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Year 4 of 3 (100% Complete) 

Objectives 

1. Develop vectors that will express GFP from 
different locations in the CTV genome 

2. Develop vectors engineered with deletions of 
specific CTV genes 

3. Develop vectors engineered to produce 
hairpin double stranded RNAs specific to one 
or more endogenous plant genes 

4. Develop vectors engineered with Gateway 
cloning capability 

5. Determine the biological activity of vectors in 
commercial citrus varieties 

Problem and Significance 

A major bottleneck in the management of 
huanglongbing (HLB) is that the disease takes place 
in the phloem tissues of infected citrus plants where 
‘Candidatus Liberibacter asiaticus’ (CLas) is located. 
Once infected, there is no effective means to 
eliminate the disease. The classical management 
approach has been to destroy the infected trees, but 
this would result in immense economic losses. 
Studies in Objectives 1 and 2 leading up to the start 
of the 2020-2021 FY had generated two citrus 
tristeza virus (CTV)-based vectors—T36CA-V1.4 
and -V1.5 (made entirely from a California T36 
strain)—designed for optimized bioactivity and the 
expression of a genetic cargo, the green fluorescent 
protein (GFP), in Nicotiana benthamiana and Citrus 
macrophylla plants. It was necessary to determine 
the bioactivity of these vectors relative to that of 
T36CA-V1.3, the first optimized vector obtained in 
FY 2019-2020. Objectives 3 and 4, aimed at arming 

the vector with RNA silencing and improved cloning 
capabilities, respectively, were initiated and 
progress was needed to bring them to completion. In 
FY 2020-2021, a fifth objective aimed at determining 
the bioactivity of the optimized vectors in commercial 
citrus varieties was added on, which required new 
preparations, additional efforts and logistical 
arrangements.  

Benefit to Industry 

The benefits derived from this project would allow 
growers, nurserymen, and stakeholders to have an 
affordable, effective, and non-transgenic approach 
for managing HLB. Specifically, having an optimized 
T36CA-based vector will give us the biotech platform 
from which targeted approaches, involving the 
delivery of novel and specific therapeutic proteins 
and RNA silencing/ interference, could be launched 
to combat citrus pests and pathogens such as the 
Asian citrus psyllid (ACP) and CLas. A functional 
and robust T36CA vector will also allow us to 
effectively deliver novel genetic cargos engineered 
to disrupt a growing list of citrus targets that have 
been found to interact with ACP and CLas, thus 
preventing the plants from succumbing to the 
disease.  

Progress Summary 

Objectives 1 and 2 – Enhancements aimed at 
optimizing the expression of a genetic cargo 
(using GFP as proof of concept) by the T36CA 
vector. T36CA-V1.4 and -V1.5 were constructed. 
Both vectors were comparable in performance 
(based on their accumulation in plants as 
determined by ELISA) relative to T36CA-V1.3, 
although T36CA-V1.5 accumulated to a slightly but 
not significantly higher titer. Virion preparations of 
T36CA-1.4 and -1.5 were also bark flap-inoculated 
to C. macrophylla plants. Abundant GFP expression 
was observed in the bark tissues of the newly 
emerged stems of 30% and 25% of the T36CA-V1.4 
and T36CA-V1.5 inoculated plants, respectively, 
and this was comparable to that previously observed 
for T36CA-V1.3. Thus, all three vectors performed 
equally well in terms of protein production.   

mailto:jamesng@ucr.edu
mailto:Marylou.polek@usda.gov
mailto:Robert.krueger@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. 
 

Objectives 3 and 4 – Arming the T36CA vector 
with RNA silencing and improved cloning 
(Gateway cloning) capabilities. In Objective 3, 
T36CA-V1.3 was designed to produce a truncated 
(t), 391-base pair sense and anti-sense (at) RNA 
complementary to the citrus phytoene desaturase 
(PDS) gene. Essentially, when the vector replicates 
in citrus plants, the production of dsRNA containing 
the tPDS sequence will result in the silencing of the 
citrus PDS gene. We constructed the vectors 
T36CA-V1.3-tPDS and T36CA-V1-3-atPDS and 
inoculated them to N. benthamiana plants. Results 
of ELISAs performed on the virions purified from the 
inoculated plants indicated the presence of vector 
bioactivity in 50% (8 out of 16) of the plants 
inoculated with each vector. The purified virions of 
T36CA-V1.3-tPDS and T36CA-V1.3-atPDS were 
inoculated to C. macrophylla plants by bark flap 
inoculation and RT-PCR results revealed that vector 
bioactivity was detected in 50% (5 out of 10) and 
44% (4 out of 9) of the inoculated plants, 
respectively. We have been monitoring for the 
silencing effects expected to be manifested in the 
form of photo-bleaching in the leaves of the 
inoculated C. macrophylla plants. As of September 
30, 2021, this effect has not yet been observed. 
However, we caveat that this should not be taken as 
an indication that the vectors are not effective in 
triggering gene silencing. As the performance of 
CTV with the T36 genotype tends to be affected by 
high heat intensity during the summer months, the 
absence of photo-bleaching could be due to the 
effects of high temperature on virus accumulation. 
We anticipate observing the photo-bleaching effects 
when the temperature drops over the fall and winter 
months.                  

In Objective 4, the original goal was to incorporate a 
Gateway cloning cassette into T36CA-V1.3 to 
facilitate the cloning of a genetic cargo without the 
need for conventional restriction digestion and 
ligation procedures. Results from our experiments 
suggested that the recombination reaction used to 
generate the final recombinant vector product was 
unsuccessful after several attempts. As an 
alternative, a second strategy involving a Gateway 
cloning-assisted approach was implemented and a 

modified T36CA-V1.3 vector capable of receiving a 
genetic cargo (using the GFP sequence as a proof-
of-concept) was obtained via this approach. RT-
PCR analysis showed that this modified vector was 
bioactive in the systemic leaves of inoculated N. 
benthamiana plants. However, it was unable to 
produce a functional GFP as no specific 
fluorescence was observed. As another alternative 
for using the Gateway-assisted cloning approach, 
we tested to see if we could use it to engineer a 
T36CA-based gene silencing vector (Figure 1) as 
opposed to using T36CA as a protein expression 
vector.  

 

Figure 1. Outline of the implementation of a penultimate 
Gateway construct to support the cloning of a genetic 
cargo (using a truncated PDS sequence from N. 
benthamiana as a proof-of-concept) into the T36CA 
vector. For clarity, steps leading to the construction of the 
pDONR207-NbPDS and the penultimate Gateway 
constructs have been omitted.  The LR reaction was 
performed overnight by incubating the pDONR207-
NbPDS and the penultimate Gateway construct in the 
presence of LR recombinase (Invitrogen).        

If this alternative strategy works, the Gateway-
assisted cloning approach would still reduce the 
many steps involved in conventional cloning 
procedures. As of September 30, 2021, we have 
successfully engineered a T36CA-V1.3 vector 
containing a tPDS sequence introduced via the 
Gateway-cloning assisted approach (Figure 1), and 
the vector has been inoculated to plants to 
determine its effects on silencing the endogenous 
PDS gene.           
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Objective 5 – Determining the bioactivity of 
T36CA in commercial citrus varieties. This was 
an add-on objective initiated in year 4 of the project. 
We performed two sets of inoculations each with a 
different graft inoculation approach i.e., bark grafting 
and side grafting.  One citrus variety, Madam Vinous 
(sweet orange; C. sinensis), from the first set of 
inoculation was tested positive for CTV by ELISA, 
and GFP fluorescence was observed in the systemic 
bark tissues of the rootstock (graft recipient). In the 
second set of inoculation, we inoculated six citrus 
varieties – Chapman nucellar (Valencia orange), 
Daisy (mandarin orange), Delfino blood orange 
(blood orange), Gillemberg (navel orange), Mato 
Buntan (pummelo) and parent Washington (navel 
orange). Of these six varieties, where their 
rootstocks were graft-inoculated with the scions of 
T36CA-harboring C. macrophylla plants, one died 
(Mato Buntan) while the rest survived and are doing 
well. As of September 30, 2021, we have not had the 
chance to analyze the surviving plants. The plants 

are being maintained in a greenhouse at the USDA 
ARS Citrus Germplasm Repository, and we 
anticipate seeing CTV activity and GFP expression 
in one or more plants in the cooler months of fall and 
winter.       

Conclusions 

We have generated new, optimized versions of the 
T36CA vector that show robust bioactivity in C. 
macrophylla plants. In addition, we have clearly 
shown that the commercial variety Madam Vinous 
(Sweet Orange) supports the T36CA-V1.4 
replication-driven expression of the GFP reporter 
gene and are awaiting the outcomes of the 
inoculation of other citrus varieties. Work proposed 
in Objectives 3 (arming T36CA with silencing 
capability) and 4 (improving the cloning capability of 
T36CA) have been fully executed.    
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