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Overview

While rare human genetic diseases like cystinosis are caused by mutations in a single gene there is a growing realization that genes rarely work alone but rather are posited within complex global regulatory networks in which they may potentially interact with many other genes. This realization underpinned the recently completed first phase of our cystinosis research program in which we set out to study the genetics of the CTNS gene in a large sample of unaffected families, employing normal human variation as a model for pathological human variation. 
Using a genome-wide scanning strategy we identified the VPS13A gene on chromosome 9 to be a plausible positional and functional candidate for a trans-acting regulator of CTNS expression. In this current fellowship project our aim was to exhaustively enumerate all genetic variation in the VPS13A gene to confirm and ultimately identify those variants most likely to be functionally involved in the trans-regulation of CTNS expression.
Another gene of interest is STUB1. In many biological systems redundancy has been observed in gene function. This has been observed for the yeast homologue (ERS1) of human CTNS, with the recent identification of the functionally related MEH1 gene. Using a combinatorial strategy involving database sequence interrogation and genetically correlated expression data from our transcriptome dataset we have identified STUB1 to be a plausible candidate for the human homologue of yeast MEH1. This raises the possibility that Stub1 may work in parallel with Ctns having an overlapping or complementary function
Progress to date
One of the major aims of the proposal was to re-sequence the genes STUB1 and VPS13A to identify all known SNPs (single nucleotide polymorphisms) in our Mexican-American population. All of STUB1 has been re-sequenced, including 1.5 kb of the 5’ promoter region. 32 novel SNPs (i.e. those not found in the public databases) and 4 known SNPs were identified in our population. To date, 1.5 kb of the 5’ promoter region of VPS13A has been re-sequenced. The next phase of the project was to analyze all (known and novel) SNPs in STUB1 and VPS13A in 1,240 individuals derived from the Mexican-American population. 

We used the BeadArray platform (Illumina inc. San Diego, California) to genotype our DNA samples. This technique utilize targeted regions of DNA that are immobilized on beads and the SNPs are visualized through fluorescent tags, which differentiate among alleles. Initial analysis is carried out using the BeadStudio software followed by association analysis.
1,240 DNA samples from our Mexican American population were genotyped. 250 ng of template DNA was plated into 15x 96-well plates. Initially, a pool of primers was generated, containing 278 VPS13A SNPs and 25 STUB1 SNPs. The BeadXpress method is a 2-day procedure, with pre-PCR carried out on Day1 and post-PCR with SNP detection on Day 2. On each day, 2 plates were processed. After the SNPs had been visualized on Day 2 using the BeadXpress Reader, the data was transferred to the Illumina BeadStudio software to generate the genotypes for each individual. 
The genotyping results for STUB1 are presented in Table 1. For the 25 STUB1 SNPs that were analyzed, none showed statistically significant cis effects on STUB1 mRNA levels (Table 1) nor any trans effects on CTNS mRNA levels (data not shown). 
Table 1: Association analysis results for STUB1 SNPs in 1,240 Mexican-American individuals
	SNP name
	P value for cis effect on STUB1

	g_300c
	0.011236

	t2089c
	0.012545

	a_1892g
	0.037012

	11558085
	0.063346

	g1887a
	0.076892

	11642472
	0.101045

	10221050
	0.161486

	a_2224g
	0.190639

	c463t
	0.202725

	c309t
	0.243782

	g1292a
	0.264715

	c_2163t
	0.325669

	6597
	0.331948

	g2167c
	0.342289

	1060434
	0.365002

	28648987
	0.399849

	a_1410g
	0.403282

	g_2012a
	0.42346

	c_2555t
	0.478511

	11861355
	0.527692

	c_1369t
	0.568837

	g_1625a
	0.608819

	c399t
	0.795027

	11558083
	0.807015

	t1528c
	0.865706


Out of the 278 SNPs that were analyzed for VPS13A, 45 showed statistically significant cis effects on VPS13A mRNA levels (Table 2). That is, there are certain regions of DNA within the VPS13A gene that affect the levels of VPS13A mRNA.
Table 2: Association analysis results for VPS13A SNPs in 1,240 Mexican-American individuals

	SNP name
	P value for cis effect on VPS13A

	1048743
	3.33E-18

	1054368
	2E-07

	12684856
	2.5E-07

	4744830
	1.08E-06

	10781432
	5.33E-06

	9186
	7.56E-06

	2025846
	9.38E-06

	7034531
	1.22E-05

	10781423
	3.05E-05

	12686766
	4.82E-05

	2150903
	6.04E-05

	4744831
	6.29E-05

	7043232
	7.63E-05

	2150904
	9.35E-05

	9696759
	9.83E-05

	13286867
	0.000114

	7864334
	0.000143

	869241
	0.000148

	2153461
	0.000158

	10781429
	0.000199

	2275549
	0.000221

	10781433
	0.000226

	7044742
	0.000289

	11145408
	0.000295

	1890899
	0.000342

	12552898
	0.000384

	12347526
	0.000422

	4745628
	0.000469

	10869907
	0.000644

	11145357
	0.000702

	12551580
	0.000739

	12551400
	0.000787

	12156450
	0.001059

	11145388
	0.00111

	10869915
	0.001127

	2275547
	0.001136

	10869910
	0.001562

	7043951
	0.001573

	11145410
	0.001783

	3737289
	0.002065

	7855014
	0.003077

	12342273
	0.003135

	2275548
	0.003676

	11145353
	0.00408

	11145361
	0.004419


In addition, of the 5 best cis-acting VPS13A SNPs, 3 also showed statistically significant effects on CTNS mRNA levels (Table 3). This supports our previous data that VPS13A is a potential regulator of CTNS gene expression.
Table 3: Association analysis results for VPS13A SNPs shows evidence of cis and trans-regulation
	SNP

name
	P value for cis effect on VPS13A
	P value for trans effect on CTNS

	1048743
	3.33E-18
	0.27604

	1054368
	0.0000002
	0.01323

	12684856
	0.00000025
	0.19633

	4744830
	0.00000108
	0.01443

	10781432
	0.00000533
	0.00862


The next phase of the project is to ascertain whether VPS13A exerts a biological influence on CTNS. Our first approach is to “knock down” VPS13A, that is to reduce the levels of VPS13A mRNA, then to determine what effect this has on the levels of CTNS mRNA. A detailed protocol and results will be presented in the next progress report.
