The Great Lakes Chromosome Conference 2009
Molecular Abnormalities in Karyotypically Normal AML
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Patients with acute myeloid leukemia (AML) and a normal karyotype at diagnosis have been classified into an intermediate risk group. However, this subset of patients is heterogeneous in clinical outcomes, with a 5 year survival rate varying between 24% and 42%. Since the accumulation of acquired genetic alterations and epigenetic changes in hematopoietic stem cells have been implicated in the development of AML, multiple microscopic genetic alterations with prognostic significance have been identified. They include frequent mutations of the fms-related tyrosine kinase 3 (FLT3), nucleophosmin (NPM1) and, less commonly, mutations of the CEBPA gene (encoding the CCAAT/enhancer binding protein α), KIT, MLL, WT1, NRAS and KRAS. 

Alone or in combination, mutations of FLT3, NPM1 and CEBPA have been reported in patients with AML with a normal karyotype, where they have prognostic significance in the context of most therapies. The 2008 World Health Organization (WHO) Classification of Tumours of Haematopoietic and Lymphoid Tissues has now identified AML with mutated NPM1 and AML with mutated CEBPA as provisional entities that may identify unique subsets of AML. Molecular studies of FLT3 and NPM1 status have been incorporated into the routine work-up of newly diagnosed AML patients at Roswell Park Cancer Institute for the past year. Our experience and results will be reviewed.

There is also increasing evidence that a more accurate prediction of risk category may be provided by information from two or more parameters. New scoring systems for risk stratification will be discussed.
Determination of MYC translocation partners in malignant lymphoma has important clinical implications. 
 S. Ben-Neriah, N. Johnson, D.H. Horsman. 

Center for Lymphoid Cancer , British Columbia Cancer Agency (BCCA)
Background: High grade B-cell lymphoid malignancies frequently have a translocation between an immunoglobulin gene (IG) and the MYC oncogene. The IG heavy chain gene (IGH) is most commonly involved, but variant translocations involving IGK and IGL also occur, especially when the t(14;18) of follicular lymphoma is also present.  Translocations between MYC and non-immunoglobulin partner genes also occur.  The clinical significance of non-IG-MYC translocations is not well understood.

Methods: A battery of FISH assays for the MYC, IGK, IGL ,BCL2, PAX5 genes was used to investigate cases with karyotype or FISH detected alterations at 8q24 (MYC).

Various specimen types were studied (tissue sections, TMA, isolated nuclei from cores of paraffin embedded tissue, frozen cells).

Results: 55 cases with rearrangement at 8q24 were studied, of which 54/55 (98%) had a complex karyotype

-               IG/MYC translocations: 31/55 (56%)
-         IGH (15)

-         IGL  (11)

-         IGK  (3)

-               non-IG/MYC translocations: 24/55 (44%)

-         9p13 (12/24)

-         Other chromosome loci: 

-         1p36, 3p25, 3q27(BCL6), 4p13, 5q13, 12p11,13q31   
Discussion: Many non-IG/MYC translocations were observed (43%) and were highly associated with diffuse large B-cell lymphoma rather than high grade Burkitt-type morphology.  Non-IG/MYC translocations were highly associated with superior overall survival (OS) compared to an IG-MYC translocation.

 Conclusions:  These FISH assays provide simple, flexible and reliable tools for the diagnosis and characterization of genetic changes in B-cell lymphomas. Clinical outcome is highly associated with the MYC translocation partner and differentiation between IG and non-IG translocation partner may be an important for clinical management.

The 8q24 region in cancer: Insights into the Rothmund-Thomson syndrome RECQL4 helicase as structural-CIN driver in osteosarcoma

1Georges Maire, 1Maisa Yoshimoto, 2Susan Chilton-MacNeill, 3Paul S. Thorner, 2,3Maria Zielenska, 1Jeremy A. Squire  
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The 8q24 cytoband is of a major interest in the cancer genetics and cytogenetic fields.  Recent genome wide association SNP studies have shown the presence of several SNP located within the 8q24 region associated with prostate, colorectal, breast and bladder cancers.  This region also harbors the well known MYC oncogene; gene that illustrates very well all the various kinds of chromosomal/ genomic instability the 8q24 could undergo.  In neoplasic tissues is quite common to observe translocation, intra- or extra-chromosomal amplification, mutation, retroviral insertion.  Therefore, it was natural to question the involvement of the 8q24 region in the osteosarcoma (OS).  Indeed, OS is an aggressive bone tumor with complex abnormal karyotypes and a highly unstable genome, exhibiting both numerical- and structural-chromosomal instability (N- and S-CIN).  Chromosomal rearrangements and genomic imbalances affecting 8q24 are frequent in OS.  The RECQL4 gene, located on 8q24 encodes a putative helicase involved in the fidelity of DNA replication and repair.  This protective genomic function of the protein is relevant because often patients with Rothmund-Thomson syndrome have constitutional mutations of RECQL4 and carry a very high risk of developing OS.  To determine relative level of expression of RECQL4 in OS, eighteen sporadic tumors were studied by RT-PCR.  All tumors over-expressed RECQL4 in comparison to control osteoblasts, and FISH analysis of tumor DNA showed that expression levels were strongly copy number-dependent.  Relative N- and S-CIN levels were determined by classification of copy number transitions within array comparative genomic hybridization (CGH) profiles, and by enumerating the frequency of break apart FISH within 8q24 using region-specific and control probes.  Whilst there was no evidence that disruption of 8q24 in OS led to elevated expression of RECQL4, there was a marked association between increased overall levels of S-CIN, determined by copy number transition frequency and higher levels of RECQL4.
Sequential FISH staining as a tool to decipher complex chromosomal rearrangements in cancer

Diana Munavish, Roswell Park Cancer Institute, Elm & Carlton Streets, Buffalo, New York 14263

Diana.Munavish@RoswellPark.org
Many oncology samples sent to Cytogenetics at diagnosis present with complex chromosome abnormalities. Frequently GTG banded metaphases of malignant cells are of poor quality and the mitotic index is limited, thus it is difficult to accurately determine the origin of marker chromosomes and complex rearrangements. Interpreting chromosomal rearrangements disclose significant diagnostic and prognostic information, particularly if oncogenes or tumor suppressor genes are involved.

Conventional G-Banding is an invaluable ‘global’ technique for chromosome analysis, however the use of specific FISH probes more clearly identifies loci of interest. When G-banded metaphases cannot be fully analyzed due to unidentifiable chromosomes, performing sequential FISH staining utilizing probe ‘cocktails’ assist in deciphering complex rearrangements. Commercial oncology FISH probes are available for many genes associated with diagnostic and prognostic importance. FISH probes are selected depending on the chromosomes involved in a rearrangement and cocktails are prepared ensuring probe fluorochromes are discernable when combined.

Once G-banded metaphases are analyzed, captured and microscopic co-ordinates documented, the slides are destained and sequential FISH is performed. Previously analyzed metaphases are then relocated and captured. The FISH signals are interpreted and the original karyotypes and nomenclature are revised accordingly. If interpretation includes abnormal signal patterns for a particular probe, performing FISH on subsequent follow up samples becomes an invaluable tool in evaluating patient remission status. 

5 cases will be presented where sequential FISH using commercially available probes assisted in providing interpretation of complex karyotypes.
Targeted FISH for multiple myeloma

Hélène Bruyère, Tanya Gillan, Clara Jensen
Cytogenetic abnormalities help classify patients with multiple myeloma into high-, or standard-risk groups. A karyotype with deletion 13q or hypodiploidy represents a high risk factor. However, an abnormal karyotype is found in 18-30% of patients only and fluorescence in situ hybridization has been used more recently to detect cytogenetic abnormalities. Many centres first implemented FISH detection of the deletion 13q. But further FISH studies with additional probes showed that the majority of specimens are abnormal and abnormalities other than a deletion 13q herald the most important poor prognosis information. Indeed, the high-risk FISH factors are the translocations 4;14 and 14;16 and the deletion 17p. We implemented FISH for the detection of a deletion 13q in multiple myeloma specimens in 2002. The fact that: almost half of the bone marrow specimens presented with less than 30% plasma cells, multiple myeloma is known to be a patchy marrow neoplasm; the FISH cut-off value for deletion 13q is high and the need to introduce FISH probes for the detection of the translocation 4;14 and deletion 17p lead us to develop and implement in 2007 a method to target and score plasma cells only. This simple technique allows the detection of abnormal clones on bone marrow smears after treatment with acetone before applying fluorescent anti-immunoglobulin light chain antibodies and proceeding with the usual FISH protocol. As only nuclei from cells with a fluorescent cytoplasm are scored, this allows the detection of more cases with an abnormal FISH, with a higher median of abnormal cells.
Find that fusion! An Unusual Variant of an AML1/ETO Rearrangement
Rosemary Mueller, Edmonton Cytogenetics Laboratory, Alberta Health Services
The t(8;21)(q22;q22) is a recurrent clonal chromosome abnormality used to classify acute myeloid leukemia in the WHO system. Transcription of the abnormal fusion of the RUNX1 gene (AML1,CBFA)  to the  RUNX1T1 (ETO) gene represses normal RUNX1 transcription and interferes with hematopoiesis.

We report the cytogenetic analysis of a bone marrow aspirate from a 20 year old male referred for marked anemia and circulating blast cells noted in peripheral blood.

Cytogenetic analysis identified an abnormal clone; positive results by RT-PCR for the RUNX1/RUNX1T1 product directed us proceed to metaphase FISH with the AML1/ETO probe.  A fusion signal was detected on the short arm of 8, a red signal representing ETO was seen at 8q22 in the der(8) and a very small fusion, dominated by green AML1 signal, was seen on the der(21). 

The karyotype was reported as 

45,X,-Y,der(8)(8qter->8p21::8q22::21q22->21qter),der(21)(21pter->21q22::

8q22->8qter)

.ish der(8)(AML+,ETO++),der(21)(AML1+,ETO+). 

The identification of the AML1/ETO fusion determines disease classification and patient therapy. If molecular studies had not been available, this case could potentially have been misclassified. For discussion: Are cryptic AML1/ETO fusions frequent? What strategies can help us decide when that extra FISH analysis work in bone marrows will be worthwhile? 

Technical work by Elizabeth Dickenson, Lynne Faist, Ruth Sutherland and Kate Harris

Implementation of Standardized International Karyotype Scoring Practices Is Needed To Provide Uniform and Systematic Evaluation For Patients With Myelodysplastic Syndrome Using IPSS Criteria: an International Working Group on MDS Cytogenetics Study
Kathy Chun1, Anne Hagemeijer2, Anwar Iqbal3 and Marilyn Slovak4 on behalf of the International Working Group on MDS Cytogenetics.
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BACKGROUND:  The International Prognosis Scoring System (IPSS) for evaluating the clinical outcome for patients with myelodysplastic syndromes is widely used to estimate overall survival and time of progression to acute myeloid leukemia.  Karyotype status and complexity are key components of the IPSS; however, emerging data suggest the use of cytogenetics at disease presentation is not applied uniformly among MDS patients.   

AIM/METHODS:  To investigate the degree of consistency of scoring karyotypes for IPSS among cytogeneticists and clinicians, the International Working Group on MDS Cytogenetics (IWGMC) conducted a survey of 32 karyotype challenges carried out in two phases: a) an initial survey without any specified karyotype counting guidelines and b) a second survey conducted after the development of IWGMC consensus guidelines for scoring karyotype complexity.  The number of cytogenetic aberrations and the corresponding IPSS score were also to be given for each of the karyotypes.  Nineteen cytogeneticists and one clinician participated in the initial survey.  The second survey with attached IWGMC guidelines was completed by 23 cytogeneticists and 16 hematologists.  

RESULTS:  Despite the excellent concordance in the evaluation of simple karyotypic aberrations, major differences in scoring complex abnormalities were observed among the cytogeneticists who participated in the initial survey.  After implementation of the IWGMC guidelines, scoring among the cytogeneticists in the second survey became homogeneous (<10% discrepant results).  However, scoring among the hematologists remained much less consistent, with difficulties surrounding ploidy and complex rearrangements/karyotypes.

CONCLUSIONS:  Our survey results indicate that cytogeneticists are capable of scoring karyotype complexity consistently with the consensus guidelines, whereas the hematologists remain slightly more puzzled by the nomenclature.  Furthermore, despite these consensus guidelines, there remains a number of unresolved issues with karyotype status and complexity scoring.  Therefore, our results argue for the immediate need of an international standardized complexity scoring system as well as a corresponding IPSS cytogenetic scoring system for clinical practice.  We also argue that cytogeneticists must become more proactive in the management of MDS patients by implementing an immediate practice change that includes the IPSS karyotype score on the cytogenetics reports of all newly diagnosed MDS patients.
How cytogenetic tools can help in the assessment of genotoxic effects caused by exposure to human carcinogens.

Fortin F 1,3,4, Pham TCV 1,3,4,  Viau C2 and Lemieux N1,3,4.

1Pathologie et biologie cellulaire et 2Chaire d’analyse et de gestion des risques toxicologiques, santé environnementale et santé au travail, Université de Montréal, Montréal; 3Pathologie et 4Centre de Recherche, CHU Sainte-Justine, Montréal. 

Benzo-a-pyrene (BaP) is a polyaromatic hydrocarbon (PAH) compound used as a model for its carcinogenic properties. In Quebec, exposure to PAHs primarily occurs through cigarette smoke and residential wood burning. Cytogenetic tests, such as sister chromatid exchanges (SCEs) and micronuclei (MNs) can be used to assess the genotoxic effects induced by BaP in human cells. In vitro studies can provide a mechanistic comprehension of those effects, and of the variation in SCE and MN levels between individuals. In our study, human cultured lymphocytes were exposed to different concentrations of BaP dissolved in DMSO (0 – 0.1 – 1 – 5 and 10μg/ml) for 24 hours. Cells obtained from 20 different subjects were harvested 24 hours after the end of the exposure and examined for DNA single strand break (SSB), SCE and MN frequencies. Interindividual variation was present among our subjects, as 55% and 80% of them presented a significant increase of DNA SSBs and SCEs respectively, starting at [BaP] 0.1µg/ml (p<0.05). The raise of the SCE and MN frequencies followed the increasing exposure to BaP (p<0.01), contrasting with what was observed with DNA SSBs. Also, men presented twice more DNA SSBs than women, but it did not reach statistical significance (p=0.138), due to the limited number of subjects in our cohort. Finally, FISH analysis of MNs could not confirm the aneugenic effect of BaP. Chromosome aberrations are currently analysed in order to increase our comprehension of the early carcinogenic effects induced by this compound and precise their significance.
Rapid aneuploidy detection for low risk pregnancies: a suitable replacement for G-banding?

Marsha D. Speevak

Credit Valley Hospital, 2200 Eglinton Ave W, Mississauga, Ontario, L5M 2N1
Rapid aneuploidy detection is a molecular technique that uses microsatellite markers on chromosomes 13, 18, 21 and the sex chromosomes to evaluate DNA obtained from amniotic fluid or chorionic villi for the presence of aneuploidies.  It is used extensively in Europe, but has not yet gained popularity in North America due to the reduced sensitivity in detecting all chromosome anomalies in comparison to G- banded analysis.  However, it is not currently clear whether the limitations associated with RAD outweigh the disadvantages of G-banded analysis which is costly, has a long turnaround time and may lead to results with low predictive value, such as mosaicism.  To examine the feasibility of using RAD as the primary test for prenatal diagnosis of chromosome abnormalities, we decided to establish simplified risk criteria that can be used by our counseling staff to select patients with the highest likelihood of any kind of chromosome abnormalities versus patients at low risk.  Patients received both RAD, with results available within 48 hours of the amniocentesis, plus G-banded analysis (12-21 day turnaround).  We categorized our patients into either high risk or low risk groups and evaluated the detection rate of RAD only versus RAD plus G-banded analysis.   Through this prospective study, we tested in theory the use of QF-PCR as the primary method of prenatal chromosome abnormality detection, with G-banded analysis reserved for a subset of cases deemed at higher risk.   
Detection and characterization of the euchromatic 9q21 duplication variant – transitioning research into the clinical cytogenetics laboratory 

Ann M. Joseph-George 1, 2, Yongshu He1, Christian R Marshall1,  Jeffery R MacDonald1, Ciara Fahey1, David Chitayat4, Kathy Chun5, Greg Ryan4, Anne M Summers5*, Elizabeth J T Winsor4 and Stephen W Scherer1, 3
1The Centre for Applied Genomics, 2Department of Pediatric Laboratory Medicine, Cytogenetics Laboratory, The Hospital for Sick Children, Toronto, 3Department of Molecular Genetics, University of Toronto, Toronto, 4Mount Sinai Hospital, Toronto, 5North York General Hospital, Toronto, ON, Canada.

Chromosome 9 is structurally polymorphic with a high level of intra- and interchromosomal duplications that predisposes it to non-pathogenic heterochromatic and euchromatic variation. While heterochromatic variants of chromosome 9 are cytogenetically well documented, euchromatic variants are rare and often pose a diagnostic dilemma.  A brief overview will be given of the four major categories of euchromatic variants of chromosome 9 reported in the literature to date. Three of the four of these variants have been characterized at the molecular level. The fourth variant, a large additional G-positive band at 9q21 was investigated at this Centre in three individuals from two different families. Due the segmentally duplicated DNA content of the region, characterization of the variant could only be accomplished by Fluorescent in situ Hybridization (FISH) studies on metaphase chromosomes and interphase nuclei using labeled BAC FISH probes from the pericentromeric region of chromosome 9. A summary of the results from our study will be presented and commonalities between the 4 different euchromatic variants will be discussed.  With the transition of cytogenetic testing to array technologies, individuals with the 9q21 variants will be detected by most high resolution platforms; however, precise identification of position of the variant will have to be confirmed by FISH mapping. A combination of FISH probes that could detect the amplification variant at chromosome 9q21 is suggested.
*deceased March 14th, 2009.
Prenatal case with add(4)(q35) - A rare chromosomal variant: 4qs?

Catherine F. Li, Colleen McKenna, Jennifer McAllister, Linda Lagan, Jocelyn Carter and Michelle Steinraths

Amniocentesis was conducted due to advanced maternal age. Cytogenetic analysis of the cultured amniotic fluid cells demonstrated a male karyotype with additional material at 4q35, which is similar to what was found in the maternal specimen. C-banding showed two intense dots at the terminal region in the long arm of one of the B group chromosomes, which is most likely to be satellites located on the above questionable chromosome 4, at 4qter region. Further analysis using FISH with WCP4 showed an unpainted genetic material at the terminal region on the long arm of one chromosome 4. FISH with probe for 4qter showed two signals at the long arms of both chromosomes 4, respectively. FISH with probe for Acro-P arm showed the presence of an Acro-P arm signal at the terminal region on the long arm of one chromosome 4, which is the same region without the paint for chromosome 4. There were two Acro-P arm signals at the centromeres of two C group chromosomes, respectively. Similar results of FISH for probes of WCP4, 4qter and Acro-P arm were found in the maternal specimen. However, there were no extra Acro-P arm signals at C group chromosomes in both parental specimens. The chromosomal complement of this fetus is unbalanced with a maternally inherited extra satellite material at the terminal region on the long arm of one chromosome 4.
Mapping Breakpoints In 4 Males With a t(X;Y)
Beaulieu Bergeron Mélanie 1,3,4, Lemyre E 2,4, Lemieux N 1,3,4.

1) Pathology and Cell Biology, University of Montreal; 2) Pediatrics; 3) Pathology and 4) Research Center, CHU Sainte-Justine

X;Y translocations with transfer of the SRY gene on the X chromosome is thought to explain 90% of XX males. 30% of translocations have breakpoints in homologous genes PRKX and PRKY due to an abnormal recombination during paternal spermatogenesis. We studied by FISH 4 cases of XX males using BACs and commercial probes specific to SRY, Y centromere, and Xp/Yp and Xq/Yq subtelomeres. Analyses show that none of the patients have a breakpoint in PRKY. In fact, breakpoints are approximatively 3.5 Mb below (3 cases) or 4.5 Mb above (1 case) this gene, in Yp11.2 and Yp11.31 respectively. As for the X chromosome, breakpoints seem to be in Xp22.32-22.33. The presence of segmental duplications with over 98% of homology in Yp11.31 and Xp22.32-22.33 could explain the X;Y translocation in one of our cases. As for the 3 remaining cases, other repeat sequences in Yp11.2 and Xp22.32-22.33 may have mediated the translocation, although further molecular analyses are needed to confirm this. Therefore, our results suggests that some molecular regions may be more often implicated in X;Y translocations due to X-Y homology. However, variability of breakpoints within these regions could explain the phenotypic heterogeneity of XX males. It would be interesting to map the breakpoints in a larger cohort of XX males in order to establish a genotype-phenotype correlation.
Unexpected and Unusual Findings in Prenatal and Postnatal Cytogenetic Diagnosis

Lavoie J and Duncan AMV 
 

Montreal Children’s Hospital, QC, Canada

jlavoie@muhc.mcgill.ca
The six cases that will be presented are associated with unexpected or unusual findings observed during the course of routine cytogenetic investigation.  

1- A terminal deletion of the long arm of chromosome 17 is observed as Level III mosaicism in prenatal testing for advanced maternal age. 

2- A reciprocal translocation 11;19 is seen in an adult with chronic myeloid leukemia. 

3- A rare fragile site is observed in a peripheral blood sample sent for repeated spontaneous abortions. 

4- Multiple clonal trisomies are seen in a blood specimen from a man with multiple primary cancers. 

5- An increased frequency of breaks is observed in peripheral blood metaphases of a girl referred for Turner’s syndrome.  

6- Multiple reciprocal translocations are found in an amniotic fluid referred for increased nuchal translucency. 
In some of these cases, the observations, despite being likely important clinically, were sufficiently inconsistent with the clinical indications that we considered it important to investigate in detail before concluding about their possible phenotypic effects. In other cases, the anomaly could have been overlooked, leaving the underlying genetic condition undiagnosed. 

This presentation aims at raising a general discussion on some observations that could be overlooked or be misinterpreted. We would like to invite participants to present any challenging cases of this nature in future meetings.
Complementary techniques: Characterization of del(10q) in a woman referred for recurrent pregnancy loss by G-banding, SNP Microarray and FISH. 
Susan F. Crocker1, Kym Boycott2,, Jean McGowan-Jordan1 ,Elizabeth McCready1
1Cytogenetics Laboratory, Genetics PSU, Children's Hospital of Eastern Ontario, 401 Smyth Rd., Ottawa, ON K1H 8L1; 2Genetics PSU, Children's Hospital of Eastern Ontario, 401 Smyth Rd., Ottawa, ON K1H 8L1

A 37-year-old female, was referred to the Genetics Department at the Children’s Hospital of Eastern Ontario (CHEO) for recurrent pregnancy loss (3 miscarriages).  An aberrant banding pattern was observed on the long arm of one chromosome 10 by G-banding at a resolution of 550 –650 bands. Metaphase FISH analysis using a whole chromosome paint for chromosome 10 (Cytocell-Aquarius) indicated that the abnormal chromosome was comprised of only chromosome 10 material and that there was no detectable chromosome 10 material elsewhere at the level of resolution achieved. The original G-banded karyotype was interpreted as: 46, XX, del(10)(q23.?2q2?4.1).ish del(10)(wcp10+). Examination of peripheral lymphocytes from maternal and spousal samples appeared normal by G-banding. A paternal sample was not available. Further FISH follow-up for characterization of the deleted area using probes that mapped to bands 10q23.31 and 10q23.1 revealed two signals for the region of 10q23.31 and one signal for the region 10q23.1. Assessment of the patient’s clinical history revealed she had speech delay in childhood. She completed high school and has been in good general health. Microarray analysis of the proband by 6.0 SNP microarray (Boston University; Center for Human Genetics) further delineated the region of deletion to a 7.5 Mb deletion at 10q22.3-23.2 (chr 10:81,616,642-89,071,371). Bioinformatic analysis of the region of deletion using the databases: Ecaruca, Decipher, Database of Genome Variants, OMIM and UCSC showed multiple genes in the area of deletion. It is unclear whether the deletion of part of the long arm of chromosome 10 is responsible for the recurrent pregnancy loss observed in this patient, however this case highlights the usefulness of complementary techniques for providing a complete clinical and diagnostic picture.
Revisiting G-banding in the era of aCGH; Case review 

Jie Xu1 , Victoria Siu2, Jack Jung2
1Cytogenetics; 2Medical Genetics, London Health Sciences Centre, University of Western Ontario, London, Ontario
We present a review of cases done using G-banding, FISH and aCGH. These cases demonstrate the following points:

1. G-banding can detect a deletion as small as 1.12 Mb in size, which is likely the smallest deletion detected by G-banding so reported. 

2. A relatively large deletion may be overlooked because of longer or shorter chromosomes. 

3. A large unbalanced rearrangement may be missed due to similar banding pattern in the chromosome segments involved.  

This review emphasizes that correlation of the findings from G-banding, FISH and aCGH could help improve our routine lab protocols and accurate delineation of cytogenomic rearrangements. (We thank the Cytogenetic staff in London Health Sciences Centre for their excellent technical support).
Automating Metaphase Chromosome FISH Analysis
Joan H.M. Knoll, Department of Pathology, Schulich School of Medicine & Dentistry, University of Western Ontario and London Health Sciences Centre.

Automated microscopy systems have been developed to locate and image G-banded metaphase chromosomes and interphase fluorescence in situ hybridization (FISH) nuclei.  These systems, however, do not prioritize the cell images as cytogeneticists typically do nor do they identify abnormal chromosomes.   We are developing software to post-process images of hybridized metaphase chromosomes that are captured by commercial automated microscopy systems.  Our objectives are:  1) to identify and rank the optimum FISH images using single copy (sc)  probes ;  and 2) to automatically identify abnormal metaphase FISH images as many distinct sc FISH probes are required to characterize a chromosomal abnormality.  Our overall fluorescence metaphase cell detection algorithm has a mean specificity of 85%.   Images of DAPI-stained cells were ranked best to worst using a classification system trained on seventeen features extracted from the chromosome spreads.  Subsequently, it was determined that only a subset of these features (such as chromosome width, length, aspect ratio, perimeter, overlap numbers and interchromosomal distances) was necessary for ranking.  The ranking procedure differentiates metaphase cells with no or minimal chromosomal overlap from those with overspread or poorly spread chromosomes.  This algorithm has an average precision of 88% with an 80% recall rate relative to ranking by an experienced cytogeneticist.  More than 95% of the top 50 ranked images were metaphase spreads. Probe hybridizations are determined by applying a background fluorescence subtraction across the entire image, followed by enhancing  the image using a Gabor filter, thresholding to detect the probe signals, subtracting the fluorescence emission (with the probe filter set) of the chromosome counterstain and counting the number of probe signals. Data sets are batch imported for each slide scan into a modification of the Open Microscopy Environment (OME; www.openmicroscopy.org) that we developed for FISH applications.   Images can be reviewed and microscope coordinates of each cell retrieved electronically to permit direct viewing and recapture of individual cells by the microscopist.  Since sc probes are genome coordinate-defined, we can infer their location on a metaphase chromosome based on their position in the genome sequence.  Departures from the expected location are likely to highlight abnormal chromosomes.    This system will be applied to increase throughput in FISH characterization of the chromosomal abnormalities detected by microarrays, high resolution banding and/or clinical findings. 
In silico Prediction of Non-coding Point Mutations

Peter K. Rogan, University of Western Ontario (progan@uwo.ca)

Finding mutations that cause genetic diseases can be challenging because many single nucleotide polymorphisms (SNPs) do not alter protein coding sequences, but instead, affect the transcript itself. Novel approaches are needed to understand the significance of these variants, because their sheer number precludes undertaking exploratory and comprehensive functional genomic  studies of all of them.  This presentation will discuss constitutive mRNA splicing mutations, an abundant class of variants which affect exon recognition and mRNA maturation. The selection of splicing signal sequences in heteronuclear RNA is complex, involving exon and intron sequences, complementarity with small nuclear (sn) RNAs, RNA secondary structure and competition between splicesomal binding sites.  Splicing mutations may reduce (termed “leaky”) or abolish normal splicing, or result in exon skipping, intron retention, inclusion of cryptic exons, or non-canonical exon-intron boundaries due to cryptic site activation. The aberrant mRNAs formed are often unstable and degraded or encode nonfunctional proteins.  Most splicing mutations involve constitutive splicing signals and typically decrease recognition of the adjacent exon. The kinetics of splicing at weaker cryptic sites is slower than at corresponding authentically spliced sites.  Mutations can strengthen cryptic sites either increasing their resemblance to consensus sequences or by modulating the levels of proteins contributing to splice site recognition. Pathological mRNA splicing abnormalities can result from mutations in splicing regulatory elements or by disrupting interactions with regulatory proteins.

The intrinsic stability of these interactions can be analyzed using information theory, which comprehensively and quantitatively models the thermodynamics of functional sequence variation. This in silico approach can predict the consequences of nucleotide variation in constitutive mRNA splicing and in transcription factor recognition.  This approach recognizes such mutations and predicts effects on clinical phenotypes based on mathematical models of conserved motifs present in nucleic acid sequences that regulate mRNA splicing. The Shannon information contents of these sequences are determined from weight matrices for binding sites recognized during splicing of mRNA. The respective information measures (or Ri values) of normal and variant sequences distinguish benign polymorphisms from deleterious splicing mutations. Differences in these Ri values of natural and cryptic splice sites can predict disease severity. 


In addition to known mutations, we have also detected splicing mutations caused by common single nucleotide polymorphisms (SNP) using our Automated Splice Site Analysis system. In this presentation, I will demonstrate how information analysis and this system can be used to quantitatively predict the impact of splicing mutations in Mendelian disorders (with emphasis on inherited breast cancer), common complex diseases, and functional SNPs. Experimental validation has confirmed the accuracy of these predictions. Information theory-based mutation analysis has increased our comprehension of pathogenic disease mechanisms and our insight about interindividual variability in mRNA splicing, in general. 
Application of aCGH in Clinical Cytogenetics

D.J. Stavropoulos1 and M. Shago1,2,3 

Cytogenetics Laboratory The Hospital for Sick Children1, University of Toronto2 and The Centre for Applied Genomics3
The Cytogenetics laboratory at The Hospital for Sick Children has been using array comparative genomic hybridization (aCGH) as an adjunct to karyotyping for approximately 3 years.  In November, 2008 the lab implemented a 44,000 oligonucleotide array platform with high resolution in targeted regions (~50 kb), as well as whole genome coverage designed to detect imbalances of approximately 225 kb or greater.  The lab has completed approximately 412 cases on this platform, with the majority of referrals obtained from the Department of Clinical and Metabolic Genetics at Sick Kids.  The clinical indications include developmental delay/mental retardation, multiple congenital abnormalities or autism spectrum disorder.  Approximately 30% of cases show genomic gains/losses and are validated by FISH analysis with BAC clones from the RP11 library obtained from The Centre for Applied Genomics.  FISH analysis is also used to complete parental follow-up studies to determine whether the imbalances are inherited or de novo.  We will summarize our experiences with data interpretation and reporting, genomic imbalances detected in our patient population, as well as lab management issues.
The impact of new technology on the diagnosis and management of chromosomal anomaly
Catherine F. Li, Patrick MacLeod, Malcolm Parslow, Patrice Eydoux, Suzanne Chan

The diagnosis of a girl with developmental delay and seizure disorders has evolved from partial trisomy 14q and partial monosomy 21q identified using G-banding, when she was one year old, to partial trisomy 5p and partial monosomy 21q after analysis of her chromosomal anomaly using FISH technology, when she was 14 years old. Finally, microarray was used to analyze her chromosomal anomaly, and the result showed she had copy gain from 5p13.3 to 5p13.33, copy loss from 21q22.3 to 21qter, and copy gain from 21q22.2 to 21q22.3. Despite a duplication of the Down syndrome critical region, the patient did not have any phenotypic signs of Down syndrome. The critical region for Down syndrome may be distal to the previously reported region, and probably located from 21q22.3 to 21qter, distal to the genetic marker D21S1897 or her phenotype might have been modified by the gain of genetic information from chromosome 5.  This case demonstrates how much impact the new technology has on the diagnosis and management of patients with complex chromosomal anomaly over a period of 15 years. It also indicates that microarray is not only useful to identify copy number variation in patients with normal karyotypes, but also helpful to discover cryptic deletions and duplications in patients with complex karyotypes, which may infer potential disease causing genes and might suggest a potential therapy for these otherwise incurable disorders.
Prenatal diagnosis of a maternally derived unbalanced der(4)t(4;11) leading to an overlapping phenotype of Wolf-Hirschhorn and Russell-Silver syndromes in two siblings: novel recurrent translocation, aCGH and molecular cytogenetic analyses
A. Smith, K. Chong; E. Kolomietz
Mount Sinai Hospital, Toronto, ON, Canada

Constitutional reciprocal translocations were thought to arise randomly with the only exception of recurrent rearrangements being the t(11;22). Recent evidence indicates that recurrent breakpoints may be more common than previously thought and mediated by non-B DNA structures, such as cruciforms, caused by palindromic AT-rich repeats. The clinical significance of these rearrangements may be underestimated because certain rearrangements, most notably subtelomeric translocations, can be difficult to detect by conventional G-banding.
We report on two siblings of same sex and apparently normal karyotypes both presented prenatally with severe intrauterine growth restriction (IUGR). The mother had an apparently balanced translocation, t(4;11)(p16.3;p15.5), and both sibs had an adjacent -1 segregation variant with loss of terminal 4p and gain of terminal 11p regions which was detected by aCGH and FISH using subtelomeric probes. Each of these rearrangements is associated with well known clinical phenotypes.
Paternal duplication of 11p15 is associated with the Beckwith-Wiedemann syndrome while maternal duplication is associated with Russell-Silver syndrome. As expected both fetuses presented with severe IUGR consistent with both Wolf-Hirschhorn and Russel-Silver phenotypes.
This familial case of what appears to be a novel recurrent translocation demonstrates the value of aCGH in the diagnosis of submicroscopic chromosome abnormalities in those patients for whom routine chromosome analysis does not adequately explain clinical findings. Breakpoint sequence analysis in our cases is compared to previously published cases and an analysis of the 4p and 11p regions for palindromic repeat sequences may help to elucidate mediators of this recurrent chromosomal aberration.
Turning silver into gold: using silver in situ hybridization to detect HER-2/neu oncogene amplification in breast cancer 

Harrison KJ, Farmer P, Jaynes J, LeBrun D, SenGupta S.  Dept of Pathology and Molecular Medicine, Kingston General Hospital and Queen’s University, Kingston, ON Canada

The identification of HER-2/neu gene amplification status is important in making therapeutic decisions for patients with breast cancer. The current standard of practice is to test all patients with invasive breast cancer for HER-2/neu status at the time of initial diagnosis. The testing algorithm proposed by the Canadian National Testing Committee (2007) is to first perform immunohistochemistry (IHC) to determine whether the HER-2/neu oncoprotein is overexpressed. Fluorescence in situ hybridization (FISH) is most commonly used to retest IHC equivocal cases although other validated bright field in situ hybridization (ISH) methods are also used. We have recently examined the use of a semi-automated ISH method, silver in situ hybridization (SISH), for the detection of HER-2/neu amplification in 103 breast cancer cases. SISH status was compared to amplified and unamplified IHC and FISH/equivocal IHC outcomes as part of a pre-clinical validation study. Our interim analysis has identified a 93% concordance rate in amplified and non-amplified cases.
Chromosomes and CNVs Through the Eyes of a Molecular Biologist

Stephen W. Scherer, PhD FRSC

The Centre for Applied Genomics, Hospital for Sick Children and University of Toronto.

Variation in human DNA takes many forms, but it is only recently that robust technologies have become available that allow genome-wide surveys of structural variation, in particular for copy number variation (CNV). Our group is interested in understanding the impact structural variation has on phenotypes and aims to generate a chromosome imbalance map of the diploid human genome. As such, we have used microarray, sequencing, cytogenomic, and data mining technologies to identify thousands of structural variations in genomes from the general population. They are collated with all other similar public information in the 'Database of Genomic Variants'. We have also examined thousands of genomes from individuals with defined traits or disease to examine how structural variants might influence the expression of phenotype, most notably by altering gene dosage away from a typical diploid status. One of the major focuses of our work has been studying structural variation of chromosomes in autism spectrum disorder. Our collective findings reveal a somewhat surprising level of CNV in the human genome that is tolerable in certain chromosomal regions, and not in others. In between, there is a 'grey-zone' where the effect can be modified by the other allele, copy number, gender, parental inheritance, and other variants. Ultimately, it is the interplay of all of these that contributes to the continual evolution of humans. 

My seminar will be presented from the vantage point of our team's contribution to the discovery of genome-wide copy number variation in 2004 and the rapid progress in the field over the past five years.
