


Supplementary information 

Supplementary Figure legends

Supplementary Fig. 1 Plasma analysis of transfer RNA fragments (tRFs). 
Coverage maps of several tRNAs based on the tRFs Gly-GCC (a-c), Gly-CCC (d-f), Glu-CTC (g-i) in control, before seizure (EBS) and after seizure (EAS) in counts per million (CPM). The maps cover the top three candidates. The tRFs mostly originate from the starting position of the original tRNA (5’) as most tRFs were mapped to the first 25 nt.  

Supplementary Fig. 2 Quality control and data description for transfer RNA fragment (tRF) analysis in human hippocampal samples. 
a Alignment percentage in control and mTLE non-HS cytoplasmic (cyt) and nuclear (nuc) samples. 
b Detected read match type towards transfer RNA (tRNA) in nuclear and cytoplasmic samples. Exact means full match to a particular tRNA. Mod: modified. 
c Sequence origin of the tRF nuclear and cytoplasmic samples. Nuclear, nmt- mitochondrial or from pre-tRNA. 
d-e Size distribution of detected tRFs in Nucleus or Cytoplasm of control or mTLE non-HS brain tissue.   




Supplementary Fig. 3 Quality control and data description for transfer RNA fragment (tRF) analysis in human postmortem-treated cortex samples. 
a Postmortem treatment of control human cortex tissue did not affect alignment percentage of tRNA in nuclear or cytoplasmic samples. Pre – frozen immediately, post – post-mortem-treated samples. 
b Postmortem treatment did not change tRF match type on tRNA. 
c Postmortem treatment did not change the origin of tRFs. nmt- mitochondrial. 
d-e Postmortem treatment did not change detected tRF size. 

Supplementary Fig. 4 Transfer RNA fragments (tRFs) are dysregulated in the hippocampus and cortex of mTLE patients. 
a Principal component analysis (PCA) of the two experimental groups (controls and mTLE non-HS) based on nuclear tRF transcriptome changes in hippocampal tissue. 
b Heatmap representation of differentially regulated (DE) tRFs between controls and mTLE non-HS patients in the nuclear fraction of the hippocampus. Of the detected tRFs 8% (134/1742) are DE in mTLE non-HS patients as compared to controls. 
c PCA of the experimental groups (controls and mTLE non-HS) based on nuclear tRF transcriptome changes in cortical tissue. 
d PCA of the experimental groups (controls and mTLE non-HS) based on cytoplasmic tRF transcriptome changes in cortical tissue. 
e PCA of the experimental groups (controls and mTLE+HS) based on nuclear tRF transcriptome changes in cortical tissue. 
f PCA of the experimental groups (controls and mTLE+HS) based on cytoplasmic tRF transcriptome changes in cortical tissue.

Supplementary Fig. 5 Mapping comparison of detected tRFs on mature tRNA sequences. 
Mapping comparison in nuclear (a) and cytoplasmic (b) samples. Hippocampus tissue was used in the analysis and n = 1 individual (control, C1, or TLE, E2) considered (CPM, counts per million).  
c Comparison of tRF detection using two RT-qPCR methods. Scatter plot shows correlation between miRCURY LNA miRNA PCR (Qiagen) and TaqMan Real-time PCR Assays (ThermoFisher Scientific) for 5’half-His-GTG detection in hippocampal samples. Data was log2 transformed for improved visualization. Spearman’s correlation coefficient (Rs) was used in the statistical analysis (****P≤0.0001).   

Supplementary Fig. 6 Analysis of canonical tRNA biogenesis pathway components in mTLE. 
a Schematic illustration of the enzymatic steps required for tRNA metabolism (RNase Z, Ribonuclease Z; NPC, nuclear pore complex; RANGAP1, RanGTPase-activating protein; ANG, Angiogenin; CCA, cytosine-cytosine-adenine sequence; DICER, Endoribonuclease Dicer; tRF, tRNA-Derived Fragments; RNH1, Ribonuclease/Angiogenin Inhibitor 1). 
b Gene expression of transfer RNA (tRNA) biogenesis pathways. Gene Set Enrichment Analysis (GSEA) was used to assess altered hippocampal mTLE non-HS protein coding transcriptome. In these data no significant enrichment of any tRNA biogenesis pathway was observed. tRNA processing (upper panels) and tRNA modification (lower panels) were selected as representative examples (FDR>0.05). 
c Relative expression of selected enzymes involved in tRNA metabolism in mTLE non-HS and control hippocampal tissue, normalized to TATA-binding protein (TBP). Bar plots represent mean ± SD, N = 7-8 individuals per group. 
[bookmark: _Hlk199934468]d DROSHA, DICER and ANG protein levels in mTLE non-HS and control hippocampal tissue. Representative images of Western blots (upper panel) and quantification (lower panel) are shown. Bar plots represent mean ± SEM, normalized to β-actin (Mann Whitney test; ns, P>0.05; N = 6 individuals per group) (C, control; E, Epilepsy; kDa, kilodalton). 
e Ang and Dicer expression upon neuronal depolarization with KCl or Mg2+-depletion treatment of mouse PHN, normalized to β-ACTIN. Bar plots represent mean ± SD, normalized to control condition (KCl-saline or Mg2+) (Unpaired t-test; Not-significant, N = 3-5 independent experiments).  

Supplementary Fig. 7 Knockdown of tRNA-His-GTG and 5’tRFs in vitro. 
[bookmark: OLE_LINK1]a-c tRNA/tRF/pre-tRNA expression at 48 h following His-GTG antisense LNA gapmeR transfection of the indicated cell lines. Bar plots represent mean ± SD, as % of negative control (NC) antisense LNA gapmeR (NC). MALAT1 was used as a positive control. (N = 6, 3 independent transfections). 
b Pre-His-GTG-6 custom primers (gene 3) were used for pre-His-GTG detection. 
d-e His-GTG gapmeR transfection affects morphology of primary hippocampal neurons. d Representative image of days in vitro (DIV)4 primary hippocampal neurons (PHN), upon transfection with NC or His-GTG gapmeR at DIV1 (left). Scale bar = 50 µm (NC, negative control; GFP, green fluorescent protein). Representative output image of the transfected neuron analyzed by the WIS-NeuroMath analysis tool, showing cell body and the processes (right).  e Quantification of cell body area (upper panel) and length of all neurites (lower panel) in DIV4 PHN, upon transfection with NC or His-GTG LNA gapmeR. Scatter dot plot represents mean ± SD.  Each dot represents one analyzed neuron (Mann Whitney test; *P≤0.05; N = 3 independent experiments). 

Supplementary Fig. 8 Knockdown of tRNA-His-GTG and it’s 5’ fragments alters gene expression in neuronal cells. 
Enrichment map representation of GO Cellular component (a) and GO Molecular function (b) associated with the transcriptome changes between His-GTG and NC gapmeR Neuro-2a cells. Different clusters represent a group of related GO Cellular component and GO Molecular function processes. The size of each node is proportional to the number of genes enriched in a certain process (FDR<0.05). 
c Gene Set Enrichment Analysis (GSEA) suggested negative enrichment of histidine repeat proteins (ES= -0.3; FDR<0.05) after His-GTG gapmeR experiment as compared to negative control.  
 
Supplementary Fig. 9 Functional annotation of CNR1 co-expressed genes in hippocampal tissue from mTLE non-HS patients and controls.  
a Functional annotation of CNR1 co-expressed genes (top50 correlations, Spearman rho) highlights regulation of proteins involved in epilepsy (category: UP_KW_disease; p= p<0.05) and intellectual disability (category: UP_KW_disease; p<0.05), proteins located in the synapse (category: UP_KW_cellular_component; p<0.05), integral component of membrane (category: GOTERM_CC; p<0.05), glutamatergic synapse (category: GOTERM_CC; p<0.05) and neuron projection (category: GOTERM_CC; p<0.05). 
b Predicted seed region binding site in CNR1 3’UTR for 5’tRF-His-GTG.

Supplementary Fig. 10 Knockdown of 5’tRNA-His-GTG fragments induces de-repression of downstream targets in vivo. 
[bookmark: OLE_LINK2]a-c tRNA-His-GTG and 5’ fragment expression after 48 h following His-GTG inhibitor injections in vivo in mouse hippocampus. Bar plots represent mean ± SD, as a % of the negative control (NC)-injected hippocampus. Unpaired t test. **pP<0.01, *P< 0.05. N = 4 NC and N = 6 inhibitor-treated animals.  
d Bar plots represent the fold changes of selected 5'tRF-His-GTG miRNA-like targets in inhibitor and NC samples. Bar plots represent mean ± SD. ANOVA with Sidak’s multiple comparison test. **P<0.01, *P< 0.05. N = 3 NC and N = 3 inhibitor injected animals. 
e Line plots of the EEG power spectral analysis showing the average PSD spectrum for a 24 h period between the NC and inhibitor injected mice at day 25. N = 6 animals per group. 
f Boxplots showing the individual bandwise PSD power between the NC and inhibitor injected mice at day 25. ANOVA **P<0.01, *P<0.05, N = 6 animals per group.  

Supplementary Fig. 11 Knockdown of 5’tRNA-His-GTG fragments induces pathological changes in vivo. 
a-b Representative images showing GFAP (a) or Iba1 (b) immunohistochemistry in the hippocampus of day 30 kainate-injected mice treated with inhibitor or negative control oligos. inj, injected;  Noninj, non-injected. Scale bar, 200 µm. 
c Representative images of Iba1 immunohistochemistry at higher magnification in the hippocampus of day 30 kainate-injected mice treated with inhibitor or negative control oligos. Scale bar, 20 µm. 
d Bar plot showing the quantification of signal intensity in inhibitor and NC kainite-injected mice. Bar plots represent mean ± SD. Unpaired t test; ns, not significant. N = 3 sections per mice from N = 3 NC and N = 3 inhibitor-injected animals.  



Supplementary materials and methods

Primary hippocampal cultures
Culturing and maintenance of primary hippocampal neurons (PHN) was performed as previously described[24]. Membrane depolarization of PHN was achieved by treatment with 20 mM of KCl or NaCl (control) at DIV14, as described previously[8]. PHN were treated either with magnesium (mg) or without magnesium (mg-)-containing medium at DIV14, as described previously[8]. 

Neuronal morphology  
PHN were transfected at DIV1 with 50 pmol of either NC or His-GTG gapmeR, using Lipofectamine 2000 and Neurobasal medium (ThermoFisher Scientific). All conditions were co-transfected with 0.5 ng of pCK-GFP[11] for green fluorescent protein (GFP) visualization. Six coverslips per condition were used in each independent experiment. At DIV4, transfected PHN were fixed with warm 4% PFA-sucrose in 1x PBS (pH 7.4) for 20 min followed by three 10 min washes in 1x PBS. Blocking was performed with ADB-T (4% NGS, 0.1% BSA, 0.1% Triton X-100 in 1x PBS, pH 7.4) buffer for 1 h at RT and the coverslips were incubated with chicken anti-GFP (1:1000, ab13970, Abcam) and mouse anti-Tubulin βIII (1:1000, T8660, Sigma-Aldrich) overnight at 4°C. After three 10 min washes in 1x PBS, incubation with secondary antibodies was performed with Alexa-488 conjugated goat anti-chicken (1:750, ab150169, Abcam) and Alexa-647 conjugated donkey anti-mouse (1:750, A31571, ThermoFisher Scientific) for 1 h at RT. After two washes in 1x PBS, 4′,6-diamidino-2-phenylindole (DAPI) staining was performed for 15 min at RT. Then, coverslips were washed once in 1x PBS, dipped in water and mounted using FluorSaveTM reagent (Merck). Morphology analysis was performed using WIS-NeuroMath[19] (https://biii.eu/wis-neuromath). Images of individualized neurons were acquired with a 20x objective using a standard fluorescent microscope. The presence of GFP/neuron-specific beta-III tubulin (βIII-tubulin) co-staining was used as criteria for neuronal identity. All images were converted to 8-bit .TIFF files were uploaded onto the WIS-NeuroMath software using the batch option. The following detection thresholds were used: noise = 4, minimum cell intensity = 50, minimum area = 10, maximum area = 3850, minimum diameter = 8, maximal axial ratio = 5, and minimum neurite length = 20. Neurons were analyzed for the following parameters: (1) length of longest neurite, (2) number of branch points in all neurites, (3) average length of all processes, (4) total length outgrowth, (5) number of neurites sprouting from the cell body, and (6) average area of detected cell bodies.  

Lipopolysaccharide (LPS) stimulation of glial cultures
Primary hippocampal astrocytes and microglia were cultured from brains of postnatal days 3-5 from C57Bl/6J mice pups as initially described by Barger and Harmon (1997)[3]. From DIV7 onwards, medium was supplemented with granulocyte-macrophage colony-stimulating factor (GM-CSF) (10 ng/ml). At DIV13, microglia and astrocytes were separated from the mixed cell population. Microglial cells were first harvested by mitotic shake-off for 1 h at 150 rpm in an orbital shaker (Incu-shaker Mini, Benchmark Scientific) and thereafter centrifuged for 5 min, 300 g at 4°C. The resulting pellet was re-suspended in cell culture medium and cultured in a 24-well plate on coverslips (pre-coated with poly-D-lysine [20 μg/ml]) at 37°C, 5% CO2 (ca. 100 000 cells/well). The astrocytes were harvested by shaking the initial flask with another mitotic shake off for 6 h at 240 rpm. After shaking, the supernatant that includes oligodendrocytes was removed and discarded. The remaining cells in the flask were trypsinized by incubation in 1x Trypsin for 5 min at 37°C to detach the astrocytes. Fresh medium was added to the flask and the cell suspension was centrifuged at 300 g for 5 min at 4°C. The pellet was resuspended by using a glass Pasteur pipette and the astrocytes were cultured in a 24 well plate on coverslips (pre-coated with poly-D-lysine [20 μg/ml]) in complete medium at 37°C in at 5% CO2 (ca. 150 000 cells/well).
To promote inflammation-related conditions, cultures were stimulated with Lipopolysaccharide (LPS) (100 ng/ml) at DIV20 for 24 h prior analysis, as previously described[5, 14]. Then cultures were harvested for RNA extraction.

[bookmark: _Hlk211420495]Magnetic-Activated Cell Sorting (MACS) of mouse microglia and astrocytes
Mice were anesthetized by an overdose of Pentobarbital and transcardially perfused with HBSS (14175-053, Gibco). Briefly, hippocampal tissue was mechanically dissociated and subjected to enzymatic dissociation using 8 U/ml of Papain (Worthington) in combination with 100 mg/ml of DNase I in Pipes based buffer containing 1 mM Pipes (P1851, Sigma Aldrich), 25 mM L-Cystein HCL, and 5 mM EDTA. Tissue was enzymatically dissociated at 37 °C in a shaking incubator (Incu-shaker mini, Benchmark) for 50 min. Subsequently, DNase I in a glucose-potassium-sodium buffer (GKN/BSA; 8.0 g/L NaCl, 0.4 g/L KCl, 1.77 g/L Na2HPO4.2H2O, 0.69 g/L NaH2PO4.H2O, 2.0 g/L D-(1)-glucose, 0.3% bovine serum albumin [BSA, Merck, Darmstadt, Germany]; pH = 7.4) was added and the tissue suspension was incubated for another 15 min. A 90% Percoll density gradient centrifugation was used to collect the cellular fraction before cells were incubated with anti-CD11b (130-049-601, Miltenyi Biotec) or anti-Acsa2 (130-097-678, Miltenyi Biotec) conjugated magnetic microbeads and single cell suspensions were sorted using magnetic columns according to the manufacturer’s protocol. The eluted CD11b/Acsa2-positive cells were stored in TRIzol (Life Technologies) until further use. 
For RNA collection, samples were thawed and total RNA was isolated using TRIzol according to manufacturer’s protocol, and the RNA was subsequently precipitated in 2-propanol and 20 mg/ml glycogen (Roche) overnight at -20 °C. Samples were centrifuged (12 000 g for 30 min) at 4 °C, washed twice with cold 75% ethanol, and the RNA pellet was dissolved in water.

[bookmark: _Hlk199242139]Intracortical kainic acid model, stereotactic injections and seizure analysis
Intracortical kainic acid (KA) injections were performed as described previously using three months old (P90) C57BL/6 (JAXTM) male mice[4, 8]. Briefly, mice were injected with Caprofen (5 mg/kg, subcutaneous [s.c.]) 30 min before surgery. During surgery, mice were on gas anesthesia (isofluorane; 5% mixed with O2 [1.5–3%]) and their eyes were protected from drying with eye ointment. Once unconscious, body hair was removed from the scalp and neck and the shaved areas were scrubbed with Sterilium (Hartmann). A subcutaneous skin pouch is created by blunt dissection underneath the skin. (The pouch was positioned on the back of the mouse next to the vertebrate, between fore- and hindleg, to position the transmitter body behind the shoulder-blades (either on the right or left side)). A telemetric transmitter (TA11ETA-F10; DataSciences International) (sterilised overnight in 3% glutaraldehyde followed by three washes in saline) was placed into the pouch and one of the monopolar leads was prefixed to a cannula (Plastics1). The second one was connected to a stainless steel screw (M1.0, A840102, Precision technology supplies) which were allowed to stick out of the incision. Mice were then fixed firmly on a dual arm stereotactic frame, containing a high-speed drill on one arm and a manual microinjection unit on the second arm. Stereotactic coordinates (Anterior/posterior: 2.0 mm; Medial/Lateral: 1.5 mm; Dorsal/Ventral: 1.7 mm) were marked using Bregma as a reference. A hole (approximately 0.7 mm) was drilled in the skull without damaging the dura and 70 nl of 20 mM KA (Tocris) dissolved in 0.9% sterile NaCl (saline, control), was injected into the neocortex dorsal of the right dorsal hippocampus using a 0.5 ml microsyringe (Hamilton microsyringe, Sigma-Aldrich). Injections were performed over a period of 1 min using the micrometer screw, following which the syringe was left at the injection site for an additional 5 min to limit reflux along the needle track. The cannula attached to the red lead was placed at the injection site and the one with the white lead on cerebellum as a reference, and fixed with dental cement (RelyXTM, Unicem, 56816, 3M ESPE). Finally, the scalp incision was sutured (Ethicon, V926) and animals were transferred to a clean cage and kept on a heating plate until recovered from anesthesia. Painkiller (Caprofen [5 mg/kg, s.c.]) was administered until 3 d after surgery in drinking water. The cages were placed on individual radio receiving plates (RPC-1: DataSciences International), that captured data signals from the transmitters and transmitted them to an input exchange matrix. These signals were then sent to a computer running Ponemah CORE software (Version 6.51, DataSciences International), which transformed the receiver’s digital output into a calibrated analog signal. Each animal was video monitored using a network-based video surveillance system (AXIS P7214 video encoder) and AXIS cameras (M3115-LVE Network cameras, AXIS Communications). Video recordings were displayed, analysed and stored on computer with NeuroScore software (Version 2.1.0. DSI). Continuous EEG and video recordings were performed from the time of injection until day 14 to assess the differences in latency periods between groups and then on day 23, day 25, day 27 and day 30 in the chronic stage. Twenty-four hours after KA injections mice we administered 0.1 nmol of inhibitors targeting tRNA-His-GTG tRF (339146 YC10203803-FDA, Qiagen) or a negative control inhibitor (339146 YC10202524-FDA, Qiagen), into the hippocampus under mild anaesthesia (isofluorane) using the cannula placed above the dorsal hippocampus where KA was injected. N = 6 animals per group were used for the analysis. Seizure analysis was done as previously described[4]. Briefly, potential seizures were manually scored and confirmed by correlating with behavioural analysis in the acquired videos. Seizures were characterized by high frequency spiking with increasing amplitudes and terminated with an abrupt flattening of EEG activity. The initial phase termed as status epilepticus [SE]) was observed with seizures up to 12 h after KA injection, with seizure events that exceeding 20 s, followed by a latent period that varied between 2-11 days (NC: 2.50±2.43; Inhibitor:3.50±3.78) after KA injection. Following which the chronic stage started with the occurrence of convulsive seizures, termed tonic-clonic seizures (Racine scale III-V)[18]. 
Power spectral density (PSD) analysis of the EEG data was performed using minimum norm estimation (MNE) tool (version 1.9.0)[9] and python (version 3.13.7). Band pass filters of 0.5 to 249 Hz were applied to capture both low frequencies and high ripples at higher band frequencies. Visual studio code (version 1.103.2, Microsoft) was used to run the analysis, and plots were generated using Matplotlib (version 3.10.3), showing the changes in different EEG frequencies (delta, alpha, theta and gamma) between negative control- and inhibitor-injected epileptic mice. Statistical significance was estimated using t-test and ANOVA and Cohen’s coefficient was used for estimating the effect size. 

Immunohistochemistry
KA-injected and control mouse brains were collected after cold PFA perfusion at 30 d after tRF-His-GTG inhibitor injections, cryoprotected with 30% sucrose solution, snap frozen in isopentane and stored at -80oC until use. For immunostainings, 20 µm thick cryosections of hippocampal tissue were collected onto superfrost slides and stored at -70oC until use. Slides were dried for 2 h at RT, blocked for 1.5 h at RT using 3% Normal Donkey Serum (017-000-121, Jackson Immunoresearch) diluted in PBS-Tx (0.2% TritonX-100), and incubated in primary antibodies NEUN (1:500, ab104224, Abcam), GFAP (1:500, ab7260, Abcam), IBA1 (1:750, 019-19741, Wako Chemicals) diluted in blocking buffer overnight at 4oC. This was followed with 1x PBS washes and incubation in corresponding secondary antibodies (Donkey anti-Rabbit Alexa Fluor™ 488 (1:750, A21206, Invitrogen), Donkey anti-Mouse Alexa Fluor™ 568 (1:750, A10037, Invitrogen) in 1xPBS for 1.5 h at RT. Finally, sections were counter stained for nuclei with DAPI (4′,6-diamidino-2-phenylindole) and mounted using FluorSave (Calbiochem) mounting reagent. 
[bookmark: _Int_BoY1V2S0]Images were acquired using a confocal microscope (LSM 880, Zeiss). KA mouse brains displayed a characteristic loss of pyramidal neurons in the CA1 and CA3 regions of the hippocampus and dentate gyrus granule cell dispersion. For intensity measurements of the GFAP and Iba1 signals, images from three sections of each animal were acquired from the dentate gyrus region with 40x objective. Image analysis was performed using ImageJ to quantify mean fluorescence intensity within defined regions of interest (ROIs). The mean fluorescence intensity of each image was measured by subtracting mean background intensity. A consistent threshold was applied across all comparisons to distinguish specific signal from background fluorescence.

RNA extraction and cDNA synthesis 
Total RNA was isolated from mouse hippocampal tissue or cells using QIAzol (79306, Qiagen) and miRNeasy Mini Kit (Qiagen) according to the manufacturer’s instructions. For mRNA, cDNA was generated using Superscript IV reverse transcriptase (Invitrogen), random (hexamer) primers (Invitrogen) and 500 ng of input RNA, according to the manufacturer's instructions.  To generate cDNA for analysis of pre-tRNAs, tRNAs, and tRFs, 5 ng/μl total RNA was used to generate cDNA with the miRCURY LNA RT kit (Qiagen) according to the manufacturer’s protocol. 

Quantitative real-time PCR (RT-qPCR)  
mRNA 
5 ng cDNA was added to a mix composed of 5 µl of FastStart Universal SYBR Green Master (ROX; Roche) and 1 µl 10 µM primer mix into a final volume of 10 µl. cDNA amplification occurred for 40 cycles of 95°C for 15 s, 60°C for 1 min and 95°C for 15 s followed by melting curve analysis. Depending on input samples, different sets of housekeeping genes were used as reference transcripts. 

Pre-tRNA, tRNA and tRFs 
cDNA was diluted in nuclease-free water (1:60) and 4 µl was used in a 10 µl PCR reaction with miRCURY SYBR Green (Qiagen) with low ROX concentration (1:200), according to the manufacturer’s instructions. 5S rRNA was used as reference transcript.  RT-qPCR reactions were run in a 96-well or 384-well format plate in a QuantStudio 6 real-Time PCR system (Applied Biosystems) and conducted in duplicates or triplicates. Melting curves were generated and product amplification analyzed using the QuantStudio 6 and 7 Flex Real-Time PCR System Software (v1.0). Fold-changes were calculated according to the 2-∆∆Ct method.  

Primers
Primers were designed using Primer blast, obtained from published literature or PrimerBank (https://pga.mgh.harvard.edu/primerbank/), or purchased as pre-designed or custom-made primer sets (Qiagen).  All primers are listed in Supplementary Table S4.  

Taqman RT-qPCR
Total RNA was transcribed to complimentary DNA (cDNA) with the TaqMan miRNA Reverse Transcriptase Kit (#4366596, ThermoFisher Scientific, https://assets.thermofisher.com/TFS-Assets/LSG/manuals/4364031_TaqSmallRNA_UG.pdf) according to the manufacturer’s instructions. Samples were stored at −20 °C until further processing. 5’half-His-GTG (ASSAY ID: CTDJXRA, Applied biosystems) level was determined using the TaqMan Small RNA Assays protocol (https://assets.thermofisher.com/TFS-Assets/LSG/manuals/4364031_TaqSmallRNA_UG.pdf). The ∆∆Ct method and fold-change were used to estimate differences between groups. Data were normalized to miR-103-3p (ASSAY ID: 000439).

Plasma data analysis 
Data from Gene Expression Omnibus (GEO) (accession number GSE114874) was used. Data was analyzed as described for transfer RNA fragments (tRFs) earlier except tRFs were included if their length was between 16-41 nt long. The R packages DESeq and DESeq2 were used to analyse the count data from RNA-seq of differently expressed genes with R[1, 15].

Quality control for tRNA fragment analysis
Data analysis for postmortem-treated cortical tissue was done similarly as described for tRFs. Comparative analysis was performed between sample groups, where different parameters between individual compartments were analysed and plotted in Supplementary Fig. 2. 

tRNA biogenesis pathway analysis
To study alterations in tRNA biogenesis pathways, count tables from GSE186334[23] were subjected to differential expression analysis with the DESeq2 R package[15]. Gene Set Enrichment Analysis (GSEA) was used to assess altered pathways[21]. For GSEA, a pre-ranked gene list was created according to the sequencing dataset. The genes were arranged into negative and positive groups according to the fold-change values and ranked. Downregulated genes were identified with a negative sign. Genes with high FDR were ranked closer to zero. The pre-ranked gene list created for GSEA comprised 17290 genes in the cytoplasmic sample and 18002 in the nuclear sample. Datasets were compared to tRNA biogenesis pathways present in MSigDB 7.4[21] (Gene lists in Supplementary Table S3).

Cell culture  
Human Embryonic Kidney 293 (HEK293T) (ATCC® CRL-3216™), human neuroblastoma (SH-SY5Y) (ATCC® CRL-2266™) and murine neuroblastoma (Neuro-2a) (ATCC® CCL-131™) cell lines were maintained according to ATCC guidelines.  

GapmeR and inhibitors 
Shortly before transfection, HEK293T or Neuro-2a cells were plated in 6 well plates at a density of 0.3x106 cells/well. HEK293T were transfected with a final concentration of 125 pmol and Neuro-2a with 100 pmol of tRNA-His-GTG antisense LNA GapmeR (His-GTG-gapmeR) (339511 LG00248344-DDA, Qiagen) or negative control (NC) (339515 LG00000002-DDA, Qiagen) using HiPerFect transfection reagent (301704, Qiagen). Similarly, HEK293T, SH-SY5Y or N2A cells were transfected with a final concentration of 100 pmol of Power Inhibitors targeting His-GTG-tRF (339146 YCI0203803-EDA) or negative control (339146, YCI0202524-EDA) using HiPerFect transfection reagent. Cells were collected after 41-43 h in QIAzol (Qiagen) and stored at -80oC until processed for RNA extraction. 

Total RNA sequencing after targeting His-GTG with gapmeRs  
The NEBNext Ultra II Directional RNA Library Prep Kit for Illumina was used to process the sample(s). Sample preparation was performed according to the protocol "NEBNext Ultra II Directional RNA Library Prep Kit for Illumina" (E7760S/L, NEB). Briefly, rRNA was depleted from total RNA using the rRNA depletion kit (E6310, NEB). After fragmentation of the rRNA-reduced RNA, cDNA synthesis was performed. This was used for ligation with sequencing adapters and PCR amplification of the resulting product. The quality and yield after sample preparation was measured using a Fragment Analyzer (Agilent, Santa Clara, CA). The size of the resulting products was consistent with the expected size distribution (a broad peak between 300-500 bp). Clustering and DNA sequencing was performed using the NovaSeq6000 (Illumina, San Diego, CA) according to manufacturer's protocol, at a DNA concentration of 1.1 nM. NovaSeq control software NCS v1.7 was used. Image analysis, base calling and quality check was performed using the Illumina data analysis pipeline RTA3.4.4 and Bcl2fastq v2.20.
Quality control of total RNA-seq raw reads was performed using FastQC[2]. Alignment was performed using STAR[7] for paired-end RNA-seq in the Chipster environment[12] using default settings against Mus Musculus genome assembly GRCm38/mm10. Aligned reads per genes were counted with HTSeq[15] in the Chipster environment. Count tables were subjected to differential expression analysis with DESeq2 in the Chipster environment. For GSEA, mouse gene names were transformed to human ones with BioMart[10] Salichs. GSEA was performed as described for biogenesis pathways. The pre-ranked gene list created for GSEA comprised 15073 genes. Gene ontology gene sets (biological processes; MSigDB 7.4) were used to assess possible enrichment of altered genes after gapmeR experiment. For visualization Cytoscape Enrichment map app[16] was used. For more detailed analysis, list of histidine repeat proteins[20] and  tRNA-His-GTG fragment’s miRNA-like targets was used to perform TargetRank analysis[17]. Seed region binding for 5’tRF-His-GTG and 3’UTR of CNR1 were analyzed with RNAhybrid[13]. All raw and processed data are deposited at NCBI GEO OMNIBUS with accession number GSE242716.

SDS-PAGE and Western Blot  
Tissue processing and determination of protein concentration and sample denaturation were performed as reported in a previous study[22]. For SDS-PAGE, 40 μg of lysate were resolved in a (variable percentage) (Acrylamide/Bis-acrylamide solution [1610156, Biorad], 0.75 M Tris pH = 8.8, 1% SDS, 1% APS and TEMED [110732, Merck]) for 60 to 75 min at 100-150 V. Proteins were then transferred to a 0.2 or 0.45 µm nitrocellulose membrane (Invitrogen) in cold 1x Transfer Buffer (100 ml 10X SDS-PAGE buffer, 200 ml and 700 ml water), for one hour at 100 V. Membrane blocking was performed with blocking buffer (5% ELK in TBS-T) for 1 h at RT. Goat anti-Angiogenin (ANG) (AF265-SP, R&D systems), rabbit anti-DICER (20567-1-AP, Proteintech), rabbit anti-DROSHA (NBP1-03349, Novus Biologicals), rabbit-anti-CNR1 (93815S, Cell Signalling) and mouse anti-β-ACTIN (A5316, Sigma-Aldrich) antibodies were diluted in blocking buffer and incubation was performed at 4°C ON in a wet chamber. The next day, membranes were washed for three times 10 min each in 1x TBS-T. Secondary antibody incubation was performed in modified blocking buffer (2.5% ELK in TBS-T) for 1 h on a shaker at RT using rabbit anti-goat (305-005-045, Jackson ImmunoResearch Europe Ltd.), goat anti-rabbit (111-035-003, Jackson ImmunoResearch Europe Ltd.), or goat anti-mouse (115-036-020, Jackson ImmunoResearch Europe Ltd.) horseradish peroxidase (HRP) antibodies. Membranes were washed for three times 10 min each in 1x TBS-T. Developing reaction was done using the SuperSignal™ West Dura Extended Duration Substrate Kit (ThermoFisher Scientific), according to manufacturer’s instructions. Exposure was acquired using a FluorChem scanner (proteinsimple) at variable exposure times (30 s-10 min). Antibody details are shown in Supplementary Table S5. 

Argonaute 2 (AGO2) immunoprecipitation  
For Argonaute 2 (AGO2) immunoprecipitation (AGO2-IP), four 10 cm dishes with 2x106 cells/dish of Neuro-2a cells were plated in appropriate growth medium and incubated under normal growth conditions. After 48 h cells were collected in 2 ml DMEM with 10% FCS by gently scraping and pooling cells from all four dishes. Cells were collected by centrifugation for 5 min at 1000 g. Medium was removed by aspiration and cells were resuspended in cold 1 ml immunoprecipitation (IP) buffer (300 mM NaCl, 5 mM MgCl2, 0.1% NP-40, 50 mM Tris-HCl; pH = 7.5) supplemented with 100 U/ml of SUPERasein RNAse inhibitor [AM2696, ThermoFisher scientific], 25x protease inhibitors [11 873 580 001, Roche] and tRNA 1 μg/ml, [ R-6750, Sigma]). Cells were frozen immediately for 5 min on dry ice and thawed at RT for efficient lysis. Lysate was passed five to six times through a 25 g 1 ml syringe (303175, BD Plastik), incubated for 10 min on ice and finally supernatant protein lysate was collected after centrifugation at 16,000 g for 15 min at 4˚C. Two aliquots of 25 µl of lysate were taken as input material for total RNA extraction in QIAzol and for AGO2 Western blotting and stored at -80˚C. Remaining lysate was equally divided and incubated either with 9 µl of rabbit AGO2 antibody (1:50 dilution, 2897, Cell signaling) for 450 µl lysate or with rabbit IgG antibody (5 μg; Cat# ab171870, Abcam), vortex mixed and incubated overnight  on a rotator at 4˚C. 60 μl of Protein-G DynaBeads (PGDB;  10003D; ThermoFisher scientific) were equilibrated with IP buffer and blocked with 1 µg of tRNA, 3% BSA ( A4503-100G, Sigma) in 0.5 ml of lysis buffer for 1 h at 4˚C on a rotator. Using a magnet, blocking solution was removed and the lysate from overnight was added to the beads and incubated for 3 h on a rotator at 4˚C for antibody complex binding. Beads were washed five times with 1 ml of IP buffer supplemented with 100 U of SUPERasein RNAse inhibitor and 25x protease inhibitor for 5 min each time on a rotator at 4˚C. After the last wash, 25 μl of sample buffer (4xNu-PAGE buffer, 10% β-mercaptoethanol, water) was added to 1/3 of the beads and boiled for 10 min at 70˚C to extract proteins for Western blotting. After boiling, eluted proteins in sample buffer were collected by separating the beads on a magnet and stored at -20˚C. The remainder of the beads were collected on a magnet by removing the wash buffer. 700 μl of QIAzol was added to the beads, vortexed and stored at -80˚C until RNA extraction. Total RNA was extracted using the miRNeasy kit. 4 μl of IP RNA (AGO2-IP or IgG-IP) and 10 ng of input RNA was used for cDNA synthesis using miRCURY LNA RT kit. RT-qPCR reactions were run as described previously. Fold-change (2-∆Ct) was calculated by normalizing the mean Ct value in AGO2-IP sample with IgG-IP sample.

Statistical analysis 
GraphPad Prism (v9.0.0 and v10, GraphPad Software, San Diego, CA) was used to graphically represent data and perform statistical analysis. Differences in expression between controls and mTLE patients were statistically analyzed using Mann-Whitney test. Fold-change comparisons between mTLE non-HS and mTLE +HS patients were analyzed using a Two-way ANOVA with uncorrected Fisher’s LSD. Correlation between two RT-qPCR chemistries was estimated using Spearman rank correlation coefficient. Significance of the expression changes upon KCl depolarization in PHN was assessed using One-way ANOVA with Dunnett’s multiple comparison test. Statistical value of expression changes upon Mg2+ depletion in PHN was assessed using unpaired t-test. Unpaired t-test was used to assess difference in biogenesis genes after KCl treatment and Mg2+ depletion. Expression changes upon LPS treatment in astrocytes and microglia were analyzed with unpaired t-test. In gapmeR experiments, one sample t-test was used to evaluate knockdown efficiency. Significance in the different parameters regarding neuronal morphology was evaluated using Mann-Whitney test. Two-way ANOVA with Fisher’s LSD test was used to evaluate significant changes of selected targets upon gapmeR experiment and in mouse model of mTLE. To assess tRNA expression changes in a mouse model, t-test was used. For the number of seizures, time in ictal activity and GFAP intensity measurements after inhibitor treatment Welch’s t test was used. For PSD analysis, ANOVA was used, and Cohen’s d was estimated. Values were expressed as mean ± standard deviation (SD). Statistical significance was considered for P≤0.05 (****, P≤0.0001; ***, P≤0.001; **, P≤0.01; *, P≤0.05; ns, P>0.05). Correlation heatmap (Supplementary Fig.10) was generated using R package “gplots” with top 50 CNR1 co-expressed genes in total RNAseq data of cytoplasmic human mTLE non-HS samples and controls[23] (highest Spearman rho). Functional annotations included in the correlation heatmap panels were generated with DAVID[6]. Top 6 functional annotations were selected for visualization.
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