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I. Evaluation of Crown Gall Disease in Hybrids of Rosa 

and R. multiflora  
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silencing only iaaM could enhance crown gall resistance in apple 

(Viss et al., 2003), suggested that the key oncogenes could be different among different 

plants. 
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Crown gall resistance evaluation by needle prick 

The appearance and the fold change of the inoculated site were shown in Figure 1 

and 2. Susceptible variety R.  a bigger tumor size than other tested 

samples (Fig. 1, 2). Among the tested progenies, R.  

fold change of inoculated site, significantly greater than other tested individuals (Fig. 

2). The fold change of P1-4, M6-2 and M6-7 were 2.34, 1.81 and 1.99, respectively, 

lower than R.  but not significantly. The fold change of P6-4, M1-9, M1-

12, M1-15, M1-23, M1-30, M1-45, M6-4 and tetraploid of 

 were significantly lower than R. . However, because of the low 

rooting percentage, it is difficult to conduct the needle prick test for the other progenies. 

Thus, we tried inoculation of  using stem segment culture, opine assay 

and oncogene expression analysis to evaluate the resistance ability against crown gall 

disease. 
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Formula to calculate browning rate  
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Crown gall resistance evaluation using stem segment culture. 

The callus formation rate of R.  was 43.6% while  R. 

multiflora  formed no callus tissue 3 weeks after inoculation (Table 

4). Among all tested progenies, the M1 line and M6 line showed a lower callus 

formation rate than the P1 line and P6 line (Table 4). Furthermore, six individuals (M1-

5, M1-23, M1-25 M1-30, M1-33 and M6-2) formed no callus tissue (Table 4), and all 

these individuals are the backcross line of  R. multiflora No. 

3 1 generation.  

Among the samples which formed callus, three progenies (M1-12, M1-15 and M6-

10) showed no opine detection rate (Table 4). For the tested samples which formed no 

callus, the further screening will be necessary. Therefore, M1-5, M1-23, M1-25, M1-

30, M1-33 and M6-2 were chosen for the next oncogenes expression analysis. 

Moreover, individuals with the callus formation rate lower than 20% or low opine 

detection rate also had been chosen for gene expression analysis.  

Primer specificity testing 

R. 
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both ipt and iaaM gene showed a 

positive  with the fold change of inoculated site, and ipt had a significant 

relationship with tumor size within progenies (Fig. 10). On the other hand, opine 

detected rate had no relationship with oncogene expression (Fig. 11). 

 

In this study, we first screened the crown gall disease resistance ability by needle 

prick. The results showed that tetraploid of R. multiflora No. 3
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significantly lower fold change of inoculated cite than R.  fold 

change of backcross progenies were between them (Fig. 2). Interestingly, most of the 

backcross with tetraploid of R. multiflora No. 3 formed no tumor tissue, 

suggested the resistant mechanism of tetraploid of R. multiflora No. 3

different from R. a large number of 

plant material and takes a long time, which is limited by the root forming percentage. 

Thus, we tried to inoculate to tissue culture and conduct opine assay to solve the 

problem of needle prick test. 

Considering the needle prick test needs a lot of samples and time, a time-saving 

method will be necessary. After the T-DNA was inserted into the plant genome through 

Agrobacterium infection, the transformed plant cell will produce opine by the exist of 

opine-related genes as a substrate for Agrobacterium (Pedersen et al., 1983; Yang et al., 

1987). Opine had been proved to be an effective method to distinguish tumor tissue 

(Escobar and Dandekar, 2003). Considering the opine production needs living cell, to 

reduce the browning during tissue culture, we established the most appropriate culture 

method by material selection, adjusting culture time and medium selection. Results 

showed that the opine detection rate from browned stem segments was lower than green 

stem segments, indicated the browning process can influence the opine production (Fig. 

3). However, even under the most appropriate culture conditions, there were still almost 

one third of tested samples formed no callus tissue, and some samples showed a quite 

low callus formation rate or formed small callus tissue, all these limited the application 

of opine assay (Table 4). Thus, new method does not require callus formation will be 

necessary. 

Currently, several mechanisms of plant resistance against A. tumefaciens were 

reported, including lack of vir-inducing factors (e.g. acetosyringone derivatives) and T-
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DNA integration factors, plant contain antibiotic compound, as well as suppress 

oncogene expression in transformed cell (Sahi et al., 1990; Narasimhulu et al., 1996; 

Tan et al., 2004; Zhang et al., 2015; Licausi et al., 2019). For instance, silencing ipt and 

iaaM in Arabidopsis and tomato can enhance the crown gall disease resistance (Escobar 

et al., 2001, 2002; Lee et al., 2003; Zhang et al., 2015). Thus, the expression level of 

oncogenes (e.g. ipt and iaaM) could be used as important indexes to evaluate the 

resistance ability against crown gall disease in rose. In this study, we found that the 

individuals which showed both higher expression of ipt and iaaM had greater fold 

change of inoculated site than others (Fig. 2, 9). These results indicated the complexity 

of crown gall disease resistance mechanisms (Escobar and Dandekar 2003; Bourras et 

al., 2015; Kim and Park 2019). Furthermore, within the BC1 backcross lines and their 

parents, the expression of both ipt and iaaM showed a positive correlation with the fold 

change of inoculated site, while ipt had significantly positive correlation (Fig. 10). The 

expression of iaaM that had no significant relationship with the fold change of 

inoculated site may due to insufficient sample size (Kim and Park 2019). Taken all, our 

results suggested that both ipt and iaaM genes are important indexes for tumor 

formation and development. On the other hand, opine detected rate and oncogene 

expression did not show any relationship. This could be explained by the reason that 

oncogenes were related to tumor formation and development process, while opines 

produced by plant only related to activate the quorum sensing of A. tumefaciens to 

further promote virulence as a nutrient source and a signal (Escobar and Dandekar 2003; 

Subramoni et al. 2014). In our study, some individuals showed high opine detected rate 

with low oncogene expression, while some individuals had high oncogene expression 

but with low opine detected rate (Fig. 11). This result was consistent with previous 

findings (Escobar and Dandekar 2003; Subramoni et al. 2014). Taken all, these results 
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suggested that oncogene expression analysis could be used to evaluate the progression 

of tumor formation and development, while opine assay could only be used to evaluate 

whether the plant was infected. 

Besides, M1-45 showed high iaaM expression while the needle prick result showed 

resistance ability, and M6-2 showed relatively great fold change of inoculated site with 

low oncogene expression. The reason for this result may due to the growth promoting 

effect of cytokinin and auxin after infected that varies dependent on plant and tissue 

type (Beneddra et al., 1996; Gohlke and Deeken, 2014). Moreover, the number and 

types of oncogenes that need to be silenced to gain disease resistance also vary from 

plant species (Escobar et al., 2001, 2002; Lee et al., 2003; Viss et al., 2003; Zhang et 

al., 2015).  

Overall, within hybrid progenies, the crown gall resistance ability of P6-4, M1-9, 

M1-12, M1-15, M1-23, M1-30, M1-45 and M6-4 were greater than R. PEKcougel. 

Those individuals can be used to further study their resistance mechanisms and their 

ability to be used as rootstock. Moreover, our results showed that the oncogene 

expression can be used to evaluate disease resistance within rose progenies. 
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Name Generation Seed donor Pollen donor Obtained Number* 
F1 No. x F1 R  Tetraploid of R. multiflora 

 
3 

P1-x BC1 R.  F1 No. 1  11 
P6-x BC1 R  F1 No. 6 4 

M1-x  BC1  

Tetraploid of R. multiflora 
 F1 No. 1  36  

M6-x  BC1  

Tetraploid of R. multiflora 
 F1 No. 6  19  
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82%

Brownin
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2%
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16%

Stem condition in 4th week when 
callus formation is positive

Green Browning Browned

Green
1% Browning

19%

Browned
80%

Stem condition in 4th week when 
callus formation is negative

Green Browning Browned
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Variables 
Regression 

coefficients 

Standard 

error 
P Odds ratio 

95% Confidence 

interval 

2nd week / / 0.04 / / 

2nd week(1) -1.67 0.99 0.09 0.19 0.03~1.31 

2nd week(2) -2.66 1.15 0.02 0.7 0.01~0.66 

4th week / /  / / 

4th week(1) 6.42 1.34 <0.01 611.96 44.16~8480.68 

4th week(2) 0.24 1.28 0.85 1.27 0.1~15.63 

Constant -0.94 0.45 0.03 0.39 / 
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Variety 
or linez 

Total sample 
number 

Callus 
number 

Opine detected 
number 

Callus formation 
rate (%) 

Opine detected 
rate (%) 

P 39 17 7 43.6 41.2 
M 20 0 - 0 - 

F1 No. 1 79 20 6 25.3 30.0 
F1 No. 6 16 3 2 18.8 66.7 

P1-1 40 15 14 37.5 93.3 
P1-3 65 25 12 38.5 48.0 
P1-4 43 21 11 48.8 52.4 
P1-9 55 16 5 29.1 31.3 

P1-10 24 13 3 54.2 23.1 
P6-4 46 15 6 32.6 40.0 
M1-3 40 3 3 7.5 100 
M1-5 39 0 - 0 - 
M1-7 45 3 2 6.7 66.7 
M1-9 51 1 1 2.0 -* 

M1-12 137 11 0 8.0 0 
M1-15 46 9 0 19.6 0 
M1-23 30 0 - 0 - 
M1-25 22 0 - 0 - 
M1-27 43 1 0 2.3 -* 
M1-30 46 0 - 0 - 
M1-33 35 0 - 0 - 
M1-36 47 9 8 19.2 88.9 
M1-38 44 10 7 22.7 70.0 
M1-45 45 3 1 6.7 33.3 
M1-46 48 1 0 2.1 -* 
M6-2 25 0 - 0 - 
M6-4 31 4 3 12.9 75.0 
M6-7 68 21 11 30.9 52.4 

M6-10 53 7 0 13.2 0 
D 38 26 17 68.4 65.4 

1Callus formation rate (%) = Callus number / Total sample number × 100 
2Opine detected rate (%) = Opine detected number / Callus number × 100 

represented resistant variety R. represented tetraploid

R.  

*) Opine detected rate was not calculated when the callus number is less than three. 
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II. Evaluation of Root Rot Disease in Hybrids of Rosa 

and R. multiflora  
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