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Structural Variation in the Genome

Surveys of Structural Variants in the Genome
CNVs associated with OR genes (Hasin et al. '08)

Recently, we analyzed a high resolution CNV map of the Olfactory Receptor (OR) gene superfamily and indicated considerable OR dosage variations in humans (Hasin et al. 2008).  

Correlating SDs and CNVs (Kim et al. '08)

We examined the formation signatures of CNV and SD and found that Alus, believed as the major mediator of SD formation, has a decreased effect in younger SD and CNV formation while non-homologous end joining (NHEJ) and repeats, such as the LINE 1 element and microsatellite, have become a more prominent driver (Kim et al. 2008). 

Methods for Determining Structural Variants in the Genome
MSB (Wang et al. '08)

Apart from SV analysis, we have proposed methods for SV call enhancement. We described a non-parametric method using a mean-shift-based (MSB) approach to detect the segments of changed copy numbers in array-CGH data (Wang et al. 2008). Our method involves mean-shift-based (MSB) procedures; it considers the observed array-CGH signal as sampling from a probability-density function, uses a kernel-based approach to estimate local gradients for this function, and iteratively follows them to determine local modes of the signal. Overall, our method achieves robust discontinuity-preserving smoothing, thus accurately segmenting chromosomes into regions of duplication and deletion. It does not require the number of segments as input, nor does its convergence depend on this. We successfully applied our method to both simulated data and array-CGH experiments on glioblastoma and adenocarcinoma. We show that it performs at least as well as, and often better than, 10 previously published algorithms. Since this approach is not model-based, it can be readily applied to segment the signal resulting from the depth-of-coverage of mapped reads from next-generation sequencing. We show results demonstrating this.  

PEMer (Korbel et al. '09)

To facilitate the SV detection from massive paired-end sequencing, we developed a cross-platform computational framework, PEMer, for structural variant identification with sequences from different sequencing platforms such as 454 and Solexa. The analysis pipeline aims to map SVs at high-resolution by paired-end sequences and has showed improved sensitivity and specificity over previous approaches (Korbel 2009). 

ReSeqSim (Du et al. '09)

Most recently, we have also built a simulation toolbox that will help optimize the combination of different technologies to perform comparative genome re-sequencing, especially in reconstructing large SVs (Du et al. 2009). In recent years, there has been great excitement in the development of many different technologies for this purpose (e.g. long, medium and short read sequencing from such as 454 and SOLiD, or high-density oligo-arrays with different probe spacing from Affymetrix and NimbelGen). And even more technologies are expected to appear in the near future. All these technologies can be used for reading out variants in a target genome of interest compared to a ``reference genome”. However, their costs and sensitivities differ considerably from each other. As an important goal of personal genomics is to reduce the total cost of individual re-sequencing to an affordable point, it is worthwhile to consider the best way of integrating many different technologies.

We have built a simulation toolbox that will help optimize the combination of different technologies to perform comparative genome re-sequencing, especially in reconstructing large structural variants (SVs). SV reconstruction is considered in many respects the most challenging step in human genome re-sequencing, and is sometimes even harder than de novo assembly of a small genome because of the existence of duplications and repetitive sequences. To this end, we have formulated canonical problems that are representative of the issues in reconstruction, and which are of small enough scale to be computationally tractable and readily simulable. Using semi-realistic simulations, we are able to investigate how to combine different technologies to optimally solve the assembly at low cost. Our simulations efficiently take into account the inhomogeneous repeat-containing structure of the human genome and the computational complexity of practical assembly algorithms through the use of mapability maps. They quantitatively show how much the combination of different reads lengths is more cost effective than a single length, how an optimal mixed sequencing strategy for reconstructing large novel SVs usually also guarantees a satisfying detection rate of SNPs and indels, how paired-end reads of appropriate span can improve the reconstruction efficiency, and how adding in arrays are more efficient than just sequencing for disentangling some situations with large complex structural variants. 
We envision that in the future, more experimental technologies can be incorporated into this sequencing/assembly simulation and the results of such simulations can provide informative guidelines for the actual experimental design to achieve optimal assembly performance at relatively low costs. With this purpose, we have made this simulation framework downloadable as a general toolbox that can be either used directly or extended easily.

Analysis of Regulatory Networks

RE-score (Cheng et al. '09)

Developed a score (RE-score or regulatory-effect score) for assessing the overall impact of a regulator on a regulatory network. The method integrates network topology and gene-expression changes. The easiest application of this method was to the micro-RNA regulatory network, where all regulation is down-regulation. Applied this method to breast cancer dataset and showed that RE-score could be a better classifier of cancer type than the raw gene-expression levels. 

Network Dynamics Review (Alexander et al. '09)

Relation of Evolutionary Rate to Network Structure (Xia et al. '09)

Transcript Mapping Methods

Platform Comparison (Sasidharan et al. '09)
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