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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

Problem and Significance 

Studies in Objectives 1 and 2 leading up to the start 
of the 2019-2020 FY had resulted in the 
establishment of a bioactive citrus tristeza virus 
(CTV)-based vector, T36CA-V1.0 (made entirely 
from a California T36 strain), although its 
expression of a genetic cargo—the green 
fluorescent protein (GFP)—in Nicotiana 
benthamiana plants was not as abundant as we 
preferred. In addition, we had not yet tested the 
vector’s activity in citrus plants. Furthermore, 
Objectives 3 and 4, aimed at arming the vector with 
RNA silencing and improved cloning capabilities, 
respectively, had not yet been initiated. Thus, a 
need for following through with the work to 
complete the optimization of the T36CA-based 
vector was the normative next step.  

Benefit to Industry 

Having an optimized T36CA-based vector will give 
us the much needed 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 the disease causal agent 
‘Candidatus Liberibacter asiaticus’ (CLas) 
associated with huanglongbing (HLB). 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. Vector optimizations were made by building 
on the information gathered from our previous 
studies on the genetic mapping of regions in the 
T36CA genome involved in systemic infectivity, and 
the identification of nucleotides (in T36CA-V1.0) 
that differ from the consensus in the T36CA 
population and T36FL (Florida isolate). Specific 
variant nucleotides in T36CA-V1.0 were replaced 
successively with the conserved nucleotides 
present in the T36CA population, resulting in the 
following constructs: T36CA-V1.1, -V1.2, -V1.3, -
V1.4 and -V1.5 (Table 1).    
Table 1. Summary of nucleotide (Nt) substitutions in 
T36CA vectors (V1.0 to V1.5). 

a Open reading frames (ORFs; encoding the CTV 
proteins as shown i.e. p20, CP, p65, and ORF1a protein) 
in which nucleotide replacements were made.   
b Numbers indicate the genomic locations of the 
nucleotides changed (A, G, or C; indicated before the 
numbers), and the replacement nucleotides (G, A, or T) 
are indicated after the numbers. The deduced amino 
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acids before (S, G, N, D or P) or after (G, S, D, L or N) 
the nucleotide changes and the locations of the amino 
acids (numbers) are indicated in parentheses.  
c ”X” indicates the nucleotide variant(s) replaced in each 
construct. 
Each engineered construct was tested for 
bioactivity and accumulation in plants by using a 
combination of ELISA (to measure the relative virus 
titer) and visual observation of GFP production. A 
summary of the results for three of the T36CA 
vector constructs is shown in Figure 1.  

Figure 1 Bioactivity of T36CA V1.0, V1.1 and V1.3 
compared to the T36FL vector from Florida. (a and b) 
Accumulation of T36CA constructs in N. benthamiana 
plants determined by ELISA (A405 values).      
(c) Representative images of GFP fluorescence
observed in the bark peels of newly emerged branches
of Citrus macrophylla plants inoculated with T36CA V1.3
at 5- and 10-weeks post inoculation (wpi) and 9 months
post inoculation (mpi).
The results clearly demonstrate that T36CA-V1.3 
shows marked improvement in performance over 
the older versions (V1.0 and V1.1), and its 
accumulation is 2.2x higher than that of the T36FL 
vector from Florida. T36CA-V1.3 also shows robust 
activity in C. macrophylla plants (Figure 1f). At the 
time of writing this report (>9 months post 
inoculation), GFP fluorescence continues to be 
seen in the bark tissues of newly emerged 
branches. T36CA-V1.4 and -V1.5 (Table 1) were 
constructed in March 2020; since then, they have 
been tested for bioactivity in both N. benthamiana 
and C. macrophylla plants, and, like V1.3, both 
accumulate more abundantly than T36FL (the data 

for this result will be provided in the next annual 
report).   

Objectives 3 and 4 – Arming the T36CA vector 
with RNA silencing and improved cloning 
(Gateway cloning) capabilities. T36CA-V1.3 was 
designed to produce a truncated (t), 391-base pair 
sense and anti-sense RNA complementary to the 
citrus phytoene desaturase (PDS) gene as a proof-
of-concept of the vector’s silencing capability. 
Essentially, when the vector replicates in citrus 
plants, the production of tPDS RNA will result in the 
silencing of the citrus PDS gene, resulting in the 
visible bleaching of leaves. A strategy for cloning 
the tPDS sequence into T36CA V1.3 (Figure 2) 
has been developed and we are near the end of the 
construction procedures.  

Figure 2 Construction strategy for a T36CA-based gene 
silencing vector: T36CA-V1.3-tPDS with a truncated 
PDS sequence. Labeled arrows (colored red) are the 
oligo primers designed for PCR procedures for 
generating the relevant DNA fragments for cloning. XhoI, 
PacI, StuI, PstI, SwaI are the restriction enzyme 
digestion sites used for editing the clones. 
In Figure 2, clone #1 was obtained when the fusion 
of T36CA coding sequences for p18, p13, p20 and 
p23 (green boxes), the coat protein controller 
element (blue box), and the tPDS sequence (yellow 
box) generated by overlapping PCR (using the 
subclone plasmids pT36#12_p20fix1 and pT36FL-
tPDS) was cloned into an appropriate plasmid. 
Clone #2 was obtained when DNA containing the 3' 
non-coding region of T36CA-V1.3 incorporated with 
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a StuI restriction site (by PCR procedure) and a 
nopaline synthase (NOS) sequence was cloned 
into an appropriate plasmid. The region bounded by 
the PstI and SwaI restriction sites in clone #1 was 
excised and ligated into similarly digested clone #2 
to generate clone #3. The region bounded by the 
PstI and SwaI restriction sites in clone #3 region 
will be excised and used to replace the 
corresponding region in T36CA-V1.3 to generate 
final vector T36CA-V1-3-tPDS.  

T36CA-V1.3 was designed to incorporate a 
Gateway cloning cassette. If this were successful, a 
genetic cargo could be cloned into the vector 
without the need for conventional restriction 
digestion and ligation procedures. A strategy for 
introducing a Gateway cloning cassette into T36CA 
V1.3 (Figure 3) has been developed and we are in 
the middle of the construction procedures.  

Figure 3 Construction strategy for a T36CA-based vector 
engineered with a Gateway cloning cassette (blue 
boxes). For simplicity, several upstream steps leading to 
the cloning of the Gateway cloning cassette in the 
pT36CA-V1.3_gateDs plasmid have been omitted. PstI, 

SwaI and NsII are the restriction enzyme digestion sites 
used for editing the clones. 
A plasmid (pT36CA-V1.3_gateDs) that contains the 
Gateway cloning cassette has been obtained which 
would enable us to proceed with further 
downstream steps (not shown) leading to one of 
several possible modes of Gateway system that 
could support the cloning of genetic cargos into the 
T36CA vector.  
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