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Systems biology of retinoic acid-induced cell fate transitions
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Massive parallel DNA sequencing...
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Massive parallel DNA sequencing...Revolution: The democratisation

Full Genome Sequencing & The Genetic Revolution
Cost per Human Genome vs Total Number of Genomes Sequenced
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Massive parallel DNA sequencing...Revolution: The democratisation
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Omics datasets: The analytical path

ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing
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M. A. Mendoza-Parra et al.
BMC Genomics; Nov. 2013
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Omics datasets: The analytical path

ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing
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Comparative analysis of
RNA Polymerase Il ChIP-
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Omics datasets: The analytical path

ChIP-seq: Chromatin immunoprecipitation
combined with massive parallel sequencing

ChIP-seq datasets analysis
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Are you concerned about these differences in ChIP-seq assays performance?
T —_"

Profiles of three publicly available H3K4me3 ChIP-seq datasets.
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Read-count intensity

= Common binding events are retrieved,

® However there are significant differences :
*  Global read-count intensity
+  Observed background levels

+  With the same commercial antibody source (including batch reference).
*  Produced from a similar number of mapped reads (~19 million).
*  Performed in different laboratories.
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Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow

Modaul
o
Protein-chromatin  Chromatin immunoprecipitation DNA purification Parallel sequencing Computational
crosslinking fragmentation analysis

ChIP-seq grade Abs?

[Quali'ry ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + )]
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Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow
Sequencing depth?
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Protein-chromatin  Chromatin immunoprecipitation DNA purification Parallel sequencing Computational
crosslinking fragmentation analysis

[Qualify ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + )]

number of identified peaks increases Peaks confidence is proportional to
with the sequencing depth the sequencing depth
120,000 FoxA1 ChIP-Seq
== Enriched Pol Il targets =5
=« Potential Pol Il targets ...—" 100 -
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Rozowsky J. et al. Nature Biotechnol 2009 Zhang Y. et al. Genome Biol 2008
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Source of technical variability in immuno-selection-NSG based approaches

ChIP-seq workflow
Sequencing depth?

Protein-chromatin  Chromatin immunoprecipitation DNA purification Parallel sequencing Computational
crosslinking fragmentation analysis

ChIP-seq grade Abs?

[Quali'ry ChIP-seq profile=f( chrom shearing + cell fixation + user skills + Ab efficacy + Seq depth + )]

as individual profiles could present significant
technical variability (due to the use of different
antibodies, sequencing depth or other factors able to
influence the immunoprecipitation (IP) quality),
comparative analyses between Next generation
sequencing (NGS) generated profiles may require
prior characterization of the degree of technical
similarity of the various data sets
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Current practices for the evaluation of the quality of ChIP-seq datasefts:

Peak calling-based approaches

80 I ™ Peak region

60
40
20
[P S

111,450,000 111,500,000 111,550,000

global ChIP enrichment
Enrichment relative evaluated by the Fl‘action Of
10 background mapped reads in identified
Peaks (FRiP)

Tag count

Visual inspection

Position (bp)
Drawback:

+ only in a local context
* not quantitative

The ENCODE consortium
recommends a 1% FRIiP threshold

Evaluate the binding sites reproductibility

Control
ste

between biological replicate datasets (IDR)

IDR: Irreproductibility Discovery Rate

RAD21 replicates SPT20 replicates
s R | §
Drawback: %] 23
they depend on the peak calling "o =
performance thus their quality assessement may . °
not represent a universal approach for S T s e
Comparing any type of ChlP-seq datasets num of significant peaks num of significant peaks
j high reproductibility low reproductibility

Landt S. et al. Genome Research 2012
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A quality control (QC) system for the analysis and comparison of NGS-generated profiles
T —_"

Aim of the methodology:
Evaluate changes in enrichment patterns when a fraction of the total
mapped reads (TMRs) are used for its reconstruction.

random sampling

SequencemA
P — 90%

s e o, .
——s 0% o In an ideal case the reconstructed
T = e e, T profile will be reproduced after random
—s P e sampling with a proportional decrease in
[ e — I 9 .
the read-count intensity

/-’rhe deviation from the ideal R

behavior reflects the degree of
reproducibility/robustness of the
profile under study

Read-counts intensity

reconstructed profile
s100

- It provides a quantitative method

for assigning quality descriptors
J
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A quality control (QC) system for the analysis and comparison of NGS-generated profiles
T —_.",

Computational treatment:

Segmented read-count intensity profile (500nts window size)
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A universal NG6S-QCi system for the stratification of current and past generated profiles
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A universal NG6S-QCi system for the stratification of current and past generated profiles
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Global Quality control indicator

QC-STAMP (log2)

A universal NG6S-QCi system for the stratification of current and past generated profiles
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A universal NGS-QCi database for comparing current and past generated profile's indicators

NGS-datasets repositories

Automated certification pipeline
&
Gene Exprassion Omnibus
Datasets Quality?

o

NGS-QCi database
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Run NGS-QC Generator +« A module to remove the background noise during Quality indicator's assessment has been included - : l"‘ =
Text processing as part of the NGS-QC Generator. Unnamed history 9.2 Gb
o i G ic Int i » Clonal reads bias in ChIP-seq datasets can now be excluded prior to Quality indicators assessment.
perate on Genomic Intervals g5: NGS OC ® %R
Generator on
Workflows GSM803456 waEncodeHaibTf
NGS-QC Generator bsA549Ctcfsc5916PcrixEtoh
D2AInRep2 sorted.bed (Local
Through this server you can run NGS-QC Generator. Densities 10% Re licate 1
To get started, upload your data in BED or BAM format and select NGSQC Generator from the tools menu. 20,886 lines
You can upload large files to ftp.galaxy.ighmc.fr. format: tabular, database:
A database with preprocessed profiles and a tutorial how to analyze sequencing profiles yourself, can be found here. hl;ll‘-_J = =
=@ 2B T
P chrl 10000 10500 35 3o ZZ2 I
chrl 500 11000 IS 1& iz b §
chrl o000 11500 1707 i152€ 1157 8
: el chrl 11500 12000 42 2% 27 2
chrl 500 i3000 13 iz B T
chrl o000 13500 14 12 13 €
4 [l 3
i ( ) ( 84: NGS QC @ %

—t it
GENERATOR

Generator on

GSMB03456 wgEncodeHaibTf
bsA549Ctcfsc5916PcrixEtoh
02AInRep2 sorted.bed (HTML
Report Replicate 1)

This server is a customized version of Galaxy and is hosted by the Gronemever lab, at IGEMC.

If vou use this service, please don't forget to cite us: M. A, Mendoza-Parra et al. Mucl. Acids Res. 2013: doi:
10.1093/nar/akt829.
If you have any inguiries, please contact Marco Mendoza (marco@igbme.fr) or Mohamed Ashick

(mohameds @igbmc.fr.
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A web-browser access for running the NGS-QC Generator on your favourite NGS dataset!!!
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NGS-QC Generator

NGS-0OC Generator - A quality
control system for profiles
obtained by ChIP sequencing

NGS-QC Generator {(version 1.5.7)

Local OCis Generator displays
regions from an existing dataset

Replicates Generator allows to
general several random
replicates of a BED file.

ipulati
Operate on Genomic Intervals
Workflows

s All workflows

Input file:
| 151: (as bad) Join on data 150 and data 149 *

Genome:
| Human Feb. 2009 {GRCh37/hg19) v

Number of replicates:
* One
Two
Three
Exclude background (noise) reads:
T
Uncheck this option if you want to disable the background subtraction.
Exclude clonal {PCR Duplicates) reads:
(]
Use this option if you want to remove clonal reads,

Resolution (bp):
500,000 ¥
Used for local regions displayed within the report

What it does

Comparative analysis between Next Generation Saquencing (NGS) generated
technical similarity.

NGS-Q/C Generator infers global and local quality indicators based on a stand
evaluates the distribution of the sequencing reads associated to a particular N

Specifically, the total and uniquely aligned mapped reads {TMRs) are randoml
respectively). Then, the genome-wide distribution of the sampled reads popul;

Further information and a tutorial how to analyze sequencing profiles with NG

Running time:

It takes NG5-0C Generator around 15 minutes to analyze profiles smaller thai

NGS-QC Generator

Data Quality Report 2014-01-07 11:06

File name: GSM773029_BLIPS-18a.H3K4me3.DNA _Lib_345bed

Total reads 27,897,728
Unique reads 27,897,728 (100.00%)
Genome assembly hg19 (H. sapiens)
Target molecule
Sampling percentages 50, 70, 90
Windows size (bp) 500 —
=
Replicate number kbl i
Q
Sampled strand(s) both %
Referenced chromosomes | 25 2
Background sublraclion On
Clonal reads removal Off !
o ™~ s70
Results i " ; T -
r 0 2 4 B 8 10
Cansidered reads* 27,897,728 Read count (log2)
25% 0.113/18.833 Effect of random sampling on the profile. This figum llustrates the
::‘;’é"‘:)%“mmc 59% 0624 /7135 influgnca of the random sampling subsets (90%: black; 70%, blug; 50%:
red) on the recovered read count Intensity (recRCI) per bin. The dark-green
10% 0.624/7.135 wartical line represents Ihe background threshold.

" Reads 1aken into aceount Lo compute the QC Indicators.

Read count intensity profile illustrated in the conlext of its correspending local QC indicators (heaimap). On the upper figure. genes are
represented by green-colored rectangles. Overlapping genes ara represented by a deeper grean and TSE are displayed as 2 small dark bar. The lower
figure is a zoom of the center of the first figure.
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Local QCis Generator (version 1.0)

Dataset:
139: PL19_H3K4me3_T48.bed v

Local QC file:
169: Loc. densities (rep. 1) for data 139 ¥

Genome:
Human Feb. 2009 (GRCh37/hg19)

Resolution (bp):
300,000 r

Number of local QCis:
10
Change this value if you want to get more figures

Exclude clonal (PCR Duplicates) reads:

Use this option if you want to remove clonal reads.

What it does

This tool generates local QC indicators from a bed filg]

Options

NGS-

Local QCis Generator report

e |

Dataset informations Generated on 2014-09-30 0019
Input file P19_H3K4me3 T48.bed
Genome aszembly mm39
Regions size (bp) 500,000
-0 330 dl3
a
)
)
e i - _ + |
£ - -
o 35,670,000 35,760,000 35,850,000 35,940,000
2 thels
[ 270
d
(=
- |
) : J l N
2 |
LY 4
o
| [ 1
4,800,000 4,890,000 4,980,000 5,070,000
10 300 o
a3
m
& ]
1] ] I |
= _ _-i] P T --'—'HI | NN B T | [ T
113.160,000 113,350,000 113,340,000 113,430,000
el
4
E
* kL L
T EET --LI':"Th — | ‘ (1 -—" | 1 _'I"I I }3] :'l:.' I I |
i I > T TIid E T ]
19,450,000 79,540,000 79,630,000 79,720,000
280 [- 1347
5
m
g l
0 ¥ e e ———
T I
81,060,000 81,150,000 61,240,000 81,330,000
310 hels
3
-}
&
04;_“_" |
il JEDN I
1 ]

45,470,000

45,560,000 45,650,000 45,740,000
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Dataset informations Generated on 2014-08-30 00:19 —
Input file P19_H3K4me3_T48 bed 19
Genome assembly mmg —
Regions size (bp) 500,000
i
E
) L
2
s 35,670,000 35,760,000 35,850,000 35,940,000
2 \
S m
£
g
. l ” | | II | 2
| L 2
| | - I = BS
4,800,000 4,890,000 4980,000 5,070,000
300 o
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: | |
= — —— "'.""“L :
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NGS-QC Generator Tool

Tutorial

Community

Multiprofiles comparison in the context of their local QC indicators

Degree of similarity

high

low

F9_H3RIZTme3_T48_sam_r5_
F9 _H3RIZTme3_TI4_ sam_r5_
F9_H3RIZTme3_TIZ_sam r5_1
FY9 _H3RIZTme3_TO0_sam r5_1
FY _H3KZTme3 TE_sam rd_1
P19 H3KZTme3 T48_sam_r3
P19 H3IKZITme3 TIZ sam r5
P19 H3KIZTme3 TO sam r5

P19 H3KZTme3 TZ3 sam_r5
P19 H3IFIZTme3 T&_ sam_r5_
FY9_FAIRE TO_sam r5_10.0
FY_FAIRE TZ4 sam r5_10.
FY_FAIPE TZ_ sam r5_10.0
FY FAIRE T48 sam r5_10.
FY RNAPOLZ TO sam r5 10
F9_RNAPOLZ_T6_sam_r5_10
P19 RNAPOLIZ_TO_sam r5_1
PLlY9_FAIRE TZ4_sam r5_10
P19 FATRE T4B8_sam_r5_10
P19 FATPE TZ_ sam r5_10.
P19 FATPE TE sam r5_10.
FY9 H3IK4me3 TI4 sam r3 1
F9_H3K4me3_ T2 sam r5_10
F9_H3F4me3_TO_sam r5_10
F9_H3F4me3_T&_sam r5_10
P19 H3RK4me3 TO0_sam r>_1
PLlY9 H3FK4ms3_TIZ4 sam r5_
P19 H3F4me3 T2 sam r5 1
P1lS H3K4me3 T48 sam r5
P19 H3F4me3_T6_sam r5_1
F9_FAIRE T&_sam r3_10.0
P19 FAIRE TO_sam r5_10.
FY_H3K4me3_ T48_ sam rd>_1
FY9_PNAPOLI_TI_sam_r5_10
FY PNAPOLZ TZ4 sam r3> 1
FY9 PNAPOLZ T45 sam r5 1
P19 RNAPOLZ_T48_sam_r5_
P19 RNAPOLZ
P19 RNAFPOLZ
P19 RNAPOLZ

: Z_sam r5_1
_T& sam r5_1

(preliminary data)
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