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The increasing demand for rapid, streamlined, and automation-friendly library preparation 
workflows has driven the development of three NEBNext UltraExpress kits: UltraExpress RNA, 
UltraExpress DNA, and UltraExpress FS DNA. These workflows were originally designed to 
provide fast, single-tube protocols with reduced incubation times and fewer cleanup steps, 
supporting efficient and scalable next-generation sequencing (NGS) library construction across 
standard input ranges. Recent workflow improvements have now enabled substantially lower input 
requirements, expanding their utility for a broader spectrum of research applications where sample 
quantity is limited.

NEBNext UltraExpress RNA was initially recommended for 25–250 ng of total RNA with 
compatibility across multiple enrichment strategies. The workflow has now been optimized to 
generate high-quality RNAseq libraries from as little as 1 ng of RNA, enabling efficient library 
preparation even when only minimal material is available.
NEBNext UltraExpress DNA (mechanically sheared) originally supported DNA inputs ranging 
from 10–200 ng. With updated workflow refinements, the kit now performs reliably with inputs 
down to 500 pg, enabling robust library generation from extremely low quantities of DNA.
NEBNext UltraExpress FS DNA (enzymatically sheared) integrates fragmentation and library 
construction and was initially recommended for 10–200 ng of DNA. The workflow has now been 
extended to support inputs as low as 100 pg, substantially reducing the amount of starting material 
required.

The expanded low-input performance of NEBNext UltraExpress RNA, DNA, and FS DNA 
workflows deliver a powerful solution for researchers working with limited sample material, all while 
maintaining the rapid processing times associated UltraExpress. Across all three workflows, high 
library yields and strong sequencing metrics were maintained even at these reduced input levels. 
The streamlined formats remain compatible with high-throughput and automated processing, 
supporting efficient integration into larger-scale workflows.

Authors would like to acknowledge the technical assistance provided by Dora Posfai, Kristen Augulewicz, Harry Bell, and Rebecca Gawron at the 
New England Biolabs’ Sequencing Core Facility.
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Optimized NEBNext UltraExpress® workflows enable high-performance RNA and 
DNA library construction from low inputs

Figure 7. GC profile and insert sizes. Libraries were prepared from 0.1, 0.5, 1 and 5 ng of a 9:1 Human NA19240 genomic DNA (Coriell 
Institute for Medical Research) and Escherichia coli gDNA (Lofstrand Labs Limited) mixed sample. Libraries were pooled and sequenced on an 
Illumina NextSeq 500/550 (2 x 75 bases). (A) Sequencing data showed consistent GC coverage and (B) insert size. Two million paired-end 
reads from each library were sampled. All libraries were adapter-trimmed with fastp (v0.23.4) and mapped to the human T2T-CHM13 genome 
and E. coli with bowtie2 (v2.5.0). Duplicates were marked with Picard MarkDuplicates, and GC coverage and insert size metrics were assessed 
using Picard CollectInsertSizeMetrics and CollectGCBiasMetrics (Picard version 3.2.0).
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Figure 6. Library QC. Libraries were 
prepared from 0.1, 0.5, 1 and 5 ng of a 9:1 
Human NA19240 genomic DNA (Coriell 
Institute for Medical Research) and 
Escherichia coli gDNA (Lofstrand Labs 
Limited) mixed sample, using the same 
adaptor amount 0.6 µM and 13, 12, 10, and 
8 PCR cycles, respectively. Final library 
quantity and fragment size distributions were 
evaluated using the the Agilent 4200 
TapeStation System with High Sensitivity 
D1000 ScreenTape.
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Figure 4. Library QC. Libraries were prepared 
from 0.5, 1, and 5 ng of Human NA19240 genomic 
DNA (Coriell Institute for Medical Research) using 
the same adaptor amount of 0.6 µM and 12, 11, 
and 9 PCR cycles, respectively. Final library 
quantity and fragment size distributions were 
evaluated using the the Agilent 4200 TapeStation 
System with High Sensitivity D1000 ScreenTape.
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Figure 5. GC profile and insert sizes. Libraries were prepared from 0.5, 1, and 5 ng of Human NA19240 genomic DNA (Coriell Institute for 
Medical Research) using the same adaptor amount and 12, 11, and 9 PCR cycles, respectively. Libraries were pooled and sequenced on an 
Illumina NextSeq 500/550 (2 x 75 bases). (A) Sequencing data showed consistent GC coverage and (B) insert size. Two million paired-end 
reads from each library were sampled. All libraries were adapter-trimmed with fastp (v0.23.4) and mapped to the human T2T-CHM13 genome 
with bowtie2 (v2.5.0). Duplicates were marked with Picard MarkDuplicates, and GC coverage and insert size metrics were assessed using 
Picard CollectInsertSizeMetrics and CollectGCBiasMetrics (Picard version 3.2.0).

NEBNext UltraExpress RNA library preparation with low input

RNA Input: 
1- 250ng

Shear 0.5 – 200 ng
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Intact DNA:
0.1 – 200 ng

Library yields and sizes from low inputs
Figure 1. Library QC. Libraries were prepared using the 
NEBNext UltraExpress RNA Library Prep Kit. Poly(A) 
mRNA was isolated using the NEBNext Poly(A) mRNA 
Magnetic Isolation Module and rRNA was removed using 
the NEBNext rRNA Depletion Kit. Universal Human 
Reference RNA (UHR; Agilent®) with ERCC RNA Spike-In 
Mix (Thermo Fisher Scientific®), added following 
manufacturer’s recommendations, was used for all inputs 
and both workflows evaluated.  For poly(A)-enriched 
samples, 5 and 10 ng of UHR RNA were prepared using 
adaptor concentrations of 0.15 µM and 0.75 µM, with 17 
and 16 PCR cycles, respectively. For rRNA-depleted 
samples, 1, 5, and 10 ng of UHR RNA were prepared 
using adaptor concentrations of 0.15 µM, 0.15 µM, and 
0.75 µM, with 18, 16, and 15 PCR cycles, respectively. 
Final library quantity and fragment size distributions were 
evaluated using the the Agilent 4200 TapeStation® System 
with High Sensitivity D1000 ScreenTape®.

NEBNext UltraExpress DNA library preparation with low input

NEBNext UltraExpress FS DNA library preparation with low input
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Figure 2. RNA-seq metrics. Poly(A)-enriched libraries were sequenced on the Illumina NextSeq® 550 using a High Output kit (2 × 76 bases), 
and 4 million read pairs were sampled from each library. rRNA-depleted libraries were sequenced on an Illumina® NovaSeq® using an SP flow 
cell (2 × 100 bases), with 5 million read pairs sampled per library. For both workflows, reads were aligned to the hg38 reference genome using 
STAR (v2.7.8a).  (A) Transcript 5′–3′ coverage profiles were computed from the top 1,000 expressed transcripts using the 
CollectRnaSeqMetrics tool (Picard v3.1.1). Both library preparation methods produced consistent and uniform coverage across transcript 
lengths and input amounts 1 ng (for rRNA depletion only), 5 ng, and 10 ng.  (B) Reads were adapter-trimmed with Flexbar (v3.5.0), and 
sequences shorter than 2 bp or containing uncalled bases were removed. The fraction of mapped reads was quantified using samtools flagstat 
(v1.9). Strand specificity was assessed using Picard CollectRnaSeqMetrics (v3.1.1). Ribosomal RNA content was estimated using BBDuk 
(v39.01) by identifying reads containing at least six k-mers (k=25) derived from rRNA reference sequences. 
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Transcript correlations across low inputs
(A) Figure 3. Transcript abundance and correlation. 

Transcript abundance was quantified using Salmon 
v1.10.1 from 4 million read pairs per poly(A)-enriched 
library and 5 million read pairs per rRNA-depleted 
library, using all GENCODE v38 and ERCC transcripts. 
Each point represents a transcript, plotted as log10 
abundance in transcripts per million. The y-axis shows 
abundance from the 10 ng total RNA input (replicate 1), 
compared against 10 ng replicate 2, 5 ng, and, only for 
rRNA-depleted libraries, 1 ng inputs on the x-axis. 
Panels (A) and (B) show results for UltraExpress RNA 
libraries prepared with poly(A) enrichment and rRNA 
depletion, respectively. R² values reflect the linear 
correlation of transcript abundance across inputs.
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Fewer steps and consumables 

Flexibility with sample types and protocols

Automation friendly volumes

Shorter hands-on time NEBNext UltraExpress RNA:
• Protocol now accommodates lower inputs down to 1 ng with 

depletion and 5 ng with poly(A) enrichment
• Total RNA to library in 4-5 hours

NEBNext UltraExpress DNA and FS:
• Protocol now compatible with inputs down to 500 pg for 

UltraExpress DNA and 100 pg for UltraExpress FS
• DNA sample to library in < 2 hours
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Insert	sizes

Library,	Measure	Names
27__UEFS_5ng_25_fold_adaptor_dil_pcrx8_5E,	Fr	+	Rf	count

27__UEFS_5ng_25_fold_adaptor_dil_pcrx8_5E,	Fr	Count

28__UEFS_1ng_25_fold_adaptor_dil_pcrx10_5G,	Fr	+	Rf	count

28__UEFS_1ng_25_fold_adaptor_dil_pcrx10_5G,	Fr	Count

28__UEFS_5ng_25_fold_adaptor_dil_pcrx8_5F,	Fr	+	Rf	count

28__UEFS_5ng_25_fold_adaptor_dil_pcrx8_5F,	Fr	Count

29__UEFS_1ng_25_fold_adaptor_dil_pcrx10_5H,	Fr	+	Rf	count

29__UEFS_1ng_25_fold_adaptor_dil_pcrx10_5H,	Fr	Count

30__UEFS_500pg_25_fold_adaptor_dil_pcrx12_6A,	Fr	+	Rf	count

30__UEFS_500pg_25_fold_adaptor_dil_pcrx12_6A,	Fr	Count

31__UEFS_500pg_25_fold_adaptor_dil_pcrx12_6B,	Fr	+	Rf	count

31__UEFS_500pg_25_fold_adaptor_dil_pcrx12_6B,	Fr	Count

32__UEFS_100pg_25_fold_adaptor_dil_pcrx13_6C,	Fr	+	Rf	count

32__UEFS_100pg_25_fold_adaptor_dil_pcrx13_6C,	Fr	Count

33__UEFS_100pg_25_fold_adaptor_dil_pcrx13_6D,	Fr	+	Rf	count

33__UEFS_100pg_25_fold_adaptor_dil_pcrx13_6D,	Fr	Count

The	trends	of	Fr	Count	and	Fr	+	Rf	count	for	Insert	Size	broken	down	by	Input	and	Adaptor	dilution.		Color	shows	details	about	Library,	Fr	Count	and	Fr	+	Rf	count.		Details	are	shown	for	Id	(Workflow

Invocations).	The	context	is	filtered	on	Id	(Workflow	Invocations)	Set,	which	keeps	54	members.	The	data	is	filtered	on	Sample,	which	keeps	NA19240_K12.	The	view	is	filtered	on	Library,	which	keeps	8
members.
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Insert	sizes

Library,	Measure	Names
38_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7A,	Fr	+	Rf	count

38_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7A,	Fr	Count

39_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7B,	Fr	+	Rf	count

39_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7B,	Fr	Count

40_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7C,	Fr	+	Rf	count

40_UEDNA_5ng_25_fold_adaptor_dil_pcrx9_7C,	Fr	Count

41_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7D,	Fr	+	Rf	count

41_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7D,	Fr	Count

42_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7E,	Fr	+	Rf	count

42_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7E,	Fr	Count

43_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7F,	Fr	+	Rf	count

43_UEDNA_1ng_25_fold_adaptor_dil_pcrx11_7F,	Fr	Count

44_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8A,	Fr	+	Rf	count

44_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8A,	Fr	Count

45_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8B,	Fr	+	Rf	count

45_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8B,	Fr	Count

46_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8C,	Fr	+	Rf	count

46_UEDNA_500pg_25_fold_adaptor_dil_pcrx12_8C,	Fr	Count

The	trends	of	Fr	Count	and	Fr	+	Rf	count	for	Insert	Size	broken	down	by	Input	and	Adaptor	dilution.		Color	shows	details	about	Library,	Fr	Count	and	Fr	+	Rf	count.		Details	are	shown	for	Id	(Workflow

Invocations).	The	context	is	filtered	on	Id	(Workflow	Invocations)	Set,	which	keeps	54	members.	The	data	is	filtered	on	Sample,	which	keeps	NA19240.	The	view	is	filtered	on	Library,	which	keeps	13	members.
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