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Introduction

Orofacial clefts are common congenital malformations that may occur as features in more than 300 Mendelian, chromosomal, or teratogenic syndromes. Most frequently, clefting occurs as a unique defect in the so called isolated or "nonsyndromic condition". There is evidence of a strong genetic predisposition to CL/P, with familial aggregation in about 20% of cases, elevated concordance in monozygotic twins, and a high recurrence risk in relatives. Complex segregation analyses have excluded a simple Mendelian mode of inheritance. Different models have been proposed, ranging from a major gene influence to oligogenic and multifactor models [START_REF] Scapoli | Combined segregation and linkage analysis of nonsyndromic orofacial cleft in two candidate regions[END_REF][START_REF] Schliekelman | Multiplex relative risk and estimation of the number of loci underlying an inherited disease[END_REF]. The idea that CL/P results from a complex interaction between genes and environmental factors is widely accepted.

Genetic studies have collected data suggesting a role for several genes and candidate loci in clefting [START_REF] Carinci | Human genetic factors in nonsyndromic cleft lip and palate: an update[END_REF]; to date, ten different genetic loci predisposing to CL/P, known as OFC1 to OFC10, have been catalogued in the Online Mendelian Inheritance in Man database. OFC1 (OMIM# 119530), which maps onto chromosome 6p, has been one of the most highly investigated loci since the publication of the pioneering linkage investigation by Eiberg and colleagues [START_REF] Eiberg | Suggestion of linkage of a major locus for nonsyndromic orofacial cleft with F13A and tentative assignment to chromosome 6[END_REF]. These authors performed a low density genome wide linkage study using 42 protein polymorphisms and obtained a suggestive linkage with the blood clotting factor XIIIA (F13A1, OMIM# 134570). Although several studies have failed to replicate this finding, substantial data supporting the existence of a CL/P susceptibility gene in this region has been collected. Linkage to genetic markers was observed both by our group and those of others' [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF][START_REF] Prescott | Identification of susceptibility loci for nonsyndromic cleft lip with or without cleft palate in a two stage genome scan of affected sib-pairs[END_REF][START_REF] Carreno | Association between cleft lip/palate phenotype and non syndrome microsatellite markers located in 6p, 17q and 19q][END_REF][START_REF] Moreno | Genetic analysis of candidate loci in non-syndromic cleft lip families from Antioquia-Colombia and Ohio[END_REF][START_REF] Schultz | Targeted scan of fifteen regions for nonsyndromic cleft lip and palate in Filipino families[END_REF]. We observed linkage and locus heterogeneity for 60% of families associated with D6S259 [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF]. Cytogenetic abnormalities of short arm of chromosome 6 have frequently been observed in both syndromic and non syndromic cases, thus supporting the presence of a clefting gene in this region [START_REF] Topping | The 6p deletion syndrome: a new orofacial clefting syndrome and its implications for antenatal screening[END_REF][START_REF] Davies | Mapping of three translocation breakpoints associated with orofacial clefting within 6p24 and identification of new transcripts within the region[END_REF] , 2004). In this report we provide both genetic and functional data to support the role of JARID2 (OMIM# 601594) in isolated CL/P adding a gene of major effect to the etiology of this complex trait. 

Materials and Methods

Expression study

Seven genes mapping in the LOD score peak area of a previous linkage analysis were considered CL/P candidate genes [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF]. The genes from telomere to centromer were: sirtuin 5 (SIRT5, GenBank NM_012241.3 ), nucleolar protein 7 (NOL7, GenBank NM_016167.3), RAN binding protein 9 (RANBP9, GenBank NM_005493.2), coiled-coil domain containing 90A (CCDC90A, GenBank NM_001031713.2), ring finger protein 182 (RNF182, GenBank NM_001165034.1), CD83 molecule (CD83, GenBank NM_004233.3), and jumonji, AT rich interactive domain 2 (JARID2, GenBank NM_004973.2). Gene expression of mice hortologous was investigated by RT-PCR and RNA in situ hybridization.

RNA extracted from mouse palate shelves at embryonic day 14.5 was retrotranscribed and used for RT-PCR, while cDNA obtained from several different tissues was used to obtain templates for in situ hybridization probes production (primers sequences in Supp. Table S1).

PCR products of candidate genes, obtained with specific primers having tails with for the T3 and T7 RNA polymerase promoter sequences, were subcloned into the pCRII-TOPO vector (TOPO TA Cloning kit; Invitrogen). The plasmid were linearized with the enzymes NotI or BamHI and transcribed with T7 and T3 RNA polymerase, respectively to obtain antisense and sense probes. Mouse embryos at E14.5 and E15.5 were harvested from C57BL/6 pregnant females and their heads were used for in situ RNA hybridization. Coronal sections were cryoprotected by treatment with 30% sucrose in PBS and embedded in OCT. Twentymicrometer coronal cryosections of embryo heads were collected on superfrost plus slides and postfixed with 4% paraformaldehyde in PBS for 15 min. For in situ hybridization, sections were analyzed as previously described [START_REF] Marigo | Correlation between the clinical phenotype of MYH9-related disease and tissue distribution of class II nonmuscle myosin heavy chains[END_REF]. As positive controls we used adjacent sections for the hybridization of the two Myh9 and Tgfb3 genes because they play a critical role in palate development [START_REF] Martinelli | Cleft lip with or without cleft palate: implication of the heavy chain of non-muscle myosin IIA[END_REF]. Slides were coverslipped with 70% 

Sets of families

A sample of 218 unrelated Italian patients with the sole clinical feature of CL/P and their parents was used in this study. 131 cases were considered sporadic or non-familial, as no other relatives manifested the malformation, whereas, 87 cases were considered familial because of a recurrence of at least one case of CL/P within each pedigree. In order to classify the CL/P as non-syndromic and exclude potential teratogenic influences, a careful clinical exam of the patient and a detailed anamnesis was carried out to evaluate the presence of any other somatic or neurological disorder in the family, and the use of known or suspected clefting substances, such as phenytoin, warfarin, and ethanol, during pregnancy. After informed consent, DNA was extracted from peripheral blood samples.

Markers

Initially, nine SNPs within the JARID2 locus were selected among validated-assays using the Applied Biosystems SNPbrowser™ Software. Selection was done considering exon distribution, i.e. lower inter-marker distance where exons were closer to each other, and preference was accorded to SNPs with low inter-marker linkage disequilibrium and minor allele frequency higher than .2. Later, after a positive association was found, additional polymorphic sites were added to the list. Two SNPs were selected in the DTNBP1 gene because it is situated downstream very close to JARID2, in addition to two insertion/deletion polymorphisms which were detected in mutation screening. Genotypes of all the SNPs were obtained using an ABI PRISM 7500 Sequence Detection System and TaqMan chemistry according to supplier protocols, while the insertions/deletions were typed as a length polymorphisms by acrylamide gel electrophoresis of PCR products. 

Statistical analysis

Allelic association was conducted with family-based association tests implemented in FBAT program v1.7.3 (Horvath et al., 2001). The additive genetic model was applied for each allelic association test, which examines the transmission of the marker alleles from parents to the affected offspring. In this study, for single-SNP test, FBAT multi-marker test (FBAT-MM) was used to deal with multiple comparisons. The FBAT-MM simultaneously tests H0: no linkage or association between any marker and any disease susceptibility locus underlying the trait. This method was developed to test markers in linkage disequilibrium, when a simple Bonferroni-correction for multiple comparisons may be overly conservative to adjust for the complicated multiple testing. Subsequently, each marker contribution was tested with the null hypothesis of no linkage and no association between the markers and the underlying causal locus. The Monte Carlo procedure with 100,000 permutations was performed to calculate the empirical P values for the single-SNP association.

The Haploview program was used to check for Hardy-Weinberg equilibrium and to examine linkage disequilibrium block structure of the JARID2 gene [START_REF] Barrett | Haploview: analysis and visualization of LD and haplotype maps[END_REF]. The D' values for all pairs of SNPs were calculated and the haplotype blocks were estimated using the solid spine method which requires the first and last markers to be in a strong linkage disequilibrium (D'>.79) with all intermediate markers, but does not necessarily require the intermediate markers to be in linkage disequilibrium to each other.

The haplotype version of FBAT (HBAT) was applied to test the association between phenotype and haplotypes [START_REF] Horvath | Family-based tests for associating haplotypes with general phenotype data: application to asthma genetics[END_REF]. The mode "a" command was used to obtain both biallelic and multiallelic tests. For the haplotype analyses the Monte Carlo procedure was performed with 1,000,000 permutations.

Point estimates and asymptotic confidence intervals of genotype relative risks for heterozygous and homozygous allele carriers, as well as attributable risk were calculated with [START_REF] Scherag | Confidence intervals for genotype relative risks and allele frequencies from the case parent trio design for candidate-gene studies[END_REF].

The method is based on the likelihood theory and assumes Hardy-Weinberg equilibrium and absence of population stratification.

Sequencing

Mutation searches were performed by direct sequencing of PCR products. Primer pairs were designed in the intron sequences flanking for each one of the 18 exons, in order to screen coding sequences and splicing signals (primers sequences in Supp. Table S1). In addition, 1500 bp upstream of the 5'UTR were sequenced as part of a putative promoter region.

Amplimers were checked for quality in agarose gel and sent for purification and bi-directional DNA sequencing service to Macrogen (Seul, Korea). Sequences were retrieved, aligned, analyzed, and reviewed using the Sequencer 4.6 program (Gene Codes, Ann Arbor, MI, USA).

Transient expression of hybrid minigene in HeLa cells

JARID2 PCR products of 448 bp carrying the "C" or "G" allele at the rs2076056 were obtained from genomic DNA using specific primers 6F and 6R modified at their 5' end with a tail specific for restriction enzyme site NdeI (primers sequences in Supp. Table S1). The two allelic variants were inserted into the unique NdeI site of the expression vector pTBNde(min) kindly donated by Dr Franco Pagani [START_REF] Pagani | Splicing factors induce cystic fibrosis transmembrane regulator exon 9 skipping through a nonevolutionary conserved intronic element[END_REF][START_REF] Pagani | New type of disease causing mutations: the example of the composite exonic regulatory elements of splicing in CFTR exon 12[END_REF]. The constructs were transfected in HeLa cells and RNA was extracted after 24 ours. RT-PCR was performed with primers 2-3alpha and B2 (primers sequences in Supp. Table S1) that are expected to generate a product of 475 bp when exon 6 is correctly spliced. RT-PCR products were directly sequenced to confirm the specificity of the products. 

Results

Based on our previous linkage analysis, seven positional candidate genes were picked for gene expression studies in mice. Genes -which are SIRT5, NOL7, RANBP9, CCDC90A, RNF182, CD83, and JARID2 -represent all the known genes mapping on a 2 Mb area around the markers D6S259, where the higher multipoint LOD score were obtained with CL/P multiplex families [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF]. Jarid2 expression was evident after 30 cycles of RT-PCR conducted with cDNA obtained from palatal shelves of mouse embryo at E14.5, while amplimers of Sirt5, Ranbp9 and Cd83 were obtained only after 35 cycles of amplification (data not shown). Coronal sections of mouse embryos head at E14.5 and E15.5 were analyzed by RNA in situ hybridization to evaluate expression of the candidate genes during palate development. Jarid2 was expressed at high levels in epithelial cells surrounding the nasal cavity and the palatal processes (Fig. 1), while no signal of the other genes was detected in oral area tissues. Since palatal shelves merge and fuse starting from the primary palate and proceeding gradually to the posterior direction, palate development stages can be observed in different sections throughout the antero-posterior axis. As has been reported with Myh9 and Tgfb3, Jarid2 expression is maintained when shelves adhere to each other at their medial edge epithelia at embryonic day 14.5 giving rise to the medial epithelial seam, and in the epithelial triangles [START_REF] Martinelli | Cleft lip with or without cleft palate: implication of the heavy chain of non-muscle myosin IIA[END_REF]. As the fusion proceeds, the Jarid2 signal gradually decreases and becomes limited to spots of the medial epithelial seam before completely disappearing after the fusion process is completed (Fig. 1).

Since expression data supported a specific role for JARID2 in palate development, we tested its involvement in CL/P by linkage disequilibrium using intragenic markers. A total of thirteen polymorphic loci were tested for allelic association with CL/P. First, in order to investigate a potential correlation, 9 SNPs selected within JARID2 were investigated.

Subsequently, as the association data was promising, an additional four SNPs were included in (markers 12 and 13) within DTNBP, a gene located only 2 kb downstream of JARID2. In order to deal with this complex multiple testing issue, we used the FBAT multi-marker test (FBAT-MM) to test for linkage or association between any marker and any disease susceptibility locus underlying CL/P. In the FBAT-MM test the P value for association was .0019 when the whole set of 13 markers was tested, while it was .0008 when only the 11 markers in JARID2 locus were considered. P values for the single-marker association analysis computed using 100,000 Monte-Carlo permutations, not adjusted for multiple comparisons, are displayed in Table 1.

Six out of 11 SNPs within JARID2 showed evidence of association. Among them, markers 5, 6, and 8 gave the most consistent scores for association (P values lower than .001).

Linkage disequilibrium between markers was investigated using the Haploview program (Fig. 2). Three haplotype blocks were identified: the first included markers 1 and 2, the second markers 4 to 9, and the third markers 12 and 13 (Fig. 2). This structure was consistent with data from the Hapmap Consortium showing recombination hotspots between the identified blocks. A Haplotype association analysis was then conducted for each one of the blocks using 1,000,000 Monte-Carlo permutations. P values for the whole markers strongly supported an association of the JARID2 gene with CL/P (P = .045 for block1 and P = .000019 for block 2), while confirming the lack of association with the downstream gene DTNBP1 (P = .71 for block 3). Association with block 2 remained highly significant even after adjusting for multiple testing using the most conservative Bonferroni correction method (for three haplotype blocks, adjusted P = .000019*3 = .000057). In particular, the third most common haplotype of block 2 resulted as highly overtransmitted to patients (Table 2). This haplotype included all the alleles that resulted overtransmitted in the pairwise analysis.

A haplotype association analysis for block 2 was then conducted separately with familial and sporadic samples. Two reasons determined this procedure. First, because part of the familial cases (n =38) was those driven the former parametric linkage results, so sporadic cases may be considered an independent replication sample [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF]. Second, because familial and sporadic cases may have different etiology. In both groups whole marker association was statistically significant, even though it was stronger in familial than sporadic cases (P values .0007 and .02, respectively). Since higher statistical significance was obtained with a smaller sample size (n = 87 and n = 131), we can assume that association was stronger among familial cases.

FBAT statistics demonstrated a significant association between alleles/haplotypes at the JARID2 locus and a putative CL/P susceptibility allele. Since FBAT analysis does not provide for a magnitude of genetic effects we applied the formulae described by Scherag and colleagues to calculate the genotype risk for each of the markers [START_REF] Scherag | Confidence intervals for genotype relative risks and allele frequencies from the case parent trio design for candidate-gene studies[END_REF]. In line with the FBAT statistics, higher values were obtained with marker 8; relative risks were 1.83 (95% CI .99-3.41) and 3.10 (95% CI 1.54-6.27) for heterozygous and homozygous carriers, respectively. The attributable risk, that is the probability of exposure given that a person has the disease, resulted as .55 (95% CI .28-.81).

In order to identify the JARID2 mutations responsible for CL/P we screened the 18 exons, exon-intron boundaries, and the putative promoter region by a direct sequencing of PCR products. We reasoned that CL/P may be due to rare mutations or to a common variant allele/s present in the high risk haplotype. In order to pursue both hypotheses, mutation screening was performed in 25 unrelated individuals, 15 of whom belong to the 15 pedigrees showing the highest LOD score in linkage analysis with 6p23 genetic markers [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF], while the remaining 10 were selected from cases carrying one or two of the overtransmitted haplotypes that have been identified in the present study. No obvious mutations were detected.

A number of known synonymous variations, known as rs34326651, rs7768621, rs742099, rs2235258 and the non-synonymous rs35474598 in exon 7, were detected. None of them was 12 likely to be involved in CL/P since each sequence variant was detected in only a single or a few samples. Two intronic variant alleles appeared relatively frequently, for this reason we included these polymorphisms in the linkage disequilibrium study (Table 1, markers 7 and 10).

However, the association results did not sustain their role as a direct cause of CL/P. Aware of the enormous difficulties in trying to determine any potential involvement of intronic variants in controlling gene expression or RNA maturation, we start to look at the effect of SNPs on splicing mechanism of JARID2. We select the rs2076056, marker 8 in this study, characterized by the C to G substitution of nucleotide at position +9 in intron 6 of the human JARID2. Genomic PCR products of the exon 6 plus boundaries containing the two variants were inserted within the NdeI restriction site of the pTBNde(min) expression vector to be a part of a minigene of three exons. Splicing process of the minigenes were tested in a transient transfection assay with Hela cells. As confirmed by direct sequence analysis, RT-PCR products obtained from transfected cells showed that the minigene is spliced as expected regardless of nucleotide change at rs2976056 (Fig. 3). This data suggest that rs2076056, even if strongly associated with the disease, does not interfere with the correct maturation processing of JARID2 mRNA. 

Discussion

CL/P is a frequent malformation with complex inheritance. Environmental factors and multiple genes have been related to clefting. Several different genes/loci have been claimed to be involved in CL/P etiology, however replication experiments have often failed to validate previous data. OFC1 locus on the short arm of chromosome 6 has been one of the most investigated regions following its initial finding by linkage analysis [START_REF] Eiberg | Suggestion of linkage of a major locus for nonsyndromic orofacial cleft with F13A and tentative assignment to chromosome 6[END_REF].

Although discordant data have been reported, many authors reported positive linkage with markers in this region [START_REF] Scapoli | Evidence of linkage to 6p23 and genetic heterogeneity in nonsyndromic cleft lip with or without cleft palate[END_REF][START_REF] Prescott | Identification of susceptibility loci for nonsyndromic cleft lip with or without cleft palate in a two stage genome scan of affected sib-pairs[END_REF][START_REF] Carreno | Association between cleft lip/palate phenotype and non syndrome microsatellite markers located in 6p, 17q and 19q][END_REF][START_REF] Moreno | Genetic analysis of candidate loci in non-syndromic cleft lip families from Antioquia-Colombia and Ohio[END_REF][START_REF] Schultz | Targeted scan of fifteen regions for nonsyndromic cleft lip and palate in Filipino families[END_REF].

Following our linkage analyses, we decided to screen positional candidate genes with a gene expression investigation, basing on the idea that the CL/P causing gene had to be expressed during palate development. Gene expression in developing palate of seven candidate genes, was investigated by RT-PCR and RNA in situ hybridization experiments in mouse embryos. Among them, Jarid2 showed a high level of expression specifically localized in the medial edge epithelium of merging palatal shelves that disappear immediately after fusion.

The critical time of regulated expression suggests a decisive role for Jarid2 in palate development. Public database searches revealed that JARID2 was also expressed in different human embryo craniofacial structures relevant to palate and lip development between the 4 th and the 8 th week of gestation [START_REF] Park | High throughput SNP and expression analyses of candidate genes for non-syndromic oral clefts[END_REF]. Although it cannot be excluded a role for other positional candidate genes, at different developmental stage or with a lower expression level, JARID2 was prioritized for further investigations.

A family based association study was performed to determine if a common variant of JARID2 was involved in CL/P. Different SNP alleles and haplotypes appeared significantly overtransmitted to affected individuals and thus associated with a putative CL/P susceptibility allele. Evidence of association was obtained with two independent samples, constituted by As expected, genetic factors appear to play a relatively prominent role in this group, while environmental factors may sometimes play a determining role in sporadic CL/P. The attributable risk, that is the percentage of affecteds attributable to the risk allele, calculated for the marker 8 was .55 (95% CI .28-.81), while relative risks were 1.83 (95% CI .99-3.41) and 3.10 (95% CI 1.54-6.27) for heterozygous and homozygous carriers, respectively. The method used to calculate these risks implicitly assumes that the disease is caused by a single functional SNP which has itself been investigated. Since there is no evidence that marker 8 directly causes CL/P, the risk calculated probably represents an underestimation of the genetic effect of the real mutation/s [START_REF] Franke | On confidence intervals for genotype relative risks and attributable risks from case parent trio designs for candidate-gene studies[END_REF].

Mutations were searched in patients carrying the risk haplotype, where a common causative variant is more likely to be found, as well as in patients of linked multiplex families where less common variants, conferring an higher risk, may be identified [START_REF] Bodmer | Common and rare variants in multifactorial susceptibility to common diseases[END_REF]. No obvious mutations in JARID2 coding regions were found among 25 selected patient and our initial attempt by functional study to correlate common variant with alteration of the splicing process was also unsuccessful. The inability to find pathogenic alleles within regions statistically associated with pathological phenotypes is a relatively common scenario in multifactor disease research, suggesting that greater efforts should be made in the attempt to identify those subtle genetic abnormalities, which lead to disease susceptibility, such as nucleotide changes in regions regulating gene expression or the splicing mechanism.

Previously, six genes which map in 6p23-p25 were considered for a linkage disequilibrium study that involved 64 candidate genes and 58 nuclear families with orofacial clefting [START_REF] Park | High throughput SNP and expression analyses of candidate genes for non-syndromic oral clefts[END_REF]. A possible role for C6orf105 was reported, while JARID2 did not show association.

These results appear in contrast with our data, but they should be considered with caution because were obtained with a small sample size. Otherwise, the discrepancy might be due to sample composition (familial/sporadic cases ratio), to genetic heterogeneity, or to the presence of different susceptibility genes in the two samples. These argumentation may also explain why no association with 6p23, or IRF6 markers was observed in the recent published genome wide association analyses [START_REF] Birnbaum | Key susceptibility locus for nonsyndromic cleft lip with or without cleft palate on chromosome 8q24[END_REF][START_REF] Grant | A genome-wide association study identifies a locus for nonsyndromic cleft lip with or without cleft palate on 8q24[END_REF][START_REF] Mangold | Genome-wide linkage scan of nonsyndromic orofacial clefting in 91 families of central European origin[END_REF].

JARID2 codes for a transcription factor with an AT-Rich interaction domain (ARID) in association with two homology Jmj regions (JmjC and JmjN) of members of the jumonji family [START_REF] Jung | Roles of JUMONJI in mouse embryonic development[END_REF]. Although the functional roles of Jarid2 remain largely unknown, knockout experiments have revealed its contribution to mouse embryonic development [START_REF] Jung | Roles of JUMONJI in mouse embryonic development[END_REF]. Homozygous mutants are often lethal and reveal that Jarid2 plays an important role in heart and liver development, neural tube closure, and haematopoiesis. Orofacial clefting was not described as a feature of knockout mice but it should be noted that the phenotypes of mutants vary considerably, depending on genetic background. Specifically, heart defects may include double-outlet right ventricle and/or prominent interventricular septal defects.

Interestingly, the ventricular septum grows and fuses to the inferior endocardial cushion, dividing the ventricle into two chambers in a process that shares some homologies with palate development [START_REF] Olson | A decade of discoveries in cardiac biology[END_REF]. The hypothesis that heart and orofacial development share some molecular pathways is supported by the evidence that cardiac defects and CL/P, or cleft palate, are features that frequently occurs together in birth syndromes (to date, 180 entries in OMIM).

Recently published papers have shown that JARID2 interacts with the Polycomb-Repressive Complex 2 (PRC2) [START_REF] Pasini | JARID2 regulates binding of the Polycomb repressive complex 2 to target genes in ES cells[END_REF][START_REF] Peng | Jarid2/Jumonji coordinates control of PRC2 enzymatic activity and target gene occupancy in pluripotent cells[END_REF]. PRC2 regulates developmental gene expression patterns influencing chromatin state via histone H3 methylation. In the JARID2/PRC2 complex, JARID2 promotes selective DNA binding and negatively regulates histone methylation activity [START_REF] Pasini | JARID2 regulates binding of the Polycomb repressive complex 2 to target genes in ES cells[END_REF][START_REF] Peng | Jarid2/Jumonji coordinates control of PRC2 enzymatic activity and target gene occupancy in pluripotent cells[END_REF]. Genomewide chromatin immunoprecipitation sequencing revealed that, in mouse embryonic stem cells, JARID2 can binds promoter regions of many genes essential for normal development suspected to be involved in CL/P malformation, such as members of the fibroblast growth factor, forkhead/winged-helix, T BoX, msh homeobox, and Wnt families. It has been shown that the ARID domain of JARID2 is essential for the proper differentiation of mouse embryonic stem cells and for normal Xenopus laevis early development [START_REF] Pasini | JARID2 regulates binding of the Polycomb repressive complex 2 to target genes in ES cells[END_REF][START_REF] Peng | Jarid2/Jumonji coordinates control of PRC2 enzymatic activity and target gene occupancy in pluripotent cells[END_REF]. However, consisting with the evidence that JARID2 is able to bind different DNA sequences [START_REF] Kim | JUMONJI, a critical factor for cardiac development, functions as a transcriptional repressor[END_REF], it has been proposed that the association of PRC2 with specific target genes is not only determined by JARID2, but could depends by JARID2 in combination with other transcription factors (Pasini et al.).

In this paper compelling evidence supporting a role for JARID2 in orofacial development has been shown. The gene is specifically expressed in palatal shelves during critical time points and a family based association analysis is consistent with JARID2 as the OFC1 gene involved in CL/P. Understanding the molecular role of JARID2 within this process, may offer additional information to detect other genetic factors and further unravel the complex genetics of CL/P. 
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 2 Figure 2 -Schematic view of linkage disequilibrium results. From the top to the bottom: chromosome 6 coordinates, genes located within the region, hapmap consortium hotspot recombination data, positions of SNPs genotyped in this study, and identified haplotype blocks. The D' values indicating the linkage disequilibrium relationships between each SNP pair are reported in each box.
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 3 Figure 3 -Effect of SNP rs2076056 of the human JARID2 gene in a minigene transient transfection assay. A) Schematic representation of the genomic PCR product inserted within NdeI restriction site of pTBNde(min). Alpha-globin, fibronectin and human JARID2 exons are indicated in black, shaded and white boxes, respectively. The sequence surrounding the underlined C to G polymorphism (rs2076056), which is localized at nucleotide +9 of intron 6, is also shown. Sequences from exon 6 and intron 6 are in uppercase and lowercase, respectively. B) RT-PCR analysis of transient transfection of JARID2 exon 6 minigene in HeLa cells using primers indicated by arrows in the schematic representation of the minigene. Lane 1, molecular marker (100 bp DNA ladder; New England, Biolobs); lane 2, pTBNde(min) alone showing a product of 239 bp; lanes 3 and 4, pTBNde(min) including JARID2 exon 6 with variant C and G, respectively both generating a product of 475 bp; Lane 5, negative control.
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Table 1 .

 1 Markers information and results of allelic association based on 100,000x MonteCarlo permutations.

	Marker	dbSNP ID	a	genomic position	b	alleles	c	MAF	d	Z score e	P value
	1	rs6915344	chr6:15348423		C/T		0.403	-1.781	0.08058
	2	rs9464779	chr6:15362784		T/C		0.490	0.420	0.75238
	3	rs2072820	chr6:15482523		T/C		0.497	2.434	0.01720
	4	rs2237149	chr6:15520044		C/A		0.382	-2.523	0.01370
	5	rs2299043	chr6:15565149		G/A		0.316	3.260	0.00089
	6	rs2237138	chr6:15571374		T/C		0.330	3.677	0.00012
	7	rs71932765	chr6:15576710		in/del		0.340	-1.755	0.08893
	8	rs2076056	chr6:15595761		C/G		0.321	3.681	0.00023
	9	rs2282819	chr6:15611488		G/A		0.289	-2.286	0.02297
	10	rs34554301	chr6:15621379		in/del		0.214	1.229	0.20040
	11	rs2072821	chr6:15626015		G/C		0.253	-1.249	0.22333
	12	rs2056942	chr6:15650277		C/A		0.241	0.474	0.56145
	13	rs35861734	chr6:15716490		A/C		0.242	0.000	0.97672

a NCBI-SNPs data base accession numbers b UCSC Genome Browser on Human March 2006 assembly c Alleles in JARID2 coding frame, major allele first d Minor Allele Frequence e FBAT Z score for the major allele, positive scores means overtransmission, while negative undertransmission

Table 2 .

 2 Association analysis for haplotypes of block 2 with frequency >1%. Haplotipe 3 showed positive association, while haplotype 9 negative association.

	haplotype			Marker			freq a	P value b
		4	5	6	7	8	9		
	h1	c	g	t	in	c	g	0.27	1.0
	h2	c	a	c in	g	g	0.26	1.0
	h3	a	g	t del c	a	0.21	0.000108
	h4	a	g	t del c	g	0.06	1.0
	h5	a	g	t	in	c	g	0.04	1.0
	h6	a	g	t	in	c	a	0.02	1.0
	h7	c	a	c in	c	g	0.02	1.0
	h8	c	g	t del c	g	0.01	1.0
	h9	a	g	t del g	a	0.01	0.035226

a Estimated haplotype frequency b Empirical P values corrected for multiple testing
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