
SUPPLEMENTAL METHODS 
 
Light-Dark Box Test 

The arena consisted of an open white-wall light box and a covered black-wall dark box (l=29cm, 

w=29cm). Mice started the test in the light box and were videotaped for 5 minutes by a camera 

fixed on the ceiling above the arena (50±10 lux). Time spent in the light box, latency to enter the 

dark box, and latency to reenter the light box were scored by an experimenter blind to the 

experimental groups and conditions. Mice that did not enter the dark box during the 5-minute test 

cut-off were excluded from the analysis and from further investigation. 

Splash Test 
The splash test was performed as described by Santarelli et al.1 and Isingrini et al.2 with minor 

changes. After 30 minutes habituation to a new and empty testing cage, mice were then sprayed 

on the hindquarters with a 10% (w/v in water) sucrose solution, and immediately placed in the 

testing cage for 5 minutes (50±10 lux). Grooming behavior was videotaped by a camera fixed on 

the ceiling above the arena. The latency to the first grooming session, the total time grooming, 

and the number of grooming sessions were manually scored by an experimenter blind to the 

experimental groups and conditions. Mice that did not groom during the 5-minute test cut-off were 

excluded from the analysis and from further investigation. 

Y Maze Test 
Mice were habituated for 45 minutes to an hour in testing room. Mice were tested using a 2-

trial memory task in a Y-maze. The Y-maze consists of 3 identical arms illuminated by a dim light 

(30-70 lux) with mouse dimensions of l=40 cm, w=8.9 cm, and h=20 cm. The light intensity is the 

same in each arm and is higher in the center of the Y-maze. A camera fixed to the ceiling 

videotaped the arena. Visual cues, such as clothes with differing colors and patterns, were placed 

on the walls/curtains above each arm and kept constant throughout the behavioral testing. The 

floor of the maze was covered with bedding from the home cages of the mice that are being 

tested. In between each trial, the bedding was mixed and redistributed in order to eliminate 

olfactory cues. The task consisted of 2 trials separated by a 1-hour interval. During the 1st trial 

(acquisition phase), one arm of the Y-maze was closed, and animals were placed at the end of a 

familiar arm, facing the wall, and allowed to explore the two open arms for 10 minutes. During the 

1-hour inter-trial interval mice were placed back into their home cages. During the second trial 

(test phase), mice had access to all three arms for 5 minutes. The time spent in the familiar arm, 

time spent in the novel arm, and number of center crossings were recorded and scored using 

Ethovision (Noldus Information Technology Inc., Leesburg, VA, United States). Arm 

discrimination index was calculated using the following formula: discrimination index = (time in 



novel arm – time in familiar arm)/(time novel arm + time familiar arm). The time spent in the novel 

arm (the one closed during the acquisition phase) was expressed as percentage compared to the 

percentage of random chance of exploration of the three arms (33% for each arm). Mice were 

included in the study only if the percentage of time spent in the novel arm was higher than 33%. 

Mice with >70% preference for one of the two arms in the acquisition phase were excluded from 

the analysis and from further investigation. 

Tissue Collection and RNA-Sequencing 

Mice were cervical dislocated and rapidly decapitated to extract whole brain. Brains were 

immediately dissected to isolate the dorsal (dHPC) and the ventral hippocampus (vHPC), and 

subsequently flash frozen and stored at -80 °C.  Adrenal glands were dissected from the body, 

weighed, rapidly flash frozen and stored at -80 °C. RNA was extracted from the dHPC and vHPC 

tissue using Qiagen Lipid Tissue Mini Kit (Qiagen, Germantown, MD, USA). DNAse I treatment 

occurred during RNA extraction and RNA was examined by a Bioanalyzer (Agilent technologies, 

Santa Clara, USA). The left and right sides of the dHPC and vHPC were randomly included in a 

pool to minimize potential lateralization effects. In addition, the RNA from two different hippocampi 

from the same experimental group were also pooled3-6 to achieve the necessary minimum yield 

for RNA-seq (>100ng/µl) and storage for further investigation of gene expression. The cDNA 

libraries were sequenced on an Illumina NextSeq 500 to obtain single-end 75-bp reads at an 

approximate sequencing depth of 35-40 million reads per sample. 

Rank-Rank Hypergeometric Overlap 
The full threshold-free lists of differential expression data were first ranked by increasing log 

fold change. The RRHO2 “stratified” method (https://rdrr.io/github/RRHO2/RRHO2/) was used to 

detect the overlap between genes differentially expressed in the same or opposite directions7, 

where the bottom left and top right quadrant display overlaps of genes with concordant differential 

expression, and the top left and bottom right display discordant overlap. Threshold-free differential 

expression lists were ranked using the -log10(p-value) corresponding to the sign of the full change 

value generated from the limma-voom package. The point from each quadrant that had the 

highest absolute log10-transformed significance denoted the rank thresholds (and accordingly the 

metric thresholds) on the x- and y-axis (i.e. in both models) that yields the most statistically 

significant set of overlapping differentially expressed genes or co-regulated genes8. 

Sample Size Determination 
Sample size was established from power calculations of expected effect sizes for the 

experimental cohorts and from previous experience with the following equation: 
N = [2*(standard deviation)2 * (power index)] / (change in mean)2 

power index equals 10.5 for alpha (significance level) = 0.05 and for beta (chance of type II error) = 0.1 
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