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ABSTRACT: Here we describe the development of a 

novel click chemistry-based method for the generation 

and amplification of full-length cDNA libraries from total 

RNA, while avoiding the need for problematic template-

switching (TS) reactions. Compared with prior efforts, 

our method involves neither random priming nor stochas-

tic cDNA termination, thus enabling amplification of 

transcripts that were previously inaccessible via related 

click chemistry-based RNA sequencing techniques. A key 

modification involving the use of PCR primers containing 

two overhanging 3’-nucleotides substantially improved 

the read-through compatibility of the 1,4-disubstituted 

1,2,3-triazole-containing cDNA, where such modifica-

tions typically hinder amplification. This allowed us to 

more than double the possible insert-size compared with 

the state-of-the art click chemistry-based technique, PAC-

seq. Furthermore, our method performed on-par with a 

commercially available PCR-cDNA RNA sequencing kit, 

as determined by Oxford Nanopore sequencing. Given 

the known advantages of PAC-seq, namely suppression 

of PCR artefacts, we anticipate that our contribution 

could enable diverse applications including improved 

analyses of mRNA splicing variants and fusion tran-

scripts. 

Beyond its initial synthesis, eukaryotic pre-mRNA un-

dergoes a multitude of co- and post-transcriptional pro-

cessing events that dictate how and when it will be trans-

lated by the cellular apparatus. Our understanding of 

these processes has matured largely thanks to advance-

ments in RNA sequencing (RNA-seq) technologies.1 In 

order to ascertain the function of a particular gene tran-

script, capture and sequencing of all possible variants is 

required, since the biological function of any particular 

spliced and polyadenylated form may be distinct.2 Due to 

technical limitations associated with library generation, 

however, post-transcriptional regulatory events can often 

go undetected.3 Given that the majority of mammalian 

transcripts are between 1-2 kb in length,4,5 long-read tech-

nologies are crucial when it comes to disentangling the 

entire spectrum of mRNA isoforms.5 The most widely-

exploited strategy for cDNA library preparation from to-

tal RNA involves the use methods derived from the 

Smart-seq2 protocol.6,7 As with many other approaches, 

Smart-seq2 involves a template switching (TS) reaction 

whereby primer-specific 3’-adapter sequences can be ap-

pended to nascent cDNA ends.8 This process begins with 

an initial 3’-extension with three protruding 2’-deox-

ycytidine nucleotides, which may then subsequently hy-

bridize to a reverse-complementary ‘rGrGrG’-containing 

template-switching oligo (TSO). This allows the reverse 

transcriptase to shift between the DNA and RNA tem-

plates and to copy the entire TSO sequence to the 3’-end 

of the resulting cDNA.5 While groundbreaking in its orig-

inal implementation,9 template switching introduces a 

host of concerns, including inefficient ligation,10,11 

overrepresentation of 5’-guanosine-containing se-

quences,12 as well as major artefacts and false alternative 

transcripts.13 

 

To address these drawbacks, we became interested in 

developing a full-length cDNA library preparation 

method for long read sequencing using click chemistry. 

Compared with enzymatic processes, Cu(I)-catalyzed az-

ide–alkyne cycloaddition (CuAAC) reactions have sev-

eral distinct advantages. Namely, CuAAC reactions are 

straightforward to execute, are stereospecific, are often 

quantitative in yield, and result in few to no biproducts.14 

We were particularly inspired by the work of Routh and 

coworkers, who recently reported a novel click chemis-
try-based approach for the capture and elucidation of 

3΄UTR/poly(A) tail junctions via short-read sequenc-

ing.15,16 In their protocol titled ‘PAC-seq’, RT-PCR was 

performed in the presence of 3’-azido-ddNTPs, such that 



 

stochastic chain termination always occurs upstream of 

the poly(dT)-primed 3΄UTR. We sought to utilize a simi-

lar approach that would target not only the 3΄-ends of pol-

yadenylated RNAs, but also the entirety of a given tran-

script. We envisaged that this could be achieved via the 

introduction of a subsequent and separate terminal deox-

ynucleotidyl transferase (TdT)-catalyzed ligation reac-

tion after reverse transcription to incorporate the relevant 

3’-azido-ddNTP, as has previously been exploited within 

our laboratories.17,18 The advantage in doing so would al-

low the entire transcript to be sequenced as a single read, 

harnessing the full capacity of Third Generation Sequenc-

ing technology, whereas stochastic termination cDNA 

synthesis can only provide reads of a certain predeter-

mined, average length. Compared with other long-read li-

brary preparation methods including but not limited to 

Smart-Seq2 10 or those described in commercially availa-

ble kits from OXFORD NANOPORE TECHNOLOGIES, the 

potentially problematic one-step RT-PCR is avoided. Our 

method is also thus expected to exhibit the other ostensi-

ble benefits of ClickSeq methods such as circumvention 

of artefactual chimera formation.15 

 

Development of cDNA library preparation using CuAAC 

With the previous literature precedent 15,16,19,20 as well 

as our planned improvements in mind, we designed our 

cDNA library preparation method as shown in Figure 1 a. 

Reverse transcription, using eGFP mRNA as template 

(Figure S6), is initially performed under standard condi-

tions, employing an anchored poly(dT)-containing primer 

to ensure full coverage of the 3’UTR. After cDNA syn-

thesis and digestion of the RNA template, nascent cDNAs 

are treated with a buffered solution containing 3'-azido-

2’,3’-dideoxyguanosine-5’-triphosphate in the presence 

of TdT, which results in ligation of a single azido-modi-

fied nucleotide at the 3’-cDNA end. The mixture is then 

purified via a silica-membrane-based purification system 

to provide the single-stranded 3’-azido-terminated 

cDNAs as a concentrated solution in unbuffered-H2O. 

The click ligation is accomplished using Reactor 25, a 

solid, heterogeneous Cu(I) catalyst system developed at 

BASECLICK GMBH in the presence of THPTA, MgCl2, and 

an adapter oligodeoxynucleotide (ODN) containing a 5’-

(5-hexynyl) phosphate moiety (Table S1), the sequence of 

which was closely derived from that which was designed 

by Routh and co-workers.15 This reaction provides the 3’-

adapter-ligated cDNA that will serve as the template for 

further PCR amplification (Figure 1 b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) Schematic overview describing how dsDNA li-

braries are prepared from extracted total-RNA or isolated 

mRNA sequences. b) The copper-catalysed azide–alkyne cy-

cloaddition (CuAAC) reaction of 3’-azido labelled cDNAs 

to provide the sequence-specific template required for PCR 

amplification of the ssDNA library. 

 

Given that biocompatible triazole linkers are known to 

have a diminishing effect on the yields of enzymatic re-

actions that copy through the unnatural backbone,21 cer-

tain considerations to primer design were made to ensure 

the highest possible yield during the PCR amplification. 

Firstly, a PCR forward primer was designed such that a 

single, overhanging deoxycytidine nucleotide will hy-

bridize to the 3’-azido-2’,3’-dideoxyguanosine nucleo-

tide of the reverse-complimentary cDNA strand (Figure 2 

a). This design ensures bridging of the triazole backbone 

with the primer and thus avoiding primer extension (or 

replication) across the potentially unfavorable linkage. 

The design also enables primer extension of the sense 

strand irrespective of the sequence context. To properly 

assess the capacity of this primer to facilitate PCR, short 

amplifications were set up involving a sequence specific 

reverse primer (Figure 2 b; Table S1). RTP3 was identi-

fied as the best-performing RT primer and thus 3’-clicked 

cDNA, obtained using RTP3 was amplified using each of 

three candidate forward primers (FP1-3) in combination 

with reverse primer RP3 (Figure 2 c) to further improve 



 

the yield and reproducibility of the PCR. Agarose-gel vis-

ualization and quantification using a Qubit™ Fluorome-

ter indicated that yields are substantially enhanced by the 

incorporation of an extra, fully degenerate (N) nucleotide 

at the 3’-end of the forward primer (Figure 2 d). Primer 

and adapter sequences are indicated in Table S1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Optimization of RT- and PCR-primers allows the 

amplification of an in-vitro transcribed model 1.22 kB 

mRNA coding for enhanced green fluorescent protein 

(eGFP), which was first reverse transcribed using six candi-

date RT-primers a) (RTP1 – RTP6) and then labelled using 

3’-azido-2’,3’-ddGTP in combination with the enzyme TdT. 

After the Cu(I)-catalyzed click-ligation of the resulting 3’-

azido-cDNAs with the alkyne-adapter AA1, the material was 

amplified by PCR. b) The crude PCR products originating 

from each RT-primer candidate were then visualized by aga-

rose gel-electrophoresis. c) 3’-Clicked cDNA obtained using 

the best-performing RT primer (RTP3) was amplified using 

each of three candidate forward primers (FP1-3) in combi-

nation with reverse primer RP3. d) Agarose-gel visualization 

and quantification using a Qubit™ Fluorometer indicated 

that yields are substantially enhanced by the incorporation 

of an extra, fully degenerate (N) nucleotide at the 3’- end of 

the forward primer. Primer and adapter sequences are indi-

cated in Table S1.  

 

Evaluation of click chemistry-based dsDNA libraries via 

ONT third generation sequencing 

Having now demonstrated that triazole-conjugated 

ssDNA products of greater than 1 kB can successfully 

serve as templates for PCR, we next went about generat-

ing dsDNA libraries for sequencing with the OXFORD 

NANOPORE TECHNOLOGIES (ONT) platform. To this end, 

eGFP-encoding dsDNA products derived from clicked-

cDNA were enzymatically repaired, and subsequently li-

gated to sequencing adaptors using a commercially avail-

able ligation-based sequencing kit designed for multi-

plexing samples (ONT Ligation sequencing gDNA kit: 

SQK-LSK109). The library was then sequenced using na-

nopore MinION device for 24 hours. An analogous exper-

iment was subsequently conducted, in which the initial 

dsDNA library was instead prepared using a commer-

cially available kit that ostensibly uses template switching 

(TS) with supplied adapter ODNs. The sequencing run 

was also performed for 24 hours. Coverage depth dia-

grams associated with the two experiments are shown in 

Figure 3a. Here, the relative read depths indicated that our 

click chemistry-based library preparation leads to compa-

rable results to those obtained using the standard library 

preparation, except with a slight decline in coverage to-

wards the 5’-end. Since the CuAAC reaction occurs irre-

spective of sequence context, this might suggest that the 

click protocol leads to successful adapter incorporation 

even in truncated cDNAs that would not ordinarily be li-

gated in the TS protocol. We attribute the slightly lower 

total read number in the click-library to normal variations 

in flow cell performance. Moreover, while 1363 pores 

yielded sequence data in the TS run, only 942 pores were 

productive for the Click library (active pore count was 

measured during the flow cell check via MinKNOW soft-

ware).  

 

To demonstrate the applicability of our method towards 

whole transcriptome RNA-seq, dsDNA libraries derived 

from clicked-cDNA, were prepared using T cell leukemia 

(Jurkat) total RNA. Following enzymatic end-repair and 

sequencing adapter ligation, as with our eGFP model sys-

tem, nanopore sequencing was performed for 48 hours 

run time. Again, an analogous experiment was conducted, 

in which the sequencing library was generated by a com-

mercially available kit using template switching (TS), and 

the library obtained was sequenced under the same con-

ditions as the CuAAC-based sample for a total of 48 

hours. The mapping quality of the individual sequencing 

experiments is shown in Figure 3b. Notably, we observed 

a higher percent reference identity for the click-generated 

libraries in comparison to standard library preparation. 

We speculate that this effect may at least partially be at-

tributed to 5’-guanosine-containing sequences present 

only in the TS protocol (Figure S9). Read lengths (Figure 

3c) of the CuAAC based library preparation were compa-

rable to the standard library preparation, whereas PHRED 

base call quality scores were slightly higher in the case of 

the click- chemistry method (Figure 3d). The slight dis-

parity in quality scores can perhaps be attributed to vari-

ation in the fidelity of the polymerases employed in each 

experiment. In the case of the proprietary TS kit, the iden-

tities of the polymerases were undisclosed, precluding 



 

further investigation into this effect. Finally, to determine 

and compare isoform abundance from the nanopore data, 

we employed the Kallisto algorithm developed by Bray 

and colleagues (Figure 3e).[22] Gratifyingly, the results 

show that the vast majority of sequenced gene transcripts 

are shared between both the click-chemistry and TS 

method, further demonstrating the viability of click 

chemistry to enable whole transcriptome RNA sequenc-

ing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Performance of the Click-libraries in nanopore se-

quencing. a) Coverage depth (read numbers) on the eGFP 

model transcript of two independent runs on a MinION de-

vice (blue: click library, crimson: TS library). b) Comparison 

of mapping quality (percent reference identity) of the eGFP 

model libraries and Jurkat total RNA libraries, prepared by 

click chemistry (click) or standard protocol (TS). c) Read-

length distribution of the two Jurkat total RNA libraries. d) 

PHRED base call quality score comparison of click vs. 

standard library. e) Number and distribution of transcripts 

identified with the Kallisto algorithm.22 



 

Finally, an illustrative example of full-length transcript 

mapping is shown in Figure 4. Specifically, ONT reads 

derived from Jurkat total RNA were mapped to the 

GAPDH gene on chromosome 12 using data derived from 

both a) the click chemistry method, and b) the TS method. 

As anticipated, the data show that GAPDH exons are well 

represented using our click-chemistry based library prep-

aration, with a slight bias towards the 3’-end, as compared 

with the TS-based kit. 

 

 

Figure 4. Mapping example, showing the GAPDH gene on chromosome 12 for two Jurkat total RNA libraries sequenced on a 

MinION nanopore sequencer. Mapping was performed with minimap2 against the GRCh38 reference genome. a) The library 

that was prepared using the click chemistry protocol. b) The library that was prepared with the standard template switching 

procedure (TS). The images were prepared with IGV 2.12.2. Reads in the forward direction (or 5’ to 3’, with respect to the 

mRNA) are colored red, and those in the reverse direction are colored blue. Splice junctions connecting exons are represented 

by arcs.

In summary, we here disclose a novel click chemistry-

based method for the preparation of Third Generation Se-

quencing libraries from polyadenylated RNAs. Com-

pared with the state-of-the-art, PAC-seq, full length tran-

scripts are obtained, and thus, our methodology is for the 

very first time able to contend with existing methods 

based upon the Smart-Seq2 protocol. As a proof of prin-

ciple, we successfully explore whole transcriptome se-

quencing with T-cell leukemia (Jurkat) total RNA. Due to 

the rapid and chemoselective nature of CuAAC reactions, 

we foresee possible applications in single cell RNA-seq 

with unparalleled sensitivity upon further optimization. 

Unbiased addition of sequencing adapters may also facil-

itate protocols that rely on blockade of reverse transcrip-

tion like in SHAPE-seq or sequencing of RNA modifica-

tions (e.g. m1A or pseudouridine), which prohibit the ap-

plication of template switching.23–26 

 

Click chemistry-based dsDNA libraries for Third Gen-

eration Sequencing were prepared by 3’ azido-labelling of 

reverse transcribed cDNA via anchored poly(dT) primer, 

followed by a CuAAC and subsequent PCR amplifica-

tion. All individual steps of the introduced library prepa-

ration are reproducible, high yielding and easy to per-

form. The Cu(I) catalyzed azide-alkyne cycloaddition us-

ing BASECLICK’s solid heterogeneous Cu(I) catalyst sys-

tem enables straightforward click conditions without de-

gassing the reaction mixture and simple workup condi-

tions. By the incorporation of an extra, quadruple degen-

erated nucleotide at the 3’- end of the forward primer the 

quality of the PCR was enhanced significantly.  

 

We directly compared Nanopore sequencing experi-

ments of the two libraries (eGFP and Jurkat), generated 

via click chemistry -based and standard protocol (based 

on template switching reaction) library preparation, re-

spectively. The generated sequencing data proves that the 

performance of the click-chemistry based library in both 



 

amplicon and transcriptome sequencing can compete 

with standard protocols.  

 

In conclusion, our novel library preparation method en-

ables the reliable generation and amplification of full-

length reverse transcripts for long read sequencing while 

avoiding templated ligation and overrepresentation of ‘5-

guanosine-containing sequences. Our method offers an 

attractive alternative to standard methods, potentially al-

leviating G-bias in template switching protocols, as well 

as forming the basis for future development of more so-

phisticated workflows such as single cell- and long-read 

amplicon sequencing.27 Given the modular-nature of 

click chemistry, an extremely diverse range of applica-

tions is in principle possible. Our library preparation 

could further be applied for analyzing differential gene 

expression and quantifying splicing variants as well as fu-

sion transcripts.  

 

Custom Oligonucleotides 

Short oligonucleotides and primers used in this study 

were provided by BASECLICK GMBH (Neuried, Germany) 

and were synthesised using standard phosphoramidite 

chemistry. HPLC-purified products were stored at -20 °C 

as lyophilised solids. 

 

mRNA Synthesis 

In order to generate cDNA libraries for Third Genera-

tion Sequencing, mRNAs encoding for the enhanced 

green fluorescent protein (eGFP) and T cell leukemia 

(Jurkat) total RNA were first prepared or purchased as 

model systems. Jurkat Total RNA was purchased from 

THERMOFISHER SCIENTIFIC, while the desired mRNA 

constructs of eGFP (Figure S6) were prepared by in vitro 

transcription from a linearised DNA template containing 

a T7 promoter and a 120mer poly(A)tail according to a 

modified version of a previously established protocol 

from Croce and co-workers (Figure S5).17 Reaction mix-

tures were prepared with the TranscriptAid T7 High Yield 

Transcription Kit (THERMOFISHER SCIENTIFIC) by mixing 

the following components in a 200  µL PCR tube: linear 

plasmid DNA (1 µg); 8 µL NTP mix (2.5X; 100mM 

ATP/CTP/GTP/UTP solutions); 4 µLTranscriptAid Reac-

tion Buffer (5X); 2 µL TranscriptAid Enzyme Mix and 

nuclease-free H2O to achieve a final volume of 20 µL. 

The samples were incubated for 2 h at 37 °C, cooled to 4 

°C for 3 min and purified with the QIAquick PCR Purifi-

cation Kit from QIAGEN. The concentrations were meas-

ured with the Qubit™ Fluorometer and the samples qual-

ity was analysed via agarose gel electrophoresis.  

 

 

First Strand cDNA Synthesis 

Prior to reverse transcription (RT), the poly(dT) pri-

mers (RTP1-RTP6) were hybridised to the template by 

mixing the following components in a 200 µL PCR mi-

crotube: 1 µL of eGFP mRNA (600- 650 ng) or Jurkat to-

tal RNA (1-2 µg); 1 µL dNTP Mix (10 mM); 1 µL (RTP1-

RTP6; 100 µM), and 10 µL Nuclease-free H2O to achieve 

a final volume of 13 µL. After mixing with a pipette, the 

mixture was briefly centrifuged and transferred to a ther-

mal cycling block with a lid temperature of 105 °C. The 

samples were then heated to 65 °C for 5 min and cooled 

to 4°C for 3 min. Afterwards, 4 µL of SuperScript™ IV 

5X Buffer, 1 µL of DTT (100 mM), 1 µL of SuperScript™ 

IV Reverse Transcriptase (200 U/µL) and 1 µL of 

RNaseOUT™ Recombinant Ribonuclease Inhibitor (40 

U/μL) were added to reach a final volume of 20 µL. The 

resulting samples were mixed and briefly centrifuged, and 

the following temperature program for the RT was per-

formed: 20 min at 50 °C, 10 min at 80 °C, cooled down 

to 4 °C and hold for 3 min.  

For the following mRNA digestion, to each reaction 

mixture from the previous step were added to the follow-

ing components: 3 µL RNase H Reaction Buffer (10X); 

1.4 µL RNase H (5 U/µL); 1 µL RNase A (10 mg/µL) and 

4.6 µL Nuclease-free H2O to achieve a final volume of 30 

µL. The digestion was performed as follows: 30 min at 37 

°C, 15 min at 65 °C, cooled down at 4 °C and hold for 3 

min. The digested cDNAs were then purified using a QI-

Aquick PCR Purification Kit from QIAGEN. Elution was 

performed using nuclease-free H2O. 

 

Azide Elongation and CuAAC  

The samples for the Azide Elongation were prepared by 

mixing the following components in a 200 µL PCR tube: 

15 µL to 17 µL purified cDNA (eGFP: 1000-1300 ng; 

Jurkat: 900-950 ng); 1 µL 3’-Azido-2’,3’-ddGTP (10 

mM); 2 µL TdT (20 U/µL); 5 µL TdT Reaction Buffer 

(5X) and if necessary, sufficient nuclease-free H2O to 

achieve a final volume of 25 µL. Azide elongation was 

performed by incubating the sample for  1.5 h at 37 °C, 

then cooled down to 4 °C and hold for 3 min. The samples 

were purified as described above, again using nuclease-

free H2O for elution.  

CuAAC reactions to ligate the 3’-azido-labelled cDNA 

with the alkyne adapter (AA1) were prepared by mixing 

the following components in 1.5 mL tube: a solution con-

taining the single stranded N3-labelled cDNA (eGFP: 

440-460 ng; Jurkat: 450-650 ng) obtained from the previ-

ous step in nuclease free H2O (9 to 28 µL) was combined 

by mixing with an appropriate volume of BASECLICK’s 

proprietary ‘5X activator’ solution to obtain a 1X final 

concentrated solution. Afterwards 2 pellets of 

BASECLICK’s proprietary heterogeneous ‘reactor’ catalyst 

system; 0.5 µL AA1 (100 µM) and if necessary, nuclease-

free H2O, were added and mixed (final volume 12.5 - 40 

µL). The click reactions were performed in the 



 

thermomixer at 45 °C for 1.5 h at 600 rpm. Subsequent 

purification was performed using a QIAquick PCR Puri-

fication Kit from QIAGEN. 

 

PCR Amplification 

PCR reactions to generate dsDNA libraries were pre-

pared using a modified Taq DNA Polymerase (Lon-

gAmp® Taq 2X Master Mix from NEW ENGLAND 

BIOLABS) according to the manufacturer’s instructions, 

and with the following profile: 30 s at 94 °C; 35 x [20 s 

at 94 °C, 30 s at 57 °C, 1-2 min at 65 °C]; final extension 

10 min at 65 °C. Individual primer concentrations (FP1-3 

and RP1-6 respectively; see table S1) for each experiment 

were 0.4 μM, and 2.6 to 8.2 ng clicked-cDNA was used 

as the template for each 25 μL reaction. Annealing tem-

peratures were calculated with respect to the specific pri-

mer pair using the OligoAnalyzer™ Tool from 

INTEGRATED DNA TECHNOLOGIES. Elongation times 

were calculated according to the anticipated PCR product 

length using the formula t(s) = fragment size(kB) x 60. 

PCR products were imaged via agarose gel electrophore-

sis in Tris-acetate-EDTA buffer and stained using an 

aqueous solution of approximately 0.2 μg/mL ethidium 

bromide. PCR products were further purified using the 

QIAquick PCR Purification Kit from QIAGEN. 

 

ONT Sequencing 

Amplified PCR products derived from clicked-cDNAs 

were converted into sequencing libraries using the Liga-

tion Sequencing Kit (SQK-LSK109), according to the 

Genomic DNA by Ligation protocol and subsequently se-

quenced on a MinION flow cell (R10.3) with a MinION 

sequencing device (OXFORD NANOPORE 

TECHNOLOGIES). For individual samples, 1 μg of PCR-

amplified cDNA was carried through to the first step of 

the kit protocol.  

For standard mRNA sequencing without click chemis-

try (eGFP mRNA: see mRNA Synthesis; Jurkat Total 

RNA: purchased from THERMO FISCHER SCIENTIFIC) li-

brary preparation was performed according to the cDNA-

PCR-Sequencing (SQK-PCS109) kit instructions from 

OXFORD NANOPORE TECHNOLOGIES. The supplied proto-

col employs strand switching (TS) with kit-supplied oli-

gonucleotides, as with the Smart-Seq2 protocol. The li-

brary was subsequently sequenced on a MinION flow cell 

(R10.3) with a MinION sequencing device (OXFORD 

NANOPORE TECHNOLOGIES).  

The individual steps of the commercially available kits 

were performed as directed, with the exception of sample 

purification, where we instead employed CleanNGS 

beads from CLEANNA instead of the recommended 

product Agencourt AMPure XP beads from BECKMAN 

COULTER.  

 

Bioinformatic analysis 

Jurkat cDNA reads derived from the TS library on the 

MinION device were cleaned for adapter contamination 

with Porechop (https://github.com/rrwick/Porechop) with 

default parameters. The click-library was trimmed with 

Porechop using the custom adapter sequence 

ACGCTCTTCCGATCTAC/GTAGATCGGAAGAGCG

T which can be found on both cDNA ends after PCR am-

plification with primer FP1. Mapping of reads against the 

Homo sapiens DNA primary assembly release 10528 was 

performed with Minimap2 (https://github.com/lh3/min-

imap2)29 using the parameter set “-ax splice”. The eGFP 

amplicon reads were trimmed with Porechop for the cus-

tom sequence 

“GACGCTCTTCCGATCT/AGATCGGAAGAGCGTC”

, which is present on both ends of each fragment. For 

mapping of the eGFP amplicon (see Figure S8) with min-

imap2, the parameter set “-ax map-ont” was used.  

Dataset statistics were calculated and visualised with 

NanoComp.30 Mapping graphics were generated with 

IGV 2.12.2 31 and assembled with Adobe Illustrator CS6 

and Affinity Designer.  

Transcript abundance was estimated by generating 

pseudoalignments against the Ensemble cDNA release 

10528 with kallisto22 using read-length statistics from the 

NanoComp output. The Venn diagram was generated with 

R version 4.1.3 using the packages limma32and VennDia-

gram33 and adapted with Adobe Illustrator CS6 and Af-

finity Designer. 

 

Supporting Information 

 

The Supporting Information is available free of charge on 

the ACS Publications website. 

 

Oligonucleotide sequences, agarose gel images, elec-

tropherogram data, map of the plasmid, sequences of the 

mRNA model system (eGFP) and additional sequencing 

data analysis (PDF).  
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