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SUMMARY:  24 
This method describes the use of the R26R-Confetti (Confetti) mouse model to study 25 
mineralized tissues, covering all steps from the breeding strategy to the image acquirements. 26 
Included is a general protocol that can be applied to all soft tissues and a modified protocol that 27 
can be applied to mineralized tissues. 28 
 29 
ABSTRACT:  30 
Labeling an individual cell in the body to monitor which cell types it can give rise to and track its 31 
migration through the organism or determine its longevity can be a powerful way to reveal 32 
mechanisms of tissue development and maintenance. One of the most important tools 33 
currently available to monitor cells in vivo is the Confetti mouse model. The Confetti model can 34 
be used to genetically label individual cells in living mice with various fluorescent proteins in a 35 
cell type-specific manner and monitor their fate, as well as the fate of their progeny over time, 36 
in a process called clonal genetic tracing or clonal lineage tracing. This model was generated 37 
almost a decade ago and has contributed to an improved understanding of many biological 38 
processes, particularly related to stem cell biology, development, and renewal of adult tissues. 39 
However, preserving the fluorescent signal until image collection and simultaneous capturing of 40 
various fluorescent signals is technically challenging, particularly for mineralized tissue. This 41 
publication describes a step-by-step protocol for using the Confetti model to analyze growth 42 
plate cartilage that can be applied to any mineralized or nonmineralized tissue. 43 
 44 
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INTRODUCTION:  45 
Improved methods to monitor cell behavior are desirable to increase the experimental 46 
efficiency when using animal models. One of the most informative approaches to monitor cell 47 
behavior in vivo is clonal lineage tracing with multicolor reporter mouse strains1, including the 48 
widely used R26R-Confetti (Confetti) mouse2. By genetically labeling individual cells with 49 
fluorescent proteins and following those cells over time, researchers in many fields have used 50 
the Confetti mouse to reveal insights into a multitude of different biological systems.  51 
 52 
The Confetti mouse is a loxP-based reporter system in which Cre dependent DNA 53 
recombination causes the permanent expression of one of several possible fluorescent proteins 54 
in a stochastic manner2. The R26R-Confetti allele includes the ubiquitously expressed CAGG 55 
promoter, which lies immediately upstream of a loxP-flanked NeoR-cassette2, whose 56 
polyadenylation sequence terminates transcription3, followed by the Brainbow 2.1 construct4. 57 
Hence, Cre-mediated recombination simultaneously excises the NeoR-cassette and leads to the 58 
production of certain fluorescent proteins depending on which parts of the Brainbow 2.1 59 
construct are excised. This feature makes the Confetti mouse extremely adaptable because it 60 
can be used to target any cellular population in a mouse for which a specific Cre strain is 61 
available. The crossing of a tissue-specific Cre strain with the R26R-Confetti strain provides the 62 
specificity of labeling. However, the Cre strain should also be inducible (e.g., CreERT or CreERT2, 63 
which require tamoxifen binding to allow them to enter the nucleus and induce DNA 64 
recombination5) so that labeling can be achieved at specified time points. Thus, a cellular 65 
population can be labeled by injecting the resultant CreERT-positive/Confetti-positive offspring 66 
with tamoxifen at the desired time point and tracked to a certain age, when the tissues of 67 
interest can be collected for analysis. After tissue processing, the fluorescently labeled cells can 68 
be directly visualized by confocal microscopy so that the progeny of each initially-labeled cell 69 
can be separated from the progeny generated by any other labeled cell based on their specific 70 
fluorescent labels, thereby allowing clonality to be assessed (i.e., clonal genetic tracing). 71 
 72 
Due to the flexibility of the Confetti model, it has been applied to study the development and 73 
maintenance of many different tissues in health and disease2,6–11. One common way to use the 74 
model is to label a certain population of cells and determine which tissues they (and/or their 75 
progeny) have contributed to. One such finding using this approach was that the adult tooth is 76 
comprised of cells with a glial origin6. Another application of the model is to study stem cell 77 
homeostasis. For example, the Confetti model revealed that stem cell niches in the intestinal 78 
crypts gradually become monoclonal because some stem cell clones are dominant during 79 
competition between stem cells2. The model can also be used to assess cell proliferation, which 80 
is particularly useful for studying slowly dividing cells. For example, clonal formation in the 81 
articular cartilage12 was assessed, and the short-term effects of a hedgehog antagonist on 82 
growth plate chondrocytes in five-week old mice was studied13. 83 
 84 
Despite the relative simplicity of the Confetti model, the fluorescent signal can be technically 85 
challenging to preserve until image collection, particularly when analyzing mineralized tissues. 86 
Here, the protocol describes an optimized model to use the Confetti mouse with the postnatal 87 
bone (up to 6 months of age), enabling fluorescent proteins to be directly visualized by confocal 88 



   

   
 

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



   

   
 

3. Tissue collection 133 
 134 
3.1. Euthanize mice on postnatal day 27 (P27) by gradually filling the space containing the mice 135 
with carbon dioxide up to at least 80% by volume and maintaining this concentration for 3 min. 136 
Perform cervical dislocation. Keep mice on ice during the dissection of the other animals. 137 
 138 
3.2. Dissect out the tissue of interest. Outlined below is a protocol for collecting the proximal 139 
tibial and distal femoral growth plates and articular cartilage of the knee, suitable for postnatal 140 
mice up to the age of 6 months. 141 
 142 
3.2.1. Remove the skin around the hind limbs as far as the foot, using sharp scissors and 143 
toothed forceps. 144 
 145 
3.2.2. Roughly trim the muscle and fat tissue from the legs with sharp scissors. 146 
 147 
NOTE: Do not clean the bones perfectly, because the surrounding tissues provide some 148 
structural support when sectioning, but ensure all skin is removed. 149 
 150 
3.2.3. Using a scalpel, cut through the soft tissue where the top of the leg meets the body until 151 
the femoral head is visible, then cut the ligaments in the hip joint to remove the leg. 152 
 153 
NOTE: Alternatively, if it is not possible to find the femoral head, cut through the femur close to 154 
the hip with strong scissors. 155 
 156 
3.2.4. Dissect the foot from the rest of the leg using a scalpel or sharp scissors. 157 
 158 
4. Tissue fixation and processing 159 
 160 
NOTE: Based on the tissue of interest, follow one of the two protocols detailed below (4.1 for 161 
soft tissues or 4.2 for mineralized mouse tissues over the age of approximately 45 days, as 162 
detailed below). For both methods, store the dissected samples in the 3.7% 163 
formaldehyde/phosphate buffered saline (PBS) solution on ice while dissecting the remaining 164 
animals. 165 
 166 
4.1. For soft tissues and mineralized tibiae and femora up to the age of approximately P45, fix 167 
the tissue in precooled 3.7% formaldehyde/PBS for 6 h, rolling gently on a rotator at 4 °C. Use a 168 
volume at least 10x greater than that of the tissue. Continue directly to step 4.3. 169 
 170 
4.2. For mineralized tissues, including the tibiae and femora over the age of approximately P45, 171 
a decalcification step is required. 172 
 173 
4.2.1. Prepare 1 L of 10% EDTA/dH2O solution with the pH adjusted to 8.05 using sodium 174 
hydroxide. Next, dilute the formaldehyde to 3.7% using this solution. The working 175 
concentration of EDTA will be 9%. 176 



   

   
 

 177 
4.2.2. Fix the tissue by placing into precooled 3.7% formaldehyde/PBS overnight, gently rolling 178 
on a rotator at 4 °C. 179 
 180 
4.2.3. Place the tissue into precooled 3.7% formaldehyde/9% EDTA/dH2O solution (pH 8.05), 181 
and gently rotate at 4 °C in a volume at least 10x greater than that of the tissue. Repeat this 182 
step by placing the bones into fresh, precooled 3.7% formaldehyde/9% EDTA/dH2O for 3x over 183 
the next 48 h. 184 
 185 
NOTE: This short decalcification is enough to allow for sectioning of the femur and tibia bones 186 
of up to 6 months-old mice. For more densely mineralized tissues further decalcification may be 187 
required to improve histology. 188 
 189 
4.3. Transfer the tissue into precooled 30% sucrose/dH2O. Make sure to fill the container to the 190 
brim, and gently rotate overnight at 4 °C. Use a volume at least 10x greater than that of the 191 
tissue. The tissue will often float when first placed into this solution and sink to the bottom of 192 
the bottle by the morning. 193 
 194 
4.4. To remove the residual sucrose solution, briefly wash the tissue by removing it from the 195 
sucrose solution with forceps and completely covering the sample with approximately 5 ml of 196 
optimal cutting temperature compound (OCT) for several seconds. 197 
  198 
4.5. Fill a prelabeled cryomold with OCT and position the tissue at the bottom. Work quickly to 199 
avoid the samples sitting at room temperature for too long. 200 
 201 
NOTE: It is important to place the sample in a convenient orientation for the sectioning step. To 202 
increase the chances of sectioning through entire growth plate columns after tracing with 203 
Col2CreERT:Confetti, place the medial side facing down using the femoral head as a guide, and 204 
position the sample as flat to the bottom of the mold as possible. 205 
 206 
4.6. Embed the sample by placing the mold onto dry ice and waiting for the OCT to entirely 207 
solidify. Place the cryomolds as flat as possible to avoid movement/sliding of the tissue in the 208 
mold. Once finished, store the samples at -20 °C, if they are not used immediately. 209 
 210 
NOTE: Use within 12 weeks, because with age the blocks become more difficult to section. 211 
 212 
5. Sectioning 213 
 214 
NOTE: Perform cryosectioning using a cryostat with disposable blades suitable for hard tissue. 215 
Any standard cryostat is suitable. 216 
 217 
5.1. Remove the block from the mold and secure it to the chuck by applying OCT between the 218 
top of the block and the chuck and cooling in the cryostat at -20 °C for at least 5 min, so that 219 
the OCT has completely solidified. 220 



   

   
 

 221 
5.2. Precool both the sample holder and the blade holder to -20 °C and then place the 222 
sample/chuck in the chuck holder and the blade in the blade holder to equilibrate for several 223 
min. 224 
 225 
NOTE: The specified temperatures may be varied by several degrees depending on the cryostat 226 
and the tissue of interest. 227 
 228 
5.3. Use the cryostat to trim the block and cut tissue sections of a suitable thickness to allow for 229 
the visualization of the clones in the tissue of interest. 230 
 231 
5.3.1. For postnatal growth plate analysis, prepare sections of 30−160 µm and collect them on 232 
slides. Some cryostat models may only allow the collection of thick sections using the trim 233 
setting. 234 
 235 
5.4. Air dry the slides at room temperature until they are completely dry. 236 
 237 
NOTE: The duration of this step can vary based on tissue properties and section thickness. The 238 
temperature of the room is also likely to affect the speed of this step. 239 
 240 
5.5. Store the slides at -20 °C for up to 36 months, or if processing immediately, proceed to step 241 
6.2. 242 
 243 
6. Slide preparation and mounting 244 
 245 
6.1. Remove the slide from the freezer and bring up to room temperature horizontally in a slide 246 
holder. Allow any condensation to evaporate. 247 
 248 
6.2. Remove the OCT by using a Pasteur pipette to gently apply PBS at room temperature onto 249 
the slide. The thicker the section, the longer time is required. For 160 µm thick sections, 250 
perform two rinses: incubate once for 15 min and remove the liquid, and then apply fresh PBS 251 
for 5 min and remove the liquid. 252 
 253 
NOTE: This step is to remove the OCT and can be varied based on tissue properties and section 254 
thickness, as appropriate. The temperature of the room is likely to affect the speed of this step. 255 
 256 
6.3. Mount the slides in a solution of 75% 2,2-thiodiethanol/dH2O at room temperature with 60 257 
mm long cover slips. 258 
 259 
NOTE: Slides can be prepared immediately before imaging, but the fluorescent signal is stable 260 
for 1−2 weeks if kept out of the light in a humidified chamber at 4 °C. 261 
 262 
7. Imaging by confocal microscopy 263 
 264 



   

   
 

7.1. Set up the microscope. 265 
 266 
7.1.1. Turn on the microscope and open the software. Click the Start System button. 267 
 268 
7.1.2. Select the channels by first clicking Smart Setup under the Acquisition tab and then 269 
selecting the three channels corresponding to red fluorescent protein (RFP), yellow fluorescent 270 
protein (YFP), and cyan fluorescent protein (CFP) under the Dye heading. Click Best signal then 271 
Apply to select the lasers. 272 
  273 
NOTE: The contents of the Acquisition tab are shown in Supplementary file 1A. If the required 274 
channels are not present, add them using the ‘+’ button under the Dye heading. The necessary 275 
information regarding laser, excitation wavelengths, and the range of recorded emission 276 
wavelengths is shown for the three Confetti fluorescent proteins in Supplementary file 1B-D. 277 
 278 
7.1.3. Select the 20x objective lens under the Objective heading in the Acquisition Mode tab. 279 
 280 
7.2. Locate the growth plate or other tissue of interest. 281 
 282 
7.2.1. To provide a distinct view, first select the RFP channel by clicking its name in the 283 
Channels tab. This causes details of the RFP channel to be displayed in the Light Path tab. Click 284 
the tick-box beside T-PMT. 285 
 286 
NOTE: T-PMT channel shows nonreflected laser light, which is used to visualize the 287 
nonfluorescent parts of the tissue. 288 
 289 
7.2.2. Place the slide in the slide holder and position the growth plate or other tissue of interest 290 
directly between the light path and the objective lens. 291 
 292 
7.2.3. In order to simplify localizing the tissue, deselect the YFP and CFP channels using the tick-293 
boxes under the Tracks heading of the Channels tab. 294 
 295 
7.2.4. Select the T-PMT channel by clicking its name in the Tracks heading. Click Live in the 296 
Acquisition tab and increase the Gain (Master) for the T-PMT channel in order to visualize the 297 
tissue section on the screen, which is shown in greyscale. 298 
 299 
7.2.5. Move the position of the slide using the joystick to locate the region of interest, then 300 
focus using the appropriate microscope knob. 301 
 302 
7.2.6. Click Stop in the Acquisition tab to turn off the laser exposure. 303 
 304 
7.3. Define the imaging parameters. 305 
 306 
7.3.1. Use the tick-boxes in the Channels tab to select one of the channels and click Live in the 307 
Acquisition tab to display the image of that channel on the screen. Then, using the left-click 308 



   

   
 

button on the mouse, adjust the slide-bars to set the range of emitted fluorescent signal that is 309 
collected, the laser power (sliding bar under Lasers heading), Gain (Master) and Digital Offset 310 
in the Channels tab to visualize the Confetti-labeled cells on the screen. Guideline values for all 311 
of these parameters are provided in Supplementary file 1B-D for RFP, YFP, and CFP. Complete 312 
this step for every channel, one by one. 313 
 314 
NOTE: To ensure the visualized signal is not autofluorescence, a section from a Cre negative 315 
animal can be used as a negative control during this step. As T-PMT has been combined with 316 
the RFP laser (step 7.2.1) adjusting laser power for RFP will affect T-PMT signal.  317 
 318 
7.3.2. Adjust the Pinhole size to increase the fluorescence detection if necessary. 319 
 320 
NOTE: The higher the pinhole size, the more fluorescent signal is detected in the Z-direction. A 321 
guideline for this is the resultant Airy Unit (AU), which is automatically indicated beneath the 322 
Pinhole indicator, where 1 AU is optimal for imaging quality. Increasing the AU too much will 323 
impair later analysis because it becomes more difficult to distinguish individual cells in the Z-324 
direction). 325 
 326 
7.3.3. Check the setup to ensure that the recorded signals do not overlap. 327 
 328 
7.3.3.1. Click on the tick-boxes in the Channels tab to select all three channels and press the 329 
Snap button in the Acquisition tab. 330 
 331 
7.3.3.2. In the resultant image, scroll between the displayed channels by clicking the blue-332 
highlighted boxes above each listed Channel in the Dimensions tab. Manually check for the 333 
overlap between the channels on the screen. If the signals overlap (e.g., if every red cell is also 334 
yellow), return to the beginning of step 7.3 and repeat, adjusting the parameters for the 335 
overlapping channels until they can be distinguished from each other. Ensure that for each label 336 
(i.e., RFP, YFP, or CFP), at least one clone can be visualized that contains only one of the labels. 337 
 338 
7.4. Acquire image. 339 
 340 
7.4.1. Select the Acquisition Mode tab to specify image quality using the Frame Size, Speed, 341 
and Averaging Number values. 342 
  343 
NOTE: The typical settings for these experiments are indicated in Supplementary file 1A. 344 
Reducing the Zoom under the Scan Area heading within the Acquisition tab can increase the 345 
field of view without altering the time required for image acquisition. 346 
 347 
7.4.2.  In the Acquisition tab, under the Dimensional Acquisition heading, click the Z-Stack tick-348 
box. Open the Z-stack tab to set the interval between images in the Z-direction to 2.5 µm. 349 
 350 
7.4.3. To set the correct locations, select only the RFP/T-PMT in the Channels tab and click Live 351 
to visualize the red clones with a visible outline of the tissue. Set the first and last slice by 352 



   

   
 

clicking Set First and Set Last on the corresponding slice, adjusting the focus using the 353 
microscope knob. 354 
 355 
7.4.4. Click the Tile Scan tab within the Acquisition tab and enter the total number of tiles in 356 
the horizontal and vertical directions in the respective boxes. 357 
 358 
7.4.5. For image capture, select all the desired channels in the Channels tab, then click the Snap 359 
button to collect a single image, or the Start Experiment button to collect a Z stack/Tile scan. 360 
 361 
7.5. Once the image has been acquired, click File then Save As and save the image in a file type 362 
that preserves as much information about the microscope settings as possible, to allow later 363 
review and reuse. 364 
 365 
7.6. Perform further analysis using image analysis software. 366 
 367 
REPRESENTATIVE RESULTS:  368 
To label chondrocytes in the epiphyseal cartilage and visualize their clonal expansion with age 369 
using tamoxifen administration on P1, Col2CreERT:Confetti mice were labeled, and their hind-370 
limbs were collected on P27. The central section was determined by visualizing the cruciate 371 
ligament (Figure 2A) and clones in the proximal tibial growth plate were visualized (Figure 2B). 372 
These data show that individual cells that were Col2-positive on P1 and became labeled with 373 
Confetti fluorescent proteins when tamoxifen was administered, underwent clonal expansion, 374 
and subsequently remained in the growth plate until P27. The initial changes in clonal 375 
expansion from a similar developmental time point can be seen in Figure 1 of a recent 376 
publication13. 377 
 378 
To give an example of the fluorescent signal after long-term storage (step 5.5), the section 379 
collected was stored immediately after (see Figure 2A, B) for more than 3 years before it was 380 
prepared and imaged (Figure 2C, Video 1). 381 
 382 
To demonstrate some common problems with the protocol, a section broken during the 383 
cryosectioning step is shown in Figure 3A. The region of the section (between the growth plate 384 
and articular cartilage) expanded in Figure 3B shows that this dose of tamoxifen leads to such a 385 
high level of recombination in this area that it would preclude clonal analysis. 386 
 387 
FIGURE AND TABLE LEGENDS:  388 
Figure 1: Experimental overview. Flow chart summarizing the key stages of the method.  389 
 390 
Figure 2: Confetti images from a Col2CreERT:Confetti mouse. (A) Samples of 391 
Col2CreERT:Confetti mice were processed without decalcification or the long-term storage 392 
step. The central section was located using the cruciate ligament as a marker. This image was 393 
visualized using a tile scan after detecting RFP with T-PMT (Scale bar = 300 µm). (B) Clonal 394 
columns are shown within the proximal tibia of the growth plate visible in (A), following 3D 395 
reconstruction. (C) An adjacent slide to that shown in (A) and (B) held in long-term storage for 396 



   

   
 

more than 3 years was processed for imaging and 3D reconstruction. RFP, YFP, and CFP are 397 
shown in (B) and (C) (Scale bars = 50 µm). 398 
 399 
Figure 3: Challenges when using the method. (A) The white dashed lines outline a split in the 400 
section through the growth plate of Col2CreERT:Confetti mice (Scale bar = 50 µm). The area 401 
within the white box is shown in (B) (Scale bar = 25 µm). RFP, YFP, and CFP are shown in both 402 
panels, and the nonreflected laser light (T-PMT) channel is also shown in (A) to visualize the 403 
tissue. 404 
 405 
Video 1: Three-dimensional reconstruction of a growth plate from Col2CreERT: Confetti 406 
mouse. A slide prepared from a Col2CreERT: Confetti mouse was held in long-term storage 407 
after the sectioning for more than 3 years, and then processed for imaging. Three-dimensional 408 
reconstruction was conducted automatically with image analysis software and exported as a 409 
video. 410 
 411 
Supplementary file 1: Typical set-up of the confocal microscope. (A) The main controls present 412 
in the Acquisition tab. (B−D) The laser parameters, excitation wavelength, and the range of 413 
recorded emission wavelengths are shown for three Confetti fluorescent proteins. 414 
 415 
DISCUSSION:  416 
The Confetti model was used extensively to study mineralized cartilage tissues12–14 and to 417 
describe the optimized protocol. Confetti mice2 with one copy or two copies of the R26R-418 
Confetti allele can be used for breeding and experiments. Recombination in mice with one 419 
allele of the Brainbow 2.1 construct will give four potential labels: red fluorescent protein (RFP, 420 
cytoplasmic), yellow fluorescent protein (YFP, cytoplasmic), cyan fluorescent protein (CFP, 421 
membrane-localized), and green fluorescent protein (GFP, nucleus-localized), whereas 422 
recombination in the homozygous Confetti mice (i.e., containing two copies of the Brainbow 2.1 423 
construct) will give 10 possible color outputs (RFP+RFP, RFP+YFP, RFP+CFP, RFP+GFP, YFP+YFP, 424 
YFP+CFP, YFP+GFP, CFP+CFP, CFP+GFP, GFP+GFP). However, because the DNA excision and 425 
inversion events occur in a stochastic manner, recombination to produce GFP occurs in only a 426 
small fraction of cells, as previously reported2, and seemingly differs by cell-type or Cre line 427 
used2,12,13. Hence, given the low occurrence of recombination events leading to the GFP 428 
expression, six color outputs are the most common in homozygous Confetti mice.  429 
 430 
An important consideration when planning experiments with the Confetti mouse is to find a 431 
suitable Cre strain. First, since the Confetti allele has several loxP sites, one recombination 432 
event does not preclude a second4. This means that if a cell is labeled and divides to produce a 433 
clone of one color, a second recombination event in one of its daughter cells would generate a 434 
different color, thereby masking the true clonal expansion. Thus, noninducible Cre strains, 435 
where the enzyme is always active if the corresponding promoter is active, are not advisable. 436 
Second, in some strains the expression of Cre recombinase often comes at the expense of an 437 
endogenous protein, thereby creating a phenotype of its own (e.g., for the Prg4-GFPCreERT2 438 
knock-in mouse strain in which mice harbor two Cre alleles15), so a single copy of the Cre allele 439 
is desirable. In all of the described experiments, a single copy of the Col2CreERT16 was carried 440 



   

   
 

by either the male or the female parent to generate Col2CreERT:Confetti mice, as described13. 441 
Next, the specificity of the Cre line to the cell type of interest is an important consideration. For 442 
example, Col2CreERT is chondrocyte-specific, but labels several distinct populations of 443 
chondrocytes in early postnatal cartilage17. Finally, the activity of different Cre strains can 444 
change considerably with animal age, as the endogenous activity of the promoter utilized for 445 
Cre expression changes, even in cells of the same type (e.g., Prg4-GFPCreERT2, which can 446 
require an increasing number of tamoxifen doses to label superficial zone cells as mice age15).  447 
 448 
The number of labeled cells will be reflected by the amount of tamoxifen given, so it is not 449 
always desirable to give the maximum dose because distinguishing clones from each other may 450 
be difficult. Because Cre expression will vary under the regulation of different promoters as well 451 
as with age, the tamoxifen dosage will need to be adjusted to optimize labeling. It is important 452 
to note that cells are not immediately fluorescent upon triggering recombination because time 453 
is required for the recombination to occur and the resulting fluorescent proteins to accumulate 454 
sufficiently for imaging. A broad range of hours (between 24−72 h) is needed, which appears to 455 
be influenced by the Cre line, cell-type, and animal age. Since tamoxifen can be biologically 456 
active long after administration18 it is always advisable to thoroughly check recombination 457 
efficiency in each model. 458 
 459 
During the confocal microscopy step, excitation of the Confetti fluorescent proteins requires 460 
penetration of the tissue by laser light. Because different tissues have different properties, laser 461 
light might not penetrate 160 µm thick sections of all tissues. However, such thick sections can 462 
be used for growth plate cartilage, as used in Figure 2, Figure 3. Note that every microscope is 463 
different, and it is unlikely that the described settings (Supplementary File 1) will work perfectly 464 
without minor adjustments. One of the major challenges is to distinguish the different 465 
fluorescent proteins to ensure that there is no contamination from one channel to another. For 466 
example, the signal in the YFP channel caused by the fluorescence coming from GFP overlaps 467 
between the YFP and RFP channels. YFP and CFP channels must also be carefully checked. This 468 
can be done in several ways. First, the emission range of fluorescent light wavelengths that are 469 
recorded for each fluorescent protein can be narrowed. Second, adjusting the laser power in 470 
combination with the digital gain can optimize the signal. In this study these steps were 471 
sufficient, but they rely on a strong fluorescent signal. This means that in theory, inefficient 472 
tissue processing can reduce the activity of the fluorescent proteins, or a weak laser light 473 
source can impair channel separation.  474 
 475 
One of the advantages of the Confetti mouse is that it can be combined with a large number of 476 
genetically mutant strains that are available so that the impact of specific genes on clonal 477 
dynamics can be studied10,11,13,14,19,20, albeit with some limitations. For example, recombination 478 
of the Confetti alleles and the gene of interest cannot be separated when using Cre loxP-based 479 
mutants combined with clonal lineage tracing. Nevertheless, such coinciding recombination 480 
events can be effective10,14,20. For example, this possibility was used to explore the increased 481 
cell number in the resting zone of mice following postnatal chondrocyte-specific ablation of 482 
TSC1 in the growth plate21 and revealed the clonal relationship between these cells over time13. 483 
Additionally, the tissue-specific clonal analysis using Confetti mice can be used with non-Cre 484 



   

   
 

loxP-based mutant mice11, and it is also possible to combine these approaches with 485 
pharmacological8,9,13 and/or surgical models8 to visualize clonal responses to other functional 486 
perturbations. Further opportunities arise when combining Confetti labeled sections with 487 
immunodetection of endogenous proteins by immunofluorescence. Such analysis allows the 488 
identification of traced cells and their colocalization with a known marker. With the fixation 489 
method described herein, it is possible to conduct immunofluorescence and still visualize the 490 
fluorescence from the Confetti fluorescent proteins12,13. However, in the papers mentioned, 491 
antigen retrieval was not required. Harsh antigen retrieval methods, such as boiling in citrate 492 
buffer, leads to a complete loss of Confetti fluorescence. Although the Confetti fluorescent 493 
proteins can then be detected by using antibodies22, a loss of clonal identity can occur.   494 
 495 
In summary, using the Confetti model to label cells in vivo is an informative tool to analyze the 496 
fate of those cells over time. The described method provides a fast and efficient way to directly 497 
visualize fluorescent protein expression in mineralized tissues. 498 
 499 
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Cryomold (standard) Sakura 4557

Cryostat Thermo Model: NX70

Disposable cryostat blades Histolab 207500014

EDTA Scharlan AC0960005P

Formaldehyde concentrate Merck 8.18708.1000

Glass bottles Sigma V7130

Imaris software Oxford Instruments N/A

Isoflurane Zoetis 11-8162

OCT Sakura 102094-104

Pasteur pipette Sarstedt 86.1171

PBS Gibco 14200075

Sodium hydroxide Merck 1.06498.1000

Sucrose Sigma S0389

Superfrost UltraPlus slides Mendel-Gläzer J3800AMNZ

Tamoxifen Sigma T5648

Zen2 software Zeiss N/A
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Image analysis software for 3D reconstruction
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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. 
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3. Once done please proofread the manuscript well before submitting. 
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