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Abstract

Recent advances in RNA sequencing have dramatically expanded 
transcriptome annotations, uncovering extensive alternative 
splicing, novel isoforms, and diverse transcription start and 
termination sites. Where early annotations averaged just two 
transcripts per coding gene, current annotations now exceed 
eight, a complexity that exposes a fundamental limitation of 
siRNAs designed against outdated references. This marked 
expansion of transcriptional annotation helps explain inconsistent 
functionality and poor generalizability across transcriptionally 
complex cell types. 

Dharmacon™ ON-TARGETplus™ 2.0 siRNA was developed to 
address this gap. Using the RNAi SMARTselection™ algorithm, 
designs were curated against current transcriptome annotations 
to maximize coverage of the primary and annotated transcripts 
while eliminating cross-targeting of unrelated genes. 

Head-to-head benchmarking against legacy ON-TARGETplus 
and alternative siRNA designs from leading suppliers 
showed comparable knockdown efficacy across the board, 
with ON-TARGETplus 2.0 distinguished by a consistently 
superior off-target profile. This advantage is most pronounced 
in transcriptionally complex models where specificity is hardest 
to achieve. 

When deployed in the SMARTpool™ format of four 
ON-TARGETplus 2.0 siRNAs, high-potency knockdown and 
minimal off-targeting was achieved across all genes evaluated, 
a combination no individual siRNA design consistently achieved.
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Introduction

RNA interference (RNAi) is an endogenous post-transcriptional 
pathway mammalian cells use to regulate gene expression 
in which small microRNA sequences (miRNAs) are transcribed, 
processed, loaded into the RNA-induced silencing complex 
(RISC), and targeted by sequence complementarity to 
messenger RNA (mRNA) sequences. 

The standard miRNA pathway typically results in imperfect 
base pairing (via a 6-7 base stretch of seed-region pairing) 
to the target mRNA molecule, which results in translational 
suppression of the encoded protein and allows a single 
miRNA to regulate protein expression of numerous target 
genes. Short, synthetic RNA duplexes can also be delivered 
to cells, where the antisense strands of these duplexes can 
load into RISC and function as small interfering RNAs (siRNAs). 
These synthetic sequences are designed to perfectly match 
the sequence of a gene of interest, resulting in cleavage and 
rapid and complete degradation of the targeted mRNA. 

Dharmacon™ reagents (now part of Revvity) has invested over 
two decades of research into optimal siRNA design and has 
identified and defined design parameters to maximize siRNA 
functionality and specificity. These include filtering out siRNA 
designs with palindromic sequences, high GC-content, long 
stretches of repeated nucleotides, complex secondary 
structure, and known miRNA seed regions1. 

Moreover, extensive research and development has shown 
that inclusion of certain chemical modifications reduces  
sense-strand loading into RISC, reduces target strand  
seed-mediated interactions with mRNAs, and drastically 
reduces the number of off-target gene perturbations following 
siRNA delivery1.

Despite these advances, optimal siRNA design has 
been hampered by the quality of genomic annotations. 
More recently, the emergence of sequencing technologies 
including bulk RNA sequencing (RNA-seq) and long-read 
RNA-seq technologies have greatly enhanced the quality 
of transcriptomic annotations. Since 2010, the number 
of annotated, human, protein-coding genes has remained 
relatively consistent (~19,000-20,000 annotated genes)2. 

However, the number of individual protein-coding gene 
transcripts has expanded substantially. For example, in 
RefSeq release 54, released in July 2012, there were 44,951 
annotated protein-coding gene transcripts (an average 
of 2.3 transcripts per coding gene). However, in RefSeq 
release 231, released in August 2025, there were >175,000 
annotated protein-coding gene transcripts (an average of 
8.9 transcripts per coding gene). Notably, a small subset of 
genes contains a very high number of unique transcripts. 
For example, the MAPK10 gene has >190 unique annotated 
transcripts3, underscoring the importance of updating siRNA 
design rules for the modern transcriptome to maximize the 
ability to knock down expression of a target gene.

This large expansion in transcript annotation has posed 
three key problems to pre-designed siRNA catalogs:  

1.) A small percentage of RNA transcripts or annotated 
genes have been removed from earlier transcriptome 
annotations resulting in a small subset of ON-TARGETplus 
siRNA designs no longer targeting a transcript or gene 
of interest

2.) Many genes have more annotated transcripts, resulting 
in cases where ON-TARGETplus siRNAs do not target all 
transcripts of a gene, thereby potentially compromising 
knockdown efficiency in cells that express a diverse number 
of transcripts for a given gene

3.) A small subset of ON-TARGETplus siRNA designs 
now target transcripts of genes that were not annotated 
or identified in previous RefSeq releases, resulting in  
now-predictable, measurable off-targets

Thus, the expansion of the transcriptome and refinement 
of gene annotations have fundamentally altered the on 
target performance and off target risk associated with 
each siRNA design. Accordingly, Revvity has incorporated 
additional design rules and selection criteria to generate 
high confidence siRNAs that maximize targeting of all 
(or if not feasible, most) transcripts of a gene of interest 
while preventing the cross-targeting of similar or identical 
sequences in transcripts of unrelated genes discovered 
in more recent datasets. These new predesigned 
siRNAs collectively form the ON-TARGETplus 2.0 siRNA 
product portfolio.
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Figure 1: ON-TARGETplus 2.0 maintains high performance of target gene knockdown set by ON-TARGETplus

A and B) U2OS or HCT-116 cells were transfected with 25 nM ON-TARGETplus or ON-TARGETplus 2.0 siRNAs targeting the AHCY (A) or PRDX1 
(B)  genes, or a non-targeting control (NTC) siRNA with 0.2 µL/well DharmaFECT 4 (U2OS) or DharmaFECT 2 (HCT-116). After 48 hours, total RNA 
was isolated, and relative gene expression was measured using RT-qPCR. The relative expression of each gene was calculated with the ∆∆Cq 
method using ACTB as the housekeeping gene and normalized to an NTC. n = 2 biologically independent samples per group.
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Results

We first assessed whether updating siRNA design rules 
to reflect the recent transcriptome annotations affected 
baseline knockdown efficiency and global specificity. 
To begin validating the ON-TARGETplus 2.0 design strategy, 
U2OS and HCT-116 cell lines were transfected with 
individual ON-TARGETplus or ON-TARGETplus 2.0 siRNAs 
targeting the genes AHCY and PRDX1. Both ON-TARGETplus 
siRNA designs achieved >75% reduction in target mRNA 
expression when measured by RT-qPCR for both genes 
and in both cell lines (Figures 1A-B). Similarly, comparable 
levels of knockdown were achieved by both of the 
ON-TARGETplus 2.0 siRNA designs. 

ON-TARGETplus 2.0 attains high levels of knockdown and specificity

While RT-qPCR is widely used to quantify mRNA expression 
levels for a gene of interest and is an indispensable tool 
for comparing expression levels between samples (that is, 
siRNA-transfected samples relative to control samples), 
evaluation of global gene expression is a critical secondary 
objective for demonstrating siRNA utility, as high specificity 
for the target mRNA sequence is as important as efficient 
target knockdown. 
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ON-TARGETplus and ON-TARGETplus 2.0 siRNAs were 
delivered either as individual siRNAs or in the SMARTpool 
format, and global gene expression was evaluated by  
RNA-seq relative to control (no transfection, mock 
transfection (lipid-only), and non-targeting control (NTC) 
siRNA) samples (Figure 2A). Between control samples, very 
few genes were significantly differentially expressed, with 
only a single gene crossing the significance threshold when 
comparing the lipid-only and NTC samples (Figures 2B-D).

We next examined whether knockdown was achieved 
without introducing widespread transcriptional 
perturbations. Distributions of global gene expression in 
samples transfected with siRNAs targeting the gene TP53 
(Figure 2E) or YAP1 (Figure 2F) were then generated relative 
to the NTC samples. 

Notably, the peak of the distribution of genes was centered 
on a fold-change of 1 (denoted as 100), indicating that most 
genes were not differentially expressed relative to the 
NTC samples. 

However, TP53 (Figure 2E) or YAP1 (Figure 2F) mRNA 
expression, respectively, was potently depleted relative to 
the NTC samples, irrespective of whether ON-TARGETplus 
or ON-TARGETplus 2.0 siRNAs were utilized. Moreover, both 
the distribution of global gene expression and the level of 
target gene downregulation were not significantly affected 
by whether siRNAs were transfected individually or in the 
SMARTpool format. To confirm these RNA-seq findings, 
TP53 and YAP1 mRNA levels were evaluated by RT-qPCR 
following siRNA transfection. Both genes were potently 
depleted by both ON-TARGETplus and ON-TARGETplus 
2.0 siRNAs, whether delivered as individual siRNAs or in the 
SMARTpool format (Figures 2G-H). Collectively, these data 
demonstrate that the RNAi SMARTselection algorithm with 
updated design parameters generates highly potent and 
specific siRNA sequences.
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Figure 2: ON-TARGETplus and ON-TARGETplus 2.0 siRNAs potently deplete target mRNA expression with minimal impacts on global 
gene expression

A) Schematic of RNA-seq experimental timeline. B-C) Scatter plots of gene expression levels (log2 transformed TPM +1, TPM with a pseudocount 
of one added before log transformation) in untransfected U2OS cells or 48 hours post-transfection of non-targeting control (NTC) siRNA or 
lipid only control samples. B) lipid only (y-axis) plotted against untransfected (x-axis); C) NTC (y-axis) plotted against lipid only (x-axis). DESeq 
analysis was used to identify up- and down-regulated genes. Up- or down-regulated genes (adjusted p < 0.05) with log2-fold change > |2| in gene 
expression (represented as log2 transformed TPM +1) marked red and blue, respectively. r indicates Pearson’s correlation coefficient, calculated 
for log-transformed values on all genes. D) Volcano plot depicting differentially expressed genes (DEGs) with a –log10(adjusted pvalue) of >3.5 
and a log2-fold change > |1| in NTC samples relative to lipid only samples. E-H) U2OS cells were transfected with 25 nM ON-TARGETplus or 
ON-TARGETplus 2.0 siRNAs targeting the TP53 (E, G) or YAP1 (F, H) genes or an NTC siRNA with 0.2 µL/well DharmaFECT 4. After 48 hours, total 
RNA was isolated and prepped for RNA-seq or RT-qPCR. (E, F) Data plotted as a histogram showing the distribution of global transcriptional 
expression, represented as transcripts per million (TPM). Reduced TP53 or YAP1 mRNA expression was observed in all four siRNA treatment 
groups, denoted on the x-axis and represented as log2 transformed TPM fold change while global gene expression was largely unchanged 
relative to the corresponding NTC siRNA. G, H) Relative gene expression was measured using RT-qPCR. The relative expression of TP53 or 
YAP1 was calculated with the ∆∆Cq method using ACTB as the housekeeping gene and normalized to an NTC. n = 2 biologically independent 
samples per group.
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ON-TARGETplus 2.0 removes ON-TARGETplus designs 
that cross-target other genes due to expansion of 
transcriptome annotations

Having established comparable potency and global 
specificity, we next evaluated whether updated 
transcriptome annotations could resolve newly uncovered 
cross-targeting events inherent to legacy siRNA designs. 

After updated bioinformatic analysis, it was identified 
that the ON-TARGETplus siRNA design 1 against the gene 
YY1AP1 also perfectly aligned to a previously unannotated 
transcript of the gene GON4L. We again performed 
RNA-seq analysis and observed that while the global 
distribution of genes and the level of YY1AP1 depletion 
were similar between ON-TARGETplus and ON-TARGETplus 
2.0, ON-TARGETplus siRNAs downregulated GON4L 
expression, whether delivered as an individual siRNA or 
in the SMARTpool format (Figure 3A). Importantly, GON4L 
was not downregulated when using the newly designed 
ON-TARGETplus 2.0 siRNAs. 

We confirmed these findings by RT-qPCR following 
siRNA transfection and again observed that while both 
ON-TARGETplus and ON-TARGETplus 2.0 significantly 
downregulated YY1AP1 expression in both U2OS and 
HEK293T cells, only ON-TARGETplus siRNA design 1 also 
downregulated GON4L expression in these same cell lines 
(Figures 3B-C). 

Together, these results demonstrate that updating siRNA 
design to reflect recent transcriptome annotations can 
effectively eliminate previously unrecognized cross-targeting 
while preserving robust on-target knockdown.

ON-TARGETplus 2.0 produces robust phenotypic 
responses that strongly overlap with ON-TARGETplus

To determine whether these design refinements preserve 
biologically meaningful phenotypic responses, we next 
examined transcriptional signatures downstream of TP53 
knockdown. TP53 encodes the potent tumor suppressor 
p53, which plays key regulatory roles in numerous cellular 
processes, including autophagy, apoptosis, DNA damage 
repair, metabolism, and cell cycle arrest through direct and 
indirect transcriptional regulation of downstream target 
genes4. RNA-seq analysis identified over 150 significant 
differentially expressed genes (DEGs) in each TP53-siRNA-
treated sample. A substantial fraction of these DEGs was 
shared by all four siRNA treatments (ON-TARGETplus 
Design 1, ON-TARGETplus SMARTpool, ON-TARGETplus 2.0 
Design 1, and ON-TARGETplus 2.0 SMARTpool; Figure 4A). 

Figure 3: ON-TARGETplus 2.0 filters out ON-TARGETplus designs that unintentionally cross-target other genes due to expansion of the 
transcriptome annotations

A) U2OS cells were transfected with 25 nM ON-TARGETplus or ON-TARGETplus 2.0 siRNAs targeting YY1AP1 or a non-targeting control (NTC) 
siRNA with 0.2 µL/well DharmaFECT 4. After 48 hours, total RNA was isolated and prepped for RNA-seq. Data plotted as a histogram showing 
the distribution of global transcriptional expression, represented as transcripts per million (TPM). Reduced YY1AP1 mRNA expression was 
observed in all four siRNA treatment groups, denoted on the x-axis and represented as log2 transformed TPM fold change while global gene 
expression was largely unchanged relative to the corresponding NTC siRNA. n = 2 biologically independent samples per group. B and C) HEK293T 
(B) or U2OS (C) cells were transfected with 25 nM ON-TARGETplus or ON-TARGETplus 2.0 siRNAs targeting the YY1AP1 gene or an NTC siRNA 
with 0.2 µL/well DharmaFECT 1 (HEK293T) or DharmaFECT 4 (U2OS). After 48 hours, total RNA was isolated, and relative gene expression was 
measured using RT-qPCR. The relative expression of each gene was calculated with the ∆∆Cq method using ACTB as the housekeeping gene and 
normalized to an NTC. n = 2 biologically independent samples per group. 

A B C
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Figure 4: ON-TARGETplus and ON-TARGETplus 2.0 both produce strong phenotypic responses

RNA-seq samples were processed by DESeq to assess differentially expressed genes (DEGs) in each sample. Up- or down-regulated 
genes (adjusted p < 0.05) with log2-fold change > |1| in gene expression were considered differentially expressed. A) Venn diagram showing 
overlapping DEGs between different siRNA treatment groups. Total DEGs are listed under each siRNA treatment. Significant overlap was 
observed between all four siRNA treatment groups and within this list of overlapping genes, known TP53 target genes were significantly 
enriched. B-E) Volcano plots depicting differentially expressed genes (DEGs) with a –log10

 (adjusted pvalue) of >5 and a log2-fold change > |1| in 
each TP53 siRNA treatment sample relative to NTC samples. Known TP53 target genes (red triangles) are consistent between ON-TARGETplus 
Design 1 (B), ON-TARGETplus SMARTpool (C), ON-TARGETplus 2.0 Design 1 (D), and ON-TARGETplus 2.0 SMARTpool (E) siRNA treated 
samples. Additional significant downregulated DEGs (purple dots) and upregulated DEGs (green dots) are also depicted. Genes that did not 
cross the –log10(adjusted pvalue) of >5 and a log2-fold change > |1| threshold are depicted by grey dots. N = 2 biological replicates per group.

A

B
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Within the list of downregulated DEGs, Gene Ontology 
(GO) analysis indicated that the biological process pathway 
“intrinsic apoptotic signaling pathway in response to DNA 
damage by p53 class mediator” was over 100-fold enriched 
(FDR = 6.60 x 10-6). Numerous significantly depleted known 
TP53 target genes in the four TP53 siRNA-treated samples 
are plotted in Figures 4B-E.

ON-TARGETplus 2.0 preserves the established specificity 
profile of ON-TARGETplus

We next assessed whether incorporating updated 
transcriptome annotations altered the broader specificity 
profile relative to legacy ON TARGETplus designs. 

While numerous DEGs were shared between all four TP53 
siRNA-treated samples, a limited subset of DEGs was 
unique to individual siRNAs designs, consistent with low-
level background effects observed in RNA-seq experiments 
(Figure 5A).

A similar pattern was observed for ON-TARGETplus and 
ON-TARGETplus 2.0 siRNAs targeting the gene YY1AP1, with 
a substantial fraction of DEGs shared across at least two 
siRNA formats and another fraction of design-specific DEGs 
(Figure 5B). 

GO analysis of the design-specific DEG subsets revealed 
minimal biological structure, with no significantly enriched 
biological processes detected in any of the TP53-specific 
DEG lists and in half of the YY1AP1-specific lists.  
The remaining two YY1AP1 unique DEG lists showed no 
convergence on enriched pathways, indicating a lack of 
coherent biological signal. 

These observations are consistent with stochastic, low 
frequency off target effects rather than structured pathway 
perturbations. Gene expression and numbers of unique 
off-targets (OTs) for both TP53 and YY1AP1 are shown in 
Figures 5C and D. Together, these data demonstrate that 
ON-TARGETplus 2.0 preserves the high specificity and low 
off-target profile characteristic of ON-TARGETplus siRNAs 
while incorporating updated transcriptome annotations.
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Figure 5: ON-TARGETplus 2.0 siRNA designs maintain the functionality and specificity levels achieved by ON-TARGETplus

RNA-seq samples were processed by standard DESeq pipelines to assess differentially expressed genes (DEGs) in each sample. Up- or down-
regulated genes (adjusted p < 0.05) with log2-fold change > |1| in gene expression were considered differentially expressed. A and B) Venn 
diagrams showing overlapping DEGs between different siRNA treatment groups targeting TP53 (A) or YY1AP1 (B). Total DEGs are listed under 
each siRNA treatment. Each siRNA-treated sample contained a subset of genes that were not significantly differentially expressed in any of the 
other three siRNA-treated samples and therefore reflect likely off-target genes for each siRNA design. C and D) mRNA levels (black bars) and 
unique off-targets (OTs) resulting from 25 nM ON-TARGETplus or ON-TARGETplus 2.0 individual (Design 1) or SMARTpool siRNAs targeting the 
genes TP53 (C) or YY1AP1 (D) 48 hours post-transfection with 0.2 µL/well DharmaFECT 4. After 48 hours, total RNA was isolated, and relative 
gene expression was measured using RT-qPCR (C) or prepped and evaluated by RNA-seq (D). For RT-qPCR, the relative expression of each gene 
was calculated with the ∆∆Cq method using ACTB as the housekeeping gene and normalized to a non-targeting control (NTC). RNA-seq samples 
were processed by DESeq pipeline to assess differentially expressed genes (DEGs) in each sample. Up- or down-regulated genes (adjusted 
p < 0.05) with log2-fold change > |1| in gene expression were considered differentially expressed. Relative expression (YY1AP1, black bars) was 
determined by comparing normalized reads mapping to the YY1AP1 locus in each siRNA treatment group to NTC samples. Unique off-targets 
(OTs, TP53 and YY1AP1 grey bars) were determined by filtering DEGs that only appeared in the denoted siRNA treatment group. n = 2 biologically 
independent samples per group.

A B

C D
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ON-TARGETplus 2.0 balances high functionality with 
high specificity, outperforming alternative siRNA designs

Finally, we benchmarked ON-TARGETplus 2.0 against 
various widely used siRNA design strategies to assess 
overall performance. 

To further showcase the functionality and specificity of 
ON-TARGETplus 2.0, ON-TARGETplus 2.0 siRNAs targeting 
the genes TP53, BUB1, or DUSP1 were transfected 
individually (Design 1, 2, 3, or 4) or in the SMARTpool format 
and evaluated against top-ranked siRNA designs from three 
leading suppliers (Vendor A, B, and C). ON-TARGETplus 2.0 
siRNAs achieved knockdown efficiency comparable to other 
vendors, and the number of unique OTs was also generally 
lower than the number resulting from alternative siRNA 
designs (Figures 6A-C). 

However, in cases where a single ON-TARGETplus 
2.0 siRNA design resulted in numerous unique OTs, 
(example, ON-TARGETplus 2.0 design 4 targeting BUB1 or 
ON-TARGETplus 2.0 design 4 targeting DUSP1), delivery in 
the SMARTpool format substantially mitigated the number 
of unique OTs while preserving high knockdown efficiency 
(Figure 6B). Together, these data indicate that siRNA delivery 
in the SMARTpool format results in the most consistent 
performance, balancing low off-target profiles with high 
gene knockdown efficiency.

Additionally, ON-TARGETplus 2.0 enables high quality 
phenotypic characterization, demonstrated by clear 
downregulation of numerous downstream target genes 
(red triangles) when targeting TP53, with minimal targeting 
of additional off-targets (purple dots; Figure 6D). 

In comparison, while the other TP53 siRNA designs 
also downregulate TP53 target genes, they additionally 
significantly downregulate numerous non-TP53 target genes, 
making phenotypic characterization far more challenging 
(Figures 6E-G). Thus, ON-TARGETplus 2.0 exhibits optimal 
performance for generating high-quality single-gene or 
arrayed RNAi screening data.

Conclusion

The expansion of mammalian transcriptomes has challenged 
outmoded siRNA design strategies. The data highlighted 
here show that rational updates to the Dharmacon 
ON-TARGETplus design rules, implemented to accommodate 
expanded transcriptomic complexity, do not compromise 
siRNA quality and instead continue to yield highly effective, 
algorithmically designed siRNAs. 

These new siRNA designs, denoted as ON-TARGETplus 2.0, 
perform largely equivalently to ON-TARGETplus in both 
target knockdown and target specificity for well-annotated 
genes. For a subset of genes, ON-TARGETplus 2.0 further 
improves ON-TARGETplus by removing siRNAs with “hidden” 
off-targets due to modernized transcriptome annotations. 
For example, YY1AP1 ON-TARGETplus siRNA Design 1 was 
found to significantly reduce mRNA levels of the gene GON4L 
in addition to reducing expression of YY1AP1, whereas none 
of the YY1AP1 ON-TARGETplus 2.0 siRNA designs affected 
GON4L expression while maintaining potent depletion of 
YY1AP1 expression. 

Finally, ON-TARGETplus 2.0 outperformed other current 
siRNA design offerings, balancing high knockdown efficiency 
and specificity when delivered either in individual siRNA or 
SMARTpool formats. 
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Figure 6: ON-TARGETplus 2.0 outperforms alternative siRNA designs, maximizing functionality while minimizing off-targeting

A-C) U2OS cells were transfected with siRNAs targeting TP53 (A), BUB1 (B), or DUSP1 (C), or an NTC siRNA, according to the manufacturer’s 
recommended siRNA concentration (10 nM; Vendor B and C. 25 nM; ON-TARGETplus 2.0 and Vendor A) with 0.2 µL/well DharmaFECT 4. After 
48 hours, total RNA was isolated and processed for RT-qPCR or prepped for RNA-seq. Target gene knockdown was evaluated by RT-qPCR 
(black bars). The relative expression of each gene was calculated with the ∆∆Cq method using ACTB as the housekeeping gene and normalized 
to an NTC. RNA-seq samples were processed by DESeq pipeline to assess differentially expressed genes (DEGs) in each sample. Up- or down-
regulated genes (adjusted p < 0.05) with log2-fold change > |1| in gene expression were considered differentially expressed. Unique off-targets 
(OTs, grey bars) were determined by filtering DEGs that only appeared in the denoted siRNA treatment group. D-G) Volcano plots depicting 
differentially expressed genes (DEGs) with a –log10(adjusted p value) of >5 and a log2-fold change > |1| in each TP53 siRNA treatment sample 
relative to NTC pool samples. Known TP53 target genes (red triangles) are consistent between ON-TARGETplus 2.0 Design 1 (D), Vendor A (E), 
Vendor B (F), and Vendor C (G) siRNA treated samples. Additional significant downregulated DEGs (purple dots) and upregulated DEGs (green 
dots) are also depicted. Genes that did not cross the –log10(adjusted p value) of >5 and a log2-fold change > |1| threshold are depicted by grey 
dots. n = 2 biological replicates per group.

A B C
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Methods

Supplier Catalog number Product name

Revvity

J-009599-06-0010 ON-TARGETplus Human AHCY siRNA Design 1

J-009599-07-0010 ON-TARGETplus Human AHCY siRNA Design 2

J2-009599-01-0010 ON-TARGETplus 2.0 Human AHCY siRNA Design 1

J2-009599-02-0010 ON-TARGETplus 2.0 Human AHCY siRNA Design 2

J-010338-05-0010 ON-TARGETplus Human PRDX1 siRNA Design 1

J-010338-06-0010 ON-TARGETplus Human PRDX1 siRNA Design 2

J2-010338-01-0010 ON-TARGETplus 2.0 Human PRDX1 siRNA Design 1

J2-010338-02-0010 ON-TARGETplus 2.0 Human PRDX1 siRNA Design 2

J-003329-14-0010 ON-TARGETplus Human TP53 siRNA Design 1

L-003329-00-0010 ON-TARGETplus Human TP53 siRNA SMARTpool

J2-003329-01-0010 ON-TARGETplus 2.0 Human TP53 siRNA Design 1

L2-003329-01-0010 ON-TARGETplus 2.0 Human TP53 siRNA SMARTpool

J-012200-05-0010 ON-TARGETplus Human YAP1 siRNA Design 1

L-012200-00-0010 ON-TARGETplus Human YAP1 siRNA SMARTpool

J2-012200-01-0010 ON-TARGETplus 2.0 Human YAP1 siRNA Design 1

L2-012200-01-0010 ON-TARGETplus 2.0 Human YAP1 siRNA SMARTpool

J-017262-05-0010 ON-TARGETplus Human YY1AP1 siRNA Design 1

L-017262-00-0010 ON-TARGETplus Human YY1AP1 siRNA SMARTpool

J2-017262-01-0010 ON-TARGETplus 2.0 Human YY1AP1 siRNA Design 1

L2-017262-02-0010 ON-TARGETplus 2.0 Human YY1AP1 siRNA SMARTpool

J2-003329-02-0010 ON-TARGETplus 2.0 Human TP53 siRNA Design 2

J2-003329-03-0010 ON-TARGETplus 2.0 Human TP53 siRNA Design 3

J2-003329-04-0010 ON-TARGETplus 2.0 Human TP53 siRNA Design 4

J2-004102-01-0010 ON-TARGETplus 2.0 Human BUB1 siRNA Design 1

J2-004102-02-0010 ON-TARGETplus 2.0 Human BUB1 siRNA Design 2

J2-004102-03-0010 ON-TARGETplus 2.0 Human BUB1 siRNA Design 3

J2-004102-04-0010 ON-TARGETplus 2.0 Human BUB1 siRNA Design 4

L2-004102-01-0010 ON-TARGETplus 2.0 Human BUB1 siRNA SMARTpool

J2-003484-01-0010 ON-TARGETplus 2.0 Human DUSP1 siRNA Design 1

J2-003484-02-0010 ON-TARGETplus 2.0 Human DUSP1 siRNA Design 2

J2-003484-03-0010 ON-TARGETplus 2.0 Human DUSP1 siRNA Design 3

J2-003484-04-0010 ON-TARGETplus 2.0 Human DUSP1 siRNA Design 4

L2-003484-01-0010 ON-TARGETplus 2.0 Human DUSP1 siRNA SMARTpool

D2-001810-01-20 ON-TARGETplus 2.0 Non-targeting Control siRNA 1

D2-001810-10-20 ON-TARGETplus 2.0 Non-targeting Control pool

Table 1: siRNA catalog numbers used in this study
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Lipid transfections

U2OS, HCT-116, or HEK293T cells were seeded in 96-well 
plates at 10,000 cells per well one day before transfection. 
Cells were transfected with gene-specific Dharmacon 
ON-TARGETplus or ON-TARGETplus 2.0 siRNAs at a final 
concentration of 25 nM (see Table 1 for complete list of 
siRNAs and catalog numbers). siRNAs were complexed with 
0.2 µL/well DharmaFECT 1 (HEK293T), 2 (HCT-116), or 4 
(U2OS) Transfection Reagent (Revvity; T-2001-02, T-2002-02, 
or T-2004-02, respectively) for each experiment in serum-free 
medium for 20 min. Complete serum media was added to the 
transfection mixture and used to replace the medium on the 
plated cells. The cells then were incubated at 37°C with 5% 
CO2 for 48 hours to achieve target knockdown. For vendor 
comparisons, siRNAs were transfected per manufacturers’ 
recommendations, at a concentration of 25 nM (Vendor A) 
or 10 nM (Vendor B or Vendor C), using the same transfection 
conditions as above.

RNA extraction and qPCR

Total RNA was extracted from adherent cells 48 hours 
post-transfection using 4M guanidine thiocyanate to lyse 
cells and passing the lysate through an SV 96 Total RNA 
Isolation System (Promega, Z3500) over a vacuum manifold. 
Columns were then washed with RNA wash buffer (60mM 
potassium acetate, 10mM Tris-HCl (pH7.5), and 60% ethanol) 
and allowed to dry for 10 minutes on the vacuum. RNA was 
eluted in 60 µL nuclease free water and analyzed by LabChip 
(Revvity) to ensure sufficient quality for downstream RNA-seq 
and RT-qPCR analysis.

RNA-seq

Approximately 2 µg total RNA was treated with dsDNase 
(Thermo EN0771) to deplete genomic DNA contamination 
and mRNA was enriched with NEXTFLEX Poly(A) beads 2.0 
(Revvity NOVA-512991). Following cleanup and recovery, 
RNA-seq libraries were prepared using the NEXTFLEX Rapid 
Directional RNA-Seq Kit 2.0 (Revvity NOVA-5198-01) with 
the NEXTFLEX Unique Dual Index Barcodes kit (Barcodes 
97-192; Revvity NOVA-634102). Libraries were quantified 

by TapeStation (Agilent) and mixed into equimolar pools 
and sequenced on an Illumina NovaSeq X Plus. Sequences 
were processed through the Illumina DRAGEN RNA Pipeline 
v4.3.6 to quantify transcripts per million and read counts. 
Differential expression analysis was then performed using 
DESeqv1.26.0.5

RT-qPCR

cDNA was synthesized from extracted RNA using a Maxima 
First Strand cDNA Synthesis Kit (Thermo, K1672). RT-qPCR 
master mix containing 6 µL TaqMan Master Mix (Thermo, 
4304437), 0.6 µL of appropriate gene-specific FAM-
labeled TaqMan probe (All 20X; AHCY, Hs04183463_g1; 
PRDX1, Hs00602020_mH; TP53, Hs01034249_m1; YAP1, 
Hs00902712_g1, YY1AP1, Hs00217433_m1; GON4L, 
Hs00228595_m1; BRD2, Hs01121986_g1; BUB1, Hs01557695_
m1; or DUSP1, Hs00610256_g1), 0.2 µL of ACTB VIC-labeled 
TaqMan probe (60X, Thermo, beta-actin, Hs03023943_g1), 
and 3.6 µL nuclease free water, per reaction. 10.4 µL master 
mix was added to 1.6 µL undiluted cDNA in 384-well plates 
and loaded onto a Roche LightCycler 480 II for thermal 
cycling and analysis. Each cDNA sample was run in duplicate. 
The relative expression of each target gene was calculated 
with the ΔΔCq method using beta-actin as the reference gene 
and normalized to a non-targeting control.
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