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Abstract

Dab2ip (DOC-2/DAB2 interacting protein) is a RasGAP protein which shows a growth-inhibitory 

effect in human prostate cancer cell lines. Recent studies have shown that Dab2ip also plays an 

important role in regulating dendrite development and neuronal migration during brain 

development. In this study, we provide a more complete description of the mouse Dab2ip 

(mDab2ip) gene locus and examined DNA methylation and expression of Dab2ip during 

cerebellar development. Analysis of cDNA sequences in public databases revealed a total of 20 

possible exons for mDab2ip gene, spanning over 172 kb. Using Cap Analysis of Gene Expression 

(CAGE) data available through FANTOM5 project, we deduced five different transcription start 

sites for mDab2ip. Here, we characterized three different mDab2ip transcript variants beginning 

with exon 1. These transcripts varied by the presence or absence of exons 3 and 5, which encode a 

putative nuclear localization signal and the N-terminal region of a PH-domain, respectively. The 

5′ region of the mDab2ip gene contains three putative CpG islands (CpG131, CpG54, and 

CpG85). Interestingly, CpG54 and CpG85 are localized on exons 3 and 5. Bisulfate DNA 

sequencing showed that methylation level of CpG54 remained constant whereas methylation of 

CpG85 increased during cerebellar development. Real-time PCR analysis showed that the 

proportion of PH-domain containing mDab2ip transcripts increased during cerebellar 

development, in correlation with the increase in CpG85 methylation. These data suggest that site-

specific methylation of mDab2ip gene during cerebellar development may play a role in inclusion 

of exon 5, resulting in a Dab2ip transcript variant that encodes a full pleckstrin homology (PH) 

domain.
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Introduction

Disabled homolog 2 interacting protein (Dab2ip), also known as apoptosis signal-regulating 

kinase 1 (ASK1)-interacting protein (AIP1) (Chen et al., 2002; Wang et al., 2002; Xie et al., 

2009; Zhang et al., 2003), is a member of Ras GTPase-activating protein family (Wang et 

al., 2002; Zhang et al., 2003). Dab2ip is thought to be a tumor suppressor protein, regulating 

epithelial to mesenchymal transition (Min et al., 2010; Xie et al., 2010) and stem cell 

differentiation (Chang et al., 2013). In addition, down regulation of Dab2ip using shRNA 

enhances radio-resistance and proliferation in a metastatic prostate cancer cell line (Kong et 

al., 2010). Dab2ip also interacts with Dab1, a cytosolic adapter protein that controls 

neuronal migration and position during development. Dab2ip is widely expressed in specific 

regions of embryonic and adult mouse brain (Homayouni et al., 2003). Recent studies show 

mDab2ip regulates dendritic development and synapse formation in developing cerebellum 

(Qiao et al., 2013) and also plays crucial roles in neuronal migration in the developing 

neocortex (Lee et al., 2012; Qiao et al., 2015).

The mDab2ip gene is located on chromosome 2 (Chen et al., 2006). Originally, Chen et al. 

reported that mDab2ip spans 65 kb and contains 14 exons with one transcription start site 

(TSS) located on exon 1 (Chen et al., 2006). In addition, they showed that internal splice 

sites within exon 1 result in three variants, Ia, Ib and Ic. Since this initial report, several 

more Dab2ip cDNAs have been isolated from mouse and other species that contain 

additional 5′ exons. For example, the additional exons in human Dab2ip ortholog AIP1 

(Acc# AY032952) encodes a complete pleckstrin homology (PH) domain (Von Bergh et al., 

2004). Similarly, our group identified a longer mDab2ip cDNA (Acc# DQ473307), which 

encodes a complete N-terminal PH-domain (Homayouni et al., 2003). Notably, both of these 

clones encode a protein with a shorter C-terminal region, ending with the amino acid 

sequence SMH (serine-methionine-histidine), which may function as a PDZ-interacting site.

The promoter region of both mouse and human Dab2ip gene is GC-rich (Chen et al., 2006, 

2003). Several groups have shown that hDab2ip promoter is hyper-methylated in cancer cell 

lines and tumor tissues including prostate, breast, gastrointestine, lung and liver (Chen et al., 

2003; Dote et al., 2004; Yano et al., 2005, Dote et al., 2005; Qiu et al., 2007). In addition, 

both hDab2ip and mDab2ip promoters have been shown to be regulated by histone 

modification (Chen et al., 2006, 2003, 2002). Accumulating evidence suggests that promoter 

methylation plays a critical role during differentiation and maturation of the mammalian 

central nervous system (CNS) (Moore et al., 2012). To date, the methylation of Dab2ip 

promoter during development has not been investigated.

In the present study, we performed a thorough analysis of Dab2ip genomic organization 

using a variety of bioinformatic resources. We found at least five transcription start sites 

(TSS) and multiple putative translation initiation sites for mDab2ip. In addition, we 

identified four additional 5′ exons for mDab2ip than previously reported by Chen et al. 

(2006). We examined the expression of three Dab2ip 5′-splice variants, originating with the 

first TSS in exon one. Notably, mDab2ip contains three CpG islands located within exons 2, 

3 and 5. Exon 5 CpG island was previously studied by Chen and colleagues and was shown 

to be the site of epigenetic control of mDab2ip expression (Chen et al., 2006). Here we show 
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that methylation of exon 5 CpG (CpG85) increases during cerebellar development and is 

positively correlated with the inclusion of exon 5 in mDab2ip transcripts.

Materials and Methods

Bioinformatic analysis

We deduced the exon-intron junction of mDab2ip by aligning its genomic DNA sequence 

with hDab2ip cDNA clone (Acc# NP-115941). The mDab2ip gene contains 20 exons and 19 

introns (Supplementary Table 1). Transcription start site analysis was performed using 

Zenbu visualization tool and mouse Cap Analysis of Gene Expression (CAGE) data 

available through FANTOM5 project website (http://fantom.gsc.riken.jp/zenbu/gLyphs/

#config=FP3UWqGsJVPtWNfSfupRk;loc=mm9::chr2:35370843..35629647+) (Forrest et 

al., 2014; Severin et al., 2014). Dab2ip protein motifs were examined using Conserved 

Domain Database (CCD) at NCBI (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) 

and MyHits protein motif search tool (Pagni et al., 2007).

Reverse transcription PCR

Based on the sequence information acquired from UCSC genome browser (mouse genome 

assembly mm9, July 2007), PCR primers were designed against specific 5′ exons of 

mDab2ip (Table 1). Total RNA was extracted from mouse cerebellum at different ages (P8, 

P14, P21 and P30) using TRIzol reagent (Invitrogen). cDNA was synthesized using the 

Transcriptor First Strand cDNA Synthesis Kit (Roche) with 1 μg of total RNA and oligo-dT 

primer. One-tenth volume of the first-strand reaction was used as a template for PCR 

amplification using the TaKaRa EX-Taq polymerase (Clontech Laboratories) and the 

primers listed in Table 1. Thermal cycling program started with an initial denaturation at 95 

°C for 5 min, followed by 35 cycles (94 °C, 1 min; 61 °C, 1 min; 72 °C, 50 s) of 

amplification, followed by a 5 min extension at 72 °C.

Quantitative real-time PCR

Total RNA was isolated from mouse cerebellum at postnatal days 8, 14, 21 and 30 (P8, P14, 

P21 and P30) using TRIzol reagent (Invitrogen). Quantitative RT-PCR was performed on a 

LightCycler 480 Real-Time PCR System (Roche) using primers shown in Table 1 and Fig. 

1A. Thermal cycling program started with an initial denaturation at 95°C for 5 minutes, 

followed by 50 cycles of 95°C for 10 s, 60°C for 30 s, and 72°C for 10 s, and final cooling at 

40°C for 10 seconds. The product sizes were confirmed by agarose gel electrophoresis, and 

melting curves were analyzed to control the specificity of PCR reactions. Dab2ip expression 

levels were normalized to β-actin. The relative levels of Dab2ip expression were measured 

by a modified ΔΔCt (Pfaffl, 2001). A two-tailed Student’s t-test (unequal variance) was used 

to assess the significance of the change in three independent experiments.

DNA purification and bisulphite modification

Genomic DNA was isolated from snap frozen mouse cerebella collected at different time 

points (P8, P14, P21 and P30) using DNA purification kit (Qiagen) according to the 

manufacturer’s instructions. Then, 500 ng of genomic DNA was denatured and treated with 

bisulfite, which converts all unmethylated cytosines to uracils without affecting methylated 
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cytosine residues, using EZ DNA methylation-Gold kit (Zymo research) as described by 

manufacturer. The quality of bisulfite treatment was checked by measuring OD at 260/280 

nm. The methylation status of each CpG island was analyzed separately by using bisulfite 

specific and methylation specific PCR. Bisulfite specific (BSP) and methyl specific (MSP) 

primers listed in Table 1, were designed using Methyl Primer Express Software v1.0 

(Applied Biosystems), with some modifications (Table 1). Methyl specific PCR was 

performed by using two sets of primers for each CpG island. Each set of primers were able 

to distinguish between methylated (MSP/M) and unmethylated (MSP/UM) DNA sequence. 

PCR was carried out with approximately 30 ng of bisulfate treated genomic DNA in 30 μL 

total volume reaction containing 2.5 μl DMSO, 2.5 mM dNTP, and 0.20 U of TaKaRa EX-

Taq DNA polymerase (Clontech Laboratories). Thermal cycling program started with an 

initial denaturation at 95 C for 5 min followed by 50 cycles of denaturation (95 C for 30 

seconds), annealing (65 C for 45 sec, 60 C for 45 sec and 55 C for 45 seconds), extension 

(72 C for 5 min), followed by a final incubation at 72 C for 15 min. PCR products were 

examined by agarose gel electrophoresis. In another set of experiments, bisulfite specific 

PCR was performed as described above using 20 ng of bisulfite treated genomic DNA and 

primers (BSP), listed in Table 1. The PCR products were separated by agarose gel 

electrophoresis, purified using Qiagen PCR purification kit, and directly sequenced using 

ABI model 3130XL Genetic Analyser machine at University of Tennessee at Molecular 

Resource Center. Methylation sites within each CpG island were quantitated and a two-

tailed Student’s t-test (unequal variance) was used to assess the significance of the change in 

three independent experiments.

Results

Genomic organization of Dab2ip

In this study, we report that the mDab2ip gene spans 172,535 bp on chromosome 2 and 

includes 20 exons. Using CAGE data available through the FANTOM5 project, we deduced 

five transcription start sites (TSS) located in exons 1, 2, 3, 5 and 6 (Supplementary Fig. 1). 

Three CpG islands (CpG131, CpG54 and CpG85) are located on exon 2, 3 and 5, 

respectively (Fig. 1A, Supplementary Fig. 1). The presence of multiple CpG islands around 

multiple TSSs suggests that mDab2ip gene may have alternative promoters, regulated by 

methylation of CpG islands, producing transcripts which encode different N-terminal protein 

domains.

Using UCSC genome browser, we were able to identify eight different putative translation 

initiation codons with likely Kozak sequences in exons 1, 3, 4, 5, 6, 7, 8 and 9 (Fig. 1A, 

Supplementary Table 1). However, only five translation initiation sites (located in exons 3, 

5, 7 and 9) were in frame with the rest of the cDNA. Two alternative termination sites were 

also found on exon 19, followed by a large 3′ untranslated sequence. There are at least 

twelve mouse Dab2ip cDNA clones available through UCSC Genome Browser 

(Supplementary Table 1). While the middle region of all Dab2ip cDNA clones is identical, 

their 5′ and 3′ regions vary. The deduced protein sequence from the Dab2ip cDNAs revealed 

several functional domains, including Plekstrin Homology (PH) domain, PKC conserved 2 

(C2) domain, GAP-related domain (GRD), NPXY motif and proline-rich region (Fig. 1A). 

Salami et al. Page 4

Gene. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Interesting, alternative splicing in the 5′ region of Dab2ip results in proteins that contain 

either a full-length PH domain, a partial PH-domain or no PH domain in the N-terminus. On 

the other hand, alternative splicing at the 3′ region results in a slightly longer isoform 

containing an additional 29 amino acids. Interestingly, the shorter Dab2ip protein isoform 

encodes an SMH class I PDZ-interacting motif (Sheng and Sala, 2001).

Several groups have reported that Dab2ip is highly expressed in the brain (Chen et al., 2006; 

Homayouni et al., 2003). In addition, more recent results from the FANTOM project show 

that the expression Dab2ip is highest in the cerebellum (Supplementary Fig. 1). To detect 

possible mDab2ip 5′ splice variants, we performed RT-PCR using RNA isolated from P30 

cerebellum and specific forward and reverse primers targeting exons 1 and 7, respectively 

(Table 1). Three bands (688bp, 554bp, and 385bp) were detected by agarose gel 

electrophoresis, which were individually purified and sequenced (Fig. 1C). Sequencing 

revealed that the largest band (688bp, variant 1a) included exons 1, 3, 4, 5 and 7. In contrast, 

the mid-sized band (554bp, variant 1b) included exons 1, 3, 4, and 7 and the smallest band 

(385bp, variant 1c) included exons 1, 4, 5 and 7. Using Conserved Domain Database (CCD) 

at NCBI (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) we found that exons 5, 7 

and 8 encode a complete PH domain (112 aa). Thus, transcripts 1a and 1c, which contain 

exons 5 and 7, are able to code for an entire PH domain whereas transcript 1b lacks the N-

terminal region of the PH domain (73 aa). Transcript 1a contains alternative translation 

initiation sites located in exon 3 and 5. In contrast, transcripts 1b and 1c have only one 

translation initiation site located in exons 3 and 5, respectively. Interestingly, exon 3 codes 

for an arginine-rich nuclear localization signal as detected by MyHits motif search tool. 

Finally, none of the three variants isolated from the brain encoded exons 2 and 6. Based on 

the cDNA sequences in GeneBank, it seems that mDab2ip transcripts containing exon 6 are 

possibly expressed in other tissues, such as the spleen (Supplementary Table 1).

mDab2ip methylation in the developing cerebellum

The presence of CpG islands in mDab2ip gene suggests that its expression may be regulated 

by DNA methylation (Supplementary Fig. 1). Indeed, hDab2ip promoter was shown to be 

methylated in prostate, breast, gasterointestinal, lung and liver cancers (Chen et al., 2003; 

Dote et al., 2004; Qiu et al., 2007; Yano et al., 2005). In this study, we examined 

methylation of mDab2ip gene during cerebellar development at postnatal days P8, P14, P21 

and P30 (Fig. 2). CpG islands were examined by methylation-specific (MSP) PCR (Table 1) 

after bisulfite treatment of genomic DNA (Fig. 2A). We found that CpG131 was 

predominantly unmethylated whereas CpG54 appeared to be both methylated and un-

methylated in all time points (Fig. 2A). In contrast, CpG85 appeared to be methylated at all 

time-points.

To further analyze the methylation status of mDab2ip gene, we performed PCR 

amplification using bisulfite specific primers (BSP) listed in Table 1, followed by direct 

sequencing and quantitation of methylation sites. Consistent with the results above, we did 

not detect any methylation of CpG131 (Fig 2B-C). CpG54 was methylated throughout 

cerebellar development. However its methylation did not change significantly across 

developmental time points (Fig. 2B-C). On the other hand, the methylation of CpG85 
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increased significantly between P8 and P14 (p < 0.05, t-test, n=3) as well as between P21 

and P30 (p < 0.01, t-test, n=3; Fig 2B-C).

Expression of different mDab2ip transcripts in the developing cerebellum

Recent evidence suggests that methylation of CpG sites located within exons may regulate 

their inclusion during splicing (Luco et al., 2011). Therefore, we hypothesized that 

methylation of CpG85 located in mDab2ip exon5 may positively correlate with expression 

of mDab2ip transcripts containing exon 5. We performed qRT-PCR experiments using a 

probe which specifically targeted exon 5 (TaqMan probe 41, Fig. 1A) compared with a 

probe that targeted exon 11, located in the core GRD region of Dab2ip (TaqMan probe 51, 

Fig 1A). Interestingly, we found that the ratio of exon 5 containing transcripts to the total 

mDab2ip transcripts significantly (p < 0.05, t-test, n=3) increased between P21 and P30 

(Fig. 3). The increase in exon 5 containing transcripts positively correlated (r = 0.76, 

Pearson correlation) with CpG85 methylation. In contrast, there was no correlation between 

exon 5 containing transcript and CpG54 methylation (r = 0.04, Pearson correlation). These 

results suggest that methylation of CpG85 during cerebellar development promotes 

inclusion of exon 5 in mDab2ip transcripts.

Discussion

In this study, we performed a detailed analysis of the mouse Dab2ip gene, identified 

multiple 5′ Dab2ip transcript variants, and examined their expression levels with respect to 

Dab2ip DNA methylation during cerebellar development.

We report here that mDab2ip gene spans over 172 kb, which is much longer than the 

previously reported size by others (Chen et al., 2006) and that it contains three different CpG 

islands, located on exons 2, 3 and 5. Previous studies have examined methylation and 

histone acetylation of the region around exon 5 in Dab2ip (Chen et al., 2006, 2003). 

Mapping experiments revealed a basal promoter region upstream of exon 5 in mDab2ip 

which drives its expression and is regulated by both DNA methylation and histone 

acetylation (Chen et al., 2006). These results in combination with our observation that 

multiple exons and transcription start sites exist in mDab2ip gene (Fig. 1 and Supplementary 

Fig. 1) suggest that Dab2ip likely contains multiple promoters, resulting in expression of 

multiple transcript variants. In addition, Chen and colleagues showed that histone 

acetylation but not DNA methylation of the region around mDab2ip exon 5 correlated with 

gene induction in mouse prostate adenocarcinoma cell lines. Our results (Fig. 2 & 3) show 

that methylation of CpG85 in mDab2ip exon 5 is significantly increased between P21 and 

P30 in the developing cerebellum and positively correlates with the inclusion of exon 5 

(encoding the N-terminal region of the PH domain). Our observations are consistent with 

recent studies in other systems that implicate a critical role for DNA methylation in 

regulating mRNA splicing and exon inclusion in the mature mRNA (Maunakea et al., 2013; 

Luco et al., 2011).

The notion of intergenic DNA-methylation-mediated mRNA splicing is relatively new. 

Recent genome-wide studies have shown an enrichment of CpG methylation in alternatively 

spliced exons (Anastasiadou et al., 2011; Maunakea et al., 2013). The interaction of methyl-
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CpG-binding protein (MeCP2) at DNA methylation sites recruits histone deacetylases, 

which promote the formation of nucleosomes. The interaction between DNA and 

nucleosomes limits its accessibility to RNA polymerase during transcription. Indeed, Shukla 

and colleagues showed that DNA methylation causes RNA polymerase II (POL II) to pause 

and promotes exon inclusion by enabling the splicing complexes to assemble co-

transcriptionally (Shukla et al., 2011). Co-transcriptional splicing appears to be important 

for weak splice sites, particularly in long mammalian genes in which exons are flanked by 

very large introns (Luco 2011). It is interesting to point out that mDab2ip exons 2, 3, and 5, 

which contain CpG islands, were flanked by large introns ranging between 17–41 kb 

(Supplementary table 1). We identified transcripts in the brain that included exons 3 and 5, 

which also showed DNA methylation on CpG 54 and CpG85, respectively. In contrast, we 

did not detect methylation of CpG 131 nor a transcript containing exon 2 in the cerebellum.

The presence of the additional 5′ exons may have several important functional implications. 

First, we found two additional translation initiation sites (with Kozak consensus motif) on 

exons 3 and 5, which produce longer Dab2ip proteins. Exon 3 encodes a putative nuclear 

localization signal, which implies that Dab2ip may have a nuclear function which has not 

been characterized to date. In addition, Dab2ip exon 5 encodes the N-terminal region of a 

PH-domain, which suggests that both Dab2ip protein function and intracellular localization 

may be affected by the presence of exon 5 in this transcript variant. Dab2ip is a member of 

RasGAP family (Wang et al., 2002; Zhang et al., 2003). PH domains are commonly found in 

GAP proteins (Grewal et al., 2011; Lemmon et al., 2002; Rizo and Sudhof, 1998) and 

mediate interactions with lipids, which may allow GAP proteins to translocate to membranes 

in response to extracellular signals (Lemmon and Ferguson, 2000; Rebecchi and Scarlata, 

1998; Shaw, 1996). In addition to lipid binding, the PH domains of some GEFs and GAPs 

also participate in intramolecular interactions, which can be regulated by PtdIns (3,4,5)P3 

(Drugan et al., 2000; Han et al., 1998; Ma et al., 1998; Nimnual et al., 1998; Saito et al., 

2001). Indeed, the PH domain of AIP1/Dab2ip was shown to undergo intramolecular 

interaction (Zhang et al., 2003). The presence of a full-length or partial PH domain in 

different Dab2ip transcripts may play an important role in regulation of its molecular and 

cellular functions.

The cerebellum is an ideal brain structure to study the mechanisms of neuronal development 

(Ha et al., 2015; Goldowitz and Hamre, 1998; Hatten et al., 1997). It has a distinct layered 

structure which is primarily composed of Purkinje Cells (PCs) and Granule Cells (GCs). 

PCs are born prenatally, but complete their migration and begin developing dendrites at P5-

P8, during the time when GC are maximally proliferating (Goldowitz and Hamre, 1998). 

The newly born GCs migrate passed PCs and inhabit the inner layer of the cerebellum by 

P14. Finally, GCs extend axons (parallel fibers) that form synaptic connections with PC 

dendrites in the outer layer of the cerebellum. Importantly, maturation of the PC synaptic 

circuitry is completed between P21 and P30 (Miyazaki et al., 2003), during the time when 

we observed methylation of mDab2ip CpG85 and a concomitant increase in PH-domain 

encoding exon 5 in mDab2ip transcript. Interestingly, in our previous work, we showed that 

PC synaptic structures were affected in mice with a targeted disruption of the first five exons 

in mDab2ip gene (Qiao et al., 2013). Therefore, it is intriguing to speculate that methylation 
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of mDab2ip CpG85 may play a critical role in producing a Dab2ip variant with a full PH-

domain which may regulate synapse formation in the brain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of abbreviations

aa amino acid

cDNA DNA complementary to RNA

CNS central nervous system

DMSO dimethylsulfoxide

dNTP deoxyribonucleoside triphosphate

Dab2ip Disabled homolog 2 interacting protein

bp base pair

kb kilobase

mDab2ip mouse Dab2ip

hDab2ip human Dab2ip

AIP1 (ASK1)-interacting protein

TSS transcription start site

PH domain pleckstrin homology domain

C2 domain PKC conserved 2

GRD GAP-related domain

SMH serine-methionine-histidine

CAGE Cap Analysis of Gene Expression

CCD Conserved Domain Database

BSP bisulfite specific primers

MSP methyl specific primers

P postnatal day

5′ (five prime) denotes a truncated gene at the 5′ end

3′ (five prime) denotes a truncated gene at the 3′ end

GAP GTPase-activating protein
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GEF guanine nucleotide exchange factor

PtdIns (3,4,5)P3 Phosphatidylinositol (3,4,5)-triphosphate

PCs Purkinje Cells

GCs granule Cells

PCR polymerase chain reaction

RT-PCR Reverse transcription-polymerase chain reaction

qRT-PCR Quantitative Reverse transcription-PCR

NCBI National Center for Biotechnology Information

UCSC University of California, Santa Cruz
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Highlights

• mDab2ip gene spans over 172kb and contains 20 exons.

• mDab2ip gene contains 3 different CpG islands and multiple transcription start 

sites.

• Three transcript variants were identified which include exon 1.

• mDab2ip transcripts showed differential expression during cerebellar 

development.

• Methylation of mDab2ip exon 5 during development correlates with its 

inclusion in the mRNA.
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FIG 1. 
Evidence for alternatively spliced mDab2ip transcripts. (A) Schematic diagram of Dab2ip 

gene structure and the location of primers and probes used for RT-PCR and real-time PCR 

experiments in this study. The 5′-end of mDab2ip is associated with three CpG islands, five 

transcription start sites and seven translation initiation sites. (B) Schematic diagram showing 

three different mDab2ip splice variants beginning with the first TSS on exon 1. (C) RT-PCR 

amplification using primers on exon 1 (forward primer) and 7 (reverse primer) produced 

three distinct bands (688pb, 554bp, and 385bp). (D) A table summarizing the presence of 

specific exons in each of the three variants in C after DNA sequencing.
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FIG 2. 
Analysis of mDab2ip methylation during cerebellar development at postnatal days P8, P14, 

P21 and P30. (A) Methylation specific PCR of CpG131, CpG54, and CpG85 using PCR 

primers which specifically amplified methylated (M) or unmethylated (U) CpG islands. (B) 
Bisulfite sequencing of mDab2ip CpG131, CpG54, and CpG85 from cerebella (n=3) 

collected at indicated postnatal days. (C) Quantitation of CpG131, CpG54, and CpG85 

methylation during cerebellar development by bisulfite sequencing. Methylation is shown as 

an average percentage of total CpG’s which were found to be methylated in three separate 

animals at each time point. Statistical analysis was performed using a two-tailed Student’s t-

test (unequal variance). *, p<0.05, **, p < 0.01.
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FIG 3. 
Dab2ip mRNA expression during cerebellar development at postnatal days P8, P14, P21 and 

P30. Quantitative RT-PCR was performed using a TaqMan probe which recognizes either 

exon 5 or exons 11–12 (encoding the core GRD domain. Ct values were normalized to β-

actin levels at each time point. The graph shows the average percentage of exon 5 containing 

transcripts (PH domain) to total mDab2ip transcripts (GRD) in three separate mice. 

Statistical analysis was performed using a two-tailed Student’s t-test (unequal variance). *, 

p<0.05, **, p < 0.01.
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Table 1

List of oligonucleotide primers and TaqMan probe sequences used in this study

Name Sequence Product size

Primers used for Dab2ip methylation

CpG 131/MSP/M/F 5′-CGTTTTTTTTCGGTTTTAAACGTTTTTA-3′ 243

CpG 131/MSP//M/R 5′-CGCCCTACAAACATCGTTCCCCGCGCGCT-3′ 243

CpG 131/MSP /UM/F 5′-TGTTTTTTTTTGGTTTTAAATGTTTTTA-3′ 243

CpG 131/MSP/UM/R 5′-CACCCTACAAACATCATTCCCCACACACT-3′ 243

CpG 131/BSP/F 5′-GAATTTGGGGAATATGGAGTAGAATAG-3′ 264

CpG 131/BSP/R 5′-TTCCCTACCTTCTTTACTATAACCCAA-3′ 264

CpG 54/MSP/M/F 5′-TTAGGTTAGGATTTTGTTCGTATTGATTTTTC-3′ 303

CpG 54/MSP/M/R 5′-CTCCCGATACTCTTCCTAACGTTACCGCCGAC-3′ 303

CpG 54/MSP/UM/F 5′-TTAGGTTAGGATTTTGTTTGTATTGATTTTTT-3′ 303

CpG 54/MSP/UM/R 5′-CTCCCAATACTCTTCCTAACATTACCACCAAC-3′ 303

CpG 54/BSP/F 5′-GTTTAGATATGGTTGTTGGGTATATGTT-3′ 243

CpG 54/BSP/R 5′-AAAACCAAAACTACCCTACAAAATAACT-3′ 243

CpG 85/MSP/M/F 5′-GAGTTTTTCGTTGTTCGATATAAAAGGTATTTTC-3′ 153

CpG 85/MSP/M/R 5′-CGAATCTTAAATTATACCCATTAACCGAACGCCT-3′ 153

CpG 85/MSP/UM/F 5′-GAGTTTTTTGTTGTTTGATATAAAAGGTATTTTT-3′ 153

CpG 85/MSP/UM/R 5′-CAAATCTTAAATTATACCCATTAACCAAACACCT-3′ 153

CpG 85/BSP/F 5′-GAGGTGGGTATTGTTTTTTGAGTAG-3′ 193

CpG 85/BSP/R 5′-TACTCCTCCCCTCCAAATATTC-3′ 193

Primers used for Dab2ip RT-PCR

E1-53.84-F 5′-CGCTCATGGAGACGGCCTCGGTTCATAAATCA-3′

E7-117.149-R 5′-AGCAGTAGTCCTGACCCAGGATGCTGCTGTGAA-3′

Primers used for qRT-PCR

GRD domain-F 5′-GCCTTCTGCAAGATCATCAAC-3′

GRD domain-R 5′-GCTGATGAGCCGTTCACTG-3′

PH domain-F 5′-CGCGGACAATGAGAGGTC-3′

PH domain-R 5′-GAGCAGGGACTCGTGTGAC-3′

MSP, methyl specific primer; BSP, bisulfite specific primer; F, forward; R, reverse
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