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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 PRJNA1269793. 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]  
 
 
Workflow:  
 

 
Figure 1.1  
 
 
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 

 
 
After cutadapt: 

 
 
  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.   
 



 

 
 
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: 
 

 
 

 
 
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:​
 

 
 
 
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 
Illumina 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​

 



 
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 
 
 

 
After filtering the Deseq 2 output for statistically significant genes (adjusted p-value < 0.05) and 
biologically relevant fold changes (|log2FC| > 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): 

 
 

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:​
​
​

 

 

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 :  

 

 

 



The MA plot displays the relationship between mean normalized counts (x-axis, log10 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: 
 

 
 
  
 
 
 
 
 



 
Plot:  

 
 

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., 1.10×10⁻⁵³ for 
GO: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 :  

mmu00190 

 

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). 

 

mmu03010  

 

mmu03010 – Ribosome Pathway 

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 
Sostdc1, with significant log₂ 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 (GO:0022626), synapse (GO: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. 

 

 

 

 

 

 

 

 

 

 

 

 



 

References  

Bali, A., & Jaggi, A. S. (2015). Clinical experimental stress studies: methods and applications in 
rats. European Journal of Pharmacology, 746, 282–292. 
https://doi.org/10.1016/j.ejphar.2014.12.031 

Deslauriers, J., Powell, S., Risbrough, V. B., & Costallat, M. (2018). Post-traumatic stress 
disorder: From neurobiology to pharmacological treatments. European 
Neuropsychopharmacology, 28(3), 319–329. https://doi.org/10.1016/j.euroneuro.2017.12.001 

Kim, J. J., & Diamond, D. M. (2002). The stressed hippocampus, synaptic plasticity and lost 
memories. Nature Reviews Neuroscience, 3(6), 453–462. https://doi.org/10.1038/nrn849 

Levy, N., Milman, A., Barak, B., & Soreq, H. (2020). Transcriptomic response to stress and 
PTSD: Insights from animal models and human studies. International Journal of Molecular 
Sciences, 21(18), 6863. https://doi.org/10.3390/ijms21186863 

Subramanian, A., Tamayo, P., Mootha, V. K., Mukherjee, S., Ebert, B. L., Gillette, M. A., ... & 
Mesirov, J. P. (2005). Gene set enrichment analysis: A knowledge-based approach for 
interpreting genome-wide expression profiles. Proceedings of the National Academy of Sciences, 
102(43), 15545–15550. https://doi.org/10.1073/pnas.0506580102 

 


