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Cover Letter

Cintia F. Hongay, PhD.
Assistant Professor, Biology

Clarkson University, Potsdam NY 13699 USA

Dear Stephanie Ray Weldon, Editor of JoVe,

We are happy to submit to JoVe a method developed in our lab that accurately tracks viability of
Drosophila from embryo to adult. Albeit simple and straightforward, we have not found any published
protocol that addresses how to thoroughly follow viability of a cohort of F1 siblings as they develop in
food vials. By combining Chi square analyses and direct transfer of grape-agar discs containing
embryos/L1 larvae onto colored food in clear vials, it is possible to assess viability at each
developmental stage without having to wash embryos off the plate to transfer to vials, a common source
of technical errors that confound results. This method can be combined with the use of NIGHTSEA™

Fluorescence Viewing Systems when using alleles that are marked with fluorescent moieties.

We have produced a high-resolution video of which a low-resolution version accompanies this
submission.

We believe that our work submitted to JoVe titled “A comprehensive method to assess D.
melanogaster’s viability from embryo to adult” will prove very useful to the Drosophila research
and teaching community.

We appreciate your invitation to submit and hope that our work can be published in JoVe.

We thank you in advance for your time and effort in evaluating our work.

Best regards,

Cintia F. Hongay, PhD.



Manuscript

O oo NOOULLA~ WN B

P PP, PP, PA,DPDPDWWWWWWWWWWNDNNNNNMNNNMNNRRPRPRRRRRRPR
AP OWOWNPFPOOONOOTUD_WNPOOONOOULLPAEWNPEPRPOOONOULPE WNEO

Click here to
access/download;Manuscript;59996_R2_060419.docx

TITLE:
A Direct and Simple Method to Assess Drosophila melanogaster’s Viability from Embryo to Adult

AUTHORS AND AFFILIATIONS:
Antonio L. Rockwell®, Isabel Beaver?, Cintia F. Hongay
!Department of Biology, Clarkson University, Potsdam, NY, USA

Corresponding Author:
Cintia F. Hongay (chongay@clarkson.edu)

Email Addresses of Co-authors:
Antonio Rockwell (rockweal@clarkson.edu)
Isabel Beaver (beaveris@clarkson.edu)

KEYWORDS:
Drosophila melanogaster, drosophila life cycle, embryo survival, adult viability, embryo hatching,
L1/L2, L3 to prepupae, pupae to adult viability assessment

SUMMARY:

This protocol is designed to assess the viability of Drosophila at every developmental stage, from
embryo to adult. The method can be used to determine and compare the viability of different
genotypes or growth conditions.

ABSTRACT:

In Drosophila melanogaster, viability assays are used to determine the fitness of certain genetic
backgrounds. Allelic variations can result in partial or complete loss of viability at different stages
of development. Our lab has developed a method to assess viability in Drosophila from embryo
to fully mature adult. The method relies on quantifying the number of progeny present at
different stages during development, starting with hatched embryos. After embryos have been
quantified, additional stages are counted, including L1/L2, pupae, and mature adults. After all
stages have been examined, a statistical analysis such as the chi-square test is used to determine
if there is a significant difference between the starting number of progeny (hatched embryos)
and later stages culminating in the observed number of adults, thus rejecting or accepting the
null hypothesis (that the number of hatched embryos will be equal to the number of larvae,
pupae, and adults recorded throughout the stages of development). The primary advantage of
this assay is its simplicity and accuracy, as it does not require an embryo rinse to transfer them
to the food vial, avoiding losses from technical errors. Although the protocol described here does
not directly examine L2/L3 larvae, additional steps can be added to account for these. Comparing
the number of hatched embryos, L1, pupae, and adults can help determine if viability was
compromised during the L2/L3 stages for further studies (the use of colored food helps with
visual identification of larvae). Overall, this method can help Drosophila researchers and
educators determine when viability is compromised during the fly life cycle. Routine assessment
of stocks using this assay can prevent accumulation of secondary mutations that may affect the
phenotype of the originally isolated mutant, especially if the original mutations affect fitness. For
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this reason, our lab maintains multiple copies of each of our Dm ime4 alleles and routinely checks
the purity of each stock with this method in addition to other molecular analyses.

INTRODUCTION:

Lifespan is affected by genetic and non-genetic factors. In standard lab growth conditions at room
temperature, our lab has observed significant variation of fitness and viability among different
Dm ime4 alleles grown under identical conditions (Figure 1 and Supplemental Figures). Viability
studies are frequently done to investigate the effects of a certain allele combination or growth
condition in population genetic studies’. However, detailed analyses of viability within a non-
complementary group of mutations are hard to find in the scientific literature. An allele is usually
labeled “non-essential” if the researcher finds a few individuals homozygous for that allele within
the food vial that houses the balanced stock>®. However, accurate Chi-square analyses to assess
whether these homozygotes arise at the expected Mendelian ratios are not reported>®. The most
permissive temperature for any Drosophila stock is room temperature (22-23 °C) and, with
appropriate nutrients, the life cycle of wild-type flies takes approximately twelve days to
complete’®. As the duration of each developmental stage of wild-type Drosophila is known’?2,
the method described in this report can be used to examine whether the Drosophila strain under
study is fit at each stage in comparison to a control appropriate for the genetic background
tested. In contrast to studies that focus on one specific aspect of development?, this protocol
provides a practical way to assess viability at different developmental stages.

In our lab, this protocol is used to assess the viability of stocks that are deficient for Drosophila
Inducer of Meiosis 4 (Dm ime4). Dm ime4 is an essential gene!® that encodes an RNA
methyltransferase with critical roles in RNA metabolism in Drosophila and other multicellular
organisms>®19-14 To quickly evaluate novel alleles of Dm ime4 generated via CRISPR/Cas9
(Supplemental Figures), an end-point viability assay was performed that only counted adult
progeny produced within vials of balanced stocks (Figure 1). Some of the stocks used were
described in previous Dm ime4 reports>®. Homozygous mutants emerged at sub-Mendelian
levels, as determined by chi-square analyses (Figure 1 and Supplemental Materials). To assess
whether these lower-than-expected numbers were due to fewer embryos being laid, or fewer
hatched embryos, or loss of viability in L1/L2 or pupae, we expanded the tracking to include
counts at each of these developmental stages (Figure 2, Figure 3, Figure 4, Figure 5, Figure 6,
Figure 7, Figure 8, and Figure 9).

Here, we describe the method using wild-type (OreR) flies. To empirically test this method for
use with other genetic backgrounds or Drosophila species, we recommend using OreR as a
reference and adjust timepoints according to the experimental organism. The protocol was
further evaluated to assess viability of progeny generated by crossing virgin wild-type females
with males from a heterozygous Dm ime4 mutant stock >° (Figure 4).

PROTOCOL:

1. Media preparation
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1.1. Prepare grape agar according to manufacturer instructions (see Table of Materials) and pour
into a 35 mm Petri dish to half-full (Figure 5). Allow to solidify for approximately 1 h. After the
grape agar solidifies, immediately use or store at 4 °C.

1.2. Gently make scratches across the agar plate using a small plastic knife (flies like to lay on
uneven surfaces) leaving the middle of the plate without scratches (Figure 5). Place a small
amount of yeast paste (made fresh; see Table of Materials) at the center of plate (Figure 5).

2. Embryo collection mini cage set up

2.1. Set up a cross using two virgin females and one young male inside the embryo collection
cage containing the grape agar plate supplemented with yeast paste (Figure 5).

2.2. After 24 h, inspect the cages for laid embryos without opening the cage by looking at the
bottom of the agar plate. If embryos have been laid, remove the agar plate from the chamber
and place it inside a humid chamber for microscopic observation (Figure 6). If several days of
laying are scored (e.g., fertility/longevity assays), keep the breeding parents and replace the plate
with a fresh one prepared as described. Early collections of less than 24 h can be done but, when
using virgin females, be aware that they will not lay until 48 h after emerging from their pupa
case.

2.3. Cover the agar plate containing embryos with the Petri dish lid to avoid dehydration and
place it immediately inside a humid chamber (Figure 7). Observe under a dissecting microscope
and record hatched embryos and L1. Replace lid and store at room temperature in humid
chamber until all embryos had hatched and developed into L1 larvae (Figure 6).

3. Counting embryos and larvae

3.1. After 48 h, observe the plates under the dissecting microscope and record the numbers one
last time before transfer of agar disc to food vial. Fertilized/viable embryos should become L1 by
then. Longer incubation periods prior to transfer are possible but be aware that plates may start
losing moisture and the agar may crack compromising a clean transfer to food vials (Figure 7).
To ensure the plates remain hydrated and embryo viability is not compromised while counting,
avoid using a direct gooseneck light over the agar surface (Figure 7E shows an appropriate
distance).

3.2. After counting, cover the plate and store it in the humid chamber until ready to transfer.
Record findings.

4. Transfer the grape agar disc to a food vial to monitor viability during development

4.1. Once the numbers are recorded (hatched embryos/L1/L2), use a spatula to carefully transfer
the grape agar disc to a vial large enough to accommodate a 35 mm disc containing Drosophila
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food media prepared according to manufacturer’s instructions (refer to list of reagents). Place
the grape agar disc L1-side down on the food (Figure 7). After transferring the agar disc with
larvae to the food vial, carefully inspect the empty Petri dish for any larvae left behind (Figure
7E).

4.2. Set up a schedule to inspect food vials daily, at roughly the same time each day, to ensure
L2/L3 larvae are observed making their way to the food in the vial (Figure 8).

4.3. Record the number of pupae and adult Drosophila (Figure 9). Keep counting until no more
adults are observed and avoid counting the following generation (do not count past 9 days after
observing the first adults).

4.4. Observe and record the findings. Adjust the time frame of embryo collection, counting, and
recording accordingly to the mutant stock being used.

4.5. Perform a chi square analysis. The null hypothesis assumes 100% viability such that the
number of adults will be equal to the number of hatched embryos and L1 originally recorded and
transferred to the food vials

REPRESENTATIVE RESULTS:

This method accurately and reproducibly allows one to gauge viability from embryos to emerged
adults when coupled to chi square analyses.

In initial studies, after counting embryos and larvae, the grape agar was placed inside the vial
upright on the side of the vial. Unfortunately, when the agar was placed on the side of the vial
many of the embryos and larvae did not mature to adults. This was likely due to the grape agar
disc drying out (Figure 3). This placement introduced an environmental variable (hydration of
agar disc) that could confound the results. Approximately 39% of the progeny was lost between
embryos to adult as only 61% of adults emerged. The biggest losses occurred between the L1
larvae (counted on surface of grape agar plates) and pupae (counted on walls of food vials)
counts. However, when the grape agar was placed faced down inside the vial in direct contact
with the food surface, less than 6% of the progeny was lost (Figure 2). The agar remained
hydrated as the entire grape agar disc remained in contact with the moisture of the instant food
inside the vial (Figure 7, Figure 8). These results indicate that the position of the agar inside the
vial is important for obtaining reliable data and minimize contribution of environmental
variables. Further data to support the effectiveness of the method was collected by comparing
wild-type progeny used in initial method validation and progeny produced by crossing virgin wild-
type females to males from a balanced Dm ime4 mutant stock (Supplemental Figure 2,
ime4Anull/TM3). Approximately 91% of the progeny matured to adulthood compared to 94%
of the progeny from wildtype (Figure 4). This difference was not statistically significant.

Homozygous Dm ime4 mutant males® were also used to provide further validation of the method.
However, the homozygous mutants were too sick to reproduce and died before embryos were
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deposited. Therefore, one limitation of the experiment is that males need to be healthy enough
to reproduce to generate a starting embryo population to track.

FIGURE AND TABLE LEGENDS:

Figure 1: Dm ime4 mutant stocks emerge at sub-Mendelian levels. Stocks in which portions of
the catalytic domain or Ado-Met binding domain were mutated are shown (refer to
Supplemental Figure 1 for details). Some stocks had portions of either domain replaced with Ala
(alanine-scanning mutagenesis), while other stocks had either or both domains deleted. The ratio
of observed number of homozygotes to the expected numbers is represented in percentages
(compared to heterozygous sibling controls, refer to Supplemental Figure 3 for sorting scheme
and chi square analysis). Chi square analyses were performed to determine if the difference
between observed and expected was statistically significant and not due to chance alone (p-
values <0.01). Error bars represent standard error of the mean (minimum of three trials per cross
indicated). A spreadsheet with all the data can be found in Supplemental Materials.

Figure 2: Agar position inside the vial can introduce unintended environmental variables.
Histogram of the number of individuals at different stages of development counted from grape
agar disc embryo side down in food vial or agar on the side of the food vial. Placing the agar disc
embryo-side down in the vial resulted in 94% (SD t 0.02) of initial embryos surviving until
adulthood. Placing the agar on the side of the food vial resulted in only 61% (SD + 0.07) of the
originally counted embryos reaching adulthood. A spreadsheet with all the data can be found in
the Supplemental Materials. The expected numbers at each stage is set as the initial number of
embryos/L1 counted on the grape agar disc prior to transfer to food vial (Null hypothesis: 100%
of hatched embryos develop). The observed numbers are the actual number of individuals
counted for the developmental stage indicated. Thus, each stage is compared to the initial
number of hatched embryos counted on the grape agar plate. Chi square analyses were
performed to determine if the difference between observed and expected was statistically
significant and not due to chance alone using a p-value threshold of 0.05. The difference was
significant for embryos grown with agar on the side of the food vial, but not for those grown in a
disc embryo side down. Errors bars represent standard error (minimum of three trials per cross
indicated).

Figure 3. Cartoon showing two ways grape agar discs carrying embryos/L1s can be placed inside
the food vial. There was a significant difference between the total number of embryos and adult
progeny based on the position of the agar in the food vial. The difference stems from an
environmental variable (hydration) created by the difference in disc placement inside the food
vial: there is a statistically significant difference between expected and observed numbers in the
larvae and pupae counts when the agar disc was placed on the side of the vial versus no
significant difference in expected versus observed numbers when the agar disc was in contact
with the food.

Figure 4. Histogram showing the number of individuals at different stages of development
from wild-type males versus males from a Dm ime4 mutant balanced stock. Balanced males



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

crossed to virgin wild-type females as described in 2.1. Agar was transferred embryo-side down
into food vials. The average ratio of adults emerging from the original embryos counted in grape
agar discs from wild-type X wild-type was 94%, SD * 0.02, whilst that ratio for Dm ime4 mutant/+
X wild-type was 91%, SD + 0.01. Statistical analysis was performed as described for Figure 2;
differences were not significant for either group.

Figure 5: Experimental setup. (A) Embryo collection mini-cages and grape-agar mini-Petri dishes.
Plates are placed inside a humid chamber (standard Petri dish with absorbent paper disc
saturated with water) to prevent dehydration. A small amount of yeast paste was placed at the
center of each grape-agar plate. (B) Detach the embryo collection plate holder lid (red) and place
a prepared plate, yeast side up. (C) Transfer the cross to the embryo cage and immediately place
a Petri dish lid to hold flies inside. (D) Quickly remove cover and flip the embryo cage so opening
contacts grape-agar plate. Incubate for 24—48 h, inspecting daily.

Figure 6. Embryo development on grape-agar plates. (A) Wildtype embryos deposited on the
grape-agar mini-Petri dishes are counted under a dissecting microscope. Keep plates inside humid
chamber when not visualizing and avoid direct light to prevent dehydration. (B) Grape-agar plates
are kept in a humid chamber and hatched wildtype embryos are recorded. This photo shows
three wildtype L1 larvae that developed from embryos shown in A. (C) Example of recorded
numbers of embryos (day 1) and L1 larvae (day 2) for the two plates shown in Figure 5. The
“expected number” for the null hypothesis is determined by the number of embryos that hatched
and became L1 larvae at the time of transfer to the food vial (table below). For wildtype flies,
almost all embryos hatch and develop into L1 larvae. This may not be the case for other genetic
backgrounds and this method is used to determine these differences in viability.

Figure 7. Transferring larvae. (A) After recording L1 counts, the grape-agar discs are carefully
removed from the Petri dish using a clean (ethanol-wiped) spatula (B,C) and transferred L1 side-
down to contact the food in the vials as shown in D. (E) The empty Petri dish is carefully inspected
to detect any larvae left behind. If larvaee left behind are alive and can be transferred to the food
vial, do so carefully and immediately (F). If larvae left behind are dead or cannot be transferred,
record this fact to correct the “expected number” for subsequent calculations.

Figure 8. L2 larvae make their way into the food. See crevices and grooves between the grape-
agar disc and the blue food. Set up a schedule to observe the vials daily, preferably at the same
time of day.

Figure 9. Adult emergence. (A) L3 larvae make their way out of the food to become pupae. (B)
Adults start to emerge on day 11. Set up a schedule to observe the vials daily, preferably at the
same time of day and carefully record your observations. Stop counting when all the pupae have
emerged (count empty pupae cases) and avoid counting the next generation of flies by stopping
the experiment on day 15 and count dead pupae if any (black/dried pupae). Mutants with
lengthier life cycles may need longer periods of time, which need to be determined empirically.

DISCUSSION:
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In summary, this method provides an accurate and simple assessment of viability in Drosophila.
The entire protocol takes approximately 14 days to complete. The procedure does not require
expert technical skills; however, proper timing, a schedule of daily observations, and careful agar
transferring is important for accuracy and reproducibility.

In addition to the placement of the grape-agar disc embryo-side down in the food vial, another
crucial step in the procedure is transferring the agar disc to a food vial no later than 48 h after
removing the grape agar plate from the embryo collection mini cages. Transferring the agar after
48 h resulted in embryo and larvae loss, likely due to dehydration of the agar disc. To count L2/L3
transitions, the plate needs to incubate for 72 h. If this stage is crucial, grape agar plates should
be poured thicker and a humid chamber must be used to prevent desiccation. The crosses were
set up in embryo collection cages that accommodate 35 mm plates; however, this procedure can
be performed using larger embryo collection cages as well, such as one that accommodates 60
mm or 100 mm Petri plates. Food bottles must then be big enough to accommodate those sizes.

There are steps that can be added to this protocol. As mentioned above, L2/L3 transitions are
challenging to quantify on plates due to the time required and the potential dehydration of the
agar. Additionally, larvae become highly mobile on the surface of the agar, posing a challenge to
accurately count them. Placing the plates in the refrigerator for 30 minutes or adding a few drops
of a mild anesthetic (lidocaine solution) on the surface of the agar prior to counting L2/L3 larvae
can help slow down their movements to count them more accurately. A caveat to these
modifications is that they can introduce variables (cold sensitivity, anesthetic sensitivity) and
confound the viability results. Even without these steps, by using colored food, researchers can
quantify wandering L3s/prepupae as they settle on the side of the food vials to initiate pupation.
A limitation to this method is that it requires the adults used in the crosses to survive being
anesthetized with CO; for phenotyping to set up the crosses in the embryo collection cages. Dm
ime4 homozygous mutant males do not recover well and die a few hours after waking up from
CO; treatment. Other methods to immobilize adults for sorting can be explored, such as placing
vialsin the refrigerator for a few minutes and then transfer vials to crushed ice to slow movement
and sort quickly and efficiently.

Apart from comparing allelic strengths and their effects on viability, this method can be used to
screen sensitivity or resistance to defined pharmaceutical compounds. Unlike other methods that
screen compound toxicity in cell culture®>8, this method uses whole organisms, making
assessment of developmental effects easier to analyze. In sum, using this protocol and
modifications therein, will allow to measure allelic strengths as well as the effects of
environmental factors and chemical compounds on Drosophila viability, fecundity, fertility,
lifespan, and duration of developmental cycle.
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Table of Materials

Name of Material/Equipment Company
Antimold additive Carolina
Beaker Fisher Scentific
Benchmark scientific digital
hotplate The Lab Depot

Britta-filtered tap water to
prepare grape agar and instant fly Any tap water

Large Petri dish or any clear container to be used as a humid chamber by placing wet paper towels to keep the grape-agar plates

food filtration system

CO2 pistol or FlyNap Carolina

Dissecting

microscope/stereoscope Amscope

Drosophila culture vials and

stoppers Carolina

Embryo collection mini cage Genesee Scientific

Erlenmeyer flask Sigma-Aldrich

Formula 4-24 Instant Drosophila

Medium, Blue Carolina

Grape agar Genesee Scientific

Instant fly flood Carolina

Metal spatula (small) Carolina
Microwave Any

Petri dish Kord-Valmark

Stir bar The Lab Depot

Click here to access/download;Table of Materials;JoVE_Table_of Materials-revised-

6-2-19.xIsx

Catalog Number Comments/Description

$76100) Beaker

H3760H  Hot plate

Anesthetic to sort/count adult flies
SM-1TSZ-V203 Dissecting microscope
173120 Food vials for growing Drosophila

59-105 chamber used to gather embryos
70980 Erlenmeyer flask

https://www.carolina.com/drosophila-fruit-fly-g

47-102 Media used for agar plates
173210 Blue media for food vials

To cook grape agar
2901 Petri dish for grape agar

58948-981-EA  Magnetic stir bar

*
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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 ta the methad 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
aliegations 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 i J6VE of
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

Click here to access/download;Author License Agreement
(ALA);img20190314_16085220.pdf

ARTICLE AND VIDEQ LICENSE AGREEMENT

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. Ta caver the cast 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 shali 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
theans of electronic transmission shall be deemed o have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this doeument must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
) CIvTiA F HoneAY
epartment:
et | BroLosy ’
Institution: Clﬂ(alég’()f\) U /A\)(Ué QS‘T;{
e Assisthwot Yo fesdor
Signature: . @ . Date: 5 ~ Qéf — [ ‘3

Please submit a signed and dated co%f this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JOVE / Attn: JOVE Editorial / 1 Alewife Center #200 / Cambritige, MA 02140

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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 ta 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
ftem 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 alf 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 oVE, subject to Section 7 below,
the exclusive, royalty-free, Perpetual (for the full term of
copyright in the Atticle, 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,
€raate adaptatlam, Summaries or extracts of the Vides 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 tights may be exercised in alt 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
theAm:lmrhereby 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
anyoftheﬁcensesorgramsgrantedbytheﬁmhur
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

Click here to access/download;Author License Agreement
(ALA);img20190314_16052351.pdf

ARTICLE AND VIDEQ LICENSE AGREEMENT

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 loVE 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
iHeVEbeﬁevessemeth%deaﬁchdbeinﬁmgingor
might infringe the copyright of either the Author’s Article
and/ar Videa.

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 authers collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author fepresents 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
Agrégiment with Jove relating to the Matertials, 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, pubstic op 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 snd
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,
andthaxaﬂresearcbinynluinghmnanandmﬁmajsuhj,ecu
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
accordancewiththereievantreguiaﬁons of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

6125426 For questions, please contact ys at submissions@jove.com or +1.617.945.9051.
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Title of Article:
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Item 1: The Author elects to have the Materials be made available (as described ' at
http://www.jove.com/publish) via:

Author(s):

Standard Access VOpen Access

Item 2: Please select one of the following items:
The Author is NOT a United States government employee.

DThe Author is a Uniteq States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee,

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 ini this Article and Video of the Article, and in which the Author may of may not
LiuenseAgreemenLthefollowirgtmshaﬂhaveﬂle appear.

following Mmeanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the
Video License Agreement; “Article” means the article Article, in order to ensure the dissemination and protection
specified on the jast page of this Agreement, including any of the Article, desires to have the JjoVE pubiish the Articie
associated materials such as texts, figures, tables; artwork; and create and transmit videos based on the Article. In
abstraets, o summaries eontained therein; “Auther’ furtheranee of Sueh geals, the Parties desire to emerialize
Means the author who s 3 signatory to this Agreement; in this Agreement the respective rights of each Party in and
‘CollectiVeWGir’meansawork,sud:asaperiodimi'ﬁsue, totheArtideandﬂathdeo.

anthology or encyclopedia, in which the Materials in their 3. Grant of Rights in Article, In consideration of JoVE
entirety in unmodified form, along with a number of other agreeing to publish the Article, the Author hereby grants to
contributions, constituting separate and independent JoVE, subject to Sections 4 and 7 below, the exclusive,
works in themselves, are assembled into 4 collective whole: royalty-free, perpetual (for the full term of copyright in the
“CRC License” means the Creative Commons Attribution- Article, including any extensions thereto) license (a) to
Non Commercial-No Derivs 3.0 Unported Agreement, the publish, repraduce, distribute, display and store the Article
terms and conditions of which can be found at: in all forms, formats and media whether now known or
http://creativecommons.org/licenses/by-nc— hereafter developed (including without limitation in print,
nd/3.0/legalcode; “Derivative Wark” means a wark based digital and electronic farm) throughoyut the world, (b) to
upon the Materials or upon the Materials and other pre- translate the Article into other languages, create
existing works, such as a translation, musica) arrangement, adaptations, summaries or extracts of the Article or other
dramatization, fictionalization, motion picture version, Derivative Works (including, without limitation, the Video)
sound recording, art reproduction, abridgment, or Collective w«:rksbasedonaﬂorany portion of the Article
condensation, or any other form in which the Materials may and exercise all of the rights set forth in (a) above in such
be recast, transformed, or adapted; “Institution” means translations, adaptations, Summaries, extracts, Derivative
the instituiion, tisted o the fast page of this Agreermient, by Works or Cottective Works andic) to ficense others to do any
which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “Jove” means Mylove Corporation, a all media and farmats, whether now known ar hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials® means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JOVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion CRC License.

6125426 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
reviewers comments.pdf

Editorial comments

1) The manuscript was proofread.

2) Additional keywords/ phrase added to bring the total to six.

3) Summary shortened to less than 50 words. The protocol and applications are described in the
protocol.

4) The abstract was revised to describe the method in more general terms. Also, the purpose of the
method, advantages and limitations are stated in the abstract and discussion.

5) All commercial language has been removed.

6) Personal pronouns have been removed from the protocol.

7) Protocol has been revised to contain action steps only. Text that could not be in imperative tense
was added as note.

8) Protocol has been revised to contain no more than 3 action steps and no more than 4 sentences.

9) Weblink has been removed and reference has been inserted.

10) Limitations of technique has been added.

11) Figure 2 has been combined into one image file. Figure 2 contains two histograms and a cartoon.

12) Trademarks have been removed. (Needs to be removed from table of authors).

Reviewer 1 comments.

1) Personal pronouns such as we have been removed from the text.

2) Dm ime4 full name and function has been added to the text.

3) Homozygotes have been substituted for homozygous line 67.

4) Commercial names such as Genetivision has been removed.

5) Described has been removed line 86.

6) The p-values have been added to the figure legends. Original excel files will be sent along as
Supplemental Materials.

7) The percentage of embryos that developed to adulthood along with standard deviation have been
added to the legend for Figure 2. Also appearing in the excel sheet.

Reviewer 2 comments

1) Each experiment was performed a minimum of 3 times, independent biological replicates were
used to ensure reproducibility. Each experimental cross included two virgin wildtype females and
1 wildtype male.

2) A Chi square test was used to determine if there was a significant difference between the two
different grape agar positions. The p-values have been added to the legend of Figure 2. Also
highlighted in yellow in the excel sheet used in all calculations and bar graphs.

3) A Chi square test was used to determine the viability phenotype of Dm ime4 mutants, the p-
values have been added to the figure legend.

4) The error bar represents the actual numbers of the counts at individual stages for each biological
replicate. The variance in the error bars are a result of different starting numbers of progeny per
trial, not the percentages of progeny lost. However, the statistical analysis does suggest a
significant difference between the agar positions. Please refer to the excel sheet sent as
Supplemental Materials.

5) Although we did not examine L3, L3 larvae can be quantified as they crawl up the side of the
vial. The L3 quantification statement has been added to the discussion (Line 177).
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6) This is a valid point that it would be beneficial to look at viability of different genotypes and
phenotypes; however, we used wildtype OreR to develop the reported assay and for proof of

principle and troubleshooting. Thus wildtype Ore-R is used to provide a baseline for future
experiments



Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,

Permissions, etc.);Supplemental Figures 1 and 2.pdf
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Supplemental Figure 1. Mutations in Dm ime4 generated by CRISPR gene editing. A) Alanine amino acid
substitutions in motif | and motif IV. B) Addition of GFP tag on the N-terminal end. C) Addition of GFP tag on the
C-terminal end. D) Addition of HA tag on the N-terminal end. E) Addition of HA tag on the C-terminal end F)
Addition of UAS construct at the N-terminal end.

]
IME4ACat IMEAANull MEA[sk2]

Supplemental Figure 2. Deletions in Dm ime4 generated by CRISPR gene editing. Three different deletion
alleles are shown ime44Cat (catalytic domain deleted), ime4ANull (SAM binding domain and portions of catalytic
domain deleted) and ime4[sk2] (catalytic domain and SAM binding domain deleted).

L]
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Supplemental File (Figures, Permissions, etc.)

Dm ime4 mutant/TM35® X Dm ime4 mutant/TM35P

1/4 pm ime4 -
Heterozygous
(Stubble)

N

1/4 Dm ime4 */- /4 Dm ime4 -/-

Heterozygous Homozygous
(Stubble) (non-Stubble)
But TM33°/TMm35P

Homozygous balancer

Dies before adulthood Stubble

1/3 homozygous Dm ime4 mutants

Adults: 1/3 expected to be

Dm ime4 /- Homozygous.
E.g. out of 120 adults, 40 are expected
to be homozygous Dm ime4 mutant.

Chi-square Goodness of Fit Test

Null Hypothesis \

Alternate Hypothesis —— 1 : Observed = Expected

Test Statistc —— ¢
(that symbol is called
“Chi-squared”)

Instead of a normal
or t distribution, we
now have a chi-

squared distribution

P—Talue= ;{30(;‘/]“(;{

/

Formulas

H, :Observed = Expected

(() E)

7=k

Click here to access/download;Supplemental File (Figures, Permissions, etc.);Supplemental Figure 3.pdf =

The corrected ratios are 2/3 heterozygous,

The null and
alternate
hypotheses are
always the same
with a Goodness of
Fit Test.

Ois the
\ observed count
df =(#of ¢ urcgm res)—1 for each

2.9999, df )

category and E
is the expected
count for each
category.

Spokane Virtual Learning
Excellence for Ev yda)

'or Everyone, Everywhere, Everyday



https://www.editorialmanager.com/jove/download.aspx?id=1056725&guid=b84ad731-da9c-4ab4-80f7-42ee1cad13ac&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1056725&guid=b84ad731-da9c-4ab4-80f7-42ee1cad13ac&scheme=1

Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Dm ime4 mutant stocks data-excel-JOVE-

Strain Line 1-3  JAlal-IME4/tm3 homozygotes
Drosophila gender male female |[male female
1) Number counted 17 25 0 1
1)Expected number 12 18 6 8
1) Chi square 2.1 2.72 6 4.16
1) % of expected 142% 139% 0 17%
2) Number counted 35 47 1 3
2)Expected number 24 34 12 16
2) Chi square 5 5 10.1 11.6
2) % of expected 150% 138% 8% 19%
3) Number counted 33 35 1 1
3)Expected number 22 24 11 12
3) Chi square 5.5 5 9 10.1
3) % of expected 150% 146% 9% 8%
Total # expected 58 76 29 36
Total # counted 85 107 2 5
Average chi square 4.2 4.24 8 8.6
Averaée % of expect 147% 141% 6% 15.00%
SD of % expected 4.62 4.36 4,93 5.83

P-value 6.04468E-13
#33 ime4[sk2]/tm6c

#) Drosoph

#88ime4 delta cat/tm6c

#89ime4 delta null/tm6c

*Calculated with 1 degree of freedom (3.84)

Expected = number of hatched embryos counted on grape-agar disc prior to transfer

L]
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Strain #33

Drosophila gender

1) Number counted

1)Expected number

1) Chi square

1) % of expected

2) Number counted

2)Expected number

2) Chi square

2) % of expected

3) Number counted

3)Expected number

3) Chi square

3) % of expected

4) Number counted

4)Expected number

4) Chi square

4) % of expected

Strain Line 4-2 JAla2-IME4/tm3 homozygotes
Drosophila gender male female |[male female
1) Number counted 15 18 1 2
1)Expected number 10 14 5 7
1) Chi square 2.5 1.1 3.2 3.6
1) % of expected 150% 129% 20% 29%
2) Number counted 24 30 2 3
2)Expected number 18 22 9 11
2) Chi square 2 2.9 5.4 5.8
2) % of expected 133% 136% 22% 27%
3) Number counted 53 53 2 2
3)Expected number 36 36 18 18
3) Chi square 8 8 14.2 14.2
3) % of expected 147% 147% 11% 11%
Total # expected 64 72 32 36
Total # counted 92 101 5 7
Average chi square 4.16 4 7.6 7.9
Averaée % of expect 143% 137% 18% 22.00%
SD of ;Aa expected 9.07 9.07 5.86 9.86
147 147 20 29
150 136 22 27
133 129 11 11
SD Ala-2 9.073772 9.073772  5.859465277 9.865766
P-value 1.09965E-11

ila counts accumulated over a period of 3 months and consolidated.

Male
Ala-1ime4 6
Ala-2 (cat) 18
ime4Acat/i 18
ime4Anull/ 15
ime4[sk2]/ 16

Female
15
22
24
32
18

to food vial). Error bars indicate the standard error of the mean.

5) Number counted

5)Expected number

5) Chi square

5) % of expected

Total # expected

Total # counted

Average chi square

Average % of expect

SD of % expected

SD #33
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at ime4Anull/ime4Anull  ime4[sk2]/ime4[sk2]
NS

15




ime4[sk2]/tm6 homozygotes

male female [Jmale ] female
21 24 2 2
16 18 8 9
1.6 2 4.5 54
131% 133% 25% 22%
43 44 2 3
30 32 15 16
5.63 4.5 11.26 10.56
143% 138% 13% 19%
82 76 6 7
58 56 29 28
9.93 7.14 18.24 15.75
141% 136% 21% 25%
55 61 1 3
38 42 19 21
7.6 8.6 17.05 15.42
144% 145% 5% 14%
20 31 1 1
14 22 7 11
2.57 3.68 5.1 9.1
143% 141% 14% 9%
156 170 78 85
221 236 11 15
5.5 5.2 11.23 11.25
140% 139% 16% 18.00%
5.36 4.61 7.73 6.38
131 133 25 22
143 138 13 19
141 136 21 25
144 145 5 14
143 141 14 9
5.366563 4.615192 7.733046 6.379655163
P-value 7.12072E-27

Strain #38 ime4Acat/tméc
Drosophila gender male female
1) Number counted 111 100
1)Expected number 82 76
1) Chi square 10.26 7.58
1) % of expected 135% 131%
2) Number counted 31 33
2)Expected number 22 24
2) Chi square 3.68 3.38
2) % of expected 141% 138%
3) Number counted 41 39
3)Expected number 28 28
3) Chi square 6 4.3
3) % of expected 146% 139%
4) Number counted 60 65
4)Expected number 44 50
4) Chi square 5.8 4.5
4) % of expected 136% 130%
5) Number counted 47 71
5)Expected number 32 48
5) Chi square 7 11
5) % of expected 147% 148%
6) Number counted 40 49
6)Expected number 28 36
6) Chi square 5.14 4.7
6) % of expected 143% 136%
Total # expected 236 262
Total # counted 330 357
Averaf_ge chi square 6.31 5.91
Average % of expect 141% 137%
SD of % expected 5 6.5
135 131
141 138
146 139
136 130
147 148
143 136







homozygotes

male female
11 14
41 38
21.95 15.16
27% 37%
2 3
11 12
7.36 6.75
18% 25%
2 2
14 14
10.28 10.28
14% 14%
6 9
22 25
11.63 10.24
27% 36%
1 2
16 24
14.06 20.17
6% 8%
2 4
14 18
10.3 10.9
14% 22%
118 131
24 36
12.6 12.25
18% 24.00%
8.2 11.6
27 37
18 25
14 14
27 36
6 8
14 22
P-value 3.98012E-33

Strain #89 ime4Anull/tméc homozygo
Drosophila gender male female [male
1) Number counted 74 75 9
1)Expected number 56 58 28
1) Chi square 5.8 5 12.9
1) % of expected 132% 129% 32%
2) Number counted 9 9 0
2)Expected number 6 6 3
2) Chi square 1.5 1.5 3
2) % of expected 150% 150% 0%
3) Number counted 67 81 3
3)Expected number 46 56 23
3) Chi square 9.6 11.2 17.4
3) % of expected 146% 144% 13%
4) Number counted 25 17 2
4)Expected number 18 14 9
4) Chi square 2.72 0.64 5.4
4) % of expected 139% 121% 22%
5) Number counted 93 102 0
5)Expected number 62 72 31
5) Chi square 15.5 12.5 31
5) % of expected 150% 142% 0%
6) Number counted 38 20 3
6)Expected number 28 14 14
6) Chi square 3.6 2.6 8.64
6) % of expected 136% 143% 21%
Total # expected 216 220 108
Total # counted 306 304 17
Average chi square 6.45 5.57 13.06
Averaée % of expect 142% 138% 15%
SD of % expected 7.6 10.9 12.86
132 129 32
150 150 0
146 144 13
139 121 22
150 142 0
136 143 21
P-value






tes

female

12
29
10
41%

1.33
33%

28
20.6
14%

1.3
57%

36
23.4
19%

3.6
29%
110

30
10.04
32.00%
15.54

41
33
14
57

19

29
3.54693E-31
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Wild type flies

Agar down Embryo  Larvae Pupae Adult Adult/embryo
Biological r 81 81 81 77 95%
Biological r 65 61 60 60 92%
Biological r 70 70 67 67 96%
Biological r 75 75 69 68 91%
Biological r 64 64 61 61 95%
Average 71 70 68 67 94%

Standard D 7.106335 7.250287 8.414274 6.80441 0.01939072

Agar onsidEmbryo  Larvae Pupae Adult Adult/embryo

Biological r 104 102 71 69 66%
Biological r 80 80 42 41 51%
Biological r 74 74 49 49 66%

86 85 54 53 61%

Standard d 15.87451 12.03813 15.13275 14.42221 0.07071068

* Two females and one male were used in each cross (2.1 in manuscript).

Dm ime4 null /+ males crossed to virgin wild type females
Embryo  Larvae Pupae Adult Adult/embryo

Biological r 56 56 52 52 93%
Biological r 49 46 46 45 92%
Biological r 59 53 53 53 90%
average 55 52 50 50 92%

std dev 5.131601 5.131601 3.785939 4.358899 0.01247219

Dm ime4/+ vs. wild-type viability

M Average values wt

Average values Dm ime4null/+
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Average nuAgar down Agar on sid Expected a Expected agar on side

Embryo 71 86 71 86

Larvae 70 85 71 86

Pupae 68 54 71 86 P-value
Adult 67 53 71 86

X2 0.35 12.66

P-value 1.5835E-05 P>0.005 X2 cutoff =3.84

adult/embi 94% 61% 12.66>>3.84, statistically significant difference

Postion of agar disc in vial affects vial

100
90
80
0
= 70
o
2 60
2
8 5
[S)
T 40
o]
&
> 30
=
20
10
0
Embryo Larvae Pupae
Average values
wt Dm ime4null [+ Expected F Expected side
Embryo 71 55 71 55
Larvae 70 52 71 55
Pupae 68 50 71 55
Adult 67 50 71 55
X2 0.35 0.45

adult/embi 94% 92%



_ |

vild-type males vs. Dm ime4/+ males

Pupae Adult

EODm ime4null/+




Embryo-Lai Larve-Pupa Puape-adul Embryo-adult
0.8726  0.00075 0.85537 0.000015

2 not due to chance alone.

bility outcome

B Agar flat down in vial

B Agar on side in vial

Adult

observed fl
70
68
67






observed s expected fl expected side
85 71 86
54 70 85
53 68 54



