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Comprehensive Solution for Data Analysis
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Start to Finish Analysis for NGS, Microarray and Other Platforms
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Partek® Flow ®

* Web based application
 Flexible data storage
* Visual analysis pipelines

« Guidance on next analysis
steps

« Broad choice of public
domain tools

« Comprehensive statistics
and visualization

e Partek’
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Partek ® Genomics Suite™

« Guided workflows for
major assays and
platforms

 Flexible spreadsheet
format for any tabular data

* Tools for exploratory
analysis and inferential
statistics

« Comprehensive
visualizations
Desktop software on Windows, Linux, Mac
* Integration of different O K A

omics data
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Partek® Pathway™

« Seamlessly integrated with N .V
: : Pathway. ’
Gen0m|CS SUIte KEGG Organisms: Complete Genomes
) Support 2000+ SpeCIGS in Eukaryotes: 333 Bacteria: 3746 Archaea: 229

KEGG database

 Find enriched pathways

* Detect differentially
expressed pathways

* Visualize gene relationships
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Compatible with All Major Genomics Formats and

Assays

RNA | Noncoding RNA | DNA | ChIP | Methylation | Copy Number

Microarray | Next Generation Sequencing | qPCR
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NGS Data Analysis in Partek®
Flow ®

o Partek



RNA-seq pipeline in Partek® Flow ®
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Pre-alignment QA/QC

« Quality control of raw sequencing data is essential to identify
technical issues and to ensure high quality sequence is
present for downstream analysis.

Eed Sample name sTotal reads |TRead length |SAwg. read quality |[<% N = Y GO
SRR924146 (SRR924146_ 1 _fastq.g=z) 54 255 978 90.00 34.79 0% 51.11%
SRR924146 (SRR924146_2 fastq.gz) 54.255. 978 90.00 33.46 0% 51.19%
SRR924528 (SRR924528 1 fastq gz) 47 255 516 50 00 3518 0% 51 67% Bl K-mer Content
SRR924528 (SRRO24528 2 fastq.gz) | 47.255.516 90.00 33.24 01% | 51.80% 2
SRR924529 (SRR924529 1 fastq.g=z) 51.972. 705 90.00 34 82 0% 50.54% !
SRR924529 (SRR924529 2 fastq.gz) 51,972,705 90.00 32.99 01%% 50.67% E
SRR924 cemoona 4 . ac oa P . . :
]
SRRS24 | Exqot Base composition Expot Average quality score per position E
SRR924 = = H
]
SRR924 | I E
SRRo24| Y TR T T TILT
& M e — —— U TR T T T T s s oodedhbededcd L
5 % a0 [ T U < 5
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Pre-alignment Processing

* Processing of the fastq files allows for the removal of non-
biological sequence and low guality sequence.

Specify adapter sequence

Trimbasedon3 or5end |, .. ....u0

* Trim both end =

Adapter ligated to 5" or 3" end ﬂ

Trim based on

« Trim based on gquality

QeOe

Adapter ligated to 5" end o 'I'hismndescanstnereadf mtnes'ura &nd (or both) for the first
SCO re Min read length 25 = base at or above the specified Phred quality score. Al\ham previous
———— hd to this. Dnsibun aretrimmed (from the left |f 95 end, frem the right if
the 3' end). This mode is not available if none of your ﬂes contain
End min quality level (Phred) 20 : quality scores.

) Trimfro 5-prime (left end) [+ uality
« Trim adapter--cutadapt sy g || oot A
3

Back to project ACGTTA C CA
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Alignment

* The process of alignment is used to map all of these reads to
a reference sequence, providing information with regards to
the start and stop positions of each read within the reference
sequence as well as metrics for the quality of the mapping.

v Aligners
. Select Bowtie 2 index
Bowtie
Bouie 2 Genome build | Homo sapiens (human) - hg19 v
Index v
BWA Whole genome
GSNAP Alignment options
Isaac 2
Generate unaligned reads @ [«
SHRIMP 2
STAR Advanced options
TMAP Option set | — Default - v | Configure
TopHat
TopHat 2
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Multiple Stage Alignment

« Combine multiple alignments:
— Increase the alignment rate
 Align to different references
— remove contamination
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Post-alignment QA/QC

« Quality control of alighed sequencing data is necessary to

ensure that mapping to a reference segquence was successful.

2,600,000

0

¢Sample name |<Total reads |¢Total alignments |$Aligned ¢Unique |$Paired |$Coverage |¢Avg. coverage depth |$Avg. length |$Avg. quality |$Avg. mapping quality |$ %GC
SRR924146 54,255,978 109,016,432 92.00% 0% 85.75% | 6.09% 51.23 (SD 1,126.83) 90.00 34.51 2.22 (5D 1.08) 50.05%
SRR924528 47,255,516 | 94,445,222 91.51% 0% 85.27T% | 5.22% 51.73 (SD 1,043.86) 90.00 34.65 2.23 (SD 1.06) 50.57%
SRR924529 51,972,705 105,400,250 93.76% 0% 88.14% | 5.76% 52.40 (SD 944.29) 90.00 34.23 2.20 (5D 1.07) 49.83%
SRR924530 45,812,679 | 91,571,018 92.36% 0% 86.81% | 549% 47.65 (SD 834.12) 90.00 33.85 2.20 (SD 1.07) 50.26%
SRR924531 50,046,772 100,212,304 92.78% 0% 87.32% | 5.23% 54.84 (SD 966.15) 90.00 34.26 2.23(SD 1.05) 50.22%
SRR924532 49,222,642 98,345,686 92.71% 0% 87.40% | 5.76% 48.90 (SD 826.42) 90.00 34.25 2.22 (SD 1.08) 49.44%
St S et e . Export Alignments per read Export Read breakdown
% 7 40,000,000
2 = ; ? W - : , 30:000,000 Aligned:93.76%
LI 0 g x| - i = aToIT Unaligned:6.24%
— bl - S ey S e s (=i Outer distance between reads (Bl Base composition
e ———— 15,0000
W -,
e o | ;
i f E 7,800,000
] °
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Coverage Report

« The coverage reports allows for assessment of how much of
your regions of interest are represented in the sequencing

data.

Sample name 1x 20x 30x 50x 100x | Average coverage | Average quality
SRR924528 5982 | 2900 | 2270 | 1506 | 714 | 37.00 34 67
SRR924146 6096 | 3142 | 2517 | 1721 | 846 | 42 38 34 66
SF".F".EE 4525 s Region name ~SRR924146 |$SRR924528 $SRR924529 |$SRR924530 |$SRR924531 |$SRR924532 |$SRR924533 {SRR924534 {SRR924535 |{5RR924536 |{S5RR924537 |$5RR924538
NM_004048=B2M 32,868.30 28,542 80 29,790.70 24 287.40 23,614.70 23,325.90 21,309.00 25.891.00 21.839.70 21,005.80 12.841.80 11,300.30 il
SRRQEJEBU NM_001402>-EEF1A1 20,014.00 17,384.10 16,437.90 14,624.50 14,865.70 14,665.60 12,944.70 15,391.90 13,667.60 12,902.60 11,775.20 10,736.80 Wl
NM_001010=RPS6 16.852.00 15.168.70 14,189.50 12.529.80 12,7563.70 12.094.20 11.025.00 13.445 80 10.402.90 9,906.07 10.064.00 9,536.66 ll,
S F"I. F‘I. 92 4532 NM_213725>RPLP1 16,031.20 E"p‘_‘:w Coverage report for NM_004048>B2M
NM_021104>RPL41 15,523.30
SRR924531 NM_001003=RPLP1 15,121.50
SRH924533 NM_005514=HLA-B 13.137.80 "
NM_021109>TMSB4X 12,584.40
NM_001035267>RPL41 | 12.479.30
NM_0225515>RPS18 | 10,392.00 e \ Say
NM_001199802=RPL11 | 10.203.50 s )
NM_000975>RPL11 10.181.10 %
NM_000967>RPL3 9,965.70 - 42 \
NM_001033853>RPL3 | 9,843.11 AR\ AN
NM_005617>RPS14 9,792.04 ) //:/ B
14,000% 7 //
S Position (5'-> 3')
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Quantification

« Quantification is the process of estimating gene abundance
based upon mapped reads in relation to position of
genes/transcripts.

* Flow provides options for an E/M algorithm or Cufflinks.

+Sample name |4Total reads |$Fully within an exon |$Partly within an exon |$Fully within an intron |{Fully intergenic |¢Incompatible paired-end | View |4Total junctions |+Compatible junctions

SRR924146 49,916,169 64.62% 1.44% 10.28% 14.09% 9.57% ¢ 15,289,673 12,059,280
SRR924528 43,245716 65.17% 1.44% 9.85% 13.74% 9.80% G‘ 13,567,216 10,726,269
SRR924529 48,727,334 68.14% 1.49% 917% 11.67% 9.53% G‘ 14,514,990 11,419,235
SRR924530 42,312,362 67.76% 1.55% 9.16% 11.74% 9.79% G‘ 12,507,952 9,799,789
SRR324531 46,433,309 67.66% 1.42% 9.25% 1.77% 9.90% ﬁ‘ 14,469,011 11,437,153
SRR924532 45,634,196 68.10% 1.51% 9.39% 11.21% 9.79% ¢ 14,038,887 11,122,241
SRR924533 43,475,270 69.10% 1.48% 8.16% 10.66% 10.60% ¢ 14,393,536 11,514,878
SR Coverage breakdown for Summary
SR
SR - B - - B - - B - B B B
SR
SR Fully within an exon | =L |
Su 7 N e nuinE

it ;

\ g Incompatible paired-end

S i on . Fully intergenic | R & B R B |
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PCA

* Principal component analysis is an exploratory technique that
uses dimensional reduction to capture the primary sources of
variability in the data.

Time -
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Differential Expression Detection

- Differential expression analysis provides a means to
statistically identify what genes/transcripts differ between
groups.

* Flow provide multiple options for this analysis: gene specific
analysis (GSA), a mixed model ANOVA, and Cuffdiff.

— The GSA identifies a statistical model that is the best for a
specific gene and use the best model to test for differential
expression for each gene independently.

Best model type Summary of factors influencing expression

43.26%

4,26%

7.27%

0%

56.64%

|'0 Lognormal linear medel 5§ Negative binomia ¥ Poisson
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Generation of the Feature List

« The feature list provides the associated stats for each
gene/transcript in the analysis and allows for interactive
filtering to find what is significant.

Results: 33407 Ohr vs 2hr 5

<4 Filter Row |¢ Gene symbol ¢ Transcript ¢ Total reads ¢ P-value ¢ FDR step up ¢ Ratio ¢ Fold change View
1 WASH7P NR_024540 478424 2.44E-9 2.8E-8 218 2.18 e
SO ‘ 2 LOCT29737 NR_039983 2.296.76 0.46 0.64 0.91 110 o
e : 3 LINC01002 NR_028325 27.07 0.82 0.92 0.83 121 o+
Total reads < 4 LOC 100132287 NR_028322.1 707 0.82 0.92 0.83 121 e
P.value 4 5 LOC 100133331 NR_028327 45 60 0.88 0.95 0.92 109 e
FDR step up 4 6 LOC 100133331 NR_028327.1 3,133.46 0.75 0.87 1.07 1.07 e
Ratio . 7 LOC 100288069 NR_033908 28110 0.95 0.99 1.02 1.02 o
o change z 8 FAMETB NR_103536 146,31 0.52 0.70 0.70 143 o
9 LINCO0115 NR_024321 26210 9.2E-4 3.59E-3 0.32 -310 o
Low Expressed ! 10| LNco1128 NR_047519 433167 137E6 9.89E6 0.42 236 r
PR RO Claarfiltar 11 LINC01128 NR_047521 2,018.67 0.48 0.65 0.73 137 e
Saved filters v 12| UNCO1128 NR_047523 60152 0.39 0.57 0.65 154 4
P 13 | UNCO01128 NR_047524 78.85 0.13 0.26 030 332 o
14 | UNCO01128 NR_047526 1,606.38 1.35E-4 6.32E-4 0.39 255 e
15 | LINCD1128 NR_047525 678 55 0.16 0.31 0.36 281 o
16 | FAM41C NR_027055 99.03 0.07 0.16 0.65 154 e
17 | SAMD11 NM_152486 40 50 0.03 0.07 0.07 15.02 o
18 | NOC2L NM_015658 5748314 1.58E-5 9.05E-5 0.76 132 o
19 | KLHL1T NM_198317 1,370.00 7.23E-4 2.89E-3 193 1.93 e
20 | PLEKHN1 NM_001160184 43210 0.27 0.44 023 438 o
2 PLEKHN1 NM_032129 619.90 0.74 0.87 1.08 1.08 e
22 | PERM1 NM_001291366 2578 077 0.89 063 158 o
23 | PERM1 NM_001291367 39322 0.61 077 063 160 o
24 | HES4 NM_021170 197.62 0.02 0.06 0.08 -12.50 o
25 | HES4 NM_001142467 140.38 0.12 0.25 015 -6.86 o
Rows perpage (25 ¥ (1 of 1337) = | - Download data

i Generate list
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Dot Plot
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Genome View

0 Reads histogram: STA

16867

11245

5622

0
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@ Isoform proportion: RefSeq Transcripts - 2014-10-17
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Biological Interpretation

« Enrichment analysis allows for testing a list of significant
genes to determine if they are over represented in any gene
set/pathway.

¢ Geneset (& Description &Enrichment score |&P-value |$Genes in list |$Genes not in list
G0:0002376 | immune system process 46.58 5.87E-21 Inlist | Notin list
G0:0065007 | biological regulation 4473 3TAE-20| |y set 203 1.455
G0:0080090 | regulation of primary metabolic process 41.75 7.39E-19| Notin set | 942 15 428
G0:0031323 | regulation of cellular metabolic process 41.38 1.07E-18 s T5TS
G0:0006955 | immune response 40.74 2.02E-18 | 139 877
G0:0060255 | regulation of macromolecule metabolic process 40.57 2.41E-18 | 453 4,603
G0:0019222 | regulation of metabolic process 39.88 477E-18 | 519 5513
G0:0002682 | regulation of immune system process 36.95 9E-17 145 983
G0:005078% | regulation of biological process 36.25 1.8E-16 756 9,069
GO-0050794 | regulation of cellular process 3470 8.49E-16 | 729 8,706
50:0048583 | regulation of response to stimulus 34.61 9.32E-16 | 286 2,616
50:0002684 | positive regulation of immune system process 33.79 2.12E-15 | 103 610
G0:0080134 | regulation of response to stress 33.56 2.65E-15 | 125 825
G0:0048518 | positive regulation of biological process 32.24 9.99e-15 | 409 4241
G0:0051239 | regulation of multicellular organismal process 32.18 1.05E-14 | 221 1,892
G0:0019219 | regulation of nuclecbase-containing compound metabolic process | 29.78 1.16E-13 | 370 3,797
G0:0070887 | cellular response to chemical stimulus 29.66 1.31E-13 | 200 1,698
G0:0010556 | regulation of macromolecule biosynthetic process 28.58 3.87E-13 | 333 3,351
G0:0048522 | positive regulation of cellular process 28.40 4.65E-13 | 369 3,823
G0:0031326 | regulation of cellular biosynthetic process 28.24 541E-13 | 343 3,489
GO:0051171 | regulation of nitrogen compound metabolic process 27.93 T.43E-13 | 373 3,889
G0:0006952 | defense response 2760 1.03E-12 | 138 1,043
G0:000988% | regulation of biosynthetic process 2710 1.7E-12 344 3,534
GO:0006950 | response to stress 2617 4 3E-12 250 2,370
G0:2001141 | regulation of RNA biosynthetic process 2597 527E-12 | 301 3013

Rows perpage (25 ¥ (1 of 323) e | e Download data
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Input of NGS reads into Partek®

Genomics Suite™

« Aligned data (.sam/.bam files)
* Project download from Partek® Flow ®

.bam
.Zip
project

-----------

apn s
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Data Analysis in Partek®
Genomics Suite™

o Partek



RNA-seq Workflows in PGS
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— Quantification I/\I/\"/\I
— Differential expression

O —

— Allele specific expression |~ | |

— Integration with other
genomic data
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Inferential Statistics

 Parametric

 t-Test, z-Test, ANOVA, Welch’'s ANOVA, Pearson =
Correlation \L

* Non-parametric
* Mann-Whitney, Kruskal-Wallis, Friedman, Chi-square,
R a n k C O rre I ati O n B e R e R B 2 8 Basoses

* Others

* Power Analysis

- Survival Analysis . X, —-X, signal

S - noise

Y -%
Signal

* Cox regression

» Kaplan-Meier Curve

» Multiple test corrections R 2 Nolse [\

« Descriptive statistics j K
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Visualization of Statistical Results

« Forest plot

« Volcano plot

* Dot plot

* Profile

* Interaction plot
 More...
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Biological Interpretation

* Biological relevance is not usually found
in only a single gene g

- = . the Gene Ontology

« Database: =
— Gene Ontology, Molecular Signatures Database  EMiohmen Score
— KEGG Pathways EEE NN on mechlar (0.1
— Custom annotation I e e

- GMT, GAF, text file = s e

ligase activity (0.41)

| ) Rk -

cz curated gene sets from online pathway
databases, publications in PubMed, and lyase activity (0.78)
knowledge of domain expert:

transferase activity (0.92)

* Method: e
— Enrichment: test if lead genes are over- | e4 ez,
represented in any pathway

— Pathway ANOVA: detect differentially
expressed pathway

_} isomerase activity (1.8)

idoreductase activity (9.3)

8 9 10

€5 GO gene sets consist of genes
annotated by the same GO terms.

KEGG Organisms: Complete Genomes

Eukaryotes: 180 Bacteria: 2149 Archaea: 149

[ Rannmac | Nraft

L J * L
® e @ . .
0.%.%° Partek® Copyright © 2017 Partek Incorporated. All rights reserved.



Pathway ANOVA
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Highlight of Partek® Flow ®

» Flexible data storage
« Context sensitive interface
 Visual analysis pipeline

» Broad choice of analysis tools —

« Comprehensive statistics and

visualization
= [~ T Q ogend PCA mapping (38.22%)
| g‘-,;.'
§° s
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.:::::. Partek® Copyright © 2017 Partek Incorporated. All rights reserved.
()



Highlight of Partek ® Genomics Suite™ 6.6

Simple workflows for

microarray and NGS assays

Powerful statistics
Interactive visualization

Flexible data integration
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Partek Provide Solutions for Any Technology

Partek® Flow-GS-Pathway
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Partek Provide Solutions for Any Assay

Partek® Flow-GS-Pathway
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Partek i1s Your Partner

Self-learning
- Help > On-line tutorials
- Recorded webinars e e

Regional Technical Support % 8"
Email: support@partek.com -

« Phone: +1-314-878-2329
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Partek® Flow ® @NIH

* Instructions for setting up a Flow account can
be found here: partekflow.cit.nih.gov

» Account set up require 3 main steps:
— Set up a Helix account

— ODbtain storage space
— Request Flow account

Partek’



