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20
21  SUMMARY:
22  Here, we present a protocol to use thiazole orange for the detection of DNA in gel
23 electrophoresis experiments. The use of thiazole orange allows elimination of ethidium
24 bromide, and fluorescence detection can be achieved with either UV or blue light.
25
26  ABSTRACT:
27  DNA gel electrophoresis using agarose is a common tool in molecular biology laboratories,
28 allowing separation of DNA fragments by size. After separation, DNA is visualized by staining.
29  This article demonstrates how to use thiazole orange to stain DNA. Thiazole orange compares
30 favorably to common staining methods, in that it is sensitive, inexpensive, excitable with UV or
31 blue light (to prevent sample damage), and safer than ethidium bromide. Labs already
32 equipped to run DNA electrophoresis experiments using ethidium bromide can generally switch
33  dyes with no additional changes to existing protocols, using UV light for detection. Blue-light
34  detection to avoid sample damage can additionally be achieved with a blue-light source and
35 emission filter. Labs already equipped for blue-light detection can simply switch dyes with no
36 additional changes to existing protocols.
37
38 INTRODUCTION:
39 The purpose of this method is to identify DNA in agarose gels using thiazole orange (TO) for
40 fluorescence detection. Due to its low cost and favorable safety profile, thiazole orange may
41  see particular benefit in undergraduate teaching labs and research labs performing molecular
42  biology, especially ligations and cloning.
43
44  Ethidium bromide remains the most common dye for detection of DNA in agarose gels. This is
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primarily because it can be obtained very inexpensively and only requires excitation with UV
light for detection. Both ethidium bromide and thiazole orange are inexpensive, with low
detection limits (1-2 ng/lane)!. There are two main drawbacks to ethidium bromide, however,
that thiazole orange improves upon.

First, ethidium bromide is a mutagen? with special handling, shipping, and disposal
requirements, whereas thiazole orange is less mutagenic (3—4x less mutagenic in Ames test)3#
and can be generally disposed of with common chemical waste.

Second, ethidium bromide requires UV light for detection. Thiazole orange can similarly use UV
light if desired, but can also be detected with blue light. UV light, while commonly used, has a
few salient disadvantages. First, it is damaging to human skin and eyes. While UV light can be
used safely by trained professionals, accidental skin or eye damage (functionally similar to
sunburns) from laboratory UV light are not uncommon particularly with inexperienced
scientists. Second, UV light is extremely damaging to DNA samples®, which reduces the success
of downstream experiments (such as ligation and transformation)>®’. TO allows detection with
blue light (Aex,max = 510 nm (488 nm and 470 nm also show strong excitation)), which does not
cause skin damage or DNA damage (although any intense light may still be harmful to eyes),
greatly decreasing the risks to both the scientist and the sample.

TO is not the only fluorescent dye alternative to ethidium bromide; its advantage is cost. TO
was discovered in the 1980s as a reticulocyte stain®, and has found utility in a number of DNA-
based fluorescence experiments®'3, It is currently sold by multiple suppliers. TO is the parent
compound of additional, more expensive, blue-light—detectable commercial dyes, and behaves
similarly during electrophoresis, using UV or blue light for detection®. Furthermore, while other
dyes are more sensitive to very low DNA concentrations than either EtBr or TO, for generic
electrophoresis experiments, such dyes are prohibitively expensive in many contexts.

PROTOCOL:
1. Preparing the gel
NOTE: For general gel electrophoresis protocols, see also P.Y. Lee, et al.*.

1.1 Mix agarose (~1% w/v, percentage can be varied for particular size separations) in buffer
(approximately 70 mL for a mini-gel (8 x 7 cm)). Buffers are commonly TAE (tris-acetate-EDTA,
40 mM Tris, 20 mM acetate, 1 mM EDTA, pH approximately 8.6) or TBE (tris-borate-EDTA, 90
mM Tris, 90 mM borate, 2 mM EDTA, pH approximately 8.3)).

1.2 Add thiazole orange to a final concentration of 1.3 pug/mL.
1.2.1 Dissolve thiazole orange in DMSO to make a 10,000x stock solution (13 mg/mL). While
not particularly light sensitive, store TO in the dark when not in use. This solution is stable at

room temperature for “months; long-term storage may be achieved by freezing aliquots
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(DMSO will freeze in a standard refrigerator). Be sure to entirely melt and resuspend a frozen
solution before use.

NOTE: The gel can also be stained with TO after electrophoresis (see step 2.6). While TO has an
improved safety profile over ethidium bromide, standard molecular biology laboratory safety
precautions should be maintained.

13 Microwave the mixture of agarose, buffer, and thiazole orange to dissolve agarose
(approximately 60 s). This step is commonly referred to as “melting”. Swirl (5 s) to aid
dissolution if needed.

NOTE: TO can also be added after microwaving if preferred.

1.4 Allow the agarose solution to cool briefly before pouring into gel casting apparatus
containing an appropriate comb.

1.5 Allow the agarose solution to solidify into a gel.

2. Loading and running the gel

2.1 Place the gel in the electrophoresis apparatus if not already present.

2.2 Add running buffer (TAE or TBE as above) to cover the surface of the gel.

2.3 Load DNA samples (commonly 10 pL) using a loading dye. Include a DNA sizing ladder
for reference.

2.4 Attach the cover and electrodes (the gel should be run toward the red anode (positive)).

2.5 Apply voltage (typically ~100V for a mini-gel, although size of gel may require a modified
voltage to prevent damaging the gel) until loading dye has traveled an appropriate distance
(approximately 4-7 cm for a mini-gel, although distance may vary depending on precise
application).

NOTE: Like ethidium bromide and many other DNA-binding dyes, thiazole orange is positively
charged. Consequently, these dyes will migrate in the opposite direction of electrophoresing
DNA. For samples which are run far down the gel for enhanced separation, eventually the dye
will separate from the smaller DNA fragments, resulting in weak staining. In these instances, the
gel should be stained as in step 2.6. This situation is not unique to TO, any positively charged
dye that reversibly interacts with DNA will exhibit this behavior (including ethidium bromide,
TO, and others).

2.6 If TO was not added prior to gel casting (step 1.2), stain by immersing the gel in the
buffer containing thiazole orange.

Page 2 of 6



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

2.6.1 Prepare enough buffer (TAE or TBE) containing 1.3 ug/mL thiazole orange to completely
cover the gel and soak the gel with gentle agitation until the bands are fully detected (roughly
20 min).

3. Visualization of thiazole orange agarose gel (UV transilluminator)

3.1 Remove the gel from the electrophoresis apparatus and place on a UV transilluminator.

CAUTION: UV light is damaging to skin and eyes. Be sure to wear appropriate eye (goggles) and
face (face shield) protection. Hands should have gloves and long sleeves should be worn.

3.2 If desired, cut out desired DNA bands from the gel (for further digestion or ligation, for
example). Expose the gel to UV light for as short a length of time as possible during excision. UV
light (regardless of DNA dye) damages DNA.

33 Extract DNA from the gel slice using a readily available kit or protocol®°.

4, Visualization of thiazole orange agarose gel (blue-light transilluminator or flashlight)
4.1 Remove the gel from the electrophoresis apparatus and place on a blue-light
transilluminator (~¥470 nm maximum emission wavelength). Alternatively, a blue LED (~470 nm)

flashlight can be directed at the gel (either from above or below).

NOTE: While sensitivity is lower using a blue-light transilluminator with ethidium bromide, DNA
stained with ethidium bromide can be detected using this blue-light protocol.

4.2 Use an amber emission filter (~560 nm longpass, either goggles or square) to filter blue
light, enabling visualization of fluorescence from DNA:thiazole orange complexes.

NOTE: Without the amber emission filter, it is very difficult to detect DNA bands due to
intensity of blue-light excitation source.

CAUTION: Although blue light lacks the ability to acutely damage tissues (contrasting UV),
prolonged exposure to intense blue light could damage eyes and amber emission goggles or
filter should be used.

4.3 If desired, cut out desired DNA bands from the gel for further applications.

NOTE: Since blue light does not damage DNA, it is not necessary to rapidly cut out bands (such
as when using UV excitation in step 3.2).

4.4 Extract DNA from the gel slice using a readily available kit or protocol®°.
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5. Image capture

5.1 Select appropriate excitation and emission settings in gel-imaging apparatus. The
excitation and emission of thiazole orange (Aexmax = 510 nm (488 nm and 470 nm also show
strong excitation, in addition to strong excitation at UV wavelengths); Aem = 527 nm) are nearly
identical to common blue-light—detectable commercial dyes, so instruments may have preset
filter settings that can be used.

NOTE: Some filter settings for blue-light—detectable commercial dyes actually use damaging UV
light for excitation, so use caution if imaging prior to cutting out bands. Use a blue-light
excitation source if possible when DNA bands will be excised after imaging.

5.2 In the absence of an imaging system with appropriate filters, place an amber filter
between the camera and the gel/blue-light excitation source.

REPRESENTATIVE RESULTS:

Thiazole orange enables detection of DNA, without using ethidium bromide and without using
DNA-damaging UV light. Ethidium bromide is well-known to be mutagenic, so eliminating it
from the lab may be advantageous. UV light damages DNA and lowers transformation efficiency
significantly, whereas blue light does not damage DNA. Detection limits are similar between
ethidium bromide, thiazole orange, and a common, blue-light—detectable commercial DNA dye
(Figure 1, see Table of Materials), with the detection limit for all three dyes being ~1-2 ng/lane
in a mini-gel®.

For common applications such as cutting out a restriction enzyme digested band, thiazole
orange is particularly well-suited. Detection of DNA with blue-light excitation is robust and
straightforward, and the scientist does not have to rush to excise DNA as they would if
detecting with UV light. A plasmid was cut with restriction enzymes to isolate an insert (Figure
2, one gel is imaged three different ways). The insert is easily detectable with TO with blue light
in addition to UV, allowing downstream applications to occur without fear of damage to the
DNA from UV exposure.

FIGURE AND TABLE LEGENDS:

Figure 1. Detection of DNA using thiazole orange, a common blue-light—detectable
commercial DNA dye, and ethidium bromide using blue or UV light. Gel slice images represent
the two-fold dilution of a 120-ng band of DNA across the gel (band is a 3.0 kb band from 2-log
ladder). This figure has been modified from O’Neil, et al.l, reproduced with permission. See
O’Neil, et al.! for complete details of the experiment.

Figure 2. Multiple images of the same thiazole orange-stained agarose gel of a restriction
digest. (A) Excitation with UV transilluminator. (B) Excitation with blue-light transilluminator.
(C) Excitation with blue-light flashlight (the tip of which is slightly visible, out of focus, in image
at bottom). Lane 1: 2-log ladder, 1 ug of total DNA (major bands of 3.0 kb, 1.0 kb, and 0.5 kb are
labeled). Lane 2: 0.5 pg of pEF-GFP plasmid DNA (5.1 kb) digested with Hindlll (expected size
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5.1 kb). Lane 3: 0.5 pg of pEF-GFP digested with Hindlll and EcoRl (expected sizes: 3.7 kb, 1.3
kb). Gel was run with 1.3 pg/mL thiazole orange in the gel. All images taken using standard
emission filter (590/110 nm), exposure optimized for intense bands.

DISCUSSION:

Ethidium bromide has long been a standard tool in the molecular biology lab, despite known
toxicity. It also suffers from requiring UV light, which damages the DNA as it is being detected.
Thiazole orange offers an inexpensive alternative to ethidium bromide, as well as useful but
expensive commercial dyes.

The benefits of thiazole orange are thus two-fold. First, thiazole orange can simply be used as a
replacement to ethidium bromide. Gels can be prepared identically to EtBr, with TO substituted
as the stain (step 1.2). Detection limits are similar (~1-2 ng/lane)’. No additional equipment is
required to switch dyes because thiazole orange can be detected with UV light (step 3) just like
EtBr. Exposure to UV light rapidly damages DNA, however, and may cause failure of
downstream experiments such as ligation and transformation®. UV light is also damaging to skin
and eyes, requiring careful safety precautions.

The second benefit of TO is that it offers the possibility of shifting away from UV excitation.
Detection with blue light (replacing step 3 with step 4) eliminates damage to DNA and limits risk
to the scientist. Blue-light excitation and detection of TO can be achieved with a blue-light
transilluminator, and also with an inexpensive blue LED flashlight (both ~470 nm maximum
emission wavelength, both requiring an amber emission filter). Appropriate application of
excitation wavelengths (step 4.1) and emission filters (step 4.2) is essential to the success of the
experiment (see also step 5.1). Light sources and emission filters are readily available, however,
and with minimal investment, labs can gain the benefits of blue-light excitation and avoid UV
light damage.
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Figure 1
*Thiazole orange: Blue light

Commercial dye: Blue light
Ethidium bromide: UV light
Thiazole orange: UV light
Commercial dye: UV light
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Table of Materials Click here to access/download;Table of
Materials;JoVE_Materials_v2.xls

Name of Material/ Equipment Company Catalog Number Comments/Description

New
England
2-log DNA ladder Biolabs N0469S
Agarose (Genetic Analysis Grade) Fisher BP1356-100
WAYLLSHI
NE WAYLLSHINE
Blue-light flashlight (Amazon) Scalable Blue LED
ChemiDoc MP Biorad 1708280
Sigma-
DMSO Aldrich D8418
ethidium bromide Fisher BP1302-10 For comparison, not necess
Thermo
Gel apparatus (Owl Easy Cast) Scientific B1A
Qiagen Qiaquick Gel extraction kit Qiagen 28704
Safe Imager Viewing Glasses Invitrogen $37103 Necessary for using blue lig
Safelmager 2.0 (Blue light
transilluminator) Invitrogen G6600 Blue light flashlight may be
SYBR Safe Invitrogen S$33102 For comparison, not necess
TAE (Tris-Acetate-EDTA) Corning 46-010-CM
Sigma-
Thiazole orange Aldrich 390062

*Glasses are also included with Invitrogen G66!
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Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Todd D. Gruber

Name:
Department: Molecular Biology and Chemistry
Institution: Christopher Newport University
Article Title:

Todd D. Gruber
Signature:

DNA electrophoresis using thiazole orange instead of ethidium bromide

Date. | 10/31/18

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to access/download;Rebuttal
Letter;Editorial_comments_addressed.docx

All editorial comments have been addressed:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.

Done.

2. Please number all references in REFERENCES Section.
Done.

3. Please define all abbreviations before use, e.g., TAE, TBE, etc.
Done.

4. Please use h, min, s for time units.

Done.

5. Step 1.2.2: This step should be written as a note.

Done.

6. 1.3: Dissolve agarose in what? How much agarose is used? How long is it
microwaved and swirled?

Done. Details have been added and the text has been modified to clarify that the step
refers to the agarose mixture made previously in step 1.1.

7. 2.4: How much sample is added?

Done.
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Permission for figure 1 Click here to access/download;Supplemental File (Figures,
12/8/2018 Christopher Newport Universi®eMay |§§mf&pg&ﬁ9gﬁem®gm$@d‘f

»
Cein nect Todd Gruber <todd.gruber@cnu.edu>

Use of image/data from published paper

Rights DE <RIGHTS-and-LICENCES@wiley-vch.de> Wed, Oct 10, 2018 at 3:17 AM
To: Todd Gruber <todd.gruber@cnu.edu>

Dear Professor Gruber,

We hereby grant permission for the requested use expected that due credit
is given to the original source.

Any third party material is expressly excluded from this permission. If any of the material you wish to use appears
within our work with credit to another source, authorization from that source must be obtained.

Credit must include the following components:

- Journals: Author(s) Name(s): Title of the Article. Name of the Journal. Publication year. Volume. Page(s).
Copyright Wiley-VCH Verlag GmbH & Co. KGaA. Reproduced with permission.

This permission does not include the right to grant others permission to photocopy or otherwise reproduce this
material except for accessible versions made by non-profit organizations serving the blind, visually impaired and
other persons with print disabilities (VIPs).

Kind regards

Bettina Loycke
Senior Rights Manager
Rights & Licenses

Wiley-VCH Verlag GmbH & Co. KGaA
BoschstralRe 12

69469 Weinheim

Germany

www.wiley-vch.de

T +(49) 6201 606-280
F +(49) 6201 606-332
rightsDE@wiley.com

WILEY
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12/8/2018 Christopher Newport University Mail - Use of image/data from published paper

Von: Todd Gruber <todd.gruber@cnu.edu>

Gesendet: Dienstag, 9. Oktober 2018 3:54

An: Rights DE <RIGHTS-and-LICENCES@wiley-vch.de>
Betreff: Use of image/data from published paper

To whom it may concern,

| recently published an article in Electrophoresis:

O'Neil, C. S., Beach, J. L., Gruber, T. D., ELECTROPHORESIS 2018, 39, 1474-1477.

| would like to submit the method used in the paper to the Journal of Visualized Experimentation (JoVE). | would like to
use parts of Figure 2 in the new submission. What do | need to do to obtain permission to do this?

Thank you very much,

Todd Gruber

Todd D. Gruber, Ph.D.

Assistant Professor

Department of Molecular Biology and Chemistry
Christopher Newport University

Office: (757) 594-7123

Forbes 3031
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