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Goals

What contributes to cluster density
How to diagnose clustering issues

How to achieve optimal cluster density
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- Major Topics of Discussion

This presentation focus on the HiSeq and MiSeq systems for
demonstrations, but general concepts apply to our other
sequencing systems.

What is a cluster?

Factors that contribute to clustering efficiency
Clusters vs Clusters PF (Passing Filter)
Common clustering issues

How to get good cluster numbers

Resources

llumina
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What is a cluster?

Factors that contribute to clustering efficiency
Clusters vs Clusters PF (Passing Filter)
Common clustering issues

How to get good cluster numbers

Resources

illumina



What is a Cluster?

Library

Preparation bequencing Analysis
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What is a Cluster?

Many copies of a single fragment from a library that
has been clonally amplified

Covalently bound to flow fell

Amplified through bridge amplification
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Massively parallel sequencing




Clustering

Clusters form during cluster
generation

Clusters do not change in
number or location during the
run

During the Paired End
Turnaround, Size can increase
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Clustering

Clusters form during cluster
generation

Clusters do not change in
number or location during the
run

During the Paired End
Turnaround, Size can increase

Incorporation mix flows over the
flowcell, adding a fluorescent
terminator tagged nucleotide to
the next spot in the sequencing
strand

9 lumina’



Clustering
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Clusters form during cluster
generation

Clusters do not change in
number or location during the
run

During the Paired End
Turnaround, Size can increase

Incorporation mix flows over the
flowcell, adding a fluorescent
terminator tagged nucleotide to
the next spot in the sequencing
strand

Cluster map is built in first few
cycles of read 1 and is used for
the entire run
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How are clusters imaged?
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How are clusters imaged?
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Clusters can only be seen
and mapped if the R1 primer
attaches properly

After 15t base
Incorporation,
Imaging takes place

If no clusters are found, the
Instrument will not proceed
with Sequencing By
Synthesis (SBS)

Humina'



SBS Chemistry
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What is a Cluster - Thumbnalls

HiSeq Thumbnail

Thumbnails provide OO TE T2 MAZ03 600 €
diagnostic information for run S R AR
Issues :

Not a good way to evaluate
run quality

MiSeq Thumbnail

02 -__.'. 1 4__::: 332 435
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Factors that contribute to clustering efficiency
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Factors that contribute to clustering efficiency

Fragment length

— Short fragments cluster more efficiently
than longer ones — there will be more
clusters.

— ~200bp is shorter, ~800bp is longer
— Similar to most exponential
amplifications
Cluster generation process

— cBot, HiSeq, MiSeq, and
NextSeq user slightly
different cluster generation
recipes

NaOH

Sample-specific factors

16
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Four Major Topics of Discussion

Clusters vs Clusters PF (Passing Filter)

llumina



Clusters vs Clusters PF (Passing Filter)

The “Filter” prevents multiple template signal or low quality clusters

ol o el

Clusters PF is generated from the first 25 cycles

Only clusters that pass filter will be counted towards run yield

Clusters passing filter = Single end reads

“ wm X J

MiSet MextSeq 500 HiSeq 2500 HiSe
Focused power. Speed and Flexible power. Speed and Production power. Fower and Population power. 51 I:I-:r[] human genome
simplicity for targeted and small simplicity for everyday efficiency for large-scale and extreme throughput for population-scale
genome sequencing. genomics. genomics. sequencing.
Reads per " - - - - -
flow cellt 25 Million 130 Million 400 Million 300 Million 2 Billion 3 Billion
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Viewing %PF Score — Sequence Analysis Viewer

(SAV) — Summary Tab

Run Folder:

MlSeq Run

Flo
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Cycle 1

19

mmary | Tile Status | TruSeq Controls |
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Cycle 1 Base A
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Data By Lane: Density —Total and %PF

Data By Lane (>
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Viewing %PF Score — Sequence Analysis Viewer
(SAV) — Summary Tab

Run Folder: MiSeq Run " Refresh

Analysi mary | Tile Status | TruSeq Controls |

d Total Yield = Yield Perfect Yiel

=3 errors  Aligned % Perfect % <=3 errors Emor Rate Intensity % Intensity % »= Q30

(G) (G) (%) [Num Cycles] [Num Cycles] (%) Cycle1 Cycle 20
35 09.14 76.5 [250] 94 4 [250] 1.03 153 116.6 896
97.82 73.3[250] 91.6 [250] 123 144 118.0 843
0343 749 93.0 113 149 117.3 872
Read 1
e Tiles Density Cluster Reads Reads PF 9 3= Q30 Yield Cycles Aligned Error Rate Error Rate Error Rate Error Rate Intensity % Intensity
(Kimm2) (%) (%) (M) (M) (G) Err Rated (%) (%) 35 cycle (%) 75cycle (%) 100 cycle (%) Cycle 1 Cycle 20
1 28 1084 +- 26 8962 +/-0.34 0.082/0.130 2043 1831 89.6 46 250 99.1 +-0.0 103+-002 011+-000 015+-000 021+-000 @ 153+-12 116.6 +-0.7
Read 2
Laiie Tiles Density Cluster PF Phas/Prephas Reads Reads PF 9, 3= Q30 Yield Cycles Aligned Error Rate Error Rate Error Rate Error Rate Intensity % Intensity
(Kimm2) (%) (%) (M) (M) (G) Err Rated (&) (%) 35 cycle (%) T5cycle (%) 100 cycle (%) Cycle 1 Cycle 20
1 28 1084 +/- 25 8962 +/-0.34 0087/0123 2043 18.31 248 45 250 97.8 +- 01 123 +-002 014+-000  026+-001 0.35+-001 144 +/- 10 118.0 +-09

 %PF can vary
» Higher the %PF the better
* Very high density or overclustering will result in lower %PF

Copy to Clipboard... Generate IVC Plots...
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» What is a cluster?
» Factors that contribute to clustering efficiency
» Clusters vs Clusters PF (Passing Filter)
» Common clustering issues
» How to get good cluster numbers

» Resources
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Common clustering issues

Overclustering

— Loaded too much library
= Quantification
= Compensation for library efficiency variation
= Low diversity libraries cannot reach same density as normal libraries

Underclustering

— Loaded too little library
— NaOH
— Poor library

Overclustering will result in less or no data

23 lHlumina



Stick to cluster density range
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Platform Optimal Raw Cluster Density (CD)

GAlIx (v5 cluster kit, >SCS 2.9) 700-800K clusters/mm?
HiSeq 2000/2500 High Output (v3) 750-850K clusters/mm?
HiSeq 2500 High Output (v4) 950- 1150K clusters/mm?
HiSeq 2500 Rapid Run 850-1000K clusters/mm?
MiSeq v2 Reagents 1000-1200K clusters/mm?
MiSeq v3 Reagents 1200-1400K clusters/mm?
NextSeq 500 160-180K clusters/mm?

Raw metrics are given as K clusters/mm2 (1,000 clusters per millimeter squared)

Metrics are for high diversity samples

illumina’



Common clustering issues

Inconsistent clustering - Can be inconsistent from run to run or across
the flow cell

— Library issues
= Non-standard libraries may not be optimized for the platform

Primer binding
— Not true “clustering issue” but can manifest similarly

25 Humina'




Overclustering

26

Can manifest in multiple ways:

Really high cluster numbers
Really low cluster numbers
Drop in intensity after cycle 5

Drop in intensity/quality after Paired
End Turnaround
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Over clustering — inconsistent cluster density

Flow Cell Chart

Density
v

Both Surfaces

v

Fix
Scale

27

Density
EBoth Surfaces

1

o 1600

1400

1200

1000

800

Flow Cell Chart
Density

Density ~ Both Surfaces

Both Surfaces

'v 1 1000

Fix
Scale

=900

a00

lumina’



Over clustering — Low %Pass Filter

Data By Lane (2) Data By Lane Q)
Densw Bﬁth Surfaces DEI’ISIW k Bom Suﬁams
i i ok C 11800

m 1600}

Both Surfaces _ 17 Both Surfaces _ 1400

— ."Ew e — =

. . .

2 = ook
: 5
3 a
4nL
200k

0 28

28 illumina



Over clustering - Drop In intensity after cycle 5

Data By Cycle {
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Over clustering - Drop In intensity/quality after
Paired End Turnaround

Data By Cycle
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Cluster Density: Thumbnalil Images

Note: Cluster density appearance in thumbnails will vary on different platforms

Normal/low density — MiSeq v2

llumina
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Cluster Density: Thumbnail Images

Still white spots on a black background

Highest recommended density — MiSeq (v2)

llumina
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Cluster Density: Thumbnail Images

No clear white spots — more of a haze

Over-clustered! — MiSeq (v2)

llumina
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Cluster Density: Thumbnalil Images

Can manifest as clustering failure

Saturated! (Cannot measure CD accurately)

llumina



Diversity

Cluster density specifications are for high diversity libraries

Low diversity samples do not use random fragmentation during
library preparation

Most standard lllumina library preparation methods have good

diversity
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Diversity
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Cycle 1 Cycle 2 Cycle 3

E>-E>. 3
d 2 &

When running low diversity libraries, keep
densities low and PhiX spike in high

Low diversity samples
cannot reach the
same cluster
densities

Clusters that do not
have different signals
during cluster
mapping will be called
as one cluster which
will fail chastity or
have poor quality later
In the run

lumina’
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1. What s a cluster?
2. Factors that contribute to clustering efficiency
3. Clusters vs Clusters PF (Passing Filter)

4.  Common clustering issues
5. How to get good cluster numbers

6. Resources
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How to get good cluster numbers

Good quantification!
— Use the quantification method for your specific library preparation kit

Empirical adjustment in small increments
— Start low and increase until you are in the recommended range, then stay
there
Repeat targeting bottom up for new library types
— A new library method can have very different clustering efficiencies
— When running a new library, lower cluster density to avoid over clustering

Loading concentration to cluster density is not always a linear
relationship

38 llumina



Sample Prep Method Quality Recommended Comments

Check on Quant Method
Bioanalyzer

TruSeq DNA (PCR-Free, Nano) 4 gPCR
Nextera DNA 4 Qubit
Nextera XT None Built-in normalization step

Final library is single stranded
Nextera Mate Pair v gPCR Can validate library size by gel or Bioanalzyer
TruSeq Synthetic Long Reads v gPCR
Nextera Rapid Capture v Quibit No carrier DNA present
TruSight panels v Qubit
TruSight Tumor v None Built-in normalization step
TruSight Myeloid None Built-in normalization step

Final library is single stranded
TruSeq Amplicon (Custom, Cancer) None Built-in normalization step

Final library is single stranded
TruSeq RNA (v2, Access, Stranded) v gPCR
TruSeq Targeted RNA Expression v None Built-in normalization step based on TruSeq

Targeted RNA Calculator
TruSeq Small RNA v Bioanalyzer Reduced quant precision needed due to low

concentration libraries and short read lengths

TruSeq ChIP-Seq v gPCR



How to get good cluster numbers

Compare PhiX alignment with PhiX spiked in
— PhiX is automatically aligned and parsed out
— Helpful in determining approximate clustering efficiency compared to PhiX
— %Aligned = PhiX Aligned
— %Aligned should be close to % spiked in

Data By Lane > Data By Lane >
% Aligned DOSRT Read 1 % Aligned 1 Surfaces Read 1
W v 0.60}-
5
Read1 Both Surfaces 0.50f
4%
b 4 v 040k
® 3F =
& Read1 & 030
< 3| <
= v * p20f
1t
o0.104
of
| 0
-1k 2 i 38 1
1] 1 2 1
Lane Lan

— Can help troubleshoot between gquantification concerns and clustering
efficiency efficiency concerns
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- Goals

What contributes to cluster density

Loading concentration

Library length

How to diagnose clustering issues

Overclustering

_Underclustering is preferable to over overclustering
Underclustering

How to achieve optimal cluster density

Good quantification

Target optimal density by increasing in small amounts

llumina
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1. What is a cluster?

2. Factors that contribute to clustering efficiency
3. Clusters vs Clusters PF (Passing Filter)

4. Common clustering issues

5. How to get good cluster numbers

5. Resources
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Resources — Support Pages

APPLICATIONS SYSTEMS

Support

Instruments &
Penpherals

Additional Sequencing Support

Product Literature & Techrucal Notes

(0]

xstions & Answers

Documentation

Bulletins

Sequencing Workflow

INFORMATICS

CLINICAL SERVICES

Personahize your [llumina User Guides with the Custom Protocol Selector »

Software &

Informatbics

Downloads

Training
Tools

ywepinars

free
“ ANALYZE

« Analysis Workfiow

SCIENCE SUPPORT

Instruments &
Penpherals

Additional Array Support

Questions & Answers
Documentation

Bulletins

Array Workflow

p
I
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meStudio

COMPANY -

BeadChip Kits &
Bead Sets

oduct Literature & Techrnical Notes

E w0 | Followus: @

Software &

Informatics

Downloads
Training

0ols

Webinars
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Resources — Training Videos
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illumina

APPLICATIONS SYSTEMS INFORMATICS CLINICAL

SERVICES

Log in to get personalized account information. Quick Order ™

Contact Us  Mylllumina

SCIENCE SUPPORT  COMPANY | search

View Cart &

Tools =

Support » Training » Sequencing S B | Followus: B

Online Training

Array

|~ Select a workflow ¥

Real-Time PCR
TITLE

Sequencing >
Sequencing: Illumina
Technology

Sequencing: Illumina’s Dual
Indexing Strategy

Sequencing Analysis Viewer
(SAV)

NextSeq 500: Preparing for
Your Install

NextSeq 500: System
Overview

NextSeq 500: Preparing Runs
with BaseSpace

DESCRIPTION

This course provides a general overview of the Illumina
sequencing workflow from extraction of nucleic acids to the
completion of a sequencing run.

Languages: Spanish, Chinese (Simplified), Japanese

The goal of dual index sequencing is to increase the multiplex
level of sequencing per lane, so that more samples can be
sequenced on the same flow cell.

Languages: Spanish, Chinese (Simplified), Japanese

This course provides the basics on how to get started using
Sequencing Analysis Viewer (SAV). By the end of this course,
you will be able to: identify the purpose of SAV, list the steps
to load data into SAV, and describe the tabs in SAV.

This course provides an overview of the key components of
the NextSeq 500, as well as the lab, computing, and electrical
requirements for installation.

By the end of this course, you will be able to: identify features
of the NextSeq 500 system, describe NextSeq 500 sequencing
technology, and describe the simplified sequencing workflow
of the NextSeq 500 system.

By the end of this course, you will be able to identify the
purpose of the BaseSpace Prep tab, describe the steps to
enter NextSeq 500 run parameters in BaseSpace, and identify
how to make a BaseSpace-prepared run available in NextSeq
Cnntrol Snftware (NCSY

LENGTH

20 min

10 min

15 min

15 min

20 min

25 min

illumina’




Resources - Bulletins

Five Things You Can Do to Improve the Quality and Quantity of Your Sequencing

Data
Dec 18 2013

By using these five basic strategies, you can
Illumina sequencing platform.

Keep your cluster density within Illumin
recommended cluster densities is very import;
Exceeding the recommendaticn may have ne
output. You can find cluster density specificati

Add PhiX a
designed to
provide errg
here for the
kit, a positiv
recommend
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Bioanalyzer
library can B

Double che
Ilumina libr
need the Tr
always mak|

Follow bes|
denatured ¢
concentratig
sequencing
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Cluster Density Specifications for Illumina Sequencing Platforms

May 19 2014

Cluster density is an important factor in data quality and yield. The following table includes a list of

optimal raw cluster density specifications for balanced libraries (such as PhiX):

Platform

GAIIx

HiSeq

Mode/Reagents

SCS 2.8 or higher, TruSeq Cluster v5
reagents

High output, TruSeq v2 reagents

High output, HiSeq v4 reagents (requires
upgrade)

Rapid run, TruSeq Rapid vl reagents

Optimal Raw Cluster Density

700-800 K/mm?

750K-850 K/mm?

950-1050 K/mm?

850-1000 K/mm?

Considerations for Library Migration Between Illumina Sequencing Platforms

While each of Illumina’s sequencing platforms and modes use the same Illumina technology to obtain
sequencing data, there are slight variations in the chemistry utilized on different sequencing platforms.
All libraries constructed with currently available Illumina sample prep kits are compatible with all
Illumina sequencing platforms.

ring between different
platforms when working with

red-end flow cells are
Seq flow cells are paired-
d libraries before running on

imperature during on board
tBot, which is utilized for
brature of 60°C.

rm deblocking at 60°C and
for both of these steps.

lemistry, onboard cluster

ter at approximately

loaded on a GA or HiSeq High
Heration when migrating
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Other Resources

lllumina Support Pages

Relevant Support Pages
— PhiX Control v3 Support Pages
— Preparing Libraries for Sequencing on the MiSeq
— Denaturing and Diluting Libraries for the HiSeg and GAIIx
— Sequencing Library gPCR Quantification Guide

Training Videos

Support Bulletins
— Cluster Density Specifications for lllumina Sequencing Platforms
— Library denaturation considerations for MiSeq V3 sequencing runs

— Considerations for Library when Switching Between lllumina Sequencing
Platforms

— Five Things You Can Do to Improve the Quality and Quantity of Your
Sequencing Data

Sequencing Analysis Viewer (SAV) Guide & Download

lumina’


http://support.illumina.com/
http://support.illumina.com/sequencing/sequencing_kits/phix_control_v3/questions.ilmn
http://support.illumina.com/downloads/prepare_libraries_for_sequencing_miseq_15039740.ilmn
http://supportres.illumina.com/documents/documentation/system_documentation/hiseqkits/hiseq-ga-denaturing-and-diluting-libraries-15050107-a.pdf
http://supportres.illumina.com/documents/myillumina/e4a1cd4c-9293-4263-8b7d-fe52650c25eb/sequencing _library_qpcr_quantification_guide_11322363_c.pdf
http://support.illumina.com/training/sequencing_training.ilmn
https://my.illumina.com/MyIllumina/Bulletin/AH1453j-w0KpvCnZRqLYlA/cluster-density-specifications-for-illumina-sequen
https://my.illumina.com/MyIllumina/Bulletin/THcWjQFgxEerGKEI84jnZw/library-denaturation-considerations-for-miseq-v3-s
https://my.illumina.com/MyIllumina/Bulletin/CMJqFFaR6E6PxXI5E23VMQ/considerations-for-library-when-switching-between
https://my.illumina.com/MyIllumina/Bulletin/CMJqFFaR6E6PxXI5E23VMQ/considerations-for-library-when-switching-between
https://my.illumina.com/MyIllumina/Bulletin/R0byiOhaiE-wobSEgyVgaw/five-things-you-can-do-to-improve-the-quality-and
https://my.illumina.com/MyIllumina/Bulletin/R0byiOhaiE-wobSEgyVgaw/five-things-you-can-do-to-improve-the-quality-and
http://support.illumina.com/sequencing/sequencing_software/sequencing_analysis_viewer_sav.ilmn
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