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1. Introduction

1.1 Spike-in RNA Controls

RNA sequencing (RNA-Seq) workflows comprise RNA purification, library generation, sequenc-
ing itself, and the evaluation of sequenced fragments. The initial steps impose biases for which
the data processing algorithms try to compensate afterwards. Key tasks for data evaluation
algorithms are the concordant assignment of fragments to the transcript variants, robustness
towards annotation flaws, and the subsequent deduction of the corresponding abundance
values. Unless the quality of all individual processing steps can be unequivocally determined,
subsequent comparisons of experimental data remain ambiguous. The development of new
RNA-Seq compatible platforms and protocols has created the need for multifunctional spike-in
controls, which are integrated and processed with the samples to enable monitoring and com-
parison of key performance parameters like sensitivity and input-output correlation as well as
the detection and quantification of transcript variants (Figure 1).
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Figure 1. Workflow for using spike-in controls in RNA-Seq. Spike-in controls (SIRVs) are defined synthetic RNA
molecules that mimic the main aspects of transcriptome complexity. They are added in minuscule amounts to
samples before library preparation to undergo the very same processing steps as the endogenous RNA (green
circle and square in Samples and Library Prep and Sequencing). After mapping the reads to the combined ge-
nome, the spike-in data are used to derive quality metrics and to categorize the experiments (see Evaluation).
The dotted lines show the decision-making processes of deciding i) if the complete data set is worthy of further
processing (or if an experiment needs to be repeated), and ii) which data sets have concordance that will permit
meaningful comparison of the full data sets with each other (green =, red "does not equal” signs, respectively).

The Spike-In RNA Variants (SIRV) were conceived as a family of modules to offer tailored solu-
tions for the control of RNA-seq experiments. SIRVs are available as an isoform module, which
contains a group of synthetic transcripts that mimic transcriptome complexity, and as a length
module to cover transcript lengths of up to 12 kb (Figure 2). While the SIRV isoform module
is available as a stand-alone module (Cat. No. 050) or mixed with ERCCs to additionally mimic
abundance complexity (Cat. No. 051), the long SIRVs module is provided in a mix together with
the SIRV isoform module and the ERCC module (Cat. No. 141).
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Figure 2. SIRV modules. The SIRV isoforms, single-isoform transcripts (ERCCs), and long SIRVs are established
synthetic RNA molecules that mimic three aspects of transcriptome complexity, isoforms, abundance, and tran-
script length. The SIRVome is the corresponding artificial reference genome.

1.2 SIRV Isoforms: Isoform Complexity

The isoform module of the Spike-In RNA Variants was developed to validate the performance
of isoform-specific RNA-Seq workflows and to serve as a control for the comparison of RNA-Seq
experiments and individual sample preparations. It is a set of 69 artificial transcript variants that
mimic the splicing characteristics of 7 human model gene loci, complemented by additional
isoforms and transcription variants to comprehensively reflect variations of alternative splicing,
alternative transcription start- and end-sites, overlapping genes, and antisense transcripts (Fig-
ure 3). For the sake of simplicity, all these transcriptional variants are referred to as isoforms. Each
SIRV gene locus contains between 6 and 18 transcript isoforms.

 —  m— m] - l ]  m— Y —|

= cassette exon = alternative

alternative = - = == endsite
start-site = exon splitting
- —_— 7555 alternative last exon
alternative = — MXE ==

- firstexon = A3SS

- - — === intron retention —
overlapping antisense overlapping == T

antisense <<

Figure 3. SIRV isoform design. SIRV isoforms mimic human model genes to represent in their entirety all main
aspects of alternative splicing and transcription in numerous repeats and variations. The transcript isoforms
are shown aligned to a master gene (top line), and hence there can be no intron retention event. Therefore, the
opposite is described here as exon splitting. The sequences themselves have no significant similarities to any
known data base entries but match eukaryotic gene features in terms of their sequence and exon-intron struc-
ture. A5SS and A3SS, alternative 5'/3" splice sites; MXE, mutually exclusive exons.

Considerations for coping with non-ideal transcript annotations were incorporated in the SIRV
isoform design (Figure 4). Exemplary insufficient and over-annotations are provided in addition
to the correct reference SIRVome to enable the testing of Next Generation Sequencing (NGS)
data evaluation algorithms for their robustness towards realistic, imperfect annotations.
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Figure 4. SIRV isoform design exemplified by SIRV1. The SIRV1 locus was derived from the human KLK5 gene,
with transcripts added to the Ensembl annotations to generate comprehensive transcriptome complexity. All
original and derived gene structures are shown in the Appendix. Transcripts in blue are part of SIRV mixes, tran-
scripts in green are only part of an over-annotation reference SIRVome available for pipeline validation. (i) refers
to transcripts that are omitted in an incomplete reference annotation. Exons of the master gene structure are
shown in white, and the 3’ poly(A) tail is marked in red to indicate transcript 5'-3" orientation.

The SIRV isoforms enable the measurement of quality metrics such as precision and accuracy
of entire workflows including mapping, isoform assembly, and quantification, to rank concor-
dance and comparability of individual experiments at isoform resolution. Summing isoform read
counts yields the corresponding SIRV gene expression values.

For SIRV-Set 2, SIRV-Set 3, and SIRV-Set 4 the SIRV isoforms are provided in equimolar amounts;
hence, their detection is not affected by concentration.

1.3 ERCCs: Abundance Complexity

The ERCC RNA spike-in controls module was developed by the External RNA Controls Consor-
tium (ERCC)"? and provides a set of 92 artificial transcripts with non-overlapping, mono-exonic,
single-isoform sequences (Figure 5).

N | eee genome [ ]
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Figure 5. ERCC single-isoform design. ERCC transcripts follow the 1 gene, 1 exon, 1 transcript layout, providing
each ERCC transcript with a unique sequence identity. Genes (exons) are shown in white, derived transcripts in
blue, and the poly(A) tail is marked in red to indicate transcript 5'-3" orientation. Note that while there are 92
ERCC transcripts in the mix, the RNAs are numbered non-consecutively up to 171.
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The single-isoform ERCC mix enables a straight-forward assessment of dose response, as well
as the definition of the lower limit of detection and the assessment of workflow efficiency?-.
Because the assignment of all uniquely mapping reads is unambiguous not only on the gene
but also on the transcript level, their detection and the derived input-output correlation is not
influenced by any isoform complexity.

1.4 Long SIRVs: Length Complexity

The introduction of third generation sequencing platforms like Pacific Biosciences™ and Ox-
ford Nanopore Technologies™ has significantly increased the available read length, now easily
exceeding the average transcript length. The ERCC and SIRV isoform modules are optimzed for
assessing RNA abundance and isoform complexity aspects. However, the average ERCC length
is 909 nt (max. 2036 nt), the average SIRV isoform length is 1134 nt (max. 2528 nt), and thus
spike-in RNA transcripts of both modules are below the average reported length for eukarytic
protein-coding mRNAs (e.g. 3.5 kb for the human transcriptome”’).

Lexogen has therefore developed "long SIRVs" a module that contains three different transcripts
for each of the five length categories 4 kb, 6 kb, 8 kb, 10 kb, and 12 kb (Figure 6). These RNAs
cover the length of the majority of cellular transcripts. The sequence of each of these 15 RNAs is
unique and does not overlap with any other spike-in or endogenous transcripts (similar to the
ERCC module). Therefore, the equimolar long SIRVs are optimal tools to evaluate the transcript
length aspect in RNA-Seq workflows. While designed in particular to assess long-read platforms,
long SIRVs reveal length dependencies also in short read workflows.

4kb 6 kb 8 kb 10 kb 12 kb
i L 1 1 1
000 OO0 COC I C 3 genome [
LONG SIRVs Il sIRv 4001 I siRv 12001
| siRv 4002 I siRv 12002
I sIRv 4003 I s'RvV 12003

Figure 6. Long SIRVs SIRV4001-SIRV12003. Long SIRVs follow the 1 gene, 1 exon, 1 transcript layout with three
genes / transcripts corresponding to each of the five different length categories: 4 kb, 6 kb, 8 kb, 10 kb and 12kb.
Genes (exons) are shown in white, derived transcripts in blue, and the poly(A) tail is marked in red to indicate
transcript 5'-3' orientation.

1.5 SIRV Sets

The modular structure of available spike-in controls (SIRV isoforms, ERCCs, and long SIRVs) en-
ables these to be used in specific combinations to probe the different dimensions of transcrip-
tome complexity. We use the following definitions:

Module Group of spike-in controls that mimic predominantly one aspect of transcriptome complexity.
Mix SIRVs of the same module that are combined in precise defined molarity.
Set Term for the combination of mixes or modules.
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The currently available sets are show in the overview in Table 1.

Table 1. SIRV set selection guide for choosing suitable controls to either validate different quality metrics of
RNA-seq pipelines or to monitor the concordance of measuring individual samples. SIRV-Sets 2, 3, and 4 are
covered in this User Guide. *Refers to number of vials, 1 or 3. The ERCC Module includes ERCC Mix 18

SIRV-Set 1 SIRV-Set 2 SIRV-Set 3 SIRV-Set 4
Cat.No 02503 [ o0s00r [ os100 141.0%

soforms Isoform Mixes Isoform Mix Isoform Mix Isoform Mix
EO, ET,E2 EO EO EO
ERCC X X ERCC Mix 1 ERCC Mix 1
long SIRVs b 4 X b 4 long SIRVs
Isoform detection
e v v v v
and quantification
Dynamic range partially X 4 v
Length > 2.5 kb X X X 4
Pipeline Validation 4 partially partially partially
Sample Control X v v v
69 69 161 176 (69 isoforms,
(69 isoforms 69 isoforms) (69 isoforms, 92 ERCCs, 15 long
in each Mix) 92 ERCCs) SIRV)

Validation is the process of assessing the reliability of a method, either of the entire RNA-Seq
pipeline or steps thereof. The fragile nature of RNA, the transcriptome complexity, and the
large number of different RNA-Seq workflows result in inherently high variability. Workflow-
validation is crucial as a proof-of-concept. However, it cannot assure the faultless processing
of each individual sample, which requires spike-in controls in every sample.

SIRV-Set 1 (Cat. No. 025) includes three mixes of the isoform module (SIRV Mixes EO, E1, and E2)
designed for the validation of concentration measurement (including fold change) with isoform
resolution.

SIRV-Set 2, SIRV-Set 3, and SIRV-Set 4 contain one, two, or three modules in one mix. Each
transcript is present in one defined concentration: SIRV isoforms and long SIRVs at equimolar
ratios, ERCCs in a pre-determined concentration gradient. These sets can validate sensitivity, iso-
form, and length aspects in addition to being spiked into every RNA-Seq sample for controlling
the consistency of sample processing and measurement (Figure 1). All quality metrics, except
fold change measurements, can be determined experimentally for each individual sample.

SIRV-Set 2 (Cat. No. 050) contains 69 isoform sequences in equimolar ratios, which originate
from 7 genes to probe the boundaries of resolving isoform complexity. Resolution depends on
coverage biases and the ability of the data analysis to account for these biases. SIRV-Set 2 (as
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well as SIRV-Set 3 and SIRV-Set 4) can be used to determine the performance also of isoform-
agnostic workflows, if expression is determined on the gene (and not on the transcript) level.

SIRV-Set 3 (Cat. No. 051) contains the same mix of 69 isoforms (as in SIRV-Set 2) plus the ERCC
module consisting of 92 non-overlapping sequences. This set covers both, a high level of iso-
form complexity and a large concentration range and enables an even more comprehensive
quality monitoring of individual samples. These two dimensions, abundance of the transcripts
(x-axis) and concurrence of isoforms per gene (y-axis), are shown in Figure 7.

A) Input ——— Abundance —>  B)
10 103 105 107 [molecules]
20 7 T T T T T T T 13000 ;
T | 11000
] 9000
g i .
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E’ _ ‘e 5000
v = 3000 :
2 0 =
g g\ 2500 g
F — Q@ 2000 8 8
S g :
s s 1500 4 H
2 ERCCs Long SIRVs 1000 ! 8
0 AL AL AL LA B et 0 T T T
10° 10° 0.1 10 10° ERCCs SIRV long SIRVs
[attomoles @] isoforms

Figure 7. R) Isoform and abundance complexity and B) Length complexity. The SIRV isoform and ERCC transcripts
in SIRV-Set 3 control for the two main dimensions of transcriptome complexity: isoforms and abundance. SIRV-
Set 4 additionally contains controls for lenght complexity. The isoform module with 69 transcripts from 7 genes
contains all species at the same molarity (green bar). The single-isoform module with 92 ERCC transcripts spans
a concentration range of 6 orders of magnitude (grey bar), which is sufficient to cover the entire dynamic range
of naturally occurring transcripts. @ The amount of attomoles refers to the typical amount that is spiked into
100 ng total RNA with the aim to obtain approx. 1 % of the mRNA-Seq reads. Long SIRVs (blue bar) contain 1
transcript per gene and are present at equimolar concentrations in SIRV-Set 4. B) Transcripts of the ERCC module
range up to 2 kb in length, the ones of the SIRV isoform module up to 2.5 kb. The long SIRV module contains
three transcripts in each of the length categories 4 kb, 6 kb, 8 kb, 10 kb and 12kb.

SIRV-Set 4 (Cat. No. 141) contains the long SIRV module with 15 RNAs of 4 - 12 kb length in
addition to the 69 isoforms and 92 ERCC transcripts of SIRV-Set 3. This set thereby covers three
spike-in aspects: isoform complexity, abundance, and length. As in Set 3, the modules are clearly
segregated in its focus with the long SIRVs having non-overlapping sequences and equal con-
centrations.
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2. Kit Components and Storage Conditions

SIRV-Set 2, 3, and 4 are provided in frozen format (Figure 8). The tube(s) must be stored at, or
below, -20 °C. Freeze-thaw cycles should be avoided, as these contribute significantly to altera-
tion of the RNA integrity and concentration. Inert additives included stabilize the solution(s)
sufficiently to undergo one freeze-thaw cycle. We recommend to aliquot the solution upon first
time usage.

SIRV-Set 2/ SIRV-Set 3 / SIRV-Set 4 (< -20 °C)

000

Figure 8. Location of kit components. *Each box of SIRV controls contains one or three (dotted lines) vials of the
corresponding SIRV-Set: SIRV-Set 2 ® (Cat. No. 050), SIRV-Set 3 @ (Cat. No. 051), or SIRV-Set 4 @ (Cat. No. 141).

SIRV-Set 2 contains an equimolar mix of the 69 SIRV isoforms (Iso Mix EO) at 1.0 fmol each. The
total amount of RNA is 69.0 fmol corresponding to 25.2 ng.

SIRV-Set 3 combines the equimolar mix of the 69 SIRV isoforms (Iso Mix EQ) at 0.6 fmol each and
92 single-isoform transcripts (ERCCs) ranging from 0.014 amol to 15.0 fmol. The total amount of
RNA is 93.2 fmol or 30.3 ng per tube.

SIRV-Set 4 combines the equimolar mix of the 69 SIRV isoforms (Iso Mix EQ) at 0.6 fmol each, the
92 single-isoform transcripts (ERCCs) ranging from 0.014 amol to 15.0 fmol, and the equimolar
mix of 15 long SIRVs at 0.6 fmol each. The total amount of RNA is 102.2 fmol or 53.5 ng per tube.

Table 2. Compositions of SIRV-Set 2, SIRV-Set 3, and SIRV-Set 4.

Set2 Iso Mix EO 69 100 % 25.2 100 % 69.0 100 % 1.0 1.4%
Iso Mix EO 69 43 % 15.1 50 % 414 44 % 06 0.6 %
7x10° 8x10°
Set3 ERCC 92 57 % 152 50 % 518 56 %

to 15 to 16 %

Iso Mix EO / ERCC 161 100 % 303 100 % 93.2 100 %

Iso Mix EO 69 399 15. 28% 414 41% 06 06%
7x105  7x10°%

ERCC ) 529 152 28% 518 51% X X
w015 15%

Set 4
long SIRVs 15 9% 232 43% 90 9% 06 06%
Iso Mix EO / ERCC
176  100% 535  100% 1022  100%
/long SIRVs
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3. General

3.1 RNA Handling Guidelines

« RNases are ubiquitous, and special care should be taken throughout the procedure to avoid
RNase contamination.

« Itisimportant that the solutions as well as all materials that come into contact with the SIRVs
are absolutely RNase-free. Working with SIRVs requires decontaminated pipettes. The use of
barrier pipette tips is advised. Use a sterile and RNase-free workstation or laminar flow hood
if available. Please note that RNases may still be present on sterile surfaces and that autoclav-
ing does not completely eliminate RNase contamination. Before starting to work with SIRVs,
clean your work space, pipettes, and other equipment with RNase removal spray (such as
RNaseZap, Ambion Inc.) as per the manufacturer’s instructions. ATTENTION: Do not forget
to rinse off any RNaseZap residue with RNase-free water after usage! Residues of RNaseZap
may damage the RNA.

o Protect all reagents and your RNA samples from RNases on your skin by wearing a clean
lab coat and fresh gloves. Change gloves after making contact with equipment or surfaces
outside of the RNase-free zone.

« Avoid speaking above opened tubes. Keep reagents closed when not in use to avoid air-
borne RNase contamination.

« Use commercial ribonuclease inhibitors (i.e., RNasin, Promega Corp.) to maintain RNA integ-
rity when storing samples. SIRV mixes contain RNasin.

o All disposables that come into contact with SIRVs must have a low binding capacity for
nucleic acids. This concerns vials, microtubes, plates, and pipette tips.

« When working with SIRVs in solution, freeze-thaw cycles must be minimized for the con-
centrated stock solutions and should be avoided for diluted aliquots. Although the samples
contain RNasin and are provided in a stabilizing buffer, hydrolysis, oxidation, and adsorption
lead to fragmentation and loss of SIRVs.

3.2 Chemical Safety

Follow general safety guidelines for chemical usage, storage, and waste disposal. Minimize con-
tact with chemicals. Wear appropriate personal protective equipment such as gloves and lab
coat when handling chemicals. Comply with the RNA handling guidelines when working with
SIRVs (see chapter 4.1).

3.3 MSDS

SIRV mixes are not a hazardous substance, mixture, or preparation according to EC regulation
No. 1272/2008, EC directives 67/548/EEC or 1999/45/EC.

LEXOGEN - SIRV-Set 2, SIRV-Set 3, SIRV-Set 4 * User Guide 11



4. Detailed Protocol

o © (3
\ 1:10
—
~ $
<-20°C
10ul ox 1l -~ oul ready for spike-in

> —— or further dilution
(see chapter 4.3)
<-20°C

Figure 9. Workflow pictogram illustrating @ SIRV stock, @ SIRV aliquoting and storage, and @ dilution Ffor
spike-in use. For the handling of SIRVs strictly follow the guidelines (see 3.1, and 4.1 below). The final dilution
depends on the experimental setup and must be calculated beforehand using Eq. 2 (p.13). This can be achieved
in one or several dilution steps.

4.1 Preparation

SIRV-Set 2, 3, and 4 are provided in 10 pl liquid volume at a concentration of 2.52 ng/pl, 3.03 ng/
ul, and 5.35 ng/pl respectively. Included inert additives stabilize SIRVs sufficiently to enable one
freeze-thaw cycle. Unless the entire amount of SIRVs is immediately required, we recommend
to aliquot the solution upon first time usage. Further dilutions should then originate from these
aliquots. In the depicted workflow, one aliquot will be processed immediately, the other ones
are stored at <-20 °C (Figure 9).

ATTENTION: For preparing SIRVs to the required stock concentration apply the following guide-
lines:

« Any dilutions must be prepared immediately before spiking the SIRVs into RNA samples.
Storage and freeze-thawing of diluted SIRVs should be avoided as it contributes significantly
to alteration of the RNA integrity and concentration.

« Plan the dilution of the SIRVs and the spike-in of the RNA as one continuous workflow to
minimize the time RNA is kept at low concentrations (minutes instead of hours).

» Work with ice-cold solutions on a cool block (at 0 - 5 °C) or on ice. Do not use cool blocks at
temperatures below 0° C.

« Special care must be taken when pipetting small volumes in the range of 1 pl. Pipettes in
combination with the tips must first be correctly calibrated using H,O. The pipetting must
be carried out very precisely by applying the recommended pipetting technique for the
pipettes in use (as per the manufacturer's instructions).

« For dilutions, use RNase-free buffers. Recommended are sodium citrate at pH 6.4 or Tris-ED-
TAatpH 7.0.
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» Avoid pipetting volumes below 1 pl and always use larger volumes (e.g., total volume 100 pl)
in the dilution series to minimize the relative error.

« We recommend performing iterative dilutions. During each dilution step, gentle but thor-
ough mixing is essential. To mix, pipette at least 90 % of the entire volume gently up and
down approximately 10 times. Alternatively, tubes can be gently vortexed for 10 seconds at
low speed to avoid wetting more surface than necessary. Centrifuge briefly afterwards to
collect the entire sample.

« Depending on the amount of RNA that is targeted by the SIRV spike-in, the dilution should
be at least 1:100 or higher (see chapter 4.3 “Spiking of RNA Samples”).

4.2 Rliquoting and Interim Storage

Each SIRV tube contains exactly 10 pl at a concentration of 2.52 ng/ul (SIRV-Set 2), 3.03 ng/ul
(SIRV-Set 3), or 5.35 ng/ul (SIRV-Set 4), respectively. The content of each SIRV tube can be divided
into up to 9 aliquots (see chapter 4.2) and used for as many independent experiments.

The 10 ul are sufficient to draw 9x 1 pl aliquots. Based on practical considerations the
a remaining volume is often less than 1 pl. The 1 pl aliquots must be pipetted into low
adsorbence tubes and tightly sealed. Ensure that the 1 pl remains at the very bottom of
the tube and is not displaced by electrostatic force. If required, spin down the solution.

a Freeze 8 aliquots immediately at <-20 °C for later use (Fig. 8).

e Proceed with the 9 th aliquot and perform subsequent dilution step(s) in short succes-
sion.

4.3 Spiking of RNA Samples

The workflow is easily adjusted to any type and amount of RNA sample and consists of 3 steps:

a In the formulae below (see 4.4, Eq. 1 and 2), enter all known variables to estimate the
amount of SIRVs to be used per sample.

a Prepare a suitable dilution that can be pipetted with high accuracy.

e Spike in the estimated amount of SIRVs to the RNA sample.

4.4 Determining the Amount of SIRVs for the Spike-in Experiment

The equations Eq. 1 and Eq. 2 are used in the planning of the spike-in experiment:
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m Misiry = Fsipy reads X Frargetana X Mgnainput

Mgy Fsirv reads X FrargetRna X Mana input
Eq.2 Vspy = =
CSIRV CSIRV
Mgjpy mass of SIRVs to be used in a spike-in experiment per sample.
Fsirv reads fraction of desired SIRV reads.
Frarget Rna fraction of the RNA targeted in the RNA-Seq experiment.
Mgna input mass of RNA input per sample to which SIRV RNA will be added.
Cory concentration of SIRVs at the suitable dilution.
Vgipy volume to be used in the spike-in procedure.

These equations can be performed using Lexogen's SIRV Calculation Worksheets, available from
www.lexogen.com/sirvs/download/.

The following example shows the use of these equations that can be easily adjusted to similar
RNA-Seq experiments.

Example Eq. 1

Assuming a starting input amount of 100 ng of UHRR total RNA (m RNA input), the mass of SIRVs
Mgiry t0 be used in one spike-in experiment, is then estimated by multiplying Fsir reaas DYy the
targeted RNA fraction Fiargetana@Nd Menainput IN this example:

Msiry = 0.01 (Fsipy reads) X 0.03 (Ftarget ana) X 100 ng (mRNAinput) =0.03ng (30 pg)

F SIRV reads

The final fraction of desired SIRV reads (Fsiry reads) is usually 0.01 (or 1 %). At 0.01 the dynamic range
of the non-isoform module (ERCC) efficiently covers the dynamic range of complex transcrip-
tomes. The F SIRV reads value can be adjusted depending on the intended application. Larger
spike-in ratios may suit workflow validation, or long-read sequencing applications where higher
SIRV read percentages are desired. Lower spike-in ratios are recommended when target tran-
scripts cover a lower abundance range (see Fig. 6), or input RNA is derived from highly degraded
or modified sample types (e.g., Formalin-Fixed Paraffin Embedded tissues, FFPE).

F target RNA

The fraction of the targeted RNA (Furgetana) depends on sample type, RNA integrity, and the ex-
perimental design. Universal Human Reference RNA (UHRR, Agilent Technologies), for example,
contains approximately 0.03 (or 3 %) mRNA, measured as a proportion of the total RNA. The
mRNA content of Human Brain Reference RNA (HBRR, Ambion) is approx. 1/3' lower and counts
for 0.02 (or 2%) of the total RNA. In contrast, if the targeted RNA is not only mRNA but all RNA ex-
cept ribosomal RNA (corresponding to the ribo-depleted fraction) the fraction (Fargetrna) Usually
exceeds 0.04 (or 4 %). If certain highly abundant mRNAs are depleted from the mRNA fraction,
(e.g., globin RNA in blood samples), then the fraction of remaining mRNA decreases accordingly.
Poly(A) selective methods are also sensitive to RNA integrity (except tag-based methods).
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Example Eq. 2

The required volume (Vsiry) depends on the concentration of the SIRV solution (Cggy). The final
dilution must be chosen in such way that all pipetting steps can be carried out as precisely
as possible. By preparing a 1:1,000 dilution, the concentration reaches 25.2 pg/ul (SIRV-Set 2).
Accordingly, by preparing a 1:2,000 dilution with SIRV-Set 3, the concentration is 15.15 pg/ul,
and a 1:3000 dilution of SIRV-Set 4 yields a concentration of 17.83 pg/ul. The volume needed
to spike-in 30 pg SIRVs from SIRV-Set 2 is 1.19 ul (see below), 1.98 ul from SIRV-Set 3, or 1.68 pl
of SIRV-Set 4. Pipetting low volumes is often error-prone. Therefore, higher dilutions and the
spike-in of proportionally larger volumes are recommended.

Vsirv = 30 pg (Mgry) / 25.2 pg/ul (Cgipy) =119 pl

Mass versus Molarity: Shot Gun Sequencing and Tag Profiling

Total RNA-Seq and mRNA-Seq: Standard short-read RNA-Seq generates numerous overlap-
ping reads as a function of transcript length (mass). Since the average length of SIRV isoforms
and ERCCs is shorter but comparable to the average length of cellular transcripts, Eq. 1 and Eq.
2. work well for SIRV-Set 2 and SIRV-Set 3. In SIRV-Set 3 the reads mapping to the spike-ins will
be distributed evenly between SIRV Iso Mix EQ and the ERCC module (Tab. 2). In SIRV-Set 4, the
15 long SIRV transcripts of 4 kb to 12 kb length contribute proportionally more mass and are
hence expected to generate 43% of all spike-in reads, compared to 28% for each of the other
two modules. A target share of 1% SIRV-mapping reads (Fsgy reass IN Eq. 1) will provide enough
coverage for all modules except for very low read depths or when spiked into samples with an
unusual high content of polyadenylated RNAs.

In a theoretical MRNA-Seq experiment generating 20 million PE100 reads of which 1% are map-
ping to SIRV-Set 4, 56 k reads will cover the 69 SIRV isoforms (having a total length of 77 kb), lead-
ing to a theoretical average nucleotide coverage of > 140-fold. The 15 long SIRVs (total length of
120 kb) receive 86 k reads to obtain the same high coverage of > 140-fold. The 92 ERCCs with a
total length of 86 kb receive the same read share as the SIRV isoforms (56 k reads), but coverage
of the individual ERCC transcripts depends directly on its concentration (see also Fig. 11).

Third generation sequencing & 3' mRNA-Seq: In tag profiling methods such as oligo(dT)-
primed long-read sequencing and QuantSeq™ 3' mRNA-Seq each transcript is represented ide-
ally by a single read. In SIRV-Set 2, all SIRV isoforms are present in equimolar amounts to gener-
ate the same number of reads each. In SIRV-Set 3, SIRV Iso Mix EO and the ERCC module are
represented by almost equal molarities (Tab. 2), hence spike-in derived reads will be distributed
about evenly between the two modules. In SIRV-Mix 4, the 15 long SIRVs have the same per
transcript molarity as the 69 isoforms of SIRV Iso Mix EQ. Thereby, the long SIRVs and the SIRV
isoforms will yield sufficient reads on platforms like Oxford Nanopore Technologies™ and Pacific
Biosciences™ to test for isoform identification and deviation from the expected equimolar con-
centration as well as to assess the ability to sequence RNAs full-length up to 12 kb. The 92 ERCCs
will generate together 51 % of all spike-in reads, but due to their differences in concentration
the individual molarities range over 6 orders of magnitude.
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In a setup with 5 million long reads and 2 % SIRV-Set 4 spike-in (based on mass, i.e. 2 % Mggys
per Myava) approximately 100 k reads are assigned to the three modules, with each of the 69
SIRV isoform and 15 long SIRV transcripts destined to be covered by 600 full-length reads. The
remaining 92 ERCC transcripts receive 51 k reads in total.

Up- and Down-Scaling

As recommended above, the provided SIRV RNA should be divided into 9 aliquots of
1 pl. This provides enough material to produce 9x 100 pl of a 1:1,000 dilution. According to the
assumptions above, this provides enough SIRVs to spike in 9x 84 samples of 100 ng total RNA
input (756 samples in total). At the lower end of RNA input amounts, the SIRVs can also be used
to control single-cell experiments. On average, a single cell contains between 10 and 30 pg of
total RNA, which would require only 6 - 13 fg of SIRVs (depending on the SIRV-Set). Therefore,
each of the 9 aliquots is theoretically sufficient to spike 420,000 cells, which corresponds to
several large-scale single-cell experiments. The number of samples and experiments that can
be prepared using the provided SIRV-Set 2, SIRV-Set 3, and SIRV-Set 4 tube volumes can also be
derived from the SIRV Calculator Worksheets available from www.lexogen.com/sirvs/download/

4.5 Considerations for Library Preparations

The SIRV transcripts behave in an identical way to mRNA in most aspects of any RNA-
Seq library preparation. SIRVs have no sequence homology to rRNA and are therefore
not targeted by rRNA directed depletion methods. The SIRV isoforms and the long SIRVs
contain a 30 nt long poly(A) tail each, whereas the single-isoform ERCCs have slightly
shorter and variable poly(A) tails of 24 + 1.05 nt. All of these poly(A) tails allow for poly(A)
enrichment and oligodT-priming. SIRVs do not have a 5-cap structure (5-m’G) but a
5" triphosphate end and are resistant to 5'- 3' exonucleases. Therefore, the use of SIRVs for cap-
specific cDNA preparation methods is not feasible. SIRVs are also not recommended for any
exon-capture, or target-capture applications unless probes specific to the SIRV transcripts will
be included in the target capture probeset. For further questions on suitable applications please
contact support@lexogen.com.
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5. Analysis of Sequencing Data

5.1 Data Evaluation Overview

Although there are numerous possibilities for in-depth evaluation of SIRV data, the basic routine

follows a simple workflow as depicted in Figure 10.

Evaluation
Input NGS Trimming Mapping Transcript Assembly and Normalization Quality Metrics
Raw Data Abundance Estimation (absolute)

STAR, Tophat2, Cufflinks, Mix?,
RSEM(M) ... RSEM(@), Comesy
[E—
and CoD value,

FASTA, GTF BAM FASTA, GTF B TPl Foacion

) — > OV > NGV | Acum,
SIRVome SIRVome
1,60, 1,60,

Correlation Plot,

_TFASTQ

Figure 10. SIRV data evaluation scheme. SIRV reads undergo the very same processing steps as reads derived

from the RNA sample. CoD, Coefficient of Deviation.

Stages of Data Evaluation:

1.

All reads are quality- and barcode-trimmed and then mapped to a reference combining
sample genome and SIRVome (see chapter 7 for downloads). Alternatively, a de novo map-
per can be applied if required.

. At the level of the BAM files, the reads are allocated to the endogenous RNA, the SIRV con-

trols, and the non-mapping reads.

. The mapped reads are processed by transcript assemblers and quantification algorithms.

4. Some assemblers tend to occasionally produce abundance value outliers that do not obey

plausible read distributions. Therefore, sanity checks are highly recommended, which can
command normalization afterwards.

. Absolute quality metrics are calculated based on the comparison of the SIRV measures with

the known input and provide unique quality control signatures for the sample.

. Finally, sample-specific unique quality control signatures can be compared to calculate the

relative quality metrics (Figure 11).
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Figure 11. SIRV data comparison scheme. The control data set is used to carry out pairwise comparisons bet-
ween experiments using the small subset of SIRV control data. Data sets of high concordance can be selected
and the extent of expected error rates can be estimated before making a decision about comparing the complete
data sets.

5.2 Main Aspects of SIRV Data Evaluation

The SIRVs are processed alongside endogenous RNA. The condensed representative complex-
ity of the SIRVs senses quality parameters of the entire RNA-Seq experiment in each controlled
sample.

The precision (random error) in quantifying single-isoform (ERCC) transcripts in RNA-seq experi-
ments is method-, concentration-, and read depth-dependent with reads being typically Pois-
son distributed. The accuracy (systematic error) depends on biases introduced by the respective
methods. The single-isoform (ERCC) module covers a wide concentration range of 6 orders of
magnitude to probe all technical parameters related to transcript abundance.

In contrast, meaningful isoform detection and quantification, which goes beyond mere statisti-
cal probabilities of assigning read counts to all available annotations, requires sufficient cover-
age of specific sequences. Therefore, the isoform spike-ins are provided at a concentration in
the upper range of the ERCCs. Thereby, the task of identifying a given isoform is not confounded
by differing input concentrations. The gene coverage of the isoform module in relation to the
single-isoform module is shown in an exemplary series in Figure 12.

The quantification of SIRV isoforms remains challenging on short-read platforms (mostly due to
alignment issues and coverage biases) as well as on long-read platforms (due to per-base error,
low read numbers, and amplification bias). This implies that precision in the quantification of
transcripts from genes with multiple isoforms is often significantly lower than for single-isoform
genes at similar input concentrations.

18 LEXOGEN * SIRV-Set 2, SIRV-Set 3, SIRV-Set 4 - User Guide



ERCC-0013 ERCC-0025 SIRV3 ERCC-0002
0.9 zmol® 58.6 zmol® 11x 1,209 zmol 15,000 zmol®
E 13,295 zmol®

10,000x
10,000x

|
I
[

100 bp 100 bp 100 bp 100bp.
—{}— H[—
Output H ¢
L
103 0.1 10 /108 10° [FPKM estimates ]
long SIRVs )/
é 3x 1,209 zmol ’
3 3,627 zmol® ,/

4kb

kb

8 kb

10 kb

12kb

Figure 12. Read coverages of SIRV isoform and single-isoform (ERCC) genes depend on input concentration, libra-
ry preparation efficiency, biases, and read depth. Quantifying the 92 single-isoform transcripts (ERCCs) depends
on the averaged overall coverage but is rather independent of positional coverage fluctuations. Three ERCC
examples of different input abundance are shown. With 6-18 isoforms mapping to the 7 SIRV genes, NGS read
assignment and subsequent isoform quantification is much more challenging and depends strongly on coverage
uniformity. One gene with 11 SIRV isoforms is shown alongside the ERCCs. The blue areas represent the ex-
pected coverage in the sense direction, and the red areas the expected coverage in the antisense direction. The
grey areas show exemplary coverages from one stranded library preparation that has been sequenced in paired
end mode. @ The number of zettamoles refers to the total amount per SIRV-Set 3 vial. ® Reflects the FPKM
bandwidth of the controls when those occupy around 1 % of the reads in an mRNA-Seq experiment. The long
SIRVs are present at concentrations identical to the SIRV isoforms, but quantification is not affected by isoform
complexity, resulting in a smaller standard error. The lower panel shows the read coverage of all long SIRVs as a
result of sequencing CORALL™ total RNA-Seq libraries. Coverages are averaged for each length category.

Depending on both the abundance complexity and the isoform complexity, random errors de-
fine the lower boundaries of confidence intervals, which estimate the distribution of endog-
enous RNA measurements. Further, they allow for calculating the lower limit of detection for
differential expression, either by applying simplified mathematical models, or by tracing the
concentration region of interest by down-sampling and reassigning isoform reads.

The ability of a given RNA-Seq workflow to cover also transcripts exceeding 2,500 nt is tested
by the long SIRV module. For non-poly(A) selective short-read methods (total RNA-Seq), 5' and
3" end representation and continuous, uniform coverage across the whole transcript length are
main quality criteria (Figure 12). On long-read platforms, the equal molarities of long SIRVs and
SIRV isoforms in SIRV-Set 4 provide for a comprehensive mix to control for isoform detection
and quantification and for the representation of also very long transcripts. Methods that prime
at the poly(A) tail and produce full-length cDNAs such as Lexogen's TeloPrime™ kit (Cat. No. 013)
can be assessed for their full-length reverse transcription efficiency. Since degraded RNA would
result in truncated cDNAs, integrity of the SIRV transcripts has to be maintained throughout the
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experiment, which is also true for poly(A) selective short-read methods (MRNA-Seq), where RNA
degradation is reflected in the ratio of of 5'/ 3' end coverage.

5.3 Read Mapping and Calculating the Mass Ratios

After barcode- and quality-trimming, the reads are mapped to the respective genome(s) and
the synthetic SIRVome. The share of SIRVome reads is set in relation to its expected mass or mo-
lar ratios. For all library preparations that aim to cover the length of RNA molecules with reads,
the proportion of SIRV reads obeys the input mass ratio. For library preparations that either tag
or independently count RNA molecules, the share of SIRV reads should be compared to the
molar input ratio.

From the ratio between the number of reads mapping to the endogenous RNA and the SIRVs,
the content of the target RNA (e.g., mRNA or ribo-depleted RNA) in the spiked input can be
calculated (Eq. 3).

x F

_ Ftarget RNA assumed SIRV reads targeted

Eq.3

Ftarget RNA measured F
SIRV reads measured

For example, when 3 % mRNA content was assumed and 1 % SIRV reads targeted by the spike-in
but actually 1.5 % SIRV reads measured, then the mRNA fraction in the sample was only 2 %. This
can be interpreted as a metabolic state. However, this can also indicate that the endogenous
mRNA was partially degraded. Note, that this calculation assumes accordingly precise and ac-
curate pipetting.

5.4 Transcript Assembly, Abundance Estimation, and Calculating the Mo-
lar Ratios

In short-read NGS experiments transcript assembly algorithms must be applied to calculate
abundance values whereas single-molecule and tag-sequencing technologies allow for direct
counting.

5.5 Normalization

The correction of sample-specific biases is important for the subsequent interpretation of dif-
ferential expression (DE) analyses. Varying RNA sample background, mRNA content, RNA quality
and integrity, and variations in depletion and/or mRNA enrichment procedures influence the
SIRV content in sequenced libraries.

The bias correction is important for normalization of abundances beyond relative normalization
procedures. However, a careful and quantitatively precise spiking procedure at the start of the
workflow is a prerequisite for accurate quantification. All measures and subsequent normaliza-
tions need to be set in context with obvious experimental variables including the achievable
pipetting accuracy when operating in tiny volume scales.
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SIRV abundance values can be normalized such that the measured and the expected sum of
molecules for each SIRV are equal. In doing so, the comparison of relative and absolute concen-
tration measures are uncoupled. Absolute read counts are used separately in the read count
statistics to measure, e.g, MRNA content or technical variability (see chapter 5.2).

5.6 Use of the Different SIRV Annotations

SIRV reads should be mapped initially using the correct SIRV_C annotation (see downloads,
Chapter 7). However, the mapping should be repeated using different annotations such as the
provided annotations SIRV_| and SIRV_O, which mimic different annotation situations.

The under-annotated version SIRV_I (insufficient) can be used to assess the ability of a pipeline
to detect new transcript variants. While ERCCs and long SIRVs are annotated correctly, 25 of the
69 SIRV isoforms are missing. This mapping experiment shows how reads of non-annotated but
sequenced SIRVs are spuriously distributed to the annotated subset skewing the quantification.
The degree of variation in the derived concentrations provides an additional measure for the
robustness of the RNA-Seq pipeline.

The over-annotated version SIRV_O refers to a third situation. Here, more SIRV isoforms are an-
notated than are actually contained in the samples. This reflects i) situations where transcript
variants were discovered in other tissues or ii) in the same tissue but at different developmental
stages, iii) the occurence of falsely annotated variants, and iv) the annotation of relics of earlier
experiments, for which the high number of variants with the typical length of cloned ESTs are
examples. In this setup, reads can be assigned to SIRV variants which are not part of the real
sample. The degree and robustness of correct SIRVome detection in this setting is another mea-
sure for the pipeline performance, and the share of false positives (FP) can be estimated also for
the endogenous RNA.

The different annotations are provided for the SIRV isoform module but can be extended to i)
develop further variations for the isoform module and ii) to design alternative annotations for
the single-isoform ERCC and long SIRVs modules.

5.7 Quality Metrics
mRNA Content

Based on the assumption that the endogenous RNA and the spike-in controls are proportion-
ally targeted by the library preparation method, the relative mass partition between controls
and endogenous RNA allows for calculating the relative amounts of respective endogenous
RNA fractions, e.g,, all polyadenylated RNA. Here, the extrapolation of the input amounts to the
output read ratio depends on the mRNA content, integrity of the input RNA, the relative recov-
ery efficiencies of controls compared to the mRNA”, and the variability of spiking a sample with
controls.

7 In the isoform and long SIRV modules the length of the poly(A) tail comprises 30 adenosines, and in the
single-isoform ERCC module 24 + 1.05 adenosines. This is sufficient for the majority of poly(A) selective
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methods, hence the recovery efficiencies are identical to the polyadenylated mRNA percentage, but needs
to be considered for differences observed when changing library preparation protocols.

Coefficient of Deviation (CoD)

Because the ground truth of the complex input is known, detailed target-performance com-
parisons of the read alignments can be performed. NGS workflow-specific read start-site dis-
tributions cause systematic lower coverages of transcript start- and end-sites. However, these
systematic biases are accompanied by a variety of biases, that introduce severe local deviations
from the expected ideal coverage. To obtain a comparative measure, gene-specific coefficients
of deviation (CoD) can be calculated. The mean of CoD values from all 7 genes of the isoform
module and the 92 genes of the single-isoform (ERCC) module yields one measure, the sample-
specific mean CoD value, which quantifies the coverage uniformity.

CoDs describe the often-hidden biases in sequencing data, predominantly caused by non-ho-
mogeneous library preparation but also by subsequent sequencing and mapping. The cover-
age target-performance comparisons highlight the inherent difficulties in deconvoluting read
distributions to correctly identify transcript variants and determine concentrations (Figure 13).
Logically, the consequences of the coverage quality influence transcript quantification of the
isoform module more than the single-isoform (ERCC) module, where accuracy depends mainly
on the mean read counts per transcript length.

301 Iso Mix
302 EO

303
304
305
306
307
308
309
310
311
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CoD (-): 0.056
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Figure 13. Comparison of the expected and the measured coverages for the SIRV3 locus of the isoform module.
Top, individual transcripts of SIRV3 with the exons on the plus strand in blue and exons on the minus strand in
red. Bottom, the expected SIRV3 coverage is shown as transparent blue and red areas superimposed over the
measured transcript coverage after read mapping (shown in grey), in which the terminal sites have been mod-
elled by a transient error function. The measured coverages and number of splice junction reads were normal-
ized to obtain identical areas under the curves and identical sums of all junctions for the expected and measured
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data. The measured splice junction reads are shown by the numbers before the brackets, while the expected
values are shown inside the brackets. The CoD values are given for the plus and minus strand in the respective
colors. The figure is drawn in the Compact Coverage Visualizations (CCV) format. Intron sequences shared by
all transcripts are reduced to small gaps of the same length focusing the visualization on relevant sequences.

The CoD does not allow to distinguish between periodicity and randomness in the biases nor
does it forecast how well a data evaluation pipeline can subsequently cope with bias contribu-
tions. Nevertheless, smaller CoD values are expected to correlate with a simpler and less error-
prone data evaluation. The CoD values can be taken as a first, indicative measure to characterize
the mapped data and to compare data sets for similarity right up to this point in the workflow.

Input-Output Correlations

Any calculated abundances can be compared to the known input amounts. Input-output cor-
relations should be calculated in logarithmic space as the set concentration range of the single-
isoform (ERCC) module spans 6 orders of magnitude. By these means the relative deviation of
low, medium, and highly abundant transcripts are treated equally. The Pearson product-mo-
ment correlation coefficient, Pearson's r, should approach 1.

Because the input concentrations of the isoform module are identical, a simple measure of the
variance is already sufficient and should approach 0. The distribution of errors (variance) with re-
spect to the individual variants and in the context with competing sequences within the respec-
tive genes provides insights into the strengths and weaknesses of the sequencing pipelines.

Precision

Precision measures the scatter of calculated abundance values. Using the technical replicates of
identical samples as well as the spike-ins from the entire experiment, the relative standard de-
viation (RSD) or coefficient of variation (CV) of log2-fold changes (LFC) between the measured
and the expected values can be calculated for each SIRV transcript. The overall precision is the
mean of all standard deviations of all SIRV RSDs, and can be divided into the precision based on
the isoform module and the single-isoform (ERCC and long SIRVs) modules, respectively. The
precision can also be calculated for a certain concentration range, only to reduce the influence
of low abundant species with much more scattered abundance values.

Precision can also be determined using the RSD values of endogenous RNA in the concentration
range of interest, which depends on the availability of technical replicates.

Accuracy

Accuracy measures the deviation of the calculated abundance values from the expected values
and can only be measured using known controls. The accuracy is the median of all LFC moduli.
LFC moduli consider relative increases and decreases across the probed concentration range.
The accuracy shows the average fold deviation between measured and expected values. Al-
though median, mean, and standard deviation of the LFC moduli describe the distribution of
error values, the median is the most robust value against the extent of outliers that can shift
when changing certain threshold settings.
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The accuracy can be visualized by detailed heat maps, in which each SIRV RNA in the context of
competing transcripts can be inspected. Heat maps show the abundances as LFC relative to the
expected values. A LFC window of + 0.11 presents the SIRV confidence interval as a result of the
currently achievable accuracy in producing the SIRV mixtures (read more about producing SIRV
mixes in the FAQ section on our homepage).

Identifying Detection Limits for Differentially Expressed Transcripts

The experimental analysis of fold change detection as a function of transcript abundance and
isoform complexity, requires control results from several defined x-fold ratios that are spread
across a wide concentration range. Such data can be obtained by using different mixtures (e.g.,
from the isoform module SIRV-Set 1 the Isoform Mixes EO, ET, and E2 (Cat. No. 025.03), or from the
single-isoform (ERCC) module, the two Ambion™ ERCC ExFold RNA Spike-In Mixes). The combi-
nation of different mixes is applicable for pipeline validation experiments, but not for controlling
individual sample processing. When using identical controls of the present SIRV-Set 2, 3, or 4, the
Analysis of Variance (ANOVA) provides measures for the dispersion of the gene expression mea-
surements as a function of abundance and isoform complexity. Based on exemplary dispersions
of the SIRVs the lower boundary for significant fold change measurements can be calculated.

5.8 Experiment Comparisons

CoD, precision, and accuracy are independent quality metrics for the description of NGS pipe-
lines during validation experiments and the characterization of individual experiments. These
quality metrics are derived by comparing the experimental results to the expected outcome.
Importantly, not only do differences in the RNA input determine the experimental outcome but
also any change in the data generation and evaluation pipeline.

While it is important to monitor absolute rankings during method development, the crucial
parameter for the comparison of experimental data is not the extent of biases in experiments
but the bias consistency. A head-to-head comparison determines the difference between ex-
periments based on the consistent condensed complexity of the SIRVs. Experiments can be
compared pairwise or within entire databases.

The following comparison values can be calculated:

Pairwise Coefficient of Deviation

Similar to the CoD value for one experiment, the CoD can be calculated by comparing the nor-
malized coverages of experiments N1 and N2. Identical biases lead to small values approaching
zero in an ideal case.

Concordance

The concordance is the median of all LFC moduli calculated for SIRVs in two experiments, which
is essentially the relative accuracy measure calculated by comparing two experiments to each
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other. High concordances are represented by small values.
Knowing the biases introduced in isoform and single-isoform quantification allows for evaluat-
ing whether data sets are comparable across samples or experiments.

5.9 Recommended Software Packages
ERCC Dashboard

For the evaluation of reads from the single-isoform module (ERCC) the NIST (National Institute of
Standards and Technology) provides a software package called the ERCC dashboard at
http://bioconductor.org/packages/release/bioc/html/erccdashboard.html &,

The ERCC dashboard calculates the following quality metrics based on ERCC Mix 1:
« Estimated mRNA fraction differences for the pair of samples using replicate data.
e Log2-normalized ERCC counts vs. Log2-ERCC spike amount.
« Signal-abundance plot to evaluate dynamic range.

The performance diagnostic of measuring control ratios requires the input of different ERCC
concentration mixtures of Ambion™ ERCC ExFold RNA Spike-In Mixes, to as many different sam-

ples and is not applicable when using the data from SIRV-Set 3.

Please contact support@lexogen.com for further information.
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6. Appendix A: SIRV Isoforms Alignment View

The individual transcript variants of the isoform module are schematically drawn in the con-
densed intron-exon format (see below) allowing for an overview of the complexity of transcript
variants. However, minor start- and end-site variations that differ by just a few nucleotides are
not visible in this representation. The spreadsheet summaries or FASTA and GTF files (downloads
at www.lexogen.com/sirvs/downloads) are required for detailed viewing.
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Figure 14. SIRV1 | based on human gene KLK5. The human Kallikrein-related peptidase 5 gene was taken as
template for SIRV1 locus generation. Its expression is up-regulated by estrogens and progestins, and alternative
splicing results in multiple transcript variants encoding the same core protein. The current Ensembl annotation
(GRCh38.p2) contains 5 transcript variants, KLK5-1, 2, and 4-6. Its condensed exon-intron structure is shown in
the upper section in grey. SIRV1 contains 8 real transcript variants (shown in blue) present in the mixes. SIRVs
marked with a superscript (-) are omitted in the insufficient annotation (SIRV_I). The transcript variants shown in
green are additional annotations, part of the over-annotation (SIRV_0). The transcript orientations are indicated
by the relative position of the poly(A) tail marked in red.
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Figure 15. SIRVZ2 | based on human gene LDHD contains 6 transcript variants (shown in blue). The transcript
variants shown in are additional annotations for alternative evaluation procedures, whereas the SIRVs
marked with (-) are missing in the insufficient annotation.

R [Ff[rgenomer  JEECJAOC ]

0.5 kb

OO IO 1 SIRV3
II H N | b 301

3027
303
1INl | 11N 304

1N [ | 305

(. | 306°
I1THN [ | 307

| 0 N 308
[

[ ]

310"
| | 311

| 312

313

| 314

0.5 kb I 315

Figure 16. SIRV3 | based on human gene LGALS17A contains 11 transcript variants (shown in blue). The tran-
script variants shown in are additional annotations for alternative evaluation procedures, whereas the
SIRVs marked with (-) are missing in the insufficient annotation.
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Figure 17. SIRV4 | based on human gene DAPK3 contains 7 transcript variants (shown in blue). The transcript
variants shown in green are additional annotations for alternative evaluation procedures, whereas the SIRVs

marked with (-) are missing in the insufficient annotation.
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Figure 18. SIRV5 | based on human gene HAUS5 contains 12 transcript variants (shown in blue). The transcript
variants shown in green are additional annotations for alternative evaluation procedures, whereas the SIRVs

marked with (-) are missing in the insufficient annotation.
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Figure 19. SIRV6 | based on human gene USFZ contains 18 transcript variants (shown in blue). The transcript
variants shown in green are additional annotations for alternative evaluation procedures, whereas the SIRVs
marked with (-) are missing in the insufficient annotation.
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Figure 20. SIRV7 | based on human gene TESKZ contains 7 transcript variants (shown in blue). The transcript
variants shown in green are additional annotations for alternative evaluation procedures, whereas the SIRVs
marked with (-) are missing in the insufficient annotation.
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/. Appendix B: Downloads

Sequences, annotations, and concentration tables can be obtained from: www.lexogen.com/
sirvs/downloads. The FASTA files and corresponding GTF files for SIRV-Set 2, SIRV-Set 3, and SIRV-
Set 4 are provided as either a continuous SIRVome, or as multi-fasta file treating each gene/locus
as individual entity. The FASTA and GTF files are included into data analysis pipelines similar to
the inclusion of additional single or multiple synthetic chromosomes. The FASTA files contain
the complete exon and intron sequences flanked by 1 kb of upstream and 1 kb of downstream
sequence. The GTF files contain information about the variant structures.

The following three annotations identified by the letters, C, I, or O in the GTF file name are pro-
vided.

e _C:Contains the correct annotation of all 69 SIRV isoforms. These SIRVs are shown in blue in
the SIRV alignment views in the Appendix.

o _I: Contains an insufficient annotation. Here, some SIRV isoforms that are actually present
in the mixes are not annotated. These missing annotations are marked with a superscript (-)
in the respective Appendix figures.

« _0: Contains a representative of a possible over-annotation. Additional SIRV isoforms are
annotated, that are not present in the mixes. These transcript variants are shown in green in
the respective Appendix figures.

SIRV-Set 2

Sequences and annotations in FASTA and GTF format for SIRV Set 2 (SIRV Isoform Mix EQ) are
all included in (Norm) SIRV_Set2_Sequences_170612a (ZIP). The concentration tables together
with sequences and detailed statistical information are given in SIRV_Set2_sequence-design-
overview-170612a (XLSX).

SIRV-Set 3

Sequences and annotations in FASTA and GTF format for SIRV Set 3 (SIRV Isoform Mix EO / ERCC)
are all included in (Norm) SIRV_Set3_Sequences_170612a (ZIP). The concentration tables to-
gether with sequences and detailed statistical information are given in SIRV_Set3_sequence-
design-overview-170612a (XLSX).

SIRV-Set 4

Sequences and annotations in FASTA and GTF format for SIRV Set 4 (SIRV Isoform Mix EO / ERCC)
are all included in (Norm) SIRV_Set4_Sequences_200709a (ZIP). The concentration tables to-
gether with sequences and detailed statistical information are given in SIRV_Set4_sequence-
design-overview-200709a (XLSX).

ATTENTION: There are specific annotations for different lot numbers. Please check the lot num-
ber to identify the correct annotation. Please access lot-specific download links when available,
otherwise access the "Norm" download links.

NOTE: SIRV spike-in calculation worksheets are available for download from: https.//www.lexo-
gen.com/sirvs/download/
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