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RAR, FiE RSP R AR R = CRE AR T T TR B FE A OGR4, il Ad RT-PCR 4 1§ 583F
HARR R, A KIL N4, FIFH ORF Finder 45 T H U % B i324E (ORFs ) , 43 M7 4 i 2 19 (CP 1 RdRp)
FIPRSFE5 R . 1838 BLAST X} GenBank 0¥ 2 , 3T RdRp ZIEMRIT ARG kK B, IR e b E R
SR N SAEAE TS A dsRNA WEEE, JF 915041 & B2 8 3L LA 2 A TP IR S3AE 2 501 G i s B3 41 5
HACP)FMERIEGF(RARp) , A 2R E R (Totiviridae ) 29 5 5 ( Totivirus ) ML R A Z5# R, 5 GenBank £3
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RT-PCR Krill =t B i EEFHPERE %0 36.67% , IERHAE = LA 7. &5 AR ERMN = LhdeEt—
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ABSTRACT: Objective Panax notoginseng is widely cultivated in Yunnan and Guangxi due to its significant medicinal
value. However, research on dsRNA viruses infecting P. notoginseng remains limited. This study aimed to identify a novel
dsRNA virus infecting P. notoginseng, characterize its genomic features, classify it taxonomically, and assess its prevalence
in P. notoginseng cultivation areas. Methods High —throughput transcriptome sequencing was performed on diseased
P. notoginseng samples to screen for viral sequences. The target virus was validated via RT-PCR, and its complete genome

was cloned. Open reading frames (ORFs) were predicted using ORF Finder, and conserved domains of the encoded proteins
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(Coat protein, CP and RNA -dependent RNA pdymerase, RdARp) were analyzed. The virus was classified through BLAST

alignment against the GenBank database, and phylogenetic trees were constructed based on RdRp amino acid sequences to

determine evolutionary relationships. Results A dsRNA virus was identified from transcriptome data. Genomic analysis

revealed two ORFs encoding the capsid protein

(CP) and RNA -dependent RNA polymerase (RdRp), exhibiting typical

genomic features of the genus Totivirus (family Totiviridae). The CP and RdRp sequences showed the highest amino acid

similarity (99.74% and 100%, respectively) to the Panax notoginseng virus B isolate YNSL1212 in GenBank. Phylogenetic

analysis based on RdRp sequences placed PnVB-WSPnV207 within the same clade as other Totivirus members. According

to ICTV classification criteria, Panax notoginseng virus B represents a novel species in the genus Totivirus, and the isolate

in this study was provisionally named PnVB-WSPnV207. RT-PCR detection indicated a 36.67% infection rate, confirming

its widespread presence in P. notoginseng. Conclusion This study is the first to identify a novel Totivirus member, PnVB-

WSPnV207, infecting P. notoginseng, with typical genomic features of the genus Totivirus. Field surveys revealed a high

prevalence (36.67%), highlighting the need for further research on its pathogenicity and transmission mechanisms to support

disease control strategies in P. notoginseng cultivation.

KEY WORDS: Panax notoginseng; transcriptome; totivirus; genome; sequence analysis

=+ [Panax notoginseng(Burk )F.H.Chenz] & .0
FAZ R ZEAFEANY), RhEZEANEG D
L VA=A AR ARRZEAZ B kil T% AR $T
AR R I K T i 1k A5 D RE W O e
IR R AR RN SEE . = AR KT
VU 1 25 p A0 P i DX, v 2 g it e PR G 24 R
A2 MESS, TR H a8 38K /oK, ATl &5
TG, 2017 AEAR R EEIA E] 28 000 B, AR R
RE] 162 {ZIE AR,

FIHT, 9 25 55 )5t 1 35 2 e S =L i R
Jot Y B BR A AR P, PR AR L AR Y =B R R
B 9 B, AL HE T RS TR (Virgaviridae ) JH 5 AT
9 # J& (Tobamovirus ) %) 7 fili 46 M 95 2 (Tomato mo-—
o LB Y TR R Potyviridae ) B8 295
)8 (Potyvirus) M1=-E Y J5# (Panax notoginseng
TPV RAE M EE (Watermelon mosaic
virus ) ® | 28 22 AL 5% B B (Bromoviridae ) ¥ JINAE I
7 J& (Cucumovirus ) %) ¥ JKAE 9% 7 (Cucumber mo—
saic virus)! i BEZ= 5 7 B (Tospoviridae ) 1E 7 i
PEZEI 28 (Orthotospovirus ) B 75 Hi BE 2% B (Toma—
WA IR B2 B (Geminviridae )
SR ALK & (Begomovirus ) ) H [E 35 7l ¥ 1k
55 (Tomato yellow leaf curl China virus, TYL-
CCNV) KHTE (Tomato yellow leaf curl China be-
tasatellite ", 2R EERF (Totiviridae ) W5 T5JE (To-

[12]

saic virus)!

virus Y)!

to spotted wilt virus)!"",

tivirus ) 1 =1 A %55 (Panax notoginseng virus A)
VI NS — e e 258 (Solemoviridae ) By
BEEM TR (Polerovirus ) WA HL K 5 (To—

bacco vein distorting virus )™,

SR EE R BE AR FRRL T T AR DR A
AL TCIE dsRNA 43+, IR RN K 4.6~
7.0 kbp, GWEMANKE . WH EEM ORFs: 5 -
ORF1 4ifiy CP,3’ -% ORF2 4y RdRp. 24 M1k,
ICTV E & E 1 5 & : Giardiavirus .Leishmani -
avirus | Trichomonasvirus . Victoriwirus Fl Totivirus ',
Fora F O AR A A5 AR A AL A Y, QR R 22
ARELTD, 0 E IR SE A BRI AT A7 R e
FERBN Y PR EE 2, FEABETE T, FeATTAR 3
THH =L =& PnVB BB, I BT 2t
PR 20 53 R HE S ARG A= R O
1 #MR5RE=*

11 A4 BERUEs =LA SR A Sl edb v
(RTINS X TR AT (N R {1 o L £ O A T
PRAFAE A BHAS T JFFARIC , 10 SR RHE R AR I ] 3
UM HR EAEAL (R 1) BUCRIES , TR IR
SR 1) A S0 = WA RIS AR S R A
T-80 CrKFATRAFE

1.2 Fik

12,1 # R AEENr  BUCERYERE Xk F iR S
AR R A R AT e 3 A SR AL Y o ] mirVana™
miRNA ISOlation Kit 12 7 & $#% B = L #F 5 rp i 2
RNA, £ DNase 1AL 2H DNA J5 I 55053000t
& 11 (NanoDrop 2000, Thermo ) ki il £ & DA K 56 01F 5¢
e, FAIE Oligo (dT) MYREERE 4 mRNA, JR¥%
mRNA FTWi % 200~300 bp. FIHBEHL TS P&
BCES—BE cDNA, SR 5 FL il — 4 & B AR R A
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x1 ZtHERXERER

SRAEMIT] REMA FERECE  FEMARS FEARAEIR

2018.6.15  Frdb g 1 18YV207 7
2023.9.4  WLILE 4 YS-1 ptng
YS-2 feit
YS-3 JohE
YS—4 R
2023.9.24  PHmEH 7 XC-14 El&
XC-15 JR A
XC-16 JBR A
XC-17 Al
XC-18 ElE
XC-19 R
XC-20 feit
2023.10.15 ¥l 3 PE-1 iy
PE-2 il
PE-3 iy
2023.12.18 S H 5 XD-Y12 Ak
XD-Y13 ialy
XD-Y14 Hwifk
XD-Z6 JR A
XD-Z77 et
2024.5.24 il 5 WS2-2 i
Ws2-3 w1k
WS2-4 ity
WS2-5 Vialy
WS2-6 El&)
2024.8.1  AKE 5 SL-4 At
SL-5 Ay
SL-6 et
SL-7 e
SL-8 Vials

fif cDNA, Zi4LJ5 1 cDNA AT ARSGIEE A B X
ek 4, SRJGHEAT PCR 971G o # HE 4 1% SCE
Agilent 2100 Bioanalyzer FREA RS R, T Tlumina
HiSeqTM 2500 V-5 #41IJF .

122 #FABAE LA M Trimmomatic X7/
{1 L DU P 85040 (raw reads ) HEAT 7 A% R4 ], 2Bk
reads ) adapter JFFI,5 5l &% A JE A T.C.G B9
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SRR AR AL R BT R ] A B B A
o0, AN s B - R B PR AR AR B 5 JRR A 52 T R A
I RUIRR B3, 5% 2 i A P 5 T 8 R A A il 84 1T R A
PR 5 SRR R < R T NS I il AR R PRI 5 Bk
LY S NN Y SN D R N Y-S
1 RAANBEERH =R

Bl R AR AY reads A, UK A N BRIE HL )ik
10% 1Y reads F1KEE/NT 50 bp A4 /N R B R U B
(raw reads), i JH] SPAdes 4.0.0 %f 54 )5 e b f 7140
e, B/ contigs Bt R/NEE A 50, XF 41 2%& 1) 45 SR
PE4T NR 7 B (https : //www.ncbi.nlm.nih.gov/ ) o FE B HE
XF I virus (95541, {f ] Prodigal 2.6.3 #4443 5%
HILLHE P 5 F virus J5A0 AT HE PRI o B4 e rh
1[5 J& virus JEFIFFH DNAMAN10.0 #4740 3%, 20 5%
J& B contigs A # F NCBI "' BLASTN 11 BLASTX F#
JF X

123 RT-PCR ¥ #  AR4EAS SCRAH 98090 75 )5 571
B BRI EE I 5 10, 5190 H LA R A R R A FR
WNAEE R S F S I 2 Br7s o Bl Eastep Super
AL RNA $RBGR & (S PR, s 22 As 2k
Y= ABR A F) BEBUR RNA, PrimeScript one step
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RT-PCR(TaKaRa, K% )i & 47 RT-PCR K o
FRE A6 50 Cidi%E 5% 30 min; ZAEME 94 °C 5 min;
94 CAEM 30 s, Tm CFiR K 305,72 C 45 s, B17T
30 MEFR ;55 72 CHEH 10 min, RT-PCR =¥, &
1.0% B B Wi 58 M rEL DK ASH I , T DNA 358 e [R1AC i3] &
(b SR A= P B AR A BR A w]) [BDCH 4 Fr B, e
P& #| pMD19-Teasy # 14 (TaKaRa, b 5t ), # 1L K%
FFTR R AZ A5 A0 ML DHSa, 2 B vw B 36 B8R )
QN D)5 8
#2 PnVBmETIEERSY

Primer ) Product Tm

name primer size/bp  /C
PnVB1-F TATCTAGGCGATCTATACCCAGGT 58.8
PnVB1-R GGGTAATATCATAGTTGGTACGCC L 59.4
PnVB2-F CGAAGAGAAACTGGCTCAGGA 59.6
PnVB2-R TCTTCAAATCCATCCTCGCAT L7 59.6
PnVB3-F AGTTGATTGGAATAAGGAGAGGAG 58.2
PnVB3-R CCATTCATTTGTCCAGGCATA L 58.4

124 A4 1E &% a8  ffiH] NCBI H* BLASTN F
BLASTX F2 Jy #EA74% 1 B2 J¥ ) AHALU P 2 L 1R )
AR ALL A 43 BT (https : //blast.ncbi.nlm.nih.gov/Blast.cgi)
{#i [} ORF &3 T. A (https://www. ncbi.nlm.nih.gov/
orffinder/ ) A5 I JF 5 e 352 1 (ORF ) . Ak NCBI %548
KA TS, I8 BioEdit #E47 Luxt, il
IQ-TREE®(v1.6.6 ) 3 F i RIRIEM B RE LT
B o B iTOLP(https:: //itol.embl.de/ ) #EAT R G LT
B %) & 4k , MEME!®! ( https : //meme —suite.org/meme/
tools/meme ) FZ3H1 HAR ST # 51
2 BB

1 Mlumina HiSeq TM2500, 6000 - & %} =-£ #f
it WSPnV207 1 7Emid s I 5 43087, 2724 24 849 856
Ji b raw read , 2808 B U8, i SPAdes X £
Tre %, A5 186 114 /) contigs, Hirp KT 500 bp
i) contigs 7 45 113 >, KT 1 000 bp [ contigs
20 552 4>, N50 PR FEEZ) N 738 bp,GC (% )N
38.55. f# H Prodigal # 4 XT virus J3° 51 #E 47 FE P4 13
I, FHCI 4 BERE A1 3k 37 A4S, Hidh KT 500 bp Y
contigs A 16 1>, KT 1 000 bp [ contigs A 12 4>,
N50 F3K FE 254 1 905 bp, F3) GC(%)H 45.08.

VL H] Totiviridae R 575 contigs 4 4>, Hr 35
T—2KJE 4 993 bp Y7 H1, d ik NCBI Blastn F X}
J& , BIILE GenBank /751 Panax notoginseng
virus B YNSL1212(GenBank:NC_040551.1) ¢ & , #%
TR AU N 99.70% , 35 R K 100% . P, A 5%
W) 4 B T i 44 4 PnVB-WSPnV207,

it — L Bz #E AR T =Ll RT-PCR
MSCIL AT AR (WS217 SL17) %5 =L ke §h b i 38 4545
IR REH R IE N FY . G5 LA 2.0 FIH] 3 XHEER
PEGI1Y#EAT RT-PCR 944,753 1 1 757 bp.1 756 bp
H11 728 bp A9 EH BB 1), 0 4 SR 32 01 fr 3 A5
() B ) B 3 5 P sk AL B TP 1 R T 51 R AL P
H 100% , WERA =L FE 5 HAAAE PnVB,

M:DNAMarker; 1. PnVB-1-WS217; 2. PnVB-1-SL17;
3. PnVB-2-WS217; 4. PnVB-2-SL17; 5. PnVB-3-WS217;
6. PnVB-3-SLI
E 2 PnVB-WSPnV207 RT-PCR #&l

PnVB-WSPnV207 3 H 4 B A 41.94% 1) GC &
L, MK 4 993 nt, HAESE bl AN AN EH S T
T EAE 2H %, ORF1 K 2 280 nt, EIAT nt (i
85 1) AUG IR E ST, 21 T nt i 2 362 ) UAG
BT, IS 759 S EEE R (aa) 1 B EE 1T, A3
3 FHH 85.70 kDa, ORF2 KN 2 217 nt, B A
F oot i E 2 727 B AUG BRIGHEE T, 20T nu
4 941 By UAA 5T, it —A> 738 aa KAYE 1k
11431tk 86.04 kDa, iXLEZ5RUEH] PnVB-WSPn
V207 H A LA 40 2 8 0 1 1Y FE D A AR R (K]
3). £ NCBI-BLASTp 437,55 GenBank ¥4 4 1 =
£ BYRFES B Y YNSLI212 1y CP 1 RdRp EL A K
99.74%1 100% 2 HE W2 )7 F AL, B YNSL1212Y
5 YNJS09 4k ,PnVB-WSPnV207 5 4> %% 7% J& ik 55
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85 23|62

CP(759aa) |

49|93

5T

HG'UTR PnVB
RDRP(738aa)

2727

2086 UUUUUUA 2092

4941

E 3 PnVB-WSPnV207 EEHEHE

Panax notoginseng virus A (PnVA)[¥ CP 5 RdRp &
FEIR Y SR , 43908 79.58% 11 71.05%

T2 s R P AE e -1 R AL R ML 2, 7
ORF1 1Y 28 11 %05 B A7 A — A R AR5 1 1 3l
A7 5, B E 5 XXXYYYZ 3ok (X A AR S
fR.Y N A U.ZWN ACU =& 2Z—). 1 PnVB-
WSPnV207 KK 4 2 086-2 092 nt & ML Bk UU-
UUUUA JE SR 4 18 3 5

R T W AR RN AL E R BioEdit
A B Muscle R 48 PnVB-WSPnV207 4 RdRp
AT A 5 AR R E B T 2 X

—L

— |
—1_
— |

b
| —

s

R G R B W MG RARp ML & X EEA R 50
KBS B (K 4), 258 RA] 43 A WA 2
3 WA K EEAY Totiviridae B Giar-
diavirus VA AR50 Totviridae F§7E; 55 A3
+ B A& Totiviridae F} W Trichomonasvirus \Vic—
torwirus Leishmaniavirus VA ) Totivirus. PnVB=WSPn
V207 SENFES A4 % ", 5 Panax notoginseng
virus B=YNSL1212 (GenBank:YP 009551937.1 ) # 1£
[F)—AN/ING3 3, 1203 31 T R BE S R,
PnVB-WSPnV207 A LA #IN 4 J& Totiviridae ' To-
tivirus —"H .

YP 009667023 1-Anthurium mosaic-associated virus
@ QMU95572.1-Bactrocera dorsalis toti-likevirus 1

@ YP 009230208.1-Camponotus nNipponicus Virus @ Insect
2725.1-Gigaspora margarita giardia-likevirus 1 .

2 RDRP GLVWWB O Fungi

© DBA08174.1-Trichomonas vaginalis virus 5 © Plant

@ DBA07178.1-Tnichomonas vaginalis virus 1

@ NP 041191.1-Leishmania RNA virus 1-1

@ NP 043465.1-Leishmania RNA virus 2-1
BBJ77936.1-Alternana alternata victonvirus 1
UP009358 1-Aspergillus niger victonvirus 1
QIP68044 1-Erysiphales associated totivirus 1
UUT40375 1-Geotrichum candidum totivirus 1 o
YP 007697651 1-Xanthophyllomyces dendrorhous virus L1A ‘:‘ Victorivirus
NP 620495 1-Saccharomyces cerevisiae virus L-A

[] Unclassified Totiviridae
[ Giardiavirus
[ Trichomonasvirus

[] Leishmaniavirus

[ ] Totivirus

@ YP 009507833.1-Tuber aestivum virus 1

@ YP 001497151 1-Black raspberry virus F

@ YP 009225665.1-Panax notoginseng virus A

@ AWX94599 1-Panax notoginseng virus B-YNJS09

@ YP 009551937.1-Panax notoginseng virus B-YNSL1212
YNWS207-PnVB-ORF2

El 4 ET RdRp SERFIIMENREREN

SR YIRS RO B AR DD RE PR ST 1Y RdRp A&
J7, AT MEME 204 H 5 b i #5204 1
Lext, If it — 20500 . FE8 & BLE) PnVB-WSPnV207
%) RdRp H & B 8 N IR~F I 7 L Re 2K )8 T
Totivirus (1 5) .

Wt RAF AR T8, AL RT-PCR Kl = p A
SCily Fedb PEwE B S bR T AR A
i = B R EE I R AR R A 30 I RE S BHAMERE
anALETE 1L RS A 5 L 36.67% , K AEFE L
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IR 70% , X LR d AL BRI Totiviridae I
Chrysoviridae A malgaviridae Partiviridae /W51 . E
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Name

p-value Motif Locations

H N BN EEEE

PnVB-WSPnV207-RdRp 3.15e-229

QIP68044.1
YP_009507833.1
YP_009225665.1
YP_001497151.1
NP_620495.1
YP_007697651.1
UWL52189.1
YP_009507831.1
UWL52180.1
Uuv42276.1

2.81e-152
1.07e-214
1.08e-223
6.12e-217
6.99e-211
7.74e-168
5.69e-109
3.09e-157
5.69e-109

1.09e-77

H § B Saes

. m N Emrm P esEs

H N BT SEeE
H N N SEee

N BN i | —

H E BT e
H § N =m

H E NI DEaN

H N BT E.

N e

Motif Symbol Motif Consensus

iiiﬁiiji

STKYEWGKQRAJYGTDLTSYVITNFAMYRCEEVLPHRFPVG
VKRLKMMLDGTESFCYDYDDFNSQHSTESMAAVLLAYADVF
ETYKLKGTLLSGWRI LAG
TQLFELZVLVNRGI GEVDWSKERENRENP
RMDWDKYWESRWEWVPTGSVHSQY

MAKI NARAQATKCNVFS IGEFLRVEHKIS
GAQYLSRAAATLVHSRIESQEP
PGVRDSVHNGDDVLISIKDLKAAVSIY

&l fT 51 95 % M GenBank 1S (QIP68044.1: Erysiphales associated totivirus 1;YP_009507833.1: Tuber aestivum virus
1;YP_009225665.1 : Panax notoginseng virus A; YP_001497151.1:Black raspberry virus F;NP_620495.1 —Saccharomyces cere—
visiae virus L-A;YP_007697651.1: Xanthophyllomyces dendrorhous virus L1A;YP_007697651.1: Xanthophyllomyces dendror—
hous virus L1A;UWL52189.1: Exobasidium gracile totivirus 1 —1;YP_009507831.1: Scheffersomyces segobiensis virus L;

WL52180.1: Exobasidium gracile totivirus 2—1;UUV42276.1 :Inari totivirus 1)

R3 =L BEHHN

B 5 MEME {R=<FF 55347

FESR S PnVB FEA RS PnVB

18YV207 + XD-Y12 +
YS-1 + XD-Y13 +
YS-2 - XD-Y14 -
YS-3 - XD-Z6 +
YS-4 + XD-77 -
XC-14 - WS2-2 -
XC-15 - WS2-3 +
XC-16 + WS2-4 -
XC-17 - WS2-5 -
XC-18 + WS2-6 -
XC-19 - SL-4 +
XC-20 - SL-5 +
PE-1 - SL-6 -
PE-2 - SL-7 -
PE-3 - SL-8 -

T+ L PnVB BHERE S R ARG ) PnVB

FAPEAE

AL g A TR, AT e F R 2R
AT A R TE L R A M B 2 S B A B B
FI ARG R, AR5 R BOR A R o 1 32k
LA I N D g (WP R X v A (N (N %
W R , R EAN gAY A S5
Chen ZFPSR I [H] {48 & 5 &Y PnVA L A S BaBb e
7 (Panax cryptic virus 4,PCV4) TYLCCNV & %% (1)
=L, EELS X R L, BOR =B R AEY A R
AN AH 25 S EAE Sk A H ] 3 ARRATT X 3 Fp
TR EE IR Y AR W AT A A R R E A
Frift—2B o . ARG o % 4L P . RT-PCR §™
HARAS T — MY dsRNA SR, B =& B k&, il 1
FERALZH UL R R G LB WIS, =L B
LI N2 Totiviridae W Totivirus 08— 805 16
B FRATRG I T RE S =& B E =Pk
TN 36.67% , Ui WA HAE =L A7 7E L3 , il
DI =k B R = b P AR A —Fh R AT
B , HR BRI 24 PR 59 5 1 A 56 R 4t
TR RS
55
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FLA QR 36 AR R e i R A 7 e 1k g A T
N = 1O v 1 0y R e 7 e s O I 43 P
NN TN RV € R L a1 o 81 e i A 1P
FIREEE, FE NS5 R R G LT b R, %05 3%
5 HE A totiviruses YRS REGE . FRATHY
WIRAMCEE T =LHREEmFE, ©aBT 1
Totivirus J& Y dsRNA R o FL0G 1527 19 £ 05 &
B TP 2B YRR L R R A B —
e 5 UL B AR R AR LA B R B . SR
7, 35 AAFAE A9 B2 A AT REXT AR A 1 5 7= A Rz 1Y)
s, H AT T 2 P Y.

S 30k
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