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ABSTRACT  25 

Cold atmospheric plasma (CAP) treatment has been proposed as a potentially innovative therapeutic 26 

tool in the biomedical field, notably for cancer due to its proposed toxic selectivity on cancer cells versus 27 

healthy cells. In the present study, we addressed the relevance of three-dimensional organoid technology 28 

to investigate the biological effects of CAP on normal epithelial stem cells and tumor cells isolated from 29 

mouse small intestine. CAP treatment exerted dose-dependent cytotoxicity on normal organoids and 30 

induced major transcriptomic changes associated with global response to oxidative stress, fetal-like 31 

regeneration reprogramming and apoptosis-mediated cell death. Moreover, we explored the potential 32 

selectivity of CAP on tumor-like Apc-deficient versus normal organoids in the same genetic 33 

background. Unexpectedly, tumor organoids exhibited higher resistance to CAP treatment, correlating 34 

with higher antioxidant activity at baseline as compared to normal organoids. This pilot study suggests 35 

that the ex vivo culture system could be a relevant alternative model to further investigate translational 36 

medical applications of CAP technology. 37 

 38 

INTRODUCTION 39 

Cold atmospheric plasma (CAP) is a partially or totally ionized gas including photons, electromagnetic 40 

fields, electrons, ions and neutral radicals such as reactive oxygen and nitrogen species (RONS)(1). In 41 

the past decade, this innovative technology has generated growing interest for various applications in 42 

the biomedical field such as blood coagulation, sterilization, wound healing and anti-cancer therapy(2). 43 

Number of studies have reported that CAP exerts cytotoxic effects when applied directly to cultured 44 

cells or indirectly through a plasma activated medium (PAM), as well as anti-tumoral activity(3)(4). The 45 

cytotoxic effects are mainly attributed to the production of short and long-lived RONS that generate a 46 

redox imbalance, leading to increased intracellular oxidative stress along with damage of cellular 47 

components, such as proteins, lipids and DNA(5)(6). Metabolically active cancer cells are reported to 48 

exhibit higher basal level of oxidative stress as compared to healthy cells, which could explain the 49 

reported selectivity of the anti-tumoral effects of CAP (7)(8). However, the underlying molecular 50 
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mechanisms of CAP tumor selectivity remain to be clarified. Additionally, most in vivo studies have 51 

focused on immortalized cells, which do not recapitulate the physiological complexity of epithelia, 52 

constituted of various cell types devoted to specific functions in vivo(7). Lastly, the impact of CAP 53 

treatment on healthy tissues that naturally have a high renewal rate has not been fully investigated.  54 

The adult intestinal epithelium is one of the most rapidly self-renewing tissues in adult mammals, 55 

supported by a pool of Lgr5 intestinal stem cells (ISCs), also called crypt base columnar cells, that 56 

reconstitute the whole epithelium in less than 5 days(9). ISCs have the capacity to both self-renew and 57 

give rise to transit-amplifying cells which differentiate along the villus architecture into all the cell 58 

lineages of the epithelium, (i.e., absorptive enterocytes, mucus-producing goblet cells, hormone-59 

secreting enteroendocrine cells, Paneth cells generating antimicrobial products, and chemosensory type 60 

2 immune response-induced tuft cells)(10). The ex vivo culture technology has recently been developed 61 

to indefinitely grow ISCs in a Petri dish. Upon seeding into a 3D matrix, ISCs self-renew, proliferate 62 

and differentiate into the various epithelial lineages present in the normal epithelium; ex vivo grown 63 

organoids maintain the in vivo relative proportion of each cell subtype and its temporal differentiation 64 

(11). Recently, this versatile technology has been used in the context of human colorectal(12)(13) and 65 

rectal cancer (14) allowing for the accurate prediction of drug responses(15)(16) in a personalized 66 

treatment setting.  67 

In the present study, using the ex vivo culture system, we investigated the impact of an endoscopic 68 

helium plasma jet application on mouse ISCs at the morphological, cellular and transcriptomic levels. 69 

Moreover, we explored the potential selectivity of CAP application on tumor versus normal organoids 70 

originating from the same genetic background. Our data suggest that the ex vivo culture system could 71 

be a relevant alternative model to further investigate translational medical applications of CAP.   72 
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RESULTS 73 

CAP treatment affects normal growth of intestinal stem cell-derived organoid cultures  74 

To assess the potential benefits and adverse consequences of CAP treatment on normal surrounding 75 

tissues in the digestive epithelium, we set out to investigate the biological effects of plasma on mouse 76 

ISCs using the plasma jet device as described in Fig. 1a. For this purpose, we first generated mouse 77 

intestinal organoid lines from individual mice (Fig. 1b). For the experiments, fully grown organoids 78 

were mechanically dissociated and replated in a tridimensional matrix (Matrigel) supplemented with 79 

complete culture medium (Fig. 1b). Twenty-four hours after organoid replating (at day 1), CAP was 80 

directly applied to the culture plate wells. Different settings were applied, with varying durations (30 s 81 

or 60 s) and powers (30 W, 60 W or 80 W). Fresh culture medium was added 24 hours after CAP 82 

treatment (at day 2) and at day 4. At the endpoint (day 5), organoid survival and morphology of the 83 

grown elements were compared (Fig. 1c, d). Control cultures, and those treated with either helium gas 84 

alone (designated “60 s/0 W”) or mild CAP dose (60 s/30 W) followed similar organoid morphological 85 

evolution and survival rates. The spheroid-like structures (primarily constituted of proliferating ISCs 86 

during the first days of culture), started protruding as crypt-like domains and then differentiated into the 87 

various epithelial lineages present in the normal epithelium by day 5. Then, differentiated cells 88 

accumulated in the lumen of fully grown organoids (Fig. 1c, d). Conversely, exposure to moderate and 89 

higher doses of CAP (60 and 80 W, respectively) significantly reduced organoid budding capacity. 90 

Meanwhile, spheroid-like elements were overrepresented as compared to controls at day 5 (Fig. 1c, d). 91 

Moreover, under the 80 W-dose condition, dark declining structures were observed, accompanied by 92 

overall reduced survival rate tendency as compared to controls [34.2 ± 1.6% in CAP 60 s/80 W versus 93 

(vs) 44.5 ± 4.3% in untreated samples, respectively, unpaired t-test p=0.0698]. Together, these 94 

experiments indicate that direct CAP treatment alters the growth capacity of healthy ISCs in a dose-95 

dependent manner. 96 

Next, we investigated the influence of the culture medium on ISC growth at a fixed moderate dose (60 97 

s/ 50 W) (see experimental design in Fig. 2a). Direct CAP treatment was applied at day 1 and the treated 98 

culture medium was replaced with fresh medium at 30 min, 3 h or 1 day (1 d) later (Fig. 2a). The 99 
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morphology of grown elements was studied at day 3, an endpoint at which 61.8% of grown elements in 100 

untreated cultures showed at least one crypt-like domain (Fig. 2b, c). Removal of CAP-treated medium 101 

early after the procedure (30 min and 3 h) did not significantly alter protrusion formation. In contrast, 102 

prolonged incubation with CAP-treated culture medium (24 hours = 1 d) was associated with higher 103 

proportion of elements grown as spheroids (67%), only 9% of total elements were protruded organoids 104 

(Fig. 2b, c). Together, these data indicate that the time of exposure to reactive species generated by CAP 105 

treatment affects the capacity of ISCs to normally grow and differentiate. Interestingly, a similar 106 

negative impact on organoid budding was observed when “naïve” organoids were indirectly submitted 107 

to reactive species present in conditioned media generated either by CAP treatment applied onto another 108 

organoid culture (designated as “indirect CAP”) or the Plasma-Activated Medium alone (designated as 109 

“PAM”) (Fig. 2a-c). Exposure to Indirect CAP- or PAM-conditioned media 24 hours after the treatment 110 

(from day 2 to day 3) also altered organoid protrusion, albeit to a milder degree, thereby indicating that 111 

toxic long-lived reactive species were still present in culture supernatants after 24 hours (Supplementary 112 

Fig. 1S a-c). Taken together, these data demonstrated that normal ISCs are sensitive to direct as well as 113 

indirect CAP/PAM treatment ex vivo.  114 

CAP treatment decreases the intestinal stem cell pool and is associated with Apoptosis 115 

To further investigate the molecular and cellular mechanisms of CAP-induced morphological effect on 116 

intestinal organoid growth, we analyzed at day 3 the whole transcriptome of organoids treated directly 117 

or indirectly with CAP at a moderate dose (50W/60 s) during a period of 24 hours (Fig. 2a). We 118 

identified 2462 differentially expressed genes in CAP-treated vs untreated cultures (False Discovery 119 

rate 0.01 and Log2-fold change of 1 or above) (Fig 2d). Of these, CAP-treatment induced 120 

downregulation of 1195 genes involved in the following biological processes: cell cycle progression, 121 

cell division and DNA replication (Fig. 2e). ISC markers like Lgr5, Olfm4, Smoc2 and Axin2 genes were 122 

amongst the most downregulated genes (Fig. 2d). In particular, 35% of the genes identifying the 123 

intestinal crypt base columnar stem cell signature (i. e. 135 out of 379 genes) reported by Munoz et al, 124 

(17) were downregulated in CAP-organoids (Fig. 3a, b). Loss of ISCs in CAP-treated cultures was 125 

confirmed by in situ hybridization experiments and immunofluorescence staining for Olfm4-expressing 126 
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cells; this correlated with significant drop in canonical Wnt signaling activity (Axin2 used as reporter 127 

gene) (Fig. 3b-d). Consistent with suggested upregulation of the apoptotic process (p value e-49, Fig. 128 

2e), the Pycard gene, involved in regulation of apoptosis and adaptation to the inflammatory response, 129 

and genes associated with DNA repair (Pclaf, Usp49, Hmga2) were found to be downregulated 130 

meanwhile apoptosis-mediator/effector genes (Calpains Capn2/5/12/13, Trp53inp2, Ctsl, Unc5b, Cidec, 131 

Atf3, Ddit3, Cfap157) were upregulated in CAP-treated organoids (Fig. 3c, 4a). TUNEL assay 132 

performed on organoid sections confirmed the presence of DNA double strand breaks in CAP-treated 133 

cultures (Fig. 4b).  134 

CAP treatment induces a global response to reactive species in intestinal stem cell-derived organoids 135 

In addition, CAP induced upregulation of genes involved in modulation of intracellular signal 136 

transduction, negative regulation of response to stimulus, and response to oxygen containing compounds 137 

as well as in positive regulation of developmental processes (Fig. 2e). In line with response to CAP 138 

mediated-injury, pro-survival (Dsg3, Phlda3) and regeneration-associated genes (Trop2/Tacstd2, Ptgs2, 139 

Hbegf, Ly6a/Sca1, Clu, Areg, Epn3) were induced as early as 30 min post-direct CAP treatment (Fig. 140 

5a). Indeed, 34% of the genes identifying the fetal-like Trop2 regeneration signature (50 out of the 148 141 

gene list, (18)) were upregulated in CAP-treated organoids (Fig. 5b). Accordingly, both the number of 142 

Trop2-expressing cells and Areg expression were significantly increased in CAP-treated organoids (Fig. 143 

5c, d). Furthermore, a global stress response gene expression pattern was detected with early 144 

upregulation of oxidative stress-associated transcription factors like Fos, Fosb, Egr1, Nfe2l1/Nrf1, 145 

Nupr1, Nr4a1 and Jdp2 (Fig. 5a, Supplementary Fig. 2Sa). In line with reported regulation of oxidative 146 

stress by long noncoding RNAs, expression of Fer1l4, Gm20417, Neat1, Malat1, Gm37376 or Kcnq1ot1 147 

was induced 30 min after CAP-treatment (Supplementary Fig. 2Sa) (19). Effectors of global response 148 

to CAP-mediated oxidative stress in organoids were found upregulated. Among these, genes encoding 149 

solute/metabolite transporters such as Slc7a11, a cysteine/glutamate antiporter xCT, and detoxifying 150 

enzymes (Hmox1, Ethe1, Gch1, Gstk1) were identified (Fig. 5a,d). Components of the 151 

cysteamine/cystamine metabolism (Gpr5a, Vnn1, Chac1, Ggh), involved in glutathione redox status, 152 

were also induced by the treatment (Supplementary Fig. 2Sb). Cell signaling molecules such as the Polo 153 
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like kinases (Plk2, Plk3) reported to exert antioxidant functions, as well as Mapk11, Lif and Pmepa1 154 

were also upregulated by CAP application (Fig. 2Sb). Of note, the major cellular enzymatic ROS 155 

scavengers (superoxide dismutases, glutathione peroxidases, peroxiredoxins and catalase) were detected 156 

at high levels in control organoids but their expression did not substantially differ upon CAP-treatment 157 

(Table 1). Pparg, a master regulator of lipid metabolism and immune response (20), was also found 158 

upregulated in CAP-treated organoid cells (Fig. 5a, d). Inflammatory response genes were significantly 159 

modulated in CAP-treated organoids: interferon induced Ifitm2/Ifitm3 and chemokine Ccl9 were 160 

downregulated whereas expression of Ifnlr1, Ilr1, Ddx60 and Pdlim7 were upregulated (Fig. 2Sb). 161 

Moreover, consistent with extensive reshaping of epithelial cells, CAP application was associated with 162 

upregulation of cytoskeleton organization, cell motility and biological adhesion processes (Fig. 2e, Fig. 163 

2Sb).  164 

Apc deficient-derived organoids exhibit increased resistance to CAP treatment as compared to ISCs-165 

derived organoids  166 

Since ISCs were sensitive to moderate and high doses of CAP, we sought to compare resistance of 167 

normal or tumor organoids to this treatment. For this purpose, adult VilCreERT2-Apcflox/flox or 168 

VilCreERT2-Apc wild-type (wt) mice were injected with tamoxifen to induce specific deletion of Apc 169 

exon 15 in VilCreERT2-Apcflox/flox mice, leading to loss-of-function of this tumor suppressor (designated 170 

as Apc ∆). Apc wt and Apc ∆ intestinal crypts were isolated and cultured to generate normal and tumor 171 

organoid lines, respectively (Fig. 6 a). Efficient recombination in Apc ∆ tumor-derived organoids was 172 

controlled at initial seeding (Supplementary Fig. 3Sa). Then, upon organoid replating, CAP was directly 173 

applied at various doses for 60 s on both kinds of organoids (Fig. 6b). As expected, at day 5, Apc wt 174 

organoid survival was substantially reduced at a dose of 50 W and 80 W as compared to untreated 175 

organoids (Fig. 6 b,c). Conversely, Apc ∆ organoids demonstrated higher survival rates, regardless of 176 

the CAP dose (Fig. 6c). Dosage of reactive species in culture supernatants did not demonstrate 177 

substantial differences between organoid types at a given CAP-dose, which might have explained the 178 

observed higher resistance of Apc ∆ vs Apc wt organoids (Supplementary Fig. 3Sb). To further explore 179 

the underlying molecular mechanisms, qPCR experiments were performed on samples collected at day 180 
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5. With the exception of Olfm4, expression of markers for active (Lgr5) and quiescent (Hopx) stem cell 181 

populations was maintained in tumor organoids, even at the highest CAP dose (80 W) (Fig. 6d). 182 

Regarding cell differentiation, mild CAP dose (30 W) in Apc wt organoids had a tendency to decrease 183 

the Paneth lineage vs the other cell types whereas Apc ∆-organoids exhibited limited cell differentiation 184 

in any tested condition (Fig. 6d). Interestingly, expression of regeneration marker genes was upregulated 185 

in Apc wt organoids upon CAP treatment (30 W), and was detected at much higher levels in tumor 186 

organoids even under normal conditions (Fig. 7b). Moreover, tumor organoids maintained proliferation 187 

capacity and low cell death behavior following CAP treatment (Fig. 7b). Furthermore, Apc ∆ organoids 188 

demonstrated increased levels of genes (e. g. Atf3, Nupr1) involved in early response to reactive species 189 

as compared to Apc wt organoids (Fig. 7b). In addition, cellular transporters (Slc7a11) and detoxifying 190 

enzymes (Hmox1), induced in Apc wt organoids by mild CAP treatment, were expressed at significantly 191 

higher levels in basal conditions in tumor organoids (Fig. 7b). Differential expression of the membrane-192 

associated aquaporins has also been proposed to contribute to CAP selectivity by facilitating influx of 193 

water and hydrogen peroxide into cancer cells(21). In ISCs and healthy intestinal organoids, RNAseq 194 

data showed that Aqp1, Aqp4 and Aqp11 were the most significantly expressed (Supplementary Fig 195 

S3c). CAP treatment particularly reduced Aqp1 and Aqp4 levels in Apc wt organoids (Supplementary 196 

Fig S3c). Interestingly, irrespective of CAP treatment, tumor organoids were expressing 2-fold less 197 

Aqp1, Aqp4 and 10-fold less Aqp3 levels than normal organoids, whereas Aqp5 expression was 198 

increased (Supplementary Fig S3d). Taken together, these experiments indicate that tumor-like 199 

organoids deficient for the tumor suppressor Apc demonstrate a higher potential to resist CAP-induced 200 

injury as compared to ISC-derived organoids. Such behavior could be, in part, explained by the 201 

expression of an oxidative stress resistance program, already active under basal conditions, and reduced 202 

cell surface expression of aquaporins.  203 
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DISCUSSION 204 

The present study demonstrated the relevance of a 3D organoid culture to investigate the biological 205 

effects of CAP on normal epithelial stem cells and tumor cells isolated from the mouse small intestine, 206 

and unexpectedly showed higher resistance of tumor organoids to CAP treatment.  207 

First, we studied the parameters that determine CAP effects on cells and found that helium, the carrier 208 

gas, did not by itself alter organoid growth. We observed toxic effect of direct CAP application to ISC 209 

cultures, showing dose-dependency as reported on various cancer lines (21). To determine whether CAP 210 

treatment can induce a “bystander effect” as described in radiobiology, in which irradiated cells 211 

communicate stress via extracellular signaling to neighboring cells, we also analyzed indirect 212 

application of CAP on organoids (Indirect CAP and PAM). In our experimental setting, organoid growth 213 

was similarly affected by the three conditions, indicating that the main effect of CAP was mediated by 214 

reactive species delivered in the culture medium, with minor contribution of cellular components 215 

potentially released from the CAP-treated organoids. Our data also suggest that CAP-mediated 216 

cytotoxicity depends in part on long-lived reactive species (typically nitrites, hydrogen peroxide, ozone) 217 

since increased levels of nitrites were still detected 24 hours after CAP treatment as compared to controls 218 

(Supplementary Fig S3b). On the other hand, it is known that the nature of CAP-generated RONS is 219 

conditioned by the composition of the cell culture medium(22). Organoid growth requires a complex 220 

medium, including several antioxidant supplements such as N-acetyl cysteine, glutathione, sodium 221 

pyruvate and ascorbic acid (23) (24)(25) (26). We hypothesize that the presence of such antioxidants in 222 

the medium might have increased the threshold level needed to detect variations in the long-lived ROS 223 

species with the DCFH-DA probe (Supplementary Fig S3b).  224 

Moderate (50/60 W) to high (80 W) doses of CAP severely impacted ISC self-renewal and 225 

differentiation. Although ISCs express important levels of ROS scavenger enzymes (Supplementary 226 

Fig. S3e), previous studies have also reported that, under steady-state conditions, ISCs exhibit two-fold 227 

increased levels of ROS as compared to the rest of the epithelium(27). Together, these data are in line 228 

with the hypothesis that the application of moderate-to-high CAP doses to ISCs reaches a redox status 229 

threshold above which toxic accumulation of RONS occurs, similar to what has been previously 230 
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described for cancer cell lines(7)(8); this ultimately induces DNA damage and cell death by apoptosis. 231 

Interestingly, moderate CAP dose also elicited an epithelial response with hallmarks of tissue 232 

regeneration, characterized by re-expression of a fetal signature, reported to be induced by a variety of 233 

insults in the gastrointestinal tract(18)(28)(29)(30). As part of this fetal reprogramming, upregulation of 234 

genes coding for factors mainly released by the surrounding stromal compartment (Areg, Ptgs2, etc..), 235 

was observed in epithelial cells ex vivo. This suggests that, upon injury, the epithelium has the intrinsic 236 

potential to contribute to the repair process. In the same line, CAP treatment on murine cementoblasts 237 

has been reported to induce a regeneration process similar to that elicited by enamel matrix derivatives 238 

in vivo(31). Moreover, CAP treatment induced a global response to oxidative stress in organoids that 239 

involved upregulation of RONS-associated transcription factors and effectors known to regulate 240 

intracellular ROS balance and reported to be activated upon CAP treatment(32)(33)(34)(35). 241 

A major observation of our study relates to CAP application effects on tumoral APC-deficient organoids. 242 

The potential of CAP treatment in oncology relies on a proposed selective targeting of cancer cells over 243 

healthy cells due to higher intracellular levels of ROS in malignant cells (36). However, compared 244 

sensitivity of CAP was never performed on the same cell type and genetic background, with cells 245 

growing under the same culture conditions. This was addressed in the present study by comparing the 246 

impact of CAP application on normal “healthy” organoids and tumoral Apc-deficient organoids, the 247 

latter being used as a colorectal cancer (CRC) model. Contrary to our initial expectations, tumor 248 

organoids exhibited higher resistance to CAP treatment than healthy organoids. Such results could be 249 

explained, at least in part, by the fact that Apc-deficient organoids exhibited a much higher antioxidant 250 

response at baseline than ISC-derived organoids. The potential contribution of differential expression 251 

of aquaporins to CAP selectivity could be interesting to address in future ex vivo studies.  252 

In summary, the present study reveals the potential of organoid technology to further investigate the 253 

biological effects of CAP on normal and tumoral tissues. Indeed, organoid cultures faithfully reflect cell 254 

heterogeneity in epithelial tissues, they are as amenable to “Omics” studies as the cancer cell lines and, 255 

from a translational point of view, they can be used to compare various CAP application settings. Our 256 

study highlights the importance of considering CAP toxicity on metabolically active resident stem cells 257 
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in tissues, like the intestine, undergoing permanent self-renewal, in order to adjust the dose of treatment. 258 

Furthermore, CRC development is known to be a multistep process. Following the initial hit mutation 259 

in the Apc gene that leads to Wnt signaling overactivation, mutations deregulating other pathways (such 260 

as KRAS/TGFb and p53) sequentially accumulate in cancer cells, and correlate with cancer 261 

progression(37)(38). Future studies will be needed to investigate the sensitivity of CAP treatment on 262 

tumor organoids bearing the aforementioned additional mutations in order to definitely elucidate the 263 

potential of CAP for personalized anti-cancer therapy.   264 
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MATERIALS AND METHODS 265 

Experimental animals  266 

Adult mice were from the outbred CD1 strain (Charles River Laboratories). To obtain tumor-derived 267 

organoids, we crossed Tg(Vil1-cre/ERT2)23Syr/J (39) and Apctm1Tyj/J designated Apcflox (40). Adult Vil-268 

cre/ERT2/Apcwt/wt and Vil-cre/ERT2/Apcflox/flox were injected intraperitoneally for 3 consecutive days 269 

with tamoxifen (2 mg per 30 g of body weight) to induce recombination in the Apc locus and the small 270 

intestine was harvested 2-3 days after the last injection. Tamoxifen was dissolved in a sunflower 271 

oil/ethanol mixture (9:1) at 10 mg/ml (both products from Sigma-Aldrich).  272 

Ex vivo culture  273 

To generate intestinal organoids, mouse adult small intestine was dissociated with 5 mM EDTA-in 274 

DPBS (Gilbco) according to the protocol reported in(41). Briefly, the culture medium consisted of 275 

Advanced-DMEM/F12 medium supplemented with 2 mM L-glutamine, N2 and B27 w/o vit.A, 276 

gentamycin, penicillin-streptomycin cocktail, 10 mM HEPES (all from Invitrogen), 1 mM N acetyl 277 

cysteine (Sigma-Aldrich), 50 ng/ml EGF and 100 ng/ml Noggin (both from Peprotech), and 100 ng/ml 278 

CHO-derived mouse R-spondin 1 (R&D System). Culture medium was changed every other day and 279 

after 5-6 days in culture, organoids were harvested, mechanically dissociated and replated in fresh 280 

Matrigel matrix (catalog 356235 from BD Biosciences). Culture media were supplemented with 10 µM 281 

Y-27632 (Sigma Aldrich) in all initial seeding and replating experiments for the first two days. Pictures 282 

were acquired with a Moticam Pro camera connected to Motic AE31 microscope.  283 

Cold atmospheric plasma treatment 284 

The cold plasma source was an endoscopic plasma jet allowing for the generation and transport of CAP 285 

over long distances as described in our previous work(42). It consists of a tubular DBD chamber made 286 

of quartz supplied with helium gas and surrounded by a high-voltage electrode. The power-control 287 

source was an AFS (G10S-V) generator, delivering an 18 kHz sinusoidal signal. The discharge chamber 288 

was plugged into a polytetrafluoroethylene (PTFE) tube (outer diameter 3 mm, wall thickness 0.75 mm) 289 

transporting the plasma post-discharge over > 2 meters. An electrically floating copper wire (diameter 290 

0.2 mm) was inserted partially into the dielectric chamber and extended almost until the end of the PTFE 291 
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tube (5 mm before its end) to allow the maintenance of active plasma for several meters and to sustain 292 

a plasma plume at the outlet for potential endoscopic treatment. Treatment was performed under a 293 

laminar flow hood using a 1.6 lpm helium flow; thus RONS were created by the mixing of CAP with 294 

ambient air (42). The power values (0, 30, 50, 60 or 80 W) were set on the AFS-generator. The catheter 295 

was placed vertically in a designated test bench. The tip of the catheter was placed at 3 cm from the top 296 

of the 12-well plate containing the media to be treated, i.e. the length of the plasma plume. This allowed 297 

plasma-generated RONS to reach the medium without the plasma plume touching it, avoiding any 298 

electrical connection that would have increased current and RONS creation in a less controlled manner.  299 

Fully-grown organoid cultures were dissociated by mechanical pipetting and replated on Matrigel in 12-300 

well plates (VWR, Belgium). Twenty-four hours later, CAP was applied vertically on organoid cultures 301 

at room temperature. Each well was placed successively under the plasma plume for 30 s or 60 s. During 302 

treatment, the other wells were protected by a designated cover plate to avoid unwanted RONS diffusion 303 

to neighboring wells. Following exposure to CAP, treated samples were placed back at 37 °C in a 5% 304 

CO2 incubator (Binder C150) and the medium was changed as indicated in the results section and 305 

different endpoints were applied.  306 

Tissue processing and immunohistochemical analysis 307 

Organoid culture samples were fixed with 10% formalin solution, neutral buffered (Sigma-Aldrich) for 308 

20 minutes at room temperature then sedimented through 30% sucrose solution before OCT embedding. 309 

Histological protocols as well as immuno-fluorescence/histochemistry experiments on 6 µm sections 310 

were carried out as previously described (43). Table 2 lists primary antibodies, TUNEL assay kit and 311 

DAPI used. Stained samples were visualized with a DMI600B epifluorescence microscope equipped 312 

with a DFC365FX camera (Leica). The number of independent organoid cultures obtained from 313 

individual adult mice used for each experiment is reported in Figures and in Figure legends. 314 

Gene expression analysis  315 

qRT-PCR was performed on total RNA extracted from organoid cultures as reported(44). Expression 316 

levels of target genes were normalized to that of reference genes (Rpl13, Ywhaz). Table 2 lists the 317 

primers used for qPCR studies. In situ hybridization experiments were performed according to 318 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted October 15, 2021. ; https://doi.org/10.1101/2021.10.13.464287doi: bioRxiv preprint 

https://doi.org/10.1101/2021.10.13.464287
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 
 

manufacturer instructions with the RNAscope kit (ACD-Biotechne) (probes listed in Table 2). Stained 319 

samples were visualized with a Nanozoomer digital scanner (Hamamatsu). 320 

RNA seq and Gene Set Enrichment Analysis (GSEA) 321 

RNA quality was checked using a Bioanalyzer 2100 (Agilent technologies). Indexed cDNA libraries 322 

were obtained using the Ovation Solo (NuGen) or the NEBNext RNA-Seq Systems following 323 

manufacturer recommendations. The multiplexed libraries were loaded onto a NovaSeq 6000 (Illumina) 324 

using an S2 flow cell and sequences were produced using a 200 Cycle Kit. Paired-end reads were 325 

mapped against the mouse reference genome GRCm38 using STAR software to generate read 326 

alignments for each sample. Annotations Mus_musculus.GRCm38.90.gtf were obtained from 327 

ftp.Ensembl.org. After transcripts assembling, gene level counts were obtained using HTSeq. 328 

Differentially expressed genes were identified with EdgeR method and further analyzed using GSEA 329 

MolSig (Broad Institute)(45). Heatmaps were generated using Heatmapper(46) and common signature 330 

genes were identified using Venny 2.0 (47). 331 

Detection of reactive species 332 

Detection of reactive species was performed in organoid culture supernatants 24 hours after CAP 333 

treatment, as described in (22). Nitrite concentration was measured using a colorimetric assay with the 334 

Griess reagent. Absorbance was determined at 570 nm using the iMark Microplate reader (BioRad). 335 

Global ROS were detected using the reporter 2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA, 336 

D6883 Sigma-Aldrich). The emitted fluorescence of oxidized DFC was detected at 528 nm using the 337 

Microwin software on Mithras LB940 reader (Berthold technologies).  338 

Statistical analysis 339 

Statistical analyses were performed with Graph Pad Prism 5. All experimental data are expressed as 340 

mean ± s.e.m unless indicated in Figure legends. The significance of differences between groups was 341 

determined by appropriate parametric or non-parametric tests as described in the text or Figure legends. 342 

Data availability statement 343 
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The datasets generated and analyzed during the current study are available in the GEODATASET 344 

repository [GEO Accession GSE 178148]. Some datasets analyzed during this study were included in a 345 

published article(48) and are available in the GEODATASET repository [GSE 135362]. 346 

347 
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FIGURE LEGENDS 507 

Figure 1. CAP treatment affects normal growth of intestinal stem cell-derived organoid cultures. 508 

a. The CAP system allows for generation of a helium CAP that can be transported over long distances 509 

for applications in endoscopy. b. Direct CAP treatment on organoid cultures generated from small 510 

intestine isolated crypts. c. Representative pictures of a given field showing growth of CAP-treated or 511 

untreated organoids at day 1 (before CAP application) and day 5 (endpoint). Survival rate (%) at day 5 512 

vs day 1, indicated below the images, is expressed as the mean ± SEM (n=4 organoid lines generated 513 

from different mice). Curved and straight arrows show fully protruded organoid and spheroid, 514 

respectively. Arrowheads indicate declining organoids. Scale bars: 500 µm. d. Quantification of 515 

organoid complexity at day 5. Representative element categories (Spheroids and Organoids) are defined 516 

morphologically on the right. An average number of 195 elements was analyzed per condition per 517 

organoid line (n= 3 organoid lines). Data are represented as means ± sem. Two-way ANOVA: 518 

interaction **** P< 0.0001 followed by Tukey's multiple comparisons test: a: compared to Untreated 519 

conditions, b: compared to 60 s/ 0 W conditions **P< 0.01; ***P< 0.001; ****P< 0.0001. 520 

Figure 2. Impact of the CAP application method on organoid morphology and global gene 521 

expression. a. CAP treatment (50 W/60 s) was applied directly to organoid cultures at day 1 (post-522 

replating) for 30 minutes, 3 hours or 24 hours. Then fresh medium was provided until day 3 (endpoint). 523 

Alternatively, naïve organoids were cultured at day 1 for 24 hours with freshly-generated CAP-524 

conditioned media (Indirect CAP) or plasma-activated media (PAM). At day 2 (post-replating), fresh 525 

culture medium was provided for a further 24 hours until day 3 (endpoint). b. Representative pictures 526 

of a given field showing organoid growth at day 1 (before CAP application) and day 3. Arrowheads and 527 

triangles show individual elements evolving as protruded organoids and spheroids, respectively. 528 

Asterisks indicate dying elements. Scale bars: 500 µm. c. Quantification of organoid complexity at day 529 

3. An average number of 100 elements was analyzed per condition per organoid line (n= 4 organoid 530 

lines). Data are represented as means ± sem. Two-way ANOVA: interaction **** P< 0.0001 followed 531 

by Tukey's multiple comparisons test: a, d: ****P< 0.0001, b: ***P< 0.001, c: *P< 0.05. (all compared 532 

to untreated). Time of exposure to CAP treatment is indicated (30’, 3 h, 1 day) ID: Indirect CAP. d. 533 
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Heatmap of differentially regulated genes in CAP-treated vs Untreated (Controls) organoids. Samples 534 

were treated with CAP directly (Direct), for 30 min (30’) or 24 hours between day 1 and day 2 (1 d); 535 

indirectly (Indirect) or with PAM for 24 hours between day 1 and day 2 (1 d) or between day 2 and day 536 

3 (2 d). Some of the most-modulated genes are indicated on the right side. e. GSEA-Biological processes 537 

for upregulated and downregulated gene lists in CAP-treated vs untreated Controls.  538 

Figure 3. CAP treatment decreases the intestinal stem cell pool. a. Venn diagram showing that part 539 

of the downregulated gene list in CAP-treated samples vs controls (135 out of 1195 genes) corresponds 540 

to the ISC (Intestinal Stem Cell)-associated signature. b. Expression levels of some genes of the ISC-541 

associated signature commonly downregulated in CAP-treated organoids vs Untreated controls. 542 

CP20M: counts per kilobase of transcript per 20 million mapped reads. Data are represented as means 543 

± sd. n = 4 and 3 samples in Controls and CAP-treated conditions, respectively. c. Expression of Lgr5, 544 

Axin2, and Pycard genes detected in organoids by RNAscope at day 3. d. Immunofluorescence showing 545 

Olfm4-expressing cells in organoids at day 3 (red arrows). Cell membranes shown with β-catenin and 546 

nuclei counterstained with DAPI. Right panel: Expression levels of Olfm4 in the various conditions 547 

reported in CP20M. Scale bars: 50 µm (panels c and d). 548 

Figure 4. CAP treatment of organoids is associated with Apoptosis. a. Expression levels of DNA 549 

repair and apoptosis-related genes in the various conditions reported in CP20M. Data are represented as 550 

means ± sd. n = 4 and 3 samples in Controls and CAP-treated conditions, respectively. b. Organoid 551 

sections were stained with TUNEL for apoptotic cells (visualized by pink asterisks). Cell membranes 552 

are shown with β-catenin and nuclei were counterstained with DAPI. Scale bars: 50 µm. 553 

Figure 5. CAP treatment induces a global response to reactive species in intestinal stem cell-554 

derived organoids. a. Expression levels of Pro-survival, regeneration and oxidative stress-associated 555 

genes in the various conditions reported in CP20M. Data are represented as means ± sd. n = 4 and 3 556 

samples in Controls and CAP-treated conditions, respectively. b. Venn diagram showing that part of the 557 

upregulated gene list in CAP-treated vs control organoids (50 out of 1267 genes) corresponds to the 558 

Trop-2-associated regeneration signature. c. Immunofluorescence showing Trop2-expressing cells 559 

(visualized by green asterisks) in organoids at day 3. Cell membranes shown with β-catenin and nuclei 560 
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counterstained with DAPI. d. Expression of Areg, Pparg, and Hmox1 genes detected in organoids by 561 

RNAscope at day 3. Scale bars: 50 µm (panels c and d). 562 

Figure 6. Apc deficient-derived organoids exhibit increased resistance to CAP treatment as 563 

compared to normal ISC-derived organoids. a. CAP treatment was applied directly to Apc wt or Apc 564 

∆ (Apc-deficient) organoid cultures at day 1 post-replating for 24 hours. Fresh medium was added at 565 

days 2 and 4. b. Representative pictures of a given organoid type (Apc wt or Apc ∆) at day 5 following 566 

CAP treatment at the indicated doses. Scale bars: 500 µm. c. Left panel: organoid survival rate (in %). 567 

An average number of 120 elements was studied over time per condition per organoid line (n= 6 Apc 568 

wt and 5 Apc ∆ organoid lines, respectively). Data are represented as means ± sem. Two-way ANOVA: 569 

CAP dose ***/Genotype **** P< 0.0001 followed by Sidak's multiple comparisons test: a, ***P< 570 

0.001; b, ***P< 0.01; c, *P< 0.05; ns: not significant (all compared to Apc wt-0 W), Right panel: 571 

quantification of total RNA extracted/sample at day 5. Each symbol corresponds to a given organoid 572 

line. Two-way ANOVA: CAP dose * P< 0.05/Genotype **** P< 0.0001 followed by Sidak's multiple 573 

comparisons test: a, ****P< 0.0001; b, *P< 0.05; c, **P< 0.01. (all compared to Apc wt-0 W). d. Gene 574 

expression analysis by qRT-PCR of the indicated stem cell and differentiation markers. Each symbol 575 

corresponds to a given organoid line. Values are normalized to Untreated Apc wt levels. Data are 576 

represented as means ± sem. One-way Anova test. **** P< 0.0001; **** P< 0.001; **P< 0.01; *P< 577 

0.05; ns: not significant. 578 

Figure 7. Apc deficient-derived organoids exhibit increased resistance to CAP treatment as 579 

compared to normal intestinal stem cell-derived organoids. a. Design of the experiment. See Figure 580 

Legend Fig. 6a. b. Gene expression analysis by qRT-PCR of the indicated markers involved in 581 

regeneration, cell growth/apoptosis and response to stress. Each symbol corresponds to a given organoid 582 

line. Values are normalized to Untreated Apc wt levels. Data are represented as means ± sem. One-way 583 

Anova test. **** P< 0.0001; **** P< 0.001; **P< 0.01; P< 0.05; ns: not significant.  584 
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Table 1: List of genes involved in redox control

ROS scavengers
Gene-ID Gene-Name Gene-Description C-CD1 S73 1 C-WT2 S74 2 C-1-20 S75 3 C-2-20 S76 4 D-2-30 S77 5 D-CD1-30 S7 D-WT2-30 S7 D-2-24 S80 8 D-CD1-24 S8 D-WT2-24 S8 I-2-30 S83 1 I-CD1-30 S84 I-WT2-30 S8 I-2-24 S86 1 I-CD1-24 S87 I-WT2-24 S8 PAM-2-30 S8 PAM-CD1-30 PAM-WT2-30 PAM-2-24 S9 PAM-CD1-24 24 S94 22		 Gene-Name Mean Ctrl Mean Direct 30' Mean Direct 1 d Mean Indirect 1 d Mean Indirect 2d Mean PAM 1 d Mean PAM 2d
ENSMUSG00000022982 Sod1 superoxide dismutase 1 soluble [Source:MGI Symbol	Acc:MGI:98351] 6276 7641 5946 6115 4366 5911 5635 6395 6128 6028 4568 5585 5746 5043 5806 5615 5178 4994 5871 5275 5974 6144	 Sod1 6494.5 5304.0 6183.7 5299.7 5488.0 5347.7 5624.5
ENSMUSG00000006818 Sod2 superoxide dismutase 2 mitochondrial [Source:MGI Symbol	Acc:MGI:98352] 2482 2678 2400 2384 1924 2267 2191 2462 2254 2073 2000 2190 2061 1729 1971 1591 1844 1923 1848 1180 1777 1297	 Sod2 2486.0 2127.3 2263.0 2083.7 1763.7 1871.7 1478.5
ENSMUSG00000072941 Sod3 superoxide dismutase 3 extracellular [Source:MGI Symbol	Acc:MGI:103181] 2 3 5 5 5 4 3 6 6 7 4 3 3 3 4 2 6 6 5 4 1 1	 Sod3 3.8 4.0 6.3 3.3 3.0 5.7 2.5
ENSMUSG00000063856 Gpx1 glutathione peroxidase 1 [Source:MGI Symbol	Acc:MGI:104887] 5127 7840 7676 6220 5749 6902 5985 9353 9298 7113 6111 6392 6357 5950 6305 5392 7141 7183 7968 5351 6250 6307	 Gpx1 6715.8 6212.0 8588.0 6286.7 5882.3 7430.7 5800.5
ENSMUSG00000042808 Gpx2 glutathione peroxidase 2 [Source:MGI Symbol	Acc:MGI:106609] 6975 7061 7988 7549 7160 7675 8265 10882 9842 7611 6936 7970 6920 8259 9411 6323 7320 8194 7537 11073 7790 4533	 Gpx2 7393.3 7700.0 9445.0 7275.3 7997.7 7683.7 9431.5
ENSMUSG00000089987 Gpx2-ps1 glutathione peroxidase 2 pseudogene 1 [Source:MGI Symbol	Acc:MGI:106627] 18 11 13 4 7 9 17 6 14 13 1 18 11 5 25 8 6 14 15 4 14 7	 Gpx2-ps1 11.5 11.0 11.0 10.0 12.7 11.7 9.0
ENSMUSG00000018339 Gpx3 glutathione peroxidase 3 [Source:MGI Symbol	Acc:MGI:105102] 19 22 48 47 49 26 34 58 35 46 64 35 50 72 38 53 73 47 50 95 48 67	 Gpx3 34.0 36.3 46.3 49.7 54.3 56.7 71.5
ENSMUSG00000075706 Gpx4 glutathione peroxidase 4 [Source:MGI Symbol	Acc:MGI:104767] 3400 4981 4883 3932 3539 3880 4009 6686 5608 4648 3796 3965 4671 4974 4370 4582 4806 4031 5392 4859 5268 6287	 Gpx4 4299.0 3809.3 5647.3 4144.0 4642.0 4743.0 5063.5
ENSMUSG00000004344 Gpx5 glutathione peroxidase 5 [Source:MGI Symbol	Acc:MGI:104886] 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0	 Gpx5 0.0 0.0 0.0 0.7 0.0 0.0 0.0
ENSMUSG00000004341 Gpx6 glutathione peroxidase 6 [Source:MGI Symbol	Acc:MGI:1922762] 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Gpx6 0.0 0.0 0.3 0.0 0.0 0.0 0.0
ENSMUSG00000028597 Gpx7 glutathione peroxidase 7 [Source:MGI Symbol	Acc:MGI:1914555] 9 3 4 5 6 4 5 3 0 6 3 3 4 6 3 5 4 5 7 20 1 19	 Gpx7 5.3 5.0 3.0 3.3 4.7 5.3 10.5
ENSMUSG00000021760 Gpx8 glutathione peroxidase 8 (putative) [Source:MGI Symbol	Acc:MGI:1916840] 2 0 3 0 0 3 0 3 1 0 2 4 2 1 0 0 3 2 0 1 0 0	 Gpx8 1.3 1.0 1.3 2.7 0.3 1.7 0.5
ENSMUSG00000028691 Prdx1 peroxiredoxin 1 [Source:MGI Symbol	Acc:MGI:99523] 8941 10608 10647 9960 8201 9105 8982 12952 10278 9033 8614 8835 8850 7098 7555 7308 8746 9024 9396 5486 8157 8058	 Prdx1 10039.0 8762.7 10754.3 8766.3 7320.3 9055.3 6821.5
ENSMUSG00000005161 Prdx2 peroxiredoxin 2 [Source:MGI Symbol	Acc:MGI:109486] 3979 4147 4102 4122 2956 3510 3717 4172 3773 3178 2875 3246 3212 2808 2542 2533 3027 2798 2917 1920 2536 2289	 Prdx2 4087.5 3394.3 3707.7 3111.0 2627.7 2914.0 2228.0
ENSMUSG00000083998 Prdx2-rs3 peroxiredoxin 2 related sequence 3 [Source:MGI Symbol	Acc:MGI:1859808] 0 0 0 0 0 0 1 0 0 1 0 2 0 0 1 0 0 0 0 0 0 0	 Prdx2-rs3 0.0 0.3 0.3 0.7 0.3 0.0 0.0
ENSMUSG00000024997 Prdx3 peroxiredoxin 3 [Source:MGI Symbol	Acc:MGI:88034] 1773 1819 1871 1783 1316 1738 1678 2148 1787 1598 1544 1733 1620 1268 1239 1227 1337 1455 1231 720 1264 978	 Prdx3 1811.5 1577.3 1844.3 1632.3 1244.7 1341.0 992.0
ENSMUSG00000025289 Prdx4 peroxiredoxin 4 [Source:MGI Symbol	Acc:MGI:1859815] 469 411 526 605 283 322 361 401 326 231 236 254 236 199 96 114 193 155 153 115 101 70	 Prdx4 502.8 322.0 319.3 242.0 136.3 167.0 108.0
ENSMUSG00000024953 Prdx5 peroxiredoxin 5 [Source:MGI Symbol	Acc:MGI:1859821] 2364 2736 2328 2561 2271 2266 2195 3519 2733 2832 2346 2260 2606 2094 2125 2316 3146 2681 3344 2079 2577 2749	 Prdx5 2497.3 2244.0 3028.0 2404.0 2178.3 3057.0 2328.0
ENSMUSG00000026701 Prdx6 peroxiredoxin 6 [Source:MGI Symbol	Acc:MGI:894320] 6338 6753 7470 7000 6951 6801 6893 9029 8121 8168 8102 6993 7506 5203 5485 6111 7724 6959 7856 2790 5771 5309	 Prdx6 6890.3 6881.7 8439.3 7533.7 5599.7 7513.0 4280.5
ENSMUSG00000050114 Prdx6b peroxiredoxin 6B [Source:MGI Symbol	Acc:MGI:1336888] 0 0 0 1 7 2 7 0 1 7 1 5 8 8 6 25 0 2 3 5 2 7	 Prdx6b 0.3 5.3 2.7 4.7 13.0 1.7 3.5
ENSMUSG00000083737 Prdx6-ps2 peroxiredoxin 6 pseudogene 2 [Source:MGI Symbol	Acc:MGI:1203519] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Prdx6-ps2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000027187 Cat catalase [Source:MGI Symbol	Acc:MGI:88271] 8875 9412 7286 6820 5530 8551 7757 3729 4839 7361 4290 5969 7329 3004 5314 6427 3925 2984 6076 2278 5714 6370	 Cat 8098.3 7279.3 5309.7 5862.7 4915.0 4328.3 3996.0

ROS generating systems
Gene-ID Gene-Name Gene-Description C-CD1 S73 1 C-WT2 S74 2 C-1-20 S75 3 C-2-20 S76 4 D-2-30 S77 5 D-CD1-30 S7 D-WT2-30 S7 D-2-24 S80 8 D-CD1-24 S8 D-WT2-24 S8 I-2-30 S83 1 I-CD1-30 S84 I-WT2-30 S8 I-2-24 S86 1 I-CD1-24 S87 I-WT2-24 S8 PAM-2-30 S8 PAM-CD1-30 PAM-WT2-30 PAM-2-24 S9 PAM-CD1-24 24 S94 22		 Gene-Name Mean Ctrl Mean Direct 30' Mean Direct 1 d Mean Indirect 1 d Mean Indirect 2d Mean PAM 1 d Mean PAM 2d
ENSMUSG00000024066 Xdh xanthine dehydrogenase [Source:MGI Symbol	Acc:MGI:98973] 4179 3804 1971 3788 7127 5029 4980 4364 3869 6723 5608 4548 6258 4551 3725 5964 5531 2852 6156 3536 4449 6238	 Xdh 3435.5 5712.0 4985.3 5471.3 4746.7 4846.3 3992.5
ENSMUSG00000064341 mt-Nd1 mitochondrially encoded NADH dehydrogenase 1 [Source:MGI Symbol	Acc:MGI:101787] 22769 24356 20043 18952 18097 25623 25322 21911 23590 20312 19424 28240 22881 10948 14176 11049 14241 15896 17869 9032 14661 10550	 mt-Nd1 21530.0 23014.0 21937.7 23515.0 12057.7 16002.0 11846.5
ENSMUSG00000064345 mt-Nd2 mitochondrially encoded NADH dehydrogenase 2 [Source:MGI Symbol	Acc:MGI:102500] 10376 10980 9394 8065 8216 11216 11110 7405 9668 8183 7555 11475 9341 3314 4559 3258 4948 6224 7381 2568 4767 3141	 mt-Nd2 9703.8 10180.7 8418.7 9457.0 3710.3 6184.3 3667.5
ENSMUSG00000064360 mt-Nd3 mitochondrially encoded NADH dehydrogenase 3 [Source:MGI Symbol	Acc:MGI:102499] 13 14 4 3 3 16 13 1 5 2 1 10 5 0 7 0 1 9 6 0 10 2	 mt-Nd3 8.5 10.7 2.7 5.3 2.3 5.3 5.0
ENSMUSG00000064363 mt-Nd4 mitochondrially encoded NADH dehydrogenase 4 [Source:MGI Symbol	Acc:MGI:102498] 6416 6574 5730 4921 5556 7319 6014 3966 5458 4544 4245 6847 5232 1833 2283 1626 2601 3688 3789 1408 2551 1474	 mt-Nd4 5910.3 6296.3 4656.0 5441.3 1914.0 3359.3 1979.5
ENSMUSG00000065947 mt-Nd4l mitochondrially encoded NADH dehydrogenase 4L [Source:MGI Symbol	Acc:MGI:102497] 8 8 4 1 3 13 13 2 4 2 0 8 4 0 4 0 0 8 5 0 7 2	 mt-Nd4l 5.3 9.7 2.7 4.0 1.3 4.3 3.5
ENSMUSG00000064367 mt-Nd5 mitochondrially encoded NADH dehydrogenase 5 [Source:MGI Symbol	Acc:MGI:102496] 25874 26260 23266 22970 22279 27991 22902 13689 20768 17600 16820 25523 20772 7108 8488 6474 9427 12776 13850 5629 9357 6087	 mt-Nd5 24592.5 24390.7 17352.3 21038.3 7356.7 12017.7 7493.0
ENSMUSG00000064368 mt-Nd6 mitochondrially encoded NADH dehydrogenase 6 [Source:MGI Symbol	Acc:MGI:102495] 4093 4418 3896 3935 3335 4079 3764 1732 3243 2768 2657 4193 3228 944 1310 835 1155 1374 1975 855 1252 913	 mt-Nd6 4085.5 3726.0 2581.0 3359.3 1029.7 1501.3 1053.5
ENSMUSG00000016427 Ndufa1 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 1 [Source:MGI Symbol	Acc:MGI:1929511] 551 694 678 632 415 511 550 685 591 492 380 495 541 387 424 343 407 337 497 225 477 366	 Ndufa1 638.8 492.0 589.3 472.0 384.7 413.7 351.0
ENSMUSG00000026260 Ndufa10 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 10 [Source:MGI Symbol	Acc:MGI:1914523] 3877 3622 3467 3436 2773 3303 3386 3078 3121 3305 2864 3166 3192 2911 2729 2866 2598 2526 2827 2486 2620 2759	 Ndufa10 3600.5 3154.0 3168.0 3074.0 2835.3 2650.3 2553.0
ENSMUSG00000002379 Ndufa11 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 11 [Source:MGI Symbol	Acc:MGI:1917125] 929 1083 1133 1087 752 923 936 1339 1249 1069 855 881 963 800 804 777 973 922 1148 712 929 883	 Ndufa11 1058.0 870.3 1219.0 899.7 793.7 1014.3 820.5
ENSMUSG00000020022 Ndufa12 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 12 [Source:MGI Symbol	Acc:MGI:1913664] 1129 1151 1192 1039 768 1021 1063 1292 1148 1091 806 1015 1020 1045 941 1072 849 844 1063 1020 1095 1260	 Ndufa12 1127.8 950.7 1177.0 947.0 1019.3 918.7 1057.5
ENSMUSG00000036199 Ndufa13 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 13 [Source:MGI Symbol	Acc:MGI:1914434] 1167 1390 1489 1331 1038 1115 1180 1717 1567 1282 1117 1207 1178 1231 1253 1134 1202 1041 1317 1280 1251 1348	 Ndufa13 1344.3 1111.0 1522.0 1167.3 1206.0 1186.7 1265.5
ENSMUSG00000014294 Ndufa2 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 2 [Source:MGI Symbol	Acc:MGI:1343103] 1252 1596 1640 1876 962 1156 1236 1934 1569 1235 1091 1115 1249 1404 1220 1233 1176 972 1290 1560 1262 1589	 Ndufa2 1591.0 1118.0 1579.3 1151.7 1285.7 1146.0 1411.0
ENSMUSG00000035674 Ndufa3 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 3 [Source:MGI Symbol	Acc:MGI:1913341] 1004 1138 1156 1061 758 1024 910 1388 1246 985 771 906 1000 836 861 844 914 886 1052 871 980 955	 Ndufa3 1089.8 897.3 1206.3 892.3 847.0 950.7 925.5
ENSMUSG00000029632 Ndufa4 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 4 [Source:MGI Symbol	Acc:MGI:107686] 2785 3348 3244 2881 1793 2450 2515 3571 3275 2613 1968 2272 2485 1918 1795 1848 2095 2021 2853 1057 1919 1911	 Ndufa4 3064.5 2252.7 3153.0 2241.7 1853.7 2323.0 1488.0
ENSMUSG00000040280 Ndufa4l2 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 4-like 2 [Source:MGI Symbol	Acc:MGI:3039567] 2 3 6 4 3 7 6 2 5 5 7 12 13 7 10 6 6 4 4 7 4 6	 Ndufa4l2 3.8 5.3 4.0 10.7 7.7 4.7 5.5
ENSMUSG00000023089 Ndufa5 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 5 [Source:MGI Symbol	Acc:MGI:1915452] 479 540 603 537 297 366 459 633 574 499 315 415 507 384 358 386 382 373 526 359 410 455	 Ndufa5 539.8 374.0 568.7 412.3 376.0 427.0 384.5
ENSMUSG00000022450 Ndufa6 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 6 (B14) [Source:MGI Symbol	Acc:MGI:1914380] 1862 1742 1641 1511 961 1274 1539 2012 1586 1744 1148 1270 1852 1529 1374 1934 1333 975 1893 1429 1497 2360	 Ndufa6 1689.0 1258.0 1780.7 1423.3 1612.3 1400.3 1463.0
ENSMUSG00000041881 Ndufa7 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 7 (B14.5a) [Source:MGI Symbol	Acc:MGI:1913666] 1274 1426 1369 1360 982 1004 1222 2042 1594 1364 1182 1125 1470 1337 1106 1292 1406 1060 1580 1211 1294 1460	 Ndufa7 1357.3 1069.3 1666.7 1259.0 1245.0 1348.7 1252.5
ENSMUSG00000026895 Ndufa8 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 8 [Source:MGI Symbol	Acc:MGI:1915625] 1763 1950 2022 2110 1294 1620 1699 1915 1829 1628 1411 1588 1676 1290 1375 1263 1521 1569 1688 758 1323 1147	 Ndufa8 1961.3 1537.7 1790.7 1558.3 1309.3 1592.7 1040.5
ENSMUSG00000000399 Ndufa9 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 9 [Source:MGI Symbol	Acc:MGI:1913358] 2604 2846 2764 2675 2204 2512 2389 2822 2664 2531 2196 2337 2331 2386 2062 2049 2125 2213 2247 2114 2159 2122	 Ndufa9 2722.3 2368.3 2672.3 2288.0 2165.7 2195.0 2136.5
ENSMUSG00000030869 Ndufab1 NADH dehydrogenase (ubiquinone) 1 alpha/beta subcomplex 1 [Source:MGI Symbol	Acc:MGI:1917566] 1596 1700 1683 1664 1140 1407 1514 1658 1585 1435 1234 1571 1468 1642 1482 1607 1297 1286 1318 1712 1593 1859	 Ndufab1 1660.8 1353.7 1559.3 1424.3 1577.0 1300.3 1652.5
ENSMUSG00000091989 Ndufab1-ps NADH dehydrogenase (ubiquinone) 1 alpha/beta subcomplex 1 pseudogene [Source:MGI Symbol	Acc:MGI:4936891] 0 3 4 2 1 0 3 1 2 3 2 4 2 2 3 0 3 3 2 2 1 2	 Ndufab1-ps 2.3 1.3 2.0 2.7 1.7 2.7 1.5
ENSMUSG00000027305 Ndufaf1 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 1 [Source:MGI Symbol	Acc:MGI:1916952] 332 309 329 258 204 290 261 200 260 265 215 291 276 239 281 283 199 284 284 199 293 283	 Ndufaf1 307.0 251.7 241.7 260.7 267.7 255.7 246.0
ENSMUSG00000068184 Ndufaf2 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 2 [Source:MGI Symbol	Acc:MGI:1922847] 130 122 283 170 105 80 109 126 95 71 100 87 81 110 66 64 75 54 66 65 59 61	 Ndufaf2 176.3 98.0 97.3 89.3 80.0 65.0 62.0
ENSMUSG00000070283 Ndufaf3 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 3 [Source:MGI Symbol	Acc:MGI:1913956] 392 380 372 400 259 299 372 423 315 313 257 317 298 347 307 297 276 286 306 319 313 293	 Ndufaf3 386.0 310.0 350.3 290.7 317.0 289.3 316.0
ENSMUSG00000028261 Ndufaf4 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 4 [Source:MGI Symbol	Acc:MGI:1915743] 709 835 840 752 549 663 655 713 646 608 515 706 657 691 628 586 411 520 526 421 730 647	 Ndufaf4 784.0 622.3 655.7 626.0 635.0 485.7 575.5
ENSMUSG00000027384 Ndufaf5 NADH dehydrogenase (ubiquinone) complex I assembly factor 5 [Source:MGI Symbol	Acc:MGI:1916737] 231 273 305 248 174 211 244 358 354 226 249 284 226 263 271 219 220 206 229 231 287 274	 Ndufaf5 264.3 209.7 312.7 253.0 251.0 218.3 259.0
ENSMUSG00000050323 Ndufaf6 NADH dehydrogenase (ubiquinone) complex I assembly factor 6 [Source:MGI Symbol	Acc:MGI:1924197] 226 208 256 229 125 160 199 209 164 177 149 184 191 184 167 182 128 120 123 129 141 158	 Ndufaf6 229.8 161.3 183.3 174.7 177.7 123.7 135.0
ENSMUSG00000024082 Ndufaf7 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 7 [Source:MGI Symbol	Acc:MGI:1920944] 352 317 392 394 268 307 314 438 317 275 303 309 326 335 277 308 289 250 266 260 304 246	 Ndufaf7 363.8 296.3 343.3 312.7 306.7 268.3 282.0
ENSMUSG00000078572 Ndufaf8 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex assembly factor 8 [Source:MGI Symbol	Acc:MGI:1913676] 429 489 500 448 347 409 417 496 451 438 302 374 423 305 324 373 307 271 467 245 343 467	 Ndufaf8 466.5 391.0 461.7 366.3 334.0 348.3 294.0
ENSMUSG00000040048 Ndufb10 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 10 [Source:MGI Symbol	Acc:MGI:1915592] 1201 1374 1364 1303 793 1109 955 1281 1282 1161 840 1027 1153 808 860 834 943 947 1130 455 888 753	 Ndufb10 1310.5 952.3 1241.3 1006.7 834.0 1006.7 671.5
ENSMUSG00000031059 Ndufb11 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 11 [Source:MGI Symbol	Acc:MGI:1349919] 1749 1846 1833 1788 1002 1529 1408 1783 1588 1253 968 1359 1316 1229 1262 1213 1112 901 1116 1007 1279 1294	 Ndufb11 1804.0 1313.0 1541.3 1214.3 1234.7 1043.0 1143.0
ENSMUSG00000002416 Ndufb2 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 2 [Source:MGI Symbol	Acc:MGI:1915448] 731 881 963 835 565 710 740 1098 996 713 590 699 724 597 564 474 670 607 706 347 554 592	 Ndufb2 852.5 671.7 935.7 671.0 545.0 661.0 450.5
ENSMUSG00000026032 Ndufb3 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 3 [Source:MGI Symbol	Acc:MGI:1913745] 542 581 643 590 408 480 506 684 625 525 384 463 546 331 361 342 433 432 572 228 347 377	 Ndufb3 589.0 464.7 611.3 464.3 344.7 479.0 287.5
ENSMUSG00000022820 Ndufb4 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 4 [Source:MGI Symbol	Acc:MGI:1915444] 317 361 361 289 192 263 284 418 355 284 214 271 280 285 251 258 281 225 307 179 275 335	 Ndufb4 332.0 246.3 352.3 255.0 264.7 271.0 227.0
ENSMUSG00000027673 Ndufb5 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 5 [Source:MGI Symbol	Acc:MGI:1913296] 1897 2439 2202 2180 1401 1874 1880 2311 2067 1775 1330 1732 1782 1602 1628 1574 1426 1267 1628 1316 1622 1715	 Ndufb5 2179.5 1718.3 2051.0 1614.7 1601.3 1440.3 1469.0
ENSMUSG00000071014 Ndufb6 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 6 [Source:MGI Symbol	Acc:MGI:2684983] 1125 1412 1458 1337 853 1068 1020 1853 1585 1191 1033 1052 1176 1174 1017 1024 1156 1047 1342 1000 1080 1224	 Ndufb6 1333.0 980.3 1543.0 1087.0 1071.7 1181.7 1040.0
ENSMUSG00000033938 Ndufb7 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 7 [Source:MGI Symbol	Acc:MGI:1914166] 1183 1384 1448 1386 1023 1126 1166 1603 1506 1230 1012 1091 1222 981 967 873 1088 1011 1359 779 1018 1035	 Ndufb7 1350.3 1105.0 1446.3 1108.3 940.3 1152.7 898.5
ENSMUSG00000025204 Ndufb8 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 8 [Source:MGI Symbol	Acc:MGI:1914514] 1907 2360 2293 2169 1484 1854 1727 2864 2570 1853 1657 1753 1877 1956 1631 1621 1895 1844 2136 1880 1832 1905	 Ndufb8 2182.3 1688.3 2429.0 1762.3 1736.0 1958.3 1856.0
ENSMUSG00000022354 Ndufb9 NADH dehydrogenase (ubiquinone) 1 beta subcomplex 9 [Source:MGI Symbol	Acc:MGI:1913468] 3191 3011 2875 2691 1754 2274 2973 3462 3207 3405 1958 2252 3423 2430 2246 2930 2322 2010 3531 1892 2509 3682	 Ndufb9 2942.0 2333.7 3358.0 2544.3 2535.3 2621.0 2200.5
ENSMUSG00000037152 Ndufc1 NADH dehydrogenase (ubiquinone) 1 subcomplex unknown 1 [Source:MGI Symbol	Acc:MGI:1913627] 783 922 1003 1036 667 826 793 1216 1033 822 715 850 857 879 840 802 767 621 902 806 900 953	 Ndufc1 936.0 762.0 1023.7 807.3 840.3 763.3 853.0
ENSMUSG00000030647 Ndufc2 NADH dehydrogenase (ubiquinone) 1 subcomplex unknown 2 [Source:MGI Symbol	Acc:MGI:1344370] 1099 1303 1331 1357 786 927 1071 1582 1370 1047 831 950 1051 750 772 695 875 831 1009 384 670 697	 Ndufc2 1272.5 928.0 1333.0 944.0 739.0 905.0 527.0
ENSMUSG00000025968 Ndufs1 NADH dehydrogenase (ubiquinone) Fe-S protein 1 [Source:MGI Symbol	Acc:MGI:2443241] 3659 3226 3360 3664 3249 3501 3567 3580 3108 3334 3301 3402 3461 2771 2879 2576 2847 3003 2777 2146 2717 2420	 Ndufs1 3477.3 3439.0 3340.7 3388.0 2742.0 2875.7 2431.5
ENSMUSG00000013593 Ndufs2 NADH dehydrogenase (ubiquinone) Fe-S protein 2 [Source:MGI Symbol	Acc:MGI:2385112] 5352 6119 5724 5659 4362 5116 4954 5490 5340 4910 4405 4792 4691 4808 4520 4284 4147 3968 4476 4515 4777 4646	 Ndufs2 5713.5 4810.7 5246.7 4629.3 4537.3 4197.0 4646.0
ENSMUSG00000005510 Ndufs3 NADH dehydrogenase (ubiquinone) Fe-S protein 3 [Source:MGI Symbol	Acc:MGI:1915599] 1378 1472 1485 1414 1094 1303 1440 1490 1401 1408 1036 1213 1366 1056 1153 1155 1085 1190 1381 958 1128 1205	 Ndufs3 1437.3 1279.0 1433.0 1205.0 1121.3 1218.7 1043.0
ENSMUSG00000021764 Ndufs4 NADH dehydrogenase (ubiquinone) Fe-S protein 4 [Source:MGI Symbol	Acc:MGI:1343135] 756 919 1029 1096 856 736 776 1863 1058 808 987 798 791 1310 798 700 1182 791 890 1329 753 783	 Ndufs4 950.0 789.3 1243.0 858.7 936.0 954.3 1041.0
ENSMUSG00000028648 Ndufs5 NADH dehydrogenase (ubiquinone) Fe-S protein 5 [Source:MGI Symbol	Acc:MGI:1890889] 453 442 502 447 325 388 395 686 547 499 382 428 431 385 325 301 444 407 493 207 312 332	 Ndufs5 461.0 369.3 577.3 413.7 337.0 448.0 259.5
ENSMUSG00000021606 Ndufs6 NADH dehydrogenase (ubiquinone) Fe-S protein 6 [Source:MGI Symbol	Acc:MGI:107932] 1191 1448 1492 1460 903 1132 1066 1729 1283 1093 1017 1011 1093 1257 1098 1063 1134 945 1162 1185 1094 1185	 Ndufs6 1397.8 1033.7 1368.3 1040.3 1139.3 1080.3 1139.5
ENSMUSG00000020153 Ndufs7 NADH dehydrogenase (ubiquinone) Fe-S protein 7 [Source:MGI Symbol	Acc:MGI:1922656] 2015 2012 2015 2187 1600 1828 2007 2343 2073 2082 1624 1782 2016 1797 1659 1900 1716 1583 1968 1846 1603 1965	 Ndufs7 2057.3 1811.7 2166.0 1807.3 1785.3 1755.7 1724.5
ENSMUSG00000059734 Ndufs8 NADH dehydrogenase (ubiquinone) Fe-S protein 8 [Source:MGI Symbol	Acc:MGI:2385079] 1435 1768 1685 1661 1062 1359 1299 1881 1683 1228 1154 1327 1230 1249 1122 1025 1105 1042 1156 1079 1221 1181	 Ndufs8 1637.3 1240.0 1597.3 1237.0 1132.0 1101.0 1150.0
ENSMUSG00000037916 Ndufv1 NADH dehydrogenase (ubiquinone) flavoprotein 1 [Source:MGI Symbol	Acc:MGI:107851] 3911 4131 3885 4243 3241 3801 3758 3978 3851 3849 3450 3737 3830 3253 3179 3051 3009 3198 3327 2673 3247 2838	 Ndufv1 4042.5 3600.0 3892.7 3672.3 3161.0 3178.0 2960.0
ENSMUSG00000024099 Ndufv2 NADH dehydrogenase (ubiquinone) flavoprotein 2 [Source:MGI Symbol	Acc:MGI:1920150] 2507 2982 3034 2684 1799 2200 2322 3305 2832 2344 2049 2241 2387 2060 1853 1914 2037 1955 2368 1551 1943 2033	 Ndufv2 2801.8 2107.0 2827.0 2225.7 1942.3 2120.0 1747.0
ENSMUSG00000024038 Ndufv3 NADH dehydrogenase (ubiquinone) flavoprotein 3 [Source:MGI Symbol	Acc:MGI:1890894] 1442 1599 1497 1493 1121 1359 1201 1332 1277 1283 1070 1158 1256 928 1012 1040 1201 933 1278 671 1020 1026	 Ndufv3 1507.8 1227.0 1297.3 1161.3 993.3 1137.3 845.5
ENSMUSG00000021577 Sdha succinate dehydrogenase complex subunit A flavoprotein (Fp) [Source:MGI Symbol	Acc:MGI:1914195] 9061 9302 9044 9155 8200 8986 8664 8642 8325 8728 8225 8768 8613 7672 7816 7064 7648 7349 7752 7213 7935 6977	 Sdha 9140.5 8616.7 8565.0 8535.3 7517.3 7583.0 7574.0
ENSMUSG00000074211 Sdhaf1 succinate dehydrogenase complex assembly factor 1 [Source:MGI Symbol	Acc:MGI:1915582] 516 505 512 474 286 329 487 456 448 467 345 390 473 382 448 495 364 344 444 302 357 379	 Sdhaf1 501.8 367.3 457.0 402.7 441.7 384.0 329.5
ENSMUSG00000024668 Sdhaf2 succinate dehydrogenase complex assembly factor 2 [Source:MGI Symbol	Acc:MGI:1913322] 593 767 742 694 622 633 645 842 849 632 634 674 620 760 760 736 686 798 801 784 802 707	 Sdhaf2 699.0 633.3 774.3 642.7 752.0 761.7 793.0
ENSMUSG00000042505 Sdhaf3 succinate dehydrogenase complex assembly factor 3 [Source:MGI Symbol	Acc:MGI:1913288] 111 176 196 166 133 132 153 146 135 111 117 123 126 118 146 124 106 66 110 62 132 113	 Sdhaf3 162.3 139.3 130.7 122.0 129.3 94.0 97.0
ENSMUSG00000026154 Sdhaf4 succinate dehydrogenase complex assembly factor 4 [Source:MGI Symbol	Acc:MGI:1915252] 119 169 180 165 103 130 138 241 211 134 127 137 157 131 136 103 158 132 154 87 125 89	 Sdhaf4 158.3 123.7 195.3 140.3 123.3 148.0 106.0
ENSMUSG00000009863 Sdhb succinate dehydrogenase complex subunit B iron sulfur (Ip) [Source:MGI Symbol	Acc:MGI:1914930] 3687 4005 3914 4123 2974 3449 3567 4593 4388 3968 3167 3390 4082 3840 3141 3409 3517 2907 4093 3189 3487 4051	 Sdhb 3932.3 3330.0 4316.3 3546.3 3463.3 3505.7 3338.0
ENSMUSG00000058076 Sdhc succinate dehydrogenase complex subunit C integral membrane protein [Source:MGI Symbol	Acc:MGI:1913302] 3616 3990 3931 4298 3274 3406 3606 4036 3527 3654 3359 3316 3511 2821 2689 2832 3356 2905 3457 2288 2905 2857	 Sdhc 3958.8 3428.7 3739.0 3395.3 2780.7 3239.3 2596.5
ENSMUSG00000000171 Sdhd succinate dehydrogenase complex subunit D integral membrane protein [Source:MGI Symbol	Acc:MGI:1914175] 4593 5381 5213 4626 3634 4346 4518 5007 4495 4202 3490 3758 4131 2867 2986 3173 3434 3307 4275 2128 3101 3222	 Sdhd 4953.3 4166.0 4568.0 3793.0 3008.7 3672.0 2614.5
ENSMUSG00000022110 Sucla2 succinate-Coenzyme A ligase ADP-forming beta subunit [Source:MGI Symbol	Acc:MGI:1306775] 2251 2343 2409 2393 1891 2198 2253 2426 1949 2159 1787 1840 2145 1741 1751 2187 1728 1597 2106 1915 1959 2632	 Sucla2 2349.0 2114.0 2178.0 1924.0 1893.0 1810.3 1937.0
ENSMUSG00000052738 Suclg1 succinate-CoA ligase GDP-forming alpha subunit [Source:MGI Symbol	Acc:MGI:1927234] 3290 3512 3423 3499 2823 3070 3135 3404 3065 3179 2927 2934 3130 2947 2711 2742 2973 2726 3039 2301 2683 2679	 Suclg1 3431.0 3009.3 3216.0 2997.0 2800.0 2912.7 2492.0
ENSMUSG00000061838 Suclg2 succinate-Coenzyme A ligase GDP-forming beta subunit [Source:MGI Symbol	Acc:MGI:1306824] 3053 3097 2716 3006 2714 2844 2895 3213 2959 2934 3009 2859 2806 2373 2352 1893 2844 2763 2548 1722 2114 1559	 Suclg2 2968.0 2817.7 3035.3 2891.3 2206.0 2718.3 1918.0
ENSMUSG00000005882 Uqcc1 ubiquinol-cytochrome c reductase complex assembly factor 1 [Source:MGI Symbol	Acc:MGI:1929472] 934 844 827 866 637 787 860 813 765 745 740 754 865 806 737 848 653 715 660 611 706 775	 Uqcc1 867.8 761.3 774.3 786.3 797.0 676.0 658.5
ENSMUSG00000024208 Uqcc2 ubiquinol-cytochrome c reductase complex assembly factor 2 [Source:MGI Symbol	Acc:MGI:1914517] 614 731 791 703 544 512 534 1217 908 564 612 595 592 1023 937 631 780 745 769 1186 890 814	 Uqcc2 709.8 530.0 896.3 599.7 863.7 764.7 1038.0
ENSMUSG00000071654 Uqcc3 ubiquinol-cytochrome c reductase complex assembly factor 3 [Source:MGI Symbol	Acc:MGI:2147553] 287 358 328 355 170 225 212 248 276 220 152 210 204 148 174 180 153 174 208 140 200 169	 Uqcc3 332.0 202.3 248.0 188.7 167.3 178.3 170.0
ENSMUSG00000059534 Uqcr10 ubiquinol-cytochrome c reductase complex III subunit X [Source:MGI Symbol	Acc:MGI:1913402] 2394 2603 2643 2759 1704 2150 2282 3198 2637 2209 1816 1980 2245 1718 1673 1643 2117 1654 2342 1338 1797 1903	 Uqcr10 2599.8 2045.3 2681.3 2013.7 1678.0 2037.7 1567.5
ENSMUSG00000020163 Uqcr11 ubiquinol-cytochrome c reductase complex III subunit XI [Source:MGI Symbol	Acc:MGI:1913844] 1847 2168 2195 1921 1329 1693 1776 2311 2185 1749 1430 1678 1673 951 1047 866 1467 1334 1768 444 1051 910	 Uqcr11 2032.8 1599.3 2081.7 1593.7 954.7 1523.0 747.5
ENSMUSG00000021520 Uqcrb ubiquinol-cytochrome c reductase binding protein [Source:MGI Symbol	Acc:MGI:1914780] 1273 1322 1471 1319 849 1037 1032 1912 1401 1149 1035 1116 1140 1202 1088 1083 1134 1066 1240 1312 1213 1432	 Uqcrb 1346.3 972.7 1487.3 1097.0 1124.3 1146.7 1262.5
ENSMUSG00000025651 Uqcrc1 ubiquinol-cytochrome c reductase core protein 1 [Source:MGI Symbol	Acc:MGI:107876] 9545 10758 10431 10661 10003 10685 10270 11695 11892 11143 10087 10658 10551 10494 9508 9506 10242 10015 10380 10616 10521 9961	 Uqcrc1 10348.8 10319.3 11576.7 10432.0 9836.0 10212.3 10568.5
ENSMUSG00000030884 Uqcrc2 ubiquinol cytochrome c reductase core protein 2 [Source:MGI Symbol	Acc:MGI:1914253] 6682 7161 7046 6260 5588 6576 6537 7828 6733 6390 5854 6231 6133 6068 5553 5478 5736 5266 5942 5884 5819 5793	 Uqcrc2 6787.3 6233.7 6983.7 6072.7 5699.7 5648.0 5851.5
ENSMUSG00000038462 Uqcrfs1 ubiquinol-cytochrome c reductase Rieske iron-sulfur polypeptide 1 [Source:MGI Symbol	Acc:MGI:1913944] 3891 4551 4224 4545 3178 3614 3636 4336 3935 3673 3019 3353 3517 2848 2825 3005 3044 2725 3537 2442 3136 3333	 Uqcrfs1 4302.8 3476.0 3981.3 3296.3 2892.7 3102.0 2789.0
ENSMUSG00000063882 Uqcrh ubiquinol-cytochrome c reductase hinge protein [Source:MGI Symbol	Acc:MGI:1913826] 2549 3117 2880 2758 1693 2316 2275 2907 2808 2246 1643 1966 2274 1153 1422 1405 1825 1622 2461 678 1475 1533	 Uqcrh 2826.0 2094.7 2653.7 1961.0 1326.7 1969.3 1076.5
ENSMUSG00000037438 Uqcrh-ps1 ubiquinol-cytochrome c reductase hinge protein pseudogene 1 [Source:MGI Symbol	Acc:MGI:3641869] 0 0 2 0 0 0 0 0 0 0 0 0 2 1 1 0 1 1 0 0 0 0	 Uqcrh-ps1 0.5 0.0 0.0 0.7 0.7 0.7 0.0
ENSMUSG00000081413 Uqcrh-ps2 ubiquinol-cytochrome c reductase hinge protein pseudogene 2 [Source:MGI Symbol	Acc:MGI:3650492] 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0	 Uqcrh-ps2 0.0 0.0 0.3 0.0 0.3 0.3 0.0
ENSMUSG00000044894 Uqcrq ubiquinol-cytochrome c reductase complex III subunit VII [Source:MGI Symbol	Acc:MGI:107807] 3813 4215 4054 3932 2712 3378 3588 4959 4487 3820 3014 3502 3811 3526 3566 3432 3364 2923 3872 2539 3675 3789	 Uqcrq 4003.5 3226.0 4422.0 3442.3 3508.0 3386.3 3107.0
ENSMUSG00000029361 Nos1 nitric oxide synthase 1 neuronal [Source:MGI Symbol	Acc:MGI:97360] 0 0 1 0 1 1 0 3 0 0 1 0 0 0 0 0 1 1 0 1 2 1	 Nos1 0.3 0.7 1.0 0.3 0.0 0.7 1.5
ENSMUSG00000038473 Nos1ap nitric oxide synthase 1 (neuronal) adaptor protein [Source:MGI Symbol	Acc:MGI:1917979] 101 57 83 59 97 84 106 47 73 100 142 94 131 119 94 126 135 76 107 101 76 169	 Nos1ap 75.0 95.7 73.3 122.3 113.0 106.0 88.5
ENSMUSG00000020826 Nos2 nitric oxide synthase 2 inducible [Source:MGI Symbol	Acc:MGI:97361] 156 56 137 393 1131 112 205 915 103 318 1711 93 208 4045 559 767 1718 117 367 6805 567 1392	 Nos2 185.5 482.7 445.3 670.7 1790.3 734.0 3686.0
ENSMUSG00000028978 Nos3 nitric oxide synthase 3 endothelial cell [Source:MGI Symbol	Acc:MGI:97362] 54 36 34 31 93 57 82 71 136 70 79 106 113 71 74 83 71 126 89 45 58 81	 Nos3 38.8 77.3 92.3 99.3 76.0 95.3 51.5
ENSMUSG00000003421 Nosip nitric oxide synthase interacting protein [Source:MGI Symbol	Acc:MGI:1913644] 638 650 679 764 690 663 689 674 629 645 643 597 648 599 613 556 629 649 569 574 539 517	 Nosip 682.8 680.7 649.3 629.3 589.3 615.7 556.5
ENSMUSG00000034738 Nostrin nitric oxide synthase trafficker [Source:MGI Symbol	Acc:MGI:3606242] 653 714 663 643 655 578 590 835 638 711 691 623 690 811 716 1043 780 736 957 859 794 1385	 Nostrin 668.3 607.7 728.0 668.0 856.7 824.3 826.5
ENSMUSG00000036285 Noa1 nitric oxide associated 1 [Source:MGI Symbol	Acc:MGI:1914306] 1225 1154 1125 1484 800 1086 1006 813 846 813 821 991 900 802 789 739 659 747 623 441 651 504	 Noa1 1247.0 964.0 824.0 904.0 776.7 676.3 546.0
ENSMUSG00000032323 Cyp11a1 cytochrome P450 family 11 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88582] 2 1 2 5 5 4 4 1 4 3 3 4 5 2 0 2 5 5 5 4 1 1	 Cyp11a1 2.5 4.3 2.7 4.0 1.3 5.0 2.5
ENSMUSG00000075604 Cyp11b1 cytochrome P450 family 11 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:88583] 0 0 0 0 5 2 0 4 1 4 12 4 4 11 3 3 10 20 13 21 5 14	 Cyp11b1 0.0 2.3 3.0 6.7 5.7 14.3 13.0
ENSMUSG00000022589 Cyp11b2 cytochrome P450 family 11 subfamily b polypeptide 2 [Source:MGI Symbol	Acc:MGI:88584] 0 0 0 0 3 0 0 0 0 1 3 2 1 6 0 1 3 7 3 7 2 2	 Cyp11b2 0.0 1.0 0.3 2.0 2.3 4.3 4.5
ENSMUSG00000003555 Cyp17a1 cytochrome P450 family 17 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88586] 3 1 0 0 2 2 1 0 2 0 2 4 0 4 3 0 2 0 0 5 2 4	 Cyp17a1 1.0 1.7 0.7 2.0 2.3 0.7 3.5
ENSMUSG00000032274 Cyp19a1 cytochrome P450 family 19 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88587] 0 0 0 0 1 0 0 0 1 0 1 0 0 1 1 2 1 3 1 2 0 0	 Cyp19a1 0.0 0.3 0.3 0.3 1.3 1.7 1.0
ENSMUSG00000032315 Cyp1a1 cytochrome P450 family 1 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88588] 14 15 73 10 112 116 55 203 255 218 70 74 77 36 102 27 111 704 159 162 124 35	 Cyp1a1 28.0 94.3 225.3 73.7 55.0 324.7 143.0
ENSMUSG00000032310 Cyp1a2 cytochrome P450 family 1 subfamily a polypeptide 2 [Source:MGI Symbol	Acc:MGI:88589] 1 0 3 0 1 2 1 2 3 0 1 0 0 0 1 0 1 2 2 1 1 0	 Cyp1a2 1.0 1.3 1.7 0.3 0.3 1.7 1.0
ENSMUSG00000024087 Cyp1b1 cytochrome P450 family 1 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:88590] 3 1 20 2 9 13 18 37 25 57 21 9 15 2 0 1 41 112 48 3 0 2	 Cyp1b1 6.5 13.3 39.7 15.0 1.0 67.0 1.5
ENSMUSG00000049439 Cyp20a1 cytochrome P450 family 20 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:1925201] 381 343 461 469 373 320 310 634 479 305 519 356 354 558 329 303 492 463 370 430 307 305	 Cyp20a1 413.5 334.3 472.7 409.7 396.7 441.7 368.5
ENSMUSG00000024365 Cyp21a1 cytochrome P450 family 21 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88591] 0 0 0 0 1 0 0 0 1 0 0 0 1 1 0 0 2 0 0 4 0 1	 Cyp21a1 0.0 0.3 0.3 0.3 0.3 0.7 2.0
ENSMUSG00000092471 Cyp21a2-ps cytochrome P450 family 21 subfamily a polypeptide 2 pseudogene [Source:MGI Symbol	Acc:MGI:3645529] 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0	 Cyp21a2-ps 0.5 0.0 0.0 0.0 0.0 0.7 1.0
ENSMUSG00000038567 Cyp24a1 cytochrome P450 family 24 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88593] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0	 Cyp24a1 0.0 0.0 0.0 0.0 0.0 0.0 0.5
ENSMUSG00000024987 Cyp26a1 cytochrome P450 family 26 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:1096359] 2 1 1 0 0 2 0 0 2 1 0 3 0 5 0 8 0 0 1 9 1 6	 Cyp26a1 1.0 0.7 1.0 1.0 4.3 0.3 5.0
ENSMUSG00000063415 Cyp26b1 cytochrome P450 family 26 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:2176159] 2 0 1 0 4 1 3 0 2 2 5 6 3 5 17 7 5 3 2 11 8 6	 Cyp26b1 0.8 2.7 1.3 4.7 9.7 3.3 9.5
ENSMUSG00000062432 Cyp26c1 cytochrome P450 family 26 subfamily c polypeptide 1 [Source:MGI Symbol	Acc:MGI:2679699] 4 1 5 1 6 8 3 2 7 3 4 4 3 7 9 9 0 2 4 6 9 15	 Cyp26c1 2.8 5.7 4.0 3.7 8.3 2.0 7.5
ENSMUSG00000026170 Cyp27a1 cytochrome P450 family 27 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:88594] 74 15 55 36 178 68 139 323 285 378 290 188 293 122 108 218 413 396 471 83 139 151	 Cyp27a1 45.0 128.3 328.7 257.0 149.3 426.7 111.0
ENSMUSG00000006724 Cyp27b1 cytochrome P450 family 27 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:1098274] 7 2 4 2 4 8 4 3 6 2 9 7 2 9 10 8 5 2 3 11 7 10	 Cyp27b1 3.8 5.3 3.7 6.0 9.0 3.3 9.0
ENSMUSG00000060407 Cyp2a12 cytochrome P450 family 2 subfamily a polypeptide 12 [Source:MGI Symbol	Acc:MGI:105055] 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0	 Cyp2a12 0.3 0.0 0.0 0.0 0.0 0.3 0.0
ENSMUSG00000108487 Cyp2a21-ps cytochrome P450 family 2 subfamily a polypeptide 21 pseudogene [Source:MGI Symbol	Acc:MGI:3647278] 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0	 Cyp2a21-ps 0.0 0.0 0.3 0.0 0.0 0.3 0.0
ENSMUSG00000091867 Cyp2a22 cytochrome P450 family 2 subfamily a polypeptide 22 [Source:MGI Symbol	Acc:MGI:3648316] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp2a22 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000074254 Cyp2a4 cytochrome P450 family 2 subfamily a polypeptide 4 [Source:MGI Symbol	Acc:MGI:88596] 1 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 3 0 1 0 1	 Cyp2a4 0.8 0.3 0.3 0.0 0.0 1.3 0.5
ENSMUSG00000005547 Cyp2a5 cytochrome P450 family 2 subfamily a polypeptide 5 [Source:MGI Symbol	Acc:MGI:88597] 0 0 0 1 5 1 2 1 2 1 1 0 2 0 0 12 2 4 34 7 6 13	 Cyp2a5 0.3 2.7 1.3 1.0 4.0 13.3 6.5
ENSMUSG00000022818 Cyp2ab1 cytochrome P450 family 2 subfamily ab polypeptide 1 [Source:MGI Symbol	Acc:MGI:3644957] 0 0 1 0 0 0 0 0 1 0 1 3 0 3 4 2 2 1 0 2 4 0	 Cyp2ab1 0.3 0.0 0.3 1.3 3.0 1.0 3.0
ENSMUSG00000030483 Cyp2b10 cytochrome P450 family 2 subfamily b polypeptide 10 [Source:MGI Symbol	Acc:MGI:88598] 3734 5216 8410 3316 4836 7702 5516 3855 6142 6308 3235 5171 4581 1575 3654 3727 2809 3649 5085 1266 4587 3875	 Cyp2b10 5169.0 6018.0 5435.0 4329.0 2985.3 3847.7 2926.5
ENSMUSG00000040583 Cyp2b13 cytochrome P450 family 2 subfamily b polypeptide 13 [Source:MGI Symbol	Acc:MGI:88599] 11 16 26 13 24 22 12 24 32 34 18 14 26 6 9 13 33 35 48 4 13 17	 Cyp2b13 16.5 19.3 30.0 19.3 9.3 38.7 8.5
ENSMUSG00000066704 Cyp2b19 cytochrome P450 family 2 subfamily b polypeptide 19 [Source:MGI Symbol	Acc:MGI:107303] 0 0 1 1 0 0 0 0 1 0 0 0 2 0 3 0 2 0 5 0 0 1	 Cyp2b19 0.5 0.0 0.3 0.7 1.0 2.3 0.0
ENSMUSG00000040650 Cyp2b23 cytochrome P450 family 2 subfamily b polypeptide 23 [Source:MGI Symbol	Acc:MGI:3646735] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0	 Cyp2b23 0.0 0.0 0.0 0.0 0.0 1.0 0.0
ENSMUSG00000108544 Cyp2b26-ps cytochrome P450 family 2 subfamily b polypeptide 26 pseudogene [Source:MGI Symbol	Acc:MGI:3648075] 0 0 0 0 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0	 Cyp2b26-ps 0.0 0.7 0.0 0.7 0.0 0.0 0.0
ENSMUSG00000108606 Cyp2b27-ps cytochrome P450 family 2 subfamily b polypeptide 27 pseudogene [Source:MGI Symbol	Acc:MGI:3643081] 0 1 0 2 3 1 2 3 3 3 5 3 0 2 1 0 5 7 4 2 3 2	 Cyp2b27-ps 0.8 2.0 3.0 2.7 1.0 5.3 2.5
ENSMUSG00000040660 Cyp2b9 cytochrome P450 family 2 subfamily b polypeptide 9 [Source:MGI Symbol	Acc:MGI:88600] 3 0 3 3 6 2 4 5 7 8 9 6 4 3 1 3 4 10 19 1 4 2	 Cyp2b9 2.3 4.0 6.7 6.3 2.3 11.0 2.5
ENSMUSG00000003053 Cyp2c29 cytochrome P450 family 2 subfamily c polypeptide 29 [Source:MGI Symbol	Acc:MGI:103238] 2695 3619 5282 958 1849 4689 4226 3407 8264 7736 1896 4857 3980 1224 6005 3744 2932 10935 10695 1587 6790 4211	 Cyp2c29 3138.5 3588.0 6469.0 3577.7 3657.7 8187.3 4188.5
ENSMUSG00000042248 Cyp2c37 cytochrome P450 family 2. subfamily c polypeptide 37 [Source:MGI Symbol	Acc:MGI:1306806] 148 184 160 52 37 137 74 27 87 128 15 59 82 35 216 106 21 50 100 59 217 140	 Cyp2c37 136.0 82.7 80.7 52.0 119.0 57.0 138.0
ENSMUSG00000032808 Cyp2c38 cytochrome P450 family 2 subfamily c polypeptide 38 [Source:MGI Symbol	Acc:MGI:1306819] 754 1487 1432 634 314 1027 534 100 358 363 117 371 256 135 629 233 102 238 371 246 735 361	 Cyp2c38 1076.8 625.0 273.7 248.0 332.3 237.0 490.5
ENSMUSG00000025003 Cyp2c39 cytochrome P450 family 2 subfamily c polypeptide 39 [Source:MGI Symbol	Acc:MGI:1306818] 28 62 71 34 24 40 27 16 57 34 9 24 24 7 44 18 11 58 43 11 61 25	 Cyp2c39 48.8 30.3 35.7 19.0 23.0 37.3 36.0
ENSMUSG00000025004 Cyp2c40 cytochrome P450 family 2 subfamily c polypeptide 40 [Source:MGI Symbol	Acc:MGI:1306815] 20 25 17 27 9 24 12 9 14 17 10 14 17 10 20 6 4 9 12 7 15 16	 Cyp2c40 22.3 15.0 13.3 13.7 12.0 8.3 11.0
ENSMUSG00000025197 Cyp2c44 cytochrome P450 family 2 subfamily c polypeptide 44 [Source:MGI Symbol	Acc:MGI:1888897] 51 40 50 53 89 53 40 75 30 31 67 34 37 32 8 7 82 26 41 29 19 10	 Cyp2c44 48.5 60.7 45.3 46.0 15.7 49.7 24.0
ENSMUSG00000054827 Cyp2c50 cytochrome P450 family 2 subfamily c polypeptide 50 [Source:MGI Symbol	Acc:MGI:2147497] 44 63 44 16 10 39 26 5 23 37 9 16 21 6 54 25 7 14 28 14 66 45	 Cyp2c50 41.8 25.0 21.7 15.3 28.3 16.3 40.0
ENSMUSG00000093610 Cyp2c53-ps cytochrome P450 family 2 subfamily c polypeptide 53-ps [Source:MGI Symbol	Acc:MGI:3646306] 8 20 27 6 7 20 24 13 21 25 10 20 27 10 22 24 12 33 34 12 34 33	 Cyp2c53-ps 15.3 17.0 19.7 19.0 18.7 26.3 23.0
ENSMUSG00000067225 Cyp2c54 cytochrome P450 family 2 subfamily c polypeptide 54 [Source:MGI Symbol	Acc:MGI:3642960] 22 20 19 7 9 18 23 17 30 57 14 19 41 6 23 13 10 36 81 3 28 27	 Cyp2c54 17.0 16.7 34.7 24.7 14.0 42.3 15.5
ENSMUSG00000025002 Cyp2c55 cytochrome P450 family 2 subfamily c polypeptide 55 [Source:MGI Symbol	Acc:MGI:1919332] 343 253 336 130 194 316 414 232 594 644 185 320 444 182 469 552 145 466 518 79 310 382	 Cyp2c55 265.5 308.0 490.0 316.3 401.0 376.3 194.5
ENSMUSG00000067231 Cyp2c65 cytochrome P450 family 2 subfamily c polypeptide 65 [Source:MGI Symbol	Acc:MGI:1919553] 5556 7307 6246 5317 6975 6692 6166 9162 7685 7958 6710 6400 7154 5001 5308 6450 7884 8141 8946 3485 6411 6758	 Cyp2c65 6106.5 6611.0 8268.3 6754.7 5586.3 8323.7 4948.0
ENSMUSG00000067229 Cyp2c66 cytochrome P450 family 2 subfamily c polypeptide 66 [Source:MGI Symbol	Acc:MGI:1917138] 4102 6108 6219 3644 3311 5589 4098 4606 5985 5192 3074 4879 4436 3700 6292 5707 3208 5299 5111 3078 6795 6177	 Cyp2c66 5018.3 4332.7 5261.0 4129.7 5233.0 4539.3 4936.5
ENSMUSG00000062624 Cyp2c67 cytochrome P450 family 2 subfamily c polypeptide 67 [Source:MGI Symbol	Acc:MGI:3612288] 149 239 199 158 118 179 142 100 133 102 101 141 134 74 146 84 96 88 124 56 144 89	 Cyp2c67 186.3 146.3 111.7 125.3 101.3 102.7 100.0
ENSMUSG00000074882 Cyp2c68 cytochrome P450 family 2 subfamily c polypeptide 68 [Source:MGI Symbol	Acc:MGI:3612287] 1135 1534 1257 1079 667 1199 993 587 647 874 443 754 816 390 707 647 467 375 800 276 780 862	 Cyp2c68 1251.3 953.0 702.7 671.0 581.3 547.3 528.0
ENSMUSG00000092008 Cyp2c69 cytochrome P450 family 2 subfamily c polypeptide 69 [Source:MGI Symbol	Acc:MGI:3721049] 3 8 7 3 3 2 2 1 7 1 2 4 1 3 28 0 4 1 3 4 6 3	 Cyp2c69 5.3 2.3 3.0 2.3 10.3 2.7 5.0
ENSMUSG00000060613 Cyp2c70 cytochrome P450 family 2 subfamily c polypeptide 70 [Source:MGI Symbol	Acc:MGI:2385878] 292 303 392 284 169 228 202 103 133 142 105 134 133 38 24 27 88 94 161 69 70 90	 Cyp2c70 317.8 199.7 126.0 124.0 29.7 114.3 69.5
ENSMUSG00000094806 Cyp2d10 cytochrome P450 family 2 subfamily d polypeptide 10 [Source:MGI Symbol	Acc:MGI:88602] 140 41 57 61 155 78 332 122 134 322 127 61 347 54 168 72 155 131 362 156 89 86	 Cyp2d10 74.8 188.3 192.7 178.3 98.0 216.0 122.5
ENSMUSG00000068085 Cyp2d11 cytochrome P450 family 2 subfamily d polypeptide 11 [Source:MGI Symbol	Acc:MGI:88603] 4 3 2 1 3 2 10 1 1 10 2 4 4 2 5 1 4 1 5 3 5 4	 Cyp2d11 2.5 5.0 4.0 3.3 2.7 3.3 4.0
ENSMUSG00000096852 Cyp2d12 cytochrome P450 family 2 subfamily d polypeptide 12 [Source:MGI Symbol	Acc:MGI:88604] 1 0 0 2 0 1 2 0 1 3 0 0 3 1 1 0 0 2 2 0 0 1	 Cyp2d12 0.8 1.0 1.3 1.0 0.7 1.3 0.0
ENSMUSG00000061740 Cyp2d22 cytochrome P450 family 2 subfamily d polypeptide 22 [Source:MGI Symbol	Acc:MGI:1929474] 25 21 24 34 40 26 39 17 22 40 20 28 49 54 180 36 36 15 49 147 78 64	 Cyp2d22 26.0 35.0 26.3 32.3 90.0 33.3 112.5
ENSMUSG00000022445 Cyp2d26 cytochrome P450 family 2 subfamily d polypeptide 26 [Source:MGI Symbol	Acc:MGI:1923529] 9249 7834 5463 5671 5786 6894 9469 3747 5257 10575 4150 5426 10265 4311 4836 10310 5286 3263 10636 4267 8222 15735	 Cyp2d26 7054.3 7383.0 6526.3 6613.7 6485.7 6395.0 6244.5
ENSMUSG00000094559 Cyp2d34 cytochrome P450 family 2 subfamily d polypeptide 34 [Source:MGI Symbol	Acc:MGI:2385022] 807 345 363 441 516 417 1020 190 259 556 246 233 720 129 94 161 214 158 417 109 149 350	 Cyp2d34 489.0 651.0 335.0 399.7 128.0 263.0 129.0
ENSMUSG00000075517 Cyp2d37-ps cytochrome P450 family 2 subfamily d polypeptide 37 pseudogene [Source:MGI Symbol	Acc:MGI:3721937] 2 0 0 2 3 3 4 0 3 5 2 2 7 1 2 2 1 3 4 2 3 0	 Cyp2d37-ps 1.0 3.3 2.7 3.7 1.7 2.7 2.5
ENSMUSG00000068083 Cyp2d40 cytochrome P450 family 2 subfamily d polypeptide 40 [Source:MGI Symbol	Acc:MGI:1919004] 7 2 5 10 7 7 6 7 4 15 2 11 7 8 5 11 7 3 8 6 18 16	 Cyp2d40 6.0 6.7 8.7 6.7 8.0 6.0 12.0
ENSMUSG00000058613 Cyp2d41-ps cytochrome P450 family 2 subfamily d member 41 pseudogene [Source:MGI Symbol	Acc:MGI:3645691] 0 0 4 1 3 4 2 0 2 6 4 4 3 0 1 6 3 4 5 4 4 7	 Cyp2d41-ps 1.3 3.0 2.7 3.7 2.3 4.0 4.0
ENSMUSG00000068086 Cyp2d9 cytochrome P450 family 2 subfamily d polypeptide 9 [Source:MGI Symbol	Acc:MGI:88606] 89 37 64 63 133 68 292 49 79 259 45 37 233 22 21 26 69 63 320 47 30 68	 Cyp2d9 63.3 164.3 129.0 105.0 23.0 150.7 38.5
ENSMUSG00000025479 Cyp2e1 cytochrome P450 family 2 subfamily e polypeptide 1 [Source:MGI Symbol	Acc:MGI:88607] 61 28 17 14 4 27 50 6 20 34 11 37 43 1 9 15 6 4 36 0 29 12	 Cyp2e1 30.0 27.0 20.0 30.3 8.3 15.3 14.5
ENSMUSG00000052974 Cyp2f2 cytochrome P450 family 2 subfamily f polypeptide 2 [Source:MGI Symbol	Acc:MGI:88608] 0 0 1 1 1 0 0 1 0 1 0 2 1 0 0 1 5 3 3 0 3 1	 Cyp2f2 0.5 0.3 0.7 1.0 0.3 3.7 1.5
ENSMUSG00000049685 Cyp2g1 cytochrome P450 family 2 subfamily g polypeptide 1 [Source:MGI Symbol	Acc:MGI:109612] 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0	 Cyp2g1 0.0 0.0 0.3 0.0 0.3 0.0 0.0
ENSMUSG00000066097 Cyp2j11 cytochrome P450 family 2 subfamily j polypeptide 11 [Source:MGI Symbol	Acc:MGI:2140224] 4 18 17 10 14 9 16 15 9 9 11 13 5 15 17 14 5 11 14 14 16 29	 Cyp2j11 12.3 13.0 11.0 9.7 15.3 10.0 15.0
ENSMUSG00000081225 Cyp2j12 cytochrome P450 family 2 subfamily j polypeptide 12 [Source:MGI Symbol	Acc:MGI:3717097] 0 1 1 1 0 0 1 0 0 1 1 3 1 1 1 0 1 1 3 0 0 0	 Cyp2j12 0.8 0.3 0.3 1.7 0.7 1.7 0.0
ENSMUSG00000028571 Cyp2j13 cytochrome P450 family 2 subfamily j polypeptide 13 [Source:MGI Symbol	Acc:MGI:2385197] 13 9 10 10 5 9 6 8 8 14 6 9 10 1 7 5 7 5 8 2 14 10	 Cyp2j13 10.5 6.7 10.0 8.3 4.3 6.7 8.0
ENSMUSG00000082119 Cyp2j14-ps cytochrome P450 family 2 subfamily j member 14 pseudogene [Source:MGI Symbol	Acc:MGI:3651954] 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0	 Cyp2j14-ps 0.3 0.0 0.3 0.0 0.0 0.7 0.5
ENSMUSG00000084286 Cyp2j15-ps cytochrome P450 family 2 subfamily j member 15 pseudogene [Source:MGI Symbol	Acc:MGI:3652069] 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0	 Cyp2j15-ps 0.3 0.0 0.0 0.0 0.3 0.0 0.0
ENSMUSG00000052520 Cyp2j5 cytochrome P450 family 2 subfamily j polypeptide 5 [Source:MGI Symbol	Acc:MGI:1270149] 14 29 27 38 35 31 26 24 32 57 17 53 33 33 79 26 28 39 61 47 59 34	 Cyp2j5 27.0 30.7 37.7 34.3 46.0 42.7 53.0
ENSMUSG00000052914 Cyp2j6 cytochrome P450 family 2 subfamily j polypeptide 6 [Source:MGI Symbol	Acc:MGI:1270148] 11212 15338 13179 11016 10146 12442 11626 10672 13036 15922 8894 11853 12696 8173 12740 9863 11354 13147 22515 8414 16782 14612	 Cyp2j6 12686.3 11404.7 13210.0 11147.7 10258.7 15672.0 12598.0
ENSMUSG00000081362 Cyp2j7 cytochrome P450 family 2 subfamily j polypeptide 7 [Source:MGI Symbol	Acc:MGI:2449816] 1 5 3 3 3 0 2 3 2 3 2 0 1 3 3 2 3 2 3 1 2 3	 Cyp2j7 3.0 1.7 2.7 1.0 2.7 2.7 1.5
ENSMUSG00000082681 Cyp2j7-ps1 cytochrome P450 family 2 subfamily j polypeptide 7 pseudogene 1 [Source:MGI Symbol	Acc:MGI:3651268] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp2j7-ps1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000083801 Cyp2j7-ps2 cytochrome P450 family 2 subfamily j polypeptide 7 pseudogene 2 [Source:MGI Symbol	Acc:MGI:3651264] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp2j7-ps2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000080884 Cyp2j7-ps3 cytochrome P450 family 2 subfamily j polypeptide 7 pseudogene 3 [Source:MGI Symbol	Acc:MGI:3651269] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp2j7-ps3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000082932 Cyp2j8 cytochrome P450 family 2 subfamily j polypeptide 8 [Source:MGI Symbol	Acc:MGI:2449817] 8 9 10 5 8 9 10 4 7 6 11 5 11 2 19 7 5 4 8 2 11 7	 Cyp2j8 8.0 9.0 5.7 9.0 9.3 5.7 6.5
ENSMUSG00000015224 Cyp2j9 cytochrome P450 family 2 subfamily j polypeptide 9 [Source:MGI Symbol	Acc:MGI:1921769] 281 270 267 192 179 278 269 222 311 373 187 282 331 146 233 288 165 231 412 106 347 358	 Cyp2j9 252.5 242.0 302.0 266.7 222.3 269.3 226.5
ENSMUSG00000030670 Cyp2r1 cytochrome P450 family 2 subfamily r polypeptide 1 [Source:MGI Symbol	Acc:MGI:2449771] 2 1 7 2 4 1 0 9 2 1 5 3 2 1 0 0 7 2 0 0 0 0	 Cyp2r1 3.0 1.7 4.0 3.3 0.3 3.0 0.0
ENSMUSG00000040703 Cyp2s1 cytochrome P450 family 2 subfamily s polypeptide 1 [Source:MGI Symbol	Acc:MGI:1921384] 4558 4182 2399 3466 3865 3502 2624 2448 2534 3239 3149 2714 2925 2242 2252 3887 3272 2015 3335 1142 2220 3441	 Cyp2s1 3651.3 3330.3 2740.3 2929.3 2793.7 2874.0 1681.0
ENSMUSG00000078787 Cyp2t4 cytochrome P450 family 2 subfamily t polypeptide 4 [Source:MGI Symbol	Acc:MGI:2686296] 37 46 55 39 54 54 41 35 39 44 46 58 41 43 69 46 46 40 36 59 59 60	 Cyp2t4 44.3 49.7 39.3 48.3 52.7 40.7 59.0
ENSMUSG00000027983 Cyp2u1 cytochrome P450 family 2 subfamily u polypeptide 1 [Source:MGI Symbol	Acc:MGI:1918769] 879 658 504 694 533 900 972 163 360 796 271 658 1070 130 349 473 192 132 341 31 318 319	 Cyp2u1 683.8 801.7 439.7 666.3 317.3 221.7 174.5
ENSMUSG00000029541 Cyp2w1 cytochrome P450 family 2 subfamily w polypeptide 1 [Source:MGI Symbol	Acc:MGI:3616076] 66 47 31 20 17 44 69 8 35 40 22 59 58 25 33 37 9 25 41 4 30 34	 Cyp2w1 41.0 43.3 27.7 46.3 31.7 25.0 17.0
ENSMUSG00000023963 Cyp39a1 cytochrome P450 family 39 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:1927096] 130 126 116 101 70 85 99 83 97 86 102 138 135 92 112 130 83 66 58 36 93 67	 Cyp39a1 118.3 84.7 88.7 125.0 111.3 69.0 64.5
ENSMUSG00000056035 Cyp3a11 cytochrome P450 family 3 subfamily a polypeptide 11 [Source:MGI Symbol	Acc:MGI:88609] 8095 13178 11944 6694 5526 9083 7842 4761 6607 9652 3144 5109 7067 1595 4397 7898 4487 6577 14656 2133 8192 12687	 Cyp3a11 9977.8 7483.7 7006.7 5106.7 4630.0 8573.3 5162.5
ENSMUSG00000029727 Cyp3a13 cytochrome P450 family 3 subfamily a polypeptide 13 [Source:MGI Symbol	Acc:MGI:88610] 1056 1589 2507 4523 10351 1746 1966 16383 3562 4210 10809 2258 3344 9780 2201 3695 18480 5051 9001 10798 4459 6962	 Cyp3a13 2418.8 4687.7 8051.7 5470.3 5225.3 10844.0 7628.5
ENSMUSG00000038656 Cyp3a16 cytochrome P450 family 3 subfamily a polypeptide 16 [Source:MGI Symbol	Acc:MGI:106099] 12 25 16 14 6 11 10 12 16 17 10 6 16 6 4 9 7 9 27 5 9 25	 Cyp3a16 16.8 9.0 15.0 10.7 6.3 14.3 7.0
ENSMUSG00000029630 Cyp3a25 cytochrome P450 family 3 subfamily a polypeptide 25 [Source:MGI Symbol	Acc:MGI:1930638] 1848 2876 3189 2457 2656 2448 2355 2164 1403 2696 2000 1584 2643 484 526 1804 1987 575 2830 281 961 2126	 Cyp3a25 2592.5 2486.3 2087.7 2075.7 938.0 1797.3 621.0
ENSMUSG00000075551 Cyp3a41a cytochrome P450 family 3 subfamily a polypeptide 41A [Source:MGI Symbol	Acc:MGI:1858451] 3 7 6 12 7 4 3 7 2 3 3 4 8 1 2 3 6 7 12 2 5 8	 Cyp3a41a 7.0 4.7 4.0 5.0 2.0 8.3 3.5
ENSMUSG00000075552 Cyp3a41b cytochrome P450 family 3 subfamily a polypeptide 41B [Source:MGI Symbol	Acc:MGI:3714859] 0 1 0 1 0 0 0 1 1 0 0 2 1 1 0 0 2 0 0 0 0 0	 Cyp3a41b 0.5 0.0 0.7 1.0 0.3 0.7 0.0
ENSMUSG00000054417 Cyp3a44 cytochrome P450 family 3 subfamily a polypeptide 44 [Source:MGI Symbol	Acc:MGI:2449818] 17 21 20 15 8 18 19 13 12 25 8 15 13 5 6 23 7 17 30 5 18 29	 Cyp3a44 18.3 15.0 16.7 12.0 11.3 18.0 11.5
ENSMUSG00000070419 Cyp3a57 cytochrome P450 family 3 subfamily a polypeptide 57 [Source:MGI Symbol	Acc:MGI:3646373] 9 7 3 5 15 6 14 22 18 32 20 6 30 8 6 15 16 20 39 10 14 28	 Cyp3a57 6.0 11.7 24.0 18.7 9.7 25.0 12.0
ENSMUSG00000061292 Cyp3a59 cytochrome P450 family 3 subfamily a polypeptide 59 [Source:MGI Symbol	Acc:MGI:3769707] 13 15 30 39 31 22 19 35 13 7 28 11 12 4 4 18 32 5 15 4 3 8	 Cyp3a59 24.3 24.0 18.3 17.0 8.7 17.3 3.5
ENSMUSG00000106040 Cyp3a63-ps cytochrome P450 family 3 subfamily a member 63 pseudogene [Source:MGI Symbol	Acc:MGI:3717142] 3 7 10 5 2 3 4 7 9 8 3 8 11 1 4 4 6 5 12 0 6 6	 Cyp3a63-ps 6.3 3.0 8.0 7.3 3.0 7.7 3.0
ENSMUSG00000021259 Cyp46a1 cytochrome P450 family 46 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:1341877] 0 2 1 0 0 0 0 0 0 0 0 2 1 0 0 1 0 0 0 1 1 0	 Cyp46a1 0.8 0.0 0.0 1.0 0.3 0.0 1.0
ENSMUSG00000066072 Cyp4a10 cytochrome P450 family 4 subfamily a polypeptide 10 [Source:MGI Symbol	Acc:MGI:88611] 44 19 7 13 18 15 80 14 8 101 14 7 82 4 7 50 7 11 89 0 2 28	 Cyp4a10 20.8 37.7 41.0 34.3 20.3 35.7 1.0
ENSMUSG00000066071 Cyp4a12a cytochrome P450 family 4 subfamily a polypeptide 12a [Source:MGI Symbol	Acc:MGI:88612] 2 8 2 2 5 3 0 7 5 0 5 3 0 5 3 1 1 4 2 5 8 6	 Cyp4a12a 3.5 2.7 4.0 2.7 3.0 2.3 6.5
ENSMUSG00000078597 Cyp4a12b cytochrome P450 family 4 subfamily a polypeptide 12B [Source:MGI Symbol	Acc:MGI:3611747] 0 0 0 0 0 1 0 0 3 0 1 4 0 3 1 1 0 4 1 0 3 1	 Cyp4a12b 0.0 0.3 1.0 1.7 1.7 1.7 1.5
ENSMUSG00000028715 Cyp4a14 cytochrome P450 family 4 subfamily a polypeptide 14 [Source:MGI Symbol	Acc:MGI:1096550] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp4a14 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000081823 Cyp4a28-ps cytochrome P450 family 4 subfamily a polypeptide 28 pseudogene [Source:MGI Symbol	Acc:MGI:1932405] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp4a28-ps 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000083138 Cyp4a29 cytochrome P450 family 4 subfamily a polypeptide 29 [Source:MGI Symbol	Acc:MGI:3717143] 0 0 1 1 1 0 0 0 2 3 4 2 1 1 0 1 1 2 5 1 0 2	 Cyp4a29 0.5 0.3 1.7 2.3 0.7 2.7 0.5
ENSMUSG00000082889 Cyp4a29-ps1 cytochrome P450 family 4 subfamily a polypeptide 29 pseudogene 1 [Source:MGI Symbol	Acc:MGI:3651920] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp4a29-ps1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000084346 Cyp4a30b cytochrome P450 family 4 subfamily a polypeptide 30b [Source:MGI Symbol	Acc:MGI:3717145] 0 0 0 2 1 1 1 0 2 0 0 2 1 0 1 0 0 1 0 0 0 0	 Cyp4a30b 0.5 1.0 0.7 1.0 0.3 0.3 0.0
ENSMUSG00000083190 Cyp4a30-ps cytochrome P450 family 4 subfamily a member 30 pseudogene [Source:MGI Symbol	Acc:MGI:3649426] 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 1 1 1 0 0 1	 Cyp4a30-ps 0.5 0.0 0.7 0.0 0.0 1.0 0.0
ENSMUSG00000028712 Cyp4a31 cytochrome P450 family 4 subfamily a polypeptide 31 [Source:MGI Symbol	Acc:MGI:3028580] 1 1 2 1 4 0 7 2 6 3 1 0 12 1 0 3 2 3 10 0 2 4	 Cyp4a31 1.3 3.7 3.7 4.3 1.3 5.0 1.0
ENSMUSG00000063929 Cyp4a32 cytochrome P450 family 4 subfamily a polypeptide 32 [Source:MGI Symbol	Acc:MGI:3717148] 4 6 5 4 7 8 12 5 7 10 8 3 13 5 2 12 7 6 11 12 6 17	 Cyp4a32 4.8 9.0 7.3 8.0 6.3 8.0 9.0
ENSMUSG00000028713 Cyp4b1 cytochrome P450 family 4 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:103225] 886 1446 857 880 876 1094 1217 841 1235 1600 752 1183 1450 625 816 1111 1013 845 2261 527 1515 1704	 Cyp4b1 1017.3 1062.3 1225.3 1128.3 850.7 1373.0 1021.0
ENSMUSG00000081006 Cyp4b1-ps1 cytochrome P450 family 4 subfamily b polypeptide 1 pseudogene 1 [Source:MGI Symbol	Acc:MGI:3651921] 3 1 2 1 1 2 1 3 1 2 3 3 1 2 0 0 1 2 2 0 1 5	 Cyp4b1-ps1 1.8 1.3 2.0 2.3 0.7 1.7 0.5
ENSMUSG00000083457 Cyp4b1-ps2 cytochrome P450 family 4 subfamily b polypeptide 1 pseudogene 2 [Source:MGI Symbol	Acc:MGI:3649236] 1 1 3 4 1 3 3 4 4 5 2 2 4 0 2 2 1 3 5 0 2 3	 Cyp4b1-ps2 2.3 2.3 4.3 2.7 1.3 3.0 1.0
ENSMUSG00000024055 Cyp4f13 cytochrome P450 family 4 subfamily f polypeptide 13 [Source:MGI Symbol	Acc:MGI:2158641] 1109 1131 1193 938 1240 1136 1268 917 1050 1602 1139 1078 1601 847 741 1147 1281 869 1996 692 962 1340	 Cyp4f13 1092.8 1214.7 1189.7 1272.7 911.7 1382.0 827.0
ENSMUSG00000024292 Cyp4f14 cytochrome P450 family 4 subfamily f polypeptide 14 [Source:MGI Symbol	Acc:MGI:1927669] 2168 1831 1417 1669 1952 2349 2564 1606 1519 2627 1578 1593 2229 1179 701 1470 1434 484 1853 1223 1116 2966	 Cyp4f14 1771.3 2288.3 1917.3 1800.0 1116.7 1257.0 1169.5
ENSMUSG00000073424 Cyp4f15 cytochrome P450 family 4 subfamily f polypeptide 15 [Source:MGI Symbol	Acc:MGI:2146921] 93 26 17 9 13 15 62 4 5 46 1 4 42 0 1 10 1 6 50 0 4 16	 Cyp4f15 36.3 30.0 18.3 15.7 3.7 19.0 2.0
ENSMUSG00000048440 Cyp4f16 cytochrome P450 family 4 subfamily f polypeptide 16 [Source:MGI Symbol	Acc:MGI:1917351] 1510 1376 1469 1245 1231 1143 1274 987 1188 1417 988 904 1248 717 626 1084 1201 1029 1921 677 1025 2722	 Cyp4f16 1400.0 1216.0 1197.3 1046.7 809.0 1383.7 851.0
ENSMUSG00000091586 Cyp4f17 cytochrome P450 family 4 subfamily f polypeptide 17 [Source:MGI Symbol	Acc:MGI:3646233] 21 26 45 24 70 40 37 56 83 40 85 60 48 46 52 42 77 90 54 77 63 35	 Cyp4f17 29.0 49.0 59.7 64.3 46.7 73.7 70.0
ENSMUSG00000003484 Cyp4f18 cytochrome P450 family 4 subfamily f polypeptide 18 [Source:MGI Symbol	Acc:MGI:1919304] 0 0 1 0 2 1 0 0 1 0 0 0 0 0 1 1 2 0 0 2 2 2	 Cyp4f18 0.3 1.0 0.3 0.0 0.7 0.7 2.0
ENSMUSG00000062464 Cyp4f37 cytochrome P450 family 4 subfamily f polypeptide 37 [Source:MGI Symbol	Acc:MGI:3780112] 9 15 14 11 11 15 11 17 18 11 10 11 9 8 5 12 7 11 12 5 6 25	 Cyp4f37 12.3 12.3 15.3 10.0 8.3 10.0 5.5
ENSMUSG00000061126 Cyp4f39 cytochrome P450 family 4 subfamily f polypeptide 39 [Source:MGI Symbol	Acc:MGI:2445210] 6 3 10 7 3 6 5 8 11 9 4 7 11 4 2 3 5 12 10 2 1 7	 Cyp4f39 6.5 4.7 9.3 7.3 3.0 9.0 1.5
ENSMUSG00000090700 Cyp4f40 cytochrome P450 family 4 subfamily f polypeptide 40 [Source:MGI Symbol	Acc:MGI:3645508] 514 390 419 353 385 398 476 258 326 447 334 342 457 233 177 427 255 168 333 109 170 367	 Cyp4f40 419.0 419.7 343.7 377.7 279.0 252.0 139.5
ENSMUSG00000024295 Cyp4f41-ps cytochrome P450 family 4 subfamily f polypeptide 41 pseudogene [Source:MGI Symbol	Acc:MGI:1925125] 5 3 4 5 5 4 3 3 7 4 3 0 5 5 3 7 4 7 4 2 2 3	 Cyp4f41-ps 4.3 4.0 4.7 2.7 5.0 5.0 2.0
ENSMUSG00000079057 Cyp4v3 cytochrome P450 family 4 subfamily v polypeptide 3 [Source:MGI Symbol	Acc:MGI:2142763] 2258 2356 2001 1902 1446 1931 2071 925 1023 2092 857 1149 1955 524 786 1075 991 511 2282 474 1019 1486	 Cyp4v3 2129.3 1816.0 1346.7 1320.3 795.0 1261.3 746.5
ENSMUSG00000047155 Cyp4x1 cytochrome P450 family 4 subfamily x polypeptide 1 [Source:MGI Symbol	Acc:MGI:1932403] 0 0 0 0 0 1 0 0 1 0 1 0 0 1 0 0 0 2 0 1 1 1	 Cyp4x1 0.0 0.3 0.3 0.3 0.3 0.7 1.0
ENSMUSG00000086896 Cyp4x1os cytochrome P450 family 4 subfamily x polypeptide 1 opposite strand [Source:MGI Symbol	Acc:MGI:3649427] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp4x1os 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000001467 Cyp51 cytochrome P450 family 51 [Source:MGI Symbol	Acc:MGI:106040] 6736 7457 7451 8386 8182 6193 5682 12092 7376 7118 9696 6793 7085 13866 10046 11809 10785 6924 7957 13701 12030 13996	 Cyp51 7507.5 6685.7 8862.0 7858.0 11907.0 8555.3 12865.5
ENSMUSG00000028240 Cyp7a1 cytochrome P450 family 7 subfamily a polypeptide 1 [Source:MGI Symbol	Acc:MGI:106091] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0	 Cyp7a1 0.0 0.0 0.0 0.0 0.3 0.0 0.5
ENSMUSG00000039519 Cyp7b1 cytochrome P450 family 7 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:104978] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Cyp7b1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000050445 Cyp8b1 cytochrome P450 family 8 subfamily b polypeptide 1 [Source:MGI Symbol	Acc:MGI:1338044] 0 0 1 2 3 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1	 Cyp8b1 0.8 1.3 0.3 0.0 0.3 0.0 0.5
ENSMUSG00000031257 Nox1 NADPH oxidase 1 [Source:MGI Symbol	Acc:MGI:2450016] 1423 950 1999 1977 1709 768 1234 739 292 488 791 362 531 684 236 332 467 112 209 237 215 184	 Nox1 1587.3 1237.0 506.3 561.3 417.3 262.7 226.0
ENSMUSG00000023802 Nox3 NADPH oxidase 3 [Source:MGI Symbol	Acc:MGI:2681162] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0	 Nox3 0.0 0.0 0.0 0.0 0.0 0.3 0.0
ENSMUSG00000030562 Nox4 NADPH oxidase 4 [Source:MGI Symbol	Acc:MGI:1354184] 1 0 2 1 1 3 1 2 3 3 4 3 5 1 4 4 1 1 8 2 0 1	 Nox4 1.0 1.7 2.7 4.0 3.0 3.3 1.0
ENSMUSG00000036805 Noxa1 NADPH oxidase activator 1 [Source:MGI Symbol	Acc:MGI:2449980] 280 272 532 426 523 278 385 471 255 259 437 268 284 191 102 114 402 234 224 141 98 84	 Noxa1 377.5 395.3 328.3 329.7 135.7 286.7 119.5
ENSMUSG00000019320 Noxo1 NADPH oxidase organizer 1 [Source:MGI Symbol	Acc:MGI:1919143] 1247 979 1412 1234 1305 951 1309 1777 1255 1154 1336 952 1163 1131 687 623 1331 833 1145 766 511 483	 Noxo1 1218.0 1188.3 1395.3 1150.3 813.7 1103.0 638.5
ENSMUSG00000072919 Noxred1 NADP+ dependent oxidoreductase domain containing 1 [Source:MGI Symbol	Acc:MGI:1918525] 3 9 14 5 10 9 8 6 10 7 9 9 3 11 11 9 5 9 6 14 12 12	 Noxred1 7.8 9.0 7.7 7.0 10.3 6.7 13.0
ENSMUSG00000040466 Blvrb biliverdin reductase B (flavin reductase (NADPH)) [Source:MGI Symbol	Acc:MGI:2385271] 241 250 219 243 125 180 214 185 163 177 168 154 196 112 109 171 148 97 204 71 131 186	 Blvrb 238.3 173.0 175.0 172.7 130.7 149.7 101.0
ENSMUSG00000006471 Ndor1 NADPH dependent diflavin oxidoreductase 1 [Source:MGI Symbol	Acc:MGI:1926047] 801 776 793 742 946 853 978 719 980 894 777 900 932 959 1002 1163 708 953 831 941 881 978	 Ndor1 778.0 925.7 864.3 869.7 1041.3 830.7 911.0
ENSMUSG00000033268 Duox1 dual oxidase 1 [Source:MGI Symbol	Acc:MGI:2139422] 11 3 12 10 40 11 25 23 10 18 40 7 14 24 12 11 40 17 21 31 8 13	 Duox1 9.0 25.3 17.0 20.3 15.7 26.0 19.5
ENSMUSG00000068452 Duox2 dual oxidase 2 [Source:MGI Symbol	Acc:MGI:3036280] 546 161 571 403 2135 201 542 1418 306 552 2180 157 348 1537 139 431 2347 340 819 1553 143 444	 Duox2 420.3 959.3 758.7 895.0 702.3 1168.7 848.0
ENSMUSG00000027224 Duoxa1 dual oxidase maturation factor 1 [Source:MGI Symbol	Acc:MGI:2384861] 18 15 27 18 82 9 25 108 30 23 106 14 17 105 9 20 131 31 54 78 11 23	 Duoxa1 19.5 38.7 53.7 45.7 44.7 72.0 44.5
ENSMUSG00000027225 Duoxa2 dual oxidase maturation factor 2 [Source:MGI Symbol	Acc:MGI:1914061] 32 24 75 41 226 28 51 287 63 71 291 30 45 232 18 62 353 66 144 208 27 68	 Duoxa2 43.0 101.7 140.3 122.0 104.0 187.7 117.5
ENSMUSG00000024529 Lox lysyl oxidase [Source:MGI Symbol	Acc:MGI:96817] 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 1 0 0 0 0 0	 Lox 0.0 0.0 0.0 1.0 0.0 0.3 0.0
ENSMUSG00000032818 Loxhd1 lipoxygenase homology domains 1 [Source:MGI Symbol	Acc:MGI:1914609] 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0	 Loxhd1 0.0 0.3 0.0 0.0 0.0 0.3 0.0
ENSMUSG00000032334 Loxl1 lysyl oxidase-like 1 [Source:MGI Symbol	Acc:MGI:106096] 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 1 0 0	 Loxl1 0.0 0.0 0.3 0.7 0.0 0.0 0.5
ENSMUSG00000034205 Loxl2 lysyl oxidase-like 2 [Source:MGI Symbol	Acc:MGI:2137913] 3 2 6 3 4 1 2 3 3 1 5 4 4 4 1 1 2 3 3 6 1 1	 Loxl2 3.5 2.3 2.3 4.3 2.0 2.7 3.5
ENSMUSG00000000693 Loxl3 lysyl oxidase-like 3 [Source:MGI Symbol	Acc:MGI:1337004] 229 239 256 251 178 203 240 215 234 190 171 227 211 222 212 197 143 152 158 129 184 163	 Loxl3 243.8 207.0 213.0 203.0 210.3 151.0 156.5
ENSMUSG00000025185 Loxl4 lysyl oxidase-like 4 [Source:MGI Symbol	Acc:MGI:1914823] 10 85 136 240 558 132 33 660 430 103 580 290 51 1057 3410 89 876 950 267 3965 1140 95	 Loxl4 117.8 241.0 397.7 307.0 1518.7 697.7 2552.5
ENSMUSG00000009350 Mpo myeloperoxidase [Source:MGI Symbol	Acc:MGI:97137] 0 0 1 0 0 0 0 0 0 1 0 2 0 1 1 1 0 3 0 2 0 0	 Mpo 0.3 0.0 0.3 0.7 1.0 1.0 1.0
ENSMUSG00000025037 Maoa monoamine oxidase A [Source:MGI Symbol	Acc:MGI:96915] 12315 14990 14906 11677 11797 13418 13806 13656 11274 17650 12098 14916 18418 16803 14399 24656 11625 5218 14856 11292 21105 30391	 Maoa 13472.0 13007.0 14193.3 15144.0 18619.3 10566.3 16198.5
ENSMUSG00000040147 Maob monoamine oxidase B [Source:MGI Symbol	Acc:MGI:96916] 850 1199 1228 1712 1283 1144 750 859 582 750 893 792 602 828 1132 510 783 341 483 908 962 730	 Maob 1247.3 1059.0 730.3 762.3 823.3 535.7 935.0
ENSMUSG00000042626 Shc1 src homology 2 domain-containing transforming protein C1 [Source:MGI Symbol	Acc:MGI:98296] 1816 1670 1743 1814 1934 1762 1807 1861 1680 1714 1897 1756 1633 1684 1689 1653 1768 1896 1576 1768 1649 1685	 Shc1 1760.8 1834.3 1751.7 1762.0 1675.3 1746.7 1708.5
ENSMUSG00000020312 Shc2 SHC (Src homology 2 domain containing) transforming protein 2 [Source:MGI Symbol	Acc:MGI:106180] 19 15 28 29 35 17 16 18 15 17 20 18 21 24 14 8 30 12 17 15 14 7	 Shc2 22.8 22.7 16.7 19.7 15.3 19.7 14.5
ENSMUSG00000021448 Shc3 src homology 2 domain-containing transforming protein C3 [Source:MGI Symbol	Acc:MGI:106179] 0 0 0 1 2 2 0 0 0 1 3 0 0 2 6 0 0 1 1 4 2 1	 Shc3 0.3 1.3 0.3 1.0 2.7 0.7 3.0
ENSMUSG00000035109 Shc4 SHC (Src homology 2 domain containing) family member 4 [Source:MGI Symbol	Acc:MGI:2655364] 55 47 58 47 28 48 29 34 36 26 37 32 38 29 39 30 21 36 20 24 30 24	 Shc4 51.8 35.0 32.0 35.7 32.7 25.7 27.0
ENSMUSG00000022322 Shcbp1 Shc SH2-domain binding protein 1 [Source:MGI Symbol	Acc:MGI:1338802] 413 384 502 447 294 351 379 330 320 246 236 274 260 113 154 132 161 223 148 57 132 59	 Shcbp1 436.5 341.3 298.7 256.7 133.0 177.3 94.5
ENSMUSG00000042708 Shcbp1l Shc SH2-domain binding protein 1-like [Source:MGI Symbol	Acc:MGI:1919086] 6 5 10 3 17 18 7 5 10 5 12 20 13 18 11 12 7 4 4 12 38 15	 Shcbp1l 6.0 14.0 6.7 15.0 13.7 5.0 25.0
ENSMUSG00000039154 Shd src homology 2 domain-containing transforming protein D [Source:MGI Symbol	Acc:MGI:1099461] 1 2 0 1 3 1 1 1 5 1 5 0 0 3 3 10 0 1 0 3 1 8	 Shd 1.0 1.7 2.3 1.7 5.3 0.3 2.0
ENSMUSG00000046280 She src homology 2 domain-containing transforming protein E [Source:MGI Symbol	Acc:MGI:1099462] 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 1 0 1 0	 She 0.3 0.0 0.0 0.0 0.3 1.0 0.5
ENSMUSG00000033256 Shf Src homology 2 domain containing F [Source:MGI Symbol	Acc:MGI:3613669] 262 169 223 203 185 173 297 185 181 225 186 203 274 159 211 192 194 176 280 96 138 107	 Shf 214.3 218.3 197.0 221.0 187.3 216.7 117.0
ENSMUSG00000027261 Hao1 hydroxyacid oxidase 1 liver [Source:MGI Symbol	Acc:MGI:96011] 1 0 3 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0	 Hao1 1.0 0.0 0.0 0.7 0.0 0.0 0.0
ENSMUSG00000027870 Hao2 hydroxyacid oxidase 2 [Source:MGI Symbol	Acc:MGI:96012] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Hao2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000024903 Lao1 L-amino acid oxidase 1 [Source:MGI Symbol	Acc:MGI:2140628] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0	 Lao1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ENSMUSG00000009356 Lpo lactoperoxidase [Source:MGI Symbol	Acc:MGI:1923363] 1 1 1 3 5 2 5 3 2 9 10 2 15 16 2 20 9 4 7 3 3 10	 Lpo 1.5 4.0 4.7 9.0 12.7 6.7 3.0
ENSMUSG00000064351 mt-Co1 mitochondrially encoded cytochrome c oxidase I [Source:MGI Symbol	Acc:MGI:102504] 53912 61578 46422 43865 45316 54809 53841 44052 47872 43735 42002 55746 48693 26665 29828 24217 30279 35505 37453 23220 31399 22931	 mt-Co1 51444.3 51322.0 45219.7 48813.7 26903.3 34412.3 27309.5
ENSMUSG00000064354 mt-Co2 mitochondrially encoded cytochrome c oxidase II [Source:MGI Symbol	Acc:MGI:102503] 13 11 12 16 12 9 7 9 10 8 5 16 4 4 4 2 4 4 10 1 6 3	 mt-Co2 13.0 9.3 9.0 8.3 3.3 6.0 3.5
ENSMUSG00000064358 mt-Co3 mitochondrially encoded cytochrome c oxidase III [Source:MGI Symbol	Acc:MGI:102502] 16 18 11 10 10 10 11 18 6 9 8 17 9 1 6 5 4 9 5 2 2 6	 mt-Co3 13.8 10.3 11.0 11.3 4.0 6.0 2.0
ENSMUSG00000000959 Oxa1l oxidase assembly 1-like [Source:MGI Symbol	Acc:MGI:1916339] 1981 1826 1778 1871 1535 1876 1844 1508 1653 1834 1685 1896 1866 1707 1617 1720 1585 1462 1518 1525 1703 1610	 Oxa1l 1864.0 1751.7 1665.0 1815.7 1681.3 1521.7 1614.0
ENSMUSG00000025464 Paox polyamine oxidase (exo-N4-amino) [Source:MGI Symbol	Acc:MGI:1916983] 380 364 459 480 828 378 349 1397 697 464 1119 516 516 1002 501 597 1435 979 716 1049 573 591	 Paox 420.8 518.3 852.7 717.0 700.0 1043.3 811.0
ENSMUSG00000029998 Pcyox1 prenylcysteine oxidase 1 [Source:MGI Symbol	Acc:MGI:1914131] 2483 2677 2281 2415 2142 2398 2183 1867 1971 1871 2030 1784 1896 1659 1680 1687 2088 1863 1980 1232 1581 1485	 Pcyox1 2464.0 2241.0 1903.0 1903.3 1675.3 1977.0 1406.5
ENSMUSG00000024579 Pcyox1l prenylcysteine oxidase 1 like [Source:MGI Symbol	Acc:MGI:3606062] 591 435 462 509 420 447 515 392 475 408 438 505 512 304 291 260 364 411 319 98 200 106	 Pcyox1l 499.3 460.7 425.0 485.0 285.0 364.7 149.0
ENSMUSG00000017453 Pipox pipecolic acid oxidase [Source:MGI Symbol	Acc:MGI:1197006] 206 96 326 168 65 98 138 37 33 67 30 29 63 21 13 34 17 17 38 18 24 37	 Pipox 199.0 100.3 45.7 40.7 22.7 24.0 21.0
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ENSMUSG00000020777 Acox1 acyl-Coenzyme A oxidase 1 palmitoyl [Source:MGI Symbol	Acc:MGI:1330812] 8044 8657 8078 7523 13144 11095 10719 10411 10917 14864 12590 11340 13863 10015 11180 12237 14579 13628 16596 10877 12837 13160	 Acox1 8075.5 11652.7 12064.0 12597.7 11144.0 14934.3 11857.0
ENSMUSG00000021751 Acox2 acyl-Coenzyme A oxidase 2 branched chain [Source:MGI Symbol	Acc:MGI:1934852] 471 532 266 185 224 585 701 313 704 1059 374 988 1279 609 898 1646 375 516 717 283 1364 1655	 Acox2 363.5 503.3 692.0 880.3 1051.0 536.0 823.5
ENSMUSG00000029098 Acox3 acyl-Coenzyme A oxidase 3 pristanoyl [Source:MGI Symbol	Acc:MGI:1933156] 520 534 588 489 763 633 656 562 692 756 762 717 813 651 667 741 687 804 789 538 674 633	 Acox3 532.8 684.0 670.0 764.0 686.3 760.0 606.0
ENSMUSG00000027380 Acoxl acyl-Coenzyme A oxidase-like [Source:MGI Symbol	Acc:MGI:1921371] 1 0 1 0 5 4 1 4 3 5 4 3 5 5 1 1 6 5 6 6 5 6	 Acoxl 0.5 3.3 4.0 4.0 2.3 5.7 5.5
ENSMUSG00000042096 Dao D-amino acid oxidase [Source:MGI Symbol	Acc:MGI:94859] 29 29 57 55 37 14 13 28 10 23 30 11 17 52 28 24 42 12 24 39 32 43	 Dao 42.5 21.3 20.3 19.3 34.7 26.0 35.5
ENSMUSG00000063428 Ddo D-aspartate oxidase [Source:MGI Symbol	Acc:MGI:1925528] 1 0 0 0 1 1 1 3 1 2 1 3 1 0 0 0 1 0 3 0 1 1	 Ddo 0.3 1.0 2.0 1.7 0.0 1.3 0.5
ENSMUSG00000028186 Uox urate oxidase [Source:MGI Symbol	Acc:MGI:98907] 5 2 4 0 2 3 9 1 0 2 4 3 2 1 1 1 1 1 0 2 0 1	 Uox 2.8 4.7 1.0 3.0 1.0 0.7 1.0
ENSMUSG00000025464 Paox polyamine oxidase (exo-N4-amino) [Source:MGI Symbol	Acc:MGI:1916983] 380 364 459 480 828 378 349 1397 697 464 1119 516 516 1002 501 597 1435 979 716 1049 573 591	 Paox 420.8 518.3 852.7 717.0 700.0 1043.3 811.0
ENSMUSG00000020629 Adi1 acireductone dioxygenase 1 [Source:MGI Symbol	Acc:MGI:2144929] 1327 1312 1106 1569 1246 1241 1112 1620 1517 1298 1585 1447 1399 1041 1307 1046 1650 1629 1386 464 1064 573	 Adi1 1328.5 1199.7 1478.3 1477.0 1131.3 1555.0 764.0
ENSMUSG00000057134 Ado 2-aminoethanethiol (cysteamine) dioxygenase [Source:MGI Symbol	Acc:MGI:2685083] 1354 1207 1311 1425 1080 1259 1255 1126 1236 1099 1146 1272 1136 1150 1190 1149 1029 1243 955 1047 1085 868	 Ado 1324.3 1198.0 1153.7 1184.7 1163.0 1075.7 1066.0
ENSMUSG00000079036 Alkbh1 alkB homolog 1 histone H2A dioxygenase [Source:MGI Symbol	Acc:MGI:2384034] 606 714 837 652 644 749 841 638 829 563 589 896 750 759 819 705 495 543 533 517 657 761	 Alkbh1 702.3 744.7 676.7 745.0 761.0 523.7 587.0
ENSMUSG00000044339 Alkbh2 alkB homolog 2 alpha-ketoglutarate-dependent dioxygenase [Source:MGI Symbol	Acc:MGI:2141032] 96 95 92 94 74 77 111 109 132 83 79 113 79 127 152 101 99 108 79 106 114 117	 Alkbh2 94.3 87.3 108.0 90.3 126.7 95.3 110.0
ENSMUSG00000040174 Alkbh3 alkB homolog 3 alpha-ketoglutarate-dependent dioxygenase [Source:MGI Symbol	Acc:MGI:1916363] 306 278 351 307 341 331 350 367 367 342 358 378 364 429 366 366 306 301 317 385 382 450	 Alkbh3 310.5 340.7 358.7 366.7 387.0 308.0 383.5
ENSMUSG00000041660 Bbox1 butyrobetaine (gamma) 2-oxoglutarate dioxygenase 1 (gamma-butyrobetaine hydroxylase) [Source:MGI Symbol	Acc:MGI:1891372] 60 66 83 53 69 117 145 90 82 171 68 113 187 21 31 68 52 42 178 24 92 144	 Bbox1 65.5 110.3 114.3 122.7 40.0 90.7 58.0
ENSMUSG00000033022 Cdo1 cysteine dioxygenase 1 cytosolic [Source:MGI Symbol	Acc:MGI:105925] 912 479 562 567 323 531 764 413 398 291 250 370 306 76 154 81 223 365 168 35 71 35	 Cdo1 630.0 539.3 367.3 308.7 103.7 252.0 53.0
ENSMUSG00000000673 Haao 3-hydroxyanthranilate 34-dioxygenase [Source:MGI Symbol	Acc:MGI:1349444] 0 0 2 0 12 3 5 2 6 3 4 6 6 8 6 2 2 4 2 7 4 7	 Haao 0.5 6.7 3.7 5.3 5.3 2.7 5.5
ENSMUSG00000029445 Hpd 4-hydroxyphenylpyruvic acid dioxygenase [Source:MGI Symbol	Acc:MGI:96213] 108 52 54 46 19 30 67 8 16 27 10 16 30 6 17 13 11 4 27 2 6 5	 Hpd 65.0 38.7 17.0 18.7 12.0 14.0 4.0
ENSMUSG00000043155 Hpdl 4-hydroxyphenylpyruvate dioxygenase-like [Source:MGI Symbol	Acc:MGI:2444646] 309 276 201 235 236 300 323 265 285 328 290 340 340 277 251 271 274 305 263 109 205 165	 Hpdl 255.3 286.3 292.7 323.3 266.3 280.7 157.0
ENSMUSG00000031551 Ido1 indoleamine 23-dioxygenase 1 [Source:MGI Symbol	Acc:MGI:96416] 0 1 8 6 9 2 2 5 4 14 5 0 6 1 0 4 6 7 22 1 0 1	 Ido1 3.8 4.3 7.7 3.7 1.7 11.7 0.5
ENSMUSG00000031549 Ido2 indoleamine 23-dioxygenase 2 [Source:MGI Symbol	Acc:MGI:2142489] 0 0 2 1 4 3 0 2 1 0 4 3 0 0 2 1 3 4 1 0 0 1	 Ido2 0.8 2.3 1.0 2.3 1.0 2.7 0.0
ENSMUSG00000019916 P4ha1 procollagen-proline 2-oxoglutarate 4-dioxygenase (proline 4-hydroxylase) alpha 1 polypeptide [Source:MGI Symbol	Acc:MGI:97463] 432 383 227 339 230 295 232 241 219 240 330 285 296 507 468 576 371 253 334 418 578 747	 P4ha1 345.3 252.3 233.3 303.7 517.0 319.3 498.0
ENSMUSG00000018906 P4ha2 procollagen-proline 2-oxoglutarate 4-dioxygenase (proline 4-hydroxylase) alpha II polypeptide [Source:MGI Symbol	Acc:MGI:894286] 284 216 152 211 293 196 169 222 218 210 325 238 273 457 401 540 344 243 288 467 527 717	 P4ha2 215.8 219.3 216.7 278.7 466.0 291.7 497.0
ENSMUSG00000051048 P4ha3 procollagen-proline 2-oxoglutarate 4-dioxygenase (proline 4-hydroxylase) alpha polypeptide III [Source:MGI Symbol	Acc:MGI:2444049] 0 0 4 4 2 0 1 0 1 0 0 4 2 1 4 0 0 0 0 3 0 2	 P4ha3 2.0 1.0 0.3 2.0 1.7 0.0 1.5
ENSMUSG00000079484 Phyhd1 phytanoyl-CoA dioxygenase domain containing 1 [Source:MGI Symbol	Acc:MGI:3612860] 72 56 31 43 33 38 52 17 31 37 36 42 57 64 50 144 27 23 34 26 57 109	 Phyhd1 50.5 41.0 28.3 45.0 86.0 28.0 41.5
ENSMUSG00000019055 Plod1 procollagen-lysine 2-oxoglutarate 5-dioxygenase 1 [Source:MGI Symbol	Acc:MGI:99907] 129 135 127 116 107 93 102 80 127 138 123 119 118 159 231 153 122 146 144 132 178 150	 Plod1 126.8 100.7 115.0 120.0 181.0 137.3 155.0
ENSMUSG00000032374 Plod2 procollagen lysine 2-oxoglutarate 5-dioxygenase 2 [Source:MGI Symbol	Acc:MGI:1347007] 93 53 30 34 27 39 28 26 48 22 28 58 41 16 31 40 21 58 24 13 26 29	 Plod2 52.5 31.3 32.0 42.3 29.0 34.3 19.5
ENSMUSG00000004846 Plod3 procollagen-lysine 2-oxoglutarate 5-dioxygenase 3 [Source:MGI Symbol	Acc:MGI:1347008] 1030 1158 1279 1590 1448 1098 998 1498 1264 1131 1467 1270 1147 1979 1553 1390 1484 1353 1158 2288 1583 1335	 Plod3 1264.3 1181.3 1297.7 1294.7 1640.7 1331.7 1935.5
ENSMUSG00000028011 Tdo2 tryptophan 23-dioxygenase [Source:MGI Symbol	Acc:MGI:1928486] 3 4 4 8 6 6 5 4 1 6 5 5 3 4 2 1 2 2 4 4 6 2	 Tdo2 4.8 5.7 3.7 4.3 2.3 2.7 5.0
ENSMUSG00000047146 Tet1 tet methylcytosine dioxygenase 1 [Source:MGI Symbol	Acc:MGI:1098693] 53 34 34 38 17 40 25 9 9 11 13 28 15 19 13 2 6 6 5 3 8 0	 Tet1 39.8 27.3 9.7 18.7 11.3 5.7 5.5
ENSMUSG00000040943 Tet2 tet methylcytosine dioxygenase 2 [Source:MGI Symbol	Acc:MGI:2443298] 946 938 935 713 1213 1074 978 708 939 813 1112 1036 1042 1046 1014 1071 921 902 838 800 1013 1107	 Tet2 883.0 1088.3 820.0 1063.3 1043.7 887.0 906.5
ENSMUSG00000034832 Tet3 tet methylcytosine dioxygenase 3 [Source:MGI Symbol	Acc:MGI:2446229] 6415 5736 5519 5627 6256 6893 5965 2958 4493 5096 5420 5892 5154 4694 5665 5367 4474 5021 4333 4194 4970 4654	 Tet3 5824.3 6371.3 4182.3 5488.7 5242.0 4609.3 4582.0
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TABLE 2. List of material used for immunostainings, in situ hybridization and qRT-PCR experiments

Immunostainings Antibodies Catalogue number Manufacturer
Goat anti-Trop2 AF650 R&D systems

Mouse anti-Beta catenin 610154 BD transduction laboratories
Rabbit anti-Olfactomedin 4 #14369 cell signaling tech

TUNEL assay 12156792910 Roche
DAPI D9542 Sigma-Aldrich

RNAscope probes Gene Catalogue number Manufacturer
m Areg 430501 Advanced cell diagnostics

m Axin 2 400331 Advanced cell diagnostics
m Hmox1 498811 Advanced cell diagnostics

m Lgr5 312171 Advanced cell diagnostics
m Pparg 513371 Advanced cell diagnostics
m Pycard 439581 Advanced cell diagnostics

qPCR primers Gene Forward primer Reverse primer
Aqp1 AGCTGGTACTGTGCGTTCTG GTAGTCAATCGCCAGCAGGT
Aqp3 TGCCTTGCGCTAGCTACTTT GAAGCATCTCCCCACAACGA
Aqp4 TGCCCGTAATCTGACTCCCA AATGTCCACACTTACCCCACC
Aqp5 ATTGGCTTGTCGTCGGTCACACT CCAGAAGACCCAGTGAGAGG
Areg GCGAATGCAGATACATCGAGAA CGCTGTGAGTCTTCATGGATTTT
Atf3 GTCACCAAGTCTGAGGCGG GTTTCGACACTTGGCAGCAG

Axin2 TGACTCTCCTTCCAGATCCCA TGCCCACACTAGGCTGACA
Casp1 GACTGGGACCCTCAAGTTTTGCCC CACCACCCTTCAGGATGGCCT
Ccnd1 CCTGCTACCGCACAACGCAC GCCTGGCGCAGGCTTGACTC

Cdkn1a ATCCTGCAAGAGGCCTGGAGAGG CACGAGGTCGGACGCCTATGGA
Chga TCCCCACTGCAGCATCCAGTTC CCTTCAGACGGCAGAGCTTCGG

Ddx60 AGTGATGAGCCTTTGTTGAGGA TCGTTCATGATGGCATCTCCC
Egr1 GAGCACCTGACCACAGAGTC GCGGCCAGTATAGGTGATGG

Hmox1 CATAGCCCGGAGCCTGAATC CAAATCCTGGGGCATGCTGT
Hopx GTGCCTGCGATCTTGGTGGCT GCCTGACCTTACGTCTGTCCCG
Lgr5 CCTACTCGAAGACTTACCCAGT GCATTGGGGTGAATGATAGCA
Ly6A GAAAGAGCTCAGGGACTGGAGTGTT TTAGGAGGGCAGATGGGTAAGCAA
Lyz1 GAGACCGAAGCACCGACTATG CGGTTTTGACATTGTGTTCGC

Muc2 ATGCCCACCTCCTCAAAGAC GTAGTTTCCGTTGGAACAGTGAA
Nupr1 AATACCAACCGCCCTAGCC TGTGGTCTGGCCTTATCTCC
Olfm4 CAGCTGCCTGGTTGCCTCCG GGCAGGTCCCATGGCTGTCC
Ptgs2 CTGACCCCCAAGGCTCAAAT TTTAAGTCCACTCCATGGCCC

Pycard GAGCAGCTGCAAACGACTAA CTGGTCCACAAAGTGTCCTGT
Rpl13 CCCGTGGCGATTGTGAA TCATTGTCCTTCTGTGCAGGTT

Sis TTCAAGAAATCACAACATTCAATTTACTAG CTAAAACTTTCTTTGACATTTGAGCAA
Slc7a11 AGCTAACTGACTGCCCCTGG ACTCAGAGGTGTGTTTCAGCC
Trop2 AGAACGCGTCGCAGAAGGGC CGGCGGCCCATGAACAGTGA
Wwtr1 CGGTTCCGGGGATGTAAGAG GAACTGACGAGCTGGAACCC
Ywhaz TGCAACGATCTACTGTCTCTTTTG CGGTAGTAGTCACCCTTCATTTTCA
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Figure S1. Impact of the CAP application method on organoid morphology. a. CAP-conditioned 
media and PAM generated by treatment with 50 W for 60 s at day 1 were applied directly to organoid 
cultures at day 2 post-replating for 24 hours (until day 3). b. Representative pictures of a given field 
showing growth of organoids at day 2 (before CAP application) and day 3 (endpoint of the experiment). 
Triangles show individual elements evolving as protruded organoids and spheroids in untreated and 
CAP-treated cultures, respectively. Right panels: insets of the pictures at day 3. Scale bars: 500 µm. c. 
Quantification of organoid complexity at day 3. An average number of 100 elements was analyzed over 
time per condition per organoid line (n= 4 organoid lines). Data are represented as means ± sem. Two-
way ANOVA: interaction ** P< 0.01 followed by Dunnett's multiple comparisons test: *** P< 0.001, 
** P< 0.01, * P< 0.05, ns not significant (all compared to untreated).  
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Figure S2. Impact of the CAP application method on global gene expression of intestinal 
organoids. a. Heatmap of the most differentially regulated genes in CAP-treated versus Untreated 
(Controls) organoids at the early time post-treatment (30 min). b. Expression levels of Cys metabolism-
, cell signaling-, inflammation- and cytoskeleton organization-associated genes in the various 
conditions. Data are represented as means ± sd. n = 4 and 3 samples in Controls and CAP-treated 
conditions, respectively. CP20M: counts per kilobase of transcript per 20 million mapped reads. 
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Figure S3. Apc deficient-derived organoids exhibit increased resistance to CAP treatment as 
compared to normal intestinal stem cell-derived organoids.  

a. Organoid growth of Apc wt and Apc ∆ crypts upon initial seeding in culture media containing ENR
(EGF, Noggin, Rspondin1) or EN (EGF, Noggin). Representative pictures of a given field showing 
organoid morphology at day 1 and day 4. Apc ∆ organoid efficiently grow in EN conditions as compared 
to Apc wt organoids. Scale bars: 500 µm.  b. Measurement of reactive species in culture supernatants of 
Apc wt and Apc ∆ organoids 24 hours after direct CAP treatment at the indicated doses. DCFDA dye 
was used to measure ROS levels. A.U. Arbitrary Units. Each symbol corresponds to a given organoid 
line. Data are represented as means ± sem. One-way Anova test. **** P< 0.0001. c. Expression levels 
of aquaporin-encoding genes. Left panel: Aqp expression in Lgr5+ve ISC. Data were analyzed from the 
Gene Expression Omnibus GSE135362 dataset; Right panel: Aqp expression in control and CAP-treated 
organoids (this work). CP20M: counts per kilobase of transcript per 20 million mapped reads (n =2 
samples). d. Gene expression analysis by qRT-PCR of Aquaporins in Apc wt and Apc ∆ organoids. 
Each symbol corresponds to a given organoid line. Values are normalized to Untreated Apc wt levels. 
Data are represented as means ± sem. One-way Anova test. **** P< 0.0001; *** P< 0.001. e. Expression 
levels of ROS scavenger enzymes in Lgr5+ve ISC. Data were analyzed from the Gene Expression 
Omnibus GSE135362 dataset. CP20M: counts per kilobase of transcript per 20 million mapped reads (n 
=2 samples). 
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