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Effect of Botryosphaeria dothidea Chrysovirus 1 isolate belonging to the
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strain infection in pears
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Abstract: [ Objective] To identify LW-C infection by only Botryosphaeria dothidea Chrysovirus 1 (desig-
nated as BACV1), an attenuated strain, and evaluate the effect of BACV1 on the biological features of the
phytopathogenic fungus of B. dothidea. This study aims to answer if BACV1 is responsible for the attenuat-
ed hypovirulence of the phytopathogenic fungus B. dothidea. [Methods] In this study, the suspected
strain (designated as LW-C) only infected with BACV 1 was obtained as the test material, from the hypovir-
ulence isolate of LW—1 coinfected with BACV1, a member of the family of Chrysoviridae, and B. dothidea
Partitivirus 1 (designated as BAPV1), and a member of the Partitiviridae by the hyphal tipping technique.
In order to confirm LW-C only infection with BACV1, isolated from the LW—1 strain, dsRNA detection,
RT-PCR and sequence analysis were used. To assess the biological features of LW-C strain, mycelial
agar plugs from the colony margin of a freshly cultured LW-C strain, LW-1, LW-P and HL-1 as controls,
respectively, were placed on a PDA in petri dishes (9 ¢cm in diameter) and incubated at 25 °C in the dark-
ness for determination of the mycelial growth rate and for phenotype observation. The virulence was detect-

ed by inoculating detached fruits of Pyrus pyrifolia ‘Huangguan’. The lesions developed from the strains
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were measured and recorded at 7 days post—inoculation (dpi) for the inoculated fruits. The horizontal
transmission of BACV1 infecting the LW—C strain was assessed by LW-C and mock dually cultured. The
derivates from Mock were biologically characterized and their virulence was determined as described.
[Results] BACV1 only infection with LW—-C was confirmed by the detection of dsRNA patterns, RT-PCR
for RdRp genes and sequencing analysis from dsRNA2 of BACV1. The biological characteristics of the
LW-C strain were analyzed in comparisons with B. dothidea strong virulent strains of LW—P and HL-1,
and the attenuated strain LW-1, respectively. The results showed that LW-C exhibited an abnormal phe-
notype with irregular and sectored colony margins. The growth rate of strain LW-C cultured on the PDA
(25 C in darkness) was slower with 4.29 mm-d™', almost equal to that of LW—1, whereas the growth rates
for LW—P and HL-1 were 22.05 and 15.5 mm - d', respectively. In addition, it was difficult to produce
spores for the LW—-C. More importantly, the LW—C strain exhibited no or very weak virulence on ‘Huang-
guan’ fruits, equal to that of LW—1 with a lesion size of less than 5.0 mm, respectively, whereas the lesion
sizes were 38.65 mm and 34.56 mm on fruits for LW—P and HL-1 of the B. dothdiea strains. The hypoviru-
lent characterization of the LW—-C and the horizontal transmission of dsRNA with LW-C to mock (25 °C in
darkness) were determined. In contact cultures between strains LW—C and Mock, the Mock grew rapidly
and covered the entire plates after 3 days, while the LW~-C strain grew much slower. Five mycelial deriva-
tive subisolates selected randomly (designated as M—13, M—16, M=17, M-21 and M-22) were obtained
from five derivates of the Mock in five contact cultures of LW—-C/mock at 3 dpi. Isolates of M=13, M—-16,
M~-17 and M-22 were similar to the LW—C strain as the donor in the mycelial growth on the PDA (1.1 to
3.9 mm+d™"), morphological features of abnormal phenotype with sectored regions, and weak pathogenicity
on the pears (fruits of ‘Kuerle Xiangli’ and ‘Huangguan’ had lesions of 1.3 to 5.1 mm and 3.1 to 5.9 mm
in diameter, respectively), which was apparently different from that of Mock in the growth rate of 18.5 mm-
d™', and the lesions of 29.7 and 32.3 mm on fruits of ‘Kuerle Xiangli’ and ‘Huangguan’, respectively.
The presence of dsRNAs patterns in derivates of M=13, M=16, M-17 and M-22 were detected by 1.2%
agarose gel electrophoresis, which were in accordance with that of the BACV1 from LW-C. Therefore,
BdCV1 has inhibitory effects on LW-C, which can be horizontally transmitted to mock through a hyphal
contact culture. However, the other subisolate of M—21 in comparison with the parental strain Mock
showed no significant difference in the growth rate of the 13.6 mm+d™' or virulence on the pear fruits of
‘Kuerle Xiangli’ at 5 dpi and ‘Huangguan’ at 8 dpi with lesions of 23.6 and 31.6 mm, respectively. Lots
of conidia were observed on the PDA palate at 7 d for the M=21 strain. Examination by agarose gel electro-
phoresis disclosed no dsRNA existence in the M=21, revealing that BICV1 from LW-C could not transmit
to Mock. [Conclusion] Tt was demonstrated that LW-C isolated from the LW—1 strain infected only by
BdCV1 resulted in significant alteration in the growth rate, virulence and phenotype of the phytopathogen-
ic fungus B. dothidea. The obtained results support the suggestions that BACV 1 is responsible for the at-
tenuated hypovirulence of the phytopathogenic fungus. Till now, this is the first report to confirm that
BdCV1, belonging to a new member of the Chrysoviridae family, induced the hypovirulence of the phyto-
pathogenic fungus B. dothidea. Therefore, the BACV1 of Chrysovirus is a good candidate for the biological
control of apple and pear ring spot diseases. In the future, it will be necessary to theoretically evaluate the
transfection effect of BACV1 infecting LW—C on the other B. dothidea strains and identify the molecular
mechanism of the host hypovirulence associated mycovirus BACV 1. It will aim to provide new ideas and
strategies for safe biological control of ring rot disease induced by B. dothidea strains in practice.
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GEL PR 2257 I AL BACV U5 1Y 40 B0k, B
TEATHT HAE W2, IR X 2 35 L4 S0 R 7
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43 4K 955 B (Botryosphaeria dothidea Partitivirus 1,
BdPV1) ., LW-P AR 2253 25 [ LW-1 47 &4k, #5
i BAPV1, A M EUR 1 FME . Mock, 708 [ LW-
1, AR R, VA FATEXT IR ABFSEH LW-C K
LW-1 k2 205 B 35 5%, 78 L5 A8 b BE U485
HBACV1 M4 B5kR , A 44 LW-C 43 B bk, ik —20
Y E IR
1.2 F R E E 2 51 W% RNA (double—strand
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Z: A WL AE" ) LG BE dsRNA AR 0B ik,
P2 WAL B B0 W JT B bR dsRNA (& 5
71201310072994.3) . EZLBRUNT : F G T 9% 55
YRR PDA 3557 AL S 200 PR R (RS TRARFTH
3~A NP P ER T AN 9 em ML HEFTHE 37
LW-1 fl LW-C H #5552 6 d, HL- 1, LW-P Hl
Mock B#E /M BIRE 3% 3 d, B 225 111.0.3~0.5 g, i AMF
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ToK OB FERR S, B2 8 O A S B A, B
L3 1 min A YK 43 500 A 700 wL %) Washing Buffer I
H1 Washing Buffer IT Z W FHAE rh e )3, B0 1 min; f5
Je 1] W BRFAE P SR BRI A 50 L ddHLO, RIS 3R A Y
dsRNA, #Z PR AL B S , B KA, MZE L dsRNA
TEAAT , T-20 B-80 CIA7% .

1.3 RERE SR (reverse transcrip-
tion-PCR, RT-PCR)

PL2 pL dsRNA SAAR , A 1 Wl 6 4 Bs LR L
51497,7 L ddH,0 FF- 7850141 ,95 C/KIA 10 min J5 il
AVK L 3~5 min; LA 4 pL S5 SR 28w 0.5 L
RNA B (RRI) 0.5 L 5245 il (M-MLV) , il

LB T ddH,0 K £ 20 pL, 37 CIF 1.5 h, )5 T
95 °C 3 min K S SRHRTS cDNA P24, & T-20
580 C .

Z: M/ GenBank I #f¢ 18 1 L 14 9 ¥ BACV1 Al
BAPV 1 ) RdRp Ml cp SER 51 F5 14, BARS 195
SE R L TR LR A B PCR AN . 4
Btk 2 BARUNT ;2.5 pL 10XPCR buffer, 1 pL ANTP,
0.5 pLIEM5[47,0.5 pLJ2 7514, 1 ul. cDNA,0.25 U
Taqg DNA 48, i ddH,0(19.25 L) & 25 plL.

PCR ¥ 4 A7  : 95 CHIAE M 3 min, 95 CAZ
30 s,55~58 °CiB & 30 5,72 CHEH 30~60 s, 35 PME
1572 CHEH 10 min,

F 1 ¥ BdPV1 # BACV1 i RdRp 1 cp EEKISIMFIIES
Table 1 The information of primers used for amplification the genes of RdRp from BdPV1 and BdCV1,

RdRp and cp from BdCV1, respectively

TR TEIEIN 2 Bk FEN(s*-3") PCR =W v BRI I GenBank B 55

Gene name Primer sequence (5°-3") PCR product size/bp Location GenBank accession number

BdPV1 RdRp F:GGTGATGAGGACATGTCGAG 144 472~491 KF688740
R:AAGGAAACCAACTGGACGAC 596~615

BdCV1 RdRp F:CGTCGTTCACCAACAGCATCC 186 2174~2 194 KF688336
R:ACTCGAACCCCATTACTTTACCG 2359~2 337

BdCV1 dsRNA2-1 F:CGCAAAAAAGAAGAAAAGGGG 867 1~21 KF688737
R:TCACGTTCGACAACCCCG 850~867

BdCV1 dsRNA2-2 F:ATCTGGATGTGGCCGCTG 658 790~807 KF688737
R:AACAGCTCGTGGTTGCGT 1 447~1 430

BdCV1 dsRNA2-3 F:CTCGGCCATTGTTGCCCT 538 1032~1 321 KF688737
R:TGCTTTGGTGCCCGCATA 1841~1 824

BdCV1 dsRNA2-4 F:CGACCCGACTTCACGCTG 979 1795~1 821 KF688737
R:ACACAATTTCTGGAGC 2773~2758

B B B o ok AR KRR E
W BERBLHE S T ARAE PDA S L% 1k 4 d,
KEMRFTFLAR (AR S mm) 76 220 S THUR 22 e,
3] PDA WA P g BT 25 °C VBRI AR R 8
IR BRI EAREZ 3L E, BB 24 h W
TRIEA e SRV B
1.5 BBLREE K LW-C B HilE

IR LW=-C AR B BORPE , A AR LW-
1 .LW-P HL-1 L & %5 [ PDA I 225 5 I8, 5%
BRI S TR . BEIBCR/IN—30 (gAY S
A B AR 75 %K T FE RS RUK B 0 T
ERLIR SR 2 KR R8O B — 300 3
EF A0 B K5 A TR 22 19— TG EE S, DL PDA
BRFRIEOR 7S PO I AR E R 3R LA L,

1.4

B TR K K R AR AT S5 /e B 22 B AR, R T
FH PR 5 38 A 1) 1 i rh AR R 25 CHEF T AR 85
F% B 24 WS AR IE O, I e AR A
FRBER N
1.6 LW-CE#HIFEH R dsRNA Bk FEH
iKE

SR X IRE 5 352 0 5, I 5 LW —C B PR 1) 55 75
FEME M dsRNA BIL LR T o B % ALY LW-C FRETX
BEAEPDA VAR (BERF SR IMAZE 1.5 em) FEFR3 d, 7E
O 22 et 2542 Mock #E4 7% IRF4%5 7% (19 R 22 840
21 em), B F 25 CH %, BibE 24 h WE 0 45
FRWEMREIEIEA . 85983 dJn , SEBOH IR R TS
FAATT AR TR R, AGE DN L5 A7 119 dsRINA 45 78D, 43 A7 Ho R
MR DR T B AR e R A AL A S



1334 ®OW

EIRVES

¥

HEATECH 10 5E , /38T LW-C #5737 dsRNA [ 7KL
PROR TP HSS R R
1.7 HUES R

TR AR A A i BRE LA 18 580 Ak B 53 1)k
SPSS #K A (21.0 ji4S ) HF Duncan P AU EPERE S, I
K Excel 2003 /E& .

2 ZER 50T

21 LW-CE#*#ETBICVIHERE

2.1.1 LW-C # 4 BdCV1 4 £ dsRNA #9m & M
LW-1 Pk b 20T 4 B 2lifh, 4015 1 BE U
BACV1 R EE M43 B K, 5 0 LW-C 43 B bk . SR H
dsRNA #E 07 B i B R T 22 dsRNA , 2835 4% PR i
ARFR 1.2 % Bl e A LK (EB YL a5, LW-C TR Ak
[ dsRNA 7 BUBR A B WU £ BACV 1 g bt ep 5&
) dsRNA 2 45747 4, Hi4x 3 45 dsRNA 5747 5
BACV 1 X1 Y dsRNA #7 B—Z (] 1-A)

2.12 LW-C # 4 BACV1 RdRp #= % 25 cp 2 B 8%
dsRNA2 A K ¥ 3 49 PCR#&M N T HE—HIES )

A B
M 1 2 M 1 2 3 4

4500 bp
3000 bp

B A LW-1 PR E LW-C 2 B R & BACV JE[A
A3 353 BACV 1 F BAPV1 RdRp Fl ep JE K 14 S 46
ME18) (F 1), 6 HpEFT RT-PCR G . 45540
LW-C I LW-1 1# ¥k PCR ¥ #4459 BACV1 RdRp ¥
SPE RS 29200 bp (K] 1-C) ; LW-P FILW-1 T
PRIRTS BAPV 1 RdRp FE I 5 54 38 25317 29 150 bp
( 1-B) , #F—HAHESE T LW-C BRI 547 BACV 1 ;
TERKMEL T LW-1#47 BACV1 4 dsSRNA2 A it
WEEASE H b 55y, b 1 i — 25152 LW-C B Rk
EATAE AsSRNA2, 2 HRHiGE (1) BACV 1 Zih ep J& [
() dsRNA2 4 K EHIBEH 4 SRR S A6 0 5 1 1 (55 1) %
LW-C BdCV1 2K dsRNA2 4T RT-PCR ¥l , 3545
A dsRNA2 2 K34 109 1 H A% v B, 4351 ok
867.658.538 F1979 bp (& 1-D) , X} Hb A 7 5w B LA K
JEENI R, S PFE e K P IR S5 LW-1
BACV1 dsRNA2 FHPE R T 97%, 25& 1L ELW-C
Iy ESRREY dsSRNA %52  RdRp FE DK 9 RT-PCR #6:0 K
L dsRNA2 JFHIIN 45 5 ESE LW—-C 43 B R AU A
BACV1 4 4% dsRNA F#1E 44417 .

900 bp
700 bp
500 byl

200 bp
100 bp

200 bp
100 bp

A BUREEUR R dsRNA 1.29% B AE WSS HL Ik 34T s Ml DNA Maker IO RARZN ] ), 1 Al 2 ZM3DKIEF LW-1 fl LW-C WkREES . B HI
C 439124 BAPV1 Fl BACVI () RdRp 3[R PCR HLIK & ;M 9 DNA 100 bp ladder( RARA T ), 1~4 435 R IEHF LW-1,LW-C . LW-P Fl
HL-1 B#RFES . D. LW-C FEHREI BACVI dsRNA2 4 [KFFSIHY PCR 387 LUK s M 24 DNA Marker TICKAA ), 1~4 23514473
dsRNA2 &K% 4 DR/ B 1. dsSRNA2-1;2. dsSRNA2-2;3. dsRNA2-3;4. dsRNA2-4)[) PCR ¥ 3= P ik & .

A. dsRNA detection by 1.2% agarose gel electrophoresis; M. DNA marker ITI( TTANGEN ), 1 and 2. dsRNA derived from LW-1 and LW—C strains, re-
spectively. B and C. RT-PCR detection for RdRp gene from BdPV1 and BACV, respectively; M. DNA 100 bp ladder (TTANGEN), 1-4. LW-1, LW-C,
LW=P and HL-1 strains, respectively. D. RT-PCR detection for the full-length dsRNA2 from LW~-C; M. DNA Marker II (TTANGEN), 1-4. The RT-
PCR detection for 4 amplified segments from dsRNA2 of LW-C strain.

B 1 LW-C 7% BACV1 ) dsRNA #1 RT-PCR #&ll 8 5k 53 47
Fig. 1 dsRNA and RT-PCR detection for BACV1 infection with LW-C by 1.2% agarose gel electrophoresis

2.2 LW-CEkHE Y F S EmErmE SN E
PALW=1 . LW=P DL K AN 96 8 B9 HL-1 7 Ay %F
PR BRI IE 40 B 25°C BRI 15 92 3 d J5 LW-C B

VIS BRI (K L TS0 s A AR
e BACY 1 5 B4 S0 T bR O/ 0 2 AR
LR, LW-C A K08 H 7RI E 1
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K RVRETE , WIE DA, A RS, R
HESH A KRN 420 mm-d HMEFE AL, 5
LW-1 BRI AE KA E T B 22 5% (Bl 2-A B) .
XTHRZH LW-P 146241 5 (HL-1) FyE A w24
Z B R IR AR WRTE PDA T ARV,
3 d K # A PDA SEAR s LW-P F HL-1 A F 34 K
BRI 22.05 F115.5 mm-d " (K 2-A .B) .
R B — B0 3 BT A R B A e AL

RS, e O T, 45 SRR W] . 25 AR AR AL IR
7 d, 25 P B R R, LW=1 F1 LW-C B k5 | iy FL
TR BT 35 AR 5 ) o 4.45 1 4.63 mm; XF R 4]
LW-P FIHL-1 ¥ 7] DIAEARLUR P BB i de 80w
BE, 6 B2 B AR 43 5918 38.65 mm F134.56 mm (8]
2-C.D). P, LW-C 7EA 1 3R DL R S50 1l
GRS LW-1 e 25 RIE B 55 28 Y2
R 3

A
LW-1 LW-C LW-P HL-1
307
= o5t ¢
-
¥ E 207 b
3 I
B N 15
H= ot
: a :
g L
i R
LW-1 LW-C LW-P HL-1
C
X LW-1 LW-C LW-P HL-1
Control
50
45 c
D - 40 — b
£ 35 ¢ —=
@ £ 30
gi £ 25t
=] L
iz = 20
7z 15 1
3 |
10 a a
5 |
S N
LW-1 LW-C LW-P HL-1

2 LW-1.LW-C.LW-P & HL-1 B EERE(A) ERKEE (B)  ZHFERL(C) RFEHERZ (D)
Fig. 2 Colony morphologies (A), growth rate (B) on PDA, lesion length (C), and pathogenicity tests (D) on

‘Huangguan’ pear fruits for LW-1, LW-C,

LW-P and HL-1 of B. dothdiea strains
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P, 3 d RN RE IR, 1 LW-C A K808, 29 I VTR, I LW-C/M-16 (& 3-A, 11 ) ;

A
I LW-C Mock I LW-C/M-16 LW-C/M-21 m M-16 M-21
z :
B | % & @ B
-I'-B_éj E g
W E e
#H 5 2
B =
2 5
S g
—
LW-C M-13 M-16 M-17 M-22 M-21 Mock LW-C M-13 M-16 M-17 M-22 M-21 Mock
I |
LW-C M-16 M-22 Mock
M M-13  M-17 M-21
g
£
w2 45001
m g 3000 by
]
5
8
LW-C M-13 M-16 M-17 M-22 M-21 Mock
I
C

JRIR AL
Kuerle Xiangli

CK LW-C M-13 M-16 M-17 M-22 M-21 Mock

A LW=C 3R bk Mock MfEH:T Sl LW=C Fl Mock BIFRHGFE 3 d METEIEA ;11 2 LW-C 1 Mock MIRERSFE 3 d BBRIEAS ;11T Ay i
IR FRATT A IRR M=13 il M=21 85557 7 d TR . B. 1 AKCEAR YL AT AR TR A A IOHRE , T I TIT 3531 A PR i 7 BRI el B R S
HAR, IV TR dsRNA BRIRHREEI L KAGIN . C. KPR Y JE AT A RRRTE 3 BRI TE /R A 3L 5 d B SR SL 8 d IR BL; CK
s IR IRAERLUR b BRI L

A. The horizontal transmission of dsRNA with LW~-C to Mock. Colony morphologies of LW-C and Mock cultured on PDA at 3 d (I) and contact cul-
ture at 3 d (1I); Culture morphologies of derivates of M—=16 and M-21 at 7 d, derived from the colony margin of Mock strain (ILI). B. Growth rate (I) and le-
sion diameter of the Kuerle Xiangli (II) and Huangguan pear (I11); dsRNA identification (IV) for derivates (M—-13, M=16, M=17, M-22 and M-21 strains)
from Mock, M. DNA marker III( TTANGEN ). C. Pear lesion on Kuerle Xiangli and Huangguan pear caused by M—13, M=16, M—17, M=22 and M-21 of
B. dothdiea strains, respectively.

3 LW-CHISSEHERUR dsRNA KR
Fig. 3 The hypovirulent characterization of the strain LW—-C of B. dothidea and
the horizontal transmission of dsRNA with LW-C to Mock
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