
     Bb 

Arizona Society of Pathologists meeting, 4/13/13: 1:45-2:30PM, Brothman – outline/ summary 

The New Cytogenomics Era 
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(Very) quick history of cytogenetics: 

 

 

 

 

------------------------------------------------------------------------------------------------------------------------------- 

What is cytogenomics? Evaluation of the whole structural genome 

Cytogenetics:  original whole genome analysis 

Analysis of chromosomes from a tissue of interest to identify large scale genomic alterations; G-banded karyotype 

Molecular cytogenetics: analysis of small regions for imbalances and rearrangements: FISH (fluoresecence in situ hybrization , 

CMA (cytogenomic microarray) 

------------------------------------------------------------------------------------------------------------------------------- 

American College of Medical Genetics and Genomics 

Official name change of the College in March, 2012 to reflect the increasingly central role of medical genomics and 

its importance alongside genetics in fulfilling the mission of the College. 

 “The vastly increased power of the genomic approach has made it more and more vital to the practice of medical 

genetics and recognizes the current importance of genomics as well as its future roles in both the clinical and 

laboratory practices 

------------------------------------------------------------------------------------------------------------------------------- 

Objectives 

• Review the main technologies discussed below and answer the questions: 

• Chromosomes – are conventional cytogenetics still necessary? 

• FISH – is FISH still necessary, prudent and sufficient? 

• CMA – where does this fit in? 

• Brief introduction to next generation sequencing – are we ready for this in diagnostics? 
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Cytogenomics, two components: 

• Utilization for constitutional (germline) studies – CMA becoming accepted as first tier, already 

has replaced some studies 

• Utilization for acquired (oncology) studies – CMA gaining acceptance to complement 

conventional cytogenetics and FISH 

------------------------------------------------------------------------------------------------------------------------------- 

 

------------------------------------------------------------------------------------------------------------------------------- 

Whole genome analysis: conventional karyotype: resolution ~5 Mb, CMA can increase ~1000 fold! 

------------------------------------------------------------------------------------------------------------------------------- 

Examples of constitutional abnormalities seen by conventional cytogenetics, FISH and CMA 

------------------------------------------------------------------------------------------------------------------------------- 
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-------------------------------------------------------------------------------------------------------------------------------

Need to distinguish between pathogenic and benign CNVs: 

 

------------------------------------------------------------------------------------------------------------------------------- 

Acquired abnormalities: Cancer is a clonal disease and all cancers have some genetic component 

The first clear understanding of a mechanism in cancer came from the identification of the “Philadelphia 

chromosome” – t(9;22).  This resulted in the development of the first “tailor made” drug to treat CML: 

Gleevac (Imatinib) – a specific tyrosine kinase inhibitor asssociated with the translocation breakpoints – 

or fusion gene.  Cytogenetics, FISH and now CMA play major roles in cancer diagnosis, prognosis 

and (as noted above) treatment. 
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Examples of acquired abnormalities seen by conventional cytogenetics, FISH and CMA 

------------------------------------------------------------------------------------------------------------------------------- 

 

------------------------------------------------------------------------------------------------------------------------------- 

Need for public databases and review of copy number variation (currently ~29,000 reported CNVs) 

------------------------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 

Brothman, page 4 of 5 



     Bb 

Some Key (and hopefully useful) References: 

Döhner H, Stilgenbauer S, Benner A, Leupolt E, Kröber A, Bullinger L, Döhner K, Bentz M, Lichter P. Genomic aberrations and survival in 

chronic lymphocytic leukemia. N Engl J Med. 2000 Dec 28;343(26):1910-6. 

Dougherty MJ, Wilmoth DM, Tooke LS, Shaikh TH, Gai X, Hakonarson H, Biegel JA. Cancer Genet. 2011 Jan;204(1):26-38. doi: 

10.1016/j.cancergencyto.2010.10.007. Implementation of high resolution single nucleotide polymorphism array analysis as a clinical test for 

patients with hematologic malignancies. 

Curry CJ, Mao R, Aston E, Mongia SK, Treisman T, Procter M, Chou B, Whitby H, South ST, Brothman AR. Homozygous deletions of a copy 

number change detected by array CGH: a new cause for mental retardation? Am J Med Genet A. 2008 Aug 1;146A(15):1903-10 

Gu G, Brothman AR. Cytogenomic aberrations associated with prostate cancer. Cancer Genet. 2011 Feb;204(2):57-67.  

Lee C, Iafrate AJ, Brothman AR. Copy number variations and clinical cytogenetic diagnosis of constitutional disorders. Nat Genet. 2007 Jul;39(7 

Suppl):S48-54. 

Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, Church DM, Crolla JA, Eichler EE, Epstein CJ, Faucett WA, Feuk L, 

Friedman JM, Hamosh A, Jackson L, Kaminsky EB, Kok K, Krantz ID, Kuhn RM, Lee C, Ostell JM, Rosenberg C, Scherer SW, Spinner NB, 

Stavropoulos DJ, Tepperberg JH, Thorland EC, Vermeesch JR, Waggoner DJ, Watson MS, Martin CL, Ledbetter DH. Consensus statement: 

chromosomal microarray is a first-tier clinical diagnostic test for individuals with developmental disabilities or congenital anomalies. Am J Hum 

Genet. 2010 May 14;86(5):749-64 

Morelli SH, Deubler DA, Brothman LJ, Carey JC, Brothman AR.  Partial trisomy 17p detected by spectral karyotyping Clin Genet 1999: 55: 

372–375. 

Moreno-De-Luca D; SGENE Consortium, Mulle JG; Simons Simplex Collection Genetics Consortium, Kaminsky EB, Sanders SJ; GeneSTAR, 

Myers SM, Adam MP, Pakula AT, Eisenhauer NJ, Uhas K, Weik L, Guy L, Care ME, Morel CF, Boni C, Salbert BA, Chandrareddy A, Demmer 

LA, Chow EW, Surti U, Aradhya S, Pickering DL, Golden DM, Sanger WG, Aston E, Brothman AR, Gliem TJ, Thorland EC, Ackley T, Iyer R, 

Huang S, Barber JC, Crolla JA, Warren ST, Martin CL, Ledbetter DH. Deletion 17q12 is a recurrent copy number variant that confers high risk 

of autism and schizophrenia.  Am J Hum Genet. 2010 Nov 12;87(5):618-30. 

Pettus JA, Cowley BC, Maxwell T, Milash B, Stephenson RA, Rohr LR, Hoff C, Brothman AR. Multiple abnormalities detected by dye reversal 

genomic microarrays in prostate cancer: a much greater sensitivity than conventional cytogenetics. Cancer Genet Cytogenet. 2004 Oct 

15;154(2):110-8. 

Pfeifer D, Pantic M, Skatulla I, Rawluk J, Kreutz C, Martens UM, Fisch P, Timmer J, Veelken H. Genome-wide analysis of DNA copy number 

changes and LOH in CLL using high-density SNP arrays. Blood. 2007 Feb 1;109(3):1202-10 

Pinkel D, Segraves R, Sudar D, Clark S, Poole I, Kowbel D, Collins C, Kuo WL, Chen C, Zhai Y, Dairkee SH, Ljung BM, Gray JW, Albertson 

DG.. High resolution analysis of DNA copy number variation using comparative genomic hybridization to microarrays. Nat Genet. 1998 

Oct;20(2):207-11. 

Selzer RR, Richmond TA, Pofahl NJ, Green RD, Eis PS, Nair P, Brothman AR, Stallings RL. Analysis of chromosome breakpoints in 

neuroblastoma at sub-kilobase resolution using fine-tiling oligonucleotide array CGH. Genes Chromosomes Cancer. 2005 Nov;44(3):305-19. 

Siegel R, Naishadham D, Jemal A. CA Cancer J Clin. Cancer statistics, 2013.  2013 Jan;63(1):11-30.  

Tiu RV, Gondek LP, O'Keefe CL, Elson P, Huh J, Mohamedali A, Kulasekararaj A, Advani AS, Paquette R, List AF, Sekeres MA, McDevitt 

MA, Mufti GJ, Maciejewski JP.Blood. 2011 Apr 28;117(17):4552-60.  Prognostic impact of SNP array karyotyping in myelodysplastic 

syndromes and related myeloid malignancies. 

Wang Y, Cottman M, Schiffman JD. Molecular inversion probes: a novel microarray technology and its application in cancer research. Cancer 

Genet. 2012 Jul-Aug;205(7-8):341-55 

Wapner RJ, Martin CL, Levy B, Ballif BC, Eng CM, Zachary JM, Savage M, Platt LD, Saltzman D, Grobman WA, Klugman S, Scholl T, 

Simpson JL, McCall K, Aggarwal VS, Bunke B, Nahum O, Patel A, Lamb AN, Thom EA, Beaudet AL, Ledbetter DH, Shaffer LG, Jackson L. 
Chromosomal microarray versus karyotyping for prenatal diagnosis. N Engl J Med. 2012 Dec 6;367(23):2175-84. 

 

 

Brothman, page 5 of 5 


