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• Progress of the FII funded project that started in September, 2002
• (all deliverables have been accomplished)

• We have isolated genomic DNA from resistant (R)  and some susceptible western
white pine seedlings that were identified previously in the applicant’s lab

•  Two pairs of primers based on known R genes from agronomic crops were designed
that led to the isolation of 260 plasmid clones and their restriction site mapping

• We have sequenced and analyzed DNA of 130 plasmid clones that led to the
identification of 67 resistant gene analogues

• An abstract has been accepted for presentation to an International meeting in St.
Petersburg (July 2003), Russia for presentation.

Acomplishments of  entire the project for the year 2002-2003

1. Design degenerate primers for cloning RGAs from western white pine
genomic DNA

Six primers were designed based on amino acid sequences of four conserved
motifs in the nucleotide-binding site (NBS) region of well-characterized disease
resistance genes in crop species and plant model species. The sequent gene
cloning has proved that our design of RGA primers is good for conifer species.

2. Cloning and sequencing different R gene analog (RGA) PCR fragments

Five combinations of primer sets designed above were used in the PCR for the
characterization of a maximum number of western white pine DNA sequences
with identity to the NBS region of plant resistance genes. Genomic DNA was
purified from disease resistance trees for usage of PCR template. Five PCR
fragments with size range from 260 bp to 910 bp have been identified in current
work. After PCR cloning totally 447 recombinant plasmids were identified
containing DNA insets of expected size.  According to DNA mapping patterns as
differentiated by analysis of restriction enzymes, these recombinant plasmids
were grouped into different types for each PCR fragment, among which 130
clones were analyzed for their full-length sequences. And sequence analysis
revealed that sixty-seven RGA genes had been cloned from the genome of
western white pine, which are candidates of disease resistance genes for the
functional analysis. In Arabidopsis genome there are about 160 RGA genes, and
about 600 RGA genes predicted in rice genome. Therefore, the RGA genes
identified in current work account for considerable part of total RGA gene family
in western white pine genome.



3. Foliage sample collection of western pine seed lots exhibiting dominant
R-gene type resistance to blister rust for DNA and RNA extraction

Forty-nine foliage samples were collected from seed lot #3277 whose mother
tree is heterozygous of disease resistance gene Cr 2, nine of them with disease-
susceptible phenotype.

4. Production of recombinant forms of Cro 1 in E. coli

Cro 1expression vector was constructed for the protein production in bacterium
E. coli. Western blot analysis showed that the Cro 1 protein was expressed in E.
coli.  The molecular mass of recombinant Cro 1 protein was the same as that
calculated from cDNA sequence but smaller than that of natural Cro1 protein
purified from disease-infected pine needles, suggesting a post-translational
modification of Cro1 in fungal cells.

5. Construction of binary vector for Cro1 expression in transgenic tobacco
plants

At first we used PCR to introduce suitable restriction enzyme sites into cDNA
sequence of Cro 1. Then the Cro1 DNA fragment was ligated into an
intermediate vector containing 35S promoter and NOS-terminator sequences at
its 5’- and 3’- end respectively. Finally, the expression cassette of Cro1 gene was
cut out from the intermediate vector, and inserted into a binary vector containing
selection marker of kanamycin-resistance and GUS fusion.

6. Transformation of tobacco via Agrobacterium to express Cro1 in tobacco
plants

The binary vector of Cro1 gene expression obtained above was transformed into
Agrabacterium cell first. The leaf-disc transformation method via Agrobacterium
infection was used for tobacco transformation. After kanamycin selection, about
one hundred transgenic tobacco lines have been obtained in our lab. PCR
amplification demonstrated the fungal Cro1 gene was integrated into tobacco
genome with Cro1 gene-specific primer. RT-PCR analysis revealed that Cro1
mRNA was expressed at different levels in transgenic tobacco lines. A further
characterization of Cro1 gene expression in tobacco is underway.

7. Isolation of PR5 gene from western white pine

Using DNA probe of Douglas fir PR5 gene the western white pine cDNA library
was screened, and several positive clones were identified. The DNA sequence
analysis showed the selected cDNA clones shared significant homology with
those PR5 genes in other plant species.



8. Characterization of PR5 gene expression

Western blot analysis was used with an antibody against Douglas fir PR5 protein
to investigate the PR5 expression in western white pine. Preliminary results
showed PR3 was accumulated with disease infection, suggesting its
physiological role in plant defense response against pathogen.

9. Isolation of PR3 gene from western white pine

According to N-terminal amino acid sequence of western white pine PR3 protein,
a degenerated primer was designed. Combined with a primer targeting at a PR3
conserved motif, DNA fragments were amplified from cDNA prepared from
disease-susceptible trees.  The sequent DNA cloning and sequencing showed
that the amplified DNAs were PR3 gene fragments. With 5’- and 3’-rapid
amplification of cDNA ends (RACE), two full-length PR3 genes were cloned and
sequenced from western white pine.
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&&5. There is a dominant resistance gene, Cr2 (Kinloch et al., 1999), in western
white pine (Pinus monticola) controlling white pine blister rust (Cronartium
ribicola). As an initial step towards cloning Cr2, we report here the isolation of
resistance gene analogues (RGAs) from western white pine by PCR using
different primers based on nucleotide sequences in the nucleotide binding site
(NBS)
region [characteristic domain of NBS-LRR (leucine rich repeat) resistance genes]
of known resistance (R) genes in agronomic crops. After cloning and sequencing
PCR fragments, 67 NBS sequences were identified from a single seedling
carrying Cr2. Phylogenic analysis revealed that these sequences can be placed
into six main groups. The deduced amino acid sequences shared significant
homologies (ranging from 27 to 37% in the NBS region) with well-characterized
resistance genes, such as N in tobacco and L and M in flax. These results
suggest that white pine RGAs belong to a super family of TIR (Toll Interleukin
Receptor)-NBS-LRR genes. RT-PCR with white pine gene-specific primers
demonstrated that some RGA genes (including a few RGA pseudogenes ) were
expressed in white pine. Using genomic DNA PCR with these gene-specific
primers for bulked segregation analysis (resistant versus susceptible)
demonstrated that at least three RGA genes were linked to the Cr2 gene. Use of
these RGAs as markers would facilitate the fine mapping, isolation and
characterization of the Cr2 gene in western white pine.


