
Comparison against other commercial kits

Eight RNA targets of variable abundance were used to evaluate the 
performance of the three different cell-direct solutions. Linear detection was 
observed for 7/8 targets with the NEB-developed workflow. 

Mammalian cell culture remains a convenient and informative model system 
for studying gene expression under different conditions. Traditionally, RNA is 
first purified from treated cells prior to analysis by downstream methods 
including RT-qPCR. However, RNA isolation can be time consuming, and 
typical isolation methods can negatively impact RNA integrity and introduce 
bias. In this study, we present a streamlined, low temperature procedure 
where coordinated action of DNaseI and proteinase K effectively lyses cells, 
removes genomic DNA, and releases RNA from cells simultaneously. To 
evaluate various methods, 5-log dilutions of HeLa cells were made and 
subjected to either a column purification procedure or direct lysis. The cell-
direct procedure consistently delivered 4/5-log linear detection and 
outperformed both purification-based methods and high temperature 
methods, especially at low cell inputs. Demonstrating the utility and 
versatility of this workflow, we present quantitation of RNA levels for several 
long non-coding RNAs in cultured cells using multiplex probe-based RT-qPCR 
assays. This workflow can be easily scaled for high throughput assays.

The optimized cell direct workflow allows detection and quantitation of RNAs directly 
from cultured cells. The unique design delivers consistent quantitation for both dye-
based 1-step RT-qPCR or probe-based 1-step RT-qPCR detection.
• Applicable to both adherent cells and suspension cells
• Linear quantitation with cell dilutions
• Dynamic range of 4/5-log, up to 2,000 cells per µl lysis reaction
• Sensitivity down to few cells
• Effective removal of genomic DNA 
• Color indicator for lysate tracking
• Compatible with high throughput screening (storage of lysates/qPCR plate @ 4°C)
• Robust SYBR and probe 1-step RNA detection (single-plex as well as multiplex)

Results

Introduction

Workflow of cell direct RNA detection

The workflow coordinates cell lysis, RNA release, and genomic DNA 
removal simultaneously. Cells can be lysed directly in the well or after 
resuspension. Aliquots of lysates are then directly detected in 1-step RT-
qPCR reactions after a short 10-min lysis and 5-min termination treatment. 
The capacity of a 50µl lysis reaction is up to 100,000 cells and down to 10 
cells. 

Cell lysis optimized to retain RNA integrity

One major concern about using cell lysates directly for RT-qPCR is potential 
RNA degradation. To evaluate RNA integrity, serial dilutions of control RNA 
were spiked into lysis solution or cells before performing the procedure. The 
Cq values and efficiencies obtained are comparable between pure RNA, RNA 
plus lysis reaction, and RNA with both cells and lysis treatment, indicating 
sufficient protection of RNAs from cellular nucleases.

Reproducible results after overnight 4°C storage 

(2,000 cells/µl in lysate at the highest dilution)

When handling many samples, it is critical to protect cellular RNAs effectively. 
One-step RT-qPCR was tested using fresh lysates and run immediately or 
after overnight storage at 4°C. In addition, tests were conducted with lysates 
that were stored overnight at 4°C. All samples/reactions gave similar 
efficiencies as well as Cq values. 

Study of RNA expression levels of long non-coding RNA

Multiplex detection can evaluate a target against a reference gene in a single reaction. 
Multiplex reactions not only reduce experimental variations but also significantly 
reduce workload. b-actin together with long non-coding RNA targets NEAT1 
(NR_028272) and MALAT1 (NR_144568) were detected using the Luna probe kit, across 
5-log dilutions of both HeLa and A549 cells (2,000 cells/µl in lysate at the highest 
dilution), resulting in similar Cq values regardless of singleplex or multiplex conditions. 
NEAT1 seems to be less abundant than MALAT1 in both cell lines. The expression level 
of MALAT1 appears comparable to that of b-actin.

Convenient and sensitive RNA detection

Potential RNA loss or variation can arise during longer or more cumbersome 
processing protocols. Dilutions of cells were subject to cell-direct procedure 
or purified using a column-based purification kit. Two approaches offer 
comparable linearity with cell input up to 2,000 cells/µl lysate. The cell direct 
approach detected RNA from single cells more consistently than multi-step 
methods that required RNA purification. 

Consistent RNA quantitation observed independent of cell 
number using β-actin as a reference

The relative expression of seven genes normalized against a house-keeping gene were 
evaluated across 5-log dilutions of HeLa cells. Using this workflow, consistent ∆Cq
values (relative to β-actin) were achieved with minimal variation. The PCR efficiency is 
also calculated to validate the measurements. In contrast, alternative commercial kits 
showed much larger ∆Cq variations as well as poor efficiency.
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Linear detection of GAPDH and genomic DNA removal

In order to consistently quantitate cellular RNA, it is essential that the 
efficiency of RNA release is independent of the number of cells in the lysis 
reaction. The RNA level of GAPDH was detected over a 5-log dilution of cells 
(from 2,000 down to 0.2 cells per microliter lysis buffer). Meanwhile, the 
genomic DNA background was substantially reduced and therefore 
negligible.
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Sensitive RNA detection at low cell input

Lysis input
(Cells/µL)

RNA (Cq) DNA (Cq) ΔCq

2,000 16.10 28.55 12.45

200 19.28 31.24 11.96

20 22.26 34.09 11.83

2 26.01 36.34 10.33

0.2 29.06 38.38 9.32
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Desired efficiency range

5-log of HeLa dilutions (2,000~0.2 cells/µL) Cell dilution is NOT supported in this workflow. 
So, dilution of the lysate of 2,000 cells/µL were
used instead.
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