6%.

DuCV Du-AH2367 # % ORF V1 £ 879 nt, it
— 292 N EEFRA A Rep M. ZEATA
VR RS AR 5C S ANTP 255 Sl 58 IR ffe e Tl 58 7 25 22
DUReRY, X )F 5 REMER 18 DuCV
BRI E—3 . ORF Cl K 774 nt, Zifis—4~h 257 4
IR HAMK CapEH, 5 DuCV-1 Cap &EH 61
B 40 g HT R & A7 (5-32 nt, 56-88 nt, 101-113 nt,
130-139 nt, 147-195 nt, 229-235nt) & EHRSF, 5
DuCV-2 #il DuCV-3 £ iX 28 % v 43 5l /£ 7 11 4> Al
1o Mumizs (Ks5),

3 itk

KEFFHET RS A KIBE ., BEMPE
Fe T 45, OISR T, 1A PR AR 0 O
/b G A AR PR T A AR B 4 R
it WECV BA % [0 50 I83h 4, AT ) b 4 s 4
S, GoCV [UBYLATE] & A AT H 2 i#S, DuCV Y
SR [ i R R i s B O Y T 2009 4
EOWAMRIE T A K — i 8% 8 K I 2 Ducv;
2024 4F 7% VA BA 76 Al 8 ST 14 9 [ B0 2 7 750 G )
FoRAFSAERE, AR Y 27 6 OIS RE B A
W F) 3 4y DuCV-2 B ERE & Y5 Xu 4 P R E B
2021 4% F1 2022 4F W AE 1Y 1 2H ZURE & A 4 10 A T 21

DuCV-1 1 DuCV-2. S#§H# i 8L T DuCV 25 it jgk
Ye L, B RE o R RE R I B GoCV Y 5 Rl R L
2013 4F Shehata 25" POULE S SR 5 1 4] GoCV FH
PERE S 5 2024 4F Xu 421 TF R 19 3R 55 15 0> T AT
R 2 VR IR 2 B, DAY i R B T K 9 8 3 R 4R
B 10 £ RE 5 R BRI 2] GoCV, WFCV s 52 3t Hy
TR I AT A

AW 58 % Uk 46 19 153 13 38 BE 5 3 4T GoCV Al
DuCV £ I & B, %G HE 7K & 158 B FH % % 5 35 34.6%
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