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Figure 1:.JQ API found dtttp://test.jagpot.org:8080/jagpot/swagger/

Figure 2:JQ user interface found attp://test.jagpot.org:8000/

Figure 3:Dataset example for ED in JSON format. The ED algorithm will suggest which of the endpoint
WydzZ £ Q Ol tdzSa akK2dzZ R 6S YSI adzZNBR®

Figure 4:API for IED experimental design found at
http://test.jagpot.org:8080/jagpot/swagger/#!/algorithm/trainModel

Figure 5The new dataset produced for IED experimental design. The calsmggestedTriafss the

output of IED whereas the remaining columns are the original data provided.

Figure 6:API for FED experimental design found at
http://test.jagpot.org:8080/jagpot/swagger/#!/algorithm/trainModel

Figure 7:FED experimental design output via the API

Figure 8JSON Example for Interlaboratory testing. Each entry features the saroparéiole but

different owner.

Figure 9:API for interlaboratry testing, found at
http://test.jaqpot.orq:8080/jagpot/swagger/#!/interlab/interLabTest

Figure 10Algorithm options for IED service in JQ User Interface

Figure 111ED output showing the suggested ENMs for which experiments should be performed (in red
colour)

Figure 12FED algorithm user interface and options

Figure 13Part of FED algorithm outpwiith suggested experiments (in red colour)

Figure 14Detailed statistics table (8 tests) from interlaboratory testing report

Figure 15Actions and warnings raised for particular labs in interlaboratory testing report.

Figure 16:Concealed and real latames dictionary in inter lab testing report

Figure 17:Histogram of bias estimation for bins of laboratories (adtd Yy Ay 3 dzaAy 3 { 0200 Q
Figure 18 Normal probability plot of expanded uncertainties based on ranks

Figure 19:Normal probability pit of result values. Outliers outsidesgore threshold are annotated

with their Zscore value.

Figure 20Plot of standard deviations against averages with significance values
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A-Optimal AverageOptimal

D-Optimal DeterminantOptimal

[-Optimal IntegratedOptimal

API Application Programming Interface

EC50 5NHzZQa KIFfF YFIEAYLFE 9F*

ED Experimental Design

eNM eNanoMapper

ENM Engineered NanoMaterials

FED FactorialExperimental Design

IED Iterative Experimental Design

ILT Inter-Laboratory Testing

JQ JagPoQuattro

JSON JavaScript Object Notation

nQSAR nanc-QSAR

OECD Organisation for Economic ©peration and
Development

PCA Principal Component Analysis

PLS Partial Least Squares

PMML Predictive Model Markup Language

QSAR Quantitative Structuréictivity Relationship

ul User Interface

A list of terms used within the project is accessible at:
http://www.enanomapper.net/library/enmdictionary
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1. EXECUTIVE SUMMARY

~

This deliverableeport describes extensions oftie2 2f a + @F At 6t S Ay Sblyz2al Ll
modelling infrastructure, by integrating capabilities for performing optinedperimental design and
interlaboratory proficiency testing. In the first case, researchers may optimise the parameters of their
experiments either from the wg beginning (when they start designing te&periment$ or improve

their exsting workflow in an iterative fashion. In the second case, a coordinator may collect
measurements from laboratories to assess potential bias in their pipeline by comparing the values to
those of other labs and issue suggestions for improving their experimental proceduse Twds have

been developed and deployed as web services built in R and Python respectively. We first indicate and
demonstrate these additions via the JQ API and then present a complete walkthrough using the JQ user
interface (Ul).
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2. INTRODUCTION

Experimental design is of crucial importance in the field of ENMs due to the high cost and complexity of
conducting such experiment$he significant variability of reported biological and toxicity outcomes on
nominally identical materials ha$hallengedhe reliability of current testing approaches. A major source

of variability is due to the fact thaesting methods, experimental conditionsnd protocolsused by
different measurement laboratories are not consistent and standardised. Assessment obtbgidal

and ervironmental impacts of ENMs cée accelerated, isourcesof reliability and irreproducibilitgan

be identified and suitablestandard reference materials, assays, gmcedurescan be established
internationally.

Task 4.5 of the eNanoMaer project has developed computational and software tools for supporting,
serving and validating intdaboratory experimental work, interdisciplinary collaboration between
experimental and computational scientists and the mutual need for creating gprahliten guidelines
for experimental design:

i) The eNanoMapper modelling infrastructure developed in Tasks 4.3, 4.4 and demonstrated
in Deliverables 4.3, 4.4 has been extended and tailored to provide directives on which ENMs
and under which structures ananditionstesting should be carried odb obtain a better
exploration of the domain using the minimum possible humber of experiments. Optimal
SELSNAYSyYyiGlItf RSaAdy KIFLa o06SSy | ROFLyOSR o6Se2
established experimental dagn methods (such as -@ptimal design) with predictive
modelling algorithms to develop sequential procedures, taking into account the available
experimental data and the model predictions in each iteration.

i) New functionalities have been developed andeoéd as ready to use web applicaticius
organising anénalysingnter-laboratory testghat allow the assessment of bias within labs
by ensemble comparisons of endpoint measurements on the sl by the different
laboratories.Computational and visualizatidools (e.g. zscore and zetacore histograms)
have been developed and provided through the framework for validatingehability and
reproducibility of measurement methodsand assessing th@erformance of individual
laboratories according to the 1ISO13528.

The new functionalities have been implemented as extensions of bothJagpot Quattro (JQ) API
(Figure 1, http://app.jagpot.org:8080/jagpot/swagggr and the JQuser application (Figure 2,
http://test.jagpot.org:8000)), and they are compatibleith the eNanoMappedatabase and the rest of

the modelling services. Section 3 of this repérdescribes theexperimental design (ED) and
interlaboratory testing (ILT) schemes made available by JQ functionality. Particularly, two ED schemes
are implemented namely the factorial experimental dgsi (FED) which can be usethen an
experimental group starts planrgnthe experiments and theterative experimental design (IED)
approach which assumes that some experimental dataadneady available and the growgesigns the

next round of experimentsThe LT scheme is assessing bi@asiong many laboratoriebased on
consensus opinion for the same measurement using 8 statistical tests according to OECD guifelines.
full demonstration of the JQ workflow is givensiection 4, with the help ahe JQ ser interface for the
visualization of the functionality of the webrsgces.
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1 Jaqpot Quattro v:4.0.1

http:/ftest. jagpot.org:8080/jagpot/services/api-docs

AQICEWM2LY 4SfowTY JNuFU2 RS9

repon:ReportAPI Show/Hide | List Operations | Expand Operations | Raw
dataset : Dataset API ShowHide | List Operations | Expand Operations | Ra

interlab : Interlab Testing API ShowlHide | List Operations | Expand Operations | Ra

pmmli : PMML API ShowHide | List Operations | Expand Operations | Ra

doseresponse : Dose Response API ShowHide | List Operations | Expand Operations | Ra

readacross : Read Across API ShowlHide | List Operations | Expand Operations | Ra

bibtex : BibTeX API ShowHide | List Operations | Expand Operations | Ra
validation : Validation API ShowHide | List Operations | Expand Operations | Ra
enm : eNM API ShowlHide | List Operations | Expand Operations | Ra
model : Models API ShowlHide | ListOperations | Expand Operations | Ra
task : Tasks API Show/Hide | ListOperations | Expand Operations | Ra

algorithm : Algorithms API ShowHide | List Operations | Expand Operations | Raw

aa : AA API ShowiHide | List Operations | Expand Operations | Ra
feature : Feature API Show/Hide | List Operations | Expand Operations | R

user : Users API Show'Hide | List Operations | Expand Operations | Ra

saseE URL: hitp:/ftest.jagpot.org:8080/jagpot/services/api-docs ]

Figure 1 JQAPI found atittp://test.jagpot.org:8080/jagpot/swagger/

Experimental Des
Optimise the design of the experiments.

Iterative Experimental Design | Factorial Design

Create Dataset

ubstances, properies and deseriptors
Create Dataset

Interlaboratory Comparison

Perform statistical taboratory quality control

Intertaboratory Proficiency Testing

NanoQSAR validation schemes NanoQSAR modelling Read Across

Vaidate model using dfferent vaiidation optons. v 2 ol o make & pradiion Make 3 prediction based on the read scross method on an existing datasst

o e T
, :

Figure 2JQ user interfacéound athttp://test.jagpot.org:8000/
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3. INTESRATEIANALYSIS API

This sectiondescribes JQ experimental design and interlaboratory testing algorithm services. As
mentioned in deliverable D4.3, these require input data in a standardized fornwadar to generate

their output, and raw experimental data cannot be used directly for such purposes. Therefore, for
correct formatting & datasets please refer to th€onjoiner service section in D4.3. Once appropriate
datasets exist, users may use thevdees described below in thitocument, both on API (described in
this sectionland Ul §eesection 4) levels.

3.1.EXPERIMENTAL DESKRN

As originally introduced in section 5.4 of D4.1, an initial approach of ED algorithm EXtehieh builds

upon the description of a specific experiment and its variables. This is an ED special case wlith shou
be applied when the experimental laboratory starts designing the experimedntsaddition, an
alternative approach is considered, IEBhensome experimentatlata have been collecteand the aim

Aa G2 adza3asad GkKS ySEG SELSNAYSyida 2N WiNRIFfaoQ
SAGAYIGS GKS W2LIWAYIFETQ 953 AdSd GKS 2yS GKIG 62 dz
space in the bst possible way (Atkinson et al., 2007). The suggested experiments are selected based on
three available optimization criteria, namely Determinddptimal (DOptimal), Averag®©ptimal (A

Optimal), and Integrate®ptimal ({Optimal). Optimal designs are tpizations based on a chosen
optimality criterion and the model that will be fit (section 5.4 of D4.1). For instance, the optimality
criterion of DOptimal design results in minimizing the generalized variance of the parameter estimates

for a prespecifiad model. Therthe optimal set of design runs is chosen from a candidate set of possible
design treatment runs. This candidate set of treatment runs usually consists of all possible combinations
of various factor levels that one wishes to use in the experiment. The camalgorithm generally uses

I aGSLIAY3I FyYyR SEOKIy3aAay3ad LINROS&aa G2 asStSOG GKS
used to optimize the selection speed (Federov, 1972). The eNM ED web service is built as an R openCPU
service calling an thouse R package called ExpDesignPkg3.0, which appropriately utilizes the AlgDesign
cran package (Wheeler, 2004). The full R code can be found in
https://github.com/enanomapper/ExpDesign

ITERATIVEXPERIMENTAL DESABGN

An appropriate dataset ifterative experimentaldesignis either a datasetf untestedENMs i.e. ENMs

for which experimental measurements are availalgaly for input variables(independent variables,

such as physicochemical deptors) or a dataset containingoth untested ENMs and tested ENMs, i.e.

for some ENMs in the dataset endpoint values have already been measured (assuming in this case that
that iterative design has started in a previous iteratiolm) either case the remrcher is seeking to find

out the best set ofuntested ENMs in the dataset, whosendpoint valuesneedto be measured. For
example, in the first case, thendpoint variable could be the half maximal effective concentration of a
drug (EC50) for 1ointested ENMsand the question would be which experimental EC50 values to
measure, whereas in the latter case five, say, EC50 experiments would have been conducted and the
guestion would be to identify the next experimental values to be measured from the remaining ten
ENMs An examplescreenshot ba dataset suitable for ED in JSfoNnat is shown in Figure. 3his can

eNanoMapper 604134 10 December 201¢ DELIVERABLE Paged of 28
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be retrieved using GETon a dataset with the & O2 NPBAWO using the API, or at
http://test.jagpot.org:8000/data detail?name=cororexp via the UI.

"https://apps.ideaconsult.net/enmtest/property/TOX/UNENCOWN TOX
ICITY SECTION/LogZ2
+transformed/94D6E4CFE4925A0F400A5ADBCAT33B52ED454688/ 3ede42f5
-1b42-3287a-9%66—dea3b31le>f8a™ : —-5.184,

"https://apps.ideaconsult.net/enmtest/property/TCX/UNENOWN _TOX
ICITY SECTICN/Net+cell+association/8058CAS54E48268ECBRAACSEASS3
S56854F413673E/3ede42f5%-1b42-387a-5566—-deaSb5%1e5£f8a" : null,

"https://apps.ideaconsult.net/enmtest/property/TCX/UNENOWN _TOX
ICITY SECTICN/Protein+density/D93618A5SDODSEFSEOTCEGEERC44D054F
???hEGl?fSed642f9—1b42—38?a—9b66—dea5b9135£8a" : 0.0,

"https://apps.ideaconsult.net/enmtest/property/TCX/UNENOWN _TOX
ICITY SECTICN/Total+protein++BCRA+assay+/ASCET056CCTASTSZTECEFSA
L40FDO3C35ET1647TDA/ 3edE42f5-1b42-387a-55%66—dea5b91e5£8a"
2.927,

"https://apps.ideaconsult.net/enmtest/property/TCX/UNENOWN TOX
ICITY SECTICN/Total+surface+tarea++Sktot+/52D33BC3BEBF26CBETRTC
CTAOSES130R23164405/3ed642f5-1b42-387a-5966-dea5h%1le5£8a" :
11.0

}
bo
"compound" @ {
"name" : "GLl5.RHT 5",
"UORI" :
"https://apps.ideaconsult.net/enmtest/substance/FC5V-0elalSec—
6045-3415-8%e5-6ed48elct2eldc”

}f

Figure 3:Dataset example for ED in JSON format. The ED algorithm will suggest which of the
SYRLRAY(d WydzZ £t Q @I fdzSa akKz2dZ R 6S YSI

The IED scheme amplementedfor the eNM platform is based ahe work published by Brandmaier et

al. (2012) andBrandmaier and Tetko (2013j.e. it is an adaptive approach that combines optimal
criteria (DOptimal, AOptimal, tOptimal) with partial least squares (PLS) and leawveout cross
validation or principhcomponent analysis (PCA). Particularly, the realization of the-ohemical space

is built with either PLS componenisten testedENMsare includedin the datase} or PCA components
(when the dataset contains only untested ENMthe latent variabledrom PLS are ranked by their
correlation to the endpoint variable, whereas the principal components from PCA are ranked by their
variance in the descriptompsce (Brandmaier et al., 2013).

The implemented algorithms can be retrieved via the API by usig &gorithm by ID and type the
f2f€t26AYy 3 -etpiesign2géz O RN -esipdeSigdez ¢ depending on whether endpoint
experimental measurements are or anet included in the data. In order to use this service, users must

POST several parameters undee talgorihm POST by ID option (Figune® d&a ¢ A Gf Sé¢ | yR aRS
2LI0A2yFE X o0dzi dzASNE | NB dzNHSR (2 FAf{ft GKSY Ay I &
must beexperimentaldesigrcompliant, meaning that the endpoint variabke eptional but if included

GKSe akKz2dzZ R O2yGlAYy YAaaAy3a aydzZfé¢ QI tfdad datao A S

matrix from which IEBi K2 dzf R &St SO0 G KS 2 L ASEILE arBiyuid 2¢/ ISR R0
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representative example. Theewice automatically detects whether an endpoint varialle NBE RA Ol A 2y
FSIHGdZNB ¢ oA GiKavaldblz.a A y3 @G f dzS a

The IEDservice awaits five parameter values; the list is given belease note however,that for
completenessve include in parenthesehe terms as they appear in JQ Ul and will be further discussed
in section 4.1.:

1. GYECNRIfaég 6abdzYoSNI 2F ¢NAIFfAE€0T || ydzYSNR O
not supplied then the default value 11 is used, however in the current version a value greater than 4 is
expected.

2. GONRGSNR2YE  0dah LI A Y ratter Ve th Thglicat® Mdicki SphidaR y € 0
designto apply (possible valudsNB ¢ B8 & ! € X GLE OV ®

3. G NH ©0 @ENBaGKeHE G KNS aK2t REO | ydzYSNRAO @t dzS A
data supplied provides R2 value greater than the threshold valuer@ingamessage is returned.
4. GF2NXVE 6a5S8Sardy F2NXNdzZ [ é¢0X | adNAy3d AYR

A O
f35SaA3y w LI O3S oLRaaAotS F2N¥dzZ a NBE af AyS
non-singular representation of eubic model)

5. GySé,¢ o0abSg 5SLISYRSYyd I NAIFIotSE0T | &0NR
when the dataset does not contain any variable with missing values.

Parameters shoulle given in JSON format, for example:
{"nTrials":[5],"criterion™:["D"];r2.threshold":[0.8],"form":["linear"],"newY":"newY"}

Please note that the last variable is only needed for the emudesignz service, and also that the
OdzNNBy i @SNEAZ2Y gl Ada G €SFrad n al YLXa®dwithy (GKS
IED results and its ID is returned. Then the APl POST model by id service is used to create a dataset with
the first column being the suggested trials of IED analysis.
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/algorithm Finds all Algorithms
m /algorithm Creates Algorithm
m falgorithm/{id} Crestes Model

Impiementation Notes
Applies Dataset and Parameters on Algorithm and creates Model.

Response Class (Status )
Model Schema

scTor : -
“message”: "7,
"details”: "%,
"httpStatus”: @,
“trace™: “ErrorReport”,
"meta": {

“identifierz": [

1

"comments”: [

Response Content Type
Parameters

) Parameter
Psrameter Value Description

Type Dsta Type
title ; eaelmle form string
description test form string
dataset_uri http://app.jagpot org:8080/jagpot/services/dataset/c form string
prediction_feature |https:.//apps.ideaconsult.net’enmtest/property/TOX) form string
parameters 1"[0.9]."nTrials" [6]."criterion™["D"]."form" [ "linear']} form string
transformations form string
scaling form string
doa form string
id ocpu-expdesign2-xy path string
subjectid hesder string
Trv it out!

Figure 4:API for IE@xperimental design found at
http://test.jagpot.org:8080/jagpot/swagger/#!/algorithm/trainModel

The result is a datet, which additionally téhe dataset suppliedcontairs the suggestedrials (i.e. the
untested ENM for which endpoint values should be measukégiire . This object is a binary vector
with 1 indicating suggested trial. Additional informatiisralso included: the Rvalue of the model if the
endpoint variable is given, the confnding effect (i.e. the diagonality of the design, excluding the
constant, if any), and the normalized variance of the design.
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Bl el e Lol e Ciee Dt lype
subjectid Authorization token header string
e33ilLKxbpuu18TqixZ9 path string
rowsStart query integer
rowMax query integer
colstart query integer
colMax query integer
stratify query string
seed query integer
folds query integer
target_feature query string

Request URL

http://test.jagpot.org:8888/jagpot/services/dataset/e33i1LKxbpuuldTqtxz9
Response Body

“Substance”,"suggestedTrials™,"Polydispersity index","Polydispersity index","Core size","Density”,"Intensity Mean Hydrodynamic

"G15.AC_S","9","8.984","0.27","14,9",719,1","23.49",779.97","197.0", "9.0", "23.49",718.38","8.97, "21.75", "21.94","57.53", "22.36"
“G15.AHT_5","8","8.399","9.215","14.97,"19,1",747.5","186.7",7197.07,"8.8", "47.5",753.87","8.0","67.79", "11.76","90.086", "36.95"
“G15.Ala-SH_S5","8",7@.147","9.184","14.97,"19,1",735.83"7,"63.72","197.8",70.0",735.03","34.87", "0.0", "44.87,"22,32", "44.43","22
"G15.Asn-SH_5","8","@.15","9.207",714.9","19.1"7,"23,04", "68.92","197.07,"0.0", "23.84","31.47,"8.0", "74.66", "21.22","37.75", "23.
"G15.AUT_5","8","@.326","8.273","14,97,"19,1","29.49","83,34","197.8","@.0","29.49","25,25","9.8", "221.93","4.11", "55,98", "23.8
"G15.CALNN_S","@","08.144","9.154","14.9","19.1","23,12","41.33","197.8","0.07, "23.12","34.38","8.0","36.99", "21,32","38.8", "25.
"G15.CIT_5","8",7@.138","9.217","14.97,"19,1","28.3", "64.47","197.8","0.0", " 28.3","32.35","8.8", "38.58", "19.47","54.83", "18.65"
"G15.CTAB_S","8","9.465",78,371","14,9",719.1","35.99",7185.17, "197.8","9.8", "35.99","17.68","@.9", "69.66","2.75","59.7","15.6"
"G15.D0T@BDHDA_5,"8","@.187","@.336","14.97,"19.1",727.78", "149.15","197.8", "0.8", "27.78",723.347,"8.0", "175.14", "22,84","47.0
"G15.D0TECTAB_5","@","@.191","0.388","14.9","19.17,"23.23","99.43",7197.0","8.0", "23.23", "25.62",78.8", "113.66","19.51", "48.4",
"G15.DOTEDCTAP_57,"8","@.193","9.237","14.97,"19,1",731.58","83.76", "197.8","0.8", "31.58","34.51","9.8", "62.91","28.17", "47.348"
"G15.D07@0DA_S5","8","9.268",78.34567,"14,9",719.1","28.99","87.33","197.0","9.8", "28.99","26.12","9.9", “33,85", "16.66","58.95","
"G615.D0T@SA_5","8",7@.249","0.367","14.97,"19,1",755.317,"86.81","197.8",78.0",755.31","27.7",7@.0", "33.84","27.08", "59.93", "82
"615.D0T@SDS_5",7e","9.3082",70.37","14.97,"19,1",735.19","142.637,"197.8", "0.0", "35.19",729.7","9.8", "124.61", "16.05", "100.13",
"G15.DTNB_5","8","0.188",70.248,"14,9",719.1","25.16",781.13", "197.8","9.8", "25.16",732.93","0.09", "45.24","22.67", "60.27", "23.
"G15.F127_5",78","9.216",78.197"7,"14,9",719.1","36.47",772.78", "197.8","9.8", "36.47",738.14","9.9", "57.8","31.55", "46.63", "42.8
“G15.Gly-SH_57,"8",7e.2117,"8.236","14.97,"19,1",738.3", "74.16",7197.8", "@.0", "38.3",735.757,"@.07, "45.34","26.46","55.39", "77. v

"G1S.HNA ST ."A".TA.1047."A. 235" . "14.67."19.1" . TG 1R . "R1.AR" . "1Q7.A" . TR.A" . TI29. 1RT . "IR.AR" . "A.A" . "T75. 71" . 722 . AA" . "SA. RQ" . "2R. A

Figure 5The new dataset producddr IEDexperimental design. The colundsuggestedTriafss the

output of IEDwhereas the remaining columns are the original data provided.

FACTORIAXPERIMENTRESIGMPI

If no more thana description of the experiments is available amdearchershave decided on the
protocol of the experiments including which variables arentérest and what are the levels that should

be tested, a factorial design could be used to construct the design matrix, that is a table with all possible

combinations of variables and levels. Then, relatively to the above, the opthitalia applicaton via
g KA OK
relevant to the question of interest. For instance, if the question is to estimate the most relevant
parametes and levels to th&C50 endpoint variablend the parameters considered where three with
three levels each, theBD would construct & full factorial design matrix, then PCA will be applied and

IEDI y R

CSRENRGQa SEOKIy3IS tIA2NRGKY 62dA R adza3asdad
ALISOATFTASROD

aLEoD

GegpOdsigaE ¢ £ I2NAGKY &aK2dZ R RSOARS 2y

Ly
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The implemented ED algorithm can be retrieved via the swagger API by USE§ algorithm by ID and
08 LS -exiésigity 2E&¢ d Ly 2NRSNJ G2 dzaS GKAa aSNBAOS: d
a

GKS Tf3A2NAGKY th{¢ o0& L5 2LWGA2Yy aGAlGftS¢E |yR aR
in. Users must also POSiE following parameters (terms in parentheses are those appearing in JQ Ul):

1. Gy NBES | ydzYSNRAO @l fdzS AYyRAOFGAY3a (GKS ydzyo$S
2. GO NbIFYSaéds Iy NNIe 2F tSy3adK ayxl NEbhe gA0K
design,

3. Gt S@Stas¢x I tAad 2F FNNrea O2NNBalLRyRAy3d G2

levels of all variables are equal.

4, GYECNRIfaég o6abdzYoSNI 2F G NRI f & spéchiedth&defaut daki® SNJ 2 F
11 is used.

5. GONRUGSNR2YEé O0ahLIAYIE 5S&aA3dy [/ NAIGSNAR2yEé0S LR
3.1.1),

6. GF2NXE O645S8SaAray F2N¥dZ €0 L2 DEXOC aDIDBWOK Zy a | N
7. GFFOG2NRARE T | ydzY SN Oentingloddad whichk areltiie fabtyi/BategokicalS & A
G NRAIFoftSa oAF Ittt GFENARFotSa FFNBE ydzYSNAO dané aKz
variables are accepted.

8. GySe¢, ¢ I AGNRARY3A AYRAOFGAY3 GKS yIYS 2F GKS R

t

Paameters shoulde given in JSON format, for example:

{"nvars":[3],"varNames":['a","b","c"],"levels":{"a":[30,40],"b":[10,20,30],"c":[1,2,3]},
"nTrials":[5],"criterion":["D"],"form™:["linear"],"factors":[0],"newY":["CA"]}

.8 Ot A01 Ay E @ofel i@ ¢rédixd withi FER assults and its ID is returned. Figure 6 shows a
screenshot of the POST APl FED service. Then an empty dataset should be created by using the POST
dataset service. The datasetUri produced and the model id are given to the P@B5hdjel service to

LINE RdzOS GKS FdzZ& t FIFOG2NAIf RSaA3dy 6AGK |y SEGNI
yS6 SELISNAYSyiGa (2 0SS LISNF2NN¥SRI YR ané 20§KSNDHA:
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Ialgorithm/{id) Creates Mode!

Implementation Notes
Applies Dataset and Parameters on Algorithm and creates Model.

Response Class (Status )
Model Schema

{ 2
“resulturi™: "7, ‘4[
“result™: "7,
“percentageCompleted™: @,
“errorReport™: {

“code™: "%,
“actor™: "7,
“message™: "7,
“details™: 7,
“httpstatus™: e,

Response Content Type applicationfjson +

Parameters

Parameter Value Description Parameter Type Data Type
title [tests | form string
description test8 test form string
dataset_uri :l;lttp:/[app.jaquttO{g:8080/jaqpot/ser\(ices[daﬁa§ form string
prediction feature :htms:.]/apps.ideaconsulf.nef/enmtest/property[f ( form string
parameters 1{'nVars': [3],_'varNames': [a",b%, ';'J ,1evels':{'a;: form string
transformations ht‘rp //app.jagpoi.org:8080/jaqpot/§er\/ice5/bmmlg form string
scaling ‘fmp:/[app.jaquttorg:8080/jaqpot/services/algo{§ form string
doa htfp //app.jaqpoi.org:éOSO/jaqmtjéerVices/éléoﬁi form string
id :ocpu-rerxrpdersignz-noxy path string
subjectid | header string

Tryitout! |

Request URL

http://test.jagpot .org: 5888/ jagpot/services/algorithm/ocpu-expdesign2-noxy

Figure 6:API for ED experimental design found at
http://test.jagpot.org:8080/jagpot/swagger/#!/algorithm/trainModel
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stratify query string
seed query integer
folds query integer
target_feature query string
Try it out!

Request URL

http://test.jagpot.org: 8080/ jagpot/services/dataset/lmbps4kCdyzy4 TnAHEGK
Response Body

"Substance”,"suggestedTrials c”,"suggestedTrials”, “suggestedTrials b",“suggestedTrials a"
1T 151,710,730
20 e vl e U ey
"3","1%,%e","20"," 30"
"4%571%,70%,720%, 740
=s%, 715,05, "30", 30"
"6
7.
"8
"9

"17,"1%,%30","40"
e el bt T gl b
2T, e, 107, 48"
","27,"

"10","2%,"
1175 727,70%;
"12","2%,
*13";"3%,"e", 10", 30"
37,"17,"107,"40"

,"2em, "ae"

Response Code

202
Response Headers

"date": "Fri Oct 14 13:05:87 UTC 2016",

“server™: "WildFly/8",

"x-powered-by™: "Undertow/1",

“transfer-encoding™: "chunked",

"access-control-allow thods": "GET, POST, DELETE, PUT, PATCH, OPTIONS™,
"content-type”: “text/csv",
"access-control-allow igin": “http://enanomapper.ntua.gr:8880",
“connection”: “keep-alive",
“access-control-allow-headers": “Content-Type, api key, Authorization, subjectid, Accept”

Figure 7:FHD experimental design output via the API

3.2.INTERLABORATORY TNGAPI

In this section we will describe the usage of the interlaboratory testing functionality of JQ.
Interlaboratory proficiency testing is a series of statistical tests used to assess bias in laboratories and
increase repeatability of experiments accordingriternational standards (ISO 13528:2015). This can be
carried out by processing the reported measurement results of laboratories on either reference
materials for which an expected range of values exists, or on the consensus outcomes of a group of
laboratories.

A coordinator for the proficiency testing is responsible for collecting the results from each laboratory, in
order to provide homogenous datasets and anonymise the laboratories for the report. Based on the JQ
system architecture and the functionadis provided, it is evident that in order to carry out such a test a
dataset must be created, for which each entry in the dataset should be a different lab for measuring the
same endpoint. JQ supports single and multiple entries, as well as uncertashioesd these have been
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reported by the participatindaboratories. An example screenshot of a dummy dataset suitable for
interlaboratory testing idSONormat is shown in Figure. 8t is evident that it contains entries of the
same nanoparticle by differee owners and allows multiple measurements as well as uncertainties. This
Oy 0SS NBUNARSOSR dzaAy3d DRdzYYBEODI a&idAiyde (K5
http://test.jaqpot.org:8000/data_detail?name=interlablummy via the UI.

"dataEntry": [
{

"compound":

"name": " G15.AC_5,
"ownerUulD": "FCSV8b479138- 4775- 3aba- b9cc- f01cc967d42b ",
"URI™:

"https://apps.ideaconsult.net/enmtest/substance/FCSV - 8b479138- 4775- 3aba- b9cc- f01cc967d42b"

"values": {
"https://apps.ideaconsult.net/enmtest/property/ TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed+uncertainties
/94D664CFE4929A0FO0A5AD8CA733B52E049A688/3ed642f91b42- 387a- 9966- deabSh91e5f8a: [ 20 1
"https://apps.ideaconsult.net/enmtest/property/ TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929
AOF400A5AD8CA733B52E049A688/3ed642fAb42- 387a- 9966- deabb91e5f8a": [ 180, 175, 178 ]

}

U
{

"compound":

"name": "G15.AC_ 5,
"ownerUuUID": "FCSV8b479138- 4775- 3aba- b9cc- fasdfasdfasdf ",
"URI"™

"https://apps.ideaconsult.net/enmtest/substance/FCSV - 0Oela05ec- 6045- 3419- 89e5- 6e48elc62e3c”

"values": {
"https://apps.ideaconsult.net/enmtest/property/ TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed-+uncertainties
/94D664CFE4929A0F400A5AD8CB3B52E049A688/3ed642f9- 1b42- 387a- 9966- dea5h91e5f8a™: [ 0 1
"https://apps.ideaconsult.net/enmtest/property/ TOX/UNKNOWN_TOXICITY_SECTION/Log2+transformed/94D664CFE4929
AOF400A5AD8CA733B52E049A688/3ed642fAb42- 387a- 9966- dea5h91e5f8a™: [ 203, 203, 203 ]

}
h

Figure 8:JSON Example for Interlaboratory testing. Each entry features the same nanoparticle but
different owner.

Based on their performance (8 discrete statistical tests), laboratories may receive action or warning
signals, whichinclude checking the measurement procedures, competence of staff and performing
calibration of the laboratory equipment. Labs which do not receive any signals are considgrasisto

the statistical tests.

Depending on the number of measurements providgdelach lab, all datasgenteredare subjected to
ISQprovided algorithms for defining the robust average and robust standard deviation. Then the
assigned value andncertaintyare calculated, the latter depending on whethitre laboratories have
provided their own or not.

Once these values have been calculated the process continues by calculating performance statistics
using IS@lefined bins (accepted ranges) and thresholds for estimates of laboratory bias, percentage
differences, ranks, -scores, En score$ Q & Ofdi&S &kl Egcores. Values outside the bins or
above/below these thresholds will receive warning or action signals. Several of these measurements are
visualised for the user in the form of histograms of rapdrscores, bar plots of bias, Probability Plots,

etc.

The swagger API for interlabooay testing can be found at
http://test.jagpot.org:8080/jagpot/swagger/#!/interlab/interLabTestas shown in Figure. 9 order to
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dzaS (GKAa aSNBAOSI dzaSNE Ydzad th{¢ aS@SNIft LI NI YS
urged to fill them in as rigorously as pas€siS F2NJ O2YLX SGSySaaod ¢KS
interlaboratory testingcompliant, meaning that all measurements should be on the same nanoparticle
FNBY RATFTFSNBY(G 26ySNEP® C2NJ KA A& -Rdd¥liYBRNRD . 85 SO AKS oA
dataset, AG OlFy o068 aS8SSy (GKI{G GKS trandfdnde® X O GahkR2ya ST S| wild:
https://apps.ideaconsult.net/enmtest/property/ TOX/UNKNOWN_TOXICITY_ SECTION/Log2+transforme
d/94D664CFE4929A0F400A5AD8CA733B52E049A688/3ed®i2%387a9966dea5b91e5f8a. The

service automatically detects whether another variable is preserd amsigns it as the reported

dzy OSNI F Aydeéx akK2dzZ R A G SEANKILIR NI@ AQE AGNBIYES Ryl yaR NA
be viewed under the GET report by ID API, or at

http://test.jagpot.org:8000/report?name=zZxyLhWg28GXHviith the help of the Ul, shown later in
this document.

interlab : Interlab Testing API ShowHide | List Operations = Expand Operations =~ Raw

s finterlab/test Creates Interlab Testing Report

mplementation Notes

Creates Interlab Testing Report

Response Class (Status )
Model Schema

"singleCalculations": "Map[string,0object]”,
"arrayCalculations": "Map[string,ArrayCalculaticn]”,
"figures™: "Map[string,string]",

"meta": {

"identifiers": [

1,

"comments": [

Response Content Type | applicationjson »

Parameters
Parameter Value Description Parameter Type Data Type
title form string
descriptions form string
dataset_uri form string
prediction_feature form string
parametars form string
subjectid header string
Try it outt
Figure 9:API for interlaboratry testing, found at
http://test.jagpot.org:8080/jagpot/swaqgger/#!/interlab/interLabTest
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4. INTEGRATED ANALY3EER
APPLICATIONS

This section of deliverable 4.5 presents the user applications which have been developed based on the
APIs presented in Section 3 foptimal experimental design and interlaboratory comparison. The-easy
to-use web applications support the iterative and complementary work of experimental and modelling
groups and have been integrated in the JQ modelling user interface.

4.1. EXPERIMENTAESIGN USER APPLICANS

As already explained in the previous section, ED algorithms assist users to either design additional
experiments of an ongoingesearch project by calling IED initial experiments by callingeB. In the

first case given the datdraady available, a leavene-out cross validation scheme is employed for a PLS
regression modeWwhen the dataset contains some tested ENMsa PCA representation of the data
when the dataset does not contain angndpoint measurements The suggested exp@nents are
selected based on three available optimization criteria, name@piimal, AOptimal, {Optimal. In the

latter case, a full factorial design is built and the final choice of suggested experiments is based upon the
PCA components of the createdtdset optimised using one of the above mentioned criteria.

ITERATIVE EXPERIMENDESIGNSER APPLICATION

Usersmust first specify the dataset that needs to be analysed, which would normally be a data matrix

with some or in the extreme case, all of the endpoint values missing. Subsequently, themuser

specify the algrithmic parameters as shown in Fig.. 1®articularly, the user can name the analysis

dzy RSNJ G KS a¢AGftSe 2LIA2yE aASISANFRR (KES yrKdSr o0FSINI 2NR
CNRLFfAeE OGKIGO aK2dzZ R 06S | ydzYoSNI avlff SN 2N Sl dz
ONRGSNR2Y dzaSR 0a5£3 a! éxX aLé0x | (KMBDadidtihgR DI
dataset (a chekpoint service to alert the user in case this condition is already met), the formula used to
ONBIFIdS (GKS RSaAaly Ay aGa5Sairday T2 Ndinddalrépregentdtidgny6fS I NE =
I OdzoAO Y2RSt aOdzoAO{£0Z HINAR 0dzSRSNIABK R GLBDOA F 8 LIS
feature created to store the suggested triaRlease note that if the?R/alue of the data (noempty

endpoint values) is higher than the threshold Rlue supplied, the dataset is assumed to be rich in
information (no additional experiments are suggested) and the user is prompted to use the dataset for
modelling purposes.

'YRSNJ 0KS a{StSO0 @FrNRIofSag FASER (GKS dzaSNJ aSt S
define transformations using the PMMformat (see D4.3). If the user wishes to keep all independent

G NAFof Sas GKSYy GKS 2LIA2y 6{St800 SyRLRAYd 2V
information is automatically detected and is displayed as the endpoint variable. If the datssghdo

contain any variable with missing information, the user is prompted to generate and name a new
RSLWSYRSYy(d GFINARIoftSod a{StSO0 aoltAay3a YSGK2Ré TFTASE]
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Figure 11showspart of the resultsobtained for IEDexperimental design algohitn with the defaults
parameterswhen applied to a proteomics dataset consisting of 28 goittsted ENM and 76 proteins
6RFGF&SH AR &l 1 Liwiichea® fconsideredeas indepettpnizéatables, while the net

cell associationo A549 human lungpithelial carcinoma cellis considered as the endpoint of interest.
Experimental design statistics are reported in the top of the screen to help the user assess the results.
The table underneath includes all ZBN\Msconsidered in the experimental desigmd an indication
O2fdzyYy yIFIYSR Wt NBRAOGAZ2Y FSFGdzNBQ O6AF y2 20GKSNJ
parameters field) which shows in red which should be the next experiments. After performing those
experiments the user can directly type geilts in this form and reun the service todentify additional
experiments.

Select variables :
Algorithm EA—
« O Select PMML

Title: + © upload PMML file

+ © select endpoint only (all other variables will be used as input variables;

Title: Iterative experimental design
Select variable(s):
Parameters:
Input variable(s) Endpoint
[Csetect an

[¥] z-Average Hydrodynamic Diameter @ Net cell association

[¥] zeTA PoOTENTIAL

[¥] Localized surface Plasmon Resonance
index

@ core size

[¥] Localized surface Plasmon Resonance
index

Select scaling method:

None

Figure 10:Algaithm options for IED service in JQ User Interface

Dataset: Walkey et al - 28 Gold NPS  mossmossrmracuaniu

Risgean Fione

Mermahined
wanane: 0 B0

Ceniewnang
witect 0 83

Search;

5 A R M

s

DTROA_1 o

Figure 111ED outputshowing the suggesteBNMs for whiclexperimentsshould be performed
(in redcolour)
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FACTORIAXPERIMENTEBESIGNSSER APPLICATION

In this case users need to spedifly the independent variableshe parameters and characteristics of

the experiments they wish to conduct (Fig. #2) ¢ KS F2f f 2gAy 3 FTASHRA I NME l0d!
NBGdz2NYySR ydzYoSNJ 2F &4dz33SaidSR GNARFf&a0oX GhLIGAYLE 5
G5¢53 Gdnddass SoaAEAYS F2NXNdz | ¢ O0GKS F2NNdzZ I dzaSR G2 ONE
G Odzo A O¢ T dnterdzivk @Hlecisvinkludedywhere the user is expected to define all remaining
parameters of his/her experiment. Particularly, the user should specify the namé&sdependent

G NAlof Sa dzy RSNJ G KS O edchdndgpendentariable-uoder& ¢ D2 § Sy (i & KIS
(currently only numeric variables are expected), and é&xglicit levels per variable in the remaining
O2fdzvyyaod w2gakO2fdzyya Oy 06S FR2dzadGSR | OO2NRAYy3
FYR G5FdFasSid RS al€iNgsolhdt the/user cakehsiif rérieie he produced dataset in

the future.

The output is shown ifFig. 13) A full factorial design of 4 variables with different nunsef levels is

ONBIF SR GKS O2fdzyy yIYSR dat NBRAOGA 2 yindc&ihgihdzNS ¢ A
endpoint variables andawaiting the new experiment values. The suggesteNMs for which
experiments should be performedre indicated in rd. The remaining columns indicate the levels for

each of the 4 variables considered in this case. There is the option available to insert values in the

Gt NBRAOGAZ2Y TSI GdzNBé¢ FASE R furtheRanalysig) itltelj mzdedriatye o { | ¢
other modelling algorithm.

Select parameters:

Number of
trials: 5

Optimal Design
Criterion: ] D v

Design formula: linear v

b merical E 10 20 30 N N
merical B 1 2 N N
merical E 100 00 00 N N

.

Fill in the title and description of the produced dataset

Dataset name: new experiment

Figure 12FED algorithnuser interface aneptions
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Figure 13Part of FED algorithmoutput with suggested experiments (in red colour)

4.1. INTERLABORATOHRSSTING USER APRIIONS

CREATING AN INTERDRBTORYESTING REPORT

'ASNE YIeé SAGKSNI Ot AO1 2y GUKS GLYGSNIFO2NI G2NE t
2F GKS YIAY Wv 'L LI IS 2N FEGSNYyFrdA@Ste 32 dzy R
option. A screen will then prompthe user b select a datasetOnce a dataset suitable for
interlaboratory testing (same nanoparticle and different laboratory for each entry) has been selected,
users are prompted to provide a title and description for the report to be generated. Users (or
coordinators in this case) are urged to be as thorough as possible with their description in order to be
FotS G2 Slraiate 2048 GKSANI NBLRNI Fd Fyeé GAYSO
created. Once finished, users can vithe full report and downloadtias a pdf file This contains single
calculations, array calculations and figures. Single calculations include the title, description, robust
average and standard deviation and calculated uncertainty of the assigned value. Arrdgticalsu
contain detailed statistics, action and warning signals, ranks, dictionary containing lab real name and
dummy name for anonymity in the report.
eNanoMapper 604134 10 December 201¢ DELIVERABLE Page22 of 28

REPORT D4.5





















