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Report of COST Short Term Scientific Mission COST-STSM-872-6657 

 

Purpose of the visit 

The aim of this STSM was to obtain training in yeast-two-hybrid (Y2H) analysis. This technique can be 

used to identify plant proteins that are interacting with a pathogen effector protein of interest. Briefly, 

the protein under investigation is expressed in yeast coupled to the binding domain of a transcription 

factor (bait plasmid). This yeast strain is transformed with library DNA consisting of plant proteins 

coupled to an activation domain (prey plasmids). When the pathogen protein interacts with one of the 

plant proteins, the binding domain and activation domain form a functional transcription factor that 

activates the expression of several reporter genes. The Y2H system used at the Scottish Crop Research 

Institute (SCRI) is the ProQuest Two-Hybrid System (Invitrogen). This system has the advantage that it 

uses a yeast strain containing three independent reporter genes (histidine, uracil and lacZ), reducing the 

detection of false positives. The prey library consists of cDNA from potato leaves and leaves infected 

with the oomycete Phytophthora infestans. 

 

Description of the work carried out prior to my arrival 

Since the Y2H procedure takes a long time to complete, the host institution undertook the following 

preparatory steps prior to my STSM:  

- preparation of the bait plasmids: a pDEST32 vector containing 1) a Globodera pallida effector 

and 2) a Phytophthora infestans effector, both under investigation at SCRI 

- autoactivation test (bait + empty prey) to check that the bait plasmids did not trigger the 

expression of the reporter genes by themselves 

 

Description of the work carried out during my visit 

1. Library-scale transformation 

The yeast strains containing the bait plasmids were grown overnight and prepared to be heat shock 

competent. The competent yeast strains containing the bait plasmids were transformed with library DNA 

(prey plasmids) and plated onto yeast growth medium without leucine (selection for the presence of the 

bait plasmid), tryptophan (selection for the presence of the prey plasmid) and histidine (reporter gene). 

The transformation efficiency was checked by plating a dilution of the transformed yeasts onto medium 

without leucine and tryptophan. After 5 days, the transformation efficiency was calculated for both 

transformations at about 1 million independently transformed yeast colonies for the oomycete effector 

and 4 million for the nematode effector, suggesting a good coverage of the library. 
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2. Selection of yeast colonies and checking the expression of other reporter genes 

Eight days after the transformation, the colonies that grew well on the triple dropout medium were 

picked and replica plated onto triple dropout medium (without leucine, tryptophan and histidine), as 

well as onto double dropout medium (without leucine and tryptophan). Additionally, the colonies were 

plated onto medium without leucine, tryptophan and uracil to test the expression of uracil, another 

reporter gene. Finally, colonies were replicated on a membrane on double dropout medium as well. On 

all these plates, additional controls were added: bait + empty prey, a non interactor, a weak interactor 

and a strong interactor (provided in the kit).  

3. Evaluation of the selected yeast colonies 

Twenty-four hours after replica plating the colonies, their growth on the different media was evaluated, 

and the membrane with the colonies was subjected to a beta-galactosidase assay to test the expression 

of the reporter gene lacZ. The results of all assays are shown in Figure 1. 

Assays with effector from Globodera pallida Assays with effector from Phytophthora infestans 

  

  

A 
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Figure 1: Reporter gene assays for the three reporter genes: A) histidine; B) uracil; C) lacZ. Left panel: assays with 

a G. pallida effector used as bait; right panel: assays with a P. infestans effector used as bait. The four indicated 

bottom left yeast colonies are the following controls (from top to bottom): autoactivation control (bait with 

empty prey), a non interactor, a weak interactor and a strong interactor. 

 

The assays show that all controls behaved as expected, i.e. the non interactor and the bait with empty 

prey did not grow on the selective media and did not show blue coloring in the beta-galactosidase assay. 

The weak and strong interactors did grow on the histidine depleted media, and showed blue coloring, 

while the strong interactor also grew on uracil depleted media. The assays clearly show that no 

interactors could be identified with the nematode effector as prey, while several interactors were 

identified with the oomycete effector.  

4. Isolation and identification of the potential interactors 

For the assay with the oomycete effector as prey, 23 yeast colonies harboring potential interactors were 

selected and grown overnight. The bait and prey plasmids were isolated from these colonies by a yeast 

miniprep. These isolated plasmids were subsequently transformed into Escherichia coli and grown on 

media with appropriate antibiotics to obtain colonies containing the prey plasmid exclusively. The 

plasmids were isolated and sent for sequencing. By BLAST searching the sequences, a function could be 

assigned to the interactors. An example of an interactor involved was calmodulin, a Ca
2+

 binding protein 

involved in signaling. 

5. Confirmation of the interaction 

To confirm the interaction between bait and the identified preys, a retransformation of the bait yeast 

with the selected prey plasmids was done and the reporter gene assays were repeated. Moreover, as an 

extra control, the yeast colonies with the prey plasmids were transformed with an empty bait plasmid to 

check that the prey plasmids did not activate the reporter genes by themselves. The reporter gene 

assays were done on 4 different yeast colonies for each transformation. 

 

 

C 
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Conclusion 

During the 4 weeks of my stay, I was able to do a yeast two hybrid screening on a potato library with an 

oomycete and a nematode effector. For the oomycete effector, several promising interactors were 

identified. Unfortunately, no interactors were found with the nematode effector. This could be due to 

different reasons:  

- the interacting protein is expressed at a low level which decreases the chance of it being 

present in one of the transformed yeast colonies 

- the nematode effector is not localized to the nucleus, where the interaction must take place 

- the nematode effector interacts with a root-specific protein (the library we used was made 

of oomycete infected potato leaves) 

Despite the failure of finding an interacting protein for the nematode effector, this STSM was successful 

because the purpose of this visit, to obtain training in the yeast two hybrid technique, was fully achieved 

by going through the entire protocol.  


