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1 Supplementary Materials and Methods 

 
1.1 MPH Calculation 

40.4655 mg, 4.04655 mg or 0.0404655 mg MPH were dissolved in 750 ml ACSF in order to prepare 

the MPH-containing superfusion solution of 200 µM (53.954 mg/L), 20 µM (5.3954 mg/L) or 0.2 µM 

(0.053954 mg/L), respectively, according to the formula m = c * V * M (m: mass; c: concentration; V: 

volume; M: molecular weight of MPH (269.77 g/mol)) (cf. chapter 2.2.3.1).   

 

1.2 Amisulpride Calculation 

50 mg amisulpride were dissolved in ~6.7659 ml DMSO or ~1.6915 ml DMSO, respectively, to 

produce 0.5 ml aliquots with a concentration of 7.3896 mg/ml or 29.5584 mg/ml, respectively. The 

aliquots were stored at -20°C. One day prior to the experiment, the required amount of aliquots was 

thawed and 187.5 µl of the respective aliquot were added into 750 ml ACSF (250 µl/L) to prepare the 

5 µM (1.8474 mg/L) or 20 µM (7.3896 mg/L) amisulpride superfusion solution according to the 

formula m = c * V * M (m: mass; c: concentration; V: volume; M: molecular weight of amisulpride 

(369.48 g/mol)). Likewise, 62.5 µl of the respective aliquot were added into 250 ml ACSF (250 µl/L) to 

prepare the 5 µM (1.8474 mg/L) or 20 µM (7.3896 mg/L) incubation solution (cf. chapter 2.2.3.2).  

      

1.3 Technical Specifications 

 
Table S1: Technical specifications of USB-MEA32-STIM4-System 
(modified with permission from ("Multi Channel Systems, USB-MEA32-STIM4 Manual," 2018)). 

General Characteristics 
Operating temperature    10°C to 50°C 
Storage temperature     0°C to 70°C 
Relative humidity     10% to 85%, non-condensing 
Dimensions (LxDxH)     235x135x55 mm (with PH01 on top) 
Weight       900 g 
 
Amplifier 
Number of recording electrodes   32 
Input voltage range     ± 4096 µV 
Data resolution     16 Bit 
Bandwidth      0.5 Hz to 3 kHz 
Gain       1000 
Cross talk (channel to channel)    typical 0.01%, max. 0.1% 
 
Data converter and USB interface 
Sampling frequency     up to 50 kHz 
Maximal data rate     6.4 MByte per second 
Data resolution     16 Bit 
USB Version      USB 2.0 High Speed 
Stimulus Generator 
Number of stimulation channels   4 
Output current      ± 256 µA 
Resolution      13 bit 
Maximum frequency     50 kHz 
Time resolution     20 µs 
PH01 perfusion cannula 
Temperature sensor type    PT 100 with 4 wire connection 
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Accuracy      ± 0.1°C 
Heating element impedance    20 Ω 
 
Power supply unit (MPU30) 
Input voltage      90 to 264 V AC at 47 to 63 Hz 
Output voltage      11-13 V 
Max. Power      30 W  
 
Rear Panel interface and connectors 
USB USB      2.0 High Speed cable (type A - mini B) 
Ground      Common jack 4 mm, banana plug 
Power supply      Barrel connector 0.7x2.35 mm 
Software 
Microsoft Windows® operating system   Windows 7, Vista or XP with NTFS 
(English/German) 
MC_Rack program     Version 3.7.0 and higher 
(Data acquisition and analysis software)  
Data export      ASCII (*.txt), binary file (*.raw) format  
MC_Stimulus II      Version 3.0.0 and higher 
(Stimulation software) 

 
Table S2: Technical specifications of pMEA32S12-L4-gr used for USB-MEA32-STIM4-System 
(modified with permission from ("Multi Channel Systems, pMEA32S12 Layout 4," 2013)).  

Dimension (WxDxH)     49x25x1.8 mm  
Base material      Polyimide foil on ceramic carrier with perforation 
Temperature compartibility    10-50°C 
Total area of holes     0.8 mm² 
Diameter of the holes     90, 75, 50, 30, 20 μm 
Track material      Ti (titanium) 
Contact pads      TiN (titanium nitride) 
Electrode diameter   30 μm (recording electrodes), 50 μm (stimulation 

electrodes) 
Interelectrode distance (centre to centre)  100 μm  
Electrode height     Planar 
Electrode type      TiN (titanium nitride) electrodes 
Isolation type      Polyimide foil  
Electrode impedance     Approximately 30 - 50 kΩ  
Electrode layout grid     4 x 8 (recording electrodes),  
       2 x 6 (stimulation electrodes) 
Number of electrodes     32 recording electrodes, 12 stimulation electrodes 
Reference electrodes     1 internal reference electrode 
MEA chamber   (gr) Glass ring: ID ± 19 mm, OD 24 mm, height 6 

mm 

 

1.4 Group Comparisons for the Statistical Analysis 

 

Table S3: Group comparisons for the statistical analysis of the MEA experiments (cf. chapter 2.2.9.2 
and 2.2.12.3).  
The depicted 45 group comparisons (column 1 vs. column 2) were statistically analyzed.  

Group 1 Group 2 

ACSF DMSO 

ACSF 200 µM MPH 
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ACSF 20 µM MPH 

ACSF 0.2 µM MPH 

ACSF 200 µM MPH + 5 µM Ami 

ACSF 20 µM MPH + 5 µM Ami 

ACSF 0.2 µM MPH + 5 µM Ami 

ACSF 200 µM MPH + 20 µM Ami 

ACSF 20 µM MPH + 20 µM Ami 

ACSF 0.2 µM MPH + 20 µM Ami 

ACSF 5 µM Ami 

ACSF 20 µM Ami  

DMSO 200 µM MPH + 5 µM Ami 

DMSO 20 µM MPH + 5 µM Ami 

DMSO 0.2 µM MPH + 5 µM Ami 

DMSO 200 µM MPH + 20 µM Ami 

DMSO 20 µM MPH + 20 µM Ami 

DMSO 0.2 µM MPH + 20 µM Ami 

DMSO  5 µM Ami 

DMSO 20 µM Ami  

200 µM MPH 20 µM MPH 

200 µM MPH 0.2 µM MPH 

200 µM MPH 200 µM MPH + 5 µM Ami 

200 µM MPH 200 µM MPH + 20 µM Ami 

20 µM MPH 0.2 µM MPH 

20 µM MPH 20 µM MPH + 5 µM Ami 

20 µM MPH 20 µM MPH + 20 µM Ami 

0.2 µM MPH 0.2 µM MPH + 5 µM Ami 

0.2 µM MPH 0.2 µM MPH + 20 µM Ami 

200 µM MPH + 5 µM Ami 20 µM MPH + 5 µM Ami 

200 µM MPH + 5 µM Ami 0.2 µM MPH + 5 µM Ami 

200 µM MPH + 5 µM Ami 200 µM MPH + 20 µM Ami 

200 µM MPH + 5 µM Ami 5 µM Ami 

20 µM MPH + 5 µM Ami 0.2 µM MPH + 5 µM Ami 

20 µM MPH + 5 µM Ami 20 µM MPH + 20 µM Ami 

20 µM MPH + 5 µM Ami 5 µM Ami 

0.2 µM MPH + 5 µM Ami 0.2 µM MPH + 20 µM Ami 

0.2 µM MPH + 5 µM Ami 5 µM Ami 

200 µM MPH + 20 µM Ami 20 µM MPH + 20 µM Ami 

200 µM MPH + 20 µM Ami 0.2 µM MPH + 20 µM Ami 

200 µM MPH + 20 µM Ami 20 µM Ami  

20 µM MPH + 20 µM Ami 0.2 µM MPH + 20 µM Ami 

20 µM MPH + 20 µM Ami 20 µM Ami  

0.2 µM MPH + 20 µM Ami 20 µM Ami  

5 µM Ami 20 µM Ami 
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1.5 Primer Pairs for qPCR 

 

Table S4: Primer pairs for mus musculus genes used in the qPCR preliminary experiments (cf. 
chapter 2.2.11).  
The SLC6A2 gene encodes the norepinephrine transporter (NET) and the SLC6A3 gene encodes the 
dopamine transporter (DAT). 1 OriGene Technologies. 2 Primer-BLAST/National Library of Medicine. 3 
Biomol.  

Gene  User-defined label Forward sequence (5‘ - 3‘)  Reverse sequence (5‘ – 3‘)  

SLC6A21 SLC6A2 ms_qPCR GCACCTCCATTCTGTTTGCGGT GCTCACGAACTTCCAACACAGC 

SLC6A22  SLC6A2 No1 GTGAGACAGTTCCAGTTGCG GGTATCCGAATGGGGGCAAA 

SLC6A22 SLC6A2 No2 CGTGAGACAGTTCCAGTTGC ATCCGAATGGGGGCAAAGAG 

SLC6A22 SLC6A2 No3 ATCAGCACCTTCCTTCTGGC GCTGAACCTGTCCACACCATA 

SLC6A22 SLC6A2 No4  GTGGTGCCTTCCTGATTCCA CAGCATAGCCCACTCCTTTGA 

SLC6A23  SLC6A2 Primerset 1 TTCCAGAAGTGACCCCATAA TCGACTGGGCTAGACTTGAC 

SLC6A23  SLC6A2 Primerset 2 CCTCTTCACCTGCAGACACT TCCTAGCACCTTCGTGAGAC 

SLC6A31 SLC6A3 ms_qPCR GGTGCTGATTGCCTTCTCCAGT GACAACGAAGCCAGAGGAGAAG 

SLC6A32 SLC6A3 No1 CCTGGTTCTACGGTGTCCAG GCTGACCACGACCACATACA 

SLC6A32 SLC6A3 No2 ATGTGGTCGTGGTCAGCATT AGGCCAGTTTCTCTCGGAAG 

SLC6A32 SLC6A3 No3 CACAGATGGACCTGGGTTGA TGGAACTCATCGACAAGCCC 

SLC6A32  SLC6A3 No4  ACACCCGCTGCTGAGTATTT TGATCCACACCACCTTCCCT 

SLC6A33  SLC6A3 Primerset 1 GCCTGTGTCCCATAGAAATG ATGCTGACAACACCTGGATT 

SLC6A33  SLC6A3 Primerset 2 TTGTCCTGGCTACTTTCCTG CATAGTGTGGGGGTCTGAAG 
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2 Supplementary Results 

 
2.1 Electrophysiology 

2.1.1 Bar Graphs 

The bar graphs depict the averaged 10 min, 30 min, 60 min and 90 min of the evoked fEPSP slope 

(Figures S1, S2, S3 and S4, respectively) and fEPSP amplitude (Figures S5, S6, S7 and S8, respectively) 

in relation to the last 30 min of the baseline recording. The corresponding scatter plots are figured in 

chapter 3.2.1. The mean ± SEM values are listed in Tables S5 and S6.  
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Figure S1: Percentage change in fEPSP slope 
10 min after hippocampal LTP induction. 
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP slope from 10 min 
post LTP recording relative to the last 30 min 
of baseline recording. Data are presented as 
mean ± SEM (cf. Table S5). Dotted line 
(100%): average slope of the last 30 min of 
baseline. y-axis: percentage change from 
baseline slope. x-axis: 13 groups, color-coded 
as follows (cf. Table 9): black: control (dark 
patterned: ACSF, filled: DMSO); purple: ADHD 
drug (light patterned: 0.2 µM MPH, dark 
patterned: 20 µM MPH, filled: 200 µM MPH); 
green: ADHD drug + 5 µM antagonist (light 
patterned: 0.2 µM MPH + 5 µM Ami, dark 
patterned: 20 µM MPH + 5 µM Ami, filled: 
200 µM MPH + 5 µM Ami); orange: ADHD 
drug + 20 µM antagonist (light patterned: 0.2 
µM MPH + 20 µM Ami, dark patterned: 20 
µM MPH + 20 µM Ami, filled: 200 µM MPH + 
20 µM Ami); blue: antagonist (dark 
patterned: 5 µM Ami, filled: 20 µM Ami). The 
displayed significances are according to the 
unpaired t-test of all data (cf. Table 13): ***: 
p-value ≤ 0.001. **: p-value ≤ 0.01. *: p-value 
≤ 0.05. 
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Figure S2: Percentage change in fEPSP slope 
30 min after hippocampal LTP induction. 
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP slope from 30 min 
post LTP recording relative to the last 30 min 
of baseline recording. Data are presented as 
mean ± SEM (cf. Table S5). Dotted line 
(100%): average slope of the last 30 min of 
baseline. y-axis: percentage change from 
baseline slope. x-axis: 13 groups, color-coded 
as follows (cf. Table 9): black: control (dark 
patterned: ACSF, filled: DMSO); purple: ADHD 
drug (light patterned: 0.2 µM MPH, dark 
patterned: 20 µM MPH, filled: 200 µM MPH); 
green: ADHD drug + 5 µM antagonist (light 
patterned: 0.2 µM MPH + 5 µM Ami, dark 
patterned: 20 µM MPH + 5 µM Ami, filled: 
200 µM MPH + 5 µM Ami); orange: ADHD 
drug + 20 µM antagonist (light patterned: 0.2 
µM MPH + 20 µM Ami, dark patterned: 20 
µM MPH + 20 µM Ami, filled: 200 µM MPH + 
20 µM Ami); blue: antagonist (dark 
patterned: 5 µM Ami, filled: 20 µM Ami). The 
displayed significances are according to the 
unpaired t-test of all data (cf. Table 13): ***: 
p-value ≤ 0.001. **: p-value ≤ 0.01. *: p-value 
≤ 0.05. 
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Figure S3: Percentage change in fEPSP slope 
60 min after hippocampal LTP induction.  
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP slope from 60 min 
post LTP recording relative to the last 30 min 
of baseline recording. Data are presented as 
mean ± SEM (cf. Table S5). Dotted line 
(100%): average slope of the last 30 min of 
baseline. y-axis: percentage change from 
baseline slope. x-axis: 13 groups, color-coded 
as follows (cf. Table 9): black: control (dark 
patterned: ACSF, filled: DMSO); purple: ADHD 
drug (light patterned: 0.2 µM MPH, dark 
patterned: 20 µM MPH, filled: 200 µM MPH); 
green: ADHD drug + 5 µM antagonist (light 
patterned: 0.2 µM MPH + 5 µM Ami, dark 
patterned: 20 µM MPH + 5 µM Ami, filled: 
200 µM MPH + 5 µM Ami); orange: ADHD 
drug + 20 µM antagonist (light patterned: 0.2 
µM MPH + 20 µM Ami, dark patterned: 20 µM 
MPH + 20 µM Ami, filled: 200 µM MPH + 20 
µM Ami); blue: antagonist (dark patterned: 5 
µM Ami, filled: 20 µM Ami). The displayed 
significances are according to the unpaired t-
test of all data (cf. Table 13): ***: p-value ≤ 
0.001. **: p-value ≤ 0.01. *: p-value ≤ 0.05. 
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Figure S4: Percentage change in fEPSP slope 
90 min after hippocampal LTP induction. 
Each bar comprises the MEA experiments 
(total n = 52) of the respective group and 
depicts the averaged fEPSP slope from 90 min 
post LTP recording relative to the last 30 min 
of baseline recording. Data are presented as 
mean ± SEM (cf. Table S5). Dotted line 
(100%): average slope of the last 30 min of 
baseline. y-axis: percentage change from 
baseline slope. x-axis: 13 groups, color-coded 
as follows (cf. Table 9): black: control (dark 
patterned: ACSF, filled: DMSO); purple: ADHD 
drug (light patterned: 0.2 µM MPH, dark 
patterned: 20 µM MPH, filled: 200 µM MPH); 
green: ADHD drug + 5 µM antagonist (light 
patterned: 0.2 µM MPH + 5 µM Ami, dark 
patterned: 20 µM MPH + 5 µM Ami, filled: 
200 µM MPH + 5 µM Ami); orange: ADHD 
drug + 20 µM antagonist (light patterned: 0.2 
µM MPH + 20 µM Ami, dark patterned: 20 
µM MPH + 20 µM Ami, filled: 200 µM MPH + 
20 µM Ami); blue: antagonist (dark 
patterned: 5 µM Ami, filled: 20 µM Ami). The 
displayed significances are according to the 
unpaired t-test of all data (cf. Table 13): ***: 
p-value ≤ 0.001. **: p-value ≤ 0.01. *: p-value 
≤ 0.05. 
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Figure S5: Percentage change in fEPSP 
amplitude 10 min after hippocampal LTP 
induction.  
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP amplitude from 
10 min post LTP recording relative to the last 
30 min of baseline recording. Data are 
presented as mean ± SEM (cf. Table S6). 
Dotted line (100%): average amplitude of the 
last 30 min of baseline. y-axis: percentage 
change from baseline amplitude. x-axis: 13 
groups, color-coded as follows (cf. Table 9): 
black: control (dark patterned: ACSF, filled: 
DMSO); purple: ADHD drug (light patterned: 
0.2 µM MPH, dark patterned: 20 µM MPH, 
filled: 200 µM MPH); green: ADHD drug + 5 
µM antagonist (light patterned: 0.2 µM MPH 
+ 5 µM Ami, dark patterned: 20 µM MPH + 5 
µM Ami, filled: 200 µM MPH + 5 µM Ami); 
orange: ADHD drug + 20 µM antagonist (light 
patterned: 0.2 µM MPH + 20 µM Ami, dark 
patterned: 20 µM MPH + 20 µM Ami, filled: 
200 µM MPH + 20 µM Ami); blue: antagonist 
(dark patterned: 5 µM Ami, filled: 20 µM 
Ami). The displayed significances are 
according to the unpaired t-test of all data 
(cf. Table 13): ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. 
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Figure S6: Percentage change in fEPSP 
amplitude 30 min after hippocampal LTP 
induction.  
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP amplitude from 
30 min post LTP recording relative to the last 
30 min of baseline recording. Data are 
presented as mean ± SEM (cf. Table S6). 
Dotted line (100%): average amplitude of the 
last 30 min of baseline. y-axis: percentage 
change from baseline amplitude. x-axis: 13 
groups, color-coded as follows (cf. Table 9): 
black: control (dark patterned: ACSF, filled: 
DMSO); purple: ADHD drug (light patterned: 
0.2 µM MPH, dark patterned: 20 µM MPH, 
filled: 200 µM MPH); green: ADHD drug + 5 
µM antagonist (light patterned: 0.2 µM MPH 
+ 5 µM Ami, dark patterned: 20 µM MPH + 5 
µM Ami, filled: 200 µM MPH + 5 µM Ami); 
orange: ADHD drug + 20 µM antagonist (light 
patterned: 0.2 µM MPH + 20 µM Ami, dark 
patterned: 20 µM MPH + 20 µM Ami, filled: 
200 µM MPH + 20 µM Ami); blue: antagonist 
(dark patterned: 5 µM Ami, filled: 20 µM 
Ami). The displayed significances are 
according to the unpaired t-test of all data 
(cf. Table 13): ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. 
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Figure S7: Percentage change in fEPSP 
amplitude 60 min after hippocampal LTP 
induction.  
Each bar comprises the MEA experiments 
(total n = 59) of the respective group and 
depicts the averaged fEPSP amplitude from 
60 min post LTP recording relative to the last 
30 min of baseline recording. Data are 
presented as mean ± SEM (cf. Table S6). 
Dotted line (100%): average amplitude of the 
last 30 min of baseline. y-axis: percentage 
change from baseline amplitude. x-axis: 13 
groups, color-coded as follows (cf. Table 9): 
black: control (dark patterned: ACSF, filled: 
DMSO); purple: ADHD drug (light patterned: 
0.2 µM MPH, dark patterned: 20 µM MPH, 
filled: 200 µM MPH); green: ADHD drug + 5 
µM antagonist (light patterned: 0.2 µM MPH 
+ 5 µM Ami, dark patterned: 20 µM MPH + 5 
µM Ami, filled: 200 µM MPH + 5 µM Ami); 
orange: ADHD drug + 20 µM antagonist (light 
patterned: 0.2 µM MPH + 20 µM Ami, dark 
patterned: 20 µM MPH + 20 µM Ami, filled: 
200 µM MPH + 20 µM Ami); blue: antagonist 
(dark patterned: 5 µM Ami, filled: 20 µM 
Ami). The displayed significances are 
according to the unpaired t-test of all data 
(cf. Table 13): ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. 
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Figure S8: Percentage change in fEPSP 
amplitude 90 min after hippocampal LTP 
induction.  
Each bar comprises the MEA experiments 
(total n = 52) of the respective group and 
depicts the averaged fEPSP amplitude from 
90 min post LTP recording relative to the last 
30 min of baseline recording. Data are 
presented as mean ± SEM (cf. Table S6). 
Dotted line (100%): average amplitude of the 
last 30 min of baseline. y-axis: percentage 
change from baseline amplitude. x-axis: 13 
groups, color-coded as follows (cf. Table 9): 
black: control (dark patterned: ACSF, filled: 
DMSO); purple: ADHD drug (light patterned: 
0.2 µM MPH, dark patterned: 20 µM MPH, 
filled: 200 µM MPH); green: ADHD drug + 5 
µM antagonist (light patterned: 0.2 µM MPH 
+ 5 µM Ami, dark patterned: 20 µM MPH + 5 
µM Ami, filled: 200 µM MPH + 5 µM Ami); 
orange: ADHD drug + 20 µM antagonist (light 
patterned: 0.2 µM MPH + 20 µM Ami, dark 
patterned: 20 µM MPH + 20 µM Ami, filled: 
200 µM MPH + 20 µM Ami); blue: antagonist 
(dark patterned: 5 µM Ami, filled: 20 µM 
Ami). The displayed significances are 
according to the unpaired t-test of all data 
(cf. Table 13): ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. 
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2.1.2 Mean ± SEM Values 

 

Table S5: Percental change (mean ± SEM) in fEPSP slope 10 min, 30 min, 60 min and 90 min after hippocampal LTP induction (cf. chapter 3.2.1).  
The n value corresponds to the number of analyzed brain slices per group. Please note that the overall sample size of the analyzed MEA experiments is n = 59 in 
the 10, 30, and 60 min post LTP recordings and n = 52 in the 90 min post LTP recordings (cf. chapter 2.2.9.3). 

Group Mean ± SEM (n) of fEPSP slope post LTP recording 

 10 min  30 min  60 min  90 min 

ACSF  
DMSO  

 170.7 ± 17.12% (n = 6) 
 124.6 ± 4.31% (n = 5) 

 168.2 ± 18.16% (n = 6) 
 124.5 ± 5.23% (n = 5) 

 164.5 ± 19.41% (n = 6) 
 118.9 ± 5.32% (n = 5) 

 164.8 ± 25.39% (n = 5) 
 114.3 ± 5.64% (n = 5) 

0.2 µM MPH  
20 µM MPH 
200 µM MPH  

 135.6 ± 8.8% (n = 4) 
 163.1 ± 16.66% (n = 5) 
 123.4 ± 12.02% (n = 5) 

 135.6 ± 6.97% (n = 4) 
 153.3 ± 15.48% (n = 5) 
 120.3 ± 10.22% (n = 5) 

 131.1 ± 5.84% (n = 4) 
 144.2 ± 13.08% (n = 5) 
 115.5 ± 9.63% (n = 5) 

 127.1 ± 5.47% (n = 4) 
 137.1 ± 10.76% (n = 5) 
 114.8 ± 13.81% (n = 3) 

5 µM Ami  
20 µM Ami  

 173.4 ± 13.4% (n = 4) 
 140.0 ± 13.73% (n = 4) 

 169.9 ± 14.02% (n = 4) 
 131.9 ± 14.5% (n = 4) 

 163.2 ± 14.24% (n = 4) 
 127.2 ± 16.14% (n = 4) 

 170.6 ± 2.72% (n = 3) 
 122.9 ± 16.7% (n = 4) 

0.2 µM MPH + 5 µM Ami  
20 µM MPH + 5 µM Ami  
200 µM MPH + 5 µM Ami  
0.2 µM MPH + 20 µM Ami  
20 µM MPH + 20 µM Ami  
200 µM MPH + 20 µM Ami  

 179.0 ± 25.45% (n = 5) 
 144.7 ± 18.34% (n = 4) 
 118.0 ± 4.43% (n = 4) 
 158.6 ± 12.06% (n = 4) 
 142.0 ± 10.24% (n = 5) 
 131.7 ± 3.34% (n = 4) 

 169.2 ± 24.11% (n = 5) 
 137.1 ± 13.09% (n = 4) 
 114.1 ± 3.03% (n = 4) 
 145.2 ± 9.6% (n = 4) 
 134.0 ± 9.3% (n = 5) 
 124.0 ± 5.09% (n = 4) 

 159.7 ± 21.69% (n = 5) 
 126.8 ± 9.09% (n = 4) 
 111.5 ± 3.94% (n = 4) 
 134.9 ± 7.75% (n = 4) 
 126.4 ± 8.26% (n = 5) 
 118.5 ± 6.34% (n = 4) 

 153.9 ± 19.87% (n = 5) 
 119.7 ± 6.95% (n = 4) 
 107.6 ± 6.68% (n = 3) 
 128.3 ± 9.78% (n = 3) 
 121.2 ± 7.73% (n = 5) 
 108.5 ± 5.31% (n = 3) 
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Table S6: Percental change (mean ± SEM) in fEPSP amplitude 10 min, 30 min, 60 min and 90 min after hippocampal LTP induction (cf. chapter 3.2.1).  
The n value corresponds to the number of analyzed brain slices per group. Please note that the overall sample size of the analyzed MEA experiments is n = 59 in 
the 10, 30, and 60 min post LTP recordings and n = 52 in the 90 min post LTP recordings (cf. chapter 2.2.9.3). 

Group Mean ± SEM (n) of fEPSP amplitude post LTP recording 

 10 min  30 min  60 min  90 min 

ACSF  
DMSO  

 122.9 ± 10.79% (n = 6) 
 114.4 ± 3.79% (n = 5) 

 125.0 ± 10.21% (n = 6) 
 114.4 ± 3.72% (n = 5) 

 127.4 ± 10.1% (n = 6) 
 112.6 ± 3.43% (n = 5) 

 133.6 ± 11.63% (n = 5) 
 110.6 ± 3.55% (n = 5) 

0.2 µM MPH  
20 µM MPH 
200 µM MPH  

 123.7 ± 8.07% (n = 4) 
 133.4 ± 14.12% (n = 5) 
 107.9 ± 2.83% (n = 5) 

 125.8 ± 8.47% (n = 4) 
 130.4 ± 14.27% (n = 5) 
 107.2 ± 3.19% (n = 5) 

 125.3 ± 8.45% (n = 4) 
 127.4 ± 14.26% (n = 5) 
 106.0 ± 3.92% (n = 5) 

 123.5 ± 7.89% (n = 4) 
 125.0 ± 14.04% (n = 5) 
 101.6 ± 6.52% (n = 3) 

5 µM Ami  
20 µM Ami  

 132.4 ± 20.19% (n = 4) 
 110.9 ± 5.15% (n = 4) 

 131.9 ± 20.04% (n = 4) 
 109.1 ± 5.39% (n = 4) 

 128.9 ± 18.42% (n = 4) 
 107.4 ± 5.73% (n = 4) 

 130.9 ± 22.67% (n = 3) 
 106.1 ± 6.23% (n = 4) 

0.2 µM MPH + 5 µM Ami  
20 µM MPH + 5 µM Ami  
200 µM MPH + 5 µM Ami  
0.2 µM MPH + 20 µM Ami  
20 µM MPH + 20 µM Ami  
200 µM MPH + 20 µM Ami  

 165.6 ± 38.1% (n = 5) 
 114.1 ± 5.91% (n = 4) 
 110.3 ± 1.15% (n = 4) 
 117.2 ± 4.53% (n = 4) 
 114.7 ± 3.5% (n = 5) 
 111.6 ± 4.95% (n = 4) 

 161.7 ± 36.66% (n = 5) 
 113.6 ± 5.2% (n = 4) 
 112.0 ± 1.81% (n = 4) 
 113.6 ± 5.22% (n = 4) 
 112.7 ± 3.92% (n = 5) 
 107.8 ± 6.46% (n = 4) 

 156.6 ± 34.2% (n = 5) 
 112.7 ± 4.66% (n = 4) 
 109.4 ± 2.72% (n = 4) 
 111.0 ± 4.8% (n = 4) 
 109.9 ± 4.07% (n = 5) 
 102.9 ± 7.58% (n = 4) 

 152.3 ± 31.84% (n = 5) 
 111.1 ± 4.82% (n = 4) 
 106.3 ± 4.48% (n = 3) 
 108.3 ± 6.55% (n = 3) 
 107.8 ± 4.36% (n = 5) 
 92.18 ± 5.59% (n = 3) 
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2.1.3 Statistical Tests of the Electrophysiological Results 

Regarding the electrophysiological data of the MEA experiments, a total of nine statistical analyses 

were performed on the eight data sets composed of the fEPSP slope and amplitude data derived 

from 10 min, 30 min, 60 min and 90 min of the S1 postLTP recordings, respectively. In detail, the 

unpaired t-test, the Mann-Whitney U test and the Welch’s t-test were performed on all data (Table 

S7), data without outliers (Table S8) and normally distributed data (Table S9), respectively.
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Table S7: Statistical tests of the electrophysiological results of all data.  
Unpaired t-test (1), Mann-Whitney U test (2) and Welch’s t-test (3) were performed on the 10, 30, 60 and 90 min post LTP data of slope and amplitude, 
respectively. The listed group comparisons displayed a significant p-value in at least one of nine statistical tests (also cf. Tables S8 and S9). Data are 
alphabetically ordered based on group 1. If applicable, group 2 comprises a control group (ACSF or DMSO). ****: p-value ≤ 0.0001. ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. ns: not significant. 

Group comparison unpaired t-test (1) Mann-Whitney U test (2) Welch's t-test (3) 

Group 1 Group 2 p-value p-value summary p-value p-value summary p-value p-value summary 

Ami 5 µM slope 10 min DMSO slope 10 min 0.0065 ** 0.0159 * 0.0301 * 

Ami 5 µM slope 30 min DMSO slope 30 min 0.0128 * 0.0635 ns 0.0408 * 

Ami 5 µM slope 60 min DMSO slope 60 min 0.0153 * 0.1905 ns 0.0458 * 

Ami 5 µM slope 90 min DMSO slope 90 min 0.0004 *** 0.0357 * 0.0002 *** 

DMSO slope 10 min ACSF slope 10 min 0.0409 * 0.0519 ns 0.0426 * 

MPH 0.2 µM + Ami 20 µM slope 10 min DMSO slope 10 min 0.0225 * 0.1111 ns 0.0604 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min DMSO slope 10 min 0.0681 ns 0.0317 * 0.0989 ns 

MPH 0.2 µM + Ami 5 µM slope 30 min MPH 200 µM + Ami 5 µM slope 30 min 0.0849 ns 0.0317 * 0.084 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 5 µM slope 10 min 0.0742 ns 0.0317 * 0.0737 ns 

MPH 20 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0019 ** 0.0571 ns 0.0027 ** 

MPH 200 µM + Ami 20 µM amplitude 90 min ACSF amplitude 90 min 0.0415 * 0.0357 * 0.0208 * 

MPH 200 µM + Ami 20 µM amplitude 90 min DMSO amplitude 90 min 0.0256 * 0.0357 * 0.0552 ns 

MPH 200 µM + Ami 5 µM slope 10 min Ami 5 µM slope 10 min 0.0078 ** 0.0286 * 0.0205 * 

MPH 200 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 20 µM slope 10 min 0.0483 * 0.2 ns 0.0513 ns 

MPH 200 µM + Ami 5 µM slope 10 min ACSF slope 10 min 0.0412 * 0.0714 ns 0.0265 * 

MPH 200 µM + Ami 5 µM slope 30 min Ami 5 µM slope 30 min 0.0081 ** 0.0286 * 0.0257 * 

MPH 200 µM + Ami 5 µM slope 30 min DMSO slope 30 min 0.1537 ns 0.1905 ns 0.1346 ns 

MPH 200 µM + Ami 5 µM slope 30 min ACSF slope 30 min 0.0454 * 0.0381 * 0.0304 * 

MPH 200 µM + Ami 5 µM slope 60 min Ami 5 µM slope 60 min 0.0128 * 0.0286 * 0.0316 * 

MPH 200 µM + Ami 5 µM slope 60 min DMSO slope 60 min 0.321 ns 0.1905 ns 0.2997 ns 

MPH 200 µM + Ami 5 µM slope 60 min ACSF slope 60 min 0.0619 ns 0.0667 ns 0.0406 * 

MPH 200 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0009 *** 0.1 ns 0.0051 ** 

MPH 200 µM + Ami 5 µM slope 90 min DMSO slope 90 min 0.4832 ns 0.25 ns 0.4805 ns 

MPH 200 µM slope 10 min ACSF slope 10 min 0.0584 ns 0.0303 * 0.0517 ns 

MPH 200 µM slope 30 min ACSF slope 30 min 0.0586 ns 0.0303 * 0.0521 ns 
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Table S8: Statistical tests of the electrophysiological results of data without outliers according to Grubbs test.  
Unpaired t-test (4), Mann-Whitney U test (5) and Welch’s t-test (6) were performed on the 10, 30, 60 and 90 min post LTP data of slope and amplitude, 
respectively. The listed group comparisons displayed a significant p-value in at least one of nine statistical tests (also cf. Tables S7 and S9). Data are 
alphabetically ordered based on group 1. If applicable, group 2 comprises a control group (ACSF or DMSO). ****: p-value ≤ 0.0001. ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. ns: not significant. 

Group comparison unpaired t-test (4) Mann-Whitney U test (5) Welch's t-test (6) 

Group 1 Group 2 p-value p-value summary p-value p-value summary p-value p-value summary 

Ami 5 µM slope 10 min DMSO slope 10 min 0.0165 * 0.0286 * 0.0413 * 

Ami 5 µM slope 30 min DMSO slope 30 min 0.0291 * 0.1143 ns 0.0626 ns 

Ami 5 µM slope 60 min DMSO slope 60 min 0.0341 * 0.3429 ns 0.0713 ns 

Ami 5 µM slope 90 min DMSO slope 90 min <0.0001 **** 0.0571 ns 0.0008 *** 

DMSO slope 10 min ACSF slope 10 min 0.0849 ns 0.1143 ns 0.0564 ns 

MPH 0.2 µM + Ami 20 µM slope 10 min DMSO slope 10 min 0.05 ns 0.2 ns 0.0847 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min DMSO slope 10 min 0.1206 ns 0.1143 ns 0.1633 ns 

MPH 0.2 µM + Ami 5 µM slope 30 min MPH 200 µM + Ami 5 µM slope 30 min 0.1546 ns 0.1143 ns 0.1388 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 5 µM slope 10 min 0.1031 ns 0.1143 ns 0.0874 ns 

MPH 20 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0019 ** 0.0571 ns 0.0027 ** 

MPH 200 µM + Ami 20 µM amplitude 90 min ACSF amplitude 90 min 0.0415 * 0.0357 * 0.0208 * 

MPH 200 µM + Ami 20 µM amplitude 90 min DMSO amplitude 90 min 0.0294 * 0.0571 ns 0.0443 * 

MPH 200 µM + Ami 5 µM slope 10 min Ami 5 µM slope 10 min 0.0224 * 0.0571 ns 0.02 * 

MPH 200 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 20 µM slope 10 min 0.1067 ns 0.4 ns 0.16 ns 

MPH 200 µM + Ami 5 µM slope 10 min ACSF slope 10 min 0.0812 ns 0.1071 ns 0.0289 * 

MPH 200 µM + Ami 5 µM slope 30 min Ami 5 µM slope 30 min 0.0243 * 0.0571 ns 0.0297 * 

MPH 200 µM + Ami 5 µM slope 30 min DMSO slope 30 min 0.0076 ** 0.0571 ns 0.0166 * 

MPH 200 µM + Ami 5 µM slope 30 min ACSF slope 30 min 0.0937 ns 0.0952 ns 0.0357 * 

MPH 200 µM + Ami 5 µM slope 60 min Ami 5 µM slope 60 min 0.0365 * 0.0571 ns 0.0438 * 

MPH 200 µM + Ami 5 µM slope 60 min DMSO slope 60 min 0.0005 *** 0.0571 ns 0.0004 *** 

MPH 200 µM + Ami 5 µM slope 60 min ACSF slope 60 min 0.1274 ns 0.1667 ns 0.0524 ns 

MPH 200 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0005 *** 0.2 ns 0.0018 ** 

MPH 200 µM + Ami 5 µM slope 90 min DMSO slope 90 min 0.0302 * 0.1333 ns 0.0111 * 

MPH 200 µM slope 10 min ACSF slope 10 min 0.0584 ns 0.0303 * 0.0517 ns 

MPH 200 µM slope 30 min ACSF slope 30 min 0.0586 ns 0.0303 * 0.0521 ns 
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Table S9: Statistical tests of the electrophysiological results of normally distributed data according to Shapiro-Wilk test.  
Unpaired t-test (7), Mann-Whitney U test (8) and Welch’s t-test (9) were performed on the 10, 30, 60 and 90 min post LTP data of slope and amplitude, 
respectively. The listed group comparisons displayed a significant p-value in at least one of nine statistical tests (also cf. Tables S7 and S8). Data are 
alphabetically ordered based on group 1. If applicable, group 2 comprises a control group (ACSF or DMSO). ****: p-value ≤ 0.0001. ***: p-value ≤ 0.001. **: p-
value ≤ 0.01. *: p-value ≤ 0.05. ns: not significant. 

Group comparison unpaired t-test (7) Mann-Whitney U test (8) Welch's t-test (9) 

Group 1 Group 2 p-value p-value summary p-value p-value summary p-value p-value summary 

Ami 5 µM slope 10 min DMSO slope 10 min 0.0165 * 0.0286 * 0.0413 * 

Ami 5 µM slope 30 min DMSO slope 30 min 0.0291 * 0.1143 ns 0.0626 ns 

Ami 5 µM slope 60 min DMSO slope 60 min 0.0341 * 0.3429 ns 0.0713 ns 

Ami 5 µM slope 90 min DMSO slope 90 min <0.0001 **** 0.0571 ns 0.0008 *** 

DMSO slope 10 min ACSF slope 10 min 0.1905 ns 0.3429 ns 0.2349 ns 

MPH 0.2 µM + Ami 20 µM slope 10 min DMSO slope 10 min 0.05 ns 0.2 ns 0.0847 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min DMSO slope 10 min 0.124 ns 0.064 ns 0.118 ns 

MPH 0.2 µM + Ami 5 µM slope 30 min MPH 200 µM + Ami 5 µM slope 30 min 0.153 ns 0.071 ns 0.094 ns 

MPH 0.2 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 5 µM slope 10 min 0.13 ns 0.071 ns 0.077 ns 

MPH 20 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0019 ** 0.0571 ns 0.0027 ** 

MPH 200 µM + Ami 20 µM amplitude 90 min ACSF amplitude 90 min 0.1323 ns 0.1 ns 0.1666 ns 

MPH 200 µM + Ami 20 µM amplitude 90 min DMSO amplitude 90 min 0.0294 * 0.0571 ns 0.0443 * 

MPH 200 µM + Ami 5 µM slope 10 min Ami 5 µM slope 10 min 0.0224 * 0.0571 ns 0.02 * 

MPH 200 µM + Ami 5 µM slope 10 min MPH 200 µM + Ami 20 µM slope 10 min 0.1067 ns 0.4 ns 0.16 ns 

MPH 200 µM + Ami 5 µM slope 10 min ACSF slope 10 min 0.1866 ns 0.2571 ns 0.1632 ns 

MPH 200 µM + Ami 5 µM slope 30 min Ami 5 µM slope 30 min 0.0243 * 0.057 ns 0.0297 * 

MPH 200 µM + Ami 5 µM slope 30 min DMSO slope 30 min 0.0076 ** 0.0571 ns 0.0166 * 

MPH 200 µM + Ami 5 µM slope 30 min ACSF slope 30 min 0.2114 ns 0.2286 ns 0.1878 ns 

MPH 200 µM + Ami 5 µM slope 60 min Ami 5 µM slope 60 min 0.0365 * 0.0571 ns 0.0438 * 

MPH 200 µM + Ami 5 µM slope 60 min DMSO slope 60 min 0.0005 *** 0.0571 ns 0.0004 *** 

MPH 200 µM + Ami 5 µM slope 60 min ACSF slope 60 min 0.2609 ns 0.4 ns 0.2307 ns 

MPH 200 µM + Ami 5 µM slope 90 min Ami 5 µM slope 90 min 0.0005 *** 0.2 ns 0.0018 ** 

MPH 200 µM + Ami 5 µM slope 90 min DMSO slope 90 min 0.03 * 0.1333 ns 0.0111 * 

MPH 200 µM slope 10 min ACSF slope 10 min 0.144 ns 0.1111 ns 0.199 ns 

MPH 200 µM slope 30 min ACSF slope 30 min 0.1498 ns 0.1111 ns 0.2188 ns 
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2.2 Transcriptome Analysis Results of One-Way ANOVA 

2.2.1 Fold Change Analysis 

Top 20 Up- and Downregulated DEGs 
 

Table S10: FC values of the top 20 significant DEGs of MPH vs ACSF from one-way ANOVA. 
The table lists the FC values of the top 20 significant up- and downregulated DEGs from one-way 
ANOVA of the group comparisons 200 µM MPH vs ACSF (A), 20 µM MPH vs ACSF (B) and 0.2 µM MPH 
vs ACSF (C) (cf. chapter 3.4.2.1 and Figure 38). 

A: 200 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

C130068B02Rik 2.24 Slc17a6 -1.86 

Gadd45a 1.53 Ntng1 -1.60 

Nupr1 1.50 Lce1a2 -1.59 

Cnn3 1.46 AW551984 -1.56 

Txnrd1 1.42 Cacnb2 -1.55 

Rbpms2 1.40 Nrsn2 -1.46 

Sntb2 1.39 Cbln1 -1.43 

Gm6524 1.38 Slc17a8 -1.42 

Lonrf3 1.38 Lrrc3b -1.41 

Fhad1 1.35 Patj -1.40 

Sirt1 1.35 Fstl5 -1.40 

Yap1 1.35 Cntnap4 -1.39 

C4b 1.34 C530008M17Rik -1.38 

Rela 1.32 Gad2 -1.38 

Acin1 1.30 Cartpt -1.38 

Mgst1 1.29 Lrfn5 -1.38 

Mapkapk2 1.28 Kcnc2 -1.37 

Hbp1 1.27 Gabrb2 -1.37 

Rn18s 1.27 Vwc2 -1.37 

Atf3 1.26 Tcf7l2 -1.36 

 

B: 20 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

6430584L05Rik 2.53 Cbln1 -1.73 

4733401D01Rik 2.44 Sdcbp -1.59 

Nrg1 2.43 Trim11 -1.45 

Glra1 2.42 Hist1h4k -1.43 

Sox13 2.42 Slc44a5 -1.43 

Srpx2 2.39 Bzw1 -1.42 

Elane 2.36 Klf2 -1.42 

Mettl7a3 2.35 Sptan1 -1.41 

Prpmp5 2.19 Hist1h4d -1.40 

Apobec3 2.16 Ryr3 -1.40 

Tmem19 2.09 St6galnac5 -1.40 

Zfp36l1 2.06 Shisa6 -1.40 

Gm32191 2.01 Nt5c3 -1.39 

Gm38728 2.01 Aasdhppt -1.39 

1700064F23Rik 1.98 Fktn -1.37 
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Snhg7os 1.97 Mzf1 -1.37 

D930003E18Rik 1.94 Hnrnpc -1.36 

Mical1 1.94 Fgfbp3 -1.36 

E030030I06Rik 1.94 Psmb2 -1.35 

Zfp692 1.93 Nin -1.35 

 

C: 0.2 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

Glra1 3.58 Klf2 -1.83 

Tmem19 2.45 Sdcbp -1.80 

Gm35147 2.27 Hmgcs2 -1.77 

AW551984 2.13 Cbln1 -1.66 

Trpc6 2.11 Nt5c3 -1.65 

Nrg1 2.10 Arl4a -1.61 

Gm12576 2.10 Ptprr -1.53 

Pstpip1 2.09 Phf10 -1.45 

Grn 2.08 Mmadhc -1.44 

Cep162 2.07 Fgfbp3 -1.42 

Pign 2.07 Bax -1.42 

Cartpt 2.07 Mzf1 -1.41 

Tead1 2.05 Tceal8 -1.41 

Mical1 2.05 Rap1a -1.41 

Mlip 2.03 Pbx1 -1.41 

Elane 2.03 Vta1 -1.41 

Lrrc7 1.98 Nin -1.40 

Zfp36l1 1.97 Vbp1 -1.40 

2410087M07Rik 1.97 Sumo2 -1.39 

Gm32191 1.96 Hnrnpc -1.39 

 

Table S11: FC values of the top 20 significant DEGs of MPH + 5 µM Ami vs 5 µM Ami from one-way 
ANOVA. 
The table lists the FC values of the top 20 significant up- and downregulated DEGs from one-way 
ANOVA of the group comparisons 200 µM MPH + 5 µM Ami vs 5 µM Ami (A), 20 µM MPH + 5 µM Ami 
vs 5 µM Ami (B) and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami (C) (cf. chapter 3.4.2.2 and Figure 39). 

A: 200 µM MPH + 5 µM Ami vs 5 µM Ami 

Upregulated genes Downregulated genes 

Patj 1.91 Grn -1.84 

Ntng1 1.84 Apold1 -1.73 

Cpne4 1.75 Doc2b -1.63 

Tcf7l2 1.73 Cbln2 -1.49 

Cbln1 1.69 Arhgap12 -1.41 

Slc17a6 1.48 Pvalb -1.38 

AW551984 1.43 Sntb2 -1.37 

Nrip3 1.37 Srrm2 -1.36 

Rnf182 1.37 Pglyrp1 -1.32 

Zfp618 1.34 Myh9 -1.32 

Camk2d 1.32 Kcnab3 -1.31 

Atp5g3 1.32 Asb4 -1.30 
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Ywhaq 1.32 Ppil2 -1.29 

Sptan1 1.32 Tmem132d -1.29 

Pcbd1 1.31 Gsk3a -1.27 

Smpd3 1.30 H2-T-ps -1.27 

Htr7 1.29 Antxr1 -1.26 

Kcnj12 1.29 A930028N01Rik -1.26 

Ubxn2a 1.28 Nova1 -1.25 

Ywhab 1.28 Hr -1.25 

 

B: 20 µM MPH + 5 µM Ami vs 5 µM Ami 

Upregulated genes Downregulated genes 

Glra1 5.68 Doc2b -1.59 

AW551984 3.99 Gfod1 -1.58 

Tcf7l2 3.92 St6galnac5 -1.55 

Patj 2.97 Trim11 -1.54 

Slc17a6 2.95 Gabra2 -1.49 

Gm32191 2.84 D430019H16Rik -1.46 

Grn 2.71 Gm42151 -1.44 

Pcbd1 2.44 Stum -1.44 

Sparc 2.12 Shisa6 -1.43 

Srpx2 2.04 Slc44a5 -1.43 

Tmem19 2.03 Epha4 -1.41 

Nrg1 2.03 Gnb4 -1.40 

Slc17a8 2.02 Mzf1 -1.39 

Prpmp5 2.02 Lonrf3 -1.38 

Nrsn2 1.96 Gm38457 -1.38 

Vamp1 1.94 Arhgap12 -1.38 

Elane 1.93 Ifrd2 -1.37 

Zfp36l1 1.90 Sf3b1 -1.37 

6430584L05Rik 1.90 2010300C02Rik -1.37 

Slc27a2 1.90 Pkm -1.36 

 

C: 0.2 µM MPH + 5 µM Ami vs 5 µM Ami 

Upregulated genes Downregulated genes 

Glra1 2.64 Doc2b -1.64 

Grn 2.21 Gnb4 -1.51 

AW551984 1.95 Pkm -1.48 

Srpx2 1.94 Gm42151 -1.42 

Gm32191 1.91 Arhgap12 -1.39 

Elane 1.84 Stum -1.39 

4733401D01Rik 1.84 St6galnac5 -1.36 

Tmem19 1.79 Gfod1 -1.35 

Patj 1.74 Ryr3 -1.35 

Cartpt 1.70 Lonrf3 -1.33 

Trpc6 1.69 Ccnyl1 -1.32 

LOC102633312 1.68 Vta1 -1.31 

6430584L05Rik 1.68 Sirt1 -1.31 
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Nrg1 1.68 Rbm27 -1.30 

Acot3 1.66 D430019H16Rik -1.30 

Zfp692 1.66 Gabra2 -1.29 

Tcf7l2 1.65 Nt5c3 -1.29 

Gm38728 1.65 Tenm3 -1.29 

Prpmp5 1.63 Nhsl2 -1.28 

Pign 1.62 Cldnd1 -1.27 

 

Table S12: FC values of the top 20 significant DEGs of 5 µM Ami vs DMSO from one-way ANOVA. 
The table lists the FC values of the top 20 significant up- and downregulated DEGs from one-way 
ANOVA of the group comparison 5 µM Ami vs DMSO (cf. chapter 3.4.2.3 and Figure 40). 

5 µM Ami vs DMSO 

Upregulated genes Downregulated genes 

Rlbp1 1.57 Glra1 -3.42 

Apobec3 1.53 Slc17a6 -2.83 

A930028N01Rik 1.49 AW551984 -2.80 

4732423E21Rik 1.47 Tcf7l2 -2.56 

Sntb2 1.43 Patj -2.44 

Cep162 1.39 Slc17a8 -2.15 

Ppil2 1.39 Pcbd1 -2.05 

Triobp 1.37 Nrip2 -1.87 

Zfp692 1.37 Vamp1 -1.82 

Yap1 1.36 Cartpt -1.80 

Pign 1.35 Cacna2d2 -1.75 

C4b 1.33 Ntng1 -1.74 

Gadd45a 1.33 Kcnc2 -1.73 

2610005L07Rik 1.33 Peg3 -1.71 

6430584L05Rik 1.33 Slc6a11 -1.71 

Doc2b 1.32 Lingo4 -1.67 

Gm38457 1.32 Cbln2 -1.64 

Fgfbp3 1.32 Grn -1.64 

Nupr1 1.32 Slc27a2 -1.62 

Gm31482 1.31 Btbd11 -1.56 

 

2.2.2 GO Analysis 

Up- and Downregulated Significant DEGs of MPH vs ACSF 
 

Table S13: Top 20 significant GO terms of the upregulated DEGs of 200 µM MPH vs ACSF after one-
way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 295 upregulated significant DEGs of 
200 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0005622 intracellular anatomical structure 1.05E-15 4.40E-11 240 
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GO:0043229 intracellular organelle 2.53E-14 5.28E-10 217 

GO:0005488 binding 1.13E-13 1.18E-09 230 

GO:0043226 organelle 1.13E-13 1.18E-09 228 

GO:0043231 intracellular membrane-bounded organelle 2.47E-13 2.06E-09 202 

GO:0097159 organic cyclic compound binding 6.88E-13 4.78E-09 128 

GO:0044237 cellular metabolic process 8.70E-13 5.18E-09 158 

GO:0005634 nucleus 2.03E-12 1.06E-08 145 

GO:1901363 heterocyclic compound binding 2.89E-12 1.34E-08 125 

GO:0003676|
GO:0000496 

nucleic acid binding 3.34E-12 1.39E-08 94 

GO:0043227 membrane-bounded organelle 1.51E-11 5.71E-08 214 

GO:0006807 nitrogen compound metabolic process 2.81E-11 9.77E-08 146 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 5.32E-11 1.71E-07 55 

GO:0071704 organic substance metabolic process 1.89E-10 5.64E-07 158 

GO:0044238 primary metabolic process 2.44E-10 6.78E-07 151 

GO:0008152|
GO:0044236|
GO:0044710 

metabolic process 3.90E-10 1.02E-06 163 

GO:0043170|
GO:0043283|
GO:0044259 

macromolecule metabolic process 2.29E-09 5.61E-06 132 

GO:0031981 nuclear lumen 3.15E-09 7.29E-06 80 

GO:0080090 regulation of primary metabolic process 3.54E-09 7.76E-06 113 

GO:0005829 cytosol 6.66E-09 1.26E-05 77 

 

Table S14: Top 20 significant GO terms of the downregulated DEGs of 200 µM MPH vs ACSF after 
one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 452 downregulated significant DEGs 
of 200 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0042995 cell projection 2.53E-12 1.19E-07 93 

GO:0043005 neuron projection 5.12E-12 1.21E-07 67 

GO:0120025 plasma membrane bounded cell projection 1.34E-11 1.57E-07 86 

GO:0045202 synapse 1.30E-11 1.57E-07 53 

GO:0036477 somatodendritic compartment 1.75E-10 1.37E-06 50 

GO:0030424 axon 1.54E-10 1.37E-06 40 

GO:0030054 cell junction 1.19E-09 8.00E-06 73 

GO:0044297 cell body 2.14E-09 1.26E-05 42 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 3.76E-09 1.96E-05 230 
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GO:0043025 neuronal cell body 2.70E-08 1.27E-04 37 

GO:0005622 intracellular anatomical structure 3.79E-08 1.62E-04 325 

GO:0005488 binding 4.97E-07 0.0019 311 

GO:0097447 dendritic tree 8.06E-07 0.0027 32 

GO:0030425 dendrite 8.06E-07 0.0027 32 

GO:0110165 cellular anatomical entity 1.44E-06 0.0045 403 

GO:0097060 synaptic membrane 1.57E-06 0.0046 21 

GO:1902495 transmembrane transporter complex 1.72E-06 0.0048 20 

GO:0043227 membrane-bounded organelle 1.83E-06 0.0048 291 

GO:0022836 gated channel activity 2.05E-06 0.0051 21 

GO:1990351 transporter complex 2.15E-06 0.0051 20 

 

Table S15: The 19 significant GO terms of the upregulated DEGs of 20 µM MPH vs ACSF after one-
way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 415 upregulated significant DEGs of 
20 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0042995 cell projection 4.52E-12 2.10E-07 87 

GO:0120025 plasma membrane bounded cell projection 3.55E-11 8.24E-07 80 

GO:0043005 neuron projection 1.39E-09 2.16E-05 58 

GO:0045202 synapse 4.62E-08 5.37E-04 43 

GO:0036477 somatodendritic compartment 6.67E-08 6.21E-04 42 

GO:0005622 intracellular anatomical structure 1.69E-07 0.0013 298 

GO:0030424 axon 2.67E-07 0.0018 32 

GO:0044297 cell body 4.97E-07 0.0023 35 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 4.48E-07 0.0023 205 

GO:0110165 cellular anatomical entity 4.49E-07 0.0023 373 

GO:0005488 binding 6.77E-07 0.0029 287 

GO:0030054 cell junction 8.05E-07 0.0031 61 

GO:1902495 transmembrane transporter complex 1.91E-06 0.0068 19 

GO:1990351 transporter complex 2.36E-06 0.0079 19 

GO:0043025 neuronal cell body 2.56E-06 0.0079 31 

GO:0034702 ion channel complex 4.51E-06 0.0131 18 

GO:0034703 cation channel complex 5.28E-06 0.0144 15 

GO:0005886|
GO:0005904 

plasma membrane 1.22E-05 0.0316 126 

GO:0043226 organelle 1.96E-05 0.0479 277 
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Table S16: Top 20 significant GO terms of the downregulated DEGs of 20 µM MPH vs ACSF after 
one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 329 downregulated significant DEGs 
of 20 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0043231 intracellular membrane-bounded organelle 5.06E-17 2.11E-12 231 

GO:0005622 intracellular anatomical structure 1.41E-16 2.94E-12 266 

GO:0043229 intracellular organelle 8.30E-16 1.15E-11 242 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 5.82E-14 4.85E-10 65 

GO:0043227 membrane-bounded organelle 5.60E-14 4.85E-10 242 

GO:0005634 nucleus 8.62E-14 5.64E-10 162 

GO:0043226 organelle 9.46E-14 5.64E-10 251 

GO:0005488 binding 1.20E-13 6.24E-10 253 

GO:0070013 intracellular organelle lumen 7.54E-13 3.14E-09 103 

GO:0043233 organelle lumen 8.28E-13 3.14E-09 103 

GO:0031974 membrane-enclosed lumen 8.28E-13 3.14E-09 103 

GO:0003676|
GO:0000496 

nucleic acid binding 1.05E-12 3.67E-09 103 

GO:0031981 nuclear lumen 2.30E-12 7.37E-09 95 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 3.31E-11 9.86E-08 182 

GO:0005829 cytosol 6.10E-11 1.70E-07 89 

GO:0097159 organic cyclic compound binding 1.02E-10 2.65E-07 133 

GO:0044237 cellular metabolic process 1.33E-10 3.26E-07 166 

GO:1901363 heterocyclic compound binding 1.50E-10 3.48E-07 131 

GO:0005654 nucleoplasm 1.81E-10 3.96E-07 75 

GO:0044238 primary metabolic process 1.14E-09 2.37E-06 163 

 

Table S17: Top 20 significant GO terms of the upregulated DEGs of 0.2 µM MPH vs ACSF after one-
way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 414 upregulated significant DEGs of 
0.2 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0042995 cell projection 3.01E-14 1.41E-09 92 



 

30 
 

GO:0120025 plasma membrane bounded cell projection 2.47E-13 5.79E-09 85 

GO:0043005 neuron projection 2.08E-11 3.25E-07 62 

GO:0036477 somatodendritic compartment 2.52E-09 2.96E-05 45 

GO:0044297 cell body 1.76E-08 1.65E-04 38 

GO:0030424 axon 2.45E-08 1.92E-04 34 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 4.26E-08 2.53E-04 209 

GO:0045202 synapse 4.31E-08 2.53E-04 43 

GO:0043025 neuronal cell body 9.21E-08 4.81E-04 34 

GO:0005488 binding 1.64E-07 6.99E-04 289 

GO:0030054 cell junction 1.53E-07 6.99E-04 63 

GO:0110165 cellular anatomical entity 2.33E-07 9.11E-04 373 

GO:0005622 intracellular anatomical structure 3.55E-07 0.0013 296 

GO:0034703 cation channel complex 1.07E-06 0.0036 16 

GO:0005737 cytoplasm 1.91E-06 0.0056 244 

GO:1902495 transmembrane transporter complex 1.84E-06 0.0056 19 

GO:1990351 transporter complex 2.28E-06 0.0063 19 

GO:0043167 ion binding 3.92E-06 0.0097 136 

GO:0005886|
GO:0005904 

plasma membrane 3.88E-06 0.0097 128 

GO:0034702 ion channel complex 4.36E-06 0.0102 18 

 

Table S18: Top 20 significant GO terms of the downregulated DEGs of 0.2 µM MPH vs ACSF after 
one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 331 downregulated significant DEGs 
of 0.2 µM MPH vs ACSF after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0043231 intracellular membrane-bounded organelle 8.45E-18 3.51E-13 234 

GO:0005622 intracellular anatomical structure 2.58E-17 5.35E-13 269 

GO:0043229 intracellular organelle 1.54E-16 2.13E-12 245 

GO:0005634 nucleus 3.55E-16 3.69E-12 169 

GO:0070013 intracellular organelle lumen 3.61E-15 2.37E-11 109 

GO:0043233 organelle lumen 4.00E-15 2.37E-11 109 

GO:0031974 membrane-enclosed lumen 4.00E-15 2.37E-11 109 

GO:0043227 membrane-bounded organelle 1.17E-14 6.06E-11 245 

GO:0031981 nuclear lumen 2.73E-14 1.26E-10 100 

GO:0043226 organelle 5.15E-14 2.14E-10 253 

GO:0005488 binding 4.04E-13 1.52E-09 253 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 2.57E-12 8.89E-09 62 
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GO:0003676|
GO:0000496 

nucleic acid binding 9.62E-12 3.07E-08 101 

GO:0005654 nucleoplasm 3.69E-11 1.09E-07 77 

GO:0044237 cellular metabolic process 5.67E-11 1.57E-07 168 

GO:0097159 organic cyclic compound binding 7.72E-11 2.00E-07 134 

GO:1901363 heterocyclic compound binding 2.41E-10 5.89E-07 131 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 2.75E-10 6.34E-07 180 

GO:0003729|
GO:0000499 

mRNA binding 4.48E-10 9.78E-07 19 

GO:0006807 nitrogen compound metabolic process 2.48E-09 5.15E-06 154 

 

 

Up- and Downregulated Significant DEGs of MPH + 5 µM Ami vs 5 µM Ami 
 

Table S19: Top 20 significant GO terms of the upregulated DEGs of 200 µM MPH + 5 µM Ami vs 5 
µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 370 upregulated significant DEGs of 
200 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-value. 
GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-
Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 5.81E-11 7.20E-07 200 

GO:0036477 somatodendritic compartment 6.56E-11 7.20E-07 45 

GO:0005488 binding 2.41E-11 7.20E-07 274 

GO:0043005 neuron projection 4.37E-11 7.20E-07 57 

GO:0043227 membrane-bounded organelle 1.31E-10 9.64E-07 258 

GO:0005622 intracellular anatomical structure 1.32E-10 9.64E-07 279 

GO:0043231 intracellular membrane-bounded organelle 1.96E-10 1.23E-06 236 

GO:0044297 cell body 7.87E-10 4.32E-06 38 

GO:0070013 intracellular organelle lumen 1.44E-09 6.09E-06 103 

GO:0043229 intracellular organelle 1.67E-09 6.09E-06 249 

GO:0031974 membrane-enclosed lumen 1.57E-09 6.09E-06 103 

GO:0043233 organelle lumen 1.57E-09 6.09E-06 103 

GO:0005634 nucleus 2.07E-09 6.97E-06 164 

GO:0043226 organelle 2.32E-09 7.25E-06 265 

GO:0043025 neuronal cell body 5.77E-09 1.69E-05 34 

GO:0097447 dendritic tree 8.15E-09 2.10E-05 32 

GO:0030425 dendrite 8.15E-09 2.10E-05 32 

GO:0031981 nuclear lumen 1.13E-08 2.75E-05 93 

GO:0120025 plasma membrane bounded cell projection 1.91E-08 4.41E-05 67 
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GO:0030054 cell junction 3.05E-08 6.69E-05 60 

 

Table S20: The eleven significant GO terms of the downregulated DEGs of 200 µM MPH + 5 µM Ami 
vs 5 µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 377 downregulated significant DEGs 
of 200 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-
value. GO accession number: unique seven-digit identifier; where applicable, synonymous GO 
accession numbers are included. Corrected p-value: p-value after multiple testing correction 
(Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG 
count: Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0005622 intracellular anatomical structure 2.24E-12 1.00E-07 289 

GO:0043229 intracellular organelle 3.55E-09 7.96E-05 252 

GO:0043226 organelle 1.17E-08 1.75E-04 267 

GO:0005488 binding 3.43E-08 3.84E-04 268 

GO:0043231 intracellular membrane-bounded organelle 1.60E-07 0.0014 229 

GO:0043227 membrane-bounded organelle 3.02E-07 0.0022 250 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 3.46E-07 0.0022 189 

GO:0110165 cellular anatomical entity 1.34E-06 0.0075 339 

GO:0042995 cell projection 8.13E-06 0.0405 64 

GO:0005737 cytoplasm 9.48E-06 0.0425 221 

GO:0097159 organic cyclic compound binding 1.22E-05 0.0498 129 

 

Table S21: Top 20 significant GO terms of the upregulated DEGs of 20 µM MPH + 5 µM Ami vs 5 µM 
Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 477 upregulated significant DEGs of 
20 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-value. 
GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-
Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0042995 cell projection 7.58E-14 3.76E-09 96 

GO:0120025 plasma membrane bounded cell projection 1.10E-12 2.74E-08 88 

GO:0043005 neuron projection 8.84E-12 1.46E-07 66 

GO:0045202 synapse 8.68E-11 1.08E-06 51 

GO:0036477 somatodendritic compartment 1.18E-10 1.17E-06 50 

GO:0030054 cell junction 2.93E-10 2.42E-06 74 

GO:0044297 cell body 1.54E-09 9.52E-06 42 

GO:0030424 axon 1.40E-09 9.52E-06 38 

GO:0005488 binding 3.00E-09 1.65E-05 317 
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GO:0005515|
GO:0001948|
GO:0045308 

protein binding 1.04E-08 5.14E-05 226 

GO:0043025 neuronal cell body 2.02E-08 9.12E-05 37 

GO:0005622 intracellular anatomical structure 5.65E-08 2.34E-04 321 

GO:0110165 cellular anatomical entity 1.36E-07 5.17E-04 402 

GO:1902495 transmembrane transporter complex 3.56E-07 0.0013 21 

GO:1990351 transporter complex 4.52E-07 0.0015 21 

GO:0034703 cation channel complex 6.05E-07 0.0019 17 

GO:0034702 ion channel complex 8.14E-07 0.0024 20 

GO:0030425 dendrite 1.84E-06 0.0048 31 

GO:0097447 dendritic tree 1.84E-06 0.0048 31 

GO:0005886|
GO:0005904 

plasma membrane 3.02E-06 0.0075 137 

 

Table S22: Top 20 significant GO terms of the downregulated DEGs of 20 µM MPH + 5 µM Ami vs 5 
µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 298 downregulated significant DEGs 
of 20 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-value. 
GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-
Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0043231 intracellular membrane-bounded organelle 1.43E-18 5.52E-14 216 

GO:0005622 intracellular anatomical structure 4.27E-17 8.22E-13 245 

GO:0043229 intracellular organelle 4.38E-16 5.62E-12 223 

GO:0005634 nucleus 1.88E-15 1.81E-11 154 

GO:0043227 membrane-bounded organelle 3.50E-15 2.70E-11 225 

GO:0043233 organelle lumen 3.91E-14 1.86E-10 99 

GO:0043226 organelle 4.36E-14 1.86E-10 231 

GO:0070013 intracellular organelle lumen 3.55E-14 1.86E-10 99 

GO:0031974 membrane-enclosed lumen 3.91E-14 1.86E-10 99 

GO:0031981 nuclear lumen 1.99E-13 7.65E-10 91 

GO:0005654 nucleoplasm 1.11E-12 3.89E-09 75 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 2.54E-12 8.16E-09 58 

GO:0005829 cytosol 8.27E-12 2.45E-08 85 

GO:0003676|
GO:0000496 

nucleic acid binding 1.60E-11 4.40E-08 93 

GO:0005488 binding 6.52E-11 1.68E-07 225 

GO:0044237 cellular metabolic process 1.36E-10 3.28E-07 153 

GO:0097159 organic cyclic compound binding 5.07E-10 1.15E-06 121 

GO:0044238 primary metabolic process 6.21E-10 1.33E-06 151 

GO:1901363 heterocyclic compound binding 8.35E-10 1.69E-06 119 



 

34 
 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 2.18E-09 4.20E-06 162 

 

Table S23: Top 20 significant GO terms of the upregulated DEGs of 0.2 µM MPH + 5 µM Ami vs 5 
µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 428 upregulated significant DEGs of 
0.2 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-value. 
GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-
Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0042995 cell projection 6.25E-13 3.00E-08 91 

GO:0120025 plasma membrane bounded cell projection 1.10E-11 2.65E-07 83 

GO:0043005 neuron projection 3.02E-11 4.84E-07 63 

GO:0036477 somatodendritic compartment 8.05E-11 9.67E-07 49 

GO:0044297 cell body 1.20E-10 1.15E-06 43 

GO:0030424 axon 1.46E-09 1.17E-05 37 

GO:0043025 neuronal cell body 6.40E-09 4.39E-05 37 

GO:0045202 synapse 4.06E-08 2.44E-04 44 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 7.78E-08 4.15E-04 214 

GO:0005488 binding 8.97E-08 4.31E-04 299 

GO:0030054 cell junction 1.05E-07 4.60E-04 65 

GO:0005622 intracellular anatomical structure 2.28E-07 9.12E-04 306 

GO:0034703 cation channel complex 3.31E-07 0.0012 17 

GO:0110165 cellular anatomical entity 4.96E-07 0.0017 384 

GO:1902495 transmembrane transporter complex 7.42E-07 0.0024 20 

GO:1990351 transporter complex 9.30E-07 0.0028 20 

GO:0034702 ion channel complex 1.73E-06 0.0049 19 

GO:0030425 dendrite 2.18E-06 0.0055 30 

GO:0097447 dendritic tree 2.18E-06 0.0055 30 

GO:0046873 metal ion transmembrane transporter activity 6.79E-06 0.0163 24 
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Table S24: Top 20 significant GO terms of the downregulated DEGs of 0.2 µM MPH + 5 µM Ami vs 5 
µM Ami after one-way ANOVA. 
The GO terms (corrected p-value cutoff 0.05) are related to the 316 downregulated significant DEGs 
of 0.2 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA and are ordered by corrected p-value. 
GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-
Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0043231 intracellular membrane-bounded organelle 1.17E-18 4.67E-14 227 

GO:0005622 intracellular anatomical structure 1.19E-17 2.38E-13 259 

GO:0043229 intracellular organelle 3.29E-17 4.38E-13 237 

GO:0005634 nucleus 2.27E-15 1.98E-11 161 

GO:0043227 membrane-bounded organelle 2.47E-15 1.98E-11 237 

GO:0043226 organelle 7.13E-15 4.75E-11 245 

GO:0043233 organelle lumen 4.80E-14 2.13E-10 103 

GO:0031974 membrane-enclosed lumen 4.80E-14 2.13E-10 103 

GO:0070013 intracellular organelle lumen 4.36E-14 2.13E-10 103 

GO:0031981 nuclear lumen 1.67E-13 6.69E-10 95 

GO:0005829 cytosol 8.41E-13 3.05E-09 91 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 1.00E-12 3.34E-09 61 

GO:0005488 binding 2.20E-12 6.76E-09 241 

GO:0005654 nucleoplasm 8.87E-12 2.53E-08 76 

GO:0044237 cellular metabolic process 9.82E-12 2.62E-08 164 

GO:0003676|
GO:0000496 

nucleic acid binding 4.10E-11 1.02E-07 96 

GO:0032991|
GO:0043234 

protein-containing complex 4.35E-11 1.02E-07 116 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 3.03E-10 6.73E-07 173 

GO:0044238 primary metabolic process 4.31E-10 9.06E-07 159 

GO:0097159 organic cyclic compound binding 8.79E-10 1.76E-06 126 
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Up- and Downregulated Significant DEGs of 5 µM Ami vs DMSO 
 

Table S25: Top 20 significant GO terms of the upregulated DEGs of 5 µM Ami vs DMSO after one-
way ANOVA. 
The GO terms (corrected p-value cutoff 0.05) are related to the 354 upregulated significant DEGs of 5 
µM Ami vs DMSO after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 4.95E-11 1.07E-06 62 

GO:0097159 organic cyclic compound binding 4.63E-11 1.07E-06 142 

GO:0005622 intracellular anatomical structure 1.48E-10 2.13E-06 268 

GO:1901363 heterocyclic compound binding 2.73E-10 2.95E-06 138 

GO:0043229 intracellular organelle 2.24E-09 1.93E-05 239 

GO:0003676|
GO:0000496 

nucleic acid binding 3.06E-09 2.20E-05 99 

GO:0005488 binding 2.02E-08 1.24E-04 254 

GO:0043226 organelle 2.69E-08 1.45E-04 251 

GO:0044237 cellular metabolic process 3.15E-08 1.51E-04 168 

GO:0043231 intracellular membrane-bounded organelle 3.79E-08 1.64E-04 219 

GO:0031981 nuclear lumen 4.79E-08 1.88E-04 88 

GO:0005829 cytosol 7.17E-08 2.58E-04 85 

GO:0006807 nitrogen compound metabolic process 9.38E-08 3.12E-04 157 

GO:0044238 primary metabolic process 1.06E-07 3.27E-04 166 

GO:0043227 membrane-bounded organelle 1.90E-07 5.13E-04 237 

GO:0071704 organic substance metabolic process 1.80E-07 5.13E-04 173 

GO:0005654 nucleoplasm 3.12E-07 7.51E-04 70 

GO:0005634 nucleus 3.13E-07 7.51E-04 150 

GO:0031974 membrane-enclosed lumen 3.73E-07 7.67E-04 92 

GO:0043233 organelle lumen 3.73E-07 7.67E-04 92 
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Table S26: Top 20 significant GO terms of the downregulated DEGs of 5 µM Ami vs DMSO after 
one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 391 downregulated significant DEGs 
of 5 µM Ami vs DMSO after one-way ANOVA and are ordered by corrected p-value. GO accession 
number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are 
included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure 
regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the 
selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as 
one DEG). 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count  

GO:0005622 intracellular anatomical structure 1.65E-11 7.42E-07 296 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 4.23E-11 9.52E-07 210 

GO:0005488 binding 9.09E-11 1.36E-06 286 

GO:0043005 neuron projection 1.36E-10 1.53E-06 58 

GO:0110165 cellular anatomical entity 1.77E-10 1.60E-06 361 

GO:0042995 cell projection 2.82E-10 2.11E-06 79 

GO:0036477 somatodendritic compartment 4.06E-10 2.59E-06 45 

GO:0120025 plasma membrane bounded cell projection 4.60E-10 2.59E-06 74 

GO:0043227 membrane-bounded organelle 1.80E-09 9.01E-06 267 

GO:0044297 cell body 3.70E-09 1.67E-05 38 

GO:0043226 organelle 5.97E-09 2.44E-05 277 

GO:0043231 intracellular membrane-bounded organelle 7.04E-09 2.64E-05 242 

GO:0045202 synapse 8.06E-09 2.79E-05 43 

GO:0043229 intracellular organelle 1.46E-08 4.71E-05 258 

GO:0030424 axon 2.05E-08 6.15E-05 33 

GO:0005737 cytoplasm 2.26E-08 6.35E-05 240 

GO:0022836 gated channel activity 4.42E-08 1.11E-04 22 

GO:0030054 cell junction 4.22E-08 1.11E-04 62 

GO:0043025 neuronal cell body 7.52E-08 1.78E-04 33 

GO:0009987|
GO:0008151|
GO:0044763|
GO:0050875 

cellular process 3.95E-07 8.89E-04 309 
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Table S27: Top 20 significant GO terms of the upregulated DEGs of 5 µM Ami vs DMSO after one-way ANOVA. 
The GO terms (corrected p-value cutoff 0.05) are related to the 354 upregulated significant DEGs of 5 µM Ami vs DMSO after one-way ANOVA and are ordered 
by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are included. Corrected p-
value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini and Yekutieli, 2001)). DEG count: 
Number of DEGs in the selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene 
symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 4.95E-11 1.07E-06 62 2810006K23Rik, Acin1, Adk, Akap1, Aldh18a1, Apobec3, Cnot1, 
Ddx31, Denr, Dido1, Dis3, Eif2ak4, Exosc2, Exosc3, Exosc9, Fbrsl1, 
Fip1l1, Hbp1, Hist1h4d, Hist1h4k, Hnrnpf, Mak16, Mex3d, Mrps35, 
Msi1, Mterf3, Myef2, Myh9, Nanos3, Nudt21, Nudt5, Ppia, Prpf40a, 
Rack1, Rbm28, Rbm34, Rbm8a, Rn4.5s, Rock2, Rpl39, Rpl5, Rpl6, 
Rpl8, Rps2, Rps5, Scaf4, Sec63, Sf3b1, Smarce1, Sntb2, Son, Srsf5, 
Srsf5, Srsf9, Sumo2, Syf2, Thoc7, Tns1, Tpt1, U2af1l4, Ubtf, Utp20, 
Zfp36l1 

GO:0097159 organic cyclic 
compound binding 

4.63E-11 1.07E-06 142 2810006K23Rik Abcb6, Acin1, Acsf2, Actr2, Adk , Akap1 , Aldh18a1, 
Apoa2,  Apobec3, Apoe, Arl4c, Atf2, Atp1a3, Atp7b, Cacna1b, 
Cc2d1a, Cnot1, Cyp4f18, Ddx31, Denr, Dgkg, Dido1, Dis3, Dlx3, 
Dtymk, E130308A19Rik, Eif2ak4, Elk1, Ephb1, Ets2, Exosc2, Exosc3, 
Exosc9, Fbrsl1, Fip1l1, Gadd45a, Glyctk, Gsk3a, Hbp1, Hist1h4d, 
Hist1h4k, Hivep3, Hnrnpf, Hspa4, Hspa4, Igf1, Irak2, Jak3, Lhx6, 
Lin54, Mafa, Mak16, Mapk12, Mapkapk2, Mex3d, Mical1, Mrps35, 
Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, Naip5, Nanos3, Nin, Nme7, 
Nudt21, Nudt5, Nup35, Nupr1, Ogdh, Opa1, Pak4, Paxbp1, Pdk2, 
Pi4k2a, Pih1d1, Pole4, Ppia, Prosc, Prpf40a, Pskh1, Rab40c, Rack1, 
Rap1a, Rbm28, Rbm34, Rbm8a, Rela, Rn4.5s, Rnaseh1, Rock2, Rpl39, 
Rpl5, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Scly, Sec63, Set, Sf3b1, Sirt1, 
Sirt6, Slfn5, Smarce1, Sntb2, Son, Sox13, Spag7, Speg, Srsf5, Srsf5, 
Srsf9, Stat5a, Sumo2, Syf2, Syp, Tead1, Thoc7, Tinf2, Tns1, Tpt1, Trio, 
U2af1l4, Uba5, Ube2j1, Ubtf, Ulk3, Utp20, Wrn, Yap1, Yap1, Zbtb25, 
Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp608, Zfp691, Zfp692, 
Zfp93 
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GO:0005622 intracellular anatomical 
structure 

1.48E-10 2.13E-06 268 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, 
Actr2, Adk, Akap1, Aldh18a1, Aldh3a1, Alg5, Anks1, Ap2a2, Ap5b1, 
Ap5m1, Aplp1, Apobec3, Apoe, Arl4c, Atf2, Atp1a3, Atp5g1, 
Atp6v0a1, Atp7b, Bax, Bcat1, C030006K11Rik, Cap1, Cc2d1a, 
Ccdc77, Cep162, Chd1, Cnn3, Cnot1, Commd2, Commd7, Cops8, 
Copz2, Crtc3, Ctsz, Cttn, Cyp4f18, Dab1, Daglb, Ddx31, Def6, Denr, 
Derl1, Dido1, Dirc2, Dis3, Dlx3, Dnajc14, Dnajc8, Doc2b, Dock3, Drc3, 
Dtymk, E030030I06Rik, E130308A19Rik, Eapp, Eif2ak4, Elane, Elk1, 
Emsy, Ephb1, Ergic3, Ermap, Ets2, Exosc2, Exosc3, Exosc9, Fam109b, 
Fam222b, Fgfbp3, Fip1l1, Fmn2, Furin, Gadd45a, Gatsl2, Ggcx, 
Glyctk, Gnb4, Gsk3a, Gys1, Hbp1, Hist1h4d, Hist1h4k, Hivep3, 
Hnrnpf, Hps1, Hps5, Hspa4, Hspa4, Ifrd2, Igf1, Irak2,Jak3, Kat5, 
Kmt5c, Krtap5-3, Lce1a2, Lhpp, Lhx6, Lin54, Lmnb2, Lonrf3, Lrrc7, 
Mafa, Mak16, Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mical1, 
Mlip, Mospd3, Mrps35, Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, 
Mzt2, Naip5, Nanos3, Nin, Nme7, Nrg1, Nudt21, Nudt5, Nup35, 
Nupr1, Ogdh, Olfm1, Opa1, Osbpl11, P3h1, Pak4, Pank2, Paxbp1, 
Pcsk1n, Pdcd10, Pdk2, Pdzrn3, Per3, Pex16, Pex19, Pi4k2a, Pigb, 
Pign, Pih1d1, Pla2g4b, Plcd1, Pofut1, Pole4, Ppia, Ppil2, Ppm1h, 
Ppp1r2, Ppp1r9a, Prex1, Prosc, Prpf40a, Prss53, Pskh1, Pstpip1, 
Pwp1, Rab40c, Rack1, Ranbp1, Rap1a, Rbm28, Rbm34, Rbm8a, Rela, 
Rgp1, Rlbp1, Rn4.5s, Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, Rpl6, Rpl8, 
Rps2, Rps5, Rrp1, Scaf4, Scly, Scnn1a, Sdcbp, Sec63, Selenon, Set, 
Sez6l, Sf3b1, Sgsm3, Sh3glb1, Shank1, Sirt1, Sirt6, Slc25a23,Slfn5, 
Smarce1, Snap23, Sntb2, Son, Sox13, Spag7, Speg, Srpx2, Srrm2, 
Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, Stx2, Sumo2, Supt20, Syf2, 
Syp, Tada3, Tbc1d22b, Tbc1d22b, Tbce, Tceal8, Tead1, Tex44, 
Them4, Thoc7, Tinf2, Tmsb10, Tpd52, Tpt1, Trim11, Trio, Triobp, 
Trpc6, Tspyl5, Ttc7b, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Ulk3, 
Unc119b, Usp39, Utp20, Vcpip1, Wdfy1, Wdr34, Wipf3, Wrn, Yap1, 
Yap1, Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp691, 
Zfp692, Zfp93 
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GO:1901363 heterocyclic compound 
binding 

2.73E-10 2.95E-06 138 2810006K23Rik, Abcb6, Acin1, Acsf2, Actr2, Adk, Akap1, Aldh18a1, 
Apobec3, Arl4c, Atf2, Atp1a3, Atp7b, Cacna1b, Cc2d1a, Cnot1, 
Cyp4f18, Ddx31, Denr, Dgkg, Dido1, Dis3, Dlx3, Dtymk, 
E130308A19Rik, Eif2ak4, Elk1, Ephb1, Ets2, Exosc2, Exosc3, Exosc9, 
Fbrsl1, Fip1l1, Gadd45a, Glyctk, Gsk3a, Hbp1, Hist1h4d, Hist1h4k, 
Hivep3, Hnrnpf, Hspa4, Hspa4, Irak2, Jak3, Lhx6, Lin54, Mafa, 
Mak16, Mapk12, Mapkapk2, Mex3d, Mical1, Mrps35, Msi1, Mterf3, 
Myef2, Myh9, Mzf1, Mzf1, Naip5, Nanos3, Nin, Nme7, Nudt21, 
Nudt5, Nup35, Nupr1, Ogdh, Opa1, Pak4, Paxbp1, Pdk2, Pi4k2a, 
Pih1d1, Pole4, Ppia, Prosc, Prpf40a, Pskh1, Rab40c, Rack1, Rap1a, 
Rbm28, Rbm34, Rbm8a, Rela, Rn4.5s, Rnaseh1, Rock2, Rpl39, Rpl5, 
Rpl6, Rpl8, Rps2, Rps5, Scaf4, Scly, Sec63, Set, Sf3b1, Sirt1, Sirt6, 
Slfn5, Smarce1, Sntb2, Son, Sox13, Spag7, Speg, Srsf5, Srsf5, Srsf9, 
Stat5a, Sumo2, Syf2, Tead1, Thoc7, Tinf2, Tns1, Tpt1, Trio, U2af1l4, 
Uba5, Ube2j1, Ubtf, Ulk3, Utp20, Wrn, Yap1, Yap1, Zbtb25, Zfp316, 
Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp608, Zfp691, Zfp692, Zfp93 

GO:0043229 intracellular organelle 2.24E-09 1.93E-05 239 2810006K23Rik, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, Actr2, 
Adk, Akap1, Aldh18a1, Aldh3a1, Alg5, Anks1, Ap2a2, Ap5b1, Ap5m1, 
Aplp1, Apobec3, Apoe, Atf2, Atp1a3, Atp5g1, Atp6v0a1, Atp7b, Bax, 
Bcat1, C030006K11Rik, Cap1, Cc2d1a, Ccdc77, Cep162, Chd1, Cnn3, 
Cnot1, Commd7, Cops8, Copz2, Crtc3, Ctsz, Cttn, Cyp4f18, Dab1, 
Daglb, Ddx31, Def6, Denr, Derl1, Dido1, Dirc2, Dis3, Dlx3, Dnajc14, 
Dnajc8, Doc2b, Drc3, Dtymk, E030030I06Rik, E130308A19Rik, Eapp, 
Eif2ak4, Elane, Elk1, Emsy, Ephb1, Ergic3, Ermap, Ets2, Exosc2, 
Exosc3, Exosc9, Fam109b, Fam222b, Fip1l1, Fmn2, Furin, Gadd45a, 
Ggcx, Glyctk, Gnb4, Gsk3a, Hbp1, Hist1h4d, Hist1h4k, Hivep3, 
Hnrnpf, Hps1, Hspa4, Hspa4, Ifrd2, Igf1, Irak2, Jak3, Kat5, Kmt5c, 
Krtap5-3, Lhpp, Lhx6, Lin54, Lmnb2, Lrrc7, Mafa, Mak16, Mapk12, 
Mapkapk2, Med10, Mex3d, Mgst1, Mical1, Mlip, Mospd3, Mrps35, 
Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, Mzt2, Naip5, Nanos3, Nin, 
Nme7, Nrg1, Nudt21, Nudt5, Nup35, Nupr1, Ogdh, Olfm1, Opa1, 
Osbpl11, P3h1, Pank2, Paxbp1, Pcsk1n, Pdcd10, Pdk2, Pdzrn3, Per3, 
Pex16, Pex19, Pi4k2a, Pigb, Pign, Pih1d1, Plcd1, Pofut1, Pole4, Ppia, 
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Ppil2, Ppm1h, Ppp1r2, Ppp1r9a, Prosc, Prpf40a, Pskh1, Pstpip1, 
Pwp1, Rab40c, Rack1, Ranbp1, Rap1a, Rbm28, Rbm34, Rbm8a, Rela, 
Rgp1, Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, 
Rrp1, Scaf4, Scnn1a, Sdcbp, Sec63, Selenon, Set, Sez6l, Sf3b1, 
Sh3glb1, Sirt1, Sirt6, Slc25a23, Slfn5, Smarce1, Snap23, Sntb2, Son, 
Sox13, Spag7, Speg, Srrm2, Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, 
Stx2, Sumo2, Supt20, Syf2, Syp, Tada3, Tbce, Tceal8, Tead1, Them4, 
Thoc7, Tinf2, Tpd52 Tpt1, Trim11, Triobp, Tspyl5, U2af1l4, Uba5, 
Ube2j1, Ubr4, Ubtf, Usp39, Utp20, Vcpip1, Wdfy1, Wdr34, Wrn, 
Yap1, Yap1, Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, 
Zfp691, Zfp692, Zfp93 

GO:0003676|
GO:0000496 

nucleic acid binding 3.06E-09 2.20E-05 99 2810006K23Rik, Acin1, Adk, Akap1, Aldh18a1, Apobec3, Atf2, 
Cc2d1a, Cnot1, Ddx31, Denr, Dido1, Dis3, Dlx3, E130308A19Rik, 
Eif2ak4, Elk1, Ets2, Exosc2, Exosc3, Exosc9, Fbrsl1, Fip1l1, Gadd45a, 
Hbp1, Hist1h4d, Hist1h4k, Hivep3, Hnrnpf, Lhx6, Lin54, Mafa, 
Mak16, Mex3d, Mrps35, Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, 
Nanos3, Nudt21, Nudt5, Nup35, Nupr1, Paxbp1, Pih1d1, Pole4, Ppia, 
Prpf40a, Rack1, Rbm28, Rbm34, Rbm8a, Rela, Rn4.5s, Rnaseh1, 
Rock2, Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sec63, Set, Sf3b1, 
Sirt1, Smarce1, Sntb2, Son, Sox13, Spag7, Srsf5, Srsf5, Srsf9, Stat5a, 
Sumo2, Syf2, Tead1, Thoc7, Tinf2, Tns1, Tpt1, U2af1l4, Ubtf, Utp20, 
Wrn, Yap1, Yap1, Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, 
Zfp608, Zfp691, Zfp692, Zfp93 

GO:0005488 binding 2.02E-08 1.24E-04 254 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acsf2, Actr2, Adk, 
Akap1, Aldh18a1, Anks1, Antxr1, Ap2a2, Aplp1, Apoa2, Apobec3, 
Apoe, Arl4c, Atf2, Atp1a3, Atp5g1, Atp6v0a1, Atp7b, Bax, Bcat1, 
Bdkrb1, C4b, Cacna1b, Cap1, Cc2d1a, Ccl21a, Ccnyl1, Cdhr2, Cep162, 
Chd1, Cnn3, Cnot1, Commd7, Cops8, Crtc3, Cttn, Cyp4f18, Dab1, 
Daglb, Ddx31, Def6, Denr, Derl1, Dgkg, Dido1, Dis3, Dlx3, Dnajc14, 
Doc2b, Dock3, Dph2, Dtymk, E030030I06Rik, E130308A19Rik, 
Eif2ak4, Elane, Elk1, Emsy, Ephb1, Ets2, Exosc2, Exosc3, Exosc9, 
Fam109b, Fbrsl1, Fgfbp3, Fip1l1, Fmn2, Furin, Gadd45a, Garem1, 
Gatsl2, Ggcx, Gigyf1, Glyctk, Gnb4, Gsk3a, Gys1, Hbp1, Hist1h4d, 
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Hist1h4k, Hivep3, Hnrnpf, Hps1, Hps5, Hspa4, Hspa4, Igf1, Irak2, 
Itga6, Jak3, Kat5, Kcnq2, Lce1a2, Lhpp, Lhx6, Limch1, Lin54, Lmo7, 
Lonrf3, Lrrc7, Ly96, Mafa, Mak16, Mapk12, Mapkapk2, Mex3d, 
Mgst1, Mical1, Mospd3, Mrps35, Msi1, Mterf3, Myef2, Myh9, Mzf1, 
Mzf1, Naip5, Nanos3, Nin, Nme7, Npff, Nrg1, Nsmaf, Nudt21, Nudt5, 
Nup35, Nupr1, Ogdh, Olfm1, Opa1, Osbpl11, P3h1, Pak4, Paxbp1, 
Pdcd10, Pdk2, Pdzrn3, Per3, Pex16, Pex19, Pgbd1, Pi4k2a, Pih1d1, 
Plcd1, Plekhm3, Pole4, Ppia, Ppp1r2, Ppp1r9a, Prex1, Prlhr, Prosc, 
Prpf40a, Pskh1, Pstpip1, Rab40c, Rack1, Ranbp1, Rap1a, Rbm28, 
Rbm34, Rbm8a, Rela, Rgp1, Rlbp1, Rn4.5s, Rnaseh1, Rnpep, Rock2, 
Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Scly, Scnn1a, Sdcbp, 
Sec63, Selenon, Set, Sf3b1, Sgsm3, Sh3bp2, Sh3glb1, Shank1 ,Sirt1, 
Sirt6, Slc25a23, Slfn5, Smarce1, Snap23, Sntb2, Son, Sox13, Spag7, 
Speg, Srpx2, Srsf5, Srsf5, Srsf9, Stat5a, Stx2, Sumo2, Syf2, Syp, 
Tada3, Tbc1d22b, Tbc1d22b, Tbce, Tceal8, Tead1, Tenm3, Thoc7, 
Tinf2, Tmsb10, Tns1, Tpd52, Tpt1, Trim11, Trio, Triobp, Trpc6, 
Tspan33, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Ulk3, Unc119b, Usp39, 
Utp20, Wdcp, Wdfy1, Wdr34, Wipf3, Wrn, Yap1, Yap1, Zbtb25, 
Zfand1, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp608, Zfp691, 
Zfp692, Zfp93, Znhit2 

GO:0043226 organelle 2.69E-08 1.45E-04 251 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, 
Actr2, Adk, Akap1, Aldh18a1, Aldh3a1, Alg5, Anks1, Antxr1, Ap2a2, 
Ap5b1, Ap5m1, Aplp1, Apoa2, Apobec3, Apoe, Atf2, Atp1a3, Atp5g1, 
Atp6v0a1, Atp7b, Bax, Bcat1, C030006K11Rik, C4b, Cap1, Catsperd, 
Cc2d1a, Ccdc77, Cdhr2, Cep162, Chd1, Cnn3, Cnot1, Commd7, Cops8, 
Copz2, Crtc3, Ctsz, Cttn, Cyp4f18, D11Wsu47e, Dab1, Daglb, Ddx31, 
Def6, Denr, Derl1 Dido1, Dirc2, Dis3, Dlx3, Dnajc14, Dnajc8, Doc2b, 
Drc3, Dtymk, E030030I06Rik, E130308A19Rik, Eapp, Eif2ak4, Elane, 
Elk1, Emsy, Ephb1, Ergic3, Ermap, Ets2, Exosc2, Exosc3, Exosc9, 
Fam109b, Fam222b, Fip1l1, Fmn2, Furin, Gadd45a, Ggact, Ggcx, 
Glyctk, Gnb4, Gsk3a, Hbp1, Hist1h4d, Hist1h4k, Hivep3, Hnrnpf, 
Hps1, Hspa4, Hspa4, Ifrd2, Igf1, Irak2, Jak3, Kat5, Kmt5c, Krtap5-3, 
Lhpp, Lhx6, Lin54, Lmnb2, Lrrc7, Mafa, Mak16, Mapk12, Mapkapk2, 
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Med10, Mex3d, Mgst1, Mical1, Mlip, Mospd3, Mrps35, Msi1, 
Mterf3, Myef2, Myh9, Mzf1, Mzf1, Mzt2, Naip5, Nanos3, Nin, Nme7, 
Npff, Nrg1, Nudt21, Nudt5, Nup35, Nupr1, Ogdh, Olfm1, Opa1, 
Osbpl11, P3h1, Pank2, Paxbp1, Pcsk1n, Pdcd10, Pdk2, Pdzrn3, Per3, 
Pex16, Pex19, Pi4k2a, Pigb, Pign, Pih1d1, Plcd1, Pofut1, Pole4, Ppia, 
Ppil2, Ppm1h, Ppp1r2, Ppp1r9a, Prosc, Prpf40a, Pskh1, Pstpip1, 
Pwp1, Rab40c, Rack1, Ranbp1, Rap1a, Rbm28, Rbm34, Rbm8a, Rela, 
Rgp1, Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, 
Rrp1, Scaf4, Scnn1a, Sdcbp, Sec63, Selenon, Serinc2, Set, Sez6l, 
Sf3b1, Sh3glb1, Shank1, Sirt1, Sirt6, Slc25a23, Slfn5, Smarce1, 
Snap23, Sntb2, Son, Sox13, Spag7, Speg, Srrm2, Srsf5, Srsf5, Srsf9, 
St6galnac5, Stat5a, Stx2, Sumo2, Supt20, Syf2, Syp, Tada3, Tbce, 
Tceal8, Tead1, Them4, Thoc7, Tinf2, Tpd52, Tpt1, Trim11, Triobp, 
Tspyl5, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Unc119b, Usp39, Utp20, 
Vcpip1, Wdfy1, Wdr34, Wrn, Yap1, Yap1, Zbtb25, Zfp316, Zfp36l1, 
Zfp488, Zfp575, Zfp580, Zfp691, Zfp692, Zfp93 

GO:0044237 cellular metabolic 
process 

3.15E-08 1.51E-04 168 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, 
Adk, Aldh18a1, Aldh3a1, Alg5, Aplp1, Apoa2, Apoe, Atf2, Atp5g1, 
Atp6v0a1, Bax, Bcat1, Cc2d1a, Cnot1, Commd2, Commd7, Cops8, 
Crtc3, Ctsz, Cyp4f18, Daglb, Ddx31, Denr, Derl1, Dgkg, Dido1, Dis3, 
Dph2, Dtymk, E030030I06Rik, Eif2ak4, Elane, Elk1, Emsy, Ephb1, 
Ets2, Exosc2, Exosc3, Exosc9, Fam109b, Fip1l1, Furin, Ggcx, Glyctk, 
Gsk3a, Gys1, Hbp1, Hivep3, Hnrnpf, Igf1, Irak2, Jak3, Kat5, Klhdc7a, 
Kmt5c, Lce1a2, Lhpp, Lhx6 ,Lin54, Lmo7, Lonrf3, Mafa, Mak16, 
Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mical1, Mterf3, Naip5, 
Nme7, Nrg1, Nudt21, Nudt5, Nupr1, Ogdh, P3h1, Pak4, Pank2, 
Paxbp1, Pcsk1n, Pdk2, Pdzrn3, Per3, Pi4k2a, Pigb, Pign, Pih1d1, 
Pla2g4b, Pofut1, Pole4, Ppia, Ppil2, Ppm1h, Ppp1r2, Prex1, Prpf40a, 
Pskh1, Pwp1, Rack1, Ranbp1, Rbm28, Rbm8a, Rela, Rnaseh1, Rnpep, 
Rock2, Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, Rrp1, Scaf4, Scly, Serinc2, 
Sf3b1, Sh3glb1, Sirt1, Sirt6, Son, Sox13, Speg, Srrm2, Srsf5, Srsf5, 
Srsf9, St6galnac5, Stat5a, Sumo2, Syf2, Tada3, Tceal8, Tead1, 
Them4, Thoc7, Tinf2, Trim11, Trio, Ttc7b, U2af1l4, Uba5, Ube2j1, 
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Ubr4, Ubtf, Ulk3, Usp39, Utp20, Vcpip1, Wrn, Yap1, Yap1, Zfp316, 
Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp691, Zfp692, Zfp93 

GO:0043231 intracellular membrane-
bounded organelle 

3.79E-08 1.64E-04 219 2810006K23Rik, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, Adk, 
Akap1, Aldh18a1, Aldh3a1, Alg5, Anks1, Ap2a2, Ap5b1, Ap5m1, 
Aplp1, Apobec3, Apoe, Atf2, Atp1a3, Atp5g1, Atp6v0a1, Atp7b, Bax, 
Bcat1, C030006K11Rik, Cc2d1a, Cep162, Chd1, Cnot1, Commd7, 
Cops8, Copz2, Crtc3, Ctsz, Cttn, Cyp4f18, Dab1, Daglb, Ddx31, Def6, 
Derl1, Dido1, Dirc2, Dis3, Dlx3, Dnajc14, Dnajc8, Doc2b, Dtymk, 
E030030I06Rik, E130308A19Rik, Eapp, Elane, Elk1, Emsy, Ephb1, 
Ergic3, Ermap, Ets2, Exosc2, Exosc3, Exosc9, Fam109b, Fam222b, 
Fip1l1, Fmn2, Furin, Gadd45a, Ggcx, Glyctk, Gnb4, Hbp1, Hist1h4d, 
Hist1h4k, Hivep3, Hnrnpf, Hps1, Hspa4, Hspa4, Ifrd2, Igf1, Irak2, 
Kat5, Kmt5c, Lhpp, Lhx6, Lin54, Lmnb2, Lrrc7, Mafa, Mak16, 
Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mlip, Mospd3, Mrps35, 
Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, Mzt2, Naip5, Nanos3, Nin, 
Nrg1, Nudt21, Nudt5, Nup35, Nupr1, Ogdh, Olfm1, Opa1, Osbpl11, 
P3h1, Pank2, Paxbp1, Pcsk1n, Pdcd10, Pdk2, Pdzrn3, Per3, Pex16, 
Pex19, Pi4k2a, Pigb, Pign, Pih1d1, Plcd1, Pofut1, Pole4, Ppia, Ppil2, 
Ppm1h, Ppp1r2, Prosc, Prpf40a, Pskh1, Pwp1, Rab40c, Rack1, 
Ranbp1, Rap1a, Rbm28, Rbm34, Rbm8a, Rela, Rgp1, Rnaseh1, 
Rnpep, Rock2, Rpl5, Rpl6, Rps2, Rrp1, Scaf4, Sdcbp, Sec63, Selenon, 
Set, Sez6l, Sf3b1, Sh3glb1, Sirt1, Sirt6, Slc25a23, Slfn5, Smarce1, 
Snap23, Sntb2, Son, Sox13, Spag7, Speg, Srrm2, Srsf5, Srsf5, Srsf9, 
St6galnac5, Stat5a, Stx2, Sumo2, Supt20, Syf2, Syp, Tada3, Tceal8, 
Tead1, Them4, Thoc7, Tinf2, Tpd52, Tpt1, Trim11, Triobp, Tspyl5, 
U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Usp39, Utp20, Vcpip1, Wdfy1, 
Wrn, Yap1, Yap1, Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, 
Zfp691, Zfp692, Zfp93 

GO:0031981 nuclear lumen 4.79E-08 1.88E-04 88 Abcb6, Acin1, Adk, Anks1, Atf2, Atp6v0a1, Cc2d1a, Chd1, Cops8, 
Crtc3, Ddx31, Def6, Dis3, Dnajc8, E130308A19Rik, Elk1, Emsy, Ets2, 
Exosc2, Exosc3, Exosc9, Fam222b, Fmn2, Gadd45a, Hbp1, Hist1h4d, 
Hist1h4k, Hnrnpf, Kat5, Kmt5c, Lhpp, Lmnb2, Mak16, Mapkapk2, 
Med10, Mlip, Mterf3, Mzt2, Nin, Nudt21, Nup35, Opa1, Osbpl11, 



 

45 
 

Pdk2, Pdzrn3, Pex19, Pih1d1, Pole4, Ppil2, Ppm1h, Ppp1r2, Prpf40a, 
Pskh1, Pwp1, Rack1, Rbm28, Rbm34, Rbm8a, Rpl5, Rpl6, Rps2, Scaf4, 
Sdcbp, Set, Sf3b1, Sirt1, Sirt6, Smarce1, Snap23, Son, Srsf5, Srsf5, 
Srsf9, Stat5a, Sumo2, Supt20, Syf2, Tada3, Tead1, Thoc7, Tinf2, Tpt1, 
Ubr4, Ubtf, Usp39, Utp20, Wrn, Zbtb25, Zfp692 

GO:0005829 cytosol 7.17E-08 2.58E-04 85 Abcb6, Acin1, Acot3, Adk, Aldh18a1, Aldh3a1, Anks1, Ap5m1, Arl4c, 
Atp6v0a1, Bax, Bcat1, Cc2d1a, Cnn3, Cnot1, Cops8, Crtc3, Cttn, 
Dab1, Def6, Dis3, Dnajc8, Dock3, E030030I06Rik, Eif2ak4, Ephb1, 
Ets2, Fmn2, Gatsl2, Glyctk, Hnrnpf, Hps1, Hps5, Hspa4, Hspa4, Kat5, 
Lhpp, Myh9, Mzt2, Naip5, Nupr1, Opa1, Pank2, Paxbp1, Pdcd10, 
Pdk2, Pdzrn3, Pex19, Pi4k2a, Pign, Pla2g4b, Plcd1, Ppia, Ppp1r2, 
Ppp1r9a, Prex1, Prpf40a, Rack1, Ranbp1, Rela, Rgp1, Rn4.5s, Rock2, 
Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, Scnn1a, Sdcbp, Sgsm3, Sh3glb1, 
Sirt1, Stat5a, Them4, Thoc7, Tpt1, Trim11, Ttc7b, Uba5, Ubr4, 
Wdfy1, Wdr34, Yap1, Yap1, Zfp36l1 

GO:0006807 nitrogen compound 
metabolic process 

9.38E-08 3.12E-04 157 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Adk, 
Aldh18a1, Alg5, Aplp1, Apoa2, Atf2, Atp5g1, Atp6v0a1, Atp7b, Bax, 
Bcat1, Cc2d1a, Cnot1, Commd2, Commd7, Cops8, Crtc3, Ctsz, Ddx31, 
Denr, Derl1, Dido1, Dis3, Dph2, Dtymk, E030030I06Rik, Eif2ak4, 
Elane, Elk1, Emsy, Ephb1, Ets2, Exosc2, Exosc3, Exosc9, Fip1l1, Furin, 
Ggact, Ggcx, Glyctk, Gsk3a, Hbp1, Hivep3, Hnrnpf, Igf1, Irak2, Jak3, 
Kat5, Klhdc7a, Kmt5c, Lce1a2, Lhx6, Lin54, Lmo7, Lonrf3, Mafa, 
Mak16, Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mterf3, Myh9, 
Naip5, Nme7, Nudt21, Nudt5, Nupr1, Ogdh, P3h1, Pak4, Pank2, 
Paxbp1, Pcsk1n, Pdk2, Pdzrn3, Per3, Pigb, Pign, Pih1d1, Pofut1, 
Pole4, Ppia, Ppil2, Ppm1h, Prpf40a, Prss53, Pskh1, Pwp1, Rack1, 
Ranbp1, Rbm28, Rbm8a, Rela, Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, 
Rpl6, Rpl8, Rps2, Rps5, Rrp1, Scaf4, Scly, Sec63, Serinc2, Sf3b1, Sirt1, 
Sirt6, Son, Sox13, Speg, Srrm2, Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, 
Sumo2, Syf2, Tada3, Tceal8, Tead1, Tenm3, Thoc7, Tinf2, Trim11, 
Trio, Tspan33, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Ulk3, Usp39, 
Utp20, Vcpip1, Wrn, Yap1, Yap1, Zfp316, Zfp36l1, Zfp488, Zfp575, 
Zfp580, Zfp691, Zfp692, Zfp93 
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GO:0044238 primary metabolic 
process 

1.06E-07 3.27E-04 166 2810006K23Rik, Aasdhppt, Abi1, Acin1, Acnat1, Acot3, Acsf2, Adk, 
Aldh18a1, Alg5, Aplp1, Apoa2, Apoe, Atf2, Atp5g1, Atp6v0a1, Atp7b, 
Bax, Bcat1, Cc2d1a, Cnot1, Commd2, Commd7, Cops8, Crtc3, Ctsz, 
Cyp4f18, Daglb, Ddx31, Denr, Derl1, Dgkg, Dido1, Dis3, Dph2, Dtymk, 
E030030I06Rik, Eif2ak4, Elane, Elk1, Emsy, Ephb1, Ets2, Exosc2, 
Exosc3, Exosc9, Fip1l1, Furin, Ggcx, Glyctk, Gsk3a, Gys1, Hbp1, 
Hivep3, Hnrnpf, Igf1, Irak2, Jak3, Kat5, Klhdc7a, Kmt5c, Lce1a2, 
Lhx6, Lin54, Lmo7, Lonrf3, Mafa, Mak16, Mapk12, Mapkapk2, 
Med10, Mex3d, Mterf3, Myh9, Naip5, Nme7, Nudt21, Nudt5, Nupr1, 
Ogdh, P3h1, Pak4, Pank2, Paxbp1, Pcsk1n, Pdk2, Pdzrn3, Per3, 
Pi4k2a, Pigb, Pign, Pih1d1, Pla2g4b, Plcd1, Pofut1, Pole4, Ppia, Ppil2, 
Ppm1h, Ppp1r2, Prpf40a, Prss53, Pskh1, Pwp1, Rack1, Ranbp1, 
Rbm28, Rbm8a, Rela, Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, Rpl6, 
Rpl8, Rps2, Rps5, Rrp1, Scaf4, Scly, Serinc2, Sf3b1, Sh3glb1, Sirt1, 
Sirt6, Son, Sox13, Speg, Srrm2, Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, 
Sumo2, Syf2, Tada3, Tceal8, Tead1, Tenm3, Them4, Thoc7, Tinf2, 
Trim11, Trio, Tspan33, Ttc7b, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, 
Ulk3, Usp39, Utp20, Vcpip1, Wrn, Yap1, Yap1, Zfp316, Zfp36l1, 
Zfp488, Zfp575, Zfp580, Zfp691, Zfp692, Zfp93 

GO:0043227 membrane-bounded 
organelle 

1.90E-07 5.13E-04 237 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, 
Actr2, Adk, Akap1, Aldh18a1, Aldh3a1, Alg5, Anks1, Antxr1, Ap2a2, 
Ap5b1, Ap5m1, Aplp1, Apoa2, Apobec3, Apoe, Atf2, Atp1a3, Atp5g1, 
Atp6v0a1, Atp7b, Bax, Bcat1, C030006K11Rik C4b, Cap1, Catsperd, 
Cc2d1a, Cdhr2, Cep162, Chd1, Cnot1, Commd7, Cops8, Copz2, Crtc3, 
Ctsz, Cttn, Cyp4f18, D11Wsu47e, Dab1, Daglb, Ddx31, Def6, Derl1, 
Dido1, Dirc2, Dis3, Dlx3, Dnajc14, Dnajc8, Doc2b, Drc3, Dtymk, 
E030030I06Rik, E130308A19Rik, Eapp, Elane, Elk1, Emsy, Ephb1, 
Ergic3, Ermap, Ets2, Exosc2, Exosc3, Exosc9, Fam109b, Fam222b, 
Fip1l1, Fmn2, Furin, Gadd45a, Ggact, Ggcx, Glyctk, Gnb4, Hbp1, 
Hist1h4d, Hist1h4k, Hivep3, Hnrnpf, Hps1, Hspa4, Hspa4, Ifrd2, Igf1, 
Irak2, Kat5, Kmt5c, Lhpp, Lhx6, Lin54, Lmnb2, Lrrc7, Mafa, Mak16, 
Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mlip, Mospd3, Mrps35, 
Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, Mzt2, Naip5, Nanos3, Nin, 
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Nme7, Npff, Nrg1, Nudt21, Nudt5, Nup35, Nupr1, Ogdh, Olfm1, 
Opa1, Osbpl11, P3h1, Pank2, Paxbp1, Pcsk1n, Pdcd10, Pdk2, Pdzrn3, 
Per3, Pex16, Pex19, Pi4k2a, Pigb, Pign, Pih1d1, Plcd1, Pofut1, Pole4, 
Ppia, Ppil2, Ppm1h, Ppp1r2, Prosc, Prpf40a, Pskh1, Pwp1, Rab40c, 
Rack1, Ranbp1, Rap1a, Rbm28, Rbm34, Rbm8a, Rela, Rgp1, 
Rnaseh1, Rnpep, Rock2, Rpl5, Rpl6, Rps2, Rps5, Rrp1, Scaf4, Scnn1a, 
Sdcbp, Sec63, Selenon, Serinc2, Set, Sez6l, Sf3b1, Sh3glb1, Sirt1, 
Sirt6, Slc25a23, Slfn5, Smarce1, Snap23, Sntb2, Son, Sox13, Spag7, 
Speg, Srrm2, Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, Stx2, Sumo2, 
Supt20, Syf2, Syp, Tada3, Tceal8, Tead1, Them4, Thoc7, Tinf2, Tpd52, 
Tpt1, Trim11, Triobp, Tspyl5, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, 
Unc119b, Usp39, Utp20, Vcpip1, Wdfy1, Wdr34, Wrn, Yap1, Yap1, 
Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp691, Zfp692, 
Zfp93 

GO:0071704 organic substance 
metabolic process 

1.80E-07 5.13E-04 173 2810006K23Rik, Aasdhppt, Abcb6, Abi1, Acin1, Acnat1, Acot3, Acsf2, 
Adk, Aldh18a1, Aldh3a1, Alg5, Aplp1, Apoa2, Apoe, Atf2, Atp5g1, 
Atp6v0a1, Atp7b, Bax, Bcat1, Cc2d1a, Cnot1, Commd2, Commd7, 
Cops8, Crtc3, Ctsz, Cyp4f18, Daglb, Ddx31, Denr, Derl1, Dgkg, Dido1, 
Dis3, Dph2, Dtymk, E030030I06Rik, Eif2ak4, Elane, Elk1, Emsy, 
Ephb1, Ets2, Exosc2, Exosc3, Exosc9, Fam109b, Fip1l1, Furin, Ggact, 
Ggcx, Glyctk, Gsk3a, Gys1, Hbp1, Hivep3, Hnrnpf, Igf1, Irak2, Jak3, 
Kat5, Klhdc7a, Kmt5c, Lce1a2, Lhx6, Lin54, Lmo7, Lonrf3, Mafa, 
Mak16, Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, Mterf3, Myh9, 
Naip5, Nme7, Nrg1, Nudt21, Nudt5, Nupr1, Ogdh, P3h1, Pak4, 
Pank2, Paxbp1, Pcsk1n, Pdk2, Pdzrn3, Per3, Pi4k2a, Pigb, Pign, 
Pih1d1, Pla2g4b, Plcd1, Pofut1, Pole4, Ppia, Ppil2, Ppm1h, Ppp1r2, 
Prpf40a, Prss53, Pskh1, Pwp1, Rack1, Ranbp1, Rbm28, Rbm8a, Rela, 
Rnaseh1, Rnpep, Rock2, Rpl39, Rpl5, Rpl6, Rpl8, Rps2, Rps5, Rrp1, 
Scaf4, Scly, Serinc2, Sf3b1, Sh3glb1, Sirt1, Sirt6, Smarce1, Son, Sox13, 
Speg, Srrm2, Srsf5, Srsf5, Srsf9, St6galnac5, Stat5a, Sumo2, Syf2, 
Tada3, Tceal8, Tead1, Tenm3, Them4, Thoc7, Tinf2, Trim11, Trio, 
Tspan33, Ttc7b, U2af1l4, Uba5, Ube2j1, Ubr4, Ubtf, Ulk3, Usp39, 
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Utp20, Vcpip1, Wrn, Yap1, Yap1, Zfp316, Zfp36l1, Zfp488, Zfp575, 
Zfp580, Zfp691, Zfp692, Zfp93 

GO:0005654 nucleoplasm 3.12E-07 7.51E-04 70 Abcb6, Acin1, Adk, Anks1, Atf2, Atp6v0a1, Cops8, Crtc3, Def6, Dis3, 
Dnajc8, E130308A19Rik, Elk1, Emsy, Ets2, Exosc3, Exosc9, Fam222b, 
Gadd45a, Hbp1, Hnrnpf, Kat5, Kmt5c, Lhpp, Mapkapk2, Med10, 
Mlip, Mterf3, Mzt2, Nudt21, Nup35, Opa1, Osbpl11, Pdk2, Pdzrn3, 
Pex19, Pole4, Ppil2, Ppm1h, Ppp1r2, Prpf40a, Pskh1, Rack1, Rbm8a, 
Rpl5, Rps2, Scaf4, Sdcbp, Set, Sf3b1, Sirt1, Sirt6, Smarce1, Snap23, 
Son, Srsf5, Srsf5, Srsf9, Stat5a, Sumo2, Supt20, Syf2, Tada3, Tead1, 
Thoc7, Tinf2, Tpt1, Ubr4, Usp39, Wrn, Zbtb25 

GO:0005634 nucleus 3.13E-07 7.51E-04 150 Abcb6, Abi1, Acin1, Adk, Anks1, Apobec3, Apoe, Atf2, Atp1a3, 
Atp6v0a1, Bax, Cc2d1a, Cep162, Chd1, Cnot1, Cops8, Crtc3, Daglb, 
Ddx31, Def6, Dido1, Dis3, Dlx3, Dnajc8, E030030I06Rik, 
E130308A19Rik, Eapp, Elk1, Emsy, Ets2, Exosc2, Exosc3, Exosc9, 
Fam222b, Fip1l1, Fmn2, Gadd45a, Hbp1, Hist1h4d, Hist1h4k, Hivep3, 
Hnrnpf, Hspa4, Hspa4, Ifrd2, Irak2, Kat5, Kmt5c, Lhpp, Lhx6, Lin54, 
Lmnb2, Mafa, Mak16, Mapk12, Mapkapk2, Med10, Mex3d, Mgst1, 
Mlip, Msi1, Mterf3, Myef2, Myh9, Mzf1, Mzf1, Mzt2, Naip5, Nanos3, 
Nin, Nrg1, Nudt21, Nudt5, Nup35, Nupr1, Opa1, Osbpl11, P3h1, 
Paxbp1, Pdk2, Pdzrn3, Per3, Pex19, Pih1d1, Plcd1, Pole4, Ppia, Ppil2, 
Ppm1h, Ppp1r2, Prpf40a, Pskh1, Pwp1, Rack1, Ranbp1, Rbm28, 
Rbm34, Rbm8a, Rela, Rnaseh1, Rock2, Rpl5, Rpl6, Rps2, Rrp1, Scaf4, 
Sdcbp, Set, Sf3b1, Sirt1, Sirt6, Slfn5, Smarce1, Snap23, Son, Sox13, 
Spag7, Speg, Srrm2, Srsf5, Srsf5, Srsf9, Stat5a, Sumo2, Supt20, Syf2, 
Tada3, Tceal8, Tead1, Thoc7, Tinf2, Tpt1, Trim11, Triobp, Tspyl5, 
U2af1l4, Uba5, Ubr4, Ubtf, Usp39, Utp20, Wdfy1, Wrn, Yap1, Yap1, 
Zbtb25, Zfp316, Zfp36l1, Zfp488, Zfp575, Zfp580, Zfp691, Zfp692, 
Zfp93 

GO:0031974 membrane-enclosed 
lumen 

3.73E-07 7.67E-04 92 2810006K23Rik, Abcb6, Acin1, Adk, Akap1, Anks1, Atf2, Atp6v0a1, 
Cc2d1a, Chd1, Cops8, Crtc3, Ddx31, Def6, Dis3, Dnajc8, Dtymk, 
E130308A19Rik, Elk1, Emsy, Ets2, Exosc2, Exosc3, Exosc9, Fam222b, 
Fmn2, Gadd45a, Hbp1, Hist1h4d, Hist1h4k, Hnrnpf, Kat5, Kmt5c, 
Lhpp, Lmnb2, Mak16, Mapkapk2, Med10, Mlip, Mrps35, Mterf3, 
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Mzt2, Nin, Nudt21, Nup35, Opa1, Osbpl11, Pdk2, Pdzrn3, Pex19, 
Pih1d1, Pole4, Ppil2, Ppm1h, Ppp1r2, Prpf40a, Pskh1, Pwp1, Rack1, 
Rbm28, Rbm34, Rbm8a, Rpl5, Rpl6, Rps2, Scaf4, Sdcbp, Set, Sf3b1, 
Sirt1, Sirt6, Smarce1, Snap23, Son, Srsf5, Srsf5, Srsf9, Stat5a, Sumo2, 
Supt20, Syf2, Tada3, Tead1, Thoc7, Tinf2, Tpt1, Ubr4, Ubtf, Usp39, 
Utp20, Wrn, Zbtb25, Zfp692 

GO:0043233 organelle lumen 3.73E-07 7.67E-04 92 2810006K23Rik, Abcb6, Acin1, Adk, Akap1, Anks1, Atf2, Atp6v0a1, 
Cc2d1a, Chd1, Cops8, Crtc3, Ddx31, Def6, Dis3, Dnajc8, Dtymk, 
E130308A19Rik, Elk1, Emsy, Ets2, Exosc2, Exosc3, Exosc9, Fam222b, 
Fmn2, Gadd45a, Hbp1, Hist1h4d, Hist1h4k, Hnrnpf, Kat5, Kmt5c, 
Lhpp, Lmnb2, Mak16, Mapkapk2, Med10, Mlip, Mrps35, Mterf3, 
Mzt2, Nin, Nudt21, Nup35, Opa1, Osbpl11, Pdk2, Pdzrn3, Pex19, 
Pih1d1, Pole4, Ppil2, Ppm1h, Ppp1r2, Prpf40a, Pskh1, Pwp1, Rack1, 
Rbm28, Rbm34, Rbm8a, Rpl5, Rpl6, Rps2, Scaf4, Sdcbp, Set, Sf3b1, 
Sirt1, Sirt6, Smarce1, Snap23, Son, Srsf5, Srsf5, Srsf9, Stat5a, Sumo2, 
Supt20, Syf2, Tada3, Tead1, Thoc7, Tinf2, Tpt1, Ubr4, Ubtf, Usp39, 
Utp20, Wrn, Zbtb25, Zfp692 

 

Table S28: Top 20 significant GO terms of the downregulated DEGs of 5 µM Ami vs DMSO after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 391 downregulated significant DEGs of 5 µM Ami vs DMSO after one-way ANOVA and are 
ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession numbers are included. 
Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini and Yekutieli, 2001)). 
DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as one DEG). DEG gene 
symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0005622 intracellular anatomical 
structure 

1.65E-11 7.42E-07 296 1600014C10Rik, 2610002M06Rik, Ache, Adra2a, Afap1l2, Aida, 
Akirin1, Aldh5a1, Amd2, Amer1, Anapc16, Ap1s2, Ap3s1, Ap4s1, 
Apc2, Apold1, Arhgap24, Arid5b, Arl4a, Arrb1, Asb4, Asic1, Atf2, 
Atf3, Atp13a2, Atp5g3, B3galt1, B4galt3, Barhl1, Bcs1l, Bdp1, Bmx, 
Btbd11, Bzw1, Cables1, Cacna1h, Camk2d, Camk2n2, Cand1, 
Capn10, Capn2, Capn5, Carmil1, Carmil2, Carmil2, Cartpt, Cbr1, 
Ccdc114, Ccdc184, Ccnc, Cct5, Cdc16, Cdc42ep1, Cdh13, Cggbp1, 



 

50 
 

Chchd4, Chd7, Chga, Ciapin1, Cib2, Cit, Commd4, Cpeb3, Csrnp3, 
Ddt, Dek, Depdc5, Dgkq, Dicer1, Dip2a, Dnajb4, Dnajc8, Dnpep, 
Dpcd, Dtd1, Ebf4, Eef1e1, Eif2b3, Eif5, Enah, Epha4, Erbin, Ergic2, 
Etnppl, Fahd2a, Fam110a, Fam206a, Fam214b, Fam92a, Fktn, 
Foxh1, Fto, G6pc3, Gabra2, Gabrb2, Gad2, Galnt7, Gdpd5, Ggps1, 
Glra1, Gng3, Golga5, Golgb1, Grm7, Grn, Gtf2h1, Gucy1a2, H2afx, 
Hdac9, Helz, Hey1, Hic2, Hmgcs2, Hnrnpc, Hnrnpll, Hps4, Hr, Hspa9, 
Htr7, Ifrd1, Ift22, Inpp5e, Ip6k2, Iqsec2, Itch, Jdp2, Kazn, Kcnab3, 
Kcnip1, Kctd13, Khdrbs1, Kif3a, Kif5b, Klf12, Klf2, Ktn1, Kyat1, Lars2, 
Lnx1, Lsm1, Maf, Man1c1, Mapk8ip1, Mapre2, Marcks, Mccc2, 
Mef2a, Mid2, Mmadhc, Mmadhc, Mmadhc, Mok, Mrpl49, Mtcl1, 
Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, Nfil3, Nipa2, 
Notch3, Nova1, Nrap, Nrip2, Nrsn1, Nrsn2, Nsg2, Nsmce4a, Nt5c3, 
Nt5dc3, Osbpl7, P4ha2, Parp11, Patj, Pbx1, Pbx3, Pcbd1, Pdf, Pdia6, 
Pdk3, Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, Phf19, Pigf, Pip5kl1, 
Pkm, Pla2g7, Pla2g7, Plcxd3, Plvap, Pnck, Poc5, Poll, Polr1c, Ppig, 
Prep, Psmb2, Psmd1, Ptpn11, Ptprr, Pvalb, Pygm, Rab3c, Rad54l2, 
Rap1a, Rap1a, Rasgrp2, Rasgrp2, Rbm27, Rbpms2, Rec8, Reln, Rer1, 
Rfwd3, Rgs10, Rgs10, Rgs17, Rhobtb2, Rit2, Rnf138, Rnf180, Rnf182, 
Robo1, Rpp25, Ryr3, Sbds, Sc5d, Scnm1, Scrt2, Sdha, Sdhb, Sdsl, 
Sec23a, Selenof, Sept5, Slc17a6, Slc17a8, Slc27a2, Slc35g2, Slc4a1ap, 
Slc6a11, Smap1, Smpd3, Sncb, Sox6, Sparc, Sprr2b, Sptan1, Srpk2, 
Stx12, Stx18, Sult1a1, Sult1a1, Sympk, Syne1, Syne4, Syt4, Tardbp, 
Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, 
Tmem109, Tmem130, Tmem168, Tmem9, Tox2, Tpm1, Trpm2, 
Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, Ubxn2a, 
Usp10, Utp14a, Vac14, Vamp1, Vbp1, Vma21, Vps53, Vps54, Vstm2l, 
Vta1, Washc2, Wdr36, Ywhab, Ywhaq, Zc4h2, Zfp276, Zfp36l2, 
Zfp618, Zfp704, Zmym3 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 4.23E-11 9.52E-07 210 Abcg4, Ache, Adra2a, Afap1l2, Ahsa2, Aida, Akap2, Alk, Amer1, 
Ap1s2, Apc2, Arrb1, Asb4, Asic1, Atf2, Atf3, Bdp1, Btbd11, Bzw1, 
C330021F23Rik, Cables1, Cacna1h, Cacnb2, Camk2d, Camk2n2, 
Cand1, Capn10, Capn2, Carmil2, Carmil2, Cartpt, Cbln1, Cbln2, Cct5, 
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Cdc16, Cdc42ep1, Cdh13, Cggbp1, Chchd4, Chd7, Chga, Ciapin1, 
Cib2, Cit, Cntnap1, Cntnap4, Cpeb3, Cpne4, Cuta, Dek, Dgkq, Dicer1, 
Dnajb4, Dnpep, Dpp6, Ebf4, Eef1e1, Eif5, Enah, Epha4, Erbin, Etnppl, 
Fam92a, Foxh1, Frs3, Gabrb2, Gad2, Ggps1, Gigyf1, Gng3, Golga5, 
Gpr158, Grm7, Grn, H2afx, Hcn3, Hdac9, Helz, Hey1, Hic2, Hnrnpc, 
Hps4, Hr, Hspa9, Iqsec2, Itch, Jdp2, Kcnab3, Kcnc1, Kcnc2, Kcnip1, 
Kcnj12, Kcnj12, Kctd13, Khdrbs1, Kif3a, Kif5b, Kirrel3, Klf12, Klf2, 
Ktn1, Kyat1, Lnx1, Lrfn1, Lynx1, Lypd1, Lypd1, Maf, Mapk8ip1, 
Mapre2, Marcks, Mef2a, Mid2, Mtcl1, Nap1l1, Ncbp1, Ncbp1, Nefh, 
Nefh, Nfil3, Nipa2, Notch3, Nova1, Nrap, Nrip2, Nrxn3, Nsg2, Ntng1, 
Nxph1, Nxph1, Otud5, P4ha2, Patj, Pbx1, Pbx3, Pcbd1, Pglyrp1, 
Phf10, Phf10, Phf19, Pip5kl1, Pkm, Plvap, Pnck, Poc5, Polr1c, Ppfia4, 
Ppm1d, Ppp1r3f, Psmd1, Ptpn11, Ptprr, Pvalb, Rab3c, Rad54l2, 
Rap1a, Rap1a, Rbpms2, Rec8, Reln, Rer1, Rfwd3, Rgs10, Rgs10, 
Rhobtb2, Rit2, Rnf138, Rnf180, Robo1, Ryr3, Sbds, Scnm1, Sdsl, 
Sec23a, Selenof, Sema3f, Sema4g, Sept5, Slc27a2, Slc4a1ap, Smap1, 
Smpd3, Sncb, Sox6, Sparc, Sptan1, Srpk2, Stx12, Stx18, Sult1a1, 
Sult1a1, Syne1, Syne4, Syt4, Tardbp, Tbc1d30, Tbc1d7, Tbc1d7, 
Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, Tmem109, Tox2, Tpm1, Tsc22d3, 
Tubb3, Txnrd1, Ubash3b, Ubxn2a, Usp10, Vamp1, Vbp1, Vps54, 
Vta1, Wnt7a, Ywhab, Ywhaq, Zmym3, Znhit6 

GO:0005488 binding 9.09E-11 1.36E-06 286 Abcg4, Ache, Adal, Adra2a, Afap1l2, Ahsa2, Aida, Akap2, Aldh5a1, 
Alk, Amd2, Amer1, Ap1s2, Apc2, Arid5b, Arl4a, Arrb1, Asb4, Asic1, 
Atf2, Atf3, Atp13a2, Atp5g3, B4galt3, Barhl1, Bcs1l, Bdp1, Bmx, 
Btbd11, Bzw1, C330021F23Rik, Cables1, Cacna1h, Cacna2d2, 
Cacnb2, Camk2d, Camk2n2, Cand1, Capn10, Capn2, Carmil1, 
Carmil2, Carmil2, Cartpt, Cbln1, Cbln2, Cct5, Cdc16, Cdc42ep1, 
Cdh13, Cdh4, Cggbp1, Chchd4, Chd7, Chga, Ciapin1, Cib2, Cit, 
Cntnap1, Cntnap4, Cpeb3, Cpne4, Csrnp3, Cuta, Dek, Depdc5, Dgkq, 
Dicer1, Dnajb4, Dnpep, Dpp6, Dtd1, Dzank1, Ebf4, Eef1e1, Efcab14, 
Eif2b3, Eif5, Enah, Endod1, Enpp5, Epha4, Erbin, Etnppl, Fahd2a, 
Fam92a, Flywch2, Foxh1, Frs3, Fstl5, Fto, Gabrb2, Gad2, Galnt7, 
Ggps1, Gigyf1, Glra1, Gng3, Golga5, Golgb1, Gpr158, Grm7, Grn, 
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Gtf2h1, H2afx, Hcn3, Hdac9, Helz, Hey1, Hic2, Hnrnpc, Hnrnpll, Hps4, 
Hr, Hspa9, Htr7, Ift22, Ip6k2, Iqsec2, Itch, Jdp2, Kcnab3, Kcnc1, 
Kcnc2, Kcnd1, Kcnip1, Kcnj12, Kcnj12, Kctd13, Khdrbs1, Kif3a, Kif5b, 
Kirrel3, Klf12, Klf2, Ktn1, Kyat1, Lars2, Lnx1, Lrfn1, Lsm1, Lynx1, 
Lypd1, Lypd1, Maf, Man1c1, Mapk8ip1, Mapre2, Marcks, Mccc2, 
Mef2a, Mid2, Mok, Mtcl1, Nap1l1, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, 
Nfil3, Nipa2, Notch3, Nova1, Nrap, Nrip2, Nrxn3, Nsg2, Nt5c3, 
Nt5dc3, Ntng1, Nxph1, Nxph1, Osbpl7, Otud5, P4ha2, Paqr6, Patj, 
Pbx1, Pbx3, Pcbd1, Pdk3, Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, 
Phf19, Pip5kl1, Pkm, Pla2g7, Pla2g7, Plvap, Pnck, Poc5, Poll, Polr1c, 
Ppfia4, Ppig, Ppm1d, Ppp1r3f, Prep, Psmd1, Ptpn11, Ptprr, Pvalb, 
Pygm, Rab3c, Rad54l2, Rap1a, Rap1a, Rasgrp2, Rasgrp2, Rbm27, 
Rbpms2, Rec8, Rell2, Reln, Rer1, Rfwd3, Rgs10, Rgs10, Rhobtb2, Rit2, 
Rnf138, Rnf180, Rnf182, Robo1, Rpp25, Ryr3, Sbds, Sc5d, Scnm1, 
Scrt2, Sdha, Sdhb, Sdsl, Sec23a, Selenof, Sema3f, Sema4g, Sept5, 
Slc27a2, Slc4a1ap, Slc6a1, Slc6a11, Smap1, Smpd3, Sncb, Sox6, 
Sparc, Sptan1, Srpk2, Stx12, Stx18, Sult1a1, Sult1a1, Syne1, Syne4, 
Syt4, Tardbp, Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, 
Tjp1, Tmem109, Tox2, Tpm1, Trpm2, Tsc22d3, Ttll5, Tubb3, Txnrd1, 
Ubash3b, Ubxn2a, Usp10, Utp14a, Vamp1, Vbp1, Vps54, Vta1, 
Washc2, Wdr36, Wnt7a, Ywhab, Ywhaq, Zc4h2, Zcchc3, Zfp276, 
Zfp36l2, Zfp618, Zfp704, Zmym3, Znhit6 

GO:0043005 neuron projection 1.36E-10 1.53E-06 58 Ache, Alk, Ap3s1, Arrb1, Asic1, Atp13a2, Cacna1h, Camk2d, Capn2, 
Cdh13, Cib2, Cntnap1, Cntnap4, Cpeb3, Dicer1, Epha4, Fam206a, 
Gabra2, Gad2, Gdpd5, Glra1, Gng3, Grm7, Hcn3, Htr7, Kcnc1, Kcnc2, 
Kcnip1, Kcnj12, Kcnj12, Kif3a, Kif5b, Kirrel3, Lsm1, Mapk8ip1, 
Nap1l1, Nefh, Nefh, Nrsn1, Pvalb, Rap1a, Rap1a, Rasgrp2, Rasgrp2, 
Reln, Rgs10, Rgs10, Rgs17, Rit2, Robo1, Sept5, Slc17a6, Slc17a8, 
Slc38a1, Slc6a1, Sncb, Sptan1, Syne1, Syt4, Tenm2, Trpm2, Tubb3, 
Vamp1 

GO:0110165 cellular anatomical 
entity 

1.77E-10 1.60E-06 361 1600014C10Rik, 2610002M06Rik, Abcg4, Ache, Adra2a, Afap1l2, 
Aida, Akirin1, Aldh5a1, Alk, Amd2, Amer1, Anapc16, Ap1s2, Ap3s1, 
Ap4s1, Apc2, Apold1, Arhgap24, Arid5b, Arl4a, Arrb1, Asb4, Asic1, 
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Atf2, Atf3, Atp13a2, Atp5g3, Atp6v0e2, B3galt1, B4galt3, Barhl1, 
BC003331, BC003331, Bcs1l, Bdp1, Bmx, Btbd11, Bzw1, 
C330021F23Rik, Cables1, Cacna1h, Cacna2d2, Cacnb2, Camk2d, 
Camk2n2, Cand1, Capn10, Capn2, Capn5, Carmil1, Carmil2, Carmil2, 
Cartpt, Cbln1, Cbln2, Cbr1, Ccdc114, Ccdc184, Ccnc, Cct5, Cdc16, 
Cdc42ep1, Cdh13, Cdh4, Cggbp1, Chchd4, Chd7, Chga, Ciapin1, Cib2, 
Cit, Cldnd1, Cldnd1, Cmklr1, Cntnap1, Cntnap4, Commd4, Cpeb3, 
Cpne4, Cpne9, Csrnp3, Cuta, Ddt, Dek, Depdc5, Dgkq, Dicer1, Dip2a, 
Dnajb4, Dnajc8, Dnpep, Dpcd, Dpp6, Dtd1, Ebf4, Eef1e1, Eif2b3, Eif5, 
Enah, Endod1, Enpp5, Epha4, Erbin, Ergic2, Etnppl, Fahd2a, 
Fam110a, Fam206a, Fam214b, Fam92a, Fktn, Foxh1, Frs3, Fstl5, Fto, 
G6pc3, Gabra2, Gabrb2, Gabrg3, Gad2, Galnt7, Gdpd5, Ggps1, 
Glra1, Gng3, Golga5, Golgb1, Gpr158, Gpr19, Grm7, Grn, Gtf2h1, 
Gucy1a2, H2afx, Hcn3, Hdac9, Helz, Hey1, Hic2, Hmgcs2, Hnrnpc, 
Hnrnpll, Hps4, Hr, Hspa9, Htr7, Ifrd1, Ift22, Inpp5e, Ip6k2, Iqsec2, 
Itch, Itih3, Jdp2, Kazn, Kcnab3, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, 
Kcnj12, Kcnj12, Kcnk4, Kctd13, Khdrbs1, Kif3a, Kif5b, Kirrel3, Klf12, 
Klf2, Ktn1, Kyat1, Lars2, Lingo4, Lnx1, Lrch1, Lrfn1, Lrfn5, Lrrc3b, 
Lsm1, Luzp2, Lynx1, Lypd1, Lypd1, Maf, Man1c1, Mapk8ip1, Mapre2, 
Marcks, Mccc2, Mef2a, Mid2, Mmadhc, Mmadhc, Mmadhc, Mok, 
Mrpl49, Mtcl1, Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, 
Nfil3, Nipa2, Notch3, Nova1, Nrap, Nrip2, Nrsn1, Nrsn2, Nrxn3, 
Nsg2, Nsmce4a, Nt5c3, Nt5dc3, Ntng1, Nxph1, Nxph1, Osbpl7, 
P4ha2, Paqr4, Paqr6, Parp11, Patj, Pbx1, Pbx3, Pcbd1, Pdf, Pdia6, 
Pdk3, Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, Phf19, Pigf, Pip5kl1, 
Pkm, Pla2g7, Pla2g7, Plcxd3, Plvap, Pnck, Poc5, Poll, Polr1c, Ppfia4, 
Ppig, Ppp1r3f, Prep, Psmb2, Psmd1, Ptpn11, Ptprr, Pvalb, Pygm, 
Rab3c, Rad54l2, Rap1a, Rap1a, Rasgrp2, Rasgrp2, Rbm27, Rbpms2, 
Rec8, Rell2, Reln, Rer1, Rfwd3, Rgs10, Rgs10, Rgs17, Rhobtb2, Rit2, 
Rnf138, Rnf180, Rnf182, Robo1, Rpp25, Ryr3, Sbds, Sc5d, Scnm1, 
Scrt2, Sdha, Sdhb, Sdsl, Sec23a Selenof, Sema3f, Sema4g, Sept5, 
Slc17a6, Slc17a8, Slc27a2, Slc35e2, Slc35g2, Slc38a1, Slc4a1ap, 
Slc6a1, Slc6a11, Slco3a1, Slco3a1, Smap1, Smim12, Smpd3, Sncb, 
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Sox6, Sparc, Sprr2b, Sptan1, Srpk2, St7l, Stx12, Stx18, Sult1a1, 
Sult1a1, Sympk, Syne1, Syne4, Syt4, Tardbp, Tbc1d30, Tbc1d7, 
Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, Tmem109, Tmem130, 
Tmem132e, Tmem168, Tmem229b, Tmem28, Tmem9, Tmem91, 
Tmem91, Tox2, Tpm1, Trpm2, Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, 
Ubash3b, Ube4a, Ubxn2a, Usp10, Utp14a, Vac14, Vamp1, Vbp1, 
Vma21, Vps53, Vps54, Vstm2l, Vta1, Vwc2, Washc2, Wdr36, Wnt7a, 
Ywhab, Ywhaq, Zc4h2, Zfp276, Zfp36l2, Zfp618, Zfp704, Zmym3, 
Znhit6 

GO:0042995 cell projection 2.82E-10 2.11E-06 79 Ache, Alk, Ap3s1, Apc2, Arhgap24, Arrb1, Asic1, Atp13a2, Bmx, 
Cables1, Cacna1h, Camk2d, Capn2, Carmil1, Carmil2, Carmil2, Cbr1, 
Ccdc114, Cdh13, Cib2, Cit, Cntnap1, Cntnap4, Cpeb3, Dicer1, Enah, 
Epha4, Fam206a, Fam92a, Gabra2, Gad2, Gdpd5, Glra1, Gng3, 
Grm7, Hcn3, Htr7, Ift22, Inpp5e, Kcnc1, Kcnc2, Kcnd1, Kcnip1, 
Kcnj12, Kcnj12, Kif3a, Kif5b, Kirrel3, Lsm1, Mapk8ip1, Mok, Nap1l1, 
Nefh, Nefh, Nrsn1, Pip5kl1, Pkm, Pvalb, Rap1a, Rap1a, Rasgrp2, 
Rasgrp2, Reln, Rgs10, Rgs10, Rgs17, Rit2, Robo1, Sept5, Slc17a6, 
Slc17a8, Slc38a1, Slc6a1, Slc6a11, Sncb, Sptan1, Syne1, Syt4, 
Tbc1d30, Tbc1d7, Tbc1d7, Tenm2, Trpm2, Ttll5, Tubb3, Vamp1 

GO:0036477 somatodendritic 
compartment 

4.06E-10 2.59E-06 45 Ache, Arrb1, Asic1, Atp13a2, Cacna1h, Camk2d, Capn2, Cit, Cntnap4, 
Cpeb3, Dicer1, Dpp6, Epha4, Fam206a Gabra2, Gdpd5, Glra1, Gng3, 
Grm7, Hcn3, Htr7, Kcnc1, Kcnc2, Kcnd1, Kcnip1, Kcnj12, Kcnj12, 
Kif3a, Kirrel3, Lsm1, Mapk8ip1, Nefh, Nefh, Nrsn1, Nrsn2, Pvalb, 
Reln, Rgs10, Rgs10, Robo1, Slc17a8, Sncb, Syne1, Syt4, Tenm2, 
Trpm2, Tubb3, Txnrd1 

GO:0120025 plasma membrane 
bounded cell projection 

4.60E-10 2.59E-06 74 Ache, Alk, Ap3s1, Apc2, Arrb1, Asic1, Atp13a2, Bmx, Cacna1h, 
Camk2d, Capn2, Carmil1, Carmil2, Carmil2, Cbr1, Ccdc114, Cdh13, 
Cib2, Cit, Cntnap1, Cntnap4, Cpeb3, Dicer1, Enah, Epha4, Fam206a, 
Fam92a, Gabra2, Gad2, Gdpd5, Glra1, Gng3, Grm7, Hcn3, Htr7, 
Ift22, Inpp5e, Kcnc1, Kcnc2, Kcnip1, Kcnj12, Kcnj12, Kif3a, Kif5b, 
Kirrel3, Lsm1, Mapk8ip1, Mok, Nap1l1, Nefh, Nefh, Nrsn1, Pkm, 
Pvalb, Rap1a, Rap1a, Rasgrp2, Rasgrp2, Reln, Rgs10, Rgs10, Rgs17, 
Rit2, Robo1, Sept5, Slc17a6, Slc17a8, Slc38a1, Slc6a1, Sncb, Sptan1, 
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Syne1, Syt4, Tbc1d30, Tbc1d7, Tbc1d7, Tenm2, Trpm2, Ttll5, Tubb3, 
Vamp1 

GO:0043227 membrane-bounded 
organelle 

1.80E-09 9.01E-06 267 1600014C10Rik, 2610002M06Rik, Ache, Akirin1, Aldh5a1, Alk, 
Amer1, Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, Apold1, Arid5b, Arl4a, 
Arrb1, Asb4, Asic1, Atf2, Atf3, Atp13a2, Atp5g3, B3galt1, B4galt3, 
Barhl1, Bcs1l, Bdp1, Bmx, Cables1, Cacna1h, Camk2d, Camk2n2, 
Cand1, Capn10, Capn2, Capn5, Carmil1, Carmil2, Carmil2, Cartpt, 
Cbr1, Ccdc114, Ccnc, Cct5, Cdc16, Cdh13, Cggbp1, Chchd4, Chd7, 
Chga, Ciapin1, Cib2, Cit, Commd4, Cpeb3, Cpne4, Cpne9, Csrnp3, 
Cuta, Ddt, Dek, Depdc5, Dgkq, Dicer1, Dip2a, Dnajb4, Dnajc8, Dnpep, 
Dpcd, Dpp6, Dtd1, Ebf4, Eef1e1, Endod1, Epha4, Erbin, Ergic2, 
Etnppl, Fahd2a, Fam206a, Fam214b, Fam92a, Fktn, Foxh1, Fto, 
G6pc3, Gabra2, Gabrb2, Gad2, Galnt7, Gdpd5, Glra1, Golga5, 
Golgb1, Grm7, Grn, Gtf2h1, H2afx, Hdac9, Helz, Hey1, Hic2, Hmgcs2, 
Hnrnpc, Hnrnpll, Hps4, Hr, Hspa9, Htr7, Ifrd1, Ift22, Inpp5e, Ip6k2, 
Itch, Itih3, Jdp2, Kazn, Kcnc2, Kctd13, Khdrbs1, Kif3a, Kif5b, Klf12, 
Klf2, Ktn1, Kyat1, Lars2, Lsm1, Lynx1, Maf, Man1c1, Mapk8ip1, 
Marcks, Mccc2, Mef2a, Mid2, Mmadhc, Mmadhc, Mmadhc, Mok, 
Mrpl49, Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, Nfil3, 
Nipa2, Notch3, Nova1, Nrip2, Nrsn1, Nrsn2, Nsg2, Nsmce4a, Nt5c3, 
Nt5dc3, Osbpl7, P4ha2, Parp11, Patj, Pbx1, Pbx3, Pcbd1, Pdf, Pdia6, 
Pdk3, Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, Phf19, Pigf, Pkm, 
Plvap, Pnck, Poll, Polr1c, Ppig, Prep, Psmb2, Psmd1, Ptpn11, Pvalb, 
Pygm, Rab3c, Rad54l2, Rap1a, Rap1a, Rbm27, Rec8, Rer1, Rfwd3, 
Rgs10, Rgs10, Rgs17, Rit2, Rnf138, Rnf180, Rpp25, Ryr3, Sbds, Sc5d, 
Scnm1, Scrt2, Sdha, Sdhb, Sdsl, Sec23a, Selenof, Sept5, Slc17a6, 
Slc17a8, Slc27a2, Slc35g2, Slc38a1, Slc4a1ap, Smpd3, Sncb, Sox6, 
Sparc, Sptan1, Srpk2, Stx12, Stx18, Sympk, Syne1, Syne4, Syt4, 
Tardbp, Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, 
Tmem109, Tmem130, Tmem168, Tmem9, Tox2, Trpm2, Tsc22d3, 
Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, Ubxn2a, Usp10, 
Utp14a, Vac14, Vamp1, Vbp1, Vma21 Vps53, Vps54, Vta1, Washc2, 
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Wdr36, Ywhab, Ywhaq, Zc4h2, Zfp276, Zfp36l2, Zfp618, Zfp704, 
Zmym3, Znhit6 

GO:0044297 cell body 3.70E-09 1.67E-05 38 Ache, Alk, Atp13a2, Cacna1h, Camk2d, Cct5, Cit, Dpp6, Epha4, 
Gabra2, Gdpd5, Glra1, Gng3, Grm7, Hcn3, Htr7, Kcnc1, Kcnc2, 
Kcnd1, Kcnip1, Kcnj12, Kcnj12, Kif3a, Lsm1, Mapk8ip1, Nefh, Nefh, 
Nrsn1, Nrsn2, Pvalb, Reln, Rgs10, Rgs10, Rit2, Robo1, Slc17a8, Sncb, 
Syt4, Trpm2, Tubb3, Txnrd1 

GO:0043226 organelle 5.97E-09 2.44E-05 277 1600014C10Rik, 2610002M06Rik, Ache, Akirin1, Aldh5a1, Alk, 
Amer1, Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, Apold1, Arhgap24, 
Arid5b, Arl4a, Arrb1, Asb4, Asic1, Atf2, Atf3, Atp13a2, Atp5g3, 
B3galt1, B4galt3, Barhl1, Bcs1l, Bdp1, Bmx, Cables1, Cacna1h, 
Camk2d, Camk2n2, Cand1, Capn10, Capn2, Capn5, Carmil1, Carmil2, 
Carmil2, Cartpt, Cbr1, Ccdc114, Ccnc, Cct5, Cdc16, Cdc42ep1, Cdh13, 
Cggbp1, Chchd4, Chd7, Chga, Ciapin1, Cib2, Cit, Commd4, Cpeb3, 
Cpne4, Cpne9, Csrnp3, Cuta, Ddt, Dek, Depdc5, Dgkq, Dicer1, Dip2a, 
Dnajb4, Dnajc8, Dnpep, Dpcd, Dpp6, Dtd1, Ebf4, Eef1e1, Enah, 
Endod1, Epha4, Erbin, Ergic2, Etnppl, Fahd2a, Fam110a, Fam206a, 
Fam214b, Fam92a, Fktn, Foxh1, Fto, G6pc3, Gabra2, Gabrb2, Gad2, 
Galnt7, Gdpd5, Glra1, Gng3, Golga5, Golgb1, Grm7, Grn, Gtf2h1, 
H2afx, Hdac9, Helz, Hey1, Hic2, Hmgcs2, Hnrnpc, Hnrnpll, Hps4, Hr, 
Hspa9, Htr7, Ifrd1, Ift22, Inpp5e, Ip6k2, Itch, Itih3, Jdp2, Kazn, Kcnc2, 
Kctd13, Khdrbs1, Kif3a, Kif5b, Klf12, Klf2, Ktn1, Kyat1, Lars2, Lsm1, 
Lynx1, Maf, Man1c1, Mapk8ip1, Mapre2, Marcks, Mccc2, Mef2a, 
Mid2, Mmadhc, Mmadhc, Mmadhc, Mok, Mrpl49, Mtcl1, Nap1l1, 
Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, Nfil3, Nipa2, Notch3, 
Nova1, Nrap, Nrip2, Nrsn1, Nrsn2, Nsg2, Nsmce4a, Nt5c3, Nt5dc3, 
Osbpl7, P4ha2, Parp11, Patj, Pbx1, Pbx3, Pcbd1, Pdf, Pdia6, Pdk3, 
Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, Phf19, Pigf, Pkm, Plvap, 
Pnck, Poc5, Poll, Polr1c, Ppig, Prep, Psmb2, Psmd1, Ptpn11, Pvalb, 
Pygm, Rab3c, Rad54l2, Rap1a, Rap1a, Rbm27, Rec8, Rer1, Rfwd3, 
Rgs10, Rgs10, Rgs17, Rit2, Rnf138, Rnf180, Rpp25, Ryr3, Sbds, Sc5d, 
Scnm1, Scrt2, Sdha, Sdhb, Sdsl, Sec23a, Selenof, Sept5, Slc17a6, 
Slc17a8, Slc27a2, Slc35g2, Slc38a1, Slc4a1ap, Smpd3, Sncb, Sox6, 
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Sparc, Sptan1, Srpk2, Stx12, Stx18, Sympk, Syne1, Syne4, Syt4, 
Tardbp, Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, 
Tmem109, Tmem130, Tmem168, Tmem9, Tox2, Tpm1, Trpm2, 
Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, Ubxn2a, 
Usp10, Utp14a, Vac14, Vamp1, Vbp1, Vma21, Vps53, Vps54, Vta1, 
Washc2, Wdr36, Ywhab, Ywhaq, Zc4h2, Zfp276, Zfp36l2, Zfp618, 
Zfp704, Zmym3, Znhit6 

GO:0043231 intracellular membrane-
bounded organelle 

7.04E-09 2.64E-05 242 1600014C10Rik, 2610002M06Rik, Ache, Akirin1, Aldh5a1, Amer1, 
Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, Apold1, Arid5b, Arl4a, Arrb1, 
Asb4, Asic1, Atf2, Atf3, Atp13a2, Atp5g3, B3galt1, B4galt3, Barhl1, 
Bcs1l, Bdp1, Bmx, Cables1, Cacna1h, Camk2d, Camk2n2, Cand1, 
Capn10, Capn2, Carmil1, Carmil2, Carmil2, Cartpt, Cbr1, Ccnc, Cct5, 
Cdc16, Cggbp1, Chchd4, Chd7, Chga, Ciapin1, Cit, Commd4, Cpeb3, 
Csrnp3, Dek, Depdc5, Dgkq, Dicer1, Dip2a, Dnajc8, Dnpep, Dpcd, 
Dtd1, Ebf4, Eef1e1, Epha4, Erbin, Ergic2, Etnppl, Fahd2a, Fam206a, 
Fam214b, Fam92a, Fktn, Foxh1, Fto, G6pc3, Gabra2, Gabrb2, Gad2, 
Galnt7, Gdpd5, Glra1, Golga5, Golgb1, Grm7, Grn, Gtf2h1, H2afx, 
Hdac9, Helz, Hey1, Hic2, Hmgcs2, Hnrnpc, Hnrnpll, Hps4, Hr, Hspa9, 
Htr7, Ifrd1, Inpp5e, Ip6k2, Itch, Jdp2, Kazn, Kctd13, Khdrbs1, Kif5b, 
Klf12, Klf2, Ktn1, Kyat1, Lars2, Lsm1, Maf, Man1c1, Mapk8ip1, 
Marcks, Mccc2, Mef2a, Mmadhc, Mmadhc, Mmadhc, Mok, Mrpl49, 
Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, Nfil3, Nipa2, 
Notch3, Nova1, Nrip2, Nrsn1, Nrsn2, Nsg2, Nsmce4a, Nt5c3, Nt5dc3, 
Osbpl7, P4ha2, Parp11, Pbx1, Pbx3, Pcbd1, Pdf, Pdia6, Pdk3, Pdp1, 
Peg3, Pex13, Phf10, Phf10, Phf19, Pigf, Pkm, Pnck, Poll, Polr1c, Ppig, 
Prep, Psmb2, Psmd1, Ptpn11, Pvalb, Pygm, Rab3c, Rad54l2, Rap1a, 
Rap1a, Rbm27, Rec8, Rer1, Rfwd3, Rgs10, Rgs10, Rgs17, Rit2, 
Rnf138, Rnf180, Rpp25, Ryr3, Sbds, Sc5d, Scnm1, Scrt2, Sdha, Sdhb, 
Sdsl, Sec23a, Selenof, Sept5, Slc17a6, Slc17a8, Slc27a2, Slc35g2, 
Slc4a1ap, Smpd3, Sncb, Sox6, Sparc, Sptan1, Srpk2, Stx12, Stx18, 
Sympk, Syne1, Syne4, Syt4, Tardbp, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, 
Tenm2, Tfeb, Tjp1, Tmem109, Tmem130, Tmem168, Tmem9, Tox2, 
Trpm2, Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, 
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Ubxn2a, Usp10, Utp14a, Vac14, Vamp1, Vbp1, Vma21, Vps53, 
Vps54, Vta1, Washc2, Wdr36, Ywhab, Zc4h2, Zfp276, Zfp36l2, 
Zfp618, Zfp704, Zmym3 

GO:0045202 synapse 8.06E-09 2.79E-05 43 Ache, Adra2a, Ap3s1, Arrb1, Asic1, Camk2d, Cbln1, Cib2, Cntnap4, 
Cpeb3, Enah, Epha4, Gabra2, Gabrb2, Gabrg3, Gad2, Glra1, Gng3, 
Grm7, Hcn3, Htr7, Kcnc2, Lrfn1, Mapk8ip1, Nefh, Nefh, Nrxn3, 
Ppfia4, Pvalb, Rab3c, Rasgrp2, Rasgrp2, Rgs10, Rgs10, Rgs17, Sept5, 
Slc17a6, Slc17a8, Sncb, Stx12, Syne1, Syt4, Tenm2, Vamp1, Vwc2, 
Zc4h2 

GO:0043229 intracellular organelle 1.46E-08 4.71E-05 258 1600014C10Rik, 2610002M06Rik, Ache, Akirin1, Aldh5a1, Amer1, 
Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, Apold1, Arhgap24, Arid5b, 
Arl4a, Arrb1, Asb4, Asic1, Atf2, Atf3, Atp13a2, Atp5g3, B3galt1, 
B4galt3, Barhl1, Bcs1l, Bdp1, Bmx, Cables1, Cacna1h, Camk2d, 
Camk2n2, Cand1, Capn10, Capn2, Carmil1, Carmil2, Carmil2, Cartpt, 
Cbr1, Ccdc114, Ccnc, Cct5, Cdc16, Cdc42ep1, Cggbp1, Chchd4, Chd7, 
Chga, Ciapin1, Cib2, Cit, Commd4, Cpeb3, Csrnp3, Dek, Depdc5, 
Dgkq, Dicer1, Dip2a, Dnajc8, Dnpep, Dpcd, Dtd1, Ebf4, Eef1e1, Enah, 
Epha4, Erbin, Ergic2, Etnppl, Fahd2a, Fam110a, Fam206a, Fam214b, 
Fam92a, Fktn, Foxh1, Fto, G6pc3, Gabra2, Gabrb2, Gad2, Galnt7, 
Gdpd5, Glra1, Golga5, Golgb1, Grm7, Grn, Gtf2h1, H2afx, Hdac9, 
Helz, Hey1, Hic2, Hmgcs2, Hnrnpc, Hnrnpll, Hps4, Hr, Hspa9, Htr7, 
Ifrd1, Ift22, Inpp5e, Ip6k2, Itch, Jdp2, Kazn, Kctd13, Khdrbs1, Kif3a, 
Kif5b, Klf12, Klf2, Ktn1, Kyat1, Lars2, Lsm1, Maf, Man1c1, Mapk8ip1, 
Mapre2, Marcks, Mccc2, Mef2a, Mid2, Mmadhc, Mmadhc, Mmadhc, 
Mok, Mrpl49, Mtcl1, Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, 
Nfic, Nfil3, Nipa2, Notch3, Nova1, Nrap, Nrip2, Nrsn1, Nrsn2, Nsg2, 
Nsmce4a, Nt5c3, Nt5dc3, Osbpl7, P4ha2, Parp11, Patj, Pbx1, Pbx3, 
Pcbd1, Pdf, Pdia6, Pdk3, Pdp1, Peg3, Pex13, Phf10, Phf10, Phf19, 
Pigf, Pkm, Pnck, Poc5, Poll, Polr1c, Ppig, Prep, Psmb2, Psmd1, 
Ptpn11, Pvalb, Pygm, Rab3c, Rad54l2, Rap1a, Rap1a, Rbm27, Rec8, 
Rer1, Rfwd3, Rgs10, Rgs10, Rgs17, Rit2, Rnf138, Rnf180, Rpp25, 
Ryr3, Sbds, Sc5d, Scnm1, Scrt2, Sdha, Sdhb, Sdsl, Sec23a, Selenof, 
Sept5, Slc17a6, Slc17a8, Slc27a2, Slc35g2, Slc4a1ap, Smpd3, Sncb, 
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Sox6, Sparc, Sptan1, Srpk2, Stx12, Stx18, Sympk, Syne1, Syne4, Syt4, 
Tardbp, Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, Tfeb, Tjp1, 
Tmem109, Tmem130, Tmem168, Tmem9, Tox2, Tpm1, Trpm2, 
Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, Ubxn2a, 
Usp10, Utp14a, Vac14, Vamp1, Vbp1, Vma21, Vps53, Vps54, Vta1, 
Washc2, Wdr36, Ywhab, Zc4h2, Zfp276, Zfp36l2, Zfp618, Zfp704, 
Zmym3 

GO:0030424 axon 2.05E-08 6.15E-05 33 Ache, Alk, Ap3s1, Camk2d, Cntnap1, Dicer1, Epha4, Gabra2, Gad2, 
Gdpd5, Grm7, Hcn3, Htr7, Kcnc1, Kcnc2, Kif5b, Kirrel3, Lsm1, 
Mapk8ip1, Nefh, Nefh, Nrsn1, Pvalb, Reln, Rgs10, Rgs10, Robo1, 
Sept5, Slc17a8, Slc38a1, Slc6a1, Sncb, Sptan1, Syt4, Tubb3 

GO:0005737 cytoplasm 2.26E-08 6.35E-05 240 1600014C10Rik, 2610002M06Rik, Ache, Adra2a, Afap1l2, Aida, 
Aldh5a1, Amd2, Amer1, Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, 
Apold1, Arhgap24, Arl4a, Arrb1, Asb4, Asic1, Atf2, Atp13a2, Atp5g3, 
B3galt1, B4galt3, Bcs1l, Bmx, Btbd11, Bzw1, Cables1, Cacna1h, 
Camk2d, Camk2n2, Cand1, Capn10, Capn2, Capn5, Carmil1, Carmil2, 
Carmil2, Cartpt, Cbr1, Ccdc114, Ccdc184, Cct5, Cdc16, Cdc42ep1, 
Cdh13, Chchd4, Chga, Ciapin1, Cib2, Cit, Commd4, Cpeb3, Ddt, Dek, 
Depdc5, Dgkq, Dicer1, Dnajb4, Dnajc8, Dnpep, Dtd1, Eef1e1, Eif2b3, 
Eif5, Enah, Epha4, Erbin, Ergic2, Etnppl, Fahd2a, Fam110a, Fam92a, 
Fktn, G6pc3, Gabra2, Gabrb2, Gad2, Galnt7, Gdpd5, Ggps1, Golga5, 
Golgb1, Grm7, Grn, Gucy1a2, Hdac9, Hey1, Hmgcs2, Hnrnpc, Hps4, 
Hspa9, Htr7, Ifrd1, Inpp5e, Iqsec2, Itch, Kazn, Kcnab3, Kcnip1, 
Khdrbs1, Kif3a, Kif5b, Klf12, Ktn1, Kyat1, Lars2, Lnx1, Lsm1, Maf, 
Man1c1, Mapk8ip1, Mapre2, Marcks, Mccc2, Mef2a, Mid2, 
Mmadhc, Mmadhc, Mmadhc, Mok, Mrpl49, Mtcl1, Nap1l1, Ncbp1, 
Ncbp1, Nefh, Nefh, Nipa2, Notch3, Nrap, Nrip2, Nrsn1, Nrsn2, Nsg2, 
Nt5c3, Nt5dc3, Osbpl7, P4ha2, Patj, Pbx1, Pcbd1, Pdf, Pdia6, Pdk3, 
Pdp1, Peg3, Pex13, Pglyrp1, Pigf, Pip5kl1, Pkm, Pla2g7, Pla2g7, 
Plcxd3, Plvap, Pnck, Poc5, Ppig, Prep, Psmb2, Psmd1, Ptpn11, Ptprr, 
Pvalb, Pygm, Rab3c, Rap1a, Rap1a, Rasgrp2, Rasgrp2, Rbm27, 
Rbpms2, Reln, Rer1, Rfwd3, Rgs10, Rgs10, Rgs17, Rit2, Rnf180, 
Rnf182, Robo1, Ryr3, Sbds, Sc5d, Sdha, Sdhb, Sdsl, Sec23a, Selenof, 
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Sept5, Slc17a6, Slc17a8, Slc27a2, Slc35g2, Slc6a11, Smap1, Smpd3, 
Sncb, Sparc, Sprr2b, Sptan1, Srpk2, Stx12, Stx18, Sult1a1, Sult1a1, 
Sympk, Syne1, Syt4, Tbc1d30, Tbc1d7, Tbc1d7, Tbpl1, Tcf7l2, Tenm2, 
Tfeb, Tjp1, Tmem109, Tmem130, Tmem168, Tmem9, Tpm1, Trpm2, 
Tsc22d3, Ttll5, Tubb3, Txnrd1, Ubac1, Ubash3b, Ube4a, Ubxn2a, 
Usp10, Utp14a, Vac14, Vamp1, Vbp1, Vma21, Vps53, Vps54, Vstm2l, 
Vta1, Washc2, Ywhab, Ywhaq, Zc4h2, Zfp36l2, Zmym3 

GO:0022836 gated channel activity 4.42E-08 1.11E-04 22 Asic1, Cacna1h, Cacna2d2, Cacnb2, Gabra2, Gabrb2, Gabrg3, Glra1, 
Grm7, Hcn3, Kcnab3, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, Kcnj12, 
Kcnj12, Kcnk4, Ryr3, Tmem109, Tmem28, Trpm2 

GO:0030054 cell junction 4.22E-08 1.11E-04 62 Ache, Adra2a, Ap3s1, Arhgap24, Arrb1, Asic1, Camk2d, Capn2, 
Capn5, Carmil2, Carmil2, Cbln1, Cdc42ep1, Cdh13, Cib2, Cntnap4, 
Cpeb3, Enah, Epha4, Erbin, Gabra2, Gabrb2, Gabrg3, Gad2, Glra1, 
Gng3, Grm7, Hcn3, Hspa9, Htr7, Kazn, Kcnc2, Lrfn1, Mapk8ip1, Nefh, 
Nefh, Nrap, Nrxn3, Patj, Ppfia4, Ptpn11, Ptprr, Pvalb, Rab3c, Rap1a, 
Rap1a, Rasgrp2, Rasgrp2, Rgs10, Rgs10, Rgs17, Sept5, Slc17a6, 
Slc17a8, Sncb, Sptan1, Stx12, Sympk, Syne1, Syt4, Tenm2, Tjp1, 
Vamp1, Vwc2, Ywhab, Ywhaq, Zc4h2 

GO:0043025 neuronal cell body 7.52E-08 1.78E-04 33 Ache, Atp13a2, Cacna1h, Camk2d Cit, Dpp6, Epha4, Gabra2, Gdpd5, 
Glra1, Grm7, Hcn3, Htr7, Kcnc1, Kcnc2, Kcnd1, Kcnip1, Kcnj12, 
Kcnj12, Kif3a, Lsm1, Nefh, Nefh, Nrsn1, Nrsn2, Pvalb, Reln, Rgs10, 
Rgs10, Robo1, Slc17a8, Sncb, Syt4, Trpm2, Tubb3, Txnrd1 

GO:0009987|
GO:0008151|
GO:0044763|
GO:0050875 

cellular process 3.95E-07 8.89E-04 309 1600014C10Rik, 2610002M06Rik, Abcg4, Ache, Adal, Adra2a, Akap2, 
Aldh5a1, Alk, Amd2, Amer1, Anapc16, Ap1s2, Ap3s1, Ap4s1, Apc2, 
Arhgap24, Arid5b, Arl4a, Arrb1, Asb4, Asic1, Atf2, Atf3, Atp13a2, 
Atp5g3, Atp6v0e2, AW551984, B3galt1, Barhl1, Bcs1l, Bdp1, Bmx, 
Btbd11, Bzw1, C330021F23Rik, Cables1, Cacna1h, Cacna2d2, 
Cacnb2, Camk2d, Cand1, Capn10, Capn2, Carmil1, Carmil2, Carmil2, 
Cartpt, Cbln1, Cbr1, Ccdc114, Ccnc, Cct5, Cdc16, Cdc42ep1, Cdh13, 
Cdh4, Cggbp1, Chchd4, Chd7, Chga, Ciapin1, Cib2, Cit, Cmklr1, 
Cntnap1, Cntnap4, Commd4, Cpeb3, Cpne9, Csrnp3, Cuta, Ddt, Dek, 
Depdc5, Dgkq, Dicer1, Dnajb4, Dnpep, Dpcd, Dpp6, Dtd1, Ebf4, 
Eef1e1, Eif2b3, Eif5, Enah, Endod1, Enpp5, Epha4, Erbin, Ergic2, 
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Fam92a, Fktn, Foxh1, Frs3, Fto, G6pc3, Gabra2, Gabrb2, Gabrg3, 
Gad2, Galnt7, Gdpd5, Ggps1, Gigyf1, Glra1, Gng3, Golga5, Gpr158, 
Gpr19, Grm7, Grn, Gtf2h1, Gucy1a2, H2afx, Hcn3, Hdac9, Hey1, 
Hic2, Hmgcs2, Hnrnpc, Hnrnpll, Hps4, Hr, Hspa9, Htr7, Ifrd1, Ift22, 
Inpp5e, Ip6k2, Iqsec2, Itch, Jdp2, Kazn, Kcnab3, Kcnc1, Kcnc2, Kcnd1, 
Kcnh4, Kcnip1, Kcnj12, Kcnj12, Kcnk4, Kctd13, Khdrbs1, Kif3a, Kif5b, 
Kirrel3, Klf12, Klf2, Ktn1, Kyat1, Lars2, Lingo4, Lnx1, Lrch1, Lrfn1, 
Lsm1, Lynx1, Lypd1, Lypd1, Maf, Man1c1, Mapk8ip1, Mapre2, 
Marcks, Mccc2, Mef2a, Mid2, Mmadhc, Mmadhc, Mmadhc, Mok, 
Mrpl49, Mtcl1, Nap1l1, Nap1l5, Ncbp1, Ncbp1, Nefh, Nefh, Nfic, 
Nfil3, Nipa2, Notch3, Nova1, Nrap, Nrip2, Nrxn3, Nsg2, Nt5c3, 
Nt5dc3, Ntng1, Osbpl7, Otud5, P4ha2, Paqr6, Parp11, Pbx1, Pbx3, 
Pcbd1, Pdf, Pdia6, Pdk3, Pdp1, Peg3, Pex13, Pglyrp1, Phf10, Phf10, 
Phf19, Pigf, Pip5kl1, Pkm, Pla2g7, Pla2g7, Plcxd3, Plvap, Pnck, Poc5, 
Poll, Polr1c, Ppig, Ppm1d, Psmb2, Psmd1, Ptpn11, Ptprr, Pvalb, 
Pygm, Rap1a, Rap1a, Rasgrp2, Rasgrp2, Rbm27, Rec8, Reln, Rer1, 
Rfwd3, Rgs10, Rgs10, Rgs17, Rhobtb2, Rit2, Rnf138, Rnf180, Rnf182, 
Robo1, Rpp25, Ryr3, Sbds, Scnm1, Scrt2, Sdha, Sdhb, Sec23a, 
Selenof, Sema3f, Sema4g, Sept5, Shd, Slc17a6, Slc17a8, Slc27a2, 
Slc38a1, Slc6a1, Slc6a11, Slco3a1, Slco3a1, Smap1, Smpd3, Sncb, 
Sox6, Sparc, Sprr2b, Sptan1, Srpk2, St7l, Stx12, Stx18, Sult1a1, 
Sult1a1, Sympk, Syne1, Syne4, Syt4, Tardbp, Tbc1d30, Tbpl1, Tcf7l2, 
Tenm2, Tfeb, Tmem109, Tmem28, Tmem91, Tmem91, Tpm1, Trpm2, 
Ttll5, Tubb3, Txnrd1, Ubash3b, Ube4a, Ubxn2a, Usp10, Usp29, 
Usp38, Utp14a, Vamp1, Vbp1, Vma21, Vps53, Vps54, Vta1, Wdr36, 
Wnt7a, Ywhab, Ywhaq, Zfp276, Zfp36l2, Zfp618, Zmym3, Znhit6 
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2.2.3 Venn Analysis 

Upregulated DEGs of MPH vs ACSF 
 

Table S29: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF, 20 µM 
MPH vs ACSF and 0.2 µM MPH vs ACSF.  
A total of 139 DEGs were identified from the 181 DEGs derived from Venn analysis (cf. Figure 45).  

1700064F23Rik Catsperd Gm10523 Mrps35 Shank1 
2410087M07Rik Ccdc114 Gm12576 Nanos3 Sirt6 
2610028H24Rik Ccdc77 Gm16287 Nfic Smco4 
4922502B01Rik Cdhr2 Gm31482 Npff Snap23 
A130088B03Rik Cdr2l Gm35147 Nrg1 Snhg7os 
A930028N01Rik Cep162 Gm40812 Nupr1 Sox13 
AA589522 Ciapin1 Gsk3a Oacyl Speg 
Acot3 Copz2 H2-T-ps Olfr571 Sprr2b 
Acsf2 Ctsz Hivep3 P3h1 Stat5a 
Adk Cyp4f18 Hspa4 Paqr6 Stx18 
AF067063 Daglb Hyi Pcsk1n Supt20 
Aldh18a1 Dlx3 Irak2 Pdk2 Sympk 
Amer1 Dock3 Jak3 Pdzrn3 Syne4 
Anks1 Dtymk Kcnab3 Per3 Tead1 
Ap5b1 Elane Kcnh4 Pign Tmem19 
Ap5m1 Elk1 Kcnk4 Pirb Tns1 
Aplp1 Emsy Lhx6 Plcd1 Triobp 
Apobec3 Endod1 Lmnb2 Plvap Ttll5 
Atf2 Ephb1 LOC102633312 Ppil2 Ubash3b 
B230312C02Rik Ermap Luzp2 Prl2c1 Ubl7 
BC051142 Etnppl Ly96 Pstpip1 Vac14 
Bcat1 Exosc2 Maf Pygm Wipf3 
Bvht Fbxo46 Mafa Rbpms2 Wrn 
C130068B02Rik Fmn2 Mapk12 Rn18s Zfand1 
C230057M02Rik Furin Mapre2 Rn4.5s Zfp316 
C330021F23Rik Gadd45a Mical1 Rock2 Zfp488 
Capn2 Glra1 Mlip Scly Zfp691 
Carmil2 Glyctk Mospd3 Serinc2  

 

Table S30: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF and 20 
µM MPH vs ACSF.  
A total of four DEGs derived from Venn analysis (cf. Figure 45).  

Aldh5a1 Asb4 Cables1 Ubr4 

 

Table S31: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF and 0.2 
µM MPH vs ACSF.  
A total of 18 DEGs were identified from the 19 DEGs derived from Venn analysis (cf. Figure 45).  

4732423E21Rik Eif5 Pkm Slc25a23 Vps53 
Acin1 Kcnq2 Prpf40a Slco3a1 Zfp93 
Akap2 Limch1 Rap1a Sntb2  
Dek Myh9 Rbm27 Txnrd1  

 

Table S32: Upregulated intersectional genes after one-way ANOVA of 20 µM MPH vs ACSF and 0.2 
µM MPH vs ACSF.  
A total of 298 DEGs were identified from the 379 DEGs derived from Venn analysis (cf. Figure 45).  

1600014C10Rik Ccdc184 Gm4971 Olfr1198 Slc35g2 
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1700003D09Rik Ccdc28a Gm5079 Olfr373 Slc6a1 
1700080N15Rik Ccl21a Gm7696 Pak4 Slc6a11 
2610005L07Rik Ccnc Gm9920 Paqr4 Slco3a1 
2810006K23Rik Cdh13 Gng3 Patj Slfn5 
2810429I04Rik Cdh4 Gpr158 Pbx3 Smim10l2a 
4733401D01Rik Chga Gpr25 Pcbd1 Smim12 
4930438E09Rik Cib2 Grn Pdp1 Sncb 
4930570B17Rik Cit Gys1 Pex16 Sparc 
4931428F04Rik Cmklr1 Hr Pex19 Srpx2 
5830426C09Rik Cntnap1 Igf1 Pgbd1 Srrm2 
6330531I01Rik Cntnap4 Inpp5e Pglyrp1 Sult1a1 
6430584L05Rik Cops8 Iqsec2 Phf19 Syne1 
9330133O14Rik Cpne9 Itih3 Pigb Syp 
Abcg4 Cuta Jdp2 Pip5kl1 Tbc1d22b 
Abi1 D930003E18Rik Kat5 Pla2g4b Tbc1d30 
Ache Ddt Kazn Plcxd3 Tbc1d7 
Acnat1 Def6 Kcnc1 Pnck Tcf7l2 
Actr2 Depdc5 Kcnc2 Poc5 Tex44 
Aldh3a1 Dgkq Kcnd1 Poll Tfeb 
Alk Dicer1 Kcnh4 Ppia Thoc7 
Antxr1 Dirc2 Kcnip1 Ppm1h Tmem130 
Ap1s2 Dpp6 Kif3a Ppp1r3f Tmem132d 
Ap2a2 Drc3 Kirrel3 Ppp1r9a Tmem132e 
Apc2 Dzank1 Klhdc7a Prep Tmem222 
Apoa2 E030030I06Rik Kmt5c Prlhr Tmem229b 
Apold1 Ebf4 Krtap5-3 Prpmp5 Tmem28 
Arl4c Enpp5 Lce1a2 Prss53 Tmem9 
Arrb1 Ergic3 Lingo4 Pskh1 Tmem91 
Asic1 Fam109b Lnx1 Pvalb Tmsb10 
Atp13a2 Fam110a LOC102634887 Rasgrp2 Tox2 
Atp1a3 Fam196a Lrch1 Rbm28 Tpm1 
Atp5g1 Fbxl17 Lrfn1 Rec8 Trpc6 
Atp6v0a1 Flywch2 Lrfn5 Rell2 Trpm2 
Atp6v0e2 Foxh1 Lrrc3b Reln Tspan33 
Atp7b Frs3 Lrrc7 Rgp1 Tspyl5 
Atxn7l1 Fto Lynx1 Rgs10 Ttc7b 
Atxn7l3b G6pc3 Man1c1 Rgs17 Tubb3 
AW551984 Gabrb2 Mettl7a3 Rhobtb2 U2af1l4 
B630019K06Rik Gad2 Mid2 Rit2 Ulk3 
Barhl1 Galnt7 Mirc35hg Rnf180 Usp29 
BC024978 Gatsl2 Msi1 Rnpep Vamp1 
BC051019 Gdpd5 Mtcl1 Rpp25 Vcpip1 
Bcs1l Ggact Myef2 Rrp1 Vstm2l 
Bdkrb1 Ggcx Naip5 Sc5d Vwc2 
Bmx Gigyf1 Nap1l5 Scnm1 Wdcp 
Btbd11 Gigyf1 Nctc1 Scnn1a Wdr34 
C030006K11Rik Gm10183 Nefh Scrt2 Yap1 
Cacna1b Gm10426 Notch3 Sdsl Zcchc3 
Cacna1h Gm10765 Nova1 Selenon Zfp276 
Cacna2d2 Gm10871 Nrap Sema3f Zfp36l1 
Camk2n2 Gm11937 Nrip2 Sema4g Zfp575 
Cand1 Gm13580 Nrsn1 Sept5 Zfp580 
Cap1 Gm13999 Nrsn2 Sez6l Zfp608 
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Capn5 Gm16283 Nrxn3 Sgsm3 Zfp618 
Carmil1 Gm26808 Nudt5 Shd Zfp692 
Cartpt Gm2696 Nxph1 Slc17a6 Zfp783 
Cbln2 Gm32191 Oas1b Slc17a8 Znhit2 
Cbr1 Gm33115 Ogdh Slc27a2  
Cc2d1a Gm38728 Olfm1 Slc35e2  
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Table S33: Top 20 significant GO terms of the upregulated intersectional genes of 0.2 µM MPH vs ACSF and 20 µM MPH vs ACSF after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 379 upregulated intersectional genes after one-way ANOVA of 0.2 µM MPH vs ACSF and 20 µM 
MPH vs ACSF and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession numbers 
are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini & 
Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as one 
DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0042995 cell projection 1.47E-12 4.98E-08 66 Abi1, Ache, Actr2, Alk, Antxr1, Apc2, Arl4c, Arrb1, Asic1 , Atp13a2, 
Atp1a3, Atp6v0a1, Bdkrb1, Bmx, Cacna1b, Cacna1h, Carmil1, Cbr1, 
Cdh13, Cib2, Cit, Cntnap1, Cntnap4, Def6, Dicer1, Drc3, Gad2, 
Gdpd5, Gng3, Inpp5e, Kcnc1, Kcnc2, Kcnd1, Kcnip1, Kif3a, Kirrel3, 
Lrrc7, Naip5, Nefh, Nefh, Nrsn1, Olfm1, Pex19, Pip5kl1, Ppp1r9a, 
Pvalb, Rasgrp2, Rasgrp2, Reln, Rgs10, Rgs10, Rgs17, Rit2, Rnpep, 
Scnn1a, Sept5, Slc17a6, Slc17a8, Slc6a1, Slc6a11, Sncb, Syne1, Syp, 
Tbc1d30, Tbc1d7, Tbc1d7, Trpm2, Tubb3, Vamp1, Wdr34 

GO:0120025 plasma membrane 
bounded cell projection 

9.43E-12 1.60E-07 61 Abi1, Ache, Actr2, Alk, Antxr1, Apc2, Arrb1, Asic1, Atp13a2, Atp1a3, 
Atp6v0a1, Bdkrb1, Bmx, Cacna1b, Cacna1h, Carmil1, Cbr1, Cdh13, 
Cib2, Cit, Cntnap1, Cntnap4, Dicer1, Drc3, Gad2, Gdpd5, Gng3, 
Inpp5e, Kcnc1, Kcnc2, Kcnip1, Kif3a, Kirrel3, Lrrc7, Naip5, Nefh, Nefh, 
Nrsn1, Olfm1, Pex19, Ppp1r9a, Pvalb, Rasgrp2, Rasgrp2, Reln, Rgs10, 
Rgs10, Rgs17, Rit2, Rnpep, Scnn1a, Sept5, Slc17a6, Slc17a8, Slc6a1, 
Sncb, Syne1, Syp, Tbc1d30, Tbc1d7, Tbc1d7, Trpm2, Tubb3, Vamp1, 
Wdr34 

GO:0043005 neuron projection 3.28E-11 3.71E-07 47 Abi1, Ache, Alk, Arrb1, Asic1, Atp13a2, Atp1a3, Atp6v0a1, Bdkrb1, 
Cacna1b, Cacna1h, Cdh13, Cib2, Cntnap1, Cntnap4, Dicer1, Gad2, 
Gdpd5, Gng3, Kcnc1, Kcnc2, Kcnip1, Kif3a, Kirrel3, Lrrc7, Naip5, Nefh, 
Nefh, Nrsn1, Olfm1, Ppp1r9a, Pvalb, Rasgrp2, Rasgrp2, Reln, Rgs10, 
Rgs10, Rgs17, Rit2, Rnpep, Sept5, Slc17a6, Slc17a8, Slc6a1, Sncb, 
Syne1, Syp, Trpm2, Tubb3, Vamp1 

GO:0036477 somatodendritic 
compartment 

4.33E-10 3.68E-06 36 Ache, Arrb1, Asic1, Atp13a2, Atp1a3, Cacna1b, Cacna1h, Cit, 
Cntnap4, Dicer1, Dpp6, Gdpd5, Gng3, Igf1, Kcnc1, Kcnc2, Kcnd1, 
Kcnip1, Kif3a, Kirrel3, Lrrc7, Naip5, Nefh, Nefh, Nrsn1, Nrsn2, Olfm1, 
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Ppp1r9a, Pvalb, Reln, Rgs10, Rgs10, Sez6l, Slc17a8, Sncb, Syne1, 
Trpm2, Tubb3 

GO:0044297 cell body 2.04E-09 1.38E-05 31 Ache, Alk, Atp13a2, Atp1a3, Cacna1b, Cacna1h, Cit, Dpp6, Gdpd5, 
Gng3, Igf1, Kcnc1, Kcnc2, Kcnd1, Kcnip1, Kif3a, Naip5, Nefh, Nefh, 
Nrsn1, Nrsn2, Olfm1, Ppp1r9a, Pvalb, Reln, Rgs10, Rgs10, Rit2, Sez6l, 
Slc17a8, Sncb, Trpm2, Tubb3 

GO:0043025 neuronal cell body 9.59E-09 5.44E-05 28 Ache, Atp13a2, Atp1a3, Cacna1b, Cacna1h, Cit, Dpp6, Gdpd5, Igf1, 
Kcnc1, Kcnc2, Kcnd1, Kcnip1, Kif3a, Naip5, Nefh, Nefh, Nrsn1, Nrsn2, 
Olfm1, Ppp1r9a, Pvalb, Reln, Rgs10, Rgs10, Sez6l, Slc17a8, Sncb, 
Trpm2, Tubb3 

GO:0045202 synapse 3.61E-08 1.76E-04 33 Abi1, Ache, Actr2, Arrb1, Asic1, Atp1a3, Atp6v0a1, Cacna1b, Cib2, 
Cntnap4, Gabrb2, Gad2, Gng3, Kcnc2, Lrfn1, Lrrc7, Nefh, Nefh, 
Nrxn3, Olfm1, Ppp1r9a, Pvalb, Rasgrp2, Rasgrp2, Rgs10, Rgs10, 
Rgs17, Sept5, Slc17a6, Slc17a8, Sncb, Srpx2, Syne1, Syp, Vamp1, 
Vwc2 

GO:0030424 axon 4.89E-08 2.08E-04 26 Ache, Alk, Atp1a3, Atp6v0a1, Cacna1b, Cntnap1, Dicer1, Gad2, 
Gdpd5, Kcnc1, Kcnc2, Kirrel3, Lrrc7, Nefh, Nefh, Nrsn1, Olfm1, 
Ppp1r9a, Pvalb, Reln, Rgs10, Rgs10, Sept5, Slc17a8, Slc6a1, Sncb, 
Syp, Tubb3 

GO:0030054 cell junction 7.26E-07 0.0027 45 Abi1, Ache, Actr2, Arrb1, Asic1, Atp1a3, Atp6v0a1, Atp7b, Cacna1b, 
Cap1, Capn5, Cdh13, Cib2, Cntnap4, Def6, Gabrb2, Gad2, Gng3, 
Kazn, Kcnc2, Lrfn1, Lrrc7, Nefh, Nefh, Nrap, Nrxn3, Olfm1, Pak4, Patj, 
Ppia, Ppp1r9a, Pvalb, Rasgrp2, Rasgrp2, Rgs10, Rgs10, Rgs17, Sept5, 
Sgsm3, Slc17a6, Slc17a8, Sncb, Srpx2, Syne1, Syp, Trpc6, Vamp1, 
Vwc2 

GO:0034703 cation channel complex 6.10E-06 0.0207 12 Cacna1b, Cacna1h, Cacna2d2, Cntnap1, Dpp6, Kcnc1, Kcnc2, Kcnd1, 
Kcnip1, Olfm1, Scnn1a, Vwc2 

GO:0005886|
GO:0005904 

plasma membrane 7.38E-06 0.0228 89 Abcg4, Abi1, Ache, Aldh3a1, Alk, Antxr1, Ap1s2, Ap2a2, Apc2, Arl4c, 
Arrb1, Asic1, Atp13a2, Atp1a3, Atp6v0a1, Atp7b, Bdkrb1, Bmx, 
Cacna1b, Cacna1h, Cacna2d2, Cap1, Carmil1, Cbr1, Cc2d1a, Cdh13, 
Cdh4, Cib2, Cit, Cmklr1, Cntnap1, Cntnap4, Def6, Dgkq, Dpp6, Enpp5, 
Gabrb2, Gad2, Gng3, Gpr158, Igf1, Inpp5e, Kazn, Kcnc1, Kcnc2, 
Kcnd1, Kcnh4, Kcnip1, Kirrel3, Lce1a2, Lrch1, Lrfn1, Lrrc7, Lynx1, 
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Mtcl1, Notch3, Nrsn2, Nrxn3, Olfm1, Patj, Pex19, Prlhr, Pskh1, 
Rasgrp2, Rasgrp2, Rell2, Rgp1, Rgs10, Rgs10, Rgs17, Rit2, Rnpep, 
Scnn1a, Sema4g, Sept5, Sez6l, Slc35g2, Slc6a1, Slc6a11, Slco3a1, 
Srpx2, Syne1, Syp, Tbc1d30, Tmem130, Tmem28, Trpc6, Trpm2, 
Tspan33, Ttc7b, Vwc2 

GO:1902495 transmembrane 
transporter complex 

1.11E-05 0.0259 14 Atp1a3, Cacna1b, Cacna1h, Cacna2d2, Cntnap1, Dpp6, Gabrb2, 
Kcnc1, Kcnc2, Kcnd1, Kcnip1, Olfm1, Scnn1a, Vwc2 

GO:0046873 metal ion 
transmembrane 
transporter activity 

9.80E-06 0.0259 18 Asic1, Atp13a2, Atp1a3, Atp7b, Cacna1b, Cacna1h, Cacna2d2, 
Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, Scnn1a, Slc6a1, Slc6a11, 
Tmem28, Trpc6, Trpm2 

GO:0071944 cell periphery 1.14E-05 0.0259 95 Abcg4, Abi1, Ache, Actr2, Aldh3a1, Alk, Antxr1, Ap1s2, Ap2a2, Apc2, 
Arl4c, Arrb1, Asic1, Atp13a2, Atp1a3, Atp6v0a1, Atp7b, Bdkrb1, 
Bmx, Cacna1b, Cacna1h, Cacna2d2, Cap1, Carmil1, Cbr1, Cc2d1a, 
Cdh13, Cdh4, Cib2, Cit, Cmklr1, Cntnap1, Cntnap4, Def6, Dgkq, Dpp6, 
Enpp5, Gabrb2, Gad2, Gng3, Gpr158, Igf1, Inpp5e, Kazn, Kcnc1, 
Kcnc2, Kcnd1, Kcnh4, Kcnip1, Kirrel3, Lce1a2, Lrch1, Lrfn1, Lrfn5, 
Lrrc7, Lynx1, Mtcl1, Notch3, Nrsn2, Nrxn3, Olfm1, Patj, Pex19, 
Ppp1r9a, Prlhr, Pskh1, Rasgrp2, Rasgrp2, Rell2, Reln, Rgp1, Rgs10, 
Rgs10, Rgs17, Rit2, Rnpep, Scnn1a, Sema4g, Sept5, Sez6l, Slc35g2, 
Slc6a1, Slc6a11, Slco3a1, Sparc, Srpx2, Syne1, Syp, Tbc1d30, 
Tmem130, Tmem28, Trpc6, Trpm2, Tspan33, Ttc7b, Tubb3, Vwc2 

GO:0022890|
GO:0015077|
GO:0015082|
GO:0072509|
GO:0072510 

inorganic cation 
transmembrane 
transporter activity 

1.09E-05 0.0259 21 Asic1, Atp13a2, Atp1a3, Atp5g1, Atp6v0a1, Atp6v0e2, Atp7b, 
Cacna1b, Cacna1h, Cacna2d2, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, 
Scnn1a, Slc6a1, Slc6a11, Tmem28, Trpc6, Trpm2 

GO:1990351 transporter complex 1.30E-05 0.0260 14 Atp1a3, Cacna1b, Cacna1h, Cacna2d2, Cntnap1, Dpp6, Gabrb2, 
Kcnc1, Kcnc2, Kcnd1, Kcnip1, Olfm1, Scnn1a, Vwc2 

GO:0098662|
GO:0015672|
GO:0072511 

inorganic cation 
transmembrane 
transport 

1.27E-05 0.0260 21 Asic1, Atp13a2, Atp1a3, Atp5g1, Atp6v0a1, Atp6v0e2, Atp7b, 
Cacna1b, Cacna1h, Cacna2d2, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, 
Scnn1a, Slc6a1, Slc6a11, Tmem28, Trpc6, Trpm2 
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GO:0098660 inorganic ion 
transmembrane 
transport 

2.23E-05 0.0421 21 Asic1, Atp13a2, Atp1a3, Atp5g1, Atp6v0a1, Atp6v0e2, Atp7b, 
Cacna1b, Cacna1h, Cacna2d2, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, 
Scnn1a, Slc6a1, Slc6a11, Tmem28, Trpc6, Trpm2 

GO:0015075 ion transmembrane 
transporter activity 

2.81E-05 0.0484 25 Asic1, Atp13a2, Atp1a3, Atp5g1, Atp6v0a1, Atp6v0e2, Atp7b, 
Cacna1b, Cacna1h, Cacna2d2, Gabrb2, Kcnc1, Kcnc2, Kcnd1, Kcnh4, 
Kcnip1, Scnn1a, Slc17a6, Slc17a8, Slc6a1, Slc6a11, Slco3a1, Tmem28, 
Trpc6, Trpm2 

GO:0008324 cation transmembrane 
transporter activity 

2.85E-05 0.0484 21 Asic1, Atp13a2, Atp1a3, Atp5g1, Atp6v0a1, Atp6v0e2, Atp7b, 
Cacna1b, Cacna1h, Cacna2d2, Kcnc1, Kcnc2, Kcnd1, Kcnh4, Kcnip1, 
Scnn1a, Slc6a1, Slc6a11, Tmem28, Trpc6, Trpm2 
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Downregulated DEGs of MPH vs ACSF 
 

Table S34: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF, 20 
µM MPH vs ACSF and 0.2 µM MPH vs ACSF.  
A total of 150 DEGs were identified from the 165 DEGs derived from Venn analysis (cf. Figure 46).  

2010300C02Rik D430019H16Rik Hnrnpc Otud5 Slc44a5 
2210008F06Rik Dip2a Hps4 Pbx1 Sox6 
2610002M06Rik Dnajb4 Htr7 Pdcd10 Sptan1 
2610507I01Rik Dnpep Ip6k2 Pdf Srpk2 
4933434E20Rik Dpcd Kcnj12 Pdk3 Srsf5 
9330151L19Rik Dtd1 Khdrbs1 Peg3 Srsf9 
Adal Eef1e1 Klf12 Pex13 St6galnac5 
Ahsa2 Eif2b3 Klf2 Phf10 St7l 
Akap1 Epha4 Lhpp Pigf Sumo2 
Akirin1 Ergic2 Lmo7 Pofut1 Syt4 
Anapc16 Fahd2a Lrch2 Ppfia4 Tada3 
Ap3s1 Fam206a Lypd1 Prr14l Tbce 
Ap4s1 Fam214b Mapk8ip1 Psmb2 Tceal8 
Arhgap12 Fam92a Marcks Ptprr Tenm2 
Arl4a Fbxl6 Mccc2 Rab3c Tenm3 
Atf2 Fgfbp3 Mok Rab40c Them4 
B4galt3 Fktn Mrpl49 Rer1 Tmem109 
BC003331 Gabra2 Mzf1 Rnf138 Tmem131 
Bzw1 Ggps1 Mzt2 Robo1 Ubac1 
C530008M17Rik Gnb4 Nap1l1 Rpl5 Ube4a 
Cacnb2 Golgb1 Ncbp1 Ryr3 Unc119b 
Camk2d Gpr19 Nhsl2 Sbds Usp10 
Cbln1 Gucy1a2 Nin Sdcbp Vbp1 
Cdc16 H2afx Nipa2 Sdha Vma21 
Chchd4 Hcn3 Nme7 Sdhb Vps54 
Cnot1 Hey1 Nrip3 Sec23a Vta1 
Commd4 Hic2 Nsmaf Set Ywhaq 
Commd7 Hist1h4d Nt5dc3 Sf3b1 Zbtb25 
Cpeb3 Hist1h4k Ntng1 Shisa6 Zfp704 
Cttn Hmgcs2 Nudt21 Slc38a1 Zmym3 
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Table S35: Significant GO terms of the downregulated intersectional genes of 200 µM MPH vs ACSF, 20 µM MPH vs ACSF and 0.2 µM MPH vs ACSF after one-
way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 165 downregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF, 20 µM 
MPH vs ACSF and 0.2 µM MPH vs ACSF and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, 
synonymous GO accession numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the 
false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0043231 intracellular membrane-
bounded organelle 

2.11E-08 5.20E-04 105 2610002M06Rik, Akap1, Akirin1, Anapc16, Ap3s1, Ap4s1, Arl4a, 
Atf2, B4galt3, Camk2d, Cdc16, Chchd4, Cnot1, Commd4, Commd7, 
Cpeb3, Cttn, Dip2a, Dnpep, Dpcd, Dtd1, Eef1e1, Epha4, Ergic2, 
Fahd2a, Fam206a, Fam214b, Fam92a, Fktn, Gabra2, Gnb4, Golgb1, 
H2afx, Hey1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hps4, Htr7, 
Ip6k2, Khdrbs1, Klf12, Klf2, Lhpp, Mapk8ip1, Marcks, Mccc2, Mok, 
Mrpl49, Mzf1, Mzf1, Mzt2, Nap1l1, Ncbp1, Ncbp1, Nin, Nipa2, 
Nt5dc3, Nudt21, Pbx1, Pdcd10, Pdf, Pdk3, Peg3, Pex13, Phf10, Pigf, 
Pofut1, Psmb2, Rab3c, Rab40c, Rer1, Rnf138, Rpl5, Ryr3, Sbds, 
Sdcbp, Sdha, Sdhb, Sec23a, Set, Sf3b1, Sox6, Sptan1, Srpk2, Srsf5, 
Srsf9, St6galnac5, Sumo2, Syt4, Tada3, Tceal8, Tenm2, Them4, 
Tmem109, Ubac1, Ube4a, Usp10, Vbp1, Vma21, Vps54, Vta1, 
Zbtb25, Zfp704, Zmym3 

GO:0043227 membrane-bounded 
organelle 

5.16E-07 0.0064 110 2610002M06Rik, Akap1, Akirin1, Anapc16, Ap3s1, Ap4s1, Arl4a, 
Atf2, B4galt3, Camk2d, Cdc16, Chchd4, Cnot1, Commd4, Commd7, 
Cpeb3, Cttn, Dip2a, Dnajb4, Dnpep, Dpcd, Dtd1, Eef1e1, Epha4, 
Ergic2, Fahd2a, Fam206a, Fam214b, Fam92a, Fktn, Gabra2, Gnb4, 
Golgb1, H2afx, Hey1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, 
Hps4, Htr7, Ip6k2, Khdrbs1, Klf12, Klf2, Lhpp, Mapk8ip1, Marcks, 
Mccc2, Mok, Mrpl49, Mzf1, Mzf1, Mzt2, Nap1l1, Ncbp1, Ncbp1, Nin, 
Nipa2, Nme7, Nt5dc3, Nudt21, Pbx1, Pdcd10, Pdf, Pdk3, Peg3, 
Pex13, Phf10, Pigf, Pofut1, Psmb2, Rab3c, Rab40c, Rer1, Rnf138, 
Rpl5, Ryr3, Sbds, Sdcbp, Sdha, Sdhb, Sec23a, Set, Sf3b1, Slc38a1, 
Sox6, Sptan1, Srpk2, Srsf5, Srsf9, St6galnac5, Sumo2, Syt4, Tada3, 
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Tceal8, Tenm2, Them4, Tmem109, Ubac1, Ube4a, Unc119b, Usp10, 
Vbp1, Vma21, Vps54, Vta1, Ywhaq, Zbtb25, Zfp704, Zmym3 

GO:0043229 intracellular organelle 1.13E-06 0.0093 107 2610002M06Rik, Akap1, Akirin1, Anapc16, Ap3s1, Ap4s1, Arl4a, 
Atf2, B4galt3, Camk2d, Cdc16, Chchd4, Cnot1, Commd4, Commd7, 
Cpeb3, Cttn, Dip2a, Dnpep, Dpcd, Dtd1, Eef1e1, Epha4, Ergic2, 
Fahd2a, Fam206a, Fam214b, Fam92a, Fktn, Gabra2, Gnb4, Golgb1, 
H2afx, Hey1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hps4, Htr7, 
Ip6k2, Khdrbs1, Klf12, Klf2, Lhpp, Mapk8ip1, Marcks, Mccc2, Mok, 
Mrpl49, Mzf1, Mzf1, Mzt2, Nap1l1, Ncbp1, Ncbp1, Nin, Nipa2, 
Nme7, Nt5dc3, Nudt21, Pbx1, Pdcd10, Pdf, Pdk3, Peg3, Pex13, 
Phf10, Pigf, Pofut1, Psmb2, Rab3c, Rab40c, Rer1, Rnf138, Rpl5, Ryr3, 
Sbds, Sdcbp, Sdha, Sdhb, Sec23a, Set, Sf3b1, Sox6, Sptan1, Srpk2, 
Srsf5, Srsf9, St6galnac5, Sumo2, Syt4, Tada3, Tbce, Tceal8, Tenm2, 
Them4, Tmem109, Ubac1, Ube4a, Usp10, Vbp1, Vma21, Vps54, 
Vta1, Zbtb25, Zfp704, Zmym3 

GO:0005622 intracellular anatomical 
structure 

1.65E-06 0.0102 117 2610002M06Rik, Akap1, Akirin1, Anapc16, Ap3s1, Ap4s1, Arl4a, 
Atf2, B4galt3, Bzw1, Camk2d, Cdc16, Chchd4, Cnot1, Commd4, 
Commd7, Cpeb3, Cttn, Dip2a, Dnajb4, Dnpep, Dpcd, Dtd1, Eef1e1, 
Eif2b3, Epha4, Ergic2, Fahd2a, Fam206a, Fam214b, Fam92a, Fgfbp3, 
Fktn, Gabra2, Ggps1, Gnb4, Golgb1, Gucy1a2, H2afx, Hey1, Hic2, 
Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hps4, Htr7, Ip6k2, Khdrbs1, 
Klf12, Klf2, Lhpp, Mapk8ip1, Marcks, Mccc2, Mok, Mrpl49, Mzf1, 
Mzf1, Mzt2, Nap1l1, Ncbp1, Ncbp1, Nin, Nipa2, Nme7, Nt5dc3, 
Nudt21, Pbx1, Pdcd10, Pdf, Pdk3, Peg3, Pex13, Phf10, Pigf, Pofut1, 
Psmb2, Ptprr, Rab3c, Rab40c, Rer1, Rnf138, Robo1, Rpl5, Ryr3, Sbds, 
Sdcbp, Sdha, Sdhb, Sec23a, Set, Sf3b1, Sox6, Sptan1, Srpk2, Srsf5, 
Srsf9, St6galnac5, Sumo2, Syt4, Tada3, Tbce, Tceal8, Tenm2, Them4, 
Tmem109, Ubac1, Ube4a, Unc119b, Usp10, Vbp1, Vma21, Vps54, 
Vta1, Ywhaq, Zbtb25, Zfp704, Zmym3 

GO:0043226 organelle 9.23E-06 0.0455 111 2610002M06Rik, Akap1, Akirin1, Anapc16, Ap3s1, Ap4s1, Arl4a, 
Atf2, B4galt3, Camk2d, Cdc16, Chchd4, Cnot1, Commd4, Commd7, 
Cpeb3, Cttn, Dip2a, Dnajb4, Dnpep, Dpcd, Dtd1, Eef1e1, Epha4, 
Ergic2, Fahd2a, Fam206a, Fam214b, Fam92a, Fktn, Gabra2, Gnb4, 
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Golgb1, H2afx, Hey1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, 
Hps4, Htr7, Ip6k2, Khdrbs1, Klf12, Klf2, Lhpp, Mapk8ip1, Marcks, 
Mccc2, Mok, Mrpl49, Mzf1, Mzf1, Mzt2, Nap1l1, Ncbp1, Ncbp1, Nin, 
Nipa2, Nme7, Nt5dc3, Nudt21, Pbx1, Pdcd10, Pdf, Pdk3, Peg3, 
Pex13, Phf10, Pigf, Pofut1, Psmb2, Rab3c, Rab40c, Rer1, Rnf138, 
Rpl5, Ryr3, Sbds, Sdcbp, Sdha, Sdhb, Sec23a, Set, Sf3b1, Slc38a1, 
Sox6, Sptan1, Srpk2, Srsf5, Srsf9, St6galnac5, Sumo2, Syt4, Tada3, 
Tbce, Tceal8, Tenm2, Them4, Tmem109, Ubac1, Ube4a, Unc119b, 
Usp10, Vbp1, Vma21, Vps54, Vta1, Ywhaq, Zbtb25, Zfp704, Zmym3 
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Table S36: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF and 
20 µM MPH vs ACSF.  
A total of 10 DEGs derived from Venn analysis (cf. Figure 46).  

Arhgap24 Fstl5 Kcnj12 Mef2a Ubxn2a 
Cpne4 Grm7 Lars2 Smpd3 Wdfy1 

 

Table S37: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH vs ACSF and 
0.2 µM MPH vs ACSF.  
A total of 24 DEGs were identified from the 26 DEGs derived from Venn analysis (cf. Figure 46). 

1110006E14Rik Exosc9 Kyat1 Prps1l3 Ubtf 
Abcb6 Gabrg3 Nsg2 Skint7 Wdr31 
Adra2a Hdac9 Parp11 Slc4a1ap Wdr36 
Capn10 Helz Pih1d1 Spag7 Zc4h2 
Csrnp3 Ift22 Plekhm3 Tsc22d3  

  

Table S38: Downregulated intersectional genes after one-way ANOVA of 20 µM MPH vs ACSF and 
0.2 µM MPH vs ACSF.  
A total of 162 DEGs were identified from the 178 DEGs derived from Venn analysis (cf. Figure 46). 

A430102J17Rik Dis3 Ifrd1 Ppig Smarce1 
Aasdhppt Dnajc14 Ifrd2 Ppm1d Son 
Afap1l2 Dnajc8 Itch Ppp1r2 Srsf5 
Aida Doc2b Itga6 Prex1 Stum 
Alg5 Dph2 Kctd13 Prosc Stx12 
Amd2 E130201H02Rik Kif5b Psmd1 Stx2 
Ankrd10 E130308A19Rik Ktn1 Ptpn11 Syf2 
Apoe Eapp Lin54 Pwp1 Tardbp 
Arid5b Efcab14 Lonrf3 Rack1 Tbpl1 
Atf3 Eif2ak4 Lsm1 Rad54l2 Tinf2 
Atp5g3 Enah Mak16 Ranbp1 Tjp1 
B3galt1 Erbin Mapkapk2 Rap1a Tmem168 
Bax Ets2 Med10 Rasgef1a Tmem185b 
BC003331 Exosc3 Mex3d Rbm34 Tpd52 
Bdp1 Fam117b Mgst1 Rbm8a Tpt1 
C4b Fam222b Mmadhc Rela Trim11 
Ccnyl1 Fbrsl1 Mterf3 Rfwd3 Trio 
Cct5 Fhad1 Nfil3 Rlbp1 Uba5 
Cdc42ep1 Fip1l1 Nsmce4a Rnaseh1 Ubald2 
Cggbp1 Garem1 Nt5c3 Rnf182 Ube2j1 
Chd1 Gfod1 Nup35 Rpl39 Usp38 
Chd7 Gm38457 Opa1 Rpl6 Usp39 
Cldnd1 Gm42151 Osbpl11 Rpl8 Utp14a 
Cnn3 Gm6524 Osbpl7 Rps2 Utp20 
Commd2 Golga5 P4ha2 Rps5 Washc2 
Crtc3 Gtf2h1 Pank2 Rsrc2 Wnt7a 
D11Wsu47e Hbp1 Paxbp1 Scaf4 Yap1 
Dab1 Hnrnpf Pdia6 Sec63 Ywhab 
Ddx31 Hnrnpll Phf10 Selenof Zfp36l2 
Denr Hps1 Pi4k2a Sh3bp2 Znhit6 
Derl1 Hps5 Pla2g7 Sh3glb1  
Dgkg Hspa4 Pole4 Sirt1  
Dido1 Hspa9 Polr1c Smap1  
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Table S39: Top 20 significant GO terms of the downregulated intersectional genes of 20 µM MPH vs ACSF and 0.2 µM MPH vs ACSF after one-way ANOVA. 
The GO terms (corrected p-value cutoff 0.05) are related to the 178 downregulated intersectional genes after one-way ANOVA of 20 µM MPH vs ACSF and 0.2 
µM MPH vs ACSF and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, synonymous GO accession 
numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini 
& Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants (duplicates/triplicates are counted as one 
DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0005488 binding 4.40E-11 6.20E-07 129 Aasdhppt, Afap1l2, Aida, Amd2, Apoe, Arid5b, Atf3, Atp5g3, Bax, 
Bdp1, C4b, Ccnyl1, Cct5, Cdc42ep1, Cggbp1, Chd1, Chd7, Cnn3, Crtc3, 
Dab1, Ddx31, Denr, Derl1, Dgkg, Dido1, Dis3, Dnajc14, Doc2b, Dph2, 
E130308A19Rik, Efcab14, Eif2ak4, Enah, Erbin, Ets2, Exosc3, Fbrsl1, 
Fip1l1, Garem1, Golga5, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, Hps1, Hps5, 
Hspa4, Hspa9, Itch, Itga6, Kctd13, Kif5b, Ktn1, Lin54, Lonrf3, Lsm1, 
Mak16, Mapkapk2, Mex3d, Mgst1, Mterf3, Nfil3, Nt5c3, Nup35, 
Opa1, Osbpl11, Osbpl7, P4ha2, Paxbp1, Phf10, Pi4k2a, Pla2g7, 
Pla2g7, Pole4, Polr1c, Ppig, Ppm1d, Ppp1r2, Prex1, Prosc, Psmd1, 
Ptpn11, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rbm34, Rbm8a, 
Rela, Rfwd3, Rlbp1, Rnaseh1, Rnf182, Rpl39, Rpl6, Rpl8, Rps2, Rps5, 
Scaf4, Sec63, Selenof, Sh3bp2, Sh3glb1, Sirt1, Smap1, Smarce1, Son, 
Srsf5, Stx12, Stx2, Syf2, Tardbp, Tbpl1, Tinf2, Tjp1, Tpd52, Tpt1, 
Trim11, Trio, Uba5, Ube2j1, Usp39, Utp14a, Utp20, Washc2, Wnt7a, 
Yap1, Ywhab, Zfp36l2, Znhit6 

GO:0005622 intracellular anatomical 
structure 

3.34E-11 6.20E-07 132 Aasdhppt, Afap1l2, Aida, Alg5, Amd2, Apoe, Arid5b, Atf3, Atp5g3, 
B3galt1, Bax, Bdp1, Cct5, Cdc42ep1, Cggbp1, Chd1, Chd7, Cnn3, 
Commd2, Crtc3, Dab1, Ddx31, Denr, Derl1, Dido1, Dis3, Dnajc14, 
Dnajc8, Dnajc8, Doc2b, E130308A19Rik, Eapp, Eif2ak4, Enah, Erbin, 
Ets2, Exosc3, Fam222b, Fip1l1, Golga5, Gtf2h1, Hbp1, Hnrnpf, 
Hnrnpll, Hps1, Hps5, Hspa4, Hspa9, Ifrd1, Ifrd2, Itch, Kctd13, Kif5b, 
Ktn1, Lin54, Lonrf3, Lsm1, Mak16, Mapkapk2, Med10, Mex3d, 
Mgst1, Mmadhc, Mmadhc, Mmadhc, Mterf3, Nfil3, Nsmce4a, Nt5c3, 
Nup35, Opa1, Osbpl11, Osbpl7, P4ha2, Pank2, Paxbp1, Pdia6, Phf10, 
Pi4k2a, Pla2g7, Pla2g7, Pole4, Polr1c, Ppig, Ppp1r2, Prex1, Prosc, 
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Psmd1, Ptpn11, Pwp1, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, 
Rbm34, Rbm8a, Rela, Rfwd3, Rlbp1, Rnaseh1, Rnf182, Rpl39, Rpl6, 
Rpl8, Rps2, Rps5, Scaf4, Sec63, Selenof, Sh3glb1, Sirt1, Smap1, 
Smarce1, Son, Srsf5, Stx12, Stx2, Syf2, Tardbp, Tbpl1, Tinf2, Tjp1, 
Tmem168, Tpd52, Tpt1, Trim11, Trio, Uba5, Ube2j1, Usp39, Utp14a, 
Utp20, Washc2, Yap1, Ywhab, Zfp36l2 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 8.39E-11 7.88E-07 37 Cct5, Ddx31, Denr, Dido1, Dis3, Eif2ak4, Exosc3, Fbrsl1, Fip1l1, Hbp1, 
Hnrnpf, Hnrnpll, Hspa9, Lsm1, Mak16, Mex3d, Mterf3, Ppig, Rack1, 
Rbm34, Rbm8a, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sec63, 
Smarce1, Son, Srsf5, Syf2, Tardbp, Tpt1, Utp14a, Utp20, Zfp36l2 

GO:0003676|
GO:0000496 

nucleic acid binding 2.48E-10 1.74E-06 57 Arid5b, Atf3, Bdp1, Cct5, Cggbp1, Chd7, Ddx31, Denr, Dido1, Dis3, 
E130308A19Rik, Eif2ak4, Ets2, Exosc3, Fbrsl1, Fip1l1, Hbp1, Hnrnpf, 
Hnrnpll, Hspa9, Lin54, Lsm1, Mak16, Mex3d, Mterf3, Nfil3, Nup35, 
Paxbp1, Pole4, Polr1c, Ppig, Rack1, Rad54l2, Rbm34, Rbm8a, Rela, 
Rnaseh1, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sec63, Sirt1, Smarce1, 
Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, Tpt1, Utp14a, Utp20, Yap1, 
Zfp36l2 

GO:0044237 cellular metabolic 
process 

7.40E-10 2.00E-06 90 Aasdhppt, Alg5, Amd2, Apoe, Arid5b, Atf3, Atp5g3, B3galt1, Bax, 
Bdp1, Cggbp1, Chd7, Commd2, Crtc3, Ddx31, Denr, Derl1, Dgkg, 
Dido1, Dis3, Dph2, Eif2ak4, Ets2, Exosc3, Fip1l1, Gtf2h1, Hbp1, 
Hnrnpf, Hnrnpll, Itch, Kctd13, Lin54, Lonrf3, Lsm1, Mak16, 
Mapkapk2, Med10, Mex3d, Mgst1, Mmadhc, Mmadhc, Mmadhc, 
Mterf3, Nfil3, Nt5c3, P4ha2, Pank2, Paxbp1, Phf10, Pi4k2a, Pla2g7, 
Pla2g7, Pole4, Polr1c, Ppig, Ppm1d, Ppp1r2, Prex1, Psmd1, Ptpn11, 
Pwp1, Rack1, Ranbp1, Rbm8a, Rela, Rfwd3, Rnaseh1, Rnf182, Rpl39, 
Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sh3glb1, Sirt1, Son, Srsf5, Stx12, Syf2, 
Tardbp, Tbpl1, Tinf2, Trim11, Trio, Uba5, Ube2j1, Usp38, Usp39, 
Utp14a, Utp20, Yap1, Zfp36l2 

GO:0043229 intracellular organelle 7.80E-10 2.00E-06 119 Alg5, Apoe, Arid5b, Atf3, Atp5g3, B3galt1, Bax, Bdp1, Cct5, 
Cdc42ep1, Cggbp1, Chd1, Chd7, Cnn3, Crtc3, Dab1, Ddx31, Denr, 
Derl1, Dido1, Dis3, Dnajc14, Dnajc8, Dnajc8, Doc2b, E130308A19Rik, 
Eapp, Eif2ak4, Enah, Erbin, Ets2, Exosc3, Fam222b, Fip1l1, Golga5, 
Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, Hps1, Hspa4, Hspa9, Ifrd1, Ifrd2, Itch, 
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Kctd13, Kif5b, Ktn1, Lin54, Lsm1, Mak16, Mapkapk2, Med10, Mex3d, 
Mgst1, Mmadhc, Mmadhc, Mmadhc, Mterf3, Nfil3, Nsmce4a, Nt5c3, 
Nup35, Opa1, Osbpl11, Osbpl7, P4ha2, Pank2, Paxbp1, Pdia6, Phf10, 
Pi4k2a, Pole4, Polr1c, Ppig, Ppp1r2, Prosc, Psmd1, Ptpn11, Pwp1, 
Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rbm34, Rbm8a, Rela, 
Rfwd3, Rnaseh1, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sec63, Selenof, 
Sh3glb1, Sirt1, Smarce1, Son, Srsf5, Stx12, Stx2, Syf2, Tardbp, Tbpl1, 
Tinf2, Tjp1, Tmem168, Tpd52, Tpt1, Trim11, Uba5, Ube2j1, Usp39, 
Utp14a, Utp20, Washc2, Yap1, Ywhab, Zfp36l2 

GO:0043233 organelle lumen 6.61E-10 2.00E-06 56 Atf3, Cct5, Cggbp1, Chd1, Crtc3, Ddx31, Dis3, Dnajc8, Dnajc8, 
E130308A19Rik, Erbin, Ets2, Exosc3, Fam222b, Gtf2h1, Hbp1, 
Hnrnpf, Hspa9, Itch, Kctd13, Mak16, Mapkapk2, Med10, Mterf3, 
Nsmce4a, Nup35, Opa1, Osbpl11, P4ha2, Pdia6, Pole4, Polr1c, Ppig, 
Ppp1r2, Pwp1, Rack1, Rad54l2, Rbm34, Rbm8a, Rfwd3, Rpl6, Rps2, 
Scaf4, Selenof, Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, 
Tpt1, Usp39, Utp14a, Utp20, Washc2 

GO:0070013 intracellular organelle 
lumen 

6.25E-10 2.00E-06 56 Atf3, Cct5, Cggbp1, Chd1, Crtc3, Ddx31, Dis3, Dnajc8, Dnajc8, 
E130308A19Rik, Erbin, Ets2, Exosc3, Fam222b, Gtf2h1, Hbp1, 
Hnrnpf, Hspa9, Itch, Kctd13, Mak16, Mapkapk2, Med10, Mterf3, 
Nsmce4a, Nup35, Opa1, Osbpl11, P4ha2, Pdia6, Pole4, Polr1c, Ppig, 
Ppp1r2, Pwp1, Rack1, Rad54l2, Rbm34, Rbm8a, Rfwd3, Rpl6, Rps2, 
Scaf4, Selenof, Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, 
Tpt1, Usp39, Utp14a, Utp20, Washc2 

GO:0005634 nucleus 4.78E-10 2.00E-06 84 Apoe, Arid5b, Atf3, Bax, Bdp1, Cct5, Cggbp1, Chd1, Chd7, Crtc3, 
Ddx31, Dido1, Dis3, Dnajc8, Dnajc8, E130308A19Rik, Eapp, Erbin, 
Ets2, Exosc3, Fam222b, Fip1l1, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, 
Hspa4, Hspa9, Ifrd1, Ifrd2, Itch, Kctd13, Lin54, Lsm1, Mak16, 
Mapkapk2, Med10, Mex3d, Mgst1, Mterf3, Nfil3, Nsmce4a, Nup35, 
Opa1, Osbpl11, P4ha2, Paxbp1, Phf10, Pole4, Polr1c, Ppig, Ppp1r2, 
Psmd1, Ptpn11, Pwp1, Rack1, Rad54l2, Ranbp1, Rbm34, Rbm8a, 
Rela, Rfwd3, Rnaseh1, Rpl6, Rps2, Scaf4, Sirt1, Smarce1, Son, Srsf5, 
Syf2, Tardbp, Tbpl1, Tinf2, Tjp1, Tpt1, Trim11, Uba5, Usp39, Utp14a, 
Utp20, Washc2, Yap1, Ywhab, Zfp36l2 
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GO:0031981 nuclear lumen 3.84E-10 2.00E-06 53 Atf3, Cct5, Cggbp1, Chd1, Crtc3, Ddx31, Dis3, Dnajc8, Dnajc8, 
E130308A19Rik, Erbin, Ets2, Exosc3, Fam222b, Gtf2h1, Hbp1, 
Hnrnpf, Itch, Kctd13, Mak16, Mapkapk2, Med10, Mterf3, Nsmce4a, 
Nup35, Opa1, Osbpl11, P4ha2, Pole4, Polr1c, Ppig, Ppp1r2, Pwp1, 
Rack1, Rad54l2, Rbm34, Rbm8a, Rfwd3, Rpl6, Rps2, Scaf4, Sirt1, 
Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, Tpt1, Usp39, Utp14a, 
Utp20, Washc2 

GO:0031974 membrane-enclosed 
lumen 

6.61E-10 2.00E-06 56 Atf3, Cct5, Cggbp1, Chd1, Crtc3, Ddx31, Dis3, Dnajc8, Dnajc8, 
E130308A19Rik, Erbin, Ets2, Exosc3, Fam222b, Gtf2h1, Hbp1, 
Hnrnpf, Hspa9, Itch, Kctd13, Mak16, Mapkapk2, Med10, Mterf3, 
Nsmce4a, Nup35, Opa1, Osbpl11, P4ha2, Pdia6, Pole4, Polr1c, Ppig, 
Ppp1r2, Pwp1, Rack1, Rad54l2, Rbm34, Rbm8a, Rfwd3, Rpl6, Rps2, 
Scaf4, Selenof, Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, 
Tpt1, Usp39, Utp14a, Utp20, Washc2 

GO:0043231 intracellular membrane-
bounded organelle 

3.39E-09 7.95E-06 111 Alg5, Apoe, Arid5b, Atf3, Atp5g3, B3galt1, Bax, Bdp1, Cct5, Cggbp1, 
Chd1, Chd7, Crtc3, Dab1, Ddx31, Derl1, Dido1, Dis3, Dnajc14, Dnajc8, 
Dnajc8, Doc2b, E130308A19Rik, Eapp, Erbin, Ets2, Exosc3, Fam222b, 
Fip1l1, Golga5, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, Hps1, Hspa4, Hspa9, 
Ifrd1, Ifrd2, Itch, Kctd13, Kif5b, Ktn1, Lin54, Lsm1, Mak16, 
Mapkapk2, Med10, Mex3d, Mgst1, Mmadhc, Mmadhc, Mmadhc, 
Mterf3, Nfil3, Nsmce4a, Nt5c3, Nup35, Opa1, Osbpl11, Osbpl7, 
P4ha2, Pank2, Paxbp1, Pdia6, Phf10, Pi4k2a, Pole4, Polr1c, Ppig, 
Ppp1r2, Prosc, Psmd1, Ptpn11, Pwp1, Rack1, Rad54l2, Ranbp1, 
Rap1a, Rap1a, Rbm34, Rbm8a, Rela, Rfwd3, Rnaseh1, Rpl6, Rps2, 
Scaf4, Sec63, Selenof, Sh3glb1, Sirt1, Smarce1, Son, Srsf5, Stx12, 
Stx2, Syf2, Tardbp, Tbpl1, Tinf2, Tjp1, Tmem168, Tpd52, Tpt1, 
Trim11, Uba5, Ube2j1, Usp39, Utp14a, Utp20, Washc2, Yap1, 
Ywhab, Zfp36l2 

GO:0006807 nitrogen compound 
metabolic process 

4.45E-09 9.64E-06 84 Aasdhppt, Alg5, Amd2, Arid5b, Atf3, Atp5g3, B3galt1, Bax, Bdp1, 
Cggbp1, Chd7, Commd2, Crtc3, Ddx31, Denr, Derl1, Dido1, Dis3, 
Dph2, Eif2ak4, Ets2, Exosc3, Fip1l1, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, 
Itch, Kctd13, Lin54, Lonrf3, Lsm1, Mak16, Mapkapk2, Med10, 
Mex3d, Mgst1, Mmadhc, Mmadhc, Mmadhc, Mterf3, Nfil3, Nt5c3, 
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P4ha2, Pank2, Paxbp1, Phf10, Pla2g7, Pla2g7, Pole4, Polr1c, Ppig, 
Ppm1d, Psmd1, Ptpn11, Pwp1, Rack1, Ranbp1, Rbm8a, Rela, Rfwd3, 
Rnaseh1, Rnf182, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sec63, Sirt1, 
Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, Trim11, Trio, Uba5, Ube2j1, 
Usp38, Usp39, Utp14a, Utp20, Yap1, Zfp36l2 

GO:0097159 organic cyclic 
compound binding 

1.09E-08 2.19E-05 71 Apoe, Arid5b, Atf3, Bdp1, Cct5, Cggbp1, Chd7, Ddx31, Denr, Dgkg, 
Dido1, Dis3, E130308A19Rik, Eif2ak4, Ets2, Exosc3, Fbrsl1, Fip1l1, 
Hbp1, Hnrnpf, Hnrnpll, Hspa4, Hspa9, Kif5b, Lin54, Lsm1, Mak16, 
Mapkapk2, Mex3d, Mterf3, Nfil3, Nt5c3, Nup35, Opa1, Osbpl7, 
Paxbp1, Pi4k2a, Pole4, Polr1c, Ppig, Prosc, Rack1, Rad54l2, Rap1a, 
Rap1a, Rbm34, Rbm8a, Rela, Rnaseh1, Rpl39, Rpl6, Rpl8, Rps2, Rps5, 
Scaf4, Sec63, Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, 
Tpt1, Trio, Uba5, Ube2j1, Utp14a, Utp20, Yap1, Zfp36l2 

GO:0043226 organelle 1.18E-08 2.22E-05 123 Aasdhppt, Alg5, Apoe, Arid5b, Atf3, Atp5g3, B3galt1, Bax, Bdp1, C4b, 
Cct5, Cdc42ep1, Cggbp1, Chd1, Chd7, Cnn3, Crtc3, D11Wsu47e, 
Dab1, Ddx31, Denr, Derl1, Dido1, Dis3, Dnajc14, Dnajc8, Dnajc8, 
Doc2b, E130308A19Rik, Eapp, Eif2ak4, Enah, Erbin, Ets2, Exosc3, 
Fam222b, Fip1l1, Golga5, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, Hps1, 
Hspa4, Hspa9, Ifrd1, Ifrd2, Itch, Kctd13, Kif5b, Ktn1, Lin54, Lsm1, 
Mak16, Mapkapk2, Med10, Mex3d, Mgst1, Mmadhc, Mmadhc, 
Mmadhc, Mterf3, Nfil3, Nsmce4a, Nt5c3, Nup35, Opa1, Osbpl11, 
Osbpl7, P4ha2, Pank2, Paxbp1, Pdia6, Phf10, Pi4k2a, Pole4, Polr1c, 
Ppig, Ppp1r2, Prosc, Psmd1, Ptpn11, Pwp1, Rack1, Rad54l2, Ranbp1, 
Rap1a, Rap1a, Rbm34, Rbm8a, Rela, Rfwd3, Rnaseh1, Rpl39, Rpl6, 
Rpl8, Rps2, Rps5, Scaf4, Sec63, Selenof, Sh3glb1, Sirt1, Smarce1, Son, 
Srsf5, Stx12, Stx2, Syf2, Tardbp, Tbpl1, Tinf2, Tjp1, Tmem168, Tpd52, 
Tpt1, Trim11, Uba5, Ube2j1, Usp39, Utp14a, Utp20, Washc2, Yap1, 
Ywhab, Zfp36l2, Znhit6 

GO:0043170|
GO:0043283|
GO:0044259 

macromolecule 
metabolic process 

1.93E-08 3.40E-05 78 Aasdhppt, Alg5, Arid5b, Atf3, B3galt1, Bdp1, Cggbp1, Chd7, 
Commd2, Crtc3, Ddx31, Denr, Derl1, Dido1, Dis3, Dph2, Eif2ak4, 
Ets2, Exosc3, Fip1l1, Gtf2h1, Hbp1, Hnrnpf, Hnrnpll, Itch, Kctd13, 
Lin54, Lonrf3, Lsm1, Mak16, Mapkapk2, Med10, Mex3d, Mterf3, 
Nfil3, P4ha2, Paxbp1, Phf10, Pole4, Polr1c, Ppig, Ppm1d, Ppp1r2, 
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Psmd1, Ptpn11, Pwp1, Rack1, Ranbp1, Rbm8a, Rela, Rfwd3, 
Rnaseh1, Rnf182, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, Sh3glb1, 
Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, Trim11, Trio, 
Uba5, Ube2j1, Usp38, Usp39, Utp14a, Utp20, Yap1, Zfp36l2 

GO:0044260|
GO:0034960 

cellular macromolecule 
metabolic process 

2.56E-08 4.03E-05 68 Aasdhppt, Alg5, Arid5b, Atf3, B3galt1, Bdp1, Cggbp1, Chd7, 
Commd2, Crtc3, Denr, Derl1, Dido1, Dis3, Dph2, Eif2ak4, Ets2, 
Exosc3, Gtf2h1, Hbp1, Itch, Kctd13, Lin54, Lonrf3, Lsm1, Mapkapk2, 
Med10, Mex3d, Mterf3, Nfil3, P4ha2, Paxbp1, Phf10, Pole4, Polr1c, 
Ppig, Ppm1d, Ppp1r2, Psmd1, Ptpn11, Pwp1, Rack1, Ranbp1, Rbm8a, 
Rela, Rfwd3, Rnaseh1, Rnf182, Rpl39, Rpl6, Rpl8, Rps2, Rps5, 
Sh3glb1, Sirt1, Son, Srsf5, Tardbp, Tbpl1, Tinf2, Trim11, Trio, Uba5, 
Ube2j1, Usp38, Usp39, Yap1, Zfp36l2 

GO:0005829 cytosol 2.57E-08 4.03E-05 48 Afap1l2, Amd2, Bax, Cct5, Cnn3, Crtc3, Dab1, Dis3, Dnajc8, Dnajc8, 
Eif2ak4, Enah, Ets2, Hnrnpf, Hps1, Hps5, Hspa4, Kif5b, Opa1, Osbpl7, 
P4ha2, Pank2, Paxbp1, Pdia6, Pi4k2a, Ppig, Ppp1r2, Prex1, Ptpn11, 
Rack1, Ranbp1, Rela, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Sh3glb1, Sirt1, 
Stx12, Tjp1, Tpt1, Trim11, Uba5, Utp14a, Washc2, Yap1, Ywhab, 
Zfp36l2 

GO:1901363 heterocyclic compound 
binding 

3.61E-08 5.36E-05 69 Arid5b, Atf3, Bdp1, Cct5, Cggbp1, Chd7, Ddx31, Denr, Dgkg, Dido1, 
Dis3, E130308A19Rik, Eif2ak4, Ets2, Exosc3, Fbrsl1, Fip1l1, Hbp1, 
Hnrnpf, Hnrnpll, Hspa4, Hspa9, Kif5b, Lin54, Lsm1, Mak16, 
Mapkapk2, Mex3d, Mterf3, Nfil3, Nt5c3, Nup35, Opa1, Paxbp1, 
Pi4k2a, Pole4, Polr1c, Ppig, Prosc, Rack1, Rad54l2, Rap1a, Rap1a, 
Rbm34, Rbm8a, Rela, Rnaseh1, Rpl39, Rpl6, Rpl8, Rps2, Rps5, Scaf4, 
Sec63, Sirt1, Smarce1, Son, Srsf5, Syf2, Tardbp, Tbpl1, Tinf2, Tpt1, 
Trio, Uba5, Ube2j1, Utp14a, Utp20, Yap1, Zfp36l2 

GO:0022613 ribonucleoprotein 
complex biogenesis 

5.01E-08 6.42E-05 15 Chd7, Ddx31, Denr, Dis3, Exosc3, Mak16, Mterf3, Rpl6, Rps2, Rps5, 
Sirt1, Usp39, Utp14a, Utp20, Znhit6 
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Upregulated DEGs of MPH + 5 µM Ami vs 5 µM Ami 
 

Table S40: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami vs 
5 µM Ami, 20 µM MPH + 5 µM Ami vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of 159 DEGs were identified from the 185 DEGs derived from Venn analysis (cf. Figure 47).  

1600014C10Rik Cartpt Ift22 Oacyl Slc38a1 
2610002M06Rik Ccdc184 Inpp5e Olfm1 Slc4a1ap 
2610028H24Rik Ccdc28a Iqsec2 P3h1 Slc6a11 
2810006K23Rik Cdc42ep1 Irak2 Pak4 Slco3a1 
2810429I04Rik Cdh13 Itih3 Paqr6 Smim10l2a 
4922502B01Rik Cdh4 Kcnc2 Patj Smim12 
4933434E20Rik Cib2 Kcnj12 Pcbd1 Snap23 
6330531I01Rik Cntnap4 Kif3a Peg3 Sparc 
Abcb6 Cpne4 Kirrel3 Pex16 Sprr2b 
Abcg4 Cpne9 Klf2 Pih1d1 Syt4 
Ache Cyp4f18 Lhx6 Pirb Tbc1d7 
Ahsa2 Dpp6 Lnx1 Plcxd3 Tcf7l2 
Alk Dzank1 LOC102634887 Pnck Tfeb 
Apc2 Eif2b3 Lrch1 Ppfia4 Tinf2 
Arhgap24 Elk1 Lrfn1 Prep Tmem130 
Atf3 Endod1 Lrfn5 Rec8 Tmem132e 
Atp1a3 Etnppl Lrrc3b Rell2 Tmem19 
Atp6v0e2 Fstl5 Lrrc7 Reln Tmem9 
AW551984 Fto Ly96 Rit2 Trpc6 
B630019K06Rik Furin Mical1 Rn18s Trpm2 
Btbd11 G6pc3 Mid2 Rnf180 Tubb3 
C530008M17Rik Galnt7 Mirc35hg Rnpep Ubtf 
Cables1 Gdpd5 Naip5 Robo1 Ubxn2a 
Cacna1h Gm10183 Nap1l5 Sema4g Usp29 
Cacna2d2 Gm13999 Nctc1 Sept5 Vac14 
Cacnb2 Gm32191 Nefh Sez6l Vamp1 
Camk2d Gm9920 Nipa2 Shd Vwc2 
Camk2n2 Gpr158 Npff Skint7 Wdr36 
Cand1 Grm7 Nrip2 Slc17a6 Wrn 
Capn10 Hdac9 Nrip3 Slc17a8 Zcchc3 
Capn2 Htr7 Nrsn2 Slc27a2 Zfp618 
Capn5 Ifrd1 Ntng1 Slc35e2  
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Table S41: Significant GO terms of the upregulated intersectional genes of 200 µM MPH + 5 µM Ami vs 5 µM Ami, 20 µM MPH + 5 µM Ami vs 5 µM Ami and 
0.2 µM MPH + 5 µM Ami vs 5 µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 185 upregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami vs 5 
µM Ami, 20 µM MPH + 5 µM Ami vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami and are ordered by corrected p-value. GO accession number: unique 
seven-digit identifier; where applicable, synonymous GO accession numbers are included. Corrected p-value: p-value after multiple testing correction 
(Benjamini-Yekutieli procedure regarding the false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging 
to the GO term or its descendants (duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging 
to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0043005 neuron projection 6.76E-13 1.78E-08 36 Ache, Alk, Atp1a3, Cacna1h, Camk2d, Capn2, Cdh13, Cib2, Cntnap4, 
Elk1, Gdpd5, Grm7, Htr7, Kcnc2, Kcnj12, Kcnj12, Kif3a, Kirrel3, Lrrc7, 
Naip5, Nefh, Nefh, Npff, Olfm1, Reln, Rit2, Rnpep, Robo1, Sept5, 
Slc17a6, Slc17a8, Slc38a1, Snap23, Syt4, Trpm2, Tubb3, Vamp1, Wrn 

GO:0044297 cell body 6.05E-12 7.97E-08 26 Ache, Alk, Atp1a3, Cacna1h, Camk2d, Dpp6, Elk1, Gdpd5, Grm7, 
Htr7, Kcnc2, Kcnj12, Kcnj12, Kif3a, Naip5, Nefh, Nefh, Npff, Nrsn2, 
Olfm1, Reln, Rit2, Robo1, Sez6l, Slc17a8, Syt4, Trpm2, Tubb3 

GO:0036477 somatodendritic 
compartment 

1.95E-11 1.36E-07 28 Ache, Atp1a3, Cacna1h, Camk2d, Capn2, Cntnap4, Dpp6, Elk1, 
Gdpd5, Grm7, Htr7, Kcnc2, Kcnj12, Kcnj12, Kif3a, Kirrel3, Lrrc7, 
Naip5, Nefh, Nefh, Npff, Nrsn2, Olfm1, Reln, Robo1, Sez6l, Slc17a8, 
Syt4, Trpm2, Tubb3 

GO:0043025 neuronal cell body 2.07E-11 1.36E-07 24 Ache, Atp1a3, Cacna1h, Camk2d, Dpp6, Elk1, Gdpd5, Grm7, Htr7, 
Kcnc2, Kcnj12, Kcnj12, Kif3a, Naip5, Nefh, Nefh, Npff, Nrsn2, Olfm1, 
Reln, Robo1, Sez6l, Slc17a8, Syt4, Trpm2, Tubb3 

GO:0042995 cell projection 8.12E-11 4.28E-07 43 Ache, Alk, Apc2, Arhgap24, Atp1a3, Cables1, Cacna1h, Camk2d, 
Capn2, Cdh13, Cib2, Cntnap4, Elk1, Gdpd5, Grm7, Htr7, Ift22, 
Inpp5e, Kcnc2, Kcnj12, Kcnj12, Kif3a, Kirrel3, Lrrc7, Naip5, Nefh, 
Nefh, Npff, Olfm1, Reln, Rit2, Rnpep, Robo1, Sept5, Slc17a6, Slc17a8, 
Slc38a1, Slc6a11, Snap23, Syt4, Tbc1d7, Trpm2, Tubb3, Vamp1, Wrn 

GO:0120025 plasma membrane 
bounded cell projection 

2.98E-10 1.12E-06 40 Ache, Alk, Apc2, Atp1a3, Cacna1h, Camk2d, Capn2, Cdh13, Cib2, 
Cntnap4, Elk1, Gdpd5, Grm7, Htr7, Ift22, Inpp5e, Kcnc2, Kcnj12, 
Kcnj12, Kif3a, Kirrel3, Lrrc7, Naip5, Nefh, Nefh, Npff, Olfm1, Reln, 
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Rit2, Rnpep, Robo1, Sept5, Slc17a6, Slc17a8, Slc38a1, Snap23, Syt4, 
Tbc1d7, Trpm2, Tubb3, Vamp1, Wrn 

GO:0030424 axon 2.83E-10 1.12E-06 22 Ache, Alk, Atp1a3, Camk2d, Elk1, Gdpd5, Grm7, Htr7, Kcnc2, Kirrel3, 
Lrrc7, Nefh, Nefh, Npff, Olfm1, Reln, Robo1, Sept5, Slc17a8, Slc38a1, 
Snap23, Syt4, Tubb3 

GO:0045202 synapse 3.78E-07 0.0012 22 Ache, Atp1a3, Camk2d, Cib2, Cntnap4, Elk1, Grm7, Htr7, Kcnc2, 
Lrfn1, Lrrc7, Nefh, Nefh, Npff, Olfm1, Ppfia4, Sept5, Slc17a6, Slc17a8, 
Snap23, Syt4, Vamp1, Vwc2 

GO:0097447 dendritic tree 8.08E-07 0.0021 17 Ache, Atp1a3, Cacna1h, Capn2, Cntnap4, Elk1, Grm7, Htr7, Kcnc2, 
Kcnj12, Kcnj12, Kirrel3, Lrrc7, Npff, Reln, Slc17a8, Syt4, Tubb3 

GO:0030425 dendrite 8.08E-07 0.0021 17 Ache, Atp1a3, Cacna1h, Capn2, Cntnap4, Elk1, Grm7, Htr7, Kcnc2, 
Kcnj12, Kcnj12, Kirrel3, Lrrc7, Npff, Reln, Slc17a8, Syt4, Tubb3 

GO:0030054 cell junction 1.52E-06 0.0036 30 Ache, Arhgap24, Atp1a3, Camk2d, Capn2, Capn5, Cdc42ep1, Cdh13, 
Cib2, Cntnap4, Elk1, Grm7, Htr7, Kcnc2, Lrfn1, Lrrc7, Nefh, Nefh, 
Npff, Olfm1, Pak4, Patj, Ppfia4, Sept5, Slc17a6, Slc17a8, Snap23, 
Syt4, Trpc6, Vamp1, Vwc2 

GO:0071944 cell periphery 4.36E-06 0.0093 61 Abcb6, Abcg4, Ache, Alk, Apc2, Atp1a3, Cacna1h, Cacna2d2, Cacnb2, 
Camk2d, Capn10, Capn2, Cdc42ep1, Cdh13, Cdh4, Cib2, Cntnap4, 
Cyp4f18, Dpp6, Furin, Gpr158, Grm7, Htr7, Inpp5e, Kcnc2, Kcnj12, 
Kcnj12, Kirrel3, Lrch1, Lrfn1, Lrfn5, Lrrc7, Ly96, Nipa2, Nrsn2, Ntng1, 
Olfm1, P3h1, Paqr6, Patj, Pirb, Rell2, Reln, Rit2, Rnpep, Robo1, 
Sema4g, Sept5, Sez6l, Slc38a1, Slc4a1ap, Slc6a11, Slco3a1, Slco3a1, 
Snap23, Sparc, Sprr2b, Syt4, Tmem130, Trpc6, Trpm2, Tubb3, Vwc2 

GO:0005886|
GO:0005904 

plasma membrane 4.59E-06 0.0093 57 Abcb6, Abcg4, Ache, Alk, Apc2, Atp1a3, Cacna1h, Cacna2d2, Cacnb2, 
Camk2d, Capn10, Capn2, Cdc42ep1, Cdh13, Cdh4, Cib2, Cntnap4, 
Cyp4f18, Dpp6, Furin, Gpr158, Grm7, Htr7, Inpp5e, Kcnc2, Kcnj12, 
Kcnj12, Kirrel3, Lrch1, Lrfn1, Lrrc7, Ly96, Nipa2, Nrsn2, Ntng1, Olfm1, 
P3h1, Paqr6, Patj, Pirb, Rell2, Rit2, Rnpep, Robo1, Sema4g, Sept5, 
Sez6l, Slc38a1, Slc4a1ap, Slc6a11, Slco3a1, Slco3a1, Snap23, Sprr2b, 
Syt4, Tmem130, Trpc6, Trpm2, Vwc2 

GO:0098793 presynapse 6.66E-06 0.0125 12 Ache, Cntnap4, Elk1, Grm7, Htr7, Kcnc2, Npff, Sept5, Slc17a6, 
Slc17a8, Snap23, Syt4 
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GO:0044306 neuron projection 
terminus 

1.07E-05 0.0188 9 Elk1, Grm7, Htr7, Kcnc2, Npff, Sept5, Slc17a8, Snap23, Syt4 

GO:0021800 cerebral cortex 
tangential migration 

1.19E-05 0.0196 3 Lhx6, Reln, Robo1 

GO:0006812|
GO:0006819|
GO:0015674|
GO:0072512 

cation transport 1.56E-05 0.0242 18 Abcb6, Atp1a3, Atp6v0e2, Cacna1h, Cacna2d2, Cacnb2, Camk2d, 
Grm7, Kcnc2, Kcnj12, Kcnj12, Nipa2, Slc17a6, Slc17a8, Slc38a1, 
Slc6a11, Snap23, Trpc6, Trpm2 

GO:0043204 perikaryon 3.24E-05 0.0475 7 Cacna1h, Kcnc2, Naip5, Nefh, Nefh, Npff, Reln, Slc17a8 
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Table S42: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami vs 
5 µM Ami and 20 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of eleven DEGs were identified from the 13 DEGs derived from Venn analysis (cf. Figure 47).  

Atp5g3 Dgkq Pla2g7 Rps5 
Cbln1 Dpcd Rpl6 Sdha 
Cpeb3 Dtd1 Rpl8  
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Table S43: Significant GO terms of the upregulated intersectional genes of 200 µM MPH + 5 µM Ami vs 5 µM Ami and 20 µM MPH + 5 µM Ami vs 5 µM Ami 
after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 13 upregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami vs 5 µM 
Ami and 20 µM MPH + 5 µM Ami vs 5 µM Ami and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, 
synonymous GO accession numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the 
false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0022626|
GO:0005830|
GO:0009281|
GO:0030871 

cytosolic ribosome 2.10E-05 0.0327 3 Rpl6, Rpl8, Rps5 

GO:0043604 amide biosynthetic 
process 

2.95E-05 0.0327 4 Cpeb3, Rpl6, Rpl8, Rps5 

GO:0043043 peptide biosynthetic 
process 

1.47E-05 0.0327 4 Cpeb3, Rpl6, Rpl8, Rps5 

GO:0006450|
GO:0000029 

regulation of 
translational fidelity 

3.23E-05 0.0327 2 Dtd1, Rps5 

GO:0006412|
GO:0006416|
GO:0006453|
GO:0043037 

translation 1.17E-05 0.0327 4 Cpeb3, Rpl6, Rpl8, Rps5 

GO:0006518 peptide metabolic 
process 

4.52E-05 0.0368 4 Cpeb3, Rpl6, Rpl8, Rps5 

GO:0003735|
GO:0003736|
GO:0003737|
GO:0003738|
GO:0003739|
GO:0003740|
GO:0003741|
GO:0003742 

structural constituent of 
ribosome 

5.09E-05 0.0368 3 Rpl6, Rpl8, Rps5 
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Table S44: Upregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami vs 
5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of two DEGs were identified from Venn analysis (cf. Figure 47).  

Arid5b Fktn 

 

Table S45: Upregulated intersectional genes after one-way ANOVA of 20 µM MPH + 5 µM Ami vs 5 
µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of 302 DEGs were identified were identified from the 401 DEGs derived from Venn analysis 
(cf. Figure 47).  

1700003D09Rik Ccnc Gm31482 Oas1b Snhg7os 
1700064F23Rik Cdhr2 Gm33115 Ogdh Sox13 
1700080N15Rik Cdr2l Gm35147 Olfr1198 Spag7 
2410087M07Rik Cep162 Gm38728 Olfr373 Srpx2 
2610005L07Rik Chga Gm40812 Olfr571 Srsf5 
4733401D01Rik Ciapin1 Gm4971 Paqr4 Srsf9 
4930438E09Rik Cit Gm5079 Pbx3 Stat5a 
4930570B17Rik Cmklr1 Gm7696 Pcsk1n Stx18 
5830426C09Rik Cntnap1 Gng3 Pdk2 Sult1a1 
6430584L05Rik Cops8 Grn Pdp1 Supt20 
9330133O14Rik Copz2 Gsk3a Pdzrn3 Sympk 
A930028N01Rik Csrnp3 Gys1 Pgbd1 Syne1 
Acnat1 Cuta Helz Pglyrp1 Syne4 
Acot3 D930003E18Rik Hivep3 Phf19 Syp 
Acsf2 Daglb Hr Pigb Tbc1d22b 
Actr2 Ddt Hspa4 Pigf Tbc1d30 
Adk Def6 Hyi Pign Tbc1d7 
AF067063 Depdc5 Igf1 Pip5kl1 Tead1 
Aldh18a1 Dicer1 Jak3 Pla2g4b Tex44 
Aldh3a1 Dirc2 Jdp2 Plekhm3 Thoc7 
Aldh5a1 Dlx3 Kat5 Plvap Tmem132d 
Anks1 Dock3 Kazn Poc5 Tmem222 
Antxr1 Drc3 Kcnab3 Poll Tmem229b 
Ap1s2 Dtymk Kcnc1 Ppia Tmem28 
Ap2a2 E030030I06Rik Kcnd1 Ppil2 Tmem91 
Ap5b1 Ebf4 Kcnh4 Ppp1r9a Tmsb10 
Ap5m1 Elane Kcnip1 Prl2c1 Tns1 
Aplp1 Emsy Kcnk4 Prlhr Tox2 
Apoa2 Enpp5 Klhdc7a Prpmp5 Tpm1 
Apobec3 Ephb1 Kmt5c Prps1l3 Tpt1 
Arl4c Ergic3 Krtap5-3 Prss53 Triobp 
Arrb1 Ermap Kyat1 Pskh1 Tsc22d3 
Asic1 Exosc2 Lars2 Pstpip1 Tspan33 
Atp13a2 Exosc9 Lce1a2 Pvalb Tspyl5 
Atp5g1 Fahd2a Lingo4 Pygm Ttc7b 
Atp7b Fam109b Lmnb2 Rasgrp2 Ttll5 
Atxn7l1 Fam110a LOC102633312 Rbm28 U2af1l4 
Atxn7l3b Fam196a Luzp2 Rbpms2 Ubash3b 
B230312C02Rik Fhad1 Lynx1 Rgs10 Ubl7 
Barhl1 Flywch2 Maf Rgs17 Ubr4 
BC024978 Fmn2 Mafa Rhobtb2 Ulk3 
BC051019 Foxh1 Man1c1 Rn4.5s Vcpip1 
BC051142 Frs3 Mapk12 Rock2 Vstm2l 
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Bcs1l Gabrb2 Mapk8ip1 Rpp25 Wdcp 
Bdkrb1 Gad2 Mettl7a3 Rrp1 Wdr31 
Bmx Gatsl2 Mgst1 Sc5d Wdr34 
Bvht Ggact Mlip Scly Wipf3 
C030006K11Rik Ggcx Mrps35 Scnm1 Yap1 
C130068B02Rik Gigyf1 Msi1 Scnn1a Zfand1 
C230057M02Rik Glra1 Mtcl1 Scrt2 Zfp276 
C330021F23Rik Gm10426 Myef2 Sdsl Zfp316 
Cacna1b Gm10523 Nanos3 Selenon Zfp36l1 
Cap1 Gm10765 Nfic Sema3f Zfp488 
Carmil2 Gm10871 Notch3 Sgsm3 Zfp580 
Catsperd Gm11937 Nova1 Shank1 Zfp608 
Cbln2 Gm12576 Nrap Sirt6 Zfp692 
Cbr1 Gm13580 Nrg1 Slc35g2 Zfp783 
Cc2d1a Gm16283 Nrsn1 Slc6a1 Znhit2 
Ccdc114 Gm16287 Nrxn3 Slfn5 Snhg7os 
Ccdc77 Gm26808 Nudt5 Smco4 Sox13 
Ccl21a Gm2696 Nxph1 Sncb Spag7 
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Table S46: Significant GO terms of the upregulated intersectional genes of 20 µM MPH + 5 µM Ami vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami 
after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 401 upregulated intersectional genes after one-way ANOVA of 20 µM MPH + 5 µM Ami vs 5 µM 
Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, 
synonymous GO accession numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the 
false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0005622 intracellular anatomical 
structure 

2.02E-07 0.0074 198 Acnat1, Acot3, Acsf2, Actr2, Adk, Aldh18a1, Aldh3a1, Aldh5a1, 
Anks1, Ap1s2, Ap2a2, Ap5b1, Ap5m1, Aplp1, Apobec3, Arl4c, Arrb1, 
Asic1, Atp13a2, Atp5g1, Atp7b, Barhl1, Bcs1l, Bmx, C030006K11Rik, 
Cap1, Carmil2, Carmil2, Cbr1, Cc2d1a, Ccdc114, Ccdc77, Ccnc, 
Cep162, Chga, Ciapin1, Cit, Cops8, Copz2, Csrnp3, Daglb, Ddt, Def6, 
Depdc5, Dicer1, Dirc2, Dlx3, Dock3, Drc3, Dtymk, E030030I06Rik, 
Ebf4, Elane, Emsy, Ephb1, Ergic3, Ermap, Exosc2, Exosc9, Fahd2a, 
Fam109b, Fam110a, Fmn2, Foxh1, Gabrb2, Gad2, Gatsl2, Ggcx, 
Glra1, Gng3, Grn, Gsk3a, Gys1, Helz, Hivep3, Hr, Hspa4, Igf1, Jak3, 
Jdp2, Kat5, Kazn, Kcnab3, Kcnip1, Kmt5c, Krtap5-3, Kyat1, Lars2, 
Lce1a2, Lmnb2, Maf, Mafa, Man1c1, Mapk12, Mapk8ip1, Mgst1, 
Mlip, Mrps35, Msi1, Mtcl1, Myef2, Nanos3, Nfic, Notch3, Nova1, 
Nrap, Nrg1, Nrsn1, Nudt5, Ogdh, Pbx3, Pcsk1n, Pdk2, Pdp1, Pdzrn3, 
Pglyrp1, Phf19, Pigb, Pigf, Pign, Pip5kl1, Pla2g4b, Plvap, Poc5, Poll, 
Ppia, Ppil2, Ppp1r9a, Prss53, Pskh1, Pstpip1, Pvalb, Pygm, Rasgrp2, 
Rasgrp2, Rbm28, Rbpms2, Rgs10, Rgs10, Rgs17, Rhobtb2, Rn4.5s, 
Rock2, Rpp25, Rrp1, Sc5d, Scly, Scnm1, Scnn1a, Scrt2, Sdsl, Selenon, 
Sgsm3, Shank1, Sirt6, Slc35g2, Slfn5, Sncb, Sox13, Spag7, Srpx2, 
Srsf5, Srsf9, Stat5a, Stx18, Sult1a1, Sult1a1, Supt20, Sympk, Syne1, 
Syne4, Syp, Tbc1d22b, Tbc1d22b, Tbc1d30, Tbc1d7, Tead1, Tex44, 
Thoc7, Tmsb10, Tox2, Tpm1, Tpt1, Triobp, Tsc22d3, Tspyl5, Ttc7b, 
Ttll5, U2af1l4, Ubash3b, Ubr4, Ulk3, Vcpip1, Vstm2l, Wdr34, Wipf3, 
Yap1, Zfp276, Zfp316, Zfp36l1, Zfp488, Zfp580, Zfp692 
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Downregulated DEGs of MPH + 5 µM Ami vs 5 µM Ami 
 

Table S47: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami 
vs 5 µM Ami, 20 µM MPH + 5 µM Ami vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of 88 DEGs were identified from the 93 DEGs derived from Venn analysis (cf. Figure 48).  

2010300C02Rik Dnajc14 Hps4 Parp11 Stum 
4732423E21Rik Doc2b Ifrd2 Pdcd10 Stx2 
A130088B03Rik Eapp Itga6 Pex13 Sumo2 
Adal Eif2ak4 Kif5b Pofut1 Syf2 
Afap1l2 Exosc3 Lrch2 Pole4 Tada3 
Akap1 Fbxo46 Mccc2 Prex1 Tbce 
Alg5 Fgfbp3 Med10 Prr14l Them4 
Ap4s1 Fip1l1 Mmadhc Rasgef1a Tjp1 
Apold1 Garem1 Myh9 Rnaseh1 Trim11 
Arhgap12 Glyctk Mzf1 Sec63 Trio 
C4b Gm38457 Mzt2 Serinc2 Vps54 
Ccnyl1 Gm42151 Nap1l1 Set Vta1 
Commd4 Gm6524 Nhsl2 Sf3b1 Yap1 
Ctsz Golga5 Nme7 Slc25a23 Zfp36l2 
Cttn Golgb1 Nsmaf Smarce1 Zfp704 
D430019H16Rik Gpr25 Nupr1 Sntb2 Znhit6 
Denr Gucy1a2 Osbpl11 Son  
Dip2a Hey1 Pank2 Sox6  

 

Table S48: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami 
vs 5 µM Ami and 20 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of eleven DEGs were identified from Venn analysis (cf. Figure 48).  

Dnajc8 Klf12 Ppm1h Rpl5 
Gadd45a Per3 Rgp1 Speg 
H2-T-ps Plcd1 Rlbp1  

 

Table S49: Downregulated intersectional genes after one-way ANOVA of 200 µM MPH + 5 µM Ami 
vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of 22 DEGs were identified from the 26 DEGs derived from Venn analysis (cf. Figure 48).  

1110006E14Rik Atf2 Fbxl17 Pex19 Zfp575 
AA589522 Atp6v0a1 Gabrg3 Ppp1r3f Zfp691 
Abi1 Bcat1 Mapre2 Sec23a  
Adra2a Carmil1 Mospd3 Srrm2  
Asb4 Eef1e1 Nsg2 Zc4h2  

 

Table S50: Downregulated intersectional genes after one-way ANOVA of 20 µM MPH + 5 µM Ami 
vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami.  
A total of 208 DEGs were identified from the 231 DEGs derived from Venn analysis (cf. Figure 48).  

2210008F06Rik Dido1 Ip6k2 Pkm Smpd3 
2610507I01Rik Dis3 Itch Pla2g7 Sptan1 
4931428F04Rik Dnajb4 Kcnq2 Polr1c Srpk2 
9330151L19Rik Dnajc8 Kctd13 Ppig Srsf5 
A430102J17Rik Dnpep Khdrbs1 Ppm1d St6galnac5 
Aasdhppt Dph2 Ktn1 Ppp1r2 St7l 
Acin1 E130201H02Rik Lhpp Prosc Stx12 
Aida E130308A19Rik Limch1 Prpf40a Tardbp 



 

90 
 

Akap2 Efcab14 Lin54 Psmb2 Tbpl1 
Akirin1 Eif5 Lmo7 Psmd1 Tceal8 
Amd2 Enah Lonrf3 Ptpn11 Tenm2 
Amer1 Epha4 Lsm1 Ptprr Tenm3 
Anapc16 Erbin Lypd1 Pwp1 Tmem109 
Ankrd10 Ergic2 Mak16 Rab3c Tmem131 
Ap3s1 Ets2 Mapkapk2 Rab40c Tmem168 
Apoe Fam117b Marcks Rack1 Tmem185b 
Arl4a Fam206a Mef2a Rad54l2 Tpd52 
Atf2 Fam214b Mex3d Ranbp1 Txnrd1 
B3galt1 Fam222b Mmadhc Rap1a Uba5 
B4galt3 Fam92a Mok Rbm27 Ubac1 
Bax Fbrsl1 Mrpl49 Rbm34 Ubald2 
BC003331 Fbxl6 Mterf3 Rbm8a Ube2j1 
Bdp1 Gabra2 Mzf1 Rela Ube4a 
Bzw1 Gfod1 Ncbp1 Rer1 Unc119b 
Cct5 Ggps1 Nfil3 Rfwd3 Usp10 
Cdc16 Gnb4 Nin Rnf138 Usp38 
Cggbp1 Gpr19 Nsmce4a Rnf182 Usp39 
Chchd4 Gtf2h1 Nt5c3 Rpl39 Utp14a 
Chd1 H2afx Nt5dc3 Rps2 Utp20 
Chd7 Hbp1 Nudt21 Rsrc2 Vbp1 
Cldnd1 Hcn3 Nup35 Ryr3 Vma21 
Cnn3 Hic2 Opa1 Sbds Vps53 
Cnot1 Hist1h4d Osbpl7 Scaf4 Washc2 
Commd2 Hist1h4k Otud5 Sdcbp Wdfy1 
Commd7 Hmgcs2 P4ha2 Sdhb Wnt7a 
Crtc3 Hnrnpc Paxbp1 Selenof Ywhab 
D11Wsu47e Hnrnpf Pbx1 Sh3bp2 Ywhaq 
Dab1 Hnrnpll Pdf Sh3glb1 Zbtb25 
Ddx31 Hps1 Pdia6 Shisa6 Zfp93 
Dek Hps5 Pdk3 Sirt1 Zmym3 
Derl1 Hspa4 Phf10 Slc44a5  
Dgkg Hspa9 Pi4k2a Smap1  
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Table S51: Top 20 significant GO terms of the downregulated intersectional genes of 20 µM MPH + 5 µM Ami vs 5 µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 
µM Ami after one-way ANOVA.  
The GO terms (corrected p-value cutoff 0.05) are related to the 231 downregulated intersectional genes after one-way ANOVA of 20 µM MPH + 5 µM Ami vs 5 
µM Ami and 0.2 µM MPH + 5 µM Ami vs 5 µM Ami and are ordered by corrected p-value. GO accession number: unique seven-digit identifier; where applicable, 
synonymous GO accession numbers are included. Corrected p-value: p-value after multiple testing correction (Benjamini-Yekutieli procedure regarding the 
false discovery rate (Benjamini & Yekutieli, 2001)). DEG count: Number of DEGs in the selected data set belonging to the GO term or its descendants 
(duplicates/triplicates are counted as one DEG). DEG gene symbols: Gene symbols of DEGs in the selected data set belonging to the GO term or its descendants. 

GO accession 
number 

GO term p-value corrected 
p-value 

DEG 
count 

DEG gene symbols 

GO:0043233 organelle lumen 2.59E-14 1.98E-10 77 Acin1, Akirin1, Amer1, Arl4a, Atf2, Cct5, Cggbp1, Chchd4, Chd1, 
Crtc3, Ddx31, Dis3, Dnajc8, E130308A19Rik, Erbin, Ergic2, Ets2, 
Fam206a, Fam222b, Gtf2h1, H2afx, Hbp1, Hist1h4d, Hist1h4k, 
Hmgcs2, Hnrnpc, Hnrnpf, Hspa9, Itch, Kctd13, Khdrbs1, Lhpp, 
Mak16, Mapkapk2, Mef2a, Mrpl49, Mterf3, Ncbp1, Ncbp1, Nin, 
Nsmce4a, Nudt21, Nup35, Opa1, P4ha2, Pbx1, Pdia6, Pdk3, Polr1c, 
Ppig, Ppp1r2, Prpf40a, Psmb2, Pwp1, Rack1, Rad54l2, Rbm34, 
Rbm8a, Rfwd3, Rps2, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sirt1, Srpk2, 
Srsf5, Tardbp, Tbpl1, Txnrd1, Usp10, Usp39, Utp14a, Utp20, Washc2, 
Zbtb25, Zmym3 

GO:0070013 intracellular organelle 
lumen 

2.39E-14 1.98E-10 77 Acin1, Akirin1, Amer1, Arl4a, Atf2, Cct5, Cggbp1, Chchd4, Chd1, 
Crtc3, Ddx31, Dis3, Dnajc8, E130308A19Rik, Erbin, Ergic2, Ets2, 
Fam206a, Fam222b, Gtf2h1, H2afx, Hbp1, Hist1h4d, Hist1h4k, 
Hmgcs2, Hnrnpc, Hnrnpf, Hspa9, Itch, Kctd13, Khdrbs1, Lhpp, 
Mak16, Mapkapk2, Mef2a, Mrpl49, Mterf3, Ncbp1, Ncbp1, Nin, 
Nsmce4a, Nudt21, Nup35, Opa1, P4ha2, Pbx1, Pdia6, Pdk3, Polr1c, 
Ppig, Ppp1r2, Prpf40a, Psmb2, Pwp1, Rack1, Rad54l2, Rbm34, 
Rbm8a, Rfwd3, Rps2, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sirt1, Srpk2, 
Srsf5, Tardbp, Tbpl1, Txnrd1, Usp10, Usp39, Utp14a, Utp20, Washc2, 
Zbtb25, Zmym3 

GO:0043231 intracellular membrane-
bounded organelle 

1.42E-14 1.98E-10 152 Acin1, Akirin1, Amer1, Anapc16, Ap3s1, Apoe, Arl4a, Atf2, B3galt1, 
B4galt3, Bax, Bdp1, Cct5, Cdc16, Cggbp1, Chchd4, Chd1, Chd7, 
Cnot1, Commd7, Crtc3, Dab1, Ddx31, Dek, Derl1, Dido1, Dis3, 
Dnajc8, Dnpep, E130308A19Rik, Epha4, Erbin, Ergic2, Ets2, 
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Fam206a, Fam214b, Fam222b, Fam92a, Gabra2, Gnb4, Gtf2h1, 
H2afx, Hbp1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hnrnpf, 
Hnrnpll, Hps1, Hspa4, Hspa9, Ip6k2, Itch, Kctd13, Khdrbs1, Ktn1, 
Lhpp, Lin54, Lsm1, Mak16, Mapkapk2, Marcks, Mef2a, Mex3d, 
Mmadhc, Mmadhc, Mok, Mrpl49, Mterf3, Mzf1, Ncbp1, Ncbp1, 
Nfil3, Nin, Nsmce4a, Nt5c3, Nt5dc3, Nudt21, Nup35, Opa1, Osbpl7, 
P4ha2, Paxbp1, Pbx1, Pdf, Pdia6, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
Polr1c, Ppig, Ppp1r2, Prosc, Prpf40a, Psmb2, Psmd1, Ptpn11, Pwp1, 
Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rap1a, 
Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, Rnf138, Rps2, Ryr3, Sbds, 
Scaf4, Sdcbp, Sdhb, Selenof, Sh3glb1, Sirt1, Smpd3, Sptan1, Srpk2, 
Srsf5, St6galnac5, Stx12, Tardbp, Tbpl1, Tceal8, Tenm2, Tmem109, 
Tmem168, Tpd52, Txnrd1, Uba5, Ubac1, Ube2j1, Ube4a, Usp10, 
Usp39, Utp14a, Utp20, Vbp1, Vma21, Vps53, Washc2, Wdfy1, 
Ywhab, Zbtb25, Zfp93, Zmym3 

GO:0031974 membrane-enclosed 
lumen 

2.59E-14 1.98E-10 77 Acin1, Akirin1, Amer1, Arl4a, Atf2, Cct5, Cggbp1, Chchd4, Chd1, 
Crtc3, Ddx31, Dis3, Dnajc8, E130308A19Rik, Erbin, Ergic2, Ets2, 
Fam206a, Fam222b, Gtf2h1, H2afx, Hbp1, Hist1h4d, Hist1h4k, 
Hmgcs2, Hnrnpc, Hnrnpf, Hspa9, Itch, Kctd13, Khdrbs1, Lhpp, 
Mak16, Mapkapk2, Mef2a, Mrpl49, Mterf3, Ncbp1, Ncbp1, Nin, 
Nsmce4a, Nudt21, Nup35, Opa1, P4ha2, Pbx1, Pdia6, Pdk3, Polr1c, 
Ppig, Ppp1r2, Prpf40a, Psmb2, Pwp1, Rack1, Rad54l2, Rbm34, 
Rbm8a, Rfwd3, Rps2, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sirt1, Srpk2, 
Srsf5, Tardbp, Tbpl1, Txnrd1, Usp10, Usp39, Utp14a, Utp20, Washc2, 
Zbtb25, Zmym3 

GO:0005634 nucleus 5.46E-14 3.34E-10 113 Acin1, Akirin1, Amer1, Anapc16, Apoe, Arl4a, Atf2, Bax, Bdp1, Cct5, 
Cdc16, Cggbp1, Chd1, Chd7, Cnot1, Crtc3, Ddx31, Dek, Dido1, Dis3, 
Dnajc8, Dnpep, E130308A19Rik, Erbin, Ergic2, Ets2, Fam206a, 
Fam214b, Fam222b, Fam92a, Gtf2h1, H2afx, Hbp1, Hic2, Hist1h4d, 
Hist1h4k, Hnrnpc, Hnrnpf, Hnrnpll, Hspa4, Hspa9, Ip6k2, Itch, 
Kctd13, Khdrbs1, Lhpp, Lin54, Lsm1, Mak16, Mapkapk2, Marcks, 
Mef2a, Mex3d, Mok, Mterf3, Mzf1, Ncbp1, Ncbp1, Nfil3, Nin, 
Nsmce4a, Nudt21, Nup35, Opa1, P4ha2, Paxbp1, Pbx1, Pdk3, Phf10, 
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Phf10, Pkm, Polr1c, Ppig, Ppp1r2, Prpf40a, Psmb2, Psmd1, Ptpn11, 
Pwp1, Rack1, Rad54l2, Ranbp1, Rbm27, Rbm34, Rbm8a, Rela, 
Rfwd3, Rnf138, Rps2, Sbds, Scaf4, Sdcbp, Sdhb, Sirt1, Srpk2, Srsf5, 
Tardbp, Tbpl1, Tceal8, Tenm2, Tmem109, Txnrd1, Uba5, Ube4a, 
Usp10, Usp39, Utp14a, Utp20, Vbp1, Washc2, Wdfy1, Ywhab, 
Zbtb25, Zfp93, Zmym3 

GO:0031981 nuclear lumen 1.33E-13 6.81E-10 71 Acin1, Akirin1, Amer1, Arl4a, Atf2, Cct5, Cggbp1, Chd1, Crtc3, Ddx31, 
Dis3, Dnajc8, E130308A19Rik, Erbin, Ergic2, Ets2, Fam206a, 
Fam222b, Gtf2h1, H2afx, Hbp1, Hist1h4d, Hist1h4k, Hnrnpc, Hnrnpf, 
Itch, Kctd13, Khdrbs1, Lhpp, Mak16, Mapkapk2, Mef2a, Mterf3, 
Ncbp1, Ncbp1, Nin, Nsmce4a, Nudt21, Nup35, Opa1, P4ha2, Pbx1, 
Pdk3, Polr1c, Ppig, Ppp1r2, Prpf40a, Psmb2, Pwp1, Rack1, Rad54l2, 
Rbm34, Rbm8a, Rfwd3, Rps2, Sbds, Scaf4, Sdcbp, Sdhb, Sirt1, Srpk2, 
Srsf5, Tardbp, Tbpl1, Txnrd1, Usp10, Usp39, Utp14a, Utp20, Washc2, 
Zbtb25, Zmym3 

GO:0005622 intracellular anatomical 
structure 

4.39E-13 1.92E-09 171 Aasdhppt, Acin1, Aida, Akirin1, Amd2, Amer1, Anapc16, Ap3s1, 
Apoe, Arl4a, Atf2, B3galt1, B4galt3, Bax, Bdp1, Bzw1, Cct5, Cdc16, 
Cggbp1, Chchd4, Chd1, Chd7, Cnn3, Cnot1, Commd2, Commd7, 
Crtc3, Dab1, Ddx31, Dek, Derl1, Dido1, Dis3, Dnajb4, Dnajc8, Dnpep, 
E130308A19Rik, Eif5, Enah, Epha4, Erbin, Ergic2, Ets2, Fam206a, 
Fam214b, Fam222b, Fam92a, Gabra2, Ggps1, Gnb4, Gtf2h1, H2afx, 
Hbp1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hnrnpf, Hnrnpll, 
Hps1, Hps5, Hspa4, Hspa9, Ip6k2, Itch, Kctd13, Khdrbs1, Ktn1, Lhpp, 
Lin54, Lonrf3, Lsm1, Mak16, Mapkapk2, Marcks, Mef2a, Mex3d, 
Mmadhc, Mmadhc, Mok, Mrpl49, Mterf3, Mzf1, Ncbp1, Ncbp1, 
Nfil3, Nin, Nsmce4a, Nt5c3, Nt5dc3, Nudt21, Nup35, Opa1, Osbpl7, 
P4ha2, Paxbp1, Pbx1, Pdf, Pdia6, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
Pla2g7, Polr1c, Ppig, Ppp1r2, Prosc, Prpf40a, Psmb2, Psmd1, Ptpn11, 
Ptprr, Pwp1, Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, 
Rap1a, Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, Rnf138, Rnf182, 
Rpl39, Rps2, Ryr3, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sh3glb1, Sirt1, 
Smap1, Smpd3, Sptan1, Srpk2, Srsf5, St6galnac5, Stx12, Tardbp, 
Tbpl1, Tceal8, Tenm2, Tmem109, Tmem168, Tpd52, Txnrd1, Uba5, 
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Ubac1, Ube2j1, Ube4a, Unc119b, Usp10, Usp39, Utp14a, Utp20, 
Vbp1, Vma21, Vps53, Washc2, Wdfy1, Ywhab, Ywhaq, Zbtb25, 
Zfp93, Zmym3 

GO:0043229 intracellular organelle 6.15E-12 2.36E-08 155 Acin1, Akirin1, Amer1, Anapc16, Ap3s1, Apoe, Arl4a, Atf2, B3galt1, 
B4galt3, Bax, Bdp1, Cct5, Cdc16, Cggbp1, Chchd4, Chd1, Chd7, Cnn3, 
Cnot1, Commd7, Crtc3, Dab1, Ddx31, Dek, Derl1, Dido1, Dis3, 
Dnajc8, Dnpep, E130308A19Rik, Enah, Epha4, Erbin, Ergic2, Ets2, 
Fam206a, Fam214b ,Fam222b, Fam92a, Gabra2, Gnb4, Gtf2h1, 
H2afx, Hbp1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, Hnrnpf, 
Hnrnpll, Hps1, Hspa4, Hspa9, Ip6k2, Itch, Kctd13, Khdrbs1, Ktn1, 
Lhpp, Lin54, Lsm1, Mak16, Mapkapk2, Marcks, Mef2a, Mex3d, 
Mmadhc, Mmadhc, Mok, Mrpl49, Mterf3, Mzf1, Ncbp1, Ncbp1, 
Nfil3, Nin, Nsmce4a, Nt5c3, Nt5dc3, Nudt21, Nup35, Opa1, Osbpl7, 
P4ha2, Paxbp1, Pbx1, Pdf, Pdia6, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
Polr1c, Ppig, Ppp1r2, Prosc, Prpf40a, Psmb2, Psmd1, Ptpn11, Pwp1, 
Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rap1a, 
Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, Rnf138, Rpl39, Rps2, 
Ryr3, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sh3glb1, Sirt1, Smpd3, 
Sptan1, Srpk2, Srsf5, St6galnac5, Stx12, Tardbp, Tbpl1, Tceal8, 
Tenm2, Tmem109, Tmem168, Tpd52, Txnrd1, Uba5, Ubac1, Ube2j1, 
Ube4a, Usp10, Usp39, Utp14a, Utp20, Vbp1, Vma21, Vps53, 
Washc2, Wdfy1, Ywhab, Zbtb25, Zfp93, Zmym3 

GO:0043227 membrane-bounded 
organelle 

1.40E-11 4.77E-08 157 Aasdhppt, Acin1, Akirin1, Amer1, Anapc16, Ap3s1, Apoe, Arl4a, Atf2, 
B3galt1, B4galt3, Bax, Bdp1, Cct5, Cdc16, Cggbp1, Chchd4, Chd1, 
Chd7, Cnot1, Commd7, Crtc3, D11Wsu47e, Dab1, Ddx31, Dek, Derl1, 
Dido1, Dis3, Dnajb4, Dnajc8, Dnpep, E130308A19Rik, Epha4, Erbin, 
Ergic2, Ets2, Fam206a, Fam214b, Fam222b, Fam92a, Gabra2, Gnb4, 
Gtf2h1, H2afx, Hbp1, Hic2, Hist1h4d, Hist1h4k, Hmgcs2, Hnrnpc, 
Hnrnpf, Hnrnpll, Hps1, Hspa4, Hspa9, Ip6k2, Itch, Kctd13, Khdrbs1, 
Ktn1, Lhpp, Lin54, Lsm1, Mak16, Mapkapk2, Marcks, Mef2a, Mex3d, 
Mmadhc, Mmadhc, Mok, Mrpl49, Mterf3, Mzf1, Ncbp1, Ncbp1, 
Nfil3, Nin, Nsmce4a, Nt5c3, Nt5dc3, Nudt21, Nup35, Opa1, Osbpl7, 
P4ha2, Paxbp1, Pbx1, Pdf, Pdia6, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
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Polr1c, Ppig, Ppp1r2, Prosc, Prpf40a, Psmb2, Psmd1, Ptpn11, Pwp1, 
Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rap1a, 
Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, Rnf138, Rps2, Ryr3, Sbds, 
Scaf4, Sdcbp, Sdhb, Selenof, Sh3glb1, Sirt1, Smpd3, Sptan1, Srpk2, 
Srsf5, St6galnac5, Stx12, Tardbp, Tbpl1, Tceal8, Tenm2, Tmem109, 
Tmem168, Tpd52, Txnrd1, Uba5, Ubac1, Ube2j1, Ube4a, Unc119b, 
Usp10, Usp39, Utp14a, Utp20, Vbp1, Vma21, Vps53, Washc2, 
Wdfy1, Ywhab, Ywhaq, Zbtb25, Zfp93, Zmym3 

GO:0005654 nucleoplasm 1.03E-10 3.15E-07 55 Acin1, Akirin1, Amer1, Arl4a, Atf2, Cggbp1, Crtc3, Dis3, Dnajc8, 
E130308A19Rik, Erbin, Ets2, Fam206a, Fam222b, Gtf2h1, H2afx, 
Hbp1, Hnrnpc, Hnrnpf, Itch, Kctd13, Khdrbs1, Lhpp, Mapkapk2, 
Mef2a, Mterf3, Ncbp1, Ncbp1, Nsmce4a, Nudt21, Nup35, Opa1, 
P4ha2, Pbx1, Ppig, Ppp1r2, Prpf40a, Psmb2, Rack1, Rad54l2, Rbm8a, 
Rfwd3, Rps2, Scaf4, Sdcbp, Sdhb, Sirt1, Srpk2, Srsf5, Tardbp, Tbpl1, 
Txnrd1, Usp10, Usp39, Zbtb25, Zmym3 

GO:0044237 cellular metabolic 
process 

2.22E-10 6.18E-07 113 Aasdhppt, Acin1, Amd2, Anapc16, Apoe, Atf2, B3galt1, Bax, Bdp1, 
Bzw1, Cdc16, Cggbp1, Chchd4, Chd7, Cnot1, Commd2, Commd7, 
Crtc3, Ddx31, Derl1, Dgkg, Dido1, Dis3, Dnpep, Dph2, Eif5, Epha4, 
Ets2, Ggps1, Gtf2h1, H2afx, Hbp1, Hic2, Hmgcs2, Hnrnpc, Hnrnpf, 
Hnrnpll, Ip6k2, Itch, Kctd13, Khdrbs1, Lhpp, Lin54, Lmo7, Lonrf3, 
Lsm1, Mak16, Mapkapk2, Mef2a, Mex3d, Mmadhc, Mmadhc, Mok, 
Mrpl49, Mterf3, Ncbp1, Ncbp1, Nfil3, Nt5c3, Nt5dc3, Nudt21, Otud5, 
P4ha2, Paxbp1, Pbx1, Pdf, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, Pla2g7, 
Polr1c, Ppig, Ppm1d, Ppp1r2, Prpf40a, Psmb2, Psmd1, Ptpn11, Ptprr, 
Pwp1, Rack1, Ranbp1, Rbm27, Rbm8a, Rela, Rfwd3, Rnf138, Rnf182, 
Rpl39, Rps2, Sbds, Scaf4, Sdhb, Sh3glb1, Sirt1, Smpd3, Srpk2, Srsf5, 
St6galnac5, Stx12, Tardbp, Tbpl1, Tceal8, Tenm2, Txnrd1, Uba5, 
Ube2j1, Ube4a, Usp10, Usp38, Usp39, Utp14a, Utp20, Zfp93 

GO:0043226 organelle 2.61E-10 6.66E-07 160 Aasdhppt, Acin1, Akirin1, Amer1, Anapc16, Ap3s1, Apoe, Arl4a, Atf2, 
B3galt1, B4galt3, Bax, Bdp1, Cct5, Cdc16, Cggbp1, Chchd4, Chd1, 
Chd7, Cnn3, Cnot1, Commd7, Crtc3, D11Wsu47e, Dab1, Ddx31, Dek, 
Derl1, Dido1, Dis3, Dnajb4, Dnajc8, Dnpep, E130308A19Rik, Enah, 
Epha4, Erbin, Ergic2, Ets2, Fam206a, Fam214b, Fam222b, Fam92a, 
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Gabra2, Gnb4, Gtf2h1, H2afx, Hbp1, Hic2, Hist1h4d, Hist1h4k, 
Hmgcs2, Hnrnpc, Hnrnpf, Hnrnpll, Hps1, Hspa4, Hspa9, Ip6k2, Itch, 
Kctd13, Khdrbs1, Ktn1, Lhpp, Lin54, Lsm1, Mak16, Mapkapk2, 
Marcks, Mef2a, Mex3d, Mmadhc, Mmadhc, Mok, Mrpl49, Mterf3, 
Mzf1, Ncbp1, Ncbp1, Nfil3, Nin, Nsmce4a, Nt5c3, Nt5dc3, Nudt21, 
Nup35, Opa1, Osbpl7, P4ha2, Paxbp1, Pbx1, Pdf, Pdia6, Pdk3, Phf10, 
Phf10, Pi4k2a, Pkm, Polr1c, Ppig, Ppp1r2, Prosc, Prpf40a, Psmb2, 
Psmd1, Ptpn11, Pwp1, Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, 
Rap1a, Rap1a, Rap1a, Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, 
Rnf138, Rpl39, Rps2, Ryr3, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, 
Sh3glb1, Sirt1, Smpd3, Sptan1, Srpk2, Srsf5, St6galnac5, Stx12, 
Tardbp, Tbpl1, Tceal8, Tenm2, Tmem109, Tmem168, Tpd52, Txnrd1, 
Uba5, Ubac1, Ube2j1, Ube4a, Unc119b, Usp10, Usp39, Utp14a, 
Utp20, Vbp1, Vma21, Vps53, Washc2, Wdfy1, Ywhab, Ywhaq, 
Zbtb25, Zfp93, Zmym3 

GO:0005488 binding 3.86E-10 9.09E-07 161 Aasdhppt, Acin1, Aida, Akap2, Amd2, Amer1, Apoe, Arl4a, Atf2, 
B4galt3, Bax, Bdp1, Bzw1, Cct5, Cdc16, Cggbp1, Chchd4, Chd1, Chd7, 
Cnn3, Cnot1, Commd7, Crtc3, Dab1, Ddx31, Dek, Derl1, Dgkg, Dido1, 
Dis3, Dnajb4, Dnpep, Dph2, E130308A19Rik, Efcab14, Eif5, Enah, 
Epha4, Erbin, Ets2, Fam92a, Fbrsl1, Ggps1, Gnb4, Gtf2h1, H2afx, 
Hbp1, Hcn3, Hic2, Hist1h4d, Hist1h4k, Hnrnpc, Hnrnpf, Hnrnpll, 
Hps1, Hps5, Hspa4, Hspa9, Ip6k2, Itch, Kcnq2, Kctd13, Khdrbs1, Ktn1, 
Lhpp, Limch1, Lin54, Lmo7, Lonrf3, Lsm1, Lypd1, Lypd1, Mak16, 
Mapkapk2, Marcks, Mef2a, Mex3d, Mok, Mterf3, Mzf1, Ncbp1, 
Ncbp1, Nfil3, Nin, Nt5c3, Nt5dc3, Nudt21, Nup35, Opa1, Osbpl7, 
Otud5, P4ha2, Paxbp1, Pbx1, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
Pla2g7, Polr1c, Ppig, Ppm1d, Ppp1r2, Prosc, Prpf40a, Psmd1, Ptpn11, 
Ptprr, Rab3c, Rab40c, Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, 
Rap1a, Rbm27, Rbm34, Rbm8a, Rela, Rer1, Rfwd3, Rnf138, Rnf182, 
Rpl39, Rps2, Ryr3, Sbds, Scaf4, Sdcbp, Sdhb, Selenof, Sh3bp2, 
Sh3glb1, Sirt1, Smap1, Smpd3, Sptan1, Srpk2, Srsf5, Stx12, Tardbp, 
Tbpl1, Tceal8, Tenm2, Tenm3, Tmem109, Tpd52, Txnrd1, Uba5, 
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Ube2j1, Unc119b, Usp10, Usp39, Utp14a, Utp20, Vbp1, Washc2, 
Wdfy1, Wnt7a, Ywhab, Ywhaq, Zbtb25, Zfp93, Zmym3 

GO:0005829 cytosol 1.44E-09 3.14E-06 61 Acin1, Amd2, Anapc16, Arl4a, B4galt3, Bax, Cct5, Cnn3, Cnot1, Crtc3, 
Dab1, Dis3, Dnajb4, Dnajc8, Dnpep, Eif5, Enah, Ets2, Hnrnpc, Hnrnpf, 
Hps1, Hps5, Hspa4, Lhpp, Mef2a, Ncbp1, Ncbp1, Nt5dc3, Opa1, 
Osbpl7, P4ha2, Paxbp1, Pdia6, Pi4k2a, Pkm, Ppig, Ppp1r2, Prpf40a, 
Ptpn11, Ptprr, Rab3c, Rack1, Ranbp1, Rela, Rpl39, Rps2, Sbds, Sdcbp, 
Sh3glb1, Sirt1, Srpk2, Stx12, Txnrd1, Uba5, Ubac1, Usp10, Utp14a, 
Vbp1, Vps53, Washc2, Wdfy1, Ywhab 

GO:0003723|
GO:0000498|
GO:0044822 

RNA binding 2.03E-09 4.14E-06 41 Acin1, Bzw1, Cct5, Cnot1, Ddx31, Dek, Dido1, Dis3, Eif5, Fbrsl1, 
Hbp1, Hist1h4d, Hist1h4k, Hnrnpc, Hnrnpf, Hnrnpll, Hspa9, Khdrbs1, 
Lsm1, Mak16, Mex3d, Mterf3, Ncbp1, Ncbp1, Nudt21, Pkm, Ppig, 
Prpf40a, Rack1, Rbm27, Rbm34, Rbm8a, Rpl39, Rps2, Sbds, Scaf4, 
Srpk2, Srsf5, Tardbp, Usp10, Utp14a, Utp20 

GO:0044238 primary metabolic 
process 

3.09E-09 5.91E-06 110 Aasdhppt, Acin1, Anapc16, Apoe, Atf2, B3galt1, B4galt3, Bax, Bdp1, 
Bzw1, Cdc16, Cggbp1, Chchd4, Chd7, Cnot1, Commd2, Commd7, 
Crtc3, Ddx31, Derl1, Dgkg, Dido1, Dis3, Dnpep, Dph2, Eif5, Epha4, 
Ets2, Ggps1, Gtf2h1, H2afx, Hbp1, Hic2, Hmgcs2, Hnrnpc, Hnrnpf, 
Hnrnpll, Ip6k2, Itch, Kctd13, Khdrbs1, Lin54, Lmo7, Lonrf3, Lsm1, 
Mak16, Mapkapk2, Mef2a, Mex3d, Mok, Mrpl49, Mterf3, Ncbp1, 
Ncbp1, Nfil3, Nt5c3, Nudt21, Otud5, P4ha2, Paxbp1, Pbx1, Pdf, Pdk3, 
Phf10, Phf10, Pi4k2a, Pkm, Pla2g7, Polr1c, Ppig, Ppm1d, Ppp1r2, 
Prpf40a, Psmb2, Psmd1, Ptpn11, Ptprr, Pwp1, Rack1, Ranbp1, 
Rbm27, Rbm8a, Rela, Rfwd3, Rnf138, Rnf182, Rpl39, Rps2, Sbds, 
Scaf4, Sdhb, Sh3glb1, Sirt1, Smpd3, Srpk2, Srsf5, St6galnac5, Tardbp, 
Tbpl1, Tceal8, Tenm2, Tenm3, Txnrd1, Uba5, Ube2j1, Ube4a, Usp10, 
Usp38, Usp39, Utp14a, Utp20, Zfp93 

GO:0003676|
GO:0000496 

nucleic acid binding 1.08E-08 1.94E-05 65 Acin1, Atf2, Bdp1, Bzw1, Cct5, Cggbp1, Chd7, Cnot1, Ddx31, Dek, 
Dido1, Dis3, E130308A19Rik, Eif5, Ets2, Fbrsl1, H2afx, Hbp1, Hic2, 
Hist1h4d, Hist1h4k, Hnrnpc, Hnrnpf, Hnrnpll, Hspa9, Khdrbs1, Lin54, 
Lsm1, Mak16, Mef2a, Mex3d, Mterf3, Mzf1, Ncbp1, Ncbp1, Nfil3, 
Nudt21, Nup35, Paxbp1, Pbx1, Pkm, Polr1c, Ppig, Prpf40a, Rack1, 
Rad54l2, Rbm27, Rbm34, Rbm8a, Rela, Rnf138, Rpl39, Rps2, Sbds, 
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Scaf4, Sirt1, Srpk2, Srsf5, Tardbp, Tbpl1, Usp10, Utp14a, Utp20, 
Zbtb25, Zfp93, Zmym3 

GO:0071704 organic substance 
metabolic process 

1.22E-08 2.08E-05 113 Aasdhppt, Acin1, Amd2, Anapc16, Apoe, Atf2, B3galt1, B4galt3, Bax, 
Bdp1, Bzw1, Cdc16, Cggbp1, Chchd4, Chd7, Cnot1, Commd2, 
Commd7, Crtc3, Ddx31, Dek, Derl1, Dgkg, Dido1, Dis3, Dnpep, Dph2, 
Eif5, Epha4, Ets2, Ggps1, Gtf2h1, H2afx, Hbp1, Hic2, Hmgcs2, 
Hnrnpc, Hnrnpf, Hnrnpll, Ip6k2, Itch, Kctd13, Khdrbs1, Lin54, Lmo7, 
Lonrf3, Lsm1, Mak16, Mapkapk2, Mef2a, Mex3d, Mmadhc, 
Mmadhc, Mok, Mrpl49, Mterf3, Ncbp1, Ncbp1, Nfil3, Nt5c3, Nudt21, 
Otud5, P4ha2, Paxbp1, Pbx1, Pdf, Pdk3, Phf10, Phf10, Pi4k2a, Pkm, 
Pla2g7, Polr1c, Ppig, Ppm1d, Ppp1r2, Prpf40a, Psmb2, Psmd1, 
Ptpn11, Ptprr, Pwp1, Rack1, Ranbp1, Rbm27, Rbm8a, Rela, Rfwd3, 
Rnf138, Rnf182, Rpl39, Rps2, Sbds, Scaf4, Sdhb, Sh3glb1, Sirt1, 
Smpd3, Srpk2, Srsf5, St6galnac5, Tardbp, Tbpl1, Tceal8, Tenm2, 
Tenm3, Txnrd1, Uba5, Ube2j1, Ube4a, Usp10, Usp38, Usp39, 
Utp14a, Utp20, Zfp93 

GO:0005515|
GO:0001948|
GO:0045308 

protein binding 1.40E-08 2.14E-05 117 Aida, Akap2, Amer1, Apoe, Atf2, Bax, Bdp1, Bzw1, Cct5, Cdc16, 
Cggbp1, Chchd4, Chd1, Chd7, Cnn3, Cnot1, Commd7, Crtc3, Dab1, 
Dek, Derl1, Dnajb4, Dnpep, Dph2, Eif5, Enah, Epha4, Erbin, Ets2, 
Fam92a, Ggps1, H2afx, Hbp1, Hcn3, Hic2, Hist1h4d, Hist1h4k, 
Hnrnpc, Hnrnpf, Hps1, Hps5, Hspa4, Hspa9, Itch, Kcnq2, Kctd13, 
Khdrbs1, Ktn1, Lhpp, Limch1, Lmo7, Lonrf3, Lypd1, Lypd1, 
Mapkapk2, Marcks, Mef2a, Mzf1, Ncbp1, Ncbp1, Nfil3, Nin, Nudt21, 
Nup35, Opa1, Otud5, P4ha2, Paxbp1, Pbx1, Phf10, Phf10, Pkm, 
Polr1c, Ppm1d, Ppp1r2, Prpf40a, Psmd1, Ptpn11, Ptprr, Rab3c, 
Rack1, Rad54l2, Ranbp1, Rap1a, Rap1a, Rap1a, Rela, Rer1, Rfwd3, 
Rnf138, Rpl39, Rps2, Ryr3, Sbds, Scaf4, Sdcbp, Selenof, Sh3bp2, 
Sh3glb1, Sirt1, Smap1, Smpd3, Sptan1, Srpk2, Srsf5, Stx12, Tardbp, 
Tbpl1, Tceal8, Tenm2, Tenm3, Tmem109, Tpd52, Txnrd1, Ube2j1, 
Usp10, Vbp1, Wdfy1, Wnt7a, Ywhab, Ywhaq, Zmym3 

GO:0043170|
GO:0043283|
GO:0044259 

macromolecule 
metabolic process 

1.34E-08 2.14E-05 97 Aasdhppt, Acin1, Anapc16, Atf2, B3galt1, Bdp1, Bzw1, Cdc16, 
Cggbp1, Chchd4, Chd7, Cnot1, Commd2, Commd7, Crtc3, Ddx31, 
Dek, Derl1, Dido1, Dis3, Dnpep, Dph2, Eif5, Epha4, Ets2, Gtf2h1, 
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H2afx, Hbp1, Hic2, Hnrnpc, Hnrnpf, Hnrnpll, Itch, Kctd13, Khdrbs1, 
Lin54, Lmo7, Lonrf3, Lsm1, Mak16, Mapkapk2, Mef2a, Mex3d, Mok, 
Mrpl49, Mterf3, Ncbp1, Ncbp1, Nfil3, Nudt21, Otud5, P4ha2, 
Paxbp1, Pbx1, Pdf, Pdk3, Phf10, Phf10, Polr1c, Ppig, Ppm1d, Ppp1r2, 
Prpf40a, Psmb2, Psmd1, Ptpn11, Ptprr, Pwp1, Rack1, Ranbp1, 
Rbm27, Rbm8a, Rela, Rfwd3, Rnf138, Rnf182, Rpl39, Rps2, Sbds, 
Scaf4, Sh3glb1, Sirt1, Srpk2, Srsf5, St6galnac5, Tardbp, Tbpl1, Tceal8, 
Tenm2, Tenm3, Uba5, Ube2j1, Ube4a, Usp10, Usp38, Usp39, 
Utp14a, Utp20, Zfp93 
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2.3 Transcriptome Analysis Results of One-Way ANOVA and Tukey’s HSD Test 

2.3.1 Fold Change Analysis 

Top 20 Up- and Downregulated DEGs 
 

Table S52: FC values of the significant DEGs from one-way ANOVA and Tukey’s HSD test. 
The table lists the FC values of the significant up- and downregulated DEGs from one-way ANOVA 
and Tukey’s HSD test of the group comparisons 200 µM MPH vs ACSF (A), 20 µM MPH vs ACSF (B), 
0.2 µM MPH vs ACSF (C) and 20 µM MPH + 5 µM Ami vs 5 µM Ami (D) (cf. chapter 3.5.1 and Figure 
41). 

A: 200 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

Gm6524 1.38 / / 

 

B: 20 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

Cmklr1 1.88 Nin -1.35 

Zfand1 1.81 Nipa2 -1.32 

Ubl7 1.75 Nudt21 -1.30 

Shank1 1.72 Mok -1.28 

Supt20 1.64 Chchd4 -1.28 

Carmil2 1.61 / / 

Kcnk4 1.59 / / 

Carmil2 1.59 / / 

Hr 1.52 / / 

Capn2 1.51 / / 

 

C: 0.2 µM MPH vs ACSF 

Upregulated genes Downregulated genes 

Nfic 1.55 Klf2 -1.83 

Capn2 1.40 Hmgcs2 -1.77 

Scly 1.37 Tceal8 -1.41 

Acsf2 1.35 Pbx1 -1.41 

/ / Nin -1.40 

/ / Nme7 -1.36 

/ / Nsmce4a -1.34 

/ / Nudt21 -1.34 

/ / Eapp -1.34 

/ / Eif2b3 -1.32 

/ / 4933434E20Rik -1.31 

/ / Dpcd -1.29 

/ / Pole4 -1.28 

/ / Sdha -1.26 

 

D: 20 µM MPH + 5 µM Ami vs 5 µM Ami 

Upregulated genes Downregulated genes 

Sparc 2.12 / / 

Pnck 1.49 / / 

Sult1a1 1.48 / / 
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3 Supplementary Discussion 

 
3.1 Conflicting Evidence regarding the Observed MPH Effect 

Dommett et al. used an experimental setup that was similar to the setup of this thesis, including 

electrophysiological stimulation and recording from horizontal hippocampal slices under acute MPH 

application (Dommett et al., 2008). The results showed that 20 ng/ml and 50 ng/ml MPH (but not 10 

ng/ml MPH) featured a dose-dependent LTP elevation; additionally, MPH decreased the threshold for 

LTP. The results of Dommett et al. were not confirmed by this thesis, however, this may be explained 

by several experimental differences. In contrast to this thesis, the authors used rats (and not 

C57BL/6J mice) aged P22-P35. Additionally, they performed isoflurane anesthesia (not cervical 

dislocation), which might potentially irritate hippocampal signaling. Another difference is that glass 

microelectrodes were used instead of MEA and that the tested MPH concentrations ranged from 10 

ng/ml to 50 ng/ml. These concentrations are remarkably lower than the concentrations that were 

used in this thesis, and the highest dose of Dommett et al., 50 ng/ml, is similar to the lowest dose of 

this thesis (0.2 µM, which is approximately 53 ng/ml). 

In another study, Rozas et al. performed acute MPH application (0.003 µM, 0.05 µM and 5 µM) on 

hippocampal slices of young rats and reported that MPH dose-dependently enhances hippocampal 

LTP (Rozas et al., 2015). The experimental setup in this publication was similar to the setup in this 

thesis. However, the highest MPH concentrations 0.05 µM and 5 µM were fourfold lower than in this 

thesis (0.2 µM and 20 µM). Moreover, in contrast to this thesis, rats were used instead of mice and 

were additionally not sacrificed by cervical dislocation but anesthetized with halothane. 

Furthermore, instead of MEA, bipolar stimulation electrode and glass microelectrodes were used for 

stimulation and recording, respectively. These differences may explain the results of Rozas et al. 

were not validated by this thesis. 

Additionally, Jenson et al. reported that MPH enhances murine LTP initiation in vivo and in vitro 

(Jenson et al., 2015). In contrast to this thesis, male and female C57BL/6 mice (24–30 day old) were 

used, whereas this thesis investigated only males. Additionally, dosage and administration method of 

MPH was different (Jenson et al. applied 5 mg/kg and 20 mg/kg MPH intraperitoneally). Finally, in 

vitro LTP stimulation was performed via Patch Clamp. All these differences may have led to distinct 

results than found in this thesis. 

Another publication had a similar experimental setup to this thesis using hippocampal slices for LTP 

experiments. However, instead of incubation with Ami, they used another ADHD mouse model, 

which was based on prenatal nicotine exposure. The results showed that a single oral MPH 

application (1 mg/kg) rescued the disturbed behavior (inattention, hyperactivity, deteriorated 

working memory), the diminished LTP, the reduced number of GluA1-containing AMPAR and the 

immature dendritic spines (Contreras et al., 2022). It should be noted that, in contrast to this thesis, a 

single MPH dose was given orally and no constant slice superfusion with MPH was performed. 

Moreover, mice were sacrificed by halothane anesthesia instead of cervical dislocation. Finally, 

instead of MEA, bipolar concentric electrode and glass microelectrodes were used for stimulation 

and recording, respectively. All of this could contribute to different results compared to this thesis. 

A recent study reported that MPH injection (1 mg/kg i.p.) ameliorated LTP impairment in the 

hippocampal-mPFC connections of 6-8 weeks old male SHRSP/Ezo rats, another ADHD rat model, and 

this effect was mediated by dopamine and/or norepinephrine (Suzuki et al., 2024). Again, differences 

to this thesis are in vivo LTP induction under urethane anesthesia instead of MEA with brain slices. 

Moreover, rats of higher age were used instead of the young mice in this thesis. The age on 
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experimental animals can be crucial as age-dependent MPH effects have been demonstrated. In the 

PFC, for instance, 1 mg MPH i.p. decreased the frequency of spontaneous IPSCs of pyramidal neurons 

in adolescent rats, while they were increased in adult rats (Urban et al., 2017; Urban et al., 2012).  

On a side note, another ADHD drug, lisdexamphetamine, was likewise reported to elevated the fEPSP 

slope of hippocampal LTP in male wild-type rats. However, it also elevated apoptosis susceptibility 

and altered microglia-dendrite interaction, which overall led to detrimental effects for the 

hippocampus and for memory (Nourirad et al., 2024). This finding illustrates that elevated LTP is not 

necessarily linked to improved cognitive performance. 

 

3.2 GO Terms of One-Way ANOVA 

200 µM MPH + 5 µM Ami vs 5 µM Ami exhibits GO terms for up- and downregulated DEGs, 

respectively, that consist of a mixture of the up- and downregulated DEGs of 200 µM MPH vs ACSF. In 

detail, 200 µM MPH + 5 µM Ami vs 5 µM Ami features i.a. following GO terms: For the upregulated 

DEGs: “intracellular organelle” and “binding”, but also “neuron projection” and neuronal 

components (“somatodendritic compartment”, “neuronal cell body”, “dendritic tree”, “cell 

junction”); for the downregulated DEGs: “intracellular membrane-bounded organelle” (e.g. 

“cytoplasm”), “binding” (e.g. “protein binding”, “organic cyclic compound binding”) and “cell 

projection”. 

 

3.3 Capn2 

Role of Capn2 in Autophagy and Apoptosis 

Capn2 generally inhibits autophagy and promotes apoptosis (Wang et al., 2017; Wang et al., 2020). 

Indeed, Capn2 and Capn1 deprivation in hippocampal neuronal stem cells lead to autophagic cell 

death instead of apoptosis (Chung et al., 2015). However, it was reported that Capn2 plays a critical 

role in inflammation‐induced autophagy, e.g. in TNF‐α‐mediated hippocampal neuron autophagy via 

NMDA receptor (Li et al., 2020). Additionally, Capn2 is involved in cell death elicited by DNA damage 

via elevated intracellular calcium levels, accompanied by the p53 induction and mitochondrial 

membrane depolarization (Chan et al., 2002). 

 

Capn2 Inhibits Neuronal Development 

Capn2 was also associated with developing neurons. Capn1 as well as Capn2 activate the transient 

receptor potential canonical (TRPC)5 channel and contribute to growth cone collapse of neurons via 

semaphorin 3A (Kaczmarek et al., 2012). In one week old rats, Capn2 was activated during Ca2+-

dependent decrease of extrasynaptic NMDAR currents in dopamine neurons of the substantia nigra 

pars compacta; however, this effect was development-dependent and declined with age (Zhao et al., 

2018). Moreover, neurogenesis in the ventricular-subventricular zone (V-SVZ) murine is negatively 

regulated by Capn2 via inhibiting transcription factor MEIS2, serine/threonine residue 

phosphorylation, and PBX1 dimerization, leading to more undifferentiated neurons. In the course of 

neuronal differentiation, Capn2 expression attenuates, which enhances the production of neurons 

(Müller et al., 2024).  

 

Capn2 Involvement in Diseases 

Several other diseases than AD, ER diseases and acute neuronal injury were reported to be linked to 

Capn2 activity. Capn2 was altered in animal models of depression and was hypothesized to play a 

functional role in the etiology of depression and, moreover, to be a potential candidate gene for 

treatment of MDD (Li et al., 2019). In a rat model of Usher’s disease, a rare genetic disease leading to 
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loss of vision and hearing, Capn2 regulated the proteolytic degradation of the myelin basic protein 

(Chatterji et al., 2014). In headache research, genome-wide association studies (GWAS) identified 

Capn2 as a susceptibility locus of cluster headache in Asian, but not European population (Chen et 

al., 2022; Harder et al., 2021; O'Connor et al., 2021). Supportingly, the most commonly used 

medication to prevent cluster headache, verapamil, blocks L-Type calcium channels and prevents 

activation of Capn2 (Li et al., 2009). Additionally, Capn2 regulated circadian rhythm by degeneration 

of retinal ganglion cell (RGC) and suprachiasmatic nucleus (SCN) circadian oscillatory protein (SCOP) 

(Shimizu et al., 2010; Wang et al., 2016). RGC degeneration also plays a role in diabetic retinopathy 

induced i.a. by hyperglycemia via Capn2 (Shanab et al., 2012). Within the immune system, Capn2 

participates in the activation of T cells via IkB alpha degradation (Schaecher et al., 2004). Following 

ischemia, Capn1 mediated neuronal proteolysis of fodrin, a part of the cytoskeleton, leading to 

neuronal death, whereas in astrocytes, Capn2 did not degrade fodrin and thereby contributed to 

their ischemic resistance (Yokota et al., 2003). Hyperlipidemia is a risk factor for ischemia (caused e.g. 

by consumption of high-fat food) and detrimentally mediates blood-brain barrier permeability and 

brain edema via Capn2 activation (ElAli et al., 2011). 

 

The Role of Capn2 in Alzheimer’s Disease and Endoplasmic Reticulum Stress 

It was reported that expression of extrasynaptic NMDAR and Capn2 are increased in the APP/PS1 

mouse model for AD (He et al., 2023), even before onset of the AD symptoms (Ahmad et al., 2018). 

The strong association between Capn2 and AD is further supported by findings in frontal cortices of 

AD patients, where synaptosomal Capn2 was elevated, which correlated with cognitive decline and 

β-amyloid levels (Ahmad et al., 2018). Additionally, tau accumulation was reported to inhibit the α4 

subunit of nicotinic acetylcholine receptors via Capn2 in the hippocampus of AD patients (Guan et al., 

2000; Yin et al., 2016). Moreover, inhibition of c-Jun N-terminal kinases (JNKs), which play a role in 

AD, decreased Capn2 activity (Yenki et al., 2013). In the APP/PS1 mouse model for AD, hypoxia 

activated Capn2 and GSK3β, resulting in increased endoplasmic reticulum (ER) stress and aggravated 

AD pathogenesis (Wang et al., 2013). The linkage of Capn2 was also found in the heart, as Capn2 is 

activated by calcium overload during ER stress in cardiac mitochondria, i.a. through eukaryotic 

initiation factor 2 (EIF2) (Mohsin et al., 2020; Sciarretta et al., 2013). Additionally, Capn2 participates 

in diastolic dysfunction caused by mitochondrial oxidative stress (Lozhkin et al., 2022). Capn2 also 

plays a role in the molecular mechanism underlying the Wolfram syndrome, an ER disease leading to 

diabetes and neurodegeneration (S. Lu et al., 2014). In summary, Capn2 is involved in 

neurodegenerative diseases, such as AD, as well as in mitochondrial oxidative stress. 

 

Capn2 is Involved in Acute Neuronal Injury 

Capn2 was shown to promote seizure induction through upregulation of MAPK/ERK signaling 

pathway as well as downregulation of potassium chloride co-transporter 2 (KCC2), which participates 

in inhibiting neuronal GABAA receptor (Wan et al., 2018). Capn2 activation following either traumatic 

brain injury (TBI) or neurotoxic conditions (NMDA treatment) degraded the cytoskeletal αII-spectrin 

and βII-spectrin in hippocampal and cortical neurons of rats (Kobeissy et al., 2015; Liu et al., 2006). 

Moreover, treatment with the calpain inhibitor MDL-28170 achieved protection of the cytoskeletal 

α-spectrin around the TBI lesion area in the cortex and hippocampus of mice, however, the inhibitor 

was not capable to diminish the lesion volume (Thompson et al., 2010). Subsequent to TBI, Capn2 

was furthermore reported to inhibit autophagy and promote apoptosis via cleaving the protein 

tyrosine phosphatase PTPN13 (also called Fas-associated protein-1 (FAP1)) and increasing tau 

aggregation (Wang et al., 2017; Wang et al., 2020). Vice versa, the inhibition of Capn2 reduced 
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neuronal injury after TBI via NDMA and collapsin response mediator proteins (CRMPs) (Zhang et al., 

2007). After a TBI, patients can develop chronic traumatic encephalopathy (CTE), in which Capn2 is 

also involved (Mufson et al., 2018). Apart from the central nervous system, peripheral nerve injury 

induced early Capn2 reduction followed by axonal cytoskeleton degeneration (Wallerian 

degeneration) (Glass et al., 2002). 

 

3.4 GSK3β and the Wnt Pathway 

GSK3β is Associated with Tau Hyperphosphorylation 

Many authors reported that GSK3β overexpression increases tau hyperphosphorylation (Engel, Lucas, 

et al., 2006; Lucas et al., 2001; Spittaels et al., 2000), whereas GSK3β inhibition (e.g. by lithium) 

reduces this process and contributes to neuroprotection (Caccamo et al., 2007; Engel, Goñi-Oliver, et 

al., 2006; Nakashima et al., 2005; Noble et al., 2005; Pérez et al., 2003). However, contrary 

hypotheses suggest that tau hyperphosphorylation is inhibited by GSK3β activation via Akt 

phosphorylation by phosphatidylinositol 3-kinase (PI3K) and, additionally, MPH might invert this 

process by inhibiting GSK3β, resulting in mitochondrial dysfunction and neurotoxicity (Salehi et al., 

2019).  

 

β-Catenin and Axin 

β-catenin establishes a connection between the cell adhesion molecule cadherin and actin of the 

cytoskeleton, and thereby participates in cell contacts, which are relevant for synapse formation and 

neurodevelopment (J. Chen et al., 2006; Goda, 2002; Junghans et al., 2005; Kadowaki et al., 2007; 

Togashi et al., 2002). Ablation of β-catenin from the forebrain in mice lead to apoptosis and absence 

of the forebrain (Junghans et al., 2005). Moreover, elevated β-catenin levels coincide with improved 

hippocampal cellular survival and progression (Oakes et al., 2019). Presynaptically, β-catenin 

regulates vesicle clustering, whereas postsynaptically, it was associated with spine formation, which 

also accounts for Wnt proteins (Ivanova et al., 2017; Maguschak & Ressler, 2011; McLeod et al., 

2018). β-catenin is phosphorylated by GSK3β and subsequently degraded by proteasomes (Davies et 

al., 2001; Henderson, 2000). Of note, GSK3β is an important inhibitor of the Wnt pathway (Libro et 

al., 2016), whereas β-catenin is an effector of the canonical Wnt pathway (Patil et al., 2023).  

The axis inhibition protein (axin) plays a role in several physiological and pathological processes - 

such as cell fate, muscle cell metabolism, thymic adipogenesis, tumor suppression, apoptosis, cell 

symmetry and neuronal development - and is vital for survival (Mallick & Gupta, 2021; Mallick et al., 

2019; Yang et al., 2009). Particularly, axin inhibits synaptogenesis and axonal growth (Orme et al., 

2003). Of interest, axin is a negative modulator of Wnt signaling. Together with GSK3β, axin leads to 

β-catenin degradation (Hart et al., 1998; Huang et al., 2009). Vice versa, Wnt signaling decreases axin 

levels (Willert et al., 1999).  

 

BDNF and Other Regulators of Wnt Pathway in the Hippocampus 

Another regulator of both the canonical and non-canonical Wnt pathways is cyclin Y, an actin-binding 

protein, which is activated during glycine-dependent LTP (Opacka et al., 2023). Further activators of 

the canonical and non-canonical Wnt pathway, WASP-1 and FOXY-5, respectively, could improve 

hippocampal LTP in mice (Vargas et al., 2015). 

Postsynaptically, Wnt signaling was further reported to increase frequency and amplitude of 

excitatory currents via nitric oxide (NO)/NO synthase (nNOS)/soluble guanylyl cyclase (sGC) (McLeod 

et al., 2020).  
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Of note, BDNF has a major influence on LTP via Wnt signaling. In vivo experiments demonstrated that 

Wnt/β-catenin together with BDNF and GSK3β participate in hippocampal LTP. Reduction of β-

catenin – e.g. by aluminum – deteriorated hippocampal LTP and memory consolidation, which was 

accompanied by a reduction of BDNF and activation of GSK3β (Fortress & Frick, 2016; Fortress et al., 

2013; H. Zhang et al., 2021). It is also worth mentioning that BDNF is a major regulator of synaptic 

plasticity, as BDNF expression is enhanced during LTP induction and BDNF further increases 

hippocampal LTP (Gibon & Barker, 2017; Leal et al., 2017; B. Lu et al., 2014). Of interest, BDNF 

stimulates neuronal growth by upregulating the Wnt/β-catenin pathway that in turn inhibits GSK3β 

(Yang et al., 2015). Oppositionally, neuroinflammation downregulates the Wnt/β-catenin pathway 

while stimulating GSK3β (Orellana et al., 2015; Vallée et al., 2021).  

 

Wnt Interaction with Sex Hormones in Ischemia 

Wnt/β-catenin signaling might be a therapeutic target in chronic cerebral ischemia (CCI) as it was 

involved in improvement through NMDAR-Ca2+-ActivinA after environmental enrichment in a 

corresponding rat model (X. Zhang et al., 2021). Another study reported that bilateral carotid 

occlusion in rats decreased LTP induction, reduced β-catenin and PSD-95 levels and concomitantly 

increased GSK3β levels (Ghobadi et al., 2024). The sex-steroid hormone 17β-estradiol (E2) protects 

CA1 neurons against ischemic injury by elevating β-catenin and Wnt levels (Scott et al., 2013; Zhang 

et al., 2008). Additionally, E2 avoids Aβ-mediated activation of GSK3β and instead phosphorylates 

GSK3β via Akt, resulting in a decreased risk for AD (Chen et al., 2013; Shi et al., 2008). Conversely, 

decreased E2 levels (e.g. in postmenopausal women) are associated with impaired LTP and an 

increased risk for AD (Daniel, 2006; Fortress & Frick, 2016; Smith et al., 2010; Vedder et al., 2014). 

Estradiol was found to influence cognition not only via the Wnt signaling pathway, but also via BDNF 

and insulin-like growth factor 1 (Arevalo et al., 2015). In addition to E2, the canonical Wnt pathway is 

also enhanced by the sex hormone progesterone (P4). Ovariectomized female mice received P4 

infusion into the dorsal hippocampus leading to improved memory consolidation during object 

recognition testing. This effect was not only mediated by canonical Wnt signaling but also by 

activation of mTOR signaling (Fortress et al., 2015). 

 

The Role of Wnt Components in Neuropsychiatric Disorders 

Inconsistent findings were reported for the regulation of MDD by axin: Most researchers report an 

antidepressant effect after axin knockdown in association with enhanced Wnt signaling, D1 

activation and adult hippocampal neurogenesis in a rat model for Parkinson’s disease (Mishra et al., 

2019; Singh et al., 2018), whereas others report similar results for increased axin expression in mice 

(Chen et al., 2019).  

Diminished serotonin levels in mice enhanced GSK3β expression as well as aggressive and anxious 

behavior, which was restored by deleting GSK3β (Beaulieu et al., 2008; Lucki et al., 2001; Weisstaub 

et al., 2006). Additionally, components of the Wnt signaling pathway are modified in 

neuropsychiatric diseases such as schizophrenia (Sutton et al., 2007). 

 

ADHD is Associated with Ghrelin, Insulin Dysfunction, Hypertension and Axin/Cdk5/Capn2 via Wnt 

Pathway 

In a study with ghrelin mutant zebrafish, ghrelin deficits induced ADHD like symptoms and reduced 

numbers of dopaminergic neurons (Shi et al., 2021). Importantly, this phenotype was rescued by 

MPH and by a Wnt agonist. Therefore, ghrelin regulates dopaminergic system via the Wnt pathway, 
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whereas ghrelin absence reduces the levels of Wnt-1, Wnt-3a and Wnt-5a, which play an important 

role in dopaminergic neurodevelopment (Shi et al., 2021). 

Another link between Wnt and ADHD is featured by the negative Wnt regulator axin. Importantly, 

axin is a substrate of Cdk5, a modulator of the neuronal cytoskeleton, which participates in LTP and is 

known to be dysregulated in ADHD (Shah & Lahiri, 2017). Reduced Cdk5 activity is associated with 

ADHD-like symptoms in mice (Drerup et al., 2010). Of interest, Cdk5 directly interacts with Capn2, 

e.g. in tauopathies and apoptosis (Baudry & Bi, 2016; Zhang et al., 2017). As Capn2 was significantly 

upregulated in 20 µM and 0.2 µM MPH vs ACSF, the MEA experiments of this thesis suggest that 

MPH interacts with the Wnt pathway via Capn2 and Cdk5 with impact on hippocampal LTP. 

Furthermore, cognitive deficits in spontaneous hyperactive rats were accompanied by hypertension 

and insulin dysfunction (Grünblatt et al., 2015), both of which are regulated by the Wnt pathway 

(Cheng et al., 2015).  

 

3.5 mTOR Pathway 

mTOR Regulates Potassium Channels in the Brain 

Intriguingly, mTOR was reported to decrease levels of potassium channels such as hippocampal Kv1.1 

(Khlaifia et al., 2022; Raab-Graham et al., 2006) and to increase levels of hypothalamic ATP-sensitive 

potassium channel K(ATP) (Yang et al., 2012). Some researchers reported that knockdown of Kv1.1 in 

rats eliminated hippocampal LTP (Giese et al., 2001; Meiri et al., 1998), whereas others observed no 

decreased hippocampal LTP upon Kv1.1 haploinsufficiency (Eom et al., 2022). Moreover, mTOR 

inhibitors diminished cerebellar Kv4.2 expression (Garcia-Junco-Clemente & Golshani, 2014; Yao et 

al., 2013). Of interest, Kv4.2 inhibited LTP, which was influenced by synaptic remodeling of NMDARs 

(Jung et al., 2011), whereas Kv4.2 KO promotes hippocampal LTP induction (X. Chen et al., 2006). 

 

mTOR Interactions with Nutrients 

mTOR signaling is inhibited by beneficial food components such as resveratrol or curcumin and by 

caloric restriction (Querfurth & Lee, 2021). In contrast, flavonoids have been reported to enhance 

BDNF effects via Akt signaling in addition to elevated LTP, brain blood flow, neurotrophins, 

hippocampal neurogenesis and diminished neuronal damage (Spencer, 2008; Spencer et al., 2009). 

 

mTOR Induces LTD 

Remarkably, the mTOR pathway was not only reported to promote NMDAR-dependent LTP, but also 

to induce LTD (Huber et al., 2001; Zho et al., 2002). Of note, PI3K/Akt/mTOR signaling mediated only 

mGluR- and insulin-dependent LTD, but not NMDAR-dependent LTD (Bartlett & Wang, 2013; 

Collingridge et al., 2010). Supportingly, the mGluR1/5 agonist DHPG was demonstrated to elevate 

mTORC1 signaling, S6 phosphorylation and eEF1A synthesis, leading to enhanced LTD (Antion et al., 

2008; Hou & Klann, 2004). This DHPG-induced LTD could be prevented by blocking PI3K, an upstream 

target of mTORC1 (Hoeffer & Klann, 2010). Furthermore rapamycin inhibited eIF-4E and 4E-BP 

phosphorylation by mGlu (Banko et al., 2006).  

However, other researchers found contradicting results: Akt inhibition, hippocampal Akt1/Akt3 

deletion and PI3K inhibition were associated with increased mGluR-LTD (Levenga et al., 2017) 

suggesting that Akt as well as TSC may not always activate mTORC1 but is also able to limit excessive 

mTOR activity (Auerbach et al., 2011; Levenga et al., 2017). Moreover, it was reported that mTORC2, 

but not mTORC1, induces mGluR-LTD in the hippocampus (Zhu et al., 2018). 

Conversely, Akt/mTOR is enhanced by NMDA as well as mGlu, resulting in LTP and LTD, respectively 

(Figure 59). In addition, the negative mTOR regulator PTEN was found to play major roles in both 
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modes of synaptic plasticity (LTP and LTD). Conversely, hippocampal PTEN depletion led to 

deterioration of LTP and LTD but also increased neuronal growth and protein translation (Garcia-

Junco-Clemente & Golshani, 2014; Sperow et al., 2012; Takeuchi et al., 2013; Wang et al., 2006). 

 

mTOR-Linked Neurological Diseases 

mTORC1 is activated by oncogenes and cytokines, but it is also stimulated by exercise and growth 

factors (Ali et al., 2017).  

Inhibition of aggressive colorectal cancer cells was reported to activate mTOR signaling together with 

the ROCK1/LIMK2 pathway (Lee et al., 2017). 

Another disease with involvement of mTOR and EIF2 is the retinal disorder X-linked retinoschisis 

(XLRS). Moreover, mTORC1 reduces insulin-mediated Akt signaling via p70S6K (Harrington et al., 

2005; Tzatsos & Kandror, 2006), which plays a role, i.a. in AD (Perluigi et al., 2014; Tramutola et al., 

2015).  

It is hypothesized that T2DM, Down syndrome and AD are neuronally linked to mTOR via resistance 

to IGF-1 and insulin, IRS1 inhibition as well as TNFα/JNK-mediated inflammation deriving from, i.a., 

Aβ activation and Tau misfolding (Liang et al., 2019; Tramutola et al., 2015). In turn, reduction of 

mTOR signaling improved symptoms in AD models and decreases Aβ levels and TNFα levels as well as 

elevated insulin levels and IGF-1 levels (Bansal et al., 2021; Van Skike et al., 2021).  

Moreover, mTOR plays a role in HD (Figure 59), as mTOR inhibition via rapamycin increased 

autophagy processes leading to enhanced removal of huntingtin aggregates in HD mouse models 

(Chano et al., 2007; Rami, 2009). Additionally, electrical stimulation of rodents’ motor cortex after 

spinal cord injury enhanced mTOR activation and decreased PTEN signaling, both of which are 

associated with axonal growth (Zareen et al., 2024). The mTOR pathway was also associated with 

extrapyramidal symptoms caused by antipsychotic treatment (Mas et al., 2015). Finally, cognitive 

impairment was hypothesized to be ameliorated by vagus nerve stimulation (VNS), that induced 

mTOR-dependent synaptosome modulations and may enhance glutamatergic signaling and LTP 

consolidation (Jung et al., 2024). 

 

mTOR is Associated with ASD and FXS 

Another widely investigated disorder is ASD, which is known to be polygenic (DiCicco-Bloom et al., 

2006; Risch et al., 1999), however, the majority of genes have been associated with modulation of 

either mTOR or translation (Brownstein et al., 2016; Hoeffer & Klann, 2010; Kelleher & Bear, 2008). 

For instance, the negative mTOR-regulator PTEN was found to be dysregulated in up to 2% of ASD 

patients (Butler et al., 2005; Herman et al., 2007). Additionally, up to 50% of TSC patients are co-

diagnosed with ASD (Wiznitzer, 2004). In an FXS mouse model, downregulation of S6K1 increased 

mGluR-dependent LTD and rescued immature dendritic spines and behavioral deficits (Bhattacharya 

et al., 2012). Recently, another ASD/FXS mouse model demonstrated that Fragile X Messenger 

Ribonucleoprotein 1 (FMRP) regulates mTOR via Tsc2. In turn, upregulation of mGluR1/5-mTOR 

pathway caused by maternal immune activation decreased hippocampal FMRP and increased LTP 

(Hilal et al., 2024). In a similar Fmr1 KO mouse model, disturbed LTP and LTD in the dentate gyrus 

were confirmed and associated with decreased levels of aponectin, a neurohormone and mTOR 

inhibitor. Of interest, 20 min of adiponectin incubation of hippocampal slices restored synaptic 

plasticity and elevated GluA1 receptor levels (Thacker et al., 2024). FXS is characterized by lacking 

Fmr1 expression and Fmr1 KO mice exhibited higher GSK3β levels but comparable mTOR levels. Of 

interest, 8-week treatment with lithium decreased mTOR phosphorylation of adult Fmr1 KO mice 
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(Choi et al., 2016). Moreover, lithium is known to inhibit GSK3β (cf. chapter 4.5.3) (Klein & Melton, 

1996).  

 

mTOR Upstream Modulators are Associated with Schizophrenia 

Moreover, reduced activity of upstream modulators of mTORC1, Akt and PI3K, is associated with 

schizophrenia (Figure 59). For instance, schizophrenia was linked to genetic mutations of Akt1 

(Harrison, 1999), reduced Akt brain levels (Kalkman, 2006; Zhao et al., 2006) as well as reduced PI3K 

expression in lymphocytes (Middleton et al., 2005). Conversely, antipsychotic drugs could rescue 

dysregulated PI3K–Akt signaling (Chalecka-Franaszek & Chuang, 1999; Kalkman, 2006; Lu & Dwyer, 

2005). Supportingly, rictor silencing was reported to reduce mTORC2-regulated Akt phosphorylation. 

This resulted in reduced dopamine levels and elevated norepinephrine levels in the PFC of the mice 

mutants, possibly due to an Akt-dependent increase of NET that converted DA to NE (Siuta et al., 

2010). Moreover, dysregulation of DISC1 gene was not only associated with schizophrenia 

(Blackwood et al., 2001; Millar et al., 2000) but also with elevated Akt and S6 levels (Kim et al., 2009). 

 

mTOR Signaling is Associated with MDD 

In an epilepsy mouse model, inhibition of S6K1 decreased depression and seizures and restored 

hippocampal LTP impairment (Zhang et al., 2024). Another study revealed that the brains of patients 

with chronic kidney disease featured urea accumulation, which was associated with depression and 

LTP impairment via mTORC1-S6K pathway (Wang et al., 2019). Overall, it is no surprise that several 

antidepressant classes were reported to elevate Akt and mTOR and diminish GSK3β activity in the 

hippocampus and PFC (Abelaira et al., 2011; Dwyer et al., 2012; Li et al., 2010; Oh et al., 2010; 

Okamoto et al., 2010). In the PFC of rats, the antidepressant NMDAR antagonist ketamine was 

reported to upregulate mTORC1 signaling together with mTORC1-regulated synaptic proteins (e.g. 

Arc, synapsin, PSD-95, and GluR1) and synapse formation (Li et al., 2010). Ketamine was also 

hypothesized to regulate mTOR via mGluR2/3 (Dwyer et al., 2012; Koike et al., 2011; Licznerski & 

Duman, 2013). Moreover, the antidepressant effect of ketamine is associated with inhibition of 

cortical and hippocampal GSK3β (Beurel et al., 2011). Of interest, these ketamine actions were 

counteracted by intracerebroventricular rapamycin infusion (Li et al., 2010). Paradoxically, systemic 

rapamycin administration showed antidepressive effects (Cleary et al., 2008), however, direct CNS 

administration did not affect behavioral experiments subsequent to chronic stress (Li et al., 2011; 

Marsden, 2013). On the other hand, NMDAR agonists have also been associated with antidepressant 

effects by regulating LTP and BDNF-mTOR signaling (Tiliwaerde et al., 2024). Moreover, inhibited 

phosphorylation of eukaryotic elongation factor 2 (eEF2), another downstream target of mTORC1, 

elevated hippocampal BDNF levels and featured antidepressant effects in mice (Autry et al., 2011).  

 

Associations between mTOR and ADHD via α7nAChR, NHE9, SLC9A9 and Energy Metabolism 

With regard to receptors and transporters, the α7 neuronal acetylcholine receptor (α7nAChR) is a 

potential target to attenuate cognitive impairment in ADHD and the α7 neuronal nicotinic receptor 

gene (CHRNA7) was reported to activate the PI3K/Akt pathway (Xiang et al., 2016). Moreover, the 

mTOR pathway interacts with Na+/H+ Exchanger 9 (NHE9), which is encoded by the Solute Carrier 9A, 

member 9 gene (SLC9A9). SLC9A9 in turn was reported to participate in ADHD (Brookes et al., 2006; 

de Silva et al., 2003; Demontis et al., 2019; Lasky-Su et al., 2008; Markunas et al., 2010; Zayats et al., 

2015). NHE9 is located on the membrane of endosomes (Nakamura et al., 2005), which participate in 

degradation and recycling of dopamine receptors and transporters (Daniels & Amara, 1999; Hirling, 

2009; Martin-Negrier et al., 2006; Melikian & Buckley, 1999). Importantly, this process is essential for 
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LTP and LTP-mediated spine formation (Park et al., 2004; Park et al., 2006). Apart from this, the 

endolysosomal system is inevitable for autophagy processes, which has been implicated in ASD 

patients as well as in mTOR imbalances (Patak et al., 2016; Poultney et al., 2013). NHE9 is also 

involved in mitochondrial dysfunction and oxidative stress, which are associated with ADHD (Joseph 

et al., 2015; Zhang-James et al., 2019). Moreover, Slc9a9 is linked to nicotine dependence (Uhl et al., 

2007), which positively correlates with ADHD (Biederman et al., 2009; Monuteaux et al., 2007). 

Additionally, Slc9a9 deficient rodents displayed ADHD and ASD phenotypes, such as inattention and 

disturbed social interaction (Ullman et al., 2018; Yang et al., 2016; Zhang-James et al., 2011). 

Another association between ADHD and mTOR is that mTOR pathway (as well as Wnt pathway) is 

involved in energy metabolism, therefore, it is not surprising that prenatal risk factors for the 

metabolic syndrome increase the risk for ADHD and, vice versa, ADHD increases the risk for elements 

of the metabolic syndrome, including obesity, type 2 diabetes mellitus and hypertension (Landau & 

Pinhas-Hamiel, 2019).  

 

ADHD and TSC are Associated with mTOR and Affect LTP Threshold 

ADHD is a common neurological symptom of the genetic disease TSC (Jülich & Sahin, 2014). Although 

TSC is a rare autosomal-dominant disorder with an incidence rate of 1:6,000, it is a significant 

psychiatric illness in children (Waltereit et al., 2019). TSC is also a well studied mTORophathy and 

originates from deficient TSC1 or TSC2 genes (Salussolia et al., 2019). Tsc1/2 genes are up-stream 

inhibitors of mTORC1 (via small GTPase Rheb, cf. Figure 58) and activators of mTORC2 (Huang et al., 

2008; Inoki et al., 2003; Querfurth & Lee, 2021) and are involved in autophagy and cell growth 

(Tsetsos et al., 2016). Hence, Tsc1/2 haploinsufficiency enhanced mTORC1 signaling leading to 

deficits in attention and learning, deteriorated social behavior and, importantly, premature 

expression (i.e. threshold reduction) of early LTP in mice, which was rescued by rapamycin (Ehninger 

et al., 2008; Goorden et al., 2007; Tierney et al., 2011). Of interest, inhibition of mTOR alleviated TSC 

symptoms, including seizure control (Boggarapu et al., 2022; Jülich & Sahin, 2014; Waltereit et al., 

2019). Overall, Tsc1/2 mutations result in mTORC1 hyperactivity accompanied by impaired neuronal 

function. In contrast, as mentioned above, mTORC2 is enhanced by Tsc1/2 (Huang & Manning, 2009) 

and consequently, mTORC2 is inhibited in TSC patients. In line with this, a rictor KO mouse model 

disrupted mTORC2 signaling but left mTORC1 unchanged. This model has potential implications for 

ADHD as it featured hyperactivity, diminished white matter as well as elevated cortical monoamine 

transmitter levels (Carson et al., 2013).  

Another gene candidate is FKBP12, which binds to rapamycin, but is also able to inhibit mTOR 

signaling in the absence of rapamycin (Bai et al., 2007). Similar to Tsc1/2, FKBP12 conditional KO mice 

increased mTORC1 activity - and moreover led to increased phosphorylation of S6K1 (but not 4E-BP) 

and displayed autistic-like behavior -, however, it did not reduce the LTP threshold but instead 

intensified LTP potentiation (Hoeffer et al., 2008). 

The aforementioned translation repressor 4E-BP is an important mTOR substrate, in particular the 

hippocampal 4E-BP2. LTP induction activates mTOR, which increases 4E-BP2 phosphorylation and 

elevates eIF4F complex formation (Banko et al., 2005; Kelleher et al., 2004). Similar to Tsc2-deficient 

mice, silencing of 4E-BP2 decreased the threshold for L-LTP. This resulted in L-LTP already after one 

HFS train that usually generates E-LTP. Of interest, L-LTP could no longer be induced in the normal 

way via several HFS trains (Banko et al., 2005).  

Overall, the findings on TSC disease suggest possible opposite roles of mTORC1 and mTORC2 

regarding synaptic plasticity and ADHD.  
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Vitamin D Deficiency is Related to ADHD Pathology and Modulates Wnt and mTOR Pathways 

Vitamin D regulates several neurological processes, such as neurotransmitter levels (e.g. dopamine 

and serotonin), synaptic growth, learning and social behavior (Ye et al., 2023). Reduced vitamin D 

levels were reported to participate in several neurodevelopmental disorders, such as ASD (Ali et al., 

2019; Feng et al., 2017; Kerley et al., 2017; Kittana et al., 2021; Qi et al., 2022; Saad et al., 2016; 

Wang et al., 2022). There is also plenty of evidence that vitamin D deficiency may play a role in ADHD 

pathology. Several vitamin D deficient animal models demonstrated increased motor activity (Burne 

et al., 2004; Kesby et al., 2006; Satterstrom et al., 2020), impulsive behavior (Pan et al., 2014; Turner 

et al., 2013) together with cognitive deficits (Byrne et al., 2013; Groves & Burne, 2016) and decreased 

sizes of hippocampus and cortical layers (Ali et al., 2019; Panda et al., 2001; Yates et al., 2018). 

Additionally, glutamate and glutamine were reduced and GABA and glycine levels were elevated in 

vitamin D deficient animals (Féron et al., 2005). Of interest, sex-specific differences were found in 

mice lacking vitamin D as only males but not females exhibited cognitive impairment (Groves & 

Burne, 2016).  

Conversely, supplementation of vitamin D enhanced cognitive abilities and learning processes in 

rodents and elevated late hippocampal neurogenesis (Landel et al., 2016; Latimer et al., 2014), i.a., in 

a model of AD (Durk et al., 2014; Taghizadeh et al., 2011). Of interest, vitamin D supplementation in 

an AD mouse model (5xFAD) led to reduced expression of several genes that participate in the 

Wnt/β-catenin pathway (Landel et al., 2016). Supportingly, another murine AD mouse model 

revealed that vitamin D was able to reduce β-amyloid peptide, inflammation and oxidative stress 

while elevating neurotrophic factors (Morello et al., 2018). ASD symptoms in children could be 

attenuated by vitamin D supplementation (Kittana et al., 2021).  

Regarding the mTOR pathway, contradicting evidence emerges from literature. Womble et al. fed 

vitamin D enriched diet to neuronal PTEN KO mice - characterized, i.a., by an autistic-like and 

epilepsy phenotype - and reported increased survival rate, reduction of seizures, abnormal dendritic 

spines and ameliorated behavior abnormalities (sex-specific in males) together with diminished levels 

of pS6 and pAkt (Womble et al., 2021). These results indicate that vitamin D induces mTOR 

downregulation, which ameliorates epilepsy phenotype. Supportingly, mTOR inhibition by vitamin D 

have been already observed by others (Figure 59) (Lisse & Hewison, 2011). Moreover, similar seizure 

reductions were reported with rapamycin (Ljungberg et al., 2009; Sunnen et al., 2011). In contrast, 

other authors reported that the amelioration of epilepsy and neuroinflammation of vitamin D was 

accompanied by an activation of mTOR signaling via RAF1; again, this effect was inversed by 

rapamycin (Lu et al., 2024).  

In conclusion, vitamin D deficiency increases the risk for ADHD, whereas vitamin D supplementation 

improves ADHD symptoms via the mTOR pathway (Ye et al., 2023). 

 

3.6 MPH Effects on Ion Channels, Noradrenergic Signaling and Glutamate Reuptake 

MPH Effect on K+ and Na+ Channels 

Dopamine/D1R were found to regulate neuronal excitability at the postmembrane by blocking 

potassium (Kir C) and sodium channels (NaC) (Bisagno et al., 2016; Maurice et al., 2001). Moreover, 

other transmitter systems are affected by MPH. For instance, the α1-adrenergic receptor was 

reported to enhance sustained attention after MPH administration (Berridge et al., 2012; Igata et al., 

2014; Osborne et al., 2002).  
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MPH Effect on Noradrenergic Signaling 

Several authors reported that MPH promoted hippocampal LTP with participation of β-adrenergic 

receptors. Jenson et al. reported that MPH enhances murine LTP initiation in vivo and in vitro via D1R 

and β-adrenergic receptors (Jenson et al., 2015). Furini et al found that intra-CA1 infusion of MPH 

improved fear extinction memory via D1/D5 and β-adrenergic receptors (Furini et al., 2017). 

Moreover, Dommett et al. reported that the MPH-dependent LTP enhancement is mediated by 

noradrenalin β-receptors as the β-receptor antagonist timolol could reversed MPH-dependent LTP 

enhancement but did not influence LTP when administered alone. Conversely, β-receptor agonists 

such as noradrenalin are known to induce LTP (Hopkins & Johnston, 1984; Izumi & Zorumski, 1999) 

and reverse NMDA-induced blockage of LTP stimulation (Izumi et al., 1992). Moreover, the 

noradrenergic signaling was hypothesized to inhibit the afterhyperpolarization and thereby 

contributing to the lower LTP threshold under MPH influence. Rozas et al. reported that MPH dose-

dependently enhances hippocampal LTP via elevation of AMPAR levels through stimulation of D1/D5, 

cAMP-dependent PKA and β-adrenergic receptors (Rozas et al., 2015). Rozas et al. also found that 

neither GABAergic interneurons nor presynaptic fibers of CA3-CA1 participated in the MPH effect.  

Despite all these findings, β-adrenergic receptors are not essential for LTP maintenance in the CA1 

region, which has been observed previously (Swanson-Park et al., 1999). Moreover, MPH dosages 

were significantly lower than 200 µM, for instance, in the publications of Dommett et al. and Rozas et 

al. (cf. chapter 4.2.3.2). For these reasons, β-adrenergic receptors are not in the focus of this thesis.  

 

MPH Impairs Hippocampal Glutamate Reuptake 

Another important feature of MPH is the ability to disrupt hippocampal glutamate reuptake. This 

mechanism was associated with decreased ATP levels, an impaired mitochondrial respiratory chain 

(Fagundes et al., 2010), and decreased Na+-K+-ATPase activity as the Na+ gradient is necessary for 

glutamate uptake (Rose et al., 2009). As a consequence of the MPH-induced disturbed reuptake of 

glutamate, synaptic glutamate levels were elevated in the hippocampus (Schmitz et al., 2017) and in 

the cerebrospinal fluid (Schmitz et al., 2016). Elevated glutamate concentrations may compensatory 

downregulate NMDAR (Jalloh et al., 2021). In this manner, MPH would reduce hippocampal NMDAR 

binding. Overall, MPH was demonstrated to increase synaptic glutamate levels, impair energy 

metabolism and decrease NMDAR binding in the hippocampus (Figure 60). 
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