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Short Communication

Bleach gel: A simple agarose gel for
analyzing RNA quality

RNA-based applications requiring high-quality, non-degraded RNA are a foundational
element of many research studies. As such, it is paramount that the integrity of
experimental RNA is validated prior to cDNA synthesis or other downstream applica-
tions. In the absence of expensive equipment such as microfluidic electrophoretic
devices, and as an alternative to the costly and time-consuming standard formaldehyde
gel, RNA quality can be quickly analyzed by adding small amounts of commercial bleach
to TAE buffer-based agarose gels prior to electrophoresis. In the presence of low
concentrations of bleach, the secondary structure of RNA is denatured and potential
contaminating RNases are destroyed. Because of this, the ‘bleach gel’ is a functional
approach that addresses the need for an inexpensive and safe way to evaluate RNA

integrity and will improve the ability of researchers to rapidly analyze RNA quality.
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One of the major issues affecting the integrity of RNA is the
ubiquitous presence of ribonucleases (RNases). These
enzymes are present throughout the phylogenetic trees of
both prokaryotes [1] and eukaryotes [2—4] and even appear in
some viruses [5, 6]. Because these enzymes are found in
microorganisms, many of which are dispersed throughout
the air, they can easily contaminate laboratory samples. In
addition, RNases are secreted from the skin [7] and are
found in various fluids produced by the human body
including tears, saliva, mucus, and sweat. RNases rapidly
degrade RNA, some at a rate of 39.2 nmol/min per mg [8].
RNases are also resilient and resist a vast number of
chemical insults. For example, RNase A remains active in
conditions such as pH ranges between 2 and 10 [9, 10],
solutions of up to 8 M urea [11], extreme temperatures
(15-80°C) [10, 11], and boiling for 30 min [12]. If a research
sample containing RNA becomes compromised by RNases,
subsequent analyses utilizing that sample may produce
unreliable results. Therefore, laboratory precautions must
always be taken in preparing samples to inhibit degradation
of RNA.

Once RNA samples have been prepared, denaturing
gel electrophoresis is frequently used to visually assess the
quality of RNA. The denaturing gel is a time-intensive
procedure requiring toxic reagents. Denaturing gels for
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RNA analysis usually contain formaldehyde [13], formamide
[13], or urea [14, 15], but other compounds have also
been employed including glyoxal/ DMSO [16], mercuric
hydroxide [17], guanidine thiocyanate [18], and SDS [19]. A
Tris-acetate-EDTA (TAE)-based gel for RNA has previously
been described, although it requires sample preparation
with hot formamide [20]. All of these reagents disrupt the
secondary structure of RNA, allowing for proper analysis of
the sample during gel electrophoresis. However, most
of the procedures require multiple washing steps, the
use of special running buffers that increase the length
of the procedure, and special precautions due to the use of
toxic reagents.

In the past several years, microfluidics-based technolo-
gies, such as the 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA), ScreenTape™ R6 K (Lab901, now a
part of Agilent Technologies), and Experion (Bio-Rad
Laboratories, Hercules, CA, USA) have become commer-
cially available for quantitating and analyzing RNA
concentration and integrity. An attractive feature of these
electrophoresis systems is their reliability. For instance, the
2100 Bioanalyzer and ScreenTape® R6 K platforms parallel
each other in their capacity to evaluate RNA samples [21].
Indeed, these instruments are versatile tools, despite their
dependency on RNA integrity in order to perform accurate
RNA quantification [22]. Ultimately, the primary drawback
of these advanced technologies is their cost, and as a
consequence, their accessibility to many researchers.

For quick analysis of RNA integrity, our laboratory has
often replaced formaldehyde gel electrophoresis with the
use of standard TAE-based agarose gels normally used in
the analysis of DNA. It is unclear whether the degraded
RNA in these gels was due to poor-quality RNA preparation
or because RNases were present on the apparatus and
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degraded the sample while the gel was running. We there-
fore addressed this concern by incorporating common
household bleach (6% sodium hypochlorite) into a TAE and
agarose mixture prior to melting the agarose. As previous
studies have shown that protein denaturation and damage
by oxidation occurs after exposure to hypochlorite [23], we
postulate that the 6% sodium hypochlorite present in
commercial bleach denatures the secondary structure of
RNA by destroying hydrogen bonds [24] and destroys any
RNases present in the gel [23].

It is the aim of this paper to introduce an alternative
approach for analyzing RNA quality by gel electrophoresis.
By incorporating commercial chlorine bleach (6% sodium
hypochlorite; Clorox®, Oakland, CA, USA) into a standard
TAE agarose gel, we show that we can quickly visualize the
condition of an RNA sample. Figure 1 illustrates the ability
of increasing concentrations of bleach to protect RNA from
degradation by RNase A. Each 1% agarose gel solution was
initially spiked with 20 ng/mL of RNase A in order to
demonstrate the effect of bleach to inhibit the enzyme.
Although it is unlikely that this degree of contamination
would occur naturally, the use of this large amount of RNase
A demonstrates the strength of bleach towards inactivating
RNases. Increasing amounts (0-5% v/v) of commercial
bleach were added to the agarose mixtures (for each 50 mL
agarose gel, 0-2.5mL of undiluted bleach (6% sodium
hypochlorite) was added), and the solutions were incubated
at room temperature for 5-10 min (though the addition of
bleach with no incubation was equally efficacious (data not
shown)). The agarose gels were then heated to melt the
agarose and cooled. Three pL of 10mg/mL ethidium
bromide were added to each gel, and the gels were poured
into molds and allowed to solidify.

The gels were placed in mini-gel electrophoresis appa-
ratuses and submerged completely with 1 x TAE buffer.
Each gel was loaded with samples consisting of 1 x DNA
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Figure 1. Protective effect of bleach on RNA quality in RNase-
containing gels. Standard 1% TAE agarose gels were made
containing 20 ng/mL of RNase A along with various concentra-
tions of household bleach (0-5.0% v/v, Clorox®™). Each gel was
loaded with 10 uL 1 x DNA loading buffer containing 1 g of total
RNA isolated from 4T1.2 mouse mammary carcinoma cells and
run for ~35 min at a constant 100 V. The presence of 28S, 18S,
and 5.8S/56S ribosomal RNA (rRNA) bands are absent in the gel
containing 0% bleach. Increasing rRNA band integrity occurs
with bleach concentrations of 0.1-0.5% (a 0.5% bleach has 250 puL
bleach/50 mL gel). The 28S, 18S, and 5.8S/5S rRNA bands are
intact in gels with bleach concentrations of 1.0-5.0% (indicated
by arrows). An increase in bleach concentration also results in a
linear increase in amperage. These results suggest that a 1%
TAE agarose ‘bleach gel’ is best run at a concentration of 0.5-1%
v/v bleach.
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Loading buffer, prepared from a 10 x DNA loading buffer
stock (1.9mM xylene cyanol, 1.5mM bromophenol blue,
25% glycerol in sterile dH,0) and 1 pg of total RNA isolated
from 4T1.2 mouse mammary carcinoma cells using STAT-
60 (Tel-Test, Friendswood, TX, USA). The gels were run for
~35min with constant voltage (100V) prior to imaging
under UV transillumination. In the presence of 20 mg/mL
RNase A and the absence of bleach, the entire RNA sample
was degraded (Fig. 1). With the addition of bleach at
concentrations of 0.5% v/v (250 pL of household bleach per
50 mL gel) and above, degradation of RNA by RNase A did
not occur (Fig. 1).

When assessing the quality of RNA by gel electrophor-
esis, the presence of three distinct bands suggests high-
quality RNA. For eukaryotic RNA, the top band represents
28S ribosomal RNA (rRNA), which runs at ~4.8kb; the
middle band represents 18S rRNA at ~2.0 kb; and the third
band represents 5.8S (154 nt) and 5S (117 nt) RNA. Transfer
RNAs (73-93 nt) may or may not be visible [25-28]. Smeared
bands or a 28S:18S band intensity ratio below 2:1 indicate
poor RNA quality. It is clear from Fig. 1 that we obtained
high-quality RNA, based on this criterion, and were able to
analyze the RNA using the ‘bleach gel’. In addition, bands of

Table 1. Cost comparison between the ‘bleach gel’ and a
standard formaldehyde gel

1% ‘Bleach 1% Standard
Gel’ RNA gel
Gel (50 mL)¥
Agarose, 05g $0.573 $0.573
10 x TAE, 5mL $0.181 -
Bleach, 500 pL $0.00026254 -
EtBr (10 mg/mL), 2 uL $0.00848 -
10 x MESA, 5mL - $0.7725
37% Formaldehyde, 8 mL - $6.688
Loading dye (10 uL per sample)®
EtBr (10 mg/mL), 0.1 uL - $0.000424
10 x DNA loading buffer, 2 uL $0.00608 $0.00608
Formamide, 5 pL - $0.00195
37% Formaldehyde, 1.75 uL - $0.001463
Running Buffer (300 mL)
10 x TAE, 30 mL $1.08 -
10 x MESA, 30 mL - $4.635
Total cost per gel® $1.84882254  $12.678417

a) Costs were calculated for a mini-gel using 50 mL of gel
volume.

b) These costs assume a single 10 uL sample run per gel. Price
differences become greater with increasing numbers of samples.

c) The total cost does not include water, DEPC-treated water, and
shipping costs. The cost analysis was calculated in 2009. All
prices were for ready-to-use solutions obtained from Sigma-
Aldrich (St. Louis, MO, USA), except for Clorox™ bleach, which
was from Albertson’s (Supervalu, Eden Prairie, MN, USA).
Product numbers are available upon request. TAE (Tris-acetate-
EDTA), MESA (MOPS-EDTA sodium acetate), EtBr (ethidium
bromide).
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Table 2. ‘Bleach gel’ protocol

STEP

‘Bleach Gel’ preparation
1 Add 1.0% w/v agarose® to 1 x TAE buffer®, e.g. 0.5 in 50 mL
2 Add 1.0% v/v Clorox® bleach®, e.g. 500 pL in 50mL, and
incubate at room temperature for 5 min, with occasional swirling

3 Heat the suspension to melt the agarose

4 Allow solution to cool before adding ethidium bromide® to a
final concentration of about 0.5 pg/mL

5 Pour solution into gel mold and allow the ‘bleach gel’ to solidify

Load and run RNA samples

6 Load RNA sample mixed with 10 x DNA loading buffer® to a
final concentration of 1 x . Also, load DNA ladder

7 Electrophorese gel in 1 x TAE buffer at 100 V for approximately
35 min, before visualizing by UV transillumination

a) Agarose (Invitrogen, Carlsbad, CA, USA).

b) 10 x TAE buffer (Sigma-Aldrich).

c) Commercial bleach, 6% Sodium Hypochlorite (Clorox®,
Oakland, CA, USA).

d) Ethidium bromide (10 mg/mL) (Sigma-Aldrich).

e) 10 x DNA loading buffer (1.9 mM xylene cyanol, 1.5 mM
bromophenol blue, 25% glycerol in sterile dH,0) (Sigma-
Aldrich).

a 1kb DNA ladder (New England BioLabs, Ipswich, MA,
USA) were intact (data not shown), suggesting that DNA
integrity is maintained in the ‘bleach gel’.

With increasing bleach concentrations, the electrical
resistance through the gel was decreased, resulting in a
linear increase in milliamps (mA). At very high concentra-
tions of bleach, increased amperage was needed to reach the
desired voltage (Fig. 1). Although only Clorox® bleach was
used in our ‘bleach gels’, bleach as old as three years was
tested and performed as well as Clorox®™ bleach less than a
year old (data not shown). Whether other brands of bleach
may be effective remains unknown. Moreover, if the bleach
were added after the agarose was melted, the bleach could
interfere with the setting of the gel and have deleterious
effects on the ethidium bromide used to stain the RNA (data
not shown). By adding the bleach prior to melting the
agarose suspension, the aforementioned conflicts were
circumvented. As an alternative to TAE-based agarose gels,
TBE buffer-based gels are commonly used in DNA electro-
phoresis. In a ‘bleach gel’ made with TBE, RNase inactiva-
tion and RNA denaturation were comparable to that of a
TAE-based ‘bleach gel’ (data not shown). Finally, a cost
comparison was performed and the outcome demonstrated
that a 50 mL ‘bleach gel’ costs approximately sevenfold less
than a standard RNA analysis gel containing formaldehyde
(Table 1). The simplicity of preparing the ‘bleach gel’ parallels
that of an agarose gel for analyzing DNA. For these reasons,
our short protocol (Table 2) is an economical and convenient
option for analyzing RNA integrity.

While using readily available and cost-effective reagents,
this new procedure minimizes preparation time, is simple
to execute, and reduces the amount of toxic agents used. In
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conclusion, we believe the simple ‘bleach gel’ is an effective,
safe, affordable and rapid way to evaluate RNA quality.
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