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Objectives 

1. To optimize the biolistic transformation 
procedure for citrus  

2. To engineer recombinase- mediated 
cassette exchange (RMCE) novel 
transformation vectors specific for Gene Gun 
apparatus- mediated genetic transformation 

3. To perform genetic transformation using the 
transformation vectors from objective 2 

Problem and Significance 

Genetically modified plants still face hurdles by 
consumers because of the presence of non-
essential genes such as molecular markers that 
serve for identification of transgenic plants. 
Furthermore, in general, the part of the gene that 
makes it functional comes from non-plant organisms 
such as viruses and bacteria. In this project we 
produced transgenic plants free from non-essential 
genes and any part of the gene of interest (a disease 
resistant gene) are from plants and the gene is 
present in all citrus species. We devised and 
perfected a methodology to eliminate all non-
essential genes while maintaining the gene of 
horticultural importance. 

Benefit to Industry 

The benefit to the growers is that they have available 
transgenic Carrizo plants containing a gene with 
great potential for broad spectrum disease 
resistance and that are free from genes that 
negatively affect consumer perception. Moreover, 
the gene is from citrus and it is driven by a plant 
promoter (the DNA that makes the gene work). 

These plants will be tested against Phytophthora 
diseases, citrus canker and huanglongbing. 

Additionally, we perfected the system to excise non-
essential genes from transgenic plants, so that the 
method can now be used to create novel transgenic 
plants of other citrus varieties.   

Progress Summary 
In the beginning of this project we proposed to use 
biolistic instead of Agrobacterium as the genetic 
transformation method. We optimized the biolistic 
transformation protocol for citrus for transient 
transformation since this would reflect in good results for 
stable genetic transformation. We demonstrated that 
biolistic stable transformation is possible but the 
regeneration process was very low and not a viable 
protocol for the production of marker free transgenic 
citrus. To avoid further delay in the project we decided to 
use Agrobacterium-mediated transformation, which has 
been very efficient in our hands. Our collaborator 
constructed several plasmids for optimization of RMCE, 
to test inducers and  to test 13 plant promoters. Finally, 
after all tests, a new plasmid under an improved tDNA 
system to allow more precise excision of markers, and the 
insertion of several genes in the plant at once was 
constructed using Gene Assembly in Agrobacterium by 
Nucleic acid Transfer using Recombinase technologY 
(GAANTRY). The GAANTRY system is what allowed us 
to have many marker-free plants. 

We produced 200+ transgenic Carrizo citrange 
plants and they are in different growth stages; some 
as still small, acclimating to the screenhouse 
environment, others are already in the greenhouse. 
We selected 67 plants for molecular 
characterization, using Polymerase Chain Reaction 
(PCR) to identify the presence of the disease 
resistance gene, and the presence or absence of the 
non-essential genes. We selected several sets of 
primers (small pieces of DNA from the genes to be 
identified) and tested them for their efficiency in 
identifying each gene. From nine primers tested, one 
efficiently identified the disease resistance gene, 
and four were efficient in identifying the non-
essential genes (markers). In Figure 1, A and B, the 
bright bands represent marker genes, which are 
non-essential. The figure shows that out of the 12 
plants, 7 had markers and 5 had no markers, but 

mailto:Eliezer.louzada@tamuk.edu
mailto:james.thomson@usda.gov


2020-2021 Annual Report 

NOTICE: The research results included in this publication are summary reports for the benefit of the Citrus Research Board and the growers it serves. They are not to be 
taken as recommendations from either the individual reporting or the agency doing the research. Some of the materials and methods mentioned are neither cleared nor 

registered for commercial use. The summaries were written by the project leaders identified. Both technical names and registered trademarks of materials are used at the 
discretion of the authors and do not constitute any endorsement or approval of the materials discussed. Questions on possible applications should be directed to the local 

University of California Extension Specialist, a licensed PCA, or the appropriate regulatory agency. 

have the disease resistance gene (Figure 1C 
highlighted yellow, bright bands). 

Figure 1: Example of PCR assay of 12 plants out of 67 
assayed. The bright bands are pieces of DNA produced 
by PCR of transgenic plants for the identification of plants 
containing the disease resistance genes, but lacking the 
non-essential genes. (A) Bands of 400 base pairs (pb) of 
mCherry gene, a non-essential gene. (B) Bands of 700 bp 
of CodA, a non-essential gene. (C) Band of the gene of 
interest (Calcium signal modifier gene (CSM-1) under 
yellow shade. L= Ladder PL= Plasmid.   

It is interesting to note that all but two transgenic 
plants with markers lost the disease resistant gene 
CSM-1 (Figure1). This is an unexpected fact since 
the plasmid was constructed so that we would have 
full transgenic plants containing all genes, plants 
marker-free and non-transgenic. This fact could be 
due to partial tDNA insertion.     

Four kinds of plants were produced from the 67 
plants tested; 28 were transgenic with markers but 
not CSM-1 gene, 2 were transgenic with markers 
and CSM-1 gene, 28 were transgenic plants without 
markers but with CSM-1 gene, and 9 were not 
transgenic. Figure 2 show marker-free transgenic 
Carrizo plants. 

Figure 2: A few of the 28 Marker-free transgenic 
Carrizo citrange. 

Conclusions 

When we started this project five years ago the 
technology to produce marker-free transgenic plants 
for citrus was not properly set up. In that time, the 
efficiency of the process was very low because the 
tools that we had were not well developed. One of 
the main tools is called a plasmid, which is a large 
piece of DNA that contains all the information 
needed to introduce the gene of horticultural 
importance into the plants and afterwards excise the 
ones we don’t want. With what we had in the 
beginning of the project it was very difficult to obtain 
marker-free plants; we screened thousands of plants 
to obtain two marker-free plants. With the 
improvements we made, we were able to obtain from 
67 plants tested, 28 containing the gene for disease 
resistant and lacking the genes that are non- 
essential and the public doesn’t want. 
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