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transcripts of rice and accumulation of BPH vitellogenin
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Chapter I General Introduction

The brown planthopper (BPH), Nilaparvata lugens (Hemiptera, Delphacidae), is a serious insect
pests of rice plants. It attacks rice plants and sucks fluid from the vascular bundle. Heavy infestation
in the field causes hopper burn: complete death of the rice plants. In addition to sucking damage,
BPH is a vector for the rice ragged stunt virus (RRSV) and rice grassy stunt virus (RGSV). Attack of
this pest has caused intermittent serious famines in the East Asia including Japan since ancient
times; it became conspicuous in the Southeast Asia after the so-called Green Revolution of the
1960s.

BPH takes two wing forms, long (macropterous) and short (brachypterous) ones, in its adult stage.
Macropterous adults fly long distances and invade wide rice-growing areas. Most females of the
subsequent generation of the immigrants are brachypterous — adapted for feproduction — and
produce numerous offsprings in rice fields. The wing dimorphism is induced by environmental
stimuli during nymphal stages. These biological properties of BPH are closely related to BPH
distribution, BPH reproduction, and rice plant damage.

Methods of BPH control primarily include the application of insecticides; various chemicals such
as organo-phosphorous, carbamate, pyrethroid and neonicotinoid insecticides have been used in the
field. However, insecticide application poses two problems: appearance of insecticide-resistant BPH
and stimulation of BPH propagation known as resurgence.

BPH-resistant varieties of rice, which are widely cultivated in Asian countries, are also used as
means of controlling BPH. However, cultivation of the BPH-resistant varieties has engendered new
virulent strains of BPH that can attack the resistant varieties. At least eighteen natural BPH
resistance genes including quantitative trait loci have so far been identified, among which fine
linkage maps have been constructed for at least five major resistance genes, Bphl, Bph2, Bphls,
Bphl8 and bphl9. However, the molecular mechanism of BPH resistance remains largely unknown.
Cloning of these resistance genes is necessary to understand the structure, expression and function of
the natural BPH resistant genes and also to understand how the host plant resistance affects BPH to
ultimately understand the overall resistance mechanism. In this dissertation, rice transcripts that are
specifically induced in a BPH resistance gene carrier (pyramid line) by BPH infestation were
selected through differential cDNA-AFLP screening.

To cope with the occurrence of BPH biotypes causing resistance breakdown, novel techniques
targeting some crucial gene(s) should be devised. The genes involved in insect reproduction like
vitellogenin (Vg) could be an ideal target of practical importance in future pest control schemes. In
this dissertation, another approach was taken to study the effect of host plant resistance on the

expression of Vg gene and Vg protein and ultimately on the reproductive development of BPH.
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Chapter II  Differential ¢cDNA-AFLP screening of transcripts associated with brown
planthopper resistance in rice (Oryza sativa L.)

Screening based on cDNA-amplified fragment length polymorphism (¢cDNA-AFLP) has been
used as an efficient method for isolation of differentially expressed genes. cDNA-AFLP was
previously employed to identify differentially expressed genes in BPH nymphs feeding on rice
varieties. A major objective of this dissertation study was to apply the differential screening method
using cDNA constructed from resistance and susceptible rice seedlings under infestation condition
for identifying BPH resistance-associated transcripts.

In differential screening, 423 different primer combinations were first examined to select transcripts
that showed clear amplification in the pyramid line. Then the transcript profiles were compared
between the pyramid line and Tukushibare to obtain 41 polymorphic fragments that were detected
only in the pyramid line or Tsukushibare. Among these differentially expressed transcript-derived
fragments, 10 were expressed only in the pyramid line. Since the genomic background of the pyramid
line and Tsukushibare is mostly common except for the presence of the introgressed chromosomal
segment carrying Bphl/Bph2 genes and some unknown segments from the resistant donors, it was
expected that fragments unique to the pyramid line in comparison with the control Tsukushibare under
the infestation condition should include ones derived from transcripts from the introgressed
chromosomal region. Hence, these 10 differentially expressed fragments were cloned and sequenced.
Based on the homology search, these fragments showed high similarity with genes that were reported
to be involved in disease resistance, signal transduction, metabolism and regulation of topological
links between two DNA strands and also those with unknown function. Among the genes
corresponding to three of the 10 fragments, two were located in the region covering the two BPH
resistant genes on the long arm of chromosome 12. It was thus suggested that these two fragments
were derived from the introgressed segment on the long arm of rice chromosome 12 at the location
close to the Bphl locus. Since we did not study transcript profiles under non-infestation conditions,
however, if they represent infestation specific transcripts or constitutive ones remains unknown. The
clone Me2014 locating at the proximity of the Bphl locus encodes disease resistance protein
(RPP8-like protein; Recognition of Peronospora Parasitica 8) in Arabidopsis thaliana. After
confirmation of the specificity to BPH resistance, these clones can be used as markers in the further

work for fine mapping and cloning at least of Bphl.

Gamalath N. et al. Differential cDNA-AFLP screening of transcripts associated with
brown planthopper resistance in rice (Oryza sativa L.). Australian Journal of Crop
Science, ISSN 1835-2707 (Accepted on 27/02/2009)
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Chapter III  Effect of host plant resistance on the accumulation of female speeific yolk protein,
Vitellogenin, in brown planthopper

Accumulation of vitellogenin(Vg) protein and expression of Vg transcript was examined in
virulent and non virulent BPH strains after feeding on susceptible and resistant rise lines. RT-PCR
and qPCR results showed that expression of Vg transcript has been vastly reduced when even
virulent strain feed on resistant rice lines. Western blot analysis further confirmed the reduction of
Vg protein in virulent strains fed on resistant rice lines compared to the susceptible line.
Non-virulent strains could expressed Vg transcript and accumulated Vg protein normally on the
susceptible line but very low expression of Vg transcript and no Vg protein accumulation occurred
on the resistant lines. These results clearly indicate that resistance genes can reduce the accumulation

of vitellogenine protein and ultimately the normal reproduction of BPH.

Chapter IV

Plant responses to herbivores are complex. Genes regulated by herbivore injury are strongly
related to the mode of herbivore feeding and the degree of tissue damage at the feeding site. To date,
most of the data concerning the molecular responses in plants to insects have been obtained with
plants subjected to chewing insects. And little is known about the effects of phloem-feeding insects
inckuding BPH. A very few studies have been conducted to identify differentially expressed
fragments in response to BPH feed on resistant varieties. It was found that feeding on resistant host
plants causes inhibition of ovatian development via drastically reducing the expression of Vg
transcript and the amount Vg protein in BPH. Since the juvenile hormone produced by the corpus
allatum (CA) induces the fat body of adult females to synthesize and secrete Vg, the resistance effect
might be mediated by interference with the normal functioning of juvenile hormones in BPH.

Within an insect JH levels may be affected by JH esterases, JH binding proteins, JH analogues,
precocene and azadirachtin, or by allatostatins or allatotropins, which regulate CA activity. CA
activity can also be regulated by variation of the protein concentration in the haemofymph.
Resistance factors rx;ay affect any of these regulatory processes. It is also possible that all of these
mechanisms lie downstream from the site where this resistance acts initially. Additional genes other
than Vg may also be differentially expressed in insects feeding on resistant as opposed to susceptible
hosts. Therefore monitoring the expression of the Vg gene and also some other candidate genes will
provide a sensitive test for detecting, isolating and identifying resistance factor(s) in the host rice

plants.
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