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Isolation, identification, and genomic sequence analysis of datura
yellow vein virus infecting Sauropus androgynus
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Abstract: Sauropus androgynus has high medicinal and edible values. However, its growth is
threatened by various viral diseases, which severely affect both the yield and quality of
S. androgynus. Since research is limited regarding the viral diseases affecting S. androgynus in
China. [Objective] To isotation, identifying the viral pathogens of S. androgynus in China.
[Methods] The small RNA sequencing (sSRNA-seq) data of S. androgynus leaves from our previous
study were analyzed. RT-PCR was employed to detect the datura yellow vein virus (DYVV) in leaf
samples of 10 different varieties of S. androgynus. With the total RNA of positive S4 leaves as a
template, reverse transcription-polymerase chain reaction (RT-PCR), rapid amplification of cDNA
ends (RACE), and Sanger sequencing were employed to determine the full-length genome
sequence of the DYVYV isolate from S. androgynus (named DY VV-sa). [Results] The analysis of
the sRNA-seq data revealed the presence of DYVV in S. androgynus. RT-PCR detection of
different varieties showed that only S4 and S12 tested positive for DYVYV, and the full-length
sequence of DY VV-sa was cloned based on S4. The genome of DYV V-sa was 13 185 nt in length
and contained six open reading frames (ORFs). The DYVV-sa showed the identity as high as
95.8% —-98.1% with the DYVV sequences isolated from Thunbergia alata. Moreover, the
phylogenetic tree also demonstrated that DYV V-sa shared the closest genetic relationship with
DYVYV, clearly indicating that DYVV-sa was an isolate of DYVV. In addition, the majority of
DY VV-sa virus-derived small interfering RNA (vsiRNA) were 21 nt and 22 nt, and those of 21 nt
were more abundant. The first nucleotide at the 5’ termini of vsiRNAs derived from DYV V-sa
preferred U and C. The proportion of vsiRNAs derived from the negative strand was higher than
that from the positive strand. The distribution of vsiRNAs along the viral genome was generally
even, with some hot spots formed in local regions.[Conclusion] This study found that DYVV can
infect S. androgynus and successfully obtains the full-length genomic sequence of the DY VV-sa
isolate. These findings expand the known natural host range of DY VYV, provide crucial theoretical
foundations for research on its genetic diversity and phylogenetic relationship, and offer clues for
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the prevention and control of viral diseases attacking S. androgynus.

Keywords: Sauropus androgynus; datura yellow vein virus isolate; virus-derived small interfering

RNA

SFE K [Sauropus androgynus (L.) Meer] X 44
RAR I SR . KRR . R, Bimpse . &
FOAC . BIERAE, JE KRBT E KR AR
SREAR A TENE . SRV, R E A
HIX, 7E TR R A TR . AR )P
AR, SFEARRA B A2 A
B, HOOoR Aot 2eT e, B H A SR A
bR o m, FllEgEER AfMC, K
iR 1P e e T 2D O E NG SE 7 S QiR ek R f e
FA ) o B 4B AT TR S R, TS
M5 . RZK . JHAE . ERR . BERRME . O R
S AN A R A R SR B
ORISR IR A W AN A W s R ¥4 % A e AE
W EE IR YL Z AR R UL R AR A o PRI
XTSF A B A S0 A B T IR T i H i T
[NEE /1 SIEN

SEERTEA: KA i vh b 52 B Z2 Ris B 1 %
e, HAiERESEARLERT 4 Fimss, 7
Sl Ay e 21 ] ¥ ko 5% (A geratum yellow vein virus,
AYVV). Hr 7 5 3% i il i % 2 (tomato leaf curl
New Delhi virus, TOLCNDV) . 5} & A% 0% 5
(Sauropus leaf curl virus, SaLC V) HISFEr A ik
7 (Sauropus yellowing virus, SaYV)!l, 2024 4E,
A S50 78 5 35k 7% 5% 5% 2 I ¥ (metatranscriptome,
RNA-seq), #EF&E~FE AR I AIFrEE T —1
J& T Allexivirus 19 #r Wi B SEE K R
(Sauropus androgynus virus, SaV)®™, 4Kk, H A
A R B AR F A LD, &
SRCHL Y T B kD B A o DRI R
T TR ] 1 B A B SR T B i BT &
PR

2 g ¥ w ik W i (Datura yellow vein
nucleorhabdovirus, DYVV) J& T #f Ik 5 &% B
(Rhabdoviridae), & A 3 R 5 #H W B}

(Betarhabdovirinae) H 14 £, 7Y 4ff g 4% 50K s 25 T
(Betanucleorhabdovirus)® '), Thomas Z5:°VF 20 it
20 80 AFEARTE MR A i ik B A5 AE (1) = g 2
IR BRI R . W IR R, %
I 25 1T YL JL A 75 il (Grosse Lisse, Floradade .
Rutgers, Strobelee Fil Scorpio). 7iii ¥ (Solanum
melongena) . U>M il (Nicotiana glutinosa) Fll il
M (N. tabacum), (B A& YL 5% 2= 4 (Petuniax
hybrida). ¥& {6 M F (N. rustica). & B ¥
(Nicandra physalodes). BA(Capsicum annuum) .
v % (Solanum nigrum) Fl o % % (Solanum
tuberosum)® . WLAN, 1 7 G 1 1 ALK B AP
i Fh TR AR s A B, DYVV
TEAR M (Omiya argentata) F1 P A /K W (Aljulia
aljuljae) R N I TEAR I 7350 9 2 /0 24 d H1 14 d;
1 It 1 (leafhoppers) 5 & &l (planthoppers) i &

HErP AR IR Il 8—18 d; 1M 7E f 1 (aphids) F11
F H1 4y B (beetle larvae) H & X8 2 B i AR 3,
Lk S R B AN B AL 3 120 1 10 e 1T,
Bt Ji , Dietzgen Z5E121 WL B K 4 BB - 5 B
(Thunbergia alata)® 73345 DYVV, F|H %I
SIS T DYVV RE B A 7 B, UESE
T4 B Thomas FEPHRGE M DYVV F51 5
JEARRL, H5 581 8 M SRS 75 (Sonchus yellow
net nucleorhabdovirus, SYNV) E. A % VI ) &2 4t
KEH KR 2015 4E, Dietzgen gk — 4y
By 7RI DYVV K475, K
TR N TURAEE RNA figsg, 4K 13188 nt, & H4h
(1) 3SR SR, Al 4t R e R R SR
[RITE] X B 6 Tk iEE (open reading frames,
ORFs), 435 W% AKX 5¢ 5 [ (nucleocapsid protein,
N). Wk 2 % H (phospoprotein, P), iz sz &
(movement protein, P3). & Jii & 1 (matrix
protein, M), #iHE H (glycoprotein, G)F1 RNA £
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A9 RNA 5 (RNA dependent RNA polymerase,
L), FIHBERTRERFEWE LI, 7EAH MW
(Nicotiana benthamiana) T G 7b, HAE A
ENL TN, Hop N ORI P 3Lk A B AE
B HON B AR nT i P e, B
R ARG 2 D FESS, AW DYVV B
e AT E R E . Rt — 2% E DYVV
HARF IS ER 27 3, Ao H B SR Ak HE .
ACHIF 5% DA AR A A M T B (LU L B 1 ST
EORFEAR PRI I SERE T DY VV S B FE A
HeK, Binss N DYVV-sa, JEXFH AR HFH
J¥FIFI vsiRNA BEAT 7047, LA DY VYV iy
A SRR B R AR A UL, JE R
SFER R TR B AR LR AR

1A

1.1 EYIH S

2023 4 9 F, T A A A N T AR AR AR R
2 [ [R]FHAEL X 20 BSR4 10 RO TR S AP <7 B A%
AR S 2-3 Fr, IR GR S R ST, S2. 83,
S5. S4. S8. S10. S11., S13. S12. FEfhRE
Je S B RE A AGA , HIGEBE AR E P TR R
AFR LA RNA 5880, Bl 2-80 °Cik
FaAEE ]
1.2 EEAER

B4k pMD™ 19-T 1§ H TaKaRa AH], K
FF IR (Escherichia coli) IM109 FIASSZE S ARAT
1.3 FERFFSH

KA FIEY pH 4.7-5.5, JbRiRERPHEA R
/NF); M-MLV Reverse Transcriptase Kit, Promega
NF) s 2xTag Master Mix, B Ui MERE A MR HL
A FRZS 7] StarMarker D2000 Plus, db 5t
T Ol AR Y FHE A RS 7 5 5 RACE U7 &
Invitrogen /A ] ; E. coli poly(A) polymerase,
NEB A #); Z3fie DNA glifbmlad] &, dbat
T PR P R R W] 5 R 4 O ) &

Omega 2> 1) 5 H 4 AL 25 dh , Sigma-
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Aldrich 7 m] 8¢ F 25 48 B 2= R A R A |l . A
WE5E BT 5 149 R b s B A PR 8 4y A1 B
NG, BARILER 1.
1.4 RNA i2H

BOaE s rysEE AR TR R R,
NIRRT M R I, Sr BB A LA
R 2.0 mL BLOAE T, 2 13 REL S
A 500 pL 80 CCTRH A KA AN 5 A FLAY RNA
P B2 vh (0.1 mol/L LiCl. pH 8.0 10 mmol/L
Tris-HCI. 10 mmol/L EDTA #1 10% SDS), #&%
R2130s, HE 3-5min; #MAHEKRLY
CHCL, 5 LiRR MRS MiEE; &k
13 523xg B§.L» 10 min; B 450-500 uL b5 T3
() 1.5 mL BLOE A AT 4 mol/L LiC1 %
s IRAIIFT-20 °CHrE>4 h; 4°C. 13 523%g
B0 15 min, HUH RNA JUIETFH 75% 2k
%2 %, HiE & A DEPC H,O %, -20 °C
RAF o
1.5 F#EFREEH %N KR N (reverse

transcription-polymerase chain reaction,
RT-PCR)

DL RNA AR A, 8 H 308 5% 5 o B kb
DNA (complementary DNA, cDNA), 155 4% 5% K2 Jvf
RZ 10 pL): ¥ 1 pg RNA 5 0.5 uL 3" T 5|
Y7(10 pmol/L) i ~) 3 H ddH,O #h 2 % 5.5 uL,
65 °CH¥HE 5 min J5 VK 2 min, MRKIKINA 2 pL
5xM-MLV buffer, 2 pL 2.5 mmol/L dNTPs #I
0.5 uL M-MLV RT [ (200 U/uL), R 25 F
42 °CH¥H 30 min, )5 T 85 °CIN#A 5 s i .
DL SR RIS cDNA Ak, £ PCR 4 4 4k
fHM A B, PCR MWAKF: ¢cDNA 1L, I,
NS #(10 pmol/L)4% 0.5 L, 2xTag mix 10 uL,
ddH,O 8 uL. PCR X W 2% 14 : 95 °C #iil A5 1
3min; 95 °C7AEM: 30s, 55°CiEk 30s, 72 °CHE
(1 kb/min), 330 MEH
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®1 AARATASI
Table 1 Primers used in this study
Primers name Primer sequences (5'—3) Note
DYVV-3705F GATTTCTTCTGGATGCCC Virus detection for DYVV-sa
DYVV-4276R CTGCGACATAGTATCTTTAGCC
DYVV-6946F ATTTCTTGACGGAGCGAG Virus detection for DYVV-sa
DYVV-7549R GCAGCATTTGAGAGGTTAGA
DYVV-RI ACGAACATGATTGTGGAGTC 5"RACE
DYVV-R2 CTCTATGAATTGGAAATGCATGC
AAP GGCCACGCGT CGACTAGTAC GGGGGGGGGG GGGGGGGG
UAP CTACTACTACTAGGCCACGCGTCGACTAGTAC
DYVV-F1 TTATGTTCAGTGCCACCTGCA 3'RACE
DYVV-F2 CTCTTCATCATTCATAGTACTGATC
R1 TACCGTCGTTCCACTAGTGATTTCACTATAGGTTTTTTTTTTTTTTT
R2 TACCGTCGTTCCACTAGTGATTT
DYVV-001F TAGAGATAGAAACACACAATATACAATCTACG Amplication of full-genome
DYVV-1398R CAACGTGAGGGTCACATCAG
DYVV-1385F TGACCCTCACGTTGGACCAT Amplication of full-genome
DYVV-2949R CCTTCACCCGATATCCAATG
DYVV-2934F GGATATCGGGTGAAGGTATGC Amplication of full-genome
DYVV-4378R GGAGATTGACAGCTGTCAGC
DYVV-4351F GAATACGGGCTGACAGCT Amplication of full-genome
DYVV-5817R GCAGGCTGTTCGAGTCAG
DYVV-5786F CATATGCTGGGGTCCTGAC Amplication of full-genome
DYVV-7254R CATCAGCAGAAGCAGCTGA
DYVV-7233F ATTTCAGCTGCTTCTGCTGA Amplication of full-genome
DYVV-8752R CGCAAAGAAAGTACTAAATGCACTGA
DYVV-8720F GCCAACCTCAGTGCATTTAGTAC Amplication of full-genome

DYVV-10225R
DYVV-10213F
DYVV-11677R
DYVV-11678F
DYVV-13185R

CGATAAGAGGACGGATATCAG
CGTCCTCTTATCGATATTACCGTA
CCTTTCTAAGACATCTATCCTTCCTAG
AGGAGGAGGGAAGTTGACTG
GAGATAGAAACACACAATATACTATCTGCTCA

Amplication of full-genome

Amplication of full-genome

1.6 c¢DNA X i R iR ¥ 3 (rapid

2.5 uL 10 mmol/L dNTPs, 2.5 uL 0.1 mol/L DTT,

amplification of cDNA ends, RACE)#{ K

1.6.1 5'RACE

B #5 BHPE 9S4 FE dh &L RNA 5 g, i
0.25 L 514 R1 (10 umol/L), #h7K & 15.5 pL,
IR21JE 70 °CHFE 10 min, VK 1 min; AKKINA
2.5 pL 10xPCR buffer, 1 pL 25 mmol/L MgCl,,

IR21J5 42 °CH¥E 1 min J5 A 1 uL SuperScript™
I RT fif, 42 °CH#E 50 min, 70 °CJZ) 15 min,
37 °CJ i 1 mine [W] S AN 1 uL RNase mix,
37 °C I W 30 min, 4% 5" RACE System for
Rapid Amplification of cDNA Ends 5] & #9135 BH
T4tk k15 cDNA. #3450 10 uL ¢cDNA, 5 puL
5xTailing buffer, 2.5 pL 2 mmol/L dCTP 19

http://journals.im.ac.cn/actamicrocn
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dATP, 6.5 uL ddH,O #17 cDNA 1) 3" Kl EER
I, %694 °CHI#A 2-3 min, 7K¥A 1 min, J5HIA
1 pL 15 U/uL i) TdT f, 37 °CH##F 10 min,
65 °CHI#A 10 min, /7 AR cDNA R,
FeIE 15 W PCR ki f7ae 1 ey (51
AAP/R1), LIFEEE 50-100 158955 1 % PCR 7=
SRR, HEFTES 2 Fe (519 UAP/R2),
1.6.2 3'RACE

B S4 BESL R EUAY A RNA I E poly(A) )2,
HAKJg: 10 ug RNA, 5 ul 10xbuffer, 5 uL ATP
(10 mmol/L), 1 pL E. coli Poly(A) polymerase,
ddH,0 #M 2 & 50 pL, 37 °C/Z N 10 min, FfJ5
M8 TRIzol G A I F54liik RNA, S5
L5 5' RACE IS PCR 944 H iy A Be .
1.7 PCR =400 F

H i %% 28 DNA i Ak i) & e ik )i
v B & pMD™ 19-T 34k, I A K AT i
IM109 /B2 0. 227 PCR ik 4745 FHE:
ok, PERTRGE EA TAY TR RN AR
NTEINY, 2% 3 ASBRPE s AT T Y .
1.8 FHoHh

1| DNAMAN v10.0 1 SnapGene v4.4.2 $f
AR IR KT I IR R I R
FEHNREAT AT EE X o 2T MEGA X i fe KAL)
SR 72t (maximum likelihood method)f4 # R A A H
R, bootstrap B A 1000 REE, E<50%
BB
1.9 /s RNA jl|(small RNA sequencing,
sSRNA-seq) BB

K H FastQC X Jii fifi sSRNA-seq Zuds 47 it
IR, SRJ5H ] Cutadapt T H.(v1.16)!" k4T
Ab B DA 25 I Sk XS RTARG o £200 J5 132 B (readss)
R B K 18-30 MZ TR YE Bl BN 1
BN T B T RE a0, A
VirusDetect 1 %5 % 1Y /)y RNA i 8¢ 20 (BRIA 2
BBEEHN, E ek /N RNA 551 435 0 S
(contigs), 15 & Hfif il BLASTx/BLASTn 55

>4 actamicro@im.ac.cn, 7 010-64807516

%5 O RE T OB E AT X . S TR
ASENTIREER TR ) /NTHE RNA 1953 FHHE, il
F Bowtie #X{PKT444/)y RNA 132805 DYV V-sa
W TE S LN YEAT XS e & i — IR
fid. MR T DYV V-sa JgiEdEK4H 1Y vsiRNAs,
G vsiIRNA K/N3 AL Sl m o . 2
[RIZH 5341 LA KB e S M SRR

2 ER55

2.1 FEARF DYVV FHEN

A SI 56 T S AL B E ST R R I Rk
17 sSRNA-seq, JFHFRAG B R 275 4% . PF
e S BB, R TR AR S I T G Y
SaVIAL, LA DYVV., A H [al R ) SF ey
mARTE], SN T ARG DYVV FEAS R RhSEE AR
WA RS L, AR 3 TS R R PR A
[5FE AR DYVV 2% )95, &1 2 X514
(DYVV-3705F/4276R il DYVV-6946F/7549R) %}
10 DASTAE] AP AR G 4T RT-PCR Rzl . 55 &
P AR 2 FhRE S (S4 A S12) AT P B F kN 2
600 bp MR FE H 55 (B 1), 20 P8
WEEIT A, A5 RR IS E AR SEAFAE DYVV &
Yo, (HEG R,

WAL K B S4 F1 S12 SFE AR Fr S BE H I
A% 4 B E (8] 2), (HLZ8 K6 I & I 5 1 & A
SaV (B¥E K E7n), I HATGEHE DYVV
PSR T 5 | & R AE o
2.2 DYVV SFEARS B 5'F 3 Kim [+
SIBYFRE

T BN E K T DY VV ) 5T 3K S
G, ETFPHENSH P I, DR
IS4 FEdh B9 & RNA M, FI T 5" Fn 3
RACE AR RAF 1290 75 19 AR g B (] 3) 1A%
1 A B & aiAk v [ 2 pMDI19-T #4441 ik
10 A FHPESCRESEA T, D345 SR 48 e X % 81
S'H 3 AT A SRR AL — (& 4), B
TR E STFN 3R v ) 4 o
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DYVV-3705F/4276R

DYV V-6946F/7549R

bp M 1 2 3 4 5 6 7 8 9

w1 2 3 4 5 6 7 8 9 10

750
500
250

‘ - -

31

HE T E AR B #RBRT-PCRAE N K ¥ MAYEAE. M: DNA marker; 1-10: 4351 HA]:RAEAYST .

S2. S3. S5, S4. S8. S10. SI1. SI3FISI2A[ESHFIFE AKRES

Figure 1

Detection of field Sauropus androgynus leaf samples by RT-PCR. M: DNA marker; 1-10: Representing

different varieties of Sauropus androgynus samples collected from the field, designated as S1, S2, S3, S5, S4, S8,

S10, S11, S13 and S12, respectively.

S12

Mock

&) <F ERDYVVBATER F B RER
Figure 2 Symptoms of DY VV-positive samples in

%2

S. androgynus leaves.

23 DYVV FEARSEMEREBEELKH
g

BT FRHRE Y 5T 3 A P A PR A
(2 FA, Wit 9 X w4 n 514
(F 1), [RIFELL S4 ()5 RNA A#HR, 20 9EfT
RT-PCR. BEXf 5|9y o P 135455 W K /h— 3%
ARE M H B R B, 2978 1500 bp (18 3), &4l
fbjs 5 pMD™ 19-T #ikiE e, FFHE bz 440
Mo, Z/DIEBE 3 ASBHME FE BT XA I Y . B
i, BTAE I a5 SR UL R i 19 5'FT 37 A v
FEAPHERAS DYVV SFE R S 5L H 4] 27
YifEE, B4 N DYVV-sa, JF#£48 % NCBI

RACE
1 2 3 4 5 6 7 8 9 5§ %

- s s — -

[\)
[}
S
|
LU L=

El3 DYVV-saERFEHE KK M3 RinaIH &,
JKGEM: DNA marker; JkKiE1-9: Z3BtY DYV V-sa
M EZEPCR™™4); 5 RACE: 5" Kitiy #iPCR™
Y); 3'RACE: 3"AKui# B PCR™ ) -

Figure 3  Amplification of the full-length genome
and its 5" and 3’ terminal regions of DYV V-sa. Lane
M: DNA marker; Lanes 1-9: Overlapping RT-PCR
products; 5" RACE: Amplification product of 5’
terminal; 3’ RACE: Amplification product of 3’

terminal.

B, Bok5h PQ816761,
24 DYVV FEARDENEERFELSN
vaK il

DYVV-sa &L K41 13 185 nt 41, Fb IR
R R RIS DYVV 435 91 (NC_028231) /b
3ANEATRR, GHC & 53.2%. L & ) A
#M%E RNA (complementary RNA, cRNA) 1] % i)
6 |~ ORFs, HILHMALEWE 5 fi/n. DYVV
5" UTR A1 3" UTR K B 5375l 24 164 nt F1 149 nt.
ORF1 (165-1 517 nt)%ifh 50.59 kDa N &, &
9 T A% A 7 1 E A LA, AT T B A
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5" end —> ¥
Clone 1

N

S O 0 9N L bW

—_

3" end % ..........................

Clone 1 EAGECAAACE
2GACECAAAGSE
36AGECAAAGE
4GAGECAAAGE
S5aGeCAsAGE
6GACGCAAAGE
7TEAGGCAAAGE
8EAGECAAAGE
9GAGGCAAAGE
10 GACECAAACE

sves e

TECAGATGAGTCCAGC
TECAGATCGAGTCCAGC
TECAGATCAGCTCCAGC
TECACATCACGTCCAGC
TECAGATGAGTCCAGC
TECAGATGAGTCCAGC
TECAGATCAGTCCAGC
TECAGATCGAGTCCAGC
TECAGATCAGTCCAGC
TECAGATGAGTCCAGC

B4 DYVV-sa S'FI3'KiHFFINHE. A: 5 RACEMITZES:; B: 3' RACEMF4S
Figure 4 Confirmation of 5’ and 3’ terminal sequences of DYV V-sa. A: The sequencing results of 5" RACE; B:

The sequencing results of 3' RACE.

() 3 S VA A, 38 W75 S5 400 A 5 1) 9 8 7
2z i, ORF2 (1 578 -2 561 nt) fl ORF3
(2 642-3 607 nt) 73 5|4t 36.86 kDa [ P & 4 il
36.30 kDa [ P3 2511, #A K2R AEN
HBEIHT, FZAT L HALE N-RNA Bifl IE
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Figure 5 Schematic representation of DY VV-sa genomes shown in reverse (positive-sense) polarity. 1-13 185 nt:
Complete genome of DYVV-sa; 165—-1 517 nt: Encoding N protein; 1 578-2 561 nt: Encoding P protein;
2 642-3 607 nt: Encoding putative cell-to-cell movement protein P3 is highlighted by blue; 3 730-4 584 nt:
Encoding M protein; 4 626—6 554 nt: Encoding G protein; 6 716—13 036 nt: Encoding L protein.

&2 DYVV-sa5 2B RFERERMSE B, SRR E LA T DYVV-sa i L &
£ EFLARE & ORFs S 2B 5 5B EL L H5ZE MR ERENRELFTMN ., 4R ER
Table 2 Pairwise comparisons of nucleotide (nt) and  DYVV-sa 5 DYVV (NC_028231)E. 45 & & #H %

putative amino acid (aa) sequence identities between M, BREE KA 6), U T AR %
DYV V-sa and other betanucleorhabdoviruses o EI/J G N DYVV 43k
Virus Nucleotide ~ Amino acid sequence identity 27 DYVV-sa ,}% '&;E;}'_\ E(] ,J\ :I: 1:}[-' RNA

sequence (%)

identity (%) N P P3 M G L ﬁj\¥¢%1ﬁﬁ$ﬁ
AaNV 418 368 125 232 143 255 374 RNA JTER 58 11 774 21-24 nt R 25K 5 Y
ApRVA  44.0 457 17.1 20.0 17.2 283 392 /N4 RNA (virus-derived small interfering RNA,
AscSyV2 44.2 409 153 202 193 254 382 VsiRNA)I S0 25 T B A S AL . A
BCaRV  49.6 49.1 25.7 26.6 32.2 39.8 49.1 ﬁgﬂ;ﬁ vsiRNAs E@%%#%?Eﬁﬁb?ig&xﬁﬁ%_ﬁ
EFTsz Zzg 723 ;2 ;‘3‘ ;gz 7?2 Z‘;Z FARTLAE A O FRAR . ASBFST NS ACKE i rh 4k
CdvVCV  50.2 574 6.5 335 285 39.1 47.1 {JHIJ 23 085 103 > ﬁﬁb.ﬁ%% ’ /LPZ*% E/J i *
CnV1 51.0 53.2 303 31.9 312 393 48.0 ﬁilj F, 17610053 7 r%dﬁl‘l%ﬂi,ﬁé FH:FT% \1:)?
DYVV 972 96.4 97.6 98.1 958 97.1 97.7 Ho i 3207 % vsiRNAs # Ho X1 DY VV-sa 3
PBRVI 533 4.8 189 227 21.8 398 43.1 PRI, 5L T bexy 45 SR & 48 K 2 %0 DYV V-sa
PleArV1 61.9 71.0 463 63.9 489 657 43.1 vsiRNAs 2 I H B RRAE, H /ML 21 nt Al
RhoDeV1 46.6 415 206 24.1 254 32.6 443 20t K, HIE 21 nt ibE— P FIEHEIE 7A). T
SYNV 472 48.9 244 26.6 244 40.8 435 ﬁﬁﬂ:ﬁiﬁﬂ, AGO ﬁE{(argonaute)XﬂL SRNAs S'ﬁﬁJﬁ
SYVV 51.8 55.8 29.8 35.6 31.0 47.7 49.0 *Zﬁﬁﬁﬁ'ﬂﬁ?‘@ﬁﬁﬁﬁ{’ﬁﬁﬁm]o Jﬂﬁ, Zlgﬁﬂ:%
IRVI 7 92 s a1t 102 o1 seo  AUTAET DYVVsa wsiRNAS ST LA 51
TBRV2 53.6 59.7 28.8 41.7 373 514 67.8 %ﬁ’ ’H%ZQA})L‘;H‘: 5'% ﬁﬂ‘@&ﬁﬁ} iﬁfﬂij\jﬁ
ZPNRV 318 682 364 477 37.6 49.1 49.0 F 25, o LUK W BE [uridine (U), o7 L
PR K45 2 19 LU 45 SR P AR B 5 L 57%] A L Mg I [cytosine (C), i Hh 33.74%] 5 M
The maximum percentage of identity observed for the genome F 5 (K 7B), X vsiRNAs & [A X Jaf ffsh &1 5 #r
and each protein is shown in bold. I, DYVV-sa vsiRNAs 7F 395 85 5L [K 20
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Figure 6 Phylogenetic trees built on amino acid sequence of L protein of DY VV-sa and other members of genus

Betanucleorhabdovirus. The trees were generated using MEGA X and the maximum-likelihood algorithms with

1 000 bootstrap replications based on the LG+G+I+F model, CYDV as the outgroup, the percentage of replicate

trees in which the associated taxa clustered together in the bootstrap test (1 000 replicates) above 50% are shown

next to the branches, virus isolates, abbreviations, genomic length and GenBank accession numbers are listed in

Table 3.
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Table 3 Description of the viruses used for phylogenetic analyses in this article
Species Virus name Acronym GenBank  Genome Genus
accession  length
number (nt)
Betanucleorhabdovirus Tomato Betanucleorhabdovirus 1~ TBRV1 ~ OL472119 13426  Betanucleorhabdovirus
alphalycopersici
Betanucleorhabdovirus asclepiadis Asclepias syriaca virus 2 AscSyV2 BKO014299 12940  Betanucleorhabdovirus
Betanucleorhabdovirus bacopae Bacopa monnieri virus 2 BmV2 BKO014480 13165  Betanucleorhabdovirus
Betanucleorhabdovirus Tomato TBRV2  OL472114 13423  Betanucleorhabdovirus
betalycopersici Betanucleorhabdovirus 2
Betanucleorhabdovirus cardamomi Cardamom vein clearing virus CdVCV  MN273311 13392  Betanucleorhabdovirus
Betanucleorhabdovirus cnidii Cnidium virus 1 CnV1 MZ983390 14 002  Betanucleorhabdovirus
Betanucleorhabdovirus daturae Datura yellow vein virus DYVV KM823531 13 188  Betanucleorhabdovirus
Betanucleorhabdovirus loti Birds-foot trefoil-associated virus BFTV BKO010826 13626  Betanucleorhabdovirus
Betanucleorhabdovirus mali Apple rootstock virus A ApRVA  MH778545 14 043  Betanucleorhabdovirus
Betanucleorhabdovirus Alfalfa-associated AaNV MG948563 13 875  Betanucleorhabdovirus
medicagonis nucleorhabdovirus
Betanucleorhabdovirus picridis Picris betanucleorhabdvirus 1 PBRV1  OL472117 15193  Betanucleorhabdovirus
Betanucleorhabdovirus plectranthi Plectranthus aromaticus virus 1 PleArV1 BKO014300 12994  Betanucleorhabdovirus
Betanucleorhabdovirus retesonchi  Sonchus yellow net virus SYNV L32603 13720  Betanucleorhabdovirus
Betanucleorhabdovirus Rhododendon delavayi virus 1 RhoDeV1 BKO014301 13719  Betanucleorhabdovirus
rhododendri
Betanucleorhabdovirus ribes Black currant-associated BCaRV ~ MF543022 14432  Betanucleorhabdovirus
rhabdovirus
Betanucleorhabdovirus taraxi Taraxacum betanucleorhabdvirus 1 TarBRV1 OL472118 13716  Betanucleorhabdovirus
Betanucleorhabdovirus venasonchi Sowthistle yellow vein virus SYVV MT185675 13721  Betanucleorhabdovirus

FIR PRI R [RIRT, 4% S4 Al S12 SFE

S BIE m A LR =B A Y B AR 5P 5
PRATEFE T 43 3R FEG Pty Y 67 G s - 21 4088
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J7 2R B AR B MR R Rk A5 M, H AT
T I AT e TR BT BRI 2. LS4 Y
& RNA AR, R RT-PCR. RACE #i
Sanger W J¥ AH 25 & 19 J7 75 B AR A% 57 B K
DYVV 5t 3Ly, Eamsi i DYV V-sa,
$EACE NCBI 88/, J¥HIE S50 PQ816761,
DYVV-sa B3 K 4H 4K 4 13 185 nt, 7] s i
6 /> ORFs, KX A N, P, P3, M. G fil L &
H. HAl, fFREWEN, PRILEATEESY
RS2, N, G EASRBRMNMEN

LwAa LM, 2ZF5 XL, DYVV-sa 5
DYVV (NC 028231) &z M AH AL, — 2Pt m ik
95.8%—98.1%, it = TIXJ& W Ar B Fh bR ifE——
L3 AT IR T 5 — 8 /N T 75%, L
B DYV V-sa J& DYVV ZESFE K E R —A0 8
Y, HARZ I DYVV #HbAE R EIR. R4
KBS RN, DYVV-sa 5 DYVV 205
PINC_028231) R4 LRI, REA L, %
g — U T DYVV-sa & DYVV (14
Bk

HE—3Hr DYV V-sa i) vsiRNAs 195> 147
fE, Z8 DYVV EYLHET| & ~FH K RNA JLER
M FHIPOREE I, 2Kk H DYV V-sa [ vsiRNAs
FHE Ry 21 nt 122 nt, H 2l nt N EE., &
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Figure 7 Profile of DYV V-sa derived small interfering RNAs (vsiRNAs). A: Length distribution of DYV V-sa
vsiRNAs; B: 5" terminal nucleotide preference of DY VV-sa vsiRNAs; C: Distribution of vsiRNAs alongside the
viral genome of DY VV-sa; D: vsiRNAs polarity of DYV V-sa.
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