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Morphological observation and detection of two mulberry virus
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Abstract Mulberry viral disease is one of the most important factors affecting the development of sericultural in-
dustry, but the pathogens of mulberry viral disease have been long unclear. In this study, two viruses were isolated
from the diseased mulberry leaf samples with crinkle or mosaic leaf symptoms collected from different varieties
and different sericultural regions in China at different time and further examined by transmission electron micro-
scope. One virus showed similar morphological features to geminivirus, and the length of virus particles was (27. 84+
1.7 nm and width was (17.05=%1.13)nm. Another was a globular virus with the length between 80 and 100 nm
and showed similar morphological features to Tospovirus. Both virus particles were observed in one mulberry leaf,
and Mulberry mosaic dwarf associated virus (MMDaV) and Mulberry vein banding associated virus (MVBaV) were
detected through high-throughput sequencing. Furthermore, 158 diseased mulberry leaf samples of mulberry leaf
were detected by specific identification PCR. The detection rates of MMDaV and MVBaV were 93.04% and 60.13%,
respectively, and the detection rate of both was 57.59%. This was the first report that MMDaV and MVBaV
were detected to coexist in the diseased mulberry leaf, which will provide a foundation for future study of mul-
berry viral diseases.

Key words mulberry viral disecase; Mulberry mosaic dwarf associated virus; Mulberry vein banding associated
virus; morphological character; PCR detection
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MR E R R ENEERNRZ —, i
YRR R e F B — R, 25,0
TE 1 2R B 2R BEG BE Mulberry ringspot vi-
rus Z& A8 55 8 Mulberry mosaic virus, 3 ¥ 5655 75
Mulberry necrosis virus. 3% & &% 7 Mulberry latent
virus. Z& K FH 2S5 7 Mulberry vein banding asso-
ciated virus. & £& M- %1 35 45 5 A1 & 9% 88 Mulberry
mosaic dwarf associated virus . & 463 MHFH 5
7 Mulberry mosaic roll lea f associated virus FlZ&
IRk DNA J%5 3 1 Mulberry badnavirus 1 %5, H
o, HUA SABEE B L R AL & A DG B R AE
RIZEAG R AR SN B FI R AR DNA R EE 17U [
PR 2622 2 (ICTVO YRR AH B AT 5 FERHEIR
Z ] AR P0G 2R i AR 2

A OGS BRI () HRCE 5 L BT 1936 4F, 2
IFGERR R R AL . 20 4 60 ARG, Bl & ik 5
IO HOR I K A SRR I 41
BRI R E A B 2 T k., 1971 4,
Tsuchizaki SE7EH7 A FRBEAR AN L2 4RI 95 v 43 B8
FAED) P 2R 3] — Fp BRI 2 (A2 22 nmD™,
1976 4, Tsuchizaki % X AL 55 22 40 1 48 S BiE 119
R 4y S — B R AL (K20 700 nmD™
1983 4, £7 5 245 W R G MRS Al (A PR BER 1 S5
SrE S| —FERIEN S (HARL 26 nm)™, 1988 4F,
RIEEE 2 = AF N 22 ARFNAE MR S it v 3 3l 53 15
H—FPLRI G RE (K 600~700 nm, 55 11~12 nm)™
1988 4, gk H 2245 R IR BEH AL i 1) Z v 73 25
— PRI R (42 25~30 nm); 2014 4F, Marei
5 INAE I 8 I R TR S R 110 5 o 8 B — X
AN BE CRUBRIAR T 57 nm) ™ B AR AE S b v 4 5 9
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AR F b 73 8 W58 3] — Fh AT AR DNA J 8¢ 1
(150 nmX30 nm), It i EAZFER T Y PCR
(DOP-PCR) £ ] 5] DNA FFA4R %5 # 1 (1 77517,
2014 4F, FAFTERWEER T R b B B R 5
W AH G 5 (28~30 nm) , I 455 & Fh s T LE )2
J7 B % % R T A UL 2w iAo RN,
2015 4, Meng S5 7E AR M F1 22 AR (1) S i rp oW 22 3|
— PR AR T, I 38 Ao e 38 I R ISR K A G
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a: Crinkle mulberry leaf; b: Ringspot mulberry leaf; c: Big-spot mosaic leaf;
d: Mosaic and crinkle mulberry leaf
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Fig. 1 Mulberry leaves with suspected various symptoms
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a: Sample location of three provinces, Guangdong, Guangxi and Hainan;
b: Sample location of Chongqing
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Fig.2 Map of mulberry leaf sample location
(according to the national map drawn by National

Bureau of Surveying and Mapping Geographic Information)
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Table 1 Sample numbers based on symptoms on mulberry diseased leaf

SRR 5 NI i)

Location and time

with mosaic

R =Rl RN R T G R TR N B T G e ST RN T

Number of samples

*:{"Ell‘l [y i&

Number of Number of samples Number of samples

samples with wrinkle  with two symptoms with symptoms

Z P 2017 4 4 H April, 2017, from mulberry garden 31
Zpd 2017 4£ 9 A3 11 A

September to November, 2017, from mulberry garden
Z el 2018 4F 2 H February,2018, from mulberry garden 24
448X 2017 426 A3 10 H

June to October, 2017, from four provinces
AR EL Total samples 102

15

32

43 22 52
15 4 26
37 24 37
33 22 43
128 72 158
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Table 2 Collection of mulberry leaf samples from different regions

SRAERT ] /4~ H-H SRAEH R SREERTE]/4F-H-H RAEEHb AN
Time Location Time Location
2017 - 06 — 15 F AR A TR EL 2017 - 08 — 14 JRB E T R
2017 - 07 - 10 T AR R R AR 2017 -08 - 14 RPN MA
2017 - 07 -17 INEEEOR 2017 -08 - 14 IAREEM R I
2017-07-18 T PEAIIIR L o 2017 -08-15 T AR T 4
2017-07-19 T PEATIR L XL 2017 -08-15 T AR T AR 55
2017 - 08 - 01 J AR T o R 2017 -08-16 T 7R FHYL T A 7K 48
2017 - 08 - 03 RS PR R AR B A B 2017-09-18 SERAARL R 24 SR AR L
2017 - 08 - 05 TG T AR A 2017-10-13 T AR A LT I X R R PR AR R
2017 - 08 - 06 T BT AR F A B A REH 2017 -10- 21 T AR BH LB BH L A F
2017 - 08— 12 IR R B A E = 2017 -10- 22 T 2R BE L LN T A
2017-08 - 14 I RE ET AT 2017 -10-27 P HRT EA R
2017 -08 - 14 JARE TP 2017 -10- 29 NN 3T
1.2 A W 10 000 g B0 15 min, 3) % E3F. A 3 mL/g

1.2.1 jREFWN Q&SR EY Rl 1E

FACM RIE AR AR R o B A i D %
I 50 g. LA 2 mL/g (28 th % ¥ (0. 1 mol/L 1y
FERRZE v, pH 6. 0,5 mL/L f3idt 4D , FTH
g, 2) ERENFLAL mL/3 g i F) .10 000 g
250 10 min, BB, 3) A4 £ ZEE 6000
(70 g/L) FI& 4L 40 (0. 2 mol/L), 4°C F#i$E 3 h,
10 000 g&.0> 25 min, £ FiE. 4) A 0.1 mol/L
IR G Mk ki, 4 CHiCE 24 h, 5) 10 000 g B0
30 min, B B3 . EE IR, 6) A 10% &1, 1%
7,10 000 g &> 30 min, B FiE. MAZF] 10% ~
40VE<JF$%%W$I“ £>+300 000 g B0 1 h, HL
EIRIRAE > 302 000 g YURFE0 1.5 h, B VR ULE,
R ﬁEE’Jfﬁﬁ PRI THCE T 4CE

S FHOC R LR 5 . D S 50 g,
JA 3 mL/g B2 vh ik (0. 1 mol/L W PR ¥4 5% th i
W,pH 7.0,5 mL/L g5 L)  F T g . 2) g

{14 % WL ofF R/ NIRRT 408 11 25 6 DOV P i
JBAJ 30 min, 4) 8 000 g B.0> 15 min V&, 4
T 100 000 g B.0> 30 min, 2 B3, 5) ULiEHm
A 2.5 mL ZZ PR A E] 1026 ~ 40 %6 fEHE 6
B0, 70 000 g .0 45 min, WA 777G i 55 UKL 7L
Fir . 6) A 1 1wl B, 100 000 g #5.0
L h. 7 K 8 WORL A DITE ALY 1 mg/mL [
W VR T IR K,

F Y] A WEL . D S AR A Al
F10.1 mol/L pH 7. 0 fYTEFRZZ thil 1% 4 IR BRI
15 min, JEHEHIH I R R A R, 2) SRR S
50K 4°C [ 5E 1 0, B IR 2% v ik (0. 1 mol/L,
pH 7. 0)EE¥E 4 YR, BYK 15 min, 3)1% 48RS B &
T B RZE IR 4 WK BRIR 15 min, O HRIKRAE
FH 30%.50%.70% .80 % .90 % Z i 7K 4% 10 min,
100 % Z B /K YK » £ 15 min, 100 %6 A4 PI R 7K
PIU, BRK 15 min, 5) N/ IE AR EL 17535 (31
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4 h,1:117 h,1:3 8 h, 4liffig 24 h) ,70°C R 24 h,
6) FL IR HAI AL 70 nm [AEEED] A
1.2.2 EMPRENTAFAE

o9 B SR BT UL - Tl JEE A o) W o5 2 B T
& 5 min, FH 220 AOBSER SUA B 7142 2 min, AEgL T
RGBT 120 kV iS55 T gL,

Y] WSS Y] R R R AT R
UYL, K TS BT 120 kV B ST F WEg.
1.2.3 Zrf & DNA By B

KR B CTADB & fh 20 9 55 H 2 DNA,
PS5 AR 0. 05 g AR 1.5 mL EP 481,
A 2% CTAB (% 0. 1% B33k L 20l 600 1L
R IRGIRS) . 65°COKI 3~4 hy ARG InA %
R /A5 Y% 1 5) 5 min, 12 000 r/min, B0
5 min, BUKAH E3% s A 400 L &5 1 %,
Vs SRR Y S N B BRUENR ST 50K AT
B h DLE R R A A B0 R 2l A B A
91,12 000 r/min, 30 s 1538, FEUEW s T 70% 2 FE
500 pL Y%, 12 000 r/min, 30 s i JEPN IR, fc 5 45
LR R B A R — B EP &, i 30 pL
ddH, O % DNA, {14 BR 13 43 06 0 BE 114 DU
R 0 Kl 54 0 > BT —20°CUKFE PR A4
1.2.4 Zrt & RNA BRI KR F A KR cDNA

fdi il Magen () RNA #2 B ik %] & (HiPure
Plant RNA Mini Kit) #2 & M- 5 RNA, Ff-fif % R
Tl A C B TR BT i, A DU A ] TaKaRa 2
R & A L cDNA B T —20°C & A1, & RNA #
T —80°CHfisiL .

1.2.5 H#EEIMNF K PCR &M

W AR ANAE IR SR 43 36 ) N B Bl 3 AR
A BRS ) THEAT 5 S 4 v 3 0 A TR 4 DNA
PR I

FKAH A G T 1 RT-PCR 6530 . AR 3 3% ks
PO B TR R AT Ry 1 (KM819701. 1) i
TR 151 4. LiE54 S2776F . 5'-CATAG-
CATCAGCCTCAA-3'; FiiEa| ¥ S3225R: 5'-GT-
CTACCGTCCGTCAGC-3', KWK 20 pl., 4%
2X Tag Master Mix 10 pL,ddH,O 7 pL, 0 &L
DNA it 2 pl, b RIS #9145 0.5 pl., PCR &A%
g 95°C FiAEPE 5 min, 95°C A8 30 5,60°CE Kk 30 s,
72°CHEAH 20 s,35 MEH . g5 72°CHEMH 10 min,

FACH BRI ZE A A O FE I PCR AN, A6z 0 4
58| ¥k MCP746F/MCP1148R™) . | i 5| ¥

MCP746F; 5-CGAGTTTGGCAAGAAGGAAGAG-3';
T8l % MCP1148R: 5 -TTGGCTCCCACTAA-
ATGAAAGG-3'. RIiAZR 20 pl, 4§ 2 X Taq
Master Mix 10 pLL,ddH.O 7 pL, it & DNA g
B2 pLs bR HERI4 0.5 uL, PCR %44 95°C
FiAS P 5 min, 95°C AR 30 s,61°CIB K 30 s,72°C 4E
fifi 20 s,35 MER 5 72°C A 10 min,

2 HRESH

2.1 BRRRBEHRSIFE

53 AN [ R 1) S v 43 88 iAo 35 6 55
BIFRE G 1B ST T A TSR (B 3), )
B AT R S PR IR A = 2R S 3 RE
BRI S ZE T~ (& 3a~b i3k Frn) s B
HLBEIL A 20 AN B EERL T LA S 20 A BUB A5 B
KL o foT FH I S S SRR 3 A 28 6 0 S5 7 R/ )N S 20
ARG 07 1) - BLAR S (27, 844 1. 71) nm,
20 A PAREH E 42 R (17. 05+ 1. 13)nm, 540, M
FERPRATAE T PR R bR ) S i rp i 4y 2 31— i gl
WA BRI R (8 5a)  HoR/N R (80~100) nm,

XFANTLAE AR 7 S ik AL 2000 R i) H e O 4% SR
(& da~c. [l 5b) , FE41 A 340 FIAL i I FRE IR A 5%
I UL 2 38 R A4 B ARG 7 . S 4 4 [
FE U 55 4 R R, 3 X L2 3 4 2 B 2L K, 4 i
PRI AT 118 PR € 3 R ) 3R A R ok 1149 75 JOURE R
5L, 2R IR B — R A7 A W I 1 XU AR 5 44
TN K 17 nmX 28 nm ([ 4a~c) , LR 505
PR B b T IS — 3. 53 4h, A L4 fifL Tt
WS 0 40 M 2 4544, HL 2 A — 264 200 ~400 nm
P FERERRIE KN R 80~100 nm, X 543
BRI dER T S AR .

L SO AL Saics 4 ﬁ;
S B

) . = Lag -
a: JRAPRLF; blle: BIRWEER
IR s s 5
a: Viral particle; b and c: Enlarged observation of viral particle morphology;
The arrow indicated the conjoined virus particles and the circle indicated the
monomer
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Fig. 3 Observation of the purified virus particles of

T IERS; ad &

MMDaV by transmission electron microscope
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a,b and c: Enlarged observation of viral particles in mulberry leaf tissue

B 4 RLHBERRFEXFE MMDaV ALY F N =R
Fig. 4 Observation of MMDaV in tissue slices by

transmission electron microscope

2.2 REMEEENRFSH

PR AN 25 R (3R 3) B TEALARFE S TP A
IEN) DNA J 5741 00 LE B DNA G RE A &
A6 5 4 i A DG B (MMDaV) L 5 i A 7] 32 17
B 0. 001 876 s FEALMAE i AL 21 i1 RNA i 25

JF5 . % EE B ) RNA g 35 A0 A 5% Bk AT #5696
(MVBaV) . 5 B a5 519 0. 490 8%, 4 & B H:
7 .

7

200 ni

| F20)

a: 4+ B HALIKIMVBaV; b: S EM-RFE - ALY - v R Rk

a: Purified MVBaV particles; b: Virus particles from diseased mulberry
leaf tissues with mosaic and dwarf symptoms

5 ESRBENRRKHEEXRKE MVBaV
Fig. 5 Observation of MVBaV by transmission

electron microscope
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Table 3  Analysis results of high throughput detection of mulberry disease leaf

. ‘ SR R Al
By R Gam eritog e
NGRS E S 2II1E 3¢ hgZliFaie ; g ZliEai . hgZliEais ;
. ) Ratio of mulberry . Ratio of the Ratio of unknown
Sequencing Total The reading of . . The virus . . Unknown .
. . sequencing reading . virus sequencing sequence readings
object reading of mulberry i sequencing . . sequence .
. . accounting for . reading accounting for . accounting for
sequencing sequencing . reading . readings :
total reading total reading total reading
DNA 33 189 170 30 412 586 91.634 1 602 0.001 8 2 775 882 8.364 1
RNA 48 525 596 46 677 311 96.191 1 238 177 0.490 8 1610 108 3.318 1

2.3 PCR#&EMENPHHES
2.3.1 FHFEREEN PCRANER

I 4% S M 51 9 MCP746F/MCP1148R, %if &
FE T2 45955 AH O B (MMDa V) 3547 PCR A&,
5N T RE U DNA Hh 7R KN
400 bp AYZEAE (& 6 K38 1~9) . 2% [0 BRI AT H
B Ay (& 6) , i B PCR VAR R A 155 (H
TKIE 10 YA B E B S, T BB L FE AR R R TE
MMDaV 5 3EH (F 6) . K5 PCR PHPESE R % Eif
A TAEY TREAT BR 2 /1, 7 25 5 5 DNA
B MMDaV JFFIAHBIEE 53k 97 6 . Uk BH S 41k
dif77E MMDaV,

4 SRS |9 S2776F/S3225R X Z& ik s #H 6
Y e (MVBaV) 1T RT-PCR £l , 25 5 (K 7 IR,
PKIE 3~9 FHAE AR DNA FE1E KN 450 bp 22
FRYEHT . 25 X RR 11 SkaE To 4007, UL AAFAETS
Yo, PKGH 1.2 A1 10 $BTC50  FTRERE S TP AIEEE Y
WiTE. K 450 bp £ RT-PCR 25 55% FigA: TA
Wy TARA B R 0 45 S5 RNA Ji# MVBaV
FEARLEE B33k 99 %6 » Ui S AR i P A7 AE MVBaV,

M 123 456 78 91011

bp
1000
700}
500~
400—
3007

200”7
100~

M: TaKaRa DL500 Marker; 1~10:ZxM-4£ 5 11: 22 AXFHBOK)-
G

M: TaKaRa DL500 Marker; 1-10: Mulberry leaf samples; 11: DD

water. The same below

6 PCR #&il &M s i) MMDaV
Fig. 6 PCR detection of MMDaV from mulberry leaf samples

2.3.2 FREZErFEES T MMDaV F1 MVBaV # 1 2 4
X SR AN ) ] AN [ it Ao R AR ) A5 5
SR R R B A TASI L A 45 SR (] ) R
158 {43 38955 1 KE 5 MMDaV (1) K H 38k 93, 04%
(147/158), MVBaV K % A 60. 13%(95/158),
LRIKS %3k 57, 59%(91/158), 102 1y FF AL I
1) 3 - e SEAE I T8 32 45995 AH G B (MMDa V) i K
Rk 95, 10%(97/102) , F ik A7 &5 75 (MVBaV)
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(RS HE ok 65, 69% (67/102), 4t [F] 46 Y 28 &5 ik
64. 71%(66/102) 5 128 {3 B4k 45 1y F it MM-
DaV [ 20y 92, 97%(119/128) , MVBaV (1)
o 61, 72% (79/128) , Fh R Kt K 3k 58. 59%
(75/128), 72 foy [ B 485 21 19 Fofoofi R 7 5 i vt MM
DaV ¥t 95. 83%(69/72) , MVBaV Hy#: 1 %
70. 83%6(51/72) , JL[lkG H Z 3k 69. 4496(50/72)

M1 234567389101l
2R ) e 2

&7 RT-PCR#iUEH i MVBaV
Fig.7 RT-PCR detection of MVBaV from mulberry

leaf samples

[JMMDaV [Z]MVBaV g MMDaV & MVBaV

., 100[-93.04 95.1 92.97 9583 T
SE g ~ 3 ER
‘%’é 60 - B
=3 2l el i
23 qor | |1 % z;z;z
2o ||| fzizi

B 0 f:f: é ) A7 B % R

PR WEIEM AR SRR AR AR A
All diseased Samples Samples  4E4PIRFESN
leaf samples ~ with mosaic ~ with crinkle Samples

with crinkle
#E 5 Sample and mosaic

B8 FREERRM P AMREEEHEST
Fig. 8 Detection rates of two viruses in mulberry

leaf samples with different symptoms

3 g

Ma &5 7E % - v i 90 S A6 i 78 28 4 AH OG0 75
(MMDaV) , 33 it 73 A= W0 2% 53 AT A %0 5 &
FRUERG R B  (HA R T EA 1258 L (H At
FEARMELRR R SRE . AWFSE B IR EARIR
AEEPRAFNHE AT AR PR 1) = b e i v 5 38 LB A
TSR R, £ (27. 8441, 71) nm, 5 (17. 05+
1. 13) nm, iR R 5 BUE R 3 R 7% (20 nm X
30 nm) [ R/NRTE SRR — 3, 5546, AERT
FIHE T AL B2 87 W Ao R S v i 2 31—
AL (200~400 nm) AL ZE Y BRRIFRE - HOR/NA

(80~100) nm,iX 5 Meng SF7EFRMHL Y] il
SRFN R ERRAF B 2, 5 T 00 BE 2 B IR 1
A8 G E AR B B A5 . X5
AT U0 WS 75 A 16 0 45 4 PR A RE IR 7 5
I Ff [i] B UL 38 RO AT 25 2 BRI 2 . X
FhFst g DNA K RNA #4785 %, & 9
A4 i R 1 & i A I B MMDa VT 48 i AR Y
F A ) MVBaV 38 i 15 38 07 o gk — 2
WaRE T ST AEFE X B A 8. PCR Kl ¥
FEFIRE R R B3 e 7 . O ELSK PR
FE ) — B AL A £

AYHEAS ] s 18] L ol 0 3t B 037 A 320 i v
MVBaV FI MMDaV' 1 Ffip5 2 1) 46 0 45 5 . & BLAE
158 {4 Z2 9 i v, MMDaV 1) £ 4 2 2 93. 04 % ;
MVBaV 46 2k 60. 13 % ; B Fp 25 7] I 4G 1 %R
4 57.59% . XFH MMDaV fl MVBaV £S5
HtE i A7, I LR — 38 v H A7 A 5 o 2 1 R
LALARY 3 . Meng S5V 7E 2015 4R Mk L IR BE AN
22 SF A6 v RE AR A S R & B MVBaV, 9 3115
MVBaV 4 3 F 41, AT &5 R it — 2 %W
MVBaV 5@ 8 A &, 2015 48, DR H Bk
PUZERR2EBERT 92 4 S MMDaV (45 26 5
K 92. 400 R BAL 2RI TE N 52. 17 %0, BRI
FEAETR A IR L0, I FLAE O R
T L THEY BB IR A IR T O, U
BRI A AR . AR WA BT Rt
PRI FE TR G B 4

ENTEMERONET Y Al NS TS S = )
XA [7) 5 el %) S8 i HR RS 31 MMDaV il MVBaV
PRI RE » 3K 79 o 74 38 3l A7 A T 46 I R A 4 i AR
(IS, BAFTEIR G IR % . R L 7E S i
RIS o 2 TR 2 P R G T 1 O 5 T 25
B9 7 1 » 5 B R 2 Al d R A T BT IA » LA
B YR TT B o

S22 3Lk
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