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From genomics to metabolomics

Evolution,  development, disease diagnosis and 
treatment, drug development, et al.
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1. Metabolic genomics and Cancer



J Carcinog. 2013



（1） PKM2  (Pyruvate kinase, 丙酮酸激酶)







Christofk, H. R, Nature, 2008





Christofk, H. R, Nature, 2008



Clin Cancer Res., 2012



PKM1 and PKM2 mRNA splicing



PKM1 and PKM2 mRNA splicing



Nature, 2012



Clin Cancer Res., 2012



（2） IDH (Isocitrate dehydrogenase, 异柠檬酸脱氢酶)





IDH1 R132 and IDH2 R172 mutations          
in 70% of grade II and III Glioma

N Engl J Med. 2009 



IDH1 and IDH2 mutations reduced the 
enzymatic activity

N Engl J Med. 2009 



Glioma patients with IDH mutations had a better 
outcome than those with wild-type IDH genes

N Engl J Med. 2009 



IDH mutations were found in 33% of the Acute
Myeloid Leukemia (AML)

J Clin Oncol. 2010



J Exp Med., 2010

酮戊二酸

羟戊二酸

异柠檬酸



Isocitrate, α-KG and 2-HG transformation



2-HG produced by mutant IDH1/2 affects metabolism and epigenetics 
by modulating activities of α-KG–dependent oxygenases



Epigenetic regulation by 2-HG 

Nature, 2012



2-HG promotes maintenance of stem-cell-like state



Nat. Medicine., 2011



Science, 2013



AGI-5198 impairs growth of IDH1-mutant glioma 
xenografts in mice

Science, 2013





（3） SDH (Succinate dehydrogenase , 琥珀酸脱氢酶)



SDH coupled with TCA cycle and Respiratory Chain



SDH contains four subunits (SDHA, SDHB, SDHC, SDHD)



Paraganglioma–Pheochromocytoma syndrome was 

caused by germline mutations in SDHD, SDHB and SDHC

/ (PGL/PCC)

Nat Clin Pract Endocrinol Metab (2008)



Genetics in Medicine (2014) 

SDH germ-line mutations in malignant 
pheochromocytoma (PCC)/paragangliomas (PGL)

Frameshift (FS): deletion/duplication/insertion  
large deletion (LD), missense (MS), nonsense 
(NS), and splice site (SS)





SDH mutations promotes HIF-1α stability and tumorigenesis



SDH mutations promotes HIF-1α stability and tumorigenesis



（4） Fumarate (延胡索酸)







Nature 537, 544–547  (22 September 2016) 



Nature 537, 544–547  (22 September 2016) 



2. Metabolic genomics and Diabetes





 IDDM IDDM 5%

 IDDM IDDM 7%

 IDDM 2%

 IDDM 1/3

Type I Diabetes and Genetics



Type I Diabetes and autoimmune disease



Progress in the identification of T1D susceptibility alleles



Front. Endocrinol. (2013)

Timelines for Type 1 Diabetes



MHC genes on chromosome 6 confer almost 50% of 
genetic susceptibility to T1D







Cell Metabolism (2015)

Common SNPs Contributing to T2D



PPARG (Peroxisome proliferator-activated receptor gamma )



KCNJ11 (potassium channel, subfamily J, member 11)

Diabetologia (2008)



Nature genetics (2013)



Pharmacogenetic variation and metformin response





3. Metabolic genomics and Microbiome







Metagenomics

Metagenomics is the study

of genetic material

recovered directly from

environmental samples. The

broad field may also be

referred to as environmental

genomics, ecogenomics or

community genomics.



Metagenomics Sequencing



3.3 million non-redundant microbial genes

576.7 gigabases of sequence

124 European individuals (faecal samples)



Nature, 2010

Coverage of human gut microbiome



Taxonomic characterization of the human microbiota is often limited 

to the species level or to previously sequenced strains, and 

accordingly, the prevalence of intra-species variation, its functional 

role, and its relation to host health remain unclear. 

属（Genus）- 种 （Species）- 菌株 （Strain）





Copy-Number Variation of Host State-Associated KCs
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