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Figure 2: Paternal obesity is associated with altered gene expression in the livers of the F0-F2  1244 

A-J) Heatmaps of normalized expression values scaled by row (z-score) for transcripts that code 1245 

for differentially expressed hepatic genes (Lancaster p-value<0.05) for each comparison assessed 1246 

across sex and generation. Individual transcripts (rows) are ordered by k-means clustering and 1247 

samples (columns) are arranged by hierarchical clustering, using complete-linkage clustering 1248 

based on Euclidean distance. F0 WT LFD vs WT HFD males (A), F0 TG LFD vs TG HFD males 1249 

(B), F0 WT HFD vs TG HFD males (C), F1 WT LFD vs WT HFD males (D), F1 TG LFD vs TG 1250 

HFD males (E), F1 WT HFD vs TG HFD males (F), F1 WT LFD vs WT HFD females (G), F1 TG 1251 

LFD vs TG HFD females (H), F1 WT HFD vs TG HFD females (I), and F2 WT HFD vs TG HFD 1252 

males (J). i-x) Alluvial plots depicting frequency distributions of significant (colored boxes) and 1253 

non-significant (grey boxes) genes for each comparison and their overlap across genotype (i-iii), 1254 

across F0 and F1 males (iv-vi), across F1 males and females (vii-ix) and across F1 and F2 males (x). 1255 

Significance of overlap between differentially expressed genes lists was calculated by Fisher’s 1256 

exact test. P-values are included for each comparison above the respective alluvial plot. 1257 
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Figure 3: Obesity-induced hepatic transcriptome disturbances show functional similarities 1260 

across genotype, sex and generation A-C) Heatmaps of significant gene ontology (GO) terms 1261 

clustered by functional similarity, comparing enriched biological functions for each comparison 1262 

of interest across genotype (A), sex (B) and generation (C). Columns represent enriched GO terms 1263 

which are ordered by hierarchical clustering based on Wang’s semantic similarity distance and 1264 

ward.D2 aggregation criterion. Each row represents a comparison of interest for which enriched 1265 

GO terms were annotated based on the list of significant genes. The color gradient depicts the GO 1266 

term enrichment significance (-log10 p-value). Interactive versions of these figures can be found in 1267 

Supplemental files 1-3 and the complete lists of significantly enriched GO terms can be found in 1268 

Tables S3-5. 1269 
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Figure 4: Genomic location, directionality change and functions of regions with altered 1272 

H3K4me3 enrichment by obesity A) Histogram showing frequency distributions of read 1273 

abundances in 150 bp windows throughout the genome. Windows with an abundance below 1274 

log2(4) fold over background bins of 2,000 bp were filtered out as indicated by the vertical red 1275 

line. Enriched regions less than 100 bp apart were merged for a maximum width of 5,000 bp, 1276 

conferring a total of 30,745 merged enriched regions. Reads were counted in merged enriched 1277 

regions and normalized counts were used for downstream analyses. (see Material and Methods) 1278 

B-C) Principal component analysis on normalized counts at merged enriched regions comparing 1279 

WT LFD vs WT HFD (B) and TG LFD vs TG HFD (C). The top 5% regions contributing to 1280 

separation of samples along Principal Component 1 (in B; PC1; x axis) or PC2 (in C; y axis) were 1281 

selected. The PERMANOVA p-values indicating significance associated with dietary treatment 1282 

are included under each PCA plot. D) Heatmaps of log2 normalized counts of deH3K4me3 regions 1283 

in sperm with increased enrichment in WT HFD (i; n=1,323), decreased enrichment in WT HFD 1284 

(ii; n=215), increased enrichment in TG HFD (iii; n=1,067) and decreased enrichment in TG HFD 1285 

(iv; n=471) in each group. Samples (columns) and regions (rows) are arranged by hierarchical 1286 

clustering using complete-linkage clustering based on Euclidean distance. Colored boxes indicate 1287 

sample groups (light blue=WT LFD, dark blue=WT HFD, light green=TG LFD, dark green=TG 1288 

HFD). E-G). Venn diagrams showing the overlap of deH3K4me3 in sperm of WT HFD (blue) and 1289 

in TG HFD (green), for all detected regions (E), those gaining H3K4me3 (F) and those losing 1290 

H3K4me3 (G). H) Barplots showing the distribution of altered regions based on the distance from 1291 

the TSS of the nearest gene, for regions with increased enrichment in WT HFD (i; n=1,323), 1292 

decreased enrichment in WT HFD (ii; n=215), increased enrichment in TG HFD (iii; n=1,067), 1293 

and decreased enrichment in TG HFD (iv; n=471). The color gradient represents the distance of 1294 
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the regions to TSS in kilobase. I) Gene ontology analysis of diet-induced deH3K4me3 regions at 1295 

promoters with increased enrichment in WT HFD (i; n=381), decreased enrichment in WT HFD 1296 

(ii; n=34), increased enrichment in TG HFD (iii; n=230) and decreased enrichment in TG HFD 1297 

(iv; n=150). Barplots show 8 selected significant GO terms with their respective -log2(p-value). 1298 

Tables S7-10 include the complete lists of significantly enriched GO terms. 1299 
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Figure 5: Additive effects of KDM1A overexpression and diet-induced obesity in the sperm 1302 

epigenome at the level of H3K4me3  1303 

A) Principal component analysis on normalized counts at merged enriched regions comparing WT 1304 

LFD vs TG HFD. The top 5% regions contributing to separation of samples along Principal 1305 

Component 2 (PC2; y axis) were selected. The PERMANOVA p-value under the plot indicates 1306 

significance. B-C) Profile plots of RPKM H3K4me3 counts +/- 1 kilobase around the center of 1307 

regions with increased H3K4me3 (B) and +/- 2.5 kilobase around the center of regions with 1308 

decreased H3K4me3 enrichment in TG HFD (C). D-E) Line plots showing the median of 1309 

normalized sperm H3K4me3 counts for each experimental group at regions showing a significant 1310 

trend (n=264, adjusted p-value<0.2) with a linear increase in H3K4me3 enrichment (D; n=9) or a 1311 

linear decrease in H3K4me3 enrichment (E; n=255) from WT LFD, WT HFD, TG LFD to TG 1312 

HFD groups. F) Gene ontology analysis on the regions associated with a significant linear trend at 1313 

promoters (n=104). Barplots show 8 selected significant GO terms with their respective -log2(p-1314 

value). Table S11 includes the complete list of significantly enriched GO terms. 1315 
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Figure 6: Sperm H3K4me3 regions sensitive to obesity occur at genes with an open 1318 

chromatin state and expressed in the pre-implantation embryo A) Heatmaps of RPKM counts 1319 

signal +/- 10 kilobase around the center of regions enriched with H3K4me3 in sperm (i; n=30,745) 1320 

and regions with obesity-induced deH3K4me3 in sperm (ii; n=2,836) for H3K4me3 enrichment 1321 

levels in sperm (this study), 2-cell embryo (Liu et al., 2016), 2-cell embryo on the paternal allele 1322 

and MII oocyte (Zhang et al., 2016), and for chromatin accessibility signal in sperm (Jung et al., 1323 

2017), 4-cell embryo and morula embryo (Liu et al., 2019). B) Scatterplots showing H3K4me3 1324 

enrichment in sperm (x axis; log2 counts + 10), chromatin accessibility signal (y axis; log2 counts 1325 

+ 10; (Jung et al., 2017)) and gene expression levels (color gradient; log2 FPKM + 10; (Liu et al., 1326 

2019)) in 4-cell (i,ii,v,vi) or in morula (iii,iv,vii,viii) embryos, at either all genes with promoters 1327 

enriched with H3K4me3 in sperm (i-iv) or at diet-sensitive genes (v-viii). The top row of 1328 

scatterplots includes lowly-expressed genes (bottom 50%) in 4-cell (i and v) or morula (iii or vii) 1329 

embryos. The bottom row of scatterplots includes highly-expressed genes (top 50%) in 4-cell (ii 1330 

and iv) or morula (vi and viii) embryos. Pearson’s correlation coefficients and their associated p-1331 

values are indicated above each scatterplot, comparing H3K4me3 enrichment in sperm versus 1332 

H3K4me3 enrichment in 4-cell or morula embryos. C) Gene ontology analysis of genes expressed 1333 

in the 4-cell (i) or the morula (ii) embryos, overlapping with diet-sensitive promoters in sperm. 1334 

Barplots show 8 selected significant GO terms with their respective -log2(p-value). Tables S12-13 1335 

include the complete lists of significantly enriched GO terms. 1336 
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Figure 7: Obesity-induced deH3K4me3 regions overlap with genes marked by H3K4me3 and 1339 

expressed in the trophectoderm and placenta A) Heatmaps of RPKM counts signal +/- 5 1340 

kilobase around the center of regions enriched with H3K4me3 in sperm (i; n=30,745) and at 1341 

regions with diet-induced deH3K4me3 in sperm (n=2,836) for H3K4me3 enrichment levels in 1342 

sperm (this study), trophectoderm (TE) (Liu et al., 2016) and placenta (Shen et al., 2012). B) Gene 1343 

ontology analysis of regions enriched with H3K4me3 in sperm, TE and placenta (top 75% from A 1344 

i) (i), regions enriched with H3K4me3 in sperm only (bottom 25% from A i) (ii), diet-sensitive 1345 

regions enriched with H3K4me3 in sperm, TE and placenta (top 75% from A ii) (iii), and diet-1346 

sensitive regions enriched with H3K4me3 in sperm only (bottom 25% from A ii) (iv). Barplots 1347 

show 8 selected significant GO terms with their respective -log2(p-value). Tables S14-17 include 1348 

the complete lists of significantly enriched GO terms. C) Scatterplots showing H3K4me3 1349 

enrichment at promoters in sperm (x axis; log2 counts + 10), H3K4me3 enrichment (y axis; log2 1350 

counts + 10) and gene expression levels (color gradient; log2 FPKM + 10) in the trophectoderm 1351 

(i,ii,v,vi; (Liu et al., 2016)) or in the placenta (iii,iv,vii,viii; (Shen et al., 2012; Chu et al., 2019)), 1352 

at either all genes with promoters enriched with H3K4me3 in sperm (i-iv) or at diet-sensitive genes 1353 

(v-viii). The top row of scatterplots includes lowly-expressed genes (bottom 50%) in 1354 

trophectoderm (i and v) or placenta (iii or vii). The bottom row includes highly-expressed genes 1355 

(top 50%) in trophectoderm (ii and iv) or placenta (vi and viii). Pearson’s correlation coefficients 1356 

and associated p-values are indicated above each scatterplot, comparing H3K4me3 enrichment in 1357 

sperm versus H3K4me3 enrichment in the trophectoderm or placenta. D) Gene ontology analysis 1358 

of genes expressed in the trophectoderm (i) or the placenta (ii), overlapping with diet-sensitive 1359 

promoters in sperm. Barplots show 8 selected significant GO terms with their respective -log2(p-1360 

value). Tables S18-19 include the complete lists of significantly enriched GO terms. 1361 
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SUPPLEMENTAL MATERIAL TITLES 1364 

Supplemental file 1. Interactive heatmap for significant gene ontology terms enriched in livers of 1365 

F0 males fed a high-fat diet across genotype, related to Figure 3A 1366 

 1367 

Supplemental file 2. Interactive heatmap for significant gene ontology terms enriched in 1368 

differentially expressed genes in livers of F1 wildtype mice descendants of obese sires across sex, 1369 

related to Figure 3B 1370 

 1371 

Supplemental file 3. Interactive heatmap for significant gene ontology terms enriched in genotype-1372 

associated differentially expressed genes in livers of animals across generation, related to Figure 1373 

3C 1374 

 1375 

Supplemental file 4. Interactive bar plot for the number of significantly enriched gene ontology 1376 

terms in WT HFD vs TG HFD across generation and sex, related to Figure 3C 1377 

 1378 

Supplemental file 5. Interactive heatmap for significant gene ontology terms enriched in at obesity-1379 

sensitive promoters in sperm and differentially expressed genes in livers of F1 males descendants 1380 

of high-fat-fed sires, related to Supplemental Figure 7C 1381 

 1382 

Table S1. Diets’ macronutrients composition and energy density 1383 

 1384 

Table S2. Number of animals used per group per sex per generation for metabolic characterization 1385 

 1386 
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Table S3. Significant gene ontology terms enriched in differentially expressed genes in livers of 1387 

F0 males fed a high-fat diet across genotype, related to Figure 3A 1388 

 1389 

Table S4. Significant gene ontology terms enriched in differentially expressed genes in livers of 1390 

F1 wildtype mice descendants of obese sires across sex, related to Figure 3B 1391 

 1392 

Table S5. Significant gene ontology terms enriched in genotype-associated differentially 1393 

expressed genes in livers of animals across generation, related to Figure 3C 1394 

 1395 

Table S6. Sperm H3K4me3 ChIP-Sequencing read numbers and alignment rates  1396 
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Table S7. Significant gene ontology terms enriched at promoters with H3K4me3 gain in sperm of 1398 

WT HFD, related to Figure 4Ii 1399 
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WT HFD, related to Figure 4Iii 1402 
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TG HFD, related to Figure 4Iiii 1405 
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Table S10. Significant gene ontology terms enriched at promoters with H3K4me3 loss in sperm 1407 
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Table S11. Significant gene ontology terms enriched at promoters associated with a significant 1410 

linear trend, related to Figure 5F 1411 

 1412 

Table S12. Significant gene ontology terms enriched at obesity-sensitive promoters of genes 1413 

expressed in the 4-cell embryo, related to Figure 6Ci 1414 

 1415 

Table S13. Significant gene ontology terms enriched at obesity-sensitive promoters of genes 1416 

expressed in the morula embryo, related to Figure 6Cii 1417 

 1418 

Table S14. Significant gene ontology terms enriched at promoters with H3K4me3 enrichment in 1419 

sperm, trophectoderm and placenta, related to Figure 7Bi 1420 
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Table S15. Significant gene ontology terms enriched at promoters with H3K4me3 enrichment in 1422 

sperm, related to Figure 7Bii 1423 

 1424 

Table S16. Significant gene ontology terms enriched at obesity-sensitive promoters with 1425 

H3K4me3 enrichment in sperm, trophectoderm and placenta, related to Figure 7Biii 1426 

 1427 

Table S17. Significant gene ontology terms enriched at obesity-sensitive promoters with 1428 

H3K4me3 enrichment in sperm, related to Figure 7Biv 1429 
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Table S18. Significant gene ontology terms enriched at obesity-sensitive promoters of genes 1431 

expressed in the trophectoderm, related to Figure 7Di 1432 
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 1433 

Table S19. Significant gene ontology terms enriched at obesity-sensitive promoters of genes 1434 

expressed in the placenta, related to Figure 7Dii 1435 
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Table S20. Significant gene ontology terms enriched in at obesity-sensitive promoters in sperm 1437 

and differentially expressed genes in livers of F1 males descendants of high-fat-fed sires, related 1438 

to Supplemental Figure 7C 1439 
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