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Supplemental Experimental Procedures 

 

ES cell targeting and generation of TERT-Tomato knock-in mice.  

A Tdtomato fluorescent reporter was introduced into the initiating methionine of TERT by 

homologous recombination in JM8.F6 ES cells (C57BL/6-derived), using standard procedures. 

The ATG of TERT was Kozak-optimized (from AGCACAATGA to GCCACCATGG) prior to 

introduction of the TdTomato-pA reporter. A BamHI site in mTERT intron 1 was converted to an 

AscI site and used to insert a floxed resistance cassette. Correctly targeted clones were 

identified by long-range PCR, as well as southern blots using 5’, 3’ and copy number probes. 

Blastocyst injection was performed by the Mouse Biology Program at UC Davis. ES cells 

expressing both TERT and OCT4 reporters were generated by targeting TERT-Tomato mES 

cells (puromycin resistant) with an OCT4-ires-GFP targeting construct (G418 resistant). ES cells 

destined for blastocyst injection were routinely passaged on irradiated feeders in LIF/serum 

conditions. For other experiments, ES cells were cultured feeder- and serum-free in LIF+2i 

media (1000U/ml LIF, 3uM CHIR99021, 1uM PDO325901 ; 1% knockout serum replacement ;  

DMEM/F12 and Neurobasal A mixture supplemented with B27, N2, glutamax beta-

mercaptoethanol and pen/strep). Directed differentiation towards the adipocyte lineage was 

performed as described (Dani et al., 1997). Briefly, ES cells were grown for three passages on 

gelatin to remove feeders prior to growth in hanging drop conditions. After two days in 

suspension, the embryoid bodies were collected and grown in suspension for three days in the 

presence of 100nM all-trans retinoic acid (Sigma). At this point, embryoid bodies were plated in 

the presence of 0.5 µg/ml bovine insulin (Gemini Bioproducts), 2nM triiodothyronine (Sigma) 

and 0.5µM rosiglitazone (Cayman Chemicals) for the remainder of the experiment.  

 

Animals 
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TERT-Tomato mice were either maintained on a C57BL/6 background or outcrossed with 

B6/129, with no differences in reporter expression. Mice were maintained in a heterozygous 

state and genotyped by 3-primer PCR of tail genomic DNA 

(5’AGCTTCTTGTAATCGGGGATGT, 5’ACACCCTTGCATCTTGGTTC, 

5’GCAACCAAAGTGCGGTAGAT; 189bp band for the wild-type locus, 312bp band for the 

TERT-Reporter). The puromycin-positive selection cassette was flanked by loxP sites, and was 

removed by breeding to an EIIA-cre mouse line (Jackson Labs). Deletion was confirmed by 3-

primer PCR. Deletion minimally affected the reporter expression pattern (data not shown), 

therefore experiments were performed mostly on mice retaining the resistance cassette. cKitW/Wv 

mice (stock #100410) and Tg(OCT4ΔPE-EGFP)  mice (stock #004654) were purchased from 

Jackson Labs. Late generation telomerase knockout-mice were generated as previously 

described (Blasco et al., 1997), using cousin mating schemes to prevent the generation of 

substrains. All mice were treated in accordance with AAALAC-approved guidelines at Stanford 

University.  

 

Antibodies 

The following antibodies were used for immunostaining: RFP (Abcam ab124754; rabbit 

polyclonal), cKit-PE (Ebioscience 2B8; rat monoclonal), PLZF (Millipore OP128, mouse 

monoclonal; or Santa Cruz SC-22839, rabbit polyclonal), GFRα1 (R&D Systems AF560, goat 

polyclonal), MSI2 (Abcam ab76148; rabbit monoclonal), SDC4-biotin (BD Pharmigen 550351; 

rat monoclonal), ALCAM (Biolegend ME-9F1; rat monoclonal) SCP1 (Novus NB300-229; rabbit 

polyclonal), SCP3 (Abcam ab97672; mouse monoclonal), GFP (Aves Laboratories GFP-1020; 

chicken polyclonal) and SOHLH1 (gift of A. Rajkovic).  

 

The following antibodies were used for flow cytometry: cKit-Pe-Cy7 (Ebioscience 2B8; rat 

monoclonal), CD44-APC-Cy7 (Ebioscience IM7), CD45, EPCAM-PE (Ebioscience G8.8; rat 
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monoclonal), alpha6-integrin-APC (BD Pharmigen goh3; rat monoclonal), Sca1-APC 

(Ebiosciences D7), cKit-PE (Ebiosciences 2B8), B220- Pe-Cy7 (Ebiosciences #103221), Cd4-

Pe-Cy7 (Ebioscience GK1.5), Cd8-Pe-Cy7 (Ebioscience 53-6.7), Gr1-Pe-Cy7 (Ebioscience 

8C5), Mac1-Pe-Cy7 (Ebioscience M1/70) and Ter119-Pe-Cy7 (Ebiosciences Ter119). 

 

Testes dissociation and FACS analysis 

Testes were dissociated based on standard two-step protocols (Brinster and Zimmermann, 

1994). Briefly, testes were removed and detunicated using sharp forceps, and placed into HBSS 

(137mM NaCl, 5.4mM KCL, 0.44mM KH2PO4, 0.25mM Na2HPO4, 4.2mM NaHC03, 1G/L 

glucose, 9mM HEPES ph7.4) + 2% fetal bovine serum (FBS; Hyclone). Tubules were placed 

into 5ml/testis of 1mg/ml collagenase IV (Worthington) for 5 min at room-temperature for the 

removal of interstitial cells. Detangling was assisted using sharp forceps as well as trituration 

with a bulb pipette. The tubules were collected in a 100um filter basket, washed with HBSS, and 

incubated for 15min at 32C in 5ml/testis of 0.25% trypsin (EDTA-free) + 1mg/ml collagenase 

IV+Dnase1, with frequent trituration with a bulb pipette. The cell preparation was filtered through 

a 40µm basket, and in some experiments untrypsinized cell were subjected to additional 10min 

room-temperature incubation in HBSS/FBS +5mM EDTA. The two dissociation fractions were 

washed and pooled.  

 

For immunophenotyping, cells were incubated in anti-cKit antibodies conjugated to Pe-Cy7 for 

30min at 4oC prior to FACS analysis. High side-scatter properties and DAPI staining were used 

to exclude dead cells. All FACS experiments were performed on a single BD Aria II machine, 

containing a 405nM violet laser, 488nM blue laser, 561nM yellow-green laser an a 640nM red 

laser. Of note, the 561nM yellow-green laser with a 582/15 bandpass filter enabled optimal 

detection of the lowly-expressed TERT-TdTomato fluorophore. Cells were sorted using a 100um 

nozzle in “purity” mode. Data was analyzed with FlowJo software (Tree Star, San Carlos, CA). 
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FACS of somatic stem/progenitor populations 

To isolate LSK stem/progenitors from the bone marrow, standard procedures were used. Briefly, 

long bones were flushed with PBS and subjected to red blood cell lysis. Cells were incubated 

with a cocktail of antibodies against cKit-PE, Sca1-APC and PeCy7- conjugated lineage 

markers (B220, Cd4, Cd8, Gr1, Mac1 and Ter119). To isolate stem/progenitors from the small 

intestine, a preparation of single cells from an enriched crypt fraction was generated by serial 

chelation. Briefly, The small intestine was cut open and feces/mucus removed by incubation in 

PBS+ 1mM DTT. The intestine was cut into 1cm long-pieces, and placed into 40mls of 

HBSS+5mM EDTA, 20mM Na-Citrate, 1% FBS. The solution was shaken horizontally at 37C at 

100rpm for 15min. The intestines were collected and the supernatant discarded. The intestines 

were incubated in 15mls HBSS+5mM EDTA+0.5mM DTT+1% FBS in a 50ml conical, and 

shaken at 100rpm at 37C. This process was repeated 8 times for 10,6,5,5,10,10,15 and finally 

25minutes, respectively. At the end of each cycle, the dissociation media was replaced. The 

supernatant from the eighth fraction contained a single-cell suspension highly enriched for crypt 

cells. This fraction was stained with antibodies against CD45, EPCAM-PE and CD44-APC-Cy7. 

 

Telomerase enzymatic assay (TRAP) 

Identical numbers of cells (typically 20,000-100,000) were sorted into HBSS+FBS, spun down, 

and resuspended in 10ul of CHAPS lysis buffer supplemented with Rnase inhibitor, protease 

inhibitor cocktail and 0.5 mg/ml Rnase-free BSA (Ambion). Lysates were used to program a 

standard 25-cycle TRAP reaction, following the manufacturer’s protocol (TRAPeze, Chemicon).  

 

Germ Cell Transplantation 

Testes cell suspensions were prepared from two adult mice, pooled, and sorted as described 

previously. For each cell type queried, three to four independent transplantations were 
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performed. Donor cells were genetically marked using either a R26-lacZ allele (Jackson Labs), 

or a ubiquitously expressed EGFP allele, driven by the CAG promoter (Lin and Artandi, 

unpublished).  Cells were sorted in HBSS+5%FBS. Sort purity was confirmed by re-analysis 

post-sort. Cell yields were confirmed post-sort by hemocytometer. Donor cells were introduced 

into infertile cKitW/Wv recipients (Jackson Labs) via efferent duct injection (Ogawa et al., 1997). 

The number of cells injected for the different cell populations was adjusted to obtain a countable 

number (~10) of colonies. Colonization was determined eight weeks after injection, either by X-

gal staining or by examining EGFP epifluorescence under a low-power microscope. Colony 

numbers were normalized to 100,000 cells transplanted. Statistics were calculated using Prism 

(GraphPad Software, La Jolla, CA). 

 

Wholemount analysis of seminiferous tubules 

Wholemount analysis was performed as described with slight modifications (Nakagawa et al., 

2010). Briefly, tubules were collected and collagenase treated (as described previously) to 

remove interstitial cells. Throughout the entire staining procedure, tubules were kept in small 

filter baskets (as opposed to being dried onto glass slides). Tubules preparations were fixed, 

NP40-cleared and methanol-treated as in Nakagawa et al, but with each methanol treatment 

step lasting only 5-10min. Blocking was performed in PBST +5% normal goat serum + 10mg/ml 

BSA. Primary antibodies were incubated 2 days at 4oC. After extensive PBST washes, cells 

were incubated 1.5 hr at room-temperature in cross-absorbed secondary antibodies diluted 

1:1000 in block (Jackson Immunoresearch). After extensive PBST washes, tubules were laid 

onto a glass slide using fine forceps, and allowed to dry completely. The slides were mounted in 

Prolong Gold with DAPI. Images were captured on a Zeiss LSM510Meta confocal microscope 

and processed in Photoshop. For some wholemounts, the NP40 and methanol treatments were 

replaced by treatment with ice-cold acetone for 10min.  
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Histological analysis of telomerase-knockout mice 

5 µm paraffin sections were deparaffinized and rehydrated, and then boiled in Target Retrieval 

Solution (DAKO, S1699) for antigen retrieval for 10min. After blocking with 0.5% BSA, 0.1% 

tween20 in PBS at room temperature for 1 hour, sections were incubated with rabbit anti-PLZF 

antibody at 4C over night. For signal detection, horseradish peroxidase-conjugated anti-rabbit 

IgG secondary antibody and DAB substrate were used. Sections were counterstained with 

hematoxylin and rinsed with 0.02% ammonium water, and then PLZF+ cells were counted. 

Tubules including less than 10 PLZF-negative differentiating germ cells were defined as 

degenerated tubules. 

 

Immunofluorescence of FACS-sorted cells 

Sorted germ cells were adhered to positively-charged glass slides by cytospin. After spinning for 

3 min at 500rpm in a Shandon Cytospin 4 machine, cells were briefly air-dried, then fixed in 4% 

PFA in PBS for 10 min at room-temperature. The subsequent steps of staining mirrored those 

used in whole mount analysis. For quantification of PLZF+ cells in various cell fractions, proper 

exposure times for PLZF were first determined on unsorted cells. Slides from the sorted cell 

fractions were scanned for fields containing nuclei, and images taken without examining PLZF 

staining results. Images were quantified in ImageJ. Cells with compromised nuclear morphology 

(generally large, diffuse nuclei that appear to have lysed) were excluded from the analysis. 

Images were captured on a Leica wide-field fluorescence microscope and processed in 

Photoshop. 

 

Cell cycle Analysis 

Adult mice received single intra-peritoneal injections of 50mg EdU (5-ethynyl-2’-deoxyuridine; 

Life Technologies) per kg of bodyweight 2 hours prior to sacrifice. After methanol 

permeabilization, reactive Alexa-Fluor488 was conjugated to the EdU using Click chemistry as 
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per the manufacturer’s protocol (Life Technologies Click-It Plus Imaging Kits). Samples were 

briefly washed with PBS and then processed for anti-PLZF immunostaining as mentioned 

previously.  

 

RNA-seq library preparation 

Dissociated testes cells were prepared and sorted from both testes of adult mice, as described 

previously. Four biological replicates were sorted. Cells were sorted directly into Trizol LS 

(Invitrogen), and RNA extracted following the manufacturer’s recommendation. RNA was further 

purified on Rneasy Micro columns (Qiagen), with a column-based method of gDNA removal.  

Yield and RNA integrity were confirmed by Bionalyzer (Agilent). cDNA was prepared and 

amplified using the Nugen Ovation V2 kit, starting from 5 to 10ng of total RNA. The cDNA was 

sonicated to 200bp size using a Covaris S2 machine, and 25ng of cDNA was used to make the 

libraries, following standard Illumina Truseq V2 protocols. Samples were sequenced on an 

Illumina Hiseq2500 machine, with paired-end 101bp reads. RNA sequencing data are available 

at the NCBI Short Read Archive. 

 

RNA-seq data analysis 

Paired-end 101bp RNA-seq reads were quality trimmed using Trim_Galore in paired mode with 

a Phred cutoff of 15 and a length cutoff of 50bp. Trimmed paired reads were aligned to the mm9 

mouse genome build using command line versions of TopHat v2.0.4 and Bowtie2 v2.0.0-6 

(Trapnell et al., 2012). Multi-hit mapping was restricted to five genome locations at most (-g 5) 

with a segment length of 45bp, discordant pairs were filtered out, and de novo junction 

discovery was disabled. All other mapping options were set to default values. Quality-controlled 

reads ranged from 15-40million reads per library, with ~75% of reads mapping to the genome 

on average. 
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Subsequent data processing and analysis from the transcriptomes was performed in the R 

software (http://www.r-project.org/). For analysis in DESeq2, .bam files output from Bowtie were 

used to generate a matrix of genomic features and read counts using the GenomicRanges and 

GenomicFeatures packages available from Bioconductor. A transcript annotation file was 

generated from the UCSC database and counts for each gene were summed from reads 

aligning to gene exons. 

 

Genes were filtered based on expression levels and all genes with zero read counts were 

excluded from the analyses. To estimate the robustness and quality of biological replicates after 

the processing, samples were subject to PCA analysis using the ‘ade4’ R package, and 

unsupersived clustering was performed using the R package ‘pvclust’ (Dray and Dufour, 2007). 

Parameters chosen for the clustering step were Pearson’s correlation as a similarity measure, 

and the use of complete linkage hierarchical clustering. To estimate robustness and P-values, 

experiments were conducted with 1,000 bootstrap replications of the clustering step. 

 

Differential expression analysis was performed using the DESeq2 R package using pairwise 

comparisons. We defined significantly differentially expressed genes between cell populations 

as having greater than 2-fold differences in expression and a q-value lower than 0.01 (0.05 for 

some comparisons).   

 

Gene Set Enrichment Analysis (GSEA) (Subramanian et al., 2005) was performed using version 

2.0.13. Genes were rank-ordered by their T-test value. Genes that could not be converted to a 

HUGO gene name were excluded. GSEA was run on this pre-ranked list of genes, using default 

parameters.  
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Supplemental Fig.1. TERT-Tomato knock-in construction and validation in mES cultures.  

A. Southern-blot strategy to confirm correction integration of TdTomato construct into the TERT 

locus.  

B. Representative Southern blots for a correctly targeted TERT-Tomato mES line. 

C. Targeting strategy to create mES cells containing both TERT and OCT4 reporter constructs.  

D. Southern-blot strategy to confirm correction integration of ires-GFP construct into the OCT4 

locus.  

E. Representative Southern blots for a correctly targeted OCT4 allele within TERTTomato/+ mES 

cells.  

 

Supplemental Fig.2. FACS and wholemount analysis of TERT-Tomato expression in the 

male germline. 

A. FACS analysis of dissociated tubules from postnatal day6 mice of the indicated genotypes. 

Cells have been gated by scatter and DAPI exclusion. Fluorescent properties of mice containing 

only the OCT4 or the TERT reporter were used to draw the gates.  

B. Double immunostaining with anti-RFP and anti-PLZF antibodies of seminiferous tubules from 

TERTTomato/+ and TERT+/+ mice. Scale bar, 50µm. 

 

Supplemental Fig.3. Telomerase expression exists as a gradient, correlated with 

differentiation state.  

A. FACS gating strategy for selecting live, singlet cells from the adult testis. Initial events are 

selected with low side-scatter values to select against dead/dying cells. Non-singlets are 

removed based on forward-scatter properties. Dead/dying cells are also removed by DAPI 

staining. 

B. TERT-Tomato expression was determined in live singlet cells by FACS analysis with mice of 

the indicated genotypes. 
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C. Populations TERTNeg1 and TERTNeg2 were sorted and cytospun, and nuclear morphology 

determined by DAPI staining. Scale bar, 25µM. Quantification of nuclear staining results from 

N=3-4mice and 650-3500 cells. Error bar shows SEM.  

D. Population TERTLow-meiotic was sorted, cytospun, and immunostained for synaptonemal 

complex markers SCP1 and SCP3. Scale bar, 25µM. Quantification of synaptonemal complex 

staining is from N=3 mice and 3800 cells. Error bar shows SEM. 

E. Flow cytometry measurement of TERT-Tomato signal intensity in mature sperm harvested 

from the caudal epididymis. Representative result from at least 3 mice.  

F. Indicated cell types were sorted, cytospun, and immunostained for SOHLH1. Scale bar, 

25µM. Quantification reflects data from N=4 mice, N=1700- 1900 cells. Error bar shows SEM. 

 

Supplemental Fig.4. Transcriptional analysis of adult spermatogonial subtypes.  

A. Hierarchical clustering of samples with approximately unbiased (au) p-values for each 

cluster, as calculated by multiscale bootstrap resampling. Number beneath the samples reflect 

the biological replicates. 

B. Wholemount analysis of tubules triple stained for Musashi2 (MSI2), PLZF and cKit. Scale bar, 

50µM. 

C. FACS analysis of live singlets from adult testes, stained with cKit antibodies and either 

streptavidin-APC (SAV-APC) alone (left panel) or SDC4-biotin and SAV-APC (right panel). 

D. FACS analysis of expression of SDC4 and cKit in the indicated TERT-Tomato populations. 

E. Wholemount of adult seminiferous tubules, stained with fluorophore-conjugated ALCAM and 

cKit antibodies. A single seminiferous tubule was scanned, and two different locations on the 

tubule (in different seminiferous stages) were imaged with the same exposure conditions. Scale 

bar, 50µM. 



 12 

F. FACS analysis of live singlets from adult testes, stained with just cKit antibodies (left panel) 

or cKit and ALCAM antibodies (right panel). 

G. FACS analysis of expression of ALCAM and cKit in the indicated TERT-Tomato populations. 

 

Supplemental Fig.5. Purity of populations used for transplant. 

A. Determination of purity of cells used for transplantation. The left column indicates the FACS 

gating strategy used to isolate the target cell population of interest. After sorting, an aliquot of 

500-1000 cells was re-analyzed on the machine to measure purity of the cell fraction. Greater 

than 98% purity was routinely achieved.  

 

Supplemental Fig.6.  Mice homozygous for the TERT reporter are telomerase-knockout 

mice. 

A. TRAP measurement of telomerase activity of FACS-sorted DAPI-negative testes cells from 

the indicated genotypes. Mice homozygous for the reporter had dramatically diminished 

telomerase activity. Dilutions represent the activity of 16,000 and 5,000 cell equivalents, 

respectively.  

B. Fertility of mice of the indicated genotypes. The number of pups resulting from a plug event is 

shown. Data reflects N=6-10 mice per genotype. Mean value is shown. P-value is calculated by 

the Mann-Whitney test. Inset box shows macroscopic appearance of adult G1 and G6 adult 

testis. Scale bar, 2mM. 

C. H&E staining of testes cross-sections from early and late TERTTomato/Tomato knockout mice. 

Indicated normal and degenerate tubules are highlighted.   

D. H&E staining of testes cross-section from postnatal day6 TERTTomato/Tomato knockout mice. 

Scale bar, 50µM. Representative histology from two independent litters of late-generation mice.  

E. anti-PLZF immunofluorescence on postnatal day6 testicular cross-sections. N=3-5 mice, 

N=250-450 tubules. Mean and SEM is shown. Statistics are from unpaired T-test.      
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Table S1. Transcriptome analysis of undifferentiated spermatogonia. Differential 

expression analysis (DeSeq2) of TERTHigh cKit- vs TERTLow cKit+ cells. Differentially expressed 

genes are ranked by Q-value. A negative value for “log2foldchange” represents genes up-

regulated in TERTLow cKit+ cells.  

 

Table S2. GSEA analysis of signaling pathway signatures enriched in TERTHigh cKit- cells 

compared to  TERTLow cKit+ cells.  

 

Table S3. Genes significantly over-expressed in TERTLow cKit+ cells that were identified 

by Chip-seq as being bound by E2F1 or E2F4.  
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Oncogenic Signature: Top 25 Signatures Up-regulated in TERT-High cKit- cells

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
BCAT_GDS748_UP 35 0.60792714 1.8122883 0 0.021522306 0.019 1990 tags=46%, list=17%, signal=55%

GCNP_SHH_UP_EARLY.V1_DN 121 0.4931083 1.784021 0 0.017223531 0.031 1545 tags=27%, list=14%, signal=31%

BMI1_DN_MEL18_DN.V1_UP 98 0.4990312 1.7639004 0.001194743 0.013305161 0.036 2451 tags=39%, list=21%, signal=49%

IL2_UP.V1_DN 125 0.48078513 1.7542521 0 0.011357178 0.041 3289 tags=41%, list=29%, signal=57%

CRX_DN.V1_DN 103 0.4903906 1.7492589 0.001184834 0.010127021 0.046 2340 tags=32%, list=20%, signal=40%

AKT_UP.V1_DN 147 0.4736727 1.741978 0 0.009332906 0.051 2240 tags=33%, list=20%, signal=40%

EGFR_UP.V1_UP 148 0.46058792 1.7235479 0 0.010176908 0.064 2479 tags=34%, list=22%, signal=43%

AKT_UP_MTOR_DN.V1_UP 133 0.46929452 1.7159756 0 0.009575734 0.068 1795 tags=28%, list=16%, signal=33%

BCAT.100_UP.V1_UP 35 0.56674707 1.7003813 0.001381216 0.009708169 0.076 2314 tags=49%, list=20%, signal=61%

E2F1_UP.V1_DN 153 0.45532146 1.6879737 0 0.010250617 0.089 2469 tags=37%, list=22%, signal=46%

JNK_DN.V1_DN 132 0.46011528 1.6864794 0 0.009705892 0.092 2843 tags=42%, list=25%, signal=55%

YAP1_UP 28 0.5847796 1.6767917 0.007112376 0.010439313 0.109 991 tags=29%, list=9%, signal=31%

NOTCH_DN.V1_DN 116 0.4625181 1.6732926 0 0.010307578 0.116 1462 tags=22%, list=13%, signal=24%

CAMP_UP.V1_DN 153 0.4480158 1.6692057 0.001129944 0.009951931 0.121 2056 tags=31%, list=18%, signal=38%

RAF_UP.V1_UP 150 0.4460692 1.6691929 0.001144165 0.009288469 0.121 2182 tags=31%, list=19%, signal=38%

KRAS.PROSTATE_UP.V1_DN 74 0.48776165 1.6690652 0.001259446 0.00870794 0.121 3107 tags=39%, list=27%, signal=53%

IL2_UP.V1_UP 134 0.45428684 1.6640044 0 0.008717519 0.129 2914 tags=36%, list=26%, signal=48%

MEK_UP.V1_UP 159 0.44340983 1.6544067 0 0.009772114 0.149 3077 tags=42%, list=27%, signal=57%

IL15_UP.V1_DN 116 0.45403117 1.6436648 0.002339181 0.010566511 0.167 3630 tags=47%, list=32%, signal=69%

MEL18_DN.V1_UP 103 0.46093762 1.6364745 0 0.010792838 0.181 3077 tags=47%, list=27%, signal=63%

AKT_UP.V1_UP 123 0.44615087 1.6202298 0 0.013076149 0.221 1898 tags=26%, list=17%, signal=31%

KRAS.BREAST_UP.V1_DN 84 0.46511772 1.609538 0.004819277 0.01413651 0.248 2385 tags=33%, list=21%, signal=42%

PTEN_DN.V2_UP 85 0.46573266 1.6071523 0.002531646 0.014125481 0.255 2103 tags=24%, list=18%, signal=29%

PTEN_DN.V1_DN 106 0.44645554 1.6001052 0.002421308 0.01506585 0.28 3073 tags=33%, list=27%, signal=45%

Oncogenic Signature: Top 20 Signatures Up-regulated in TERT-Low cKit+ cells

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
VEGF_A_UP.V1_DN 157 -0.43196163 -2.0192285 0 9.67E-04 0.002 2027 tags=39%, list=18%, signal=47%

PIGF_UP.V1_UP 146 -0.41511273 -1.9290603 0 0.001743289 0.006 2352 tags=44%, list=21%, signal=54%

TBK1.DF_DN 225 -0.37478793 -1.7768636 0 0.003432795 0.018 2061 tags=39%, list=18%, signal=46%

RB_P107_DN.V1_UP 113 -0.40127626 -1.7360075 0 0.0044928 0.03 2043 tags=39%, list=18%, signal=47%

CSR_LATE_UP.V1_UP 130 -0.36704507 -1.6383952 0 0.008593408 0.07 1550 tags=32%, list=14%, signal=37%

GCNP_SHH_UP_LATE.V1_UP 138 -0.34801358 -1.5686884 0 0.012915921 0.127 1750 tags=34%, list=15%, signal=40%

SIRNA_EIF4GI_DN 69 -0.37939164 -1.5265449 0 0.01713198 0.191 2065 tags=43%, list=18%, signal=53%

RB_DN.V1_UP 110 -0.3358962 -1.4694505 0 0.02378227 0.284 1328 tags=17%, list=12%, signal=19%

GCNP_SHH_UP_EARLY.V1_UP 136 -0.29802296 -1.3624228 0.035714287 0.052326903 0.566 2288 tags=36%, list=20%, signal=45%

RPS14_DN.V1_DN 133 -0.2954049 -1.3160521 0.02238806 0.068940245 0.7 2004 tags=27%, list=18%, signal=32%

TBK1.DN.48HRS_DN 47 -0.3488298 -1.3094014 0.08583691 0.06575084 0.715 1977 tags=36%, list=17%, signal=44%

ERB2_UP.V1_DN 140 -0.26177618 -1.1902605 0.086330935 0.1596978 0.962 1729 tags=31%, list=15%, signal=36%

CSR_EARLY_UP.V1_UP 124 -0.2625739 -1.1551021 0.09589041 0.19497365 0.989 1703 tags=27%, list=15%, signal=31%

E2F1_UP.V1_UP 151 -0.25273338 -1.152376 0.1891892 0.18494633 0.99 1805 tags=25%, list=16%, signal=29%

GLI1_UP.V1_DN 21 -0.33302656 -1.0329938 0.38650307 0.41156006 1 3288 tags=52%, list=29%, signal=73%

PRC2_EZH2_UP.V1_UP 138 -0.2250582 -1.0203763 0.4097222 0.4200475 1 578 tags=11%, list=5%, signal=11%

SRC_UP.V1_DN 105 -0.19701776 -0.846995 0.8787879 0.8506246 1 1991 tags=23%, list=17%, signal=27%

Motif analysis: Top 20 Signatures Up-regulated in TERT-High cKit- cells

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
V$FOXO1_02 185 0.49422818 1.8723804 0 0.020118909 0.02 2428 tags=41%, list=21%, signal=51%

V$IRF7_01 193 0.48618808 1.8619576 0 0.013559825 0.027 2219 tags=35%, list=19%, signal=43%

STTTCRNTTT_V$IRF_Q6 141 0.49411356 1.8230882 0 0.0178187 0.051 1905 tags=35%, list=17%, signal=42%

V$FOXO4_02 198 0.47638935 1.80937 0 0.015392027 0.058 2782 tags=45%, list=24%, signal=58%

V$FREAC3_01 175 0.4789332 1.7978728 0 0.01372543 0.062 2420 tags=36%, list=21%, signal=45%

V$FREAC2_01 181 0.4765171 1.7933719 0 0.012276745 0.067 2571 tags=40%, list=23%, signal=51%

V$SREBP1_Q6 186 0.47026464 1.7761527 0 0.014557211 0.093 1575 tags=31%, list=14%, signal=35%

V$FOXO4_01 179 0.46654528 1.7688974 0 0.013871214 0.1 2953 tags=45%, list=26%, signal=60%

V$FOXO1_01 180 0.46418855 1.7588689 0 0.014783623 0.121 2478 tags=39%, list=22%, signal=50%

V$FAC1_01 159 0.46558464 1.7362471 0 0.01874846 0.165 2459 tags=36%, list=22%, signal=46%

V$GATA1_02 178 0.45930985 1.7361099 0 0.017044056 0.165 2914 tags=40%, list=26%, signal=53%

V$AREB6_01 192 0.45202312 1.7252842 0 0.019147374 0.196 2740 tags=37%, list=24%, signal=48%

V$COMP1_01 93 0.48897606 1.7166382 0 0.020224247 0.222 3029 tags=46%, list=27%, signal=62%

V$E4BP4_01 165 0.45785052 1.7147791 0 0.019283317 0.225 2754 tags=42%, list=24%, signal=55%

AAAYWAACM_V$HFH4_01 195 0.44737712 1.7050447 0 0.01968797 0.24 2691 tags=37%, list=24%, signal=48%

AGGGCAG,MIR-18A 99 0.48327023 1.7038563 0 0.01883554 0.244 1522 tags=29%, list=13%, signal=34%

V$SRF_Q5_01 175 0.45407894 1.6966853 0 0.019809827 0.271 1446 tags=25%, list=13%, signal=28%

V$ZIC1_01 202 0.44551668 1.6927047 0 0.019436244 0.279 2571 tags=36%, list=23%, signal=46%

V$AR_01 117 0.46995378 1.6915795 0 0.01862517 0.282 1328 tags=22%, list=12%, signal=25%

AAANWWTGC_UNKNOWN 161 0.45417923 1.6896313 0 0.018044455 0.287 1490 tags=25%, list=13%, signal=29%

Motif analysis: Top 20 Signatures Up-regulated in TERT-Low cKit+ cells

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
V$E2F1DP1_01 182 -0.48998627 -2.3704553 0 0 0 1901 tags=43%, list=17%, signal=51%

V$E2F4DP1_01 184 -0.47825155 -2.3050067 0 0 0 1901 tags=42%, list=17%, signal=50%

V$E2F1DP2_01 182 -0.48998627 -2.2996278 0 0 0 1901 tags=43%, list=17%, signal=51%

V$E2F_02 182 -0.48885062 -2.2869241 0 0 0 1901 tags=43%, list=17%, signal=51%

V$E2F4DP2_01 182 -0.48998627 -2.2772834 0 0 0 1901 tags=43%, list=17%, signal=51%

V$E2F_Q6 178 -0.48184842 -2.2519212 0 0 0 1901 tags=42%, list=17%, signal=49%

V$E2F1_Q6 181 -0.4715487 -2.245834 0 0 0 1901 tags=43%, list=17%, signal=51%

V$E2F_Q4 181 -0.479157 -2.209834 0 0 0 1901 tags=42%, list=17%, signal=50%

V$E2F1_Q3 189 -0.46062857 -2.186471 0 0 0 1901 tags=42%, list=17%, signal=50%
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SGCGSSAAA_V$E2F1DP2_01 127 -0.48493534 -2.1232696 0 0 0 1901 tags=46%, list=17%, signal=54%
V$E2F1_Q6_01 189 -0.44991 -2.10539 0 0 0 1721 tags=37%, list=15%, signal=43%
GKCGCNNNNNNNTGAYG_UNKNOWN 46 -0.5773239 -2.0999975 0 0 0 2089 tags=37%, list=18%, signal=45%
V$E2F1DP1RB_01 178 -0.4437486 -2.0829873 0 7.47E-05 0.001 1901 tags=42%, list=17%, signal=50%
V$E2F_03 191 -0.43563572 -2.067728 0 1.33E-04 0.002 1629 tags=41%, list=14%, signal=47%
V$E2F_Q3 177 -0.4250805 -1.9744977 0 7.01E-04 0.011 1678 tags=38%, list=15%, signal=44%
V$E2F_Q4_01 186 -0.41738853 -1.9623474 0 6.57E-04 0.011 1594 tags=38%, list=14%, signal=43%
V$E2F_01 55 -0.49528018 -1.8871402 0 0.001246949 0.021 1821 tags=47%, list=16%, signal=56%
KRCTCNNNNMANAGC_UNKNOWN 31 -0.55136466 -1.8823435 0.003289474 0.001380052 0.025 1319 tags=52%, list=12%, signal=58%
V$E2F1_Q4_01 180 -0.40201348 -1.8776916 0 0.001307418 0.025 1594 tags=35%, list=14%, signal=40%
V$E2F_Q3_01 184 -0.39507678 -1.867778 0 0.001517764 0.031 1594 tags=35%, list=14%, signal=40%

Annotated pathway analysis: Top 20 Signatures Up-regulated in TERT-High cKit-

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
HEMATOPOIETIN_INTERFERON_CLASSD200_DOMAIN_CYTOKINE_RECEPTOR_ACTIVITY25 0.65114784 1.8370951 0.002971768 0.2408911 0.234 1746 tags=32%, list=15%, signal=38%
ACTIN_POLYMERIZATION_AND_OR_DEPOLYMERIZATION20 0.6683697 1.7869189 0.00152207 0.25547636 0.429 1787 tags=45%, list=16%, signal=53%
POSITIVE_REGULATION_OF_TRANSCRIPTION_FROM_RNA_POLYMERASE_II_PROMOTER51 0.5516291 1.7712064 0 0.21139169 0.512 2375 tags=47%, list=21%, signal=59%
VOLTAGE_GATED_CATION_CHANNEL_ACTIVITY59 0.53950125 1.7609345 0.001251565 0.18193893 0.557 3920 tags=64%, list=34%, signal=98%
GATED_CHANNEL_ACTIVITY 94 0.48705018 1.7172002 0 0.25504264 0.769 3920 tags=59%, list=34%, signal=88%
PROTEOGLYCAN_METABOLIC_PROCESS 16 0.69843596 1.7114722 0.004418262 0.22919434 0.793 1416 tags=44%, list=12%, signal=50%
VOLTAGE_GATED_CHANNEL_ACTIVITY 62 0.51438606 1.7055584 0 0.21384837 0.82 3920 tags=63%, list=34%, signal=95%
SYMPORTER_ACTIVITY 24 0.610354 1.6964954 0.001420455 0.21195394 0.856 1398 tags=33%, list=12%, signal=38%
POSITIVE_REGULATION_OF_TRANSCRIPTION 106 0.4732656 1.6904421 0 0.2041785 0.877 2375 tags=37%, list=21%, signal=46%
POSITIVE_REGULATION_OF_NUCLEOBASENUCLEOSIDENUCLEOTIDE_AND_NUCLEIC_ACID_METABOLIC_PROCESS115 0.46994904 1.6876669 0 0.19037083 0.889 2905 tags=44%, list=25%, signal=59%
EXTRACELLULAR_MATRIX_STRUCTURAL_CONSTITUENT19 0.62229073 1.679757 0.00728863 0.19318546 0.908 3341 tags=63%, list=29%, signal=89%
RECEPTOR_ACTIVITY 375 0.41691875 1.660325 0 0.2226083 0.943 2921 tags=33%, list=26%, signal=43%
CATION_CHANNEL_ACTIVITY 94 0.4724625 1.6559806 0.003546099 0.21510652 0.946 3920 tags=59%, list=34%, signal=88%
SUBSTRATE_SPECIFIC_CHANNEL_ACTIVITY 116 0.45717353 1.6514564 0 0.21083573 0.954 3920 tags=55%, list=34%, signal=83%
ION_CHANNEL_ACTIVITY 110 0.46056274 1.6441828 0.002369668 0.21463868 0.968 3920 tags=56%, list=34%, signal=85%
POSITIVE_REGULATION_OF_RNA_METABOLIC_PROCESS90 0.4647113 1.6439109 0 0.20193954 0.969 2375 tags=37%, list=21%, signal=46%
POSITIVE_REGULATION_OF_CELLULAR_METABOLIC_PROCESS165 0.43544757 1.6431679 0 0.19156285 0.971 2918 tags=42%, list=26%, signal=55%
MUSCLE_CELL_DIFFERENTIATION 18 0.65248007 1.6430582 0.009049774 0.18106888 0.971 1890 tags=56%, list=17%, signal=66%
AMINE_TRANSMEMBRANE_TRANSPORTER_ACTIVITY35 0.5398106 1.6399575 0.013679891 0.17706741 0.977 2900 tags=51%, list=25%, signal=69%
SECONDARY_ACTIVE_TRANSMEMBRANE_TRANSPORTER_ACTIVITY37 0.5497568 1.6369138 0.006729475 0.17494687 0.978 1990 tags=32%, list=17%, signal=39%

Annotated pathway analysis: Top 20 Signatures Up-regulated in TERT-Low cKit+

NAME SIZE ES NES NOM p-val FDR q-val FWER p-val RANK AT MAXLEADING EDGE
MEIOTIC_CELL_CYCLE 29 -0.6657505 -2.212633 0 0.005281462 0.004 1962 tags=52%, list=17%, signal=62%
SPINDLE 36 -0.62651944 -2.206392 0 0.002640731 0.004 1197 tags=44%, list=10%, signal=49%
DNA_REPLICATION 82 -0.4996209 -2.0815263 0 0.011858126 0.026 2309 tags=44%, list=20%, signal=55%
DNA_DEPENDENT_DNA_REPLICATION 44 -0.5743037 -2.0771155 0 0.009250053 0.027 1429 tags=39%, list=13%, signal=44%
CONDENSED_CHROMOSOME 29 -0.5895091 -1.9932944 0.003215434 0.025500638 0.089 1678 tags=48%, list=15%, signal=56%
MEIOSIS_I 16 -0.6908013 -1.9859301 0 0.023031086 0.096 1273 tags=44%, list=11%, signal=49%
M_PHASE 98 -0.4605164 -1.9593722 0 0.028212704 0.135 1319 tags=32%, list=12%, signal=35%
CHROMATIN_REMODELING 19 -0.6171437 -1.9077251 0.003039514 0.042077873 0.222 1793 tags=47%, list=16%, signal=56%
MICROTUBULE_CYTOSKELETON_ORGANIZATION_AND_BIOGENESIS33 -0.5478974 -1.9032145 0 0.03890823 0.231 1678 tags=36%, list=15%, signal=43%
ER_TO_GOLGI_VESICLE_MEDIATED_TRANSPORT15 -0.6722366 -1.8737178 0 0.044427034 0.281 3081 tags=73%, list=27%, signal=100%
CELL_CYCLE_PROCESS 166 -0.40435958 -1.8718027 0 0.041088916 0.283 1319 tags=31%, list=12%, signal=34%
SPINDLE_POLE 17 -0.6229768 -1.8539864 0 0.045460492 0.331 1197 tags=47%, list=10%, signal=52%
SMALL_CONJUGATING_PROTEIN_LIGASE_ACTIVITY44 -0.4855346 -1.8471935 0 0.045275036 0.355 1701 tags=41%, list=15%, signal=48%
CHROMOSOME_ORGANIZATION_AND_BIOGENESIS100 -0.429778 -1.8389145 0 0.044995997 0.373 1460 tags=29%, list=13%, signal=33%
UBIQUITIN_PROTEIN_LIGASE_ACTIVITY 42 -0.505996 -1.835871 0 0.043355804 0.384 1701 tags=43%, list=15%, signal=50%
SMALL_PROTEIN_CONJUGATING_ENZYME_ACTIVITY44 -0.50329417 -1.8357657 0 0.040646065 0.384 2254 tags=50%, list=20%, signal=62%
ACID_AMINO_ACID_LIGASE_ACTIVITY 50 -0.48468503 -1.8171194 0 0.04677924 0.453 2254 tags=48%, list=20%, signal=60%
GLYCEROPHOSPHOLIPID_BIOSYNTHETIC_PROCESS24 -0.55492544 -1.8121572 0 0.04626239 0.473 1911 tags=42%, list=17%, signal=50%
CHROMOSOME 111 -0.40667537 -1.7888488 0 0.053045653 0.541 1678 tags=34%, list=15%, signal=40%
CELL_CYCLE_PHASE 147 -0.39013812 -1.7865534 0 0.051149 0.548 1319 tags=31%, list=12%, signal=34%
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