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Abstract 30 

MicroRNA miR-137 single nucleotide polymorphism (rs1625579 SNP) is strongly 31 

associated with the worsening of schizophrenia symptoms and is involved in miR-137 32 

gene suppression. MicroRNA miR-137 regulates synaptogenesis, neural plasticity and 33 

suppresses a variety of cancer types. Based on in silico predictions of the current 34 

MIR137 Host Gene with and without the SNP, it can be hypothesized that the mutation 35 

reversibly inhibits miR-137 gene transcription by steric hindrance due to an alteration on 36 

DNA conformation, stability, electrostatic potential, and transcription factor binding sites. 37 

Keywords: MIR137HG; miR-137; in silico; Schizophrenia.  38 

Introduction 39 

Schizophrenia is considered a "synapse disease" caused by synaptic connectivity 40 

dysfunction of the brain and by an imbalance of neurotransmitters, especially dopamine 41 

(Siegert, 2010). It affects approximately 1% of the worldwide population and multiple 42 

candidate genes contribute to 80% of chances to develop the symptoms (Han et al. 43 

2015; Williams et al. 2010).  Additionally, monozygotic twins differ in methylation pattern 44 

of their genes highlighting the involvement of epigenetic mechanisms, which can lead to 45 

disorders of inhibitory activity and psychosis in one of the twins but not in the other 46 

(Melka et al. 2015). However the exact aetiology and genetic mechanisms of 47 

schizophrenia are still unknown.  48 

Several robust and replicable genetic findings have been reported for Schizophrenia and 49 

the results indicate a considerable association between small non-coding RNAs 50 

(miRNA) and schizophrenia (Sullivan et al. 2012). Indeed, the nervous system has the 51 

broadest spectrum of miRNA expression of all human tissues, approximately 70% of all 52 

known human miRNAs (Krichevsky et al. 2003). These miRNAs may act as potent 53 

regulators of gene expression related to adult neurogenesis, neuronal maturation, brain 54 

function and plasticity (Forero et al. 2010). For instance, the miR-137 regulates the 55 

translation of a subset of proteins for optimising synaptic transmission and neuronal 56 

plasticity in mature neurons (Smrt et al. 2010; Han et al. 2015). In 2010, this microRNA 57 

was first identified as a candidate gene for schizophrenia susceptibility by a large-58 

scale genome-wide association study (Potkin et al. 2010), being its Single Nucleotide 59 

Polymorphism (SNP), namely rs1625579, strongly associated with schizophrenia (Ripke 60 

et al. 2011).  61 

Individuals carrying rs1625579 SNP present a single mutation by transversion of 62 

guanine (G) for thymine (T) in both alleles of the MIR137HG ( T/T genotype), typically 63 

having hyperactivated brains, a schizophrenic phenotype well established in the clinical 64 

literature as a measure of functional inefficiency, when compared to G/G or G/T 65 

genotypes, less frequent in these patients. Supporting evidence also show that 66 

rs1625579 SNP may decrease human miR-137 gene expression (Van Erp et al. 2013; 67 

Cummings et al. 2012; Whalley et al. 2012; Kuswanto et al. 2015) which is located in 68 

1p21.3 chromosome (Willemsen et al. 2011). Besides, it is correlated with dysregulation 69 
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in synaptogenesis and changes in the integrity of nerve fibers (Cousijin et al. 2014; 70 

Patel, et al. 2015; Rose et al. 2014).  71 

Regarding the meaningful roles of miR-137 in Central Nervous System, the 72 

characterization of its gene with and without mutation is important for elucidation of the 73 

role of miR-137 in schizophrenia. Therefore, the purpose of this study was to predict 74 

promoter regions, DNA stability, CpG islands, transcription factor binding sites (TFBS), 75 

helix twist, minor groove width, roll and nucleosome position of the current version of 76 

MIR137HG. 77 

Materials & Methods 78 

The upgraded version of MIR137HG sequence (GRCh38.p7) was obtained from The 79 

Single Nucleotide Polymorphism Database (dbSNP) with code rs1625579 SNP to locate 80 

this mutation in MIR137HG sequence (Fig. S1). Since miR-137 (available in MirBase 81 

website) is read in the negative strand, it had to undergo a shift of uracil (U) by thymine 82 

(T) and be converted to its complement sequence to be found in MIR137HG, which is 83 

presented in dbSNP with its positive strand. The promoter regions are those preceding a 84 

gene responsible for its transcription initiation. Thus, a mutation in promoters may 85 

severely compromise the expression of the gene of interest (Newburger, 1994). The 86 

Promoter Prediction 2.0 Server program allows the prediction of eukaryotic promoters 87 

sequences of up to 1,500,000 bp in FASTA format ( ">" + Enter + following text without 88 

spaces) (Knudsen, 1999). 89 

The energy stability of a macromolecule such as DNA can also be altered by a mutation. 90 

An unstable molecule tends to have its conformation modified and thus may make 91 

certain genes more or less accessible to regulatory agents. The more negative the 92 

energy value of the DNA covalent bonds, the more stable it is. Instability can even 93 

change the binding sites of transcription factors, which may stimulate or repress gene 94 

transcription (Latchman, 1996; Meysman, 2011). The distribution of CpG islands 95 

(dinucleotide 5'-CG-3 '), in turn, gives a broad prediction of areas suitable for methylation 96 

(Bell et al, 2011) and how conserved the region is, as well (Elliott et al. 2015). The 97 

GPminer program (Lee et al. 2012) provides such information about DNA stability and 98 

CpG islands in an intuitive way. 99 

Transcription factor binding sites (TFBS) are regions in DNA where transcription factors 100 

may bind more or less intensely and thus regulate transcription even outside the core-101 

binding site of a gene (Levo et al. 2015). Patch 1.0 software, which is based on 102 

TRANSFAC® 6.0 public database (Hashimoto, 2011) was used for this prediction. 103 

DNAshape software of the Rohs Lab was used to evaluate DNA parameters such as 104 

helix twist, propeller twist, minor groove width, and roll. The helical twist is the 105 

orientation of a base pair with respect to the helix axis.  In the most common free B-form 106 

DNA, the helical twist is 36°, meaning that there are 10.5 bp/turn of helix. However, may 107 

have more extreme twists (up and down) to change its secondary structure, function and 108 

accessibility, The negative supercoiling shifts the helical periodicity from ~10.5 bp (free 109 
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B-form DNA) to ~11 bp, whereas the positive supercoiling shifts it toward ~10 bp (Strick, 110 

1998). Therefore, the helical periodicity in genomic sequences contains information 111 

about the local DNA curvature and the global character of chromosomal supercoiling, 112 

and this can affect the regulation of transcription events (Kravatskaya et al. 2011).  113 

The minor groove width depends on the existing hydrogen bonds in the DNA molecule 114 

and electrostatic potential of the minor groove. The greater the diameter, the more 115 

positive the electrostatic potential, since more hydrogens are exposed to the DNA 116 

deoxyribose backbone. The smaller the width, the more negative the electrostatic 117 

potential (Bishop, 2011). It is worth noting that this change in the electrostatic potential 118 

generates a modification in the preference of ligands for these regions, which may 119 

include epigenetic agents. 120 

The parameter roll, or DNA winding, is based on the distance, in degrees, between base 121 

pairs, which can make a groove more or less accessible for drugs, for example. The 122 

greater the distance, the more negative the roll value; the shorter the distance, the more 123 

positive it is (Grasel, 2015). Based on the calculations of DNA shape program, loss of 124 

DNA function by extreme deformations (and the expected values) can be based on 125 

these criteria: (i) Helical Twist >45°(35° in B-DNA); (ii) Minor groove width >8.5Å or 126 

<1.5Å (5.8Å in B-DNA); (iii) Roll >20°(0° in B-DNA) (Zhou, 2013). 127 

Nucleosomes cores are the most accessible regions to the transcription machinery and 128 

consist of approximately 147 bps of DNA turning around a histone octamer of pairs of 129 

histone H2A, H2B, H3 and H4 bound to linker histone H1. Between nucleosomes, DNA 130 

linkers ranging from 0 to 80 bp in length depending on the tissue and species (Routh, 131 

2008). It is noteworthy that the same nucleosomes (composed by the same DNA 132 

sequence and same proteins) may differ in conformational dynamics (Ngo, 2015). In this 133 

study, the nucleosome positioning was predicted with RECON program interface, which 134 

calculates the most likely nucleosome distribution along the sequence of interest in 135 

which values greater than zero are more reliable in precision compared to negative 136 

values, and predictions matching the value +1 mean 100% chances of being in a 137 

nucleosome region (Levitsky , 2004). 138 

Results & Discussion 139 

The MIR137HG consists of 13,267 bp and the mutation is located at position 950 of the 140 

positive strand, being more than 8,000 bp far from miR-137 gene, which is located 141 

between positions 9,642 and 9,744 and read in the negative strand. Regarding the 142 

prediction of promoter regions, the nearest one was the position 3,500 (its equivalent 143 

was position 9,767 in the positive strand) being only 24bp far from miR-137 first 144 

nucleotide in the negative strand (Fig. 1). The GPminer showed an increase in DNA 145 

energy of the mutated sequence with thymine, which implies less stability (Fig. 2). The 146 

CpG island result was expected since miR-137 gene is located in this region and, as a 147 

microRNA gene, it is strongly conserved during Evolution (Hobert, 2008).  148 
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Transcription factor binding sites (TFBS) for the wild sequence were for Glycoprotein 149 

Hormone Alpha (GHA) and Aldehyde Dehydrogenase 2 (ADH2) in position 949 of the 150 

positive strand including position 950 for this binding (Fig. 3). However, these two TFs 151 

were not present in the mutated sequence, but a third one appeared at position 948 of 152 

the positive strand: Pituitary-Specific Positive Transcription Factor 1 or POU1F1A (also 153 

including position 950 for this binding). In this way, TFBS were different around position 154 

950 for the wild and mutated sequence, showing that a distinct nature, proportion, and 155 

distribution of TFs might contribute for inhibiting miR-137 transcription (Latchman, 1996; 156 

Meysman, 2011). No significant changes were detected in the rest of MIR137HG 157 

regarding this parameter. 158 

Helical Twist, Minor Groove Width and Roll were predicted with position 950 centered 159 

and an interval from position 450 to 1450 of MIR137HG. The angulation of the helical 160 

twist in the region with thymine tends to be closer to the standard value of 35° than the 161 

region with guanine, although neither of them exceeded 45°. Accordingly, extreme 162 

values up and down were more homogeneous in the mutated sequence, which implies 163 

that this variation of DNA angle may contribute to a different signaling around position 164 

950. The mutation did not lead to a deformation but could indicate a sufficient condition 165 

to change its secondary structure, therefore making the region around thymine950 more 166 

accessible to regulatory machinery. 167 

Both sequences had the width of minor groove slightly below the standard value of 5.8Å 168 

and above the minimum acceptable value of 1.5Å. For this reason, the mutated 169 

sequence may acquire a more negative electrostatic potential (Morávek, 2002). The roll 170 

parameter was 4° for the wild sequence and 0° with thymine950, which means a less 171 

tensioned molecule. The nucleosome distribution along MIR137HG sequence pointed 172 

that the position at which the mutation occurs (950) has a low probability of being into a 173 

nucleosome (-0.158352), as well as the sequence of miR-137 from 9642 (-0.035731) to 174 

9744 (-0.981327).   175 

As far as we know, this is the first in silico study that compares DNA parameters 176 

between wild and polymorphic sequences of MIR137HG. 177 
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 178 

Figure 1: The miR-137 gene inserted in MIR137HG and the distance in base pair of it from the SNP. 179 

 180 

Figure 2: Comparison of DNA stability between wild (G) and mutant (T) sequences. 181 

 182 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27560v1 | CC BY 4.0 Open Access | rec: 1 Mar 2019, publ: 1 Mar 2019



7 

 

 183 

            184 

Figure 3: (a) Promotor region prediction. (b) Comparison of DNA parameters between wild and mutant 185 

sequences. 186 

Conclusion 187 

Both SNP and miR-137 gene are part of a linker region of MIR137HG, being naturally 188 

more accessible or more easily regulated by intrinsic/extrinsic agents compared to 189 

nucleosome regions. Based on these predictions, the substitution of guanine for thymine 190 

may not globally alter MIR137HG. However, small and punctual changes may be 191 

sufficient for a reversible spatial inhibition of miR-137 transcription. The region around 192 

thymine950 may be less tensioned, less stable, more accessible, with negative 193 

electrostatic potential in the minor groove and a different transcription factors binding 194 

sites distribution, allowing distinct regulatory pathways. Since the mutation is more than 195 

8,000bp far from miR-137 gene, a transcriptional suppression by steric hindrance can be 196 

hypothesized. We hope further analysis in Functional Genomics will contribute to 197 

elucidate the relationship between rs1625579 SNP and Schizophrenia. 198 

 199 

 200 
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