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Summary of the project
Problem definition
Thrips are among the major pests worldwide. They are difficult to
control because of their cryptic habit, the larvae hide in closed buds
and pupate in soil. This makes them difficult to reach by pesticide
sprays, which limits their effectiveness. Recently we have discovered
an effective source of thrips resistance in pepper and shown that the
resistance was based on inhibition of larval development. The goal of
the current project is to elucidate the mechanism and identify the
gene(s) involved. This information is essential for the development of
thrips resistant pepper varieties and may also results in leads that will
help breeders to develop thrips resistant varieties in other crops as
well.

Project goals

Results
Planned results in the
original project plan

Achieved results

The goal of this project is to elucidate the mechanism of thrips
resistance in pepper through identification of the gene(s) involved. To
reach this goal we will use a molecular genetic approach including:
(1) Identification of the gene(s) underlying the previously
identified QTL for thrips resistance in pepper through fine
mapping.
(2) Elucidation of the resistance mechanism; which compound(s)
inhibit the larval development? Which thrips species are
affected by the QTL.
(3) Study the evolution and distribution of the resistance gene(s)
in the Solanaceae.
(4) Study the effect of the genetic background on expression of
the resistance.

In the current project we want to obtain basic knowledge on the
mechanism of thrips resistance in pepper through identification of the
gene(s) involved. More specifically we want to get answers to the
following fundamental questions:
(1) Which genes are underlying the resistance encoded by the QTL
on Chr. 6?
(2) What is the resistance mechanism; which compound(s) inhibit
the larval development? Are other thrips/insect species
affected?
(3) Are the gene(s) also present in related taxa and how have they
evolved?
(4) What is the effect of the genetic background on the resistance?
Interaction between our chromosome 6 QTL and the QTL
identified on chromosome 5 by Syngenta
(PCT/EP2008/055374)?
The starting point of this project were two mapping studies in which
accession CGN16975 was used as donor of thrips resistance. A study by
WUR that identified a major resistance locus on chromosome 6, and a
study by Syngenta that identified a QTL on chromosome 5. In the
studies a different susceptible parent and a different evaluation protocol
were used. Six metabolite QTLs, including two diterpene glycosides,
have been identified that co-locate with the resistance QTL on
chromosome 6, suggesting that they may play a role in the resistance
encoded by the QTL (Maharijaya et al., 2018)
In this project we first further characterized the effect of plant
development on thrips resistance in Capsicum. The fraction of first
instar larvae that did not develop into second instar was used as a
resistance measure. Our results show that plants start to express thrips
resistance when they are between four and eight weeks old.
Furthermore, it was shown that youngest fully opened leaves of the
resistant accession are significantly more resistant to thrips than older
leaves, whereas young leaves of the susceptible accession are more
susceptible than older leaves. Although the resistance is not equally
expressed in all plant parts, it significantly reduced silvering damage in
the whole plant damage assay. The preference of female adults to lay
their eggs in younger compared to older leaves showed that the
resistance mechanism is relevant and effective (Van Haperen et al.,
2018).
The resistance QTL on chromosome 6 has been fine mapped, using
large set (3833) F3 plants, to a region of 0.4 Mbp harboring 15 genes.
In addition to the fine mapping an RNAseq analysis has been carried out
on F4-plants with and without the resistance QTL. Two of the 15 genes
in the QTL region showed altered expression upon infestation with L1
larvae. Three genes, including the two that showed altered expression,
contained a SNP that was predicted to lead to structural changes in the
proteins, making these three genes the most likely candidates for thrips

resistance (van Haperen, 2020; thesis chapter 3). The possible role of
diterpene glycosides and other metabolites in the thrips resistance
mechanism underlying the resistance QTL on chromosome 6 was further
investigated using F4 plants that have the resistance allele and
susceptibility allele in homozygous state for the QTL region. No
significant differences in metabolite abundances were observed between
the different groups of F4 plants for mock treated and thrips infested
plants. From this analysis, it was concluded that diterpene glycosides do
not play a role in the resistance mechanism encoded by the QTL on
chromosome 6 (van Haperen, 2020; thesis chapter 4).
Companies involved in the project transferred the resistance allele of
the chromosome 6 QTL into four different susceptible backgrounds and
the effect of the introgression on F. occidentalis and Thrips tabaci
resistance was studied. Inhibition of larval development was used as
resistance parameter in plants that have either the resistance or
susceptibility allele in homozygous state for the QTL region, within the
same genetic background. The resistance allele affected larval
development of both thrips species in all tested backgrounds. Materials
containing the resistance allele were shown to be more resistant than
materials without the allele, thus validating the importance of the QTL.
However, significant differences in thrips resistance level between
different backgrounds were observed, indicating that genetic factors in
the backgrounds play a role as well (van Haperen, 2020; thesis chapter
5).
The possible interaction between the QTLs identified on chromosome 5
and 6 on both thrips species was studied using plant materials
containing different QTL combinations in no-choice assays. The QTL on
chromosome 5 did not affect thrips resistance in both larval
development and silvering damage assays. In contrast, a significant
effect of the QTL on chromosome 6 was found on both. It is likely that
the NIL that was filed with the patent application has the resistance
allele on chromosome 6 that originated from CGN16975. The findings
from this study show that the QTL on chromosome 6 works
independently from the QTL on chromosome 5 in all tested backgrounds
(van Haperen, 2020; thesis chapter 6).
Altogether, this work clearly shows that the resistance QTL identified on
chromosome 6 has good potential in breeding thrips resistant varieties.
Explanation of
changes relative to
the project plan

Unfortunately we were not able to pinpoint a single gene or resistance
component due to the fact that obtaining the recombinants needed for
the fine mapping, took considerably more effort than anticipated. For
that reason we could also not study the resistance gene in related
species. Additional effort was put into a further characterization of the
resistance in pepper.

What was the added value created by the project for:
Participating “Knowledge
For WUR Plant Breeding the project was a successful resulting
Institutes” (scientific, new
in a better characterization and understanding of thrips
technologies, collaboration)
resistance. It resulted in a PhD thesis that will be defended
publicly on March 24 (2020), as well as several oral
presentations, posters, abstracts and one scientific paper
published and more to follow soon.
Participating private partners
The participating breeding companies obtained a lot of
(practical application of the
knowledge on thrips resistance in Capsicum. In addition they
results, within which period of
developed plant material with the resistance. These materials
time?)
may result in new varieties. They have developed advanced
plant material from the crosses.
Society (social, environment,
economy)

When the thrips resistant varieties enter the market, they will
need less or no chemical protection against thrips.

Possibly other stakeholders
(spin-offs)

-

Follow-up
Did the PPP result in one or
more patents (first filings)?
Are there any follow-up projects
planned? If yes, explain.
(Contract research resulting
from this project, additional
funding, or new PPP projects)

no
The project contributed to acquiring a new TKI project on
thrips resistance in Chrysanthemum.
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