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Our significant progresses during this reporting time period are:

1) Using mature shoot segments of Valencia and Washington navel, we have demonstrated that the Knl gene can
improve transformation efficiencies by approximately 2-fold compared to the control vector, which is much lower than
those observed in juvenile citrus transformation.

2) We used an epigenetic modulator in our transformation experiments and observed about a 2- to 3-fold increase in
overall transformation efficiency in mature tissues of Valencia and Washington navel oranges. We further demonstrated
that the epigenetic modulator produced a 10-fold increase in shoot regeneration efficiency of mature citrus with no
transformation when compared to the controls.

3) With expression of a 35S::GUS gene containing an intron as an indicator, we examined Agrobacterium infection and
T-DNA integration activities in mature citrus using tobacco leaf discs and juvenile citrus tissues as references. Consistent
with the fact that tobacco leaf discs can be efficiently transformed with Agrobacterium, we observed very high levels of
transient and stable expression of GUS in the cut edges of tobacco discs. When juvenile citrus tissues were used for
Agrobacterium infection, we observed reasonable levels of both transient and stable GUS gene expression. Using mature
explants of Valencia, however, we observed extremely low levels of transient and stable expression of the GUS gene.

As we have shown that although both the Knl and Ipt gene dramatically enhanced transformation efficiencies of juvenile
citrus via increased shoot regeneration, they were far less effective at improving transformation on mature citrus tissue.
Also, in mature Valencia and Washington navel oranges, we found that using an epigenetic modulator led to about 10-fold
increase in shoot regeneration, but only a 2- to 3-fold increase in transformation efficiency (i.e., transgenic shoot
production). We hypothesized that after improved shoot regeneration, Agrobacterium-mediated T-DNA integration
remained the major challenges to improving mature citrus transformation. We are now working to enhance efficiencies of
Agrobacterium-mediated stable T-DNA integration. Combining the various molecular tools we have, we would like to
develop a “vector” that is highly efficient and genotype-independent for mature citrus transformation.

One manuscript reporting the drastically improvement of six citrus cultivars including a lemon cultivar has been published:
Hu et al (2016): Knl gene overexpression drastically improves genetic transformation efficiencies of citrus cultivars. Plant
cell, Tissue and Organ Culture. 125: 81-91. Two manuscripts are under preparation, reporting some of the results
summarized above.
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