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24 SUMMARY:
25  This method describes the use of the R26R-Confetti (Confetti) mouse model to study
26  mineralized tissues, covering all steps from the breeding strategy to the image acquirements.
27  Included is a general protocol that can be applied to all soft tissues and a modified protocol that
28 can be applied to mineralized tissues.
29
30 ABSTRACT:
31 Labeling anindividual cell in the body to monitor which cell types it can give rise to and track its
32  migration through the organism or determine its longevity can be a powerful way to reveal
33  mechanisms of tissue development and maintenance. One of the most important tools
34  currently available to monitor cells in vivo is the Confetti mouse model. The Confetti model can
35 be used to genetically label individual cells in living mice with various fluorescent proteins in a
36 cell type-specific manner and monitor their fate, as well as the fate of their progeny over time,
37 inaprocess called clonal genetic tracing or clonal lineage tracing. This model was generated
38 almost a decade ago and has contributed to an improved understanding of many biological
39 processes, particularly related to stem cell biology, development, and renewal of adult tissues.
40 However, preserving the fluorescent signal until image collection and simultaneous capturing of
41  various fluorescent signals is technically challenging, particularly for mineralized tissue. This
42  publication describes a step-by-step protocol for using the Confetti model to analyze growth
43  plate cartilage that can be applied to any mineralized or nonmineralized tissue.
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INTRODUCTION:

Improved methods to monitor cell behavior are desirable to increase the experimental
efficiency when using animal models. One of the most informative approaches to monitor cell
behavior in vivo is clonal lineage tracing with multicolor reporter mouse strains?, including the
widely used R26R-Confetti (Confetti) mouse?. By genetically labeling individual cells with
fluorescent proteins and following those cells over time, researchers in many fields have used
the Confetti mouse to reveal insights into a multitude of different biological systems.

The Confetti mouse is a loxP-based reporter system in which Cre dependent DNA
recombination causes the permanent expression of one of several possible fluorescent proteins
in a stochastic manner?. The R26R-Confetti allele includes the ubiquitously expressed CAGG
promoter, which lies immediately upstream of a loxP-flanked Neo®-cassette?, whose
polyadenylation sequence terminates transcription?, followed by the Brainbow 2.1 construct®.
Hence, Cre-mediated recombination simultaneously excises the Neof-cassette and leads to the
production of certain fluorescent proteins depending on which parts of the Brainbow 2.1
construct are excised. This feature makes the Confetti mouse extremely adaptable because it
can be used to target any cellular population in a mouse for which a specific Cre strain is
available. The crossing of a tissue-specific Cre strain with the R26R-Confetti strain provides the
specificity of labeling. However, the Cre strain should also be inducible (e.g., CreERT or CreERT2,
which require tamoxifen binding to allow them to enter the nucleus and induce DNA
recombination®) so that labeling can be achieved at specified time points. Thus, a cellular
population can be labeled by injecting the resultant CreERT-positive/Confetti-positive offspring
with tamoxifen at the desired time point and tracked to a certain age, when the tissues of
interest can be collected for analysis. After tissue processing, the fluorescently labeled cells can
be directly visualized by confocal microscopy so that the progeny of each initially-labeled cell
can be separated from the progeny generated by any other labeled cell based on their specific
fluorescent labels, thereby allowing clonality to be assessed (i.e., clonal genetic tracing).

Due to the flexibility of the Confetti model, it has been applied to study the development and
maintenance of many different tissues in health and disease?®~1. One common way to use the
model is to label a certain population of cells and determine which tissues they (and/or their
progeny) have contributed to. One such finding using this approach was that the adult tooth is
comprised of cells with a glial origin®. Another application of the model is to study stem cell
homeostasis. For example, the Confetti model revealed that stem cell niches in the intestinal
crypts gradually become monoclonal because some stem cell clones are dominant during
competition between stem cells?. The model can also be used to assess cell proliferation, which
is particularly useful for studying slowly dividing cells. For example, clonal formation in the
articular cartilage'? was assessed, and the short-term effects of a hedgehog antagonist on
growth plate chondrocytes in five-week old mice was studied?3.

Despite the relative simplicity of the Confetti model, the fluorescent signal can be technically
challenging to preserve until image collection, particularly when analyzing mineralized tissues.
Here, the protocol describes an optimized model to use the Confetti mouse with the postnatal
bone (up to 6 months of age), enabling fluorescent proteins to be directly visualized by confocal



89  microscopy without the need for immunodetection. This simplified protocol can be applied to
90 nonmineralized tissues. Furthermore, included is a description of how to store the samples in
91 orderto preserve the fluorescent signal for a prolonged period of at least 3 years. An outline of
92  the protocol is presented in Figure 1.
93
94  PROTOCOL:
95
96 All mouse work was approved by the Ethical Committee on Animal Experiments (Stockholm
97  North Committee/Norra Djurforsoksetiska Namd) and conducted in accordance with The
98 Swedish Animal Agency’s Provisions and Guidelines for Animal Experimentation.
99
100 1. Mouse breeding
101
102  1.1. To generate the strain, cross the R26R-Confetti mouse with the Cre line of interest. Wean
103  the pups at 21 days of age.
104
105 NOTE: Mice can be used for breeding from approximately 8 weeks of age, or according to the
106  local guidelines. Genotyping (not described here) can be performed from biopsies collected at
107  weaning. The age at weaning can be adjusted as per local guidelines.
108
109 2. Confetti labeling
110
111  NOTE: This labeling strategy is appropriate for tamoxifen inducible Cre strains.
112
113  2.1. Prepare a solution of up to 2.5 mg/mL tamoxifen in corn oil in a glass bottle. Dissolve by
114  heating to 37 °Cin an oven for up to 60 min, agitating every 5 min using a vortex until the
115 powder has dissolved.
116
117  NOTE: For increased doses of tamoxifen, solutions up to 20 mg/mL can be prepared using this
118 method.
119
120  2.2. Store at 4 °C for up to 3 months, protected from light.
121
122 2.3. Induce recombination by administering 50 pL of 2.5 mg/mL tamoxifen dissolved in corn oil
123  intraperitoneally on the first postnatal day (P1).
124
125  NOTE: In principle, tamoxifen can be administered at any age, as early as the F1 generation. The
126  dose of tamoxifen should be varied based on Cre expression, mouse age, and experimental
127  application. Further information can be found in the discussion section. Cre negative mice
128 treated in the same way can be used as a negative control for Confetti fluorescent signals.
129
130  CAUTION: Ensure animal handlers are warned of the tamoxifen use and ensure that cage
131  materials are disposed of according to local environmental and safety guidelines.
132
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3. Tissue collection

3.1. Euthanize mice on postnatal day 27 (P27) by gradually filling the space containing the mice
with carbon dioxide up to at least 80% by volume and maintaining this concentration for 3 min.
Perform cervical dislocation. Keep mice on ice during the dissection of the other animals.

3.2. Dissect out the tissue of interest. Outlined below is a protocol for collecting the proximal
tibial and distal femoral growth plates and articular cartilage of the knee, suitable for postnatal
mice up to the age of 6 months.

3.2.1. Remove the skin around the hind limbs as far as the foot, using sharp scissors and
toothed forceps.

3.2.2. Roughly trim the muscle and fat tissue from the legs with sharp scissors.

NOTE: Do not clean the bones perfectly, because the surrounding tissues provide some
structural support when sectioning, but ensure all skin is removed.

3.2.3. Using a scalpel, cut through the soft tissue where the top of the leg meets the body until
the femoral head is visible, then cut the ligaments in the hip joint to remove the leg.

NOTE: Alternatively, if it is not possible to find the femoral head, cut through the femur close to
the hip with strong scissors.

3.2.4. Dissect the foot from the rest of the leg using a scalpel or sharp scissors.
4. Tissue fixation and processing

NOTE: Based on the tissue of interest, follow one of the two protocols detailed below (4.1 for
soft tissues or 4.2 for mineralized mouse tissues over the age of approximately 45 days, as
detailed below). For both methods, store the dissected samples in the 3.7%
formaldehyde/phosphate buffered saline (PBS) solution on ice while dissecting the remaining
animals.

4.1. For soft tissues and mineralized tibiae and femora up to the age of approximately P45, fix
the tissue in precooled 3.7% formaldehyde/PBS for 6 h, rolling gently on a rotator at 4 °C. Use a
volume at least 10x greater than that of the tissue. Continue directly to step 4.3.

4.2. For mineralized tissues, including the tibiae and femora over the age of approximately P45,
a decalcification step is required.

4.2.1. Prepare 1 L of 10% EDTA/dH,0 solution with the pH adjusted to 8.05 using sodium
hydroxide. Next, dilute the formaldehyde to 3.7% using this solution. The working
concentration of EDTA will be 9%.
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4.2.2. Fix the tissue by placing into precooled 3.7% formaldehyde/PBS overnight, gently rolling
on a rotator at 4 °C.

4.2.3. Place the tissue into precooled 3.7% formaldehyde/9% EDTA/dH,0 solution (pH 8.05),
and gently rotate at 4 °Cin a volume at least 10x greater than that of the tissue. Repeat this
step by placing the bones into fresh, precooled 3.7% formaldehyde/9% EDTA/dH,0 for 3x over
the next 48 h.

NOTE: This short decalcification is enough to allow for sectioning of the femur and tibia bones
of up to 6 months-old mice. For more densely mineralized tissues further decalcification may be
required to improve histology.

4.3, Transfer the tissue into precooled 30% sucrose/dH,0. Make sure to fill the container to the
brim, and gently rotate overnight at 4 °C. Use a volume at least 10x greater than that of the
tissue. The tissue will often float when first placed into this solution and sink to the bottom of
the bottle by the morning.

4.4. To remove the residual sucrose solution, briefly wash the tissue by removing it from the
sucrose solution with forceps and completely covering the sample with approximately 5 ml of
optimal cutting temperature compound (OCT) for several seconds.

4.5. Fill a prelabeled cryomold with OCT and position the tissue at the bottom. Work quickly to
avoid the samples sitting at room temperature for too long.

NOTE: It is important to place the sample in a convenient orientation for the sectioning step. To
increase the chances of sectioning through entire growth plate columns after tracing with
Col2CreERT:Confetti, place the medial side facing down using the femoral head as a guide, and
position the sample as flat to the bottom of the mold as possible.

4.6. Embed the sample by placing the mold onto dry ice and waiting for the OCT to entirely
solidify. Place the cryomolds as flat as possible to avoid movement/sliding of the tissue in the
mold. Once finished, store the samples at -20 °C, if they are not used immediately.

NOTE: Use within 12 weeks, because with age the blocks become more difficult to section.

5. Sectioning

NOTE: Perform cryosectioning using a cryostat with disposable blades suitable for hard tissue.
Any standard cryostat is suitable.

5.1. Remove the block from the mold and secure it to the chuck by applying OCT between the
top of the block and the chuck and cooling in the cryostat at -20 °C for at least 5 min, so that
the OCT has completely solidified.
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5.2. Precool both the sample holder and the blade holder to -20 °C and then place the
sample/chuck in the chuck holder and the blade in the blade holder to equilibrate for several
min.

NOTE: The specified temperatures may be varied by several degrees depending on the cryostat
and the tissue of interest.

5.3. Use the cryostat to trim the block and cut tissue sections of a suitable thickness to allow for
the visualization of the clones in the tissue of interest.

5.3.1. For postnatal growth plate analysis, prepare sections of 30-160 pum and collect them on
slides. Some cryostat models may only allow the collection of thick sections using the trim
setting.

5.4. Air dry the slides at room temperature until they are completely dry.

NOTE: The duration of this step can vary based on tissue properties and section thickness. The
temperature of the room is also likely to affect the speed of this step.

5.5. Store the slides at -20 °C for up to 36 months, or if processing immediately, proceed to step
6.2.

6. Slide preparation and mounting

6.1. Remove the slide from the freezer and bring up to room temperature horizontally in a slide
holder. Allow any condensation to evaporate.

6.2. Remove the OCT by using a Pasteur pipette to gently apply PBS at room temperature onto
the slide. The thicker the section, the longer time is required. For 160 um thick sections,
perform two rinses: incubate once for 15 min and remove the liquid, and then apply fresh PBS
for 5 min and remove the liquid.

NOTE: This step is to remove the OCT and can be varied based on tissue properties and section
thickness, as appropriate. The temperature of the room is likely to affect the speed of this step.

6.3. Mount the slides in a solution of 75% 2,2-thiodiethanol/dH,0 at room temperature with 60
mm long cover slips.

NOTE: Slides can be prepared immediately before imaging, but the fluorescent signal is stable
for 1-2 weeks if kept out of the light in a humidified chamber at 4 °C.

7. Imaging by confocal microscopy
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7.1. Set up the microscope.
7.1.1. Turn on the microscope and open the software. Click the Start System button.

7.1.2. Select the channels by first clicking Smart Setup under the Acquisition tab and then
selecting the three channels corresponding to red fluorescent protein (RFP), yellow fluorescent
protein (YFP), and cyan fluorescent protein (CFP) under the Dye heading. Click Best signal then
Apply to select the lasers.

NOTE: The contents of the Acquisition tab are shown in Supplementary file 1A. If the required
channels are not present, add them using the ‘+’ button under the Dye heading. The necessary
information regarding laser, excitation wavelengths, and the range of recorded emission
wavelengths is shown for the three Confetti fluorescent proteins in Supplementary file 1B-D.
7.1.3. Select the 20x objective lens under the Objective heading in the Acquisition Mode tab.
7.2. Locate the growth plate or other tissue of interest.

7.2.1. To provide a distinct view, first select the RFP channel by clicking its name in the
Channels tab. This causes details of the RFP channel to be displayed in the Light Path tab. Click
the tick-box beside T-PMT.

NOTE: T-PMT channel shows nonreflected laser light, which is used to visualize the
nonfluorescent parts of the tissue.

7.2.2. Place the slide in the slide holder and position the growth plate or other tissue of interest
directly between the light path and the objective lens.

7.2.3. In order to simplify localizing the tissue, deselect the YFP and CFP channels using the tick-
boxes under the Tracks heading of the Channels tab.

7.2.4. Select the T-PMT channel by clicking its name in the Tracks heading. Click Live in the
Acquisition tab and increase the Gain (Master) for the T-PMT channel in order to visualize the

tissue section on the screen, which is shown in greyscale.

7.2.5. Move the position of the slide using the joystick to locate the region of interest, then
focus using the appropriate microscope knob.

7.2.6. Click Stop in the Acquisition tab to turn off the laser exposure.
7.3. Define the imaging parameters.

7.3.1. Use the tick-boxes in the Channels tab to select one of the channels and click Live in the
Acquisition tab to display the image of that channel on the screen. Then, using the left-click



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

button on the mouse, adjust the slide-bars to set the range of emitted fluorescent signal that is
collected, the laser power (sliding bar under Lasers heading), Gain (Master) and Digital Offset
in the Channels tab to visualize the Confetti-labeled cells on the screen. Guideline values for all
of these parameters are provided in Supplementary file 1B-D for RFP, YFP, and CFP. Complete
this step for every channel, one by one.

NOTE: To ensure the visualized signal is not autofluorescence, a section from a Cre negative
animal can be used as a negative control during this step. As T-PMT has been combined with
the RFP laser (step 7.2.1) adjusting laser power for RFP will affect T-PMT signal.

7.3.2. Adjust the Pinhole size to increase the fluorescence detection if necessary.

NOTE: The higher the pinhole size, the more fluorescent signal is detected in the Z-direction. A
guideline for this is the resultant Airy Unit (AU), which is automatically indicated beneath the
Pinhole indicator, where 1 AU is optimal for imaging quality. Increasing the AU too much will
impair later analysis because it becomes more difficult to distinguish individual cells in the Z-
direction).

7.3.3. Check the setup to ensure that the recorded signals do not overlap.

7.3.3.1. Click on the tick-boxes in the Channels tab to select all three channels and press the
Snap button in the Acquisition tab.

7.3.3.2. In the resultant image, scroll between the displayed channels by clicking the blue-
highlighted boxes above each listed Channel in the Dimensions tab. Manually check for the
overlap between the channels on the screen. If the signals overlap (e.g., if every red cell is also
yellow), return to the beginning of step 7.3 and repeat, adjusting the parameters for the
overlapping channels until they can be distinguished from each other. Ensure that for each label
(i.e., RFP, YFP, or CFP), at least one clone can be visualized that contains only one of the labels.

7.4. Acquire image.

7.4.1. Select the Acquisition Mode tab to specify image quality using the Frame Size, Speed,
and Averaging Number values.

NOTE: The typical settings for these experiments are indicated in Supplementary file 1A.
Reducing the Zoom under the Scan Area heading within the Acquisition tab can increase the
field of view without altering the time required for image acquisition.

7.4.2. In the Acquisition tab, under the Dimensional Acquisition heading, click the Z-Stack tick-
box. Open the Z-stack tab to set the interval between images in the Z-direction to 2.5 um.

7.4.3. To set the correct locations, select only the RFP/T-PMT in the Channels tab and click Live
to visualize the red clones with a visible outline of the tissue. Set the first and last slice by
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clicking Set First and Set Last on the corresponding slice, adjusting the focus using the
microscope knob.

7.4.4. Click the Tile Scan tab within the Acquisition tab and enter the total number of tiles in
the horizontal and vertical directions in the respective boxes.

7.4.5. For image capture, select all the desired channels in the Channels tab, then click the Snap
button to collect a single image, or the Start Experiment button to collect a Z stack/Tile scan.

7.5. Once the image has been acquired, click File then Save As and save the image in a file type
that preserves as much information about the microscope settings as possible, to allow later
review and reuse.

7.6. Perform further analysis using image analysis software.

REPRESENTATIVE RESULTS:

To label chondrocytes in the epiphyseal cartilage and visualize their clonal expansion with age
using tamoxifen administration on P1, Col2CreERT:Confetti mice were labeled, and their hind-
limbs were collected on P27. The central section was determined by visualizing the cruciate
ligament (Figure 2A) and clones in the proximal tibial growth plate were visualized (Figure 2B).
These data show that individual cells that were Col2-positive on P1 and became labeled with
Confetti fluorescent proteins when tamoxifen was administered, underwent clonal expansion,
and subsequently remained in the growth plate until P27. The initial changes in clonal
expansion from a similar developmental time point can be seen in Figure 1 of a recent
publication?3,

To give an example of the fluorescent signal after long-term storage (step 5.5), the section
collected was stored immediately after (see Figure 2A, B) for more than 3 years before it was
prepared and imaged (Figure 2C, Video 1).

To demonstrate some common problems with the protocol, a section broken during the
cryosectioning step is shown in Figure 3A. The region of the section (between the growth plate
and articular cartilage) expanded in Figure 3B shows that this dose of tamoxifen leads to such a
high level of recombination in this area that it would preclude clonal analysis.

FIGURE AND TABLE LEGENDS:
Figure 1: Experimental overview. Flow chart summarizing the key stages of the method.

Figure 2: Confetti images from a Col2CreERT:Confetti mouse. (A) Samples of
Col2CreERT:Confetti mice were processed without decalcification or the long-term storage
step. The central section was located using the cruciate ligament as a marker. This image was
visualized using a tile scan after detecting RFP with T-PMT (Scale bar = 300 um). (B) Clonal
columns are shown within the proximal tibia of the growth plate visible in (A), following 3D
reconstruction. (C) An adjacent slide to that shown in (A) and (B) held in long-term storage for



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

more than 3 years was processed for imaging and 3D reconstruction. RFP, YFP, and CFP are
shown in (B) and (C) (Scale bars = 50 um).

Figure 3: Challenges when using the method. (A) The white dashed lines outline a split in the
section through the growth plate of Col2CreERT:Confetti mice (Scale bar = 50 um). The area
within the white box is shown in (B) (Scale bar = 25 um). RFP, YFP, and CFP are shown in both
panels, and the nonreflected laser light (T-PMT) channel is also shown in (A) to visualize the
tissue.

Video 1: Three-dimensional reconstruction of a growth plate from Col2CreERT: Confetti
mouse. A slide prepared from a Col2CreERT: Confetti mouse was held in long-term storage
after the sectioning for more than 3 years, and then processed for imaging. Three-dimensional
reconstruction was conducted automatically with image analysis software and exported as a
video.

Supplementary file 1: Typical set-up of the confocal microscope. (A) The main controls present
in the Acquisition tab. (B—D) The laser parameters, excitation wavelength, and the range of
recorded emission wavelengths are shown for three Confetti fluorescent proteins.

DISCUSSION:

The Confetti model was used extensively to study mineralized cartilage tissues'?™'* and to
describe the optimized protocol. Confetti mice? with one copy or two copies of the R26R-
Confetti allele can be used for breeding and experiments. Recombination in mice with one
allele of the Brainbow 2.1 construct will give four potential labels: red fluorescent protein (RFP,
cytoplasmic), yellow fluorescent protein (YFP, cytoplasmic), cyan fluorescent protein (CFP,
membrane-localized), and green fluorescent protein (GFP, nucleus-localized), whereas
recombination in the homozygous Confetti mice (i.e., containing two copies of the Brainbow 2.1
construct) will give 10 possible color outputs (RFP+RFP, RFP+YFP, RFP+CFP, RFP+GFP, YFP+YFP,
YFP+CFP, YFP+GFP, CFP+CFP, CFP+GFP, GFP+GFP). However, because the DNA excision and
inversion events occur in a stochastic manner, recombination to produce GFP occurs in only a
small fraction of cells, as previously reported?, and seemingly differs by cell-type or Cre line
used®%13, Hence, given the low occurrence of recombination events leading to the GFP
expression, six color outputs are the most common in homozygous Confetti mice.

An important consideration when planning experiments with the Confetti mouse is to find a
suitable Cre strain. First, since the Confetti allele has several loxP sites, one recombination
event does not preclude a second*. This means that if a cell is labeled and divides to produce a
clone of one color, a second recombination event in one of its daughter cells would generate a
different color, thereby masking the true clonal expansion. Thus, noninducible Cre strains,
where the enzyme is always active if the corresponding promoter is active, are not advisable.
Second, in some strains the expression of Cre recombinase often comes at the expense of an
endogenous protein, thereby creating a phenotype of its own (e.g., for the Prg4-GFPCreERT2
knock-in mouse strain in which mice harbor two Cre alleles'®), so a single copy of the Cre allele
is desirable. In all of the described experiments, a single copy of the Col2CreERT® was carried
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by either the male or the female parent to generate Col2CreERT:Confetti mice, as described?3.
Next, the specificity of the Cre line to the cell type of interest is an important consideration. For
example, Col2CreERT is chondrocyte-specific, but labels several distinct populations of
chondrocytes in early postnatal cartilage!’. Finally, the activity of different Cre strains can
change considerably with animal age, as the endogenous activity of the promoter utilized for
Cre expression changes, even in cells of the same type (e.g., Prg4-GFPCreERT2, which can
require an increasing number of tamoxifen doses to label superficial zone cells as mice age™).

The number of labeled cells will be reflected by the amount of tamoxifen given, so it is not
always desirable to give the maximum dose because distinguishing clones from each other may
be difficult. Because Cre expression will vary under the regulation of different promoters as well
as with age, the tamoxifen dosage will need to be adjusted to optimize labeling. It is important
to note that cells are not immediately fluorescent upon triggering recombination because time
is required for the recombination to occur and the resulting fluorescent proteins to accumulate
sufficiently for imaging. A broad range of hours (between 24-72 h) is needed, which appears to
be influenced by the Cre line, cell-type, and animal age. Since tamoxifen can be biologically
active long after administration'8 it is always advisable to thoroughly check recombination
efficiency in each model.

During the confocal microscopy step, excitation of the Confetti fluorescent proteins requires
penetration of the tissue by laser light. Because different tissues have different properties, laser
light might not penetrate 160 um thick sections of all tissues. However, such thick sections can
be used for growth plate cartilage, as used in Figure 2, Figure 3. Note that every microscope is
different, and it is unlikely that the described settings (Supplementary File 1) will work perfectly
without minor adjustments. One of the major challenges is to distinguish the different
fluorescent proteins to ensure that there is no contamination from one channel to another. For
example, the signal in the YFP channel caused by the fluorescence coming from GFP overlaps
between the YFP and RFP channels. YFP and CFP channels must also be carefully checked. This
can be done in several ways. First, the emission range of fluorescent light wavelengths that are
recorded for each fluorescent protein can be narrowed. Second, adjusting the laser power in
combination with the digital gain can optimize the signal. In this study these steps were
sufficient, but they rely on a strong fluorescent signal. This means that in theory, inefficient
tissue processing can reduce the activity of the fluorescent proteins, or a weak laser light
source can impair channel separation.

One of the advantages of the Confetti mouse is that it can be combined with a large number of
genetically mutant strains that are available so that the impact of specific genes on clonal
dynamics can be studied!®1%131419,.20 3|peijt with some limitations. For example, recombination
of the Confetti alleles and the gene of interest cannot be separated when using Cre loxP-based
mutants combined with clonal lineage tracing. Nevertheless, such coinciding recombination
events can be effective'®'420, For example, this possibility was used to explore the increased
cell number in the resting zone of mice following postnatal chondrocyte-specific ablation of
TSC1 in the growth plate?! and revealed the clonal relationship between these cells over time?3.
Additionally, the tissue-specific clonal analysis using Confetti mice can be used with non-Cre
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loxP-based mutant mice!!, and it is also possible to combine these approaches with
pharmacological®3 and/or surgical models® to visualize clonal responses to other functional
perturbations. Further opportunities arise when combining Confetti labeled sections with
immunodetection of endogenous proteins by immunofluorescence. Such analysis allows the
identification of traced cells and their colocalization with a known marker. With the fixation
method described herein, it is possible to conduct immunofluorescence and still visualize the
fluorescence from the Confetti fluorescent proteins'?!3, However, in the papers mentioned,
antigen retrieval was not required. Harsh antigen retrieval methods, such as boiling in citrate
buffer, leads to a complete loss of Confetti fluorescence. Although the Confetti fluorescent
proteins can then be detected by using antibodies??, a loss of clonal identity can occur.

In summary, using the Confetti model to label cells in vivo is an informative tool to analyze the
fate of those cells over time. The described method provides a fast and efficient way to directly
visualize fluorescent protein expression in mineralized tissues.
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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-
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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 MylJove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

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

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

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

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

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

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

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

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

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

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

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

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered. by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Please see our point by point responses below:

Editorial comments:

1. The editor has formatted the manuscript to match the journal style. Please retain the same.

We have amended the protocol, representative results and legends, which previously deviated
from the journal style.

We noticed that protocol steps 2 and 3 had been altered to yellow-highlights to suggest recording
this part. These steps would require additional mice to be bred and euthanized and are not
especially specific to the Confetti mice (as anyone trained to use laboratory animals will have been
through these steps), so we have returned the yellow highlights to the previously peer-reviewed
version. In general, the click-by-click software section for setting up the microscope would be
more useful for new users of the Confetti mouse (protocol step 7) as it describes how to separate
the channels and avoid overlapping signals, something that can be very troublesome. The
instructions for every click takes up a lot of text space in order to navigate the user within the
software, so adding it would far exceed the 2.75 page yellow-highlighted total; but to video such
set-up would not take a prolonged period. When we originally planned this manuscript we
thought it would be important to include this part but omitted it due to text length. However, it
would be reasonable to think that in the final video it would take up a similar length of time to
steps 2 and 3, but would be much faster to record than steps 2 and 3 (since step 7 is performed at
one microscope). So if you think the video needs to be lengthened from the parts we originally
suggested, please consider adding step 7 as an alternative to steps 2 and 3.

2. Please address all the specific comments marked in the manuscript.

We have addressed all comments and tracked changes in the manuscript.

3. Once done please proofread the manuscript well before submitting.

Thanks, we have proof-read the manuscript, making several small changes.

*
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