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Outline

• Recapitulation of milestones

• Differential chip analysis (SAM/PAM)_

• Time course analysis (EDGE, RF)_

• Differential motif analysis (DMDA)_

• Path forward



Recapitulation of milestones

Pd>0.7 at Pf<0.05 at 0.2T

Pd>0.95 at Pf<0.01 at 0.8T



Main findings
mRNA data quality is generally high but exhibits high biological

variability

A small panel discriminatory biomarkers has been found

Several of these biomarkers appear to be in good agreement with

immune and inflammatory pathways

Benchmarks can be attained (caveat: small sample)

mRNA and immunoassay markers seem to have highest

predictive value

Differential S vs A molecular signatures are strong at 0.8T,

weaker at 0.1T



Methods adapted to different fundamental assumptions about the

“signal” model:

 1) Linear (fixed effects) regression model

 2) Random effects model

 3) Mixed random effects model

1 2 3

Analysis



Methods of Analysis applied
••Linear fixed effectsLinear fixed effects

SAM/PAM analysis (TimeSlice)_

EDGE/Co-cluster Analysis  (TimeCourse)_

••Random effectsRandom effects

LDA/PCA (TimeSlice)_

Pareto sample depth distributions (PSDD)

(TimeCourse)_

••Mixed EffectsMixed Effects

Random forest regression (Time_Slice)_

Differential Motif Discovery and Analysis (TimeCourse)_



SAM Plotsheet
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Significant: 726

Median number of false positives: 175.39

False Discovery Rate (%): 24.16

Tail strength (%): 13.5

se (%): 30.7

Differential Expression Analysis At Baseline / Pre-Challenge 

Asymptomatic (n=22) vs. Symptomatic (n=21)_
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FDR = 25%Max FDR (Up-regulated) = 85.2%Max FDR (Down-regulated) = 81%Total Up = 619Total Down = 443FDR of Differentially Expressed Genes
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SAM/PAM/EDGE Analysis



Training and Testing 18-Gene Classifier Using LDA-based PAM Method

95.2%201Symp

100%022Asymp

Detection RateSympAsympTrue\Pred

Baseline / Prechallenge (Training)_

90%91Symp
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Detection RateSympAsympTrue\Pred

0.1T

88.9%81Symp

90%19Asymp

Detection RateSympAsympTrue\Pred

0.8T

Top 673 unique significant SAM genes (q-value <25%) are used to build the predictor

Diagnosis of multiple cancer types by shrunken centroids of gene expression. Robert Tibshirani, Trevor

Hastie, Balasubramanian Narasimhan, and Gilbert Chu
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Case-by-case Prediction Results Report at 0.1T and 0.8T Milestone
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Subject 16 Hrs42 chip has quality issues.



Table 1: List of 18-Gene Predictor

transcription regulatorNucleus3.588chr8p21.1HMBOX1219269_at

otherUnknown3.037chr1p31.1IFI44L204439_at

G-protein coupled receptorPlasma Membrane3.008chr16q12.2-q21GPR56212070_at

otherExtracellular Space3.039chr4p16.3SPON2218638_s_at

transmembrane receptorPlasma Membrane2.647chr6p21.3HLA-DQA1203290_at

enzymeCytoplasm2.996chr4q12PPAT209433_s_at

enzymeCytoplasm2.992chr12q24.1OAS1202869_at

otherUnknown3.167chr22q13FLJ20699218272_at

transmembrane receptorPlasma Membrane2.538chr6p21.3hCG_1998957221491_x_at

enzymePlasma Membrane-2.762chr6q23-q24VNN1205844_at

otherPlasma Membrane-3.140chr12p13NINJ2219594_at

otherExtracellular Space-2.879chr20q12-q13PI3203691_at

otherExtracellular Space-2.802chr8p23DEFA4207269_at

peptidaseExtracellular Space-3.015chr20q11.2-q13.1MMP9203936_s_at

otherExtracellular Space-2.994chr9q31-q32ORM1205040_at

otherExtracellular Space-3.005chr8p23.1DEFA1205033_s_at

enzymeExtracellular Space-3.221chr1q32.1CHI3L1209396_s_at

otherPlasma Membrane-3.234chr1p36.21KIAA1026213478_at

TypeLocationScoreCytobandSymbolProbeset

Up-regulated genes in symptomatic cases

Down-regulated genes in symptomatic cases



Transcription repressorhomeobox containing 1HMBOX1219269_at

 interferon-induced protein 44-likeIFI44L204439_at

Signal transductionG protein-coupled receptor 56GPR56212070_at

Critical in antigen presentation and initiation of innate immune responsespondin 2, extracellular matrix proteinSPON2218638_s_at

Antigen presentation
major histocompatibility complex, class II, DQ alpha
1

HLA-DQA1203290_at

 phosphoribosyl pyrophosphate amidotransferasePPAT209433_s_at

Interferon signaling (inhibition of virus replication)_2',5'-oligoadenylate synthetase 1, 40/46kDaOAS1202869_at

 hypothetical protein FLJ20699FLJ20699218272_at

Antigen presentationmajor histocompatibility complex, class II, DR beta 1
hCG_19989
57

221491_x_at

homolog to mouse VNN1,involved in lymphocyte migration in cell adhesion
and in the colonization of the thymus by hematopoietic precursor cells

vanin 1 (Pantetheinase precursor)_VNN1205844_at

Cell adhesionninjurin 2NINJ2219594_at

Elafin reduced the activation of inflammatory TF NFKB (anti-inflammatory
effect)_

peptidase inhibitor 3, skin-derived (SKALP)_PI3203691_at

Innate immune response to pathogendefensin, alpha 4, corticostatinDEFA4207269_at

Regulator of cellular migration, likely plays a role in recruitment of leukocytes
other than chemokines

matrix metallopeptidase 9 (gelatinase B, 92kDa
gelatinase, 92kDa type IV collagenase)_

MMP9203936_s_at

Inflammation modulating moleculesorosomucoid 1ORM1205040_at

Innate immune response to pathogendefensin, alpha 1DEFA1205033_s_at

A tiny variation in a gene known as CHI3L1 increases susceptibility to asthma,
bronchial hyperresponsiveness and decline in lung function (NEJM Apr 2008)_

chitinase 3-like 1 (cartilage glycoprotein-39)_CHI3L1209396_s_at

Cellular development and organ morphologykazrinKIAA1026213478_at

Relevant
Function

Gene TitleSymbolProbeset

Table 1 (Cont’d): Function of 18-Gene Predictor

Up-regulated genes in symptomatic cases

Down-regulated genes in symptomatic cases



Functional Analysis Using Ingenuity Reveals Major Involvement by 18 

Predictor Genes in Canonical Inflammatory and Infectious Disease Pathway

NNMT

PPAT

PI3 RFXAP

SERPINB1

EMP1

IL8

IFI44L

HLA-DQB3

ORM1

Orm

progesterone

HLA-DRB4

TNF

LGALS7

MYC

HLA-DQA1

LCN2

PBEF1

COL16A1

DEFA1 (includes EG:1667)

IFNG

OAS1

FKBP8

IL13RA2

IFNK

GPR56

CHI3L1

HLA-DRB5
VNN1

TMEM158

NFkB

MMP9

IL1A

PPARG

Network 1 : Ingenuity PAM18 - 2008-04-12 01:14 AM : Ingenuity.PAM18

 © 2000-2008 Ingenuity Systems, Inc. All rights reserved.

Up-regulated genes in symptomatic cases

Down-regulated genes in symptomatic cases

Plasminogen activator inhibitor

2 (PAI-2): An Eosinophil protein

found to be related to response

to RSV infection

Another PA inhibitor SERPINE2

(PN-1) is significantly

downregulated at peak time T

SPON2

FLJ20699

hCG_1998957

NINJ2

DEFA4

KIAA1026

Not in pathway



Legend of Pathway Analysis Diagram
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Time Series Analysis Using EDGE ---- Two Densely Sampled Subjects

Model fitted: natural cubic spline with basis dimension = 4 for 12 time points



Inhibition

of viral 

production

Immune

response

T-cell- / Natural 

killer-cell-

mediated 

immune 

reactions

214777_at:

Ig light chain 

variable region

Heatmap of 41 Top Significant Genes (q-value < .5%) ------ 

Critical Role of Ig Light Chain in Immune Response to RV infection?

Incoming densely sampled cases will provide more insights
PAM 18 genes predictor 



Pathway Analysis of 41 Top Significant Genes (q-value < .5%) 

Reveals Direct Involvement in Immune Reaction

* 15 out of 41 genes are directly related to immune response 

  (colored in pink to red depending on its significance)_



Pathway Analysis of 41 Top Significant Genes (q-value < .5%) Reveals 

Direct Involvement in Cancer or Organismal Injury and Abnormalities

* 18 out of 43 genes are directly related to cancer or organismal injury and abnormalities

  (colored in pink to red depending on its significance)_



Time Course Analysis Using 5 Samples Per Individual at BL/0.1T/0.8T/T

SAM Plotsheet
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Significant: 3087

Median number of false positives: 771.73

False Discovery Rate (%): 25

Tail strength (%): 34

se (%): 16.1
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1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T

2. Individual 16 missing 42hrs and individual 14 missing 96hrs, data imputed using closest time point

Expression Pattern of 7 Predictor Genes Whose Time Course 

Analysis Results Are Also Significant (q-value <25%)_
OAS1
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OAS1: 2',5'-oligoadenylate synthetase 1, 40/46kDa

Function: inhibitor of viral production by inhibiting viral translation and virus replication, it 

                 can also initiate infected cell apoptosis
SPON2
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SPON2: spondin 2, extracellular matrix protein

Function: critical in antigen presentation and initiation of innate immune response

2019161511090706040318171413121008050201



Expression Pattern of 7 Predictor Genes Whose Time Course 

Analysis Results Are Also Significant (q-value <25%)_

1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T

2. Individual 16 missing 42hrs and individual 14 missing 96hrs, data imputed using closest time point
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IFI44L: Interferon-induced protein 44 like

Function: Potential IFN target gene (similar to IFI44, IFIT1, PRKR, MX1)_

CHI3L1
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CHI3L1: Chitinase 3-like 1 (cartilage glycoprotein-39)_

Function: Often found in inflammatory environment with expression induced by cytokines. 

                 An variation of this gene is shown to be linked to susceptibility to asthma and declined

                 lung function (Apr 2008 New England Journal of Medicine)_

2019161511090706040318171413121008050201



1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T

2. Individual 16 missing 42hrs and individual 14 missing 96hrs, data imputed using closest time point

Expression Pattern of 7 Predictor Genes Whose Time Course 

Analysis Results Are Also Significant (q-value <25%)_
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ORM1: orosomucoid

Function: Regulator of inflammatory response with over expression upon acute inflammation.

                 It may be involved in immunesuppression

HMBOX1
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HMBOX1: Homeobox containing 1

Function: Transcription suppressor, detailed function unknown



1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T

2. Individual 16 missing 42hrs and individual 14 missing 96hrs, data imputed using closest time point

Expression Pattern of 7 Predictor Genes Whose Time Course 

Analysis Results Are Also Significant (q-value <25%)_
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GPR56: G protein-coupled receptor 56

Function: Signal transduction (adhesion signaling). Found to be downregulated by stress 

                 in adult mouse brain



Major Canonical Signaling Pathways and Metabolic Pathways

Involved by Top Significant Time Course Genes (q-value<5%)_

PSMB9,HLA-DRA,PSMB8,MR1Antigen Presentation Pathway

NAGK,GM2A,HEXB,HK3,NANSAminosugars Metabolism

CCR1,FCGR2C,MAPK14,BLVRA,IL1B,CD14IL-10 Signaling

NAGA,GLA,GM2A,HEXBGlycosphingolipid Biosynthesis - Globoseries

CFD,CD59,SERPING1,C1QA,C1QB,C3AR1,C2Complement System

IFIT1,IFIT3,OAS1,IFITM1,IFI35,MX1,PSMB8Interferon Signaling

Significant GenesPathway



Major Disease and Disorders Involved by Top 

Significant Time Course Genes (q-value<5%)_

CSF2RA (includes EG:1438),LRPAP1 etcViral Infection

CCR1,CCR2,IL15,CYBB,CASP1,CD86,CD14,C1QA,ANXA2,
CASP4,C2,CD1D etcInfectious Disease

HBXIP,S100A9,PRDX1,RSAD2,IL1B,TNFSF10 etcViral Function

S100A6,NRG1,TNFSF10,CASP4,C1QA,ECGF1,FCGR1A,LR
PAP1,CD1D,NAIP,CCR2,CDK5 etc

Neurological
Disease

FCAR,GADD45B,PRDX1,TNFSF10,CASP4,C1QA,SLPI,PLA
2G7,FCGR1A,CD1D,CST3,CSF2RA etc

Hematological
Disease

ADM,SERPING1,CD59,RSAD2,CD36,TNFSF10,C1QA,LRPA
P1,KLF4,PLA2G7,MAPK14 etc

Cardiovascular
Disease

ANX2P2,CST3,CCL23,HLA-
DRA,FCER1G,IFI30,CPVL,PLA2G7,LGALS1 etc.Genetic Disorder

ANX2P2,SERPING1,CCL23,IL15,CD36,TNFSF10,CPVL,S10
0A12,FCGR1A,PLA2G7,CD1D etc

Dermatological
Diseases and
Conditions

FCAR,CFD,CAMK1,AIM2,LMO2,ECGF1,LOH11CR2A,PLA
2G7,CCR2,CTSH,LGALS8,IFI30,SERPINB2 etcCancer

ADM,SERPING1,IFI27,BATF,NRG1,TNFSF10,IFI35,C1QA,C
ASP4,ECGF1,CES1 etc

Organismal Injury
and Abnormalities

ADM,TNNT1,GADD45B,PRDX1,TNFSF10,C1QA,SLPI,FCG
R1A,CLEC4A,FCN1,G0S2,CCR2 etc

Skeletal and
Muscular
Disorders

ADM,GADD45B,PRDX1,TNFSF10,CASP4,C1QA,SLPI,FCG
R1A,G0S2,FCN1,CCR2,LGALS8,HLA-DRA etc.

Connective Tissue
Disorders

C1QA,FCGR1A,PLA2G7,GSTZ1,FCN1,G0S2,CCR2,IFI30,CY
BB,HNMT,KCNJ15,CPVL,CD33 etc.

Inflammatory
Disease

FCAR,C1QA,FCGR1A,PLA2G7,FCN1,G0S2,CCR2,CYBB,H
NMT,KCNJ15,ANXA2,CD33 etc.

Immunological
Disease

Significant Genes
Diseases /
Disorders



Canonical Pathway Involvement by Significant Genes:

 Cellular Growth and Proliferation / Organism Injury

CD86

IFI6

CTSL1

CES1 (includes EG:1066)

CD36

IFIT1

RSAD2

CTSH

IRF7

NFkB

PLAC8

PEA15
SLPI

MX1

BATF

CCR2

GLA

CD14

IFIT2

TNFAIP6

CST3

ISG15 (includes EG:9636)

LDL

CSF2RA (includes EG:1438)

TLR5

PLSCR1

AIM2

C3AR1

TNFSF10

EMR1
APOBEC3B

NPC2

G0S2

TNFSF13

IFITM1

 © 2000-2008 Ingenuity Systems, Inc. All rights reserved.



Canonical Pathway Involvement by Significant Genes:

Immunological Diseases



Canonical Pathway Involvement by Significant Genes:

Immunological Diseases



Canonical Pathway Involvement by Significant Genes:

Inflammatory Diseases



Random Forest Analysis
• Random Forests: Ensembles of tree based classifiers

using lasso selection (Breiman 1990).

• Ys=a1*f1(Xs) +...+an*fn(Xs) + l1(a1...an)

• For classification Y is symptom 3-level sx of each chip

• For prediction Y is the end state (sx or asx) of each chip

• RF trained on Y and X=genes, metabolites, AA/AC and

immunoassay data over days 0-3).

• Stratified sampling used to compensate for unbalanced

groups



Forward Prediction at 0.2T
C8.1ThrombopoietinSFNCPPSTPIP2X208207_atTNF.RIIAIREStem.Cell.FactorBrain.Derived.Neurotrophic.FactorABCA11C10TyrC14.2AHDC1IgEICAM.1hCG_1998957PAI1Factor.VIIRAD51L1ValZMPSTE24PLEKPhePAI.1CYLDC18.OH.C16.DCLeu.IleMet0.50.70.91.1MeanDecreaseAccuracyDGCR6LIL6RAD51L1SF3B1hCG_1998957PI3PHLDA3SESN1MyoglobinC14.1.OH.C12.1.DCHDLKETC10ThrombopoietinApolipoprotein.A1ENDOGL1ICAM.1C18.OH.C16.DCValOrnCYLDPAI.1Leu.IleC3ZMPSTE24PAI1MetPheTyrIL.180.000.050.100.15MeanDecreaseGinirf_predict_0.2T



Forward Prediction at 0.8T
Cancer.Antigen.125TRIGC16.2Tissue.FactorSLC35A2MMP11GLUANXA2P1PRPS2SFNC16.1C14.1MDCBeta.2.MicroglobulinFFAValEDG6C10IgATCF1IFNgProstatic.Acid.PhosphatasePI3SGOTCDK8MyoglobinABCA11CRYBB3Glutathione.S.TransferaseTGDS0.60.81.01.21.4MeanDecreaseAccuracyUSPL1EXT2ZNF34DBC1KETGFRA2HaptoglobinC16.1CCDC25MGAT4API3FibrinogenFUT1ADIPONECDLATOrnHDLPGAM2TCF1SFNCDK8PPY2IL.18SLC35A2MyoglobinABCA11ValCRYBB3TGDSGlutathione.S.Transferase0.000.050.100.150.20MeanDecreaseGinirf_predict_0.8T



Observations from RF analysis

• GO information embedding was applied to mRNA data prior to RF

• Perfect forward predictions of symptom onset from 0.2T and 0.8T.

• Biological validation is necessary (Gene, Metabolomic Ontology)_

• mRNA is enhanced by other biomarkers, esp. immunoassay

• Current state estimation may allow the registration of patient state

along their symptom/viral titer curve (see Extra slides)

• Cross-platform data normalization does not appear to add much

value.



DMDA
• Differential motif discovery and analysis (Hero:08) discriminates between

graphical model for A and S interactions (gene-gene, gene-protein, protein-

protein)_

• Guiding principle: gene regulation network adapts in response to infection

•  Method: detect consistent changes in loci of a small number of genes by

comparing within-chip mRNA correlations in A and S groups

– 1. Normalize mean and variance within each group at T0, 0.1T, 0.8T, T

– 2. Sparse approximation to whole-chip (23Kx23K) covariance matrix

– 3. Sparse matrix manipulation to detect pairs of “pivotal”  mRNA probes

with high correlations of opposite sign in A and S.

– 4. From these pairs construct interaction graphs under A and S

(A. Hero, report in preparation, 2008)



Rhino-data at 0.8T

DMDA -> IFIT5+SRGAP2 loci

Asymptomatic subjects Symptomatic subjects



Rhino-data at 0.2T

PLEK,MMP11,TRIM3, ANKRD40 loci

Asymptomatic group Symptomatic group



Functional Analysis of High Score Genes From DMDA Analysis 



FBXW2

XRCC6

SQSTM1

CP

FXR2

NDN

TF

SECTM1

CYP2C40

PAX5

EGR2

XRCC5

IGJ

IL1B

KCNAB2

MPO

MR1

RXRG
CBFB

CEBPA

EIF4E

PABPC1

UGDH

PDLIM4

EIF2AK2

ZNF673

KCNAB1

SLCO1B1

SLC40A1

CKS2 (includes EG:1164)

MTR

iron

retinoic acid

LTF

nitric oxide

Network 5 : prof.hero motif : prof.hero.motif

 © 2000-2008 Ingenuity Systems, Inc. All rights reserved.

Functional Analysis of High Score Genes From DMDA Analysis 

Pathway Related to Respiratory Disease



PRDX2

ZNF451

SSTR5

Insulin

Akt

Pdgf

SFN

STX6

EPS8L1

MMP11

ID1

CYLD

HMGCR

PTN

STX7

Tgf beta

STAT1

PP2A

IRAK1BP1

FRS2

HNF1A

ONECUT1

BRAP

USF2

PPM1B

RNA polymerase II

CDK8

FGFR2

PDGF BB

Mapk

Fgf

SLC6A2

NFkB

Pkc(s)

SCLY

 © 2000-2008 Ingenuity Systems, Inc. All rights reserved.

Functional Analysis of High Score Genes From DMDA Analysis 

Top Rank #1 Pathway Related to Tissue Development



Path Forward

 Integration/completion of all analyses

 CV, integrate results, include missing chips

 Integrated pathway analysis (genetic, metabolic)_

 Identify stable targets for on-chip diagnostic testing

 Refine and validate results on new mRNA chips

 Further refine for cohorts in Challenge II and III



Extras

RF predictor with Z-score normalization

RF for current state estimation

DMDA: Under the hood

Sampling matrices and timing



Forward prediction at 0.8T

(scaled)_
MMP11TRIM3FLJ20699PRPS2ZNF34SSTR5SLC35A2CDK8C14.1Prostatic.Acid.PhosphataseC18.OH.C16.DCSHBGEDG6HaptoglobinIGF.1RANBP5MDCZNF673Brain.Derived.Neurotrophic.FactorSGOTTRIGIL.18TCF1Tissue.FactorValPPY2MyoglobinTGDSGlutathione.S.TransferaseCRYBB30.60.81.01.21.41.6MeanDecreaseAccuracyANKRD40Alpha.FetoproteinPI3MDCZNF673GlyHDLVNN1CDK8PGAM2PRPS2C14.1SGOTTCF1PAI1HaptoglobinIL.18AIREABCA11SFNTissue.FactorTRIGTGDSRANBP5ValSLC35A2PPY2Glutathione.S.TransferaseCRYBB3Myoglobin0.000.050.100.150.200.25MeanDecreaseGinirf_spredict_0.8T

CV error rate: 45%. Prediction accuracy 100%.



Current state estimation

(PAM+DMDA genes)CPFUT1UGDHPI3ZNF26PRDX2PSTPIP2PHLDA3EXT2MGAT4AHSP90B1ABCA11MR1TCF1PSENENAP3B1ZNF673SSTR5VNN1hCG_1998957SECTM1ID1STAT1IFI44LSLC35A2HLA.DQA1GCC2IFIT5SFNOAS10.150.200.250.30MeanDecreaseAccuracyZNF34SYPMGAT4APSENENSCAMP5BZW1PLEKTRIM3ZMPSTE24DLGAP4SLC35A2HLA.DQA1DEFA4PPM1HAUHPSTPIP2SFNHMGCRMR1TSPAN4IFIT5PPM1BSECTM1CHI3L1PARVBIFI44LUSF2OAS1X212867_atGCC20.000.050.100.150.20MeanDecreaseGinirf_gene



PAM+DMDA genes (scaled)_
GCC2RAD1SF3B1MGAT4ARAD51L1WIT1ZNF26ORM1TCF1BRAPEXT2STC1ANXA2P1SECTM1RANBP5SNRP70MAGEC2TMEM39AFBXW2ITGB1BP3CCDC25PSENENZNF673STAT1MR1OAS1VNN1SFNSLC35A2IFIT50.150.200.250.30MeanDecreaseAccuracyPPM1BMR1AUHDLGAP4ZNF26STC1SECTM1ADH1BSLC35A2STAT1PSTPIP2X208207_atPSENENZMPSTE24NPAS1hCG_1998957WDR5BIFI44LTRIM3USF2CDKN1CPARVBIFIT5HMGCROAS1MGAT4ACHI3L1X212867_atGCC2TSPAN40.000.050.100.150.20MeanDecreaseGinirf_genes



Current State Estimation

(Metabolites)_
ADIPONECFFATRIGResistinLEPTINIL12p70INSIL10TNFaKETHDLPAI1LDLCHOLIL6GLUCAGONIL2HBUTIFNgIL1bIL8CRPGLUIL12p40MCP10.00.20.40.6MeanDecreaseAccuracyTNFaIL10IL2IFNgIL1bIL12p40LDLIL12p70ResistinIL8KETIL6HBUTFFAINSLEPTINPAI1ADIPONECTRIGGLUGLUCAGONCHOLHDLMCP1CRP0.00.20.40.60.8MeanDecreaseGinirf_met



Metabolite (scaled)_
LEPTINTRIGTNFaGLUIFNgADIPONECIL12p70IL10IL1bFFAIL12p40INSGLUCAGONIL2LDLIL8PAI1ResistinHDLIL6CHOLHBUTKETCRPMCP1-0.20.00.20.40.6MeanDecreaseAccuracyIL2TNFaIFNgIL10FFAResistinKETIL1bIL12p40LDLTRIGHBUTIL6IL12p70IL8PAI1INSLEPTINADIPONECHDLGLUGLUCAGONCHOLMCP1CRP0.00.20.40.60.8MeanDecreaseGinirf_mets



Current State Estimation (AA/AC)_
C18.OH.C16.DCC6.DCC18.2C18.1C7.DCC2GlyC10.3C4.Ci4C5.OH.C3.DCC10.OH.C8.DCValCi4.DC.C4.DCC10.1C4.OHPheC8C14.1C12C16.1.OH.C14.1.DCC12.OH.C10.DCC5.sC6C20.1.OH.C18.1.DCC14.2HisOrnArgC5.DCMet0.100.150.200.250.30MeanDecreaseAccuracyC16.OH.C14.DCCi4.DC.C4.DCC4.Ci4C5.sC2C10.1C16.1.OH.C14.1.DCC8TyrMetC20.1.OH.C18.1.DCC20.OH.C18.DCSerC12.OH.C10.DCAlaC18.1.OH.C16.1.DCValArgC18.2.OHGlyHisC14.OH.C12.DCC8.1C3C5.OH.C3.DCC10.2C18.OH.C16.DCOrnC18Pro0.00.10.20.30.4MeanDecreaseGinirf_aa



AA/AC (scaled)_
C18.1C16.1.OH.C14.1.DCC14.OH.C12.DCCitTyrC10C10.3C14C14.1.OH.C12.1.DCC16ValC5.sPheC8C16.OH.C14.DCC6OrnC5.DCC2C12.1C14.2MetAlaGlyC12.OH.C10.DCHisC5.OH.C3.DCArgC6.1.DC.C8.1.OHPro0.050.100.150.200.250.30MeanDecreaseAccuracyC5.sC3C6.1.DC.C8.1.OHPheC4.Ci4C20.1.OH.C18.1.DCCi4.DC.C4.DCC16.1.OH.C14.1.DCSerC10.2C20.OH.C18.DCC10.3C5.OH.C3.DCCitC20C14.OH.C12.DCMetC8TyrGlyC8.1C16.OH.C14.DCC2HisValArgC18C18.OH.C16.DCOrnPro0.00.10.20.30.4MeanDecreaseGinirf_aas



Current State Estimation

(Immunoassay)_
EotaxinHaptoglobinIL.5Tissue.FactorPAPP.AThyroxine.Binding.GlobulinApolipoprotein.CIIIIGF.1FerritinStem.Cell.FactorMCP.1MIP.1betaThyroid.Stimulating.HormoneIL.6Prostatic.Acid.PhosphataseFGF.basicAdiponectinTIMP.1C.Reactive.ProteinIL.7ENA.78MyeloperoxidaseSerum.Amyloid.PIgAG.CSFMyoglobinCD40.LigandLeptinMMP.2Apolipoprotein.H0.250.300.350.40MeanDecreaseAccuracyCreatine.Kinase.MBTIMP.1Fatty.Acid.Binding.ProteinMCP.1FGF.basicTissue.FactorLeptinMyoglobinIL.5MMP.9IL.2Apolipoprotein.HC.Reactive.ProteinLipoprotein..a.MMP.2Alpha.2.MacroglobulinIL.8MyeloperoxidaseIL.13ENA.78CD40Brain.Derived.Neurotrophic.FactorThrombopoietinProstatic.Acid.PhosphataseCarcinoembryonic.AntigenThyroid.Stimulating.HormoneEotaxinSerum.Amyloid.PProstate.Specific.Antigen..FreeCD40.Ligand0.00.10.20.30.4MeanDecreaseGinirf_imm



Immunoassay (scaled)_
IL.12p40FibrinogenIgAFerritinENA.78LeptinMyeloperoxidaseBeta.2.MicroglobulinErythropoietinProstate.Specific.Antigen..FreeEGFCD40.LigandC.Reactive.ProteinMCP.1IL.16IL.10TIMP.1MIP.1betaHaptoglobinCancer.Antigen.19.9IL.6FGF.basicMyoglobinAdiponectinMMP.9MMP.2Thyroid.Stimulating.HormoneProstatic.Acid.PhosphataseCarcinoembryonic.AntigenApolipoprotein.H0.200.300.40MeanDecreaseAccuracyCreatine.Kinase.MBTNF.alphaIL.4EGFComplement.3PAPP.AIL.6Lipoprotein..a.Cancer.Antigen.19.9Apolipoprotein.A1IL.3Alpha.2.MacroglobulinProstatic.Acid.PhosphataseC.Reactive.ProteinMCP.1IL.2Tissue.FactorApolipoprotein.HMyoglobinIL.13ThrombopoietinFatty.Acid.Binding.ProteinProstate.Specific.Antigen..FreeThyroid.Stimulating.HormoneCD40EotaxinENA.78Serum.Amyloid.PCD40.LigandCarcinoembryonic.Antigen0.00.10.20.3MeanDecreaseGinirf_imms



Current state estimation

46.23

42.45

AA
(7)_

23.38

22.6

ImmunoAssay
(9)_

31.2

32.8

All (15)_

40.5731.13Unscaled

37.7432.08Scaled

Metabolites
(5)_

PAM+DMD
A genes
(12)_



DMDA - Under the Hood



Revised sampling protocol






