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PROBLEM

Varroa destructor is the most
destructive ectoparasite of 
honey bees, feeding on 
developing brood and adult
bees and causing severe 
colony losses worldwide.

Main cause of colony losses



Chemical Treatments

Organic Acids

Thermal Control

Mechanical Control

Behavioral Selection

Repeated applications required

Varroa develops resistance

Residues in hive products

Risks to bees, humans, and the environment

Current Varroa control methods

All current methods treat the mite after infestation. None prevents host recognition.



Idea
Targeting the host–parasite interaction rather than the

parasite itself.

Instead of killing Varroa after infestation, we aim to

prevent host recognition before infestation.

Our CRISPR-Based Approach

Prevent host recognition before infestation

Heritable across generations

Potentially long-lasting

Chemical-free

Scalable through queen breeding



• Research Hypothesis

• Varroa uses chemical cues to recognize hosts

• Why JHAMT?

• Linked to Varroa attraction



Why CRISPR?



Why

lipofectamin?

Delivery of genetic material into the cell via liposomes. a Liposome vesicle with a phospholipid bilayer
structure; b Fusion of liposomes carrying genetic material with the cell membrane and direct release of 
DNA into the cells; c Endocytosis-mediated uptake of liposome-encapsulated genetic material by the
cells (Carter and Shieh 2015) 



Experimental Workflow

sgRNA design

Cas9 preparation

Sperm pool

Sperm transfection

Queen insemination

Colony establishment

Genotyping

Behavioral assays

Field validation



sgRNA Design and Target Selection

Target gene: JHAMT (Gene ID: 724216). Sequence obtained from the NCBI database

Candidate CRISPR target sites identified using CHOPCHOP

On-target efficiency and off-target risk evaluated

Selected 20-nt target sequence: 5′-AGTTTGAGGACGAAATAACG-3′  in Exon 5

CGACGAGGCAGAAATATTGAAGATTGAAATTATTATTATTGCAGAGCATATAATGGCTATTAATCCCTTCATATCA

CGGATCCCTAATTCCCTTAAAAAGGAGTTTGAGGACGAAATAACGCGGGAAATAGTGAACATGAAAATTCAACTTTT

GAACAAGGACGAGAACGGTGAACAAGAATACAATATATTGGATAGATATCAGATTTTTGTAACGTATATAAGAAA

GCCTGTATGTTGAAAAATTTGTTTAACAACAAATGTTTCATTCGTCGTAAAAATGGAATGG

sgRNAJhamt (GB44043 / NC_037641.1)

5’ 3’Exon 1 Exon 5Exon 2 Exon 3 Exon 4

Figure. Location and design of the sgRNA target region on the JHAMT gene. Black boxes indicate exon
regions, and the area indicated by triangles shows the location of the sgRNA. The sgRNA sequence is also
underlined. Gray bases on the sequence represent the PAM sequence.





Sperm pool

sgRNA

Sperm pool

sgRNA

JHAMT sequencing

JHAMT sequencing

G0 queens

G1 queens

G1 larvae

G2 larvae

+

+

Figure . A visual representation illustrating the pedigri of the queens and larvae utilized in the research. The

numbers and letters on the queen bee figures represent the registration information of the queen bees. Non-

experimental bees are highlighted in red X.



Rearing G1 queen bees in queen cell cups

Phenotypic appearance of honeybee colonies resulting from gene-editing experiments. Photo- graphs show brood
combs from A (colony developed from untreated sperm) and B–D (gene-edited colo- nies derived from queens
inseminated with liposome-assisted CRISPR-Cas9-treated sperm)



Agarose gel image of amplicons obtained by PCR 
amplification of the JHAMT gene region of G1 generation
larvae.

Agarose gel image of amplicons obtained by PCR 
amplification of the JHAMT gene region of G2 generation
larvae.





Figure . DECODR software result obtained from the sequences of individuals descended from hive
number 1044 (100% rate -8 deletions/frame shift)



Figure 3. Petri containers in which Varroa host tests were performed. Mut: mutant larvae, 

WT: wild type larvae. Conditions during assay: 34.5°C and 60–70% relative humidity

Total number of assays: 30

Removing Varroa mites from
the eyes of male bees using
tweezers.

Scoring

1 = Preferred mutant larva

0 = Preferred wild-type larva

? = No clear preference





One honeycomb sample was taken from

each of the gene-modified colonies and

the control group colonies, and the

presence of mite-infested larvae and

pupae was examined in 100 randomly

selected cells from each honeycomb in

the laboratory . In this way, the effect of

the JHAMT gene on the preference of

Varroa in vivo conditions was also

determined.

Figure Box plot diagram showing Varroa's host preference in vivo conditions.

This difference was statistically significant, with a p-value of 0.037.













Expertise Animal breeding, population genetics, molecular genetics

Projects 33 projects (TÜBİTAK, TAGEM, Ministries+)

Publications 43 SCI/SCI-E articles, total 170 papers, conference papers, 3 book chapters

Innovation Varroa-resistant genetic line (CRISPR-based), ISIF2025 Gold medal
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