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Pax7 haploinsufficiency impairs muscle stem cell function in Cre-recombinase mice and underscores the importance of appropriate controls

Keywords: Muscle stem cells, Satellite cells, Mouse molecular genetics, Stem cell research, Cre-lox, Pax7

Ever since its introduction as a genetic tool, the Cre-lox system has been widely used for molecular genetic studies in vivo in the context of health and disease, as it allows time-and cell-specific gene modifications. However, insertion of the Cre-recombinase cassette in the gene of interest can alter transcription, protein expression, or function, either directly, by modifying the landscape of the locus, or indirectly, due to the lack of genetic compensation or by indirect impairment of the non-targeted allele. This is sometimes the case when Cre-lox is used for muscle stem cell studies. Muscle stem cells are required for skeletal muscle growth, regeneration and to delay muscle disease progression, hence providing an attractive model for stem cell research. Since the transcription factor Pax7 is specifically expressed in all muscle stem cells, tamoxifen-inducible Cre cassettes (CreERT2) have been inserted into this locus by different groups to allow targeted gene recombination. Here we compare the two Pax7-CreERT2 mouse lines that are mainly used to evaluate muscle regeneration and development of pathological features upon deletion of specific factors or pathways. We applied diverse commonly used tamoxifen schemes of CreERT2 activation, and we analyzed muscle repair after cardiotoxin-induced injury. We show that consistently the Pax7-CreERT2 allele targeted into the Pax7 coding sequence (knock-in/knock-out allele) produces an inherent defect in regeneration, manifested as delayed post-injury repair and reduction in muscle stem cell numbers. In genetic ablation studies lacking proper controls, this inherent defect could be misinterpreted as being provoked by the deletion of the factor of interest. Instead, using an alternative Pax7-CreERT2 allele that maintains bi-allelic Pax7 expression or including appropriate controls can prevent misinterpretation of experimental data. The findings presented here can guide researchers establish appropriate experimental design for muscle stem cell genetic studies.

Introduction

Skeletal muscle displays an incredible capacity to fully regenerate after severe injuries, thanks to a dedicated pool of muscle stem cells (MuSCs, also called satellite cells). Four groups showed independently that in the absence of MuSCs, skeletal muscle cannot recover from injuries [START_REF] Lepper | An absolute requirement for Pax7-positive satellite cells in acute injury-induced skeletal muscle regeneration[END_REF][START_REF] Mccarthy | Effective fiber hypertrophy in satellite cell-depleted skeletal muscle[END_REF][START_REF] Murphy | Satellite cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration[END_REF][START_REF] Sambasivan | Pax7expressing satellite cells are indispensable for adult skeletal muscle regeneration[END_REF]. MuSCs have attracted much attention as a stem cell and regeneration model thanks to this extraordinary repair potential, but also because their malfunctioning could lead to (or fail to protect from) degenerative muscle disorders progression. To develop effective gene or cell therapies for these diseases, it is fundamental to elucidate the factors and pathways that ensure the correct function of the MuSCs. The Cre-lox genetic tool has been widely used for this purpose since it allows controlled spatio-temporal deletion of factors of interest, notably when using the estrogen receptor (ER) fusion alleles, CreER or CreERT2 [START_REF] Feil | Regulation of Cre recombinase activity by mutated estrogen receptor ligand-binding domains[END_REF], in which recombination is induced by the administration of exogenous estrogens (e.g., tamoxifen) that drive translocation of Cre recombinase to the nucleus.

Pax7 regulatory elements have been commonly used as the driver of Cre recombinase for lineage tracing and genetic alterations in MuSCs. Several muscle labs generated Pax7-Cre, Pax7-CreER (or Pax7-CreER ™ ) and Pax7-CreERT2 alleles [START_REF] Relaix | Satellite cells are essential for skeletal muscle regeneration: the cell on the edge returns centre stage[END_REF]. The Pax7-CreERT2 generated by the Fan lab [START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF] is the first MuSC-specific CreERT2 to be produced and thus has been widely used for a long time. However, CreERT2 is inserted off-frame in exon 1 of the Pax7 locus rendering it null; indeed tamoxifen-treated Pax7 CreERT2(Fan)/flox mice had no Pax7 transcript, Pax7 protein or Pax7 + cells in their muscles [START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF]. Thus, Cre-ERT2 insertion generates a Pax7 heterozygous mouse, a parameter which has been disregarded in many studies (see below) but could affect muscle phenotype and ability to regenerate.

Results and Discussion

Pax7 CreERT2(Fan)/+ mice are heterozygous for Pax7 [START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF] and PAX genes often show heterozygous phenotypes in mouse models and human disease [START_REF] Relaix | Pax3 and Pax7 have distinct and overlapping functions in adult muscle progenitor cells[END_REF]. Given that Pax7 is important for proper MuSC function, it is imperative to compare Pax7 CreERT2(Fan) -inducible mutants to Pax7 CreERT2(Fan)/+ controls rather than Pax7 +/+ controls. Thus, we first mined the literature for studies with the Pax7 CreERT2(Fan) allele and we reviewed the selected controls. We listed all papers that cited the original publication of the Pax7 CreERT2(Fan) allele [START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF], but also the three follow-up studies that could be mistaken for the original publication [START_REF] Lepper | An absolute requirement for Pax7-positive satellite cells in acute injury-induced skeletal muscle regeneration[END_REF][START_REF] Lepper | Generating tamoxifen-inducible Cre alleles to investigate myogenesis in mice[END_REF][START_REF] Lepper | Inducible lineage tracing of Pax7-descendant cells reveals embryonic origin of adult satellite cells[END_REF]. We then removed reviews, duplicates, and papers that cited the study without using the Pax7 CreERT2(Fan) mice. This left us with 71 papers in which a floxed gene was recombined by Pax7 CreERT2(Fan) . Interestingly, more than half of those studies were using inappropriate controls (i.e., wild-type mice) and only 31 of them compared mutant phenotypes to control Pax7 CreERT2(Fan)/+ allele (Fig. 1A).

Strikingly, most studies that used a Pax7-CreERT2 allele to delete a gene of interest performed muscle injury and analyzed the capacity of the conditional mutant muscle to regenerate, with the aim of revealing the gene(s) that drive MuSC function and could be used in a therapeutic context. Thus, an inherent regenerative problem of the Pax7-CreERT2 mouse line could be wrongly attributed as a phenotype caused by targeted deletion of the floxed gene. We, therefore, wanted to investigate the regeneration capacity of the two most used Pax7-CreERT2 alleles generated by the Fan and Kardon labs (hereafter Pax7 CreERT2(Fan) and Pax7 CreERT2(Gaka) , respectively). In targeted alleles expressing CreERT2, Cre translocation to the nucleus is induced by tamoxifen; the effect of tamoxifen has been investigated in muscle and muscle diseases, but studies are lacking for MuSCs. In addition to untreated animals, we therefore analyzed cohorts under two (short induction) or five weeks of tamoxifen diet (achieving 95% recombination efficiency; data not shown). We chose tamoxifen diet over other administration methods driven by the: (i) need for less interventional animal treatments amid growing concerns on experimental animal welfare and increasingly strict regulations on experimental conditions, and (ii) Fig. 1 Assessing the regeneration of different Pax7 alleles with no or limited tamoxifen. A Scheme of literature mining to identify studies using the Pax7 CreERT2(Fan) allele and used controls. Briefly, a list of all studies citing the Pax7 CreERT2(Fan) allele, and all associated studies was made. Reviews, duplicates, and studies that do not use the allele were removed. Finally, out of the remaining studies, controls were divided in 4 different groups (No control, WT control, Pax7 CreERT2 control, or Pax7 CreERT2 + WT controls). B Schematic representation of the different Pax7 alleles used for this study. E1-E8 are exons 1 through 8. C Mice on regular diet, were injured with cardiotoxin (INJURY) and TAs were collected seven days post-injury (D7). D. Quantifications of the number of PAX7 + cells/mm 2 from TA sections at seven days post-injury immunostained with PAX7 (MuSC marker), LAMININ (to outline the fibers), and DAPI (to counterstain nuclei). n = 3 per genotype. E Quantifications of the number of eMyHC + cells per 100 fibers from TA sections immunostained with eMyHC (regenerating fiber marker) and LAMININ (to outline all fibers). n = 3-4 per genotype. F Sections from TAs of injured mice were stained with hematoxylin (to highlight nuclei; purple) and eosin (to highlight the cytoplasm; pink). n = 3-4 per genotype. G Mice were put on tamoxifen diet for two weeks; TAs were injured with cardiotoxin (INJURY) following one week of the diet start and collected seven days following injury. H Sections from TAs of tamoxifen-treated, injured mice were immunostained with LAMININ and PAX7 and quantified for PAX7 + cells/mm 2 . n = 3-4 per genotype. I Quantifications of eMyHC + fibers per 100 fibers from TA sections immunostained with eMyHC and LAMININ following two weeks of tamoxifen diet. n = 3-4 per genotype. J Sections from TAs of tamoxifen-treated, injured mice were stained with hematoxylin (to highlight nuclei; purple) and eosin (to highlight the cytoplasm; pink). n = 3-4 per genotype. Independent Student's t test was performed between the groups indicated by a horizontal bar in graphs and detailed in the Material and Methods section; ns, not statistically significant; *p < 0.05, **p < 0.01, and ***p < 0.001. Error bars indicate standard deviation. The experimental unit is single animals. Scale bar, 30 um (See figure on next page.) lack of side effects on mouse physiology by tamoxifen diet, as opposed to intraperitoneal injections [START_REF] Ceasrine | Tamoxifen Improves glucose tolerance in a delivery-, sex-, and straindependent manner in mice[END_REF]. To evaluate the interactions between tamoxifen treatment, the Pax7-CreERT2 alleles, and muscle tissue repair, we injected cardiotoxin into the Tibialis anterior (TA) muscle, a standard model of muscle injury and regeneration of tamoxifen-treated mice. Regenerating muscles were collected seven days post-injection (D7), when they are expected to have newly formed myofibers and MuSCs renewal. The outcomes assessed post-regeneration were (i) general histology and muscle architecture (hematoxylin-eosin staining), (ii) numbers of MuSCs (Pax7 immunostaining), and iii) numbers of regenerated fibers (embryonic myosin heavy (eMyHC) immunostaining).

We analyzed the regeneration capacity of the Pax7 CreERT2(Fan)/+ and Pax7 CreERT2(Gaka)/+ mice, which respectively contain a mutant or an intact Pax7 allele, because the Cre was inserted in Exon 1 or as a bicistronic IRES transcript in the 3' UTR, respectively (Fig. 1B). Of note, even though Pax7 expression has not been properly quantified in Pax7 CreERT2(Gaka) , analysis of muscles for which Pax7 function is crucial (i.e., at early postnatal and post-regeneration stages) showed that Pax7 function is not compromised in tamoxifen-treated Pax7 CreERT2(Gaka)/ CreERT2(Gaka) compared to controls [START_REF] Murphy | Satellite cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration[END_REF]. As an internal control of Pax7 loss, our analysis includes the Pax7 LacZ mouse that also harbors a Pax7 null allele (Fig. 1B) and displays Pax7 mutant phenotypes [START_REF] Mansouri | Dysgenesis of cephalic neural crest derivatives in Pax7-/-mutant mice[END_REF],specifically, β-galactosidase and neomycin were inserted in the first exon of the paired box of Pax7, leading to no detectable Pax7 RNA in Pax7 LacZ/LacZ mice [START_REF] Mansouri | Dysgenesis of cephalic neural crest derivatives in Pax7-/-mutant mice[END_REF]. Because Pax7 CreERT2(Fan)+ , Pax7 CreERT2(Gaka)/+ , and Pax7 LacZ/+ mice come from slightly different genetic backgrounds, we used Pax7 +/+ littermates as controls for each mouse line. Histological analysis of regenerating muscles did not reveal gross morphological differences in any line (Fig. 1C-J). In the absence of tamoxifen treatment, there was no significant difference in the number of PAX7 + cells (i.e., MuSCs) and eMyHC + myofibers (i.e., newly formed, regenerated fibers; Fig. 1C-E). However, two weeks of tamoxifen treatment decreased MuSC numbers in Pax7 CreERT2(Fan)/+ and Pax7 LacZ/+ but not Pax7 CreERT2(Gaka)/+ muscles, suggesting a combinatorial regeneration delay due to Pax7 haploinsufficiency in the presence of tamoxifen (Fig. 1G-I). This phenotype was even more evident with five weeks of tamoxifen treatment (Fig. 2A-E). In this tamoxifen regimen, MuSCs were reduced in Pax7 CreERT2(Fan)/+ and Pax7 LacZ/+ mice, but not Pax7 CreERT2(Gaka)/+ , as revealed by PAX7 + counts in all models and confirmed by mCadherin + cells in Pax7 CreERT2(Fan)/+ (Fig. 2B-E). Furthermore, the regeneration delay was also evident in the Pax7 CreERT2(Fan)/+ by the increased numbers of eMyHC fibers compared to its control (Fig. 2B,E). In addition, at five weeks of tamoxifen diet, hematoxylin-eosin staining revealed considerable regions that were not repaired in Pax7 CreERT2(Fan)/+ samples, as opposed to their controls or other lines (Fig. 2B). Given the severe D7 regenerative phenotype in the five-week tamoxifen regimen, we then evaluated the injured muscles 28 days post-injury, when the damaged muscles are expected to display a complete recovery. At this late stage, Pax7 CreERT2(Fan)/+ TAs still showed a reduced number of PAX7 + MuSCs compared to their controls, while we did not observe significant differences in Pax7 LacZ/+ and Pax7 CreERT2(Gaka)/+ TAs compared to their respective controls (Fig. 2F-G).

In conclusion, we report that Pax7 +/-mice (i.e., Pax7 CreERT2(Fan)/+ or Pax7 LacZ/+ ) present with a defect in regeneration following prolonged tamoxifen treatment. Pax7 CreERT2(Gaka)/+ mice do not show regeneration defects in our (Figs. 1 and2) or previous studies [START_REF] Murphy | Satellite cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration[END_REF], supporting the idea that the defects in Pax7 CreERT2(Fan)/+ or Pax7 LacZ/+ are due to Pax7 heterozygosity. Our study therefore highlights the critical importance of selecting the correct genetic tools with appropriate controls to study biological mechanisms and diseases. This is recognized by the lab that created the Pax7 CreERT2(Fan)/+ mice (See figure on next page.) Fig. 2 Assessing the regeneration of different Pax7 alleles following prolonged tamoxifen administration. A Mice were treated with tamoxifen for five weeks total and injured with cardiotoxin (INJURY) following four weeks of treatment. TAs were then collected following seven days of injury. B Staining of sections from injured TAs for (i) upper panel: hematoxylin (to highlight nuclei; purple) and eosin (to highlight the cytoplasm; pink), (ii) middle panel: eMyHC (to mark newly formed regenerating myofibers; red), LAMININ (to outline myofibers; green), DAPI (to stain nuclei; blue) and (iii) lower panel: PAX7 (to mark MuSCs; red) with LAMININ (to outline myofibers; green) following seven days of injury in the five-week tamoxifen regimen. C Quantifications of PAX7 + MuSCs of (B). n = 3-7 per genotype. D Quantifications of mCadherin + cells/mm 2 from injured TAs of Pax7 CreERT2(Fan)/+ and controls from TA sections immunostained with mCadherin (MuSC marker) and LAMININ (to outline myofibers) collected at seven days post-injury following five weeks of tamoxifen treatment. n = 4-6 per genotype. E Quantifications of eMyHC + fibers per 100 fibers from TAs at day seven post-injury with five weeks of tamoxifen treatment. n = 3-5 per genotype. F Mice were treated with tamoxifen for five weeks total and injured with cardiotoxin (INJIURY) following four weeks of treatment. TAs were then collected following 28 days of injury. G Quantifications of the number of PAX7 + MuSCs from mice treated with five weeks of tamoxifen, injured following four weeks and TAs collected at 28 days post-injury. n = 2-5 per genotype. Independent Student's t test was performed between the groups indicated by a horizontal bar in graphs and detailed in the Material and Methods section; ns, not statistically significant; *p < 0.05, **p < 0.01, and ***p < 0.001. Error bars indicate standard deviation. The experimental unit is single animals. Scale bar, 30 um and that consistently compares conditional knockouts to Pax7-CreERT controls. However, attention should be drawn since the main commercial provider of these mice recommends wild-type littermates as controls (jax.org/ strain/012476; Accessed 23 Sept 2023). Moreover, our analysis revealed that approximately half of the published studies using this allele have not included the appropriate controls. Pax7 null mice show dysgenesis of cephalic neural crest derivatives and have limited to no survival to adulthood (genetic background-dependent), while the few that survive have thinner muscles that can barely regenerate [START_REF] Mansouri | Dysgenesis of cephalic neural crest derivatives in Pax7-/-mutant mice[END_REF][START_REF] Oustanina | Pax7 directs postnatal renewal and propagation of myogenic satellite cells but not their specification[END_REF][START_REF] Seale | Pax7 Is Necessary and Sufficient for the myogenic specification of CD45+: sca1+ stem cells from injured muscle[END_REF][START_REF] Seale | Pax7 is required for the specification of myogenic satellite cells[END_REF]. Their MuSCs display enhanced cell death and differentiation [START_REF] Relaix | Pax3 and Pax7 have distinct and overlapping functions in adult muscle progenitor cells[END_REF][START_REF] Lepper | Inducible lineage tracing of Pax7-descendant cells reveals embryonic origin of adult satellite cells[END_REF], yet it is unclear whether the reduction that we observed in regenerating Pax7 heterozygote animals -especially Pax7 CreERT2(Fan)/+ -is a result of cell death, precocious activation and inappropriate differentiation, or impaired proliferation, ineffective self-renewal, or even additive effects between inherent Pax7 heterozygous phenotypes and either Cre [START_REF] Schmidt-Supprian | Vagaries of conditional gene targeting[END_REF] or tamoxifen treatment, the latter also having been associated with inguinal hernias [START_REF] Reinert | Tamoxifen-induced Cre-loxP recombination is prolonged in pancreatic islets of adult mice[END_REF]. Regardless of the mechanism, Pax7 heterozygosity results in defective muscle regeneration in the presence of tamoxifen, and, thus, our study highlights the importance of carefully designing mechanistic studies of stem cells with appropriate Cre alleles and respective controls.

Material and methods

Study analysis

In June 2022 we mined PubMed for all papers that cited one or more of the four publications that describe the Pax7 CreERT2(Fan) allele by the group that generated it [START_REF] Lepper | An absolute requirement for Pax7-positive satellite cells in acute injury-induced skeletal muscle regeneration[END_REF][START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF][START_REF] Lepper | Generating tamoxifen-inducible Cre alleles to investigate myogenesis in mice[END_REF][START_REF] Lepper | Inducible lineage tracing of Pax7-descendant cells reveals embryonic origin of adult satellite cells[END_REF]. We then removed reviews and duplicates. The remaining papers were categorized as shown in Table 1 and as summarized in Fig. 1A.

Mice

The following mouse (Mus musculus) lines were provided by the corresponding laboratories as described: Pax7 CreERT2(Fan) [START_REF] Lepper | Adult satellite cells and embryonic muscle progenitors have distinct genetic requirements[END_REF], Pax7 +LacZ [START_REF] Mansouri | Dysgenesis of cephalic neural crest derivatives in Pax7-/-mutant mice[END_REF], Pax7 CreERT2(Gaka) (G. Kardon; Jackson Laboratories, stock 017763; [START_REF] Murphy | Satellite cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration[END_REF]. Animals were handled as per French and European Union guidelines, and protocols were approved by the French Ministry of Higher Education, Research and Innovation following favorable opinion of the ethics committee 16/ Anses-ENVA-UPEC (Project No: 20-027 #27431). The same ethics committee approved our study design in terms of animal numbers taking into account statistical power and the "Reduction" aspect of the 3R principle. We analyzed a minimum of three animals per genotype per line. Adult (8-12 week old) animals were imported weekly from the breeding facility at Orleans (France) to the experimental facility at Creteil (France) and they were given minimum seven days to adjust to the new conditions. A priori exclusion criteria were (i) death before inclusion to an experimental group (details in Table 2) and ii) the rare event that the TA was not fully injected, or it broke before cryosectioning and analysis (details in Table 2). In the above cases, a new control-mutant set was imported into the experimental facility; thus, the compared groups occasionally have n > 3. A total of 76 animals were analyzed in this study.

In both facilities mice are kept in rooms, cages, and enrichment environments that are up to the highest EU and French standards and regulations; both facilities have been audited and certified and further information on housing and husbandry can be requested to the facility heads. In the context of the tamoxifen and injury experimental procedures of this study (details below), the following methods were established and approved by the ethics committee to minimize or deplete pain and suffering: (i) mouse handling only by authorized researchers that have passed the two-week initial animal experimentation training and relevant continuous education required in France, (ii) mouse follow-up by experienced animal caretakers, including weekly checks; as a general practice, when signs of suffering are presented (e.g., distress, muscular atrophy, cachexia, respiratory difficulties, ulcers, etc.), the animals are euthanized, (iii) placement of hydrogel and wet food on cage floor, in case of reduced mobility after the muscle injury procedure [in that case the animal is checked more often for the signs listed in (ii)], (iv) acclimatization of at least seven days after importation to the experimental facility, (v) animal caretaker training for housing amelioration, for example cage enrichment with cardboard tunnels or plastic shelters.

Tamoxifen treatment and injury

Adult (8-12 weeks of age) male mice were placed on tamoxifen diet (Envigo; TD.55125.I) for two (Fig. 1G-J) or five weeks (Fig. 2), as indicated in the figure, and were observed regularly for signs of poor tolerance (weight loss, suffering, apathy, dehydration, etc.). For muscle injuries, mice were anesthetized with 3% isoflurane, and injured by intramuscular injection of 50 uL cardiotoxin at 10 umol (Latoxan; L8102). Specifically, in a dedicated room of the experimental animal facility, mice were put in dedicated transparent plastic cages that had isoflurane and oxygen flow until anesthetized; once anesthetized then they were transferred on warming plates to be injected under continuing inhalation anesthesia. Once injected they were transferred back to their cage and observed until waking up, followed by daily observation for signs of poor tolerance (weight loss, suffering, apathy, dehydration, etc.). At seven (Figs. 1,2) or 28 days postinjury (Fig. 2), mice were sacrificed by cervical dislocation and their TA muscles were collected for analysis. We observed no adverse events that could be attributed to the procedures in which the animals were subjected.

Immunostaining

Muscles were frozen fresh in liquid nitrogen-cooled isopentane and sectioned at 8um with a Leica cryostat. Sections were first fixed with 4% paraformaldehyde for 10 min and washed 3 times with PBS. The sections were then permeabilized with 0.5% Triton-X (Sigma) for 8 min, washed with PBS, then blocked with 5% BSA (Jackson Laboratories 001-000-162) for 1 h at room temperature. Sections were then incubated with the primary antibodies overnight at 4 o C. The next day, samples were washed with PBS, incubated with the secondary antibodies for 1 h at room temperature, washed with PBS, and mounted. For PAX7 staining, samples were permeabilized with cold methanol for 6 min instead of Triton-X, washed with PBS, then boiled in citric acid (10 mM, pH6) for 3 min, then let cool down at RT for 30 min. Sections were then washed with PBS, blocked with 5% BSA and incubated with Fab (Interchim; 115-007-003) for 30 min at RT. The staining was then completed as described above.

All antibodies are listed in Table 3.

Histology

Muscles were frozen fresh in liquid nitrogen-cooled isopentane and sectioned at 8 mm with a Leica cryostat. Sections were fixed with 4% paraformaldehyde for 20 min at room temperature and washed twice with PBS (10 min per wash). Nuclei were stained with hematoxylin (Sigma)

for 25 min and cytoplasms were counterstained with eosin (Sigma) for 40 s. The sections were then dehydrated with 30 s passages through increasing concentrations of ethanol (30%, 50%, 70%, 85%, 95%), followed by 15 min in absolute ethanol.

Statistical analyses

For comparison between two groups, unpaired Student's t test was performed to calculate p values and to determine statistically significant differences using Graphpad's Prism software (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001). The experimental unit was single animals (data per animal are presented in Figs. 1,2; exact values can be provided upon request). We primarily compared the control and mutant groups of each line (Pax7 CreERT2(Fan) : Ctrl VS CreERT2, Pax7 CreERT2(Gaka) : Ctrl VS CreERT2, Pax7 LacZ : Ctrl VS het). When indicated in the figure, we also compared mutants of different lines (Fan-CreERT2 VS Gaka-CreERT2 or Fan-CreERT2 vs LacZ-het). 
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Table 1

 1 Publications citing one or more of the four publications that describe the Pax7CreERT2(Fan) allele by the group that generated it

	Category	PMID numbers of publications
	Publications in which	
	the Pax7 CreERT2(Fan) allele is not used	
	(e.g., the Lepper et al. or Lep-	
	per & Fan publications are cited	
	in the introduction or discussion	
	sections)	

Table 1

 1 (continued) 19554048, 21828092, 24084740 (with the exception of supplementary Fig.12, in which the control is Pax7 +/+ ),24260586 , 24906372, 25085416, 25973951, 26999603, 27239264, 27346341, 27376575, 27376579, 27825107, 28186492, 28332979, 28463680, 28515121, 29395054, 30279563, 30979776, 31534153, 32021964, 32103583, 32240622, 32275813, 34093712, 34350830, 35228746, 35243267 (Total: 29 publications) 

	Category	PMID numbers of publications
	Publications in which	
	the Pax7 CreERT2(Fan) allele was used	
	for conditional knock-out	
	and the control is Pax7 CreERT2/+	
	Publications in which	29269426, 29472596, 30284969 (Total: 3 publications)
	the Pax7 CreERT2(Fan) allele was used	
	for conditional knock-out and there	
	are two controls: Pax7 CreERT2/+	
	and Pax7 +/+	

Table 2

 2 List of animals excluded from analysis

		No tamoxifen, analysis at D7	Five weeks tamoxifen, analysis at D7	Five weeks tamoxifen, analysis
				at D28
	Excluded animals	Gaka-CreERT2 (1 mouse)	Fan-CreERT2 (1 mouse)	Gaka-Ctrl (2 mice)
		LacZ-Ctrl (1 mouse)	Gaka-Ctrl (1 mouse)	Gaka-CreERT2 (1 mouse)
			LacZ-Ctrl (3 mice)	

Table 3

 3 List of antibodies

	Antibodies
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