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Objectives 

1) Construct the pEXCH-mThionin and -
AtPT1/APV3 and -BLANK vectors for RMCE
competency testing.

2) RMCE competency testing of Lilac Lime.

3) Evaluation of Lilac lime fruit of color, nutrition,
fruit timing and APHIS paperwork.

Problem and Significance 

Projects 5200-142 and 5200-141 have successfully 
completed their respective goals in the time frame 
predicted. That is creation and testing of Founder Lines 
for RMCE capacity and generation of early flowering 
fruit specific anthocyanin (blood) expression constructs 
for citrus plant production. The fruit specific lines, 
termed ‘Lilac Limes’ have begun flowering 70 weeks 
after introduction to soil. Both projects require attention 
before use by others, deregulation and potentially 
commercialization can be realized. The need to 
functionally test RMCE competent Founder Lines in 
California is critical to determine gene stacking capacity 
prior to field trials and data collection for deregulation. 
Florida Founder lines have shown 10-30% targeting 
frequency with the original RCME system.  We have 
increased the RMCE capacity to 80% with the newest 
version and are beginning trials in CA citrus now.  
Second, is the need to determine the Lilac Limes color 
pattern, nutrition and flowering time. There are seven 
potential patterns as we have identified seven unique 
fruit specific promoters.  As the fruit specific expression 
lines are also Founder Lines we plan to unite the two 
projects in a single common goal. We propose testing 
the Fruit Specific Founder Lines for RMCE targeting 
capacity and during the process removing the previously 
added selectable marker (antibiotic) gene from the 

genome of the Lilac Lime.  Finally, during the time 
period needed for the above-mentioned procedures we 
would gather molecular, nutritional and physiological 
data needed to begin APHIS-CDFA paperwork for field 
trials and productivity analysis. 

Benefit to Industry 

The proposed research will identify functional Founder 
Lines competent for RMCE that contain the fruit specific 
components for anthocyanin (Blood) phenotype.  The 
RMCE competent Founder Lines identified would be 
available for distribution and development by other 
research groups.  During the RMCE evaluation time 
period predict the FT (Flower Time) gene added to the 
Fruit Specific Founder Lines will provide the necessary 
boost to start the trees producing, if successful this will 
offer a way to speed the juvenile phase in trees making 
them productive quicker.  We will also be evaluating 
lines for desirable fruit color, consistency and flavor 
quality.  If successful, these synthetic constructs will be 
available to the citrus community to make any cultivar 
colored or producing whatever trait benefits are desired 
with the fruit itself.  Suitable Lilac lime lines are being 
taken forward for APHIS and FDA permits and 
budwood is being made ready for the CCPP viroid 
clean-up process.  Once the deregulation process is 
complete this will provide a guide for future citrus 
deregulation efforts 

Research results and favorable citrus lines will 
be made available to the citrus community through 
presentations at scientific conferences, by publication in 
trade and scientific journals.  The proposed research will 
be licensed jointly with USDA and CRB. 

Plans and Procedures 

The Thomson lab has previously shown techniques 
necessary to determine RMCE Founder Lines capable of 
stacking genes within the citrus genome.  We proposed 
using this successful technique to test new Fruit Specific 
Founder Line (Lilac Limes) for RMCE capacity.  During 
this testing phase we planned to remove the selection 
marker (antibiotic) gene from the genome of the Lilac 
Lime to enhance public opinion and commercialization 
of the fruit.   
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Second part of this project was to evaluate the 
Lilac Limes color pattern, nutrition and flowering time. 
There are seven potential patterns as we have identified 
seven unique fruit specific promoters (genetic elements 
that turns genes on and off).  Therefore, we need to 
determine which promoter provided the pattern desired 
and if was specific to the fruit, strong enough to be seen, 
and did it effect the plant health.  This research has been 
conducted under greenhouse conditions as specified by 
APHIS regulations.   

Finally, during the time period needed for the 
above-mentioned procedures we would gathering 
molecular, nutritional, physiological data as well as field 
trial productivity analysis needed for APHIS-FDA 
paperwork. 

Progress Summary 

COVID-19 related delays provide 
1. The date any institutional closures or restrictions
began March 18th 2020;
2. Research efforts suspended only essential personnel
allowed to keep project alive.
3. Closure was lifted October 13th 2020.

Evaluation for flowering time, anthocyanin content 
(purple color), BRIX and pH values in the greenhouse 
have continued during the COVID-19 shutdown.  
Results to date have verified that 22 of the 76 lines 
examined are producing colored fruit (Figure 1).   

Figure 1.  Lilac Lime fruit display during Citrus day at 
UC Riverside Jan. 29th, 2020. 

BRIX and pH values are all in the normal range for 
Mexican Lime.  Work has also continued on the APHIS 
and FDA paperwork.  We are currently collaborating 
with John Armstrong (Artic Apple; Okanagan) for 
insight into the process and next steps in the process.  
These will include submission of molecular details (of 
the transgenes), chemistry and nutritional details of the 
fruit, pack line analysis, taste tests and a breakdown of 
the biology of citrus as species and whether or not it can 
become a weed.  Field trials have also been able to 
proceed with trees being planted in early August.  A 
field site inspection on October 23rd was conducted and 
the trees were growing having survived the heatwave in 
late August.  Trees all appear healthy and not suffering 
from abiotic or biotic stress any differently than the 
wildtype Mexican lime trees planted side-by-side as 
controls (Figure 2). 

Figure 2. Field planting of Lilac Lime take Oct 23rd, 
2020. 

Conclusions 

To date RMCE capacity trials have been conducted in 7 
Lilac Lime lines with results indicating that the 
technology is functional.  However, efforts to regenerate 
shoots from the mature tissue have not been successful.  
76 Lilac lime trees have been investigated for flowering, 
anthocyanin content, BRIX and pH values.  22 of these 
lines are producing colored fruit.  Briefly, the Limes 
with the CsJuSac or CsWAX promoter have the desired 
purple color.  The remaining promoters E8, PamMybA, 
CsUNK and CsVO1 did not produce the purple color in 
the fruit but was mostly seen in the seed.  BRIX values 
for all fruit clustered around 7 and an average pH value 
of 2.0 was observed.  All within the normal range of a 
commercial Mx Lime fruit.  Flowering time was 
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improved in many lines with 1.5 years in soil to flower 
being the shortest time observed but up to 3 years 
(normal for Mexican lime) for other lines.  APHIS 
paperwork has been completed for field trials.  A total of 
65 grafted trees from 17 different lines were planted at 
the beginning of August for tree health and fruit 
evaluation.  APHIS and FDA deregulation paperwork 
has begun.  APHIS has instituted the new ‘SECURE’ 
rule.  This stands for Sustainable, Ecological, Consistent, 
Uniform, Responsible, Efficient, and is the first 
comprehensive revision of APHIS’ biotechnology 
regulations since they were established in 1987.  It 
appears that this new rule will allows regulatory exempt 
for plants developed using genetic engineering that do 
not pose a plausible pest risk.  We are currently 
attempting to make a ‘exempt’ case for the regulators 

allowing the Lilac Lime (and hopefully other types of 
citrus) into commercial production.   
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