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Abstract
Background Severe or prolonged stress increases the risk to develop psychopathologies. An individual's
perception of stress exposure varies greatly, as do its consequences. Numerous individuals demonstrate
resilience to psychological stress. The mRNA and microRNA pro�les of stress susceptibility and resilience
induced by psychological stress in the amygdala remain to be elucidated.

Methods Psychological stress to an observer was given by witnessing the attacks of the aggressor on the
similar. After �ve days of psychological stress, the degree of fear memory and anxiety of mice were
measured by social interaction test and elevated plus-maze (EPM). mRNA and microRNA pro�les were
quanti�ed by high-throughput sequencing in amygdala tissues harvested from Control, Susceptible and
Resilient mice.

Results In the amygdala from Susceptible mice versus Resilient mice, the upregulation of Peptide,
Thyrotropin-releasing hormone, and ECM receptor, Glutamatergic synapse, Cytokine-cytokine receptor
interaction, Long-term depression, PI3K-Akt, Oxytocin, GnRH, HIF-1, Estrogen, Calcium signaling pathways
may be related to psychological stress-induced susceptibility, and the downregulation may be related to
resilience. The downregulation of Adrenergic synapse, Adherens junction, Wnt, Sphingolipid, B cell
receptor, cAMP, Rap1, Toll-like receptor signaling pathways may be related to psychological stress-
induced susceptibility, and the upregulation may be related to resilience. Results by sequencing mRNA
and microRNA pro�les are consistent, in which some of them are validated by qRT-PCR and dual-
luciferase reporter assay.

Conclusion Susceptible and Resilient induced by psychological stresses are caused by the imbalanced
regulation of different synapses and signaling pathways in the amygdala.

Background
Severe or prolonged stress increases the risk to develop psychopathologies such as MDD, PTSD, anxiety
disorders, schizophrenia and may even trigger psychotic episodes in susceptible individuals [1–9]. An
individual's perception of stress exposure varies greatly, as do its consequences. Stress could rapidly
activate the autonomic nervous system (ANS) that causes the release of epinephrine and norepinephrine
from the adrenal medulla. Then the hypothalamic-pituitary-adrenal (HPA) axis is activated as well,
mediated by glucocorticoid (GC) hormones [10–12]. Limbic and hypothalamic brain structures coordinate
emotional, cognitive, neuroendocrine and autonomic inputs, which together determine the magnitude and
speci�city of an individual’s behavioral, neural and hormonal responses to stress [13–15]. Most current
studies on stress use physiological stress models, such as SD, bondage, etc. Psychological stress models
include cat urine exposure, victimization witness, etc. [16–19]. Compared with a large amount of research
literature on physiological stress, there are relatively few studies on psychological stress.

The amygdala is an important center of fear learning and memory, plays a critical role in regulating
stress-induced mental disorders [20–23]. During stress, the amygdala changes at the level of molecules,
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cells, and circuits. Evidence indicates that several hormones and neurotransmitter systems(such as the
norepinephrine system, the GABAergic system, the serotonin system, the endocannabinoid system, the
glucocorticoid system, etc.) were modulated in the amygdala during or after stress stimuli [24–32].
Changes in the hormone and neurotransmitter systems further contribute to the amygdala's plasticity at
the cellular and neural circuits levels [33, 34]. On the other hand, stress-induced neuroin�ammation is also
involved in the development of related psychiatric disorders. In the amygdala, the signaling pathway of
in�ammatory responses was activated early (a day after stress) in response to trauma [35]. Healthy
individuals with greater social stressor were reported with greater amygdala activity and greater increases
in in�ammatory activity represented as increased concentrations of IL-6 and CRPs [36, 37]. Another study
shows chronic stress (chronic unpredictable mild stress) elevated IL-1β concentrations and reactive
oxygen species (ROS), while decreased IL-10 concentration and anti-oxidative superoxide dismutase and
glutathione peroxidase [38].

After undergoing psychological stress, stressors can be divided into stress susceptibility and stress
resilience according to the different effects of stressors' physical and mental health. Susceptible mice
exhibit symptoms such as fear memory, anxiety, and depression, whereas resilient mice fail to show these
changes [39, 40]. Resilience can be thought of as a measure of the ability of an organism to adapt and to
withstand challenges to its stability [41]. Molecular pro�les of stress susceptibility and resilience induced
by psychological stress need be addressed. To achieve this goal, we use an animal model of social
defeat in the resident/intruder paradigm [39, 42–46]. Psychological stress in social interactions may be
more close to real life than stress caused by electrical stimulations [44–46]. To mimic psychological
stress, an observer was arranged around to witness attacks of the aggressor to the similar. Therefore,
cellular and molecular pro�les related to susceptibility and resilience induced by psychological stress in
the amygdala will be our research focus, as it remains not to be systemically studied. It is worth noting
that many studies have been focused on the genetics of stress-related disorders as well as genetic
factors associated with vulnerability to stresses and disorder occurrence [32, 47–49].

To assess the molecular pro�le in the amygdala related to susceptibility and resilience induced by
psychological stress, our strategies are as follows. The mice in the experimental group were subject to
psychological stress, while the mice in the control group were not given any stress. In the mouse model of
social defeat, psychological stress to each of the observers was achieved by watching the similar being
attacked. The index for evaluating the susceptibility or resilience of mice after psychological stress is to
measure the degree of fear of memory and anxiety of mice. After �ve days of psychological stress, the
degree of fear memory and anxiety of mice were measured by social interaction test and elevated plus-
maze (EPM). If the experimental group of mice express susceptibility or resilience, we will harvest their
amygdala tissues within 24 hours. mRNA and microRNA pro�les were analyzed by high-throughput
sequencing from Susceptible mice and Resilient mice induced by psychological stress as well as Control
mice. Through joint analyses and comparisons of three groups of mRNAs and microRNAs, we expect to
�gure out genes associated with stress susceptibility and resilience in the amygdala. We also expect to
develop new therapeutic strategies by this analysis.
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Methods

Experimental animals
C57BL/6J mice and CD-1 mice were obtained from Beijing Vital River Laboratory Animal Technology Co.,
Ltd. and Qingdao Daren Fortune Animal Technology Co., Ltd. The feeding conditions used in this
experiment were by speci�c pathogen-free conditions. Mice were kept under controlled conditions (22 ± 
2℃, daylight between 7:00–19:00, relative humidity, 55 ± 5%). All experiments were performed under the
guidelines and regulations of the Qingdao University Experimental Animal Care and Use Committee.
Concerning Golden 's protocol, male 5-week-old C57BL/6J mice were used as subjects, and male 15-
week-old CD1 mice were used as aggressivors [50]. All procedures were carried out under an approved
Home O�ce project license (number PPL 80/2578) and in accordance with the Animals (Scienti�c
Procedures) Act, 1986 (UK) (amended 2013). All sections of this report adhere to the ARRIVE Guidelines
for reporting animal research [51]. A completed ARRIVE guidelines checklist is included in Checklist S1.

Psychological stresses
Witnessing of the same species being attacked is a way to give psychological stress, leading to anxiety-
like, and avoidence behaviors[18, 19]. Before the psychological stress paradigm, aggressive CD1 mice
were selected by detection of their aggressive behavior [50]. The adaptation period for C57 mice is 7 days
before the psychological stress paradigm (Fig. 1a). In the adaptation period, C57 mice live in normal
cages. And the CD1 mice were placed on one side of a special squirrel cage (32 × 16 × 16 cm) separated
by a transparent and perforated acrylic plate in the middle, and the other side was left for the witness
group of mice (C57 mice), which could see the CD1 mice attack and bite another C57 mice, arriving
psychological stress. Followed the adaptation period, C57 mice were screened using elevated cross-maze
detection and social avoidance detection (details later). Mice with dwell time in the open arms of the
maze above 2% and a social avoidance check ratio above 0.5 were selected, considered without innate
anxiety-like and avoidance behavior. These mice were divided into Control group (n = 15) and Observe
group (n = 26) randomly.

In the next �ve days, the Observe group undergo psychological stress experiments. Each Observe mouse
was placed on the other side of the CD1 cage with a transparent partition, and another C57 mice were
placed in the same side of the CD1 mouse. The Observe mice was able to see the other C57 mice being
attacked by the CD1 mice through the transparent partition in the middle, subjected to psychological
stress (Fig. 1b). The duration of psychological stress in the Observe mice was determined based on the
number of attacks on the CD1 mice by 5 times of backbiting C57 mice. Psychological stress were
conducted every morning and afternoon, for �ve days. The index for evaluating the susceptibility or
resilience of mice after psychological stress is to measure the degree of fear memory and anxiety
behavior.

Elevated plus-maze detection
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After the psychological stress experiment, we performed elevated plus-maze (EPM) test on the observe
and control mice on day 6 to detecte the anxiety level of the mice. The EPM tests were performed in a
quiet, dark, and no irritation environment. All experiments are performed from 08: 00–14: 00. The EPM is
composed of two opposite open arms (30 × 5 cm), two opposite closed arms (30 × 5 × 15.25 cm), and a
central area (5 × 5 cm), 40 cm above the ground. The spontaneous movement trajectory of mice in the
elevated cross-maze and the time spent in each arm were recorded within 5 minutes. The percentage of
time that the mice stay in the open arm as a percentage of the total time re�ected the anxiety level of the
mouse. The shorter the time that the mice stayed in the open arm, the more anxious the mice were. Before
the start of the psychological stress modeling anxious mice with an open arm staying time less than 2%
were deleted.

Social avoidance detection
The social avoidance detection was performed in an open-�eld area (50 × 50 cm), which included a small
removable transparent cage (10 × 10 cm). 5 cm around this small cage was de�ned as communication
area (Fig. 1c). CD1 mouse was put into the small cage or not. The detection of fear memory of C57 mice
to CD1 was based on fewer time spent in the communication area when CD1 in the small cage. The ratio
of the time that C57 mice stayed in the communication area with CD1 mice in the small cage to the time
that C57 mice stayed in the communication area without CD1 mice was recorded. The smaller ratio
re�ected the avoidance behavior of C57 to CD1 mice. Before the start of the psychological stress
modeling, C57 mice with social avoidance detection ratio less than 0.5, indicating innate fear of CD1
mice, were deleted.

Susceptible and Resilient categories detection
Based on the results of the social avoidance detection, we divided the Observe mice into three categories:
Susceptible, Resilient and Atypical, of which only Susceptible and Resilient were used in the subsequent
experiments. After the psychological stress test, the Observe mice whose ratio decreased by more than
20% and the ratio of less than 1 were de�ned as Susceptible. The mice whose ratio decreased by less
than 20% or increased and the ratio greater than 1 were de�ned as Resilient. The other Observe mice were
de�ned as Atypical.

RNA puri�cation from amygdala tissues
After the behavioral tests were completed, we took both sides of the amygdala from Susceptible,
Resilient, and Control mice. Firstly, mouse was anesthetized with 0.1 ml / 10 g intraperitoneal injection of
4% chloral hydrate. After the mice are fully anesthetized, perfused with 4 °C normal saline through the left
atrium, and decapitated. The entire brain was isolated and put into liquid nitrogen. Then the amygdaloid
area was dissected quickly and placed into a pre-cooled RNase free EP tube containing RNAwait storage
solution (Solarbio, Beijing, China). After in�ltration at 4 °C overnight, the tissue was transferred from the
RNAwait solution to another empty RNase free EP tube, stored at -80 °C. For subsequent sequencing and
post-sequence veri�cation, amygdaloid tissue of each group was sent to Beijing Genomics Institute for
high-throughput sequencing. The total RNA concentration, RNA integrity value, and ratio of 28S to 18S
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ribosomal RNA were measured with a 2100 bioanalyzer (Agilent Technology, USA), and quality control
was performed with RNA 6000 nano reagent port 1. Samples with total RNA greater than 10 µg,
concentrations greater than 200 ng / µl, RIN greater than 8, 28S / 18 s greater than 2 were selected to
construct mRNA and microRNA libraries. In Susceptible, Resilient, and Control groups, amygdala tissue
that meets these conditions was used for high-throughput sequencing, with correlation coe�cients above
0.8.

RNA sequencing
Total RNA from each sample was isolated by Trizol reagent (LifeTechnologies, Carsbad, CA, USA; [48]).
mRNAs were isolated from total RNA with oligo(dT) method and fragmented. Then �rst strand cDNA and
second strand cDNA were synthesized. cDNA fragments were puri�ed and resolved with EB buffer for end
reparation and single nucleotide A (adenine) addition. After that, the cDNA fragments were linked with
adapters. Those cDNA fragments with suitable size were selected for the PCR ampli�cation.

18–30 nt RNAs were isolated from total RNAs by polyacrylamide gel electrophoresis. They were applied
to construct a microRNA sequencing library. RNAs ligated to 5 -RNA adapter by T4 RNA ligase were size-
fractionated and 36–50 nucleotide fractions were excised. The precipitated RNAs were ligated to 3 -RNA
adapter by T4 RNA ligase and size-fractionated, and then 62–75 nucleotide fraction (small RNA + 
adaptors) was excised. To produce the templates enough for the sequencing, small RNAs ligated with
adaptors were subjected to RT-PCR. Products were puri�ed and collected by gel puri�cation for high-
throughput sequencing.

Qualities of mRNA and microRNA libraries were evaluated by 2100 Bioanalyzer (Agilent Technologies, CA
USA). Their quantities were veri�ed by ABI StepOnePlus Real-Time PCR System. Their sequencings were
done by Illumina HiseqTM 2500 platform (Illumina Inc., San Diego, CA USA). In two libraries, the average
reading length was about 100 bp (pair-end) and 49 bp (single-end), respectively.

Bioinformatics for mRNA
Original image data was transformed into raw data or raw reads by base calling. Dynamic Trim Perl script
implemented in the SolexaQA package was done to control the quality of raw sequencing data. Reads
with adapters, unknown bases more than 10% as well as 50% bases with a low-quality score (PHRED
score 5) were removed. The remained “clean reads” were mapped to the mouse genome reference
sequence (UCSC mm10) by TopHat v1.0.12 incorporated Bowtie v0.11.3 software to perform alignments.
The maximum allowable mismatch was set to three for each read in the alignment and mapping. To
calculate the gene expression level, the sole reads uniquely aligned to genes were used. Fragments Per
Kilobase Million (FPKM) were used for gene expression. Genes in low expression levels (FPKM < 0.5) were
removed for further analysis.

The DEseq2 package was used to screen differential expressed genes (DEGs) between two groups with
biological replicates, e.g., Susceptible versus Control, Resilient versus Control, Susceptible versus Resilient
[52]. A threshold to identify DEGs was fold-change above 2 and P-value less than 0.05. Pathway
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enrichment analysis in DEGs association with physiological or biochemical processes was conducted.
Hypergeometric tests implemented in tool WebGestalt (version 2) and canonical pathways from the
Kyoto Encyclopedia of Genes and Genomes (KEGG) database were used in these enrichment analyses.
Compared with the whole genome background, the enriched metabolic pathways or signal transduction
pathways in DEGs would be identi�ed in the analyses. P-values in hypergeometric tests were adjusted by
the Benjamini-Hochberg method. Pathways with adjusted p-values less than 0.05 were thought to be
signi�cant enrichments.

Bioinformatics for microRNA
Adaptor sequences, low-quality reads, and contaminants in 49nt-tags from Hiseq sequencing were
removed. The remained credible clean reads were aligned to Genbank database and Rfam database with
blast or bowtie software to further remove reads of noncoding RNA, such as ribosomal RNAs, transfer
RNAs, small nuclear RNAs, small nucleolar RNAs and repeat RNA. To obtain microRNA count, high-quality
clean reads ranging in 18–25 nt were matched to the known microRNA precursor of corresponding
species in miRBase. microRNAs, which were tags aligned to microRNA precursor in miRBase with no
mismatch as well as mature microRNA in miRBase with at least 16 nt overlap allowing offset, would be
counted to get the expression of identi�ed microRNAs. For the remained reads without any annotation,
Miredp was used to predict potential novel microRNAs and its stem-loop structure [53, 54]. To correct
biased results from low expression, microRNAs with reading counts less than 5 were discarded in
differential expression analysis.

Algorithm based on negative binomial distribution and biology duplicate samples was used to compare
the known or novel microRNA expression in Susceptible versus Control, Resilient versus Control,
Susceptible versus Resilient. The threshold used to identify differential expression of microRNAs was
fold-change larger than 2 and P-value less than 0.001. RNAhybrid, Targetscan and miRanda are three
microRNA target prediction methods for predicting gene targets of differentially expressed microRNAs.

Integrated microRNA/mRNA network analysis
Through bioinformatics analysis, the correlation between differentially expressed microRNAs and their
corresponding target mRNAs was found. Although there are several exceptions, in theory, microRNAs are
inversely related to the mRNAs they target. Integrate differentially expressed microRNAs and mRNA data
sets to identify potential target genes regulated by microRNAs. In our analysis, microRNAs and mRNAs
should be reversed simultaneously. mRNAs should be obtained by predicting the target genes of
microRNAs in RNAhybrid, Targetscan or miRanda. Cytoscape software (San Diego, CA USA) was used to
visualize an interactive network of differentially expressed microRNAs and simultaneously differentially
expressed target mRNAs.

Quantitative RT-PCR for the validations of mRNA and
microRNA
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Quantitative real-time RT-PCR (qRT-PCR) by the SYBR Green technique was used to analyze 24 mRNAs
and 15 microRNAs that were involved in cell function. Supplementary Table One (Table S1) shows the
primers used. Brie�y, real-time PCR was performed with ChamQTM Universal SYBR qPCR Master Mix.
Total RNA was extracted from the amygdala using Trizol kit. The HiScript  RT SuperMix kit and miR-X
miRNA First-Strand Synthesis kit (Clontech, 638315, CA, USA) were used to reverse transcribe mRNA and
microRNA into cDNA, respectively. For real-time PCR of mRNA and microRNA, in a 20 µl reaction system,
1 µl cDNA was used as a template, 0.4 µl per primer (10 nmol/l), 10 µl 2 × qPCR main components and
8.2 µl ddH2O to amplify the cDNA. The program was set to start real-time PCR at 95 °C for 30 seconds,
then perform 40 denaturations at 95 °C for 10 seconds, anneal and extend at 60 °C for 30 seconds,
melting curve at 95 °C for 15 seconds, 60 °C for 60 seconds, and 95 °C for 15 seconds (ChamQTM
Universal SYBR qPCR Master Mix). The relative expression levels of mRNA in tissues were normalized to
the internal reference gene GAPDH. The relative expression levels of miRNA in tissues were normalized to
U6 small nucleolar RNA. qRT-PCR runs were repeated in three replications. The results were calculated
with the 2−ΔΔCt method.

Dual luciferase reporter assay to identify targeting
relationship between mRNAs and microRNAs
The vector used is the psiCHECKTM-2 plasmid, which can detect changes in the expression level of the
gene of interest inserted into the reporter gene. In this vector, the reporter gene is Renilla luciferase, with
Fire�y luciferase as the control gene, a fragment containing the target site of the target gene of about
200 bp is inserted into a polyclonal downstream of the Renilla luciferase translation stop codon. The site,
constructed as a wild-type vector. The synthetic microRNA mimic and the constructed vector containing
the target gene are co-transfected into 293T cells. If the microRNA has a regulatory effect on the target
mRNA, the expression of Renilla luciferase containing the target mRNA will decrease. First, total RNA was
extracted from any area of C57BL / 6 mouse brain tissue using Trizol kit, and mRNA was reverse
transcribed into cDNA using HiScript III RT SuperMix kit. Then use 2xPhanta Max Master Mix to amplify
about 200 bp fragments containing the target site of the target gene. The ampli�ed product is puri�ed
and recovered according to a common DNA product puri�cation kit. Digest with XhoI / NotI, run the
digested product on 1.5% agarose gel electrophoresis, cut the digested band with the correct molecular
weight under UV light, and cut the agarose gel containing the digested band Recover according to the
agarose gel DNA recovery kit instructions. The psiCHECKTM-2 plasmid was similarly digested and
recovered. A T4 DNA Ligase kit was used to ligate the digested vector plasmid and the digested target
gene to construct a wild-type vector plasmid containing the target gene. The ligated wild-type vector
plasmid is added to competent cells for transformation, and the obtained bacterial solution is sent to a
sequencing company for sequencing veri�cation. For the correct bacterial solution, the plasmid was
extracted with a plasmid mini-extraction kit, and the obtained plasmid was a wild-type vector.

The target gene fragment of the wild-type vector is mutated to a microRNA-binding site to construct a
mutant vector. The microRNA should not regulate the mutated mRNA, so when the mutant vector plasmid
and mimic are co-transfected into 293T cells, the expression of Renilla luciferase in the mutant vector is
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not affected by the added mimic. Based on the wild-type vector plasmid, upstream and downstream
mutant primers were designed to make the target gene fragment mutate for PCR ampli�cation, and
ampli�ed using Phanta Max Super-Fidelity DNA Polymerase Kit. Add 1 µl of Dpnl to the above PCR
product to digest. The digested product was subjected to 1.5% agarose gel electrophoresis, and a band of
the correct molecular weight after digestion was cut under a UV lamp. The agarose gel block containing
the digested band was recovered according to the instructions of the agarose gel DNA recovery kit. The
recovered product was homologously reconstituted into a mutant vector plasmid using Exnase II.
Similarly, the ligated wild-type vector plasmid is added to competent cells for transformation, and the
obtained bacterial solution is sent to a sequencing company for sequencing veri�cation. For the correct
bacterial solution, the plasmid was extracted with the plasmid mini-kit, and the obtained plasmid was a
mutant vector.

In a 24-well plate, 5 × 104 HEK293T cells were plated per well and cultured in DMEM containing 10% FBS.
After 24 hours, these cells were co-transfected with 50 ng psiCHECK2-wild-type or mutant reporter
plasmid, 50 nM microRNA mimic, or microRNA-NC with Lipofectamine 2000 transfection reagent
(Ink,Carsbad CAUSA). After 6 h of transfection, the medium in each well of the 24-well plate was
aspirated, 500 µl of fresh medium was added, and the culture was continued. After 24 hours, the �re�y
and Renilla luciferase activities were evaluated by the Dual-Glo® luciferase assay system
(Promega CAT). Each treatment was done in the triplicates from three independent experiments.

Statistical analyses
When analyzing high-throughput sequencing results, the DESeq2 package was used to preliminarily
process the raw data of mRNA and microRNA expression pro�les, respectively. The behavioral test data,
qRT-PCR data, and data from the double luciferase reporter gene detection experiment were all expressed
by means ± SEM. Pearson correlation coe�cient was used to evaluate the relationship between
microRNA and target predicted mRNA expression. The unpaired t-test was used to statistically compare
the molecular biological data (qPCR and dual-luciferase reporter gene detection data) of Control and
Susceptible, Control and Resilient, and Susceptible and Resilient mice. Since the behavioral experimental
data on emotions will vary greatly, one-way analysis of variance is used to compare the behavioral test
data between the groups, and the paired t-test is used to test the behavioral data of each group of mice
before and after psychological stress training. Analyze and compare. At the same time, the Student-
Newman-Keuls test was used to analyze and compare groups before and after stress training. Three
asterisks show p < 0.001, two asterisks show p < 0.01, one asterisk show p < 0.05, and the difference is
statistically signi�cant.

Results

Susceptibility and resilience caused by psychological stress
C57 mice were placed in adjacent rooms of a residential dwelling of CD1 mice, two of which were
separated by transparent partitions. C57 mice observed similar mice being physically attacked by



Page 10/56

aggressive permanent CD1 mice. This C57 observation mouse experienced psychological stress. After
experiencing these psychological stresses twice a day for 5 consecutive days, mice in the observation
group were behaviorally tested to determine their fear memory and anxiety status for CD1 mice. Evaluate
the degree of fear memory and anxiety of a mouse to determine whether the mouse is susceptible to
stress. C57 mice's fear memory formation for CD1 mice was judged by their degree of avoidance of
aggressive CD1 mouse containers on Day 6 and fewer entry into the interaction zone. The ratio of the
residence time of C57 mice in the communication area with and without CD1 mice in small cages was
measured and compared among the three groups. C57 mice's anxiety formation for CD1 mice was judged
by their degree of exploration of the open arms in the elevated cross-maze on Day 6. The percentage of
the total time that C57 mice stayed in the open arms was measured and compared among the three
groups. After the psychological stress experiment, the ratio of the residence time of some C57 mice in the
communication area was signi�cantly reduced compared with that before the stress experiment, and the
percentage of the total time that these C57 mice stayed in the open arms was also signi�cantly reduced
compared with that before the stress experiment. However, the ratio of the residence time of the other C57
mice in the communication area did not change signi�cantly compared with that before the stress
experiment, and the percentage of the total time that these C57 mice stayed in the open arms also did not
change signi�cantly compared with that before the stress experiment. This indicates that psychological
stress can cause susceptibility and resilience. Susceptible mice showed fear memory and anxiety-like
behaviors, and Resilient mice did not show fear memory and anxiety-like behaviors.

Figure 2a shows the locus of movement of Control, Resilient, and Susceptible mice with and without CD1
mice during social interaction on day 6. Susceptible mice developed a fear of CD1 mice, while Resilient
mice did not fear CD1 mice after psychological stress. Figure 2b and Fig. 2c show the ratio of the
residence time of control, resilient, and susceptible mice in the small cage to the time spent in the
communication area on day 0 and day 6, respectively. Figure 2b shows the ratio of the residence time of
Control, Resilient, and Susceptible mice in the communication zone with and without CD1 attackers in the
small cages on days 0 and 6. Values in Susceptible mice are 1.36 ± 0.09 before psychological stress and
0.77 ± 0.04 (p < 0.0001, n = 10, paired t-test) after psychological stress. Values in Resilient mice are 1.16 ± 
0.06 before psychological stress and 1.36 ± 0.05 (p = 0.0228, n = 13, paired t-test) after psychological
stress. Values in Control mice are 1.20 ± 0.08 before psychological stress and 1.24 ± 0.09 (p = 0.7015, n = 
15, paired t-test) after psychological stress. Compared with no statistical difference among three groups
at day 0 (p = 0.2225, F = 1.569, Total df = 37, one-way ANOVA), there is signi�cant difference among three
groups after the stress (p < 0.0001, F = 17.22, Total df = 37, one-way ANOVA). These data indicate that
psychological stress can induce some C57 mice to exhibit fear-avoidance behaviors on CD1 mice.
However, most C57 mice showed resilience after psychological stress and did not have the fear
avoidance behavior of CD1 mice.

Figure 3a shows the motion trajectory of Control, Resilient and Susceptible mice on the elevated cross-
maze before psychological stress (day 0) and after psychological stress (day 6). Values of staying in
open arms for Control, Resilient and Susceptible at day 0 are 13.94 ± 1.88, 13.24 ± 1.56 and 13.24 ± 1.71,
respectively (Fig. 3B, p = 0.9450, F = 0.05670, Total df = 37, one-way ANOVA). Values of staying in open
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arms for Control, Resilient and Susceptible at day 6 are 13.77 ± 1.83, 12.65 ± 1.69 and 5.39 ± 1.45,
respectively (Fig. 3C, p = 0.0054, F = 6.075, Total df = 37, one-way ANOVA). These data indicate that
psychological stress can induce anxiety-like behavior in some C57 mice, while most C57 mice do not
have anxiety-like behavior after psychological stress.

Overall qualities of RNA-Sequencing dataset
Three mice were taken from each group for high throughput sequencing, and mRNA and microRNA
pro�les in the amygdala tissue of each mouse were analyzed. Filter low-quality reads and adaptor from
RNAs of 55.53 ~ 58.8 Mb raw sequence reads (100 bp) in mRNA library Illumina sequencing, 44.21 ~ 
45.25 Mb clean reads from each library were mapped, i.e., 88.23 ~ 93.65% of total reads from mouse
genome equivalently for samples (Table S2). Totals about 29,336,157 ~ 31,336,586 raw tag counts were
produced in small RNA library. After �ltering reads with low quality and adaptor, we got clean tag counts
in 27,074,072 ~ 29,339,909(Table S3). The distribution of these clean small RNA reads varied in 10–44
nucleotides each library, in which the most abundant lengths were 22 nucleotides (Fig. S1). High-quality
clean reads larger than 18 nucleotides were mapped to the mouse genome. Genome-matched reads were
divided into different categories of small RNAs based on their biogenesis and annotation (Fig. S2). The
most abundant RNA category from each library was microRNA. These transcriptome and small RNA
sequencing data with high qualities were used to further analysis.

Study on differential expression of amygdala mRNA in three
groups of mice
The total RNAs were sequenced to quantify the mRNA in the amygdala and calculate its FPKM value.
Except for low expression level (FPKM < 0.5), other genes were analyzed for their differential expression
by DESeq2. After mapping reads referred to the mouse genome, 13,693(13,654, 13,689) mRNAs from
clean-read sequences with high quality included 6802(6722, 6667) of upregulated mRNAs and
6864(6916, 7001) of downregulated mRNAs while comparing Susceptible versus Control, Resilient versus
Control and Susceptible versus Resilient. The criterion for con�rming the differential expression of genes
was the ratio of their FPKM values above 2 fold. In other words, if the ratio of their FPKM changed above
2 folds between Susceptible versus Control, between Resilient versus Control or between Susceptible
versus Resilient, the differential expression of mRNAs was warranted.

Taken out those genes in low expression, we found that 33 mRNAs reached the 2 fold ratio of Susceptible
mice to Control mice in their FPKM values, in which 24 mRNAs were downregulated and 9 mRNAs were
upregulated (Table S4, Fig. 4a). Then the KEGG database was used to conduct pathway enrichment
analysis on the differentially expressed genes that were screened out and enriched into pathways related
to physiological and biochemical processes. Table S5 presents signaling pathways identi�ed by KEGG
function analysis based on DEGs data in Susceptible versus Control. Figure 5a presents a bubble chart of
KEGG pathway enrichment analysis of differentially expressed genes in the amygdala of Susceptible and
Control mice. Table 1 presents these upregulated and downregulated genes related to synapses and
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signaling pathways in the amygdala from Susceptible versus Control mice. Among the genes related to
synapses, the top line represents those genes that encode synapse elements, while the bottom line
represents genes that encode signaling pathways that regulate synapses. Among genes related to
signaling pathway, the top line represents genes encoding molecules constituting the signaling pathway,
and the bottom line represents genes encoding molecules that regulate the signal pathway. In terms of
the signaling pathways that regulate synapse functions, the downregulated genes in the amygdala in
Susceptible mice include Cd86. Based on bioinformatics for mRNA-guided protein translation (KEGG
database), this downregulated gene in Susceptible mice encodes Toll-like receptor signaling pathway.
Also in Cell adhesion molecules, the downregulated genes include Cd86 and Cldn23, encode Immune
system. In Tight junction, the downregulated genes include Cldn23, which plays a major role in tight
junction-speci�c obliteration.

Table 1
Signaling pathways identi�ed by KEGG based on DEGs data of BLA in Susceptible versus Control

KEGG Entry Term count Genes

mmu04514 Cell adhesion molecules (CAMs) 2  

Cd86(CD86 antigen)↓,Cldn23(claudin
23)↓

mmu04620 Toll-like receptor signaling
pathway

1  

Cd86(CD86 antigen)↓

mmu04530 Tight junction 1 Cldn23(claudin 23)↓

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.

Our study showed that 113 mRNAs had the 2 fold ratio of Resilient mice to Control mice in FPKM values,
in which 68 mRNAs are downregulated and 45 mRNAs are upregulated (Table S6, Fig. 4b). Table S7
presents signaling pathways identi�ed by KEGG function analysis based on DEGs data in Resilient versus
Control. Figure 5b presents a bubble chart of KEGG pathway enrichment analysis of differentially
expressed genes in the amygdala of Resilient and Control mice. Table 2 presents these upregulated and
downregulated genes related to synapses and signaling pathways in the amygdala from Resilient versus
Control mice. The upregulated genes related to synapse elements in the amygdala from Resilient mice
include Trhr, Itga10 and Scn7a. These upregulated genes in Resilient mice encode structural proteins of
building up Adrenergic synapse, Thyrotropin-releasing hormone and ECM receptors. The downregulated
genes related to synapse elements in the amygdala from Resilient mice include Gabre. This
downregulated gene in Resilient mice encodes structural proteins of building up GABAergic synapse. The
upregulated genes related to signaling pathways of regulating synapses in the amygdala from Resilient
mice include Cyp2c55. This upregulated gene in Resilient mice encodes structural proteins of building up
Serotonergic synapse. The downregulated genes related to signaling pathways of regulating synapses in
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the amygdala from Resilient mice include Pla2g4e. This downregulated gene in Resilient mice encodes
structural proteins of building up Serotonergic and Glutamatergic synapses. In terms of the signaling
pathways that regulate synapse functions, the downregulated genes in the amygdala in Resilient mice
include Ntrk1, Ngfr, H2-T10, Pla2g4e, Eno1b and Ccr6. These downregulated genes in Resilient mice
encode MAPK, Neurotrophin, Ras, PI3K-Akt, Fc epsilon RI, Rap1, HIF-1, Oxytocin, GnRH, VEGF and
Chemokine signaling pathways. On the other hand, the upregulated genes include Esr2, Itga10, Hspa1b,
Hspa1a, Dio3, Trhr and Traf1. These upregulated genes encode Estrogen, MAPK, PI3K-Akt, Calcium, TNF,
NF-kappa B and Thyroid hormone signaling pathways. Also in Cell adhesion molecules, the
downregulated genes include H2-Q8 and H2-T10, the upregulated genes include Cd6, encode Immune
system. In In�ammatory mediator regulation of TRP channels, the downregulated genes include Ntrk1
and Pla2g4e, the upregulated genes include Cyp2c55, encode In�ammatory mediator. In Cytokine-
cytokine receptor interaction, the downregulated genes include Ccr6 and Ngfr, mediate cell survival and
neural cell death. In Long-term depression, the downregulated genes include Pla2g4e.
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Table 2
Signaling pathways identi�ed by KEGG based on DEGs data of BLA in Resilient versus Control

KEGG Entry Term count Genes

mmu04915 Estrogen signaling
pathway

3 Esr2(estrogen receptor 2 (beta))↑,

Hspa1b (heat shock protein 1A(Hspa1a), heat
shock protein 1B)↑, Hspa1a (heat shock protein
1A)↑

mmu04010 MAPK signaling
pathway

4 Ntrk1(neurotrophic tyrosine kinase, receptor, type
1)↓,

Hspa1a (heat shock protein 1A)↑, Hspa1b (heat
shock protein 1B)↑, Pla2g4e( phospholipase A2,
group IVE)↓

mmu04514 Cell adhesion
molecules (CAMs)

3  

Cd6(CD6 antigen)↑, H2-Q8(histocompatibility 2, Q
region locus 8)↓, H2-T10(histocompatibility 2, T
region locus 10)↓

mmu04722 Neurotrophin
signaling pathway

2 Ngfr (nerve growth factor receptor (TNFR
superfamily, member 16))↓, Ntrk1(neurotrophic
tyrosine kinase, receptor, type 1)↓

mmu04726 Serotonergic synapse 2  

Cyp2c55(cytochrome P450, family 2, subfamily c,
polypeptide 55)↑, Pla2g4e( phospholipase A2,
group IVE)↓

mmu04014 Ras signaling
pathway

2 H2-T10(histocompatibility 2, T region locus 10)↓,

Ngfr (nerve growth factor receptor (TNFR
superfamily, member 16))↓

mmu04080 Neuroactive ligand-
receptor interaction

2 Gabre (gamma-aminobutyric acid (GABA) A
receptor, subunit epsilon)↓, Trhr (thyrotropin
releasing hormone receptor)↑

mmu04151 PI3K-Akt signaling
pathway

2 Itga10(integrin, alpha 10)↑, Ngfr (nerve growth
factor receptor (TNFR superfamily, member 16))↓

mmu04020 Calcium signaling
pathway

1 Trhr (thyrotropin releasing hormone receptor)↑

mmu04664 Fc epsilon RI
signaling pathway

1  

Pla2g4e( phospholipase A2, group IVE)↓

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.
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KEGG Entry Term count Genes

mmu04015 Rap1 signaling
pathway

1 Ngfr (nerve growth factor receptor (TNFR
superfamily, member 16))↓

mmu04668 TNF signaling
pathway

1 Traf1(TNF receptor-associated factor 1)↑

mmu04066 HIF-1 signaling
pathway

1  

Eno1b (enolase 1B, retrotransposed)↓

mmu04064 NF-kappa B signaling
pathway

1  

Traf1(TNF receptor-associated factor 1)↑

mmu04727 GABAergic synapse 1 Gabre (gamma-aminobutyric acid (GABA) A
receptor, subunit epsilon)↓

mmu04921 Oxytocin signaling
pathway

1  

Pla2g4e( phospholipase A2, group IVE)↓

mmu04723 Retrograde
endocannabinoid
signaling

1 Gabre (gamma-aminobutyric acid (GABA) A
receptor, subunit epsilon)↓

mmu04917 Prolactin signaling
pathway

1  

Esr2(estrogen receptor 2 (beta))↑

mmu04919 Thyroid hormone
signaling pathway

1  

Dio3(deiodinase, iodothyronine type III)↑

mmu04912 GnRH signaling
pathway

1  

Pla2g4e( phospholipase A2, group IVE)↓

mmu04370 VEGF signaling
pathway

1  

Pla2g4e( phospholipase A2, group IVE)↓

mmu04724 Glutamatergic
synapse

1  

Pla2g4e( phospholipase A2, group IVE)↓

mmu04062 Chemokine signaling
pathway

1 Ccr6(chemokine (C-C motif) receptor 6)↓

mmu05032 Morphine addiction 1 Gabre (gamma-aminobutyric acid (GABA) A
receptor, subunit epsilon)↓

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.
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KEGG Entry Term count Genes

mmu05033 Nicotine addiction 1 Gabre (gamma-aminobutyric acid (GABA) A
receptor, subunit epsilon)↓

mmu04750 In�ammatory
mediator regulation of
TRP channels

3 Ntrk1(neurotrophic tyrosine kinase, receptor, type
1)↓

Cyp2c55(cytochrome P450, family 2, subfamily c,
polypeptide 55)↑,Pla2g4e( phospholipase A2, group
IVE)↓

mmu04060 Cytokine-cytokine
receptor interaction

2 Ccr6(chemokine (C-C motif) receptor 6)↓,Ngfr
(nerve growth factor receptor (TNFR superfamily,
member 16))↓

mmu04730 Long-term depression 1  

Pla2g4e( phospholipase A2, group IVE)↓

mmu04261 Adrenergic signaling
in cardiomyocytes

1 Scn7a( sodium channel, voltage-gated, type VII,
alpha)↑

sodium channel, voltage-gated, type VII,
alpha(Scn7a)

mmu04512 ECM-receptor
interaction

1 Itga10(integrin, alpha 10)↑

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.

Furthermore, our study showed that 108 mRNAs had the 2 fold ratio of Susceptible mice to Resilient mice
in FPKM values, in which 52 mRNAs are downregulated and 56 mRNAs are upregulated (Table S8,
Fig. 4c). Table S9 presents signaling pathways identi�ed by KEGG function analysis based on DEGs data
in Susceptible versus Resilient. Figure 5c presents a bubble chart of KEGG pathway enrichment analysis
of differentially expressed genes in amygdala of Susceptible and Resilient mice. Table 3 presents these
upregulated and downregulated genes related to synapses and signaling pathways in the amygdala from
Susceptible versus Resilient mice. The upregulated genes related to synapse elements in the amygdala
include Oprm1, Vwf, Col6a3, Sv2c and Trhr. These upregulated genes encode structural proteins of
building up Peptide, Thyrotropin-releasing hormone and ECM receptors. The downregulated genes related
to synapse elements in the amygdala include Scn7a. This downregulated gene encodes structural
proteins of building up Adrenergic synapse. The upregulated genes related to signaling pathways of
regulating synapses in the amygdala include Pla2g4e. This upregulated gene encodes structural proteins
of building up Serotonergic and Glutamatergic synapses. The downregulated genes related to signaling
pathways of regulating synapses in the amygdala include Cyp2c55. This downregulated gene encodes
structural proteins of building up Serotonergic synapse. In terms of the signaling pathways that regulate
synapse functions, the downregulated genes in the amygdala include Grk1, Rac3 and Cd86. These
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downregulated genes encode Chemokine, VEGF, Fc epsilon RI, Ras, MAPK, Wnt, Sphingolipid, B cell
receptor, cAMP, Rap1, Toll-like receptor and Axon guidance signaling pathways. On the other hand, the
upregulated genes include Ccr1, Ccr6, Oprm1, Trhr, Ccl9, Pla2g4e, Vwf, Col6a3, Robo3 and Eno1b. These
upregulated genes encode Chemokine, VEGF, Fc epsilon RI, Ras, MAPK, PI3K-Akt, Oxytocin, GnRH, HIF-1,
Estrogen, Calcium and Axon guidance signaling pathways. Also in Cell adhesion molecules, the
downregulated genes include Cd6 and Cd86, the upregulated genes include LOC547349 and H2-T10,
encode Immune system. In In�ammatory mediator regulation of TRP channels, the downregulated genes
include Cyp2c55, the upregulated genes include Pla2g4e, encode In�ammatory mediator. In Adherens
junction, the downregulated genes include Rac3. In Cytokine-cytokine receptor interaction, the upregulated
genes include Ccr1, Ccr6, LOC100861978 and Ccl9. In Long-term depression, the upregulated genes
include Pla2g4e. In Cytosolic DNA-sensing pathway, the downregulated genes include Trex1.
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Table 3
Signaling pathways identi�ed by KEGG based on DEGs data of BLA in Susceptible versus Resilient

KEGG Entry Term count Genes

mmu04062 Chemokine
signaling pathway

5 Ccr1(chemokine (C-C motif) receptor 1)↑,
Ccr6(chemokine (C-C motif) receptor 6)↑

Grk1(G protein-coupled receptor kinase 1)↓,
LOC100861978(c-C motif chemokine 27-like)↑,
Ccl9(chemokine (C-C motif) ligand 9)↑

mmu04514 Cell adhesion
molecules (CAMs)

4  

Cd6(CD6 antigen)↓, Cd86(CD86 antigen)↓,
LOC547349(MHC class I family member)↑, H2-
T10(histocompatibility 2, T region locus 10)↑

mmu04370 VEGF signaling
pathway

2  

Rac3(RAS-related C3 botulinum substrate 3)↓,
Pla2g4e (phospholipase A2, group IVE)↑

mmu04664 Fc epsilon RI
signaling pathway

2  

Rac3(RAS-related C3 botulinum substrate 3)↓,
Pla2g4e( phospholipase A2, group IVE)↑

mmu04360 Axon guidance 2 Robo3(roundabout guidance receptor 3)↑

Rac3(RAS-related C3 botulinum substrate 3)↓,

mmu04726 Serotonergic
synapse

2  

Cyp2c55(cytochrome P450, family 2, subfamily c,
polypeptide 55)↓, Pla2g4e (phospholipase A2, group
IVE)↑

mmu04014 Ras signaling
pathway

2  

Rac3(RAS-related C3 botulinum substrate 3)↓,
Pla2g4e( phospholipase A2, group IVE)↑

mmu04010 MAPK signaling
pathway

2  

Rac3(RAS-related C3 botulinum substrate 3)↓,
Pla2g4e( phospholipase A2, group IVE)↑

mmu04080 Neuroactive ligand-
receptor interaction

2 Oprm1(opioid receptor, mu 1)↑, Trhr (thyrotropin
releasing hormone receptor)↑

mmu04151 PI3K-Akt signaling
pathway

2  

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.
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KEGG Entry Term count Genes

Vwf (Von Willebrand factor)↑, Col6a3( collagen, type
VI, alpha 3)↑

mmu04310 Wnt signaling
pathway

1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04071 Sphingolipid
signaling pathway

1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04921 Oxytocin signaling
pathway

1  

Pla2g4e( phospholipase A2, group IVE)↑

mmu04662 B cell receptor
signaling pathway

1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04912 GnRH signaling
pathway

1  

Pla2g4e( phospholipase A2, group IVE)↑

mmu04066 HIF-1 signaling
pathway

1  

Eno1b (enolase 1B, retrotransposed)↑

mmu04724 Glutamatergic
synapse

1  

Pla2g4e( phospholipase A2, group IVE)↑

mmu04024 cAMP signaling
pathway

1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04015 Rap1 signaling
pathway

1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04915 Estrogen signaling
pathway

1 Oprm1(opioid receptor, mu 1)↑

mmu04020 Calcium signaling
pathway

1 Trhr (thyrotropin releasing hormone receptor)↑

mmu04620 Toll-like receptor
signaling pathway

1  

Cd86(CD86 antigen)↓

mmu04512 ECM-receptor
interaction

3 Vwf (Von Willebrand factor)↑, Col6a3( collagen, type
VI, alpha 3)↑,Sv2c( synaptic vesicle glycoprotein 2c)↑

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.
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KEGG Entry Term count Genes

mmu04060 Cytokine-cytokine
receptor interaction

4 Ccr1(chemokine (C-C motif) receptor
1)↑,Ccr6(chemokine (C-C motif) receptor 6)↑

LOC100861978(c-C motif chemokine 27-
like)↑,Ccl9(chemokine (C-C motif) ligand 9)↑

mmu04750 In�ammatory
mediator regulation
of TRP channels

2  

Cyp2c55(cytochrome P450, family 2, subfamily c,
polypeptide 55)↓, Pla2g4e (phospholipase A2, group
IVE)↑

mmu04520 Adherens junction 1  

Rac3(RAS-related C3 botulinum substrate 3)↓

mmu04730 Long-term
depression

1  

Pla2g4e (phospholipase A2, group IVE)↑

mmu04623 Cytosolic DNA-
sensing pathway

1  

Trex1(three prime repair exonuclease 1)↓

mmu04261 Adrenergic signaling
in cardiomyocytes

1 Scn7a(sodium channel, voltage-gated, type VII,
alpha)↓

Note: ↑ indicates up-regulation in the tissue of BLA from Intruder versus control mice, whereas ↓
represents down-regulation.

qRT-PCR to verify mRNA results
We ran quantitative qRT-PCR from amygdala tissues that had been used for mRNA sequencing to
validate our data above. The expressions of Cd86, Lst1, Iqgap3, Rpl10a and Lrrcc1 are lowered as well as
the expressions of Gimap9, Lhx9 and Fibcd1 are elevated in Susceptible mice, compared to Control mice
(Fig. 6). The expressions of Gabre, Abhd1, Fam227b and Ngfr are lowered as well as the expressions of
Hspa1b, Slc37a2 and Dok3 are elevated in Resilient mice, compared to Control mice (Fig. 7). The
expressions of Lrrcc1 and Cd86 are lowered as well as the expressions of Tgoln2, Amd2, Abhd1, Pla2g4e,
Zfp729a, Oprm1 and Fam227b are elevated in Susceptible mice, compared to Resilient mice (Fig. 8).
These consistent results achieved by mRNA sequencing and qRT-PCR analysis validate our study.

Based on the functional relationship between mRNAs and microRNAs, microRNAs affects the level of
mRNAs in cells. mRNAs can be degrade by microRNAs with their dicers binding and weaken their
translations. If the downregulation of mRNAs in the amygdala for susceptibility and resilience is caused
by microRNAs, their correspondent microRNAs are upregulated, or vice versa. To validate mRNA changes
in our study, we quantitatively analyzed microRNA pro�les by their sequencings in amygdala tissues from
the mice with Susceptible mice, Resilient mice and Control mice.
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Study on differential expression of microRNA in amygdala
of three groups of mice
The pro�le of microRNAs is given in Table S10 if their expressions change above 2 folds in Susceptible
mice versus Control mice, in which certain microRNAs are upregulated or downregulated. Based on the
RNAhybrid, Targetscan and miRanda databases, this predicted target mRNAs match the measures by
microRNA sequencing. Table 4 presents the altered microRNAs and their predicted-target mRNAs from
Susceptible mice and Control mice. Table 5 presents the altered mRNAs and their correspondent
microRNAs from Susceptible mice and Control mice. We bulid interactive networks about microRNAs and
overlapped mRNAs for Susceptible mice and Control mice, which were based on three databases (Fig. 9).
By reading Tables S11, 4 and 5, we found the microRNAs and their target mRNAs are matched well.

Table 4
The changed miRNAs predict target mRNAs in Susceptible versus Control

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miR-
451a↑

Cldn23↓, Lrrcc1↓, miR-
665-
3p↓

Dok3↑,

miR-
10b-
5p↑

Cldn23↓, miR-
3968↓

Noxred1↑,

miR-
34b-
5p↑

Vmn2r30↓, miR-
297c-
5p↓

Sumf2↑,

miR-
202-
5p↑

Epsti1↓, miR-
551b-
3p↓

Fibcd1↑,

miR-
199a-
3p↑

Galnt15↓, miR-
669c-
5p↓

Plac9b↑,

miR-
211-
5p↑

Lrrcc1↓, miR-
34b-
3p↑

Iqgap3↓

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Control mice, whereas ↓
represents down-regulation.
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Table 5
The changed mRNAs predict target miRNAs in Susceptible versus Control

Geng
Symbol

The predicted target miRNAs that
match DEGs in transcriptome *

Geng
Symbol

The predicted target miRNAs that
match DEGs in transcriptome *

Cldn23↓ miR-451a↑, miR-10b-5p↑, Dok3↑ miR-665-3p↓,

Lrrcc1↓ miR-451a↑, miR-211-5p↑, Noxred1↑ miR-3968↓,

Vmn2r30↓ miR-34b-5p↑, Sumf2↑ miR-297c-5p↓,

Epsti1↓ miR-202-5p↑, Fibcd1↑ miR-551b-3p↓,

Galnt15↓ miR-199a-3p↑, Plac9b↑ miR-669c-5p↓,

Iqgap3↓ miR-34b-3p↑,    

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Control mice, whereas ↓
represents down-regulation.

The pro�le of microRNAs is given in Table S12 if their expressions change above 2 folds in Resilient mice
versus Control mice, in which certain microRNAs are upregulated or downregulated. Based on the
RNAhybrid, Targetscan and miRanda databases, this predicted target mRNAs match the measures by
microRNA sequencing. Table 6 presents the altered microRNAs and their predicted-target mRNAs from
Resilient mice and Control mice. Table 7 presents the altered mRNAs and their correspondent microRNAs
from Resilient mice and Control mice. We bulid interactive networks about microRNAs and overlapped
mRNAs for Resilient mice and Control mice, which were based on three databases (Fig. 10). By reading
Tables S13, 6 and 7, we found the microRNAs and their target mRNAs are matched well.
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Table 6
The changed miRNAs predict target mRNAs in Resilient versus Control

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

let-7b-
3p↓

Plac9b↑, Slc37a2↑ miR-
199b-
3p↑

Ccr6↓, Tmprss4↓, Lpp↓, Abhd1↓

miR-
107-
3p↓

4930473A02Rik↑ miR-
206-
3p↑

Marveld2↓, Gbp4↓, Xlr3a↓,
LOC100861615↓

miR-
107-
5p↓

Lhx9↑ miR-
211-
5p↑

Scube2↓, 4930555G01Rik↓,
Fam227b↓, Abhd1↓

miR-
124-
5p↓

Gm13157↑, Cd6↑,
C030037D09Rik↑, Khdc3↑

miR-
375-
3p↑

Arhgap33os↓, Tgoln2↓

miR-
1249-
3p↓

Slc37a2↑, Krt↑2, Cd6↑, Lrrc48↑ miR-
378d↑

Arhgef37↓, F630042J09Rik↓,
Tmprss4↓, Fam227b↓, Serpina3f↓, H2-
Q5↓

miR-
129b-
5p↓

Mybpc1↑, Esr2, Trhr↑ miR-
429-
3p↑

Rab37↓, Tgtp2↓

miR-
1306-
5p↓

Dok3↑, Traf1↑ miR-
448-
3p↑

Gbp4↓, Insrr↓, 4930555G01Rik↓

miR-
130b-
3p↓

Hbb-bs↑ miR-
451a↑

Lpp↓

miR-
133a-
3p↓

Itga10↑ miR-
467b-
5p↑

H2-T10↓

miR-
134-
5p↓

Slc37a2↑, Esr2↑, Lhx9↑ miR-
7070-
3p↑

B3gnt9↓, Zfp729a↓, Ngfr↓, Insrr↓,
Arhgap33os↓, A530016L24Rik↓

miR-
15a-
3p↓

Dio3↑, Cyp26a1↑ miR-
879-
5p↑

Pcdhgb8↓, Plin4↓, Fam227b↓

miR-
187-
5p↓

Esr2↑, Hspa1b↑ miR-
6958-
3p↓

Traf1↑, Dio3↑

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.
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miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miR-
20b-
5p↓

Mybpc1↑, Slc37a2↑, Rbp1↑, Esr2↑ miR-
702-
3p↓

Dio3↑

miR-
219a-
5p↓

Awat2↑ miR-
7069-
3p↓

Mybpc1↑, Slc37a2↑, Esr2↑, Cd6↑,
Lax1↑

miR-
219c-
3p↓

Awat2↑, Esr2↑ miR-
758-
3p↓

Mybpc1↑, Fbxw15↑, A930012L18Rik↑

miR-
27b-
5p↓

Mybpc1↑, Gm13157↑ miR-
764-
3p↓

Nlrp5-ps↑

miR-
296-
3p↓

Nlrp5-ps↑ miR-7b-
3p↓

Slc37a2↑, Awat2↑, Cd6↑

miR-
298-
3p↓

Slc37a2↑, Awat2↑ miR-
874-
3p↓

Mybpc1↑

miR-
298-
5p↓

Cd6↑ miR-93-
3p↓

Glt8d2↑

miR-
29c-3p↓

Esr2↑, Cyp26a1↑, Itga10↑ miR-
99a-
3p↓

Slc37a2↑, Lhx9↑

miR-
300-
3p↓

Nlrp5-ps↑ miR-
532-
3p↓

Lax1↑, Scn7a↑

miR-
301b-
3p↓

Slc37a2↑ miR-
539-
3p↓

Cdkn1c↑, Rbp1↑, Esr2↑

miR-
3065-
5p↓

Dio3↑ miR-
5620-
5p↓

Cyp2c55↑

miR-
3069-
3p↓

Mirt1↑, Cd6↑ miR-
665-
3p↓

Dok3↑, Slc37a2↑, Dio3↑

miR-
3074-
5p↓

Ugt1a6a↑, Esr2↑ miR-
668-
5p↓

Traf1↑, A930012L18Rik↑, Glt8d2↑

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.
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miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miR-
3095-
3p↓

Awat2↑ miR-
669f-
5p↓

Awat2↑

miR-
320-
3p↓

Awat2↑ miR-
671-
5p↓

Traf1↑, Itga10↑

miR-
338-
3p↓

Hbb-bs↑, Lax1↑ miR-
676-
5p↓

Scn7a↑

miR-
344f-
3p↓

Hbb-bs↑, Nlrp5-ps↑, Trhr↑ miR-
431-
3p↓

Cdkn1c↑, Traf1↑, Esr2↑, Khdc3↑,
Cyp26a1↑

miR-
34a-
5p↓

Traf1↑ miR-
448-
5p↓

Esr2↑, Lhx9↑

miR-
3535↓

Hspa1b↑ miR-
486b-
5p↓

Slc39a2↑

miR-
362-
5p↓

Gm10037↑ miR-
490-
3p↓

Slc37a2↑, Dio3↑

miR-
376a-
3p↓

Dio3↑ miR-
497a-
5p↓

Esr2↑, Lhx9↑, Hspa1b↑

miR-
378c↓

Krt2↑, Cyp2c55↑ miR-
423-
5p↓

Rbp1↑, Cd6↑, Khdc3↑, Cyp26a1↑

miR-
3968↓

Traf1↑, Cd6↑    

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.
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Table 7
The changed mRNAs predict target miRNAs in Resilient versus Control

Geng Symbol The predicted target miRNAs that match
DEGs in transcriptome *

Geng Symbol The predicted
target
miRNAs that
match DEGs
in
transcriptome
*

4930473A02Rik↑ miR-107-3p↓ 4930555G01Rik↓ mmu-miR-
211-5p↑,
mmu-miR-
448-3p↑

A930012L18Rik↑ miR-668-5p↓, miR-758-3p↓ A530016L24Rik↓ mmu-miR-
7070-3p↑

Awat2↑ miR-3095-3p↓, miR-320-3p↓, miR-7b-3p↓,
miR-298-3p↓, miR-219c-3p↓, miR-669f-
5p↓, miR-219a-5p↓

Abhd1↓ mmu-miR-
211-5p↑,
mmu-miR-
199b-3p↑

C030037D09Rik↑ miR-124-5p↓ Arhgap33os↓ mmu-miR-
375-3p↑,
mmu-miR-
7070-3p↑

Cd6↑ miR-7b-3p↓, miR-3069-3p↓, miR-124-5p↓,
miR-7069-3p↓, miR-3968↓, miR-423-5p↓,
miR-1249-3p↓, miR-298-5p↓

Arhgef37↓ mmu-miR-
378d↑

Cdkn1c↑ miR-539-3p↓, miR-431-3p↓ B3gnt9↓ mmu-miR-
7070-3p↑

Cyp26a1↑ miR-15a-3p↓, miR-29c-3p↓, miR-423-5p↓,
miR-431-3p↓

Ccr6↓ mmu-miR-
199b-3p↑

Cyp2c55↑ miR-5620-5p↓, miR-378c↓ F630042J09Rik↓ mmu-miR-
378d↑

Dio3↑ miR-702-3p↓, miR-15a-3p↓, miR-490-3p↓,
miR-6958-3p↓, miR-376a-3p↓, miR-3065-
5p↓, miR-665-3p↓

Fam227b↓ mmu-miR-
211-5p↑,
mmu-miR-
879-5p↑,
mmu-miR-
378d↑

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.
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Geng Symbol The predicted target miRNAs that match
DEGs in transcriptome *

Geng Symbol The predicted
target
miRNAs that
match DEGs
in
transcriptome
*

Dok3↑ miR-1306-5p↓, miR-665-3p↓ Gbp4↓ mmu-miR-
448-3p↑,
mmu-miR-
206-3p↑

Esr2↑ miR-134-5p↓, miR-448-5p↓, miR-20b-5p↓,
miR-7069-3p↓, miR-497a-5p↓, miR-29c-
3p↓, miR-539-3p↓, miR-431-3p↓, miR-
129b-5p↓, miR-219c-3p↓, miR-187-5p↓,
miR-3074-5p↓

H2-Q5↓ mmu-miR-
378d↑

Fbxw15↑ miR-758-3p↓ H2-T10↓ mmu-miR-
467b-5p↑

Glt8d2↑ miR-668-5p↓, miR-93-3p↓ Insrr↓ mmu-miR-
448-3p↑,
mmu-miR-
7070-3p↑

Gm10037↑ miR-362-5p↓ LOC100861615↓ mmu-miR-
206-3p↑

Gm13157↑ miR-124-5p↓, miR-27b-5p↓ Lpp↓ mmu-miR-
451a↑, mmu-
miR-199b-
3p↑

Hbb-bs↑ miR-130b-3p↓, miR-338-3p↓, miR-344f-3p↓ Marveld2↓ mmu-miR-
206-3p↑

Hspa1b↑ miR-497a-5p↓, miR-3535↓, miR-187-5p↓ Ngfr↓ mmu-miR-
7070-3p↑

Itga10↑ miR-29c-3p↓, miR-133a-3p↓, miR-671-5p↓ Pcdhgb8↓ mmu-miR-
879-5p↑

Khdc3↑ miR-124-5p↓, miR-423-5p↓, miR-431-3p↓ Plin4↓ mmu-miR-
879-5p↑

Krt2↑ miR-1249-3p↓, miR-378c↓ Rab37↓ mmu-miR-
429-3p↑

Lax1↑ miR-532-3p↓, miR-7069-3p↓, miR-338-3p↓ Scube2↓ mmu-miR-
211-5p↑

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.



Page 28/56

Geng Symbol The predicted target miRNAs that match
DEGs in transcriptome *

Geng Symbol The predicted
target
miRNAs that
match DEGs
in
transcriptome
*

Lhx9↑ miR-134-5p↓, miR-448-5p↓, miR-497a-5p↓,
miR-107-5p↑, miR-99a-3p↓

Serpina3f↓ mmu-miR-
378d↑

Lrrc48↑ miR-1249-3p↓ Tgoln2↓ mmu-miR-
375-3p↑

Mirt1↑ miR-3069-3p↓ Tgtp2↓ mmu-miR-
429-3p↑

Mybpc1↑ miR-874-3p↓, miR-20b-5p↓, miR-7069-3p↓,
miR-27b-5p↓, miR-129b-5p↓, miR-758-3p↓

Tmprss4↓ mmu-miR-
378d↑, mmu-
miR-199b-
3p↑

Nlrp5-ps↑ miR-344f-3p↓, miR-300-3p↓, miR-764-3p↓,
miR-296-3p↓

Xlr3a↓ mmu-miR-
206-3p↑

Plac9b↑ let-7b-3p↓ Zfp729a↓ mmu-miR-
7070-3p↑

Rbp1↑ miR-20b-5p↓, miR-423-5p↓, miR-539-3p↓ Slc39a2↑ miR-486b-
5p↓

Scn7a↑ miR-532-3p↓, miR-676-5p↓ Traf1↑ miR-1306-
5p↓, miR-
6958-3p↓,
miR-668-5p↓,
miR-3968↓,
miR-431-3p↓,
miR-34a-5p↓,
miR-671-5p↓

Slc37a2↑ miR-134-5p↓, miR-7b-3p↓, miR-490-3p↓,
miR-301b-3p↓, miR-20b-5p↓, miR-7069-
3p↓, miR-298-3p↓, miR-1249-3p↓, let-7b-
3p↓, miR-99a-3p↓, miR-665-3p↓

Trhr↑ miR-344f-
3p↓, miR-
129b-5p↓

Ugt1a6a↑ miR-3074-5p↓    

Note: ↑ indicates up-regulation in the tissue of BLA from Resilient versus Control mice, whereas ↓
represents down-regulation.

The pro�le of microRNAs is given in Table S14 if their expressions change above 2 folds in Susceptible
mice versus Resilient mice, in which certain microRNAs are upregulated or downregulated. Based on the
RNAhybrid, Targetscan and miRanda databases, this predicted target mRNAs match the measures by
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microRNA sequencing. Table 8 presents the altered microRNAs and their predicted-target mRNAs from
Susceptible mice and Resilient mice. Table 9 presents the altered mRNAs and their correspondent
microRNAs from Susceptible mice and Resilient mice. We bulid interactive networks about microRNAs
and overlapped mRNAs for Susceptible mice and Resilient mice, which were based on three databases
(Fig. 11). By reading Tables S15, 8 and 9, we found the microRNAs and their target mRNAs are matched
well. Consistent results by jointly sequencing mRNAs and microRNAs validate our analyses and
strengthen our conclusion.
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Table 8
The changed miRNAs predict target mRNAs in Susceptible versus Resilient

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

let-7a-1-
3p↓

Tagap↑, miR-
10b-
5p↑

Ehd4↓

miR-
151-
3p↓

LOC100861978↑, Gm9994↑, Col6a3↑,
Vwf↑,

miR-
181c-
3p↑

Bhlhe22↓, Grk1↓

miR-
199b-
3p↓

Ccr6↑, Abhd1↑, Lpp↑, Atp10d↑, miR-
187-
3p↑

Msln↓, Muc6↓, Ehd4↓

miR-
211-
5p↓

Abhd1↑, Scube2↑, Fam227b↑,
Sp140↑, Atp10d,

miR-
187-
5p↑

Tmem71↓, 2610035D17Rik↓

miR-24-
3p↓

Tgoln2↑, Pla2g4e↑, Alas2↑, Oprm1↑,
Alad↑, Atp10d↑,

miR-
199a-
3p↑

Mybl1↓, Smim24↓

miR-
3065-
5p↓

Lpp↑, Col6a3↑, miR-
199a-
5p↑

Tnni1↓, Vmn2r32↓

miR-
339-
5p↓

Clspn↑, Scube2↑, miR-
19b-
3p↑

Ptchd4↓

miR-
378d↓

F630042J09Rik↑, Fam227b↑,
Robo3↑,

miR-
200c-
3p↑

Grk1↓, Cd6↓

miR-
467h↓

Slc7a15↑, Hdhd3↑, miR-
202-
5p↑

Cyp2c55↓, Scn7a↓, Cd6↓

miR-
541-
3p↓

Amd2↑, Oprm1↑, Gm16432↑, miR-
20b-
5p↑

Mybl1↓, Vmn2r47↓, Vmn2r36↓,
Vmn2r32↓

miR-
669c-
5p↓

Gpr139↑, Vwf↑, miR-
210-
3p↑

Rad54b↓

miR-
673-
5p↓

Col6a3↑, Robo3↑, Vwf↑, miR-
219a-
5p↑

Npcd↓

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Resilient mice, ↓
represents down-regulation.
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miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miRNAs The predicted target mRNAs that
match DEGs in transcriptome *

miR-
7019-
3p↓

Clspn↑, miR-
219b-
5p↑

Kbtbd13↓,Rad54b↓ Lrrcc1↓

miR-
7070-
3p↓

Zfp729a↑, Oprm1↑, miR-
27b-
5p↑

Tnni1↓,Gm13157↓

miR-
879-
5p↓

Oprm1↑, Fam227b↑, miR-
296-
3p↑

Gm10220↓

miR-93-
3p↑

Glt8d2↓,Pter↓ miR-
297c-
5p↑

Muc6↓

miR-
764-
3p↑

Muc6↓,Grk1↓ miR-
298-
5p↑

Psrc1↓,Cd6↓

miR-
758-
3p↑

Fbxw15↓,Rpl34↓ miR-
3069-
3p↑

Cd6↓,Vmn2r51↓

miR-
466k↑

Cd6↓ miR-
344f-
3p↑

Trhr↓

miR-
466n-
5p↑

Pter↓ miR-
34b-
5p↑

Tnni1↓,Vmn2r30↓

miR-
483-
5p↑

Trim68↓,Cd6↓ miR-
362-
5p↑

Vmn2r49↓

miR-
532-
5p↑

Psrc1↓,Mybl1↓ Npcd↓ Ptchd4↓ miR-
378c↑

Cyp2c55↓,Krt2↓ Trim68↓ Vmn2r30↓

miR-
700-
3p↑

Pter↓,Muc6↓ miR-
431-
3p↑

Bhlhe22↓,Grk1↓ Cdkn1c↓

miR-
665-
3p↑

Slc25a47↓ miR-
423-
5p↑

Bhlhe22↓,Cd6↓

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Resilient mice, ↓
represents down-regulation.
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Table 9
The changed mRNAs predict target miRNAs in Susceptible versus Resilient

Geng Symbol The predicted target
miRNAs that match DEGs
in transcriptome *

Geng Symbol The predicted target miRNAs
that match DEGs in
transcriptome *

Abhd1↑ miR-199b-3p↓, miR-211-
5p↓

Cyp2c55↓ miR-378c↑, miR-202-5p↑

Alad↑ miR-24-3p↓ Tnni1↓ miR-34b-5p↑, miR-199a-5p,
miR-27b-5p↑

Alas2↑ miR-24-3p↓ Scn7a↓ miR-202-5p↑

Amd2↑ miR-541-3p↓ Psrc1↓ miR-532-5p↑, miR-298-5p↑

Atp10d↑ miR-24-3p↓, miR-199b-3p↓,
miR-211-5p↓

Slc25a47↓ miR-665-3p↑

Ccr6↑ miR-199b-3p↓ Fbxw15↓ miR-758-3p↑

Clspn↑ miR-7019-3p↓, miR-339-
5p↓

Krt2↓ miR-378c↑

Col6a3↑ miR-673-5p↓, miR-3065-
5p↓, miR-151-3p↓

Mybl1↓ miR-532-5p↑, miR-199a-3p↑,
miR-20b-5p↑

F630042J09Rik↑ miR-378d↓ Trim68↓ miR-378c↑, miR-483-5p↑

Fam227b↑ miR-378d↓, miR-211-5p↓,
miR-879-5p↓

Bhlhe22↓ miR-181c-3p↑, miR-423-5p↑,
miR-431-3p↑

Gm16432↑ miR-541-3p↓ Glt8d2↓ miR-93-3p↑

Gm9994↑ miR-151-3p↓ Smim24↓ miR-199a-3p↑

Gpr139↑ miR-669c-5p↓ Msln↓ miR-187-3p↑

Hdhd3↑ miR-467h↓ Rpl34↓ miR-758-3p↑

LOC100861978↑ miR-151-3p↓ Gm10220↓ miR-296-3p↑

Lpp↑ miR-3065-5p↓, miR-199b-
3p↓

Npcd↓ miR-532-5p↑, miR-219a-5p↑

Oprm1↑ miR-24-3p↓, miR-541-3p↓,
miR-7070-3p↓, miR-879-
5p↓

Pter↓ miR-466n-5p↑, miR-93-3p↑,
miR-700-3p↑

Pla2g4e↑ miR-24-3p↓ Kbtbd13↓ miR-219b-5p↑

Robo3↑ miR-673-5p↓, miR-378d↓ Tmem71↓ miR-187-5p↑

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Resilient mice, whereas ↓
represents down-regulation.
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Geng Symbol The predicted target
miRNAs that match DEGs
in transcriptome *

Geng Symbol The predicted target miRNAs
that match DEGs in
transcriptome *

Scube2↑ miR-339-5p↓, miR-211-5p↓ Muc6↓ miR-187-3p↑, miR-764-3p↑,
miR-297c-5p↑, miR-700-3p↑

Slc7a15↑ miR-467h↓ Ehd4↓ miR-10b-5p↑, -miR-187-3p↑

Sp140↑ miR-211-5p↓ Grk1↓ miR-200c-3p↑, miR-764-3p↑,
miR-181c-3p↑, miR-431-3p↑

Tagap↑ let-7a-1-3p↓ Trhr↓ miR-344f-3p↑

Tgoln2↑ miR-24-3p↓ Ptchd4↓ miR-532-5p↑, miR-19b-3p↑

Vwf↑ miR-673-5p↓, miR-151-3p↓,
miR-669c-5p↓

Vmn2r49↓ miR-362-5p↑

Zfp729a↑ miR-7070-3p↓ Rad54b↓ miR-219b-5p↑, miR-210-3p↑

Vmn2r32↓ miR-199a-5p↑, miR-20b-
5p↑

2610035D17Rik↓ miR-187-5p↑

Vmn2r30↓ miR-378c↑, miR-34b-5p↑ Cd6↓ miR-200c-3p↑, miR-202-5p↑,
miR-423-5p↑, miR-483-5p↑,
miR-298-5p↑, miR-3069-3p↑,
miR-466k↑

Vmn2r36↓ miR-20b-5p↑ Gm13157↓ miR-27b-5p↑

Vmn2r47↓ miR-20b-5p↑ Vmn2r51↓ miR-3069-3p↑

Lrrcc1↓ miR-219b-5p↑ Cdkn1c↓ miR-431-3p↑

Note: ↑ indicates up-regulation in the tissue of BLA from Susceptible versus Resilient mice, whereas ↓
represents down-regulation.

qRT-PCR to verify microRNA results
To validate the data by sequencing microRNA analysis, we ran qRT-PCR from amygdala tissues that had
been used for microRNA sequencing. we choose 15 microRNAs to conduct qRT-PCR, including miR-451a,
miR-34b-5p, miR-34b-3p, miR-211-5p and let-7a-1-3p in Susceptible mice versus Control mice (Fig. 12a),
miR-99a-3p, miR-134-5p, miR-532-5p, miR-497a-5p and miR-211-5p in Resilient mice versus Control mice
(Fig. 12b) as well as miR-378d, miR-211-5p, miR-24-3p, miR-199a-3p and miR-34b-5p in Susceptible mice
versus Resilient mice (Fig. 12c). Consistent to data by high-throughput sequencing, these microRNAs are
signi�cantly changed in qRT-PCR analysis from Susceptible mice versus Control mice, Resilient mice
versus Control mice as well as Susceptible mice versus Resilient mice (Fig. 12). Their predicted target
mRNAs match the altered mRNAs (Tables 4 ~ 9, 11, 13, 15). Consistent results from analyses by
microRNA sequencing and qRT-PCR analysis support the validation of our study.
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Tgoln2 and Pla2g4e mRNA are the targets of microRNA-24-
3p
To validate the silicon prediction in Tables 4 ~ 9, we selected miRNA-24-3p to examine whether it targeted
to Tgoln2 and Pla2g4e by qRT-PCR and dual-luciferase reporter assay. The inverse correlations are seen
between Tgoln2 and miRNA-24-3p (Fig. 13a) as well as between Pla2g4e and miRNA-24-3p (Fig. 13c)
from qRT-PCR analyses. In the dual-luciferase report assay, we constructed luciferase reporter plasmids,
which contained the wild-type or the mutant of the predicted binding sites of microRNAs in mRNAs
Tgoln2 and Pla2g4e. Such reporter constructs were transfected into HEK293T cells. The relative activities
of luciferase reporter for Tgoln2 and Pla2g4e mRNA are signi�cantly lowered by the mimics of miRNA-24-
3p, but not negative control (Fig. 13b/13d), which are reversed by mutating the binding sites of miRNA-
24-3p. These results support that Tgoln2 and Pla2g4e mRNA are the direct targets of miRNA-24-3p, which
is consistent with our bioinformatics analyses in the prediction of microRNA target genes.

Discussion
Stress types include physical stress versus psychological stress as well as acute severe stress versus
chronic mild stress [31, 32, 48, 55]. After undergoing psychological stress, stressors can be divided into
stress susceptibility and stress resilience according to the different effects of stressors' physical and
mental health. Susceptible mice exhibit symptoms such as fear memory, anxiety, and depression,
whereas resilient mice fail to show these changes [39, 40]. Identifying the molecular mechanisms that
lead some individuals to become susceptible to stress and others resilient is essential for developing
effective treatments and, ultimately, preventing the emergence of fear of memory and anxiety [56]. In the
present study, we focus on analyzing mRNA and microRNA pro�les in the amygdala from the mice
treated by psychological stress.

Susceptible mice compared to Resilient mice, the upregulated genes related to synapse elements in the
amygdala include Oprm1, Vwf, Col6a3, Sv2c and Trhr, encode structural proteins of building up Peptide,
Thyrotropin-releasing hormone and ECM receptors. The downregulated genes related to synapse
elements in the amygdala include Scn7a, encodes structural proteins of building up Adrenergic synapse.
The upregulated genes related to signaling pathways of regulating synapses in the amygdala include
Pla2g4e, encodes structural proteins of building up Serotonergic and Glutamatergic synapses. The
downregulated genes related to signaling pathways of regulating synapses in the amygdala include
Cyp2c55, encodes structural proteins of building up Serotonergic synapse. In terms of the signaling
pathways that regulate synapse functions, the downregulated genes in the amygdala include Grk1, Rac3
and Cd86, encode Chemokine, VEGF, Fc epsilon RI, Ras, MAPK, Wnt, Sphingolipid, B cell receptor, cAMP,
Rap1, Toll-like receptor and Axon guidance signaling pathways. On the other hand, the upregulated genes
include Ccr1, Ccr6, Oprm1, Trhr, Ccl9, Pla2g4e, Vwf, Col6a3, Robo3 and Eno1b, encode Chemokine, VEGF,
Fc epsilon RI, Ras, MAPK, PI3K-Akt, Oxytocin, GnRH, HIF-1, Estrogen, Calcium and Axon guidance
signaling pathways. Also in Cell adhesion molecules, the downregulated genes include Cd6 and Cd86, the
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upregulated genes include LOC547349 and H2-T10, encode Immune system. In In�ammatory mediator
regulation of TRP channels, the downregulated genes include Cyp2c55, the upregulated genes include
Pla2g4e, encode In�ammatory mediator. In Adherens junction, the downregulated genes include Rac3. In
Cytokine-cytokine receptor interaction, the upregulated genes include Ccr1, Ccr6, LOC100861978 and
Ccl9. In Long-term depression, the upregulated genes include Pla2g4e. In Cytosolic DNA-sensing pathway,
the downregulated genes include Trex1. The data indicate that the upregulation of Peptide, Thyrotropin-
releasing hormone and ECM receptor, Glutamatergic synapse, Cytokine-cytokine receptor interaction,
Long-term depression, PI3K-Akt, Oxytocin, GnRH, HIF-1, Estrogen, Calcium signaling pathways in the
amygdala may be related to psychological stress-induced susceptibility, and the downregulation may be
related to resilience. The downregulation of Adrenergic synapse, Adherens junction, Wnt, Sphingolipid, B
cell receptor, cAMP, Rap1, Toll-like receptor signaling pathways in the amygdala may be related to
psychological stress-induced susceptibility, and the upregulation may be related to resilience.

In addition to analyzing the downregulation or upregulation of gene expression in speci�c signaling
pathways, the imbalanced expression of genes in signaling pathways may be related to susceptibility
and resilience. The data show that except for the expression of all genes in some signal pathways are
downregulated or upregulated, genes in other signal pathways are partially upregulated and partially
downregulated. For example, Serotonergic synapse, Cell adhesion molecules, In�ammatory mediator
regulation of TRP channels, Chemokine, VEGF, Fc epsilon RI, Ras, MAPK, Axon guidance signaling
pathways, this imbalanced expression may play a role in susceptibility caused by psychological stress. In
the amygdala brain region, the expression of some genes in some signaling pathways is upregulated and
the expression of other genes is downregulated in psychologically stressed mice, indicating that the
molecular regulatory network in these pathways is imbalanced. In other words, the upregulation and
downregulation of gene expression between multiple signaling pathways and in a single signaling
pathway imbalances the molecular regulatory network within the amygdala, resulting in neuronal
dysfunction in the amygdala. In summary, the upregulated genes of encoding synapse elements may
strengthen the formation and transmission of synapses for susceptibility. The imbalance of signaling
pathways may be involved in susceptibility.

In terms of the validation of our study and result, after the high throughput sequencing of mRNAs and
microRNAs, We veri�ed some mRNAs and microRNAs with qRT-PCR and analyzed the interaction between
mRNAs and microRNAs. Our results indicate that the changed expression of mRNAs matches the
changed expression of microRNAs well in high-throughput sequencing(Tables 4 ~ 9). Some genes with
their altered expressions in high throughput sequencing have been con�rmed by qRT-PCR analysis (Fig. 6 
~ 8 and 12). Furthermore, dual-luciferase report analysis has con�rmed direct interactions between mRNA
Tgoln2 and miRNA-24p-3p as well as between Pla2g4e and miRNA-24p-3p (Fig. 13). In a word, we are
con�dent in our results, because is better than previous analyses in either microRNAs or mRNAs.

To the best of our knowledge, no study has yet reported an association between Tgoln2(Pla2g4e) and
susceptibility. The research report shows, Tgoln2 encodes a transmembrane protein primarily localized to
the trans-Golgi network (TGN), an important protein sorting station in the cell [57]. Tgoln2 is of particular
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interest because it was identi�ed in a microarray expression study as having a consistently up-regulated
expression pattern in the brains of suicide completers as compared to controls [58]. Pla2g4e belongs to
cytosolic phospholipase A2 (cPLA2), which selectively catalyzes the hydrolysis of the sn-2 site of the
glycerol portion of the membrane phospholipid to break the ester bond [59]. It is considered to be related
to neural structure and function, a neurobehavioral disorder in research [60]. Some literature suggests
that this gene may be a risk gene for panic disorder [61], there is also some literature indicating that there
is a certain relationship between the occurrence of depression [62]. Cytosolic phospholipase A2 is closely
related to axonal proliferation and excitotoxic damage under pathological conditions [63]. Various
pathological changes in CNS disease lead to increased expression of cPLA2 and increased activity [63].
cPLA2 is involved in oxidative stress and in�ammatory response in a variety of neurodegenerative
diseases [62]. In normal brain cells, PLA2 regulation achieves a balance between the conversion of
arachidonic acid to a pro-in�ammatory mediator and reintegration into the membrane. Without strictly
regulating PLA2 activity, a disproportionate pro-in�ammatory mediator is produced. The resulting induced
oxidative stress and neuroin�ammation are similar to neurological diseases such as Alzheimer's disease,
epilepsy, etc. [59, 63].

We found the changes of certain genes have not been observed in previous analyses[64–67], including
Oprm1, Vwf, Col6a3, Sv2c, Trhr, Scn7a, Pla2g4e, Cyp2c55, Grk1, Rac3, Cd86, Ccr1, Ccr6, Ccl9, Robo3,
Eno1b, Cd6, LOC547349, H2-T10, LOC100861978 and Trex1. The changes in the expression of these
genes in the amygdala may be due to susceptibility and resilience.

Conclusions
We paid attention to analyze and compare the pro�les of mRNA and microRNAs in the amygdala from
Susceptible and Resilient mice, which helps to �gure out molecules that are involved in susceptibility and
resilience. Susceptible and Resilient induced by psychological stresses are caused by the imbalanced
regulation of different synapses and signaling pathways in the amygdala. Therefore, studying the
molecular expression pro�le in the amygdala of psychologically stressed mice can help understand the
role of the amygdala in stress-induced susceptibility and resilience, and new targets can be found in the
amygdala brain area that can be used to treat stress disorders.
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Figures

Figure 1

Psychological stress-induced social frustration and evasion detection in Susceptible mice and Resilient
mice. a Seven days after acclimation, the elevated cross-maze detection and social avoidance detection
were used to screen C57 mice before psychological stress treatment. Then, �ve consecutive days of
psychological stress experiments were performed, one in the morning and one in the afternoon. The
elevated cross-maze test and social avoidance test were used again to detect anxiety and fear memory in
C57 mice, followed by genetic sequencing. b The same kind of C57 mice were placed in the CD1 cage.
The observe mice were placed in the cage next to the CD1 cage. When the observe mice were able to
observe the aggressive behavior of CD1 mice through the transparent partition, psychological stress was
generated. c Social avoidance detection is performed in an interactive social area (50*50cm), with 10 *
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10cm transparent and perforated small cages on the edges. The area around the small cage is de�ned as
the communication area.

Figure 2

Results of social avoidance test in mice after psychological stress treatment. Control n=15, Resilient
n=13, Susceptible n=10. a shows the movement trajectories of the Control, Resilient and Susceptible mice
in the open �eld with and without CD1 on day 6. b shows the ratio (%) of the residence time of the
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Control, Resilient and Susceptible mice on the 0th days in the communication area when there is a CD1
attacker in the small container and when there is no CD1 attacker. c shows the ratio (%) of the residence
time of the Control, Resilient and Susceptible mice on the 6th days in the communication area when there
is a CD1 attacker in the small container and when there is no CD1 attacker. One-way ANOVA was used for
the comparisons among Control, Resilient and Susceptible mice, while three asterisks show p < 0.001, two
asterisks show p < 0.01, one asterisk show p < 0.05.

Figure 3
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Test results of the elevated cross labyrinth of mice after psychological stress treatment. Control n=15,
Resilient n=13, Susceptible n=10. a shows the motion trajectories of the Control, Resilient and Susceptible
mice before the psychological stress (day 0) and after the psychological stress (day 6) on the elevated
cross-maze. b shows the time (%) of the Control, Resilient and Susceptible mice in the open zone on day
0, and there was no signi�cant difference between groups on day 0. c shows the time (%) of the Control,
Resilient and Susceptible mice in the open area on day 6. One-way ANOVA was used for the comparisons
among Control, Resilient and Susceptible mice, while two asterisks show p < 0.01.

Figure 4

Volcano plot for mRNA differential expression analysis. a shows the Volcano plot for amygdala mRNA
differential expression analysis in Susceptible and Control mice. b shows the Volcano plot for amygdala
mRNA differential expression analysis in Resilient and Control mice. c shows the Volcano plot for
amygdala mRNA differential expression analysis in Susceptible and Resilient mice. Red indicates that the
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gene is down-regulated more than 2 times and P value is less than 0.05. Green indicates that the gene is
up-regulated more than 2 times and P value is less than 0.05.

Figure 5

Bubble chart of KEGG pathway enrichment analysis of differentially expressed genes. a shows a Bubble
chart of KEGG pathway enrichment analysis of differentially expressed genes in the amygdala of
Susceptible and Control mice. b shows a Bubble chart of KEGG pathway enrichment analysis of



Page 48/56

differentially expressed genes in the amygdala of Resilient and Control mice. c shows a Bubble chart of
KEGG pathway enrichment analysis of differentially expressed genes in the amygdala of Susceptible and
Resilient mice. The size of the bubble presents the type of pathway gene. The larger the bubble, the more
gene types of the pathway. The color of the bubble presents the P value of the pathway. The redder the
color, the more likely the genes are concentrated in the pathway.

Figure 6

The validation of differentially expressed mRNAs in the amygdala from Control mice versus Susceptible
mice. Three asterisks show p < 0.001, two asterisks show p < 0.01, in which two-sample t-test was used for
the comparisons between Control mice versus Susceptible mice.



Page 49/56

Figure 7

The validation of differentially expressed mRNAs in the amygdala from Control mice versus Resilient
mice. Three asterisks show p < 0.001, two asterisks show p < 0.01, in which two-sample t-test was used for
the comparisons between Control mice versus Resilient mice.
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Figure 8

The validation of differentially expressed mRNAs in the amygdala from Resilient mice versus Susceptible
mice. Three asterisks show p < 0.001, two asterisks show p < 0.01, one asterisk show p < 0.05, in which
two-sample t-test was used for the comparisons between Resilient mice versus Susceptible mice.
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Figure 9

MicroRNA-mRNA network in Susceptible mice versus Control mice. microRNA/mRNA networks were
constructed between the 12 microRNAs and 11 overlapped mRNAs with using transcriptome expression
data and predicted target genes from RNAhybrid, Targetscan and miRanda databases. Diamonds present
microRNAs and ovals present mRNAs. Red symbols present the elevated expression of microRNAs or
mRNAs and the deeper the red, the more up-regulated. Blue symbols present the down-regulated
microRNAs or mRNAs and the deeper the blue, the more down-regulated. The picture on the left shows the
down-regulation of microRNA, and its corresponding mRNA is up-regulated. The more microRNA is down-
regulated, the more mRNA is up-regulated. The �gure on the right shows that microRNA is up-regulated,
and its corresponding mRNA is down-regulated.
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Figure 10

MicroRNA-mRNA network in Resilient mice versus Control mice. microRNA/mRNA networks were
constructed between the 69 microRNAs and 61 overlapped mRNAs with using transcriptome expression
data and predicted target genes from RNAhybrid, Targetscan and miRanda databases. Diamonds present
microRNAs and ovals present mRNAs. Red symbols present the elevated expression of microRNAs or
mRNAs and the deeper the red, the more up-regulated. Blue symbols present the down-regulated
microRNAs or mRNAs and the deeper the blue, the more down-regulated. The picture on the left shows the
down-regulation of microRNA, and its corresponding mRNA is up-regulated. The more microRNA is down-
regulated, the more mRNA is up-regulated. The �gure on the right shows that microRNA is up-regulated,
and its corresponding mRNA is down-regulated.
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Figure 11

MicroRNA-mRNA network in Susceptible mice versus Resilient mice. microRNA/mRNA networks were
constructed between the 48 microRNAs and 62 overlapped mRNAs with using transcriptome expression
data and predicted target genes from RNAhybrid, Targetscan and miRanda databases. Diamonds present
microRNAs and ovals present mRNAs. Red symbols present the elevated expression of microRNAs or
mRNAs and the deeper the red, the more up-regulated. Blue symbols present the down-regulated
microRNAs or mRNAs and the deeper the blue, the more down-regulated. The picture on the left shows the
down-regulation of microRNA, and its corresponding mRNA is up-regulated. The more microRNA is down-
regulated, the more mRNA is up-regulated. The �gure on the right shows that microRNA is up-regulated,
and its corresponding mRNA is down-regulated.
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Figure 12

The validation of differentially expressed microRNAs in the amygdala from three groups of mice. a
shows the validation of differentially expressed microRNAs in the amygdala from Control mice versus
Susceptible mice. b shows the validation of differentially expressed microRNAs in the amygdala from
Control mice versus Resilient mice. c shows the validation of differentially expressed microRNAs in the
amygdala from Resilient mice versus Susceptible mice. Three asterisks show p < 0.001, two asterisks
show p < 0.01, two-sample t-test was used for the comparisons.
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Figure 13

The microRNAs targeted mRNAs were validated by qRT-PCR and Luciferase reporter assay. a The
correlation between miR-24-3p and its prediction target Tgoln2 expression by qRT-PCR in amygdala tissue
(r=-0.9225;P=0.0023). b Luciferase reporter assay performed by constructed luciferase reporter plasmids,
which contained the wild-type or the mutant of the predicted binding sites of miR-24-3p in Tgoln2. Then
co-transfection of wild or mutant type vectors with miR-24-3p mimic or negative control (NC) into
HEK293T cells (P=0.0051, two-sample t-test). c The correlation between miR-24-3p and its prediction
target Pla2g4e expression by qRT-PCR in amygdala tissue (r=-0.9123 P=0.0030). d Luciferase reporter
assay performed by constructed luciferase reporter plasmids, which contained the wild-type or the mutant
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of the predicted binding sites of miR-24-3p in Pla2g4e. Then co-transfection of wild or mutant type
vectors with miR-24-3p mimic or negative control (NC) into HEK293T cells (P=0.0021, two-sample t-test).
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