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Whole Exome Sequencing – Colon Cancer Report
This individual has enrolled in a research study aimed at understanding the application of whole exome sequencing to clinical care, in the care of individuals with a personal and/or family history of colon cancer and/or polyps. A subset of pharmacogenetic variants, and sequence variants in a subset of non-colon cancer and/or polyp related genes, were also identified by this assay as incidental findings and are reported separately. 

Sequencing technology is continually evolving, and the interpretation of genetic findings may change over time. If you believe your patient has a genetic condition, evaluation by a genetic specialist to determine the need for additional genetic testing may be warranted.

Indication:  

Molecular Test Results: 
	Gene
	Variant
	Clinical Significance
	Recommendation

	SMAD4


	c.1573A>G

heterozygote

	Variant of Uncertain Significance for a gene associated with Juvenile Polyposis syndrome

(http://www.ncbi.nlm.nih.gov/books/NBK1469/)

	Refer to Medical Genetics for Genetic Counseling.


No mutations were identified in APC, BMPR1A, CDH1, EPCAM, FLCN, GREM1, MLH1, MLH3, MSH2, MSH6, MUTYH, PMS1, PMS2, POLD1, POLE, PTCH1, PTEN, RET, SCG5, STK11, TGFBR2 and TP53.
Interpretation: 
SMAD4 c.1573A>G heterozygote (rs 149755320)
	Gene and Chromosome


	Variant Position (hg19)
	Nucleotide variant

(1 = the A of the initiator methionine codon)
	Protein variant

(1 = the initiator methionine, the first translated amino acid of the precursor protein)

	SMAD4

Genbank file:

NM_005359.5

Chromosome 18
	Chr18:48604751
	c.1573A>G

Heterozygous
	p.Ile525Val

Heterozygous


The single nucleotide substitution described above results in the substitution of a valine for an isoleucine at amino acid position 525 of the SMAD4 (SMAD family member 4) protein. 

This individual is heterozygous for the p.Ile525Val variant in the SMAD4 gene. To our knowledge, this sequence variant has not been reported as pathogenic in the literature; thus it is unknown at this time whether it can cause Juvenile Polyposis syndrome or increased cancer risk. Variants in the SMAD4 gene are also associated with Hereditary Hemorrhagic Telangiectasia. The p.Ile525Val variant was identified in 11/4,400 alleles in exomes annotated through the University of Washington, Exome Variant Server (ESP 6500) (http://evs.gs.washington.edu/EVS/). Given that this allele frequency is higher than expected for a pathogenic colorectal cancer variant, and that the association of SMAD4 is with juvenile polyps, not the adenomatous polyps reported in this patient, it is unlikely that this is a highly penetrant variant related to this patient’s disease.  
Recommendations: Genetic counseling is recommended to discuss the implications of this finding for the patient and their family.  
References:

Test:   Whole Exome Sequencing (WXS)

WXS was performed in a research environment to screen the coding portion of the subject’s genome (exome) for DNA sequence variants in genes known to cause colon cancer and/or polyps. 
Sequence variants in a set of non-colon cancer or polyposis related ‘actionable genes’ were also identified by this assay as incidental findings, and are reported separately. These actionable genes were chosen based on their association with adult onset conditions for which there is recommended screening and/or treatment. Thus, this individual’s exome was not comprehensively interrogated. Only pathogenic variants are reported for incidental findings—variants of uncertain significance are not returned. Incidental findings from WXS are reported separately.


Positive findings were validated to clinical standards in a CLIA compliant laboratory; however, the performance characteristics of exome sequencing for negative results (the absence of mutations) were not validated to clinical standards in a CLIA compliant laboratory. 
This laboratory test was developed and its performance characteristics determined by the Northwest Clinical Genomics Laboratory (CLIA-certified).  Consistent with laboratory-developed tests, this test has not been cleared or approved by the U.S. Food and Drug Administration. 
Procedure:

I.    Whole Exome Sequencing 

Genomic DNA was extracted from blood using standard procedures.  A library of DNA fragments was constructed and enriched for protein and RNA coding portions of the human genome using the SeqCap EZ Exome v3.0 (NimbleGen) capture system.  Paired-end sequencing of the enriched library was performed using standard TruSeq v3.0 (Illumina) chemistry on a HiSeq 2000 (Illumina) sequencer according to the manufacturer’s recommended protocol.  Resulting sequences were aligned to the human genome reference (hg19) using the Burrows-Wheeler Aligner (BWA) and variants identified with the Genome Analysis Took Kit (GATK).  A modified version of the SeattleSeq tool was used to annotate variants found within a defined set of colon cancer and actionable genes.   

       Limitations:

1. This assay does not detect large deletions or duplications and has limited ability to identify small insertions and deletions.  This test is also has limited ability to detect mosaicism.

2. The assay does not detect variants located: 1) outside the captured exome, 2) in regions of insufficient coverage, 3) in regions containing paralogous genes or pseudogenes, or 4) where the reference genome is inaccurate or contains gaps and insertions.

3. All identified variants of uncertain significance are not reported.
4. Genes not associated with treatable genetic conditions at the time this test was performed were not analyzed. 

II.   Validation of Sequence Variants (CLIA-accredited)

      Primers based on the hg19 (February 2009) version of the human genome sequence, were used to amplify 

      targets containing WXS-identified sequence variants.  PCR-amplified fragments were sequenced using

      standard dye-terminator chemistry.  
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