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Abstract 
 

Potato late blight is the most important worldwide threat for potato production, caused by 

a notorious oomycete Phytophthora infestans. Globally, a huge amount of fungicides is 

applied in the potato field to control this disease, but difficult to control. The pathogen is 

too much fast evolving and single gene resistance breeding has failed to provide a durable 

resistant potato crop. So, control of this disease is a big challenge for the resistance breeder. 

To obtain a durably resistant variety, stacking of multiple broad-spectrum R genes is 

advised. Two R genes, R2 (also referred as its homolog Rpi-blb3) and Rpi-mcq1, were 

isolated from wild Solanum species of Mexico and Peru, respectively and characterized their 

resistance spectrum. These two R genes show a different resistance profile to a range of P. 

infestans isolates where R2 provides a slightly broader resistance spectrum and isolate 

NL07434 being a representative of the isolates that are virulent on Rpi-mcq1 and avirulent 

on R2. The R2 and Rpi-mcq1 recognized the P. infestans effector AVR2 but the effector 

AVR2-like is recognized by Rpi-mcq1 only. The first research question was to unravel the 

differences in disease test result with the isolates, stable transformants with R2 and Rpi-

mcq1 were tested with three effectors (PITG_10640, PITG_04099 and PITG_22935) that 

were upregulated during the infection of NL07434 and for recognition by R2. The same R 

genes and effectors were also co-agroinfiltrated in Nicotiana benthamiana, Solanum 

tuberosum cv. Désirée and cv. Bintje to validate the result. We found that both R genes 

conferred cell death responses upon agroinfiltration with PITG_10640, PITG_04099, but not 

with RD2 (PITG_22935). The same set of effectors also caused cell death when co-expressed 

with R3a, which indicates that the cell death is not specific of R2 and Rpi-mcq1. A second 

topic was to determine the virulence profile of Peruvian P. infestans isolates on Désirée-R2, 

Désirée-Rpi-mcq1 and Désirée-Rpi-hcb plants. Because Rpi-mcq1 and its homolog Rpi-hcb 

were identified in wild Solanum from Peru and the virulence profile of those R genes was 

always tested with isolates of the Netherland, Europe and Mexico. We found that R2 and 

Rpi-mcq1 showed the same resistances profile against the isolates from Peru.  

 

Keywords: AVR2, effector, isolates, Potato, Phytophthora infestans, R gene, and 

transformant.  
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1.   Introduction___________________________________________                                                                                        

In this chapter potato and potato late blight disease is introduced and followed by an 

overview of the mechanisms of plant-pathogen interaction. Later sections are introduced 

with breeding for late blight resistance, background and aim of the research.  

1.1.   Potato 

Potato (Solanum tuberosum L.) is an exigent food crop in the world food production (Kim et 

al., 2011), domesticated in South America and expanded to extensive parts of Europe and 

Asia. In 2014, world total potato production was 325 million tonnes and its total coverage 

was 19 million hectares of land (FAOSTAT, 2017). Currently, it grades the third position after 

rice and wheat regarding human consumption (Haverkort et al., 2009). The utilization of 

potato is not only confined to food crops but also has a contribution in non-food production, 

especially the production of alcohol, starch, glue and many other industrial products (Li et 

al., 2009, Du 2014). 

Like other crops, different types of biotic and abiotic factors hamper the potato production. 

Drought, salinity, temperature, light etc. are the abiotic factors. On the other hand, the 

biotic factors are pests and pathogens which can reduce the crop yield dramatically. Among 

the biotic stresses, late blight is one of the most devastating diseases of potato, which 

results in 16% global yield losses and € 5.2 billion financial losses (Haverkort et al., 2009). 

1.2.   Potato late blight 

The late blight of potato is caused by a notorious plant pathogen, Phytophthora infestans. It 

is a hemi-biotrophic oomycete. The pathogen is well known for causing the Irish potato 

famine in the 1840s, but still, now it is a threat to global food security. One hypothesis 

narrated that the centre of origin of P. infestans is Mexico (Goodwin et al., 1994; Grünwald 

and Flier, 2005), but a competing hypothesis debates that the Andes of South America is the 

centre of origin of both potato and P. infestans (Gómez-Alpizar et al., 2007). In favourable 

environmental conditions, the late blight disease can cover the whole field within a few 

weeks (Vossen et al. 2005). The disease not only invade the leaves, stems and tubers of 

potato but also the other species of Solanaceae species (Birch et al. 2012). The pathogen is 

so virulent and aggressive, and it has the potentiality to adapt to the resistant plant 

(McDonald & Linde, 2002; Fry, 2008). For this reason, it is considered as a model organism 

for studying pathogens of oomycete. 

From the genomic point of view, a deep analysis of P. infestans genome illuminate the 

reasons for their virulence and aggressiveness. The genome of P. infestans was sequenced in 

last decade. It has a genome of 240 Mb which is most complicated and largest genome 

compared to the other three related species of Phytophthora. The genome showed a 
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strange structure that helps the pathogen to adapt to a wide range of hosts (Haas et al., 

2009; Raffaele et al., 2010). The genome consists of high gene density regions and low 

repeat regions (gene islands), as opposed to regions with low gene density (gene deserts) 

and repeat-rich regions. The repeat-rich and sparse area of the gene contains the virulence 

factors and effector genes that helps them to evade the resistant gene.   

P. infestans can reproduce sexually which increases the diversity of the pathogen and 

worldwide survivability (Fry, 2008). But the asexual clones are responsible for late blight 

epidemics which spread and amplified by the sporangia of infected plants over aerial 

dispersion (Fry et al., 2009). Infected plants and tubers can act as a source for the spread of 

spores in the growing season and in another season.  

1.3.   Mechanisms of plant-pathogen interaction  

Plants are sessile organisms, they totally depend on their immune system to encounter the 

pathogen attack. The plant immunity is inherent, possess receptor protein from plasma 

membrane and cytoplasm that recognizes the pathogen effector protein and bind them to 

initiate the immunity. Effectors are the proteins, secreted by the pathogen to break the 

plant defence system and initiate the disease (Niks et al., 2011). The active immune system 

of plants briefly consists of two layers (figure 1) (Jones and Dangl 2006; Win et al., 2012). 

The first layer consists of transmembrane pattern recognition receptors (PRRs) on the 

surface of the cell. PRRs can detect apoplastic microbial effectors called microbe or 

pathogen-associated molecular patterns (MAMPs or PAMPs). This type of defence is known 

as PAMP-triggered immunity (PTI). The PAMPs are an essential and conserved molecule for 

the pathogen, For instance, chitin in fungus and flagellin in bacteria. The PRRs mediated 

defence is a commonly broad spectrum and conserved, provides resistance or basal 

immunity to non‐adapted pathogens. 
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Figure 1. Principles of plant immunity system. Apoplastic effectors and PAMPs are recognized by PRR 
protein while NB-LRR can recognize the intracellular or cytoplasmic effectors (Dodds & Rathjen, 
2010) 

 

The second layer of immunity works when the first layer of defence fails. In this defence 

system, the pathogens cytoplasmic effectors (e.g. RxLR effectors for Phytophthora) are 

recognized by the resistance (R) proteins. The R proteins are coiled-coil nucleotide binding 

leucine‐rich repeats (CC-NB‐LRRs) domain (Jones and Dangl, 2006). This type of immunity 

known as effector-triggered immunity (ETI), is fast evolving and has a narrow spectrum 

(Jones & Dangl, 2006; Macho & Zipfel, 2014). But the pathogens are very clever and they 

diversify their effectors to suppress the plant's immunity or recognition, results in effector-

triggered susceptibility (ETS). This interplay of resistant and susceptible plants is well 

described in the Zigzag model of Jones and Dangl (2006), where more layers of defence are 

described (figure 2).    
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Figure 2. Zigzag model of plant immunity system illustrating the multiple phases of immunity. PTI, 

ETI generates immunity to plant and ETS makes susceptible to the pathogen. The AVR-R pair controls 

the amplitude of defence (Jones & Dangl, 2006). 

Pathogen effectors recognition by the NB-LRR protein provides a strong defence against the 

pathogen, characterized by a programmed cell death, called the hypersensitive response 

(HR) (Vleeshouwers et al., 2011). When effector molecules are recognized by the R(NB-LRR) 

proteins, they are known as avirulence protein (AVR), causing a-virulence. Gene-for-gene 

model describes the interaction between R and Avr-proteins (Flor, 1971), where a specific R 

protein recognizes the corresponding Avr-protein and results in Hypersensitive resistance 

(HR). It indicates the diversity of R genes and the high specificity of HR.       

1.4.   Breeding for P. infestans resistance 

In the field of potato breeding, the major focus is to develop potato varieties resistant to P. 

infestans. Introduction of R genes from wild species into a commercial variety provides 

resistance against the pathogen, a promising and sustainable method of resistance 

breeding. But resistance shows two types, i.e. vertical resistance and horizontal resistance. 

When resistance is controlled by single R gene then it is called specific or vertical resistance 

and it has provided less durable resistance (Malcolmson and Black, 1966). On the other 

hand, horizontal resistance is controlled by polygenes or is a quantitative trait locus which 

called (QTL) provides a durable resistance to multiple races of a pathogen (Gebhardt, 1994; 

Tan et al., 2008).   
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The wild Mexican species S. demissum is a good source of R genes and multiple R genes (R1-

R11) were identified from this species, which showed a broad-spectrum resistance against 

P. infestans. However, P. infestans is fast evolving, can generate diversified new strains to 

break resistance (Foster et al., 2009). That’s why it is very difficult to control P. infestans by 

single R gene. As a result, the breeding program has been designed for a durable resistant 

scheme against the late blight. Consequently, a stacking of multiple broad-spectrum R genes 

is considered to provide a durable resistance (Zhu et al., 2012; Jo et al., 2014).    

Several Solanum R genes that confer resistance to Phytophthora infestans were identified 

from S. bulbocastanum, S. edinense, S. schenckii, S. hjertingii, S. stoloniferum and S. venturii 

(Vleeshouwers et al., 2011) (figure 3). Recently Rpi-mcq1 has been cloned from S. 

mochiquense (Jones et al., 2014) and Rpi-amr3i gene from S. americanum (Witek et al., 

2016). Another R gene, Rpi-hcb, is a homolog of Rpi-mcq1 has been cloned from S. 

huancabambense (Aguilera-Galvez et al., unpublished). Rpi-ber and Rpi-chc1 has been 

cloned from Solanum berthaultii (Rauscher et al., 2006) and S chacoense, respectively. 

Among all the R gene families, the R2 family is extremely diverse and situated in 

chromosome IV on a locus for major late blight (MLB) resistance. Members of this family 

differently recognize the effector AVR2 (Vleeshouwers et al., 2011). Rpi-blb3 recognizes the 

AVR2, but the virulent allele of AVR2 is AVR2 like (A2L) is not recognized by Rpi-blb3. So, Rpi-

blb3 carrying plants infected by P. infestans isolates expressing AVR2 like (A2L) (Saunders et 

al., 2012). The genes R2 and Rpi-mcq1 were identified from wild potato species of Mexico 

and Peru, respectively. They showed a differential disease resistance spectrum against 

different isolates of Phytophthora infestans. Rpi-mcq1 recognizes both AVR2 and AVR2 like 

and is located in chromosome IX. So, it indicates that both genes are from different gene 

families. However, the recognition of R gene is related to the corresponding effectors of 

Phytophthora infestans. 

 

Figure 3. Phylogenetic tree of Solanum R genes showing R2, Rpi-mcq1 and its homologs (Aguilera- 

Galvez et al., submitted) 
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1.5.   Effectors of Phytophthora infestans 

Both apoplastic (outside of the cell) and cytoplasmic (inside the cell) effectors are secreted 

by Phytophthora infestans (Kamoun, 2006; Hein et al., 2009; Whisson et al., 2016). 

Cytoplasmic effectors include RXLR peptide motif with C-terminal effector domain. RXLR 

motif is necessary for the secretion of the protein into the host plant cell (Whisson et al., 

2007, 2016; Dou et al., 2008; Anderson et al., 2015). The AVR gene works inside the host 

cell, exists in the repeat-rich region and is considered to upregulate in the biotrophic stage 

of infection. Recent studies have found that many RXLR effectors from P. infestans 

accumulate in the haustoria and secret the effector from this structure after penetration 

(Whisson et al., 2016, Wang et al.,2017). The mode of effector secretion is still unknown, 

but the delivery of effector inside the host cell was clearly observed (Whisson et al., 2016). 

However, RXLR effectors can be used to detect the specific recognition of functional R genes 

in the potato plant through the effectoromics approach.  

 

X means not expressed and √ means expressed during potato infection with P. infestans isolate Blue13. That 

means PITG 13940, PITG 21645 and Avr2 like are the only 3 AVR2 effectors expressed. 

Figure 4. Phylogenetic relationship and clustering of AVR2 effector family. The expression of the 

effectors after potato infection with the isolate blue13 are indicated (Aguilera- Galvez et al., in 

preparation)  

The AVR2 effector family of P. infestans, is an exceptionally differing group of 14 variants, 

grouped into three clades (figure 4). Various members of this family are upregulated during 

the infection of potato by the isolate blue13. Among them, the AVR2, AVR2-like and RD11 

are differentially recognized by the R2 and Rpi-mcq1 (Aguilera Galvez et al., submitted). The 

AVR2 is recognized by both, but AVR2-like is recognized by only Rpi-mcq1 and RD11 

recognition is vice versa with the result of AVR2-like. Additionally, the results from another 

experiment showed, some interesting RXLR effectors of P. infestans were upregulated 



7 
 
 

 

during potato infection, which is not a member of the AVR2 family (Aguilera-Galvez et al., in 

preparation).  

1.6.   Background of the research 

Carolina Aguilera Galvez is a PhD student studying late blight resistance with the R genes, R2 

(Rpi-blb3) and Rpi-mcq1, which recognize AVR2. The R genes were identified in the wild 

Solanum species through effectoromics approach. This technique is a high throughput 

functional genomic tool in this era (Vleeshouwers et al.,2011). Two R genes (R2 and Rpi-

mcq1) were identified in wild Solanum from Mexico and Peru respectively and were 

transferred to the susceptible commercial cultivar, Désirée. The Rpi-hcb is a homolog of Rpi-

mcq1 and was also transferred to Désirée. However, those R genes display a differential 

disease resistance with three isolates tested: NL07434, NL09096 and NL12003 (Table 1). 

 

Table 1. Differential disease profile of P. infestans isolates on R2 and Rpi-mcq1 plants 

P. infestans isolate Désirée- R2 Désirée - Rpi-mcq1 

NL07434 R S 

NL12003 R S 

NL09096 R S 

 

On the other hand, R2 and Rpi-mcq1 recognize members of the AVR2 family, and the 

specificity of recognition is distinct (table 2). It indicates that the difference in disease test is 

not related to presence or absence of AVR2 or AVR2-like. RD11 could explain the different 

resistance phenotypes and this is also following in another experiment. 

 

Table 2. Specificity of recognition of some AVR2 members by R2 and Rpi-mcq1 

Effectors R2 Rpi-mcq1 

AVR2 Recognized Recognized 

AVR2-like Not recognized Recognized 

RD11 Recognized Not recognized 

To find out more about this, the isolate NL07434 was checked during potato infection with 

two reference strain (figure 5). The result showed that some interesting effectors were 

upregulated during the infection which was not in the AVR2 family. The effectors were 

PITG_22935, PITG_21422, PITG_04099, PITG_18405 and PITG_06246. The effector 

PITG_22935 is a member of RD2 effector family, and the effector PITG_18405 has a 99% of 

identity with PITG_10406. Based on the availability of the effector they were selected for 

the further test. To validate these results, we would like to test whether those candidate 

effectors are differentially recognized by R2 and Rpi-mcq1.  
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Figure 5. P. Infestans effectors upregulated during infection on potato (microarray data) 

Additionally, we are also interested in the evaluation of P. infestans isolates from Peru, in 

order to determine the virulence of the isolates in potato plants harboring Rpi genes from 

Peru. In previous experiments of this project, virulence profile of 18 P. infestans isolates has 

been determined. Three of them are differentially recognized by R2 and Rpi-mcq1, but most 

of them are from the Netherlands, Europe and Mexico (Aguilera-Galvez et al., Submitted). 

Therefore, it is important to test more diverse isolates to see a broader virulence profile. 

Based on these research outcomes the aim of this project is selected. 

1.7.   Aim of the project 

The aim of the project is to unravel the differential disease resistance spectrum that is 

conferred by R2 and Rpi-mcq1, respectively. Another aim is to quantify the virulence profile 

of P. infestans isolates from Peru on Désirée- R2, Désirée-Rpi-mcq1 and Désirée-Rpi-hcb.  

The following research questions were developed to meet the above-mentioned objectives. 

Q1. Can R2 and Rpi-mcq1 recognize the PITG_10640, PITG_04099 and RD2 effectors? 

Co-agroinfiltrations of candidate effectors and R genes in N. benthamiana, potato cv. Bintje 

and Désirée; single infiltrations of the candidate effectors in Désirée-R2, Désirée-Rpi-mcq1, 

and wild species (source of the mentioned R genes) will be conducted to find out the 

answer.  

Q2. Potato plants containing R gene from Peru can confer resistant to P. infestans from 

same geographic location? 

P. infestans isolates from Peru will be tested on Désirée-R2, Désirée-Rpi-mcq1 and Désirée-

Rpi-hcb plants by detached leaf assay.  
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2.   Materials and methods___________________________________ 

This chapter describes the materials and the methods used to achieve the research 

objectives and to accomplish this thesis. The first section explains the Agrobacterium 

tumefaciens-mediated transient transformation followed by virulence profile of P. infestans 

isolates. It describes the plant materials, pathogen isolates, experimental setup, data 

collection, methods and statistical analysis.  

2.1.   ATTA (Agrobacterium tumefaciens-mediated transient transformation) 

2.1.1   Plant materials 

 

The plant materials used in this experiment can be found in table 1. All the plant materials 

except Nicotiana benthamiana were clonally propagated in vitro from the stock material by 

cutting. The clones were grown in MS20 medium (Murashige and Skoog, 1962) for two 

weeks in a climate chamber. The media was prepared with 4.4 g of Murashige and Skoog 

basal salt mixture accompanied with all vitamins, 20 g of sucrose and 8 g of micro agar per 

liter and the pH was adjusted to 5.8. Moreover, 2 ml per litre plant preservative mixture 

(PPMTm) was used in the media to prevent the microbial infection in the culture. After two 

weeks of growth in a climate chamber, the plants were transferred into the greenhouse and 

grown in small trays for two weeks. After that, the plants were transferred into the big pot 

of 2kg of soil and grown for two weeks in a restricted area of Unifarm greenhouse. The N. 

benthamiana plants were provided by the Unifarm employees and 45 days old potato plants 

were used for ATTA. 

Table1. List of plants used in the experiment of ATTA 

Abbreviate/ 
Common name 

Species Remarks source of R gene 

Désirée-R2 Solanum tuberosum Gene inserted Solanum bulbocastanum 
Désirée-Rpi-mcq1 Solanum tuberosum Gene inserted Solanum mochiquense 
Mcq717-3 Solanum mochiquense  Donor of Rpi-mcq1  
Hcb353-8 Solanum huancabambense Donor of Rpi-hcb  
Hjt349-3 Solanum hjertingii plant contains R2  
Snk213-1 Solanum schenkii plant contains R2  
edn150-1 Solaum edinense plant contains R2  
Désirée Solanum tuberosum Control plant  
Bintje Solanum tuberosum Control plant  
Tobacco Nicotiana benthamiana Model plant  

 

2.1.2   Agrobacterium tumefaciens cultures 

The R genes and effectors used in this study were previously cloned in a binary vector and 

used for A. tumefaciens transformation. All the A. tumefaciens clones (table 2) were 

available in the lab and provided by Carolina for this experiment. 
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Table 2. List of Agrobacterium tumefaciens cultures with vector for Agroinfiltration study  

R gene/ Effector Agrobacterium strain Vector  

R2 (Rpi- blb3) AGL1 pBinplus 
Rpi-mcq1 AGL1 pBinplus 
R3a AGL1 pBinplus 
AVR2 AGL1 pK7WG2 
PITG_10640 AGL1 pK7WG2 
PITG_04099 AGL1 pK7WG2 
RD2 (PITG_22935) AGL1 pK7WG2 
AVR3a AGL1 pK7WG2 
Empty vector (-) AGL1 pK7WG2 

 

2.1.3   Agroinfiltration (ATTA) 

According to the protocol of Du and Rietman et al. (2014), the agroinfiltration assays were 

conducted in this study. There was an exception from the protocol that, the cultures of R 

gene and effectors were started from the glycerol stock into 3ml LB (Lysogeny broth) 

medium with all necessary antibiotics (streptomycin, kanamycin, chloramphenicol and 

carbenicillin) according to the vector. All other steps were performed according to the 

protocol. Hypersensitive response based on the cell death was scored after 4 or 5 days of 

agroinfiltration. The scoring was done on a scale of 0-2 (figure 6). 

 

     

Score 0 
0% 

Score 0.5 
25% 

Score 1 
50% 

Score 1.5 
75% 

Score 2 
100% 

Figure 6. Hypersensitive response (HR) scoring scale for ATTA test 
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2.1.4   Experimental setup 

Co-agroinfiltrations with R2 and Rpi-mcq1 in Nicotiana benthamiana, potato cv. Bintje and 

Désirée were performed by following combinations.  

Table 3. Combination of R and AVR gene pairs for Co-agroinfiltrations with optical density 
 
Plant 1 (3 leaves per plant) R2 + effectors 

Number Effector Final OD for Bintje and Désirée  Final OD for N. benthamiana  

1  R2 + AVR2 0.2 0.5 
2 R2 + PITG_10640 0.2 0.5 

3 R2 +PITG_04099 0.2 0.5 
4 R2 +RD2 0.2 0.5 
5 Negative control 0.2 0.5 
6 R3a-Avr3a 0.2 0.5 

Plant 2 (3 leaves per plant) Rpi-mcq1 + effectors 

Number Effector Final OD for Bintje and Désirée  Final OD for N. benthamiana  

1  Rpi-mcq1 + AVR2 0.2 0.5 

2 Rpi-mcq1 + PITG_10640 0.2 0.5 

3 Rpi-mcq1+PITG_04099 0.2 0.5 

4 Rpi-mcq1 +RD2 0.2 0.5 

5 Negative control 0.2 0.5 

6 R3a-Avr3a 0.2 0.5 

Plant 3 (3 leaves per plant) Control effectors with R3a 

Number Effector Final OD for Bintje and Désirée  Final OD for N. benthamiana  

1  R3a + AVR2 0.2 0.5 
2 R3a + PITG_10640 0.2 0.5 

3 R3a+PITG_04099 0.2 0.5 
4 R3a +RD2 0.2 0.5 
5 Negative control 0.2 0.5 
6 R3a-Avr3a 0.2 0.5 

Plant 4 (3 leaves per plant) Control just effectors 

Number Effector Final OD for Bintje and Désirée  Final OD for N. benthamiana  

1  AVR2 0.2 0.5 
2 PITG_10640 0.2 0.5 
3 PITG_04099 0.2 0.5 
4 RD2 0.2 0.5 
5 Avr3a 0.2 0.5 
6 R3a-Avr3a 0.2 0.5 

 

Single infiltrations with the candidate effectors were done in Désirée-R2, Désirée-Rpi-mcq1, 

and wild species with the following combinations. Because these plants already contain the 

R genes, only AVR genes were necessary for agroinfiltrations. 
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Table 4. Effectors with optical density for Agroinfiltration in potato 
 
3 plants per genotype (3 leaves per plant) 

Number Effectors Final OD for the potato plants  

1  AVR2 0.2 
2 PITG_10640 0.2 
3 PITG_04099 0.2 
4 RD2 0.2 
5 Negative control 0.4 
6 R3a-Avr3a 0.4 

Three replications were performed for all combinations of N. benthamiana and potato 

plants at three different times of one-week interval. 

2.2.   Virulence profile of P. infestans isolates 

2.2.1   Plant materials 

In this experiment, the plant materials were also prepared according to the same procedure 

of the previous experiment of ATTA by cutting in vitro.  

Table 5. List of plants used in the experiment of detached leaf assay (DLA) 

Abbreviate/Common name Species/source of R gene Remarks 

Désirée-R2 Solanum bulbocastanum  Gene inserted 
Désirée-Rpi-mcq1 Solanum mochiquense Gene inserted 
Mcq717-3 Solanum mochiquense  Donor of Rpi-mcq1 
Hcb353-8 Solanum huancabambense Donor of Rpi-hcb 
Double transformant- 2 R2/ Rpi-blb3 and Rpi-mcq1 Gene stacking 

Double transformant- 3 R2/ Rpi-blb3 and Rpi-mcq1 Gene stacking 

Double transformant- 4 R2/ Rpi-blb3 and Rpi-mcq1 Gene stacking 

Désirée-Rpi-hcb1.1 transformat-7 Solanum huancabambense Gene inserted 
Désirée-Rpi-hcb1.1 transformat-8 Solanum huancabambense Gene inserted 
Désirée-Rpi-hcb1.1 transformat-22 Solanum huancabambense Gene inserted 
Désirée-Rpi-hcb1.2 transformat-2 Solanum huancabambense Gene inserted 
Désirée-Rpi-hcb1.2 transformat-3 Solanum huancabambense Gene inserted 
Désirée-Rpi-hcb1.2 transformat-56 Solanum huancabambense Gene inserted 
Désirée Solanum tuberosum Control plant 
 

2.2.2   P. infestans isolates 

Five P. infestans isolates were used in this experiment, provided by Carolina from plant 

breeding departments isolate stock. Among the isolates, three isolates were new in this 

research and other two isolates (IPO-0 and PIC99183) were used as a control. The isolates 

NL07434 and NL09096 were used as an extra test for the genotypes, to confirm the previous 

experimental result. All P. Infestans isolates were propagated 10 days before the 

experiment in rye media. 
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Table 6: List of P. infestans isolates with their origin and virulence profile 

Name of isolate Origin Virulence profile 

Désirée               R2              Rpi-mcq1.1 

IPO-0 Netherlands S R R 

PIC-99183 Netherlands S R R 

NL07434 Netherlands S R R 

NL09096 Netherlands S R R 

Peru 4 Peru Unknown 

Unknown 

Unknown 

Peru 29 Peru 

Peru 42 Peru 

R designates resistant and S designates susceptible 

2.2.3   Detached Leaf Assay (DLA) 

Detached Leaf Assay was done to determine the pathogenicity of P. infestans isolates to the 

potato plant materials of this experiment. Seven weeks old plant, grown in the greenhouse 

was used for detached leaf assay. The P. infestans isolates were grown on the rye agar 

medium ten days before the DLA. In cold water, the fresh spores were harvested and 10 

spores per 0.2 mm were considered as an optimum concentration for inoculation. Isolates 

inoculation and DLA procedures were followed by the protocol of Vleeshouwers et al. 

(1999). Three leaflets of one leaf was inoculated with ten droplets of inoculum of each 

isolate. Three leaves per genotype were inoculated with one isolate in each tray. The whole 

experiment was repeated three times to keep three biological replications. The lesion sizes 

were measured from the inoculated leaves three times, usually at four, five and six days 

after inoculation with electronic callipers, connected to a laptop. The lesion growth rate 

(LGR) was calculated from the lesion size by a linear linear regression over time 

(Vleeshouwers et al.,1999). The infection efficiency (IE) was estimated by the percentage 

growing lesions comparative to total number of inoculation spot per leaf per genotype. 

Then the infection efficiency (IE) and lesion growth rate (LGR) were analysed by the 

software Genstat 18th edition.  
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3.  Results________________________________________________                                                                                                         

In this chapter, first, the results of co-agroinfiltration and agroinfiltration are presented. The 

next section represents the results of detached leaf assay.  

3.1.  Co-agroinfiltration response of effectors and R genes in N. benthamiana, 

potato cultivar Bintje and Désirée 

To study the recognition spectrum of different effectors by R2 and Rpi-mcq1, the effectors 

were co-infiltrated with R2, Rpi-mcq1 and R3a in N. benthamiana, Bintje and Désirée. The 

cell death responses were scored five days post infiltration. In all replication sets, N. 

benthamiana didn’t show any response, except for the positive control. R2, Rpi-mcq1 and 

R3a caused cell death with the effectors AVR2, PITG_10640 and PITG_04099 in both Bintje 

and Désirée (figure 7 & 8). The effector RD2 was not recognized by any R gene. 

Unfortunately, the empty vector (negative control) showed some responses in potato plant 

especially in Désirée, which was not expected. It indicates the sensitivity of Désirée to 

Agrobacterium. The results also showed that the effectors PITG_10640 and PITG_04099 

unexpectedly developed some HR response without any R gene. It can also happen because 

of the treatments with empty vector alone. The positive control, R3a-Avr3a pair was 

recognized and developed HR response in both Bintje and Désirée. The HR index score is 

presented in Appendix 1 and the HR pictures are presented in appendix 3. The experiment 

was done three times and each replicate consisted of one plant with three leaves.   

The Co-agroinfiltration result showed the cell death response for R2, Rpi-mcq1 and R3a with 

AVR2, PITG_10640 and PITG_04099. But the result for control R3a fails because of AVR2 

recognition. 

 

Figure 7. Co-infiltration of R2, Rpi-mcq1 and R3a with different effectors in potato cultivar Bintje 

showing the HR responses 
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Figure 8. Co-infiltration of R2, Rpi-mcq1 and R3a with different effectors in potato cultivar Désirée 

showing the HR responses. 

3.2   Single infiltration response of Désirée-R2, Désirée-Rpi-mcq1 and wild species  

To determine the recognition pattern of AVR2, PITG_10640, PITG_04099 and RD2 effectors 

by R2 and Rpi-mcq1, Single infiltration was done in Désirée-R2, Désirée-Rpi-mcq1 plants and 

wild species. The wild species were tested because if any effector was recognized by the 

transformant then, of course, it will be recognized by the donor wild species. The potato 

plants were infiltrated with the effectors and plants were scored for the occurrence of cell 

death responses after five days of infiltration. The AVR2, PITG_10640 and PITG_04099 were 

recognized by Désirée-R2, Désirée-Rpi-mcq1, Hjt349-3 and Edn151-1 plants with either high 

or low level of HR response (figure 9). AVR2 and PITG_10640 were recognized by Mcq717-3, 

whereas only AVR2 was recognized by the Hcb353-8 plants. It was also found that some 

plants responded to the negative control, empty vector as well with a low HR score. It 

indicates the sensitivity to Agrobacterium. As expected, the positive control R3a-Avr3a also 

provided a positive cell death response in all plants. The results are similar with the result of 

potato cultivar Bintje and Désirée. The HR index score and the HR pictures are presented in 

appendix 2 and 4, respectively. 

The overall result of agroinfiltration confirms that the candidate effectors AVR2, 

PITG_10640, PITG_04099 cause cell death response in Désirée- R2, Désirée- Rpi-mcq1.  
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Figure 9. Agro-infiltration cell death response of Désirée-R2, Désirée-Rpi-mcq1 and wild species 

3.3.   Virulence profile of P. infestans isolates 

To know the virulence profile of the P. infestans isolates from Peru (Peru 4, Peru 29 and 

Peru 42) on Désirée-R2, Désirée-Rpi-mcq1 and Désirée-Rpi-hcb, A detached leaf assay (DLA) 

was conducted. Eleven different genotypes (donor of R gene, transformant and Désirée 

control) were successfully spot inoculated with different isolates of P. infestans. The isolate 

Peru 29 was very slow growing and no lesion was developed in any genotype (data not 

shown). The infection efficiency (IE) and lesion growth rate (LGR) was calculated from the 

infected leaf. The isolate Peru 4 showed no infection on the detached leaf of Désirée-R2, 

Désirée-Rpi-mcq1, Mcq-717-3, Hcb353-8, Double-2, Double-4 and Snk213-1. The infection 

efficiency was higher in the control plant Désirée and Désirée-Rpi-hcb1.2- 56 than the 

others.  The lesion growth rate (LGR) was not significantly different among the infected 

genotypes. On the other hand, the isolate Peru 42 showed higher infection efficiency in 

double 2, double 4, Désirée-Rpi-hcb1.1-22, Désirée-Rpi-hcb1.2-3, Désirée-Rpi-hcb1.2-56 and 

Désirée, which is similar with the result of Peru 4, except for Double 2 and 4. The lesion 

expansion was also higher in double 4, Désirée-Rpi-hcb1.2-3 and Désirée which was 

different from the others (figure 10). 
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Peru 4 Peru 42 

  

  
  

Figure 10. Infection efficiencies (IE) and lesion growth rates (LGRs) of Peru 4 and Peru 42 P. infestans 

isolates on R2, Rpi-mcq1, Rpi-hcb (transformants and donor) and Désirée control plants. 
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All the eleven different genotypes were also tested with PIC 99183 and IPO-0 of P. infestans 

isolates in separate inoculation experimnet. The isolate PIC 99183 developed lesions in 

Double 4 and Désirée. The Highest infection efficiency was in the transformant double 4 

(figure 11). This result is similar to the result of lesion growth rate. The isolate IPO-0 

performed the highest infection efficiency and lesion growth rate in Désirée plants. 

PIC 99183 IPO-0 

  

 
 

  
Figure 11. Infection efficiencies (IE) and lesion growth rates (LGRs) of PIC 99183 and IPO-0 P. 

infestans isolates on R2, Rpi-mcq1, Rpi-hcb (transformants and donor) and Désirée control plants. 

The genotypes were also tested with the differential isolates NL07434 and NL09096 of P. 

infestans. The isolate NL07434 was avirulent to Désirée-R2, but it was virulent to Désirée-

Rpi-mcq-1. It doesn’t establish any lesion in Désirée-R2 and Hcb-353-8. The lesion growth 

rate was also different among the infected genotypes. The highest lesion growth rate was 

found in Désirée-Rpi-hcb1.2- 56 (figure 12). The isolate NL09096 also showed a similar type 

of result for the infection efficiency and lesion growth rate.  
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Figure 12. Infection efficiencies (IE) and lesion growth rates (LGRs) of NL07434 and NL09096 P. infestans 

isolates on R2, Rpi-mcq1, Rpi-hcb (transformants and donor) and Désirée control plants. 

The sporulation outlook of the inoculated genotypes for the isolates was also observed. The 

sporulation was started on the fifth day of inoculation. Initially, small black lesions were 

developed, but later became larger with spores. Désirée plant leaves responded with big lesions 

and spores with all the isolates. The pictures of inoculated leaves are presented in the appendix 

6. The sporulation pattern is similar with the infection of potato leaves, means high infection 

efficiency leads to more sporulation.       

Table 7. The sporulation pattern of different P. infestans isolates over different genotypes 

Genotypes Peru-4 Peru 42 IPO-0 PIC99183 NL07434 NL09096 

Désirée-R2 NS NS NS NS NS NS 

Désirée-Rpi-mcq1 NS NS NS NS S S 

Mcq717-3 NS NS NS NS * * 

Hcb353-8 NS NS NS NS NS NS 

Double transformant- 2 NS S NS NS S S 

Double transformant- 4 NS S NS S * * 

Désirée-Rpi-hcb1.1 transformant-22 S S NS NS S S 

Désirée-Rpi-hcb1.2 transformant-3 S S S NS S S 

Désirée-Rpi-hcb1.2 transformant-56 S S S NS S S 

Snk-213-1 NS NS NS NS * * 

Désirée S S S S S S 

NS means Non-sporulation, S means Sporulation and * indicates missing 

NL07434 NL09096 
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4.  Discussion_____________________________________________     

In this chapter, the results of agro-infiltration and detach leaf assay will be discussed. 

4.1   Co-agroinfiltration response in N. benthamiana, Bintje and Désirée 

Two R genes, R2 and Rpi-mcq1 were isolated from wild Solanum species and showed a 

differential disease resistant to P. infestans isolates of NL07434, NL12003 and NL09096. 

These two genes showed a similar resistance pattern with all other isolates tested (Aguilera-

Galvez et al., Submitted). To find out the reason for this different resistance pattern more 

investigation was carried out. Some new effectors, diverse allelic variants of AVR2 or new 

variants of the AVR2 family may be the reason for this difference, that’s why 

Agrobacterium-mediated transient transformation (ATTA) was carried out in N. 

benthamiana, Bintje and Désirée with three effectors that were upregulated after infection 

with NL07434 isolated and could be differentially recognized by R2 or Rpi-mcq1. 

Surprisingly, there was no response in co- agroinfiltration in N. benthamiana for any 

effector, even in co-infiltrations with R2 and AVR2 combinations that have been confirmed 

several times before this thesis. No simple justification can be given for this difference in 

result. We have tried several times with different optimization of the procedure. We 

changed the OD, culture, media and the stock of R gene and effectors, but it doesn’t work. 

Sometimes, only the positive control showed some HR responses. It might be the seasonal 

difference, because it is difficult to provide a constant environmental condition to 

greenhouse all over the year. The humidity and temperature are easy to control in 

greenhouse but it is difficult to provide a precise light condition in all season. Light plays an 

important role in cell death response and modulates ETI (Gao et al., 2017). The experiment 

was conducted in winter season and the light condition might be a reason of this.  

In potato plants, Bintje and Désirée, co-agroinfiltrations of R2 and Rpi-mcq1 revealed HR 

responses with the effectors AVR2, PITG_10640 and PITG_04099. The effector RD2 was not 

recognized by any R genes. However, the R gene R3a also recognizes the effectors in co-

infiltration with potato cultivar Bintje and Désirée. R3a is from different R gene family of 

Solanum species and specifically recognizes Avr3a. That means the recognition of the new 

effectors tested is nonspecific to R2 or Rpi-mcq1 and therefore it cannot explain the 

differential virulence profile. Additionally, in previous experiments R3a did not show HR 

responses in co-agroinfiltration with AVR2, it indicates something happened in the 

experiment and should be repeated to confirm the recognition of the mentioned effectors. 

 

4.2   Single infiltration response in Désirée-R2, Désirée-Rpi-mcq1 and wild species    

To confirm the result of the co-infiltration test, the same effectors were tested with the 

potato variety that contained different Rpi genes. The wild donor species were also tested 
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to confirm the result. The effector AVR2, PITG_10640 and PITG_04099 were recognized by 

Désirée-R2 and its wild donor plant (Hjt349-3 and Edn151-1). On the other hand, the same 

effectors AVR2, PITG_10640 and PITG_04099 were recognized by Désirée-Rpi-mcq1 and its 

wild donor plant Mcq717-3 recognizes AVR2 and PITG_10640 only. Another donor plant of 

Rpi-hcb gene only recognizes the effector AVR2. In all plant, the positive control provided 

cell death response was expected. This result is similar with the result of co-agroinfiltration.      

As we know that, Désirée- R2 and Désirée-Rpi-mcq1 showed the different result with P. 

infestans isolates (Table 1). Their recognition of AVR2 family members was also different 

(Table 2). It indicates that the diverse pattern observed in disease test could be explained by 

the differential recognition of other variant of AVR2 effector family. Chizhik & Martynov 

(2017) identified seven variants of AVR2 from P. infestans isolates of Moskow, that will be 

interesting to test.  In our experiments, both Désirée-R2 and Désirée-Rpi-mcq1 recognizes 

the effector AVR2, PITG_10640 and PITG_04099. So, the difference in disease test result 

(Table 1) was not also for those effectors. We have to find out one effector which is 

specifically recognized by R2 plants, but not by Rpi-mcq1 plants.  

In this experiment, the genotype Snk-213-1 was completely failed. It always developed HR in 

all infiltration site. The genotype Hcb, Hjt and Snk were difficult to infiltrate, because of the 

leaf size. Expert personnel are necessary to infiltrate those genotypes without any leaf 

injury. In ATTA test of the potato plant, sometimes it was observed that the plants 

responded with the empty vector. It was happened due to the sensitivity of Agrobacterium. 

The compatibility of Agrobacterium and plant species plays an important rule for ATTA 

(Goodin et al., 2015). Sometimes they are virulent for the plant species and causes cell 

death and necrosis of the leaf. The optical density (OD) may also influence the response of 

the plant, the age of plant is also an important factor. These factors depend on the R gene 

and the plant species. So, optimization in ATTA is necessary for a successful result.  

4.3   Phytophthora infestans isolates and disease test 

There are many methods that have been developed to evaluate the virulence profile of 

Phytophthora infestans isolates, including whole-plant greenhouse assays (Stewart et al., 

1983), field test and detached leaf assay (Vleeshouwers et al., 1999). Among them, the 

detached leaf assay is one of the reliable and relatively fast methods for determination of 

virulence pattern of isolates and quantification of resistance level of the genotypes. Another 

important advantage of is to escape the infestation of other diseases, like powdery mildew, 

which is a common problem in greenhouse assays. 

In this research, our interest was to know about the virulence profile of P. infestans isolates 

from Peru on Désirée-R2, Désirée-Rpi-mcq1 and Désirée-Rpi-hcb. As we know that, the R2 

and Rpi-mcq1 are resistant to P. infestans isolates, and were cloned from Solanum of 

Mexico and Peru, respectively. Rpi-mcq1 was cloned from S. mochiquense, a Peruvian wild 
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potato species of south America (Smilde et al., 2005). Since these two genes were from two 

different geographic regions, that’s why we hypothesized that the wild Solanum from Peru 

(as S. mochiquense and S. huancabambense) and Rpi-mcq1 gene will evolve with the 

effectors P. infestans isolates from the same geographic area. Three isolates Peru 4, Peru 29 

and Peru 42 were tested with eleven genotypes. The isolates Peru 29 was very slow growing 

and maybe it needs more time and different growth condition for germination. The other 

two isolates Peru 4 and Peru 42 grew very well and made infections. Both isolates were 

recognized by the Rpi-mcq1 and the donor of this gene Mcq-717-3 and donor of Rpi-hcb 

(Hcb-353-8). But the interesting thing is that it was not recognized by the Désirée-Rpi-hcb 

transformants. The possible reason could be the resistant gene was a weak R gene. Similar 

results also found in double transformant for the isolate Peru 42, stacked genes were 

nonfunctional or weak. But in Peru 4, the double transformants were free from infection. It 

specifies that the stacking may cause some changes in the plant that alters the growth and 

resistance, or the infection can be happened by chance. Interestingly, R2 gene was also 

avirulent to both isolates which confirms that these two isolates are not suitable for the 

study of the differential interaction between R2 and Rpi-mcq1. However, based on the 

infection efficiency and lesion growth rate the isolate Peru 42 is more aggressive than the 

Peru 4.  

The Peruvian and Bolivian Andes are thought to be the centre of diversity of potato, and the 

area is rich in biodiversity of numerous solanaceous crops which are the hosts of P. infestans 

(Perez et al., 2001). This high host diversity may affect the pathogen’s population structure 

and evolution. The area where diverse potato varieties are still cultivated, it might be 

expected the high pathogen diversity in that area (Wolfe and Finckh,1997). Forbes et al. 

(1997) found that there is a risk of sexual reproduction between the border site pathogen of 

Peru and Bolivia. Because, P. infestans population is A1 mating type in peru, but A2 mating 

type (Goodwin et al., 1994) in Bolivia. This recombination and migration could lead to 

enhance the risks for the potato grower and plant genetic resources of Andes area. 

However, testing of those genotypes with more isolates from Peru will help to know the 

virulence profile of the Rpi gene containing transformants.  

The disease test was also performed in all the genotypes with the isolate PIC99183 and IPO-

0 of P. infestans. Potatoes with either Rpi gene, R2 or Rpi-mcq1, were resistant against the 

isolates. The result is consistent with the result of the previous experiment of this project. 

The isolate PIC99183 was avirulent to Désirée-Rpi-hcb transformants but IPO-0 was virulent 

to Désirée-Rpi-hcb transformants. The Désirée control plant was the susceptible plant for all 

isolates. 

Additionally, with this experiment two isolates, NL07434 and NL09096 were also included to 

validate the result of previous experiments result. In this experiment, we also found the 

similar result with the previous experiment where the isolate NL07434 was avirulent to 

Désirée-R2, but it was virulent to Désirée-Rpi-mcq-1. Rpi-hcb transformants were 
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susceptible to both isolates, but their donor species Hcb-353-8 was free from any infection. 

It might be possible that there is another gene which confers resistant in the donor species 

or the transformants contains a weak gene or the transform gene was not functional 

properly.  

Pathogen aggressiveness is determined by infection efficiency, spore production rate, 

infectious period, latent period and lesion size (Pariaud et al., 2009). At the population level, 

it is determined by the pathogen sporulation behaviour. If a pathogen sporulates more 

bounteously in a population, it gets more scope to establish its genes in the gene pool of the 

population (Lebreton et al., 1999; Suassuna et al., 2004). More the sporulation more will be 

the susceptibility. According to the result of disease test, the variety Désirée showed 

sporulation upon infection of all tested P. infestans isolates, because it doesn’t have the 

resistant gene to combat the isolates. Based on the sporulation behaviour of the Peruvian 

isolates, Peru 42 was more aggressive than the Peru 4.  

The virulence profile of new isolates is necessary to know the level of resistance and 

susceptibility of the genotypes. Detach leaf assay is considered as a representative of testing 

resistant gene functionality. It provides the result of spore infection which can be 

comparable with the field disease test result of the living plant (Vleeshouwers et al., 1999). 

The result of DLA is more reliable than the ATTA because sometimes control Désirée plant 

shows HR in ATTA without possessing any R gene. On the other and, the aggressiveness and 

virulence of the pathogen isolates can change the durability of resistance in the plant (Flier 

et al., 2001).     

 

 

 

 

 

 

 

 

5.   Conclusion and Recommendations_________________________ 

The aim of the thesis was to find out the reason of differential disease resistance of R2 and 

Rpi-mcq1 with some isolates of P. infestans. To find out the reason, Agrobacterium-



24 
 
 

 

mediated transient transformation was carried out in N. benthamiana and potato plants 

with different effectors. There was no response in N. benthamiana, repetition of this 

effector test in N. benthamiana is recommended. The R3a gene showed HR with AVR2, so 

this experiment on Désirée and Bintje should be repeated. Both R2 and Rpi-mcq1 recognize 

the effectors but not differentially. So, further screening is necessary with other effectors 

that will recognize the two R gene differentially. Since the isolates NL07434, NL12003 and 

NL09096 provided different result in disease test, can be a source for new effector test. The 

upregulated effectors from RNA-seq data of those isolates, specially the common effectors 

in three isolates are recommended for further test. Also, it will be interesting to test the 

new AVR2 variants found in the isolates from Moscow. We can test the expression of those 

variants after infection of potato with our differential isolates. 

Another aim of the thesis was to see the virulence profile of the P. infestans isolates from 

Peru. The Rpi-mcq1 gene was collected from Peru and it showed resistance against the 

isolates of same geographic location. But the other gene R2 also showed resistance against 

the isolates from Peru. The isolate Peru 29 was slow growing and it should be tested with 

the genotypes in a future experiment. In future, more isolates should be included in the DLA 

test to find out a differential isolate which will be avirulent to Rpi-mcq1 but virulent to R2. It 

will help to find out the resistant spectra of double transformants. 
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Appendices 

In the appendix chapter, the additional information which was not shown in the other 

chapter of thesis will be presented. 

Appendix 1. HR response index of Bintje and Désirée in Co-agroinfiltration assay 

https://doi.org/10.1007/s11248-011-9510-1
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R + AVR pair Désirée Bintje 

R2 + AVR2 4.72 2.22 
R2 + PITG_10640 5.83 3.89 
R2 +PITG_04099 5.83 2.50 
R2 +RD2 0.42 0.00 
Negative control 1.25 1.11 
R3a-Avr3a 3.33 3.33 
Rpi-mcq1 + AVR2 5.00 3.33 
Rpi-mcq1 + PITG_10640 7.22 3.33 
Rpi-mcq1+PITG_04099 5.42 4.17 
Rpi-mcq1 +RD2 0.69 1.11 
Negative control 1.67 1.11 
R3a-Avr3a 3.19 3.06 
R3a + AVR2 3.75 3.19 
R3a + PITG_10640 5.42 8.75 
R3a+PITG_04099 5.42 5.14 
R3a +RD2 1.25 1.81 
Negative control 3.33 2.50 
R3a-Avr3a 6.67 7.22 
AVR2 0.28 0.83 
PITG_10640 2.08 2.22 
PITG_04099 3.19 1.39 
RD2 0.28 0.28 
Avr3a 0.97 0.56 
R3a-Avr3a 3.33 2.73 
 

Appendix 2. HR response index of Désirée-R2, Désirée-Rpi-mcq1 and wild species in 

Agroinfiltration assay 

 Effectors Désirée-R2 Désirée-Rpi-mcq 1 Mcq 717-3 Hcb353-8 Hjt349-3 End151-1 

AVR2 8.3 5.0 7.5 5.8 9.6 10.0 

PITG_10640 6.1 5.6 5.8 0.4 5.0 7.2 

PITG_04099 5.8 5.0 0.0 0.0 6.3 8.3 

RD2 0.0 1.4 0.0 0.0 1.7 0.3 

Empty vector 1.1 1.4 0.0 0.4 0.5 3.3 

R3a-Avr3a 4.7 4.7 2.5 3.8 2.5 8.6 

 

 

 

Appendix 3. Supplementary pictures showing the HR responses to different effectors by R2 and 

Rpi-mcq1.1 upon agro-coinfiltrations in Désirée and Bintje, respectively 

  Désirée   

 AVR2 PITG_10640 PITG_04099 RD2 
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  Bintje   
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R2 

    

Rpi-mcq1 

    

R3a 

    

 

 

 

 

Appendix 4. Supplementary pictures showing the HR responses to Désirée-R2, Désirée-Rpi-mcq1 

and wild donor species upon agro-infiltrations  

 AVR2 PITG_10640 PITG_04099 RD2 
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Appendix 5. Infection efficiency and lesion growth rates on the genotypes by different P. infestans isolates 

 
Genotypes 

Peru 4 Peru 42 Pic 99183 IPO-0 NL07434 NL09096 

IE (%) LGR 
(mm/day) 

IE (%) LGR 
(mm/day) 

IE (%) LGR 
(mm/day) 

IE (%) LGR 
(mm/day) 

IE (%) LGR 
(mm/day) 

IE (%) LGR 
(mm/day) 

Désirée-R2 0 0 0 0 0 0 0 0 0 0 0 0 

Désirée-Rpi-mcq1 0 0 0 0 0 0 0 0 86.67 1.97  50 1.24 

Mcq717-3 0 0 0 0 0 0 0 0 - - - - 

Hcb353-8 0 0 0 0 0 0 0 0 0 0 0 0 

Double-2 0 0 100 0.61  0 0 0 0 100 1.95 90 1.43 

Double-4 0 0 96.67 1.89  90 1.15 0 0 - - - - 

Désirée-Rpi-hcb1.1-22 66.67 0.70 96.67 1.02  0 0 0 0 96.67 2.42 6.67 0.64 

Désirée-Rpi-hcb1.2-3 50 0.51 100 1.8  0 0 40 1.26 100 2.38 86.67 1.85 

Désirée-Rpi-hcb1.2-56 93.33 0.74 100 1.05  0 0 46.67 0.45 86.67 3.35 80 2.13 

Snk213-1 0 0 0 0 0 0 0 0 - - - - 

Désirée 100 0.61 86.67 1.59 c 66.72 0.94 86.67 1.54 100 3.14 90 2.31 

*0 or empty spaces are free from infection, (-) means not included 
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Appendix 6. Lesion and sporulation of different isolates on different genotypes 

Peru 4 
      

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 

 

Peru 42 
  

 

   

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 
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PIC 99183 
 

 
 

 

  

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 

 

 

IPO-0 

 
    

 

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 
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NL07434 

 
    

 

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 

 

NL09096 

    
 

 

Désirée-R2 Désirée-Rpi-Mcq 1 Hcb-Rpi-1.1-22 Hcb-Rpi-1.2-3 Hcb-Rpi-1.2-56 Désirée 

 


