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SUMMARY:
Here, we present a protocol to use thiazole orange for the detection of DNA in gel electrophoresis experiments. The use of thiazole orange allows elimination of ethidium bromide, and fluorescence detection can be achieved with either UV or blue light.

ABSTRACT:
DNA gel electrophoresis using agarose is a common tool in molecular biology laboratories, allowing separation of DNA fragments by size. After separation, DNA is visualized by staining. This article demonstrates how to use thiazole orange to stain DNA. Thiazole orange compares favorably to common staining methods, in that it is sensitive, inexpensive, excitable with UV or blue light (to prevent sample damage), and safer than ethidium bromide. Labs already equipped to run DNA electrophoresis experiments using ethidium bromide can generally switch dyes with no additional changes to existing protocols, using UV light for detection. Blue-light detection to avoid sample damage can additionally be achieved with a blue-light source and emission filter. Labs already equipped for blue-light detection can simply switch dyes with no additional changes to existing protocols.

INTRODUCTION: 
The purpose of this method is to identify DNA in agarose gels using thiazole orange (TO) for fluorescence detection. Due to its low cost and favorable safety profile, thiazole orange may see particular benefit in undergraduate teaching labs and research labs performing molecular biology, especially ligations and cloning.

Ethidium bromide remains the most common dye for detection of DNA in agarose gels. This is 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)1. There are two main drawbacks to ethidium bromide, however, that thiazole orange improves upon. 

First, ethidium bromide is a mutagen2 with special handling, shipping, and disposal requirements, whereas thiazole orange is less mutagenic (3–4x less mutagenic in Ames test)3,4 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 samples5, which reduces the success of downstream experiments (such as ligation and transformation)










1,6,7. TO allows detection with blue light (ex,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 stain8, and has found utility in a number of DNA-based fluorescence experiments9-13. 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 detection1. 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.14. 
 
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  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 g/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 (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. 

1.3 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 L) 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.

2.6.1 Prepare enough buffer (TAE or TBE) containing 1.3 g/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. 

3.3 Extract DNA from the gel slice using a readily available kit or protocol15.

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 protocol15.

5. Image capture

5.1 Select appropriate excitation and emission settings in gel-imaging apparatus. The excitation and emission of thiazole orange (ex,max = 510 nm (488 nm and 470 nm also show strong excitation, in addition to strong excitation at UV wavelengths); em = 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-gel1. 

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.1, reproduced with permission. See O’Neil, et al.1 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 g of total DNA (major bands of 3.0 kb, 1.0 kb, and 0.5 kb are labeled). Lane 2: 0.5 g of pEF-GFP plasmid DNA (5.1 kb) digested with HindIII (expected size 5.1 kb). Lane 3: 0.5 g of pEF-GFP digested with HindIII and EcoRI (expected sizes: 3.7 kb, 1.3 kb). Gel was run with 1.3 g/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)1. 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 transformation1. UV light is also damaging to skin and eyes, requiring careful safety precautions. 

[bookmark: _GoBack]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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