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The need for genetic testing is fueled by the advent of per-
sonalized medicine, discovery of disease biomarkers, and 
the pace of technological advances applied to the diagno-
sis of symptomatic individuals (including cancer diagnos-
tics), carrier screening, prenatal testing, and newborn 
screening.  Additionally, in the field of inherited genetic 
disorders, coordinated efforts between NIST, the American 
College of Medical Genetics, the Centers for Disease Con-
trol and Prevention, and the Eurogentest community has 
increased the number of standards for genetic testing, e.g. 
Fragile X syndrome. There is a national effort to identify 
biomarkers for the early detection of cancer.  For example, 
mitochondrial DNA mutations have been reported in neu-
rodegenerative diseases, sudden infant death syndrome, 
some forms of cancer, and age-related disorders.  The 
accumulation of mutations is like a molecular clock pre-
dicting the time of disease and its progression.  Results at 
NIST suggest that a relatively simple diagnostic test using 
a DNA microarray “chip” could provide early detection of 
some cancers.  
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 research team from NIST, the National Cancer 
Insitute (NCI), and Tetracore has developed a rapid, 

high-throughput sequencing protocol to detect mutations in 
the mitochondrial genome.  The project is very timely be-
cause the human genome has been sequenced and pub-
lished, and currently there is great demand for the use of 
genomic markers for diagnostic applications.  Affymetrix 
has developed a microarray chip that has improved the 
data collection and interpretation of mitochondrial ge-
nomic data.  We have used this chip to analyze the mito-
chondrial DNA isolated from various tumors and bodily 
fluids (i.e. blood and urine). The ≈40,000 hybridization 
spots that were obtained were scanned in ≈10 minutes and 
the sequence information compiled in a database.  Muta-
tions in the cancer cells are identified according to the nu-
cleotide change and according to gene location.  Further 
studies have been initiated with staff at Genesis Genomics 
and at the Environmental Protection Agency.  We plan to 
also validate the results using different cancer population 
sets (to rule out bias) and to evaluate the sensitivity of 
chip-based DNA sequencing methods for forensic applica-
tions.  
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Future work  includes: Cross-validation of different popu-
lation sets and parallel analysis of mitochondrial expres-
sion array. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer: Certain commercial equipment, instruments, 
or materials are identified in this document. Such identifi-
cation does not imply recommendation or endorsement by 
the National Institute of Standards and Technology, nor 
does it imply that the products identified are necessarily 
the best available for the purpose. 

A 
Advances in Mitochondrial DNA Sequencing 
 

• Optimized high-throughput Resequencing 
Array: 105 mitochondrial genomes from 
Stage I and II tumors completely sequenced 
(provided by Dr. Sidransky). 

• Early cancer associated mutations detected in 
88% of patients. 

• Non-invasive samples (BAL, urine, serum) 
contained the identical mutations as observed 
in the primary tumor tissue. 

• Assay results are easy to interpret.  Assay is 
technically facile.  Assay format is readily 
transferable to clinical use. 
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