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• 6% of the U.S. population suffers from a rare 
disorder that has evaded diagnosis

• We are performing mass spectrometry (MS)-
based metabolomics analyses of plasma, 
cerebrospinal fluid (CSF), and urine from 
patients, as well as for Drosophila and 
zebrafish disease models

• To date, we have performed >2000 analyses 
of samples from healthy control individuals, 
patients and their first degree relatives

• >2000 metabolomics and lipidomics analyses 
performed, including of 391 individuals with 
no known metabolic disease and of 83 UDN 
patients and first degree relatives

• Reference data sets for plasma, urine, and 
CSF were generated

• Data from UDN patients and first degree 
relatives were normalized against and 
compared to the appropriate reference data 
sets in order to identify outlier metabolites or 
lipids

• A human metabolic knockout model was 
created to predict downstream metabolic 
effects of gene variants

• Work continues to integrate patient genome 
and metabolome/lipidome data• U.S. law defines a rare disease as one that affects < 200,000 

individuals
• To address undiagnosed disease, the NIH has established the 

Undiagnosed Diseases Network (UDN; 
https://undiagnosed.hms.harvard.edu/) 

• The UDN is comprised of a Coordinating Center, a Central 
Biorepository, 7 Clinical Sites, 2 Sequencing Cores, a Model 
Organisms Screening Center, and a Metabolomics Core 
(UDNMC) located at Pacific Northwest National Laboratory 
and Oregon Health & Science University (OHSU)

• The UDNMC is utilizing gas-chromatography (GC) and liquid
chromatography (LC) coupled with mass spectrometry (MS) to 
perform untargeted metabolomics, lipidomics, and 
glycoproteomics analyses of samples from patients and their 
first degree relatives in the search for biomarkers

Reference sample and UDN 
participant demographics

omics.pnl.govCareer Opportunities: For potential openings in the Integrative Omics Group 
at PNNL please visit http://omics.pnl.gov/careers

Design
• Patients accepted to the UDN have 

exhausted all possibilities for a diagnosis
• Once accepted, patients visit a clinical site 

for a 1-week evaluation that includes 
collection of blood, urine, and if relevant, 
CSF samples

• To allow for proper statistical analysis of 
UDN patient data, we generated reference 
datasets from >391 individuals with no 
known metabolic disease and 
representative of UDN patient 
demographics

Approach
• Metabolites, proteins, and lipids are simultaneously extracted from plasma 

and CSF using the MPLEx protocol1,2. Metabolites and proteins are 
extracted from urine using methanol

• Metabolites are chemically derivatized, analyzed using GC-MS and identified 
based on match of retention indices and fragmentation spectra to an 
augmented version of FiehnLib3

• Lipids are analyzed using LC-MS/MS and identified based on their 
fragmentation spectra using the in-house tool LIQUID4

• Patient profiles are compared to reference datasets to identify outlier 
molecules using the workflow shown below5

Reference Datasets

Dr. Stanley Nelson of the UCLA Clinical Site 
performs various tests on a UDN patient during the 
1-week evaluation. Photo source: Kaiser Health 
News
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Reference samples from individuals with no known metabolic disease 
were received from the Vanderbilt University Metabolic Screening 
Laboratory, the Mayo Clinic Biochemical Genetics Laboratory, the 
Oregon Clinical & Translational Research Institute Biolibrary, and the 
OHSU Layton Aging and Alzheimer’s Research Center.

Plasma metabolites

Plasma lipids

Analysis of samples and creation of reference data sets

Metabolite super classes Lipid subclasses

Comparison of UDN proband to reference data set

A human metabolic knockout model has been 
constructed to predict downstream effects

Overlaid chromatograms from 300 GC-MS-based metabolomics 
analyses  (top frame) and 297 LC-MS-based lipidomics analyses (bottom 
frame) of reference and QC plasma samples. The chromatograms are 
shown prior to alignment.

Over 300 unique identified and unidentified metabolites and >500 unique 
identified lipids were measured in plasma, urine, and CSF samples from 391 
reference individuals. Shown are the distributions of identified plasma metabolites 
and lipids among superclasses and subclasses, respectively.

Data from the reference samples are normalized and used to create reference data 
sets, against which data from UDN probands, and any relatives, are normalized and 
compared. Shown is a screenshot from a representative interactive z-score plot of 
plasma metabolomics data. The user can hover over individual points to display 
additional information.

Linking Gene Knockout with Metabolic Essentiality & Disease

Phenotype-Gene 
Relationships

PHOSPHOGLYCERATE KINASE 1 DEFICIENCY 

PGK Pathway-Specific Metabolites

Phosphoglycerate kinase 1 deficiency

We have adapted a previously published metabolite essentiality model6 using VMH resource Recon2, in 
order to develop a genetically-based statistical model that includes all known reactions of intracellular small 
molecule biochemistry, including transport and core metabolism. The rate of change of each metabolite is 
determined by accumulation or depletion of a metabolite by other cellular processes intracellularly and 
extracellularly. 

In this hypothetical example, the downstream metabolic effects of a deficiency in phosphoglycerate kinase 1 
are predicted, as well as the likely associated patient phenotype.
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1) DATA
VMH Human Metabolic Network 
Model composed of a curated 
collection of Genes, Metabolites, and 
Enzymatic Reactions associated with 
disease.
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3) ANALYSIS
Identifying which genes are directly and/or 
indirectly responsible for each observed 
accumulation (+) and/or depletion (-) of a 
UDN metabolite as a result of the RXN KO. 

2) MODEL
Knockout (KO) of all enzymatic 
reactions (RXN) one-by-one 
resulting in an accumulation (+) 
or depletion (-) of pathway-
specific metabolites.

4) INTERPRETATION
Metabolite “C” is accumulated in the cytosol when 
“RXN 7” is knocked out; this reaction is associated 
with “Pubchem ID XXX/ OMIM: XXXX” involving 
Genes “ABA” and “ABC” of inherited disease.
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