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This video demonstrates novel techniques of RNA interference (RNAI) which
downregulate two genes simultaneously in honey bees using double-stranded RNA
(dsRNA) injections. It also presents a protocol of proboscis extension response (PER)
assay for measuring gustatory perception.

RNAi-mediated gene knockdown is an effective technique downregulating target gene
expression. This technique is usually used for single gene manipulation, but it has
limitations to detect interactions and joint effects between genes. In the first part of this
video, we presented two strategies to simultaneously knock down two genes (called
double gene knockdown). We showed both strategies were able to effectively suppress
two genes, vitellogenin (vg) and ultraspiracle (usp), which are in a regulatory feedback
loop. This double gene knockdown approach can be used to dissect interrelationships
between genes and can be readily applied in different insect species.

The second part of this video is a demonstration of proboscis extension response
(PER) assay in honey bees after the treatment of double gene knockdown. The PER
assay is a standard test for measuring gustatory perception in honey bees, which is a
key predictor for how fast a honey bee's behavioral maturation is. Greater gustatory
perception of nest bees indicates increased behavioral development which is often
associated with an earlier age at onset of foraging and foraging specialization in pollen.
In addition, PER assay can be applied to identify metabolic states of satiation or
hunger in honey bees. Finally, PER assay combined with pairing different odor stimuli
for conditioning the bees is also widely used for learning and memory studies in honey
bees.
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For the part 1 of the protocol, only 'abdominal injection' is planned to be filmed. And the
whole part 2 of the protocol is planned to be filmed.
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Dear Editors,

We are pleased to submit our manuscript entitled “RNAi-mediated double-gene
knockdown and gustatory perception measurement in honey bees (Apis mellifera)” to the
Journal of Visualized Experiments for consideration for publication.

RNA interference (RNAI) is a powerful tool to understand gene functions in
different organisms, and double stranded RNA (dsRNA) has been used successfully for
RNAI in insects. However, this technique has been limited to down-regulating single
gene, which cannot reveal interrelationships between genes. We developed novel
methods to simultaneously down-regulate two genes in honey bees, and this method
helped us to discover important interactions between two regulators, vitellogenin and
juvenile hormone. This double-gene knockdown technique is easy to be applied in
different insect species.

Proboscis extension responsiveness (PER) to sucrose water is a standard assay for
testing the threshold of gustatory perception in honey bees, which is correlated with when
honey bees transition to foraging and what they prefer to collect in the field. The PER is
also used to measure the satiation and hunger level of bees after nutrition manipulation.
Furthermore, the PER can be used to study learning and memory of honey bees.

Therefore, double gene-knockdown technique and PER assay are very useful
methods in honey bee research. In this manuscript, we presented the protocols of the both
techniques, and demonstrated how to use double knockdown approach to study gustatory
perception in honey bees. We believed this manuscript is a great contribution to the

society of entomology.
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Short Abstract:

In this protocol, we described two strategies that simultaneously suppress two
genes (double gene knockdown) in honey bees. Then we presented how to use
proboscis extension response (PER) assay to study the effect of double gene
knockdown on honey bee gustatory perception.

Long Abstract:

This video demonstrates novel techniques of RNA interference (RNAI) which
downregulate two genes simultaneously in honey bees using double-stranded
RNA (dsRNA) injections. It also presents a protocol of proboscis extension
response (PER) assay for measuring gustatory perception.

RNAi-mediated gene knockdown is an effective technique downregulating target
gene expression. This technique is usually used for single gene manipulation, but
it has limitations to detect interactions and joint effects between genes. In the first
part of this video, we present two strategies to simultaneously knock down two
genes (called double gene knockdown). We show both strategies are able to
effectively suppress two genes, vitellogenin (vg) and ultraspiracle (usp), which
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are in a regulatory feedback loop. This double gene knockdown approach can be
used to dissect interrelationships between genes and can be readily applied in
different insect species.

The second part of this video is a demonstration of proboscis extension response
(PER) assay in honey bees after the treatment of double gene knockdown. The
PER assay is a standard test for measuring gustatory perception in honey bees,
which is a key predictor for how fast a honey bee’s behavioral maturation is.
Greater gustatory perception of nest bees indicates increased behavioral
development which is often associated with an earlier age at onset of foraging
and foraging specialization in pollen. In addition, PER assay can be applied to
identify metabolic states of satiation or hunger in honey bees. Finally, PER assay
combined with pairing different odor stimuli for conditioning the bees is also
widely used for learning and memory studies in honey bees.

Introduction:

RNA interference (RNAI) is RNA based post-transcriptional gene silencing, which
occurs in a wide variety of eukaryotic organisms. The process of RNAI is
triggered by endogenous or exogenous double-stranded RNA (dsRNA)
precursors. The dsRNA activates the ribonuclease protein Dicer which binds and
cleaves the dsRNA to small fragments (20-25 bp). Then the small fragments of
the dsRNA guide a recognition and cleavage of complementary mRNAs by
argonaute proteins, a catalytic component of RNA-induced silencing complex
(RISC)*. In mammals, dsRNAs longer than 30 nt, activate an antiviral response
(interferon response, IFN) which leads to nonspecific degradation of RNA
transcripts 2. However, long dsRNAs have proven to be effective and specific in
insects since there is a lack of this IFN *

Long dsRNAs have been used for downregulation of target genes in different
insect species. Honey bees are one of the pioneer insect organisms in which
functions of many important genes in the development and behavior have been
revealed by using dsRNA *°. Several dsRNA delivery methods have been
performed in honey bees: dsRNA feeding efficiently downregulates target gene
expression in honey bee larvae °, whereas dsRNA injection is an effective
approach for gene knockdown in honey bee embryos * and adult bees "2

Gene knockdown effects exhibited by applying dsRNA to insects are transient
and localized. Studies have shown that both abdominal dsRNA injections and
thoracic dsRNA injections effectively suppress target gene expression in
abdominal fat body cells of insects °'°. DSRNA is injected into abdominal and
thoracic cavities and fat body cells are able to take up the dsRNA from the
hemolymph where the cells are bathed '°. However, genes in other organs, such
as ovaries and brains, cannot be targeted by either abdominal or thoracic
injections. In order to target genes in honey bee brain, brain injection of dsRNA
has also been performed, which effectively influences target gene expression in



local brain areas **. Here, we only document abdominal dsRNA injection which is
more commonly used in adult honey bees.

RNAI has been primarily used to target a single gene and has been a powerful
tool to reveal the gene function However, any gene is not isolated from others; it
is in complex regulatory networks. A key to understand a biological process is to
dissect how genes interact with each other, which requires simultaneous
manipulations of multiple genes rather than a single gene knockdown. In
mammalian cell lines, scientists have succeeded in simultaneously inhibiting two
or three genes by using delivery systems *? or multi-microRNA (miRNA) hairpin
designs 3. But in insects, multiple gene knockdown is still untested. Here, we
present different injection strategies which can achieve a double gene
knockdown. We target two genes: vitellogenin (vg) which encodes a yolk protein
precursor, and ultraspiracle (usp) which encodes a putative receptor for juvenile
hormone (JH) and may serve as a transcription factor mediating responses to JH
% in honey bees. Vg and JH regulate each other in a feedback loop ** and are
involved in honey bee behavioral regulation °. Using the double gene knockdown,
we perturb both Vg and JH pathways, and discover how they jointly affect honey
bee behavior and physiology and how vg, usp and JH interact °.

Gustatory perception is a behavioral predictor for honey bee social behavior *°. In
terms of behavioral development, nest bees with high gustatory perception
behaviorally mature fast, and usually forage early in life and prefer to collect
pollen ***7 Although regulatory mechanisms underlying gustatory perception are
still unclear, studies have shown that gustatory perception is linked to internal
energy metabolisms °, hormonal secretion #*° and biogenetic amine pathways
20 Both Vg and JH are important hormonal regulators modulating gustatory
perception "?%. In the laboratory, a variation of gustatory perception in honey
bees can be evaluated by testing the proboscis extension response (PER) to
different sucrose solutions. Each bee is tested by touching both her antennae
with a droplet of water followed by an ascending concentration series of 0.1, 0.3,
1, 3, 10, 30% sucrose. A positive response is noted if a bee fully extends her
proboscis when a droplet of water or sucrose is touched to each antenna. Based
on the number of positive responses to the solutions, the gustatory perception
level of each individual can be determined ®. However, the application of the
PER is not limited to measuring gustatory perception. The PER is also an
effective method to test the metabolic state of bees such as satiation vs. hunger.
The bees with greater responses to sucrose are hungrier in general (Wang and
Amdam, unpublished data). Furthermore, the PER paradigm can also be used in
associative learning and memory in honey bees. In this case bees will be trained
to associate the presence of sucrose water with an odor. When the bees learn
the association, only the presence of the odor can evoke a positive proboscis
response without rewarding them with the sucrose ?*%. In this video, we show
how to perform PER to evaluate gustatory perception which has been connected
with vg and usp double knockdown in previous study °.



Protocol: Overview of the experiment (Figure 1)

Part 1: RNAi-mediated double gene knockdown

1.) DsRNA synthesis

1.1) Design primers of dsRNAs targeting vg, usp and a control gene encoding
green fluorescence protein (GFP) which is not in the honey bee genome: primers
were designed using online free software Primer3 (http://frodo.wi.mit.edu/).

1.2) DsRNA synthesis for vg, usp and GFP: use RiboMax T7 RNA production
system from Qiagen for in vitro transcription.

1.3) DsRNA purification:
1.3.1) Denaturation and renaturation: heat the dsRNA to 85 °C for 5 minutes and
let it cool down at room temperature for 1 hour.

1.3.2) DNase | treatment: add 1 pul DNase | into each dsRNA reaction and mix
them by flicking the tubes. Incubate for 15 minutes at 37 °C.

1.3.3) Add 150 pl nuclease-free water and 750 pl TRizol - LS into each reaction,
and gently mix them by inverting the tube. Incubate the samples for 5 minutes at
30 °C.

1.3.4) Add 200 pl chloroform into each sample. Mix vigorously for 20 seconds.
Centrifuge the samples for 15 minutes at 12,000 g at 4 °C.

1.3.5) Transfer the supernatant phase to each new tube and add 500 pl isopropyl
alcohol into each tube. Mix them by inverting the tube. Incubate the mixture for
20 minutes at -20 °C. Centrifuge it for 10 min at 12,000 g at 4 °C.

1.3.6) Remove the supernatant and use 1000 pl 75% ethanol to wash the pellet.
After centrifuging the tube for 5 minutes at 7,500 g at 4°C, air dry the dsRNA
pellet, and use nuclease free water to dissolve the pellet. In order to ensure the
efficacy of gene down-regulation, the dsRNA concentration should be around 9 -

10 pg/ul.

2.) DsRNA abdominal injection

For double gene knockdown, there are two strategies: 1) single injection: mix
dsRNA of two genes and inject the mixture; 2) two-day injection: inject the first
dsRNA targeting one gene on the first day, and inject the second dsRNA into the
same bees on the second day.

2.1.) Chill newly emerged bees in a 4°C refrigerator for 1-2 minutes. When the
bees are immobilized, mount 3-4 bees in parallel on Petri dishes full of solid wax
with insect pins crossed between their abdomens and thoraces.
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2.2.) Chill the bees again in a 4°C refrigerator. Ensure the bees are completely
immobile. It takes about 1-2 minutes. The bees should look loose. If the bees
become curled or contorted, it means they are chilled too long which should be
avoided. Chilling too much causes high mortality, but complete immobilization is
important as any movement increases the size of the wound and mortality.

2.3.) Put a disposable 30G needle (BD) on a Hamilton micro syringe. Take 3 ul
dsRNA and make sure there is no air bubble in the syringe. The needle is
inserted to a side of the abdomen to avoid damaging internal organs. Press the
syringe plunger slowly to allow the dsRNA to be absorbed. Since dsRNA is very
viscous, it takes 2-3 seconds to be completely expelled from the syringe. After
completely pushing down the plunger, leave the needle in the wound for 4-5
seconds. Observe bees for 3-5 seconds after injections. If a hemolymph droplet
leaks from the wound, discard the bee.

2.4.) Use different colors to mark their thoraces corresponding to different
treatments. At this point if the single injection strategy was used, the bees can be
placed back into a colony after 1 hour observation. However, if the two-day
injection strategy was used, after being injected with the first dSRNA, the bees
should be placed in a cylinder mesh cage with honey supplied on the side and be
kept in an incubator at 34 °C and 80% humidity.

2.5) On the second day, follow steps 2.2 and 2.3 to chill the bees in the mesh
cages and mount them on wax plates. Perform injections with the second dsRNA
as it is described in step 2.4.

2.6) Let the bees recover at room temperature for 1 hour and introduce them into
a colony.

Note: Knockdown effects can be detected by quantitative RT-PCR (qRT-PCR)
and western blotting. In general, knockdown efficacy varies and depends on
many factors. In our study, the double gene knockdown can be detected 7 days
after single injections and two-day injections.

Part 2: Proboscis extension response (PER) assay

1.) Collecting bees from the hive

On day 6 after the injections, collect treated bees from the colony without using a
smoker. Collect bees in metal mesh cylinder cages. Keep 3 bees in each cage.

2.) Mounting bees for PER

Chill the bees at 4 °C until they are completely immobilized. Mount each bee
vertically into a plastic tube specially designed for PER. Keep the abdomen
inside the tube by using two small pieces of tape, and keep the head sticking out
of the tube. Put the tubes on a rack with two rows of small plastic columns, and
assign each tube (bee) with an ID number. Then put treated bees on the racks



into an incubator (34 °C and 80% humidity) and keep them in the incubator for 2
hours.

3.) Preparing a series of sucrose water solutions
Prepare 0%, 0.1%, 0.3%, 1%, 3%, 10% and 30% sucrose water solutions and
load the solutions into syringes with 15-20G needles.

4.) PER assay

Touch the bee’s antenna with a droplet of 0% solution (water) followed by 0.1%,
0.3%, 1%, 3%, 10% and 30% sucrose water solutions. Test all bees with water
first and allow at least two minutes as the interval between each solution is used.
Therefore, we usually have at least 20 bees for each trial. If a bee fully extends
her proboscis, a positive response is counted.

5.) Data management
Sum up the total positive responses for each individual for gustatory response
score (GRS). Perform an appropriate statistical analysis on the data.

Part 3. Gene knockdown validation

Fat bodies are dissected from another set of 7-day old treated bees. A standard
TRizol procedure is used for RNA extraction, which is followed by DNase |
treatment %*. Vg and usp gene expression is analyzed by a two-step qRT-PCR.
Actin is used as a reference gene since it has stable expressions in different
tissues of honey bees. Published real-time PCR primers for vg and usp gene are
used in this experiment 2%, Data are analyzed by using Delta-Delta CT method °.

Representative Results:

Both the single-injection and two-day-injection strategies significantly reduced vg
(One-way ANOVA, p < 0.001) (Figure 2A) and usp (One-way ANOVA, p < 0.001)
(Figure 2B) transcript levels in honey bees six days after the dsRNA was injected.
The suppression of usp transcript by using the single injection with dsRNA
mixture and the two-day injection with vg first and usp second (vg/usp) was
significantly lower than the two-day injection with usp first and vg second (usp/vg)
(Post-hoc analysis, Pmixture vs. uspivg = 0.013, Pugrusp vs. uspivg = 0.019).

The GRS in the double knockdown bees was significantly higher than the GFP
control bees (Student T test, p = 0.0496) (Figure 3).

Tables and Figures:

Figure 1. Flowchart of the RNA interference (RNAIi)/proboscis extension
response (PER) assay

Four groups of 50 newly emerged bees were injected with double-stranded RNA
(dsRNA) of vitellogenin (vg) and ultraspiracle (usp) by using different combination
strategies or with dsRNA of green fluorescence protein (GFP) gene which does
not exist in the honey bee genome. The bees were placed back to a hive after
the injections, and were collected after 6 days. Sixteen bees per group were



collected for gene knockdown validation by using real-time PCR, and thirty per
group were for proboscis extension response (PER) assay. The ‘GFP dsRNA’
indicates the bees injected with GFP dsRNA,; the ‘vg+usp mixture’ indicates the
bees injected with vg and usp dsRNA mixture; the ‘vg/usp’ indicates the bees
injected with vg dsRNA on the first day, then injected with usp dsRNA on the
second day; the ‘usp/vg’ indicates the bees injected with usp dsRNA on the first
day, and injected with vg dsRNA on the second day.

Figure 2. Double gene knockdown validation by using Real-time PCR

Log transformed mRNA relative value (mean * s.e.m) in abdominal fat body of
the treated bees. The mRNA relative value was calculated by using Delta-Delta
CT method. A. Vg expression 6 days after the dsRNA injections. The vg
transcripts were significantly down-regulated by three double knockdown
approaches (One-way ANOVA, p < 0.001). B. Usp expression 6 days after the
dsRNA injections. The usp transcripts were significantly reduced by three double
knockdown approaches (One-way ANOVA, p < 0.001). However, the usp
expression in the bees injected with the dsRNA mixture and vg/usp was much
lower than that in the bees injected with usp/vg (Post-hoc analysis, Pmixtwure vs. uspivg
= 0.013, pygrusp vs. uspivg = 0.019), indicating that vg may be a primary regulator in
the vg and JH regulatory loop. The ‘RQ’ indicates relative quantification level of
the target gene transcripts. The different letters above bars denote significant
differences between the treatment groups.

Figure 3. Gustatory response score (GRS) by using proboscis extension
response (PER) assay

The bees which were injected with vg and usp dsRNA mixture had higher GRS
than the GFP controls, indicating they were more sensitive to sucrose. The
different letters above bars denote significant differences between the treatment
groups (Student T test, p = 0.0496).

Figure 4. Possible regulatory gene networks revealed by using vg and usp
double knockdown approach. Juvenile hormone (JH) is produced in the
honey bee brain and secreted to the hemolymph. Vitellogenin (Vg) is a yolk
protein precursor produced by fat body cells. Vg and JH are in a feedback loop
regulating metabolic physiology, gustatory perception, and the age at onset of
foraging and foraging preference of honey bees. Studies suggest that
ultraspiracle (USP) is a putative receptor for JH and may serve as a transcription
factor. Our double knockdown of vg and usp has revealed vg plays central roles
in the relationship among vg, usp and JH. 1. We found double knockdown of vg
and usp caused a greater increase in JH than a vg single knockdown, and a usp
single knockdown did not induce any change in JH. It suggests that Vg not only
inhibits JH production, but inhibits a feedback response of JH to usp knockdown
(A). In double knockdowns, the dramatic increase of JH production results from a
reduced inhibition from Vg caused by vg knockdown and a compensatory
response to a reduced JH transduction caused by usp knockdown (B). 2. We
found usp transcript abundance was more reduced by usp dsRNA when vg was



primarily or simultaneously downregulated, suggesting vg suppresses the
sensitivity of usp mRNA to its dsRNA. How can vg be involved in RNA
interference (RNAI)? Vg regulates honey bee immune defense and RNAI is a
part of antiviral innate immune system. Our previous study shows argonaute 3
(GB19389, piwi), an important component of RNA-induced silencing complex
(RISC), is one of candidate genes influencing honey bee social behavior
(gustatory perception, age at onset foraging and foraging preference), which is
controlled by Vg/JH module. Therefore, one possibility is that Vg may suppress
argonaute proteins affecting the activity of RISC (A). When vg is downregulated,
usp dsRNA is able to more efficiently degrade usp mRNA (B). 3. Our double
knockdown study also reveals that usp does not mediate inhibitory effect of JH
on Vg production in the fat body because neither single usp knockdown affects
vg transcript abundance, nor double vg and usp knockdown causes further
reduction of vg transcripts.

Discussion:

Our study is the first effort to simultaneously knock down two genes in adult
insects. Our results show that the two strategies of dsRNA injections (single
injection and two-day injection) are effective for the double gene suppression,
and simultaneous gene silencing of vg and usp can be tested 6 days after the
dsRNA injections into bees ®°. However, gene knockdown efficacy varies in
different insect species depending on transcript level of target gene, protein
turnover rates and dsRNA uptake efficiency by cells or organs. In addition, the
effect of RNAI is dose dependent. We found a newly emerged bee could well
accept 4 ul dsRNA, but the mortality rapidly increased if more than 4 pl dsRNA
was injected. Therefore, the two-day injection strategy may be more suitable than
the single injection for an experiment which requires higher amount of injection
volume.

Here, the double gene knockdown ° we developed can be used for studying joint
effects of two regulators. Additionally, the different dsRNA injection approaches
presented in this video provides further tools for dissecting interrelationships
between genes.

For example Vg and JH are in a feedback loop regulating honey bee physiology °
and behavioral maturation ?*2’. Previous studies have shown that vg gene
knockdown can increase JH level in honey bees 2, whereas topical application of
JH can reduce vg expression %°. In addition, studies have suggested USP is a
putative receptor for JH, and may mediate responses to JH as a transcription
factor 1*3°. However, how vg modulates JH titer and whether usp is involved in
the regulation of vg by JH are still poorly understood. Using the double
knockdown approach, we have discovered detailed interrelationships among vg,
usp and JH (Figure 4). Firstly, our data suggest vg plays a central role among vg,
usp and JH. High level of Vg not only inhibits JH production **, but inhibits a
systematic feedback response to usp knockdown (Figure 4A). In vg and usp



double knockdown bees, JH production was increased more ° than that in vg
single knockdowns. A possible explanation is that the dramatic increase of JH in
double knockdowns results from a significant reduction in the negative effect of
Vg on JH caused by vg knockdown and a compensatory response to a reduced
JH transduction caused by usp knockdown (Figure 4B). Secondly, knockdown of
vg first and usp second or simultaneous knockdown of both caused more
reduction of usp than what a single knockdown of usp did. This may suggest that
vg inhibits the sensitivity of usp mMRNA to its dSRNA. This result is the first to link
Vg with RNAi processes. Vg is involved in immune defense in honey bees 3! and
RNAI is one of many antiviral systems *? in eukaryotic organisms. Studies have
shown that the RNAI process involves argonaute proteins which are conserved
throughout Eukaryotes 3. Interestingly, we previously found that argonaute 3
(GB19389, piwi) is one of candidate genes regulating honey bee social behavior
in which Vg/JH module plays central roles 3% Therefore, one alternative
explanation is that Vg suppresses functions of argonaute proteins influencing
MRNA degradation (Figure 4A). When vg is downregulated, argonautes more
actively contribute to usp mMRNA degradation caused by its dsRNA (Figure 4B).
Finally, we found vg transcript abundance was not changed by usp knockdown,
and it was reduced by vg and usp double knockdown at the similar level as that
by vg single knockdown. These results suggest that usp is not involved in the
inhibitive effect of JH on Vg. Overall, the double gene knockdown apparently is a
powerful approach to help us understand regulatory gene network in details.

PER is a standard assay for measuring gustatory perception in honey bees,
which has been used as a predictor for the development of honey bee social
behavior *°. Bees with high sensitivity to sugar usually start foraging early in life
and prefer to collect pollen. Gustatory perception can also be tested for
predicting the treatment effect on social behaviors before any other large scale
behavior studies are performed. Additionally, we have shown that gustatory
perception is correlated with internal metabolic state ° Therefore, PER can be
utilized to identify satiation and hunger levels. Furthermore, PER paired with odor
conditions is employed for studying learning and memory in honey bees.
Collectively, PER assay is a very useful technique for studying honey bee
behavior and metabolic physiology. However, PER is sensitive to handling
methods *. For example, bees that were anesthetized by chilling or CO, were
more responsive to sucrose than controls *. PER also varies during the day and
is sensitive to environmental conditions and stress. Therefore, it is very important
to keep the environment and procedures consistent during the experiment. In
general, we finish PER in the morning and follow the same schedule in following
days. We usually start collecting bees in early morning at 8:00 am, and it takes 3
hours to get ready for PER. If PER needs to be performed across several days, it
is important to finish it in a short period in case the environment changes. PER
should be taken in groups and each group should include more than 20 bees
because at least 2-minute interval has to be kept between different
concentrations of sucrose solutions. We have done 75-100 bees per group.
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30G BD disposable needles
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1 ml Syringe

Stereo dissection microscope

Insect pins

Wax plate
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Fine Science Tools
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Iltem 1 (check one box): The Author elects to have the Materlals be made available (as described at

http://www jove.com/publish ) via: 'X Standard Access | | Open Access

Item 2 (check one box):

7< The Author is NOT a United States government employee.

__| The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

sl The 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 MyJove 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.
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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.

4. Retention of Rights in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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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 ltem
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 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
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. 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.

9. 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 wuse, 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.

10. 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 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,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. 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 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
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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.

12. 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.

13. 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Faxthe document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.
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*Rebuttal Comments
Click here to download Rebuttal Comments: Rebuttal letter2.doc

Dear Editor,

| am thankful to receive the helpful comments from three anonymous
reviewers on our manuscript (JoVE50446R1) entitled ‘RNAi-mediated double-
gene knockdown and gustatory perception measurement in honey bees (Apis

mellifera)’.

| have addressed the reviewers’ comments in our revision. Below is a
point-by-point response that shows how | have dealt with each comment.
Regarding the comments from reviewer 3, | made a conceptual figure for double
vg and usp gene knockdown. | am pleased by the figure, because it exemplifies
regulatory networks which can be revealed by multiple gene knockdowns. It
emphasizes the importance and the power of this approach. Overall, | am very
happy with the improvements that the revision has enabled us to make to the

manuscript, and thank you for the helpful advice and recommendations.

With best wishes,

Ying Wang

School of Life Science,
Arizona State University
12/21/2012

Reviewer #1:

Summary:

The contribution by Wang and Amdam represents the demonstration and
explanation of two unrelated methods in the honey bee: Injecting dsRNA to
obtain gene knockdown and measuring gustatory perception via the proboscis
extension reflex. These methods have been productively combined in another
publication (Wang et al. 2012, #8 in the citation list) to obtain interesting results
on the physiology of the honey bee, an emerging model species. Thus, the
contribution is of significant interest to a potentially wide audience.

Minor Concerns:
1.) The text contains minor grammatical and spelling mistakes (e.g. page 3 at the


http://www.editorialmanager.com/jove/download.aspx?id=29608&guid=84d34e44-80ad-4bd1-b205-58da7ccda21b&scheme=1

beginning of the second paragraph: " In term of behavioral development?") and
should be scrutinized for language, especially the usage of "the" and "a".

The whole manuscript has been carefully checked for the grammatical and
spelling mistakes.

2.) Changing the use of existing acronyms (PER commonly stands for proboscis
extension reflects and the authors change it to proboscis extension
responsiveness) should be avoided.

PER has been used to stand for both ‘proboscis extension reflex’ (Lambin et al.,
2001; Vergoz et al., 2007) and ‘proboscis extension response’ (Matsumoto et al., ;
Felsenberg et al., 2011) in honey bees. We choose to use ‘proboscis extension
response’ since it is also used in other insects such as Drosophila (Shiraiwa &
Carlson, 2007).

3.) The table of the reagents/materials needs to be re-formatted.
It has been re-formatted.

Reviewer #2:

Summary:

The paper tried to describe methods for using RNAI to silence two different
genes and presents interesting data. It would be nice to see how they perform
the injections.

Major Concerns:

| am a little concerned with the large volume of injections (2-4 ul). Did the author
try to inject a higher concentration at lower volume? eg. Drying the liquid down to
double the concentration so only 1 ul needs to be injected. The honey bee only
has about 10-14ul total blood and 2 ul would be almost 20%.

In our experience, 4 pl of dSRNA is a safe volume for the injection. We used 3 pl
dsRNA (10pug/pl) in this study, which is commonly used for dsRNA injection and
has been published in our previous studies (Wang et al., 2012; Wang et al.,
2010). We also found if the concentration was more than 10ug/pl, dsRNA
solution became too viscous to be injected in a correct amount.

Minor Concerns:

The manuscript should be better proofread for grammatical mistakes. | listed
several:

1.) Introduction paragraph 4 - Should be "in terms of"

Changed.

2.) Protocol 1.3.5 - water or chloroform?
The ‘supernatant phase’ in 1.3.5 includes both water and chloroform.

3.) Protocol 2.1 — thoraces
Changed.



4.) Protocol 2.2 - remove "rate" since mortality is a rate by itself.
Removed.

5.) Protocol 2.4 - not clear "was used in the use dsRNA mixture"
Changed.

6.) Protocol 2.4 - should read: "with honey supplied on the side"
Changed.

7.) Protocol 2.4 - Do you mean mesh cage instead of smash cage?
Changed.

8.) Protocol part 2, section 4 - missing "have"
Changed.

9.) Representative results - "after 6 days of dsRNA injections" should be changed
to:

"at 6 days post dsRNA injections" otherwise it could be mis-interpreted as 6 days
of injections...

Changed.

10.) Representative results - change 'much lower' to 'significantly lower'
Changed.

11.) Representative results - change "much higher" to significantly higher.

but P = 0.496 so it is not significant? but in the figure, it says A and B indicating
difference.

It was a typo. It has been corrected.

12.) Figure 2 discussion - What is the mRNA relative value? Estimated copy
number? How was it calculated from CT? Delta delta CT method?
| have clarified it in the revised manuscript (Page 7, line 289-291).

13.) Figure 3 discussion - Why GRS again? In other papers, Page et al called the
same value (cumulated response of bee extending proboscis) as PER sore. or
sugar score.

GRS has been commonly used to indicate the level of gustatory perception in
different studies in honey bees (Scheiner et al., 2005; Amdam et al., 2010). We
choose to keep it.

14.) Figure 2a - Rename "dsRNA mixture" as "mixture"” or "vg+usp". In reality, all
4 are dsRNA and the 2 lines here confused me, thinking that "mixture" was
referring to all 4 different treatments, and | tried to change it as "Treatment".
Slight misalignment between numbers and tick marks on scale.

| have renamed ‘dsRNA mixture’ as ‘mixture’ in the figures.



Reviewer #3:

Summary:

This suggested video describes in general work that has been already published
in June 2012 in PloS Genetics. It describes injection and PER techniques that
have been adapted from existing protocols and as such would be very useful for
standardizing methods in silencing of multiple gene networks and may potentially
have an impact on behavioral and pathogen related studies in honeybees.

Major Concerns:

A) In this submission and the article on which it is based, there is a lack of clarity
on the JH-Vg network, which can be easily overcome by a simple diagram that
describes the suggested feedback and how double silencing may potentiate and
act synergistically as opposed to silencing of just one gene. Moreover, the
advantage of the video is that this can be created interactively in an animated
manner, which will provide clarity on why this work of multiple gene silencing is
important, and how silencing of each gene effects the network and why double
silencing has a synergistic effect.

We agree that a diagram not only clarifies the Vg/JH feedback loop, but
exemplifies regulatory gene networks which multiple gene knockdowns can
uncover. | have made a conceptual figure (Figure 4) to explain the
interrelationship between vg, usp and JH, which the double gene knockdown has
revealed. This figure can further emphasize the importance and the power of
multiple gene knockdown approaches.

B) To support the claim that knocking down of genes effects the behavior and
increases perception of sucrose, the results as presented (Fig. 3) are not so clear
cut. Since foragers learn faster than young bees, the conclusions would be
strengthened if associative olfactory PER would also be used for showing that
bees that have their Vg-Usp silenced also learn faster to associate an odor with a
sucrose reward, and that this should be added to the video.

We appreciate the reviewer’s suggestion. Gustatory perception, which is
evaluated by testing proboscis extension response (PER) to a concentration
series of sucrose solutions, is an important behavioral predictor and connected
with internal metabolisms in honey bees. Effects of vg and usp double
knockdown on honey bee physiology and behavior have been studied (Wang et
al., 2012) and published in PL0oS Genetics in 2012. This video offers a great
opportunity to provide detailed information about how to perform the double gene
knockdown and PER techniques regarding the published paper. On the other
hand, the published paper helps readers better understand the context in which
these two techniques are used.

Associative olfactory PER is used to study learning and memory of honey bees
by pairing odor stimuli and a sucrose reward. We have planned to study whether
vg and usp double gene knockdown affects honey bee learning and memory in
the future. Therefore, we won'’t include associative olfactory PER here.



Minor Concerns:

A) In section 2.3 there is a reference to the injection procedure and it is stated
that "Discard bees with any hemolymph leakage”, without showing how this is
noted and how non-apparent leakage is monitored.

| have clarified it (Page 5, line 200-201).

B) There are some grammatical errors in the text and the references section
needs to be better edited.
| have carefully corrected any errors and re-edited references.
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