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Abstract Hypersensitive response (HR) is one of the most
efficient and common resistance mechanisms in plants. Clon-
ing signaling genes are very important to elucidate the resis-
tance mechanisms. A gene in tomato homologous to several
resistance proteins in plant was involved in HR and named as
RGL (Resistance Gene Like). RGL protein was used as a bait
to screen interacting protein(s) from tomato cDNA library
through the yeast two-hybrid system. Two interacting pro-
teins were found, which were called as RGLIP-1 and RGLIP-
2 (RGL Interacting Protein), respectively. RGLIP-1 is a
protein of 291 amino acids with significant homology with
thylakoid lumen protein. RGLIP-2 is a protein of 248 amino
acids with significant homology with transducin protein.
Virus-Induced Gene Silencing (VIGS) of the two genes
results in a partial and complete suppression of Avr4-
induced HR, which indicates that both genes are involved in
hypersensitive response.

Keywords tomato, Cladosporium fulvum, hypersensitive
response, yeast two-hybrid system, virus-induced gene
silencing

1 Introduction

Leaf mold is one of the most important diseases in tomato
production, and the Cladosporium fulvum-tomato interaction
mechanism is a hypersensitive response (HR). As one of the
most efficient and common resistance mechanisms in plants,
the HR is an active defense response and is triggered upon
recognition of a virulence factor (4VR) of C. fulvum and a
matching resistance Cf gene in plant. The interaction between
the pathogenic fungus Cladosporium fulvum and tomato has
served as a model system for studying the mechanism of HR.

Translated from Acta Horticulturae Sinica, 2006, 33(1): 52-57 [ H:
el 22440 ]

LIU Qing, FENG Dongxin, WANG Xiaowu, DU Yongchen (<)
Institute of Vegetables and Flowers, Chinese Academy of Agricultural
Sciences, Beijing 100081, China

E-mail: yongchen.du@mail.caas.net.cn

Four avirulence genes (Avr2, Avr4, Avr4E, and Avr9) in the
pathogen and the corresponding resistant genes (Cf-2, Cf-4,
Cf-4E, and Cf-9) in plants have been cloned (Jones et al.,
1994; Cai et al., 2001; Luderer et al., 2002; Westerink, 2003).
As reported, the interaction of Cf and AVR can cause cell
death in potato and tobacco and the signaling transduction
pathway is conservative in Solanaceae plants (Piedras et al.,
1998; De Jong et al., 2000). Therefore, cloning the genes
involved in the HR pathway is significant to understand the
HR mechanism and improve the resistance of the variety.
Because the signal transduction of the HR is still obscure as
to how this process is initiated and executed, it is necessary to
study the unknown components.

The yeast two-hybrid system is a molecular genetic tool
that facilitates the study of protein-protein, protein-nucleic
acid, and protein-small molecule ligand interactions, espe-
cially in the field of signal transduction. Virus-Induced Gene
Silencing (VIGS) has recently been developed as a powerful
method for the identification of resistant gene functions in
plants (Ratcliff et al., 2001; Holzberg et al., 2002; Jin et al.,
2003).

Frank analyzed the functions of differentially expressed
genes in the proceeding of HR by VIGS and identified 20
fragments suppressing HR. In this study, five full-length
cDNAs of these fragments were isolated, from which one
RGL (Resistance Gene Like) was screened, and the interac-
tion proteins were analyzed by the yeast two-hybrid system
and VIGS.

2 Materials and methods

2.1 Materials

Experimental materials used in this study were eukaryotic
expressing vector pGBKT?7, yeast strain PJ69-4a, full-length
cDNAs tomato library inoculated by aphids, transgenic
tobacco with Cf-4, Agrobacterium tumefaciens GV3101
containing binary vector pRH78:4vrd, Agrobacterium
tumefaciens GV3101 containing different VIGS vector,
empty virus vector containing TRV:00, virus vector



containing RGL (TRV:RGL), which were all afforded by the
Laboratory of Phytopathology, Wageningen University and
Research Center. High fidelity Taq enzyme was bought from
TaKaRa Co. and restriction endonucleases Nco 1, Sma 1, and
Sal I were purchased from Promega Co..

2.2 Methods

2.2.1 Analysis of the gene sequence involved in the
hypersensitive response

The five nucleotide sequences involved in the HR were trans-
lated into amino acid sequences and submitted to GenBank
database, finally, the conservative function domains were
found by analyzing the homology with BLASTp.

2.2.2  Construction of recombinant plasmid for yeast
two-hybrid system

The primers were designed based on the RGL gene sequence,
and Nco 1 restriction enzyme cutting site was added to the
forward primer to make PCR amplification with RGL as a
template, and the primer sequence was as follows:

F: 5- GGGATCCATGGTTGATGTAGGGGTTGA -3’

R: 5'- GGGGCATGTTCAATATGTCT -3’

The PCR product retrieved from the gel was purified, and
digested with Nco 1, and retrieved after electrophoresis. At the
same time, pGBKT7 (BD plasmid) was digested with Nco 1
and Sma 1, respectively, and the product was retrieved after
electrophoresis. The bait plasmid pGBKT7/RGL was con-
structed with these two products. The tomato cDNA phage
library was transferred into the activation domain (AD)
plasmid library.

2.2.3  Yeast two-hybrid analysis

The bait plasmid and AD plasmid were co-transformed into
yeast PJ69-4a strain by lithium acetate method as described in
the MATCHMAKER library protocol (Clontech). At first, the
strains containing AD plasmid and bait plasmid were screened
on the medium lacking L-tryptophan and L-leucine, then
screened on the medium Try/ Leu/Ade™/ His™, cultivated for
2 days at 28°C. The colonies more than 2 mm in diameter
were rescreened on the medium Try/ Leu/Ade”/ His™ and
cultivated for 2 days at 28°C, finally the AD plasmid was
isolated from the positive colonies for sequence analysis.

2.2.4 Construction of VIGS vector

The primers were designed based on the gene sequence of
the two interacting proteins, with BamH 1 and Asp718
cutting sites added to the forward and backward primers,
respectively. The sequences of primers were as follows:

The interacting protein 1:
F: 5- CTGGATCCGACTGTATACTCTCACTGGA -3/,
R: 5- CTGGTACCAGTTCATACTTACCAACTCCAG -3’

53

The interacting protein 2:
F: 5- CTGGATCCATTCCAAGTTATCGAATCCA -3/,
R: 5- CTGGTACCGGTAGGTGAAGGCTTCAACT -3’
The two PCR products and VIGS empty vector were
digested with BamH 1 and Asp718, respectively then the
digested products of the two PCR products and VIGS empty
vector were ligated, respectively with TRV:00 to construct
TRV:RGLIP-1 and TRV:RGLIP-2, which were transformed
into Agrobacterium tumefaciens GV3101.

2.2.5 Function of the interacting proteins by VIGS
analysis

The first and second leaves were inoculated with
Agrobacterium tumefaciens GV3101 containing different
VIGS vectors in Cf-4 transgenic tobacco by injection, with
TRV:00 as negative control and TRV:RGL as positive control.
TRV:RGLIP was used to detect the function of RGL interact-
ing proteins in the proceeding of HR. The third and fourth, the
fifth and sixth leaves were inoculated with Agrobacterium
tumefaciens GV3101 containing pRH78:4vr4 after three and
five weeks, respectively, and hypersensitive response was
investigated 3—5 days later. This experiment was repeated for
three times.

3 Results

3.1 Analysis of the gene sequences involved in HR

The sequence analysis indicated that one gene showed
homology with many genes such as Prf, Bs2, and was named
RGL. The amino acid from 167 to 439 is the NB-ARC conser-
vative domain which is one kind of signal transduction
domain in many resistant genes (Fig. 1). It was chosen as the
bait protein for yeast two-hybrid.

3.2 Interacting protein analysis

One million yeast colonies containing two plasmids were
obtained, 43 positive colonies were further screened, and 3
positive colonies were obtained by excluding the autonomous
transcriptional activity (Plate I-A—B).

Analysis of the screening showed that two interacting
proteins, RGLIP-1 and RGLIP-2, were identified from
tomato cDNA library. RGLIP-1 was a protein of 291 amino
acids with 63% homology with thylakoid lumen protein
(Fig. 2). RGLIP-2 was a protein of 248 amino acids with 60%
homology with transducin protein (Fig. 3).

3.3 Function analysis by VIGS

HR was induced by treating with Avr4 in Cf-4 transgenic
tobacco. In the early days, the leaves withered, then died.
The empty vector TRV:00 was found unable to affect the
origination of HR (Plate II-C). The positive control TRV:RGL
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MVDVGVEFLLENLKQL VLDNVEL I GGAKDEIENLRDDLSEFNA FLKQAAMVRSENPVLKELVRS I RKVVNRAED
AVDKFVIEAKVHKDKG FKGV F DKPGHYRRVRDAAVE I KGIRDKMRET RQNKAHGLQALLQDHDDS I SRGGEERQ
P PVVEEDDVVGFDDEAQTVIDRLLEGSGDLEVIPVVGMPGLGK TTLATKI FKHPKIEYEFFTRLWLYVSQSYKT
RELYLNITSKFTGNTKHCRDMSEKDLALKVQEILEEGGKYLIVLDDVWS TDAWDRIKIAFPKNDKGNRVLLTTR
DHRVARYCNRSPHDLKFLTDEESWILLEKRAFHKAKCLPELETNGKS TARKCKGLPLAIVVIAGAL IGKSKTIK
EWEQVDQSVGEHF INRDQPNS CDKLVRMSYDVLPYDWKACFLY FGTFPRGYL I PARKLIRLWIAEGFIQYRGDL
S PECKAEEYLNELVNRNLVMVMQRTVDGQIKTCRVHDMLYEF CWQEATTEENLFHEVKFGGEQSV REVS THRRL
C ITHSSVVEFISKKPSGEHVRSFLCFSPEKIDTPPTVSANISKAFPLLRVFDTESIKINRFCKEFFQLYHLRYIA
FSFDSIKVIPKHVGELWNVQTLIVNTQQINLDIQADI LNMPRL RHLLTNTSAKLPALANPKTSKT TLVNQSLQT
LSTIAPESCTEYVLSRAPNLKKLGIRGKIAKLMEPSQSVLLNNVKRLQFLENLKLINVGQIDQTQLRLPPASIF
P TKLRKLTLLDTWLEWDDMS VLKQLENLQVLKLKDNA FKGENWELNDGGFPFLQVLCIERANLVSWNASGDHFP
RLKHLHISCDKLEKIP IGLADICSLQVMDLRNPLNQQQNLPERYKPKKTSCNLLNPRSSSFLYSL LILMYRQLL
RKV

Fig. 1 Sequence and putative conserved domain of RGL

A: Screen on Try/Leu/Ade/His™ medium (arrows indicate candidate clones)
B: Auto activation test (the upper three clones are the yeast with empty BD plasmid and AD plasmid; the lower three clones are the yeast

with bait BD plasmid and corresponding AD plasmid)

Plate I Screening result of yeast two-hybrid

TRV:RGLIP-2

C: Negative control; D: Positive control; E and F: RGLIP-1 and RGLIP-2
Plate II  Functional analysis of RGLIP genes using VIGS in Cf-4 transgenic Nicotiana benthamiana Plants

resulted in weakening HR (Plate II-D). RGLIP-1 also showed
a partial suppression hypersensitive response by VIGS
(Plate II-E), RGLIP-2 suppressed hypersensitive response
reaction completely (Plate I1I-F).

4 Discussion

Five genes involved in HR were screened by VIGS in tomato,
the analysis of one RGL sequence suggested that there was a
NB-ARC conservative domain, which was one kind of signal
transduction domain in many resistant genes. This result
proved that there were some proteins interacting with this

protein in tomato cells. As reported, this function domain was
one kind of regulators of cell death in animals (van der Biezen
et al., 1998).

RGL protein was used as bait to screen interacting protein(s)
from tomato cDNA library through the yeast two-hybrid
system. Two interacting proteins named RGLIP-1 and RGLIP-
2 (RGL Interacting Protein) were found. RGLIP-1 showed
63% homology with thylakoid lumen protein in the chloro-
plast. It was reported that the decline of the chloroplast could
accelerate HR, the interaction of RGL and RGLIP-1 resulted
in chloroplast decline and accelerating HR (Heldin, 1995). It
is suggested that NB-ARC is the key regulator to activate cell
death in plants and animals especially. The other interacting
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Fig. 2 Nucleotide sequence and deduced amino-acid sequence of RGLIP-1 isolated from tomato cDNA library through yeast two-hybrid

system

protein RGLIP-2 had a 60% homology with transduction pro-
tein in arabidopsis, named G protein. There are two types of
G proteins in the live cell, one type is made of three subunits
(o, B, v), and the other type has only one subunit. As mem-
brane binding proteins, G proteins participate in many kinds
of cell signal transduction by coupling with the receptors
on the surface of cells (Freissmuth et al., 1989; Neer and
Clapham, 1988; Neubig, 1994). It has been reported that

small G proteins usually transmit the resistant reaction in
plants (Ono et al., 2001) , but it is not clear which type the
RGLIP-2 protein is, thereby, it is essential to make further
study about it.

In this study, RGL and the two interacting proteins possi-
bly existed in the same signal transduction branch or at the
signal transduction branch point. Besides, the HR was
suppressed partially, RGL may not be silent effectively and
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Fig.3 Nucleotide sequence and deduced amino acid sequence of RGLIP-2 isolated from tomato cDNA library through yeast two-hybrid

system

some transcripts may be translated into proteins which
expressed the function of RGL. Actually, half of the cDNA
library was screened by yeast two-hybrid system, and new
interacting proteins would be found if the other half library
was screened.
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