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Summary 37 

In the skin, Trypanosoma brucei colonises the subcutaneous white adipose tissue (scWAT) 38 

and harbours a pool of parasites that are proposed to be competent for forward transmission. 39 

The interaction between parasites, adipose tissue, and the local immune system is likely to 40 

drive the adipose tissue wasting and weight loss observed in cattle and humans infected with 41 

T. brucei.  However, mechanistically, the events leading to scWAT wasting are not fully 42 

understood. Here, using several complementary approaches, including mass cytometry by 43 

time of flight, bulk and single cell transcriptomics, and in vivo genetic models, we found that 44 

T. brucei infection drives local expansion of several IL-17A-producing cells in the murine WAT, 45 

including TH17 and V6+ T cells. We also found that global IL-17 deficiency, or mice lacking 46 

IL-17 receptor expression exclusively in adipocytes, were protected from infection-induced 47 

WAT wasting and weight loss. Unexpectedly, we found that abrogation of IL-17 signalling in 48 

adipocytes results in a significant accumulation of Dpp4+ Pi16+ interstitial preadipocytes and 49 

a higher burden of extravascular parasites in the WAT, highlighting a critical role for IL-17 50 

signalling in controlling preadipocyte fate, scWAT tissue dynamics, and local parasite burden. 51 

Taken together, our study highlights the central role of adipocyte IL-17 signalling in controlling 52 

WAT responses to infection, suggesting that adipocytes are a critical coordinator of the tissue 53 

dynamics and immune responses to T. brucei infection.   54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

The copyright holder for this preprintthis version posted May 26, 2023. ; https://doi.org/10.1101/2022.09.23.509158doi: bioRxiv preprint 

https://doi.org/10.1101/2022.09.23.509158
http://creativecommons.org/licenses/by/4.0/


 

 3 

Introduction 74 

Trypanosoma brucei is an extracellular protozoan parasite that infects humans and livestock, 75 

causing Human African Trypanosomiasis (HAT, or sleeping sickness) and Animal African 76 

Trypanosomiasis (AAT, or nagana), respectively1. Both HAT and AAT are prevalent in sub-77 

Saharan regions of the African continent, where they impose a significant socio-economic 78 

burden, and are fatal if left untreated2. Chronic infections in both humans and non-primate 79 

mammalian hosts, such as domestic cattle, lead to significant weight loss, a phenomenon that 80 

remains largely unstudied3. Upon infection, trypanosomes proliferate and migrate into tissues 81 

throughout the body, where they persist and form extravascular reservoirs in virtually every 82 

organ4.  One major consequence of infection is weight loss, typically coupled with a reduction 83 

in white adipose tissue (WAT) mass5. Previous studies have elegantly demonstrated that mice 84 

lose weight during T. brucei infection and that this is associated with loss of gonadal white 85 

adipose tissue (gWAT) mass6. The largest cell volume within the gWAT is comprised of 86 

adipocytes, but this tissue is also enriched with multiple immune cell types, including 87 

macrophages, neutrophils, T helper 1 (TH1) cells, effector CD8+ cytotoxic T cells, and B cells7–88 

9, as well as forming a reservoir for T. brucei6, and different factors released from these 89 

immune cells influence gWAT function under normal physiological conditions. For example, 90 

tumour necrosis factor (TNF) and interleukin-17A (IL-17A) have been shown to regulate 91 

adipose tissue structure and function, by limiting tissue expansion7, and inhibiting 92 

adipogenesis9, respectively. Furthermore, IL-17A, and signalling through the IL-17C receptor, 93 

have been shown to induce thermogenesis in white and brown adipose tissue, 94 

respectively10,11, and activation of thermogenesis, following challenges such as cold exposure, 95 

leads to increased energy expenditure12. T. cruzi and T. congloense infections, the causative 96 

agents of Chagas disease and AAT, respectively, are also associated with elevation of IL-97 

17A13,14, which is important for controlling resistance to infection14,15. Together this may 98 

suggest that loss of adipose tissue mass and subsequent weight loss may be driven by local 99 

immune responses, the parasites, or both. However, it remains unclear how the immune 100 

response to T. brucei infection influences adipose tissue structure and function. 101 

Previous studies from our lab identified the skin as another reservoir for T. brucei and 102 

highlighted the presence of parasites in the adjacent subcutaneous white adipose tissue 103 

(scWAT) of infected patients16. Furthermore, we recently demonstrated a critical role of  T 104 

cells (in particular IL-17-producing V6+ T cells) in the control of local skin responses to T. 105 

brucei infection17. However, we were unable to profile the scWAT in detail. Due to its proximity 106 

to the skin, the scWAT may also prove to be an important reservoir for T. brucei, giving the 107 

parasites access to a plentiful nutrient supply, whilst simultaneously increasing the chances 108 

of onward transmission. Therefore, we focused on understanding the impact of infection on 109 
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the structure and function of the inguinal white adipose tissue (iWAT) in mice, which is typically 110 

used to model scWAT in humans18. Like gWAT, the iWAT acts as an energy reservoir under 111 

homeostatic conditions and modulates systemic metabolism and appetite19, as well as 112 

immune responses20. Here we present data demonstrating that T. brucei infection is 113 

associated with a broad immune response in the iWAT, including the expansion of IL-17A-114 

producing TH17 and V6+ T cells. Furthermore, we demonstrate that global genetic ablation of 115 

IL-17A/F or targeted deletion of adipocyte IL-17A receptor (Il17ra; essential for mediating IL-116 

17A/F signalling21) prevents or limits weight loss and iWAT wasting. Targeted deletion of 117 

adipocyte Il17ra also results in an accumulation of small adipocytes in both naïve and infected 118 

mice, with a concomitant accumulation of Dpp4+ Pi16+ interstitial preadipocytes. Interestingly, 119 

targeted deletion of adipocyte Il17ra also resulted in an increased burden of extravascular 120 

parasites in the iWAT. These results provide novel insights into the role of IL-17 signalling as 121 

a regulator of adipose tissue structure, function, and dynamics during infection, placing 122 

adipocyte-mediated responses at the core of the local immune responses in the iWAT. 123 

Furthermore, these findings support the utility of T. brucei infection models for interrogating 124 

the role that IL-17 signalling plays in controlling adipocyte fate and differentiation, as well as 125 

local and systemic energy balance, in the context of infection.  126 
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Results 147 

T. brucei infection results in reduced iWAT mass and impaired adipose tissue function 148 

in a sex-dependent manner 149 

In both humans and livestock, trypanosome infections are known to cause weight loss, and 150 

this has been recapitulated in male mouse models of infection6. However, direct comparisons 151 

have not been made between male and female mice to assess whether infection induces 152 

weight loss in a sexually dimorphic manner. To test this, we infected age-matched male and 153 

female C57BL/6 mice for a period of 25 days. We first wanted to determine that mice were 154 

successfully infected and whether there were differences between the levels of circulating 155 

parasites between sexes. Parasitaemia measurements followed a characteristic pattern, with 156 

no significant differences between sexes (Figure 1A). There were also no significant 157 

differences in the clinical scores of the mice (Figure 1B). Strikingly, during the course of 158 

infection, infected male mice lost significant amounts of bodyweight, whereas there was no 159 

significant difference between the weights of naïve and infected female mice (Figure 1C and 160 

Figure 1D). Spleen mass increased similarly in both male and female mice (Supplementary 161 

Figure S1), suggesting that changes in spleen mass during infection do not explain the 162 

differences in the bodyweight of males and females.  163 

Weight loss may be explained as a consequence of adipose tissue wasting22, as a 164 

consequence of changes in feeding behaviour23, or both. To understand this in more detail, 165 

we measured gross food intake as a proxy for feeding behaviour. Over the course of infection, 166 

the food intake of infected male mice decreased from the onset of infection until 11 days post-167 

infection (dpi), after which it increased to that of naïve males, before dropping again at 25 dpi 168 

(Figure 1E). Infected female mice displayed a brief, but non-significant, reduction in food 169 

intake at 7 dpi, but otherwise maintained a similar feeding behaviour profile to their wild type 170 

counterparts (Figure 1F). Taken together, these data suggests that weight loss during 171 

experimental trypanosomiasis occurs in a sex-dependent manner and may be associated, in 172 

males, to changes in feeding behaviour.  173 

We next explored the impact of T. brucei infection on the adipose tissue. In addition to changes 174 

in feeding behaviour23, weight loss is typically associated with reductions in adipose tissue 175 

mass24. We were particularly interested in the iWAT, which is analogous to the scWAT tissue 176 

in humans, as this constitutes an important parasite niche for disease transmission, especially 177 

in asymptomatic carriers16. Previous reports have shown that colonisation of the gonadal white 178 

adipose tissue (gWAT) is associated with weight loss and reduction in adipose mass6, but the 179 

effect on iWAT, which is anatomically and functionally distinct from gWAT (Figure 2A), was 180 

not investigated. We first determined the presence of parasites in the iWAT and gWAT by 181 

histological analysis (Figure 2B) and, as expected, detected trypanosomes in both tissues. 182 

Next, we quantified trypanosome genomic DNA in the iWAT and gWAT as a proxy for 183 
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determining parasite density. We found that in male mice there were fewer parasites in the 184 

iWAT compared with the gWAT, but that there were no differences between these depots in 185 

females (Figure 2C). Our data are consistent with previous reports6, and highlights that the 186 

iWAT also harbours a population of parasites that, given their proximity to the skin, are 187 

important for forward parasite transmission16.   188 

Following our observations of weight loss and the presence of trypanosomes in the iWAT, we 189 

then proceeded to characterise the impact of infection on this adipose tissue depot. When 190 

normalised to bodyweight, we found that infection led to a significant reduction in the iWAT 191 

mass of male mice (Figure 2D). Female mice also experienced a reduction in iWAT mass, 192 

but this was not significant. This raised the question of whether the reduction in mass is due 193 

to a loss of lipid content and reduction in adipocyte size (hypotrophy). To address this, we 194 

performed Haematoxylin and Eosin (H&E) staining of iWAT at 25 dpi. We found that the iWAT 195 

of males and female mice infected with T. brucei undergoes hypotrophy, with concurrent 196 

infiltration of immune cells (Figure 2E). Furthermore, we found a differential effect on the 197 

morphometric properties of the iWAT adipocytes in response to T. brucei infection. In infected 198 

male mice, there was a significant decrease in lipid droplet size, with the majority of lipid 199 

droplets ranging from 10-200 µm2, compared with naïve controls where lipid droplet size was 200 

larger, with the majority of droplets ranging from 51-900 µm2 (Figure 2F). In infected female 201 

mice, there was a less dramatic shift in lipid droplet size, with the majority of lipid droplets 202 

ranging from 10-400 µm2, compared with naïve controls where lipid droplet sizes ranged from 203 

51-1,000 µm2 (Figure 2G). The morphometric analyses of iWAT in response to infection are 204 

indicative of tissue wasting. Thus, we questioned whether T. brucei infection impacted adipose 205 

tissue function, using systemic glycerol levels as a proxy for adipose tissue function25. In both 206 

infected male and female mice, the circulating glycerol levels were significantly reduced 207 

compared to naïve controls (Figure 2H), consistent with a global impact of infection on 208 

adipose tissue function. The changes in glycerol levels observed in experimental infections 209 

were also replicated in the serum of stage II HAT patients from the towns of Boffa, Forécariah 210 

and Dubréka in Guinea, suggesting that the adipose tissue dysfunction induced by infection 211 

also occurs in humans (Figure 2I). Taken together, these findings highlight that T. brucei 212 

infection is associated with significant iWAT wasting and that this, in turn, is associated with 213 

impaired tissue function in both mice and humans.  214 

T. brucei iWAT colonisation results in a hypometabolic state in the murine iWAT  215 

To better understand the iWAT response to infection, and to identify potential drivers of tissue 216 

wasting, we performed bulk transcriptomic analysis of iWAT harvested at 25 dpi from both 217 

sexes and included naïve controls for comparison. Principal component analysis (PCA) 218 

revealed high levels of variance between naïve and infected males, but less variance between 219 

naïve and infected females (Figure 3A), potentially indicating a higher transcriptional 220 
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response in the iWAT of male mice compared to female mice.  Indeed, compared with naïve 221 

controls, differential expression analysis revealed upregulation of 3,828 and 3,177 genes with 222 

a log2Fold change >0.5 and an adjusted p value (padj) of <0.01 in infected male and female 223 

mice, respectively (Figure 3B; Supplementary Table 1). In contrast, compared with naïve 224 

controls, this analysis revealed downregulation of 3,332 and 2,606 genes a log2Fold change 225 

>0.5 and an padj of <0.01 in infected male and female mice, respectively (Figure 3B; 226 

Supplementary Table 1). To explore this dataset further, we performed pathway enrichment 227 

analyses, enriching for Kyoto Encyclopaedia of genes and genomes (KEGG) terms. We first 228 

observed that in both males and females, the majority of upregulated pathways were 229 

associated with immune and inflammatory processes (Figure 3C and D). Many genes within 230 

these pathways related to MHC class II antigen presentation (e.g. H2-DMa, H2-DMb1, H2-231 

Ob), inflammatory cytokines (e.g. Tnf, Ifng, Il1b), and complement activation (e.g. C2, C3, 232 

C4b) (Supplementary Table 2). When we explored downregulated pathways, we found that 233 

the majority of these were related to metabolism (Figure 3E and F), including amino acid 234 

degradation (e.g. Abat, Acat1, Acat2) and propanoate metabolism (e.g. Sucla2, Acox1, Acads) 235 

(Supplementary Table 2). Unexpectedly, we also observed that T. brucei infection led to a 236 

downregulation of the lipolysis pathway in males and females (Supplementary Figure S2), 237 

with canonical genes such as Pnpla2, Fabp4, and Lipe being significantly downregulated 238 

(Supplementary Figure S2). Since lipolytic genes were downregulated, we questioned 239 

whether the iWAT was becoming more thermogenic, which could, in turn, lead to a decrease 240 

in mass. However, when exploring our data, we also found that canonical genes associated 241 

with thermogenesis, such as Ucp126, were downregulated in infected males and females 242 

(Supplementary Table 2), Moreover, expression of genes associated with UCP1-243 

independent thermogenesis, including Atp2a1, Atp2a2, and Atp2a327 were not altered during 244 

infection (Supplementary Table 2), suggesting that thermogenesis is not activated in this 245 

context. These results, together with an overall decrease in circulating glycerol levels in serum, 246 

indicate that chronic T. brucei infection results in a hypometabolic state in mice (and likely in 247 

humans) to conserve energy28. 248 

T. brucei iWAT colonisation induces an upregulation of genes associated with TH17 T 249 

cell differentiation 250 

Our transcriptomic analyses also revealed specific enrichment of T cell-related transcripts in 251 

male but not female mice. For example, we found Cd3d, Cd3e, and Cd247 were significantly 252 

upregulated in the iWAT of infected male mice but exhibited no changes in infected females 253 

(Supplementary Table 2). TH1- and TH2-related transcripts included Nfatc1, Cd4, Runx3, and 254 

Gata3, suggesting that TH1 cells may be a significant contributor to interferon gamma (IFN) 255 

production during infection in the adipose tissue. Additionally, we also detected a significant 256 
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upregulation of genes associated with differentiation of TH17 effector cells, including Irf4, Cd4, 257 

Il21r, and Il6ra (Figure 3G).  258 

Based on our observations, we hypothesised that TH17 cells are important for the adipose 259 

immune response to infection. To quantify the different populations of CD4+ T cells, including 260 

TH17 cells, present in the iWAT during chronic T. brucei infection, we utilised mass cytometry 261 

by time of flight (CyTOF), enabling us to gain as much information as possible from the wasted 262 

adipose tissue. Consistent with previous studies8, we also found an expansion of  263 

macrophages, granulocytes, and dendritic cells in the iWAT of infected males and female mice 264 

(Figure 4A-4D). The B cell subset was decreased specifically in male mice during infection 265 

compared to naïve controls, without noticeable changes in female mice (Figure 4E). 266 

Regarding the T cell effector population, we observed an increase in the proportion of CD3ε+ 267 

TCRβ+ CD4+ T cells in the iWAT of infected mice (Figure 4F) and, in particular, we identified 268 

an expansion of CD44+ CD69+ CD4+ T effector (Teff) cells (Figure 4G). Whilst the frequency 269 

of CD4+ T cells increased in both males and females, the iWAT of infected females contained 270 

a higher proportion of Teff cells compared with males. The expanded Teff cells displayed an 271 

elevated production of interferon gamma (IFN; Figure 4H), suggesting that some of these 272 

cells are polarised towards a TH1 phenotype. Furthermore, there was a significant expansion 273 

of IL-17A-producing Teff cells (Figure 4I), consistent with our transcriptomics dataset. 274 

Interestingly, in addition to TNF and IFN IL-17A was also elevated in the serum of infected 275 

mice and compared to naïve controls (Figure 4J), and in second stage HAT patients 276 

compared to healthy controls (Figure 4K), demonstrating that IL-17A elevation is conserved 277 

mice and humans infected with T. brucei. Taken together, our data demonstrate a significant 278 

expansion of IL-17-producing T cells in the iWAT in response to T. brucei infection, and may 279 

be associated with the induction of a hypometabolic state.  280 

IL-17A/F is critical for controlling bodyweight and pathology during T. brucei infection  281 

Our results so far indicate that chronic iWAT infection leads to an expansion of local TH17 282 

effector T cells in male mice. However, the role of IL-17 in the control of T. brucei infection, or 283 

in the local infection-induced pathology in the iWAT, has not been explored to date. To test 284 

this, we used a global Il17a/f knockout mouse, which is deficient in both IL-17A and IL-17F29 285 

(Figure 5A and Supplementary Figure S3A). Systemically, we observed that the first peak 286 

of parasitaemia was similar between wildtype and Il17af-/- male mice, with a non-significant 287 

increase in parasitaemia post-day 13 onwards in the  Il17af-/- mice (Figure 5A), which may 288 

suggest that IL-17A/F plays a role in controlling systemic parasite numbers during chronic 289 

infection. In contrast, the first peak of parasitaemia in Il17af-/- females was lower than in 290 

C57BL/6 mice, and the second peak of parasitaemia was delayed (Supplementary Figure 291 

S3A). Deficiency of Il17a/f was also associated with an earlier onset and increased severity of 292 
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clinical symptoms in both males (Figure 5B) and females (Supplementary Figure S3B). 293 

Il17af-/- male and female mice started to exhibit clinical symptoms (piloerection and hunching) 294 

from 3 and 7 dpi, respectively, whereas wild type mice started to experience these symptoms 295 

between 12 and 15 dpi. Unlike bloodstream parasite numbers, the parasite burden of the major 296 

adipose tissue depots does not appear to be influenced by IL-17A/F in either sex (Figure 5C 297 

and Supplementary Figure S3C and S3D), indicating that IL-17A/F is dispensable for 298 

controlling systemic of local parasites burden in the adipose tissue. 299 

Having established that IL-17A/F signalling is critical for controlling pathology during T. brucei 300 

infection, we next examined the role IL-17A/F in controlling local iWAT pathology. For this, we 301 

monitored the weight of both male and female mice during the course of infection. Unlike 302 

C57BL/6 male mice, infected Il17af-/- males increased their bodyweight (~8-10%) during 303 

infection (Figure 5D). Infected female Il17af-/- mice also gained weight during infection (~8-304 

19%) in a similar pattern to C57BL/6 females, although similarly to males, IL-17A/F-deficient 305 

females gained more weight than their wild type counterparts (Supplementary Figure S3E). 306 

Previous reports have shown that when administered to wild type naïve mice under 307 

homeostatic conditions, IL-17A suppresses food intake30. Therefore, given the potential link 308 

between IL-17 signalling, bodyweight, and food intake, we next measured gross food intake 309 

in infected C57BL/6 and Il17af-/- mice. We observed that up until 9 dpi, wild type and Il17af-/- 310 

male mice reduced their food intake at the same rate (Figure 5E). However, after 11dpi, Il17a-311 

/- mice started to increase their food intake above that of the wild types. Indeed, food intake 312 

for infected Il17af-/- mice was higher between 15 and 23 dpi compared with at the onset of 313 

infection. Unlike male mice, food intake was indistinguishable between infected female Il17af-314 

/- and wild type mice (Supplementary Figure 3SF). Together, our results suggest that IL-315 

17A/F potentially regulates bodyweight by altering food intake in male mice during infection, 316 

but not female mice. Importantly, the weight gain in females was also associated with 317 

increased splenomegaly in Il17af-/- mice, compared with their wild type counterparts or to male 318 

mice, thus indicating that splenomegaly by itself does not account for the increase in 319 

bodyweight observed in male mice (Supplementary Figure S3G and S3H). Related to the 320 

differences in bodyweight, we also found that upon infection, Il17af-/- knockout male mice also 321 

retained more of their iWAT mass compared with their wild type counterparts (Figure 5F), 322 

suggesting that they experienced less wasting. In contrast, although naïve l17af-/  female mice 323 

have a higher mass of iWAT than their wild type counterparts, they experience similar levels 324 

of wasting as wild type females upon infection (Supplementary Figure S3I), supporting our 325 

hypothesis that the effects of IL-17A/F are sex-dependent.  326 

To understand whether global deficiency of Il17af-/- impacts iWAT lipid content, we performed 327 

H&E staining on the iWAT and measured lipid droplet size in naïve and infected male (Figure 328 

5G - 5I) and female (Supplementary Figure S3J to S3L) mice and compared these with wild 329 
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type animals. The iWAT adipocyte size was indistinguishable between genotypes in naïve 330 

animals, indicating that IL-17A/F does not affect lipid droplet size under homeostasis. 331 

However, upon infection, Il17af-/- males retained a higher frequency of larger lipid droplets than 332 

wild type males (Figure 5I).  When comparing this to female mice, we found that deletion of 333 

Il17af-/- had no impact on the range of lipid droplet sizes during T. brucei infection 334 

(Supplementary Figure S3L). Our results demonstrate that IL-17A/F signalling drives iWAT 335 

wasting and lipid usage in adipocytes in males, but not in females, during T. brucei infection.  336 

Single cell analysis of the iWAT stromal vascular fraction reveals a distinct population 337 

of IL-17-producing CD27- V6+ T cells in the iWAT of infected mice 338 

To further understand the events leading to iWAT wasting in response to T. brucei infection, 339 

we conducted single cell RNA on the iWAT, now focusing on male mice since this is where 340 

we observed both upregulation of the IL-17A receptor (Figure 4L) and changes in bodyweight 341 

(Figure 5D). As we wanted to understand the early processes leading up to the loss of iWAT 342 

tissue mass, we infected mice for 7 days before harvesting the iWAT. Following iWAT 343 

dissociation and scRNAseq analysis, we obtained a total of 46,546 high-quality cells with an 344 

average of 1,296 genes and 20,209 reads per cell (Supplementary Table 3). These cells 345 

were broadly classified into 18 clusters (Figure 6A) based on common markers associated 346 

with these clusters. The predominant cell type in this dataset was immune cells, with eight B 347 

cell clusters, four T cell clusters, an NK cell cluster, two macrophage clusters, and a 348 

plasmacytoid dendritic cell (pDC) cluster (Figure 6A). In addition to the cells within the immune 349 

compartment, we identified two stromal cell clusters comprised of preadipocytes. Of the cell 350 

types we identified, we observed that several expanded in the iWAT of infected mice, including 351 

Tregs, T cell 1, Transitional B cell 4, NK cells, and Macrophage 2, whereas other cell 352 

populations remained similar in numbers between conditions, or contracted in the case of 353 

preadipocytes T cell 2, several B cell clusters, and pDCs (Figure 6B).  Of the B cells, we 354 

classified four clusters as transitional B cells, based on high expression of Cd79a, Cd79b, and 355 

Ighd, and we classified plasma cells based on these markers with the addition of Jchain, Ighm, 356 

and Sdc1 (Figure 6C). We also identified a cluster of germinal centre (GC)-like B cells, which 357 

were classified based on expression of Aicda and Pcna. T cells were classified as CD8+ T 358 

cells (Cd3d+, Cd3e+, Cd8a+, Trac+), Tregs (Cd3d+, Cd3e+, Cd4+, Foxp3+), NK cells (Cd3d+, 359 

Cd3e+, Gzma+, Gzmb+, Nkg7+), or T cell 1 and T cell 2 (Cd3d+, Cd3e+, Trac+). The myeloid 360 

compartment was composed of two macrophage subclusters, classified as Macrophage 1 361 

(Lyz2+, Fcer1g+, S100a4+) and Macrophage 2 (Ccl5+, S100a4+, Tmem176a+, Tmem176b+). 362 

Finally, we classified pDCs based on high expression of Fcer1g, Lgals1, Siglech, and Runx2. 363 

Given the prominent role of genes associated with TH17 differentiation detected in the iWAT 364 

from infected mice detected by bulk transcriptomics (Figure 3), we next proceeded to resolve 365 

the intrinsic heterogeneity of the T cell subset associated with the iWAT. For this, we subset 366 
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and reanalysed the T cell compartment separately (Figure 6D). This resulted in five T cell 367 

subclusters, which consisted mainly of Tregs (Cd4, Icos, Foxp3), CD8+ T cells (Cd8a, Cd8b1), 368 

activated NK cells (Nkg7, Klr1d1, Gzma, Gzmb, Nr4a1+), a cluster of activated and replicative 369 

T cells with evidence of TCR engagement (Top2a+, Mki67+, Hist1h1b+, Nr4a1+), and IL-17A+ 370 

V6+ cells (Tcrg-C1+, Rorc+, Cd163l1+, Il17a+) (Figure 6E). To validate the in silico prediction 371 

that there is an expansion of  IL-17A+ cells in the murine iWAT in response to infection, we 372 

next measured IL-17A expression using a murine reporter line, in which IL-17A expression is 373 

coupled to GFP expression (IL-17AGFP). We observed that at 7 days post-infection, there was 374 

a significant expansion of IL-17A+ cells (Figure 6F), including TH17 (CD45+, CD3+, CD4+, 375 

GFP+) cells (Figure 6G). Although we did not observe a change in the frequency of  T cells 376 

(Figure 6H), consistent with our in silico predictions, we observed a significant increase in the 377 

frequency of IL-17A-producing CD27-  T cells (Figure 6I) and a concomitant decrease in the 378 

frequency of IFN-producing CD27+  T cells (Figure 6J). Together, these findings 379 

demonstrate a dominant IL-17-driven response in the murine iWAT in response to T. brucei 380 

infection. Our data also demonstrate that IL-17A is derived from multiple sources including 381 

local TH17 cells and CD27- V6+ T cells.  382 

T. brucei infection results in broad transcriptional changes in iWAT preadipocytes, 383 

including upregulation of the IL-17A receptor and lipolysis 384 

In addition to detecting a range of IL-17A-producing cells by scRNAseq, we also wanted to 385 

understand which cells may be responding to this cytokine during T. brucei infection. To this 386 

end, we measured IL-17A receptor (Il17ra) expression across all clusters and found that it was 387 

exclusively upregulated in preadipocytes during infection (Figure 7A), indicating that of all the 388 

cells within the iWAT stroma, preadipocytes are likely to be responsive to IL-17A. However, 389 

we were unable to resolve the preadipocyte heterogeneity within the iWAT, or their responses 390 

to infection, so we reclustered these cells and reanalysed them. Using previous reports to 391 

annotate the preadipocytes31,32, and after reclustering the population of iWAT preadipocytes 392 

(Figure 6A), we identified five distinct populations (Figure 7B), four of which expressed 393 

canonical mesenchymal markers including Ly6a, Pdgfra, and Cd34 (Figure 7C)32. These 394 

mesenchymal subclusters encompassed interstitial preadipocytes (Dpp4, Pi16, Bmp7), 395 

located in the interstitium, which are known to be poised to migrate into the iWAT to 396 

differentiate into mature adipocytes when needed32, a committed preadipocyte cluster 397 

(Col4a1, Col4a2, Col15a1, Fabp4, Plin2), which represent a transitional state between stem-398 

like preadipocytes and mature adipocytes, and an adipogenesis regulatory cell cluster (Fmo2, 399 

F3, Clec11a), which are able to suppress adipogenesis in vivo33. Lastly. We also found a 400 

cluster of mature adipocytes (Cd36, Fabp4, Pparg) (Figure 7B and 7C). Importantly, the 401 

mature adipocyte populations were exclusively detected in the naïve samples and not in 402 
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infected controls, perhaps due to the wasting associated with infection. During infection, we 403 

noted an increase in the frequency of the interstitial preadipocyte 1 cluster compared to naïve 404 

controls (Figure 7D), resulting in a decrease in the frequency of other subsets, including 405 

mature adipocytes, which might reflect the histological findings associated with iWAT wasting. 406 

Of the preadipocyte populations that we identified, we noted that Il17ra expression was 407 

robustly expressed in both interstitial preadipocyte clusters, and to a lesser extent in the 408 

committed preadipocyte cluster, (Figure 7E), but not in adipogenesis-regulatory cells or 409 

mature adipocytes, suggesting that both interstitial and committed preadipocytes are able to 410 

sense IL-17A/F signalling in response to infection. Using in silico gene module scoring to 411 

assess expression of genes involved in lipolysis (e.g. Pnpla2, Plaat3, Mgll, Fabp4), we 412 

identified that responses to chronic T. brucei infection were observed in committed 413 

preadipocytes and adipogenesis-regulatory cells (Figure 7F). This possible elevation of 414 

lipolysis is in contrast to our data from later timepoints of infection, where we found evidence 415 

of decreased lipolysis (Figure 2H, 2I, 3G, and 3H). Glycerol, which is released through 416 

lipolysis can also enter the glycolysis pathway, where it can contribute to either energy 417 

generation through entry into the tricarboxylic acid (TCA) cycle, or it can enter the pentose 418 

phosphate pathway (PPP) and can support inflammation34. We therefore looked at the 419 

expression of genes associated with glycolysis and the TCA cycle (Supplementary Figure 420 

S4A). We found that genes associated with glycolysis and the downstream generation of 421 

lactate (Hk2, Ldha) were upregulated during infection, across all preadipocyte populations. 422 

We also found upregulation of key TCA cycle genes, including those encoding for succinate 423 

dehydrogenase (Sdhb) and malate dehydrogenase (Mdh1, Mdh2) during infection, which 424 

could contribute to reactive oxygen species (ROS) generation. Finally, we explored genes in 425 

the pentose phosphate pathway (Supplementary Figure S4B) and found upregulation of key 426 

genes within this pathway (including Aldoa, Gpi1). Taken together, these results demonstrate 427 

that during early infection time points, interstitial and committed preadipocytes upregulate 428 

gene pathways associated with IL-17 signalling and lipolysis.  429 

IL-17A/F signalling  on adipocyte is critical for controlling tissue wasting and local 430 

parasite burden in the iWAT  431 

Our scRNAseq dataset clearly demonstrates that both interstitial and committed 432 

preadipocytes upregulate Il17ra expression in response to T. brucei infection, rendering them 433 

able to sense IL-17A/F locally. Since committed preadipocytes are on a fixed trajectory to a 434 

mature adipocyte lineage35, we asked whether IL-17A/F signalling through adipocytes plays a 435 

role in driving changes in bodyweight, iWAT mass and/or iWAT lipid content. To address this, 436 

we generated mice with a constitutive deficiency of Il17ra in white adipocytes, across all white 437 

adipose tissue depots (AdipoqCre x Il17rafl/fl) and infected them alongside C57BL/6 controls, 438 

housing them in single-housing. We observed that adipocytes from AdipoqCre x Il17rafl/fl mice 439 
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maintained their bodyweight (and at points increased their weight) throughout the course of 440 

infection compared to wildtype controls, which lose bodyweight, in particular after 20dpi 441 

(Figure 8A). These results mirrored the results obtained from the Il17af-/-, which were also 442 

protected from the infection-induced weight loss (Figure 7D and Supplementary Figure 443 

S5A). Additionally, we observed that both Il17af-/- and AdipoqCre x Il17rafl/fl mice had a higher 444 

food intake over the course of infection compared to wildtype controls (Figure 8B and 445 

Supplementary Figure S5B), suggesting that IL-17A signalling regulates both bodyweight 446 

and food intake. Next, we assessed whether adipocyte IL-17A signalling influenced iWAT 447 

mass during T. brucei infection. As with mice globally deficient for IL-17A/F (Figure 5F), 448 

infected AdipoqCre x Il17rafl/fl mice also experienced less iWAT wasting compared with 449 

C57BL/6 mice (Figure 8C). We also found that in contrast to naïve C57BL/6 mice, AdipoqCre 450 

x Il17rafl/fl mice had a higher frequency of small adipocytes, particularly in the 100-300 µm2 451 

range (Figure 8D and 8E). Infected AdipoqCre x Il17rafl/fl mice also had higher frequencies of 452 

small adipocytes in the 51-200 µm2 range, compared with C57BL/6 mice (Figure 8F). The 453 

significantly higher frequency of smaller adipocytes in the AdipoqCre x Il17rafl/fl mice arise from 454 

an accumulation of interstitial preadipocytes, as shown in our single cell dataset (Figure 7), 455 

which are unable to differentiate to mature adipocytes. Together, this suggests that while the 456 

infected AdipoqCre x Il17rafl/fl mice retain more iWAT mass, the composition of the tissue is 457 

changed compared with C57BL/6 mice. To test this, we measured the expression of Pi16 and 458 

Dpp4, which were exclusively upregulated in preadipocytes in our single cell dataset 459 

(Supplementary Figure S5C), as well as Pparg as a marker of mature adipocytes. Although 460 

we observed no significant increase in Dpp4 or Pi16 expression in the iWAT of infected 461 

C57BL/6 mice, both genes were significantly upregulated in the iWAT of infected AdipoqCre x 462 

Il17rafl/fl mice (Figure 8G). In addition, Pparg was upregulated in the iWAT of infected C57BL/6 463 

mice, but unchanged in infected AdipoqCre x Il17rafl/fl mice (Figure 8G). Together, these data 464 

indicate that in the absence of functional IL-17 signalling on adipocytes, the Pi16+ Dpp4+ 465 

interstitial preadipocytes are unable to complete their differentiation and/or development 466 

programme successfully towards Pparg+ mature adipocytes (Figure 8G). Unexpectedly, we 467 

also found significantly higher number of parasites in the iWAT of AdipoqCre x Il17rafl/fl 468 

compared with C57BL/6 mice (Figure 8H and 8I), indicating that signalling through the 469 

adipocyte IL-17A receptor plays a central role in controlling local parasite numbers. These 470 

data demonstrate that IL-17 signalling is critical for promoting and/or supporting preadipocyte 471 

development towards mature adipocytes in the context of T. brucei infection, as well as 472 

impacting local parasite tissue burden.  473 

 474 

 475 

 476 
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Discussion 477 

It is now clear that African trypanosomes establish dynamic interactions with several tissues, 478 

leading to the establishment of infectious foci important for disease transmission and 479 

pathogenesis. In this context, the adipose tissue has emerged as a critical site for survival, 480 

replication, and antigenic diversity, as recently shown36. In this study, we set out to determine 481 

the impact that African trypanosomes on the subcutaneous adipose tissue, which is adjacent 482 

to the skin and might be critical for forward transmission. Through various complementary 483 

analyses, we uncovered a previously unappreciated role of IL-17A/F in controlling tissue 484 

dynamics in response to T. brucei infection, acting on interstitial and/or committed 485 

preadipocytes to support adipocyte maturation and tissue replenishment under chronic 486 

inflammatory challenges. Notably, we also observed elevation of circulating IL-17A in HAT 487 

patients, suggesting that this cytokine plays a role in the human immune response to T. brucei 488 

infection. It is, therefore, tempting to speculate that IL-17A could also play a role in mediating 489 

the weight loss experienced by patients infected with T. brucei.  490 

Previous studies have focused primarily on the use of a single sex during T. brucei infection, 491 

with a limited number of studies comparing sexes when measuring effects on reproductive 492 

organs37,38. It is understood that males and females display multiple differential responses to 493 

infection, including differences in sickness behaviour39, weight loss40, and the immune 494 

response41. This aligns with the results presented here, where we observe differences in 495 

behaviour, weight loss and the immune response between male and female mice during 496 

infection. More specifically, weight loss in male mice was coupled with decreased iWAT mass, 497 

and was associated with a decrease in adipocyte lipid droplet size in male compared to female 498 

mice, potentially indicating that male mice utilise their lipid stores at a faster rate than females. 499 

Alternatively, this may be a result of females preferentially storing lipids in iWAT compared 500 

with males42, and so throughout infection they are able to store more fatty acids obtained from 501 

their diet than males, slowing down lipid droplet shrinkage. Due to this loss of lipid content, we 502 

hypothesised that circulating glycerol, which is a proxy for measuring adipocyte lipolysis43, 503 

would be elevated during infection. We found evidence suggesting that, during early infection, 504 

metabolic pathways such as glycolysis and lipolysis become more active, likely contributing to 505 

the changes in bodyweight and iWAT mass that we observed. However, we found that in both 506 

HAT patients and chronically infected mice circulating glycerol levels are diminished during 507 

trypanosomiasis, which may occur due to the extensive loss of adipocytes and subsequent 508 

decreases in lipolysis. Thus, it is tempting to speculate that since lipolysis is a critical regulator 509 

of multiple immune compartments, including macrophages44 and CD4+ T cells , that 510 

downregulation of this pathway will also impair the immune response to infection. Further work 511 

is required to elucidate if this also takes places in African trypanosomiasis. 512 

 513 
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To further understand the processes driving the adipocyte shrinkage that we observed during 514 

infection, we performed bulk transcriptomic analyses on the iWAT. This supported our findings 515 

that adipose tissue lipolysis is diminished during chronic infection, showing extensive 516 

downregulation of genes associated with mitochondrial metabolism and lipolysis in both males 517 

and female mice. This suppression of metabolic pathways has been observed in response to 518 

infection with other pathogens, such as Mycobacterium tuberculosis46. During M. tuberculosis 519 

infection of the lungs, transcripts encoding enzymes of oxidative phosphorylation and the 520 

tricarboxylic acid cycle are downregulated, and there is a shift to glycolysis46, which may 521 

support the inflammatory response to infection47. Furthermore, in diseases such as anorexia 522 

nervosa, prolonged weight loss and negative energy balance, lipolysis decreases, which is 523 

hypothesised to preserve energy that is needed to maintain processes essential to survival48. 524 

In the context of T. brucei infection, prolonged weight loss may result in the adipose tissue 525 

shutting down its main metabolic functions during chronic infection (namely lipolysis and 526 

mitochondrial metabolism) to preserve energy stores. Alternatively, it is also possible that the 527 

observed downregulation of metabolic transcripts in iWAT in response to infection could be 528 

caused by the loss of fully differentiated adipocytes, and therefore, underrepresentation of 529 

transcripts from these cells.  530 

Previous studies of the adipose tissue immune response to T. brucei infection focused 531 

exclusively on the gWAT of male mice, and identified an expansion of macrophage, Teff cell, 532 

and B cell populations37. In agreement with this study, we also observed an expansion of 533 

macrophages and Teff cells. However, we also noted that there was a reduction in the 534 

proportion of B cells in the iWAT of male mice, and no changes in females, which could 535 

suggest that this is a tissue- and sex-specific response. We also observed an expansion of IL-536 

17 producing T cells by CyTOF, which validated our transcriptomics dataset. This observation 537 

led us to question whether IL-17 plays a role in controlling iWAT tissue structure and/or 538 

function during T. brucei infection. Deficiency of IL-17A/F prevented weight loss in T. brucei-539 

infected male mice compared to immunocompetent wild type male mice, but had no effect of 540 

bodyweight on female mice. When examining the tissue responses to infection at the single 541 

cell level, we identified that both Dpp4+ Pi16+ interstitial and Plin2+ committed preadipocytes 542 

significantly upregulate Il17ra in response to T. brucei infection, indicating that the capacity of 543 

these cells to sense IL-17 signalling is augmented during infection. These adipogenic 544 

precursor cells are critical for maintaining a normal supply of fully mature adipocytes under 545 

homeostatic conditions32, but their dynamics during infection remain poorly understood. Using 546 

a conditional deletion system to specifically delete Il17ra on adipocytes, we were able to 547 

identify a significant increase in the expression levels of Dpp4 and Pi16, consistent with an 548 

accumulation of immature adipocytes. In addition to this, we found that adipocyte Il17ra 549 

deletion prevented upregulation of Pparg, further suggesting that these mice are less able to 550 
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develop mature adipocytes during infection. Furthermore, at the histological level, this targeted 551 

deletion resulted in a higher proportion of small adipocytes in the Il17ra-deficient mice 552 

compared to the wildtype controls, under both naïve and infection conditions. This is in 553 

agreement with previous studies showing that deficiency of the adipocyte IL-17A receptor 554 

leads to reductions in iWAT lipid content under steady-state conditions49. In these previous 555 

studies, the reductions in lipid content resulted from the induction of thermogenesis in the 556 

iWAT, when adipocyte IL-17A signalling was inhibited, leading to increased energy substrate 557 

utilisation. Whilst there is evidence to suggest that non-shivering thermogenesis can be 558 

activated during infections such as influenza50, we did not find evidence of thermogenic 559 

activation during T. brucei infection, which may indicate that IL-17A signalling can also drive 560 

loss of iWAT mass by potentially impairing adipocyte maturation, which has been shown to 561 

occur in vitro9.  562 

Unexpectedly, we found that unlike global deficiency of IL-17A/F, deficiency of the adipocyte 563 

IL-17A receptor diminished control of iWAT parasite burden, which raises the possibility that 564 

adipocytes are a key contributor to the immune response to T. brucei infection. This 565 

discrepancy may arise since the IL-17A receptor heterodimerises to the IL-17C receptor and, 566 

therefore, transduces signals from IL-17A, IL-17F, and IL-17C51, raising the possibility that IL-567 

17C is critical for the control of local parasite numbers. Regardless, it remains to be 568 

determined whether loss of control of parasite numbers occurs because IL-17A receptor 569 

signalling is driving changes in lipolysis, or because IL-17A receptor signalling is altering the 570 

phenotype of adipocytes in a way that is influencing the local immune response. Supporting 571 

the former possibility, we recently used scRNAseq-based cell-cell communication analyses to 572 

show that adipocytes upregulate a range of factors, including Cd40, Icam1, Jag1, Tnf, and 573 

Tnfsf18 in response to T. brucei infection, which could contribute to T cell activation49. 574 

Furthermore, in the same study we found that preadipocytes upregulate expression of 575 

inflammatory cytokines and antigen presentation molecules17. The inability to control local 576 

parasite numbers when adipocyte IL-17A receptor signalling is abrogated suggests that 577 

adipocytes are critical contributors to and coordinators of the local immune response to T. 578 

brucei infection, either by direct engagement with the immune system (e.g., via T cell 579 

activation), through metabolic fuelling (e.g., lipid mobilisation and release), or both. Recent 580 

work also found that when adipocytes can no longer engage lipolysis, there is a transient 581 

increase in the number of parasites in the gonadal adipose tissue early during infection52. The 582 

transient nature of this change could suggest that lipolysis is fuelling a specific arm of the 583 

immune response to infection that is necessary for parasite control at that time point. Although 584 

there is the possibility that lipolysis can limit parasite numbers due to lipotoxicity52, the 585 

parasites also upregulate genes associated with fatty acid oxidation when they reside in the 586 

adipose tissue6, potentially indicating that they are capable of adapting to the lipid-rich 587 
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environment and may be resistant to lipotoxicity. The findings that we present here show that 588 

when local IL-17A receptor signalling is abrogated the architecture of the iWAT changes to 589 

contain more immature preadipocytes compared to wildtype controls, impacting the efficiency 590 

of the local immune response, and resulting in a higher parasite burden, once more placing 591 

adipocyte dynamics at the core of the immunological responses against T. brucei in the 592 

adipose tissue.  593 

Based on all these observations, we propose a model whereby chronic T. brucei infection 594 

leads to an increase in circulating IL-17A/F in humans and animals, which act locally in the 595 

adipose tissue, by direct signalling through the adipocyte IL-17 receptor, and that this, in turn, 596 

acts to coordinate adipocyte maturation, local immune response, and efficient and timely 597 

parasite control. This study provides insights into the metabolic response of the subcutaneous 598 

adipose tissue during infection with T. brucei and how changes in cellular metabolism 599 

influence systemic metabolism. Future work employing lineage tracing studies are necessary 600 

to understand how adipose tissue dynamics are coupled to immunological responses in the 601 

context of chronic infections. 602 
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Figure Legends 625 

Figure 1. Male mice lose weight during infection with Trypanosoma brucei, which is 626 

associated with alterations in feeding behaviour. (A) Number of parasites per mL of blood, 627 

measured using phase microscopy and the rapid “matching” method53. (B) Clinical scores of 628 

infected male and female mice. (C) Percentage changes in body weight of male and (D) 629 

female mice over the course of infection. Percentage changes in food intake in male (E) and 630 

female (F) mice. Each data point represents 2 cages (n=3-4 mice per cage). Time series data 631 

were analysed using two-way repeated measures ANOVA with Sidak post-hoc testing and are 632 

expressed as mean ±SD. *p<0.05, **p<0.01, ***p<0.001, ns = non-significant.  633 

Figure 2. Trypanosoma brucei infection leads to reductions in iWAT mass and lipid 634 

content, as well as impairment of adipose tissue function. (A) Schematic highlighting the 635 

anatomical location of the inguinal white adipose tissue (iWAT) and gonadal white adipose 636 

tissue (gWAT). (B) Histological analysis of the iWAT and gWAT trypanosome colonisation, 637 

using HSP70 staining. (C) Parasite burden of iWAT and gWAT. Parasite density in the iWAT, 638 

which was measured by RT-qPCR of genomic DNA. A comparison was made with gonadal 639 

white adipose tissue (gWAT), to understand if the iWAT is also highly colonised. (D) iWAT 640 

mass at 25 days post-infection or in naïve mice. iWAT was dissected and weighed before 641 

normalising to body weight, to account for variation between biological replicates. Symbols 642 

indicate the number of biological replicates collected from two independent experiments (E) 643 

Representative histological H&E staining of iWAT showing adipocyte lipid droplets and 644 

immune infiltrate. Insets highlight likely immune cell infiltrate. (F) Analysis of lipid droplet area 645 

(µm2) in naïve and infected males and (G) females. N=6 biological replicates per group, from 646 

two independent experiments. Lipid droplets were measured from 3 distinct areas in each 647 

image and then combined for each biological replicate. (H) Circulating glycerol concentration 648 

in naïve vs. infected male and female mice. n=4 biological replicates per group. (I) Circulating 649 

glycerol concentration in healthy vs. infected patients. N=5 patients per group and each group 650 

is a mix of male and female. For C, D, H and I, data were analysed using a two-tailed Student 651 

t test. For F and G, data were analysed using a two-way ANOVA with Sidak post-hoc testing. 652 

Data for all panels are expressed as mean ±SD. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, 653 

ns = non-significant.  654 

Figure 3. Transcriptomic analyses indicate a stronger TH17 response in the iWAT of 655 

males than females. (A) Principal component analysis of bulk transcriptomic data from male 656 

and female naïve and infected mice. (B) Heatmaps, clustered by Euclidean distance, of 657 

differentially expressed genes in the iWAT of naïve vs infected male and female mice. (C and 658 

D) Pathway enrichment analysis of upregulated and downregulated genes in male mice. (E 659 

and F) Pathway enrichment analysis of upregulated and downregulated genes in female mice. 660 

(G) Heatmap of TH17 transcripts in male mice.  n=4 biological replicates per group.  661 
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Figure 4. Elevated circulating IL-17A is associated with increased IL-17 receptor A (IL-662 

17RA) in male mice during T. brucei infection. (A) t-distributed stochastic neighbour 663 

embedding (t-SNE) plots of broad macrophage and T cell populations. We gated on CD45+, 664 

CD3+, TCR+, CD4+ cells.  (B) Measurements of the proportions of macrophages, (C) 665 

granulocytes, (D) dendritic cells (E) and B cells. (F) Measurements of the proportions of CD4+, 666 

(G) T effector (Teff), (H) IFN-producing and (I) IL-17A-producing T cells. Measurements of 667 

circulating serum IL-17A, TNFa, and IFNγ in mice (J) and IFNγ, TNFa and total IL-17 in 668 

humans (K). (L) Expression of interleukin-17A receptor (Il17ra) mRNA in infected male and 669 

female mice. Mouse cytokine data were collected from samples taken across three 670 

independent experiments. Data were tested for normal distribution and analysed by either 671 

one-way ANOVA or a Kruskal Wallis test. Biological replicates are indicated by symbols for 672 

each panel. Data for all panels are expressed as mean ±SD. *p<0.05, **p<0.01, ***p<0.001, 673 

****p<0.0001, ns = non-significant. 674 

Figure 5. IL-17A/F limits clinical symptoms during T. brucei infection and drives weight 675 

adipose tissue wasting in male mice. (A) Number of parasites per mL of blood in Il17af-/- vs 676 

wild type male mice, which was measured using phase microscopy and the rapid “matching” 677 

method53. (B) Comparison of clinical scores between C57BL/6 and Il17af-/- mice. (C) Parasite 678 

burden of inguinal WAT (iWAT) and gonadal WAT (gWAT). (D) Percentage changes in 679 

bodyweight of wild type and Il17af-/- male mice over the course of infection. n=7 mice per group 680 

across two independent experiments. (E) Changes in gross food intake over the course of 681 

infection. Each data point represents 2 cages (n=3-4 mice per condition) from 2 independent 682 

experiments. (F) iWAT mass in infected C57BL/6 and Il17af-/- male mice. (G) H&E staining of 683 

iWAT from male Il17af-/- mice. (H and I) Analysis of lipid droplet area (µm2) in naïve and 684 

infected male mice. Lipid droplets were measured from 3 distinct areas in each image and 685 

then combined for each biological replicate. Data for C57BL/6 mice in panels A, B, D are taken 686 

from Figure 1. Data for C57BL/6 mice in panels H are taken from Figure 2. Data were analysed 687 

using two-way repeated measures ANOVA with Sidak post-hoc testing or a one-way ANOVA 688 

with Tukey post-hoc testing. Data points represent biological replicates. With the exception of 689 

panels C and G, data are from 2-3 independent experiments. Data are expressed as ±SD. 690 

**p<0.01, ****p<0.0001. 691 

Figure 6. T. brucei infection leads to expansion of IL-17A+ cells in the iWAT during early 692 

infection. (A) Uniform manifold approximation and projection (UMAP) of 46,546 high-quality 693 

cells from single cell RNA sequencing (scRNAseq) dataset. (B) Frequency plot showing 694 

changes in cell frequency under naïve or infectious conditions. (C) Dot plot representing the 695 

expression levels of top marker genes used to catalogue the diversity of cells within the 696 

dataset. The side of the dots represent the percentage of cells that express a given marker, 697 
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and the colour intensity represent the level of expression. (D) UMAP of subset T cell clusters. 698 

(E)  Dot plot representing the expression levels of top marker genes used to categorise T cell 699 

populations. (F) Flow cytometry analysis of the proportion of all live IL-17A+ cells. Frequency 700 

of (G) TH17, and (H) TCR+ T cells in the iWAT. Frequency of (I) CD27- and (J) CD27+  T 701 

cells in the iWAT. Single cell data are comprised of one technical replicate per condition, each 702 

containing pooled cells from the iWAT of 5 male mice replicate. For flow cytometry data, data, 703 

biological replicates are indicated by symbols for each panel, and data were analysed using a 704 

student’s t-test. Data are expressed as ±SD. *p<0.05, ****p<0.0001, ns=non-significant. 705 

Figure 7. T. brucei infection leads to upregulation of the IL-17A receptor and genes 706 

associated with lipolysis in preadipocytes. (A) Violin plot showing the expression level of 707 

the IL-17A receptor (Il17ra) across all cell populations in our scRNAseq dataset. (B) UMAP of 708 

subclustered preadipocytes. (C) Dot plot showing expression of genes used to identify specific 709 

populations of preadipocytes. (D) Frequency plot of preadipocyte populations. (E) Violin plot 710 

showing expression of Il17ra in specific preadipocyte populations. (F) Lipolysis gene module 711 

score of genes typically associated with lipolysis across all preadipocyte subsets detected in 712 

(B). Single cell data are comprised of one technical replicate per condition, each containing 713 

pooled cells from the iWAT of 5 male mice replicate. 714 

Figure 8. Adipocyte IL-17A signalling is critical for control of parasite numbers in the 715 

iWAT. (A)  Percentage changes in body weight of male C57BL/6 or AdipoqCre x Il17raFlox mice. 716 

(B) Percentage changes in food intake of singly housed male C57BL/6 or AdipoqCre x Il17raFlox 717 

mice. (C) iWAT mass at 25 days post-infection or in naïve mice. iWAT was dissected and 718 

weighed before normalising to body weight, to account for variation between biological 719 

replicates. Symbols indicate the number of biological replicates collected from two 720 

independent experiments. (D) Representative histological H&E staining of iWAT showing 721 

adipocyte lipid droplets and immune infiltrate. Analysis of lipid droplet area (µm2) in naïve (E) 722 

and infected (F) males. n=3-4 biological replicates per group. Lipid droplets were measured 723 

from 3 distinct areas in each image and then combined for each biological replicate. (G) RT-724 

qPCR of Pi16, Dpp4, and Pparg from the iWAT. Cartoon illustrates gene expression by 725 

interstitial preadipocytes (IPAs) or mature adipocytes. (H) Histological analysis of the iWAT 726 

trypanosome colonisation. (I) Parasite density in the iWAT, which was measured by RT-qPCR 727 

of genomic DNA. For A, B, E and F, data were analysed using a two-way ANOVA with Sidak 728 

post-hoc testing. For C, data were analysed using a student’s t-test. For G, data were analysed 729 

using a one-way ANOVA with Tukey’s post-hoc testing. Biological replicates are indicated by 730 

symbols for histograms. For other plots, n=4 biological replicates/group. Data for all panels 731 

are expressed as mean ±SD. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns = non-732 

significant.  733 

 734 
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Supplementary Figure Legends 735 

Supplementary Figure S1. Spleen weights were normalised to bodyweight and the fold 736 

change in weight calculated. Each point represents a biological replicate. Data were analysed 737 

using one-way ANOVA with Tukey post-hoc testing. Data are expressed as mean ±SD.  738 

****p<0.0001. 739 

Supplementary Figure S2. Heatmaps, clustered by Euclidean distance, showing 740 

downregulation of lipolysis-related genes in male (A) and female (B) mice during chronic T. 741 

brucei infection 742 

Supplementary Figure S3. (A) Number of parasites per mL of blood, measured using phase 743 

microscopy and the rapid “matching” method53. (B) Clinical scores of infected female mice. 744 

(C) Histological analysis of the iWAT and gWAT trypanosome colonisation, using HSP70 745 

staining. (D) Parasite burden of iWAT and gWAT, which was measured by RT-qPCR of 746 

genomic DNA. (E) Percentage changes in body weight of female mice over the course of 747 

infection. (F) Percentage change in gross food intake. Each data point represents 2 cages 748 

(n=3-4 mice per cage). Spleen weights from males (G) and females (H) were normalised to 749 

bodyweight and the fold change in weight calculated. (I) iWAT mass at 25 days post-infection 750 

or in naïve mice. iWAT was dissected and weighed before normalising to body weight, to 751 

account for variation between biological replicates. (J) Representative histological H&E 752 

staining of iWAT showing adipocyte lipid droplets and immune infiltrate. (K) Analysis of lipid 753 

droplet area (µm2) in naïve and infected females. N=6 biological replicates per group, from 754 

two independent experiments. Lipid droplets were measured from 3 distinct areas in each 755 

image and then combined for each biological replicate. Time series data were analysed using 756 

two-way repeated measures ANOVA with Sidak post-hoc testing. D, G, and H were analysed 757 

using a one-way ANOVA with Tukey’s post-hoc testing. I was analysed using a student’s t-758 

test. Data for all panels are expressed as mean ±SD. *p<0.05, ****p<0.0001, ns = non-759 

significant.  760 

Supplementary Figure S4. Dot plot showing expression of genes involved in glycolysis and 761 

the TCA cycle (A) or the pentose phosphate pathway (B). In the key, dots represent the 762 

percentage of cells that express a given marker, and the colour intensity represent the level 763 

of expression. Single cell data are comprised of one technical replicate per condition, each 764 

containing pooled cells from the iWAT of 5 male mice replicate. 765 

Supplementary Figure S5. (A) Three-way comparison of the bodyweight of single-housed 766 

infected C57BL/6, Il17af-/- and AdipoqCre x Il17raFlox mice. (B) Three-way comparison of the 767 

food intake of single-housed infected C57BL/6, Il17af-/- and AdipoqCre x Il17raFlox mice. (C) ) 768 

Dot plot from scRNAseq showing expression of Dpp4 and Pi16 across all cell populations. 769 

Time series data were analysed using two-way repeated measures ANOVA with Sidak post-770 

hoc testing. Data for all panels are expressed as mean ±SD. 771 
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Materials & Methods 772 

Ethics statement  773 

Male and female human serum samples used for IL-17A measurements were collected in 774 

Guinea as part of the National Control Program. Participants were informed of the study 775 

objectives in their own language and signed a written consent form. Participants comprised 776 

six males and four females, all over the age of 18 years. Approval for this study was obtained 777 

from the Comité Consultative de Déontologie et d'Ethique (CCDE) of the Institut de Recherche 778 

pour le Développement (approval number 1–22/04/2013). Due to limited sample numbers, we 779 

did not stratify data by sex. Human serum samples used for glycerol measurements were 780 

collected as part of the TrypanoGEN Biobank54, with ethical approval from the Democratic 781 

Republic of Congo National Ministry of Public Health (approval number 1/2013). Samples were 782 

used from different regions due to limitations in sample availability. Ethical approval to use all 783 

human samples outlined in this study was given by the University of Glasgow (approval 784 

number 200120043). All animal experiments were approved by the University of Glasgow 785 

Ethical Review Committee and performed in accordance with the home office guidelines, UK 786 

Animals (Scientific Procedures) Act, 1986 and EU directive 2010/63/EU.  All experiments were 787 

conducted under SAPO regulations and UK Home Office project licence number PC8C3B25C 788 

and PP4863348 to Dr Jean Rodgers and Professor Annette MacLeod, respectively.  789 

Mouse generation and infections with Trypanosoma brucei  790 

Eight to ten-week old Adipoq-cre (JAX, stock 028020) or Il17ratm2.1Koll/J (JAX, stock 791 

031000) were purchased from The Jackson Laboratory. These mice were crossed to generate 792 

AdipoqCre x Il17raFlox mice, with an adipocyte specific deletion of the IL-17A receptor. Six to 793 

eight weeks old male or female C57BL/6J (JAX, stock 000664), Il17af-/- (JAX, stock 034140), 794 

or IL-17A GFP reporter mice (JAX, stock 018472) were also purchased. At >10 weeks old, 795 

mice were randomly allocated to control or treatment groups by animal unit technical staff. 796 

Mice were then inoculated by intra-peritoneal injection with ~2 x 103 of the T. brucei brucei 797 

Antat 1.1E parasite strain55. Parasitaemia was monitored by regular sampling from tail 798 

venesection and examined using phase microscopy and the rapid “matching” method53. 799 

Uninfected mice of the same strain, sex and age served as uninfected controls. All mice were 800 

fed ad libitum and kept on a 12 h light–dark cycle. All in vivo experiments were concluded at 801 

25 days post-infection, to model chronic infection in humans.  802 

RNA Purification and Bulk RNA sequencing 803 

iWAT was harvested and stored in TRIzol (Invitrogen). Total RNA was then purified using 804 

an RNeasy Kit (Qiagen) as per the manufacturer’s recommendations. The RNA was purified 805 

in 30 µL of nuclease-free water (Qiagen), and RNA concentration measured on a NanoDrop 806 

2000 (Thermo Fisher Scientific). Samples were shipped to Novogene (Cambridge, UK) to 807 
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undergo quality control, library preparation and sequencing. RNA integrity was assessed using 808 

an RNA Nano 6000 Assay Kit (Agilent Technologies) with a Bioanalyzer 2100 (Agilent 809 

Technologies), as per the manufacturer’s instructions. Samples with an RNA integrity number 810 

(RIN) of >6.0 were qualified for RNA sequencing.  811 

Library Preparation: Library preparation was performed by Novogene (Cambridge, UK). 812 

Messenger RNA (mRNA) was purified from total RNA using poly-T oligo-attached magnetic 813 

beads. Fragmentation was carried out using divalent cations under elevated temperature in a 814 

First Strand Synthesis Reaction Buffer (5X). First strand cDNA was synthesized using random 815 

hexamer primers and M-MuLV Reverse Transcriptase (RNase H-). Second strand cDNA 816 

synthesis was then performed using DNA Polymerase I and RNase H. Remaining overhangs 817 

were converted to blunt ends via exonuclease/polymerase activity. Following adenylation of 818 

3’ ends of DNA fragments, adaptors with hairpin loop structures were ligated. To select cDNA 819 

fragments of 370~420 bp in length, library fragments were purified using AMPure XP beads 820 

(Beckman Coulter), as per the manufacturer’s instructions. PCR was then performed using 821 

Phusion High-Fidelity DNA polymerase, Universal PCR primers, and Index (X) primers. 822 

Finally, PCR products were purified (AMPure XP system) using AMPure XP beads (Beckman 823 

Coulter), as per the manufacturer’s instructions, and library quality was assessed using a 824 

Bioanalyzer 2100 (Agilent Technologies).  825 

Sequencing and data analysis: Clustering of the index-coded samples was performed on a 826 

cBot Cluster Generation System using a TruSeq PE Cluster Kit v3-cBot-HS (Illumia) according 827 

to the manufacturer’s instructions. After cluster generation, libraries were sequenced on an 828 

Illumina Novaseq platform and 150 bp paired-end reads were generated. Raw reads in fastq 829 

format were processed through proprietary Perl scripts developed by Novogene (Cambridge, 830 

UK). Clean reads were obtained by removing reads containing adapters, poly-N, or low-quality 831 

reads from raw data. Concurrently, the Q20, Q30 and GC content of the clean data was 832 

calculated. Genome and genome annotation files (Genome Reference Consortium Mouse 833 

Build; GRCm39) were downloaded. An index of the reference genome was built using Hisat2 834 

v2.0.5 and paired-end clean reads were aligned to the reference genome using Hisat2 v2.0.5. 835 

The featureCounts (v. 1.5.0-p3) package was used to count read numbers mapped to each 836 

gene, before calculating the Fragments Per Kilobase of transcript sequence per Millions base 837 

pairs (FPKM) of each gene using the length of the gene and reads count mapped to this gene.  838 

Differential expression analysis was performed using the DESeq2 R package (v. 1.20.0). 839 

DESeq2 The resulting p-values were adjusted using the Benjamini and Hochberg approach 840 

to control false discovery rate. Genes with an adjusted p-value of <0.05 were assigned as 841 

differentially expressed. Pathway enrichment analysis of differentially expressed genes was 842 

performed using the ShinyGO (v. 0.76) package, mapping genes to the Kyoto Encyclopaedia 843 

of of Genes and Genomes (KEGG) database. KEGG terms with an adjusted p-value <0.05 844 
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were considered significantly enriched. Heatmaps were generated using the pheatmap 845 

(Version 1.0.12) and Tidyverse packages in R (Version 4.2.1). Samples were clustered by 846 

Euclidean distance.  847 

Adipose tissue processing and preparation of single cell suspension for single-cell 848 

RNA sequencing 849 

Infected animals and naïve controls were anesthetized with isoflurane at 7 days post-infection 850 

and perfused transcardially with 25-30 ml of ice-cold 1X PBS containing 0.025% (wt/vol) 851 

EDTA, and both iWAT pads were excised, and the inguinal lymph node removed. For each 852 

condition, fat pads were pooled from 5 mice, resulting in a single technical replicate per 853 

condition. The iWAT was dissociated using an Adipose Tissue Dissociation Kit, mouse and 854 

rat (Miltenyi Biotec) with a gentleMACS™ Octo Dissociator with Heaters (Miltenyi Biotec) as 855 

per the manufacturer’s recommendations. Digested tissue was then passed through a 70 µm 856 

and then a 40 µm nylon mesh filter, which were washed with DMEM. The suspension was 857 

then centrifuged at 400 x g at 4°C for 5 minutes to isolate the stromal vascular fraction and 858 

remove adipocytes. Finally, cells were passed through a MACS dead cell removal kit (Miltenyi 859 

Biotec) and diluted to ∼1,000 cells/μl in 200μl HBSS 0.04% BSA and kept on ice until single-860 

cell capture using the 10X Chromium platform. The single cell suspensions were loaded onto 861 

independent single channels of a Chromium Controller (10X Genomics) single-cell platform. 862 

Single cells were loaded for capture using 10X Chromium NextGEM Single cell 3 Reagent kit 863 

v3.1 (10X Genomics). Following capture and lysis, complementary DNA was synthesized and 864 

amplified (12 cycles) as per the manufacturer’s protocol (10X Genomics). The final library 865 

preparation was carried out as recommended by the manufacturer with a total of 14 cycles of 866 

amplification. The amplified cDNA was used as input to construct an Illumina sequencing 867 

library and sequenced on a Novaseq 6000 sequencers by Glasgow Polyomics. 868 

Read mapping, data processing, and integration 869 

For FASTQ generation and alignments, Illumina basecall files (*.bcl) were converted to 870 

FASTQs using bcl2fastq. Gene counts were generated using Cellranger v.6.0.0 pipeline 871 

against a combined Mus musculus (mm10) and Trypanosoma brucei (TREU927) 872 

transcriptome reference. After alignment, reads were grouped based on barcode sequences 873 

and demultiplexed using the Unique Molecular Identifiers (UMIs). The mouse-specific digital 874 

expression matrices (DEMs) from all six samples were processed using the R (v4.2.1) 875 

package Seurat v4.1.017. Additional packages used for scRNAseq analysis included dplyr 876 

v1.0.7 18, RColorBrewer v1.1.2 (http://colorbrewer.org), ggplot v3.3.5 19, and sctransform 877 

v0.3.3 20. We initially captured 50,640 cells mapping specifically against the M. musculus 878 

genome across all conditions and biological replicates, with an average of 20,209 reads/cell 879 

and a median of 1,302 genes/cell (Supplementary Table 3). The number of UMIs was then 880 

counted for each gene in each cell to generate the digital expression matrix (DEM). Low quality 881 
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cells were identified according to the following criteria and filtered out: i) nFeature > 100 or 882 

<5,000, ii) nCounts > 100 or <20,000, iii) > 30% reads mapping to mitochondrial genes, and 883 

iv) > 40% reads mapping to ribosomal genes, v) genes detected < 3 cells. After applying this 884 

cut-off, we obtained a total of 46,546 high quality mouse-specific cells with a median of 1,296 885 

genes/cell (Supplementary Table 3). High-quality cells were then normalised using the 886 

SCTransform function, regressing out for total UMI and genes counts, cell cycle genes, and 887 

highly variable genes identified by both Seurat and Scater packages, followed by data 888 

integration using IntegrateData and FindIntegrationAnchors. For this, the number of principal 889 

components were chosen using the elbow point in a plot ranking principal components and 890 

the percentage of variance explained.  891 

Cluster analysis, marker gene identification, and subclustering 892 

The integrated dataset was then analysed using RunUMAP (10 dimensions), followed by 893 

FindNeighbors (10 dimensions, reduction = “pca”) and FindClusters (resolution = 0.4). With 894 

this approach, we identified a total of 16 cell clusters The cluster markers were then found 895 

using the FindAllMarkers function (logfc.threshold = 0.25, assay = “RNA”). To identify cell 896 

identity confidently, we employed a supervised approach. This required the manual inspection 897 

of the marker gene list followed by and assignment of cell identity based on the expression of 898 

putative marker genes expressed in the unidentified clusters. To increase the resolution of our 899 

clusters to help resolve potential mixed cell populations embedded within a single cluster, we 900 

subset preadipocytes and T cells and analysed them separately using the same functions 901 

described above. In all cases, upon subsetting, the resulting objects were reprocessed using 902 

the functions FindVariableFeatures, ScaleData, RunUMAP, FindNeighbors, and FindClusters 903 

with default parameters. The number of dimensions used in each case varied depending on 904 

the cell type being analysed but ranged between 5 and 10 dimensions. Cell type-level 905 

differential expression analysis between experimental conditions was conducted using the 906 

FindMarkers function (min.pct = 0.25, test.use = Wilcox) and (DefaultAssay = “SCT”).  907 

DNA Purification 908 

Tissues were harvested from mice and snap frozen. Tissue was digested using a DNeasy 909 

Blood and Tissue kit (Qiagen), before purifying DNA as per the manufacturer’s instructions. 910 

DNA was eluted in 100 µL of EB buffer (Qiagen).  911 

Tissue Parasite Burden Quantification 912 

To quantify T. brucei parasites in tissue, we amplified 18S ribosomal DNA genes from the 913 

gDNA of a known mass of tissue, using qRT-PCR Brilliant II Probe Master Mix (Agilent 914 

Technologies) with a TaqMan™ TAMRA Probe system (Applied Biosystems). Primer 915 

sequences were specific to T. brucei 18S ribosomal DNA (Table 1). The cycling conditions 916 

used for qRT-PCR are outlined in Table 2. Generated data was converted to parasite copy 917 

number using a standard curve.  918 
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 919 

Primer/probe name Primer/probe sequence 

TBPFR Forward Taqman 

primer 

CCA ACC GTG TGT TTC CTC CT 

TBPFR Reverse Taqman 

primer 

CGG CAG TAG TTT GAC ACC TTT TC 

TBPFR probe 5’-FAM CTT GTC TTC TCC TTT TTT GTC TCT TTC CCC 

CT 3’TAMRA 

Table 1. Primer and probe sequences for tissue parasite burden quantification 920 

 921 

Step Temperature (C) Time Number of cycles 

1 95 10 minutes 1 

2 95 15 seconds  

45 3 60 1 minutes 

4 72 1 seconds 

Table 2. Thermal cycling conditions for tissue parasite burden quantification 922 

 923 

Real-time quantitative PCR 924 

Following RNA purification, cDNA was synthesised, and the RT-qPCR master mix prepared 925 

using a Luna Universal One-Step RT-qPCR Kit (New England Biolabs), as per the 926 

manufacturer’s instructions, with the primers outlined in Table 3. The RT-qPCR was run on a 927 

Roche LightCycler 480 (Roche Diagnostics Ltd) using the conditions outlined in Table 4.  928 

 929 

Gene Forward Sequence Reverse Sequence 

Dpp4 CACCTCTGATGGAAGCAGCTTC GATAATCGCTGGTCAGAGCTTCG 

Pi16 AACTGGCACGAGGAGCATGAGT GCCAATTCTCTCAGTCTTGCTCC 

Cd34 AGGACAGCAGTAAGACCACACC GTGTGGAGTTCCAGAGCCTGAA 

Pparg GTACTGTCGGTTTCAGAAGTGCC ATCTCCGCCAACAGCTTCTCCT 

Actb CATTGCTGACAGGATGCAGAAGG TGCTGGAAGGTGGACAGTGAGG 

Table 3. Primer sequences for RT-qPCR 930 

Number of cycles Temperature (C) Time 

1 95 3 min 

40 
95 10 secs 

60 30 secs 

Table 4. Cycling conditions for RT-qPCR 931 

Histological Analyses 932 
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Tissues were placed into 4% paraformaldehyde (PFA) and fixed overnight at room 933 

temperature. PFA-fixed tissues were then embedded in paraffin, sectioned, and stained by 934 

the Veterinary Diagnostic Services facility (University of Glasgow, UK). Sections were 935 

Haematoxylin and Eosin (H&E) stained for lipid droplet measurement analysis, or 3'-936 

diaminobenzidine (DAB) stained for heat-shock protein 70 (HSP70) to detect T. brucei 937 

parasites. The HSP70 antibody was a kind gift from Professor James D. Bangs. Slide imaging 938 

was performed by the Veterinary Diagnostic Services facility (University of Glasgow, UK) using 939 

an EasyScan Infinity slide scanner (Motic) at 20X magnification. To determine lipid droplet 940 

sizes in adipose tissue, images were first opened in QuPath (v. 0.3.2)56, before selecting 941 

regions and exporting to Fiji57. In Fiji, images were converted to 16-bit format, and we used 942 

the Adiposoft plugin to quantify lipid droplet area within different sections.  943 

Mass cytometry sample processing 944 

Adipose tissue was dissected out and transferred to PBS, before dissociating using an 945 

Adipose Tissue Dissociation Kit for Mouse and Rat (Miltenyi Biotec), using a gentleMACS 946 

Octo Dissociator with Heaters (Miltenyi Biotec), as per the manufacturer’s recommendations. 947 

After the final recommended centrifugation, the pellet (containing the immune cells) was 948 

resuspended in Dubecco’s Modified Eagle Medium (DMEM) to a concentration of 1 x 106 949 

cells/mL. Cells were activated for 3 h in a round-bottom 96-well plate using Cell Activation 950 

Cocktail (with Brefeldin A) (BioLegend). Plates were then centrifuged at 300 x g for 5 min and 951 

the pellets resuspended in 50 µL of Cell-ID™ Cisplatin-195Pt viability reagent (Standard 952 

BioTools), and incubated at room temperature for 2 min. Cells were washed twice in Maxpar® 953 

Cell Staining Buffer (Standard BioTools), and centrifuged at 300 x g at room temperature for 954 

5 min. The CD16/CD32 receptors were then blocked by incubating with a 1/50 dilution of 955 

TruStain FcX™ (BioLegend) in PBS at room temperature for 15 min. An antibody cocktail was 956 

prepared (Table 5) from the Maxpar® Mouse Sp/LN Phenotyping Panel Kit (Standard 957 

BioTools) with additional antibodies against IL-17A, IFN, TCRgd, and CD27 included (Table 958 

5). Cells were incubated with antibodies (Table 5) for 60 min, on ice before washing 3 times 959 

in Maxpar® Cell Staining Buffer (Standard BioTools) as previously.  960 

Following staining, cells were fixed in 2% paraformaldehyde (PFA) overnight at 4C. Cells 961 

were then washed twice with 1 x eBioscience™ Permeabilization Buffer (Invitrogen) at 800 x 962 

g at room temperature for 5 min. The pellets were resuspended in intracellular antibody 963 

cocktail (Table 5) and incubated at room temperature for 45 min. Cells were washed 3 times 964 

in Maxpar® Cell Staining Buffer (Standard BioTools) at 800 x g. The cells were then 965 

resuspended in 4% PFA at room temperature for 15 min, before collecting the cells at 800 x g 966 

and resuspending in Cell-ID™ Intercalator-Ir (Standard BioTools). Finally, the cells were 967 

barcoded by transferring the stained cells to a fresh tube containing 2 µL of palladium barcode 968 
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from the Cell-ID™ 20-Plex Pd Barcoding Kit (Standard BioTools). Cells were then frozen in a 969 

freezing solution (90% FBS and 10% DMSO), before shipping to the Flow Cytometry Core 970 

Facility at the University of Manchester for data acquisition.  971 

 972 

Surface Antibodies  

Antibody Metal Conjugate Clone Concentration Cat. No. 

Ly6G/C [Gr1] 141Pr RB6-8C5 1/100 201306 

CD11c 142Nd N418 1/100 

CD69 145Nd H1.2F3 1/100 

CD45 147Sm 30-F11 1/200 

CD11b 148Nd M1/70 1/100 

CD19 149Sm 6D5 1/100 

CD3e 152Sm 145-2C11 1/100 

TCR 169Tm H57-597 1/100 

CD44 171Yb IM7 1/100 

CD4 172Yb RM4-5 1/100 

Intracellular Antibodies 

IL-17A 174Yb TC11- 

18H10.1 

1/100 3174002C 

IFN 165Ho XMG1.2 1/100 3165003B 

Table 5 Antibodies for mass cytometry 973 

Flow cytometric analyses 974 

Infected animals and naïve controls were anesthetized with isoflurane and perfused 975 

transcardially with 25-30 ml of ice-cold 1X PBS containing 0.025% (wt/vol) EDTA. iWAT pads 976 

were excised and the inguinal lymph node was removed. The iWAT was dissociated using an 977 

Adipose Tissue Dissociation Kit, mouse and rat (Miltenyi Biotec) with a gentleMACS™ Octo 978 

Dissociator with Heaters (Miltenyi Biotec) as per the manufacturer’s recommendations. 979 

Digested tissue was then passed through a 70 µm and then a 40 µm nylon mesh filter, which 980 

were washed with DMEM. The suspension was then centrifuged at 400 x g at 4°C for 5 minutes 981 

to isolate the immune cell fraction and remove adipocytes. The resulting suspension was 982 

seeded on a 96-well plate and stimulated with 1X Cell Activation Cocktail containing phorbol 983 

12-myristate 13-acetate (PMA), Ionomycin, and Brefeldin A (BioLegend) for 3 h at 37 C and 984 

5% CO2. For flow cytometry analysis, single cell suspensions were resuspended in ice-cold 985 

FACS buffer (2 mM EDTA, 5 U/ml DNAse I, 25 mM HEPES and 2.5% foetal calf serum (FCS) 986 

in 1X PBS) and stained for extracellular markers at 1:400 dilution (Table 6). Samples were 987 
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run on a flow cytometer LSRFortessa (BD Biosciences) and analysed using FlowJo software 988 

version 10 (Treestar).  989 

Surface Antibodies 

Antibody/Stain Conjugate Clone Concentration Cat. No. 

Zombie Fixability 

Viability Kit 

Green N/A 1/1000 423111 

F4/80 PE/Cy7 BM8 1/400 #123115 

CD19 PE/Cy7 6D5 1/400 #115511 

TCR BV421 GL3 1/400 #118119 

CD27 APC LG.3A10 1/400 #124211 

CD45 PE or BV421 30-F11 1/400 #103105 or 

#103133 

CD3 PE/Dazzle594 145-2C11 1/400 #100347 

CD4 PE RM4-4 1/400 #116005 

Table 6 Antibodies for flow cytometry 990 

Quantification of cytokine titres 991 

To measure cytokine titres in murine serum samples we used a U-PLEX Biomarker kit (Meso 992 

Scale Discovery), as per the manufacturer’s instructions. Samples were analysed using a 993 

MESO QuickPlex SQ 120 (Meso Scale Discovery). IL-17A titres in human serum samples 994 

were quantified using a multiplex cytokine panel (Bio-Plex Pro Human Cytokine Assay, 995 

BioRad) and a LuminexCorp Luminex 100 machine as per the manufacturer’s instructions. 996 

Statistical analyses 997 

All statistical analyses were performed using Graph Prism Version 8.0 for Windows or macOS, 998 

GraphPad Software (La Jolla California USA). Normality of data distribution was measured 999 

using the Shapiro-Wilks test. Where indicated, data were analysed by unpaired Student’s t-1000 

test, Mann-Whitney test, one-way analysis of variance (ANOVA) or two-way ANOVA. Data 1001 

were considered to be significant where p <0.05.  1002 

Data Availability 1003 

The GEO accession number for raw bulk transcriptomic sequencing and processed data 1004 

reported in this paper is GSE210600. The GEO accession number for the raw scRNAseq and 1005 

processed data reported in this paper is GSE233312. The scripts used to generate single cell 1006 

data in this study are available at Zenodo (10.5281/zenodo.7966849).  1007 

 1008 

 1009 

 1010 

 1011 
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Prg2 Bhlha15 Jchain Mzb1 Ngp Fcnb Camp Fut1 Elane Kcne4 Xbp1 A2m Rarres1 Usp44 Rab39b TgGja4 Slpi Il33 Ms4a3 Cpxm1 Tnfsf15 Myh3 Gpr55 Il12b Dnase1l3 Tnfrsf9 Cdkn2a Itgax Erv3 Derl3 Fbxw13 Trp73 aEaf2 Ovol3 Edem1 E2f2 Mgat4a Tmem26 Pik3cg Ncapd2 Tnfsf4 1700003F12Rik Slc17a6 Dgkg Ern1 Cdc20 Flnb Kifc1 Fbxw7 Selenoh Cks2 Klrb1b 4933430I17Rik Kif3c Cenpf Prdx4 Lxn Enpp1 Nrg1 Slc3a2 Pdia4 Htr7 Csf2rb Nos2 Hif1a Rnd1 Tyms Tbx21 Bub1b Ly6c2 Ppm1n Kif18b Gtse1 Rai14 Ptgs2 Ncapg Arid3a Il1a Cst7 Il23r Edem2 Best1 Sec11c Gfi1 Ermn Il1b Kcnj10 Src Apol11b Creld2 Epb41l3 Vdr Mmp12 Ccnf H13 Traip LOC100041708 Clec9a BC035044 Cenpk Dsn1 Abcb1b Vsig8 Spc25 Nab2 Rsl24d1 Asb2 Olfr99 Ctrl Pif1 Gpr33 Tbpl1 Tex30 Tnfsf9 Ido2 Siah2 Klrc1 Angptl7 Gpm6a Spic Mak Clec1b Itgad Pafah1b3 Flt4 Egr2 Cyp8b1 Adra2a Jund Ube2s Tmem248 Atf4 Ackr2 Zfp954 Rela Fyn Apobec3 Stk32c Atf6b Jak3 Csf2rb2 Rmi2 Ceacam16 Fgf23 Clec4n Cxcl13 Trabd Tnfrsf4 Sec61b Tmem154 Apol11a Odc1 Ptpn22 Il2rb P2ry13 Cd82 Tspan33 Rbmxl1 Itprip Dut Slc39a4 Got1 Syngr2 Cxcr3 F2r Stra6l Plaur Preb Kcnn4 Zfp787 Plxna1 Ube2v1 Furin Samd4b Setdb2 Exoc2 Gpr152 Zswim4 Rnase2b Trem1 Ccn3 Ulbp1 Mastl Plekhm3 Clrn3 Ahrr Mamdc2 Hpca Gpm6b Spred3 Asap1 Rnase6 Ncoa3 H2−T24 Rnf213 Mcmbp Itga4 Atp8b4 Btk Hus1 Arhgef6 Kntc1 Dcp2 Osbpl8 Gxylt1 Rad54b Nde1 Klrk1 Tasl Arhgap17 Atxn7l1 Fli1 Arhgap15 Patl1 Depdc1b Tmem229b Arhgef3 Fam111a Snx30 Zkscan6 Twistnb Evl Rps6ka1 Rac2 Ptpn7 Selplg Plcl2 Vav1 Arf6 Klrb1f Cbfb Aim2 Sp110 Ywhaz Mapk1ip1l Dcaf15 Stk11ip Arhgdib Zfp384 Otulinl Parp8 Ptpn6 Lpin2 Rgs19 Ip6k3 Timeless BC147527 Fam76b Wtap Mndal Tfrc Dek Herc4 Slc16a13 IkOas3 Ddi2 Slc41a3 Trim30c Zup1 Tlr1 Gm13212 Morc3 Wnk1 Pdcd6ip Galnt7 Arap1 Taok3 Notch2 Cass4 Tmem86a Cops7b Tent4a Cd40 Zfp281 Mgat1 Ndc80 Grb2 Fasl Dok1 Mdm2 Tnip1 Icam1 Hmgb2 Ttc39b Irf8 Snx20 Gpr15 Sting1 Mcm6 Glipr1 Reps1 Plagl2 Pdlim2 Rasgef1b Cdc42se2 Lpar5 Clint1 Stx11 B4galt5 Mcm5 Itgal Cd160 Vasp Tgfb1 Lrrk1 Afmid Sbno2 Mink1 Nlrc4 Ciita Lig1 Atad2 Fignl1 Rrm1 Syk Tlr11 Zwilch Akt3 Rbl1 Lcp1 Tmpo Ttyh3 Hps1 Tubb2b Sec23b Pitpnm1 Sh3bp1 Coro7 Iffo1 Haus8 Camta2 Pfkp Gosr2 Helb Arhgef2 Trim8 Mfap3 Creb5 Man2b1 Slc29a3 Dgkh Ap2b1 Mob1a Zdhhc21 Slc7a7 Zfp710 Fcrl6 Sec14l1 Atad5 Tln1 Smc1b Prkcd Rgs16 Dpy19l1 Cxcl10 Fam120a Lrr1 Prim2 Lims1 Map3k3 Api5 Ppp6r3 Cacng8 Mknk1 Gp6 Gpr141 Scrt1 Cfb Trim30a Katna1 Gm38510 Usp18 Pxn Arf3 I830077J02Rik Hdac9 Eea1 Cd274 Il27 Fgr Myo1f Naip2 Dnajc3 Rhog Plek Plekho2 Hpse Wars Tubb3 Marcksl1 Hrh2 Fanca Tap2 Ticrr Sema4a Cdkn2d Pip5k1c Apaf1 Tox4 Defb42 Cxcl12 Pkn1 Leng9 Xpo6 Gramd1b LOC118567760 Brpf1 Dnajc5 Impa2 Aggf1 Kcnab2 Ldlrap1 Il2rg Lrch1 Tyk2 Actb Diaph1 Jak2 H2−Q6 Gm3435 Capza1 Capn1 Wdr37 Tapbpl Stxbp2 Dbnl Tbk1 Cap1 Msn Iqgap1 Ifnar1 Fermt3 Lrrc8c Mphosph6 Il1r1 Dhx38 Cep85 Ints9 Ptp4a2 Akr1c12 Kcnd1 Asf1b Trim30d Espl1 Stil Parp14 Susd6 Tab2 Bcl2l11 Clec2g Il10ra Irak4 Ier3 Cenph Cib1 Ube2q1 Stard5 Aldh16a1 St6galnac4 Dnajb11 Gltp Sh3bp2 Sp140 Lrrc75a Ankib1 Efcab11 Nmral1 Hps6 Nars Ccdc71l Sirpa Plbd1 Erp44 Aurkb Hat1 Sertad2 Fndc3a Stt3a Smad1 Utp3 Scimp Mcm10 Cdca8 Stmn1 Ncoa7 Ptgs1 Arrdc4 Dhrs1 Cflar Sgo2a Sco1 Ckap2 Kif9 Aunip Eif5a2 Vcpip1 Cggbp1 Shcbp1 Lin54 Gls E2f7 Lrcol1 Diaph3 Ncaph Ddx19b Knstrn Nuf2 Cenpe Ect2 Kif4 Ric1 Bub1 Iqgap3 Nsl1 Ckap2l Clspn Prc1 Pola1 Xcr1 Grk3 Mis18bp1 Ercc6l LOC101055663 Kif15 Bnip5 Rad51 Pbk Gdpd3 Pimreg Rwdd2b Bora Arl10 Camkk1 Mbtps2 Fbxl8 Snx25 B3galt4 Zfp800 Dpy19l3 Mcm7 Kif19a Mms22l Ezh2 Ptgir Ptbp3 Ddias Ube2t Colec11 Bard1 Gpr137b Rspo3 Bcl3 Tedc1 Pde4b Exo1 Gen1 Lmnb1 Hells Mcm4 Pmaip1 Abcg3 Ptk2b Uvrag Adar Elmo1 Nemp1 Topbp1 Plcg2 Prex1 Pml Gvin3 Mthfd2 Parpbp Rlim Adgrf3 Brca1 Usp12 Racgap1 Myo1e Kif11 Knl1 Dbf4 Dlgap5 Top2a Cdca2 Mab21l3 Naa40 Smc2 Fut4 Klri1 Dapp1 Uhrf1 Mcm3 Plxnd1 Tnfrsf11b Dna2 Mxd3 Nod2 Kif20b Olr1 Cit Olfr56 Soat2 Pcbp2 Ncapg2 Dtl Bbx Cdc45 Snx18 Dock4 Arl5a Cmip Mki67 Aspm Ttf2 Foxm1 Phlpp1 Eme1 Plk4 Clgn Spag5 Tcf19 Akirin1 Wbp11 Tpra1 Cdv3 Rnf157 Ccne1 Kif14 Cd80 Pclaf Prr11 Cdca3 Fen1 Inpp1 Fcrlb Kpna2 Prdm1 Rhbdf2 Poldip3 Ammecr1 Aurka Vps54 Cdc42ep2 Atf6 Hmmr Etv6 Acvr1b Mefv Aldh1b1 Rap1a LOC100041057 Nlrp3 Map3k11 Hspa5 Nsd2 Ccrl2 Tnfaip2 Stat3 Cep55 Gbp5 Pim1 Tbkbp1 Endod1 Piwil2 Exoc3l4 Ralgds Rgs12 Ero1a Ifng Lpcat2 Spc24 Got2 Spdl1 Tma16 Slc39a7 Ccnb1 Ggta1 Pld3 Sapcd2 Mad2l1 Cadm1 Srsf9 Tmem221 Gm7694 Atp6v0d2 Rap2a Ciart Desi2 Myl12b Vcam1 Esm1 Inhba Ube2c Trpm2 Hrob Treml4 Serpinb9 Manf Ube2z Hsp90b1 Plk1 Ska3 Pdcd1lg2 Kif22 Nek2 Tlr12 Rcc1 Kif2c Gem Ccna2 Tpx2 Cip2a Rrm2 Tbc1d9 Ttk Ccnb2 Chaf1a Neil3 Stoml1 Sgo1 Suv39h1 Cdca5 Tfdp1 Rad51ap1 Tk1 Serp1 Vbp1 Skp2 Bcl2a1a Snrpa1 Troap Nasp Cenpa Tacc3 Hs6st1 Birc5 Cdk1 Serpinb1b Clec7a Ppt1 Depdc1a Tlnrd1 Mis12 Insl6 Ska1 Nfe2l2 Brd2 Ticam1 A530032D15Rik Ada Bcl10 Crybb1 Spcs3 Axl Esco2 Nusap1 E2f8 Fbxo5 Melk Tns3 Gsap Incenp Atp13a2 Necap2 Gm39701 Rnaseh2b Tifa Irf1 Cd44 P2ry14 Gpr35 Slc15a3 Rnf19b H2−DMa Tap1 AB124611 Ifi30 H2−Q9 Hcls1 Cyrib Rasa4 Slamf7 Rab43 Kcnk6 Zdhhc14 Hk1 Adprh Gak Bak1 Arhgdia Igsf6 Ccl2 Agpat4 Sharpin Gnai2 Wwp2 Epn1 Il4ra Actg1 Tbc1d22a Lamp1 Eng Naga Calr Slc30a7 Srp72 Gk Casp7 Npc1 Aph1a Rnf149 Gzmb Zfand4 Clcn7 Zyx 2610524H06Rik Atp6v0c Itga5 Ostm1 Galns Rars Entpd1 Lpar1 Ehmt2 Ehd1 Emilin1 Tirap Slc25a12 Usp1 Eri1 Mbd2 Nsmaf Zfp429 Fam117b Fmnl2 Gca Tuba1c Cisd2 Nkg7 Ccl5 Cyba Tmem214 Hmga1b Rpn1 Plpp1 Plekhm2 2510039O18Rik Vps18 Ppp1r15b Ubd Ssr1 Prpf31 Nop9 Serpina3f Rab20 Maff Cabp4 Il12rb2 Sri Snd1 Nosip Ripk3 C1s2 Tgtp1 Ptpn1 Dpp3 Junb Ccdc86 Map7d1 Pqlc3 Erf Eif4e2 Anxa11 Usp39 Gfus Stk19 Tmem14c Tpgs1 Enoph1 Cope Il6Nos1ap Eif2b2 Agap3 Ssna1 Manbal Tmem234 Tctex1d2 Vps37d Adam8 Tmem243 H2−Q7 Brms1 Gtf2f2 Hdc Sdc4 Sec61g Selenom Fbxl5 1500009L16Rik Il15ra Mup15 Haghl Psmb6 Tspan4 Vapa Chrac1 Psmb3 Podnl1 Med10 Aopep Arl6ip4 Syngr3 Wnk2 Msrb1 Enkd1 Gdap2 Atp5g1 Anapc11 Psmd13 Rnaseh2c Fkbp8 Git1 Ttc39c Atox1 Get3 Acot3 Cebpb Dnah2 Aprt Rnaseh2a Il1rn Fth1 Psmb4 9430038I01Rik Mettl6 Tor2a Drd1 Nus1 Kdelr2 Rps27l Ndfip1 Urm1 Ubl5 Saal1 Gm9949 Jdp2 Psen2 Eif3e Aimp1 Kif18a Nsmce2 Tmem181a Srp19 Mboat7 Dkk3 Srp9 Txndc17 Selenok Tmem189 Mvb12a Qars Slc25a13 Osbpl3 Eif3h Clns1a Ecscr F10 AA467197 Il1r2 Igfbp3 Il18rap Ccr1 Timp1 Plk3 Gm15056 Rpl41 Chic2 Rpl35 Zkscan17 Btnl6 Rpl24 Supt4a Magoh Rpl11 Sdcbp2 Cnbd2 B9d2 Rtca Casp3 Tmem268 Mapk7 Nubp1 Trdmt1 Psmc4 Rnf34 Btnl4 Adora2b Efhb Tgfbi Tarm1 Inpp5j St3gal5 Sod2 Clec4e Gm5637 Strc Ccdc180 Pram1 Gm45855 Sntg1 Wdr95 Gm8909 Mup1 Slfn4 Lime1 Tatdn2 Smg9 Lsm4 Snrpf Sytl3 Ifitm1 Haus4 Rpl15 Tnfaip8l3 Sh2d1a Eif3f Sde2 Rplp0 Rpl4 Tnfrsf18 Icos Rusc1 Rbm3−ps BC051142 Nfkbib Klf13 Eif5a Eaf1 Snrpb Pgs1 Mlxip Cnn3 1110025M09Rik Nfkbia Ppp1r11 Havcr2 Emd Sla Ubac2 Phf19 Tnfrsf8 Rab27a Hopx Lrp10 Shkbp1 Rnf31 Prkch Ppp6r1 Ccdc88b Agfg1 Was Abi3 Susd3 Myo9b Polr3c Tubb5 Atp13a1 Chfr Ptbp1 Inpp5b Ankrd13a Rab19 Jade2 Socs3 Klhl6 Cdt1 Zfp263 Ptpn2 Ube2i B4galt1 Slc38a9 Slc35c1 Tbl1xr1 Wdhd1 Nup62 Ddx39a E2f4 Nme1 Hnrnpab Ppp1cc Cdh23 Ppp1r18 Tnfaip3 Haspin Nuak2 Gimap7 Panx1 Ly6g Klrg1 Ahcy Il1f9 S100a8 Serpina9 Bhlhe40 Mt3 Ly6a2 Mcemp1 Mcpt8 Mybl2 Hipk1 Chl1 Ass1 S100a9 Gzmd Gzmg Enc1 Mgam Arfgap3 Plekhg4 Adgb Fam167b Tnfrsf21 Capn5 Alyref2 Gng10 Sema3a Zbtb42 Neu3 Cemip2 Clp1 Eef1a1 Papss2 Rab33a Mtmr14 Abcc1 Mgrn1 Prss34 Hexb Slc6a9 Abcc9 Galt Bloc1s4 Mafg Tmem258 Nsun7 Fbxo34 B3gnt3 Gm2a P4hb Stxbp5 St7 Naglu Prdx5 Psmc3 Snw1 Cwc15 Cd14 Stx3 Arid5b Gpalpp1 Surf4 Ppib Atf1 C3Htra2 Fjx1 Rap1gap2 Plau Dhfr Bfsp1 Rhobtb1 Calm3 Psmd8 Snx17 Ube2g2 Cmas Nfil3 Gtf2b Kctd5 Rpn2 Cdkn1a Pgpep1 Man2b2 Il1rl1 Mmp14 Sqstm1 Eif2s2 Cenpm Syt11 Gsr Gzmk Tigit Fam207a Nudt21 Krtcap2 Dclre1b Steap2 Mgarp Ctla2b Alyref Erh Aff1 Tnfsf13b Slc2a1 Gm2808 Ly6i Cd300lf Sub1 Procr Pdk3 Tfec Cnppd1 Abr Nans Socs1 Txnrd1 H2−T−ps Igsf8 Ssr4 Tradd Sec61a1 Prkcsh Smox Plscr1 Ddost Ubald2 Fam83f Dnajb9 Carmil1 Prpf18 Hilpda Tmem252 Stx5a Nr1h3 Ndrg1 Psrc1 Myo10 Fam20c Nectin2 Ttc9 Cks1b Clptm1l St18 Gypa Clec4b1 Clec10a Dmac1 Kcnt1 Tnfsf12 Parp2 Tepsin Cd226 Klf2 Clca3a1 Mmrn1 Ppfibp2 Rps4x Rps29 Yeats4 Gm1070 Rplp1 Tpt1 Rpl26 Rpl6 Itpripl1 Snrpe Dhh Cd244a Mis18a Eef1b2 Npm1 Miip Inip Smim40 Rpl30 Eif3d Cybc1 Exosc8 Pacc1 Eif1ad Rps13 Rpl14 Arhgap25 Elf2 Hnrnpa1 Nostrin Hnrnpdl Otulin Rexo4 Reep4 Exosc3 Znrd1 Coro2a Slc39a6 Maf1 Ilvbl Noc4l Gm5148 Smndc1 Elk3 Trim12c Ddx31 Tmem185b Vamp5 Ctdnep1 Plekha1 Rtcb Cox7a2l Eif3k Eif3m Zbtb45 Rpl10 Batf Vcpkmt Nufip1 Zfp52 Macir Atp5g2 Larp4b Rab35 Cd52 Rnf166 Rgs1 H2az1 Gna15 Cdk2ap2 Pole2 Runx1 Slc9a3r1 Zfp513 Limk1 Dhps Gpsm3 Rab8a Baiap3 Lpxn Tmsb10 Fbxo33 Tmem251 Plekhj1 Gab3 Map1s Vps51 Rps21 Rps23 Rpl37a Rpl35a Rpl23 Rpl27a Rpl38 Rpl32 Rps6 Rpl18a Snrpg Fau Rps10 Rpl34 Rpl36a Rps9 Rps11 Rpl6l Rps26 Rpl10a Rps28 Rps5 Snrpc Mrpl52 Bola2 Tomm22 Rpl36 Ppp1r14b Lsm8 Tnr Gm45871 Rpl27 Rack1 Hes6 Rpl3 Rpl37rt Rps20 Rpl29 Rps25 Rpl31 Rpl39 Rpl37 Ctla4 Rps2 Rpl19 Snu13 Cacybp Hspa8 Fam118b Tbc1d10b Neurl3 Ppip5k2 Arhgef39 Gm7592 Nucks1 Pola2 Tipin Mad2l1bp Max Lsm2 Rfc3 Ube2n Cox5a Asb6 Pmf1 Mark4 Cdkn3 Adprm Serpina3g Rpa2 Ucp2 Rnaset2b C1rb Usf1 Rpl36al Itm2c Ppt2 H2−Ab1 Cd74 H2−Eb1 Gatm Pdlim4 H2−Aa Il3ra Hpcal1 Pabpc1 Ccdc12 Pbdc1 Orai3 Tmem97 Armc5 B3gnt2 Basp1 Vopp1 Mob3c Mcl1 Laptm5 Cerk Rfc5 Zswim1 Snx15 Wdr91 Wdr81 Ascc2 Cdk9 Cenps Hlx Cxcl1 Raly Trir Gnl1 Gatad2a Utp23 Chaf1b Rnf114 Anp32b Smarce1 Tram1 Cd86 Cnot9 Sdf2l1 Spcs2 Slc35c2 Bcl2a1b Cxcl16 Tgif1 Rilpl2 Lag3 Pdcd1 Bcl2a1d Cyp4f18 Phf23 Ncaph2 Srgn Mif Tmem150b Cdipt Rfc2 Mfsd10 Med17 Zdhhc12 Vta1 Ggt7 Selenos Fancd2 Kif23 Cdca4 Ephx1 Cklf Ttc9c Prim1 Palb2 Zdhhc20 Rad54l Rgs10 Bahd1 Dnajc2 Bub3 Ube2f Snx11 Mras Llph Nts Wnt7a Gdf15 Fam72a Kbtbd6 Atpif1 Gzma Ip6k1 Nrg2 Gm7609 Itga9 Dusp6 Spcs1 Tex12 Fam104a Slc5a11 Cenpl Eda2r Meis3 Tk2 Prm1 Gm5662 Gm11634 Kremen2 Rtn4rl2 Fabp7 Retnlg Mmp8 Mrgpra2b Unc93a Cstdc4 Stfa2l1 Tmem160 Gdnf Bcl2l1 Dhrsx Sik1 Smn1 Tpst2 Wee1 Per1 LOC100039029 Use1 Ctla2a F7Slc39a14 Lcn2 Apoc1 HpSerpina3n Serpina3i Hyal4 Psma6 Gabre Pigr Ngf Slc6a4 Apod Adcyap1r1 Slc27a2 Fkbp5 Slc10a6 Gm6314 Arg1 Wdr49 Fgl1 Mt2 Serpina3m Anxa8 Accsl Mup11 Cxcl5 Fbxl2 Pcdh9 Saa2 Itih4 Serpina3j Chil3 Saa1 Acsm3 Ltb4r1 Mup9 Cenpw Mafk Tma7 Prpf38a Cdc25c Sys1 Pes1 Pkig Arf5 Fis1 Tmed9 Mtfr2 Atp6v1f Phc2 Rnf25 Siva1 Asb4 Gabarap Fam32a Cd63 Tbca Dynlt1f Nedd8 Bri3 Rit1 Gins2 Sertad1 Eva1b Sf3b5 1700012B09Rik Gpaa1 Dpm2 Timm10b Trnau1ap Rbx1 Brk1 Hmgn2 Zfp202 Pbx2 Eif4ebp3 Pfdn5 Btf3 Ift27 Rpp21 Flcn Vill Cebpd Slc19a2 Tigd2 Rnf103 Hif3a Adrb2 Bcap29 Slc36a4 Xpnpep1 Alg5 Psma1 Abhd16a Klc4 Trim3 Ebp Nme2 Esd Wdfy1 Mmp19 Psmb1 Psma7 Gpnmb Slc35b1 Rab24 Scn1b Rnh1 Fbxo6 Tmem192 Zdhhc7 Gpr146 Ly6a Slc31a2 Gpr31b Vmp1 Psmg4 Clec4d Glrx 1110004F10Rik Ms4a4a Cacna1d Cdh9 Hpn Ifi35 Tmem167 Apol9a Rnf128 Cln5 Saa3 Spp1 Ly6c1 Ms4a8a Fcer1a Ltbr Olfr920 Clec2d Frrs1 Tmem140 Ifngr1 Slc35f5 Oat Calhm5 Cd302 Cfh Adam15 Vps26a Dusp1 Mydgf Atp6v0e Polr2i Mindy1 Spsb2 Osmr Dcxr 2310011J03Rik Casp12 Hsbp1 Htra4 Rarres2 Ier3ip1 Gpx1 Dbndd2 Cst3 Gng5 Derl2 Washc1 Golt1b Dpcd Hsd17b11 C4b Morf4l1 Igbp1 Rcn1 Sumo1 Lsm5 Zfp53 F2rl2 Eef1akmt4 Ormdl1 Actl6a Ogfrl1 Rell1 Med11 Zc3h12c Zfp995 Pigx Chtf18 Mplkip Rhbdd1 Kcnh7 Pramel12 AA414768 Vav3 Fam98b Ints12 Gnai3 Depdc7 Snx4 Sin3b Snf8 Vps28 Rab4b Otub1 Ssbp4 Eif4a1 Coa4 Sf3b6 Keap1 Pgk1 Gtf2f1 Nubp2 Slfn2 Pde1b Ms4a4c Adssl1 Il13ra1 Cab39 Plac8 Plekhf2 Emb Slc16a3 Cxcl9 Sap30 Rbm3 Eif6 Ube2j2 Maea Upp1 Nampt Prelid1 Ranbp1 Trem3 Id2 Pnpla7 Glipr2 Nr1h2 Hmga1 Syce2 Riok3 Taf9 Nt5c3 Ube2d3 Psma2 Fam76a Atg4a Daxx Cwc27 Smu1 Ngdn Irf9 Atp6v1g1 Nxt1 Slc30a5 Trmt6 Pfdn6 Mfsd11 Sumo3 Tspan3 Lamtor3 Faim Blvra Trim41 Zfp36 Cuedc2 Minpp1 Borcs6 Parl Ube2a Khk Chmp1a Lamtor5 Ap1s1 Tnfrsf1a Rab5if Thoc6 Agpat5 Cep295nl Mfsd5 Ptger2 Hint1 Rpain Apoe Pdcd6 Pdpn Cstb Prdx1 Tmbim4 Stx8 Sem1 Rtraf Impact Ifi207 Tmem50a Lvrn Elovl1 Trappc1 Ccl9 Kcnk13 Creg1 Pomp Slc43a3 H2−T22 C1ra Lgals3 Ftl1 Txn1 Card19 Pycard Psme2 Serping1 H3f3a Majin Clec4a4 Ccdc115 Tmem9b Tyrobp Blvrb Gngt2 H2−DMb1 Gla Cndp2 Magohb Slc25a45 Arpc5 Stxbp3 Ly6e C1qb Fcgr3 Shtn1 C1qc Arl11 Fcer1g C1qa Aig1 Sat1 Snrpd1 Bid Polr2g Nt5c Fxyd5 Gmfg D17H6S53E Vamp8 AI413582 Abracl Hmox1 Tor1a Sumf1 Ifnar2 Scarb2 Ralb Ube2l3 Pnp2 Creb3 Copz1 Nucb2 P2rx4 Sdcbp Cd200r1 Cln8 Stard3nl Oas1g Cmtm3 Slc29a1 Pdia3 Asah1 Leprot Mafb Pla2g15 Bst2 Renbp Fam174a Tlr7 Il10 Lst1 Cfp Tpd52 Frmd4b Cln6 Tnfaip8 Tmem51 Gas2l3 Cd200r4 Tbxas1 Adap2 Fbxo7 Fcgr2b P2ry6 Gm21188 Acer3 Cd300c2 H2−T23 Ppp1r12c Trim25 Tnf Trerf1 Scarf1 Myo7a Pld4 Snx5 1110038F14Rik Galk2 Senp3 Gnb1 Tmed7 Rac1 Tpcn2 Pi4k2a Cdc42 Pip4p1 Tgtp2 Psmb10 Lrrc25 Slc11a1 Aoah Ggct Gm12250 Cd68 Rab5c Gbp3 Capza2 Casp1 Dok2 Acsl5 Cd47 Cd84 Rap1b Tmem106a Tex14 Dnase1l1 Ripk1 Klra2 Clec12a Tbcb Slc35f6 Ap2s1 Gria4 Tmem219 Psmb2 Nt5dc2 Slc36a1 Pacsin2 Gnb2 Ciao2a Coro1c Slc45a4 Fam89b Psma4 Ubtd1 Lap3 Cnpy3 Lilrb4a Slc31a1 Tmem104 Tusc1 Psma3 Naa20 Commd8 Lilr4b Tlr13 Wfdc17 Ms4a6d Ms4a4d Tmem165 Ifi204 Ifitm3 Fcgr1 Mcub Ms4a6c Crip1 Alox5ap Pirb Ccl4 Gbp2 Apol10a Milr1 Snx1 Layn 6430548M08Rik Ifi205 Cmpk1 Msr1 Dnah12 Tmem37 Nmi Mtm1 Rrp7a Psmf1 Gpatch3 Lsm10 Ceacam18 Ltf Slirp Nudt19 Taf11 Cyp7b1 Tm2d3 Fcgr4 Gatd1 6720489N17Rik Tesmin Tmx1 Tmcc2 Fkrp Fam3b Katnbl1 Ampd3 Nmt1 Plin2 Eif1a BC049352 Sfxn3 Hps3 Lipo3 Apol9b Slc28a2 Pgap6 Sgk3 Radx Xaf1 Cxcl2 Galnt1 Emp3 Apobec1 Atp1b3 Vps9d1 Calml4 Tubb6 Mybpc3 Tubb2a Itgb7 Plekhn1 Scyl3 Arnt2 Naa25 Slfn1 Cxcr6 Slfn8 Ifi203 Utp14a Ppm1h Hnrnpk Pkm Gpi1 Dnm2 Dera Commd5 Map2k1 Med8 Celsr3 Rps6ka4 Tgfbr2 Zdhhc16 Parp10 Ppp4r1 Bst1 Capg Trem2 Arpc1b Eif2s1 Scly Calm1 Isg15 Mpp6 Nab1 Arel1 Rnaseh1 Smpdl3b Slc2a6 Ifitm6 Ppp1r21 Clec5a Slc2a9 Oasl1 Rab32 Tnfrsf1b Itgb2 Stat1 Sfrp1 Fkbp15 Csf3r Cybb Cd5l Kif3b Tmco4 Tubgcp2 Rnf115 Ms4a6b Ncf4 Tbc1d14 Septin9 Gch1 Med15 Nrbp1 Amdhd2 Psma5 Fpr2 Guca1a Casp4 Nsg1 Pla2g7 Tapbp Arl8a Arf1 Ssu72 Kars Akt1 Nub1 Gna13 Wdr1 Cotl1 Cmtm7 Clic1 Samd1 Pik3r5 Cfl1 Aldh3b1 Mvp Atg5 Psmb8 Soat1 Psme1 Ostf1 Myd88 Coro1b Tagln2 Ncf1 Gsdmd Slco3a1 Capzb Prr13 Psmb9 Dazap2 Pla2g4a Apol10b Samhd1 Spi1 Ncf2 Mpeg1 Zbp1 Gm20056 Slc43a2 Card9 Pstpip2 Hck Lyz2 Il18 Ifi47 Irgm1 Atp1a1 Pitpna Ccl7 Tifab Fes Ctss Skap2 BC028528 Agtrap Ube2l6 Scara3 3110082I17Rik Mroh1 Slc22a15 Rnf139 Tax1bp1 Ch25h Wasf2 Trim6 Chpf2 Serpinb2 Nphs2 Gm14548 Gm4841 Sptbn5 Lilra6 Sh2d6 Pla2g3 C1rl Scara5 Arhgef10l Xdh Txndc9 Hdgfl3 Ctbs Rnf144b Itpka Gyg Mfsd6l Fcna Shld3 Hsd11b1 Rmdn3 Prg4 Vcan Igf2bp2 Kcnab1 Edn1 Dennd4c S100a4 Adgre5 LOC68395 Csf1 Cenpu Zfp36l2 Dmkn Ugt1a7c Vsig4 Iigp1 Ecm1 Pacs2 Dpep2 Ptgr1 Lipn Ambp Hal Crocc2 Hspb9 Gm9733 Il20rb Rbfa Gm15448 Ceacam19 Ptx3 Stfa3 Lrrc59 Cxcl3 Hpx Pira1 Srxn1 Tom1 Chmp6 Pmm2 Fmn1 Wdr62 Slc17a5 Vps35l Mbip Pld1 Abca1 Vamp7 Bloc1s3 Gm6034 Tnfsf13 Tm4sf19 Ankdd1a Uggt1 Coa5 Gars Eif2ak2 Cyp3a13 Wdr26 Mdga1 Cep83 Nhlrc3 Gvin1 Braf Snap29 Acod1 Apobr Igf2r Gbgt1 Tbc1d13 Usp25 Rapgef2 Naip6 Zswim6 Abcc4 Nsf Stat6 Gm5544 Flna Gpr84 Il20ra Atp8a1 Mctp1 Bach1 Adgre4 Padi4 Dact1 Myo5a Ehbp1l1 Dlgap4 Pfkfb4 Mapk14 Ptpro Siglec1 Exoc1 Pgap1 Gfpt2 Adora3 Iqgap2 Pla2g4c Dclre1c Zfp992 Nxpe4 Gm5431 Gas7 A530064D06Rik Apba1 Cltc Dnajc13 Ermard Mtr Klra10 Rasgrp4 Nin Pot1b Klf3 Mov10 Ak8 Ankfy1 Wrn Adpgk Rap1gds1 Selenot Lacc1 Herc6 Fgd6 Kctd12 Cd300ld4 Fnbp1l Cpa3 Hsd11b2 Ddx60 Washc4 Gm11992 LOC118568032 Pde8b Adam22 Stard9 Wdfy3 Flrt2 Slfn5 Xpnpep2 Diaph2 Gfi1b Cysltr1 Rbpj Dppa3 Specc1 Tpp1 Slc16a10 Fez2 Wwp1 Spata6 Fgd4 Pde7b Slc38a6 Nptn Ifit3 Stom Cmpk2 Rsad2 Ifit1 Sestd1 Hgf Lrrn4cl Ocrl Vwa5a Pid1 Rtp4 Emilin2 Hgsnat Smpdl3a Snx9 Ufsp2 Phf11d Dpagt1 Serpinb10 Ankle1 Lypd1 Egfl8 P4ha1 Itch Tmcc1 Pgbd5 Folr2 Serpinb8 Akr1b10 Snx6 Fcho2 Hacd4 Epha3 Mrc1 B4galt6 Dync1i2 Dse Tep1 Rassf4 Ap1s2 Ifit2 Cd300lb Phf11a Tnip3 Gpr85 Tchh Adgre1 Clec4a3 Cd300ld Pigz Tmod3 Nlrp1a Slfn9 Spred1 Snap23 Abcc5 F830016B08Rik Tbc1d2b Usp8 Pltp Scamp5 Nfxl1 Sgpp1 P2rx7 Ticam2 5031439G07Rik Wdr41 Ehd4 Ddx52 Iqsec2 Hmox2 E2f1 Rgl1 Snx3 Rab11fip5 Vps33a Tor1aip1 Asb8 Rnf217 Lrrfip2 Cd93 Sirt2 Bnip2 Actr10 Fas Lgals9 Snx10 Ccr2 Def8 Rab1a Ahnak2 Atp6v1c1 Krtdap Tnfsf10 Pira2 Dhx58 Gmpr2 Mfsd7a Lgals8 Bloc1s6 Slc7a8 Pnp Tmem67 Cers6 Sirpb1c Igtp Sectm1a Gda Mlkl Gm4951 Parp12 Canx Ssh3 Slc25a5 Tpm4 Irf7 Psen1 Ifi211 Rbms1 Fkbp1b Csf2ra Parvb Mitf Cyb561d2 VimVipas39 Ccz1 Rab7 Ano6 C2Tmem30a Arhgap10 Tceanc2 Klf6 Scpep1 Gm7072 Mfsd1 Enpp4 Tmed10 Gdpd1 Vps26c C1s1 B2m Yipf1 Tlr4 Ifi44 Aida Lamp2 Slc25a24 Loxl3 Rhoa Rab31 Arf2 Cyfip1 Oas1a Parp9 Oasl2 Lmbrd1 Metrnl Rnpep Zfp991 Tent5a Ifih1 Exoc6 Atp2c1 Atp2b1 Fnip1 Clic5 Map3k15 Mapk9 C3ar1 Irak3 Pctp Gbp10 Gbp6 Wdfy2 Lair1 Gm5150 Itgam Dennd1a Naaa Ndst2 Kcmf1 1110059E24Rik Rab10 Rps6kc1 Pde6d Fgf7 Fam219a Tecpr2 Ptpn12 Ensa Ap1b1 Brox Pik3r6 Tm6sf1 Rrbp1 Ipmk Anpep Dnajc10 Gab2 Ncstn Zdhhc9 Mapre1 Mapkapk2 Atp6v1a Atp6v0d1 Htatip2 Myl12a Slc48a1 Lrmda Pisd Rtf2 Olfml3 Mapre3 Ggh Efemp2 Trappc3 Ift22 Slc39a1 Jpt2 Nudt9 Tmub2 Pdia6 Slc35b2 Gusb Ssr3 Nagpa Tm9sf1 Rnf135 Tmbim6 Glmp Slc66a2 Lgals3bp App Fam234a Adam9 Tor1aip2 Fam102b 2610002M06Rik Mettl21a Rpusd1 Gng12 Mindy3 Atp6ap1 Ccdc34 Hprt Stab1 Serpinb6a Mospd2 Pld2 Ctsb Npl Cpt1a Fubp3 Slc8b1 P2ry12 Manba Nat2 Rrs1 S1pr2 Sptlc2 Trim14 Dnajc8 Frmd4a Gdi2 Selp Arl6ip1 Smim15 Pcna Hnrnph2 Cenpi Sdc3 Gmnn Il10rb Vps4b Tor3a Unc93b1 Cryba4 Wsb1 Cd300a Atf3 Cpsf4 Atp6v1d Xkr8 Ywhah Praf2 Sertad3 Myrf Stat2 Hk3 Nod1 Psme2b Irf2bp2 Grn Slc8a1 Acp2 Rufy3 Stx7 Mapre2 Fuca2 Atp6v1b2 Bin3 Ifngr2 Dr1 Golga7 Lyn Trip13 Prcp Nceh1 Il21 Calhm6 Cysltr2 Abcd1 Lcp2 Trim21 Irf5 Irf2 Tnfaip8l2 Tpm3 B430306N03Rik Scamp2 Stard3 Marco Il12rb1 Marchf1 Arpc2 Flvcr1 Ogfr Plaa Aup1 Ninj1 Uap1l1 Ctsz Chmp4b Fnip2 H3f3b Bax Mag Crlf2 M6pr Usb1 Igf2bp3 Cd38 Plekho1 Neu1 Wsb2 Rbm7 Mrpl13 Idnk Atp6v0b Tmem128 Ddhd1 Ostc Gm36079 Tnip2 Psenen Dnase2a Serinc3 Rpusd4 Nsa2 C130026I21Rik Mgat2 Gpr107 Plgrkt Vdac2 Clta Ubl3 Ctsa H2−D1 Il18bp Ctsh Rnaset2a Trafd1 Gba Tent2 H2−K1 Tcirg1 Efhd2 Gng2 Mkrn1 Litaf Vat1 Cyb5r4 Picalm Man2a1 Slamf8 Batf2 Mertk Gns Arpc3 Cttnbp2nl Slc30a1 Ten1 Colgalt1 Smim24 Psap Gnb4 Fblim1 Ak4 Inpp5k Bgn Ddit3 Chst14 Tctex1d4 Fam222b Abraxas2 Fam91a1 Hexa Chmp1b Acvrl1 Erp29 Crcp Abhd12 Akr1a1 Trim47 Aagab Etv5 Lilra5 Rab29 Akr1c13 Med7 Snx8 Ahsa1 2210016L21Rik Kat5 Nup93 Szrd1 Prf1 Nfatc2 Trpv2 Nlrc5 Inpp5d Leprotl1 Tor4a Zc3h7a Plekhb2 Nckap1l 2310022A10Rik Resf1 Actr2 Mcoln2 Nrros Ikbke Ubash3b Crybg1 Gbp9 Sft2d1 Actr3 Lyl1 Uba7 Slc25a37 Prdm4 Fyb Apbb1ip Pip4k2a Pold3 Ly9 Cd48 Jpt1 Pkib Zfp984 Entpd7 Ptpn18 Twf2 Sh3bgrl3 Pfn1 Map11 Orai1 Ppp4c Nras Fhl3 Arrb2 Cln3 Pdcd10 Vamp4 Psmd10 H2−Q4 Arpc4 H2−M3 Rnf169 Cd53 Lat2 Pstpip1 Clcn5 Fam126a Znfx1 Ccr5 Nipa2 Heatr5a Srgap2 Prkx BC005537 Ptprj Acsl4 Rap2c Tlr6 Slc6a6 Srd5a3 Ap2m1 Irgm2 Atp7a Pilra Alpk1 Gbp7 Pilrb1 Myof Gbp4 Pilrb2 Pphln1 Erap1 Slc35a3 Ppp2r5c Sppl2a Vps11 Anxa4 Sgpl1 Tfe3 Stxbp1 Gnpda1 Elmo2 Mtpn Spaca9 Rp2 Dnaaf3 Sass6 Themis2 Synj1 Tnfrsf14 Slc23a2 Nfam1 Camk1d Gvin2 Nrp2 Ptafr Csf1r Ctsc N4bp1 Tmem170b Cyp4f16 Golph3l Nfe2 Tlr2 Plxnb2 Adam17 Map3k8 Cdk6 Tpsb2 Vsir Itpripl2 Pign Cdiptos Casp8 Tmem168 Phf20 Tmem171 Slc37a2 Tmem164 Gbp8 Abi1 Cd180 Inpp4a Cyria Naip5 Cgas Il15 Pgap2 Evi2a Vrk2 Aif1 Slc25a43 Phf11b Ebi3 Cyth4 Idua Rap2b Zfp90 C130050O18Rik Tnni3 Man1c1 Tbc1d23 Aph1c Brip1 Eif5b Cdc6 Pgm2 Dck Pik3ap1 Ppfia4 Rab39 Parp11 Arhgap11a Rbbp8 Zbtb34 Dtx3l Ptpre Napg Gpr65 Rab8b Ccl12 Ckb Slc9a9 LOC100503923 Hpgds Ptger4 Stag3 Lyz1 Nlrp1b Disc1 Kif24 Mms19 Pias1 Car9 Rims3 Gm6377 Batf3 Chek1 Lactb Abcg1 Nfkbiz Lmo2 4930503L19Rik Gm12185 Csprs Gm7030 Fgd2 Tgs1 Aftph Bmt2 Setdb1 Arhgap19 Wnt6 Plxnb3 Gmfg−ps Pbx3 Gbp2b Daglb Zbtb8os Tmem179b Stx4a Sirpb1a Fgl2 Sirpb1b Pak1 C5ar1 2610001J05Rik Fpr1 Cd300e Dynlt1a Tnfrsf11a Slc11a2 Nap1l2 Oas2 Hpf1 Sema3e Ifitm5 Dpysl2 Ccdc163 Slc10a3 Neurl2 Zfp455 Nxpe5 Ly96 Siglece Ly86 Marcks Lipa Rab3il1 Tmsb4x Saraf Gins1 Ethe1 Arl6ip5 Lgmn Atp6ap2 Sh2d1b1 Ubald1 Ccl3 Gdf3 Syn1 Ankrd66 Smagp Ms4a14 Snx24 Ms4a7 Tlr8 Tmprss4 Mthfsl Nudt16 Calm2 Snrpb2 Tmem68 1810030O07Rik Slc35d2 Rbm43 Zfand5 C1d Cnih4 1600012H06Rik Maf Rab7b Clec4a2 Ifitm2 Clec4a1 Ccl6 Rnf130 Bbip1 Azi2 Has1 Pin4 Cyp1b1 Dram2 Ccdc126 Nagk Zfp945 Sugt1 Oip5 Tmed10−ps Atad1 Cma1 Cept1 Nipsnap3b Mcpt4 Bmper Cbr3 Msl3l2 Eps8 Slc9a4 CpTnfaip6 Cryzl1 S100a6 Ccl11 Slc41a2 Pdcd2l Morf4l1b Mb21d2 Unc50 Adgrg6 Rpp30 Ccl8 Klra3 Slc13a3 Commd7 Fos Misp Gcg Fhad1 Tmem176a Ascl2 Tmem176b Lrp4 Zdhhc6 Serpinb9b Slc12a9 Rnasel Glb1 Pdgfc Stard8 Itm2b Eif4e Erlin1 1110059G10Rik Cryl1 Bag3 Cygb Selenon Rab11a Mdfic Ctso Kcnk2 Arl4a Nthl1 Nedd4 Sik2 Aldh6a1 Hibch Fzd3 Rxrg Egflam Emc9 Prkci Proca1 Ebf1 Arhgap32 Fyco1 Elp4 Rmdn2 Smoc1 Eci1 C1qtnf12 Car5b Adhfe1 Lrp3 Bhlhb9 Ppargc1a Acsl1 Rab11fip2 Dcst1 Gtf2ird1 Ipo9 Trmt9b Kank1 Prepl Sh3glb2 Mboat2 Fgf14 Lrrn4 Baiap2 Adrb3 Sh3yl1 Slc5a8 Pappa Adamts12 Lgr6 Zkscan4 Tmeff1 Lrrc58 Zfp704 Kctd21 Flacc1 Ccdc159 Fgf10 Gulp1 Lamb1 Cavin1 Ctcfl Fgfr1 Efna5 Tom1l1 Arhgap23 Echdc2 Abhd14b Bckdhb Dhrs7b Sod1 Prdm16 Tph1 Ranbp3l Slc7a10 Gm266 Efnb1 Mical2 Ctf1 Chst1 Ncam2 Tmem216 Car3 Hcar1 Magi3 Csad Arxes2 Acot1 Celsr2 Cmtm4 Cmbl Ephx2 Hacl1 Kcnk16 Gm4847 Fcgbp Slco1a5 Adamts18 Dcst2 Pak3 Cdc73 Acvr1c Txlng Polr3gl Irx4 Mcph1 Trps1 B3galt2 Pde3b Gm10037 Emp2 Flvcr2 Klhl2 Irx3 Elapor1 Rgl3 Opn3 Ccl27a H2bc6 Tceal1 Frk Triqk Ednra Lurap1l Esyt1 Mlec Mypop Ube2h Acaa1b Aldh1a3 Lrp6 Lzts3 Tdrd3 Isoc1 Pigg Gsta3 Cdkl3 Ppm1b Rslcan18 Dync2h1 Crppa Hmgb3 Ccpg1os Paip2b Zfp266 Ptgfr Zkscan3 Stard13 Tslp Kif27 Nanog Pck1 Serf1 Perp Erbb4 Rbms3 Marchf10 Ropn1l Ndrg2 Jmy Armcx4 Rnf182 Rufy4 Thnsl2 Pxmp2 Myo1b Tspan6 Etl4 Blcap Ncbp2 Ptpn14 Fbxo32 Jup Rida Postn Atp1a2 Zim1 Rhbdl1 Pxdn Exd1 Abca5 Acadsb Sort1 Ppp1r9a Dhtkd1 Hnmt Fermt2 Sec16b Pygo1 Msrb3 Tjp1 Kif7 Acad11 Hsf3 Acad12 Mcam Prkar2b Lhfpl2 Glb1l2 Gm52875 Pdzd2 Lyplal1 Tspan12 Atp2b4 D3Ertd751e Cgnl1 Krt17 Insr Thra Medag 1810010H24Rik Lama2 Agap1 Syne2 Twist1 Lum Fsd1l Nbeal1 Clock Smarca1 Odf2l Slc16a7 Caprin2 Ar Slc9a3r2 Rtl8c Tsc22d1 Fhdc1 Syne4 Lrch2 Noct Irx5 Denn2b Cyb5d2 Fcrls Fam161a Colca2 Aqp1 B4galt2 Rasgrf2 Sparcl1 Hpgd Ano1 Sgce Adgra3 Rhobtb3 Acbd5 Itgb8 Sh3tc2 Tfdp2 Yes1 Nap1l5 Fgd5 Sertad4 4430402I18Rik Gsn Ces1f Negr1 Zfp667 Gm33989 Selenoi Pik3r3 Shroom4 C330018D20Rik Creb3l1 Igf2 4931406C07Rik Amotl1 Tcaf1 Ccdc3 Aoc3 Cachd1 Fgfrl1 Nrep Slc25a23 Fry Amy1 Cnn1 Kcnmb1 Cd59b D430019H16Rik Cdadc1 Slc22a17 Cacng7 Nek1 Sgcd Ppp2r5d Vcl Smarcc2 Dnajc28 Fam126b Cdkl2 Hoxd4 Kif1b Tmem45b Cib2 Spata22 Vldlr Bche Six1 Mprip Rbbp8nl Gpc4 Gstk1 Etfa Syap1 Cav2 Nicn1 Apcdd1 Cav1 Foxo4 Heph Heyl Eci3 Gnpat Pm20d2 Galm Gnai1 Fam184a Pkd2l2 Pex1 Plch2 Pygb Ces1d Thrb Mme Mgll Klhdc8b Mapk1ip1 Zbtb10 Six5 Hoxc6 Iqcc Mbtps1 Syp Acad10 Bbof1 Dgat1 Gpr153 Catsperz Hoxa3 Zfp395 Slc22a23 Ybx2 Ifnlr1 Zkscan7 Lrig1 Tmem53 Mipep Sec31b Pgrmc2 Immt Rpp40 Zyg11b Hapln3 Ccl25 Ipo11 Bbs1 Ttbk2 Mdh1 Aifm1 Ppp1r1a Pam16 Ndufs2 Ndufv1 Mtch2 Rbfox2 Pnpla8 AW549877 Erc1 Etfdh Cul4a Slc36a2 Trim44 Acy3 Rpe Ptgr2 Lonp2 Fto 4930402H24Rik Zfyve9 Fam210a Pparg Suclg1 Sucla2 Tmlhe Mrpl50 Ginm1 Eif2b3 Macrod1 Dag1 Sptan1 Hadha Maged2 Ptprd Tmem80 Pcca Cspg4b Golim4 Mfn2 Mmut Mtus1 Nrip1 Fgf2 Sccpdh Iars2 Thnsl1 Abhd6 Hint3 Deaf1 Arhgap35 Fh1 Myo5c Tmem184c Rassf8 Klhdc7a Mfsd8 Agpat3 Ntng1 Gid4 Fktn Dhdh Dab2ip Sorbs1 Mmaa Mmd Abhd15 CYTB Hadh Clybl Plin1 Arhgef40 Aldh2 Mccc1 Gprc5b Cep126 Ldhb Gm40011 Mthfd2l Npas3 Etfrf1 Acat1 Aldh5a1 ND4 Fnta Thbd Lman2l Fbxl7 Dlc1 Hoxc8 Prrg2 2510009E07Rik Scn7a Epb41l5 Cdkn2c Myom3 D2hgdh Abcd2 Wdr35 Otud6b ND1 Sepsecs Fbxl4 Acad9 Prdx3 Hoxa7 Pitrm1 Arl15 Cc2d2a Retn Metap1d Acot6 Pex13 Pard3 Cdkl5 Smarcd3 Maoa Phyh Nbea Slc44a3 Pde1a Angpt1 Ghr Nfib Chdh Hint2 Pacsin3 Trap1 Cpt2 Acadm Lancl1 ND2 ND6 ND5 Acads Shpk Neo1 Vwa8 Pex19 Prkag2 Gcsh Akap1 Uggt2 Prxl2a Ivd Mccc2 Lipe Gstz1 Clpb Decr1 ND3 Xpnpep3 Miga2 Grhpr Itm2a Dhrs4 Hyal1 Cd163 Extl3 Hsd17b4 Pfkfb3 Laptm4b Macrod2 Pigbos1 Wdr93 Echs1 Sugct Isoc2a Bckdha Tmem120a Ston1 Ctdspl Rhbdf1 Etfb Slc1a5 Echdc3 Pex5 Cebpa Adig Vegfb Tmem143 Papss1 Clcn2 Btd Papln Kyat1 Snrk Sec14l2 Sytl4 Tcf15 Dusp18 Ndn Sh3d19 Il17re Bcam Anapc13 Coa8 Jag2 Mpdz Grtp1 Cavin3 Acaa2 Cd151 Atp9a Ltbp3 Cuedc1 Dock6 Cavin2 Cd320 Cox6a1 Dgcr6 Ptprs Ptpru Mecr H4c8 Slc5a3 Klhl12 Ubl4a Nfs1 Iftap Mrpl49 Yap1 Map1lc3a Clstn1 Mrps6 Cdc42ep1 Fahd2a Prss36 Kbtbd3 Zfp651 Rgcc Smo Hsdl2 Rtn4rl1 H2ac18 Hey1 Spon2 Map9 Aqp2 Pgghg Ifi27 Sec61a2 Pard3b Crispld1 D830031N03Rik Gas1 Ldah Angptl2 Zfp185 Irs3 Dmrt2 Smim10l1 Tfr2 Myo6 Tshr Ift172 Slc18b1 Phldb1 Ndufb3 Trim68 Ano8 Rprml Colgalt2 Dcaf4 Tdrp Ptgfrn Col6a3 H2bc4 Gucy1a2 Arntl Stox2 Fap Lonrf2 Vstm4 Masp2 Ganc Napepld Fah Grhl2 Esrp1 Nubpl Hykk Kcns3 Tead3 Tcim Abcb6 Pxmp4 Irak1bp1 Inca1 Chadl Trf Pdk2 Ormdl3 Agbl3 Sema5a Fam8a1 Ndufb4 Phkg1 Calr3 Hacd1 Glo1 Fdx1 Mc2r Rorc Sgtb Hibadh Armcx1 Yeats2 Tlr5 Dlec1 Fam83e Car12 Adamts19 Zfp523 Dct Meis2 Rassf6 Gpx3 Lyzl4 Kcnc3 Ces2e Mtg2 Crocc Jrk Lama5 Zfp672 Map7 Cbarp Fam161b Bdnf Nectin1 Cldn8 Alcam Stxbp6 Vgll4 Nt5e Mmp15 Tspan9 Yars2 Tead2 Gipc2 Cdon Lad1 Cep95 Igsf9 Erc2 Zfp872 Ptgds Cd209d Cd209a Tspan7 Slc38a4 Myl6b Bcl7a Kmt5b Dennd11 Fndc10 Fer1l4 Prlr Tmem158 Capsl Ripk4 Tbx3 Bhlhe41 Hmgn1 Igsf5 Glis3 Capn8 Homer2 Tlcd4 Slc44a4 Slc35f3 Pex10 Rapgefl1 Fahd1 Esrp2 Pcbp3 Nkapl Slc25a25 Zfp275 Kcna1 Las1l Zfp977 Samd5 Ctxn1 Rasef Agk 2310030G06Rik Krt19 Dlg3 Cd164 H2−Ke6 Gadd45g Trp53i13 Grb7 Gata3 Krt18 Zfp428 Arhgef19 Ptprf Macc1 Kansl1l Tmprss6 Sh2d4a Ifrd1 Mup22 Kcna6 Hmga2 Calca Zfp239 Ccn6 Cdcp1 Eya2 Cblc Ap1m2 Cnr1 Camk2n1 Proser2 Esr1 Unc13b Pof1b Tfap2a Eif4a2 Plagl1 Hddc3 Prpf40b Lrrc4c Pcmtd2 Pigl Arhgef38 Rnf207 Zfp2 Chmp4c Plekha6 Cxadr Zfp60 4930467E23Rik Jag1 Zfp354b Pcsk2 Gcnt4 Clca1 Slc27a6 Sh3gl2 C2cd4c Wscd1 9330159F19Rik Lypd3 Spry1 Dlx3 Scg3 Tmem184a Fermt1 Mtcl1 Cfap221 Ffar4 Lgals12 Bbs2 Tmem132c Msc Gpat3 Cth Glt1d1 Mycbpap 2810408A11Rik Igsf1 Pard6g Plppr3 S100a14 Wdr89 Alx4 Hic1 Lrrn2 Cacna1g Zfp157 Meox2 Lpar4 Cep85l Itprid1 Kdelr3 Mecom Pcdh18 Synm Mapt Jph1 Smyd1 ND4L Cacna2d1 Mkrn3 Klhl33 Tarsl2 Ptprz1 2210418O10Rik Kcnj11 Usp2 Hspb6 Dclk3 Zfp770 Sptb Tox3 Prkd1 Trpv1 Stau2 Kcnj8 C2cd2 Wnt9a Usp53 Ecm2 Cyb5rl Zfr Fzd2 Yae1d1 Plcb4 Txnrd2 Zfp931 Zfp982 Smarca2 Aasdhppt Peg10 Fat2 Zbtb41 Slc6a2 Hoxc10 Arhgap29 Afdn Tmem8b Tln2 Scrn3 Zfp354c Scoc Aplp2 Ahsa2 Get1 Hoxa10 Mrps31 Phkb Prkab2 Ppp2r1b Arhgap5 Aspa Acp6 Mblac2 Dld Kif21a Pcdhb14 Abcd3 Ndufa9 Pomt1 Dlst Aco2 Aldh1a7 Kpna6 Jazf1 Bpnt1 Pgm1 Tdrkh Pcnx Uqcrc2 Idh3a Ppm1l Abcb10 Ppp2r5a Sdha Shox2 Ankrd40 A1bg Pald1 Sema6c Fads3 Itga6 Prickle1 Srr Ak3 Slc16a12 Slc24a3 Rnf11 Ptp4a1 Grb14 Rtn2 Unc45b Coro6 Tmem44 Gm5820 Podxl2 Smoc2 Cbwd1 Oacyl Trim45 BC034090 Pitpnm3 Arhgef28 Ccdc189 Zswim5 Mfsd13b Rab9b Gmpr Nexn Ldb3 Zfp708 Topaz1 Shisa2 Pdlim3 Dpysl5 Btnl9 Adamts2 Col1a1 Col1a2 Clic6 Ccdc24 Dusp8 Plod2 Kcne1l Moxd1 Ehf Bbox1 Lgals7 Mettl7a1 Pcsk5 Acta2 Cthrc1 Nnat Btn1a1 Mest Gas2l2 Col7a1 Krt23 Col17a1 Srpx2 Sox10 Prelp Egfl6 Abat Crabp2 Col4a2 Slc25a42 Col4a1 Cdnf Acp5 Lamb3 Bcl2l2 Zfp423 Kit Slc6a15 Mttp Elovl4 Aldh1a1 Krt5 Myl9 Nid1 Tril Shc4 Gstm4 Sptbn1 Fhl2 Lgi1 Snai2 Olfr558 Tfap2c Cdh3 Serpinf1 Ret Fbln7 Klf14 Slc6a13 Sparc Mtss2 Fhod3 Gabrp Atp6v1b1 Scnn1b Tspan2 Scnn1g Aspn Aplnr Ccdc144b Ugt3a2 Adamts17 Rhoq Gdf5 Nova2 Dsg1b Afap1l1 Ptchd4 Fam217a Clca2 Obsl1 Sox7 Slc38a3 Zdhhc2 Hydin Fsd2 Tacr3 Calcoco1 Pcdh1 Robo4 Glt8d2 Ctnnal1 Ajuba Mpp7 Ablim3 Gstm5 C1qtnf9 Fgf1 Npr3 Lep Hmcn2 Pcbd1 Svopl Lmo1 Plekhb1 Klhl23 Abcg4 Lrrc3 Cldn5 Col4a5 Pon3 Actg2 Samd4 Sulf2 Sucnr1 Fkbp9 Peli2 Lims2 Plet1 Acox1 Adh1 Mgst3 Ech1 Adipoq Fabp4 Parva Auts2 Grb10 Mpv17 Osbpl1a Sncg Pkp1 Krt14 Bmp3 Ctsf Hc Wwtr1 Ccdc80 Aqp7 Matn4 Upp2 Fxyd3 Lpl Cd36 Enpp3 Vnn3 Peg3 Gpr156 Il34 Art3 Npas2 Prnp Btbd3 Adgrl3 Dusp19 Zfp503 Slc2a12 Pafah2 Tmem109 Ushbp1 Mpzl1 L3hypdh Tmem14a Omd Rgs4 Klhl13 Ttpa Gas6 Htra1 Spon1 Adcy5 Fhit Cyp4f17 Gm12248 Mup7 Pdzrn3 Npdc1 Pmepa1 Hspa12b Magi1 Plin4 Npr2 Cdkl4 Ephb3 Ngef Cfap99 Ctr9 Abcc8 Rtl8a Fzd8 Myh14 Ccdc42 Notch4 Nrarp Sh3bp5l Fam110c Cables1 Sema3b Plxna2 Lzts1 Plin5 Oxtr Greb1 Mmd2 Slc4a2 Cacna1a D630045J12Rik Nav2 Nuak1 P3h2 Gucy1a1 Trpc3 Scd3 Fgf16 Idh1 Plscr4 Elavl3 Krt79 H1f10 Lctl Adra1a Kcnj14 Lamb2 Prr16 Orm1 Gria1 Trp53inp2 Grin2b Adamts16 Il31ra Plaat5 Kera Lrrc27 Slc22a2 Cryab Syde1 Smim1 Optc Plppr4 Jcad Rgs6 Vsig2 2900026A02Rik Msra Rab4a Pef1 Uqcr11 Uqcc1 Hagh Fam219b Poldip2 Glrx5 Ldhd Fam171a2 Pmpcb Creld1 Inpp5a Arhgef9 Ccdc9b Gpam Kif1c Ndufab1−ps Tmem250−ps Mrpl17 Gna11 Bola3 Ttl Ndufb9 Nf2 Ndufa10 Acadvl Coq9 Idh3g Atp5b Uck1 Maged1 Svip Bace1 Idh3b Cdc42bpa Nckap1 Hadhb Nudt4 Spg7 Dolk Pccb Irs1 Hspa12a Mrpl37 Mdh2 Akt2 Ndufab1 Coq6 Slc22a3 Rbp4 Ly6g6c Pm20d1 Hr Lzic Spag4 Slc27a4 Ablim2 Arhgef15 Cfl2 Tns1 Kifbp Gstm1 Usp46 Hdhd2 Nsun4 Gstm2 Bnc2 Nudt18 Sybu Cyhr1 Ndufs5 Rab34 Lzts2 Fcor Pstk Ndufb8 Cox19 Hspb1 Rbm20 Uros Rad9b Man2a2 Hebp1 Asb1 Pomgnt1 Col6a2 Jmjd8 LOC118568062 Fbxo9 Reep6 Arhgef17 Epas1 Nrxn1 Vstm2b Lrrc15 Bcl2l13 Ggcx Dok4 Tbx2 Nomo1 NtmSlc1a4 Lama3 Ypel2 Ptprb Akap12 Tgfb3 Dpt Fzd4 Tshz2 Ahcyl2 Col3a1 Col6a1 Col5a2 Zfp532 Cd59a Palmd Sspn Ehd2 Tmem98 Fmr1 4833439L19Rik Mup3 Krt15 Pcsk6 Mturn Itih5 Cped1 Lpgat1 Ntrk2 Myo1d Sod3 Mfap2 Paqr6 Nkain1 Plce1 Pkp2 Tmem255b Gucy1b1 Garem1 Tex2 Copz2 Ephb2 Megf8 Pi15 Cdkn1c Tenm4 Gpr27 Cdc42ep4 Hspg2 Col5a1 Adam12 Kif26a Spaca1 Radil Fn3krp Pls3 Ccdc91 Ptprg Srgap1 Chpt1 Nudt12 Arhgap20 Zfp449 Dtx4 Clpx Prickle2 St3gal3 COX1 1110032A03Rik Bmpr1a Epm2a Ttc8 Lama4 Frem1 Aldh7a1 Cd99l2 Arhgef12 Aox1 Hebp2 Arxes1 Tgfb1i1 Bphl Syt14 Itga7 Dlg5 Slc25a26 Ankrd46 Mrrf Wwc2 Adipor2 Fitm2 Nphp1 Lamc1 Lgals1 Zfp93 Ttc30b Prex2 Mcee Tcaf2 Ndufv3 Dapk1 Fxyd1 Mtg1 Ndufa4 Tacc2 Akr7a5 Gpd1l Tfb2m Tsks Krt20 Il17d Wnt5a Ankrd24 Ssx2ip Popdc2 Fam83a Gli2 Pcdh12 Bcar3 Zfp827 Col15a1 L2hgdh Rbpms2 Apc2 Psd2 Jade1 Rrm2b Mmp28 Akr1c21 Rnf144a Ptpn4 Ercc6l2 Smad5 Dzip3 Wdr78 Fign Ggnbp1 C1qtnf7 Ccdc62 Prdm9 Lrrc17 Dnaaf4 Atpsckmt 6430550D23Rik Mtx3 Hmcn1 Hmg20a Zbtb46 Srgap3 Zc3hav1l Mthfd1 Thsd1 Otud7b Tfb1m Entpd6 Cdk5rap1 Tro Mettl4 Ttc21b Ppp4r4 Dgkd Abhd18 Zfp507 Arid2 Hectd2 Lrrc8d Echdc1 Cldn1 Ttc3 Cluh Ptch1 Utrn Hipk2 Nes Dyrk1b Rnf24 Zbtb20 Srpk2 Amer1 Kat6b Brpf3 Gpr34 Rps6ka5 Kdm5b Zfp467 Rasal2 Ncor1 Xrcc3 Dnm1 Ndufaf1 Zfp462 Dbn1 Pcdh7 Sigmar1 Afg1l Magix Kctd3 Cyp2u1 Hunk Tmem184b Tfcp2 Pik3cb Cep104 Epb41l2 Mtor Zadh2 Gfm2 Cpeb2 Ttc37 Vps13d Lrpprc Ide Fam160a2 Ints10 Stxbp4 Klhl17 Myo19 Wdtc1 Tsc2 Heatr5b Prr5 Socs2 Ctnnd2 Vash1 Cbx6 Spef1 Tmem204 Emid1 Mfge8 Phgdh Phf8 Rgs5 Col12a1 Prom1 Bik Mdfi Irf6 Eps8l2 1700020L24Rik H1f4 Shf Zfp964 Syt7 Plxnb1 Ddit4 Adgrg3 Pllp Mrps35 Mettl26 Flrt3 Letm2 Pabpc4 P4ha2 Pex6 Wdr4 Gm11837 Kcnq4 Bpifb6 Sema6d Notch3 Adcy6 Spa17 Plxna3 Aatk Fam120c Slc2a13 Tmem178b Mettl24 Cacng4 Rsph3b Tmem119 Ttyh2 Alk Zbtb4 Sh3pxd2a Trp53bp2 Tmem245 Armcx2 S100a7a Hdac6 Maml3 Smg6 Glyctk Prag1 Alad Sox12 Mrvi1 AI597479 Rpgr Lratd2 Timm21 Ranbp17 Prmt2 Podxl Coq10a Kctd2 Adrb1 Cobll1 Ntn3 Gtf2h3 Aktip Pomgnt2 Tmem266 Fam114a2 Nap1l3 Mex3a Dapk2 Lurap1 Bcr Inka2 Pex26 Crebl2 Cmtm8 Nedd4l Pon1 Pdgfa Lyrm7 Trim24 Ankrd13b Mogat1 Ubqln1 Cald1 2700081O15Rik Fgf13 Cdc23 Sncaip Ccser2 Gfod1 Cdsn Plekhg5 Synpo2 Thap12 Cdip1 Nkd2 Retnla Msrb2 Efnb2 Ackr4 Cog6 Suox Abraxas1 Elapor2 Gtf2i Map3k13 Thoc2l Tango6 Pfkfb1 Rasl10a Aco1 Klb Gnb5 Zfyve21 Tmem201 Pyurf Mical3 Clstn3 Parp16 Mknk2 Rab6b Prss12 Cntnap1 Pclo Crym Trim67 Cd209c Aasdh Agps Areg Gemin5 Gsto2 Atl2 Amhr2 Pogk Mpp2 Pde2a Hmgn3 Osbpl5 Clpp Ddr1 Elp3 Mettl27 Rhbdd2 Dnajb2 Ephb6 Ppp2r3a Ppara Pus7 Suclg2 Zfp612 Sox5 Irx2 Mettl2 Ppp1r37 Ccdc85c Nars2 Ndufb10 Smim8 Qser1 Sox4 Ryk Inhbb Osgepl1 Eepd1 Lrrc75b Rai2 Tmem70 Dbi Map6 Pdhb Gys2 Chn1 Mpc2 Tmem120b Mindy2 Kbtbd13 Adamts10 Hsd17b7 Gga2 Mogat2 Map2k6 Leo1 Slc19a1 Jakmip3 Kcnb1 Dgat2 Fdft1 Rhbdl3 Tcaim Cs Nat8l Pdha1 Cyb5b Ddhd2 Unc5a Spire1 Slc2a4 Prpsap2 COX2 Pank1 Prkaa2 Asb12 Tmod1 Smtnl2 Atp1b2 Xlr3c Nrg4 Dcaf6 Pdss2 Rpusd3 Ppp1r3c Syt12 Cndp1 Klk10 Sqle Idi1 Nsdhl Agpat2 Gale Slc25a10 Insig1 A530016L24Rik Odf3l1 Lactb2 Ucp3 Slc25a35 Ptger3 Pcyt2 Sc5d Otop1 Mvk Ppp2r5b Dhx32 Phlda3 D5Ertd579e Tecr Tmem179 Rsph3a Tlcd2 Angptl8 Mpc1 Comt Pth1r Mlxipl Aacs Cspg4 Palm3 Pmel Gm3739 Bmyc Dmbt1 Stx1a Sorl1 Sbk1 Pmvk Lss Acat2 Dhrs7 Tmem79 Fdps Scd2 Thrsp Tkt Adcy10 Cyp51 Pygl Gpd1 Ddit4l Sbp Usp13 Srl Myl1 Tpm2 Kcna7 Tpm1 Jph2 Rbm24 Pfkm Prkag3 Pde4dip Hsph1 Capn3 Phka1 Htr1d Gprin2 Upk2 Acsbg1 Slc25a29 Rdh5 Gm2115 Gal3st2c Kcnh3 Tyr Kcnip2 Snap91 Ache Hcn3 Gad1 Scn4b A530021J07Rik Pcdhb10 Utp14b Zfp950 Guca1b Ptpn5 Slc5a5 Tmprss11a 9030025P20Rik Syn2 Nr5a2 Spock3 Lrrc9 Aqp6 Atp13a3 Cxcl15 Thsd4 Faim2 Esrrb LOC118568783 Pnldc1 Stk16 Lipt1 Smim14 Acyp1 Tmc5 Mgmt 2810004N23Rik Pemt Zhx1 Efcab2 Mst1r Chst7 Ssu2 Mrm3 Pdzd4 Mlph Klra8 Fndc4 Dvl1 Cystm1 Amotl2 Ptn Pgap4 Armc6 Mtln Mrpl53 Trappc2 Dusp10 Id3 2510002D24Rik Rundc3a Foxo1 Eml2 Rdh10 Wiz LOC118568020 Nudt6 Gpc1 Dcun1d2 Pdlim7 Ypel1 Efna2 Cysrt1 Dnaja4 Klhl8 Serpina1c Rab3ip Fam90a1a Txnl4a Utp4 Mterf2 Mterf3 Adat1 Rev3l Gata6 Arhgap40 Rcor2 Rgl2 Glt28d2 Zfp7 Ovgp1 Eya1 Rnf167 Gabrr2 Mtfp1 Fat3 Sun2 Ubac1 Acsl3 Ndufaf7 Pex14 0610009B22Rik Mmachc Coasy Nudt7 Ppip5k1 Lix1 Emc6 Gcat Pmm1 Cyc1 Pex16 Flad1 Apoo Sipa1l2 Atp5a1 Fam217b Garnl3 Pigq Nos3 Lrsam1 Sdsl 3110009E18Rik Gapdhs Gatb Cdc14b Chml Pdzd7 Rnft2 Mrps5 Cisd3 Tmem69 Bahcc1 Txnrd3 Iqank1 Gria3 Lrrc1 Gm10767 Ccr10 Adgrb2 Ears2 LOC115489981 Gabrb2 Fam149b Lrfn4 Btbd6 Syngr1 Fmc1 Zfp579 Esyt2 Tbc1d16 Atad3a Ccdc66 Aars2 Vars2 Prmt5 Tubg1 Hdhd3 Ly6h Cdk18 Cdkn2b Carmil3 Aldh1a2 Myoc Lynx1 Efr3b Abcb9 Klhl3 Lnx2 Frat1 Memo1 Bend3 Mtss1 Llgl2 Polg Igdcc4 Pitpnm2 Col6a6 Dkkl1 Krt8 Car11 Pkd1 Pcdhb6 Krt10 Mex3b Hoxb6 Pgr Znrf3 Catspere2 Tuft1 Ccdc162 Pxdc1 Aff4 Igfbp2 R3hcc1 Adamts9 Wasf1 Lyrm9 Ltbp4 Tafa5 Rmi1 Twnk Tecpr1 Gm42517 Gle1 Tufm Ccdc137 Nek8 Arl2bp Bcl9l Kdr Fam98a Usp19 Sugp2 Afap1 Tle2 Gdi1 Rtn4ip1 Ptch2 Ptcd3 Gpt Rims4 Pdp2 Ntrk3 Neurl4 Abca2 Zc3h7b Ssbp3 Zfp609 Cul7 Col13a1 Ube3b Ldlrad4 Gpr17 Sfxn4 Sardh P2rx6 Dmpk Cnnm2 Col5a3 Hmgcs1 Mcrip2 Igfals Mxd4 Agpat1 Vwa1 Dynll2 Nid2 Rflnb Rasl12 Matn2 Trarg1 Rgs7bp Alb Fam53b Gsta4 Ogdh Atpaf2 BC029722 Igfbp6 Insyn1 H3c15 Col25a1 Bcar1 Rpp25 Evi5l Cdpf1 Pex11g Borcs8 Asap2 Ppp1r16a Iqsec1 Lamc3 Gin1 Ppp1r3e Pla2g6 Trpv3 Elac2 Tnks1bp1 Lonp1 Gatd3a Hemk1 Mgl2 Zfp9 Pnkd Rras2 Mettl15 Fam234b Alg2 Krt222 Tbl2 Larp1b Pakap Oxnad1 Kcnh2 Irgq Yjefn3 Acy1 Snap47 Orm3 Elmo3 Rab11fip3 Entpd5 Aldh4a1 Uqcrfs1 Gys1 Ccl24 Mmab Tlcd1 Fat1 Trabd2b Dio2 Pnpla3 Poln Dhcr24 Stat5a Mettl7b Fam136a Fam180a C030006K11Rik Vmn2r57 ATP6 Cdk16 Prss27 Isca1 Myorg Cry2 Aamdc Hoxc5 Prkaca Serpinh1 Letmd1 Dmtn Pank3 Noa1 Nkd1 Wdr77 2310061I04Rik Gpr63 Fam160a1 Them4 Micu3 Retreg3 Ndufb6 Mrps22 Cidea C130074G19Rik Ttc28 Atrn Fn3k Lrrc39 Ebf3 Wscd2 Deptor Trak1 Kank2 Kmt5a Megf9 Gja1 Tspan18 Septin5 Fads2 Ddo Dlat Pcx Letm1 Mtarc1 Atp5g3 Abcb8 Micall1 Mrap Top1mt Cox8b Acsf3 Uqcrc1 Ywhag Trub2 Ecsit Farp1 Pik3r1 Tpcn1 Slc25a44 Bicd2 Fxyd2 Scd1 Ank2 Tinag Slc25a19 Angptl1 Ttc7b Pcdhb9 Actr1b Nrip2 Eml1 Tmem182 Adi1 Golga7b Zbtb8a Aqp5 Tm7sf2 Ski Gadd45a Slc25a39 Abhd14a Trip6 Gpx4 Fam186a Haus7 Tuba1a Ntsr2 Efcab8 Ppcs Ncan Fgf18 Ppm1f Cyp3a57 Trappc4 Plekhh3 Nol3 Nkiras1 B3glct Tmem186 Sirt5 Polr3g Tmem254a Gamt Cdr2 Slc22a14 Bcl6 Paqr9 Gnao1 Tcte2 Hoxa4 G0s2 1300017J02Rik Itga2b Bpifb5 Syndig1l Bpifb3 Col6a5 Il22ra2 Il13ra2 Cd209b Slc35g2 Fv1 Baiap2l2 Akap9 Pnisr H2bc21 Foxq1 Cntn1 Magea9 Ctsr Mtmr7 Eps8l1 Plk5 Elovl7 R3hdml Lingo1 Cdcp3 Gap43 Zbtb8b Rasgrf1 Rph3al Atf7ip2 Dzip1 Akap5 Armc9 Fmod Dgki Dus2 Ppdpf Gli1 Cyp2s1 Asxl3 Nkpd1 Fam193b Crtc1 Dhodh Gm4787 Zer1 Polr3e Spsb1 Krba1 Zhx2 Vtn Ylpm1 Izumo4 Dot1l Iqsec3 Poli Rab30 Ccdc15 Fntb Cep68 Cbfa2t3 Zfhx2 Sspo Rhof Zbtb37 Kmt2c Pde7a Bicdl1 Brwd1 Scml4 Cdc37l1 Xrcc6 Tbc1d4 Col27a1 Bcan Tia1 Hnrnph3 Scai Chd6 Adamts20 Nrk St8sia2 Cd209e Kcnj16 Smim5 Tcerg1l Pde1c Mfsd2a Mars2 Boll Prkcz Gabbr1 Cd200 Atp1b1 Ggt1 Urb1 Il17rb Btbd11 Slc16a5 Wnt10a Crisp3 Spata31d1b Dgka Cacna2d4 Adam11 Carns1 Rapgef4 Cacnb3 Xkrx Fcer2a Klk9 Cd207 Gal3st2b Vipr1 Nphs1 Clec4g Dntt Slc28a2b Lypd6b Nudt17 Ift80 2610528A11Rik Stmn2 Mga F8Scube3 Siglech Mycn Zcwpw1 Ttc39a Aqp3 Havcr1 Arc Oprd1 Xlr3a Cdh4 Olfml2a Ubr1 Akap11 Zkscan8 Dis3l Vsnl1 Setd4 Esyt3 Slc25a27 Zscan30 Strip2 Sh3rf1 Ubn2 Sytl5 Pura Tasor Has3 LOC115489417 Cxxc5 Scube2 Eml5 Rfx3 Msh2 Zfp369 Ice2 Dnmbp Osbpl6 Nae1 Cpe Alkbh8 Hdac2 Lrat Casd1 Ace2 Simc1 Synj2bp Mettl16 Zfr2 Gprasp1 Fgf11 2610008E11Rik Limch1 Trhde Morc4 Adal Apex2 Bcorl1 Tet1 Vezf1 Tmem64 Ric8b Pwwp3a Tmem177 Hoxa9 Golga2 Slf1 Cdo1 Igsf3 Tmem135 Hspd1 Slc35d3 Rnf43 Sesn3 Golga4 Trp53bp1 Numa1 Bod1l Snapc3 Pbld2 Ints8 Fam178b Sox8 Tcp11 Ube3a Zfp438 Fgfbp3 Wdr75 Tanc1 Ndrg3 Hexim2 Tmem88b Zfp113 Enpp2 Gprc5c Zfp280d Mier3 Zmat1 Defb1 Egln3 Bicral Patj Cdh2 Zfp943 Pdcd4 Cebpz Klhl42 Adgrl1 Axin2 Pigw Tnk2 Epm2aip1 Dcdc2b Klhdc1 Ankrd35 Rasa2 Helz Gm12258 Dido1 Edrf1 Cdkl1 Prkdc Zfp397 Fam186b Zmym2 Mphosph8 Ubtf Cntrob Kdm1b Prkca Ablim1 Xrcc5 Nipsnap1 Hdhd5 Cpm Wdr47 Pecr Tkfc Fam117a Ahdc1 Nup188 Tarbp1 Sfn Atic Gramd4 Ehd3 Aff3 Gtf3c1 Lmtk2 N4bp3 Brd3 Tsfm Abcc10 Fuz Mlh1 Rai1 Noc3l Usp24 Huwe1 Herc2 Tnfrsf22 Zmynd11 Taf2 Ash1l Usp34 Pum1 Cox20 Mycbp2 Kifc2 Fancm L3mbtl3 Ppp1r3d Rhot2 Lrba Ralgapa2 Pcdhb20 Cecr2 Ptar1 Cldn22 BC003965 Zfp697 Pyroxd1 Ankrd6 Hoxb5 Ndufs1 Mtif2 Sntb1 Enpep Ehmt1 Syne1 Ralgapa1 Ttll5 Aven Ubxn2b 2700097O09Rik Atn1 Mgst2 Med12l Ints4 Wdr6 Stx1b Adgrl2 Plcg1 Rgp1 Ttc19 Fkbp4 Sgsm1 Plekha5 Mfng Ubqln4 Zeb1

−1

0

1

2

Naïve InfectedNaïve Infected

3,
82

8 
ge

ne
s

3,
33

2 
ge

ne
s

3,
17

7 
ge

ne
s

2,
60

6 
ge

ne
s

G
en

e 
Ex

pr
es

si
on

 H
ea

tm
ap

Female.Infected.3

Female.Infected.1

Female.Infected.4

Female.Infected.2

Female.Control.4

Female.Control.2

Female.Control.3

Female.Control.1

Pr
g2

Bh
lh
a1
5

Jc
ha
in

M
zb
1

N
gp

Fc
nb

C
am

p
Fu
t1

El
an
e

Kc
ne
4

Xb
p1

A2
m

R
ar
re
s1

U
sp
44

R
ab
39
b

Tg G
ja
4

Sl
pi

Il3
3

M
s4
a3

C
px
m
1

Tn
fs
f1
5

M
yh
3

G
pr
55

Il1
2b

D
na
se
1l
3

Tn
frs
f9

C
dk
n2
a

Itg
ax

Er
v3

D
er
l3

Fb
xw
13

Tr
p7
3

a Ea
f2

O
vo
l3

Ed
em

1
E2
f2

M
ga
t4
a

Tm
em

26
Pi
k3
cg

N
ca
pd
2

Tn
fs
f4

17
00
00
3F
12
R
ik

Sl
c1
7a
6

D
gk
g

Er
n1

C
dc
20

Fl
nb

Ki
fc
1

Fb
xw
7

Se
le
no
h

C
ks
2

Kl
rb
1b

49
33
43
0I
17
R
ik

Ki
f3
c

C
en
pf

Pr
dx
4

Lx
n

En
pp
1

N
rg
1

Sl
c3
a2

Pd
ia
4

H
tr7

C
sf
2r
b

N
os
2

H
if1
a

R
nd
1

Ty
m
s

Tb
x2
1

Bu
b1
b

Ly
6c
2

Pp
m
1n

Ki
f1
8b

G
ts
e1

R
ai
14

Pt
gs
2

N
ca
pg

Ar
id
3a

Il1
a

C
st
7

Il2
3r

Ed
em

2
Be
st
1

Se
c1
1c

G
fi1

Er
m
n

Il1
b

Kc
nj
10

Sr
c

Ap
ol
11
b

C
re
ld
2

Ep
b4
1l
3

Vd
r

M
m
p1
2

C
cn
f

H
13

Tr
ai
p

LO
C
10
00
41
70
8

C
le
c9
a

BC
03
50
44

C
en
pk

D
sn
1

Ab
cb
1b

Vs
ig
8

Sp
c2
5

N
ab
2

R
sl
24
d1

As
b2

O
lfr
99

C
trl

Pi
f1

G
pr
33

Tb
pl
1

Te
x3
0

Tn
fs
f9

Id
o2

Si
ah
2

Kl
rc
1

An
gp
tl7

G
pm

6a
Sp
ic

M
ak

C
le
c1
b

Itg
ad

Pa
fa
h1
b3

Fl
t4

Eg
r2

C
yp
8b
1

Ad
ra
2a

Ju
nd

U
be
2s

Tm
em

24
8

At
f4

Ac
kr
2

Zf
p9
54

R
el
a

Fy
n

Ap
ob
ec
3

St
k3
2c

At
f6
b

Ja
k3

C
sf
2r
b2

R
m
i2

C
ea
ca
m
16

Fg
f2
3

C
le
c4
n

C
xc
l1
3

Tr
ab
d

Tn
frs
f4

Se
c6
1b

Tm
em

15
4

Ap
ol
11
a

O
dc
1

Pt
pn
22

Il2
rb

P2
ry
13

C
d8
2

Ts
pa
n3
3

R
bm

xl
1

Itp
rip

D
ut

Sl
c3
9a
4

G
ot
1

Sy
ng
r2

C
xc
r3

F2
r

St
ra
6l

Pl
au
r

Pr
eb

Kc
nn
4

Zf
p7
87

Pl
xn
a1

U
be
2v
1

Fu
rin

Sa
m
d4
b

Se
td
b2

Ex
oc
2

G
pr
15
2

Zs
w
im
4

R
na
se
2b

Tr
em

1
C
cn
3

U
lb
p1

M
as
tl

Pl
ek
hm

3
C
lrn
3

Ah
rr

M
am

dc
2

H
pc
a

G
pm

6b
Sp
re
d3

As
ap
1

R
na
se
6

N
co
a3

H
2−
T2
4

R
nf
21
3

M
cm

bp
Itg
a4

At
p8
b4

Bt
k

H
us
1

Ar
hg
ef
6

Kn
tc
1

D
cp
2

O
sb
pl
8

G
xy
lt1

R
ad
54
b

N
de
1

Kl
rk
1

Ta
sl

Ar
hg
ap
17

At
xn
7l
1

Fl
i1

Ar
hg
ap
15

Pa
tl1

D
ep
dc
1b

Tm
em

22
9b

Ar
hg
ef
3

Fa
m
11
1a

Sn
x3
0

Zk
sc
an
6

Tw
is
tn
b

Ev
l

R
ps
6k
a1

R
ac
2

Pt
pn
7

Se
lp
lg

Pl
cl
2

Va
v1

Ar
f6

Kl
rb
1f

C
bf
b

Ai
m
2

Sp
11
0

Yw
ha
z

M
ap
k1
ip
1l

D
ca
f1
5

St
k1
1i
p

Ar
hg
di
b

Zf
p3
84

O
tu
lin
l

Pa
rp
8

Pt
pn
6

Lp
in
2

R
gs
19

Ip
6k
3

Ti
m
el
es
s

BC
14
75
27

Fa
m
76
b

W
ta
p

M
nd
al

Tf
rc

D
ek

H
er
c4

Sl
c1
6a
13

Ik O
as
3

D
di
2

Sl
c4
1a
3

Tr
im
30
c

Zu
p1

Tl
r1

G
m
13
21
2

M
or
c3

W
nk
1

Pd
cd
6i
p

G
al
nt
7

Ar
ap
1

Ta
ok
3

N
ot
ch
2

C
as
s4

Tm
em

86
a

C
op
s7
b

Te
nt
4a

C
d4
0

Zf
p2
81

M
ga
t1

N
dc
80

G
rb
2

Fa
sl

D
ok
1

M
dm

2
Tn
ip
1

Ic
am

1
H
m
gb
2

Tt
c3
9b

Irf
8

Sn
x2
0

G
pr
15

St
in
g1

M
cm

6
G
lip
r1

R
ep
s1

Pl
ag
l2

Pd
lim

2
R
as
ge
f1
b

C
dc
42
se
2

Lp
ar
5

C
lin
t1

St
x1
1

B4
ga
lt5

M
cm

5
Itg
al

C
d1
60

Va
sp

Tg
fb
1

Lr
rk
1

Af
m
id

Sb
no
2

M
in
k1

N
lrc
4

C
iit
a

Li
g1

At
ad
2

Fi
gn
l1

R
rm
1

Sy
k

Tl
r1
1

Zw
ilc
h

Ak
t3

R
bl
1

Lc
p1

Tm
po

Tt
yh
3

H
ps
1

Tu
bb
2b

Se
c2
3b

Pi
tp
nm

1
Sh
3b
p1

C
or
o7

Iff
o1

H
au
s8

C
am

ta
2

Pf
kp

G
os
r2

H
el
b

Ar
hg
ef
2

Tr
im
8

M
fa
p3

C
re
b5

M
an
2b
1

Sl
c2
9a
3

D
gk
h

Ap
2b
1

M
ob
1a

Zd
hh
c2
1

Sl
c7
a7

Zf
p7
10

Fc
rl6

Se
c1
4l
1

At
ad
5

Tl
n1

Sm
c1
b

Pr
kc
d

R
gs
16

D
py
19
l1

C
xc
l1
0

Fa
m
12
0a

Lr
r1

Pr
im
2

Li
m
s1

M
ap
3k
3

Ap
i5

Pp
p6
r3

C
ac
ng
8

M
kn
k1

G
p6

G
pr
14
1

Sc
rt1

C
fb

Tr
im
30
a

Ka
tn
a1

G
m
38
51
0

U
sp
18

Px
n

Ar
f3

I8
30
07
7J
02
R
ik

H
da
c9

Ee
a1

C
d2
74

Il2
7

Fg
r

M
yo
1f

N
ai
p2

D
na
jc
3

R
ho
g

Pl
ek

Pl
ek
ho
2

H
ps
e

W
ar
s

Tu
bb
3

M
ar
ck
sl
1

H
rh
2

Fa
nc
a

Ta
p2

Ti
cr
r

Se
m
a4
a

C
dk
n2
d

Pi
p5
k1
c

Ap
af
1

To
x4

D
ef
b4
2

C
xc
l1
2

Pk
n1

Le
ng
9

Xp
o6

G
ra
m
d1
b

LO
C
11
85
67
76
0

Br
pf
1

D
na
jc
5

Im
pa
2

Ag
gf
1

Kc
na
b2

Ld
lra
p1

Il2
rg

Lr
ch
1

Ty
k2

Ac
tb

D
ia
ph
1

Ja
k2

H
2−
Q
6

G
m
34
35

C
ap
za
1

C
ap
n1

W
dr
37

Ta
pb
pl

St
xb
p2

D
bn
l

Tb
k1

C
ap
1

M
sn

Iq
ga
p1

Ifn
ar
1

Fe
rm
t3

Lr
rc
8c

M
ph
os
ph
6

Il1
r1

D
hx
38

C
ep
85

In
ts
9

Pt
p4
a2

Ak
r1
c1
2

Kc
nd
1

As
f1
b

Tr
im
30
d

Es
pl
1

St
il

Pa
rp
14

Su
sd
6

Ta
b2

Bc
l2
l1
1

C
le
c2
g

Il1
0r
a

Ira
k4

Ie
r3

C
en
ph

C
ib
1

U
be
2q
1

St
ar
d5

Al
dh
16
a1

St
6g
al
na
c4

D
na
jb
11

G
ltp

Sh
3b
p2

Sp
14
0

Lr
rc
75
a

An
ki
b1

Ef
ca
b1
1

N
m
ra
l1

H
ps
6

N
ar
s

C
cd
c7
1l

Si
rp
a

Pl
bd
1

Er
p4
4

Au
rk
b

H
at
1

Se
rta
d2

Fn
dc
3a

St
t3
a

Sm
ad
1

U
tp
3

Sc
im
p

M
cm

10
C
dc
a8

St
m
n1

N
co
a7

Pt
gs
1

Ar
rd
c4

D
hr
s1

C
fla
r

Sg
o2
a

Sc
o1

C
ka
p2

Ki
f9

Au
ni
p

Ei
f5
a2

Vc
pi
p1

C
gg
bp
1

Sh
cb
p1

Li
n5
4

G
ls

E2
f7

Lr
co
l1

D
ia
ph
3

N
ca
ph

D
dx
19
b

Kn
st
rn

N
uf
2

C
en
pe

Ec
t2

Ki
f4

R
ic
1

Bu
b1

Iq
ga
p3

N
sl
1

C
ka
p2
l

C
ls
pn

Pr
c1

Po
la
1

Xc
r1

G
rk
3

M
is
18
bp
1

Er
cc
6l

LO
C
10
10
55
66
3

Ki
f1
5

Bn
ip
5

R
ad
51

Pb
k

G
dp
d3

Pi
m
re
g

R
w
dd
2b

Bo
ra

Ar
l1
0

C
am

kk
1

M
bt
ps
2

Fb
xl
8

Sn
x2
5

B3
ga
lt4

Zf
p8
00

D
py
19
l3

M
cm

7
Ki
f1
9a

M
m
s2
2l

Ez
h2

Pt
gi
r

Pt
bp
3

D
di
as

U
be
2t

C
ol
ec
11

Ba
rd
1

G
pr
13
7b

R
sp
o3

Bc
l3

Te
dc
1

Pd
e4
b

Ex
o1

G
en
1

Lm
nb
1

H
el
ls

M
cm

4
Pm

ai
p1

Ab
cg
3

Pt
k2
b

U
vr
ag

Ad
ar

El
m
o1

N
em

p1
To
pb
p1

Pl
cg
2

Pr
ex
1

Pm
l

G
vi
n3

M
th
fd
2

Pa
rp
bp

R
lim

Ad
gr
f3

Br
ca
1

U
sp
12

R
ac
ga
p1

M
yo
1e

Ki
f1
1

Kn
l1

D
bf
4

D
lg
ap
5

To
p2
a

C
dc
a2

M
ab
21
l3

N
aa
40

Sm
c2

Fu
t4

Kl
ri1

D
ap
p1

U
hr
f1

M
cm

3
Pl
xn
d1

Tn
frs
f1
1b

D
na
2

M
xd
3

N
od
2

Ki
f2
0b

O
lr1

C
it

O
lfr
56

So
at
2

Pc
bp
2

N
ca
pg
2

D
tl

Bb
x

C
dc
45

Sn
x1
8

D
oc
k4

Ar
l5
a

C
m
ip

M
ki
67

As
pm

Tt
f2

Fo
xm

1
Ph
lp
p1

Em
e1

Pl
k4

C
lg
n

Sp
ag
5

Tc
f1
9

Ak
iri
n1

W
bp
11

Tp
ra
1

C
dv
3

R
nf
15
7

C
cn
e1

Ki
f1
4

C
d8
0

Pc
la
f

Pr
r1
1

C
dc
a3

Fe
n1

In
pp
1

Fc
rlb

Kp
na
2

Pr
dm

1
R
hb
df
2

Po
ld
ip
3

Am
m
ec
r1

Au
rk
a

Vp
s5
4

C
dc
42
ep
2

At
f6

H
m
m
r

Et
v6

Ac
vr
1b

M
ef
v

Al
dh
1b
1

R
ap
1a

LO
C
10
00
41
05
7

N
lrp
3

M
ap
3k
11

H
sp
a5

N
sd
2

C
cr
l2

Tn
fa
ip
2

St
at
3

C
ep
55

G
bp
5

Pi
m
1

Tb
kb
p1

En
do
d1

Pi
w
il2

Ex
oc
3l
4

R
al
gd
s

R
gs
12

Er
o1
a

Ifn
g

Lp
ca
t2

Sp
c2
4

G
ot
2

Sp
dl
1

Tm
a1
6

Sl
c3
9a
7

C
cn
b1

G
gt
a1

Pl
d3

Sa
pc
d2

M
ad
2l
1

C
ad
m
1

Sr
sf
9

Tm
em

22
1

G
m
76
94

At
p6
v0
d2

R
ap
2a

C
ia
rt

D
es
i2

M
yl
12
b

Vc
am

1
Es
m
1

In
hb
a

U
be
2c

Tr
pm

2
H
ro
b

Tr
em

l4
Se
rp
in
b9

M
an
f

U
be
2z

H
sp
90
b1

Pl
k1

Sk
a3

Pd
cd
1l
g2

Ki
f2
2

N
ek
2

Tl
r1
2

R
cc
1

Ki
f2
c

G
em

C
cn
a2

Tp
x2

C
ip
2a

R
rm
2

Tb
c1
d9

Tt
k

C
cn
b2

C
ha
f1
a

N
ei
l3

St
om

l1
Sg
o1

Su
v3
9h
1

C
dc
a5

Tf
dp
1

R
ad
51
ap
1

Tk
1

Se
rp
1

Vb
p1

Sk
p2

Bc
l2
a1
a

Sn
rp
a1

Tr
oa
p

N
as
p

C
en
pa

Ta
cc
3

H
s6
st
1

Bi
rc
5

C
dk
1

Se
rp
in
b1
b

C
le
c7
a

Pp
t1

D
ep
dc
1a

Tl
nr
d1

M
is
12

In
sl
6

Sk
a1

N
fe
2l
2

Br
d2

Ti
ca
m
1

A5
30
03
2D

15
R
ik

Ad
a

Bc
l1
0

C
ry
bb
1

Sp
cs
3

Ax
l

Es
co
2

N
us
ap
1

E2
f8

Fb
xo
5

M
el
k

Tn
s3

G
sa
p

In
ce
np

At
p1
3a
2

N
ec
ap
2

G
m
39
70
1

R
na
se
h2
b

Ti
fa

Irf
1

C
d4
4

P2
ry
14

G
pr
35

Sl
c1
5a
3

R
nf
19
b

H
2−
D
M
a

Ta
p1

AB
12
46
11

Ifi
30

H
2−
Q
9

H
cl
s1

C
yr
ib

R
as
a4

Sl
am

f7
R
ab
43

Kc
nk
6

Zd
hh
c1
4

H
k1

Ad
pr
h

G
ak

Ba
k1

Ar
hg
di
a

Ig
sf
6

C
cl
2

Ag
pa
t4

Sh
ar
pi
n

G
na
i2

W
w
p2

Ep
n1

Il4
ra

Ac
tg
1

Tb
c1
d2
2a

La
m
p1

En
g

N
ag
a

C
al
r

Sl
c3
0a
7

Sr
p7
2

G
k

C
as
p7

N
pc
1

Ap
h1
a

R
nf
14
9

G
zm

b
Zf
an
d4

C
lc
n7

Zy
x

26
10
52
4H

06
R
ik

At
p6
v0
c

Itg
a5

O
st
m
1

G
al
ns

R
ar
s

En
tp
d1

Lp
ar
1

Eh
m
t2

Eh
d1

Em
ilin
1

Ti
ra
p

Sl
c2
5a
12

U
sp
1

Er
i1

M
bd
2

N
sm

af
Zf
p4
29

Fa
m
11
7b

Fm
nl
2

G
ca

Tu
ba
1c

C
is
d2

N
kg
7

C
cl
5

C
yb
a

Tm
em

21
4

H
m
ga
1b

R
pn
1

Pl
pp
1

Pl
ek
hm

2
25
10
03
9O

18
R
ik

Vp
s1
8

Pp
p1
r1
5b

U
bd

Ss
r1

Pr
pf
31

N
op
9

Se
rp
in
a3
f

R
ab
20

M
af
f

C
ab
p4

Il1
2r
b2

Sr
i

Sn
d1

N
os
ip

R
ip
k3

C
1s
2

Tg
tp
1

Pt
pn
1

D
pp
3

Ju
nb

C
cd
c8
6

M
ap
7d
1

Pq
lc
3

Er
f

Ei
f4
e2

An
xa
11

U
sp
39

G
fu
s

St
k1
9

Tm
em

14
c

Tp
gs
1

En
op
h1

C
op
e

Il6 N
os
1a
p

Ei
f2
b2

Ag
ap
3

Ss
na
1

M
an
ba
l

Tm
em

23
4

Tc
te
x1
d2

Vp
s3
7d

Ad
am

8
Tm

em
24
3

H
2−
Q
7

Br
m
s1

G
tf2
f2

H
dc

Sd
c4

Se
c6
1g

Se
le
no
m

Fb
xl
5

15
00
00
9L
16
R
ik

Il1
5r
a

M
up
15

H
ag
hl

Ps
m
b6

Ts
pa
n4

Va
pa

C
hr
ac
1

Ps
m
b3

Po
dn
l1

M
ed
10

Ao
pe
p

Ar
l6
ip
4

Sy
ng
r3

W
nk
2

M
sr
b1

En
kd
1

G
da
p2

At
p5
g1

An
ap
c1
1

Ps
m
d1
3

R
na
se
h2
c

Fk
bp
8

G
it1

Tt
c3
9c

At
ox
1

G
et
3

Ac
ot
3

C
eb
pb

D
na
h2

Ap
rt

R
na
se
h2
a

Il1
rn

Ft
h1

Ps
m
b4

94
30
03
8I
01
R
ik

M
et
tl6

To
r2
a

D
rd
1

N
us
1

Kd
el
r2

R
ps
27
l

N
df
ip
1

U
rm
1

U
bl
5

Sa
al
1

G
m
99
49

Jd
p2

Ps
en
2

Ei
f3
e

Ai
m
p1

Ki
f1
8a

N
sm

ce
2

Tm
em

18
1a

Sr
p1
9

M
bo
at
7

D
kk
3

Sr
p9

Tx
nd
c1
7

Se
le
no
k

Tm
em

18
9

M
vb
12
a

Q
ar
s

Sl
c2
5a
13

O
sb
pl
3

Ei
f3
h

C
ln
s1
a

Ec
sc
r

F1
0

AA
46
71
97

Il1
r2

Ig
fb
p3

Il1
8r
ap

C
cr
1

Ti
m
p1

Pl
k3

G
m
15
05
6

R
pl
41

C
hi
c2

R
pl
35

Zk
sc
an
17

Bt
nl
6

R
pl
24

Su
pt
4a

M
ag
oh

R
pl
11

Sd
cb
p2

C
nb
d2

B9
d2

R
tc
a

C
as
p3

Tm
em

26
8

M
ap
k7

N
ub
p1

Tr
dm

t1
Ps
m
c4

R
nf
34

Bt
nl
4

Ad
or
a2
b

Ef
hb

Tg
fb
i

Ta
rm
1

In
pp
5j

St
3g
al
5

So
d2

C
le
c4
e

G
m
56
37

St
rc

C
cd
c1
80

Pr
am

1
G
m
45
85
5

Sn
tg
1

W
dr
95

G
m
89
09

M
up
1

Sl
fn
4

Li
m
e1

Ta
td
n2

Sm
g9

Ls
m
4

Sn
rp
f

Sy
tl3

Ifi
tm
1

H
au
s4

R
pl
15

Tn
fa
ip
8l
3

Sh
2d
1a

Ei
f3
f

Sd
e2

R
pl
p0

R
pl
4

Tn
frs
f1
8

Ic
os

R
us
c1

R
bm

3−
ps

BC
05
11
42

N
fk
bi
b

Kl
f1
3

Ei
f5
a

Ea
f1

Sn
rp
b

Pg
s1

M
lx
ip

C
nn
3

11
10
02
5M

09
R
ik

N
fk
bi
a

Pp
p1
r1
1

H
av
cr
2

Em
d

Sl
a

U
ba
c2

Ph
f1
9

Tn
frs
f8

R
ab
27
a

H
op
x

Lr
p1
0

Sh
kb
p1

R
nf
31

Pr
kc
h

Pp
p6
r1

C
cd
c8
8b

Ag
fg
1

W
as

Ab
i3

Su
sd
3

M
yo
9b

Po
lr3
c

Tu
bb
5

At
p1
3a
1

C
hf
r

Pt
bp
1

In
pp
5b

An
kr
d1
3a

R
ab
19

Ja
de
2

So
cs
3

Kl
hl
6

C
dt
1

Zf
p2
63

Pt
pn
2

U
be
2i

B4
ga
lt1

Sl
c3
8a
9

Sl
c3
5c
1

Tb
l1
xr
1

W
dh
d1

N
up
62

D
dx
39
a

E2
f4

N
m
e1

H
nr
np
ab

Pp
p1
cc

C
dh
23

Pp
p1
r1
8

Tn
fa
ip
3

H
as
pi
n

N
ua
k2

G
im
ap
7

Pa
nx
1

Ly
6g

Kl
rg
1

Ah
cy

Il1
f9

S1
00
a8

Se
rp
in
a9

Bh
lh
e4
0

M
t3

Ly
6a
2

M
ce
m
p1

M
cp
t8

M
yb
l2

H
ip
k1

C
hl
1

As
s1

S1
00
a9

G
zm

d
G
zm

g
En
c1

M
ga
m

Ar
fg
ap
3

Pl
ek
hg
4

Ad
gb

Fa
m
16
7b

Tn
frs
f2
1

C
ap
n5

Al
yr
ef
2

G
ng
10

Se
m
a3
a

Zb
tb
42

N
eu
3

C
em

ip
2

C
lp
1

Ee
f1
a1

Pa
ps
s2

R
ab
33
a

M
tm
r1
4

Ab
cc
1

M
gr
n1

Pr
ss
34

H
ex
b

Sl
c6
a9

Ab
cc
9

G
al
t

Bl
oc
1s
4

M
af
g

Tm
em

25
8

N
su
n7

Fb
xo
34

B3
gn
t3

G
m
2a

P4
hb

St
xb
p5

St
7

N
ag
lu

Pr
dx
5

Ps
m
c3

Sn
w
1

C
w
c1
5

C
d1
4

St
x3

Ar
id
5b

G
pa
lp
p1

Su
rf4

Pp
ib

At
f1

C
3

H
tra
2

Fj
x1

R
ap
1g
ap
2

Pl
au

D
hf
r

Bf
sp
1

R
ho
bt
b1

C
al
m
3

Ps
m
d8

Sn
x1
7

U
be
2g
2

C
m
as

N
fil
3

G
tf2
b

Kc
td
5

R
pn
2

C
dk
n1
a

Pg
pe
p1

M
an
2b
2

Il1
rl1

M
m
p1
4

Sq
st
m
1

Ei
f2
s2

C
en
pm

Sy
t1
1

G
sr

G
zm

k
Ti
gi
t

Fa
m
20
7a

N
ud
t2
1

Kr
tc
ap
2

D
cl
re
1b

St
ea
p2

M
ga
rp

C
tla
2b

Al
yr
ef

Er
h

Af
f1

Tn
fs
f1
3b

Sl
c2
a1

G
m
28
08

Ly
6i

C
d3
00
lf

Su
b1

Pr
oc
r

Pd
k3

Tf
ec

C
np
pd
1

Ab
r

N
an
s

So
cs
1

Tx
nr
d1

H
2−
T−
ps

Ig
sf
8

Ss
r4

Tr
ad
d

Se
c6
1a
1

Pr
kc
sh

Sm
ox

Pl
sc
r1

D
do
st

U
ba
ld
2

Fa
m
83
f

D
na
jb
9

C
ar
m
il1

Pr
pf
18

H
ilp
da

Tm
em

25
2

St
x5
a

N
r1
h3

N
dr
g1

Ps
rc
1

M
yo
10

Fa
m
20
c

N
ec
tin
2

Tt
c9

C
ks
1b

C
lp
tm
1l

St
18

G
yp
a

C
le
c4
b1

C
le
c1
0a

D
m
ac
1

Kc
nt
1

Tn
fs
f1
2

Pa
rp
2

Te
ps
in

C
d2
26

Kl
f2

C
lc
a3
a1

M
m
rn
1

Pp
fib
p2

R
ps
4x

R
ps
29

Ye
at
s4

G
m
10
70

R
pl
p1

Tp
t1

R
pl
26

R
pl
6

Itp
rip
l1

Sn
rp
e

D
hh

C
d2
44
a

M
is
18
a

Ee
f1
b2

N
pm

1
M
iip

In
ip

Sm
im
40

R
pl
30

Ei
f3
d

C
yb
c1

Ex
os
c8

Pa
cc
1

Ei
f1
ad

R
ps
13

R
pl
14

Ar
hg
ap
25

El
f2

H
nr
np
a1

N
os
tri
n

H
nr
np
dl

O
tu
lin

R
ex
o4

R
ee
p4

Ex
os
c3

Zn
rd
1

C
or
o2
a

Sl
c3
9a
6

M
af
1

Ilv
bl

N
oc
4l

G
m
51
48

Sm
nd
c1

El
k3

Tr
im
12
c

D
dx
31

Tm
em

18
5b

Va
m
p5

C
td
ne
p1

Pl
ek
ha
1

R
tc
b

C
ox
7a
2l

Ei
f3
k

Ei
f3
m

Zb
tb
45

R
pl
10

Ba
tf

Vc
pk
m
t

N
uf
ip
1

Zf
p5
2

M
ac
ir

At
p5
g2

La
rp
4b

R
ab
35

C
d5
2

R
nf
16
6

R
gs
1

H
2a
z1

G
na
15

C
dk
2a
p2

Po
le
2

R
un
x1

Sl
c9
a3
r1

Zf
p5
13

Li
m
k1

D
hp
s

G
ps
m
3

R
ab
8a

Ba
ia
p3

Lp
xn

Tm
sb
10

Fb
xo
33

Tm
em

25
1

Pl
ek
hj
1

G
ab
3

M
ap
1s

Vp
s5
1

R
ps
21

R
ps
23

R
pl
37
a

R
pl
35
a

R
pl
23

R
pl
27
a

R
pl
38

R
pl
32

R
ps
6

R
pl
18
a

Sn
rp
g

Fa
u

R
ps
10

R
pl
34

R
pl
36
a

R
ps
9

R
ps
11

R
pl
6l

R
ps
26

R
pl
10
a

R
ps
28

R
ps
5

Sn
rp
c

M
rp
l5
2

Bo
la
2

To
m
m
22

R
pl
36

Pp
p1
r1
4b

Ls
m
8

Tn
r

G
m
45
87
1

R
pl
27

R
ac
k1

H
es
6

R
pl
3

R
pl
37
rt

R
ps
20

R
pl
29

R
ps
25

R
pl
31

R
pl
39

R
pl
37

C
tla
4

R
ps
2

R
pl
19

Sn
u1
3

C
ac
yb
p

H
sp
a8

Fa
m
11
8b

Tb
c1
d1
0b

N
eu
rl3

Pp
ip
5k
2

Ar
hg
ef
39

G
m
75
92

N
uc
ks
1

Po
la
2

Ti
pi
n

M
ad
2l
1b
p

M
ax

Ls
m
2

R
fc
3

U
be
2n

C
ox
5a

As
b6

Pm
f1

M
ar
k4

C
dk
n3

Ad
pr
m

Se
rp
in
a3
g

R
pa
2

U
cp
2

R
na
se
t2
b

C
1r
b

U
sf
1

R
pl
36
al

Itm
2c

Pp
t2

H
2−
Ab
1

C
d7
4

H
2−
Eb
1

G
at
m

Pd
lim

4
H
2−
Aa

Il3
ra

H
pc
al
1

Pa
bp
c1

C
cd
c1
2

Pb
dc
1

O
ra
i3

Tm
em

97
Ar
m
c5

B3
gn
t2

Ba
sp
1

Vo
pp
1

M
ob
3c

M
cl
1

La
pt
m
5

C
er
k

R
fc
5

Zs
w
im
1

Sn
x1
5

W
dr
91

W
dr
81

As
cc
2

C
dk
9

C
en
ps

H
lx

C
xc
l1

R
al
y

Tr
ir

G
nl
1

G
at
ad
2a

U
tp
23

C
ha
f1
b

R
nf
11
4

An
p3
2b

Sm
ar
ce
1

Tr
am

1
C
d8
6

C
no
t9

Sd
f2
l1

Sp
cs
2

Sl
c3
5c
2

Bc
l2
a1
b

C
xc
l1
6

Tg
if1

R
ilp
l2

La
g3

Pd
cd
1

Bc
l2
a1
d

C
yp
4f
18

Ph
f2
3

N
ca
ph
2

Sr
gn

M
if

Tm
em

15
0b

C
di
pt

R
fc
2

M
fs
d1
0

M
ed
17

Zd
hh
c1
2

Vt
a1

G
gt
7

Se
le
no
s

Fa
nc
d2

Ki
f2
3

C
dc
a4

Ep
hx
1

C
kl
f

Tt
c9
c

Pr
im
1

Pa
lb
2

Zd
hh
c2
0

R
ad
54
l

R
gs
10

Ba
hd
1

D
na
jc
2

Bu
b3

U
be
2f

Sn
x1
1

M
ra
s

Ll
ph

N
ts

W
nt
7a

G
df
15

Fa
m
72
a

Kb
tb
d6

At
pi
f1

G
zm

a
Ip
6k
1

N
rg
2

G
m
76
09

Itg
a9

D
us
p6

Sp
cs
1

Te
x1
2

Fa
m
10
4a

Sl
c5
a1
1

C
en
pl

Ed
a2
r

M
ei
s3

Tk
2

Pr
m
1

G
m
56
62

G
m
11
63
4

Kr
em

en
2

R
tn
4r
l2

Fa
bp
7

R
et
nl
g

M
m
p8

M
rg
pr
a2
b

U
nc
93
a

C
st
dc
4

St
fa
2l
1

Tm
em

16
0

G
dn
f

Bc
l2
l1

D
hr
sx

Si
k1

Sm
n1

Tp
st
2

W
ee
1

Pe
r1

LO
C
10
00
39
02
9

U
se
1

C
tla
2a

F7 Sl
c3
9a
14

Lc
n2

Ap
oc
1

H
p

Se
rp
in
a3
n

Se
rp
in
a3
i

H
ya
l4

Ps
m
a6

G
ab
re

Pi
gr

N
gf

Sl
c6
a4

Ap
od

Ad
cy
ap
1r
1

Sl
c2
7a
2

Fk
bp
5

Sl
c1
0a
6

G
m
63
14

Ar
g1

W
dr
49

Fg
l1

M
t2

Se
rp
in
a3
m

An
xa
8

Ac
cs
l

M
up
11

C
xc
l5

Fb
xl
2

Pc
dh
9

Sa
a2

Iti
h4

Se
rp
in
a3
j

C
hi
l3

Sa
a1

Ac
sm

3
Lt
b4
r1

M
up
9

C
en
pw

M
af
k

Tm
a7

Pr
pf
38
a

C
dc
25
c

Sy
s1

Pe
s1

Pk
ig

Ar
f5

Fi
s1

Tm
ed
9

M
tfr
2

At
p6
v1
f

Ph
c2

R
nf
25

Si
va
1

As
b4

G
ab
ar
ap

Fa
m
32
a

C
d6
3

Tb
ca

D
yn
lt1
f

N
ed
d8

Br
i3

R
it1

G
in
s2

Se
rta
d1

Ev
a1
b

Sf
3b
5

17
00
01
2B
09
R
ik

G
pa
a1

D
pm

2
Ti
m
m
10
b

Tr
na
u1
ap

R
bx
1

Br
k1

H
m
gn
2

Zf
p2
02

Pb
x2

Ei
f4
eb
p3

Pf
dn
5

Bt
f3

Ift
27

R
pp
21

Fl
cn

Vi
ll

C
eb
pd

Sl
c1
9a
2

Ti
gd
2

R
nf
10
3

H
if3
a

Ad
rb
2

Bc
ap
29

Sl
c3
6a
4

Xp
np
ep
1

Al
g5

Ps
m
a1

Ab
hd
16
a

Kl
c4

Tr
im
3

Eb
p

N
m
e2

Es
d

W
df
y1

M
m
p1
9

Ps
m
b1

Ps
m
a7

G
pn
m
b

Sl
c3
5b
1

R
ab
24

Sc
n1
b

R
nh
1

Fb
xo
6

Tm
em

19
2

Zd
hh
c7

G
pr
14
6

Ly
6a

Sl
c3
1a
2

G
pr
31
b

Vm
p1

Ps
m
g4

C
le
c4
d

G
lrx

11
10
00
4F
10
R
ik

M
s4
a4
a

C
ac
na
1d

C
dh
9

H
pn

Ifi
35

Tm
em

16
7

Ap
ol
9a

R
nf
12
8

C
ln
5

Sa
a3

Sp
p1

Ly
6c
1

M
s4
a8
a

Fc
er
1a

Lt
br

O
lfr
92
0

C
le
c2
d

Fr
rs
1

Tm
em

14
0

Ifn
gr
1

Sl
c3
5f
5

O
at

C
al
hm

5
C
d3
02

C
fh

Ad
am

15
Vp
s2
6a

D
us
p1

M
yd
gf

At
p6
v0
e

Po
lr2
i

M
in
dy
1

Sp
sb
2

O
sm

r
D
cx
r

23
10
01
1J
03
R
ik

C
as
p1
2

H
sb
p1

H
tra
4

R
ar
re
s2

Ie
r3
ip
1

G
px
1

D
bn
dd
2

C
st
3

G
ng
5

D
er
l2

W
as
hc
1

G
ol
t1
b

D
pc
d

H
sd
17
b1
1

C
4b

M
or
f4
l1

Ig
bp
1

R
cn
1

Su
m
o1

Ls
m
5

Zf
p5
3

F2
rl2

Ee
f1
ak
m
t4

O
rm
dl
1

Ac
tl6
a

O
gf
rl1

R
el
l1

M
ed
11

Zc
3h
12
c

Zf
p9
95

Pi
gx

C
ht
f1
8

M
pl
ki
p

R
hb
dd
1

Kc
nh
7

Pr
am

el
12

AA
41
47
68

Va
v3

Fa
m
98
b

In
ts
12

G
na
i3

D
ep
dc
7

Sn
x4

Si
n3
b

Sn
f8

Vp
s2
8

R
ab
4b

O
tu
b1

Ss
bp
4

Ei
f4
a1

C
oa
4

Sf
3b
6

Ke
ap
1

Pg
k1

G
tf2
f1

N
ub
p2

Sl
fn
2

Pd
e1
b

M
s4
a4
c

Ad
ss
l1

Il1
3r
a1

C
ab
39

Pl
ac
8

Pl
ek
hf
2

Em
b

Sl
c1
6a
3

C
xc
l9

Sa
p3
0

R
bm

3
Ei
f6

U
be
2j
2

M
ae
a

U
pp
1

N
am

pt
Pr
el
id
1

R
an
bp
1

Tr
em

3
Id
2

Pn
pl
a7

G
lip
r2

N
r1
h2

H
m
ga
1

Sy
ce
2

R
io
k3

Ta
f9

N
t5
c3

U
be
2d
3

Ps
m
a2

Fa
m
76
a

At
g4
a

D
ax
x

C
w
c2
7

Sm
u1

N
gd
n

Irf
9

At
p6
v1
g1

N
xt
1

Sl
c3
0a
5

Tr
m
t6

Pf
dn
6

M
fs
d1
1

Su
m
o3

Ts
pa
n3

La
m
to
r3

Fa
im

Bl
vr
a

Tr
im
41

Zf
p3
6

C
ue
dc
2

M
in
pp
1

Bo
rc
s6

Pa
rl

U
be
2a

Kh
k

C
hm

p1
a

La
m
to
r5

Ap
1s
1

Tn
frs
f1
a

R
ab
5i
f

Th
oc
6

Ag
pa
t5

C
ep
29
5n
l

M
fs
d5

Pt
ge
r2

H
in
t1

R
pa
in

Ap
oe

Pd
cd
6

Pd
pn

C
st
b

Pr
dx
1

Tm
bi
m
4

St
x8

Se
m
1

R
tra
f

Im
pa
ct

Ifi
20
7

Tm
em

50
a

Lv
rn

El
ov
l1

Tr
ap
pc
1

C
cl
9

Kc
nk
13

C
re
g1

Po
m
p

Sl
c4
3a
3

H
2−
T2
2

C
1r
a

Lg
al
s3

Ft
l1

Tx
n1

C
ar
d1
9

Py
ca
rd

Ps
m
e2

Se
rp
in
g1

H
3f
3a

M
aj
in

C
le
c4
a4

C
cd
c1
15

Tm
em

9b
Ty
ro
bp

Bl
vr
b

G
ng
t2

H
2−
D
M
b1

G
la

C
nd
p2

M
ag
oh
b

Sl
c2
5a
45

Ar
pc
5

St
xb
p3

Ly
6e

C
1q
b

Fc
gr
3

Sh
tn
1

C
1q
c

Ar
l1
1

Fc
er
1g

C
1q
a

Ai
g1

Sa
t1

Sn
rp
d1

Bi
d

Po
lr2
g

N
t5
c

Fx
yd
5

G
m
fg

D
17
H
6S
53
E

Va
m
p8

AI
41
35
82

Ab
ra
cl

H
m
ox
1

To
r1
a

Su
m
f1

Ifn
ar
2

Sc
ar
b2

R
al
b

U
be
2l
3

Pn
p2

C
re
b3

C
op
z1

N
uc
b2

P2
rx
4

Sd
cb
p

C
d2
00
r1

C
ln
8

St
ar
d3
nl

O
as
1g

C
m
tm
3

Sl
c2
9a
1

Pd
ia
3

As
ah
1

Le
pr
ot

M
af
b

Pl
a2
g1
5

Bs
t2

R
en
bp

Fa
m
17
4a

Tl
r7

Il1
0

Ls
t1

C
fp

Tp
d5
2

Fr
m
d4
b

C
ln
6

Tn
fa
ip
8

Tm
em

51
G
as
2l
3

C
d2
00
r4

Tb
xa
s1

Ad
ap
2

Fb
xo
7

Fc
gr
2b

P2
ry
6

G
m
21
18
8

Ac
er
3

C
d3
00
c2

H
2−
T2
3

Pp
p1
r1
2c

Tr
im
25

Tn
f

Tr
er
f1

Sc
ar
f1

M
yo
7a

Pl
d4

Sn
x5

11
10
03
8F
14
R
ik

G
al
k2

Se
np
3

G
nb
1

Tm
ed
7

R
ac
1

Tp
cn
2

Pi
4k
2a

C
dc
42

Pi
p4
p1

Tg
tp
2

Ps
m
b1
0

Lr
rc
25

Sl
c1
1a
1

Ao
ah

G
gc
t

G
m
12
25
0

C
d6
8

R
ab
5c

G
bp
3

C
ap
za
2

C
as
p1

D
ok
2

Ac
sl
5

C
d4
7

C
d8
4

R
ap
1b

Tm
em

10
6a

Te
x1
4

D
na
se
1l
1

R
ip
k1

Kl
ra
2

C
le
c1
2a

Tb
cb

Sl
c3
5f
6

Ap
2s
1

G
ria
4

Tm
em

21
9

Ps
m
b2

N
t5
dc
2

Sl
c3
6a
1

Pa
cs
in
2

G
nb
2

C
ia
o2
a

C
or
o1
c

Sl
c4
5a
4

Fa
m
89
b

Ps
m
a4

U
bt
d1

La
p3

C
np
y3

Li
lrb
4a

Sl
c3
1a
1

Tm
em

10
4

Tu
sc
1

Ps
m
a3

N
aa
20

C
om

m
d8

Li
lr4
b

Tl
r1
3

W
fd
c1
7

M
s4
a6
d

M
s4
a4
d

Tm
em

16
5

Ifi
20
4

Ifi
tm
3

Fc
gr
1

M
cu
b

M
s4
a6
c

C
rip
1

Al
ox
5a
p

Pi
rb

C
cl
4

G
bp
2

Ap
ol
10
a

M
ilr
1

Sn
x1

La
yn

64
30
54
8M

08
R
ik

Ifi
20
5

C
m
pk
1

M
sr
1

D
na
h1
2

Tm
em

37
N
m
i

M
tm
1

R
rp
7a

Ps
m
f1

G
pa
tc
h3

Ls
m
10

C
ea
ca
m
18

Lt
f

Sl
irp

N
ud
t1
9

Ta
f1
1

C
yp
7b
1

Tm
2d
3

Fc
gr
4

G
at
d1

67
20
48
9N

17
R
ik

Te
sm

in
Tm

x1
Tm

cc
2

Fk
rp

Fa
m
3b

Ka
tn
bl
1

Am
pd
3

N
m
t1

Pl
in
2

Ei
f1
a

BC
04
93
52

Sf
xn
3

H
ps
3

Li
po
3

Ap
ol
9b

Sl
c2
8a
2

Pg
ap
6

Sg
k3

R
ad
x

Xa
f1

C
xc
l2

G
al
nt
1

Em
p3

Ap
ob
ec
1

At
p1
b3

Vp
s9
d1

C
al
m
l4

Tu
bb
6

M
yb
pc
3

Tu
bb
2a

Itg
b7

Pl
ek
hn
1

Sc
yl
3

Ar
nt
2

N
aa
25

Sl
fn
1

C
xc
r6

Sl
fn
8

Ifi
20
3

U
tp
14
a

Pp
m
1h

H
nr
np
k

Pk
m

G
pi
1

D
nm

2
D
er
a

C
om

m
d5

M
ap
2k
1

M
ed
8

C
el
sr
3

R
ps
6k
a4

Tg
fb
r2

Zd
hh
c1
6

Pa
rp
10

Pp
p4
r1

Bs
t1

C
ap
g

Tr
em

2
Ar
pc
1b

Ei
f2
s1

Sc
ly

C
al
m
1

Is
g1
5

M
pp
6

N
ab
1

Ar
el
1

R
na
se
h1

Sm
pd
l3
b

Sl
c2
a6

Ifi
tm
6

Pp
p1
r2
1

C
le
c5
a

Sl
c2
a9

O
as
l1

R
ab
32

Tn
frs
f1
b

Itg
b2

St
at
1

Sf
rp
1

Fk
bp
15

C
sf
3r

C
yb
b

C
d5
l

Ki
f3
b

Tm
co
4

Tu
bg
cp
2

R
nf
11
5

M
s4
a6
b

N
cf
4

Tb
c1
d1
4

Se
pt
in
9

G
ch
1

M
ed
15

N
rb
p1

Am
dh
d2

Ps
m
a5

Fp
r2

G
uc
a1
a

C
as
p4

N
sg
1

Pl
a2
g7

Ta
pb
p

Ar
l8
a

Ar
f1

Ss
u7
2

Ka
rs

Ak
t1

N
ub
1

G
na
13

W
dr
1

C
ot
l1

C
m
tm
7

C
lic
1

Sa
m
d1

Pi
k3
r5

C
fl1

Al
dh
3b
1

M
vp

At
g5

Ps
m
b8

So
at
1

Ps
m
e1

O
st
f1

M
yd
88

C
or
o1
b

Ta
gl
n2

N
cf
1

G
sd
m
d

Sl
co
3a
1

C
ap
zb

Pr
r1
3

Ps
m
b9

D
az
ap
2

Pl
a2
g4
a

Ap
ol
10
b

Sa
m
hd
1

Sp
i1

N
cf
2

M
pe
g1

Zb
p1

G
m
20
05
6

Sl
c4
3a
2

C
ar
d9

Ps
tp
ip
2

H
ck

Ly
z2

Il1
8

Ifi
47

Irg
m
1

At
p1
a1

Pi
tp
na

C
cl
7

Ti
fa
b

Fe
s

C
ts
s

Sk
ap
2

BC
02
85
28

Ag
tra
p

U
be
2l
6

Sc
ar
a3

31
10
08
2I
17
R
ik

M
ro
h1

Sl
c2
2a
15

R
nf
13
9

Ta
x1
bp
1

C
h2
5h

W
as
f2

Tr
im
6

C
hp
f2

Se
rp
in
b2

N
ph
s2

G
m
14
54
8

G
m
48
41

Sp
tb
n5

Li
lra
6

Sh
2d
6

Pl
a2
g3

C
1r
l

Sc
ar
a5

Ar
hg
ef
10
l

Xd
h

Tx
nd
c9

H
dg
fl3

C
tb
s

R
nf
14
4b

Itp
ka

G
yg

M
fs
d6
l

Fc
na

Sh
ld
3

H
sd
11
b1

R
m
dn
3

Pr
g4

Vc
an

Ig
f2
bp
2

Kc
na
b1

Ed
n1

D
en
nd
4c

S1
00
a4

Ad
gr
e5

LO
C
68
39
5

C
sf
1

C
en
pu

Zf
p3
6l
2

D
m
kn

U
gt
1a
7c

Vs
ig
4

Iig
p1

Ec
m
1

Pa
cs
2

D
pe
p2

Pt
gr
1

Li
pn

Am
bp

H
al

C
ro
cc
2

H
sp
b9

G
m
97
33

Il2
0r
b

R
bf
a

G
m
15
44
8

C
ea
ca
m
19

Pt
x3

St
fa
3

Lr
rc
59

C
xc
l3

H
px

Pi
ra
1

Sr
xn
1

To
m
1

C
hm

p6
Pm

m
2

Fm
n1

W
dr
62

Sl
c1
7a
5

Vp
s3
5l

M
bi
p

Pl
d1

Ab
ca
1

Va
m
p7

Bl
oc
1s
3

G
m
60
34

Tn
fs
f1
3

Tm
4s
f1
9

An
kd
d1
a

U
gg
t1

C
oa
5

G
ar
s

Ei
f2
ak
2

C
yp
3a
13

W
dr
26

M
dg
a1

C
ep
83

N
hl
rc
3

G
vi
n1

Br
af

Sn
ap
29

Ac
od
1

Ap
ob
r

Ig
f2
r

G
bg
t1

Tb
c1
d1
3

U
sp
25

R
ap
ge
f2

N
ai
p6

Zs
w
im
6

Ab
cc
4

N
sf

St
at
6

G
m
55
44

Fl
na

G
pr
84

Il2
0r
a

At
p8
a1

M
ct
p1

Ba
ch
1

Ad
gr
e4

Pa
di
4

D
ac
t1

M
yo
5a

Eh
bp
1l
1

D
lg
ap
4

Pf
kf
b4

M
ap
k1
4

Pt
pr
o

Si
gl
ec
1

Ex
oc
1

Pg
ap
1

G
fp
t2

Ad
or
a3

Iq
ga
p2

Pl
a2
g4
c

D
cl
re
1c

Zf
p9
92

N
xp
e4

G
m
54
31

G
as
7

A5
30
06
4D

06
R
ik

Ap
ba
1

C
ltc

D
na
jc
13

Er
m
ar
d

M
tr

Kl
ra
10

R
as
gr
p4

N
in

Po
t1
b

Kl
f3

M
ov
10

Ak
8

An
kf
y1

W
rn

Ad
pg
k

R
ap
1g
ds
1

Se
le
no
t

La
cc
1

H
er
c6

Fg
d6

Kc
td
12

C
d3
00
ld
4

Fn
bp
1l

C
pa
3

H
sd
11
b2

D
dx
60

W
as
hc
4

G
m
11
99
2

LO
C
11
85
68
03
2

Pd
e8
b

Ad
am

22
St
ar
d9

W
df
y3

Fl
rt2

Sl
fn
5

Xp
np
ep
2

D
ia
ph
2

G
fi1
b

C
ys
ltr
1

R
bp
j

D
pp
a3

Sp
ec
c1

Tp
p1

Sl
c1
6a
10

Fe
z2

W
w
p1

Sp
at
a6

Fg
d4

Pd
e7
b

Sl
c3
8a
6

N
pt
n

Ifi
t3

St
om

C
m
pk
2

R
sa
d2

Ifi
t1

Se
st
d1

H
gf

Lr
rn
4c
l

O
cr
l

Vw
a5
a

Pi
d1

R
tp
4

Em
ilin
2

H
gs
na
t

Sm
pd
l3
a

Sn
x9

U
fs
p2

Ph
f1
1d

D
pa
gt
1

Se
rp
in
b1
0

An
kl
e1

Ly
pd
1

Eg
fl8

P4
ha
1

Itc
h

Tm
cc
1

Pg
bd
5

Fo
lr2

Se
rp
in
b8

Ak
r1
b1
0

Sn
x6

Fc
ho
2

H
ac
d4

Ep
ha
3

M
rc
1

B4
ga
lt6

D
yn
c1
i2

D
se

Te
p1

R
as
sf
4

Ap
1s
2

Ifi
t2

C
d3
00
lb

Ph
f1
1a

Tn
ip
3

G
pr
85

Tc
hh

Ad
gr
e1

C
le
c4
a3

C
d3
00
ld

Pi
gz

Tm
od
3

N
lrp
1a

Sl
fn
9

Sp
re
d1

Sn
ap
23

Ab
cc
5

F8
30
01
6B
08
R
ik

Tb
c1
d2
b

U
sp
8

Pl
tp

Sc
am

p5
N
fx
l1

Sg
pp
1

P2
rx
7

Ti
ca
m
2

50
31
43
9G

07
R
ik

W
dr
41

Eh
d4

D
dx
52

Iq
se
c2

H
m
ox
2

E2
f1

R
gl
1

Sn
x3

R
ab
11
fip
5

Vp
s3
3a

To
r1
ai
p1

As
b8

R
nf
21
7

Lr
rfi
p2

C
d9
3

Si
rt2

Bn
ip
2

Ac
tr1
0

Fa
s

Lg
al
s9

Sn
x1
0

C
cr
2

D
ef
8

R
ab
1a

Ah
na
k2

At
p6
v1
c1

Kr
td
ap

Tn
fs
f1
0

Pi
ra
2

D
hx
58

G
m
pr
2

M
fs
d7
a

Lg
al
s8

Bl
oc
1s
6

Sl
c7
a8

Pn
p

Tm
em

67
C
er
s6

Si
rp
b1
c

Ig
tp

Se
ct
m
1a

G
da

M
lk
l

G
m
49
51

Pa
rp
12

C
an
x

Ss
h3

Sl
c2
5a
5

Tp
m
4

Irf
7

Ps
en
1

Ifi
21
1

R
bm

s1
Fk
bp
1b

C
sf
2r
a

Pa
rv
b

M
itf

C
yb
56
1d
2

Vi
m

Vi
pa
s3
9

C
cz
1

R
ab
7

An
o6

C
2

Tm
em

30
a

Ar
hg
ap
10

Tc
ea
nc
2

Kl
f6

Sc
pe
p1

G
m
70
72

M
fs
d1

En
pp
4

Tm
ed
10

G
dp
d1

Vp
s2
6c

C
1s
1

B2
m

Yi
pf
1

Tl
r4

Ifi
44

Ai
da

La
m
p2

Sl
c2
5a
24

Lo
xl
3

R
ho
a

R
ab
31

Ar
f2

C
yf
ip
1

O
as
1a

Pa
rp
9

O
as
l2

Lm
br
d1

M
et
rn
l

R
np
ep

Zf
p9
91

Te
nt
5a

Ifi
h1

Ex
oc
6

At
p2
c1

At
p2
b1

Fn
ip
1

C
lic
5

M
ap
3k
15

M
ap
k9

C
3a
r1

Ira
k3

Pc
tp

G
bp
10

G
bp
6

W
df
y2

La
ir1

G
m
51
50

Itg
am

D
en
nd
1a

N
aa
a

N
ds
t2

Kc
m
f1

11
10
05
9E
24
R
ik

R
ab
10

R
ps
6k
c1

Pd
e6
d

Fg
f7

Fa
m
21
9a

Te
cp
r2

Pt
pn
12

En
sa

Ap
1b
1

Br
ox

Pi
k3
r6

Tm
6s
f1

R
rb
p1

Ip
m
k

An
pe
p

D
na
jc
10

G
ab
2

N
cs
tn

Zd
hh
c9

M
ap
re
1

M
ap
ka
pk
2

At
p6
v1
a

At
p6
v0
d1

H
ta
tip
2

M
yl
12
a

Sl
c4
8a
1

Lr
m
da

Pi
sd

R
tf2

O
lfm

l3
M
ap
re
3

G
gh

Ef
em

p2
Tr
ap
pc
3

Ift
22

Sl
c3
9a
1

Jp
t2

N
ud
t9

Tm
ub
2

Pd
ia
6

Sl
c3
5b
2

G
us
b

Ss
r3

N
ag
pa

Tm
9s
f1

R
nf
13
5

Tm
bi
m
6

G
lm
p

Sl
c6
6a
2

Lg
al
s3
bp

Ap
p

Fa
m
23
4a

Ad
am

9
To
r1
ai
p2

Fa
m
10
2b

26
10
00
2M

06
R
ik

M
et
tl2
1a

R
pu
sd
1

G
ng
12

M
in
dy
3

At
p6
ap
1

C
cd
c3
4

H
pr
t

St
ab
1

Se
rp
in
b6
a

M
os
pd
2

Pl
d2

C
ts
b

N
pl

C
pt
1a

Fu
bp
3

Sl
c8
b1

P2
ry
12

M
an
ba

N
at
2

R
rs
1

S1
pr
2

Sp
tlc
2

Tr
im
14

D
na
jc
8

Fr
m
d4
a

G
di
2

Se
lp

Ar
l6
ip
1

Sm
im
15

Pc
na

H
nr
np
h2

C
en
pi

Sd
c3

G
m
nn

Il1
0r
b

Vp
s4
b

To
r3
a

U
nc
93
b1

C
ry
ba
4

W
sb
1

C
d3
00
a

At
f3

C
ps
f4

At
p6
v1
d

Xk
r8

Yw
ha
h

Pr
af
2

Se
rta
d3

M
yr
f

St
at
2

H
k3

N
od
1

Ps
m
e2
b

Irf
2b
p2

G
rn

Sl
c8
a1

Ac
p2

R
uf
y3

St
x7

M
ap
re
2

Fu
ca
2

At
p6
v1
b2

Bi
n3

Ifn
gr
2

D
r1

G
ol
ga
7

Ly
n

Tr
ip
13

Pr
cp

N
ce
h1

Il2
1

C
al
hm

6
C
ys
ltr
2

Ab
cd
1

Lc
p2

Tr
im
21

Irf
5

Irf
2

Tn
fa
ip
8l
2

Tp
m
3

B4
30
30
6N

03
R
ik

Sc
am

p2
St
ar
d3

M
ar
co

Il1
2r
b1

M
ar
ch
f1

Ar
pc
2

Fl
vc
r1

O
gf
r

Pl
aa

Au
p1

N
in
j1

U
ap
1l
1

C
ts
z

C
hm

p4
b

Fn
ip
2

H
3f
3b

Ba
x

M
ag

C
rlf
2

M
6p
r

U
sb
1

Ig
f2
bp
3

C
d3
8

Pl
ek
ho
1

N
eu
1

W
sb
2

R
bm

7
M
rp
l1
3

Id
nk

At
p6
v0
b

Tm
em

12
8

D
dh
d1

O
st
c

G
m
36
07
9

Tn
ip
2

Ps
en
en

D
na
se
2a

Se
rin
c3

R
pu
sd
4

N
sa
2

C
13
00
26
I2
1R

ik
M
ga
t2

G
pr
10
7

Pl
gr
kt

Vd
ac
2

C
lta

U
bl
3

C
ts
a

H
2−
D
1

Il1
8b
p

C
ts
h

R
na
se
t2
a

Tr
af
d1

G
ba

Te
nt
2

H
2−
K1

Tc
irg
1

Ef
hd
2

G
ng
2

M
kr
n1

Li
ta
f

Va
t1

C
yb
5r
4

Pi
ca
lm

M
an
2a
1

Sl
am

f8
Ba
tf2

M
er
tk

G
ns

Ar
pc
3

C
ttn
bp
2n
l

Sl
c3
0a
1

Te
n1

C
ol
ga
lt1

Sm
im
24

Ps
ap

G
nb
4

Fb
lim

1
Ak
4

In
pp
5k

Bg
n

D
di
t3

C
hs
t1
4

Tc
te
x1
d4

Fa
m
22
2b

Ab
ra
xa
s2

Fa
m
91
a1

H
ex
a

C
hm

p1
b

Ac
vr
l1

Er
p2
9

C
rc
p

Ab
hd
12

Ak
r1
a1

Tr
im
47

Aa
ga
b

Et
v5

Li
lra
5

R
ab
29

Ak
r1
c1
3

M
ed
7

Sn
x8

Ah
sa
1

22
10
01
6L
21
R
ik

Ka
t5

N
up
93

Sz
rd
1

Pr
f1

N
fa
tc
2

Tr
pv
2

N
lrc
5

In
pp
5d

Le
pr
ot
l1

To
r4
a

Zc
3h
7a

Pl
ek
hb
2

N
ck
ap
1l

23
10
02
2A
10
R
ik

R
es
f1

Ac
tr2

M
co
ln
2

N
rro
s

Ik
bk
e

U
ba
sh
3b

C
ry
bg
1

G
bp
9

Sf
t2
d1

Ac
tr3

Ly
l1

U
ba
7

Sl
c2
5a
37

Pr
dm

4
Fy
b

Ap
bb
1i
p

Pi
p4
k2
a

Po
ld
3

Ly
9

C
d4
8

Jp
t1

Pk
ib

Zf
p9
84

En
tp
d7

Pt
pn
18

Tw
f2

Sh
3b
gr
l3

Pf
n1

M
ap
11

O
ra
i1

Pp
p4
c

N
ra
s

Fh
l3

Ar
rb
2

C
ln
3

Pd
cd
10

Va
m
p4

Ps
m
d1
0

H
2−
Q
4

Ar
pc
4

H
2−
M
3

R
nf
16
9

C
d5
3

La
t2

Ps
tp
ip
1

C
lc
n5

Fa
m
12
6a

Zn
fx
1

C
cr
5

N
ip
a2

H
ea
tr5
a

Sr
ga
p2

Pr
kx

BC
00
55
37

Pt
pr
j

Ac
sl
4

R
ap
2c

Tl
r6

Sl
c6
a6

Sr
d5
a3

Ap
2m

1
Irg
m
2

At
p7
a

Pi
lra

Al
pk
1

G
bp
7

Pi
lrb
1

M
yo
f

G
bp
4

Pi
lrb
2

Pp
hl
n1

Er
ap
1

Sl
c3
5a
3

Pp
p2
r5
c

Sp
pl
2a

Vp
s1
1

An
xa
4

Sg
pl
1

Tf
e3

St
xb
p1

G
np
da
1

El
m
o2

M
tp
n

Sp
ac
a9

R
p2

D
na
af
3

Sa
ss
6

Th
em

is
2

Sy
nj
1

Tn
frs
f1
4

Sl
c2
3a
2

N
fa
m
1

C
am

k1
d

G
vi
n2

N
rp
2

Pt
af
r

C
sf
1r

C
ts
c

N
4b
p1

Tm
em

17
0b

C
yp
4f
16

G
ol
ph
3l

N
fe
2

Tl
r2

Pl
xn
b2

Ad
am

17
M
ap
3k
8

C
dk
6

Tp
sb
2

Vs
ir

Itp
rip
l2

Pi
gn

C
di
pt
os

C
as
p8

Tm
em

16
8

Ph
f2
0

Tm
em

17
1

Sl
c3
7a
2

Tm
em

16
4

G
bp
8

Ab
i1

C
d1
80

In
pp
4a

C
yr
ia

N
ai
p5

C
ga
s

Il1
5

Pg
ap
2

Ev
i2
a

Vr
k2

Ai
f1

Sl
c2
5a
43

Ph
f1
1b

Eb
i3

C
yt
h4

Id
ua

R
ap
2b

Zf
p9
0

C
13
00
50
O
18
R
ik

Tn
ni
3

M
an
1c
1

Tb
c1
d2
3

Ap
h1
c

Br
ip
1

Ei
f5
b

C
dc
6

Pg
m
2

D
ck

Pi
k3
ap
1

Pp
fia
4

R
ab
39

Pa
rp
11

Ar
hg
ap
11
a

R
bb
p8

Zb
tb
34

D
tx
3l

Pt
pr
e

N
ap
g

G
pr
65

R
ab
8b

C
cl
12

C
kb

Sl
c9
a9

LO
C
10
05
03
92
3

H
pg
ds

Pt
ge
r4

St
ag
3

Ly
z1

N
lrp
1b

D
is
c1

Ki
f2
4

M
m
s1
9

Pi
as
1

C
ar
9

R
im
s3

G
m
63
77

Ba
tf3

C
he
k1

La
ct
b

Ab
cg
1

N
fk
bi
z

Lm
o2

49
30
50
3L
19
R
ik

G
m
12
18
5

C
sp
rs

G
m
70
30

Fg
d2

Tg
s1

Af
tp
h

Bm
t2

Se
td
b1

Ar
hg
ap
19

W
nt
6

Pl
xn
b3

G
m
fg
−p
s

Pb
x3

G
bp
2b

D
ag
lb

Zb
tb
8o
s

Tm
em

17
9b

St
x4
a

Si
rp
b1
a

Fg
l2

Si
rp
b1
b

Pa
k1

C
5a
r1

26
10
00
1J
05
R
ik

Fp
r1

C
d3
00
e

D
yn
lt1
a

Tn
frs
f1
1a

Sl
c1
1a
2

N
ap
1l
2

O
as
2

H
pf
1

Se
m
a3
e

Ifi
tm
5

D
py
sl
2

C
cd
c1
63

Sl
c1
0a
3

N
eu
rl2

Zf
p4
55

N
xp
e5

Ly
96

Si
gl
ec
e

Ly
86

M
ar
ck
s

Li
pa

R
ab
3i
l1

Tm
sb
4x

Sa
ra
f

G
in
s1

Et
he
1

Ar
l6
ip
5

Lg
m
n

At
p6
ap
2

Sh
2d
1b
1

U
ba
ld
1

C
cl
3

G
df
3

Sy
n1

An
kr
d6
6

Sm
ag
p

M
s4
a1
4

Sn
x2
4

M
s4
a7

Tl
r8

Tm
pr
ss
4

M
th
fs
l

N
ud
t1
6

C
al
m
2

Sn
rp
b2

Tm
em

68
18
10
03
0O

07
R
ik

Sl
c3
5d
2

R
bm

43
Zf
an
d5

C
1d

C
ni
h4

16
00
01
2H

06
R
ik

M
af

R
ab
7b

C
le
c4
a2

Ifi
tm
2

C
le
c4
a1

C
cl
6

R
nf
13
0

Bb
ip
1

Az
i2

H
as
1

Pi
n4

C
yp
1b
1

D
ra
m
2

C
cd
c1
26

N
ag
k

Zf
p9
45

Su
gt
1

O
ip
5

Tm
ed
10
−p
s

At
ad
1

C
m
a1

C
ep
t1

N
ip
sn
ap
3b

M
cp
t4

Bm
pe
r

C
br
3

M
sl
3l
2

Ep
s8

Sl
c9
a4

C
p

Tn
fa
ip
6

C
ry
zl
1

S1
00
a6

C
cl
11

Sl
c4
1a
2

Pd
cd
2l

M
or
f4
l1
b

M
b2
1d
2

U
nc
50

Ad
gr
g6

R
pp
30

C
cl
8

Kl
ra
3

Sl
c1
3a
3

C
om

m
d7

Fo
s

M
is
p

G
cg

Fh
ad
1

Tm
em

17
6a

As
cl
2

Tm
em

17
6b

Lr
p4

Zd
hh
c6

Se
rp
in
b9
b

Sl
c1
2a
9

R
na
se
l

G
lb
1

Pd
gf
c

St
ar
d8

Itm
2b

Ei
f4
e

Er
lin
1

11
10
05
9G

10
R
ik

C
ry
l1

Ba
g3

C
yg
b

Se
le
no
n

R
ab
11
a

M
df
ic

C
ts
o

Kc
nk
2

Ar
l4
a

N
th
l1

N
ed
d4

Si
k2

Al
dh
6a
1

H
ib
ch

Fz
d3

R
xr
g

Eg
fla
m

Em
c9

Pr
kc
i

Pr
oc
a1

Eb
f1

Ar
hg
ap
32

Fy
co
1

El
p4

R
m
dn
2

Sm
oc
1

Ec
i1

C
1q
tn
f1
2

C
ar
5b

Ad
hf
e1

Lr
p3

Bh
lh
b9

Pp
ar
gc
1a

Ac
sl
1

R
ab
11
fip
2

D
cs
t1

G
tf2
ird
1

Ip
o9

Tr
m
t9
b

Ka
nk
1

Pr
ep
l

Sh
3g
lb
2

M
bo
at
2

Fg
f1
4

Lr
rn
4

Ba
ia
p2

Ad
rb
3

Sh
3y
l1

Sl
c5
a8

Pa
pp
a

Ad
am

ts
12

Lg
r6

Zk
sc
an
4

Tm
ef
f1

Lr
rc
58

Zf
p7
04

Kc
td
21

Fl
ac
c1

C
cd
c1
59

Fg
f1
0

G
ul
p1

La
m
b1

C
av
in
1

C
tc
fl

Fg
fr1

Ef
na
5

To
m
1l
1

Ar
hg
ap
23

Ec
hd
c2

Ab
hd
14
b

Bc
kd
hb

D
hr
s7
b

So
d1

Pr
dm

16
Tp
h1

R
an
bp
3l

Sl
c7
a1
0

G
m
26
6

Ef
nb
1

M
ic
al
2

C
tf1

C
hs
t1

N
ca
m
2

Tm
em

21
6

C
ar
3

H
ca
r1

M
ag
i3

C
sa
d

Ar
xe
s2

Ac
ot
1

C
el
sr
2

C
m
tm
4

C
m
bl

Ep
hx
2

H
ac
l1

Kc
nk
16

G
m
48
47

Fc
gb
p

Sl
co
1a
5

Ad
am

ts
18

D
cs
t2

Pa
k3

C
dc
73

Ac
vr
1c

Tx
ln
g

Po
lr3
gl

Irx
4

M
cp
h1

Tr
ps
1

B3
ga
lt2

Pd
e3
b

G
m
10
03
7

Em
p2

Fl
vc
r2

Kl
hl
2

Irx
3

El
ap
or
1

R
gl
3

O
pn
3

C
cl
27
a

H
2b
c6

Tc
ea
l1

Fr
k

Tr
iq
k

Ed
nr
a

Lu
ra
p1
l

Es
yt
1

M
le
c

M
yp
op

U
be
2h

Ac
aa
1b

Al
dh
1a
3

Lr
p6

Lz
ts
3

Td
rd
3

Is
oc
1

Pi
gg

G
st
a3

C
dk
l3

Pp
m
1b

R
sl
ca
n1
8

D
yn
c2
h1

C
rp
pa

H
m
gb
3

C
cp
g1
os

Pa
ip
2b

Zf
p2
66

Pt
gf
r

Zk
sc
an
3

St
ar
d1
3

Ts
lp

Ki
f2
7

N
an
og

Pc
k1

Se
rf1

Pe
rp

Er
bb
4

R
bm

s3
M
ar
ch
f1
0

R
op
n1
l

N
dr
g2

Jm
y

Ar
m
cx
4

R
nf
18
2

R
uf
y4

Th
ns
l2

Px
m
p2

M
yo
1b

Ts
pa
n6

Et
l4

Bl
ca
p

N
cb
p2

Pt
pn
14

Fb
xo
32

Ju
p

R
id
a

Po
st
n

At
p1
a2

Zi
m
1

R
hb
dl
1

Px
dn

Ex
d1

Ab
ca
5

Ac
ad
sb

So
rt1

Pp
p1
r9
a

D
ht
kd
1

H
nm

t
Fe
rm
t2

Se
c1
6b

Py
go
1

M
sr
b3

Tj
p1

Ki
f7

Ac
ad
11

H
sf
3

Ac
ad
12

M
ca
m

Pr
ka
r2
b

Lh
fp
l2

G
lb
1l
2

G
m
52
87
5

Pd
zd
2

Ly
pl
al
1

Ts
pa
n1
2

At
p2
b4

D
3E
rtd
75
1e

C
gn
l1

Kr
t1
7

In
sr

Th
ra

M
ed
ag

18
10
01
0H

24
R
ik

La
m
a2

Ag
ap
1

Sy
ne
2

Tw
is
t1

Lu
m

Fs
d1
l

N
be
al
1

C
lo
ck

Sm
ar
ca
1

O
df
2l

Sl
c1
6a
7

C
ap
rin
2

Ar Sl
c9
a3
r2

R
tl8
c

Ts
c2
2d
1

Fh
dc
1

Sy
ne
4

Lr
ch
2

N
oc
t

Irx
5

D
en
n2
b

C
yb
5d
2

Fc
rls

Fa
m
16
1a

C
ol
ca
2

Aq
p1

B4
ga
lt2

R
as
gr
f2

Sp
ar
cl
1

H
pg
d

An
o1

Sg
ce

Ad
gr
a3

R
ho
bt
b3

Ac
bd
5

Itg
b8

Sh
3t
c2

Tf
dp
2

Ye
s1

N
ap
1l
5

Fg
d5

Se
rta
d4

44
30
40
2I
18
R
ik

G
sn

C
es
1f

N
eg
r1

Zf
p6
67

G
m
33
98
9

Se
le
no
i

Pi
k3
r3

Sh
ro
om

4
C
33
00
18
D
20
R
ik

C
re
b3
l1

Ig
f2

49
31
40
6C

07
R
ik

Am
ot
l1

Tc
af
1

C
cd
c3

Ao
c3

C
ac
hd
1

Fg
frl
1

N
re
p

Sl
c2
5a
23

Fr
y

Am
y1

C
nn
1

Kc
nm

b1
C
d5
9b

D
43
00
19
H
16
R
ik

C
da
dc
1

Sl
c2
2a
17

C
ac
ng
7

N
ek
1

Sg
cd

Pp
p2
r5
d

Vc
l

Sm
ar
cc
2

D
na
jc
28

Fa
m
12
6b

C
dk
l2

H
ox
d4

Ki
f1
b

Tm
em

45
b

C
ib
2

Sp
at
a2
2

Vl
dl
r

Bc
he

Si
x1

M
pr
ip

R
bb
p8
nl

G
pc
4

G
st
k1

Et
fa

Sy
ap
1

C
av
2

N
ic
n1

Ap
cd
d1

C
av
1

Fo
xo
4

H
ep
h

H
ey
l

Ec
i3

G
np
at

Pm
20
d2

G
al
m

G
na
i1

Fa
m
18
4a

Pk
d2
l2

Pe
x1

Pl
ch
2

Py
gb

C
es
1d

Th
rb

M
m
e

M
gl
l

Kl
hd
c8
b

M
ap
k1
ip
1

Zb
tb
10

Si
x5

H
ox
c6

Iq
cc

M
bt
ps
1

Sy
p

Ac
ad
10

Bb
of
1

D
ga
t1

G
pr
15
3

C
at
sp
er
z

H
ox
a3

Zf
p3
95

Sl
c2
2a
23

Yb
x2

Ifn
lr1

Zk
sc
an
7

Lr
ig
1

Tm
em

53
M
ip
ep

Se
c3
1b

Pg
rm
c2

Im
m
t

R
pp
40

Zy
g1
1b

H
ap
ln
3

C
cl
25

Ip
o1
1

Bb
s1

Tt
bk
2

M
dh
1

Ai
fm
1

Pp
p1
r1
a

Pa
m
16

N
du
fs
2

N
du
fv
1

M
tc
h2

R
bf
ox
2

Pn
pl
a8

AW
54
98
77

Er
c1

Et
fd
h

C
ul
4a

Sl
c3
6a
2

Tr
im
44

Ac
y3

R
pe

Pt
gr
2

Lo
np
2

Ft
o

49
30
40
2H

24
R
ik

Zf
yv
e9

Fa
m
21
0a

Pp
ar
g

Su
cl
g1

Su
cl
a2

Tm
lh
e

M
rp
l5
0

G
in
m
1

Ei
f2
b3

M
ac
ro
d1

D
ag
1

Sp
ta
n1

H
ad
ha

M
ag
ed
2

Pt
pr
d

Tm
em

80
Pc
ca

C
sp
g4
b

G
ol
im
4

M
fn
2

M
m
ut

M
tu
s1

N
rip
1

Fg
f2

Sc
cp
dh

Ia
rs
2

Th
ns
l1

Ab
hd
6

H
in
t3

D
ea
f1

Ar
hg
ap
35

Fh
1

M
yo
5c

Tm
em

18
4c

R
as
sf
8

Kl
hd
c7
a

M
fs
d8

Ag
pa
t3

N
tn
g1

G
id
4

Fk
tn

D
hd
h

D
ab
2i
p

So
rb
s1

M
m
aa

M
m
d

Ab
hd
15

C
YT

B
H
ad
h

C
ly
bl

Pl
in
1

Ar
hg
ef
40

Al
dh
2

M
cc
c1

G
pr
c5
b

C
ep
12
6

Ld
hb

G
m
40
01
1

M
th
fd
2l

N
pa
s3

Et
frf
1

Ac
at
1

Al
dh
5a
1

N
D
4

Fn
ta

Th
bd

Lm
an
2l

Fb
xl
7

D
lc
1

H
ox
c8

Pr
rg
2

25
10
00
9E
07
R
ik

Sc
n7
a

Ep
b4
1l
5

C
dk
n2
c

M
yo
m
3

D
2h
gd
h

Ab
cd
2

W
dr
35

O
tu
d6
b

N
D
1

Se
ps
ec
s

Fb
xl
4

Ac
ad
9

Pr
dx
3

H
ox
a7

Pi
trm

1
Ar
l1
5

C
c2
d2
a

R
et
n

M
et
ap
1d

Ac
ot
6

Pe
x1
3

Pa
rd
3

C
dk
l5

Sm
ar
cd
3

M
ao
a

Ph
yh

N
be
a

Sl
c4
4a
3

Pd
e1
a

An
gp
t1

G
hr

N
fib

C
hd
h

H
in
t2

Pa
cs
in
3

Tr
ap
1

C
pt
2

Ac
ad
m

La
nc
l1

N
D
2

N
D
6

N
D
5

Ac
ad
s

Sh
pk

N
eo
1

Vw
a8

Pe
x1
9

Pr
ka
g2

G
cs
h

Ak
ap
1

U
gg
t2

Pr
xl
2a

Iv
d

M
cc
c2

Li
pe

G
st
z1

C
lp
b

D
ec
r1

N
D
3

Xp
np
ep
3

M
ig
a2

G
rh
pr

Itm
2a

D
hr
s4

H
ya
l1

C
d1
63

Ex
tl3

H
sd
17
b4

Pf
kf
b3

La
pt
m
4b

M
ac
ro
d2

Pi
gb
os
1

W
dr
93

Ec
hs
1

Su
gc
t

Is
oc
2a

Bc
kd
ha

Tm
em

12
0a

St
on
1

C
td
sp
l

R
hb
df
1

Et
fb

Sl
c1
a5

Ec
hd
c3

Pe
x5

C
eb
pa

Ad
ig

Ve
gf
b

Tm
em

14
3

Pa
ps
s1

C
lc
n2

Bt
d

Pa
pl
n

Ky
at
1

Sn
rk

Se
c1
4l
2

Sy
tl4

Tc
f1
5

D
us
p1
8

N
dn

Sh
3d
19

Il1
7r
e

Bc
am

An
ap
c1
3

C
oa
8

Ja
g2

M
pd
z

G
rtp
1

C
av
in
3

Ac
aa
2

C
d1
51

At
p9
a

Lt
bp
3

C
ue
dc
1

D
oc
k6

C
av
in
2

C
d3
20

C
ox
6a
1

D
gc
r6

Pt
pr
s

Pt
pr
u

M
ec
r

H
4c
8

Sl
c5
a3

Kl
hl
12

U
bl
4a

N
fs
1

Ift
ap

M
rp
l4
9

Ya
p1

M
ap
1l
c3
a

C
ls
tn
1

M
rp
s6

C
dc
42
ep
1

Fa
hd
2a

Pr
ss
36

Kb
tb
d3

Zf
p6
51

R
gc
c

Sm
o

H
sd
l2

R
tn
4r
l1

H
2a
c1
8

H
ey
1

Sp
on
2

M
ap
9

Aq
p2

Pg
gh
g

Ifi
27

Se
c6
1a
2

Pa
rd
3b

C
ris
pl
d1

D
83
00
31
N
03
R
ik

G
as
1

Ld
ah

An
gp
tl2

Zf
p1
85

Irs
3

D
m
rt2

Sm
im
10
l1

Tf
r2

M
yo
6

Ts
hr

Ift
17
2

Sl
c1
8b
1

Ph
ld
b1

N
du
fb
3

Tr
im
68

An
o8

R
pr
m
l

C
ol
ga
lt2

D
ca
f4

Td
rp

Pt
gf
rn

C
ol
6a
3

H
2b
c4

G
uc
y1
a2

Ar
nt
l

St
ox
2

Fa
p

Lo
nr
f2

Vs
tm
4

M
as
p2

G
an
c

N
ap
ep
ld

Fa
h

G
rh
l2

Es
rp
1

N
ub
pl

H
yk
k

Kc
ns
3

Te
ad
3

Tc
im

Ab
cb
6

Px
m
p4

Ira
k1
bp
1

In
ca
1

C
ha
dl

Tr
f

Pd
k2

O
rm
dl
3

Ag
bl
3

Se
m
a5
a

Fa
m
8a
1

N
du
fb
4

Ph
kg
1

C
al
r3

H
ac
d1

G
lo
1

Fd
x1

M
c2
r

R
or
c

Sg
tb

H
ib
ad
h

Ar
m
cx
1

Ye
at
s2

Tl
r5

D
le
c1

Fa
m
83
e

C
ar
12

Ad
am

ts
19

Zf
p5
23

D
ct

M
ei
s2

R
as
sf
6

G
px
3

Ly
zl
4

Kc
nc
3

C
es
2e

M
tg
2

C
ro
cc

Jr
k

La
m
a5

Zf
p6
72

M
ap
7

C
ba
rp

Fa
m
16
1b

Bd
nf

N
ec
tin
1

C
ld
n8

Al
ca
m

St
xb
p6

Vg
ll4

N
t5
e

M
m
p1
5

Ts
pa
n9

Ya
rs
2

Te
ad
2

G
ip
c2

C
do
n

La
d1

C
ep
95

Ig
sf
9

Er
c2

Zf
p8
72

Pt
gd
s

C
d2
09
d

C
d2
09
a

Ts
pa
n7

Sl
c3
8a
4

M
yl
6b

Bc
l7
a

Km
t5
b

D
en
nd
11

Fn
dc
10

Fe
r1
l4

Pr
lr

Tm
em

15
8

C
ap
sl

R
ip
k4

Tb
x3

Bh
lh
e4
1

H
m
gn
1

Ig
sf
5

G
lis
3

C
ap
n8

H
om

er
2

Tl
cd
4

Sl
c4
4a
4

Sl
c3
5f
3

Pe
x1
0

R
ap
ge
fl1

Fa
hd
1

Es
rp
2

Pc
bp
3

N
ka
pl

Sl
c2
5a
25

Zf
p2
75

Kc
na
1

La
s1
l

Zf
p9
77

Sa
m
d5

C
tx
n1

R
as
ef

Ag
k

23
10
03
0G

06
R
ik

Kr
t1
9

D
lg
3

C
d1
64

H
2−
Ke
6

G
ad
d4
5g

Tr
p5
3i
13

G
rb
7

G
at
a3

Kr
t1
8

Zf
p4
28

Ar
hg
ef
19

Pt
pr
f

M
ac
c1

Ka
ns
l1
l

Tm
pr
ss
6

Sh
2d
4a

Ifr
d1

M
up
22

Kc
na
6

H
m
ga
2

C
al
ca

Zf
p2
39

C
cn
6

C
dc
p1

Ey
a2

C
bl
c

Ap
1m

2
C
nr
1

C
am

k2
n1

Pr
os
er
2

Es
r1

U
nc
13
b

Po
f1
b

Tf
ap
2a

Ei
f4
a2

Pl
ag
l1

H
dd
c3

Pr
pf
40
b

Lr
rc
4c

Pc
m
td
2

Pi
gl

Ar
hg
ef
38

R
nf
20
7

Zf
p2

C
hm

p4
c

Pl
ek
ha
6

C
xa
dr

Zf
p6
0

49
30
46
7E
23
R
ik

Ja
g1

Zf
p3
54
b

Pc
sk
2

G
cn
t4

C
lc
a1

Sl
c2
7a
6

Sh
3g
l2

C
2c
d4
c

W
sc
d1

93
30
15
9F
19
R
ik

Ly
pd
3

Sp
ry
1

D
lx
3

Sc
g3

Tm
em

18
4a

Fe
rm
t1

M
tc
l1

C
fa
p2
21

Ff
ar
4

Lg
al
s1
2

Bb
s2

Tm
em

13
2c

M
sc

G
pa
t3

C
th

G
lt1
d1

M
yc
bp
ap

28
10
40
8A
11
R
ik

Ig
sf
1

Pa
rd
6g

Pl
pp
r3

S1
00
a1
4

W
dr
89

Al
x4

H
ic
1

Lr
rn
2

C
ac
na
1g

Zf
p1
57

M
eo
x2

Lp
ar
4

C
ep
85
l

Itp
rid
1

Kd
el
r3

M
ec
om

Pc
dh
18

Sy
nm

M
ap
t

Jp
h1

Sm
yd
1

N
D
4L

C
ac
na
2d
1

M
kr
n3

Kl
hl
33

Ta
rs
l2

Pt
pr
z1

22
10
41
8O

10
R
ik

Kc
nj
11

U
sp
2

H
sp
b6

D
cl
k3

Zf
p7
70

Sp
tb

To
x3

Pr
kd
1

Tr
pv
1

St
au
2

Kc
nj
8

C
2c
d2

W
nt
9a

U
sp
53

Ec
m
2

C
yb
5r
l

Zf
r

Fz
d2

Ya
e1
d1

Pl
cb
4

Tx
nr
d2

Zf
p9
31

Zf
p9
82

Sm
ar
ca
2

Aa
sd
hp
pt

Pe
g1
0

Fa
t2

Zb
tb
41

Sl
c6
a2

H
ox
c1
0

Ar
hg
ap
29

Af
dn

Tm
em

8b
Tl
n2

Sc
rn
3

Zf
p3
54
c

Sc
oc

Ap
lp
2

Ah
sa
2

G
et
1

H
ox
a1
0

M
rp
s3
1

Ph
kb

Pr
ka
b2

Pp
p2
r1
b

Ar
hg
ap
5

As
pa

Ac
p6

M
bl
ac
2

D
ld

Ki
f2
1a

Pc
dh
b1
4

Ab
cd
3

N
du
fa
9

Po
m
t1

D
ls
t

Ac
o2

Al
dh
1a
7

Kp
na
6

Ja
zf
1

Bp
nt
1

Pg
m
1

Td
rk
h

Pc
nx

U
qc
rc
2

Id
h3
a

Pp
m
1l

Ab
cb
10

Pp
p2
r5
a

Sd
ha

Sh
ox
2

An
kr
d4
0

A1
bg

Pa
ld
1

Se
m
a6
c

Fa
ds
3

Itg
a6

Pr
ic
kl
e1

Sr
r

Ak
3

Sl
c1
6a
12

Sl
c2
4a
3

R
nf
11

Pt
p4
a1

G
rb
14

R
tn
2

U
nc
45
b

C
or
o6

Tm
em

44
G
m
58
20

Po
dx
l2

Sm
oc
2

C
bw

d1
O
ac
yl

Tr
im
45

BC
03
40
90

Pi
tp
nm

3
Ar
hg
ef
28

C
cd
c1
89

Zs
w
im
5

M
fs
d1
3b

R
ab
9b

G
m
pr

N
ex
n

Ld
b3

Zf
p7
08

To
pa
z1

Sh
is
a2

Pd
lim

3
D
py
sl
5

Bt
nl
9

Ad
am

ts
2

C
ol
1a
1

C
ol
1a
2

C
lic
6

C
cd
c2
4

D
us
p8

Pl
od
2

Kc
ne
1l

M
ox
d1

Eh
f

Bb
ox
1

Lg
al
s7

M
et
tl7
a1

Pc
sk
5

Ac
ta
2

C
th
rc
1

N
na
t

Bt
n1
a1

M
es
t

G
as
2l
2

C
ol
7a
1

Kr
t2
3

C
ol
17
a1

Sr
px
2

So
x1
0

Pr
el
p

Eg
fl6

Ab
at

C
ra
bp
2

C
ol
4a
2

Sl
c2
5a
42

C
ol
4a
1

C
dn
f

Ac
p5

La
m
b3

Bc
l2
l2

Zf
p4
23

Ki
t

Sl
c6
a1
5

M
ttp

El
ov
l4

Al
dh
1a
1

Kr
t5

M
yl
9

N
id
1

Tr
il

Sh
c4

G
st
m
4

Sp
tb
n1

Fh
l2

Lg
i1

Sn
ai
2

O
lfr
55
8

Tf
ap
2c

C
dh
3

Se
rp
in
f1

R
et

Fb
ln
7

Kl
f1
4

Sl
c6
a1
3

Sp
ar
c

M
ts
s2

Fh
od
3

G
ab
rp

At
p6
v1
b1

Sc
nn
1b

Ts
pa
n2

Sc
nn
1g

As
pn

Ap
ln
r

C
cd
c1
44
b

U
gt
3a
2

Ad
am

ts
17

R
ho
q

G
df
5

N
ov
a2

D
sg
1b

Af
ap
1l
1

Pt
ch
d4

Fa
m
21
7a

C
lc
a2

O
bs
l1

So
x7

Sl
c3
8a
3

Zd
hh
c2

H
yd
in

Fs
d2

Ta
cr
3

C
al
co
co
1

Pc
dh
1

R
ob
o4

G
lt8
d2

C
tn
na
l1

Aj
ub
a

M
pp
7

Ab
lim

3
G
st
m
5

C
1q
tn
f9

Fg
f1

N
pr
3

Le
p

H
m
cn
2

Pc
bd
1

Sv
op
l

Lm
o1

Pl
ek
hb
1

Kl
hl
23

Ab
cg
4

Lr
rc
3

C
ld
n5

C
ol
4a
5

Po
n3

Ac
tg
2

Sa
m
d4

Su
lf2

Su
cn
r1

Fk
bp
9

Pe
li2

Li
m
s2

Pl
et
1

Ac
ox
1

Ad
h1

M
gs
t3

Ec
h1

Ad
ip
oq

Fa
bp
4

Pa
rv
a

Au
ts
2

G
rb
10

M
pv
17

O
sb
pl
1a

Sn
cg

Pk
p1

Kr
t1
4

Bm
p3

C
ts
f

H
c

W
w
tr1

C
cd
c8
0

Aq
p7

M
at
n4

U
pp
2

Fx
yd
3

Lp
l

C
d3
6

En
pp
3

Vn
n3

Pe
g3

G
pr
15
6

Il3
4

Ar
t3

N
pa
s2

Pr
np

Bt
bd
3

Ad
gr
l3

D
us
p1
9

Zf
p5
03

Sl
c2
a1
2

Pa
fa
h2

Tm
em

10
9

U
sh
bp
1

M
pz
l1

L3
hy
pd
h

Tm
em

14
a

O
m
d

R
gs
4

Kl
hl
13

Tt
pa

G
as
6

H
tra
1

Sp
on
1

Ad
cy
5

Fh
it

C
yp
4f
17

G
m
12
24
8

M
up
7

Pd
zr
n3

N
pd
c1

Pm
ep
a1

H
sp
a1
2b

M
ag
i1

Pl
in
4

N
pr
2

C
dk
l4

Ep
hb
3

N
ge
f

C
fa
p9
9

C
tr9

Ab
cc
8

R
tl8
a

Fz
d8

M
yh
14

C
cd
c4
2

N
ot
ch
4

N
ra
rp

Sh
3b
p5
l

Fa
m
11
0c

C
ab
le
s1

Se
m
a3
b

Pl
xn
a2

Lz
ts
1

Pl
in
5

O
xt
r

G
re
b1

M
m
d2

Sl
c4
a2

C
ac
na
1a

D
63
00
45
J1
2R

ik
N
av
2

N
ua
k1

P3
h2

G
uc
y1
a1

Tr
pc
3

Sc
d3

Fg
f1
6

Id
h1

Pl
sc
r4

El
av
l3

Kr
t7
9

H
1f
10

Lc
tl

Ad
ra
1a

Kc
nj
14

La
m
b2

Pr
r1
6

O
rm
1

G
ria
1

Tr
p5
3i
np
2

G
rin
2b

Ad
am

ts
16

Il3
1r
a

Pl
aa
t5

Ke
ra

Lr
rc
27

Sl
c2
2a
2

C
ry
ab

Sy
de
1

Sm
im
1

O
pt
c

Pl
pp
r4

Jc
ad

R
gs
6

Vs
ig
2

29
00
02
6A
02
R
ik

M
sr
a

R
ab
4a

Pe
f1

U
qc
r1
1

U
qc
c1

H
ag
h

Fa
m
21
9b

Po
ld
ip
2

G
lrx
5

Ld
hd

Fa
m
17
1a
2

Pm
pc
b

C
re
ld
1

In
pp
5a

Ar
hg
ef
9

C
cd
c9
b

G
pa
m

Ki
f1
c

N
du
fa
b1
−p
s

Tm
em

25
0−
ps

M
rp
l1
7

G
na
11

Bo
la
3

Tt
l

N
du
fb
9

N
f2

N
du
fa
10

Ac
ad
vl

C
oq
9

Id
h3
g

At
p5
b

U
ck
1

M
ag
ed
1

Sv
ip

Ba
ce
1

Id
h3
b

C
dc
42
bp
a

N
ck
ap
1

H
ad
hb

N
ud
t4

Sp
g7

D
ol
k

Pc
cb

Irs
1

H
sp
a1
2a

M
rp
l3
7

M
dh
2

Ak
t2

N
du
fa
b1

C
oq
6

Sl
c2
2a
3

R
bp
4

Ly
6g
6c

Pm
20
d1

H
r

Lz
ic

Sp
ag
4

Sl
c2
7a
4

Ab
lim

2
Ar
hg
ef
15

C
fl2

Tn
s1

Ki
fb
p

G
st
m
1

U
sp
46

H
dh
d2

N
su
n4

G
st
m
2

Bn
c2

N
ud
t1
8

Sy
bu

C
yh
r1

N
du
fs
5

R
ab
34

Lz
ts
2

Fc
or

Ps
tk

N
du
fb
8

C
ox
19

H
sp
b1

R
bm

20
U
ro
s

R
ad
9b

M
an
2a
2

H
eb
p1

As
b1

Po
m
gn
t1

C
ol
6a
2

Jm
jd
8

LO
C
11
85
68
06
2

Fb
xo
9

R
ee
p6

Ar
hg
ef
17

Ep
as
1

N
rx
n1

Vs
tm
2b

Lr
rc
15

Bc
l2
l1
3

G
gc
x

D
ok
4

Tb
x2

N
om

o1
N
tm

Sl
c1
a4

La
m
a3

Yp
el
2

Pt
pr
b

Ak
ap
12

Tg
fb
3

D
pt

Fz
d4

Ts
hz
2

Ah
cy
l2

C
ol
3a
1

C
ol
6a
1

C
ol
5a
2

Zf
p5
32

C
d5
9a

Pa
lm
d

Ss
pn

Eh
d2

Tm
em

98
Fm

r1
48
33
43
9L
19
R
ik

M
up
3

Kr
t1
5

Pc
sk
6

M
tu
rn

Iti
h5

C
pe
d1

Lp
ga
t1

N
trk
2

M
yo
1d

So
d3

M
fa
p2

Pa
qr
6

N
ka
in
1

Pl
ce
1

Pk
p2

Tm
em

25
5b

G
uc
y1
b1

G
ar
em

1
Te
x2

C
op
z2

Ep
hb
2

M
eg
f8

Pi
15

C
dk
n1
c

Te
nm

4
G
pr
27

C
dc
42
ep
4

H
sp
g2

C
ol
5a
1

Ad
am

12
Ki
f2
6a

Sp
ac
a1

R
ad
il

Fn
3k
rp

Pl
s3

C
cd
c9
1

Pt
pr
g

Sr
ga
p1

C
hp
t1

N
ud
t1
2

Ar
hg
ap
20

Zf
p4
49

D
tx
4

C
lp
x

Pr
ic
kl
e2

St
3g
al
3

C
O
X1

11
10
03
2A
03
R
ik

Bm
pr
1a

Ep
m
2a

Tt
c8

La
m
a4

Fr
em

1
Al
dh
7a
1

C
d9
9l
2

Ar
hg
ef
12

Ao
x1

H
eb
p2

Ar
xe
s1

Tg
fb
1i
1

Bp
hl

Sy
t1
4

Itg
a7

D
lg
5

Sl
c2
5a
26

An
kr
d4
6

M
rrf

W
w
c2

Ad
ip
or
2

Fi
tm
2

N
ph
p1

La
m
c1

Lg
al
s1

Zf
p9
3

Tt
c3
0b

Pr
ex
2

M
ce
e

Tc
af
2

N
du
fv
3

D
ap
k1

Fx
yd
1

M
tg
1

N
du
fa
4

Ta
cc
2

Ak
r7
a5

G
pd
1l

Tf
b2
m

Ts
ks

Kr
t2
0

Il1
7d

W
nt
5a

An
kr
d2
4

Ss
x2
ip

Po
pd
c2

Fa
m
83
a

G
li2

Pc
dh
12

Bc
ar
3

Zf
p8
27

C
ol
15
a1

L2
hg
dh

R
bp
m
s2

Ap
c2

Ps
d2

Ja
de
1

R
rm
2b

M
m
p2
8

Ak
r1
c2
1

R
nf
14
4a

Pt
pn
4

Er
cc
6l
2

Sm
ad
5

D
zi
p3

W
dr
78

Fi
gn

G
gn
bp
1

C
1q
tn
f7

C
cd
c6
2

Pr
dm

9
Lr
rc
17

D
na
af
4

At
ps
ck
m
t

64
30
55
0D

23
R
ik

M
tx
3

H
m
cn
1

H
m
g2
0a

Zb
tb
46

Sr
ga
p3

Zc
3h
av
1l

M
th
fd
1

Th
sd
1

O
tu
d7
b

Tf
b1
m

En
tp
d6

C
dk
5r
ap
1

Tr
o

M
et
tl4

Tt
c2
1b

Pp
p4
r4

D
gk
d

Ab
hd
18

Zf
p5
07

Ar
id
2

H
ec
td
2

Lr
rc
8d

Ec
hd
c1

C
ld
n1

Tt
c3

C
lu
h

Pt
ch
1

U
trn

H
ip
k2

N
es

D
yr
k1
b

R
nf
24

Zb
tb
20

Sr
pk
2

Am
er
1

Ka
t6
b

Br
pf
3

G
pr
34

R
ps
6k
a5

Kd
m
5b

Zf
p4
67

R
as
al
2

N
co
r1

Xr
cc
3

D
nm

1
N
du
fa
f1

Zf
p4
62

D
bn
1

Pc
dh
7

Si
gm

ar
1

Af
g1
l

M
ag
ix

Kc
td
3

C
yp
2u
1

H
un
k

Tm
em

18
4b

Tf
cp
2

Pi
k3
cb

C
ep
10
4

Ep
b4
1l
2

M
to
r

Za
dh
2

G
fm
2

C
pe
b2

Tt
c3
7

Vp
s1
3d

Lr
pp
rc

Id
e

Fa
m
16
0a
2

In
ts
10

St
xb
p4

Kl
hl
17

M
yo
19

W
dt
c1

Ts
c2

H
ea
tr5
b

Pr
r5

So
cs
2

C
tn
nd
2

Va
sh
1

C
bx
6

Sp
ef
1

Tm
em

20
4

Em
id
1

M
fg
e8

Ph
gd
h

Ph
f8

R
gs
5

C
ol
12
a1

Pr
om

1
Bi
k

M
df
i

Irf
6

Ep
s8
l2

17
00
02
0L
24
R
ik

H
1f
4

Sh
f

Zf
p9
64

Sy
t7

Pl
xn
b1

D
di
t4

Ad
gr
g3

Pl
lp

M
rp
s3
5

M
et
tl2
6

Fl
rt3

Le
tm
2

Pa
bp
c4

P4
ha
2

Pe
x6

W
dr
4

G
m
11
83
7

Kc
nq
4

Bp
ifb
6

Se
m
a6
d

N
ot
ch
3

Ad
cy
6

Sp
a1
7

Pl
xn
a3

Aa
tk

Fa
m
12
0c

Sl
c2
a1
3

Tm
em

17
8b

M
et
tl2
4

C
ac
ng
4

R
sp
h3
b

Tm
em

11
9

Tt
yh
2

Al
k

Zb
tb
4

Sh
3p
xd
2a

Tr
p5
3b
p2

Tm
em

24
5

Ar
m
cx
2

S1
00
a7
a

H
da
c6

M
am

l3
Sm

g6
G
ly
ct
k

Pr
ag
1

Al
ad

So
x1
2

M
rv
i1

AI
59
74
79

R
pg
r

Lr
at
d2

Ti
m
m
21

R
an
bp
17

Pr
m
t2

Po
dx
l

C
oq
10
a

Kc
td
2

Ad
rb
1

C
ob
ll1

N
tn
3

G
tf2
h3

Ak
tip

Po
m
gn
t2

Tm
em

26
6

Fa
m
11
4a
2

N
ap
1l
3

M
ex
3a

D
ap
k2

Lu
ra
p1

Bc
r

In
ka
2

Pe
x2
6

C
re
bl
2

C
m
tm
8

N
ed
d4
l

Po
n1

Pd
gf
a

Ly
rm
7

Tr
im
24

An
kr
d1
3b

M
og
at
1

U
bq
ln
1

C
al
d1

27
00
08
1O

15
R
ik

Fg
f1
3

C
dc
23

Sn
ca
ip

C
cs
er
2

G
fo
d1

C
ds
n

Pl
ek
hg
5

Sy
np
o2

Th
ap
12

C
di
p1

N
kd
2

R
et
nl
a

M
sr
b2

Ef
nb
2

Ac
kr
4

C
og
6

Su
ox

Ab
ra
xa
s1

El
ap
or
2

G
tf2
i

M
ap
3k
13

Th
oc
2l

Ta
ng
o6

Pf
kf
b1

R
as
l1
0a

Ac
o1

Kl
b

G
nb
5

Zf
yv
e2
1

Tm
em

20
1

Py
ur
f

M
ic
al
3

C
ls
tn
3

Pa
rp
16

M
kn
k2

R
ab
6b

Pr
ss
12

C
nt
na
p1

Pc
lo

C
ry
m

Tr
im
67

C
d2
09
c

Aa
sd
h

Ag
ps

Ar
eg

G
em

in
5

G
st
o2

At
l2

Am
hr
2

Po
gk

M
pp
2

Pd
e2
a

H
m
gn
3

O
sb
pl
5

C
lp
p

D
dr
1

El
p3

M
et
tl2
7

R
hb
dd
2

D
na
jb
2

Ep
hb
6

Pp
p2
r3
a

Pp
ar
a

Pu
s7

Su
cl
g2

Zf
p6
12

So
x5

Irx
2

M
et
tl2

Pp
p1
r3
7

C
cd
c8
5c

N
ar
s2

N
du
fb
10

Sm
im
8

Q
se
r1

So
x4

R
yk

In
hb
b

O
sg
ep
l1

Ee
pd
1

Lr
rc
75
b

R
ai
2

Tm
em

70
D
bi

M
ap
6

Pd
hb

G
ys
2

C
hn
1

M
pc
2

Tm
em

12
0b

M
in
dy
2

Kb
tb
d1
3

Ad
am

ts
10

H
sd
17
b7

G
ga
2

M
og
at
2

M
ap
2k
6

Le
o1

Sl
c1
9a
1

Ja
km

ip
3

Kc
nb
1

D
ga
t2

Fd
ft1

R
hb
dl
3

Tc
ai
m

C
s

N
at
8l

Pd
ha
1

C
yb
5b

D
dh
d2

U
nc
5a

Sp
ire
1

Sl
c2
a4

Pr
ps
ap
2

C
O
X2

Pa
nk
1

Pr
ka
a2

As
b1
2

Tm
od
1

Sm
tn
l2

At
p1
b2

Xl
r3
c

N
rg
4

D
ca
f6

Pd
ss
2

R
pu
sd
3

Pp
p1
r3
c

Sy
t1
2

C
nd
p1

Kl
k1
0

Sq
le

Id
i1

N
sd
hl

Ag
pa
t2

G
al
e

Sl
c2
5a
10

In
si
g1

A5
30
01
6L
24
R
ik

O
df
3l
1

La
ct
b2

U
cp
3

Sl
c2
5a
35

Pt
ge
r3

Pc
yt
2

Sc
5d

O
to
p1

M
vk

Pp
p2
r5
b

D
hx
32

Ph
ld
a3

D
5E
rtd
57
9e

Te
cr

Tm
em

17
9

R
sp
h3
a

Tl
cd
2

An
gp
tl8

M
pc
1

C
om

t
Pt
h1
r

M
lx
ip
l

Aa
cs

C
sp
g4

Pa
lm
3

Pm
el

G
m
37
39

Bm
yc

D
m
bt
1

St
x1
a

So
rl1

Sb
k1

Pm
vk

Ls
s

Ac
at
2

D
hr
s7

Tm
em

79
Fd
ps

Sc
d2

Th
rs
p

Tk
t

Ad
cy
10

C
yp
51

Py
gl

G
pd
1

D
di
t4
l

Sb
p

U
sp
13

Sr
l

M
yl
1

Tp
m
2

Kc
na
7

Tp
m
1

Jp
h2

R
bm

24
Pf
km

Pr
ka
g3

Pd
e4
di
p

H
sp
h1

C
ap
n3

Ph
ka
1

H
tr1
d

G
pr
in
2

U
pk
2

Ac
sb
g1

Sl
c2
5a
29

R
dh
5

G
m
21
15

G
al
3s
t2
c

Kc
nh
3

Ty
r

Kc
ni
p2

Sn
ap
91

Ac
he

H
cn
3

G
ad
1

Sc
n4
b

A5
30
02
1J
07
R
ik

Pc
dh
b1
0

U
tp
14
b

Zf
p9
50

G
uc
a1
b

Pt
pn
5

Sl
c5
a5

Tm
pr
ss
11
a

90
30
02
5P
20
R
ik

Sy
n2

N
r5
a2

Sp
oc
k3

Lr
rc
9

Aq
p6

At
p1
3a
3

C
xc
l1
5

Th
sd
4

Fa
im
2

Es
rrb

LO
C
11
85
68
78
3

Pn
ld
c1

St
k1
6

Li
pt
1

Sm
im
14

Ac
yp
1

Tm
c5

M
gm

t
28
10
00
4N

23
R
ik

Pe
m
t

Zh
x1

Ef
ca
b2

M
st
1r

C
hs
t7

Ss
u2

M
rm
3

Pd
zd
4

M
lp
h

Kl
ra
8

Fn
dc
4

D
vl
1

C
ys
tm
1

Am
ot
l2

Pt
n

Pg
ap
4

Ar
m
c6

M
tln

M
rp
l5
3

Tr
ap
pc
2

D
us
p1
0

Id
3

25
10
00
2D

24
R
ik

R
un
dc
3a

Fo
xo
1

Em
l2

R
dh
10

W
iz

LO
C
11
85
68
02
0

N
ud
t6

G
pc
1

D
cu
n1
d2

Pd
lim

7
Yp
el
1

Ef
na
2

C
ys
rt1

D
na
ja
4

Kl
hl
8

Se
rp
in
a1
c

R
ab
3i
p

Fa
m
90
a1
a

Tx
nl
4a

U
tp
4

M
te
rf2

M
te
rf3

Ad
at
1

R
ev
3l

G
at
a6

Ar
hg
ap
40

R
co
r2

R
gl
2

G
lt2
8d
2

Zf
p7

O
vg
p1

Ey
a1

R
nf
16
7

G
ab
rr2

M
tfp
1

Fa
t3

Su
n2

U
ba
c1

Ac
sl
3

N
du
fa
f7

Pe
x1
4

06
10
00
9B
22
R
ik

M
m
ac
hc

C
oa
sy

N
ud
t7

Pp
ip
5k
1

Li
x1

Em
c6

G
ca
t

Pm
m
1

C
yc
1

Pe
x1
6

Fl
ad
1

Ap
oo

Si
pa
1l
2

At
p5
a1

Fa
m
21
7b

G
ar
nl
3

Pi
gq

N
os
3

Lr
sa
m
1

Sd
sl

31
10
00
9E
18
R
ik

G
ap
dh
s

G
at
b

C
dc
14
b

C
hm

l
Pd
zd
7

R
nf
t2

M
rp
s5

C
is
d3

Tm
em

69
Ba
hc
c1

Tx
nr
d3

Iq
an
k1

G
ria
3

Lr
rc
1

G
m
10
76
7

C
cr
10

Ad
gr
b2

Ea
rs
2

LO
C
11
54
89
98
1

G
ab
rb
2

Fa
m
14
9b

Lr
fn
4

Bt
bd
6

Sy
ng
r1

Fm
c1

Zf
p5
79

Es
yt
2

Tb
c1
d1
6

At
ad
3a

C
cd
c6
6

Aa
rs
2

Va
rs
2

Pr
m
t5

Tu
bg
1

H
dh
d3

Ly
6h

C
dk
18

C
dk
n2
b

C
ar
m
il3

Al
dh
1a
2

M
yo
c

Ly
nx
1

Ef
r3
b

Ab
cb
9

Kl
hl
3

Ln
x2

Fr
at
1

M
em

o1
Be
nd
3

M
ts
s1

Ll
gl
2

Po
lg

Ig
dc
c4

Pi
tp
nm

2
C
ol
6a
6

D
kk
l1

Kr
t8

C
ar
11

Pk
d1

Pc
dh
b6

Kr
t1
0

M
ex
3b

H
ox
b6

Pg
r

Zn
rf3

C
at
sp
er
e2

Tu
ft1

C
cd
c1
62

Px
dc
1

Af
f4

Ig
fb
p2

R
3h
cc
1

Ad
am

ts
9

W
as
f1

Ly
rm
9

Lt
bp
4

Ta
fa
5

R
m
i1

Tw
nk

Te
cp
r1

G
m
42
51
7

G
le
1

Tu
fm

C
cd
c1
37

N
ek
8

Ar
l2
bp

Bc
l9
l

Kd
r

Fa
m
98
a

U
sp
19

Su
gp
2

Af
ap
1

Tl
e2

G
di
1

R
tn
4i
p1

Pt
ch
2

Pt
cd
3

G
pt

R
im
s4

Pd
p2

N
trk
3

N
eu
rl4

Ab
ca
2

Zc
3h
7b

Ss
bp
3

Zf
p6
09

C
ul
7

C
ol
13
a1

U
be
3b

Ld
lra
d4

G
pr
17

Sf
xn
4

Sa
rd
h

P2
rx
6

D
m
pk

C
nn
m
2

C
ol
5a
3

H
m
gc
s1

M
cr
ip
2

Ig
fa
ls

M
xd
4

Ag
pa
t1

Vw
a1

D
yn
ll2

N
id
2

R
fln
b

R
as
l1
2

M
at
n2

Tr
ar
g1

R
gs
7b
p

Al
b

Fa
m
53
b

G
st
a4

O
gd
h

At
pa
f2

BC
02
97
22

Ig
fb
p6

In
sy
n1

H
3c
15

C
ol
25
a1

Bc
ar
1

R
pp
25

Ev
i5
l

C
dp
f1

Pe
x1
1g

Bo
rc
s8

As
ap
2

Pp
p1
r1
6a

Iq
se
c1

La
m
c3

G
in
1

Pp
p1
r3
e

Pl
a2
g6

Tr
pv
3

El
ac
2

Tn
ks
1b
p1

Lo
np
1

G
at
d3
a

H
em

k1
M
gl
2

Zf
p9

Pn
kd

R
ra
s2

M
et
tl1
5

Fa
m
23
4b

Al
g2

Kr
t2
22

Tb
l2

La
rp
1b

Pa
ka
p

O
xn
ad
1

Kc
nh
2

Irg
q

Yj
ef
n3

Ac
y1

Sn
ap
47

O
rm
3

El
m
o3

R
ab
11
fip
3

En
tp
d5

Al
dh
4a
1

U
qc
rfs
1

G
ys
1

C
cl
24

M
m
ab

Tl
cd
1

Fa
t1

Tr
ab
d2
b

D
io
2

Pn
pl
a3

Po
ln

D
hc
r2
4

St
at
5a

M
et
tl7
b

Fa
m
13
6a

Fa
m
18
0a

C
03
00
06
K1
1R

ik
Vm

n2
r5
7

AT
P6

C
dk
16

Pr
ss
27

Is
ca
1

M
yo
rg

C
ry
2

Aa
m
dc

H
ox
c5

Pr
ka
ca

Se
rp
in
h1

Le
tm
d1

D
m
tn

Pa
nk
3

N
oa
1

N
kd
1

W
dr
77

23
10
06
1I
04
R
ik

G
pr
63

Fa
m
16
0a
1

Th
em

4
M
ic
u3

R
et
re
g3

N
du
fb
6

M
rp
s2
2

C
id
ea

C
13
00
74
G
19
R
ik

Tt
c2
8

At
rn

Fn
3k

Lr
rc
39

Eb
f3

W
sc
d2

D
ep
to
r

Tr
ak
1

Ka
nk
2

Km
t5
a

M
eg
f9

G
ja
1

Ts
pa
n1
8

Se
pt
in
5

Fa
ds
2

D
do

D
la
t

Pc
x

Le
tm
1

M
ta
rc
1

At
p5
g3

Ab
cb
8

M
ic
al
l1

M
ra
p

To
p1
m
t

C
ox
8b

Ac
sf
3

U
qc
rc
1

Yw
ha
g

Tr
ub
2

Ec
si
t

Fa
rp
1

Pi
k3
r1

Tp
cn
1

Sl
c2
5a
44

Bi
cd
2

Fx
yd
2

Sc
d1

An
k2

Ti
na
g

Sl
c2
5a
19

An
gp
tl1

Tt
c7
b

Pc
dh
b9

Ac
tr1
b

N
rip
2

Em
l1

Tm
em

18
2

Ad
i1

G
ol
ga
7b

Zb
tb
8a

Aq
p5

Tm
7s
f2

Sk
i

G
ad
d4
5a

Sl
c2
5a
39

Ab
hd
14
a

Tr
ip
6

G
px
4

Fa
m
18
6a

H
au
s7

Tu
ba
1a

N
ts
r2

Ef
ca
b8

Pp
cs

N
ca
n

Fg
f1
8

Pp
m
1f

C
yp
3a
57

Tr
ap
pc
4

Pl
ek
hh
3

N
ol
3

N
ki
ra
s1

B3
gl
ct

Tm
em

18
6

Si
rt5

Po
lr3
g

Tm
em

25
4a

G
am

t
C
dr
2

Sl
c2
2a
14

Bc
l6

Pa
qr
9

G
na
o1

Tc
te
2

H
ox
a4

G
0s
2

13
00
01
7J
02
R
ik

Itg
a2
b

Bp
ifb
5

Sy
nd
ig
1l

Bp
ifb
3

C
ol
6a
5

Il2
2r
a2

Il1
3r
a2

C
d2
09
b

Sl
c3
5g
2

Fv
1

Ba
ia
p2
l2

Ak
ap
9

Pn
is
r

H
2b
c2
1

Fo
xq
1

C
nt
n1

M
ag
ea
9

C
ts
r

M
tm
r7

Ep
s8
l1

Pl
k5

El
ov
l7

R
3h
dm

l
Li
ng
o1

C
dc
p3

G
ap
43

Zb
tb
8b

R
as
gr
f1

R
ph
3a
l

At
f7
ip
2

D
zi
p1

Ak
ap
5

Ar
m
c9

Fm
od

D
gk
i

D
us
2

Pp
dp
f

G
li1

C
yp
2s
1

As
xl
3

N
kp
d1

Fa
m
19
3b

C
rtc
1

D
ho
dh

G
m
47
87

Ze
r1

Po
lr3
e

Sp
sb
1

Kr
ba
1

Zh
x2

Vt
n

Yl
pm

1
Iz
um

o4
D
ot
1l

Iq
se
c3

Po
li

R
ab
30

C
cd
c1
5

Fn
tb

C
ep
68

C
bf
a2
t3

Zf
hx
2

Ss
po

R
ho
f

Zb
tb
37

Km
t2
c

Pd
e7
a

Bi
cd
l1

Br
w
d1

Sc
m
l4

C
dc
37
l1

Xr
cc
6

Tb
c1
d4

C
ol
27
a1

Bc
an

Ti
a1

H
nr
np
h3

Sc
ai

C
hd
6

Ad
am

ts
20

N
rk

St
8s
ia
2

C
d2
09
e

Kc
nj
16

Sm
im
5

Tc
er
g1
l

Pd
e1
c

M
fs
d2
a

M
ar
s2

Bo
ll

Pr
kc
z

G
ab
br
1

C
d2
00

At
p1
b1

G
gt
1

U
rb
1

Il1
7r
b

Bt
bd
11

Sl
c1
6a
5

W
nt
10
a

C
ris
p3

Sp
at
a3
1d
1b

D
gk
a

C
ac
na
2d
4

Ad
am

11
C
ar
ns
1

R
ap
ge
f4

C
ac
nb
3

Xk
rx

Fc
er
2a

Kl
k9

C
d2
07

G
al
3s
t2
b

Vi
pr
1

N
ph
s1

C
le
c4
g

D
nt
t

Sl
c2
8a
2b

Ly
pd
6b

N
ud
t1
7

Ift
80

26
10
52
8A
11
R
ik

St
m
n2

M
ga

F8 Sc
ub
e3

Si
gl
ec
h

M
yc
n

Zc
w
pw

1
Tt
c3
9a

Aq
p3

H
av
cr
1

Ar
c

O
pr
d1

Xl
r3
a

C
dh
4

O
lfm

l2
a

U
br
1

Ak
ap
11

Zk
sc
an
8

D
is
3l

Vs
nl
1

Se
td
4

Es
yt
3

Sl
c2
5a
27

Zs
ca
n3
0

St
rip
2

Sh
3r
f1

U
bn
2

Sy
tl5

Pu
ra

Ta
so
r

H
as
3

LO
C
11
54
89
41
7

C
xx
c5

Sc
ub
e2

Em
l5

R
fx
3

M
sh
2

Zf
p3
69

Ic
e2

D
nm

bp
O
sb
pl
6

N
ae
1

C
pe

Al
kb
h8

H
da
c2

Lr
at

C
as
d1

Ac
e2

Si
m
c1

Sy
nj
2b
p

M
et
tl1
6

Zf
r2

G
pr
as
p1

Fg
f1
1

26
10
00
8E
11
R
ik

Li
m
ch
1

Tr
hd
e

M
or
c4

Ad
al

Ap
ex
2

Bc
or
l1

Te
t1

Ve
zf
1

Tm
em

64
R
ic
8b

Pw
w
p3
a

Tm
em

17
7

H
ox
a9

G
ol
ga
2

Sl
f1

C
do
1

Ig
sf
3

Tm
em

13
5

H
sp
d1

Sl
c3
5d
3

R
nf
43

Se
sn
3

G
ol
ga
4

Tr
p5
3b
p1

N
um

a1
Bo
d1
l

Sn
ap
c3

Pb
ld
2

In
ts
8

Fa
m
17
8b

So
x8

Tc
p1
1

U
be
3a

Zf
p4
38

Fg
fb
p3

W
dr
75

Ta
nc
1

N
dr
g3

H
ex
im
2

Tm
em

88
b

Zf
p1
13

En
pp
2

G
pr
c5
c

Zf
p2
80
d

M
ie
r3

Zm
at
1

D
ef
b1

Eg
ln
3

Bi
cr
al

Pa
tj

C
dh
2

Zf
p9
43

Pd
cd
4

C
eb
pz

Kl
hl
42

Ad
gr
l1

Ax
in
2

Pi
gw

Tn
k2

Ep
m
2a
ip
1

D
cd
c2
b

Kl
hd
c1

An
kr
d3
5

R
as
a2

H
el
z

G
m
12
25
8

D
id
o1

Ed
rf1

C
dk
l1

Pr
kd
c

Zf
p3
97

Fa
m
18
6b

Zm
ym

2
M
ph
os
ph
8

U
bt
f

C
nt
ro
b

Kd
m
1b

Pr
kc
a

Ab
lim

1
Xr
cc
5

N
ip
sn
ap
1

H
dh
d5

C
pm

W
dr
47

Pe
cr

Tk
fc

Fa
m
11
7a

Ah
dc
1

N
up
18
8

Ta
rb
p1

Sf
n

At
ic

G
ra
m
d4

Eh
d3

Af
f3

G
tf3
c1

Lm
tk
2

N
4b
p3

Br
d3

Ts
fm

Ab
cc
10

Fu
z

M
lh
1

R
ai
1

N
oc
3l

U
sp
24

H
uw

e1
H
er
c2

Tn
frs
f2
2

Zm
yn
d1
1

Ta
f2

As
h1
l

U
sp
34

Pu
m
1

C
ox
20

M
yc
bp
2

Ki
fc
2

Fa
nc
m

L3
m
bt
l3

Pp
p1
r3
d

R
ho
t2

Lr
ba

R
al
ga
pa
2

Pc
dh
b2
0

C
ec
r2

Pt
ar
1

C
ld
n2
2

BC
00
39
65

Zf
p6
97

Py
ro
xd
1

An
kr
d6

H
ox
b5

N
du
fs
1

M
tif
2

Sn
tb
1

En
pe
p

Eh
m
t1

Sy
ne
1

R
al
ga
pa
1

Tt
ll5

Av
en

U
bx
n2
b

27
00
09
7O

09
R
ik

At
n1

M
gs
t2

M
ed
12
l

In
ts
4

W
dr
6

St
x1
b

Ad
gr
l2

Pl
cg
1

R
gp
1

Tt
c1
9

Fk
bp
4

Sg
sm

1
Pl
ek
ha
5

M
fn
g

U
bq
ln
4

Ze
b1

−10122 1 0 -1 -2

B

KEGG Downregulated

C

E

D

F

0 1 2 3 4 5 6 7 8

Peroxisome
PPAR signaling pathway
Fatty acid metabolism
Fatty acid degradation
Glyoxylate and dicarboxylate metabolism
Glycine, serine and threonine metabolism
Regulation of lipolysis in adipocytes
Propanoate metabolism
Citrate cycle (TCA cycle)
Valine, leucine and isoleucine degradation

Fold enrichment

0 1 2 3 4 5

Phagosome
Antigen processing and presentation
Viral protein interaction with cytokine
Inflammatory bowel disease
Type I diabetes mellitus
Rheumatoid arthritis
Allograft rejection
Leishmaniasis
Pertussis
Graft-versus-host disease

Fold enrichment

0 1 2 3 4 5 6

Basal cell carcinoma
Regulation of lipolysis in adipocytes
Protein digestion and absorption
ECM-receptor interaction
Fatty acid metabolism
Biosynthesis of unsaturated fatty acids
beta-Alanine metabolism
Valine, leucine and isoleucine degradation
Butanoate metabolism
Propanoate metabolism

Fold enrichment

0 1 2 3 4 5 6

Th17 cell differentiation
Osteoclast differentiation
Hematopoietic cell lineage
Viral protein interaction with cytokine 
Antigen processing and presentation
NF-kappa B signaling pathway
Graft-versus-host disease
Inflammatory bowel disease
Leishmaniasis
Intestinal immune network for IgA production

Fold enrichment

Naïve Infected

Male Control 1

Male Control 4

Male Control 2

Male Control 3

Male Infected 4

Male Infected 1

Male Infected 2

Male Infected 3

H
2−Eb1

H
2−Aa

H
2−Ab1

Stat1
Tgfbr2
N

fkbia
Il4ra
H

2−D
M

b1
H

2−D
m

a
Il2rg
Ifngr2
Tyk2
Tgfb1
Jak2
N

fkb1
Il6Il21
Il23r
M

apk13
Tbx21
H

2−Eb2
G

ata3
H

2−O
a

Ifng
H

2−O
b

C
d247

C
d3e

Il27ra
Prkcq
Il27
Zap70
Il1b
H

2−D
M

b2
C

d3d
C

d4
C

d3g
Lat
Irf4
Il12rb1
N

fatc2
Il21r
Il2rb
Il6ra
N

fatc1
N

fkbie
R

unx1
Ebi3
Lck

−2 −1 0 1 2

-2 -1 0 1 2

TH17 differentiation genes

G

Naïve 
Infected 

Naïve 
Infected 

*

Male Female

FemaleMale

FemaleMale

Male

M

a

l
e

.
I
n

f
e

c

t
e

d

.
4

M

a

l
e

.
I
n

f
e

c

t
e

d

.
3

M

a

l
e

.
I
n

f
e

c

t
e

d

.
2

M

a

l
e

.
I
n

f
e

c

t
e

d

.
1

M

a

l
e

.
C

o

n

t
r
o

l
.
4

M

a

l
e

.
C

o

n

t
r
o

l
.
3

M

a

l
e

.
C

o

n

t
r
o

l
.
2

M

a

l
e

.
C

o

n

t
r
o

l
.
1

H2−Ab1
Lat
Nfkbie
Cd247
Prkcq
Il2rb
Il1b
Lck
Irf4
Ifng
Cd4
Il6
Zap70
Nfkbia
Tgfbr2
Mapk13
Runx1
Nfkb1
H2−Aa
Tyk2
Nfatc1
Nfatc2
Ifngr2
Stat1
Tgfb1
H2−Eb1
H2−Eb2
Il12rb1
Jak2
H2−Oa
H2−Ob
Il21r
Tbx21
H2−DMb1
H2−DMb2
Il27ra
Cd3d
Il2rg
Cd3e
Gata3
Il27
Cd3g
Il6ra
Il4ra
Ebi3
Il23r
H2−Dma
Il21

−1

−0.5

0

0.5

1

1.5

2

M
ale.Infected.4

M
ale.Infected.3

M
ale.Infected.2

M
ale.Infected.1

M
ale.Control.4

M
ale.Control.3

M
ale.Control.2

M
ale.Control.1

H2−Ab1
Lat
Nfkbie
Cd247
Prkcq
Il2rb
Il1b
Lck
Irf4
Ifng
Cd4
Il6
Zap70
Nfkbia
Tgfbr2
Mapk13
Runx1
Nfkb1
H2−Aa
Tyk2
Nfatc1
Nfatc2
Ifngr2
Stat1
Tgfb1
H2−Eb1
H2−Eb2
Il12rb1
Jak2
H2−Oa
H2−Ob
Il21r
Tbx21
H2−DMb1
H2−DMb2
Il27ra
Cd3d
Il2rg
Cd3e
Gata3
Il27
Cd3g
Il6ra
Il4ra
Ebi3
Il23r
H2−Dma
Il21

−1

−0.5

0

0.5

1

1.5

2

M
ale.Infected.4

M
ale.Infected.3

M
ale.Infected.2

M
ale.Infected.1

M
ale.C

ontrol.4

M
ale.C

ontrol.3

M
ale.C

ontrol.2

M
ale.C

ontrol.1

H2−Ab1
Lat
Nfkbie
Cd247
Prkcq
Il2rb
Il1b
Lck
Irf4
Ifng
Cd4
Il6
Zap70
Nfkbia
Tgfbr2
Mapk13
Runx1
Nfkb1
H2−Aa
Tyk2
Nfatc1
Nfatc2
Ifngr2
Stat1
Tgfb1
H2−Eb1
H2−Eb2
Il12rb1
Jak2
H2−Oa
H2−Ob
Il21r
Tbx21
H2−DMb1
H2−DMb2
Il27ra
Cd3d
Il2rg
Cd3e
Gata3
Il27
Cd3g
Il6ra
Il4ra
Ebi3
Il23r
H2−Dma
Il21

−1

−0.5

0

0.5

1

1.5

2

KEGG Upregulated



F G

L

H

A

D E

I

Figure 4

CD45+ CD3ε+ TCRβ+ CD4+
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