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SUMMARY: 
In the two years of the project, we were able to: 

1. Test the activity of different versions of the peptide and determine which version is more 
likely to induce symptoms when applied to asymptomatic PVY-infected plants. 

2. Test our application method by monitoring molecular markers and validate that peptide 
application triggers changes in the plant at the molecular level. 

3. Test different peptide concentrations and number of applications on symptoms 
development in PVY-infected Premier Russet plants in the greenhouse. We were able to 
repeat this experiment twice.  

4. Test symptom development of PVY-infected cultivars (Premier russet, Shepody, Russet 
Norkotah, and Russet Burbank) treated with the PIP peptide at different concentrations 
in the field. 

 
OBJECTIVES: 
The objectives of this project were to test the efficacy of foliar application of a small peptide to 
increase symptoms in PVY-infected plants in a greenhouse. Variety/PVY strain combinations that 
do not produce clearly visible symptoms were used for testing. 

a. Test a range of peptide concentrations and determine the minimal active concentration 
b. Test different application schedule and determine the minimal number of applications 

needed for best results  

 
PROCEDURES: 

1. Testing the activity of different synthetic peptides 
 

Although we knew the core amino acid composition of the peptide, variation in its length and 
chemical decoration can have an effect on its activity. Therefore, we purchased four variants of 
the peptide from the company GenScript and tested their activity. For this, in collaboration with 
the group of Kiwamu Tanaka at WSU, we used an in vitro assay that enabled us to monitor 
reactive oxygen species production by potato leaf discs soaked in a solution of the peptide. 



Production of reactive oxygen species is a hallmark of plant defense response and serves as a 
biochemical marker of plant defense responses.  
 

2. Testing the peptide application method 
 

Before going full scale with the experiment, we tested whether foliar application of the peptide 
would trigger any changes in the plant at the molecular level within the first hours after peptide 
application. Such changes would be a good indication that the plants can perceive and recognize 
the peptide. For this, we monitored the expression of three genes (PR1, PIN2, LOX) that plants 
typically induce or repress when they recognize a pathogen. Five-week-old PVY inoculated plants 
were sprayed with 100,000 nM peptide or water as control and RNA samples were collected at 
30 and 60 minutes after spraying. RNA was prepared from the samples and reverse transcribed 
to cDNA. We then analyzed the expression of commonly known potato defense genes (see 
Significant Accomplishments).  
 

3. Analysis of symptom development of PVY-infected Premier Russet treated with the PIP 
peptide in the greenhouse. 

 

After validating the activity and application method of the peptide (see sections above), we 
tested the effect of peptide foliar application on the development of symptoms in asymptomatic 
PVY-infected plants. Our main goal here was to determine if the foliar application of the PIP 
peptide induces visible symptom development on PVY-infected Premier Russet. In addition, we 
wanted to determine the peptide concentration as well as the application frequency that would 
trigger the development of symptoms. This was done in the greenhouse first to determine the 
working concentration as well as an application schedule that induces symptoms and finally use 
it in the field tests. For this, we followed the procedures that are illustrated in Figure 1. To achieve 
these goals, Premier Russet was propagated in tissue culture and 90 seedlings were transferred 
into soil in the greenhouse arranged in a split-plot design. After 3 weeks, plants were 
mechanically inoculated with PVYNTN and the infection was confirmed 2 weeks post-inoculation 
using RT-PCR. At 3 weeks after inoculation plants were sprayed till run-off with the peptide at the 
concentration of 100 nM, 1,000 nM, 10,000 nM, and 100,000 nM (equivalent to 0.137 ppm, 1.37 
ppm, 13.77 ppm, and 137.7 ppm, respectively). For each concentration, we tested three different 
application schedules: two applications at 21- and 28-days post-inoculation (dpi), three 
applications (21, 28, and 35 dpi), and four applications (21, 28, 35, and 42 dpi). Symptom 
development was monitored weekly for each treatment and application rate. 
 



 
Figure 1. General procedures used for testing the effect of peptide application on the development of 
symptoms in asymptomatic PVY-infected plants. 
 

4. Analysis of symptom development of PVY-infected cultivars (Premier Russet, Shepody, 
Russet Norkotah, and Russet Burbank) treated with the PIP peptide in the field. 

 

We extended the analysis to other varieties (Shepody, Russet Norkotah, and Russet Burbank) in 
the field. First, we produced PVY-infected tubers. For this, plantlets of the varieties were 
propagated in the tissue culture and transferred into soil in the greenhouse. At three weeks 
plants were mechanically inoculated with PVY. We used PVY strains that have been shown not to 
induce visible symptoms in the literature (1). Shepody and Russet Burbank were inoculated with 
PVYN, Russet Norkotah with PVYN-WILGA, and Premier Russet with PVYNTN. We confirmed infection 
using RT-PCR. Infected tubers were harvested 6 weeks after inoculation. Second, we planted the 
infected tubers in the field. Premier Russet tubers were planted in square plots covered with 
screen cages (6’ x 6’ x 6’) to prevent pests while the other varieties were planted in rows, without 
any coverings. In the cages, the tubers were planted in holes 6 inches deep, and 9 inches apart 
with one scoop of Osmocote fertilizer per planting hole (Figure 2). Twenty plants were planted 
per cage. In the field (no cages), the rows were 36 inches apart, the tubers were planted 4 inches 
deep, and 12 inches between plants in the rows. Peptide treatment was started at 4 weeks after 
planting, at the concentration of 100 nM, 1,000 nM, 10,000 nM, and 100,000 nM for Premier 
Russet. For the other varieties, we sprayed only the mock (water only) and the 100,000 nM 
concentration. Peptide application was done weekly for 4 weeks, and symptoms were evaluated 
at the end of the experiment.  
 



 
 
Figure 2. A) Pictures of the cages used in planting Premier Russet and the holes with seed on planting day, 
B) Pictures of the rows we planted the varieties Shepody, Russet Norkotah, and Russet Burbank on 
planting day and at 45 days after planting.  
 
 
SIGNIFICANT ACCOMPLISHMENTS: 
 In the first year of this project, we first tested the ability of four variants of the peptide to 
induce plant defense responses. To do this, we measured the increase in the production of 
reactive oxygen species upon peptide application. These essential preliminary tests enabled us 
to identify StPIP1_short_NoHY as the most efficient variants (Figure 3, showing the increase in 
reactive oxygen species over time, with the highest increase upon application of 
StPIP_short_NoHY – see the green diamonds). We then ordered this peptide variant in a larger 
quantity.  
 



 
Figure 3. Reactive oxygen species production in potato nodes of Russet Burbank in response to StPIP1 
peptide variants. All peptides were added at the final concentration of 1 µM. Line graphs are shown as 
mean values ± SE (n = 8). 
 
 Then, we tested our foliar application method at a small scale by monitoring the 
expression of PR1, PIN2, and LOX genes that plants typically induce or repress in response to 
pathogens recognition. The expression of PR1 increased substantially 12 hours after the 
application of the peptide in Premier Russet plants (Figure 4) while the expression of PIN2 and 
LOX decreased significantly in PVY-infected plants but not in non-infected plants (Figure 5). These 
results show that the PIP peptide is able to alter the expression of several defense response genes 
in Premier Russet plants, in particular when plants are infected with PVY. These important results 
encouraged us to move forward and test the effect of applying the peptide to trigger symptoms 
development.  
 
 

  
Figure 4. Expression of PR1 in response to foliar application of the peptide variant StPIP1_short_NoHY. 
The peptide was sprayed on the foliage of Premier Russet plants at the 100,000 nM. Leaf samples were 
collected 3 and 12 hours after application and used for RNA extraction. PR1 RNAs were quantified by real-
time quantitative RT-PCR. 
 



Figure 5. Expression of PIN2 and LOX in response to foliar application of the PIP peptide in PVY infected 
Premier Russet. The peptide was sprayed on the foliage of Premier Russet plants at 100,000 nM. Leaf 
samples were collected 30 and 60 minutes after application and used for RNA extraction. PIN2 and LOX 
gene expression was quantified by real-time quantitative RT-PCR 
 
 In end of summer/early fall 2020, we tested the effect of peptide foliar applications on 
the development of rugose mosaic in PVY-infected plants. We propagated 90 Premier Russet 
plants in tissue culture and transferred them to soil in pots in the greenhouse in mid-September. 
We then inoculated plants with PVYNTN at the end of September and started peptide application 
at the end of October. We applied four different concentrations of the peptide either once, twice, 
or three times over a period of six weeks. The last application was done on December 2, 2020. 
We monitored plants closely for the appearance of rugose mosaic symptoms and observed a few 
plants with symptoms that included young curly, rugged, and waxy leaves (Figure 6). 
Unfortunately, we had a psyllid outbreak in our greenhouse that compromised the experiment. 
However, the symptoms we observed on a few plants shortly before the psyllid outbreak were 
encouraging results. So, we repeated this experiment. 
 

 
Figure 6. Young leaves of peptide-treated plants showing a waxy surface and curly edges. 
 



 In the winter of 2020-2021, we were able to repeat foliar peptide application of PVY-
infected Premier Russet to test the development of symptoms at different concentrations and 
application schedules in the greenhouse according to the experimental plan described above. 
Overall, we observed mosaic, chlorosis, and vein necrosis symptoms in almost all the treatments 
and application schedules on PVY-infected Premier Russet, treated and non-treated with the 
peptide. Although the degree of symptoms varied with treatments, symptom severity was not 
correlated to the concentration of the PIP peptide or the application schedules (Figure 7). 
Because of the unusually high incidence of symptoms in PVY-infected Premier Russet plants used 
as control (i.e. no peptide application) (Figure 7), it is difficult from this experiment to assess the 
effect of peptide application on symptoms development. Although Premier Russet typically does 
not show symptoms when infected with PVYNTN, mild foliar symptoms have been reported (2). 
The appearance of symptoms may be dependent on other factors like growth conditions (e.g. 
temperatures). Since the greenhouse experiments were inconclusive, we tested peptide 
application in the field.  
 In spring/summer 2021, we tested whether the foliar application of the PIP peptide 
induces symptoms in potato varieties in the field. We planted Premier Russet in screen cages to 
protect against pests. Peptide applications were according to the experimental plan.  We did not 
observe any mosaic or vein necrosis, which are typical PVY symptoms in potato. Most of the 
plants in all the treatments showed leaf necrosis and yellowing foliar symptoms. However, the 
observed symptoms were not peculiar to a particular PIP peptide concentration indicating that 
foliar application of the PIP peptide on PVYNTN-infected Premier Russet does not induce visible 
symptoms development.  
 The PVY infected tubers for the other varieties Shepody, Russet Norkotah, and Russet 
Burbank were planted in rows in an open field. We tested if the 100,000 nM concentration of the 
PIP peptide was able to induce symptoms in these otherwise asymptomatic PVY strain-variety 
combinations. The peptide was applied as previously described and symptoms were evaluated 
at the end of the application period. Most of the plants were asymptomatic, with a few showing 
a bit of foliar crinkling and mosaic. The symptoms we observed were not correlated to the 
peptide application.  
  
CONCLUSIONS: 

• The version of the PIP peptide that we used in the experiments described above does not 
seem to induce clear consistent symptom development in PVY-infected plants in the 
varieties Premier Russet, Shepody, Russet Norkotah, or Russet Burbank.  

• This project was motivated by the observation that plants that constitutively overproduce 
the peptide develop PVY symptoms that are not visible in control plants that do not 
overproduce the peptide. We hypothesize that the failure to trigger symptoms by 
applying the peptide externally may be due to the need to apply the peptide more often 
(e.g. daily) to provide a more continuous supply of the peptide to the plants. If true, such 
a daily application would require that peptide concentrations be as low as possible to 
make sense economically. We are currently using the molecular test described above (i.e. 
expression of defense response genes) to determine the lowest peptide concentration 
that can trigger changes at the molecular level. This concentration will serve as reference 
in potential future experiments. 



 
 
Figure 7. Symptoms record of PVY-infected Premier Russet sprayed with different concentrations of the 
PIP peptide in the greenhouse. A) Percentage of the plants showing A) Chlorosis symptoms, B) Mosaic and 
C) Vein necrosis after two, three and four applications of the PIP peptide. 
 
 
BENEFITS & IMPACT:  
This research is very important for seed potato growers who are facing serious challenges to 
produce PVY-free potato seeds due to the lack of symptoms in a growing number of potato 
varieties. Although the results of this project were not as positive as we had hoped, they lay the 
foundations for future related experiments.  
 During the time of this project, we were able to produce the reports, presentations, and 
extension publications listed below to inform growers at large about our research. 
 



Publications: 
• Goyer A (2021) From tolerant to sensitive: how a small peptide produced by potato plants 

determines the fate of potato-PVY interaction. Potato Progress. Vol. XXI, Number 4. 
• Goyer A (2020) StPIP1, a predicted PAMP-induced peptide in potato, elicits plant defenses and 

is associated with disease symptom severity in a compatible interaction with potato virus Y. 
SOL International Online meeting. Page 87. 

 
Presentations & Reports: 
• Goyer A (2021) Hiding in plain sight: investigating the genetics that determine the (in-) visibility 

of potato virus Y. 48th Annual Hermiston Farm Fair Seminars & Tradeshow. 1 Dec. Hermiston, 
OR. Oral Presentation. (Participants = 181) 

• Second year of potato virus Y research starts at OSU. Pacific Northwest Ag Network, December 
29, 2020. https://www.pnwag.net/2020/12/29/second-year-of-potato-virus-y-research-
starts-at-osu/ 

• Goyer A (2020) Improving detection of PVY-infected plants with innovative peptide 
application. Annual Progress Report for the Northwest Potato Research Consortium. 

• Goyer A (2020) StPIP1, a predicted PAMP-induced peptide in potato, elicits plant defenses and 
is associated with disease symptom severity in a compatible interaction with potato virus Y. 
SOL International. Online meeting. 11 November. Oral Presentation. Invited Speaker. 

• Combest MM, Goyer A (2019) Characterization of a putative PAMP-induced secreted peptide 
in the hypersensitive response of potato to PVY. Annual Meeting of the American Society of 
Plant Biologists. San Jose, CA. 3-7 August. Poster Presentation. 

 
ADDITIONAL FUNDING RECEIVED DURING THE PROJECT TERM: 
We received funding from the Northwest Potato Research Consortium during the two years of 
this project ($35,000 each year).  
 
FUTURE FUNDING POSSIBILITIES: 
None at this time 
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