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Abstract: [Objective] At present, the cherry seedling market is disorderly, and the situation for virus
carrying and spread through cherry seedlings propagated by different methods is unclear. This study in-
vestigated the virus carrying status of cherry seedlings by investigating different propagating methods,
so as to provide theoretical guidance for the selection of the most suitable propagating methods for cher-
ry seedlings, the virus-free cultivation and management of seedlings in the future. [Methods] Diagonal
five-point sampling method was used to randomly collect Chinese cherry seedlings, including cherry
rootstock cuttings, 30 samples of sweet cherry seedlings, 60 cherry rootstock tissue culture seedlings,
and six types of viruses were tested by RT-PCR. One year old shoot with the same thickness was taken
at the same location from each plant, and the phloem was placed into a liquid nitrogen tank for freezing,
and stored in a =80 ‘C refrigerator. Total RNA was extracted from the samples, and six types of major
cherry viruses were detected by RT-PCR. Total RNA was extracted with a total RNA extraction and pu-
rification kit (Bytec), and RNA integrity was detected by 1% agarose gel electrophoresis. The reverse
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transcription kit (Bectec) was used to synthesize cDNA. First, the digestion reaction solution was con-
figured on an ice bath, making up 10 pL with gDnase 1 pL, 10 x Buffer 1 pL, total RNA 2 pL, and
Rnase-free H.O and heated at 42 “C for 2 min. Then, 1 uL of Stop Buffer was removed and heated at
65 °C for 2 min on the PCR instrument or water bath for reverse transcription. The reverse transcription
reaction solution was prepared as follows: Total RNA or poly (A) RNA 0.2-2 pg, Reverse transcriptase
MIX 10 pL, FQ-RT primer Mix 1 pL, and H,O to make up 20 pL according to the following compo-
nents. The reverse transcription reaction was performed on a PCR instrument under the following condi-
tions: either at 50 ‘C for 15 min or at 72 “C for 2 min. The cDNA obtained can be used directly for sub-
sequent PCR and other reactions, or frozen at —20 “C for later use. The first-strand cDNA synthesized
by reverse transcription was used as a template for PCR amplification. The reaction program was pre-
denatured at 94 °C for 5 min; 94 C for 50 s and 72 C for 50 s, totaling for 35 cycles; 72 'C 10 min.
Agarose gel electrophoresis of PCR products: After the amplification was completed, 7 uL of the PCR
amplification product was mixed with the loading buffer and electrophoresed on a 1.0%-1.5% agarose
gel at a voltage of 150-200 V for 20-30 minutes. The sample was stained in ethidium bromide (EB) solu-
tion (10 pg-pL™") for 10-15 minutes, and then observed with the gel imaging system. [Results] The de-
tection results of the six viruses were all positive. Sequence analysis proved that six virus fragments had
high identity with the nucleotide sequences of viruses registered in GenBank. The cherry seedlings,
cherry rootstock cuttings, cherry rootstock tissue culture seedlings, and sweet cherry seedlings random-
ly sampled in this experiment had 86.67%, 70.00%, 0% and 76.67% virus-carrying rates. The Chinese
cherry seedlings had 86.67% virus infection rate, and the proportion of PNRSV infection alone was
53.33%. The compound infection rate of PNRSV + CGRMYV was the highest (6.67%). There were 2 to
3 types of virus infection and the proportions were 6.67% and 3.33%, respectively. The combined infec-
tion rates of PNRSV + ACLSV, PNRSV + LChV2, PNRSV + CGRMV + CNRMYV were 3.33%; cherry
necrotic rust spot virus (CNRMYV) and plum necrosis were found in the samples of cuttings of cherry
rootstocks. The detection rates of spotted virus (PNRSV) and cherry green ring mottle virus (CGRMV)
were 36.67%, 26.67%, and 20.00%, respectively. These three viruses showed higher rates in the field of
cherry cuttings. The highest percentage of compound infection was 6.67%, and there were two to three
types of compound infection, the proportions were 13.34% and 6.66%, respectively. The compound in-
fection rate of PNRSV + CNRMV + LChV2, PNRSV + CGRMV + CNRMYV was 3.33%. The field vi-
rus infection rate of sweet cherry seedlings was 76.67%, 95.66% of which were infected by cherry virus
A (CVA) alone, and only the combined infection of two viruses, CNRMV + A (CVA), was 3.33%; A to-
tal of 60 samples of cherry rootstock tissue culture seedlings from different production areas were not
detected with 6 common viruses in cherry. [Conclusion] The field virus-carrying rates of Chinese cher-
ry seedlings and rootstock cuttings were higher, reaching 86.67% and 70.00%, respectively. Chinese
cherry seedlings Prunus necrotic spot virus (PNRSV) had a high infection rate and serious damage, and
had a very high virus-carrying rate in Chinese cherry seedlings. Cutting propagation methods are more
likely to spread and accumulate Cherry green ring mottle virus (CGRMV) and Cherry necrotic rust spot
virus (CNRMV). Sweet cherry seeds cannot be recognized as virus-free by default, but were very sus-
ceptible to infection and transmission of Cherry virus A (CVA), which was not the best propagating ma-
terial for virus-free seedlings.
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2 min. ZRFECHE IO 1 uL #J Stop Buffer /£ PCR
A B K 65 C Nk 2 min J5 HUH DLW
SEATH o 4% DA 41 25 T 1) S % 5% ) OBE L Total RNA
or poly(A)RNA 0.2~2 pg. Reverse transcriptase Mix
10 uL.FQ-RT primer Mix 1 pLH,O %M & 20 pL. 7£
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[FYE 514 2.0 uL10 pmol - uL" E 454 2.0 pL.cD-
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PCR 7 4 B i W o Jlg LUK = 9 3G 45 R J5 , B 7
uL PCR ¥ 3 =5 AR MR 21 5 T 1.0%~
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Table 1 Primer sequence cherry virus detection

Y 7 Virus 51%-1 Primer-1

5]4)-2 Primer-2

2= RN SEBE IR 2 PNRSV
FEJLARER M B B ACLSV
PRk SRR B 2 CGRMV
MEBRIRSERSE BT 58 CNRMV
PERR/NFI 3 2 LChV2
MRk EE A CVA

TTCATGGAAAGACAGGGGCAA
TAAACCCCTGCAATTCCACTC
TCCCACCTCAAGTCCTAGCAG
TCCGAATAGTCAGTTCAAAG
AGCCAGAAGGTATCATGCCAG

ACGCGCAAAAGTGTCGAAATCTAAA

TGGTCCCACTCAGAGCTCAACAAAG
AAGTCTACAGGCTATTTATTATAAGTCTAA
CTCTAAGGAAACTGAAGGAAAA
TGAACTTGGCCAGTTCTGCC
AATAGCCCTCATAAATCTCC
ATGACATGCCTGCTGGGAG

2 ERE55¥

2.1 EHHRSPCROYTFLEERKE
1 A SZIG b 6 Rl Ak 32 295 7 1058 4
PCR /7% € K & .
M 1 2 3 4 5 6 7 8 9 10
2000 bp

CGRMV 192bp

2000 bp -

CNRMV 584bp

250 bp -
100 bp

2000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

ACLSV 309bp

1~10 Y REHLEURE A A P BRAE PR o
1-10 were randomly sampled from different cherry plants.
1 {EHEEREY E 18Rk E
Fig.1 Electrophoretogram of the main viral amplification

products of cherry
22 HEEMSIERTER
Hi & 2 73415, 28 )& AR SE BTN B (PNRSV) Al
L Bk 43R BRI 75 (CGRMV) R 2245 B4 70.00%
A1 26.67% , 3K P43 v B F ] P Bk S A4 i FH ) 485 7

BE . SEIRARSEH B R (ACLSV) MEBR IR FEE5 BT
I3 1E (CNRM V) FIFEBE /N SU5 B8 2(LChV2)KE H #633)
A 3.33%, ZEHEBHE B A(CVAYRE RN 0%, &
ATTAE H R Bk S A i ) B HE R . AR ST
56 FH [ B ATLEDURE 17 30 /> H AR Bk S A 1 R A AR P
W EE RN 86.67%
80.00
< 70.00
£ 60.00[-
i
2 50.00F
S 40.00+
£ 30,000
5 20.00
£ 10.001

=

[ 70.00%

26.67%

(333% 333%  333% 009

PNRSV LChV2 CGRMV CNRMV ACLSV CVA
Jp3 7 Virus

El2 hEEHSSE SRS R
Fig.2 Chinese cherry seedling virus test

B 2 15, o [ PR Ak S A 1 0 B4R Gt T
s R E R R HRAE PR LL B 13.33%, 1R G —
Pl 25 161 LL A O 70.00% » L B 2 PNRSV 1)
B & . N 5333% . ME SR GBI N
16.66% . PNRSV+CGRMV K& & 17 4 bl ¢ =
N 6.67%, EER IR EEFI A 2 2 3 Fh, Lhfsl 53
AN 6.67%AF1 3.33% . PNRSV+ACLSV.PNRSV+
LChV2.PNRSV+CGRMV+CNRMV [ 417 4L bt
%1354 3.33%.
23 HEETESERN

H 3 15, BB IR L 45 B 2 (CNRMV)., 2=
J& IR BE BT 95 5 (PNRSV) Fl#2 Bk &% B BT 5% 9 55
(CGRMV) i i & 7 7l N 36.67% ~ 26.67% H
20.00% , 1% 3 Fi s B P Bk Fi 1 FH () 465 7 2R 50
PEBE 58 A(CVA) FIFEBE /N 95 55 2(LChV2) K H
5 10.00% F13.33% , 3 5B 4% - B
(ACLSV)& Hi I8 0% , & AT T7E PR PR3 7 1
P BE A HH AR . ARSI FH 1) B HLEDURE (1) 30 A1
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Table 2 Composite infection of Chinese cherry seedling virus

5 20 e A JPiEE 4 FK Virus name E%@é’: Compound infeAction
Number of complex infected viruses PNRSV  CGRMV CNRMV ACLSV ~ LChV2 ARSI Lef1 _
Number of samples Proportion/%
0 4 13.33
1 + 16 53.33
5 16.67
2 + + 2 6.67
+ + 1 333
+ + 1 333
3 + + + 1 3.33
T RO B R R RN AR B R R . T I
Note: “+” indicates the corresponding virus that has been detected; “-” indicates that no virus was detected. The same below.
< 40,007 36.67% BERG A FT 4 B R A AR T 7R N 70.00%.
e — [ 3 75tk B A 5 08 5 e
Easoo oo Sy« AT 152 S IR 0 E A9 30.00% 1 234
ol — I 2 119 4R 50.00% , FLrR HUSl e CNRMV
210000 N Ry R Y 2333% BB R S H
s = 0% l 20.00% , PNRSV+CNRMV Al PNRSV-+A(CVA)(fj 5
0.00 ' ' ' . L

PNRSV LChV2 CGRMV CNRMV ACLSV CVA
i Virus

E3 ARHERAARIT IR E RS

Fig. 3 Test results of cherry rootstock cuttings

HIR GBI i N 6.67%, B AR YL tim 2 fh 2k
H 2 3 3 F, L5518 13.34%F1 6.66% , PNRSV+
CNRMV+LChV2.PNRSV+CGRMV+CNRMV (] 5
EAR G N 3.33%.
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Table 3 Combined infection of cherry rootstock cuttings

Jp3EE 44 FK Virus name

2412 %« Compound infection

A2 P T
i;&zﬁjﬁi infected viruses PNRSV CGRMV ~ CNRMV  LChV2 CVA HANR )
Number of samples Proportion/%
0 9 30.00
1 + 2 6.67
+ 5 16.67
+ 7 23.33
+ 1 3.33
2 + + 2 6.67
+ + 2 6.67
3 + + + 1 3.33
+ + + 1 3.33

2.4 HHREAARAEEEER

PPt A L35 i R R A 0 B R B ) 6 ol T 2
PR R LB AR BB U 30 PRAERBEAL
SFAEA PRI B T A 6 Fh E 2 8, X 5 T 25
RATF o DS PEBRE b B BURE B AL AT K, Z )/ 3
WAz I AIRBE B A PR R T 30 BRAEBE i
Fi WA &5 RAK IR 0% FELIEZ Hi C2eA5 I

Y SRR ST A B AT T 4 4 v A 7, LR S &= A
PRV [ 732w ke 00 A A A L R L ) S SR AL v
HH R » DR EHRRR T SEAR VA AN AT SR AT RELE -
2.5 EHEBESEEEE S RGN

H I 4 75 0, BB E A (CVA) K RO
76.67% » £ G PRk S 2 1 o 10 T AL Y 3 e, 1
BRIRFEAE B 2 (CNRMV) K HH %8 3.33%, 45 )@ 3R
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B 60.00
5 50.00F
Q

% 40.00F
£ 30.00(
5 20.00f

Z10.00F 60006 0.00% 0.00% 3:33%  0,00%
000 | ! N !
PNRSV LChV2 CGRMV CNRMV ACLSV CVA
5% Virus
El4 FHEHSE BRSRMN

Fig. 4 Sweet cherry seedling virus test

76.67%

HEPLI 5 (PNRSV) Bk 43 20 BT 558 5 (CGRMV)
BB 45 B 25 (ACLSV) FIAZ Bk /D 5% 55 2
(LChV2) £ H 358 0% , 3% JLFf 5 25 75 PR Bk sk
A A R IC . A S 56 HH [R) Bl ATLERURE 1) 30 A
FH AR S A PR RE AT VR T 550N 76.67%.

HR 4 73, Ef PRk 50 28 TR F1R G 1B N -
A I T A2 Y VAR AR IR 1T LB 23.33% 5 12 G —Fil
J7 B (1) ELB) A 73.33%, R CNRMV+CVA %
BEARYE, LFIN 3.33%.
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Table 4 Combined infection of sweet cherry seedling virus

Y9585 44 FK Virus name

H 174+ Compound infection

A2 PR B
Ngu;l{;:ﬁif}ii infected viruses CNRMV CVA FEAKR 27 )
Number of samples Proportion/%
0 7 23.33
1 22 73.33
2 + 1 3.33
3 B @ [ 7 B A (E AT 7 v PR B i A= e 14 H ()

H [ PRk A2 R S i R FH ) — Bl A, b7
[EE S = A G W (BN ok 2/ N N s
FH [B] 7 25 22 4 86.67% , FR AR 4« PNRSV I LU A5l
i1, A 53.33% , B 22 G AR PR F R IR DBk A
MH 4 FP 85 . fEIXLES5 5, PNRSV 2 N FH B A
FEE R . IR SEIABE B (PNRSV) 2 & 2 ik
5™ EL (P B, R R E G AME R Y. X
E5AHIE T8 R B H Ak S A T PNRSV {2 4 L4l
5 v B A U AE — 0, Uk B 2R SR AU IR B 2 AN AE it
PRk v fes 3 7 =, A8 o [ PRk S AR R A
mIER R RSO TR DAL 2 JE SR S BE
93 FE 0 LI I TR B R S IR . T
] A8 Bk B AR R A, T RE B I 1 B2 PNRSV
R ey W B i N R BN S I i1
Wi o SR A — i 00 ) o L PR R el A, (R
AR IR AR R B 55, FL3% 7 PNRSV i 8 19 XU i
SRR T ORI I B ARTE AR SR LA I AR 7= R AR SR
AT BEA B R 3, B LIS w5 Pk S 2E T AR Al
A BB HE X PNRSV 5 25 IR B0 K125

B G E Bk 5 AR 2 B ALAL SR HCE P R
(8 LT B, 22 /NS R B F S A T
SEAHIREEIN, L2 M ESRAE B AT 2 T
JREEMT . PR AT BR AR 7 B F S A i

BN 76.67%, H 1 95.66% NIEBEIHE 7 A(CVA)
PR, R s, B AR R IR,
TIESEE B AR 7 A o] BRU R O 2455 47, S i A 2
SR 5 AL SRR B ACCVAD , IFAETE 3 1 (1 et
BHEMEL X A5 S EET R R IR R A
(CVA) IMERR T O G S P L AT . HA
Ty 4855 R 0 B 2 A FLA SR B B DR B A
DNTEFI AR S AR WS B I R R, 7 s AR O £
ACCVA) B o

ERIAM B G R, Gk A B e I
BT 22 P B B EE T, S B R S e T o]
AR R A SR, B AR EMIEN
2~5 PPANEE AR GL L9 B 2 A 1R G s 25 A 2K 1 22 1T
BEAR o ARHIF 70 R I PEE A fili A -4 7 HHI () 7 52K
70.00% , 14 e s BRI Q2R B 5 M, Horp 2 Fhod
FBEOGRIMEEN 13.34%, 3 Fop 1R QL L%
N 6.66% , 1% 5 X I ) 52V I 2 A AR G A —
o XPE B ATRER BT & WA R R 35 A5 H gk
INERRTIS Y S R NI &5 ey R S UL YAl
R AT i H IR R A Ol & 2R A R AR G L
oA LLRCE Y, R FRMUE G PRk 4 A B B0 73
(CGRMV) FIFE Bk ¥R FE45 B 93 2 (CNRMV) [ L 41
B N 16.67%H1 23.33% . [R H HE I 3T 4
B A 7 R 5 A% JR AR B P A 55, B
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X 2 B AR G T8 sk T4 BT ) BY ) SR A
WAL 3G o R, 5 57 P A (R ARk A B Fh b BE
IsER 45 2 F B A BER (055 B 5, B A R
FF4G I F2 A BT A FH A i v 5 T E E T

AHIE 7T P AR G R 4 S 1 CR & B d AR B
o 45 55 WA 45 AN R, N ASAS [P X B3
60 13 A it ARG I 3 PR Ak 5 L) 6 PP EE . Hansen
LGP TN, R I B AR B 7R 2 I R B TE AR AR
NS AR (M , S S 4R AR R 3202 D TR AR
ACLSV W&, HR RAE RN . OB
R AE— AR SE A P, BE B 7RI (8] (R E K, 95 55
TERI-EHENES. Ko ASGV RIEE R
P T G B BT m & A, T ACLSV AEXT 5 &R
Je Tt m AR I — B4R B K . R 2 4
TR AL A P LB T 2l 1 E 8 2 AR kAR RS
T 100207 PG 7 B R Ak P 10 25 75 o, PR AIR 1
RT-PCR K JUAS 2] ¥ 9 B, AT RE ARk 1 43 55 0 T
REIS B T BARRERE . B R A R 2 — AR
HIEW L AR ERA SR R E RS SRS
AR A 2L T A K TR A A R R R ) ) R
BUE T Bt — B I A 5 . & T HARR AR
Fr 2 /D RB W] ORI 2 0R B AR B 0 35, A4
J& FARNIRR
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