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honeybee brain sections to study the distribution of the receptors in honeybee brains. The
antibodies were affinity purified against the peptide and tested with immunoblotting and the
classical method of preadsorption with peptide conjugates to show that the antibodies are
specific to the corresponding peptide conjugates against which they were raised. Here we
developed the CRISPR-Cas9 technique to test for the reduction of protein targets in the brain 48
h after CRISPR-Cas9 injection with guide RNAs designed for the corresponding receptor. The
CRISPR-Cas9 method can also be used in behavioral analyses in the adult bees when one or
multiple genes need to be modified.

INTRODUCTION:

The recently discovered CRISPR/Cas9 system is a powerful tool that has been used to alter
genomic DNA in various model systems and organisms. It has accelerated biomedical research
and major technological breakthroughs by making genome modification more efficient and
robust than previous methods. Native to S. pyogenes bacteria, the system relies on a Cas9
endonuclease, whose activity leads to double-stranded breaks (DSBs) in DNA, and a guide RNA
(gRNA) that directs the Cas9 protein to a specific, sequence-dependent location?. Double-
stranded breaks generated by CRISPR/Cas9 can be repaired via non-homologous end-joining
(NHEJ), an error-prone process that can lead to frameshifts, or homology direct repair when a
donor template is present. The gRNA itself consists of a target-specific CRISPR RNA (crRNA) and
a universal trans-activating crRNA (tracrRNA) which can be chemically synthesized and delivered
with purified Cas9 nuclease as a ribonucleoprotein complex (RNP)%3. Fluorescent labeling of the
gRNA or Cas9 nuclease can allow for the detection and intracellular visualization of molecular
components via fluorescent microscopy*.

In our present work, we take advantage of the CRISPR-Cas9 system to reduce the protein levels
in adult honeybee brains. We studied the metabotropic glutamate receptor (mGIuR) and anti-
mGlutR1 receptor antibodies and the GABAa receptor subunit RDL and anti-RDL antibodies. We
developed a simple method to reduce the amount of protein in the brain of the adult honeybee
and used it to drive additional tests of the antibodies developed against the corresponding
proteins. Monitoring the fluorescence of CRISPR-Cas9 allowed us to estimate the areas and cells
involved in the reduction of the protein.

Using this method, we also characterized the anti-mGlutR1 antibodies that were made in rabbits
against the conjugated peptide. The honeybee genome encodes a highly conserved AmGIuRA
(named mGIlutR1 according to NCBI nomenclature) metabotropic glutamate receptor®. The
honeybee mGlutR1 gene has four predicted splice variants according to the NCBI database. It has
been reported that it is expressed in the central nervous system (CNS) of both pupal and adult
bee stages and it is involved in long-term memory formation®. Antibodies developed against
mGlutR1 can be an essential tool for studying of the glutamatergic system in the learning and
memory process in honeybees.

In our studies, we also characterized anti-RDL antibodies developed in rabbits immunized with
conjugated peptides from the Apis mellifera RDL receptor subunit. The honeybee Rdl gene,
AmRd| (XM_006565102.3, NCBI database), has 14 predicted splice variants. A partially cloned
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fragment has been reported in the NCBI database AF094822.1. The RDL receptor function and its
physiology is well studied in insects®?®, including honeybees®!!. Antibodies developed against
anti-RDL can be an essential tool for studying the GABAergic system in the learning and memory
process in honeybees.

An earlier study on the role of octopamine and tyramine receptors used RNAi injected into the
brain with a subsequent test of the amount of protein by Western blot'>'3, However, RNAi has
some significant limitations. There is only a short time window after RNAI injection within which
a reduction of protein occurs!®. CRISPR-Cas9 was used very recently in honeybee embryos to
delete or modify genes in the entire animal'*1¢. We reported the use of CRISPR-Cas9 to reduce
the amount of the protein in the adult honeybee. We developed this approach for honeybees
because of the ability to couple it to behavioral studies of learning and memory under controlled
laboratory conditions?’.

In the present work, we developed antibodies against two receptors and tested them on the
adult honeybee brain sections after the protein was reduced by CRISPR-Cas9 injection. At the
same time, we established an experimental design that allows use of the method for behavioral
experiments.

PROTOCOL:

The protocol described here follows the animal care guidelines of Arizona State University.

1. Total protein isolation from brains of Apis mellifera

NOTE: Use Apis mellifera New World Carniolan foragers of unknown age for this experiment.
1.2. Place an aluminum mesh screen over the entrance to the hive to capture forager bees?’.
Capture each bee in a vial with a small hole in each cap. Place the vials containing the bees in ice
to lower their body temperature and immobilize them. Leave the bees in ice for no more than 3
min.

1.3. Secure the immobilized bees into previously prepared metal holders. Ensure that the metal
holders are constructed so that the bee can be secured with small pieces of duct tape, but still

have its back thorax, wings, and head exposed.

CAUTION: Ensure that the bees are fully immobilized before attempting to place them in the
holders.

1.4. Feed the bees with a 1 M sucrose solution using a 5 mL syringe until they are no longer
hungry. Place the secured bees in a box with a wet paper towel to ensure a humid

environment.

1.5. Dissect the bee’s brain rapidly by cutting off the head with Barraquer Iris scissors (see Table
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of Materials) and use the scissors to open the head from the front.

1.6. Cut off the brain from the head capsule, take the brain with #5 forceps, and place it in 100
pL of cold (4-8 °C) lysis buffer. The lysis buffer consists of 120 mM Tris-HCl, 2% sodium dodecyl
sulfate (SDS), 5% glycerol, 0.2 mM dithiothreitol, 1% Triton X-100, and 1-5 pg/mL of the protease
inhibitors PMSF (phenylmethylsulphonylfluoride), aprotinin, benzamidine (pH 6.8) at 4 °C.
Homogenize the brain in the lysis solution by turning in a pestle for about 2 min.

1.7. Centrifuge the sample at 12,000 x g for 20 min. Aspirate 90 ulL of the supernatant and discard
the pellet.

1.8. Take 1 uL of the supernatant to quantitate the total protein using a fluorimeter. The
approximate concentration of the total protein was between 2—3 mg/mL per bee. Take 10 L of
the supernatant and add 10 pL of the lysis buffer and 10 uL of a 6x Laemmli buffer®, Spin briefly
and boil for 3 min, then cool down on ice. Spin for 1 min at 10,000 x g to remove all debris. One
tenth of a bee brain contains approximately 25 ng of total protein.

2. Western blotting?®®

2.1. Make 30 mL of 10% running gel containing 12.15 mL of ultrapure distilled water, 7.5 mL of
1.5 M Tris-HCI (pH 8.8), 0.3 mL of 10% SDS, 10 mL of 30% acrylamide-bis acrylamide solution,
0.15 mL of 10% ammonium persulfate (APS), and 20 L of tetramethylethylenediamine (TEMED).

2.2. Cast the gel between two glass plates separated by spacers.

2.3. Make a 20 mL stacking gel containing 12.1 mL of ultrapure distilled water, 5.0 mL of 0.5 M
Tris-HCI (pH 6.8), 0.2 mL of 10% SDS, 2.6 mL of acryl-bis acrylamide, 0.1 mL of 10% APS, and 20
ulL of TEMED.

2.4. When the running gel solidifies pour a stacking gel. Carefully add the plastic separator to cast
the loading lane, avoiding bubbles. Wait 15-30 min, until the gel is solidified.

2.5. Start loading the gel using 5 uL of protein standards. Load 20 pL of the lysate mixture from
step 1.8 per lane, corresponding to ~1/15 of a bee brain or ~16 ng of total protein per lane. Run
the samples for 3.5-4 h total at 16 mA in the stacking gel and 32 mA in the running gel. Stop
when the dye leaves the gel.

2.6. Transfer the proteins onto nitrocellulose membranes in transfer buffer (25 mM Tris-HCl, 192
mM glycine, 15% methanol) at 0.45 mA for 1 h 30 min at 4 °C.

2.6.1. To evaluate the efficiency of the protein transfer following SDS-PAGE before
immunoblotting, add Ponceau S staining solution (add 0.1 g of Ponceau S and 5 mL of acetic acid
to water to a final volume of 100 mL). Store at 4 °C for 1 min and rinse rapidly with distilled water.
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2.6.2. Label each lane with a ballpoint pen, cut the membrane containing two lanes with brain
homogenate and one lane with protein marker and place each in a Western blot incubating box.
Wash 3x for 5 min each in phosphate buffered saline (PBS) containing 0.1% Tween 20 (PBS-Tw).

2.7. Block the membrane with 10% NGS (1 mL of normal goat serum to 10 mL of PBS-Tw) in a
Western blot incubating box for 1 h. Make an anti-mGlutR1 dilution (5 pL of antibody in 10 mL of
10% NGS). Make anti-RDL1 and anti-RDL2 dilutions (5 pL of antibody in 10 mL of 10% NGS each).
Replace the blocking solution in each box with the diluted antibodies and leave overnight (16—-24
h) at 4 °C.

2.8. Wash the membrane 3x for 5 min each in PBS-Tw. Incubate the membrane with anti-rabbit
IgG HRP-conjugated secondary antibodies at 1:10,000 in 10% NGS PBS-Tw for 2 h at room
temperature (RT). Wash membranes 3x in PBS-Tw, then 1x in PBS.

2.9. Detect the bands using western chemiluminescent HRP substrate. Mix two substrates 1:1
(v/v) at RT, put all membranes in the same box and cover them with the substrate mix for 2 min
(in a dark room with a red light) at RT. Proceed to protein detection using an autoradiography
film with several exposure times. Usually one antibody is tested on one membrane containing
the same dilution of brain homogenate on two or three lanes and one lane with the weight
marker.

3. Immunocytochemical procedures

3.1. To dissect honeybee brains for immunocytochemistry, immobilize the honeybees in ice for
30 s. After the bees are immobilized, decapitate the bee with scissors and place the head in a
solution of 4% paraformaldehyde in PBS. Work under the fume hood.

CAUTION: The body must be carefully disposed of because the abdomen can still sting after
decapitation.

3.2. Carefully but rapidly remove the antennae, compound eyes, and cut all around the top
exoskeleton with Barraquer Iris scissors. Allow the heads to sit in the fixative solution for 10 min.
Remove the rest of the exoskeleton of the head and cut all remaining tracheae.

3.3. Place each brain in a 1.5 mL microcentrifuge tube containing at least 1 mL of 4%
paraformaldehyde solution and leave overnight at 4—-8 °C.

3.4. Make a 7.6% agarose solution by mixing 3.8 g of agarose and 50 mL of distilled water in an
Erlenmeyer flask. Microwave the solution until the agarose liquifies.

NOTE: A small piece of tissue paper can be placed in the opening of the flask in order to prevent
the agarose solution from overflowing during heating.
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3.5. Place the fixed honeybee brains (3—4 brains) in a 35 mm Petri dish and remove the excess
fixative with tissue paper. Pour the liquid agarose solution over the brains. Orient the brains in
the agarose so that the antenna lobes are facing up. Allow the agarose to cool and solidify.

3.6. After the agarose has solidified, cut out blocks of agarose each containing a brain.

3.7. For vibratome sectioning, prepare a 24 well plate with each well containing a basket with a
hydrophobic mesh at the bottom. Fill each well with 600 uL of PBS.

3.8. Cut each block into 70 um cross sections using the vibratome machine and place the sections
in the basket containing PBS.

NOTE: Ensure that sections from the same brain are placed in the same basket.

3.9. Wash the brain sections 6x for 10 min each with PBS-TX to ensure that no fixative remains in
the sections. Place the multiwell plate on an orbital shaker and wash the brains at 210 rpm.
Before each wash be sure to replace the PBS-TX solution with fresh PBS-TX solution. Block with
1% normal donkey serum during the last wash.

3.10. To test the anti-mGlutR1 primary antibody, prepare a 1:112 dilution of anti-mGlutR1
antibodies by adding 9 mL of PBS-TX to 80 pL of anti-mGIlutR1 antibodies in a 15 mL centrifuge
tube. Vortex the tube briefly to mix thoroughly. The working dilution of antibodies was
determined in preliminary experiments.

3.11. To test the anti-RDL primary antibody, prepare a 1:100 dilution of anti-RDL antibodies by
adding 30 pL of anti-RDL peptide 1, 30 uL of anti-RDL peptide 2, and 6 mL of PBS-TX in a 15 mL
centrifuge tube. Vortex the tube briefly to mix thoroughly. The working dilution of antibodies was
determined in preliminary experiments.

3.12. Add 800 pL of antibody solution to each well in the plate. Cover the multiwell plate and
wrap it in aluminum foil to prevent degradation from light exposure. Place the plate wrapped in
aluminum foil on an orbital shaker and shake at 210 rpm for 2 h. Then leave overnight at RT
without shaking.

3.13. After the brain sections have been left overnight, wash with PBS-TX for 10 min. Repeat the
washing step 6x.

3.14. Prepare the secondary antibodies (anti-rabbit from donkey) by making a 1:225 dilution of
secondary antibodies by adding 40 pL of secondary antibodies to 9 mL of PBS-TX.

3.15. Add 800 pL of the secondary antibody dilution to each well. Cover the plate and wrap it in
aluminum foil. Place the plate wrapped in aluminum foil on the orbital shaker and shake at 210
rpm for 2 h. Then leave it overnight at RT.



264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

3.16. Wash the brain sections 3x for 10 min each with PBS-TX and 3x with regular PBS solution.

3.17. For embedding the sections in the slides, prepare the mounting media/glycerol embedding
solution modified from Rodriguez et al.?°. Add 5 g of the mounting medium in 20 mL PBS and stir
for 16 h with a magnetic stirrer. Add 10 mL of glycerol and stir for another 16 h with a magnetic
stirrer. Centrifuge for 15 min at 4,000 x g, take the liquid homogenous supernatant, and aliquot
in 1 mL tubes. Keep at -20 °C

3.18. Embed the sections onto the slides with a drop of the mounting medium prepared in step
3.17, making sure that each slide contains sections from one brain.

3.19. Preadsorption control of immunostaining with conjugated peptides

3.19.1. For anti-RDL and conjugated peptides, incubate the working dilution of anti-RDL
antibodies with the corresponding peptide conjugate overnight at RT on shaker: condition 1)
500 ug peptide conjugated with Keyhole Limpet Hemocyanin (KLH) via glutaraldehyde;
condition 2) without any conjugate.

3.19.2. Centrifuge each mixture for 10 min at 10,000 x g and collect the supernatant from both
conditions (step 3.19.1).

3.19.3. Incubate the serial sections of honeybee brain with each supernatant and process with
the secondary antibodies described above. Serial sections are sections that follow each other
during the vibratome sectioning procedures, so the same part of the brain will be exposed to
positive and negative controls.

3.19.4. For anti-mGlutR1 and conjugated peptide, incubate the working dilution of anti-
mGlutR1 antibodies at RT with the KLH conjugated peptide containing the 10* M peptide

(condition 1) and without any conjugate (condition 2).

3.19.5. Centrifuge each mixture for 10 min at 10,000 x g and collect the supernatant from both
controls.

3.19.6. Incubate the serial sections of honeybee brain with supernatant from both conditions
and process with the secondary antibodies (steps 3.14-3.15).

3.19.7. Embed sections from both conditions onto the slide using embedding media (step 3.17).

4. Test of RDL and mGlutR1 protein expression by immunocytochemistry (section 3) in
honeybee brain after injection of the corresponding CRISPR-Cas9 system

4.1. Design the guides using an online CRISPR-Cas9 design tool?! using the genomic DNA
sequences of AmRdI (XM_006565102.3) and sequences of mGlutR1 (XM_006566244.3) (Table
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1). Order as Cas9 crRNA and Cas-9 tracrRNA with the fluorescent dye ATTO550 at the 5' end.
Order the Cas9 Nuclease V3 (See Table of Material).

4.2. Prepare the components for the CRISPR-Cas 9 system by making a 100 uM stock of each

guide crRNA and tracrRNA using nuclease-free water. Aliquot and store at -20 °C. Prepare the
working concentration of Cas-9 solution by adding 2.5 pL of Cas 9 nuclease V3 (10 mg/mL) to
47.5 uL of nucleotide free buffer to obtain a final concentration of 0.5 pug/uL. Make gRNA and
RNP for injection.

4.3. Prepare gRNA complex formation for each guide RNA separately
(guideRNA:tracrRNAATTO550)

4.3.1. Label a test tube with the name of the gRNA, add 92 pL of nucleotide free buffer, 4 uL of
100 uM CRISPR-Cas9 tracrRNA- 5’ATTO550, and 4 pl of the guide crRNA solution. Mix gently
and spin.

NOTE: Example of labeling of gRNA tubes for RDL: GRDL1, GRDL2, GRDL3 (corresponding to RDL
guides RNA in Table 1). Example of labeling of gRNA tubes for mGlutR1: GMGL1, GMGL2,
GMGL3 (Table 1).

4.3.2. Heat the solution to 95 °C for 5 min to create gRNA. Cool the mixture at RT for 10 min.
4.4. Prepare RNP complex formation (gRNA: S.p Cas9Nuclease), delivery mixtures, and control.
4.4.1. Label a test tube with the name of the RNP, add 6 pL of gRNA solution and 6 pL of 0.5
ug/uL S.p Cas9 Nuclease V3. Mix gently and incubate the solutions at 37 °C for 10 min before
injection.

NOTE: Example of RNP tube labels: RRDL1, RRDL2, RRDL3.

4.4.2. Make a RNPRDLmix. To prepare the final mixture used for injections, add 4 pL of each
RNP from RDL together. RNP/RDL mix = 4 uL RRDL1 + 4 pL RRDL + 4 pL RRDL3.

4.4.3. Make a RNPmMGIutR1mix. Mix 4 uL of each RNP from mGlutR1 together to prepare the
final mixture used for injections (RNPMGIutR1mix) = 4 uL RMG1 + 4 uL RMG2 + 4 yL RMG3.

NOTE: Example of RNP tube labels: RMG1, RMG2, RMG3.
4.4.4. Make a control noguideRNA solution by mixing 4 pL of tracrRNA, 92 pL of buffer, and 4 pL
of water instead of guideRNA (see section 4.3). Mix 6 L of this noguideRNA solution and 6 pL

of 0.5 pg/uL Cas9 Nuclease V3 (step 4.4.1) to produce the control injection solution.

5. Injection Procedure
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5.1. Immobilize each bee as described in step 1.3 and feed them as in step 1.4. Next, prepare
two sets of two wooden boxes to release the bees into after injection: a white box
(experimental condition) and a black box (control). Each box should contain a small comb and a
feeding Petri dish. One side of each box is made of glass to allow for observation.

5.1.1. Make feeding Petri dishes. Take the cover of a 35 mm Petri dish, place wax inside of the
surface, and place the bottom part of the Petri dish on the wax. Secure the plate into the box.

5.1.2. Using a 5 mL syringe, inject 1M sucrose solution between the cover and the bottom part
of the dish. Bees can quickly put their proboscises between the two plates and will stay dry for
a 48 h incubation period. Put one dish in each box.

5.2. To prepare the microinjection system, fill the capillaries with mineral oil without any air
bubbles. Place the capillaries in the injector holder of the microinjection system. To load the
capillary with the desired injection solution, place a hydrophobic film on a flat surface, and
pipette the solution onto it. Inject the oil from the capillaries and replace the mixture with the
corresponding RNP mix.

5.3. Using the microinjection system, inject 345 nL of RNP mixture solution directly into each
bee's median ocelli.

5.3.1. For RDL-CRISPR-Cas9 injection, inject eight bees with the RNPRDLmix prepared as
described in step 4.4.2. Feed them 1M sucrose after the injection. Release them in the white
(experimental) box with the small comb and feeding Petri dish for 48 h. Use another eight bees
as controls without any injections, feed them, and release them in the black (control) box.

5.3.2. For mGlutR1 CRISPR-Cas9, inject nine bees with the RNPmGIutR1mix prepared as
described in step 4.4.3. For control inject eight bees with RNA mixture without guide
(RNAmix_noguide) prepared as described in step 4.4.4. Feed them 1M sucrose after the
injection. Release bees from their holders into the white box (experimental condition) or the
black box (control) prepared as described in section 5.1.

5.3.3. Place the boxes in a polystyrene container with wet paper inside for humidity. Leave bees
for 48 h and observe 2x per day to ensure that they have enough food and good humidity.

5.4. Dissect the brain of each bee after 48 h (step 3.1) and process for immunocytochemistry as
described in section 3. For anti-mGlutR1 immunostainings use step 3.11 and for anti-RDL
immunostainings use step 3.12.

5.5. Perform confocal imaging to evaluate the level of fluorescence in the immune-stained brain
sections.

5.6. To evaluate the reduction of protein in immunolabeled brains, use confocal image
collection at the same level of gain for both control and injected brains.
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6. qPCR-based drop-off assay to evaluate the modified genomic RDL DNA 48 h after CRISPR
Cas9 RNPRDLmix injection

6.1. Design the primers, control probe, and drop-off probe to evaluate the amount of DNA
modified by CRISPR-Cas9 injection. Each primer is designed so that it flanks at least one CRISPR-
Cas 9 guide and the amplicon size is 132 bp. The primers and probes used are given below:
RDL1_For: CTCGGAGTGACCACCGT

RDL1_Rev: CAACGAGGCGAACACCAT

RDL1_control_probe: /S5SHEX/CGA+C+G+TTT+A+C+CT/31ABKFQ/

RDL1_Drop-off_probe: /56-FAM/CCTA+C+G+T+CA+A+GT/3IABKFQ/

6.6.1. Ensure that the primers correspond to unique sequences that are specific to the area.
Ensure that the drop-off probe is designed for the area that overlaps with RDL-CRISPR-Cas9
guide.

6.2. To test if there is a modification of the gDNA in the guide area, inject 12 bees in the ocelli
with the RNP_RDL mix described in step 5.3.1 and use eight uninjected bees as controls.

6.3. Dissect out the bee brains without the optic lobes 48 h after the injections and extract the
gDNA of each injected and control bee brains (without optic lobes) using the kit following the
manufacturer’s protocol (see Table and Materials).

6.4. Evaluate the quantity, quality, and purity of the extracted gDNA using a
spectrophotometer.

6.5. Quantify the relative expression of modified gDNA of AmRDL using the gPCR-based drop-
off protocol and real time PCR cycler.

6.5.1. Resuspend the oligos to 100 uM, dilute the primers to 10 uM, and the probes to 5 uM.
6.5.2. Set up the PCR reaction in the 96 well plate as shown here for one sample of gDNA (3
repeats): 10 pL of master mix (see Table of Materials), 1 uL of forward primer, 1 uL of reverse

primer, 1 uL of control probe, 1 pL of drop-off probe, 2 uL of gDNA (50 ng), 4 uL of nuclease-
free water to bring the final reaction volume to 20 pL.

NOTE: Controls are the solution instead of the samples and water instead of the probes.

6.5.3. Set up the cycling program as follows for a real time PCR cycler: 95 °C for 3 min followed
by 40 cycles of 95 °C for 15 s, 60 °C for 1 min.

6.6. Evaluate the relative gene modification using the 222t method, where
ACtrpL = CTroL controI'CTRDLdrop—off probe and ACtnoninj = CTnoninj control-CTRDL drop-off probe
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7. Relative quantification of RDL RNA 48 h after RNPRDLmix injection

7.1. To test if there is a reduction of the RDL mRNA, inject 20 bees in the ocelli with RNP_RDL
mix as described in step 5.3.1 and use 12 uninjected bees as the controls. Dissect out the bee
brains (without optic lobes) 48 h after the injections, extract the total mRNA from each injected
bee, and separate using the manufacturer’s protocol (see Table of Materials).

7.2. Remove any DNA residue remaining in the sample using a DNA-free kit (see Table of
Materials).

7.3. Evaluate the quality and the purity of the extracted RNA using a spectrophotometer.

7.4. Quantify the expression of AmRDL using a commercially available fluorescent green RT-PCR
kit (Table of Materials) on a real time PCR cycler using the manufacturer’s protocol for a 384
well plate.

NOTE: In this experiment, previously published primers were used. For AmRDL (AmRDL_F
GGTCGATGGGCTACTACCTG; AmRDL_R TCGATCGACTTGACGTAGGA)?? and actin primers as a
reference gene [AmActin_F TGCCAACACTGTCCTTTCTG; AmActin_R
GAATTGACCCACCAATCCA]®. The relative gene expression was calculated using the 2-44¢
method (step 6.6).

8. qPCR based drop-off assay to evaluate the modified genomic DNA 48 h after
RNPmMGIutR1mix injection

8.1. Design the primers, control, and drop-off probes to evaluate the amount of DNA modified
by CRISPR-Cas9 injection. Design the primers so that they flank at least one CRISPR-Cas 9 guide
and the amplicon size is 96 bp.

mGIutR1_For: GGTGAAACGAACGACGGA

AmGlurR1_Rev: GGAGAGAGGGAGCGAGAA

AmGIurR1_control_probe: /SHEX/CGAGG+G+AAA+CGA+GT/3IABkFQ/
AmGlurR1_Drop-off_probe: /56-FAM/CGA+C+A+C+CG+TC/3IABKFQ/

NOTE: Ensure that primers correspond to unique sequences that are specific to the area that
should have been modified. The drop-off probe is designed for the area that overlapped with the
CRISPR-Cas9 guide.

8.2. To test if there is a modification of the gDNA in the guide area, inject 12 bees in the ocelli
with RNP_ GlutR1 mix as described in step 5.3.1 and use eight uninjected bees as controls.

8.3. Dissect out the bee brains (without optic lobes) 48 h after the injections and extract the

gDNA from each injected and control bee brain (without optic lobes) using the manufacturer’s
protocol (see Table of Materials).

10
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8.4. Evaluate the quantity, quality, and purity of the extracted gDNA using a
spectrophotometer.

8.5. Quantify the relative modification of gDNA AmGIlutR1 using qPCR drop-off protocol and for
real time PCR cycler as described in step 6.5.

8.6. Evaluate the relative gene modification using the 224 method, where

ActmGIutR1= Ctmalutr1 control-CtmaGlIutR1 cut-off probe and ACtnoninJ:Ct mGlutR1control-CtGIutR1 cut-off probe
9. Quantification of mGlutR1 RNA 48 h after RNPmGIutR1mix injection

9.1. To test if there is a reduction in the mGIlutR1 RNA mRNA, inject six bees in the ocelli with
the RNP_RDL mix as described in step 5.3.2 and use six uninjected bees as controls. Dissect out
the bee brains (without optic lobes) 48 h after the injections, extract the total mRNA from each
injected bee, and separate using the manufacturer’s protocol for RNA isolation (see Table of
Materials).

9.2. Remove any DNA residue remaining in the sample using a DNA-free kit (see Table of
Materials).

9.3. Evaluate the quality and the purity of the extracted RNA using a spectrophotometer.

9.4. Quantify the expression of mGIutR1 using a SYBR Green RT-PCR kit (see Table of Materials)
on a real time PCR cycler with the protocol provided for the 384 well kit. Use the following
primers for mGlutR1 (mGlut_F CCTCCTCAACGTCTCCTTCATA; mGlut_R
TGCCGTTGTGTTCCGATTT) and actin primers as reference gene [AmActin_F
TGCCAACACTGTCCTTTCTG; AmActin_R GAATTGACCCACCAATCCA]. Calculate the relative gene
expression by using the 224 method (step 8.6).

RESULTS:

Anti-RDL antibody tests

The antibodies were produced against the anti-RDL peptide conjugates as shown in Figure 1A.
The first step in characterizing the anti-RDL antibodies is to check the homogenate of the protein
extracted from the bee brain using a Western blot with anti-RDL antibodies and a HRP-labeled
goat anti-rabbit IgG secondary antibody (Figure 1A, insert). Both anti-RDL antibodies recognized
the band located at ~50—60 kD (arrow), corresponding to the estimated weight of the RDL subunit
isoform proteins. To demonstrate that anti-RDL antibodies recognized the peptide in the brain
slices, we used a preadsorption control (Figure 1B, C). When antibodies were preincubated with
conjugated peptides, the staining on the section was absent. This demonstrated that the anti-
RDL antibodies recognized the conjugated peptide against which they were raised. In order to
demonstrate that the anti-RDL antibodies recognize the protein in the fixed brain tissue, we used
CRISPR-Cas9 to knock out the RDL gene that produces the RDL protein in the cells. Figure 1 D1—
3, shows control frontal bee brain sections that were labeled with anti-RDL antibodies. This bee
was not injected with RDL-CRISPR-Cas9 RNP. In Figure 1 D1, anti-RDL labels neuropils in the
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frontal section of the bee brain. The same frontal section in Figure 1 D2 shows the absence of
fluorescence from ATTO550, because the RDL-CRISPR-Cas9 complex was not injected.

Figure 1E1-E3 shows a brain section from a bee injected with RDL-CRISPR-Cas 9 and then
processed with the same amount of antibodies as the control brain in Figure 1D1-D3. The anti-
RDL staining was significantly reduced in the whole brain 48 h after the injection, and the
distribution of the ATTO550 staining in the brain (Figure 1E2) shows the success of the RDL-
CRISPR-Cas 9 injections in the bee median ocelli. The multiple scattered cells of the brain exhibit
ATTO550. The successful injection of RDL-CRISPR-Cas 9 reduced the protein expression compared
with the control (Figure 1E1-3). From eight immunostained bee brains, only one brain had a high
level of distribution of the RDL-CRISPR-Cas9 in the cells of mushroom body, protocerebrum, and
antennal lobe, whereas other brains had cell staining with ATTO550 in the mushroom body calyx,
central complex, but not antennal lobe. It is important to note that in these bees, reduction anti-
RDL immunostaining was not as dramatic as in the brain shown in Figure 1E1.

Next, to estimate the level of the modified RDL gDNA in the bees 48 h after RDL-CRISPR-Cas9
injection, we performed a qPCR drop-off test, where the drop-off probe was designed to match
the area of one of the RDL gRNAs. In these experiments, in the bee brains injected with RDL-
CRISPR-Cas 9, the relative reduction of the fluorescence corresponded to the number of the
modified gDNA in the samples. In our tests the area corresponding to this guide in gDNA in 12
bees injected with RDL-CRISPR-Cas9 were 64 % + (mean + 30 %SD) compared with gDNA in
noninjected bees (Figure 3A).

Next, to estimate the level of the RDL RNA in the bees 48 h after injection, we performed gRT-
PCR in a separate group of bees (Figure 3B). We compared the level of RDL RNA of RDL-CRISPR-
Cas 9 injected bees (n = 19) with the level of RNA in bees that were not injected (n = 12). In these
experiments, the relative reduction of the mRNA RDL was 59% + (mean + 15% SE) compared with
the level of RNA in non-injected bees. When we examined the level of RDL RNA in each bee
individually, only 13 bees out of 19 bees showed a significant reduction of the RNA. These data
indicate that injection of RDL-CRISPR-Cas9 through the ocelli might not always reach a large
number of brain cells, which confirms the data with RDL immune-stained RDL-CRISPR-Cas9
injected bees. In these preparations, only one bee out of 8 had RDL CRISP-Cas9 in many brain
cells (mushroom body, protocerebrum, and antennal lobe) compared with other bee brains,
where the distribution of the RDL-CRISPR-Cas9 was concentrated in cells in the protocerebrum
(mushroom body calyx and central complex) but not the antennal lobe (Figure 4 A-D).

Anti-mGIlutR1 antibodies tests

We used the anti-mGIlutR1 antibodies produced in rabbit against conjugated peptides specific to
Drosophila melanogaster (Figure 2A). The sequence of this peptide shows a 94% identity with
the bee peptide (CLSDKTRFDYFARTVPPD) Figure 2A. First, we checked the antibodies against the
bee brain protein using immunoblotting. The bee brain homogenate was separated by 10% SDS-
PAGE and electrophoretically transferred from to a nitrocellulose membrane and stained with
anti-mGIlutR1. The insert in Figure 2A shows two bands with estimated weights (103 and 83 kD)
corresponding to two isoforms. When we tested this antibody on honeybee brains, we found
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that they label neuropilar profiles and cells in the bee brain sections as illustrated in Figure 2B,
D. After preadsorption of the anti-mGlutR1 antibody with conjugated-mGIlutR1 peptide, the
specific staining disappeared in the bee brain slice (Figure 2C). This confirms that anti-mGlutR1
antibodies recognize the peptide (Figure 2C). Next, we injected a mix of mGlutR1-CRISPR-Cas9 in
the median ocelli and used the control noguideRNA. In control bees (n = 7), the fluorescence from
ATTO550 was not concentrated in the cells. Some brains had scattered fluorescence ATTO550
labeling. Thus, the control preparation in Figure 2D1-3 shows anti-mGlutR1 staining in the brain
but not the ATTO550 fluorescence. When mGlutR1-CRISPR-Cas9 was injected into the ocelli and
taken up by many cells, the level of fluorescence of the secondary antibodies was significantly
reduced in the area that uptakes the functional mGIutR1RNP (Figure 2E1-3). The bees were
monitored for 48 h, and one bee from each experimental condition was found dead. Thus, in this
experiment, we checked seven control bees and eight CRISPR-Cas9 bees. All the bees injected
with CRISPR-Cas9 had cells that took in mGIutR1-CRISPR-Cas9. Most of these cells were in the
mushroom body calyx, central complex, and posterior protocerebrum. Only two bees out of
seven showed ATTO550 labeling in many cells in the mushroom body, central complex, and the
antennal lobe. An example of one of these bees is shown in Figure 2E. The reduction of the level
of mGIutR1 staining in these preparations was significant. The other five bees have ATTO550
labeling corresponding to the successful delivery of the mGlutR1 CRISPR-Cas9 in the mushroom
body and posterior protocerebrum but not in the antennal lobes.

Next, to estimate the level of the modified mGIutR1 gDNA in the bees 48 h after injection, we
performed a gPCR-based drop-off test, where the drop-off probe was designed to be in the area
near the mGIutR1 guide. In these experiments, in the bee brains injected with mGlutR1-CRISPR-
Cas 9, the relative modification of gDNA in 12 bees were 59% + (mean + 33 %SD) compared with
gDNA in noninjected bees (Figure 3A).

These results were also confirmed by qRT-PCR tests in a different group of bees, where we
estimated the mGIutR1 RNA levels using gqRT-PCR in the bees 48 h after injections with
RNPmGIutR1mix (Figure 3B). We compared the level of mGlutR1 RNA of the mGIlutR1-CRISPR-
Cas9 injected bees (n = 6) with the RNA levels in bees that were not injected (n = 6). In these
experiments, the relative reduction of the mRNA mGIutR1 in injected bees was 53% + (mean +
18% SE) compared with uninjected bees (Figure 3B).

The section from four different bees that expressed the RNP RDL-CRISPR-Cas9 in Kenyon cell of
mushroom body is shown in Figure 4A-D. The example bee with ATTO550 fluorescence in the
mushroom body and the antennal lobe is shown in Figure 4E,F.

FIGURE AND TABLE LEGENDS:
Table 1: Nucleotide sequences of guides designed for RDL and mGlutR1

Figure 1: Characterization of anti-RDL antibodies. (A) Schematic of the RDL subunit, where the
pink circles indicate the localization of peptide 2 (extracellular CYVNEKQSYFHIATTSNEFIRI-amide)
in the N-terminus and peptide 1 (intracellular CVRFKVHDPKAHSKGGTL-amide) in the C-terminus.
The insert in A shows the bands in the Western blot of honeybee brain extracts processed with
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corresponding anti-RDL antibodies (one with anti-RDL pepl and anti-RDL pep2). Each
immunoblot shows the apparent size of the protein ~50-60 kD, corresponding to the estimated
weights of the various isoform of the RDL subunits. (B,C) Preadsorption of the anti-RDL antibodies
with conjugated peptide 1. The image in C shows a reduction in staining in the section when the
antibodies were preincubated with conjugated peptide 1. The fan-shaped body (Fb) and Ellipsoid
body (eb) are central complex structures in the brain. M = medial lobe of mushroom body. (D1-
3) Anti-RDL staining of a control, uninjected bee brain section after 48 h. Green indicates the anti-
RDL positive profile in the brain. (D2) This bee was not injected and does not contain ATTO550
fluorescence. (D3) Merged images from D1 and D3. (E1-3) The injection of RDL-CRISPR-Cas9
reduced anti-RDL staining after 48 h. (E2) ATTO550 fluorescence in the cell nuclei indicated
successful RDL-CRISPR-Cas9 delivery. (E3) The merged image of anti-RDL (green) and ATTO550
(red). Scale bar in B=E = 100 um.

Figure 2: Characterization of anti-mGlutR1 antibodies. (A) Schematic of GCPR mGluR that shows
the Drosophila melanogaster peptide used for immunization. For comparison, the Apis mellifera
peptide is shown below. The circle indicates the localization of the peptide in the N-terminus of
the mGIutR1 receptor extracellular domain. The insert in A shows that the anti-mGlutR1
antibodies recognized two bands in the Western blot of bee brains ~103 kD and ~83 kD that
correspond to the estimated weights of known isoforms. (B,C) Preadsorption control of the anti-
mGIlutR1 antibody in two consecutive sections of the antennal lobe glomeruli. Image of anti-
mGIutR1 in the antennal glomeruli section in C shows the reduction of the staining as a result of
preincubation of the anti-mGlutR1 peptide with the anti-mGlutR1 antibody. This procedure
causes the antibody to precipitate out of solution, which abolishes staining in comparison with B
(control, absence of the peptide in the preincubation). (D1) shows staining of anti-mGlutR1 in a
bee brain slice after a control injection in the median ocellus. This injection lacked the mGlutR1
gRNA that enables the knock down of mGlutR1 receptors by CRISPR-Cas9, and thus the staining
of the anti-mGlutR1 antibody was not reduced (green). (D2) The Absence of ATTO550
fluorescence indicates the absence of functional CRISPR-Cas9 in the brain. (D3) Merged images
of anti-mGlutR1 and ATTO550. (E1-E3) show the staining of anti-mGIutR1 in a brain section
where mGIlutR1 has been permanently knocked down 48 h after injection with mGlutR1-CRISPR-
Cas 9 in the median ocellus. Thus, the staining in this brain is greatly reduced due to the successful
knockout of the mGIutR1 in many cells. (E2) ATTO550 staining in many cell nuclei in the bee brains
indicates that injection of mGlut1-CRISPR-Cas 9 was successful. (E3) Merged image of ATTO550
(red) and anti-mGlutR1 (green). Scale bar in B,C = 10 um; D,E = 100 pum.

Figure 3: Evaluation of modified gDNA and expression of mRNA of RDL and mGIlutR1 mRNA in
bee brains 48 h after injection with 345 nL of corresponding RPN CRISPR-Cas9. (A) The qPCR-
based drop-off assay test to evaluate the amount of gDNA with a modify area were calculated
using 224" method and normalized against control, uninjected brains. The data are expressed as
mean + SD. (B) The gRT-PCR test was used to evaluate the amount of mRNA in CRISPR-Cas9
injected and uninjected bees. AmActin was used as a reference gene. The relative gene
expression was calculated using 24T methods and normalized against control, uninjected
brains. The data are expressed as mean + SE.
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Figure 4: Example of the distribution of RNP CRISPR-Cas9 in bee brains via ATTO550
fluorescence. (A-D) The section from four different bees that expressed the RNP RDL-CRISPR-
Cas9 in the Kenyon cell of the mushroom body. (E,F) Example of two brains 48 h after injection
with RNPmMGIutR1 CRISPR-Cas9. Scale bar in A-F = 150 um

DISCUSSION:

Characterization of the anti-RDL and anti-mGlutR1

First, we characterized the anti-RDL and anti-mGlutR1 antibodies by immunoblot and pre-
adsorption on the slices of fixed honeybee brains. Each antibody was made to recognize all its
known isoforms, and Western analysis show they recognize bands that correspond to their
predicted molecular weights. Next, both antibodies were blocked by the conjugated peptide
against which they were produced on honeybee brain sections.

One of the first aims in our study was to establish that the antibodies produced against the
specific conjugated peptide are specific to its protein in fixed brain tissue. For that purpose, we
took advantage of the CRISPR-Cas9 system. We designed specific guides for honeybee RDL and
mGlutR1 and used each of them to make CRISPR-Cas9 labeled with the fluorescent probe
ATTO550. For each receptor, we injected a mixture of three different CRISPR-Cas9
ribonucleoproteins in the ocelli to reduce the amount of the targeted protein in the adult
honeybee brain by eliminating the corresponding gene in cells that took up our designed Cas9
system. In our study, we accomplished this step.

One of the first crucial steps for the success of these experiments is designing the appropriate
guide RNAs. We recommend designing up to five guide RNAs, located at the beginning, middle,
and the end of the gene sequence. In our preliminary work, we tested them in various
combinations on three to five bees. We also tried different concentrations of injections, as well
as times after injection, and various mixtures of RNP in the injections. We dissected out brains
and processed them using anti-RDL and anti-mGIlutR1 antibodies. In these initial tests, we
established the appropriate combination, post-injection time, as well as the concentration and
amount of CRISPR-Cas9 for injection. These initial tests were the basis for setting up the
experiments that we described in detail here.

The aim was two-fold: 1) to demonstrate in a bee that our antibody staining was reduced after
treatment with CRISPR-Cas9 and 2) to work through the best experimental conditions for
behavioral studies. Thus, we show that if many cell nuclei contain CRISPR-Cas9 48 h after
injection, the reduction of the anti-RDL and anti-mGlutR1 staining is significant. Additionally, that
demonstrates that the tested antibodies specifically recognize the mGlutl and RDL protein in the
honeybee brain preparation and that they can be used for localization studies in the honeybee
brain.

Experimental setting CRISPR-Cas9 for behavioral study

Next, we set up the experiments so that CRISPR-Cas9 could be used in behavioral studies. Eight
or nine honeybees were collected for control and experimental treatments. They were
behaviorally tested before and after injection, and then their brains were processed for ATTO550
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and/orimmunocytochemistry to determine the brain regions that showed reduction of the target
protein. Here it is essential to note that the number of bees taken for one set of experiments was
limited to no more than 8-9 bees for the control and experimental conditions. This way both
conditions could be tested on the same day. Also, once we prepared the CRISPR-Cas9 mixtures
for injection, we never froze them. The CRISPR-Cas9 mixture did not change in potency when
used 3 days in a row and kept at 4-8 °C. However, we did not test it after 3 days.

As we described in the Results section for both sets of experimental injections and for both
antibodies, only three bees from 16 tested showed a large distribution ATTO550 in the
mushroom body, protocerebrum, and antennal lobes. In all other bees, the distribution of
CRISPR-Cas9 was limited to the mushroom body, central complex, and/or posterior
protocerebrum. It is essential to understand for any behavioral studies that using this injection
method the reduction of target protein will be restricted only to the mushroom body in most of
the bees. It will not extend to the antennal lobe or subesophageal ganglion. Thus, the injection
technique that we use is suitable to study the effect of the reduction of receptors in the
mushroom body and central complex in behavioral experiments, while a different method of
introducing CRISPR-Cas9 will be more appropriate for studying other brain regions.

In conclusion, our study demonstrated the successful application of CRISPR-Cas9 as a control for
antibody staining in the brain. For both antibodies (anti-RDL and anti-mGIlutR1), when the uptake
of mGIutR1-CRISPR-Cas9 or RDL-CRISPR-Cas9 was successful, the level of corresponding antibody
staining was also reduced significantly. Also, it is essential to note that injection in the ocelli led
to a distribution of CRISPR-Cas9 in the brain that was not homogenous. The distribution varied
from a minimal area surrounding the ocelliand mushroom body to many cells in the whole brain.
The variability of the mGIutR1-or RDL-CRISPR-Cas9 uptake by the cells was likely due to variation
in the injections. Our data show that the CRISPR-Cas9 system works in honeybees, but the
method of injection needs to be improved to reduce the variability of CRISPR-Cas9 uptake across
individual bee brains. Within these restrictions, it is now possible to employ this technique to
manipulate genes in adult bees for behavioral experiments.
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Guides Sequences gRNA RNP
[guideRNA:tracrRNA] [eRNA:Cas9 Nuclease]

RDL_Guidel ACCGTAACGCGACCCCCGCT GRDL1 RRDL1

RDL_Guide2 AACGTCGATCGACTTGACGT GRDL2 RRDL2

RDL_Guide3 CCATGACGAAACACGTGCCC GRDL3 RRDL3

mGlu_Guide 1 CGAAAGTTATCTGACGGTGT GMGL1 RMGL1

mGlu_Guide 2 TTCAACGAGAGCAAGTTCAT GMGL2 RMGL2

mGlu_Guide 3 GCAAACGTCGGTAGGAGTGA GMGL3 RMGL3
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Acetic Acid Sigma-Aldrich
Acrylamide-bis Acrylamide Bio-Rad
Agarose Sigma-Aldrich

Alexa Fluor 488 AffiniPure F(ab'), Fragment Donkey Anti-Rabb

Jackson Research Laboratories

Alt-R CRISPR-cas9 tracrRNA-5'ATTO

IDT

Alt-R S.p. Cas9 nuclease V3

IDT

Ammonium Persulfate

Bio-RAD

Anti-mGlutR1 antibodies

Covalab (FRANCE)/21st Century
Biochemical

Anti-RDL antibodies

21st Century Biochemical

Aprotinin

Sigma-Aldrich

Barraquer lIris Scissors 7mm Blade Sharp point

World Precision Instruments

Benzamidine

Sigma-Aldrich

Blade (breakable) for blade holder

Fine Science Tool

Blade holder and breaker

Fine Science Tool

Borosilicate glass capillaries

World Precision Instruments

Chemiluminescent western blot detection substrate

Bio-Rad

Chloroform Sigma-Aldrich
Dithiothreitol Bio-Rad

DNA easy kit QIAGEN
DNA-free kit INVITROGEN
Eppendorf Research plus pipette, 3-pack Sigma-Aldrich
Falcon 24 Well Polystyrene Multiwell Falcon

Flat Bottom Embedding Capsules, Polyethylene

Electron Microscopy Science

Forceps Dumont#5 (pair)

Fine Science Tool

Forceps Dumont#5S (pair)

Fine Science Tool

Gene Expression Master Mix

Integrated DNA Technologies

Glutaraldehyde

EMS
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Glycerol Sigma-Aldrich
Glycine Bio-Rad
Hydrophobic filtered nylonmesh Spectrum Labs
Isopropyl alcohol Sigma-Aldrich
Keyhole limpet hemocyanin Sigma-Aldrich
LSM800 cofocal microscope Zeiss
mGlu_Guide 1 IDT
mGlu_Guide 2 IDT
mGlu_Guide 3 IDT

methanol Sigma-Aldrich

96-well PCR microplate

Applied biosystem

384-well PCR microplate Sigma-Aldrich
Mineral oil Sigma-Aldrich
Model p87 Flaming Brown Micropipette Puller Sutter Instrument Co.
Mowiol 4-88 Sigma-Aldrich

Nanoliter 2000

World Precision Instruments Nanoliter

Normal Donkey Serum

Jackson Research Laboratories

Non-immune Goat Serum Invitrogen
Nuclease-free buffer IDT

Nuclease-free water IDT

OrbitalShaker Mp4 Genemate
Paraformaldehyde Sigma-Aldrich
Phenylmethylsulphonyl fluoride (PMSF) Sigma-Aldrich
Phosphate Buffer Saline Sigma-Aldrich
Pipettes tips ART 10m, 200m, 1000m TermoFisher Scientific
Ponceau S Sigma-Aldrich
QuantiFAST SYBR green RT-PCR kit QIAGEN

Rdl guide 1 IDT

Rdl guide 2 IDT

Rdl guide 3 IDT

Sodium Dodecyl Sulfate Bio-RAD

Supercut Scissors World Precision Instruments
Sucrose Sigma-Aldrich

TEMED Bio-Rad

Test tube-1.5 ml Eppendorf RNA/DNA Lobind Sigma-Aldrich

Triton-X

Sigma-Aldrich




Tris-base Bio-Rad
Trizol Ambion Life
Tween 20 Sigma-Aldrich
Vibratome LEICA VT 1000S Leica




Catalog Number

A6283_100 mL

500 mL 1610156

A0169-250g

711-546-152

1075934

1081058

10g 1610700

characterized by authors in present paper

characterized by authors in present paper

Y0001154

14128-G

12072

10050-00

15309

1B100 F

1705062

472476-50mL

1610611

69504

AM1907

2683884

351147

70021

11254-20

11252-00

1055770

16220




G5516-500 mL

1610718

145910

19030-50mL

H7017

34860

4346907

7374911

M5904_500mL

81381

AB_2337258

50-0627 100 mL

1072570

AMO9337

158127-500 g

P7626-250 mg

P4417-100TAB

2139-05-HR ; 2069-05-HR; 2179-HR

P3504-10g

204156

100g-1610301

14218

S1888-1KG

5mL 161-0800

02666548-25

T9284-500 mL




1610716

15596018
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Comments/Description

western blotting

western blotting

used with distilled water to fix honey bee brain in blocks

secondary antibody to reveal the primary antibodies from rabbit

with desinged guide RNA, it creates gRNA

enzyme used to make ribonucleoprotein for CRISPR system

western blotting

Used for primary incubation of mGlut 1 in honey bees

Used for primary incubation of RDL in honey bees

protease inhibitor

used for dissection honey bee brain

protease inhibitor

dissection for western blotting

dissection for western blotting

for injection procedure

western blotting

RNA isolation

western blotting

DNA extractionuj

Used to remove DNA

Multiwell

basket for brain sections

for dissection of honey bee brain from the head

to clean up the brain from trachea befor dissection

gPCR drop off assay

used for preparation of peptide conjugates for control peabsorption




western blotting, embedding media

western blotting

for bottom of basket for brain sections

RNA isolation

used for preparation of conjugates for control

designed guide RNA for CRISPR-Cas 9. Target mGIlutR1 genome sequences

designed guide RNA for CRISPR-Cas 9. Target mGIlutR1 genome sequences

designed guide RNA for CRISPR. Target mGlutR1 genome sequences

western blotting

gPCR drop off assay and qRT-PCR

qRT-PCR

for injection procedure

Capillary Preparation

for embedding solution

Injection Apparatus

blocking agent for immunocytochemistry

blocking agent for immunoblotting

Nuclease-free buffer that is used in the preparation of CRISPR-Cas9 injection

nuclease -free water that is used in preparation of CRISPR-Cas 9 system

used with PBS to make fixative for bee brains

protease inhibitor

Used with Paraformaldehyde as fixative; buffer for antibodies

for western blotting

used to quantify AmMRDL mRNA expression

designed guide RNA for CRISPR. Targets Rdl genome sequences

designed guide RNA for CRISPR. Targets Rdl genome sequences

designed guide RNA for CRISPR. Targets Rdl genome sequences

Use for dissection honey bee, to cut head off before dissection of brain

Sucrose is used to prepare food for honey bees

western blotting

to make the dilution of reagents

Added in PBS to improve the penetration of antibodies in the tissue




western blotting

Used to isolate RNA from bee brains

for agarose brain sectioning

for agarose brain sectioning
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ARTICLE AND VIDEO LICENSE AGREEMENT
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Using CRISPR-Cas9 system to test anti-RDL and anti-mGlutl receptors antibodies
in the sections of honey bee brain

Author(s):
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

@)pen Access

@The Author is NOT a United States government employee.
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course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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We made changes in the manuscript according to your last edition of the manuscript.
Additional experiments were designed and performed and added to the manuscripts:

gPCR drop off assay to show that indeed we have a modification of gDNA after CRISPR-Cas9 injections
(in Figure 3A)

gRT-PCR for mGLutR1 to show that RNA level was reduced after CRISPR-Cas9 injection
Since new scientists designed and participated in these experiments, they were added as co-authors
We added additional figure 4 to show a variation of the injections

We mark by yellow in the text on procedures to film
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