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Clinical Biomarkers Laboratory  
(Director: Dean P. Jones, Emory University)  
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Raw data processing with 
built-in feature and sample 

quality assessment 
(apLCMS with xMSanalyzer ) 

 

Data Exploratory Analysis  
(Box plots, histograms, etc.) 

Batch-effect evaluation and correction 
 (Using ComBat); void volume filtering 

Annotation of metabolites 
(xMSannotator ) 

1.! Untargeted feature table 
2.! Targeted feature table 
3.! Annotated feature table 

Pathway analysis 
(Mummichog,MetaboAnalyst, 

MetaCore, MSEA) 

Biomarker and network analysis  
(xmsPANDA, MetabNet , 
MetaboAnalyst) 
 
¥! Univariate : Limma t-test, ANOVA 
¥! Multivariate  and predictive 

analysis:   
    Support vector machine, Random 
forest, PLSDA 
¥! Clustering : Two-way Hierarchical 

clustering analysis 
¥! Targeted and untargeted MWAS 

Ultra-high resolution MS 
LTQ-FT 
LTQ-Velos  Orbitrap 
Q-Exactive  HF 
Thermo  Fusion 
GC-Orbitrap 

Confirmation of identity 
¥! MS/MS, authentic 

chemical standards 
¥! In-house library: >1000 
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environmental chemicals 
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Tissues (e.g. liver, muscle, lung): 20mg 
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Computational methods for multi-scale aggregation of integrating clinical, 

biomolecular, and environmental data for improved diagnosis, prognosis, and 
targeted therapies *
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Case study 2: High-resolution metabolomics of 
occupational exposure to trichloroethylene  
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Case study 3: Integrative network analysis of clinical, 
biomolecular, and environmental exposure data from a 

dataset of 66 service personnel post-deployment   
 

FW*

X,&L&/*co5*X,&'%,0/*XIo5*=3$',*;Oo5*M(0##0/*<Z5*M&#L0/*:V5*E'0##*;c5*I("L0 *9a5*;&##()*X;5*a/&,*
9@5*O(,/40%L*95*f(*p;5*c()01*:95*&''"( %!o5*V)'0-/&'$70*)0'H(/L*&)&#>1$1*#$)L$)-*%#$)$%&#*(2'%(301*
H$',*0)7$/()30)'&#*08"(12/01*&)6*3(#0%2#&/*7&/$&'$()1*$)*10/7$%0*"0/1())0#*60"#(>06*'(*J&#&6*
&)6*J&-/&3T*cGD;*A$)*"/011Cd**
*
Collaboration between Emory, U Rochester, USUHS, Mt Sinai Med Sch, and Armed Services 
Health Surveillance System.   

*
*

*
j2340/*(+*124l0%'1*

<&/6$("2#3()&/>*1>3"'(31*"(1'.
60"#(>30)'*Ap01C* eF*
<&/6$("2#3()&/>*1>3"'(31*"(1'.
60"#(>30)'*Aj(C* BR*



='26>*G70/7$0H*
¥! =0/23*1&3"#01*+/(3*eUU*3$#$'&/>*"0/1())0#*+/(3*',0*:0"&/'30)'*(+*

:0+0)10*=0/23*O0"(1$'(/>*A:(:=O C*
Ð! BUU*60"#(>06*'(*J&#&65*V/&P*&)6*J&-/&35*!+-,&)$1'&)*A<&10C*
Ð! BUU*)().60"#(>06*10/7$%0*"0/1())0#*1'&'$()06*6(301'$%&##>*A<()'/(#C*
Ð! =&3"#01*%(##0%'06*&'*'H(*'$30"($)'1 *A9/0*&)6*9(1'C*

¥! =&3"#01*(/$-$)&##>*%(##0%'06*+(/*',0*3&)6&'(/>*IVg*'01'$)-**

F^*

Deployment 

Pre-deployment 
blood draw 

Post-deployment 
blood draw 

Pre-deployment Post-deployment 

First blood draw Second blood draw 

ÒPreÓ ÒPostÓ 

Length of medical record 

Length of medical record 

Case; N=200 
(Deployed) 

Control; N=200  
(Not deployed) 



='26>*G70/7$0H*
¥! =0/23*1&3"#01*+/(3*eUU*3$#$'&/>*"0/1())0#*+/(3*',0*:0"&/'30)'*(+*

:0+0)10*=0/23*O0"(1$'(/>*A:(:=O C*
Ð! BUU*60"#(>06*'(*J&#&65*V/&P*&)6*J&-/&35*!+-,&)$1'&)*A<&10C*
Ð! BUU*)().60"#(>06*10/7$%0*"0/1())0#*1'&'$()06*6(301'$%&##>*A<()'/(#C*
Ð! =&3"#01*%(##0%'06*&'*'H(*'$30"($)'1 *A9/0*&)6*9(1'C*

¥! =&3"#01*(/$-$)&##>*%(##0%'06*+(/*',0*3&)6&'(/>*IVg*'01'$)-**

FY*

Deployment 

Pre-deployment 
blood draw 

Post-deployment 
blood draw 

Pre-deployment Post-deployment 

Length of medical record 

Length of medical record 

Case; N=200 
(Deployed) 

."/012$/034%56%AV<:.Y*%(601*
+(/*%&/6$("2#3()&/>*1>3"'(31*
62/$)-*(/*&+'0/*60"#(>30)'C*
*
."/01$070#4%89%A)(*%(6$)-*+(/*%&/6$("2#3()&/>*1>3"'(31*40+(/0*
(/*&+'0/*60"#(>30)'*
*
*



V)"2'*6&'&*+(/*$)'0-/&'$70*&)&#>1$1*21$)-*8;M!= *

Subject1 Subject2 - Subject N 

Metabolite 1 199 19 - 100 

- - - - 

miRNA 1 50 30 - 20 

- - - - 

Cytokine 1 33 12 - 39 

1. Molecular data: metabolites, miRNAs, cytokines, and 
proteins 

(3,274 molecular variables x 66 subjects) 
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ICD-9; (49 any cardiopulmonary ICD-9 codes x 66 
subjects) 

  Subject1 Subject2 - Subject N 

Dim 1 199 19 - 100 

Dim 2 10 40 90 

- - - - 

Dim r 50 30 - 20 

2. Environmental chemicals: first 3 PCs of 
dioxins, cotinine, benzo (a)pyrene  diol  

epoxide (BPDE) 
(5 variables x 66 subjects) 

  Subject1 Subject2 - Subject N 

chemical 1 3 2.5 - 13 

chemical 2 1 4 - 9 

- - - - 

chemical s 5 3 - 2 

Subject1 Subject2 - Subject N 

4019 0 1 - 0 

4011 1 1 - 0 

- - - - - 

49301 1 0 - 0 

3. Multiple correspondence analysis  
(8 dimensions x 66 subjects) 

(Only dimensions with >5% variance explained were included) 
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¥! Bubble plot showing metabolic 
pathways associated with 
clinical and environmental 
exposures data 

¥! Metabolic pathway analysis 
performed using Mummichog 
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Urea cycle/amino group metabolism
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Glutamate metabolism

Histidine metabolism

Porphyrin metabolism

Glycosphingolipid metabolism
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m/z time 
Smoker_11.raw 
Peak area 

Smoker_15.raw 
Peak area 

Smoker_13.raw 
Peak area 

193.097090
2 1.697928509 21590.09577 1465875.407 2921520.329 

104.071007 1.914036922 1.68E+08 1.20E+08 1.18E+08 

104.071007 1.914036922 1.68E+08 1.20E+08 1.18E+08 
137.045642

1 1.271814331 217380.9151 66352.25511 96353.93902 
241.030792

9 2.180590728 6.27E+07 8.42E+07 8.09E+07 

134.044759 2.215654287 1.39E+07 2.77E+07 2.66E+07 

Raw data 

Data extraction 
 (xMSanalyzer ; Uppal  2013) 

Network-based annotation  
(xMSannotator ; Uppal  2017) 

Biomarker discovery and  
network analysis  
xmsPANDA  & optSelect  
MetabNet  (Uppal  2015) 
xMWAS (Uppal  2018) 
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Risk!

Health Outcomes!

Metabolic Response!

High-Resolution Metabolomics!Exposome! Medicine!

Exposures!
Food!
Drugs!
Exercise!
Stress!
Infectious agents 
Environmental agents!
Personal use products !

Microbiome!
Smoking!
Alcohol!
Supplements!

Computational metabolomics,!
data mining, and integrative omics  !
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Dean Jones, Young-Mi Go, Shuzhao Li, Karan Uppal, Chunyu Ma, 
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Questions/Comments? 
 

Email: kuppal2@emory.edu 
 

Website: www.csm2l.com 
*

BS*


