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Objectives 

1. Demonstrate heritable mutation in the
genome of Asian citrus psyllid (ACP).
2. Demonstrate heritable insertion of
exogenous DNA into the genome of ACP.
3. Development of a Cas9-mediated gene
drive for ACP population suppression

Problem and Significance 

In order to expand the integrated pest management 
tools for ACP (Diaphorina citri), we are developing 
genetic engineering tools using the CRISPR 
(Clustered Regularly Interspaced Short Palindromic 
Regions) system and the CRISPR- associated 
(Cas) protein (Cas9). This could allow us to modify 
the genes of the ACP and render them unable to 
reproduce or transmit the bacterium responsible for 
huanglongbing (HLB) in citrus. The process of 
changing the normal genes is called gene editing. It 
is very specific to the gene of interest and it 
requires two components: the Cas9 protein and a 
ribonucleic acid molecule (RNA) called single guide 
RNA (gRNA). CRISPR-Cas gene editing could be 
used to produce, for instance, an ACP genetic 
technology to generate only sterile males. These 
technologies will work exclusively against ACP 
populations, so beneficial insects, like pollinators, 
will not be affected.  This targeted method could 
mitigate costs, technical obstacles, and other 
negatives associated with insecticide use and could 
become a sustainable approach for citrus 
producers. However, the genetic transformation of 
ACP has been thus far challenging and elusive. 
Currently, few laboratories have been able to 
achieve genetic changes in this insect successfully; 
and none have been able to introduce foreign DNA 
into the ACP, a required step to generate genetic 
control technologies. Our major goal is to optimize 

the genetic engineering toolkit and protocols for 
ACP genetic modification. 

Benefit to Industry 

We plan to generate several genetically engineered 
ACP 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 to achieving the genetic 
transformation of the ACP is to produce a method 
for the successful delivery of the CRISPR gene 
editing solutions. We are testing two different 
strategies to optimize reliable protocols for 
CRISPR/Cas9 germline mutagenesis in the ACP: 
injection of CRISPR solutions in ACP eggs and 
injection in females (Figure 1). 

Figure 1 Injection of CRISPR solutions into eggs (left) or 
female adults (right). The injections are performed under 
the microscope. They require very sharp microscopic 
needles and operators with high precision to avoid killing 
the eggs or the females. The typical survival of injected 
eggs falls below 10%. On the other hand, females are 
more tolerant producing >50% survival. 

The most efficient method to produce genetic 
modifications in insects is to deliver the solutions to 
the insect eggs when they are freshly laid (usually 
less than 2 hours old).  However, in some insect 
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species, like the ACP, the eggs at this age are very 
difficult to inject and die very easily after injections 
making it difficult to obtain any modified progeny. 
We have developed a method to remove eggs from 
plants and perform injections of the CRISPR 
solutions that produce survival rates up to 14%. 
However, the insects that hatch from these eggs 
die during the first few days, and a low percentage 
reach the adult reproductive stage. We are 
evaluating methods to improve these rates.  In 
addition, we also have developed an alternative 
protocol for egg injection on living plants which has 
produced a greater egg survival (up to 39%), with 
18% survival to the adult stage (Table 1).   

Table 1 Survival of eggs after injection with water or 
CRISPR solutions using two different protocols: injection 
of eggs removed from plants or injections of eggs on the 
plants. 

Egg 
Injection 
method 

Injected 
solution 

Number 
of eggs 
injected 

Number of 
eggs that 
survived 

% 
survival 

Eggs 
removed 
from the 

plants and 
injected 

Water 30 13 43.3% 

Cas9 
+gRNA
[white] 

80 11 13.8% 

Eggs 
injected on 
the plants 

Water 70 26 37.1% 

Cas9 
+gRNA
[white] 

101 39 38.6% 

An alternative to injecting eggs is the delivery of 
CRISPR solutions into the female ovaries via 
injection into the abdomen. We achieved gene 
editing in the ACP by injecting females with a 
modified protein called P2C-Cas9. We targeted the 
white gene to optimize our embryonic and female 
microinjection protocols. This gene is responsible 
for giving the dark color to the eyes of the ACP, if it 
is modified the eyes become white. The 
modification in the eyes of the offspring of injected 
females is shown in Figure 2.  

Figure 2 Generation of genetic modifications on the ACP 
using the modified protein P2C-Cas9. The wild-type 
eyes are red-brown in nymphs and adults. Somatic 
mutations appear as eye color variation within a single 
eye or both eyes compared to the wild-type. In the 
nymph, the orange color of the left eye has been 
modified to a single dot (black arrow). Meanwhile, the 
eye of the mutant adult presents different white-yellow 
dots within the eye (magenta arrow). The DNA sequence 
of the mutant nymph shows a change in one “G” 
(guanine) compared to the wild-type. This change alone 
is responsible for the absence of pigmentation in part of 
the eye. 

The frequency of modified individuals (~ 3-10% of 
total offspring) is consistent with results in other 
insect species. Our results show that ¾ of the 
experiments produced modified offspring (Table 2). 

Table 2 Results of successful female injection trials. 
Genetically modified nymphs and adults were produced 
after injecting the protein P2C-Cas9 into the abdomen of 
females. 

Number 
of 

injected 
females 

Female 
Survival 

24h 

Number 
of 

Offspring 

Number of 
modified 
offspring 

% 
modified 
offspring 

26 8 28 1 nymph 3.60% 

42 30 10 1 nymph 10% 

175 140 325 2 females 0.60% 

Unfortunately, the offspring of these modified 
individuals did not show the changes in eye color, 
suggesting that the modifications were not 
heritable.  We are now performing a significant 
number of injection replicates to identify heritable 
modifications.  Our experiments have been limited 
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by the restrictions on research activities imposed by 
the COVID-19 pandemic which influenced the 
number of ACPs we could rear and use for 
experiments.  
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