4. SMS and PTLS are caused by different sized CNVs and point mutations in 17p11.2
Deletion spectrum of SMS and the point mutations in RAI1 

About 70%-80% of SMS patients have the recurrent 3.7 Mb common deletion mediated by NAHR with the proximal and distal SMS-REP as recombination substrates 
 ADDIN EN.CITE 
(Chen et al. 1997; Bi et al. 2003; Potocki et al. 2003)
 (Figure 1). About 5% of SMS deletions have an uncommon, recurrent rearrangement of ~ 5 Mb (Shaw et al. 2004) Mb flanked by another pair of LCRs: LCR17pA and LCR17pD. Another 20% have unusual smaller or larger deletions ranging in size from ~ 1.5 to ~ 9 Mb 
 ADDIN EN.CITE 
(Greenberg et al. 1991; Juyal et al. 1996; Trask et al. 1996; Chen et al. 1997; Potocki et al. 2003; Stankiewicz et al. 2003; Vlangos et al. 2005)
.  Genomic imprinting appears not to play a role in SMS, which was suggested by the random parental origin of deletion and the absence of any apparent parent of origin phenotypes 
 ADDIN EN.CITE 
(Greenberg et al. 1991; Shaw et al. 2002; Bi et al. 2003)
. 
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Figure 1.  Mutation spectrum of Smith-Magenis and Potocki-Lupski syndromes. Pink segments (above) signify the deletions and point mutations; green segments (below) signify the genomic duplications. In the middle is shown the proximal chromosome 17p region (centromere at right as black circle). Low copy repeats are shown as horizontal rectangles of different colors or hatched markings.


Duplication spectrum of PTLS

Most (22 of 35) PTLS patients included in the first multidisciplinary study 
 ADDIN EN.CITE 
(Potocki et al. 2007)
 have a common recurrent 3.7 Mb duplication in 17p11.2 mediated by the same proximal and distal SMS-REPs which also mediate the reciprocal common recurrent SMS deletion (Figure 1). Others have uncommon and sometime complex genomic rearrangements, all of which involve duplication in 17p11.2.  The smallest PTLS duplication identified to date is 1.3 Mb in size. This duplicated segment contains 14 genes, including both RAI1, the major contributing gene for the reciprocal deletion causing SMS and others including the steroid-metabolism regulating gene SREBF1 (see below). This patient demonstrates all typical PTLS phenotypes.
7. Mouse models in the Lupski lab mimic different types of CNVs as well as point mutations in SMS/PTLS patients
The experimental study of human diseases obviously relies on animal models. Mouse models have been a powerful tool for studying genomic disorders, such as DiGeorge syndrome 
 ADDIN EN.CITE 
(Lindsay et al. 1999; Lindsay et al. 2001; Merscher et al. 2001)
. SMS common deletion is syntenic to the 32-34 cM region in mouse chromosome 11. Gene order and orientation in the SMS commonly deleted region, especially in the SMCR, is highly conserved between humans and mice 
 ADDIN EN.CITE 
(Bi et al. 2002)
. Furthermore, the murine Rai1 is a 1,890 amino acid protein that shares 81% identity and 86% similarity with human RAI1. The PHD domain, polyserine stretches, and bipartite nuclear signals are also present in mouse Rai1, with the exception that only two glutamines are encoded in the mouse genome instead of the polyglutamine stretch observed in humans. These similarities make it feasible to model both the genomic rearrangements in SMS/PTLS and point mutations in RAI1 in mice. 
The usage of mouse models to study the obesity/metabolic phenotypes in SMS/PTLS has further scientific merits. Manifestation of highly complex traits such as obesity and MetS in human clearly also relies on environmental factors including dieting habit and other cultural impacts, which further complicates the genetic analyses. These factors either do not exist or can be kept identical for all animals in the mouse study. Also,  a large number of animals can be separately analyzed according to their gender and be observed at any desired age, further unmasking the impact of age and gender which cannot be easily studied in the human cases due to limited number of patients. 

       By chromosomal engineering, a mouse model of SMS that carries an ~ 2 Mb deletion [Df(11)17] from the Cops3 gene to the Zfp179 gene was created. The deleted interval includes the majority of the mouse region syntenic to the SMS common deletion and including the complete SMCR, the deletion of which manifests FULL SMS phenotypes in human patients (Figure 3). Animals with the chromosome engineered reciprocal duplication [Dp(11)17] were also constructed 
 ADDIN EN.CITE 
(Walz et al. 2003)
 (Figure 3). The Df(11)17/+ mice partially recapitulates the SMS phenotype and exhibited craniofacial abnormalities, marked obesity, seizures, abnormal circadian rhythm, and hypoactivity 
 ADDIN EN.CITE 
(Walz et al. 2003; Walz et al. 2004)
. The Dp(11)17/+ mice were underweight and showed some behavioral abnormalities such as hyperactivity and decreased learning and memory function. Their social interaction is impaired as well (Molina et al. 2008). 


Furthermore, another mouse deletion line with a smaller deletion of ~ 1Mb [Df(11)17-4] and three other lines with even smaller deletions of ~ 590 Kb [Df(11)17-1, Df(11)17-2 and Df(11)17-3] were constructed using retrovirus-mediated chromosome engineering 
 ADDIN EN.CITE 
(Yan et al. 2004; Yan et al. 2007)
. Both Rai1 and Srebf1 are deleted in all these lines (Figure 3). 

Finally, based on the high similarity between human RAI1 and mouse Rai1, Rai1+/- knockout mice have also been created 
 ADDIN EN.CITE 
(Bi et al. 2005; Bi et al. 2007)
 to specifically address the function of RAI1 (Figure 3). A significant part of the abnormalities observed in Df(11)17/+ mice could also be seen in the mice with smaller deletions as well as in Rai1+/- mice 
 ADDIN EN.CITE 
(Bi et al. 2005)
, indicating that the haploinsuffciency of Rai1 is a major cause of the CNV-caused phenotype in mouse too, emphasizing the functional homology between human RAI1 and mouse Rai1. 
	
[image: image2]
Figure 3.  Mouse strains in the Lupski lab mimicking the Smith-Magenis and Potocki-Lupski syndromes and their gene coverage as compared to the gene interval of the patient deletions/duplications. SMS/PTLS. Dp(11)17, Df(11)17 and Df(11)17-4 include all genes in the Smith-Magenis critical region (SMCR) 


A series of mouse models has been established in our lab which include deletion/duplication/single gene knockout/single gene transgenic mutations and their combinations, enabling experimental manipulation of copy numbers of the SMS/PTLS locus. At the same time, the different deletion sizes will also allow us to examine the impact of the flanking genes/regulatory elements to investigate potential cis- genetics effects on phenotypes (Figure 4). To our knowledge, this is the only mouse model system established which can be utilized to systematically describe both the function of the copy number of the dosage sensitive gene and also the copy number and size of the flanking fragment in the CNV region. These models provide a truly unique and valuable opportunity to study the CNV-caused traits manifested in SMS and PTLS.
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Figure 4: Mouse strains with different combinations of alleles our lab has engineered to model SMS/PTLS; and the genotypes that can be created by combining them. Allele derivations are shown in the upper right panel box.
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