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Isolation and identification of a rabbit hemorrhagic virus
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Abstract: [Background] Rabbit hemorrhagic disease virus 2 (RHDV2) was found in April 2020 in China,
which seriously threatened the rabbit breeding industry and ecological balance. Besides, basic researches
on the etiology and genetic characteristics of RHDV?2 are still lacking in China. [Objective] To isolate and
identify RHDV?2 strain, and to conduct whole gene sequencing and genetic evolution analysis of the
isolated strain. [Methods] We planned to conduct pathological dissection, RT-qPCR detection, and animal
regression test to isolate and identify the RHDV2 strain in a rabbit farm suspected to have died from
RHDV?2 infection. [Results] Further whole gene sequencing and genetic evolution analysis were
performed. The necropsies of dead rabbits showed hemorrhage and enlargement of all parenchymal
organs, especially the heart, lung and liver. RHDV2 was confirmed by RT-qPCR, and there was no mixed
infection with other pathogens. We found the infected rabbits could cause similar lesions. The isolates
were named SCCNO03, and the gene sequences is 7 464 bp in length, which was about 99.21% consistent
with the reference strain (GenBank accession number: MN901451.1). By comparing the amino acid
sequence of the reference strain, many missense mutations occurred in the amino acid sequence of the
non-structural proteins and structural proteins in the isolated strain, among which several missense
mutations of the non-structural proteins P16 and structural proteins may be related to the variation of the
virus strain. The evolutionary tree showed that SCCNO3 belonged to GI.2 genotype. [Conclusion] One
strain of RHDV2 was isolated and identified, and its gene sequence was obtained, which enriched the
whole genetic data of RHDV2 and laid a foundation for subsequent studies on virulence of RHDV and
related vaccine development.

Keywords: rabbit hemorrhagic disease virus 2, isolation and identification, whole gene sequencing,
genetic evolution analysis
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A —Fp otk . Wik BB AL YE , %
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RHDV2 JCHEREZEN, MBI, W
BB HAR K 32-44 nm, 5 IF P RAXTFRSS
¥ o 2R TR FAROEBE RNA R 8E, H K4 4
KN 7 442 bp, 54 RHDV #l RHDVa 3 [H 7
5125 B B B RHDV2 5 RHDV 3 [F 41 45 14 5¢
AR, AT — 2k ik 82.4%!", RHDV2 A
HA 2 ANFFikFEEHE ORF1 #1 ORF2, Hith ORF1
i — N2 REA, ZZREAHFHERENE
I Bl A i 2 DRSS 1 pl6. p23. p29. 2C
FEEE . 3CFEZE . VPg. RNA fKi#fi RNA B4
it (RARp) 45 9 &K 11 VP60!'H, ORF2 4wt A5 &
1 VP10,2020 4 4 H %8 & i) RHDV2 %1% J& HER
— WK E K, @R E RADV2 #Etk et R
Fy g%t B AL A . A SRARAE L DR AR Ay
DR AEEE L,

AT DU 1148 % K G HE LA 114 3 AR G
WAy B MR IF A 44 0 SCCNO3, B35 9 443
BHREEREFH, 588 FMLE RADV,
RHDV2. ESBHV &5/ 83E4T L X0 #r, B 7 25
REGHEAL A, F5 RHDV2 JERESARE, LI
4 RHDV2 2. RHDV2 J i i & FliA i AL BT
RIS
1 HRE5FE
1.1 fEREEIRIE

BRI AR AL G 37 2% K6 BE LY RHDV2 g
G, A RIS DU [0k K2 s s 24 B sh ks
PESL I RAT

. ARERGIER R 8 HEI MR
4 K, W A RHEGEAT LI S FR A F
1.2 EERFIFNEE

DNA #2505 & 8 RNA $REUH G &
FUE R £ . 2xTug PCR Master Mix, DNA 731

bR pMD19-T 844, 2xSYBR Green Pro Tag HS
Premix %%, FAEY TRECKE)ARAA; kit
AR G A e T iR &, RAR AR AR (dE )
ABRA T HAbE B alialm, O RHME A=)
YNGR

Pt i PCR L, PCR X . #ZMRH Ik AY
(NanoDrop ND-2000)F1 Quantity One #EfEBIRIY,
Bio-Rad &,
1.3 ST REK

RT-qPCR 5|¥)Z% A5 % O 1) RHDV2
SYBR Green | SZif#¢ )65 £ RT-PCR 7, #ide
RHDV2-Bremerhaven-17 B #£(GenBank % 3¢5 K
MNO901451. 1) S gt 41, &3t 11 X554, 5l
YIfs BANEE 1 R, 220N R DR A BRA
AlE ORI
14 RERIIRARTHE

FET AR L5 , MRk kst i
HEFTRRR, BRI LS AR
1.5 DNA/RNA 2K 455

i i DNA/RNA $2 0G0 £ #2H DNA/RNA,
FHs RNA S cDNA, —80 °C {47 %5 o
1.6 RT-qPCR #&il

PISRHUR S T 414U DNA . cDNA SWbif
i FHAS 523628 257 (19 RHDV2-RT-qPCR J7 P47
AR, RS A G I3 5 AN AT 18 (22 4 RHDV | #
CLIRHFRA . At AR BE . BRI S35 b s A
EBHSV)HEA A0
1.7 RHDV2 £EH R 1

PURRSERITIELHZ cDNA it , LI 1P
519 A-K #1750 B 1. PCR RUVAKZR (20 pL):
cDNA i 2 uL, 2xTag PCR Master Mix 10 pL,
ddH,0 6 uL, I, 5 #5(10 pmol/L)#$ 1 uL, PCR
F )W &4 95 °C 5 min; 95 °C 30's, 55 °C 30's, 72 °C
2 min, 34 MEH; 72 °C 10 min. 1%3EIEBHEERL
VKA PCR 473474, FHR [RIuaR) & ik el
PCR ¥
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%1 HT RT-qPCR/RT-PCR 5|12
Table 1 Primers for RT-qPCR/RT-PCR

Gk B s LR B Glk72 ] PR

Primers name Gene segment Primers sequence (5'—3’) The length of the product (bp)

VP60 F/R VP60 GGGTGTCATATCCACCCCAAA 101
CCCAGGTTGAACACGAG

A-F/R 1-750 ATGGCGGCTATGTCGCG 750
TGTGATGTTGCCGAGCTTAGTGT

B-F/R 650—1 450 CAGCACGGGACAGGAAGGAC 800
GGTTGTATGATGGCAGGGTGC

C-F/R 1350-2 150 ATGAGGCAGCAACGTTGGAC 800
GAGGCCACATCGGGGTG

D-F/R 2 0502 850 CGTTGGGGAGAAACTGGTGAAG 800
TTGGGGTCAGTGAACACGTCAACA

E-F/R 2 750-3 550 TGCGGTGGGTTGCTTGTG 800
TGTGATGGGTGACTTTTTCCAGTCAC

F-F/R 3450—4 250 CACCACTGACCTGTGTCTTGTT 800
GAGGGCCTTGCCTGAGTTG

G-F/R 4 150—4 950 GGGGAAGAAGATTGACCACGTGAAA 800
TGCTGAGCGGGCAAACATCTA

H-F/R 4 850—5 650 GTGAGCCTCCTGCCTGCC 800
CATGCCACCGGCCCAG

I-F/R 5550-6 350 ACGCCCCGGGCAAC 800
TAGGGATGGTGGTACCGCTGAAG

J-F/R 6 250-7 050 GCTAGTGCCGGGTCTGC 800
GTCCAACAAATTCAGACATAAGAAAAACCATTGG

K-F/R 6 950-7 442 GTTGACATCCGCCCTGTGG 492

ATAGCTTACTCTAAACTATAAAGCC

1.8 PCR [EU =45 b & Fr

# PCR 4fifk/=#) 5 pMDI19-T #ikE4E, 4k
AR DHSo BRZ A0, Y5 FEEE
HEZ (100 pg/mL)) LB A ., 7 37 °C fHiR
FEFHR SR 10-16 h, BRPEMETERE TR R R AR
PR B A A T
1.9 2EERFIIER4ES

fili ] DNAStar H1#) MegAlign Xl 45 2R
AP, BDHETS 8EbkaT 4 SCCNO3, Jf%
¢ GenBank 3 RHDV £ #iiEfk . RHDV2 Rk A
RN B S A kI 22 Bk, (1] MegAlign /4 X4
FEAWFFT 4B Fk SCCNO3 FEPN Y 23 FR G Jd g d bk
(1) 4 FE PR PP 4 004 T RIS A3 BT A SR A
1.10 z4E3iXLE
1.10.1 RHDV2 FZR%

H-70 °C LRAFIIFFIEZHEN, R ARmAITES 3 1K,
HOAA:BEER /K £ B EI 5, 4 000 r/min 5.0 10 min,
6 RFEHRMN 2 MR SRR,

Sy BB ETE RO 2 AR b T, 552 R
AT ART A BE R A Xk HR 2
1.10.2 X360 & AR E 22

AR T SRR VST, X RRLLIER, ST
ZIfEFINER LR, IS5 RImE R Rt e T
S BRAERAEXT H
1.10.3 RT-qPCR

ZM15. 1.6 ik, s HEEBOAT i AR 41 41
RNA, /550 cDNA, fii A SZ % #3710
RT-qPCR J5 kA A
2 HR5400
2.1 RERERRETIER

IRARRE A ik R AL S (] 1AL 1B), JoAlifE
AL DL I A5 B (A 1C), OAMEH L (E 1D),
FFRER R i, FEME(& 1E), IHZEN R (& 1F), &
I (A 1G), BMPR A 1H), A5 S
ML 1) AR TR IR e AT I e K
ZHEE 20 HIBLUT 4R, mAtREZE 80%.
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B 1 FHIER AR 2 E R0l R AR AR E

Figure 1 Pathologic pictures and clinical symptom pictures of dead rabbit necropsy

TE: A B: WHESIRERMRIER: C: A M MAAINISE; D: (OAMESR M B JPEM M F. BHEML; G B

KL, He AP 1. &b

Notes: A and B: The dead rabbits sent from a rabbit farm in Chengdu; C: The lungs had bleeding spots and blood spots; D: Epicardial
hemorrhage; E: The liver was enlarged and bleeding; F: Gallbladder enlargement; G: The kidney was enlarged and bleeding; H: Enlarged

spleen; I: Bleeding from the mouth and nose

2.2 RT-qPCR #&]

HEYRRHEEL RNA 11T RT-qPCR A, 25543
B RHDV2 M PR (B 2), e L ECAFiR A th e = |
WRUNEF Sz SRR EBHSV B IRHIPE!
23 2ERREIE

FeBEO17 W ERAE AL BRIEAT RT-PCR J5 , ¥ 14
W2 1% e MEBERC HL VK, 455 SCCNO3 #EtkY”
1 i a3 B R R B A% R TR IO i B b —
#H, WK 3. % SCCNO3 HR&FLH P 1 H B )
SEREF] pMD19-T ZfAH #E47IF , >k ] DNAStar
() MegAlign T it 3 R 21 43 B e 45 SR 1 5 4%
AP, RREEA 2K 7 464 bp JTH, KA

Amplification

4000 | 1

3000 ¢ %/,—_
= 2000}
[~

1000 |

ot 3-6
-1 000 E
0 10 20 30 40
Cycles

2 RHDV2 ¥ %k

Figure 2 RHDV2 amplification curve

1:: 1. pMDI9T-RHDV2-VP60; 2. iEAZHE; 3-6: 435l ABHTE:
XJHR . 28t RHDV(RHDV-Sch01), pGM-T-EBSHV . #t[™ [GATE
Note: 1: pMD19T-RHDV2-VP60; 2: Diseased tissue material; 3—6:

Negative control, RHDV-Sch01, pGM-T-EBSHYV, Pasteurella
multocida
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bp M 1 2 3 4 5 6 7 8 9 10 11

3 FHHWKSCCNO3 £E [ PCR #1845 R
Figure 3 PCR amplification results of whole gene of strain
SCCNO03

H: M: DL2000 DNA Marker; 1-11: SCCN03 A—K L H Bt
P B B AT

Note: M: DL2000 DNA Marker; 1-11: SCCN03 A-K gene
fragment amplification target band
AT BT, 3238 NCBI, 3KHU GenBank %5 5
7 MW 178245,
24 ZEEFFIX LS

fii /] MegAlign #4777 23 #k RHDV #ibk
(IF S 54T, G5 R 73 Bk SCCNO3 5 5@ i 2
ANFZEEALR) 22 BB %8R (S % Bk(E B L% 2)

*2 SESKER
Table 2 Reference strains

PIAZIR—EUETE 87.91%-99.21%, SCCNO3 5%:%
FMk RHDV2-Bremerhaven-17 f9—2014:4 99.21%.

SCCNO03 5Z%#FH k& RHDV2-Bremerhaven-17
IR IRIFFIAI L, SCCNO3 #AFIRIFI LA T %
WS, S AR TR R, a2
Ab TR & T L IE7E - Gt pl6 2 A IX Jak(1-143 17
BRI Z ANV 2 4b5eds, Bl Arg"*—Ser'* I
Pro'*"—Ser'"; it p23 M1 X (144367 1 4
SERRFRILZ AT 1 Abge7s, B Thet' AL 4
i 2C FEREFANIX IR (368—718 2 FLmRsk i If])
A7 1 4b%75 B His**—Ser™; 4wy VPg 11X
19951 108 fi @ ILm sk iz )yt A 1 457z, Bl
Asn"'®SLys"'% g 3¢ AEE AKX 109-
1 251 PSRz 1 b5, B Pro'*P—
Ser'?"; 4 fih RNA {K#i RNA %4 i(RARp) Y [X 5
(1 279-1 750 fiAFLERIEFLZ [A)A 2 4bge7E, R

HAE Strains 575 Accession No. [EZ Country FEF I Genotype 44 Year
RHDV2-NL2016 MNO061492.1 fif 2% Netherlands GIL.2 2016
RHDV2-Bremerhaven-17 MN901451.1 15 ]# Germany GIL.2 2017
RHDV-NI11 KM878681.1 PHHEZF Spain GI.2 2011
CBVall6 KM979445.1 #i% 7 Portugal GlL.2 2012
16PLM1 MF407653.1 PEPES Spain GI.1 2016
QC/Canada/WIN-AH-2016-OTH-0018 KY235675.1 IN& K Canada GIL.2 2016
RED2016 MG602006.1 I 2% Poland GIL.2 2016
AUS/VIC/HAM-2/2016 MF421623.1 AR AI. Australia GIL.2 2016
AUS/SA/ONK-1/2016 MF421664.1 WKHIT Australia GL2 2016
AUS/VIC/HAM-1/2016 MF421622.1 AR HI. Australia GIL.2 2016
AUS/VIC/HAM-4/2016 MF421578.1 WARH)I. Australia GI.2 2016
CBAlgarvel4-4 KM115716.2 W% Portugal GI.2 2014
AUS/NSW/FC-1/2015 MF421651.1 WAFIT Australia GlL.2 2015
AUS/NSW/BEGA-1/2015 MF421649.1 WAFIT Australia GlL.2 2015
04021-9 1982 KC832839.1 Fl Sweden GIL.2 1982
04022-10 1982 KC832838.1 Fl Sweden GIL.2 1982
Bsl2_1 KR230102.2 BEHA Ttaly GIL.2 2012
NZ/Southland/Gore-425B/2013 KY426993.1 JHiPh 2% New Zealand Gl.4 2013
NZ/Southland/Gore-425A/2013 KX357707.1 JHiPh 2% New Zealand Gl.4 2013
AUS/SA/GLE-1/2016 MF421672.1 WAFIT Australia GI2 2016
Zarll-11 KP129398.1 %5 2F Portugal GI.2 2014
VMS MG602007.1 2% Poland GI.2 2017
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Ser1617—>Arg1617 ﬂ:] Alal73l—>Glul73l; Eéﬁﬁ%%%}%
1 VP60 B IX IS AT 1 4b5e7s, Bl Gly*'**—Ala®'?;
FEGSEERIE T VP10 R 2 abseds, W
Glu2397—>Ly82397 *ﬂ LySZ433—>HiSZ433O Iﬁjﬂj‘ﬁﬁi
SCCNO3 H: K J7 41 K v Al G [X.(7 3707 464 nt)
I 1 AR AR I, HEWTIZ IS AR W] AR A
A5 G A X Ah T B i R A R s, R S 3 =2
] PR M 25 K

R AR a5 RN E 4 PR, 456
2 {58, 2EFPIMENIERA 2 SR8,
—AM3 3 1982 AE7E SR L4 B Y 04021-9 1982,
04022-10_1982 FEFEF 2012 4F7EE KA ERY
BS12_1 #tR4IAL, BN EYET GIL2 BiGEhidi. 7
—IRIF AT 2 D33, Hrp— AN 3Ctd 1 2013 48
TEBTPY 2250 B ) AR F B bk NZ/Southland/
Gore-425B/2013 F1 NZ/Southland/Gore-425A/2013, ‘EAl]

SCCNO03 (MW178245)
Lagovirus RHDV?2 strain (MN901451.1)
991 Lagovirus RHDV?2 strain (MN061492.1)
0
Lagovirus RHDV?2 strain (KP129398.1)
Lagovirus RHDV?2 strain (MF421622.1)

100 | Lagovirus RHDV?2 strain (MF421578.1)
Lagovirus RHDV?2 strain (MF421623.1)

l‘_69 Lagovirus RHDV?2 strain (MF421664.1)
Lagovirus RHDV2 strain (MF421672.1)

1 Lagovirus RHDV?2 strain (MF421649.1)
H9) Lagovirus RHDV2 strain (MF421651.1)

— Lagovirus RHDV2 strain (MG602006.1)
L Lagovirus RHDV2 strain (KM115716.2)

34

20|

42— Lagovirus RHDV2 strain (KM979445.1)

2 Lagovirus RHDV?2 strain (KM878681.1)
TP— Lagovirus RHDV?2 strain (MG602007.1)
— Lagovirus RHDV?2 strain (KY235675.1)

— Lagovirus RHDV strain (MF407653.1)

Lagovirus RCV strain (KY426993.1)
Lagovirus RCV strain (KX357707.1)

Lagovirus HaCV strain (KR230102.2)

67

99 [ Lagovirus HaCV strain (KC832839.1)

0.1

4 RHDV2 £ E[F A5 Fist ki

L Lagovirus HaCV strain (KC832838.1)

Figure 4 Phylogenetic tree of all full-sequenced RHDV?2 strains

T 20 30i ERBCHACR AR AR BEHEe

Note: The number on the branch point represents the credibility; Scale: The genetic distance

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



URHRAE: — RGN I 75 2 TR AR A 20 B M

1623

J&T GLA RGN ; 70— S A0 46 3 N/ INWAr 32,
I ASIRSE B EERR & 2016-2017 4543 S5 1) G2
RIRERE . 20112016 4EL LA GL2 RIGIEIR R |
2016 AEAEPHHEA 4> B B GL1 BRI 2tk 16PLM1 .
20112016 4E & B GL2 RIG @R R 45 2011 4
TEPGHE A4 25 75 bk RHDV-N11 7EN 19 13 BREEfk
A WF 5% 43 B F ) SCCN03 5 # #% RHDV2-
Bremerhaven-17 (2017 4, f&[E)7E[R]—"4r % H—
etk frr, A 99.21%.
25 BER&ZIRWE
251 RIEMREIRFLTUER

RIHEFEIR SR, KRB RERET
R, AERREERE . AR BT . AT SRR,
IRIGH R RIITE 48 h INFETS, WAL R H B 5 1
Blo FET-ZA N, S ] B ARV, g3
AL ik R S T AR — B
252 RT-qPCR

PR 6 HIRI s L RNA FR s N
cDNA, VIgh# 585 = /471 pMDI9T-RHDV2-
VP60 1 FEPEXT R, i A S5 2% 237 1) RT-qPCR
DA TG, G5 5RULE 5, B RHDV2 AZBR FH: .
3 WS4

RHDV2 W8 bk 155 Fa i
12021 DAVARINN )7 R 25y S A=Y 1 g e S |
IR R B, RHDV?2 J&L 2 23 R 280,

Amplification
5000F .
4000} a/
/217

53000} / ;/
é / “ :/y»‘

2000} / / Y

1000} Y/ 4

7 s ’
0f — — E—
0 10 20 30 40
Cycles

Bl 5 ZR% RHDV2 ¥ 1 ih4k

Figure 5 RHDV2 amplification curve of test rabbit
7E: 1: pMDI9T-RHDV2-VP60; 2-7: I fufiZs2H 4]
Note: 1: pMD19T-RHDV2-VP60; 2—7: Tissue of test rabbits
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7 FLE YL Y 2 4N e AN AR A . 2l RHDV 58K
e 3N H LR, RHDV2 540 RHDV 1
i FEEE P AIRKES . ABFRUE S K Hdk e
RHDV2 135 BRAR AL A Bt AE AT U0 o il e =8 1S LR
CMMISEHR I . AR R i ELSE G, ik — 2525 S 1
HMIFFE & PG RHDV?2 96 G A8 55 Hh e P A
PRSI i S bk AR AT 5

A BF 5T K RHDV2 % J5 BF I 9 SYBR
Green | S22 GE it RT-PCR J7 e R AN S IG5
ST PR R I T % o A T v R R
0 J7 92 1M ¥k (Hemagglutination,  HA)FI Ifi 417 il
(Hemagglutination Inhibition, HID)I&4: . FIEH HEX
I (Agar Gel Precipitation, AGP). HFHE G5 fff ik
%5 (Enzyme-Linked Immunosorbent Assay, ELISA).
RT-PCR J5 {55 AH U AN AR Fe sl , i HL S {8
PEE .

A G R WO [ 43 B 4 14 W 5 Oy ik AT
RHDV2 JERAY 3, 5H M5 E P50 )7
PV T T R, R BUARIR I 4y T AR i fe
HARHC RHDV2 B4, MFRBolN, k1S
DU A 25 S S IR T (i, 7T LLIA 3] RHDV 425 K]
FEAINE B o ASBIEFT I8 X6 DU )1 48 B T e L 5
& RHDV2 figik K i sE e A 1 iR A8 Wi
VA2 & RHDV2 I AR RS, 2 RT-qPCR
K2 Wi RDHV2 B, @il ff ] RHDV2 FHAE
RIS K R, SRR N 4 B 31— Bk
RHDV2 ##¥k SCCNO03, X HAILR Fo k17140 B
PROIENT , APHE R AT — B K R
7 464 bp M4, L [FUE FL X FEER o,
RHDV2 4JLRBEEA T LA 1, BB A
#oxF RHDV HYAESA 520, HEFEXT RHDV (14748
SRR B 2 1 T PR DX S s

ARIGHFTE B /0 Bk SCCNO3 F L T2 %1k,
SIAFPI—IRAT 60 AbmFEzAr, Ho
11 Ab5E7% J@ T4t L FRAE , R A T4 1 pl6.p23 .
2C#E. 3CKE. VPg. RdARp (X Ik A K A 254y 2
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