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4.0 pre-miRNA CIT chr10:89592814  rs759501995  hsa-mir-107
0.0 pre-miRNA TIC chr10:89592815 rs773821684  hsa-mir-107
7.6 pre-miRNA TGAAAGCAGAGA/T chrl10:89592815 rs1844440397  hsa-mir-107
2.6 pre-miRNA AIG chr10:89592822  rs745445670  hsa-mir-107
0.0 pre-miRNA G/A chrl10:89592823  rs377494950  hsa-mir-107
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1.0 pre-miRNA G/C chr10:89592825 rs1311373780  hsa-mir-107
-1.0 pre-miRNA G/A chrl0:89592827 rs1844440841  hsa-mir-107
3.0 pre-miRNA CIT chr12:100189885 rs1400477019 hsa-mir-1827
-2.0 pre-miRNA C/IT chr12:100189888 rs2096101721 hsa-mir-1827
-0.8 pre-miRNA CIG chr12:100189891 rs2096101723 hsa-mir-1827
0.5 pre-miRNA CIT chr12:100189893 rs1375708453 hsa-mir-1827
0.7 pre-miRNA AIG chr12:100189901 rs2153899309 hsa-mir-1827
0.8 pre-miRNA G/A chr12:100189909 rs1592824001 hsa-mir-1827
2.3 pre-miRNA G/A chr12:100189914 rs2096101730 hsa-mir-1827
0.0 pre-miRNA G/A chr12:100189919 rs768605467  hsa-mir-1827
0.4 pre-miRNA C/IA chr12:100189920 rs1335477294 hsa-mir-1827
-0.2 pre-miRNA AIG chr12:100189926 rs781069722  hsa-mir-1827
0.0 pre-miRNA AIC chr12:100189927 rs2096101735 hsa-mir-1827
6.0 seed G/IA chr12:100189936 rs1239617445 hsa-mir-1827
-1.7 Mature T/IC chr12:100189940 rs2096101739 hsa-mir-1827
0.0 Mature G/IA chr12:100189942 rs1398244404 hsa-mir-1827
0.0 Mature GIT chr12:100189942 rs1398244404 hsa-mir-1827
-2.2 Mature T/C chr12:100189944 rs371451238  hsa-mir-1827
1.0 Mature G/IA chr12:100189946 rs1341431217 hsa-mir-1827
1.0 pre-miRNA G/IA chr6:52144350  rs1199052698  hsa-mir-206
2.2 pre-miRNA CIT chr6:52144356  rs368579380  hsa-mir-206
6.0 pre-miRNA G/A chr6:52144357  rs769817375  hsa-mir-206
-0.5 pre-miRNA G/A chr6:52144360 rs1762753723  hsa-mir-206
0.4 pre-miRNA AIG chr6:52144363  rs773315192  hsa-mir-206
1.9 pre-miRNA CIT chr6:52144364  rs982492642  hsa-mir-206
44 pre-miRNA AT chr6:52144365  rs762983602  hsa-mir-206
-2.7 pre-miRNA T/C chr6:52144372  rs1762753855  hsa-mir-206
3.0 pre-miRNA AIG chr6:52144375  rs372297518  hsa-mir-206
1.4 pre-miRNA T/IA chr6:52144378  rs1762753913  hsa-mir-206
-2.5 pre-miRNA CIT chr6:52144379  rs1277295411  hsa-mir-206
-2.5 pre-miRNA CIT chr6:52144380  rs374829386  hsa-mir-206
0.4 pre-miRNA AIG chr6:52144383  rs1762754035  hsa-mir-206
0.3 pre-miRNA G/A chr6:52144387  rs774500218  hsa-mir-206
0.0 pre-miRNA T/A chr6:52144394  rs1388976378  hsa-mir-206
0.0 pre-miRNA TIC chr6:52144394  rs1388976378  hsa-mir-206
0.7 pre-miRNA G/IA chr6:52144397  rs759899676  hsa-mir-206
-1.4 pre-miRNA GIT chr6:52144397  rs759899676  hsa-mir-206
3.9 seed TIA chr6:52144401  rs767863130  hsa-mir-206
3.9 seed TIC chr6:52144401  rs767863130  hsa-mir-206
2.5 seed TIC chr6:52144406  rs775920179  hsa-mir-206
4.4 Mature AG/A chr6:52144410 rs1762754253  hsa-mir-206
6.4 Mature G/C chr6:52144412  rs1444614734  hsa-mir-206
4.2 Mature A/C chr6:52144414  rs764617948  hsa-mir-206
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6.5 Mature G/C chr6:52144415  rs1582219765  hsa-mir-206
3.0 Mature G/C chr6:52144417  rs761212265  hsa-mir-206
2.7 Mature GIT chr6:52144417  rs761212265  hsa-mir-206
4.0 Mature TIC chr6:52144418  rs1377769915  hsa-mir-206
6.2 Mature G/A chr6:52144419  rs1762754437  hsa-mir-206
7.0 pre-miRNA GIT chr6:52144422  rs529520481  hsa-mir-206
2.1 pre-miRNA C/IT chr6:52144426  rs992455524  hsa-mir-206
6.2 pre-miRNA G/IA chr6:52144427  rs749968922  hsa-mir-206
6.2 pre-miRNA GIT chr6:52144427  rs749968922  hsa-mir-206

0 pre-miRNA T/IC chr9:46709284  rs761487513  hsa-mir-320e
-3.7 pre-miRNA T/IC chr9:46709286  rs2122150124 hsa-mir-320e
-0.4 pre-miRNA T/IC chr9:46709290 rs1350612892 hsa-mir-320e
-0.3 pre-miRNA C/IT chr9:46709292  rs2053766822 hsa-mir-320e
4.6 pre-miRNA CIT chr9:46709294  rs774175431  hsa-mir-320e
5.1 pre-miRNA CIT chr9:46709300  rs1314290882 hsa-mir-320e
3.9 pre-miRNA C/CCCAG chr9:46709303  rs1227217890 hsa-mir-320e
5.3 pre-miRNA C/IT chr9:46709303  rs1375683815 hsa-mir-320e
6.6 pre-miRNA CIT chr9:46709305 rs2053767050 hsa-mir-320e
5.3 pre-miRNA G/A chr9:46709307  rs2053767098 hsa-mir-320e
-0.8 pre-miRNA CT/C chr9:46709308 rs1395183419 hsa-mir-320e

3 pre-miRNA CIA chr9:46709308  rs2053767137 hsa-mir-320e
-3.4 pre-miRNA T/IC chr9:46709311  rs1310391092 hsa-mir-320e
-1.3 pre-miRNA TCIT chr9:46709312  rs537624653  hsa-mir-320e
0.5 pre-miRNA CIT chr9:46709313  rs2053767264 hsa-mir-320e
24 pre-miRNA C/IA chr9:46709315  rs1228123200 hsa-mir-320e
-0.4 pre-miRNA C/IA chr9:46709316  rs745895188  hsa-mir-320e
0.3 pre-miRNA CIT chr9:46709316  rs745895188  hsa-mir-320e
0.9 pre-miRNA G/A chr9:46709317  rs1340086399 hsa-mir-320e

0 pre-miRNA C/IA chr9:46709319  rs1213113971 hsa-mir-320e

0 pre-miRNA CIT chr9:46709319  rs1213113971 hsa-mir-320e

0 pre-miRNA T/IC chr9:46709320 rs1281233315 hsa-mir-320e
0.9 pre-miRNA C/IA chr9:46709321  rs1483079525 hsa-mir-320e
-0.5 pre-miRNA C/IA chr9:46709322  rs1199089169 hsa-mir-320e
2.8 pre-miRNA G/A chr9:46709324  rs1264344933 hsa-mir-320e
0.8 seed A/C chr9:46709327  rs956580179  hsa-mir-320e

0 seed A/C chr9:46709329  rs2053767760 hsa-mir-320e
53 seed C/IA chr9:46709331  rs1445040859 hsa-mir-320e

3 seed CIG chr9:46709331  rs1445040859 hsa-mir-320e
2.3 Mature G/A chr9:46709333  rs1448060372 hsa-mir-320e
6.6 Mature GIT chr9:46709333  rs1448060372 hsa-mir-320e

3 Mature G/IA chr9:46709334  rs561384200  hsa-mir-320e
7.1 Mature GIT chr9:46709334  rs561384200  hsa-mir-320e
3.9 Mature G/IA chr9:46709335 rs1388897521 hsa-mir-320e
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0.9 Mature AIG chr9:46709336 rs10423365  hsa-mir-320e
-0.4 Mature AIT chr9:46709336 rs10423365  hsa-mir-320e
0.8 Mature AIG chr9:46709337  rs1174992094 hsa-mir-320e
4.8 Mature AIG chr9:46709339  rs1377833232  hsa-mir-320e
2.6 Mature G/IA chr9:46709340  rs779364784  hsa-mir-320e
6.4 Mature GIT chr9:46709340  rs779364784  hsa-mir-320e
4.2 Mature AT chr9:46709342  rs1300837130 hsa-mir-320e
2.7 pre-miRNA G/A chr9:46709343  rs1386803168 hsa-mir-320e
6.6 pre-miRNA GIT chr9:46709343  rs1386803168 hsa-mir-320e
4.5 pre-miRNA G/A chr9:46709344  rs1435578114 hsa-mir-320e
2.1 pre-miRNA C/IA chr9:46709345  rs550113165  hsa-mir-320e
-0.1 pre-miRNA CIT chr9:46709345  rs550113165  hsa-mir-320e
0.3 pre-miRNA CIT chr9:46709346  rs1362957808 hsa-mir-320e
-0.7 pre-miRNA CIA chr9:46709347  rs1236568196 hsa-mir-320e

0 pre-miRNA C/IA chr9:46709348  rs1599841298 hsa-mir-320e
-0.6 pre-miRNA A/AT chr9:46709349  rs1178987677 hsa-mir-320e

0 pre-miRNA AIC chr9:46709349  rs1472892015 hsa-mir-320e

0 pre-miRNA AlG chr9:46709349  rs1472892015 hsa-mir-320e
-1.3 pre-miRNA G/A chr9:46709351  rs1020606470 hsa-mir-320e

0 pre-miRNA GIT chr9:46709351  rs1020606470 hsa-mir-320e

0 pre-miRNA AIC chr9:46709353  rs1311796093 hsa-mir-320e

0 pre-miRNA AIT chr9:46709353  rs1311796093 hsa-mir-320e
-0.4 pre-miRNA G/A chr9:46709354  rs968686216  hsa-mir-320e

0 pre-miRNA GIT chr9:46709354  rs968686216  hsa-mir-320e
0.5 pre-miRNA TIG chr2:11540605 rs1572623703 hsa-mir-4429

1 seed CIT chr2:11540614  rs1171658531 hsa-mir-4429
2.2 seed AIG chr2:11540615 rs1674655766 hsa-mir-4429

0 seed T/IC chr2:11540617  rs573326897  hsa-mir-4429
-1.2 seed TIG chr2:11540617  rs573326897  hsa-mir-4429
2.3 Mature G/A chr2:11540622  rs1674656298 hsa-mir-4429
0.3 Mature G/A chr2:11540626  rs1418063110 hsa-mir-4429
0.8 Mature AIG chr2:11540629  rs1674656791 hsa-mir-4429
0.9 Mature GACAA/G chr2:11540630  rs924517666  hsa-mir-4429
2.5 Mature G/A chr2:11540630 rs1674657043 hsa-mir-4429
3.8 pre-miRNA CIT chr2:11540632  rs887750263  hsa-mir-4429
-2.1 pre-miRNA AIG chr2:11540633  rs191766908  hsa-mir-4429
-2.1 pre-miRNA AlIG chr2:11540634  rs1054067422 hsa-mir-4429

1 pre-miRNA CIG chr2:11540636  rs1674658364 hsa-mir-4429
-1.7 pre-miRNA AlIG chr2:11540638  rs2148519493 hsa-mir-4429
-2.4 pre-miRNA AIG chr2:11540639  rs1251277500 hsa-mir-4429
1.2 pre-miRNA T/IA chr2:11540640 rs1674658895 hsa-mir-4429

0] pre-miRNA AIG chr2:11540642  rs1674659163 hsa-mir-4429
-0.5 pre-miRNA CIT chr2:11540647  rs1251677740 hsa-mir-4429
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-0.2 pre-miRNA CIT chr2:11540648 rs1674659684 hsa-mir-4429
1.9 pre-miRNA TC/IT chr2:11540651  rs1203641734 hsa-mir-4429
-0.3 pre-miRNA CIT chr2:11540652  rs1674659950 hsa-mir-4429
3.1 pre-miRNA G/IA chr2:11540653  rs1034647168 hsa-mir-4429
5.5 pre-miRNA CIT chr2:11540655 rs1674660701 hsa-mir-4429
29 pre-miRNA CIT chr2:11540662  rs892776946  hsa-mir-4429
-0.9 pre-miRNA CIT chr2:11540663 rs1482611033 hsa-mir-4429
3.5 pre-miRNA AIT chr2:11540665 rs1674661569 hsa-mir-4429

3 pre-miRNA CIT chr2:11540667 rs1674661841 hsa-mir-4429

0 pre-miRNA T/G chr2:11540671  rs1282442326 hsa-mir-4429
-2.4 pre-miRNA T/IA chr2:11540673  rs1674662385 hsa-mir-4429
3.3 pre-miRNA CIT chr2:11540674  rs559448381  hsa-mir-4429
-0.9 pre-miRNA TIC chr2:11540677 rs1674662890 hsa-mir-4429
-0.3 pre-miRNA T/IC chr7:102471469 rs1477581216 hsa-mir-4467
2.7 pre-miRNA G/IA chr7:102471471  rs558945069  hsa-mir-4467
0.1 Mature T/C chr7:102471472  rs1798183190 hsa-mir-4467
-3.5 Mature T/G chr7:102471472  rs1798183190 hsa-mir-4467
7.2 seed GIT chr7:102471474  rs1043872367 hsa-mir-4467
1.7 seed C/A chr7:102471475  rs577520210  hsa-mir-4467
1.9 seed CIT chr7:102471475  rs577520210  hsa-mir-4467
6.2 seed G/IA chr7:102471476  rs115101071  hsa-mir-4467
6.2 seed G/IC chr7:102471476  rs115101071  hsa-mir-4467
5.7 seed C/IA chr7:102471478  rs374409015  hsa-mir-4467
3.6 seed CIG chr7:102471478  rs374409015  hsa-mir-4467
1.9 seed CIT chr7:102471478  rs374409015  hsa-mir-4467
3.4 seed CGGT/C chr7:102471478 rs1486676393 hsa-mir-4467
2.9 Mature G/A chr7:102471479 rs1051250339  hsa-mir-4467
-0.6 Mature G/IC chr7:102471479 rs1051250339 hsa-mir-4467
-0.6 Mature G/C chr7:102471480 rs1200079421 hsa-mir-4467
2.2 Mature GIT chr7:102471480 rs1200079421 hsa-mir-4467
1.7 Mature T/G chr7:102471481 rs2133273034  hsa-mir-4467

0 Mature G/IA chr7:102471483 rs1798183882 hsa-mir-4467
0.1 Mature T/G chr7:102471484 rs1586743603 hsa-mir-4467
0.1 Mature AIT chr7:102471486  rs891385847  hsa-mir-4467

0 Mature TIC chr7:102471487  rs555983141  hsa-mir-4467
39 Mature G/IA chr7:102471489  rs60871950  hsa-mir-4467
24 Mature CIT chr7:102471491 rs1798184194  hsa-mir-4467
0.9 Mature TTCTC/T chr7:102471492  rs373524227  hsa-mir-4467

-1 Mature TTCTC/TTC chr7:102471492  rs373524227  hsa-mir-4467
-6.7 Mature T/G chr7:102471493 rs1350983737 hsa-mir-4467
0.8 pre-miRNA CIT chr7:102471494 rs1798184436  hsa-mir-4467

-4 pre-miRNA CIG chr7:102471496  rs964386659  hsa-mir-4467

0 pre-miRNA CIT chr7:102471496  rs964386659  hsa-mir-4467
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-1 pre-miRNA CTT/C chr7:102471496 rs1356797440 hsa-mir-4467
0 pre-miRNA TIC chr7:102471499 rs1586743644  hsa-mir-4467
0 pre-miRNA C/IA chr7:102471500 rs557614530  hsa-mir-4467
0 pre-miRNA CIT chr7:102471500  rs557614530  hsa-mir-4467
0 pre-miRNA AIC chr7:102471503 rs1586743656 hsa-mir-4467
0 pre-miRNA AIG chr7:102471506 rs1413484372 hsa-mir-4467
0 pre-miRNA AIG chr7:102471509 rs1798184884 hsa-mir-4467
0 pre-miRNA GCI/G chr7:102471510 rs1488673451 hsa-mir-4467

2.7 pre-miRNA CIT chr7:102471511 rs1434771995 hsa-mir-4467
3 pre-miRNA CIT chr7:102471512 rs1586743675 hsa-mir-4467

1.9 pre-miRNA CIT chr7:102471513  rs1209053377  hsa-mir-4467

-4.2 pre-miRNA G/GGCC chr7:102471517  rs754211189  hsa-mir-4467

4.3 pre-miRNA CIG chr7:102471520 rs1027368924  hsa-mir-4467

1.9 pre-miRNA CIT chr7:102471520 rs1027368924  hsa-mir-4467

5.4 pre-miRNA G/A chr7:102471521 rs1454660579  hsa-mir-4467

2.2 pre-miRNA CIT chr7:102471523  rs188069903  hsa-mir-4467

25 pre-miRNA G/A chr7:102471524  rs983706457  hsa-mir-4467
0 pre-miRNA GIGCCTC chr7:102471524 rs1798185601 hsa-mir-4467
2 pre-miRNA CIT chr7:102471526 rs1273339414  hsa-mir-4467
- pre-miRNA TCCIT chr7:102471531  rs377524501  hsa-mir-4467
- pre-miRNA TCC/TC chr7:102471531  rs377524501  hsa-mir-4467
0 pre-miRNA C/A chr10:104048090 rs1255956825  hsa-mir-936

-0.7 pre-miRNA G/IC chr10:104048092 rs1422844290  hsa-mir-936
2 pre-miRNA G/C chr10:104048094 rs1217690845  hsa-mir-936
5 pre-miRNA GCIG chr10:104048094 rs1322960100 hsa-mir-936

-0.5 pre-miRNA CCAGCAGGA/C chr10:104048095 rs1320014445  hsa-mir-936

2.8 pre-miRNA CAG/C chr10:104048096 rs748081076  hsa-mir-936
6 pre-miRNA CAGCAGGACCTG/CCAA chr10:104048096 rs1554848576  hsa-mir-936

1.8 pre-miRNA AIC chr10:104048097 rs149841873  hsa-mir-936

-2.9 pre-miRNA AlG chr10:104048100 rs145823228  hsa-mir-936

1.4 pre-miRNA AGG/A chr10:104048100 rs772030673  hsa-mir-936
2 pre-miRNA G/A chr10:104048101 rs760869552  hsa-mir-936

2.3 pre-miRNA ACCTG/A chr10:104048103 rs772662513  hsa-mir-936
2 pre-miRNA CIT chr10:104048104 rs1399893761  hsa-mir-936
0 pre-miRNA CIT chr10:104048105 rs1339052487  hsa-mir-936
0 pre-miRNA T/IA chr10:104048106 rs112526889  hsa-mir-936
0 pre-miRNA T/C chr10:104048106 rs112526889  hsa-mir-936

-0.3 pre-miRNA G/IA chr10:104048107 rs945291018  hsa-mir-936
0 pre-miRNA G/IC chr10:104048107 rs945291018  hsa-mir-936
0 pre-miRNA AIT chr10:104048110 rs1361036799  hsa-mir-936

39 pre-miRNA GIT chr10:104048113 rs2086431361  hsa-mir-936
0 pre-miRNA T/C chr10:104048114 rs2086431389  hsa-mir-936

0.3 pre-miRNA AIG chr10:104048115 rs1315899141  hsa-mir-936
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-2.7 pre-miRNA AIG chr10:104048118 rs766323094  hsa-mir-936
24 pre-miRNA G/IA chr10:104048119 rs1269776348  hsa-mir-936
-0.4 pre-miRNA G/A chr10:104048124 rs367967846  hsa-mir-936
-1.8 pre-miRNA G/IC chr10:104048124 rs367967846  hsa-mir-936
0.3 pre-miRNA GIT chr10:104048124 rs367967846  hsa-mir-936
-0.2 pre-miRNA GTC/G chr10:104048124 rs1564676391  hsa-mir-936
0.8 pre-miRNA CIG chr10:104048126 rs2086431627  hsa-mir-936
-2.8 pre-miRNA T/C chr10:104048134 rs765774704  hsa-mir-936
-2.6 pre-miRNA G/C chr10:104048135 rs753113986  hsa-mir-936
0.3 pre-miRNA CIT chr10:104048138 rs372034122  hsa-mir-936

0 pre-miRNA G/IA chr10:104048141 rs780824342  hsa-mir-936

0 pre-miRNA G/A chr10:104048144 rs1191787666  hsa-mir-936
-3.2 pre-miRNA T/C chr10:104048145 rs745480236  hsa-mir-936
-3.2 pre-miRNA T/G chr10:104048145 rs745480236  hsa-mir-936
-0.6 pre-miRNA T/IA chrl0:104048149 rs375150729 hsa-mir-936
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Abstract

Background: Genetic variations in miRNAs and their binding sites may increase schizophrenia risk by disrupting
miRNA-target interactions, impairing brain development, and elevating susceptibility to this disorder. This study
employed in silico tools to predict the deleterious effects of single-nucleotide polymorphisms (SNPs) in overlapped
miRNAs related to Th1/Th2 differentiation in schizophrenia, focusing on their impact on miRNA stability, structure,
and target binding.

Methods: Overlapped miRNAs associated with Th1/Th2 differentiation in schizophrenia were retrieved from
miRTarBase and miRWalk databases. To identify and predict the functional effects of SNPs located in the precursor
and mature regions of candidate miRNAs, Ensembl, miRNASNP-v4, and SNP2TFBS databases were used. Finally,
enrichment analysis of biological pathways was performed using NcPath database.

Findings: miRNASNP-v4 identified multiple SNPs across seven overlapped miRNAs (hsa-miR-107, hsa-miR-1827,
hsa-miR-206, hsa-miR-320e, hsa-miR-4429, hsa-miR-4467, and hsa-miR-936), with the highest SNP counts in pre-
miRNA and mature miRNA regions, particularly in hsa-miR-320e, hsa-miR-4467, and hsa-miR-936. SNPs
rs1350983737 and rs1043872367 in hsa-miR-4467 exhibited the strongest and weakest influences on mature miRNA
production, respectively. Notably, miR-4467 and miR-320e harbored the most seed region SNPs, potentially
disrupting miRNA binding to 3'UTR of target mRNAs. Several SNPs were also found in miRNA promoter regions,
potentially impairing transcription factor binding.

Conclusion: SNPs in miRNAs can affect both their expression and regulatory functions. Genetic variations in
schizophrenia-related miRNAs represent important targets for further investigation to elucidate disease molecular
mechanisms.
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