
Premier Scientific Partner 

Human Disease Research in the Era of
Next-Generation Sequencing











7

Human Disease Research by NGS

Mendelian disorders, which result from mutations of a single gene, are an important area of active research. However, many impor-
tant modern human diseases are examples of complex disease. Examples include diabetes, obesity, hypertension, and many can-
cers—all complex diseases that result from a web of interactions among multiple genes and environmental factors. Careful analysis 
across multiple data sources (for example, clinical data, transcriptome, and genetic sequencing data sets) can reveal much about a 
complex disorder. Researchers can point to causal genes and identify distinct disease subtypes, which may present as one pheno-
type. Understanding these can be critical to designing effective therapies. 
To identify the causal factors for disease—both Mendelian and Complex—researchers are moving from traditional hypothesis-driven 
research to data-driven research. The rapid development of sequencing technologies has enabled this shift, allowing researchers 
to broaden their focus from examination a few suspect-genes to simultaneous interrogation of most or all genes across the human 
genome. 

BGI 1000 Mendelian Disorders Project
In May 2010, BGI launched the “1000 Mendelian Disorders Project.” With this initiative, we seek to understand the molecular basis 
of key Mendelian disorders to facilitate their early prediction and diagnosis and to identify potential interventions. Currently, we are 
collaborating on more than 100 Mendelian disorder projects with diverse and talented groups of collaborators across the globe. More 
than 40 of these projects are in the validation stage, and we continue to seek additional collaborators. Within the first six months 
of the launch of this initiative, one of our collaborators identified a gene, TGM6, previously unassociated with any disease state, as 
responsible for a rare Mendelian disorder—spinocerebellar ataxia (SCA). The research summary is presented below.  

TGM6 identified as a novel causative gene of spinocerbellar ataxias using exome sequencing. Oxford Journals Medi-
cine Brain Volume 133, 2010. Issue12 Pp. 3510-3518.

This study was a collaboration among BGI Shenzhen, Xiang Ya Hospital, Central South University, and several other organizations. 
Candidate causal genes were identified using whole-exome sequencing from disease sufferers across multiple generations of one 
Chinese family. 
A summary of study findings: 

 ¥ Exome sequencing and analysis identify TGM6 as a candidate causative gene for spinocerebellar ataxia. 
 ¥ In confirming analyses, found a different mutation in TGM6 and this novel variant was predicted to be damaging.
 ¥ Identified a novel SCA causative gene, TGM6.

Mendelian Disorders Research
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Using NGS technologies, BGI provides whole exome and whole genome sequencing workflows suited to the study of Mendelian 
disorders. Project workflows from data acquisition to identification and validation of candidate genes are shown in Figures 3. 

A. Research Strategy

B. Screening of Candidate Genes (Analysis Pipeline)

C. Validation of Candidate Genes

Figure 3.  BGI workflows for Mendelian disorder research

Complex Disease Research

1. Next-Generation GWAS Strategy 
Next-generation GWAS combines high-throughput sequencing and genotyping to uncover novel causative genetic mutations of 
complex human disease. Newer GWAS technologies, like human genome sequencing and CNV arrays, can provide detailed 
information, from common SNPs, to millions of less-common and rare variants, to completely novel variants. These results can 
complement those of traditional GWAS methods. 
To accurately identify causative genetic mutations in complex disease, a two-stage strategy is proposed: 

Figure 4. Workflow of the two-stage strategy

Stage 2. Verification within focus regionsStage 1. Genome-wide discovery
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Work in Progress

The Illumina iSelect HD Custom Genotyping Array was constructed based on the selected SNPs.  The large-scale genotyping experi-
ment is complete. The association analysis is in process to further validate the disease-associated genes and loci.

 ¥ Detect Variants of Drug Targets
We collaborated with GlaxoSmithKline on a project designed to better inform selection of clinical trial subjects. The project uses target 
region sequencing to examine common variants in known drug targets of existing therapeutics.

Figure 8. Workflow of target region sequencing

Currently, the researchers have analyzed results from 5,000 patients and have found approximately 50,000 SNPs, 7,000 of which 
are unique and non-synonymous. The association study is a work in progress, but already the amount of small associations is more 
than expected.

Compared with DNA, RNA is more dynamic, as it reflects the functional status of specific cells in a particular time and space. Using 
transcriptome sequencing, RNA-Seq and small RNA sequencing technologies, one can monitor gene expression from a specific 
tissue in a particular functional state. These technologies have the multiple advantages of digital signals, high resolution and no 
requirement for previous information, making them applicable in many research fields including fundamental disease research, phar-
macogenomics and disease typing. 

Figure 9. BGI workflow of RNA sequencing strategy

Sequencing technologies
1. Bisulfite-Sequencing
Genome-wide DNA methylome analysis at single base-resolution. Research examples include the study of methylation-regulat-
ed genes potentially involved in cancers.
2. Reduced Representation Bisulfite Sequencing (RRBS)
A cost-effective, high-throughput method for studying DNA methylation, focused on CpG sites.
3. MeDIP Sequencing
Difference analysis of the genome-wide DNA methylation patterns among multiple samples, based on an enrichment method.
4. ChIP Sequencing
Genome-wide profiling of DNA-binding proteins (histones). Research examples include study of the mechanism of regulation 
of cancer-related proteins.

3.Epigenomics Strategy

2.RNA Sequencing Strategy 

Capture: NimbleGen's capture array
200 genes (related to cardiovascular, respiratory, psycho-

logical, immune and neurodegenerative diseases)

Sequencing: Illumina Hiseq 2000
30X, PE75; 15,000 people

Bioinformatics analysis: BGI SOAPaligner and SOAPsnp
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4. Proteomics Strategy

The goal of proteomics analysis is not only to determine the expression level of proteins, but also to map their localization and under-
stand their dynamics, post-translational modifications and interaction partners. We are pushing the existing proteomics technologies 
to provide answers useful to medicine (for example, diagnostic markers for cancer), the development of bioenergy sources, and other 
disciplines.

Example Research 

Chen YT, Chen CL, Chen HW, Chung T, et al. Discovery of novel bladder cancer biomarkers by comparative urine proteomics using 
iTRAQ technology. J Proteome Res. 2010; 9 (11):5803-5815.

 ¥ An iTRAQ-based quantitative proteomics approach for biomarker discovery from urine
 ¥Using the strategy shown in Fig12, the global differences in the urine proteome between non-tumor controls and three bladder 
cancer patient subgroups with different grades/stages were analyzed. 
 ¥Combining the results of two independent clinical sample sets, a total of 638 urine proteins were identified and 507 were quanti-
fied. Furthermore, 55 proteins consistently showed greater than 2-fold differences in both sample sets. After validation using 
Western blot analysis and ELISA, several urine proteins were identified as novel candidates for bladder cancer diagnosis. 
 ¥Collectively, these results provide the first iTRAQ-based quantitative profile of bladder cancer urine proteins. These findings rep-
resent a valuable resource for the discovery of bladder cancer biomarkers.

Fig12. Experiment pipeline and validation

5. Multi-omics Strategy
The flow of information from DNA to RNA to protein makes for a complex network of information. A systematic multi-omics research 
method can provide a detailed picture of complex disease processes. With this approach, researchers relate diverse data sets, such 
as genomics, transcriptomics, epigenomics, and proteomics. The full picture of a disease state may include cancer germline muta-
tions, somatic mutations (including SNV, InDel, SV, CNV, etc.), gene expression information, gene structure changes, and epigenetic 
regulation of disease-causing genes. The multi-omics strategy provides an information-intensive approach to understand the many 
layers involved in producing the phenotype of a complex disease, and ultimately may provide a holistic understanding of the mecha-
nism underlying the disease phenotype. 

Example Research

 ¥Whole genome sequencing and transcriptome sequencing of breast cancer
 ¥Shah SP, Morin RD, Khattra J et al. Mutational evolution in a lobular breast tumour profiled at single nucleotide resolution. Nature. 
2009; 461 (7265): 809-813.
 ¥Method: Sequence the genomes (43-fold coverage) and transcriptomes of an estrogen-receptor-alpha-positive metastatic lobular 
breast cancer.
 ¥Results: The combined analysis of genome and transcriptome data revealed two new RNA-editing events that recode the amino 
acid sequence of SRP9 and COG3.

Figure 13. Schematic diagram of analysis workflow depicting (from top to bottom) the analytical steps and resulting inferences. Tables and Figures 
referred are from the original article. Taken from Shah SP, 2009 (full reference above).
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Cancer Research Highlight

•Single Cell Sequencing

Single cell sequencing is an innovative technology that utilizes whole genome amplification and next generation sequencing to obtain 
sequence data at the level of single-cell genomes. It can be applied to discover genetic information in single cells, detecting SNV at 
high accuracy with low false positives. This technique is useful in the study of many cancers, in which there is often high cell hetero-
geneity across a single cancerous tissue. Single cell sequencing allows for the differentiation of those mutations that coincide with 
the development of cancerous cells and those that spur the cancer’s progression. 

Applications
 ¥Analysis of cancer-cell evolution during tumor progression
 ¥Large-scale epidemiological tumor research
 ¥Early diagnosis and prognosis prediction of cancers

Figure 14. Workflow of single cell sequencing

•Cell Line Sequencing

Human immortal cancer cell lines serve as an accessible and widely adopted biological model for investigating basic cancer biology 
and the efficacy of anticancer drug candidates. With knowledge of the genetic abnormalities inherent to cell lines, investigators may 
better match their choice of cell lines to the goals of their study. Doing so, they increase both the relevance of their results and their 
ability to interpret the validity of their results in the context of their test system. Despite the widespread use of immortal cell lines, it 
remains necessary to systematically characterize the genetics and genomics of large numbers of the cancer cell lines in use today.
 
Applications

 ¥ Describe the genome of the immortal cell lines used for cancer research
 ¥ Highlight suitable models for anticancer drug investigations
 ¥ Facilitate the development of personalized medicine for cancer

Technology Advantages
 ¥ Detect high-accuracy SNV through alignment
 ¥ Identify SV/CNV at the single-base resolution ratio
 ¥ Get a clear genetic picture of a cell line of interest
 ¥ Characterize both cancer cell lines and primary culture cells

Figure 15. Workflow of cell line sequencing

BGI Research Cases

Single cell sequencing of cancerous tumors (ongoing):
Genetic comparisons between cancer cells, normal cells and leukocytes are in progress

Single cell sequencing reveals subpopulations of cancer cells [*] (CSHL)
 ¥ Five major subpopulations of cells were detected, three of which were cancerous
 ¥ Each subpopulation was clustered within a specific region of the tumor
 ¥ Mutations in the cancer genes EFNA5 and COL4A5 were identified

Note: [*]Single cell sequencing reveals subpopulations of cancer cells, Reported by Monica Heger, 2010 Cell Line Sequencing
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Example Research  

1.Comparison of breast cancer cell lines with primary tumor cells by NGS
Researchers used next-generation DNA sequencing to produce maps of genome rearrangements in 24 breast cancer samples (9 
immortal cancer cell lines and 15 primary tumors)[1].

2.Small-cell lung cancer genome revealed by cell line sequencing
Using massively parallel sequencing technology, researchers sequenced a small-cell lung cancer cell line (NCI-H209) to explore the 

Metagenomics
—A New Way to Research into Human 
Microbiome

[1] Pleasance ED, Stephens PJ, et al. Complex landscapes of somatic rearrangement in 
human breast cancer genomes. Nature. 2009; 462 (7276): 1005-1010.

[2] Pleasance ED, Stephens PJ, et al. A small-cell lung cancer genome with complex signa-
tures of tobacco exposure. Nature. 2010; 463 (7278): 184-190
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There is an increasing awareness of the relationship between human health and the microbe populations living in the human body. 
Research has shown diverse diseases, such as obesity, enteritis, diabetes, and colon cancer as influenced by the microbe popula-
tions resident in the body. To understand the impact of resident microbes on human health, it is crucial to assess their genetic po-
tential—to understand our “other genome.” Metagenomics based on NGS technologies allows for sequencing of the genomic DNA 
of microbial communities directly, bypassing microbe isolation and cloning steps. Based on a BGI in-house profiling algorithm and 
association analysis method, we were able to identify the mixes of microbial populations in each study group and, by comparison of 
groups, explore the correlation between microbial populations, microbial genes, and disease states.   

Figure 16. Method for microbial populations analysis and human disease association

BGI research case

Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, et al. A human gut microbial gene catalogue established by metagenomic sequenc-
ing. Nature. 2010; 464: 59-65. 

Sequenced 124 European Faecal  Samples: 
1) Found 1,000 to 1,150 prevalent bacterial species and 3.3 million 

non-redundant genes.
2) Established the first human gut microbial gene catalogue.
3) Confirmed that bacterial species abundance and bacterial genes 

differentiated between healthy individuals and disease-affected 
patients. These findings offer an important theoretical basis for fur-
ther exploring the relationship between human gut microbes and 
obesity, enteritis and other diseases.

Fig17. Bacteria species abundance differentiates
IBD patients and healthy individuals.

Fig18. Distribution of non-redundant bacterial genes in IBD (inflammatory bowel 
disease) patients and healthy controls.
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