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Objectives 

1. Demonstrate heritable mutation in the 
genome of the ACP 

2. Demonstrate heritable insertion of 
exogenous DNA into the genome of the ACP 

3. Development of a Cas9-mediated gene drive 
for ACP population suppression. 

Problem and Significance 

The Asian Citrus Psyllid (ACP), Diaphorina citri, is a 
major vector of the citrus disease, huanglongbing 
(HLB). Current efforts to control ACP populations, 
and thus HLB transmission, include using chemical 
insecticides, releasing natural parasitoids and 
predators, as well as enacting quarantine zones. 
Although these tools have had an effect in controlling 
ACP populations, the range of HLB-infected ACP 
continues to spread. To further expand the ACP 
integrated pest management tool kit we aim to 
generate genetic-based vector control tools specific 
for ACP. Genetic-based vector control tools center 
around altering the genome of the insect to either 
prevent reproduction or pathogen infection. Because 
these edits are within the ACP genome, unlike other 
control methods they have the benefit of being highly 
species-specific. Therefore using these methods we 
can potentially control ACP populations without 
affecting other insects and organisms. Although 
these tools and methods have already been 
successfully generated in multiple species of fruit 
flies and mosquitoes, site-directed mutagenesis and 
transgenesis remain elusive in the ACP. To 
generate genetic-based vector control tools in ACP 
we first have to create an efficacious method of 
mutagenesis and transgenesis within the ACP.  

Using CRISPR/Cas9 we can modify the ACP 
genome to induce traits that could have an indirect 
or direct role in preventing the spread of HLB. For 
instance, we could genetically modify genes to 
produce only sterile males or integrate a gene that 
gives ACP resistance to HLB infection.  

Benefit to Industry 

We plan to generate several ACP genetically 
engineered lines that could be used for the control of 
ACP populations in the field. The design of the 
transgenic lines as well as any novel transgenesis or 
mutagenesis technologies linked to the system of 
genetic control will be patentable and relevant for 
government agencies, biotechnology and 
agriscience companies, and citrus growers 
associations interested in the control of ACPs. Semi-
field and field trials will be required to get approval 
from government agencies to release the transgenic 
and modified lines. Trials are not part of this 
proposal, but the work under this proposal would 
provide the data needed for the trials. 

Progress Summary 

The major limitation we have faced while trying to 
achieve a method of germline mutagenesis and 
transgenesis within ACP is the successful delivery of 
the CRISPR/Cas9 gene-editing reagents. Described 
here we have tested three methods for embryonic 
microinjection. Using these methods we have been 
able to produce mosaic mutant phenotypes. 
Currently, we are using what we have learned in 
demonstrating mutagenesis to produce transgenic 
ACP lines. 
 
Development of protocols for D. citri embryonic 
microinjections 
 
To perform embryonic microinjections in ACP eggs, 
we developed and tested three different methods. 
These methods include manually injecting embryos 
still attached to the plant, manually injecting 
embryos removed from the plant, and robotically 
injecting embryos still attached to the plant.  
Our first method (Method 1) was to manually inject 
embryos while they were still on the plant. First, we 
allowed female ACP to lay eggs on 1-2 month old 
curry seedlings. Following oviposition, we removed 
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the female ACP and uprooted the seedlings. The 
seedlings were then taped to a glass slide and all 
leaves were strategically taped down to prevent 
obstruction of the needle as well as expose the eggs. 
Eggs were viewed under a compound microscope 
and injected using a micro-manipulator and 
Femptojet (Figure 1,iv). This method proved to be 
difficult mainly due to parts of the plant obstructing 
the path of the needle to the egg. Furthermore, 
because ACP lay their eggs in bunches, each egg 
obscured the path to the other eggs. In the end, with 
this method we were only able to inject a few eggs 
on the plant at a time, leaving many eggs uninjected. 

To inject more eggs in a shorter time frame, 
we decided to remove the embryos from the curry 
plants (Method 2). To do so, we used a dissection 
teasing needle to gently pluck the eggs off of the 
plant then place them onto a gelatin plate for 
collection. After collecting all the eggs off a seedling, 
we used a fine tip paintbrush to lift the eggs off the 
gelatin plate and aligned them on a staggered stack 
of moistened filter paper (Figure 1,iii). Following 
alignment, we injected the embryos similar to 
methods done in fruit flies and mosquitoes. After 
injecting, we placed the eggs onto fresh gelatin 
plates to develop (Figure 1, v-vi). Every two days 
post injection, embryos are transferred to fresh 
gelatin plates to reduce mold growth. Although this 
method allowed us to collect and inject more eggs 
while also being able to reuse curry plant flushes for 
additional embryo collections, the constant 
manipulation of the embryos played a major role in 
decreasing our survival rates.  

To develop a method that could be used to 
inject a majority of embryos, reduce physical 
manipulation of the embryos, and perform controlled 
and consistent injections we turned to use an 
injection robot (Method 3). Our process with the 
robot begins with collecting flush that contains ACP 
embryos. We then cut up the flush into manageable 
fragments that allow us to easily access as many 
embryos as possible. Using the microinjection 
robot's remote controlled stage we are able to 
carefully position almost every egg for direct 
injection. Using this method we were able to see 
increased survival rates due to a reduction in 
manipulation.  
 
 
 
 

Survival of eggs after embryonic microinjection 
 
Post-injection survival varied between each injection 
method. Because so few eggs were injected using 
Method 1, we did not track survival rates. However 
for Methods 2 and 3 we were able to track the 
proportion of eggs to survive post-injection. Using 
method 1 averaged 6.7 and 9.5% survival when 
manually microinjecting white and kh ribonuclear 
protein (RNP), respectively (Figure 2). Using these 
methods we faced significant lethality from repetitive 
manipulation of the embryos. Just removing the 
eggs from the plant without injecting resulted in only 
57% survival (Figure 2).  Not only were embryos 
manipulated during the removal and alignment 
process but also when transferred to fresh gelatin 
plates to prevent mold growth.  

Using the robotic system we were able to 
improve our rates of survival to 31.5% (Figure 
2).This increase in survival is likely due to the 
reduction in direct manipulation of the embryos as 
well as the robot’s ability to consistently deliver RNP 
into the embryos.  

With both the manual and robotic injection 
methods, we were able to generate mosaic mutants 
in the form of a single-eye knockout. However, these 
mosaic mutants were very fragile and died before 
reaching the 2nd nymph stage. Currently, we are 
also realizing a bottleneck of not having enough 
injected individuals survive to adulthood to perform 
crosses for generating homozygous knockout 
progeny. 
 
ACP Transgenesis 
 
Because we were able to generate somatic 
mutations in ACP we decided to move forward with 
generating transgenic lines. Our initial experiments 
will be focused on generating lines able to express a 
fluorescent marker. In addition, we are working on 
generating a transgenic line able to ubiquitously 
express an antimicrobial peptide known to cure and 
prevent HLB, stable antimicrobial peptide from M. 
australasica Australian finger lime (MaSAMP). 
Currently, we are wrapping up cloning the plasmids 
needed for generating transgenic fluorescent marker 
expressing lines. Also, we have identified a 
candidate promoter (DcitrM093515.1.1, 
Polyubiquitin) to express MaSAMP throughout all 
known HLB infected tissues as well as the saliva. We 
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are currently designing and working on this plasmid 
as well. 

 
Figure 1. Method for ACP embryo microinjections. To 
perform ACP embryo microinjections, a healthy flushing 
curry plant is introduced to a cage with mated ACP for 9-
12 hrs or overnight. Once eggs are laid, they are removed 
from the flush and the plant is replaced and checked 
every *30 min for fresh, pre-blastoderm stage eggs (i). 
Fresh eggs are either collected(ii) and aligned(iii) or left 
on the plant and injected (iv). Injected eggs are then 
transferred to gelatin plates(v) and monitored daily(vi) 
until eclosion. Once emerged, nymphs are screened and 
transferred to fresh curry plant (vii). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Post-Injection survival rates. Manually 
injecting white and kh RNP resulted in an average of 6.7% 
and 8.5% survival respectively (A). When injecting kh 
RNP using the robotic system survival increased to 
31.5%. Mosaic mutant phenotypes, in the form of missing 
pigmentation of one eye, were seen in individuals injected 
with kh RNA via robotic (B) and manual (C) injections.  
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