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Supplemental Materials and Methods
Augmented Maternal Care (AMC)
Timed pregnant Sprague-Dawley dams were ordered from (Harlen Sprague Dawley) for delivery one week before day of birth to allow acclimation of the dam to colony conditions. AMC was performed as described in previous studies. On the day that the dams give birth (PND1), time of birth was noted to ensure that litters were born no more than 12 hours apart. At post-natal day 2 (PND2) all pups were mixed from multiple litters, and re-assigned at random to control or augmented care groups with 5 males and 5 males assigned to a dam. Random assignment of pups to dams normalizes litter effects 1. Dams and pups were then housed in fresh cages for the remainder of the experiment there without further cage changes. Augmented maternal care (AMC) was begun at PND2 at least 45 minutes after the lights in the animal facility came on. For AMC the cages were moved to a separate room from the colony. First the dam was moved to a separate cage with food and water. Then the pups are moved to a separate, preheated cage for 15 minutes before returning the pups to the home cage along with the dam. The cages with the augmented pups and dam were then moved back to the home room for maternal care scoring. Control dams and pups remained in their home cage that stays in the home room.
Maternal care was scored for both control and AMC groups for 30 minutes of continuous observation as previously described 2. Time spent on the following behaviors was recorded: Licking and Grooming, Self-Grooming (by dam), Arched Nursing, Low Nursing, Side Nursing, Nest-Building, Moving, Out (away from the pups). To simplify scoring, only singular behaviors are scored during a time period. The pups were sacrificed at PND9 for molecular analyses.

Whole Genome Bisulfite Sequencing (WGBS)
Genomic DNA was extracted from AMC and control brain regions using the Gentra Puregene kit (Qiagen), sonicated to 200 to 600 base pairs using a Bioruptor (Diagenode) end repaired, dA tailed, sequencing adapter ligated then bisulfite converted with the EZ DNA Methylation Direct Kit (Zymo) prior to library amplification by PCR. 100 base pair, single end reads from WGBS libraries were sequenced on a Hi-Seq 2500 (Illuminia at the Vincent J. Coates Genomics Sequencing Laboratory at UC Berkley. WGBS reads were filtered, trimmed, and aligned according to our previous publication 3. 

WGBS analysis
A PMD calling method, which uses StochHMM an application and C++ library for Hidden Markov Model development (http://korflab.github.io/StochHMM) and additional scripts, was employed to determine PMDs from WGBS data from hypothalamus 4. CpG islands were masked for PMD determination as they have typically very low methylation levels within an average < 2 kilobase (kb) window. PMDs were called using a second-order, six state HMM previously trained to detect PMDs in data sets with similar coverage 4. DMRs were called from WGBS data using the R packages DSS 5,6 and bsseq 6 as well as custom R commands. dmrFinder 6  was used to select DMRs with p<0.05, a gap of <300, and at least 3 CpGs with an average methylation difference of >5%. Gold DMRs were selected using custom R commands and passed a family-wise error rate (FWER) threshold of less than 0.05 in 1000 random sample permutations by chromosome. Peak annotation and visualization (PAVIS2; https://manticore.niehs.nih.gov/pavis2/) was used to annotate DMRs within 5 kb upstream to 1 kb downstream of mapped Ensembl (Rnor6.0-r82) transcripts 7. HOMER (Hypergeometric Optimization of Motif EnRichment) was used for motif enrichment analysis8.
DMRs with p<0.05 were subjected to hierarchal clustering by custom R and perl scripts where the DMR bed files for each chromosome per sample were combined, individual percent methylation values of the DMRs were extracted using Avg_Meth.2col.pl (https://github.com/kwdunaway/WGBS_Tools/tree/perl_code), and then normalized to the mean of each DMR for plotting. Principle component analysis (PCA) of 20 kb windows with CpG Islands masked was created using custom R and perl scripts. CpG islands were subtracted from PerMeth files using bedtools and a bed file of rn6 CpG Islands. The percent methylation of each 20 kb window from the PerMeth files without CpG islands was obtained using the custom, inhouse perl script “Window_permeth_readcentric.pl” (https://github.com/kwdunaway/WGBS_Tools/tree/perl_code) with a minimum of 20 CpGs per window, a minimum of 1 read per a CpG counted, and all files requiring information. The average methylation of the defined 20 kb windows per sample were then subjected to PCA in R using ggbiplot (https://github.com/vqv/ggbiplot). 

Pyrosequencing
Genomic DNA was isolated from rat brain hypothalami using the Gentra Puregene Tissue Kit (Qiagen) and protocol. 500 nanograms of (ngs) of total DNA was bisulfite converted using the EZ DNA Methylation-Lightning Kit (Zymo) and eluted for use in a commercial pyrosequencing assay RN-CRH-01 (Qiagen) and a custom designed assay to rat Tenm3. Tenm3 pyrosequencing primers are listed in Supplemental Table 7. Bisulfite converted DNA from each sample was amplified in triplicate using the PyroMark (Qiagen) PCR Kit and protocol. Pyrosequencing was performed on PCR amplicons using a Biotage (Qiagen) PSQ 96MA Pyrosequencer using the manufacturers recommended protocol with PyroMark Gold enzyme, substrate and dNTPS (Qiagen). CpG methylation levels for each replicate were averaged and compared between AMC and non-handled controls using a two tailed t test. 

RNA-seq analysis
Total RNA was isolated from AMC and control hypothalamus using the RNeasy Kit (Qiagen). Total RNA samples were then processed with a Gene Read ribosomal RNA depletion kit (Qiagen) prior to Illumina Hi-Seq library preparation using a directional RNA-seq library kit (NEB). Libraries were checked by Bioanalyzer analysis (Agilent) for quality, then 50 base pair, single end reads were acquired on a Hi-Seq 2500 (Illumina) at the Vincent J. Coates Genomics Sequencing Laboratory at UC Berkley. The Hi-Seq 2500 reads were trimmed using Trimmomatic 7,9 and Illumina clip single end adapter trimming and final quality was assessed using FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). RNA-seq reads were aligned to the current UCSC rat genome rn6 using the splicing-aware aligner Tophat2 (v2.0.14, stranded, Single End). Differential expression was analyzed using cufflinks (v2.2.1) with bias, multi-read, and length corrections.  Cuffdiff was performed using a Cuffmerge generated gtf from all assembled transcripts and RefSeq UCSC genes using a genometric pooled dispersion model and minimum alignment of 10 fragments. Differentially expressed genes were defined by an FDR cutoff of q<0.05. Principle Component Analysis (PCA) was conducted on log10 transformed values for Fragments Per kilobase (kb) of transcript per Million mapped reads (FPKM) with a pseudocount of +1.

Quantitative RT-PCR
Total RNA was reverse transcribed to cDNA from male and female AMC and control PND9 samples using the QuantiTect Reverse Transcription Kit (Qiagen). The Light Cycler 96 (Roche) thermocycler was utilized for all experiments. Custom primers (Supplemental Table 7) and the Fast Start Essential Green DNA Master Mix (Roche, Indianapolis, IN) were used to assay the expression of Crh, and Galanin. A modified Pfaffl method was used determine transcript levels via a two-tailed t-test 10. For the Ube3a isoforms, Fast Start Essential DNA Probes Master (Roche) and Taqman (Thermo-Fisher Scientific) assays were used to multiplex either the FAM labelled gene of interest with VIC labelled and primer limited Gapdh (Assay ID: Rn99999916_s1). A custom assay was designed for the Ube3a1 3’ UTR (Assay ID: AJ6ROMA) based on GenBank: KP742805.1 and a stock assay specific to the Ube3a2/3 ligase domain (Assay ID: Rn01409808_m1) was also utilized. The delta-delta Ct method was used to calculate differential expression 11. The statistical significance of Ube3a1 3’ UTR expression was analyzed with a two-tailed t-test since there was no previous hypothesis about direction of change. Ube3a2/3 ligase domain was assessed analyzed with a one-tailed t-test since an up-regulation was expected based on the RNA-seq data.

miRNA expression analysis
Small RNAs were purified from total RNA prepared from AMC and control male PND9 samples using the miRNeasy kit (Qiagen). The quality and quantity of the small RNAs was assessed using the Bioanalyzer Small RNA Analysis Kit (Agilent). miRNA abundance was assessed using the nCounter Rat v1.5 miRNA Expression Assay (NanoString), which was run at the Stanford Functional Genomics Facility. Data pre-processing utilized nSolver Analysis Software 3.0 (NanoString Technologies) and involved background subtraction of the mean + 2 standard deviations from negative controls as well as normalization to the geometric mean of the top 100 genes with the highest expression. Next, the 160 genes (156 endogenous miRNAs and 4 housekeeping genes) showing the highest expression (out of a total of 420 endogenous miRNAs and 4 housekeeping genes) were selected, log₂ transformed, and differentially expressed genes were defined by a p<0.05 cutoff. The expression (log₂ transformed counts) of each significant (p<0.05) differentially expressed gene was normalized for hierarchical clustering analysis by being standardized to a mean of 0 and a standard deviation of 1. Rat specific target filter analysis of miRNA and mRNA expression was performed using the Microcosm database in Partek Genomics Suite 6.6 and filtered for a reciprocal relationship. The Ube3a1 3’UTR and miRNA relationship was analyzed using RNA22 v2 (https://cm.jefferson.edu/rna22/Interactive/) 12.  

Gene Ontology and Pathway Analysis
Significantly (q<0.05) enriched gene ontologies were identified by Enrichr (http://amp.pharm.mssm.edu/Enrichr/) 13,14. The ontologies were summarized and reduced by reviGO (http://revigo.irb.hr) with a small (0.5) allowed similarity for GO term sizes from the Rattus Norvegicus database. The results for were finally filtered by dispensability and then q-value. Canonical pathway analysis utilized Ingenuity Pathway Analysis (Qiagen). For the core analyses, the confidence level was set to experimental and high (predicted) while the species was set to all.  
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Supplemental Figure Legends

Supplemental Figure 1: Elevated licking and grooming in AMC
AMC litters received elevated levels of licking and grooming (augmentation) compared to control litters. Total time spent licking and grooming was assessed in 1 minute epochs across a 30 minute time window following each AMC session for a total of 10 minutes of behavioral assessment. A. When averaged across days, the AMC litter received significantly (p=0.0042) more licking and grooming time than the control litter. B. Total time spent licking and grooming out of 10 minutes is shown for each postnatal day of AMC (2-8). 

Supplemental Figure 2: DNA methylation levels of genomic elements in AMC
Average levels of CpG DNA methylation over different genomic elements between AMC and Control PND9 hypothalamus from male pups.  Regions included CpG Islands (UCSC genome browser track), CpG Island Shores (+/- 2kb on either side of CpG Islands), Promoters with CpG islands (TSS + 5kb upstream), Promoters without CpG Islands (TSS + 5kb upstream), Genebody (TSS to TES), and Genebody with any internal CpG Islands removed from analysis.  RM ANOVA significant AMC group x region interaction F (5,20) = 20.99, p<0.0001; * Benjamini-Hochberg corrected t-tests for each for each region revealed only a significant difference for Promoters with CpG Islands (p=0.006).  For all other comparisons p>0.05.

Supplemental Figure 3: DMR distribution in relation to genes and gene type
Distribution of DMRs in male pups in relation to (A) genes and (B) gene type. Of 9,439 total DMRs, 5,284 (56%) were between 5 kb upstream and 1 kb to downstream of 4,023 coding and non-coding genes (Ensembl Rnor6.0-r82).

Supplemental Figure 4: Validation of Tenm3 DMR by pyrosequencing
Pyrosequencing validation of the Tenm3 DMR in AMC male pups. DNA from AMC hypothalamic (red bars, n=3) averaged 27.40% methylation and control littermate (blue bars, n=3) DNA samples averaged 37.84% for a significant (p=0.01) reduction. Two tailed t-test p=0.01.  Error bars correspond to the SEM of the average Tenm3 DMR methylation from each animal. 

Supplemental Figure 5: Validation of RNA-seq identified targets by RT-PCR
Select differences in gene expression reproduce in male and female AMC pups. RT-qPCR analysis of differential expression between AMC (red bars) and control (blue bars) P9 hypothalami for an independent cohort of AMC and control animals. (A) Crh expression (nAMC=5, ncontrol=5) (two-tailed t-test p=0.0006). All samples were male. (B) Ube3a2/3 ligase domain (nAMC=10 females and 9 males, ncontrol=5 females and 5 males) expression. Statistical analysis of delta Ct values by two-way ANOVA (Sex x AMC group) revealed a trend for a significant effect of group (F=3.53, p=0.07), no effect of sex or interaction (p>0.05).  (D) Ube3a1 3’ UTR (nAMC=10 females and 9 males, ncontrol=5 females and 5 males) expression. Statistical analysis of delta Ct values by two-way ANOVA (Sex x AMC group) revealed a significant effect of group (F=23.59, p<0.0001), no effect of sex or interaction (p>0.05). * Indicates p<0.05, + Indicates p<0.07.
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