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Identification and analysis of viruses and small RNA in
deformed mulberry leaves

KONG Weiqing, LING Jun, YANG Jinhong"

(Shaanxi Key Laboratory of Sericulture, Ankang University 725000, China)

Abstract A total of 68 deformed mulberry leaves were collected from mulberry garden in Ankang city. Four
viruses including mulberry mosaic dwarf-associated virus (MMDaV), mulberry mosaic leaf roll associated virus
(MMLRaV), mulberry mosaic dwarf viroid (MMDVd) and mulberry cryptic virus (MuCV), and mix-infection
were found by RT-PCR amplification in the samples. And then, the small RNA deep-sequencing and analysis of
mulberry leaves mix-infected by four viruses were carried out. The results showed that the SRNA was from four
viruses of MMDaV, MMLRaV, MMDVd and MuCV, which was in accordance with that from RT-PCR. The
analysis of SRNA length showed that the predominated length of MMDaV sRNA was 24 nt, while 21 nt for other
three viruses. The results of 5'-terminus nucleotide bias showed that 5'-terminus nucleotide of MMDaV genomic
strands SRNA are most A and T, C for MuCV, while MMLRaV and MMDVd are both preferred T.
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Table 1 Primers used for virus detection in this study

TR 519 FF31 (5'-3") HxRE JrBet JiE /bp
Virus Primer Sequence Accession no. Fragment length
BB T R A e MMDaV-F1 CATTGTCAGGCTGTGGAT KP303687010] 252
Mulberry mosaic dwarf MMDaV-R1 CCAGAATCCTCGTGATTATAC
associated virus MMDaV-F2 GGGGATGACACAAACCAAAG 450
MMDaV-R2 ATTAGCAGTCAATGTCACATTC
PR MuCV-F1 ACATCGTCTTGGCGATCCTAA MW029479 * 329
Mulberry cryptic virus MuCV-R1 TCTGTATTCGGCAGAACCGTAA
MuCV-F2 CAAGCCTAGGCTAGCAAGCTAAAGG MW029480 * 668
MuCV-R2 GCTCTTCCCCATACGCCTCTAAC
EY Gy B A MVBaV-F1 TCAGTTATAGCATCTCTGAATG KM819670* 515
Mulberry vein banding MVBaV-R1 TCAGACAATCAGATGAGTCAAG
associated virus MVBaV-F2 CATAGCATCAGCCTCAA KM819701 * 966
MVBaV-R2 GTCTACCGTCCGTCAGC
Z IR DNA JR#E 1 MBV-1-F1 CAAAGGTCTAGATTTCTGTAAAG LN651258 * 703
Mulberry badnavirus-1 MBV-1-R1 GTGCTTAGCGGCTTCGGCACTGG
MBV-1-F2 GCATTTGCGAGTGGAACCTTT 526
MBV-1-R2 TCATCGACGCTAAGTGGCATT
S AC I G A 5 B MMILRaV-F1 AGAGGTATGATGGCCACGCA MN240484 * 480
Mulberry mosaic leaf MMILRaV-R1 GATTCATTCGCTTCTGTACAAG
roll associated virus MMLRaV-F2  CTCTTCCCTTTGATGTTCCCTT MN240485 * 633
MMILRaV-R2 AACCAGGAAGGGGACGAATACC
FAEMEg A MMDVd-F1 ATCCACAATTAACCGCCAGC KJ532933* 356
Mulberry mosaic dwarf viroid MMDVd-R1 TGACCGTACTCATGCCTAACA
MMDVd-F2 AGACCGCCGGAGCCTCAAATC 270
MMDVd-R2 GAACGAAATTGACTGTAGAGAAC
AT B B CLBV-F1 ACCAATGACAATGCCACA MT767171L6] 694
Citrus leaf blotch virus CLBV-R1 TTATGAAACTCTTCCCACT
CLBV-F2 CTGGAAGTATTTGGCATCA 341

CLBV-R2

AGTACATCTGCCTGTCTTG
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4R 1 Table 1(Continued)
T 519 FF31 (5'-3") BRS Ji Bl /bp
Virus Primer Sequence Accession no. Fragment length
221 BE A B 7 PNRSV-F1 GTTTTTGTACTCGTGGTTGAGTT KT44470111] 578
Prunus necrotic PNRSV-R1 ACTGCACTACTCGACCAACTGTCTCTAAT
ringspot virus PNRSV-F2 TCTTGCAAGAAGTGCTATCCGA MH28249911] 595
PNRSV-R2 CGGAATCTGCACTCGTGGTAA
B 2R S5 7 TSV-F1 AGATAAGTCGCTTCTCGGAC KX405023L8] 929
Tobacco streak virus TSV-R1 TGCTCGCATGGGTCATAGAC
TSV-F2 GTATTCTCCGAGCTTAAGATAC KF264463L8] 1 200
TSV-R2 ATGGTCTGGACCTTGGATCA
Actin-F CCTCACTGAAGCTCCTCTCAAC HQ163776 Bl
Actin-R ACAATTTCCCGTTCAGCAGTGG

D) BB TS i W BF FoR 51 AR SO T EOR IR SR

The asterisk ( * ) or number in square bracket indicated the primers were designed in this study or from literatures.
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BE, TR = o 18~28 nt 1) sSRNA, fifi /] Bowtie
L0 ¥R 1 1 JC 2 25 3 [ 4 43 B o 8 9 3 0 B
sRNA, 45 1 sRNA $i K B 5 o 4% R 41
B X PR 2 PR B A AE S R R P A S
HFSIMAR BB RS 1~27 nt FIMESH RN
HilttT ¥
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RT-PCR X} 68 {73 W f S i i dE A7 60 » 45
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g, Horp MuCV AR 14 iR IR i ]
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TSV
actin
Marker

a: 4PREEE AR YLFM: be: 2074, 3, 2, VRR R AR ARSI 2 {2 FREXS i; Marker: DNA Marker DL 2000; actin: 23k

a: Mulberry with four viruses; b-e: Detection of samples infected by four, three, two, and one viruses, respectively; f: Healthy control; Marker: DNA Marker DL

1 4 MEEESRERMMER LB SERERNEN

Fig. 1 Symptom of mulberry infected by four viruses and the detection of samples infected by viruses

2000; actin: Reference gene



. 954 145

45 147 2022

PR E AR (K 1a), MMDVd 1 %
H47.06% ., BT A K MMDVd (1) ke A 1y [ i)
59 ) MMDaV #l MMLRaV (& 1¢), MMLRaV
ARl 83. 82 % (] 1d)  MMDaV 1E 68 3+
i A I (& 1e), MBV-1, MVBaV, CLBV, PNRSV
TSV 25 5 i B 76 A R B HE A h A £
N
2.2 sRNA RHFHES

RERRBE A /N T 18 nt KT 28 nt

D B 52 15 G S8 A8 F A R X BEARE AR 43 03] 7%
#) sSRNA JF%1 58 920 928 45H1 32 715 082 45, %K
b U8 I 52 A R g R FE AR SR A5 9% 1 sRNA JF
G116 470 767 25, X MAEARNRTG 74 25, JLF K
HIR R FH] (£ 2), 5 GenBank i 7 5
VR S % 5 B P 8 AT L, T 1% sRNA AT D)
%t E] MMDaV, MMLRaV ., MMDVd, MuCV 4
Tl 25 1 A% B2 7 41, 5 i iR RT-PCR 48 & 45

— 2.

*2 EAREFX BRI sSRNA #
Table 2 Number of sSRNA reads in mix-infection mulberry and control sample
S : MMLRa MuC
siifle Tiaigll\?A \i'?i S:;NNAA MMDaV MMDVd RNA1 = l:/NAZ RdRp = cp
H4EY Mixinfection 58 920 928 6 470 767 4 715 220 1329692 252193 157783 3564 12 315
X} H&  Control 32 715 082 74 26 0 7 33 2 6
421t sRNA 1 K £, MMLRaV, MMDVd, 100 -
MuCV f sRNA KDL 21 nt 5 £, ] MMDaV ¥ = 80 _g g ! ! % Oa
SRNA KDL 20 nt RE (2. S8k aA  oF | o
WFFE 4 Pl 2 32k R 2L BP0 B RMSE 1Y) sSRNA 1 A i §;§ ||
FICE 3) S5 8% MMDaV JEHAEE sSRNA 95 Z 8 Y[ G
AL A FT B 87 10% A T F o | | o
32.39%, HAh#E DL A S A, 5 BB 44.57%, 0
MMLRaV il MMDVd % 415 sRNA 1) 55 3 B Rl ElE OEIE R
LT J525 3478 BB 5026 1L TG Tt L BTl "R "R T
HURL LA R G %, MuCV S 415k sRNA [ MMDaV MMLRa\;ﬁ%; MMDVd MuCV
Viruses

5'RuLL C 2, i Mg 54. 15% , B AMiE E5 N
AL B 70. 66 %,

50
£z MMDav
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O Mucv
o ™
§ § 30 :
=2
= 20

lj;‘ Meed] meel] el e
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Reads$:Ji /nt
Reads length

B2 4755 sRNA KEST
Fig. 2 Length distribution of SRNA from four viruses

B3 4MRESERAHEMEIE SRNA 5'-RinmE
Fig.3 The 5'-terminal nucleotide bias of SRNA from

genomic and negative strands of four viruses
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i 25 A 5 A 11 2 i 300 A DR 413 1) 7 P 2
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MMDaV 2l WA 5% 75 B} Geminiviridae J% 5
N gk B b &M 45 i 9% 3 (mulberry crinkle leaf
virus, MCLV), H fif B B 5% 3= %2 5 v 7695 5 1) K
M, 28 J5 @ S7. T B 2 W% fff Cenzyme linked immu-
nosorbent assay, ELISA) | #% g B¢ /& 2% 38 (nucleic
acid spot hybridization, NASH) . 3T SYBR Green
I i qPCR RS k1 Se gt PR AR R0 31l
Fi2k i H Hemiptera #3 BBl Aleyrodidae & #5; @l
Pealius mori BRI RN » FonT 3l o IO 3R 55 L 2 1%
TR G H G RR A, (HOCF MMDaV [y
R YLME g 290 S 3 DAL 5 i 2 A G AT
MMLRaV R 8L 5 46 M35 8 FF Comoviridae B 5,
2014 4F f5 A AT 78 6 0 4 i RE R S b & B,
MMDVd Sy 3055 B G R 1 PR /N3 - 36
R RNA(mulberry small circular RNA, mscRNA),
B EH U9 B s H o8 MMLRaV ) T 2 RNA,
MuCV 2k W56 T B} Partitiviridae i 57, 2020
AEALE RV 22 HEHD X R B, MuCV A4 B 2 1 IR TE TR
] A3 200 1 5 DR R 8 25 [m] B A A T 0 AR
S rh S5 SR B ) TR A iR R AL T 2%,

TR H9% B 1= 94 1 i F2 vh ol i RNA 7T
BRAVL 02 1) 9 75 5 DR 40 mT 7= A B /N RNAYY 5
AR R/ RNA TR B2 e & B0 R DA 40 5 D
B Z o AR SO SRR R Y e T S AT T
/N RNA REERIFE 071 H B 5 25 755
5 RT-PCR % 5& — 20, AR & I HAW B % 8 6 5
SRNA [ AR FIHAE 25 AR N S I BL A DG, A
SCHE— A3 HT 4 R EE sSRNA K BE R 5K S 4
. MK .3 F RNA 7 MMLRaV, MMD-
Vd fil MuCV 4 sRNA K F 34 21 nt, DNA J5
7 MMDaV Lk 24 nt fx £ . 5 F AR 218 1 15
(African cassava mosaic virus, ACMV) 11457 —
L BEE 3 Fp RNA A1 DNA 9 8 f1 A8 [] Dic-
er-like(DCL) FE E i T A N . A JH) sRNA ) 5'-
RIS PEE T HEE G 1 28 A, 5 K7
B4 75 1 » MMLRaV fil MMDVd [ —%. 5
MuCV #1 MMDaV ¥ 7] i B AR F 58 52 5 i 7
RYLFPHAFEZ A sSRNA UGN R AL, Ay S
P B 1 52 Ml 1R G LTRSS B 1 kA o
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