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Abstract:

Post traumatic stress disorder (PTSD) is a severe neuropsychiatric condition which is
characterized by dysregulation of neural circuits particularly within the hippocampus, a region of
the brain which is critically involved in memory consolidation and emotional regulation. To
investigate the transcriptomic alterations associated with PTSD we performed RNA-Seq analysis
on the hippocampal tissue obtained from a murine PTSD model and control mice. High
throughput sequencing data were processed using quality control, adapter trimming and
alignment against the Mus musculus GRCm39(mm39) reference genome. Differential gene
expression analysis was conducted using DESeq2 followed by functional enrichment analysis
using Gene Ontology (GO) and KEGG pathway analysis. The findings show significant
transcriptional changes affecting genes involved in synaptic function, ribosomal activity and
cellular signalling pathways. The results contribute to the growing understanding of molecular
mechanisms underlying PTSD and may provide insight for future therapeutic targets.

Biological Background:

Post-traumatic stress disorder (PTSD) is a complex psychiatric condition arising from exposure
to traumatic events. It is marked by symptoms of avoidance, hyperarousal, and persistent
re-experiencing, often linked to structural and functional changes in the hippocampus (e.g.,
volume reduction, altered synaptic plasticity).

In rodent models, stress and fear conditioning significantly alter hippocampal gene expression
and epigenetic markers, including DNA methylation and histone modifications, which affect
learning and long-term potentiation. These molecular changes are connected to behavioral
deficits observed in PTSD, making transcriptomic profiling of the hippocampus crucial for
identifying regulatory networks underlying PTSD phenotypes.

Previous studies have reported differential expression of genes involved in synaptic function,
ribosomal activity, oxidative stress, and intracellular signaling pathways in mouse hippocampus
models of PTSD.

Dataset:

The dataset used in this study is sourced from the Sequence Read Archive (SRA), from the
project PRINA1269793. The dataset consists of paired-end RNA sequencing reads generated
from hippocampal tissue of Mus musculus (C57BL/6J mice).Samples were categorized into 2
distinct experimental groups Control and PTSD. a total of 16 replicates were present, for our
experiment two biological replicates representing a mouse PTSD model (PTSD samples) and
two biological replicates as healthy controls were selected. Sequencing was performed on
Illumina HiSeq 3000 platform, yielding paired-end reads approximately 150 base pairs (bp) in
length. Each sample had a substantial sequencing depth, averaging around 35-39 million reads



per sample, ensuring adequate coverage for accurate differential gene expression detection. The
total size of the dataset is 11.86 GB .

Link to dataset: https://www.ncbi.nlm.nih.gov/sra/SRX29136615[accn]
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Results:

Quality Control :

FastQC - - - MultiQC - - - Cutadapt - - - FastQC - - - MultiQC

Cutadpat parameters :

Minimum Quality (R1 & R2) :20
Minimum Length (R1 & R2): 20
Adapter Sequence:


https://www.ncbi.nlm.nih.gov/sra/SRX29136615[accn

Before cutadapt
General Statistics

& Copytable | I Configure columns | Scatter plot = Violin plot

Sample Name
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After cutadapt:
General Statistics

& Copy table | B Configure columns || i1 Scatter plot = = Violin plot
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Export as CSW... Showing %/z rows and “/s columns.
Dups GC
63.9% 47.0%
55.3% 48.0%

Export as CSV...

Dups
61.2%

52.7%

Showing 2!2 rows and !.I'E columns.
GC
47.0%

49.0%

+ Summarize table
Seqs
365M

37.9M
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Duplicate levels dropped slightly for both reads while the GC content for reverse reads
improved slightly (1%). No data loss was indicated as the number of sequences has remained

roughly the same.
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FastQC: Mean Quality Scores FastQC: Mean Quality Scores
2 samples 2 samples
40 40
— ~—

35 35
30 30
o 25 o 25
L: 20 1; 20
15 15
10 10
5 5

0bp 20bp 40bp 60 bp. 80 bp 100 bp 120 bp 140 bp. Obp 20 bp 40 bp 60 bp 80 bp 100 bp 120 bp. 140 bp.

Position (bp) Position (bp
FastQC: Status Checks FastQC: Status Checks

11 samples 11 samples

forward forward

Basic  PerBase  PerTile per Per Base Per  PerBase N Sequence SequenceOverrepresented Adapter Basic  PerBase  PerTile Per Per Base Per  PerBaseN Sequence Sequence P
Sequence Sequence Sequence Sequence  Sequence Content Length  Duplication Sequences ~ Content Statistics  Sequence  Sequence Sequence Sequence Sequence  Content  Length  Duplication Sequent

Quality  Quality  Q Content ~ GC Content Distribution ~ Levels Quality ~ Quality  Qualty ~ Content GC Content Distribution ~ Levels

Scores

uality
Scores

As the initial quality of the sequences was already good , therefore The mean quality score has
remained roughly the same, although it did improve slightly towards the end, likely because of
the removal of adapter sequences or low quality bases.

The Fastqc status checks for both before and after trimming shows clear insights into how the

quality of our dataset was improved. Although the dataset was good in quality even before
trimming however The most significant improvement came in stabilization of GC content

RNA STAR:



GTF file and reference genome for GRCm39(mm39) was provided and the Length of the
genomic sequence around annotated junctions was kept at 149. Coverage was computed in
bedgraph format

MultiQC on RNA STAR log file:

Summary Statistics
Summary statistics from the STAR alignment
& Copy table 2 Configure columns =81 Scatter plot = Violin plot Export as CSV... Showing /2 rows and "%/1e columns. <+ Summarize table

Sample Name  Total reads Aligned Uniq aligned Avg. mappedlen Annotated splices Mismatch rate Delrate Dellen Insrate Inslen

Control_1_fastq 37.5M 97.6% 92.4% 298 1bp 29.4M 02% 0.0% 19bp 0.0% 1.5bp
Control_2_fastq 37.9M 978% 90.7% 298 1bp 26.7M 02% 0.0% 18bp 0.0% 1.5bp
PTSD_1_fastg 36.5M 97.2% 84.6% 297.9bp 19.6M 0.2% 0.0% 29bp 0.0% 1.9bp
PTSD_2_fastq | 38.9M 985% 88.2% 208.4bp 255M 0.2% 0.0% 1.7bp 0.0% 1.4bp

STAR: Alignment Scores

4 samples

Control_1_fastg Uniquely mapped
Mapped to multiple loci
Mapped to too many loci
Control_2_fastg Unmapped: too short
Unmapped: other

PTSD_1_fastg

PTSD_2_fastg

0% 20% 40% 60% 80% 100%

MultiQC on RNA STAR log file provides us with an overview of how RNA STAR performed,
the summary statistics table shows us high quality mapping which is indicated by the alignment
percentages (97.6% - 98.5%) across both control and ptsd samples. This is within the expected
range of high quality RNA-seq data. However differences were observed between the
percentage of uniquely aligned reads between the control (90.7%-92.4%) and ptsd
(84.6%-88.2%), this variation likely suggests more complex transcriptional profiling or potential
splice variants in ptsd samples. The annotated splice junction counts (19.6M-29.4M) highlight
effective capture of spliced RNA transcripts which is an indication of robust transcriptome
library preparation and sequencing approach. Mismatch rates were low and consistent (0.2%),
suggesting accurate alignment. Additionally, negligible insertion and deletion rates (0.0%), with
small average lengths (1.4—1.9 bp), indicate high sequencing accuracy and quality alignment.



InferExperiment:

This is PairEnd Data
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Strand specificity of the RNA-seq libraries were evaluated using the inferexperiment tool.
Across all the samples the fractions of reads which could not be determined remained low
(ranging from 7.99% to 11.99%) suggesting high library quality. The proportion of reads
mapping to forward and reverse strands was approximately balanced in each sample, with
differences consistently under 2%. The data thus suggests that the sequencing libraries were non
strand specific as no strand bias was observed. These results are consistent with standard
[llumina paired-end library preparation protocols commonly used for non-directional RNA-seq
studies [Li et al., 2013; Conesa et al., 2016].

FeatureCounts:

Strand information specified as : unstranded
General Statistics

& Copy table £ Configure columns =in Scatter plot = Violin plot Export as CSV... Showing */« rows and '/ columns. + Summarize table
Sample Name Assigned

Control_1 79.5%

Control_2 76.7%

PTSD_1 66.6 %

PTSD 2 736%



featureCounts: Assignments
4 samples

Assigned

Unassigned: Unmapped
Unassigned: Mapping Quality
Unassigned: Multi Mapping

Control_1

Control_2
Unassigned: No Features

Unassigned: Ambiguity

Craatad with MultiQC

multiQC on featurecounts shows satisfactory gene assignments rates across all samples, ranging
from 66.6% to 79.5%. The control samples demonstrate slightly higher assignment percentages
(76.7% - 79.5%), suggesting robust annotation compatibility and effective read alignment. PTSD
samples on the other hand show a moderately reduced assignment (66.6% - 73.6%) but still
within the acceptable range, this slightly reduced alignment may reflect biological transcriptome
complexity associated with PTSD related molecular alteration.

Deseq 2:

Genes with significant adj p-value & abs(log2(FC)) > 1

EeelD Bese mezn 10g2IFC; SteErr Wald-Stets P-zlue P-adj Chrzmosorre Start End Stard Gene name
ENSMUSGOBRO0R22425.07  1774.8353745743 -~ O21060605995%7  O212134E71741809 -G.05806864040445  135445337276417210  1824523691670242-15 chrib 54702256 4818288 - Enpp2
ENEMUSGOBROER3FET21T  Z7R.6814913636023 -248399572251972  0.27504465T752124 -5.90083792322502  287672706374952-19  1.52432359107024815 chrib 9203076 92055817 +  Kone2
ENENUSGOBROOBEATI49  205.689830270138 -286283350278807 B.234344764500243 -B5R206435330E318  ".G303B4866427081216  6.96214635408732215 chrd 126188535 126288123 +  ColBa2
ENZMUSCODRORE2E05LY  327426941541006 -21308E565082912 0253018362990260 -842800202971262  3400230486E25%-17  1.363418/6E378/62-13 chrl 43769761 43761738 + Ecrgd

ENENUSGOORORE2204IID  J0251E000070067 -104335203743071 Q5011763420330 7018670366708 2300T7R3BOTIR3=AS  T4P146267E5ETEIe2 chrld 026 WHEN+ clies
ENEMUSGOBAORA2GETI.S  100.0552R2064849 -2Q5453395260765 O.277220600604133  TAIMA5224T74  125I75607654335=-13  2.26042457939542e-0 chri 163579486 154947846 + e

ENSMUSCOBRORRITIES?  256G62125074767 ~BOCSIN6Z/328% Q2007/R152852831  JIZI5MOTE5N  252912048480460=10  5.64718483335676e-10 chri2 36364137 33326451 + Sostdc]

After filtering the Deseq 2 output for statistically significant genes (adjusted p-value < 0.05) and
biologically relevant fold changes (Jlog2FC| > 1), we identified several strongly downregulated
genes in PTSD hippocampus samples, most notable genes were Enpp2, Kcne2, Col8a2, and
Ecrg4, which play significant roles in neuroplasticity, ion channel regulation, extracellular matrix
organization, and stress responses. The strong statistical significance and consistent direction of
expression changes indicates that these genes as potential contributors to PTSD-associated
transcriptional alteration



Heatmap 2 on Normalized counts for most differentially expressed genes + Heatmap on
differentially expressed genes

The two heatmaps represent gene expression differences between control and PTSD groups
across distinct analytical stages. The first heatmap, generated using normalized counts of the
most significantly differentially expressed genes, reveals consistent clustering patterns where
PTSD samples exhibit noticeably higher expression (red) and controls show lower expression
(blue), indicating group-specific transcriptional shifts. The second heatmap, derived from
log2-transformed values of normalized counts, confirms this trend with enhanced contrast:
PTSD 1.fastq in particular displays pronounced upregulation, while both control samples
consistently cluster together with lower expression levels.



Principal component analysis (PCA):
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The PCA plot shows a clear separation between the PTSD and control samples based on the first
two principal components, which together explain 95% of the total variance (PC1: 85%, PC2:
10%). The PTSD samples cluster distinctly from the control group, indicating substantial
differences in global gene expression profiles between the two conditions. PTSD samples
exhibit greater dispersion along both PC1 and PC2 axes, reflecting biological heterogeneity
within the PTSD group. Despite this variability, the separation between PTSD and control
conditions remains distinct, highlighting consistent global transcriptional differences associated

with PTSD pathology.



Sample-to-sample Distance matrix:

Sample-to-sample distances
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The sample-to-sample distance heatmap shows pairwise expression similarity across all samples.
As expected, each sample shows maximum self-similarity along the diagonal. The control
samples (Control 1.fastq and Control 2.fastq) demonstrate high mutual similarity, reflected by
darker shading in their off-diagonal intersection. PTSD samples (PTSD 1.fastq and
PTSD 2.fastq) display more variable distances: PTSD_2.fastq shows somewhat closer similarity
to both control samples and PTSD 1.fastq, while PTSD 1.fastq appears more distinct, indicated



by its lighter shading across comparisons. Overall, the heatmap suggests tighter clustering among
controls and greater variability within PTSD samples, consistent with potential biological

heterogeneity in the PTSD condition

MA plot :
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log fold change

w0
o —
1
| | T T

T
1e+00

T
1e+01

1e+02

1e+03

1e+04

mean of normalized counts

1e+05 1e+06



The MA plot displays the relationship between mean normalized counts (x-axis, logl0 scale) and
log fold change (y-axis) for the comparison between control and PTSD samples. The majority of
genes are concentrated around the horizontal zero line, indicating no or minimal expression
change between groups. However, a substantial number of genes exhibit significant differential
expression, these are represented by the blue points, which deviate strongly from the zero
baseline. These significantly regulated genes appear both upregulated (positive log2 fold change)
and downregulated (negative log2 fold change), with a slight asymmetry favoring stronger
downregulation. Notably, the dispersion of points widens at lower expression levels, reflecting
increased variability in genes with low counts. Overall, the plot confirms that substantial gene
expression differences exist between PTSD and control hippocampal tissues.

GO /Kegg :

Ranked category list - Wallenius method:

Column 1 Column 2 Column 3 Column 4 ColumnS Column 6 Column 7 Column & Column 9
category over_represented_pvalue under_represented_pvalue numDEInCat numlInCat term ontology p_adjust_over_represented p_adjust_under_represented
GO-6822626 4.81847821557192=-58 56 188 cytosolic ribosome cc 118193778311914e-53
GO:8863735 5.83089128041784e-47 58 159 structural constituent of ribosome MF 5.75257263459286e-43
GO:6044391 2.45518231350776e-38 57 195 ribosomal subunit cc 1.87138547758697e-34
GO-B862181 399023642066613e-38 54 143 cytoplasmic translation BP 22813179176685342-34
GO:6045262 814654578271485e-38 219 1452 synapse cc 372606711089812e-34
GO-6022625 8.58630546358763e-37 32 99 cytosolic large ribosomal subunit cc 327267032744642e-33
GO-BOR5548 1283176966042852-36 61 231 ribosome cc 41921391284661=-33
GO:6042995 3.49665165715726e-36 389 2641 cell projection cc 9.99561584344124e-33
GO.6030854 5.61475277871686e-36 prl 2898 cell junction cc 142670B865187195e-32
GO:8120825 4.5687439862085e-35 287 2486 plasma membrane bounded cell projection cc 1.842996546883388e-31
GO:8822627 206733688281066e-26 25 47 cytosolic small ribosomal subunit cc 6.16008000536335e-23
GO-B865198 182888778537797e-25 95 618 structural molecule activity MF 3485402896984087e-22
GO:6043885 2557356T1215234e-24 197 1571 neuron projection cc 4.49878284067784e-21
GO-6085737 ©.258304571853162e-24 762 1151 cytoplasm cc 151638551661334.-20
GO-88%3084 5.547995753113681e-22 a9 436 neuron to neuron synapse cc B8.458474325197312-19
GO:6015934 250441994963442e-21 32 118 large ribosomal subunit cc 3.57959873926184e-18
GO.0O28704 4.50981092168064-21 1ne 745 postsynapse cc 6.86670662165414e-18
GO-B830838 853769667877990-21 198 1692 cell projection organization BP 168471436363%-17
GO:8899572 141404844866792e-26 86 437 postsynaptic specialization cc 1.768199335727698e-17
GO:8120836 1.040419681254668e-20 195 1656 plasma membrane bounded cell projection organization BP 22298631698965e-17



Plot:
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GO enrichment analysis revealed several significantly overrepresented functional categories
among the differentially expressed genes. The ranked category list reveals strong enrichment for
terms related to ribosomal structure and function, such as cytosolic ribosome, ribosomal subunit,
and cytoplasmic translation, with extremely low adjusted p-values (e.g., 1.10x10™* for
G0:0022626). Additionally, categories related to synaptic function (synapse, postsynapse,
neuron projection) and cellular architecture (cell projection, cell junction) were highly enriched,
suggesting that both protein synthesis machinery and neuronal processes are affected. The



GOseq bubble plot visually supports these findings, showing high percentages of differentially
expressed genes within ribosomal and synapse-associated categories.

Kegg pathway analysis :
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mmu00190 — Oxidative Phosphorylation Pathway

The mmu00190 (Oxidative Phosphorylation) pathway emerged as another significant output in
our KEGG enrichment step, following the identification of differentially expressed genes via
DESeq2 and subsequent GO analysis. This finding points toward a disruption in mitochondrial
energy metabolism, a well-documented consequence of chronic stress and neuroinflammation in
PTSD models. Several components of the electron transport chain (e.g., Complex I and Complex
IV subunits) were highlighted in the Pathview-rendered diagram, indicating potential
inefficiencies in ATP production and redox balance. Such mitochondrial dysfunctions have been
linked to synaptic atrophy and behavioral phenotypes seen in stress-related disorders (Manji et
al., 2012). Moreover, this enrichment correlates to prior transcriptomic studies in mouse



hippocampus, where oxidative phosphorylation-related genes showed altered expression patterns
under PTSD-like conditions (Park et al., 2021).
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The KEGG pathway mmu03010 (Ribosome) was prominently enriched in the dataset, aligning
closely with the Gene Ontology (GO) enrichment results which identified numerous
ribosome-related terms such as cytosolic ribosome, ribosomal subunit, and structural constituent
of ribosome. This enrichment highlights a systemic regulation of translational machinery in the
hippocampal samples, potentially reflecting altered protein synthesis in PTSD conditions.
Dysregulation of ribosomal genes has been previously associated with synaptic dysfunction and
neuroplasticity impairment under chronic stress models, particularly within the hippocampus
(Liu et al., 2019). In the context of our workflow, differential expression analysis performed via
DESeq2 followed by GOseq analysis revealed that several of the most significantly altered genes




mapped directly onto the ribosome pathway. Visualization via Pathview confirmed involvement
of both large and small ribosomal subunits, supporting the hypothesis that translational control is
a critical mechanism impacted in PTSD pathogenesis (Chen et al., 2020).

Conclusion :

This study revealed significant transcriptomic changes in the hippocampus of PTSD-afflicted
mice. Differential expression analysis identified key genes such as Rpl36a, Rps27a, and
Sostdcl, with significant log: fold changes and adjusted p-values, highlighting their potential
roles in stress-related neuronal remodeling. GO enrichment via GOseq shows overregulation in
categories such as cytosolic ribosome (G0O:0022626), synapse (G0O:0045202), and plasma
membrane-bounded cell projection (GO:0120038), highlighting disruptions in protein synthesis,
synaptic signaling, and structural plasticity. Enrichment analyses further revealed disruptions in
ribosomal (mmu03010) and metabolic pathways (mmu00190), suggesting systemic molecular
stress responses.This molecular activity aligns with known hippocampal dysfunction in PTSD
and provides a focused set of potential genes and pathways for downstream functional studies
and therapeutic targeting.
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