SUPPLEMENTAL INFORMATION

FIGURE LEGENDS

Figure S1.  Whole mount staining of several LacZ reporter strains, as indicated on the left, providing overhead views of regenerated skin, 17 and 50 days after wounding.  Results from 3 independent mice per timepoint are shown.  (*), images also depicted in Figure 3.

Figure S2.  K19;LacZ mice display labeling specifically in the bulge, as assessed by on-slide LacZ staining.
Figure S3.  Quantitation of cell proliferation in wounded and intact wild-type mouse skin by EdU uptake assay.  At 3 days post-wounding, the 600 µm of epithelium closest to the injury site prior to complete re-epithelialization was quantitated.  At 6, 17 and 50 days post-wounding, the entire re-epithelialized wound area was quantitated.  The wound center is defined as the inner 50% of the quantified area, and the wound periphery is defined as the outer 50% of the quantified area.  Intact skin was harvested from the same animals but located far from the wound site.
Figure S4.  Contribution ranges by the HF and IFE to the wound basal layer, where “HF” and “IFE (1)” contributions were calculated by scaling values to the initial percentage labeling near the start of the experiment (red and dark blue bars, respectively).  These values are identical to those shown in Figure 2A, 2C.  For “IFE (2),” IFE contributions to the wound basal layer were scaled based on average percent labeling in intact IFE basal layer cells, from samples harvested at the same time as the wound sample (light blue bar).  Although an overall decline in IFE-derived cells in the wound is observed for both IFE (1) and IFE (2) over time, the extent of this decline differs slightly depending on how the data are scaled.  See Supplemental Materials and Methods for quantitation details.

SUPPLEMENTAL MATERIALS & METHODS
Quantitating wound healing contributions

At least 5 independent mice were quantitated for each combination of Cre strain (K14-CreERT, K15-CrePR1 and Shh-Cre, all coupled with the YFP reporter allele) and timepoint (3, 6, 17 or 50 days after wounding).  For K14;dnMAML mice, 3 animals were quantitated for each timepoint.  In total, 89 mice were used to generate the complete data set.  For lineage tracing experiments using reporter mice, a minimum of 5 non-consecutive frozen sections were cut from near the center of the wound.  Sections were spaced at least 50 µm apart to ensure good sampling and stained with antibodies against YFP and β4-integrin to identify labeled basal layer cells.  In total, over 1,000 wound and intact skin fields were quantitated (Table 1).
Table 1.  Number of animals analyzed, by strain and timepoint 
	Strain
	3 days post-wound
	6 days post-wound
	17 days post-wound
	50 days post-wound

	K14;YFP
	8
	5
	6
	9

	Shh;YFP
	7
	-
	6
	10 

	K15;YFP
	6
	7
	6 
	7 

	K14;dnMAML
	3
	3
	3
	3


For quantitating wound healing contributions, the wound was defined as the expanse of healed epidermis lacking HFs.  The entire wound was imaged at 20X magnification, and multiple images were taken and aligned using Photoshop if necessary.  The basal epidermis was quantitated by counting all cells contacting the basal layer between the HFs which bookended the wound periphery.  Both the total number of basal cells and the number of YFP+ basal cells were recorded.  Since the wound has not fully closed 3 days post-wounding, these samples were quantitated by counting basal cells along 600 µm of the ingressing wound tongue from both sides of the skin.  This distance was determined based on prior reports measuring the width of activated epidermis at the wound edge, as defined by Keratin 6 upregulation, 48 hours post-injury (1).  Cells within HFs located within 600 µm from the wound edge were not counted.  Over 70,000 basal cells were manually counted in the wound epidermis.  YFP+ suprabasal cells were quantitated from the same wound areas as defined above.
Below, the average percent labeling of the wound basal layer is shown, based on direct cell counting (Table 2).  These data are also presented in Figures 2A-B.
Table 2.  Average percentage of wound basal layer cells that are YFP+
	Strain
	3 days post-wound
	6 days post-wound
	17 days post-wound
	50 days post-wound

	K14;YFP
	13.8
	8.7
	10.3
	6.8

	Shh;YFP
	33.4
	N/D
	44.4
	49.6

	K15;YFP
	2.5
	4.9
	8.3
	10.2


To quantitate intact/unwounded IFE, 1 random field was imaged from each section at 20X magnification.  For each image, both the total number of basal layer IFE cells and the number of YFP+ basal layer cells were recorded.  Cells within HFs were excluded, as were any cells located at the mouth of the HF infundibulum.  Sudden dips in the IFE without an associated HF below were assumed to be tangential sectioning of a HF infundibulum, and thus were also excluded.  For the entire data set including all time points, over 55,000 basal layer cells were counted in unwounded IFE.
To quantitate HFs in intact/unwounded skin, both the total number of cells and the number of YFP+ cells were recorded within telogen HFs.  Sebaceous glands and dermal papilla were excluded from the analysis.  For K15-CrePR1 mice, HF quantitation was performed as above, and we also distinguished bulge from non-bulge HF cells.  The bulge was defined as the area below the level of the sebaceous glands.  More than 105,000 HF cells were manually counted.
Below, the average initial percent labeling of different intact skin compartments is shown, based on manual counting (Table 3).  The compartment in which the majority of labeled cells is found for each strain is highlighted in beige (hereafter, referred to as the “majority compartment”).  These data are also displayed in Figure 2A.
Table 3.  Average percentage of cells that are YFP+ in intact skin, by compartment

	Strain
	Basal IFE
	HF (entire)
	HF (non-bulge)
	Bulge

	K14;YFP
	24.6
	2.5
	N/D
	N/D

	Shh;YFP
	11.9
	71.6
	N/D
	N/D

	K15;YFP
	3.6
	N/D
	2.4
	38.3


To generate a rough estimate of the contributions of different skin compartments to wound healing, we scaled to 100% the labeling observed in the majority compartment for each strain (Table 4 below, beige).  Note that the same scaling factor was also applied to scale the percent labeling in the non-majority compartments across each row.
Table 4.  Scaled percentage of cells that are YFP+ in intact skin, by compartment
	Strain
	Basal IFE
	HF (entire)
	HF (non-bulge)
	Bulge
	Scaling Factor

	K14;YFP
	100
	10
	N/D
	N/D
	4.1

	Shh;YFP
	16.6
	100
	N/D
	N/D
	1.4

	K15;YFP
	9.5
	N/D
	6.2
	100
	2.6


Given the labeling observed in the different majority compartments above, we used K14;YFP mice to assess IFE contributions to wound healing, Shh;YFP mice to assess HF contributions, and K15;YFP mice to assess bulge contributions.  

For each strain, we scaled the observed percent labeling in the wound (Table 2) by the same factor as was used to scale the labeling in each strain’s intact majority compartment to 100% (Table 4).  This calculation estimates, for instance, that had the IFE in K14;YFP mice been completely labeled at the time of wounding, 55.9% of cells in the wound would have been IFE-derived, 3 days post-wound (Table 5).  These data are also displayed in Figure 2A.
It is important to note that this scaling method assumes that there does not exist a functionally distinct subpopulation of cells within the IFE (for K14;YFP mice) or within the HF (for Shh;YFP mice), etc., that, a) displays a disportionate ability to persist in the wound, and b) is disproportionately labeled by the Cre strain.  If, for instance, labeled cells behave differently from neighboring, unlabeled cells in the same compartment, these estimates would be skewed.  In examining intact skin sections at different timepoints after labeling, we observed that the percentage and pattern of labeled cells were largely homeostatic, with the exception of IFE labeling in K14;YFP mice (see below).
Thus, Table 5 below estimates the wound healing contributions of different skin compartments, normalized to the initial labeling efficiency in the respective intact compartments.  Because these calculations do not take into account labeled cells from outside of the majority compartment for each Cre strain, these numbers are likely over-estimated and therefore represent the “Maximum Contribution” for each skin compartment.  These calculations (except the 6 day timepoint) set the upper-bounds for the data ranges displayed in Figures 2A and 2C.
Table 5.  Scaled percentage of wound basal layer cells that are YFP+ (Max. Contribution)
	Strain
	3 days post-wound
	6 days post 
	17 days post 
	50 days post 
	Scaling Factor

	IFE
	55.9
	35.4
	41.8
	27.7
	4.1

	HF
	46.8
	N/D
	62.1
	69.4
	1.4

	Bulge
	6.6
	12.6
	21.6
	26.4
	2.6


To compensate for labeling outside of the majority compartment for each mouse strain, we subtracted, from the Maximum Contribution above, the estimated wound healing contributions made by labeled cells in the non-majority compartment before wounding.  For instance, in calculating IFE contributions 17 days after wounding, we performed the following calculation to subtract potential contributions made by labeled cells in the HF compartment:

Contribution of the IFE at 17 days = (Max. Contribution of IFE at 17 days) – (Estimated Contribution of Labeled HFs at 17 days) 
Estimated Contribution of Labeled HFs at 17 days = (% Scaled Initial HF Labeling) * (Max. Contribution of HF at 17 days)= (0.10 * 62.1) = 6.21




Contribution of the IFE at 17 days = 41.8 – 6.21 = 35.6    

(data from Tables 5 and 4)
To calculate the bulge contribution 3 days after wounding, we subtracted the estimated contributions made by both the IFE and non-bulge HF cells, where some labeling was initially observed.  To estimate the contribution of non-bulge HF cells, we assumed that these cells behaved similarly to total HF cells, as measured by Shh;YFP:

Contribution of the Bulge at 3 days = (Max. Contribution of Bulge at 3 days) – (Estimated Contribution of Labeled IFE at 3 days) –  (Estimated Contribution of Labeled Non-Bulge HFs at 3 days) 
Estimated Contribution of Labeled IFE at 3 days = (% Scaled Initial IFE Labeling * Max. Contribution of IFE at 3 days) = (0.095 * 55.9) = 5.31





Estimated Contribution of Labeled Non-Bulge HFs at 3 days = (% Scaled Initial Non-Bulge HF Labeling * Max. Contribution of HFs at 3 days) = (0.062 * 46.8) = 2.9
Contribution of the Bulge at 3 days = 6.6 – 5.31 – 2.9 =  -1.6

(data from Tables 5 and 4)
In order to estimate the wound contributions of the labeled non-majority compartment, however, we also made use of the Maximum Contribution estimates from Table 5.  Therefore, these calculations likely over-subtract from, and therefore under-estimate, the actual contributions made by each skin compartment.  These estimates, shown below in Table 6, thus represent the “Minimum Contributions” of each skin compartment to wound healing, and set the lower-bounds for the data ranges displayed in Figures 2A and 2C.
Table 6.  Scaled percentage of wound basal layer cells that are YFP+ (Min. Contribution)

	Strain
	3 days post-wound
	6 days post-wound 
	17 days post-wound
	50 days post-wound

	IFE
	51.3
	N/D
	35.6
	20.8

	HF
	37.5
	N/D
	55.1
	64.8

	Bulge
	-1.6
	N/D
	13.8
	19.5


Table 7, below, is derived from combining the upper and lower bounds shown in Tables 5 and 6.  Given that these Cre strains do not display labeling exclusively in one compartment, we cannot determine an exact contribution made by each compartment.  Rather, we present a range of possible values, which is also displayed in Figures 2A and 2C.
Table 7.  Estimated scaled contribution ranges to wound healing
	Strain
	3 days post-wound
	6 days post-wound 
	17 days post-wound 
	50 days post-wound 

	IFE
	         51.3 - 55.9% 
	N/D
	35.6 – 41.8%       8
	    20.8 – 27.7%

	HF
	         37.5 - 46.8%
	N/D
	         55.1 – 62.1%           
	    64.8 – 69.4%

	Bulge
	            -1.6 - 6.6%
	N/D
	         13.8 – 21.6%
	    19.5 – 26.4%

	Sum:IFE + HF
	       88.8 – 102.7%
	N/D
	       90.7 – 103.9%
	    85.6 – 97.1%


As noted previously, during scaling, one assumption is that the cells initially labeled by the different Cre recombinases are representative of the entire population.  Based on this assumption, the numbers shown above are normalized to the initial labeling efficiency seen in intact skin.  In most cases, intact skin labeling (including labeling outside of the majority compartment) was largely unchanged over ~50 days, suggesting that a homeostatic population had indeed been labeled.  However, uniquely in K14;YFP mice, we noted that basal cell labeling in intact IFE decreased after tamoxifen induction, as shown below.  
Table 8.  Average percentage of cells that are YFP+ in intact skin, by compartment (non-scaled)
	
	Basal IFE
	Basal IFE
	HF (entire)
	HF (entire)

	Strain
	6 days post-TAM
	53 days post-TAM
	6 days post-TAM
	53 days post-TAM

	K14;YFP
	24.6
	15.3
	2.5
	1.5


Using data from Table 8, we can also scale, or normalize, 50 day wound contributions to the amount of labeling seen in intact skin harvested at the same time as the wound sample.  Applying similar calculations to those described above, we can determine a range of contributions for the IFE, using this alternative method for normalization (Table 9).
Table 9.  Estimated scaled contribution ranges to wound healing (Model #2)
	Strain
	3 days post-wound
	50 days post-wound

	IFE
	         51.3 – 55.9%
	38 – 44.4%


As labeling in other Cre strains did not change significantly over the course of our experiments, the rest of the data shown in Table 7 are largely unchanged regardless of whether the numbers are scaled to the initial labeling efficiency (Model #1), or to the timepoint-matched labeling efficiency (Model #2), in intact skin (data not shown).
In summary, these data show that IFE-derived cells are lost or diluted from the wound over time, although the degree of loss depends on how the data are interpreted (Supplementary Figure S4).  Recent work by Howard et al., has also noted that Tcf3-expressing basal layer cells in the IFE can be lost over time, while Mascré has suggested that K14-CreERT can label both fast- and slow-cycling cells in the basal layer of mouse tail skin (2, 3).  It is important to note, however, that we were unable to replicate our observed long-term decline of intact labeled IFE basal cells in an independent cohort of unwounded K14;YFP animals (data not shown).  It is therefore possible that the process of wounding may provoke long-range changes in IFE cell behavior outside of the wounded area, perhaps associated with effects on the hair cycle.  If this were the case, normalizing to the initial rate of labeling in intact skin (Model #1, Table 7) would be more appropriate for calculating wound healing contributions by different skin compartments.
Histology
Skin biopsies were fixed in cold 3.7% paraformaldehyde for 1 hour, then sunk in 30% sucrose at 4°C overnight for OCT embedding.  For whole-mount β-Galactosidase staining, skin samples were fixed in 0.2% glutaraldehyde/2% paraformaldehyde for 30 minutes on ice, then incubated for 48 hours at 37°C in 1 mg/ml X-Gal (Invitrogen) diluted in 5 mM potassium ferrocyanide and 5 mM potassium ferricyanide.  For on-slide β-gal staining, biopsies were embedded directly into OCT.  7 µm sections were fixed in 0.5% glutaraldehyde for 5 minutes, incubated with X-Gal as above, and counterstained with Nuclear Fast Red (Sigma-Aldrich).

Immunohistochemistry

7 µm frozen sections were stained using standard protocols and the following antibodies:  anti-GFP/YFP (GFP-1020, 1:2,000; Aves Labs); anti-β4-integrin (346-11A, 1:400; BD Pharmingen); and anti-K10 (PRB-159P, 1:1,000; Covance).  Frozen sections were fixed for 5 minutes in cold methanol prior to staining.  

EdU Incorporation
EdU was dissolved to a concentration of 5 mg/mL in 0.9% NaCl/water, and injected intraperitoneally into mice at a dose of 50 µg/g mouse body weight, 24 hours prior to sample collection.  Biopsies were fixed for OCT embedding, as described above. 7 µm frozen sections were stained for β4-integrin, and the Click-it EdU imaging kit (Thermo Fisher) was used to visualize EdU incorporation.  No permeabilization step was required.
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