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Rapid technological advancements, such as high-density aCGH and SNP arrays as well as next-generation 

sequencing have enabled fine resolution scanning of the genome for identification of copy number changes as 

well as allelic event changes (such as Loss of Heterozygosity). This onslaught of data coupled with ever growing 

number of samples processed with these new technologies requires an effective software system that can help 

the user interpret the results in a reasonable amount of time and with good confidence in the interpretation 

accuracy. Here we will describe the Nexus Copy Number version 5 software that can drastically improve the 

interpretation process. 

Collecting, Organizing, and Searching Samples and Associated Annotations 

Measurements that can be used to estimate the copy number status of a sample can be generated using a 

variety of platforms and can be in different file formats as well as different levels of abstraction: Raw, 

Normalized log-ratio, or Segmented/Called. Nexus Copy Number provides direct import of data from all 

commercial array platforms and at various levels of processing, see Figure 1. In this paper we will use data 

generated from four different array platforms, Illumina HumanCytoSNP-12, Affymetrix SNP 6.0, Agilent 44K 

(EmArray Design), and Roche NimbleGene 3x720K Whole Genome arrays. 

 

Figure 1 ς Analysis workflow for Nexus Copy Number and how it can accommodate all platforms at different stages in the 

analysis pipeline 
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Nexus Copy Number uses the concept of a Project to refer to a collection of samples. A Nexus project can 

contain samples from different arrays and different resolutions. The only thing that is common between the 

samples is the genome (organism and build number). The user can batch load essentially an unlimited number 

of samples into a project with a single mouse click. Sample annotations, such as Gender, Ethnicity, Age, 

Phenotype, etc. can also be loaded with a single click importing a tab-delimited list of samples along with their 

annotations. Nexus Copy Number refers to such sample annotations as Factors. An unlimited number of Factors 

can be defined by the user with arbitrary text field values.  

Samples in a project can be organized and selected by sorting on factors of interest. For example, it is very 

simple to select all male samples with age greater than 50 in just two mouse clicks when the project has factors 

Age and Gender. There is a text based search tool available as well to locate any text string of interest. 

 

Figure 2 ς Searching all samples for a particular text string 

Interpreting data from a Single Sample 

Raw measurements or log-ratio data can be processed within Nexus Copy Number to identify regions of copy 

number change and if SNP data is available, allelic events such as LOH. Nexus Copy Number offers the following 

algorithms for making the calls: 

- Rank Segmentation: A robust variation of the well-known Circular Binary Segmentation (CBS) algorithm 

where the probe ranks are used to minimize the effect of outliers and drastically improve performance. 

- SNPRank Segmentation: An extension of the Rank Segmentation algorithm where B-Allele Frequency 

values are also included in the segmentation process generating both copy number and allelic event calls. 

- FASST Segmentation: A novel Hidden Markov Model (HMM) based approach that unlike other HMM 

methods does not aim to estimate the copy number state at each probe but uses many states to cover 

possibilities, such as mosaic events, and then make calls based on a second level threshold 

- SNP-FASST Segmentation: An extension of the FASST algorithm but adding many more states to cover 

events related to the B-Allele Frequency values to make copy number and allelic event calls. 
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Since Nexus has been designed to offer maximum flexibility, it is easy to allow Nexus to execute a different 

segmentation algorithm developed in R or any other programming language. Additionally, Nexus allows the user 

to import copy number result files where the segmentation and/or calling of the regions has already been done 

by another software package.  

Once the data is loaded and processed, the user can simply select one or more samples to review. The Sample 

Drill-Down window provides all the necessary information needed to examine the selected sample. The 

Overview tab provides a quick graphical view of all the aberration where single red bars mark areas of 

heterozygous deletion and double red bars indicate homozygous deletion. Single green bars indicate one copy 

gain and double green bars indicate multi-copy amplification, see figure 3.  

 

Figure 3 ς Overview of single sample showing all the chromosomes. All aberrations are marked by green or red marks. 

Here, the loss on chr 15 is related to Angelman Syndrome 

By clicking on an ideogram the user is directed to the detailed view of the selected chromosome. In this case if 

we click on Chromosome 15, we can see the detailed annotation of this region as well as the probe level data as 

depicted in figure 4 below. The annotation tracks selected here include the genes, exons, known CNVs from the 

Database of Genomic Variants (DGV) in Toronto, miRNA locations, DECHIPER database information, Gene 

Association Database, and known segmental duplications. It is simple to add or take out tracks with a single click 

of the mouse. Nexus Copy Number version 5 also allows direct import of UCSC based BED files for even simpler 

annotation track loading.  
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Figure 4 ς A view of Chromosome 15 of this sample clearly indicating several loss and gain regions. Additional tracks 

showing information from web based databases is provided for quick reference. 

All the annotation tracks are active and provide additional information or are hyperlinked to a web-based 

resource. For example, clicking on a magenta colored region of known CNVs provides a list of all reported events 

at that location in the DGV, as shown in figure 5 below. Hyperlinks are then provided to query the region in DGV 

or the publication from PubMed. 


