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The Cross Technology Challenge




GeneSpring Suite of Products

Proteomics

Expression T B Metabolomics
Arrays

Agilent

GeneSpring
dntegrated Biology

Pathways
Interaction

Genomic
Copy Number
Variation

%%~ Agilent Technologies

GeneSpring GX
MRNA Expression
microRNA Expression
Genome-wide Association
Copy Number Variation
Variant Analysis with vcf
gPCR

Mass Profiler Professional
Proteomics
Metabolomics

Strand NGS
DNA-Seq, RNA-Seq, ChIP-Seq,
Methyl-Seq and small RNA-Seq

Pathway Architect
Multi-omic Pathway Analysis
NLP discovery
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PROTEOMICS WORKFLOW IN MPP




A ——

Most Extensive Software Portfolio for Proteomics
Data Analysis

Pathway Analysis
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Protein Identification

Spectrum Mill

Proteomics

Mass Profiler
Professional

Differential Analysis

sulo10.d 18bie]

|dentify proteins from discovery
data-dependent analysis

and/or

Target peptides for proteins of
Interest

Analyze data for statistically
different features

Search and map annotated
proteins to find interesting
pathways

Visualize results on pathways

Agilent Technologies




Agilent’s Discovery Proteomics Workflow

-
Separate Pathway
and Detect Analysis
6500 Series Spectrum Mill Mass Profiler Pathway
LC/Q-TOF — ‘ Professional Architect
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Two MPP Export Modes in Spectrum Mill

Summarize Results for Review
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N\
L Statistical

L Analysis
Mass Profiler
_ Get from data to answers
Profess 10N al using statistical tests such
as PCA

Find differences in mass spec
Dive deeper into results

data sets and reach
statistically valid conclusions using visualizations e.g.
heat maps, volcano plots

Generate target lists for Q-

TOF and QQQ to do
targeted proteomics

el ¥ E /
= ';_-'(' - — A =S Bring genomics, proteomics, and
e yE e T NN metabolomics together
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Proteomics Workflow in MPP

» Designed for new .apr
format export with protein
and peptide-level

Acquire Deiies > iation Map Results information
Search and Analysis and
LC/MS Data S k S 1o Pathways
Quantitation Visualization

Spectrum Mill Agilent "::;‘;;;";':,’ oot  Filters available for
peptide-level and protein-

level (abundance,

frequency, PTMSs)

e ————— Proteomics
.— Results
6550 iFunnel ———— apr ﬁles
Q-TOF _:‘"‘:—' e

i » Protein/Peptide Entity
(s l' Pathway-directed targeted protein(s) experiment Ins peCtOI’

6495 iFunnel
aaa
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Protein List Inspector
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Protein Inspector Visualization
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 Works at both the protein and the peptide level simultaneously

» This workflow design truly answers the biologist’s questions of “what’s
changing in my proteins?” as well as “what’s changing at the peptide level?”
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Protein Inspector
Review peptide level information
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, Protein Inspector 2
Select & protsin to review the corresponding peptides and ther attrbutes for the chosen entity kst and interpretation. Refer the visuslization plot 1o review and compare the abundance of peptides in samples fcondions.
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Inspect selected protein in kst | All Entities v Select nterpretation  Group (Non-averaged) v

tnd: ‘.:f Frexd Next

£ Fnd Bresious [T Match Case

v| Alt. Accession | Vmed | Hod |  Mass |

Peptdes: Profie plot  Peptides: BoxWhisker plot  Proten: Profile plot  Protesn: BoxWhisker piot

7000..
£000.. 4
g $000.. 4
~
2
S 4000. 4
1
% 3000 4
o
2000, 4
EIDLVNRDPX 2+ Attributes
1000.. 4
~ Sample | Flag | Raw Abundance | Chi2 | PIP |
¢ 2 I 178,715 O} 55.9 f— = ————
(=] a 1 | v r - :
n P | 102,668 0.9 62.3 a1 2 T1 T2
T2 P | 135,962 i 718 S COMIOf et b TUIMON et
Croup (Non-averaged)
oo [ | oot

= Agilent Technologies

For Research Use Only. Not for use in diagnostic procedures




Protein Inspector Visualization

€, Protein Inspector X

Select a proten to review the corresponding peptides and ther attrbutes for the chosen entity Iist and interpretation. Refer the visuskzation plot to review and compare the abundance of peptides in
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Filtering on Peptides

;"‘m;:u:; : « Modifications filter at the level of
e e peptides
TOMER il S ChCk o Puiiviins BUtON. -
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Preview
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Pathway Architect Pathway
Pathway analysis using multi-omic data

Analysis

rrrrr

Customers can take the value of ;

their data to another level. Pathway y = (o]
Architect helps them make sense of =

the data by: ?‘é"
Visualizing it on /

« KEGG Pathways

e ] 1 @ = Tonm
. Wikipathways |-

* BioCyc/MetaCyc Fuemar te Byonye [ ] wosivay
4 Y NEE
- - - Aoy
Overlaying genomics, proteomics =
- . alpha-Yatogiutarste
and metabolomics data B

Designing their next experiment for
MS/MS analysis or custom TCA Cycle
microarrays
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Accelerate Your Research With a Complete Pathway
Centric Workflow

i Database
LC'A/\KAqSU Iézta Search or
Quantitation

6550 iFunnel Spectrum Mill |
Q-TOF o imne

Pathway-directed targeted protein(s) experiment

6495 iFunnel
QQQ
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GENOMICS WORKFLOWS IN
GENESPRING GX




Genomics Research Solutions

Prepare Process

Samples Data Analysis
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Gene Expression Analysis Workflow

Filtering Statistical Analysis

Filtering Probe sets on Statistical analysis Pathway Analysis
expression
. 7 e e e
\ y & 254 ' T(;~:—~l = o=
e 7, = vl o
i \:‘;;‘-'77“’;‘@5“’\ g .. i :Li_-:ll— el re
; V’ W ] < s e B é‘,_'"A o 'f;[L .
| i e PRSI o SRR 5
30 P Pl
| A= reddrdaiod B bt et
1 =0 = e
T S e,
1020 0x thang o IR - R

Probe sets filtered Performed to find Enrichment test
based on the differentially expressed performed with
percentile criteria probes pathways of interest
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Clustering - Hierarchical with preview window
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Metadata Framework: adding plots to clustered heatmap

ERR e RREE AEEC

|7 MOA Experiment PoT NC E2 vs PPT| i PoT NC PPT Quantile |

[T 11 EEEELCEE

ted e
e
=

< 2RI |

<

NASHAAAR-
i I

AN
RERCHARN HANNANCE

L1 | B | =

g I .o
-
I I N S W e
[

ARRCHNNNTRAREE

Heat Map X |GRHL3A 23 P... al X
Scatter Plot
Profile Plot
Bar Chart ‘ ‘ r_‘
[Zl Label Plot
! Remove all Plots - L |
i N =
= | —
B N . [— —
~ T e =
EE S = -
- HE . -
B ] ] -
B | | ] -
B ] ] ] | .
e ] -
A T N e -
© [ I . n
1 ] 1 -
. ES

For Research Use Only. Not for use in diagnostic procedures

Agilent Technologies



Metadata Framework

From Experimental Grouping Table information

M

&

bt
23_PS067 _Normalred(Log scak)

Bar Chart
GRALIA_
Positive B

(BT TE

2 3 3 ¥ & % =T r T T T T = = = =2 =3 =2 T T T =T T =T

j
b

i
2 .
M.

B

iy

3

i ﬁ
-

H.

n

g

-

!
:
-

E

A

wnaEns| I

o124 23,

Profile Plot

HHIY AN

[ = ]

AN

f8d5H

ZTH4

ZTHd

a3

(300 ]

£403

Scatter Plot

Color range

23 _P13893

Al

For Research Use Only. Not for use in diagnostic procedures

0
i
(=]
F
(=]
=
=
®
|
e’
=
L
>
=<




Correlation Analysis

Correlation
coefficient

Regression
equation

Researchers can view relationships between entities (compounds or proteins)
or samples. Clicking on a cell of a heat map, they can quickly view the
specific parameters of the correlation

For Research Use Only. Not for use in diagnostic procedures
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INTEGRATED ANALYSIS

Genomics and Proteomics

Agilent Technologies




Brain Tumor Study - Quality Control of Discovery
Proteomics Data

Sample 5-T

Principle ComponentAnalysisV Saw Correlation Plot
.




Brain Tumor Study - Sample-sample Correlation and
PCA of Discovery Proteomics Data

Tumor subgroups demonstrated, using 587 differential proteins, in both PCA and
sample correlation showing the sample heterogeneity within tumors

20

A Tumor-1 W control

02-6'5—-1 . Tumor-2 B tumor

Sample-Sample Correlation @ Tumor3




Brain Tumor Study - Metadata Analysis of Discovery
Proteomics Data

— * Hierarchical Clustering of

82 [ 3
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m Tumor- 5 Survival (éays) W LeftTemporal @ RightMedia... @ Right Temporal b . .
e ased on the differentially

| e |
] 5TH

expressed proteins
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Brain Tumor Study - Hierarchical Clustering of

Genomic Signatures

il

-1 ) 1

Proneural

Neural

Mesenchymal

Classical

Hierarchical clustering of
840 mRNA profiles from
173 GBM tumors

The four GBM subtypes
were re-created

Cancer Cell. 2010 January 19; 17(1): 98
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Brain Tumor Study - Metadata Analysis of Genomic
Signatures
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Brain Tumor Study - Principal Component Analysis of
Genomic Signatures

Principal component
analysis of confirms
subtypes in GBM samples
from TCGA

PC1

PC3
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Brain Tumor Study - Venn Analysis of Genomic and
Proteomic Data Set

587
Differential
Proteins

840 Gene
Signatures

54
Common
Proteins
and Genes
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Brain Tumor Study - PCA Comparison of Original 587
Proteins to 54 Proteins Identified Using Integration

587 Differential Proteins 54 Proteins from Integration
i
* *
.A Tumar- 1 W control R , h - '. A Tumcq;i'l m cnﬁtd
@ Tumor- 2 W tumor o @ Tumor- 2 @ ‘tumor
& Tumor- 3 & Tumar- 3

54 of 587 proteins that overlap the genomics signatures were good enough to capture the
sub grouping in tumor samples, indicating the relevance between the molecular subtypes
from genomics data and the subgroup pattern in proteomics data

Agilent Technologies




Brain Tumor Study - Comparison of 587 Differential
Proteins to 54 Proteins Identified Using Integration

587 Differential Proteins 54 Proteins from Integration
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Brain Tumor Study - Performance of 54 Genes Identified
Using Proteomics Integration to Original 840 Signature

Original Genomic 840 Signature Genomic-Proteomic 54 Signature
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Brain Tumor Study : Summary

» Use sample correlation & PCA on discovery proteomics data to identify outlier sample
» Identify a set of differential proteins for the tumor samples

_ » Use correlation and PCA to identify subgroups within tumor samples

(e1=10104l[88] - Clinical metadata visualized to reason the sub grouping within tumor samples

* Use clustering and PCA on mRNA profiles to confirm subtype specific genomic signatures
» Assess data quality and bias using meta data analysis framework

* Map gene id to protein accession number
» Perform Venn analysis of differential proteins and gene signatures
» Reduced set of gene signatures based on proteomics classified tumors in larger TCGA cohort

Integration

For Research Use Only. Not for use in diagnostic procedures
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MOA Correlation Analysis - Concordant Genes and
Proteins
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Common Pathways - Concordant Genes and Proteins
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DOWNSTREAM PROCESSING AND
BIOLOGICAL CONTEXTUALIZATION




CGH Analysis Workflow

* Reports from Cytogenomics and AGW are « Genome browser enhancements to support
imported in GeneSpring GX for further CGH data
downstream analysis and data integration
- s xne :
° Overlay On pathways WI” help Cancer B2t 353,306 21000207 e NEN N vt N 320 21 51000 218 S RIRE S0l
researchers visualize aberrations with other st S
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Variant Analysis with VCF Import
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Variant Analysis in GeneSpring GX

Visualization
and Results Interpretation

Data Import and Filtering

'

el o Tl LT Tamlalan ) |
— e,

|| . [oo 1l 2w

* Import files in VCF format + Genome Browser + Single experiment analysis
« Annotate region list * Find Genic Parts + Multi-omic analysis
 Region list operations + Gene Ontology analysis

U N For Research Use Only. Not for use in diagnostic procedures
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Annotations Manager — Use available annotations or
import from external sources

5‘7\ Annotations Manager @

The Annotations Manager allows wou to organize and view multiple versions of gene,
transcript, reference and other annotakion resources,

Use the 'List' button to find updates available on the server or updates present in a
downloaded .update file, Nodes which hawve an update under them are marked with a
'+ Select desired updates by checking the box to the left of the node name. Click the
'Update’ bukton ko skart the update process.

Conkext sensitive menu items can be used to add custom annotations and remowve
existing annoktations.

Lisk -~ Create -  Delete
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----- 19 HAIE Methyl 450 (2012.11.23) From the
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-4T5 Reference chrz 24219,,. [MC_00...
chr3 19829, |NC_00... | _
zenes and Transcripks chirs 19021... [WC_00... |~
----- 5 Ensembl {2015.10.05) chrs 18153... [MC_00... || |
..... 15 RefSeq (2015.10.05) chré 17080,.. |NC_0oo...
..... 1 UCsC (2015.10.05) chr7 15934,,. [MC_oO0...
[&}-~T5 Reference chrd 14513, [WC_00...
chra 13539, (MC_00,.,
- chrino 13379... |WC_o0...
A ) Pl fehrit 13508... |NC 00... | ©
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Import annotations from ClinVar,
COSMIC, dbNSFP, 1000
Genomes and more

Annotate region list using
annotations from Annotations
Manager

View annotations in Genome
Browser
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Filter genetic variants

&

oo Begon List Operations (Step 3 of 3)
| Edit Region List .

The siders on the nght side apply fiters on columns. Columns can be modified by using Te asalable cperation set. The plots can be used to graphically depict the regions.

AFEE R « Create a new region list that
only contains selected

: | columns

* Filter the input region list

= Ca—r | based on specified conditions
(d— on the retained columns

s o |

froenee  Add columns that are
e r— functions of selected existing
A columns
L ———— |

o
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Find Genic Parts

g‘\ Region List Inspector u
Mame |t3enic Regions of RefSeq Transcripts (2014, 11.26) |
Ff.i- - . g Organism |H0mo sapiens |
i, Find Genic Parts
Motes | Source Entity List: All Entities
§ % : transcript model = RefSeq Transcripts (2014, 11,26
Select transcript model | RefSeq Transcripts (2014, 11, 26) P ] 5e|echedp region types = [?gmmc] P € )
Select desired region types
[¥]Exons Creation date  |Mon Feb 13 14:45:41 PST 2017 |
[[]intrans
Last modified date | Mon Feb 13 14:45:41 PST 2017 |
[|Upstream
[[|Downstream Owner | gruser |
Mumber of Regions |222,116 |
/| Regions | Histogram I Summary Siah'sﬁcs| |
- Chromos..| 5tart End Suand |Region T..| Gene D | Gene Na..| Regit
| | chrl 11874 12227+ Exonic 100287, [DDX11L1 -
. . . chrl 12613 12721+ Exonic 100287, [DDX11L1 = I
Entity List |"’"" Entities | [ Choose. .. ] chrl 13221 14409+ Exonic 100287, |DOX11L1
chrl 14362 14829)- Exonic 653635 WASHTP
Padding for Upstream |5nnn | chrl 14970 15038 Exonic 653635 |WASH7F
chrl 15796 15347|- Exonic 653635 WASH7P
ddina fo chrl 16607 16765|- Exonic 653635 WASH7P
Padding for Downstream |50':”3' | chrl 16858 17055 Exonic 653635  |WASH7P
chrl 17233 17368|- Exonic 653635 WASH7P
chrl 17606 17742)- Exonic 653635 WASH7P
chrl 17915 18061)- Exonic 653635 WASH7P
chrl 18268 18366|- Exonic 653635 WASH7P
chrl 24738 24891/- Exonic 553535  |WASH7P
chrl 29321 29370[- Exonic 553535  |WASH7P il
4 m 3
Help [ oK ] [ Cancel ' '
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Data Visualization

Coverage

= Y21 low_coverage. 2010 _09.¢ |
] My Favortes

fﬁ’iﬁ‘ﬁ'ﬁ’lﬂ"m o 7 I’ii‘ﬁﬁfiﬁWi imi i’m‘ii mmn

Project Searth View Took Aenotetions Windows Hilp
BE& D-e-EREe
Project Navigator £ I 1000 Geneenes Workfiom M
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]:[. Hiéco & Dl 7 idi v driamssrzasss # Reguolist nalyss =
- - Regon List Operaions
g 155 006bo - % Amotate Pegonlist
o t30, 756172 chet 30,825,131 et 20 35208 ohet 30873050 vt 3601 i3 32 58 = Trgart Regon st
>
|3 pars Begon sts
1200 Genomes ( CEUlow_coverags 2090_02 genonypes (Pagion List) % |
3 Results Interpeetations =

0] Senomes ( Alisles present in YRUGw_coverage 2090 03 genatypes |Pegicn List)

1000 genomes
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o
s 1y

ESEst 1y

ENSEMBL transcripts

=
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chrl- 243355 4220

A
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Multi-Omic Pathway Analysis

* Multi-omic experiment for data
integration

» Overlay gene level information
for variants

« Overlay other genomics,
transcriptomics, proteomics or
metabolomics data

L i

« 5
(T‘; i %E/é m/ﬂ]p
/

[ Chermo

sgaaling palhimvay 4

Chetroloses, - p
Chamoles, __ o pies = (7]
Newo bryervatnss e

9 o m—e s
FI(4, 5jP2 @ PI(3,435)P2
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