
What groups & controls?
What source material?
N?

RNA vs. DNA
Whole genome vs. subset
Pool samples to make library?

Read length
Paired vs. Single end
Platform
Multiplexing: Depth vs. N*$

Details determined by rest

Analyze:
DNA sequences
Presence vs. Absence of taxa
Quantitative Comparison



Ovary

Group

Treatment 1

Treatment 2

Control 1

Control 2

Group

Pop A

Pop B

Pop C

Group

Analyze:
DNA sequences
Presence vs. Absence of taxa
Quantitative Comparison



Positive and Negative Controls

Most relevant for Presence / Absence (Detection)

Positive control: 
HeLa total RNA
‘Mock community’ 

Negative control: 
Water
Field collection & lab



Why water?



Reagents can be a source of nucleic acid



Generality vs. Specificity

Source material considerations:



Generality vs. Specificity
Heterogeneity vs. Consistency

Source material considerations:



Generality vs. Specificity
Heterogeneity vs. Consistency

Source material considerations:

Pop A

Pop B

Pop C

7 am 7:10 7:20

7:30 7:40 7:50

1 pm 1:10 1:20

1:30 1:40 1:50

Go to class



Generality vs. Specificity
Heterogeneity vs. Consistency

Source material considerations:

Pop A

Pop B

Pop C

7 am 1 PM 4 PM

7 1 4

7 1 4

7 1 4

7 am 7 AM 7 AM

7 7 7

7 7 7

7 7 7

M T W

OPTION 1 OPTION 2



Generality vs. Specificity
Heterogeneity vs. Consistency

Source material considerations:

Pop A

Pop B

Pop C

7 am 1 PM 4 PM

7 1 4

7 1 4

7 1 4

OPTION 1

7 am 7 AM 7 AM

7 7 7

7 7 7

7 7 7

M T W

OPTION 2
Homogeneous within blocks as much as possible



Sample size – Biological Replicates

RNAseq –

Depends on power you want, effect sizes you want to 
detect, risk of false positives you can tolerate

N ≧ 3   preferred for ANOVA designs, larger for smaller 
differences between groups & high confidence. 

N ≧ 20 recommended for most transcriptome network 
or population genomic analyses, with more better



Sample size – Biological Replicates

Population genomics
- Represent populations?

Genome assembly
- None needed

Microbial quantitative comparisons
- Biological replicates needed



RNA vs. DNA
Whole genome vs. subset
Pool samples to make library?



Subset of genomes –

Immunoprecipitation 
– RNAs bound to activated ribosomes, or DNAs 
in regions that are methylated

Population or species comparisons 
– Amplicon sequencing 
– Reduced representation libraries via 
sequence capture techniques  



Pooling before sequence prep:

Enough tissue?

Generality vs. individual differences

{pooling decreases weight of outlier individuals, 
but still need multiple pools if RNAseq}



Read length
Paired vs. Single end
Platform
Multiplexing: Depth vs. N*$



Read length & Paired vs. Single end

- Gene expression quantification in species 

with high quality genomes: shorter reads & 

single end okay {maximize read number/$}

- Otherwise, paired end & 100-150 bp

{maximize bp/dollar}



https://genohub.com/next-generation-sequencing-guide/

RNA-seq for measuring gene expression levels

More reads per sample -> better quantification of low 
abundance transcripts {filter out low-count transcripts?}

Greater library complexity -> need more reads



De novo genome assembly

50-100x coverage

Variant calling – heterozygosity (diploid genomes)

30x

Variant calling – haploid genome

20x

Sequence analysis



At least 5000-10,000 reads per sample for 16S

How many rare taxa do you want to detect?

Empirically determined

Microbial presence/absence



Multiplexing strategies

Quantitative comparisons:
Samples pooled in one sequencing lane are most comparable

Sequence comparisons and presence / absence:
Samples pooled in one lane can cross-contaminate

In all cases:
Not all libraries equally represented – be conservative

ILLUMINA® SEQUENCING

 Prior to application read 2, the 

index sequencing product is removed 

and the clusters are modifi ed in situ 

to regenerate the complementary 

strand using the Paired-End Module. 

The Multiplexing Read 2 Sequencing 

Primer is annealed to the comple-

mentary strand and extended to 

complete the fi nal read. 

 Using Illumina’s Pipeline Analysis 

software, each index is associated 

with a particular read-pair, identify-

ing samples for downstream analysis.

HIGH-QUALITY DATA

Sample multiplexing on the Genome 

Analyzer system produces high-

throughput sequence information 

with industry-leading accuracy. 

Data quality is equivalent to that 

routinely achieved in a single-read 

or paired-end run. Due to the inher-

ent redundancy in the index design, 

both perfect index reads and those 

that differ by one base can be used 

as sample identifi ers (Figure 4). 

AUTOMATIC SAMPLE IDENTIFICATION 
AND PROCESSING

Pipeline Analysis software (version 1.0 

and higher) includes the ability to 

discriminate between the three 

reads. Once the sequencing chemistry 

is complete, the alignment software 

identifi es the index sequence and 

annotates each read with its 

respective index. From this point 

on, reads derived from a given 

multiplexed sample can be positively 

identifi ed. 

 Just as in a non-multiplexed 

sequencing run, Pipeline software 

provides automated base-calling, 

calculation of quality values for 

every base, and alignment of read 

pairs to a reference sequence. The 

ability to combine multiplexing 

with paired-end reads is crucial 

for optimizing sequence alignment, 

detecting structural variation, and 

assembling sequences de novo. 

 Like all of Illumina’s software 

solutions, Pipeline software offers 

an open architecture that allows for 

easy customization of downstream 

analysis and integration with a vari-

ety of innovative analysis tools.

UNLIMITED ACCESSIBILITY

The Multiplexing Sample Preparation 

Oligonucleotide Kit and Multiplexing 

Sequencing Primers and PhiX Control 

Kit simplify high-throughput 

multiplexed sequencing with the 

Genome Analyzer system. In addition 

to multiplexing, the Genome 

FIGURE 3: ADDING THE SEQUENCE INDEX TO A LIBRARY

3. A third primer in the PCR adds the Index as well as a second flow cell 
attachment site (P7) to the PCR product shown in step 2.

P7

Index

Index SPP5

Rd2 SP

2. Prepared samples are amplified via PCR using two universal primers. One 
primer contains an attachment site (P5) for the flow cell, while the other 
contains the sequencing primer sites for the index read (Index SP) and 
for application read 2 (Rd2 SP).

DNA InsertRd1 SP

1. During sample preparation, adapters are ligated to the DNA fragments. 
One adapter contains the sequencing primer site for application read 1 
(Rd1 SP). 

4. The indexed library is ready for sequencing using the Genome Analyzer 
system.

Rd1 SP Index SPP5 P7IndexDNA Insert

Rd2 SP



Multiplexing strategies: Quantification



Maintain blocks throughout library 
prep and sequencing

Pop A

Pop B

Pop C

7 am 1 PM 4 PM

7 1 4

7 1 4

7 1 4

OPTION 1

7 am 7 AM 7 AM

7 7 7

7 7 7

7 7 7

M T W

OPTION 2



Cross-contamination: Index hopping

Design Content  |  Prepare Library  |  Sequence  |  Analyze Data

in higher levels of indexmisassignment than traditional bridge

amplification.4 Index hopping is a specific cause of index

misassignment that can result in incorrect assignment of libraries from

the expected index to a different index in the pool, leading to

misalignment and inaccurate sequencing results (Figure 1). Index

hopping is the primary mechanism responsible for the observed

increase in indexmisassignment in patterned flow cells.

Contamination from Free Adapters/Primers

After adapters are ligated to nucleic acid fragments, the products are

cleaned up to remove any free, unligated adapters. Libraries can be

cleaned up by a bead-based or gel purification step to remove free

adapters or primers. Failure to remove free adapters or primers can

lead to contamination of prepared libraries andmay result in index

hopping andmisassignment. To demonstrate this possibility,

adapters not present in a prepared library pool were spiked in at

varying levels from 0–35%molar concentration relative to DNA input.

Levels of index hopping increased in a linear fashion in correlation

with increasing levels of adapter spike-in (Figure 2). These results

highlight the importance of making sure that prepared libraries are

clean before proceeding with a sequencing run.

Figure 2: Index Hopping from Free Adapters—Percent index hopping is plotted
against levels of adapter spike-in. There is a positive, linear correlation between
both total index hopping (red line) and index hopping from spike-in (yellow line) and
levels of added free adapter.

Measuring Index Hopping

Library pooling experiments enable quantification of the level of index

hopping. By using unique pairs of i5 and i7 index adapters, uniquely

dual-indexed libraries are pooled, sequenced, and demultiplexed

following a dual-indexed workflow. The percent index representation

across all possible adapter combinationsmeasures the level of index

hopping at invalid combinations (Figure 3). For example, a value of

0.17%would correlate to ~1 index-hopping event per 600 correctly

indexed pairs.

Figure 3: Contamination Matrix for Unique Indexes—The percent index
representation across all possible adapter combinationsmeasures the level of
index hopping. Overlap at valid and invalid combinations are shaded in green and
red, respectively. Invalid index combinations are not preferentially impacted by
index hopping.

Impact of Index Hopping

The method of library preparation has been shown to contribute to

levels of index hopping. In general, methods that only include ligation,

such as the TruSeq® DNA PCR-Free Library Prep Kit, generate

libraries with higher levels of index hopping than methods that

incorporate a subsequent PCR amplification step, such as the

TruSeq Nano DNA Library Prep Kit (Figure 4). Libraries clustered on

nonpatterned flow cells with traditional bridge amplification typically

have lower rates of index hopping (≤ 1%) compared to libraries run on

patterned flow cells using ExAmp cluster generation (≤ 2%). For

example, analysis of a TruSeq PCR-Free library after cluster

generation and sequencing shows lower levels of index hopping on a

nonpatterned flow cell compared to a patterned flow cell (Figure 4).

Figure 4: Differences in Rates of Index Hopping—Levels of index hopping are
higher with patterned versus nonpatterned flow cells, regardless of library prep
method. Library prepmethodswith a PCR amplification step (eg, TruSeqNano)
show lower levels of index hopping compared tomethods that include ligation only
(eg, TruSeqDNA PCR-Free).

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

Image Sources: Illumina; Sinha et al. 2017 bioRxiv



https://www.biorxiv.org/content/early/2017/04/09/125724

https://www.biorxiv.org/content/early/2017/08/16/177048

https://www.biorxiv.org/content/early/2017/09/01/182659

https://www.biorxiv.org/content/early/2017/10/10/200790

https://www.illumina.com/content/dam/illumina-
marketing/documents/products/whitepapers/index-hopping-
white-paper-770-2017-004.pdf

Image Sources: Illumina; Sinha et al. 2017 bioRxiv

Cross-contamination: Index hopping

https://www.biorxiv.org/content/early/2017/04/09/125724
https://www.biorxiv.org/content/early/2017/08/16/177048
https://www.biorxiv.org/content/early/2017/09/01/182659
https://www.biorxiv.org/content/early/2017/10/10/200790
https://www.illumina.com/content/dam/illumina-marketing/documents/products/whitepapers/index-hopping-white-paper-770-2017-004.pdf


Because of close position of clusters on a flow-cell index reads get 
misassigned at a high rate: ~0.3% (Kircher et al. 2011, Nucleic Acids Res.)

When this matters a lot:
• Single-cell genomics
• RNA-seq (especially comparative transcriptomics)

When it is more tolerable:
• Genome sequencing

Image Source: TUCF Genomics

Cross-contamination: Sequencer
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Single-IndexedSequencingOverview

Single-indexed sequencing includes one Index Read following Read 1.

Figure 1 Single-Indexed Sequencing

Read 1
Read 1 follows the standard Read 1 sequencing protocol using reagents provided in
the TruSeq SBS Kit. The Read 1 sequencing primer is annealed to the template strand
during the cluster generation process on the cBot.
} When sequencing dual-indexed Nextera libraries, you must use the sequencing
primer provided in the TruSeq Dual Index Sequencing Primer Box, HP10, which
is used on the cBot in place of HP6. For more information, see the cBot User Guide,
Part # 15006165.

} When sequencing single-indexed TruSeq LT/v2 libraries or dual-indexed TruSeq
HT libraries, you can use either HP6 or HP10.

Index Read Preparation
The Read 1 product is removed and the Index 1 (i7) sequencing primer is annealed to
the same template strand, producing the Index 1 (i7) Read.
} When sequencing dual-indexed Nextera libraries, you must use the appropriate
sequencing primer provided in the TruSeq Dual Index Sequencing Primer Box,
HP12, which is used in place of HP8.

} When sequencing single-indexed TruSeq LT/v2 libraries or dual-indexed TruSeq
HT libraries, you can use either HP8 or HP12.

Index 1 (i7) Read
Following Index Read preparation, the Index 1 (i7) Read is performed.
} When sequencing single-indexed libraries, the Index Read consists of seven cycles
of sequencing.

} When sequencing dual-indexed libraries (Nextera or TruSeq HT), the Index Read
consists of eight cycles of sequencing.

Read 2 Resynthesis
The Index Read product is removed and the original template strand is used to
regenerate the complementary strand. Then, the original template strand is removed

D
ual-Indexed

S
equencing

O
verview

SequencingDual-IndexedLibrarieson the HiSeq 7

Dual-IndexedSequencingOverview

NOTE
Performing dual-indexed sequencing runs requires HiSeq Control Software
(HCS) v1.5.

Dual-indexed sequencing includes two Index Reads following Read 1.

Figure 2 Dual-Indexed Single-Read Sequencing

Figure 3 Dual-Indexed Paired-End Sequencing

Read 1
Read 1 follows the standard Read 1 sequencing protocol using reagents provided in
the TruSeq SBS Kit. The Read 1 sequencing primer is annealed to the template strand
during the cluster generation process on the cBot.
} When sequencing dual-indexed Nextera libraries, you must use the appropriate
sequencing primer provided in the TruSeq Dual Index Sequencing Primer Box,
HP10, which is used on the cBot in place of HP6. For more information, see the
cBot User Guide, Part # 15006165.

} When sequencing dual-indexed TruSeq HT libraries, you can use either HP6 or
HP10.

Reduce cross-contamination impacts

Reduces cluster misassignment if indexes are used in a redundant fashion

Increases degree of multiplexing if indices are used in a combinatorial fashion


