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Supplemental Information 

 

Supplementary Methods and Materials 

Maternal separation. Dams and litters were subjected to unpredictable maternal separation 

combined with unpredictable maternal stress (MSUS) for 3 hours daily from postnatal day 1 

to 14 (PND 1-14), or were left undisturbed except for a cage change once a week (control) 

until weaning (PND21). Maternal stress consisted of either 20-min restraint in a Plexiglas 

tube or 5-min forced swim in cold water (18°C) applied unpredictably and randomly during 

separation.  During separation, mothers and pups were placed in separate clean cages 

containing food and water (dams only), and bedding.  Dams and litters were placed close 

enough to have visual and olfactory contact.  The timing of separation was unpredictable, 

but was always during the dark cycle.  Both MSUS and control dams, and their litters had 

their cages changed on PND1, PND7, PND14, and PND21. Only dams giving birth within 

one week of each other were used, and litters with less than 4 pups were not used.   

 

Maternal behaviors were monitored during the first two weeks after delivery by noting the 

behavior occurring each minute for a period of 30 minutes, three times per day (shortly 

before, shortly after and 2-3 hours after separation).  Arch-back nursing, licking-grooming, 

arch-back nursing associated with licking-grooming, nesting, arch-back nursing associated 

with nesting, self-grooming, blanket nursing, carrying, and time off-nest were evaluated as a 

percentage of total assessments.  

 

Drugs. Desipramine (DMI) (Sigma, St. Louis, MO) was dissolved in 0.9% sterile saline 

immediately prior to use and injected intraperitoneally (i.p.) or subcutaneously (s.c.) using a 

volume of 10 ml/kg (see concentrations below, under forced swim test). 
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Behavioral testing. To avoid possible litter effects, pups from a minimum of 7 different 

litters per treatment group and per experiment were tested. The data are representative of a 

minimum of three independent experiments for F1 (number of litters per experiment: 15, 8, 

23 MSUS; 11, 8, 22 control), two independent experiments for F2 (number of litters per 

experiment: 14, 8 MSUS; 12, 9 control) and one experiment for F3 (number of litters: 7 

MSUS, 10 control).  

Forced swim test. Mice were placed in a small tank of water (18 cm high, 13 cm diameter, 

18 ± 1°C, filled up to 12 cm) for 5 min. Manual scoring was done to determine floating 

duration. To determine the acute effects of desipramine, mice were administered saline or 

desipramine in three injections over 24-hr (10 mg/kg, i.p. 24 hr and 5 hr, and 20 mg/kg s.c. 1 

hr prior to behavioral testing). For chronic treatment, mice continued to receive either saline 

or desipramine (20 mg/kg, i.p.) daily for 14 days with the last injection 30 min prior to testing.  

Sucrose consumption test. Mice were singly housed and allowed free consumption of a 4% 

sucrose solution for 4 consecutive days. Results were normalized against normal water 

intake across the same time period. Data were analyzed using an unpaired t-test or two-way 

ANOVA with sex and treatment as factors, followed by Fisher’s protected least significant 

difference (PLSD) post-hoc tests, when appropriate. 

Free exploratory paradigm. The test consisted of a box (31.5 x 21 x 20.5 cm) with two rows 

of three-square partitions that are all connected. Mice were habituated to three connected 

partitions for 24 hours with food and water ad libitum. Testing began when mice were 

allowed access to the row of unfamiliar partitions for 10 min exploration. The latency to enter 

the unfamiliar areas was scored manually.  Number of entries into the unfamiliar area, and 

total distance were quantified using an automated scoring system (Noldus, The 

Netherlands). Data were analyzed using an unpaired t-test or two-way ANOVA with sex and 

treatment as factors, followed by Fisher’s PLSD post-hoc tests, when appropriate. 

Open field. Mice were placed in an open field (novel, 71 x 71.5 x 31 cm; repeated, 64 x 51 x 

46.5 cm) and allowed free exploration for 10 min or repeatedly across 2 days, for 5 min, 3 
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times daily.  Latency to enter the center of the open field, and distance covered were 

quantified using automated scoring system (Noldus and Ethovision). Data were analyzed 

using an unpaired t-test, repeated-measures, or two-way ANOVA with sex and treatment as 

factors, followed by Fisher’s PLSD post-hoc tests, when appropriate. 

 

DNA methylation assays.  

Pyrosequencing. To quantify methylation in the CpG island of the candidate genes, 

appropriate methylation-unbiased primer sets were used for polymerase chain reaction 

(PCR) amplification of bisulfite-converted DNA, with biotinylated reverse primers to reduce 

self-priming (Table S1). Pyrosequencing was performed in PSQTM 96MA system and data 

were analyzed using Pyro Q-CpGTM Software (Qiagen, Hilden, Germany) using an internal 

sequencing primer (not shown) and the appropriate dispensation order (Table S1). The 

dispensation order was designed to sequence the complementary strand of the bisulfite–

converted DNA such that the percentage of G/A corresponds to the percentage of the 

methylated nucleotide. To confirm completeness of bisulfite conversion, a C nucleotide 

located in an internal non-CpG site was assessed. Repeated measures ANOVA followed by 

Fisher’s PLSD post-hoc tests were used to identify regions of differential methylation. 

In vitro methylation assay using methylation-specific PCR. Male C57BL76/J mice were 

sacrificed, brains were immersed in oxygenated ice-cold cutting solution (CS) (110 mM 

sucrose, 60 mM NaCl, 3 mM KCl, 1.25 mM NaH2PO4, 28 mM NaHCO3, 0.5 mM CaCl2, 7 

mM MgCl2, 5 mM glucose, 0.6 mM ascorbate), and transverse slices (400 µM) were 

prepared with a vibratome. After isolation, slices were randomized and equilibrated in a 

mixture of 50% CS and 50% artificial cerebrospinal fluid (ACSF) (125 mM NaCl, 2.5 mM 

KCl, 1.25 mM NaH2PO4, 25 mM NaHCO3, 2 mM CaCl2, 1 mM MgCL2, 25 mM glucose) at 

room temperature for 45 min. Slices were treated with either vehicle (0.025% DMSO; 3 hr) 

or zebularine (50 or 100 µM; 3 hr). Immediately after treatment, cortical structures were 

isolated in ice-cold CS, immediately frozen and stored at -80°C. To quantify methylation 
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changes induced by zebularine, methylation-specific primers were designed as follows: 

forward methylated (5’-TGTAGTTTCGAGGTTTGTAATTTTC-3’), reverse methylated (5’-

AACTCTATCTCCAACCCCGTC-3’), forward unmethylated (5’-

TAGTTTTGAGGTTTGTAATTTTTGA-3’), reverse unmethylated (5’-

AAACTCTATCTCCAACCCCATC-3’). PCRs were performed in a total volume of 25 µl, 

consisting of 2 µl of bisulfite-modified DNA, 12.5 µl of SYBR Green Mix (Qiagen), 0.5 µl of 

primer (0.2 µM), and 9.5 µl of diethylpyrocarbonate-treated double-distilled water.  Reactions 

were performed in an ABI 7500 thermal cycler using the following cycling conditions: 95°C 

for 15 min, 45 cycles of 94°C for 15 sec, 52°C for 30 sec, and 72°C for 1 min.  Detection of 

fluorescent products occurred at the end of the 1 min temperature step.  To verify product 

specificity, a melting curve analysis was performed by increasing the temperature in 1°C 

increments beginning at 60°C.  For further verification, the amplified products were analyzed 

by electrophoresis on an agarose gel. 

 

Quantitative real time RT-PCR.  All probes except for CB1, which is a single-exon gene, 

were designed to span exon boundaries ensuring amplification of only mRNA. For each 

probe, samples were run in triplicate and Ct values were normalized to β-actin. Ct values 

were chosen in the linear range of amplification and the comparative Ct method was used to 

calculate differences in gene expression between samples (1, 2). 

 
 
Statistical analysis.  All data analyzed matched the requirements for parametric statistical 

tests. Significance was set at p < 0.05 for all tests. Error bars represent SEM in all figures.  
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Table S1.  Methylation unbiased primer sets used for PCR amplification of bisulfite treated 

DNA. 

 
Primer Name Sequence Dispensation Order 
CRFR2124FP 5’-TAGGTGTAGGAGGGTGGTATAGAT -3’ GTCGAGATGTCAGTCTGTTCGTATCGGT

CGAGATAGATGTTCAGTTCGTATCAGTC
GTATAGTCGTGTGATGTCAGTCGTTATG
TTCAGTCGATGTTCAGTCGTT 

CRFR2124RPB 5’-ATCACCCCAAAACCTTAACC -3’ 

MeCP2129FP 5’-AGATAGGAATTTTTGTTAATTGAGG-3’ ATGTCGCTATCGTATGTTCGCTATGAGT
GATTCGATAGAGTAGGTGGTCTGTCAGT
CTGTCGTGTCAGTCGATGTCGGTCAGTC
GTATCGTAGTCGTAGTCGGTTCGTGATC
GTAGTCTGTCAGTCTGTCAGTTCTGAG 

MeCP2129RPB 5’-AATTTTACCACAACCCTCTCTC-3’ 

CB1120FP 5’-TGGTGGTAAAGAGTGAGGATGAT-3’ CTAGTAGTCTGTCGATGTCGTATGTCGT
TATGTTCGTATGTCAGTCTGTCAGTCGT
GATCTGTCGTA CB1120RPB 5’-CCCTACTTAAAATCCCTACCTCTC-3’  

MAOA155FP 5’-TTTTTTGGGTATTTTAGTAAGG-3’ TACGTTCGTTGAGTCGTTAGTTGTATAGA
TGTCAGTCTGTTCGTTAGTCAGTTCGGA
GTTCAGTTCGACTTAGTAGGTCGTATAG
TGTTATTAGTCGTTATATGTTCG 

MAOA155RPB 5’-CCTCATAATTTAAATAAAATTCTC-3’ 

5HT1aR111FP 5’-GGGAGTGTAGGTAGGTATGGATA-3’  GATCGTTCGATGTTCGATATGTCGTGAT
CGATATGTTGATCGTGATCATTGTGGTAT
CGTATTAGTCTGTCGTAGTCGTATGTAGT
CGTGTGTGTGATCGTTGATGTCGTTAGA
TGTGTATATTGATCGTTAGTCGTGATCGA 

5HT1arR111RPB 5’-CCATAAACAACACCAACACTAAC-3’  
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Figure S1. Normal growth in MSUS mice. Average litter weight during postnatal 

development demonstrating that F1 MSUS pups (litter n = 8) grew similarly to F1 control 

pups (litter n = 8; F(1, 14) = 0.55, ns), and F2 MSUS pups (litter n = 9) grew similar to F2 

control pups (litter n = 10; F(1, 17) = 0.015, ns). 
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Figure S2. Normal overall activity in F1 MSUS males. F1 MSUS males (n = 41) (A) make a 

similar number of entries (F(1, 64) = 0.11, p = 0.75), and (B) travel a similar distance (F(1, 

64) = 0.051, p = 0.82) as control males (n = 25) in the free exploratory paradigm.  (C) F1 

MSUS males (n = 41) travel a similar distance as control males (n = 25) in the open field 

(F(1, 64) = 0.051, p = 0.82).  



Franklin et al. 

8 
 

 

 

Figure S3. Increased exploration of the aversive area of an open field on initial exposure, 

but normal exploration after repeated exposures, in F2 MSUS compared to F2 control mice.  

Female F2 MSUS mice cover more distance in the center of the open field than F2 control 

animals on the first two trials of the first day (left) but cover similar distances on the third trial 

of the first day and all three trials of the second day (right) (control, n = 10, MSUS, n = 8; day 

1, F(1,15) = 6.98, p < 0.05; day 2, F(1,15) = .30, ns).  * p < 0.05. 
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Figure S4.  Normal methylation of MAOA and 5HT1aR CpG islands in F1 MSUS germ line. 

Schematic representation of (A) MAOA gene and (C) 5HT1aR showing CpG island and the 

transcription initiation site. Base-pair (bp) annotations are relative to the location of the 

initiation site. Target sequences used for pyrosequencing to quantify methylation are 

represented as a blue line. (B) Normal methylation of the promoter-associated CpG islands 

of MAOA in sperm of F1 MSUS males (n = 5) compared to F1 control mice (n = 6).  (D) 
Normal methylation of the promoter-associated CpG islands of 5HT1aR in sperm of F1 

MSUS males (n = 6) compared to F1 control mice (n = 6).  
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Figure S5. Reduced methylation (A) and CRFR2 mRNA expression (B) in cortex after 

treatment of acute mouse brain slices with 100ug zebularine (n = 5-8). * p < 0.05 as 

indicated by unpaired t-test. 
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Figure S6. Aberrant methylation in the promoter-associated CpG island of CRFR2, MeCP2, 

and CB1 in F2 MSUS germ line. (A) Increased methylation of MeCP2 CpG island in sperm 

of male F2 MSUS mice compared to F2 control mice. (B) Normal methylation of CB1 CpG 

island in sperm of male F2 MSUS mice. (C) Reduced methylation of CRFR2 CpG island in 

sperm of male F2 MSUS mice compared to F2 control mice. n = 7 MSUS, n = 7 control.  
+ 0.05 < p < 0.1; * p < 0.05; ** p < 0.01, as indicated by Fisher’s PLSD following repeated-

measures ANOVA. 

C 

B 

A 



Franklin et al. 

12 
 

1. Livak KJ, Schmittgen TD (2001): Analysis of relative gene expression data using real-time 

quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25:402-408. 

 

2. Pfaffl MW (2001): A new mathematical model for relative quantification in real-time RT-

PCR. Nucleic Acids Res 29:e45. 

 


	Figure S2. Normal overall activity in F1 MSUS males. F1 MSUS males (n = 41) (A) make a similar number of entries (F(1, 64) = 0.11, p = 0.75), and (B) travel a similar distance (F(1, 64) = 0.051, p = 0.82) as control males (n = 25) in the free explorat...

