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Genetic characterization of goose astrovirus strain JSSQ
isolated from Jiangsu province

XU Menglul’z, wU Shaopengl’z, MA Shuifengl’z, SHAO Hongxia1’2’3, QIAN Kun1’2’3,

WAN Zhimin'?*?, YE Jianqiangl’z’3 4, QIN Aijian*l’“’4

1 Ministry of Education Key Laboratory for Avian Preventive Medicine, College of Veterinary Medicine, Yangzhou
University, Yangzhou 225009, Jiangsu, China

2 Key Laboratory of Jiangsu Preventive Veterinary Medicine, College of Veterinary Medicine, Yangzhou University,
Yangzhou 225009, Jiangsu, China

3 Jiangsu Co-Innovation Center for Prevention and Control of Important Animal Infectious Diseases and Zoonoses,
College of Veterinary Medicine, Yangzhou University, Yangzhou 225009, Jiangsu, China

4 Joint International Research Laboratory of Agriculture and Agri-Product Safety, Ministry of Education, Yangzhou
University, Yangzhou 225009, Jiangsu, China

Abstract: [Background] A severe infectious disease characterized with gout has attacked the goslings
in Shandong, Anhui, Jiangsu, and Guangdong provinces in China since 2016. [Objective] To study the
genetic characteristics of goose astrovirus (GAstV) causing this disease. [Methods] A strain of GAstV,
named JSSQ, was isolated from the liver sample of a gosling suspected to be undergoing gout from a
goose farm in Jiangsu province. The virus genes were sequenced for the genetic characterization.
[Results] GAstV JSSQ strain stably propagated in LMH cells without obvious cytopathic changes. The
strain had a full-length genome of 7 175 nt and shared the similarity of 57.3%-99.1% with other
reported reference strains of GAstV. The phylogenetic analysis showed that JSSQ was close related to
the reference strain AHAU3 and they were in the same branch. Two recombination events occurred at
the sites 807 and 2 818 in GAstV JSSQ genome, originating from GD AHAU2 (major parent) and
AHAU4 (minor parent). The antigenic epitope analysis showed that there were several amino acid
mutations, such as P64S, A224T, A228S, and Q229P, in ORF2 region, which resulted in changes in
antigenic epitope. [Conclusion] The biological characteristics may vary between the GAstVs in

different areas, and thus attention should be paid to the prevention and control of such viruses.

Keywords: goose gout; goose astrovirus; isolation and identification; genetic characterization

SRR 7% (astrovirus,,  AstV)4&— Fl 0 3 JR
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B WL 3P 2o B JE (Mamastrovirus
MastV)FIE& FRIP 228 (Avastrovirus, AAstV)PL,
FRRIREEREE R K/ INR 6-7 kb 2247, 434S 5%
AEEH 1% X (untranslated region, UTR) . 3'%F #Hi%
X, poly(A)RFI 3 FFJ I HE (open reading
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KEHUeAR . RE TR, AKBZ, TR
40%, 5 FRBE N B T A 2 B AR U
R AE 51 RS VL 95 L 37 A R XU s it S L
DIALERAE , A 5236 T 2020 4E 9 H 7T 95 Wk 3%
5 G 1) S RN B AT IR XU P 0 e T O 2 2 a1 7 A
BELLEE i 7E LMH 410 EEH % . RT-PCR 4
W Ko S e PG REE , e B — AR A BRI 27
FEXE 5 B 1) B R A T 4 Ik DR AL st A
TEAAT, LIRS 38 9 XU A B 1 1 GAstV A T
I 2F VR A BRI B AR AR o

1 #RE5xF*

1.1 AL e

VL I3 48 i 1 T S 268 37 15 A6 B AL R XU ik
G RFEAS, AAEIFIEFIIRNE, A HEE N 13 H
. GAstV ORF2 5 B By 1AV G i 3 4
M (LMH 20 ) A 52 56 2 O A7 5 40 1 A
DMEM/F12 £ 55 5:(5 10% 675 ML35), 17E5& 5%
CO, #y 37 °C G FAf h AT i 5% o
1.2 FERFI LR

A MG, AR T AR TR (ETE) e A B
/N H) 3 Multisource Total RNA Miniprep Kit,
Axygen 7y Al 5 S SR £ (PrimeScript RT 257
#5). Phanta Max Super-Fidelity DNA Polymerase .
KIAHFF 1 DHSo A2 54006, Vazyme 23 Al 5 I8
IR, KRR AR () A FRA A
pGEM-T Easy #i{&, Promega /A, 2R M
i, Olympus 2\ H],
1.3 5l¥igit

i 9 5 R 5 4 SR IR AL )T 91 iR 0T B il
13 X519, Pigesk A B, 5IFs0E 1.
1.4 f&#} RT-PCR &

SR A B AL A AT TR XU 1 SRS I R 9L 21
21, fifi F§ Multisource Total RNA Miniprep Kit
FRBUR R RNA, X RNA £f i fifi F S 5t

F1 BERFSERAYTESY

Table 1 Primers for genome amplification of goose
astrovirus

GIEZE ) 519751

Primer name  Primer sequence (5'—3’)

GAstV-1F GCATGGGGAAACAGCGATATG
GAstV-1R CGACTTAGTCCAAGGAACG
GAstV-2F AACAAGGTTCTACATCGC
GAstV-2R ATTACAAAGGGTAGCGTC
GAstV-3F ACTGCCATCATACCTAAAA
GAstV-3R TCAATCTGCTTCAGGACTT
GAstV-4F CATTGTCGTTGTTGAAGG

GAstV-4R TCTGCGAGCGTGAAAT

GAstV-5F TTGGAAACAGTGGTGGC

GAstV-5R TCACCATTGGCGAAGA

GAstV-6F CCTCATCCGTGTCAGTAA

GAstV-6R CCCATTTAGTAGGAGCATAT
GAstV-7F ATGAATATGCTCCTACTAAATG
GAstV-7R GGGTGAGCCAGACATTAC
GAstV-8F ACGACAGATGCGTTACTT
GAstV-8R TTTCTTCAAACCTTTCACTT
GAstV-9F GGCGGACCGAAATAA

GAstV-9R AGGGCAGAAGTATAGGGA
GAstV-10F CATCTTTGGAGGGTTCA

GAstV-10R GCAGAGGCAGGTAATCG
GAstV-11F AGACGCCCAGATAGACA
GAstV-11R TTTCACCAGGGTTAGAGTC
GAstV-12F GTGGGCTAATAACGGAA
GAstV-12R CGATTCTCCCTCAAGC

GAstV-13F CATGAGTGATCTCTTCACTAGCAGC
GAstV-13R TTTTTTTTTTTTTTTTTTTTTTAAAGA

TTTTAAATGC

F A cDNA. RT JZ W {A % (25 uL): Phanta
Master Mix 12.5 uL, . TU#5I9(10 pmol/L)
% 1puL, cDNA #itl 1 uL, ddH,0 9.5 pL., PCR
WAA: 94 °C 5 min; 94 °C 1 min, 45°C 1 min,
72 °C 1 min, #t 30 PMEH; 72 °C 5 min. K]
0. 8% JIE W B JiC HL kUL SE PCR 43 45
1.5 w™ELE

W R A B RS BF I L2 5 A B R AR
RIRW (2T 1000 U)RY PBS (1:5, L)
REWHE, REVRM3 K, $RJ5 4 °C.8 000 r/min
250 10 min, B BIESEE, B T-70 °C UKFEIR
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fEo fiH 0.22 pm JEEFIEH LW, HeFh
LMH Z0ff, 37 °CHi7#E 72 h, W g, FK
R T LMH 400, S 4 USSR T00E Tk
1.6 8 % % & K X ¥ ZF (indirect
immunofluorescence assay, IFA)

PR ATIET 96 h JGBUE, F 4%
ZRHPBERE, WT 5B AR ER 5%4 10
T# 125 [ A9 Triton X-100 AW IR $h 2% thh /K )&
M 1h, $RJ5H PBS Bk 5%, ] GAstV ORF2
BT AR TR RV (FE B A v R L 1:200
WO E | hJm, PBS PR Sk, FAHFmE
MR DOCEIRMCM AP 1gG ZhifEmE -t 514
TWEF 1 h, FH PBS BEEE 6 IGTEYOLR
TR T ER .

1.7 £EREANF

HTYHE GAstV 3L, S GAstv
GD FR(MG934571.1)i%iT T 13 XTHERtEsY
(£ 1), WEEAIEIEAA, X EAR GAstv
cDNA #E4T PCR, ¥"14 ISSQ A 3L N F4 ; 4
0.8%3 AR BE I L UK i, ol P e [l i 5] 6 4
1k PCR 74, FHi%EH: 3] pEGM-T Easy {4,
ITER SR WAL BRI DHSa B2 A2
M, AT 0.1% A R ESRM LB i,
37 °C ¥59% 12 h; BEHURASTETE 3R T LB Wik
BREEAEATHEER)T, 37 °C. 225 r/min
PG HEFE 12 hy B3 /NEE) %08 BH M ) se
% Genscript A FFEATIMF, FIH SeqMan Xf
W PP 45 R AT e 90 Pk 42, 15 31 58 B 09k 1 2k
ERE NI
1.8 EfEF#HL SR

% F NCBI |11 Basic Local Alignment Search
Tool 43HriFZ4EH . N GenBank T ] $RHLAY
18 MANIA] GAstV B4 JERZH, AT 708
(3G 2 R B RS 25 dE R 22 (] B[R] R R 5
KBRER, T EA ST MBURELI T

2 BERXR504

2.1 $##l RT-PCR #& 25 R

1.4 v i B ECAY AfE RS I A g
cDNA /{7 PCR %7€, PCR ¥ #4552 434 bp
KN EHB R B, Rl g5 R0, Xk AERS A
SURE b 35 R 3 A R B B (B 1)
22 mEIBEER

I 2.1 H%EE N GAstV BHE: A4S AT 4
21, A PBS A TS J5 , ¥R T LMH
Ui EUEfTEE SR B 4 U5, IR HIE T
FEHURNA, ZRT-PCRYE, Z5RY KNG
434 bp WHM A B, fraiiiissif (& 24).
8] 4% 0 ¥ D¢ Y6 ¥ (inderect immunofluorescence
assay, IFA)SCEGZSRFEH], BRYYHEN LMH
2 LD IR S PSS 0 0O 1E 5 (8] 2B).
23 =ERENF

B By PCR 2l e Anbfi s F
1% %] GenBank (¥4 (5% 54 OK148600)., M

El1 RT-PCREZERHIFAIGAstV  M: DL10000
DNA Marker; 1: GAstV FHEXTIR; 2. 4ERS AT
cDNA #if; 3: HERSIIE cDNA FEih; 4. BATE
Xf 1

Figure 1 RT-PCR identification of the GAstV in
clinic samples. M: DNA Marker DL10000; 1:
GAstV positive control; 2: cDNA sample of gosling
liver; 3: cDNA sample of gosling spleen; 4:
Negative control.
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B2 mEPBELETER A /PEMRT-PCR ¥, M: DL10000 DNA Marker; 1: P4 fURTERAY
RT-PCR 45285 2. PAPEXTIE; 3. BAVEXTHE. B: ZpEgtk IFA %55, JSSQ: 4 4 fUW &4 LMH 40/
B IFA 4555 Control: BHM:X}HE

Figure 2 Results of virus isolation and identification. A: RT-PCR identification of isolated strain. M:
DL10000 DNA Marker; 1: RT-PCR result of the sample passaged 4 in LMH cells; 2: Positive control; 3:

Negative control. B: IFA identification of isolated strain. JSSQ: IFA result of LMH cells infected with JSSQ
strain; Control: Negative control.

GenBank T#; GAstV DA RMITESHmket 4, 2%k H GD AHAU2 (major parent)fll
WA F5], 5 ISSQ FAI# T IXS, JFEMEENT  AHAU4 (minor parent) (RDP J5 7L H) P<0.01)
HAM BRI R ez RGE AT (B 4A). 1E ORFla B, 16 2 517 i Al
KF, RN, ZEMIEEASK 71750, 5 900 S5 R T 2 IREHFM, 415k A JISHA
H At B 438 RS BDIRG BE S B R MU (major parent) Ml AHAUS (minor parent) (RDP J
57.3%-99.1%. 7E GAstV lJZ&%F4d, 1SSQ L HY P<0.01) (K 4B).
LI 5 S EH AHAU3 MARE NS 2.5 ERGSHF

99.1%, A>3k DAL 81 It AL A 43 B 52 8 I W Protean KA GAstV JSSQ ORF2 i
—éﬁi(l’é"] 3). $R1M JSSQ 5 AHDY Ml FLX 1 ORFlaPiJi # M LR BN, 7EORF2H, 224,
S IR FNAHUEAL 7 57.3%57.4% (35 2). 228 1229 1 548 T B BT IR AN K AR R AL,
JSSQ (7 175 nt)YFLE ALK B B AR T AHDY  TECGEFRB —REM B, S5, 18 608
(7 299 nt)fl FLX JEFE4(7 288 nt), J5&IRT M 614 MR FEPHULRNM A LA 5).

GAstV-1 Bl | JSSQ J& T GAstV-1I1 B TS .
3 W52 %
24 BIEHLSH Th5%
T 40T GASEV BBk e 9 AL H K L0 2 76 T0 I B R B0 TR AT,

i[f] RDP 4.50 #I SimPlot {47 T HAK — ®ZAE 5 HIRALIFIR KN, ERAERS Al TS
W, S5RRY] GAstV ISSQ WA R ALy #RUUAR . BECRIE . B Sk s o Ak
BLIRJBESE 807 LA M 2 818 LA KA T 2 ki FKG AL T ARG Al DA A P AR B R O, 5F
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Goose astrovirus isolate AHAUS (MN428645.1)

Goose astrovirus isolate GD AHAU2 (MN428642.1)
Goose astrovirus strain AstV Goose/2018/HLJO1 (MN175321.1)
Goose astrovirus isolate AHAU3 (MN428643.1)

@ Goose astrovirus isolate JSSQ (2501187)

Goose astrovirus isolate AHAU1 (MN428641.1)

Goose astrovirus isolate AHAU4 (MN428644.1)

Goose astrovirus strain CHN/2019/DY-19 (MT708902.1)
Goose astrovirus isolate SDXT (MN399857.1)

Goose astrovirus strain AstV Goose CXZ (MH807626.1)
90 Goose astrovirus isolate XX (MN337323.1)

64 80 Goose astrovirus isolate AstV SDTA (MN809622.1)

— Goose astrovirus isolate JSHA (MK 125058.1)

74 70 L— Goose astrovirus isolate GD (MG934571.1)

Goose astrovirus isolate GTF-07 (MN068024.1)

Goose astrovirus isolate GTF-04 (MN068023.1)

Goose astrovirus isolate HN1G (KY807085.1)

— Goose astrovirus strain AHDY (MH410610.1)

100 L— Goose astrovirus isolate FLX (KY271027.1)

—_—

0.10

B3 JSSQ &ERBFFIHMKME 1 BT FR AL 55 NRRF I GenBank 85k ;
PR 0.105 JSSQ BRI siZRR
Figure 3 Phylogenetic analysis of whole genomic sequence of JSSQ strain. Branch numbers indicate

confidence; GenBank accession numbers of the sequences are indicated in parentheses; Scale bar is 0.10;
JSSQ strain is indicated by black dot.

R2 BERFES ISSQ 55 SHyrEE

Table 2 Similarity of goose astrovirus JSSQ and reference strains

FEFR Virus strain FEH 4 Genome (%) ORFla (%) ORF1b (%) ORF2 (%)
AHAU3 99.1 99.3/99.9 99.7/100.0 99.3/98.9
AHAUS 98.9 98.4/99.4 99.7/100.0 99.2/99.0
AHAU4 98.6 98.7/99.6 98.6/99.8 98.4/98.3
GD AHAU2 98.6 97.9/99.2 99.7/100.0 98.9/98.7
GD 98.3 98.6/99.6 98.6/100.0 97.9/98.2
AHDY 57.3 57.1/47.8 64.5/61.3 52.4/40.8
FLX 57.4 57.0/47.8 64.6/61.3 53.3/41.7
GTF-04 98.1 98.2/99.5 98.6/99.8 97.5/97.2
GTF-07 98.1 98.2/99.5 98.3/99.6 97.8/97.3
HLJO1 95.6 98.0/99.1 99.2/100.0 99.0/99.0
HNIG 97.3 96.9/98.7 98.6/99.4 96.9/97.0
JSHA 98.4 98.3/99.6 98.8/100.0 98.3/98.2
SDO1 98.0 97.6/99.1 98.8/100.0 98.1/97.6
SDXT 97.7 97.8/98.5 98.4/99.2 98.4/98.2
XX 97.6 97.6/99.1 99.0/99.8 97.9/97.6
AHAU1 98.6 98.5/99.4 98.6/100.0 98.5/98.4
AstV SDTA 97.7 98.0/99.1 98.5/99.6 98.2/98.3
CXZ18 98.0 98.2/99.5 98.7/100.0 98.5/98.3

TE e /RS 0 500 A% R (nt) AR BLE 1 2 R (a) AH AL

Note: Before and after “/” are nucleotide (nt) similarity and amino acid (aa) similarity respectively.
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250

Bootstrap support (%)

0.0k

1 1825

3650 5474 7299

Position in alignment

GD_AHAU2 compl-AHAU4 complete
(major parent-minor parent)

o
.
=
15
o

2.358%10-L,
7501 .
50.0

2501

Bootstrap support (%)

0.0H

GD_AHAU2_compl-JSSQ
(major parent-recombinant)

AHAU4 complete-JSSQ
(major parent-recombinant)

1 820

1641 2462 3282

Position in alignment

JSHA ORF1la-AHAUS ORFla
(major parent-minor parent)

JSHA_ORF1a-JSSQ_ORFla.seq
(major parent-recombinant)

AHAUS ORF1a-JSSQ ORFla.seq
(major parent-recombinant)

El4 JSSQZEHEASLER A: ISSQ £ILHHFH M ELH 434r; B: JSSQ ORFla [F 4 W B 43 H7 5

y #li: Bootscan support £(1H ;

x Bl EAFFHHANLE; 2% FMk GD AHAU2:
AHAU4: WREEAREEAM); S5 ISHA: TEEA(H{); AHAUS:

FEOEARG);
IREEA (R )

Figure 4 Results of JSSQ recombination analysis. A: Recombination analysis of JSSQ genome sequence; B:
Recombination analysis of JSSQ ORF1a sequence; y-axis: Bootscan support value; x-axis: Specific site of the
recombination sequence; Reference strain GD AHAU2: Major parent (yellow); AHAU4: Minor parent

(purple); Reference strain JSHA: Major parent (yellow); AHAUS: Minor parent (purple).

A A ERIRETURRI T 255 JUAFE AR G HGE
R, BRERFECET ZHAET A
HELOVCPE . B TLIR. WL TR IR
AL S XU 2 WiVE 2 A AR R R
A RO T R R A RS R, E
Eﬁﬁ%BﬁﬂFﬁﬁ%ﬁﬁ%ﬁ%Wﬁm

ASHIFSE 8 3 9% B4 55 . RT-PCR K
DR 2 00 > Bz g 5 ﬁﬁﬁkﬂ,%mﬁﬁa

JSSQ MEIN4HIE 3 4~ ORF X, 2%k

ORFla (3 255 nt). ORFIb (1 551 nt)fl ORF2
(2 115 nt), ORFla 5 ORF1b Z[a] & A 19 nt =
SR AR A A X, X4 B EERRAY ORF
X A4 H AT 04, 4 REH] ISSQ 51§
FORWGTE AHAU3. AHAUS5. GD AHAU2 Hl
GD 2454 AR UM =5 3% 99.1%, ORFla
B S APE R i 99.9%, ORF1b [HYFFE S AL
PEEIIE 99.7%, JSSQ H#G AR HE AHAU3 #k
ORF2 HyFFFIARUME A 99.3%, ORF2 J& GAstV
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5 JSSQ ORF2 #1 ORFla #[ERIE  A: ORF2 HilsiE i 44r; ORF2 h&t(alE . FKNTE aabd .
aa224. aa228. aa229. aad456. aa540. aa608. aa614 AL A . B: ORFla PLE i/ #r; ORFla

g . FIRTE aad25. aa528. aaS580 AbAY AL

i GD: ZFEHEMK

Figure 5 JSSQ ORF2 and ORF1a epitopes. A: ORF2 epitope analysis; Green circles in ORF2: Represent the
mutation sites at aa64, aa224, aa228, aa229, aa456, aa540, aa608 and aa614 in ORF2. B: ORFla epitope
analysis; Green circles in ORFla: Represent the mutation sites at aa425, aa528 and aa580 in ORF1la. GD:

Reference strain.

B4 TR HE , TR ISSQ 5 AHAUS [Al & T 18 2
s L,
H T o GAstV bR IS TERY A, KA

izJf] RDP 4.50 3784 73 dr. 45 RAM
GAstV JSSQ FE K 4 A a9 3L [K JE 807 il 2 818 &
AT 2 EH, kA GD AHAU2 (major
parent) fil AHAU4 (minor parent), iX 2#gfkA
BB, MWL I8 48 FZ2 508 f6 Hh 2 A
&, HHE 2 B ZREAT ZHEILTES) .
FORIGEE ORF2 k[R5 4 2 11 2 A U A
B, RIBCE R AR ROV, X R
O PR — 2 VE P2 ORF2 3 [H 4 i
704 NEIERREILA M A EE T, J&ARIE
B FEGEMEA, W Protean ARAFHIPLIR
%‘%&Z*%%%Eﬁ Y ESRE JSSQ ORF2 H 224,
228 229 iX 3 ML RAE, T HiZ A
FEPUR RN K AR, X AT 88 505 EE 1)
FORPEFI R RIVEA G, A QIR AR [ A ) 2
B AR — 05T
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