
Page 1/9

E�ciency of ribavirin to eliminate apple scar skin viroid from apple plants
Guojun Hu 

Chinese Academy of Agricultural Sciences Research Institute of Pomology
Yafeng Dong  (  yfdong@163.com )

Chinese Academy of Agricultural Sciences Research Institute of Pomology
Zunping Zhang 

Chinese Academy of Agricultural Sciences Research Institute of Pomology
Xudong Fan 

Chinese Academy of Agricultural Sciences Research Institute of Pomology
Fang Ren 

Chinese Academy of Agricultural Sciences Research Institute of Pomology

Research Article

Keywords: Apple scar skin viroid, Ribavirin, Hydroponic culture, In vitro culture, Virus elimination

Posted Date: April 11th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1511191/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

https://doi.org/10.21203/rs.3.rs-1511191/v1
mailto:yfdong@163.com
https://doi.org/10.21203/rs.3.rs-1511191/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/9

Abstract
Apple scar skin viroid (ASSVd) is a major pathogen of apples that can result in signi�cant economic losses in the apple industry. In this study, ASSVd- and
apple stem grooving virus (ASGV)-infected Malus pumila 'Spy 227' apple plants were treated with ribavirin to determine its elimination e�ciency. Ribavirin at
25 and 50 µg/mL (R25 and R50) did not inhibit ASSVd in apple plants regenerated from hydroponic culture. However, the elimination rates of ASGV in R25-
and R50-treated plants were 44.5% and 50.0%, respectively. The ability of different concentrations of ribavirin (10, 20, and 30 µg/mL, R10, R20, and R30) to
eliminate ASSVd and ASGV from in vitro plants was also evaluated. No phytotoxicity was observed during the treatment. Ribavirin increased the growth and
proliferation of in vitro apple plants. The titers of ASSVd were similar throughout the treatment period, but ASGV declined. The concentration and duration of
ribavirin also affected the regeneration of in vitro plants. The average survival rate of plants (80.8%) regenerated from R30 was similar to that of CK (82.5%)
and was 14.2% and 16.3% higher than that of R10 and R20, respectively. Quantitative real-time PCR was used to assess the eradication e�ciency of
regenerated plants. The average elimination rates of ASSVd and ASGV were 1.6% and 78.7%, respectively. A low elimination rate of ASSVd was found in R30
(2.8%) at 45 d, and it was still less than 10% at the end of the treatment.

Introduction
Viroids are single-stranded, covalently closed, circular RNA molecules. They exist as highly base-paired rod-like structures that only infect plant tissues (Flores
et al. 2015). Their host range includes food, industrial, and ornamental (herbaceous and ligneous) plants. As etiological agents, they can induce diverse
diseases and threaten the production and quality of economically important crops (Roy et al. 2017).

Apple scar skin viroid (ASSVd, genus Apscarviroid, family Pospiviroidae) is a major pathogen of apples in China and worldwide (Li et al. 2020). It was �rst
reported in apples of north China in 1935 and is recognized as a pathogenic factor of apple scar skin disease. ASSVd can also cause dappling and
deformation symptoms in apple fruits, leading to smaller fruits, poor �avor, and low fruit quality and yield (Yamaguchi and Yanase 1976; Skrzeczkowski et al.
1993; Koganezawa et al. 2003). In addition to apples, ASSVd can also infect pears, wild apples, wild pears, peaches, apricots, cherries, and Himalayan wild
cherries (Kyriakopoulou et al. 2001; Zhao and Niu 2006; Boubourakas et al. 2008; Zhao and Niu 2008; Kaponi et al. 2010; Walia et al. 2012), and can induce a
diverse range of symptoms. The pathogen is transmitted via viroid-infected grafting materials and viroid-contaminated pruning tools (Chen et al. 1988; Kim et
al. 2006). Moreover, Walia et al. (2015) found that white�y (Trialeurodes vaporariorum) can transmit the pathogen to herbaceous plants in a greenhouse.
However, the pathogen cannot be transmitted, or is only transmitted at a low rate, by seeds (Kim et al. 2006).

Similar to viruses, the use of pathogen-free propagation material is the most effective strategy to prevent or reduce the spread of viroids. There are several
methods to eliminate viroids from infected plants, such as meristem culture (Postman and Hadidi 1995), in vivo thermotherapy combined with shoot grafting
(Howel et al. 1997; Desvignes et al.1999; Hu et al. 2015), in vitro thermotherapy combined with shoot tip culture, and cold therapy (Postman and Hadidi 1995).
Chemotherapy is a commonly used method to eliminate viruses from plant hosts. It is well known that viruses cannot be prevented by pesticides, but some
antiviral reagents inhibit viruses. These reagents have great potential for controlling plant viral diseases. Common antiviral chemicals include amantadine,
thiouracil, ombuin, glycyrrhizid, quercetin, dihydroxypropyladenine, and ribavirin (Hansen and Lane 1985; El-Dougdoug et al. 2010; Mahfouze et al. 2010;
Savitri et al. 2013). Ribavirin (1-β-d-ribofuranosy l-1,2,4-triazole-3-carboxamide), a broad-spectrum antiviral nucleoside, displays activity against a variety of
RNA and DNA viruses, and is a synthetic purine nucleoside analog with a structure closely related to guanosine. It targets inosine monophosphate
dehydrogenase activity through its active metabolite thiazole-4-carboxamide adenine dinucleotide (Bougie and Bisaillon 2004). As a viricide, ribavirin has been
shown to effectively eliminate many plant viruses (De Fazio et al. 1978; Cieślińska 2007; Panattoni et al. 2007; Hu et al. 2012) and viroids (El-Dougdoug et al.
2010; Mahfouze et al. 2010; Savitri et al. 2013).

Previous studies have shown that ribavirin can inhibit the synthesis of viral nucleic acids of apple chlorotic leaf spot virus (ACLSV), apple stem pitting virus
(ASPV), and apple stem grooving virus (ASGV) in apples, but its effect on ASSVd is unclear (Hansen and Lane 1985; Hu et al. 2015). In this study, we
evaluated the effects of ribavirin combined with shoot tip culture on the elimination of ASSVd from apple plants and analyzed the e�ciencies of the treatment
with different modes, concentrations, and durations.

Materials And Methods

Plant materials
Malus pumila 'Spy 227' infected with apple scar skin viroid (ASSVd) and apple stem grooving virus (ASGV) was grown in a test �eld of the Chinese Academy
of Agriculture Sciences (Xingcheng, Liaoning province, China). The dormant branches of this species were collected in November 2019 and used in the
experiments.

Establishment of in vitro cultures
The branches were pruned, and those with full buds were inserted into distilled water and cultured at 26°C. After 35–40 d of hydroponic culture, the sprouted
shoots (approximately 1.0–1.5 cm in length) were excised, sterilized with 75% alcohol for 30 s and 0.1% mercury bichloride for 15 min, and plated on modi�ed
Murashige and Skoog (MS) medium containing 0.5 mg/L 6-benzylaminopurine (6-BA), 0.1 mg/L indol-3-yl-acetic acid (IBA), 30 g/L sucrose, and 10 g/L agar.
The explants were incubated in a tissue culture room at 24°C with a 16 h photoperiod and 2000 lx light intensity. After 20–25 d, viable shoot tips were sub-
cultured onto new MS medium. The presence of ASSVd and ASGV was assessed again in each surviving shoot tip. Plants positive for both viruses were
propagated for further treatments.

Hydroponic culture of branches with ribavirin at different concentrations
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The pruned branches were inserted into a solution of ribavirin (Sigma-Aldrich, St. Louis, MO, USA) at concentrations of 25 and 50 µg/mL (R25 and R50,
respectively). The sprouted shoots were treated as described above. Virus detection was performed in surviving shoot tips.

Chemotherapy of in vitro plants with ribavirin at different concentrations
After several sub-cultures, approximately 1.0 cm (in size) shoots of in vitro apple plants were cut and transferred into MS medium containing ribavirin at 10,
20, and 30 µg/mL (R10, R20, and R30, respectively). The ribavirin solution was �lter-sterilized (0.22-µm �lter) before being added to the autoclaved culture
medium. Six shoots were cultured per culture bottle, and each treatment consisted of 36 apple shoots. The culture conditions of the ribavirin-treated apple
plants were the same as those of the normal plants. Apple plants incubated in normal MS medium were used as controls.
 

The growth and proliferation of apple plants under �ve different periods (15, 25, 35, 45, and 55 d) were observed periodically. Plant materials were collected
during these periods. There were �ve plants per sample, and three samples were collected for each treatment per period. Approximately 1.0-mm shoot tips
were excised from the apical and newly sprouted axillary shoots (≥ 5 mm) at 35, 45, and 55 d of treatment. All shoot tips were separated and cultured on
newly prepared MS medium. Viruses were detected by qPCR after four sub-culturing cycles. The e�ciencies of the virus were determined by the number of
virus-free plants/number of detected shoots.

Virus detection
Total RNA was extracted from apple plants using the method described by Fan et al. (2015). First-strand cDNA was synthesized using M-MLV reverse
transcriptase (Promega, Madison, WI, USA). Quantitative real-time PCR (qPCR) was performed using a PrimeScript™ RT reagent kit with gDNA Eraser Perfect
Real Time and TB Green® Premix Ex Taq™ (Tli RNaseH Plus) (TaKaRa). The ΔCt method was used to calculate the relative ASSVd and ASGV concentrations.
All primers used were listed in Table 1.
 
 
 
 
 

Table 1
Primers used for detecting apple scar skin viroid (ASSVd) and apple stem grooving virus (ASGV)

Virus Primers Sequences (5’-3’) Size (bp) References

ASGV C6396 CTGCAAGACCGCGACCAAGTTT 524 Clover et al. 2003

H5873 CCCGCTGTTGGATTTGATACACCTC  

  GV-qF ACAGGTGATTGATAGGATGACA 137 This study

  GV-qR AAGACCGCGACCAAGTTTGCGGAA  

ASSVd AS1 CCGGCCTTCGTCGACGACGA 330 Sipahioglu et al. 2006

AS3 TGAGAAAGGAGCTGCCAGCAC  

  ASS- qF ACACCGTGCGGTTCCTGTGGTT 121 This study

  ASS- qR TTAGTGCTGGCAGCTCCTTTCTCA  

Internal control EF- 1α-F GAGAAGGAGCCAAAGTTCTTGA 176 Li et al. 2016

EF- 1α-R CCTTCTTCTCAACGCTCTTGAT

Statistical analysis
Data were analyzed using factorial ANOVA with Statistica 6.0 (StatSoft Inc., Tulsa, OK, USA). The results are expressed as mean values and standard
deviation (SD). Least signi�cant differences (LSD) were calculated at P ≤ 0.05. All experiments were carried out at least in triplicate.

Results

Effects of hydroponic culture with ribavirin at different concentrations on elimination of
ASGV and ASSVd
Ribavirin at concentrations of 25 and 50 µg/mL (R25 and R50) did not signi�cantly affect bud sprouts of branches, but the survival rate of in vitro shoots
treated with R25 was 25% higher than that with R50. The survival of in vitro apple plants was detected after one sub-culture. ASSVd was found in all surviving
plants. The elimination rates of ASGV in apple plants after R25 and R50 hydroponic cultures were 44.5% and 50.0%, respectively (Table 2).
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Table 2
Elimination e�ciencies of ASSVd and ASGV in in vitro apple plants regenerated from hydroponic culture

with ribavirin at different concentrations
Treatments Collected shoots Survival rate of shoots (%) Elimination rate (%)

ASSVd ASGV

R25 20 45.0 (9/20) 0 44.4 (4/9)

R50 20 20.0 (4/20) 0 50.0 (2/4)

R25 and R50: chemotherapy with ribavirin at concentrations of 25 µg/mL and 50 µg/mL, respectively.

Effects of ribavirin on the growth and proliferation of in vitro apple plants
The growth rates of plants in three ribavirin treatments (10, 20, and 30 µg/mL: R10, R20, and R30) and a control (CK) showed no obvious differences for 15 d
(Table 3). Signi�cant differences in height among these treatments were observed after 25 d of treatment. The plant heights of R10, R20, and R30 were
signi�cantly higher than those of CK at 25–35 d. The heights of R20 and CK were almost the same at 45 d, and R30 showed the same trend as CK until the
end of the experiment. The height of the R10 treatment was signi�cantly greater than other treatments from 25 d until the end of the experiment. Moreover,
signi�cant height differences were also found among the three ribavirin treatments. This showed that the growth rate of in vitro plants decreased with an
increase in concentration of the agent.
 

Ribavirin also had an obvious effect on the proliferation of treated apple plants. The proliferation of all antiviral agent-treated plants was signi�cantly higher
than that of CK plants throughout the experiment. Moreover, the proliferation of in vitro plants increased with an increase in ribavirin concentration. The
growth and proliferation rates of plants for each treatment were signi�cantly different for each growth period. There were no obvious phytotoxicity symptoms
in any of the ribavirin-treated plants. At the end of experiment, some yellow or brown basal leaves were observed, and the margins of several new leaves near
the bottle cap showed browning (Fig. 1). In addition, the height of plants in R10 was greater than that of other treatments, but the growth vigor of these plants
was lower than that of other plants.

 
Table 3

Effects of ribavirin at different concentrations on the growth and proliferation of in vitro apple plants

Treatments# Duration (days)

15 25 35 45 55

Proliferation
index*

Shoot
length

(cm)

Proliferation
index*

Shoot
length

(cm)

Proliferation
index*

Shoot
length

(cm)

Proliferation
index*

Shoot
length

(cm)

Proliferation
index*

Shoot
length

(cm)

CK 0.3 ± 0.6 bD 2.64 ± 
0.34 aC

1.7 ± 0.5 bC 3.16 ± 
0.26 cB

1.8 ± 0.8 cC 3.35 ± 
0.48 cB

2.5 ± 0.5 cB 4.62 ± 
0.75 bA

3.2 ± 0.7 cA 4.79 ± 
0.97 bA

R10 1.4 ± 1.0 aD 2.59 ± 
0.35 aE

2.4 ± 0.6 aC 3.69 ± 
0.36 aD

2.6 ± 0.8
bBC

4.36 ± 
0.54 aC

3.2 ± 0.6 bB 5.35 ± 
0.47 aB

4.0 ± 1.3 bA 5.72 ± 
0.75 aA

R20 1.7 ± 0.9 aD 2.65 ± 
0.42 aC

2.4 ± 0.7 aC 3.57 ± 
0.47 abB

2.9 ± 1.2
bBC

3.67 ± 
0.38 bB

3.2 ± 0.9 bB 4.26 ± 
0.60 bcA

4.4 ± 1.5 bA 4.50 ± 
0.82 bA

R30 1.7 ± 0.9 aE 2.78 ± 
0.35 aD

2.6 ± 0.6 aD 3.43 ± 
0.34 bC

3.9 ± 1.0 aC 3.76 ± 
0.52 bB

4.8 ± 0.8 aB 4.09 ± 
0.73 cAB

5.7 ± 1.1 aA 4.41 ± 
0.60 bA

Means of length of treated shoots and proliferation index within the same column (lowercase letters, compared among treatments) or row (uppercase
letters, compared among periods) followed by the same letter are not signi�cantly different from each other at the 5% level.

#CK: control; R10, R20, and R30: chemotherapy with ribavirin at concentrations of 10, 20, and 30 µg/mL, respectively.

* The number of newly developed axillary shoots (≥ 5 mm) from treated plants was recorded at the end of each culture period.

 

Effects of ribavirin at different concentrations on the elimination of ASSVd and ASGV
during treatments
The luminance of the ampli�ed band in agarose gel was divided into �ve degrees, which was used to evaluate the relative content of ASSVd and ASGV during
treatments (Table 4). ASSVd could be detected throughout the treatment, and the content was almost the same in each different period. The elimination
e�ciencies of the pathogens did not change with ribavirin concentration. The content of ASGV in R30 plants started to change at 25 d, and in the other two
treatments it began to change at 35 d. The titer of ASGV decreased with the treatment duration and ribavirin concentration (Fig. 2). At the end of treatment (55
d), ASGV in some apple plants of R20 and R30 could still be detected, but the brightness of the band was weak.
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Table 4

Effects of ribavirin at different concentrations on the elimination of ASSVd and
ASGV during treatments

Virus Treatments Duration (days)

5 15 25 35 45 55

ASSVd R10 +++++ +++++ +++++ +++++ +++++ +++++

  R20 +++++ +++++ +++++ +++++ +++++ +++++

  R30 +++++ +++++ +++++ +++++ +++++ +++++

ASGV R10 +++++ +++++ +++++ ++++ +++ ++

  R20 +++++ +++++ +++++ ++++ ++ +

  R30 +++++ +++++ ++++ +++ ++ +

+: degree of luminance for the viral ampli�ed band in agarose gel.

 

Effects of ribavirin at different concentrations on the survival of regenerated apple plants
Plants in all treatments survived throughout the experiment. Suitable shoot tips (approximately 1.0 mm in size) in the main and axillary shoots (≥ 5 mm) were
cut and transferred into fresh MS medium after 35, 45, and 55 d of treatment (Table 5). It takes approximately 40–50 d for the shoot tips to regenerate into
plants. The regenerated plants were then sub-cultured. Survival rates were evaluated in the second sub-culture of regenerated plants. The shoot survival rate of
plants regenerated from CK was 10.9% higher than that from ribavirin treatments. The concentration of ribavirin affected shoot regeneration. The average
survival rate (80.8%) of R30 was similar to that of CK (82.5%) and was 14.2% and 16.3% higher than that of R10 and R20, respectively. Moreover, the survival
rate of plants decreased with an increase in treatment duration. The average survival rate of plants regenerated after 35 d of treatment was 21% and 23.7%
higher than that after 45 and 55 d, respectively.
 

Effects of ribavirin at different concentrations on the elimination of ASSVd and ASGV in regenerated apple plants

 

The growth rate of regenerated plants was slower in the �rst sub-culture; then, it was similar to that of the untreated plants in the following cultivation. The
elimination rate of regenerated plants was evaluated by qPCR after three sub-cultures (Table 5). Virus-free Malus baccata (Linn.) Borkh was used as the
negative control. ASSVd- and ASGV-infected ‘Qingming’ was used as the positive control, and the quantitative cycles of the two pathogens were 12.8 and 22.5,
respectively. The average elimination rates of ASSVd and ASGV were 1.6% and 78.7%, respectively. R10 and R20 did not inhibit ASSVd expression. A low
elimination rate of ASSVd was found in R30 at 45 d (2.8%) of treatment and, even though the rate increased with treatment period, the rate was still less than
10% at the end of treatment. The e�ciency of ASGV eradication depended on the duration and concentration of ribavirin treatment. The average elimination
rates of ASGV in plants regenerated from 35, 45, and 55 d of treatment were 72.8%, 79.6%, and 85.0%, respectively. The average rates of ASGV in R10, R20,
and R30 were 68.9%, 81.4%, and 82.9%, respectively. The elimination rate of ASGV in R20 for the three time points was close to that in R30, and the difference
between the two treatments was approximately 2%. The difference between R10 and the �rst two treatments was 13.6–16.5% at 35–45 d of treatment and
reduced to 6.8–8.9% at 55 d.

 
 
 

Table 5
Survival and elimination rates of regenerated apple plants after chemotherapy with ribavirin at different concentrations

Treatments Duration (days)

35 45 55

Shoots Elimination rate (%) Shoots Elimination rate (%) Shoots Elimination r

No. of
dissected

Survival
rate (%)

ASSVd ASGV No. of
dissected

Survival
rate (%)

ASSVd ASGV No. of
dissected

Survival
rate (%)

ASSVd

CK 98 96.9
(95/98)

0
(0/95)

0 (0/95) 123 76.4
(94/123)

0
(0/94)

0 (0/94) 121 76.9
(93/121)

0 (0/93)

R10 125 82.4
(103/125)

0
(0/103)

62.9
(64/103)

143 61.5
(88/143)

0
(0/88)

68.2
(60/88)

133 57.1
(76/133)

0 (0/76)

R20 138 84.1
(116/138)

0
(0/116)

77.6
(90/116)

146 58.9
(86/146 )

0
(0/86)

82.6
(71/86)

149 51.7
(77/149)

0 (0/77)

R30 162 94.4
(153/162)

0
(0/153)

76.5
(117/153)

191 75.4
(144/191)

2.8
(4/144)

84.7
(122/144)

198 74.7
(148/198)

8.1
(12/148)
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Discussion
In the 1950s, apple scar skin disease caused severe losses in apple yields in the Liaodong peninsula area of China; thousands of trees were affected, and
apple sales were low (Liu et al. 1957). Currently, ASSVd can be found in many apple production areas in Shandong, Liaoning, Xinjiang, Shanxi, Inner Mongolia,
Hebei, and Beijing (Hu et al. 2017). Therefore, it is important to develop effective methods to acquire ASSVd-free propagation material and prevent the spread
of viroids. In this study, chemotherapy with ribavirin was used to eliminate ASSVd and ASGV in apple plants. Our results showed that there was an obvious
difference in the ability of ribavirin to eradicate ASSVd and ASGV. Ribavirin did not e�ciently inhibit ASSVd in apple plants regenerated from the hydroponic
culture of branches. The elimination e�ciency of ribavirin on in vitro apple plants was also low (less than 2%). Of the 292 regenerated plants, only 16 were
ASSVd-free. Previous studies have demonstrated that ASGV is more di�cult to eliminate than other apple viruses (Wang et al. 2016; Hu et al. 2019). Our
experimental materials coincidentally contained ASGV, which re�ected the di�culty of removing ASSVd from a certain angle. In fact, there are species-speci�c
differences in the sensitivity of viroids to ribavirin. The elimination rate of potato spindle tuber viroid infection in potato was 77.7% with a ribavirin
concentration of 30 µg/mL (Mahfouze et al. 2010). The eradication rate of hop stunt viroid (HSVd) infection in peach and pear were 33% and 35%,
respectively, at a concentration of 20 µg/mL ribavirin (El-Dougdoug et al., 2010). In addition, 40% chrysanthemum stunt viroid (CSVd) was eliminated using 25
µg/mL ribavirin (Savitri et al. 2013). Our results indicated that ASSVd is insensitive to ribavirin.

In viral elimination studies, one or more methods are used together with chemotherapy to increase the eradication rate of viruses, and the same is likely true
for viroids. The percentage of HSVd-free plant materials treated with 20 µg/mL ribavirin combined with cold therapy at 4°C for 1 month was 40% (El-
Dougdoug et al. 2010). All regenerated chrysanthemum plants were CSVd-free after 50 µg/mL ribavirin treatment combined with cold therapy at 4°C for 3
months (Savitri et al. 2013). A combination of ribavirin with other methods could be used to achieve better elimination e�ciencies of ASSVd in future studies.
In addition to the traditional methods, some new methods can also be used to eradicate ASSVd from apples. Electrotherapy, leaf primordia-free shoot apical
meristem culture, and somatic embryogenesis achieved good results in the elimination of viroids (Savitri et al. 2013; Hosokawa et al. 2005; Gambino et al.
2011). Moreover, Matousek et al. (2008) used the developmental expression of a pollen nuclease and speci�c RNAses to eradicate hop latent viroid from
pollen.

Although hydroponic culture of branches with ribavirin had no affect against ASSVd, the average elimination rate of ASGV in surviving shoots was up to 46%.
Meristem culture is a common viral elimination method, and its elimination rate is inversely proportional to the size of the shoot tips (Han et al. 2011). It is
di�cult to excise the tip from explants during experimental operations because the required meristem tip is typically small (often < 1 mm in length) and is
removed by sterile dissection under a microscope (Grout 1999). The hydroponic culture of branches with ribavirin can solve this problem. In this study, we
excised 1.0–1.5 cm (in size) shoots, which effectively reduced the di�culty of operation and improved the survival rate of the shoot tip. James (2010)
demonstrated that the inhibition of ribavirin on viruses did not decrease with year. Therefore, the acquisition of virus-free plants using this method is feasible.
Even if the virus was not eliminated during hydroponic culture, our study strongly suggests that ribavirin has an inhibitory effect on the concentration of the
virus, which will be helpful for subsequent elimination treatments. The hydroponic culture of branches with ribavirin can be used as a pre-treatment before
virus eradication.

Previous studies have shown that low concentrations of ribavirin (< 25 µg/mL) could enhance the growth and proliferation of pear plants but inhibit the
proliferation of apple and grapevine plants (Hu et al. 2012; 2015). In this study, ribavirin increased the growth and proliferation of 'Spy 227'. This indicates that
there are species differences in the sensitivity of different hosts to ribavirin. Phytotoxicity was not observed in the ribavirin-treated in vitro apple plants.
Furthermore, the yellow or brown leaves appeared at the end of treatment and a weaker growth vigor of plants was observed in R10. We speculate that these
were related to the nutrient concentration of the medium, which could not meet the plant growth requirements due to the long culture duration and rapid
growth. In addition, the acceleration of ribavirin would be use in the isolated culture of explants, which were di�cult to meristem culture.
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Figure 1

Growth of in vitro apple plants after chemotherapy with ribavirin for 15, 35 and 55 d.

CK: In vitro apple plants incubated in normal MS medium; R10, R20, and R30: In vitro apple plants cultured in MS medium supplemented with 10, 20, and 30
μg/mL ribavirin, respectively.

Figure 2

Agarose gel electrophoresis of RT-PCR products of apple scar skin viroid (ASSVd), apple stem grooving virus (ASGV), and an internal control in in vitro apple
after 35 d of ribavirin and control treatment

M: DNA Marker II (Tiangen, Beijing, China); N, negative control; P, positive control; lanes 1–3: samples collected from control plants; lanes 4–6, 7–9, and 10–
12, samples collected from 10, 20, and 30 μg/mL ribavirin-treated plants, respectively.


