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Abstract 

Denaturing gradient gel electrophoresis (DGGE) is a commonly used molecular technique for 20 

rapid fingerprint analysis of microbial community composition, diversity, and dynamics. The 

method is rapid and affordable, allowing multiple samples to be processed simultaneously. This 

protocol provides a background to the theory and progress in DGGE techniques, and offers a 

detailed step-by-step procedure for laboratories employing DGGE for the analysis of bacterial 

populations from environmental samples. Potential sources of bias are highlighted in addition to 25 

a detailed troubleshooting section that helps overcome common problems associated with DGGE 

analyses. The protocol outlines steps for preparing gel solutions, pouring gels, operating the 

DGGE apparatus, and excising fingerprint bands of interest for sequencing. All the required 

reagents and supplies are listed, as are the sequences of the most commonly used PCR primer 

sets for DGGE of bacterial 16S rRNA gene amplicons. A comparison of the three major 30 

providers of DGGE apparatuses is also included. 

 

Introduction 

Denaturing gradient gel electrophoresis (DGGE) is a molecular technique for separating double-

stranded PCR products of similar length but differing sequence composition. The technique 35 

exploits a physicochemical fundamental of DNA base-pairing: adenine-thymine bonding is 

maintained by two hydrogen bonds and guanine-cytosine bonding is stronger, maintained by 

three hydrogen bonds (Crick and Watson, 1954). The technique further exploits the distinct 

mobilities of double-stranded and partially denatured DNA in a polyacrylamide matrix (Fischer 

and Lerman, 1979, 1980, 1983). The melting of double-stranded DNA (dsDNA) is achieved 40 

during electrophoresis by an increasing concentration of DNA denaturants (commonly urea and 

formamide). As dsDNA is denatured, the molecule's mobility is significantly retarded in 

comparison to the double-stranded, helical molecule (Muyzer et al., 1993). Although the 

differential mobility of DNA molecules in the denaturing gradient is generally consistent with 

GC content (Figure 1), the reality can be more complex. Fischer and Lerman (1980) proposed 45 

that a dsDNA molecule migrates in a denaturing gradient gel until its least stable region is 



melted. Thus, changes in base-pair sequences in a melting domain can significantly impact 

mobility of the overall molecule. Further, a long GC-rich sequence is incorporated into one of 

the primers (Myers et al., 1985; Sheffield et al., 1989). This "GC-clamp", generally 40 bases 

long and positioned at the 5' end of the forward primer, becomes incorporated into every 50 

amplicon generated during the PCR. This clamp prevents complete denaturation of the products, 

which would result in single-stranded fragments migrating out of the gel. 

The application of DGGE to the field of microbial ecology was pioneered by Gerard Muyzer and 

coworkers (1993). In that study, characterization of a complex microbial community by 

polymerase chain reaction (PCR; Saiki et al., 1985)-DGGE (hereafter referred to as DGGE) of 55 

ribosomal RNA (rRNA) genes was pioneered. For the application of DGGE, the most useful 

features of rRNA genes include their presence in the genome of all known organisms, a highly 

conserved structure, and a mixture of highly conserved and highly variable regions (e.g. Woese, 

1987). This mixture of conserved and variable regions aids molecular analyses: the conserved 

regions serve as priming locations, while the variable regions provide sequence divergence for 60 

phylogenetic analyses and for separation by DGGE. Muyzer et al. (1993) initially targeted the 

third variable region (V3) of the bacterial small subunit (SSU; 16S for Bacteria and Archaea) 

rRNA gene (according to Neefs et al., 1993) by amplifying a region from positions 341 to 534 

(Escherichia coli numbering). Genomic DNA, extracted from an environmental sample, was 

subject to PCR amplification with primers targeting most bacterial 16S rRNA genes. The 65 

amplicons from this reaction were then analyzed by DGGE, resulting in a complex banding 

pattern representing the predominant in situ bacterial populations. The V3 to V5 regions of the 

16S rRNA genes amplified by the primer sets established by Muyzer et al. (1993) and Muyzer et 

al. (1998) are among the most useful for microbial community analysis (e.g. Yu and Morrison, 



2004; Wang et al., 2007) and are still commonly targeted by primers for microbial community 70 

DGGE analysis (Table 1). The SSU rRNA genes also serve as common targets for microbial 

community analysis of Archaea and Eukaryotes (Table 2) 

 

Table 1. Common primer sets for PCR of 16S rRNA genes for DGGE analysis of bacterial 

communities
1
. References represent the first use of the primer sets for DGGE analysis, to the 75 

best of our knowledge. 

Primer
2
 Sequence (5' → 3') 

16S rRNA 
gene 

position (E. 

coli 

numbering) 

16S 
variable 
regions 

Gradient and 
polyacrylamide 
concentration

3
 

Reference 

      

63F* CAG GCC TAA CAC ATG CAA GTC 46-63 30-40/60-80 

338R GCT GCC TCC CGT AGG AGT 355-338 
V1-V2 

8% polyacrylamide 
(Nikolausz et al., 2005) 

      

63F* CAG GCC TAA CAC ATG CAA GTC 46-63  30-40/60-80 

518R ATT ACC GCG GCT GCT GG  534-518 
V1-V3 

6% polyacrylamide 

(El Fantroussi et al., 
1999) 

      

341F* CCT ACG GGA GGC AGC AG 341-357 15-30/60-70 

518R 
ATT ACC GCG GCT GCT GG 

534-518 
V3 8% or 10% 

polyacrylamide 

(Muyzer et al., 1993) 

      

341F* CCT ACG GGA GGC AGC AG 341 - 357 20-30/60-80 

907R
5
 CCG TCA ATT CMT TTG AGT TT 926 - 907 

V3-V5 
6% polyacrylamide 

(Muyzer et al., 1998) 

      

968F* AAC GCG AAG AAC CTT AC 968-984 30-40/60-70 

R1401-a
4
 CGG TGT GTA CAA GGC CCG GGA ACG 1401-1378 6% polyacrylamide 

(Heuer et al., 1997) 

R1401-b
4
 CGG TGT GTA CAA GAC CCG GGA ACG 1401-1378 

V6-V8 

  

      

1055F ATG GCT GTC GTC AGC T  1055-1070  35/80 

1406R*
5
 ACG GGC GGT GTG TRC  1406-1392 

V8  
6% polyacrylamide 

(Ferris et al., 1996) 

      

GC-Clamp CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG G (Muyzer et al., 1993) 

1 
 Many of these primer sets have been directly compared in a recent study by Sanchez et al. 2007.  

2
An "*" indicates that a GC-clamp was attached to the 5' end of this primer. 

3
Low concentration range / high concentration range. 

4
See Brons and Van Elsas (2008) for analysis of many primer variants at this approximate position. 

5 
Standard nucleotide codes; M = A or C and R = A or G. 

 



Table 2. Select primers for PCR of small subunit (SSU) rRNA genes for DGGE analysis of 

archaeal and eukaryotic communities. References represent the first use of the primer sets for 

DGGE analysis, to the best of our knowledge. 80 

Primer
1
 Sequence (5' → 3') 

SSU rRNA 
(16S / 18S) 

gene 
position

2
 

Gradient and 
polyacrylamide 
concentration

3
 

Reference 

Archaea
4,5

     

ARC344f*
6
 ACG GGG YGC AGC AGG CGC GA 344-363 20-30/60-80 

ARC915R GTG CTC CCC CGC CAA TTC CT 934-915 6% polyacrylamide 
(Casamayor et al., 2000) 

     

Eukarya
7
     

Euk1A CTG GTT GAT CCT GCC AG 4-20 40/65 

Euk516R* ACC AGA CTT GCC CTC C 563-548 6% polyacrylamide 
(Diez et al., 2001) 

     

Fungi
8
     

NS1 GTA GTC ATA TGC TTG TCT C 20-38 18/43-58 

FR1
8
* AIC CAT TCA ATC GGT AIT 1665-1648 

7.5% 
polyacrylamide 

 
(Vainio and Hantula, 

2000) 

     
1
An "*" indicates that a GC-clamp was attached to the 5' end of this primer.

 

2
16S rRNA gene positions according to E. coli, 18S rRNA gene positions according to Saccharomyces cerevisiae. 

3
Low concentration range / high concentration range. 

4 
See Yu et al. (2008) for a direct comparison of a series of different primer sets for DGGE analysis of Archaea. 

5 
Because of the relatively few mismatches (often simply increased degeneracies) between archaeal and bacterial 16S 

rRNA gene primers, mismatch amplification of bacterial with archaeal primers or vice versa is possible. Sequencing of 
PCR amplicons should be performed to verify that the DGGE bands represent organisms from the domain of interest. 

6 
Standard nucleotide codes: Y = C or T, I = Inosine. 

7 
 See Diez et al. (2001) for direct comparison of several primer sets for DGGE analysis of Eukaryotes. 

8 
 See Vainio and Hantula (2000) for comparison of several primer sets for DGGE analysis of 18S rRNA genes of Fungi. 

The internal transcribed spacer (ITS) region is also frequently employed for fungal analysis. 

 

Despite the rapid development of high-throughput and inexpensive sequence analyses, DGGE 

continues to serve as an important component of experimental and exploratory analyses of 

microbial communities. Muyzer et al. (1993) indicated that DGGE "…provides an immediate 

display of the constituents in both a qualitative and a semi-quantitative way, and second it is less 85 

time-consuming and laborious [than sequencing]". The ability to process multiple samples 

rapidly and economically is the primary advantage of the DGGE technique. In principal, one 



could extract DNA from a collection of samples, PCR amplify, run a gel overnight, and analyze 

DGGE fingerprints the following day. For DGGE itself, the protocol costs little more than the 

polyacrylamide and buffers required to prepare the gels. In addition, fingerprint bands of interest 90 

can be physically excised from the DGGE gel and sequenced. DGGE analyses have also been 

shown to have great flexibility in terms of gene target and target region, and the methodology 

has also become a useful companion to other molecular techniques such as stable isotope probing 

(SIP; Radajewski et al., 2000; Neufeld et al., 2007) and direct comparison of DNA- and RNA-

based fingerprints to compare active and predominant community members (e.g. Cytryn et al., 95 

2005).  

Conversely, the method suffers from several potential technical pitfalls and several of these 

issues are addressed within the protocol itself and in the subsequent ‘Troubleshooting’ section. 

The method also has inherent practical limitations. For example, Muyzer et al. (1993) suggested 

a general rule of thumb: any target DNA that is less than 1% of the total target pool is unlikely to 100 

be detected by DGGE. As such, DGGE analyses should be considered to represent only 

predominant organisms or ‘phylotypes’ in a community. As a related caveat, when analyzing 

highly diverse environments, discrete fingerprint bands may not always be discernible, leading to 

smearing or poorly resolved patterns. Additional concerns include lane-to-lane and gel-to-gel 

variability, co-migration of DNA molecules of different sequence, and potential multiple bands 105 

derived from single organisms with multiple variable 16S rRNA gene operons. Because the 

method is PCR-based, biases associated with PCR amplifications are also incorporated into the 

analyses.  

To overcome these realized and potential pitfalls, the use of DGGE as a tool for analysis of 

microbial communities has grown in sophistication. For example, Neufeld and Mohn (2005) 110 



demonstrated the potential application of fluorophore-labeled primers for normalizing DGGE 

fingerprints within and between gels. The availability of sophisticated (and costly) software for 

comparing DGGE profiles for cluster analysis has strengthened the comparisons possible for 

DGGE fingerprints and increased the ability for DGGE fingerprints to be integrated with 

additional datasets. For acquiring sequence information from DGGE, many express concern 115 

about the limited sequence length recoverable from the relatively short DNA fragments 

commonly used for DGGE. However, recent high-throughput advances in 16S rRNA gene 

sequence analyses have revealed that ≤250 bases of sequence information in the appropriate 

region of the 16S rRNA gene can be sufficient for identification purposes, depending on the 

phylogenetic specificity required (Wang et al., 2007). With the increasing use of high throughput 120 

sequencing techniques such as serial analysis of ribosomal sequence tags (SARST; Neufeld et 

al., 2004) and pyrosequencing (e.g. Roesch et al., 2007), this limitation of DGGE seems less 

troubling than it previously did. Nonetheless, in order to best complement community fingerprint 

profiles with sufficient community phylogenetic information, DGGE fingerprint analyses are 

ideally coupled to clone library analyses of selected samples (see Leigh et al protocol in this 125 

book). The use of nested PCR can also allow users to couple long sequence reads with DGGE 

profiles (e.g. Dar et al., 2005; Green et al., 2007) for well integrated molecular studies of 

multiple microbial communities. 

DGGE analyses are most effective for the analysis of samples with lower relative diversity. 

Nonetheless, studies have successfully employed DGGE for comparisons of complex microbial 130 

communities, such as those found in soil samples (Figure 2). Additionally, when high 

community diversity prevents clear fingerprint resolution or populations of interest exist at less 

than ~1% of the total community, taxon-specific (e.g. Mühling et al., 2008) primers help 



partition the community to focus on taxonomic subsets. Alternatively, novel two-dimensional 

polyacrylamide gel analysis of variable length PCR products from the spacer region between the 135 

16S rRNA and 23S rRNA genes is also a powerful approach for comparing the taxonomic 

composition of a small number of highly complex communities (Jones and Thies, 2007). Of 

relevance to bioremediation, functional gene primers may also be appropriate targets for DGGE 

fingerprinting to characterize subpopulations that are responsible for particular metabolic 

functions. Functional genes characterized by DGGE include methyl coenzyme-M reductase 140 

(Wilms et al., 2007), dissimilatory sulfite reductase (Karr et al., 2005; Geets et al., 2006; Wilms 

et al., 2007), monooxygenase genes including ammonia and methane monooxygenases (Oved et 

al., 2001; Hoffmann et al., 2002; Hendrickx et al., 2006), dioxygenase genes (Morimoto et al., 

2005), and nitrite and nitrous oxide reductases (Throback et al., 2004).  

In this protocol, we present a detailed procedure for DGGE of 16S rRNA genes but underline 145 

that many phylogenetic and functional gene primer sets have been developed for DGGE analyses 

and researchers should verify the appropriate primer set for specific applications. For additional 

DGGE developments and protocol details, we recommend the DGGE blog and its associated 

guide (Green, 2006). For additional troubleshooting help, the DGGE Yahoo online discussion 

group (http://tech.groups.yahoo.com/group/dgge/) is very helpful. 150 

Procedural Comments 

We do not explicitly consider nucleic acid extraction and PCR amplification (other than choice 

of appropriate primers) in this protocol although these steps are critical for all molecular analyses 

and are discussed elsewhere in this book. Nonetheless, it is worth indicating that rigorous 

physical lysis methods (i.e. bead-beating) are recommended for DGGE to reduce bias. Because 155 



short amplicons are utilized for DGGE analyses, a degree of DNA shearing is not a concern. 

With respect to DGGE, roughly 300-500 ng of sample PCR product is typically loaded in each 

lane. This value is not absolute, and can depend on the diversity of the environmental sample, gel 

staining methods, and imaging techniques. Note that for screening of clones with only a single 

phylotype, much lower amounts of PCR product (10-50 ng) should be loaded to avoid band 160 

smearing. Likewise, the sensitivity of the nucleic acid stain (e.g. ethidium bromide, Sybr stains, 

silver stains) can also affect the amount of DNA required for detection. Although PCR 

purification is generally not performed prior to DGGE, PCR products should be screened 

initially by agarose gel electrophoresis in order to confirm the size and approximate quantity of 

PCR product, and ensure that the negative control did not produce visible amplicons (especially 165 

critical for bacterial 16S rRNA gene analyses). Any standard loading buffer (e.g. bromophenol 

blue and glycerol) can be combined with PCR product to a final concentration of 1-1.5X for 

loading. Although most sample PCR amplifications generate similar and sufficient amounts of 

product for analysis, if necessary, multiple volumes of samples with weak PCR yield can be 

loaded sequentially onto a DGGE gel by allowing the first volume to migrate briefly into the gel 170 

prior to adding additional volumes (Green, S.J., unpublished observation). 

DGGE gels are made with polyacrylamide concentrations (wt/vol) ranging from 6% to 10% and 

denaturant concentrations ranging from 0% to 80% (where 100% denaturant is 7 M urea and 

40% deionized formamide). The polyacrylamide concentration depends on the size of the PCR 

products being separated: 6% separates 300-1000 bp, 8% separates 200-400 bp, and 10% gels are 175 

used for 100-300 bp products. An iterative, empirical approach is often used to optimize gradient 

conditions: initially, the gradient is poured wider than necessary and subsequently narrowed (if 

desired). The denaturant gradients predicted by Yu and Morrison (2004) and prior published 



gradients can serve as starting points for optimization with specific samples. Although in some 

cases better separation can be achieved with a narrow gradient, narrow gradients can also lead to 180 

fuzzy or diffuse bands. Some empirical optimization may be required; this can also be tested 

using a horizontal gel (see Muyzer et al., 1993). 



Protocol 

Warning: The preparation and imaging of DGGE gels requires the use of several toxic chemicals 

(formamide, acrylamide, N,N,N',N'-Tetramethylethylenediamine or TEMED). Take appropriate 185 

precautions when handling these compounds including the use of powder-free gloves for all 

steps of the procedure. 

The preparation of DGGE gels involves the following steps: apparatus cleaning and assembly, 

solution preparation, gradient casting and polymerization, sample loading, electrophoresis, 

staining, and gel imaging. Although these steps vary somewhat between the different DGGE 190 

equipment (for comparison of the three major systems, see Appendix 1), the essential concepts 

remain the same. However, exact volumes of solutions and apparatus assembly can differ 

significantly between systems. Likewise, there are two competing systems for gradient 

formation, including the gradient-forming wheel provided with the Bio-Rad DCode universal 

mutation detection system, and a gradient maker coupled with a peristaltic pump. 195 

Prepare Solutions and DGGE running buffer [20 min] 

1. Prepare desired “high” and ‘low” denaturing stock solutions (Table 3) and mix solutions well 

to ensure that urea is fully dissolved. Also, prepare a non-denaturing stock solution to serve as a 

top-up after the denaturing layer is poured. If desired, 1 ml of glycerol (per 50 ml total volume) 

can be added to stock solutions to increase gel flexibility. The solutions can be filtered and 200 

degassed, but these steps are not required. Solutions are readily prepared in disposable 50-ml 

tubes (e.g. Falcon tubes), wrapped in foil to protect from light, and stored at 4
o
C for up to one 

month.  



CAUTION: Polyacrylamide solutions are highly toxic and should be handled with care. To 

dispose of unused solutions, polymerize with ammonium persulfate (APS) and TEMED, 205 

ensuring that the solidifying solution is not sealed airtight to prevent pressure build up.  

Table 3. Stock solutions for preparing 6% polyacrylamide stock solutions. Use caution when 

preparing these solutions due to the toxicity of the individual components.    

  Example stock concentration and reagent volumes
1
  

Reagents 0% 20% 30% 40% 60% 70% 80% 

TAE (50X) 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 1 ml 

Polyacrylamide (40%; 37.5:1) 7.5 ml 7.5 ml 7.5 ml 7.5 ml 7.5 ml 7.5 ml 7.5 ml 

Formamide 0 ml 4 ml 6 ml 8 ml 12 ml 14 ml 16 ml 

Urea 0 g 4.2 g 6.3 g 8.4 g 12.6 g 14.7 g 16.8 g 

Water to 50 

ml 

to 50 

ml 

to 50 

ml 

to 50 

ml 

to 50 

ml 

to 50 

ml 

to 50 

ml 

1
These solutions are for 6% polyacrylamide gels. Increase the polyacrylamide (40% stock) volume to 10 

ml for 8% polyacrylamide and 12.5 ml for 10%. Store stock solutions protected from light at 4°C for up 210 

to one month. 

 

2. Prepare 10% ammonium persulfate fresh daily by combining 900 µl of water with 0.1 g of 

ammonium persulfate. Note that APS is highly hygroscopic and the original chemical bottle 

should be stored in an airtight container.  215 

 

3. Prepare the required volume of 1 x TAE buffer for the DGGE system being used and begin 

heating in the buffer tank to 60°C. The large buffer volume requires 1-2 hours to heat and is 

often an overlooked step of the protocol. The standard buffer is 1 x TAE (40 mM Tris–HCl, 20 



mM acetic acid, 1 mM EDTA at pH 8.3) and the tank volumes range from 7 l (Bio-Rad), 17 l 220 

(Ingeny) and 23 l (CBS Scientific). 

 

Hint: For users employing multiple primer sets with different gradients, larger volumes of 0% 

and 80% denaturant acrylamide stock solutions can be prepared. These can be mixed in 

appropriate ratios to produce any desired intermediate concentration.  225 

 

Hint: Most 1 x TAE buffers can be reused 3-4 times before replacement. 

 

Apparatus cleaning [10 min] 

1. All DGGE systems require two glass plates (one tall, one short) separated by spacers. The 230 

glass plates, spacers (1 mm or 0.75 mm), and comb should be cleaned well with water prior to 

assembly. The Ingeny DGGE system has a single “U-shaped” spacer in place of two separate 

spacers used for the Bio-Rad and CBS Scientific systems. For glass plates, any grease residue 

from prior runs should be thoroughly removed using soap and an abrasive sponge. The use of 

abrasive materials should be avoided for spacers and combs.  235 

2. Air dry components or wipe items dry using lint-free lab tissues (e.g. Kimwipes). 

3. Use lint-free tissues to wipe plates with a few drops of ethanol to help to remove electrostatic 

charges and ensure that gels pour uniformly.  

Apparatus assembly [5 min] 



1. [optional] Apply a light coating of vacuum grease to both sides of the spacers to reduce the 240 

“smiling” effect common to gels from all DGGE systems. For the INGENYphorU system, 

grease should only be applied to the sides of the spacers, not the bottom. 

2. Assemble and clamp the front and back glass plates with the spacer or spacers in between. 

Follow the manufacturer’s instructions for correct assembly. With the Bio-Rad system, the entire 

plate assembly is inserted into two clamps and then into the pouring stand, while with the Ingeny 245 

system, the plate assembly is inserted into the gel cassette. The CBS Scientific system requires 

that a plastic ‘Gel Wrap’ gasket surround the edge of the plates and clamps are then placed on 

the sides and bottom of the plates. For the Ingeny system, the comb should be inserted between 

the glass plates prior to tightening the clamps on the gel cassette. The comb can be inserted at a 

later time point for gel casting in the Bio-Rad and CBS Scientific systems. Do not over-tighten 250 

clamps on the Bio-Rad system or they will crack after several uses.  

Gel Casting with a gradient maker [20 min + 90 min polymerization] 

1. Place the entire gradient maker on top of a stir plate and place a small Teflon-coated stir bar in 

the chamber containing the outlet port. The gradient maker has two large chambers separated by 

a channel controlled with a Teflon valve. One of the chambers has an outlet port connected to 255 

tubing routed through a peristaltic pump, ending with a syringe needle. 

2. Wash the gradient maker with distilled water and ensure that the tubing, channel between the 

two chambers of the gradient maker, and the needle are free of water and blockages by running 

the peristaltic pump.  

3. Turn off the peristaltic pump and close the channel between the two chambers. 260 



4. Place the syringe needle between the two glass plates to the side of the comb. 

5. Transfer the desired volumes of “high” and “low” denaturing solutions to fresh tubes or clean 

beakers. This volume will depend on the size of the plates used and the spacer thickness and 

must be determined empirically. The approximate volumes of the “high” and “low” solutions per 

gel will range from 10 ml to 20 ml of each solution. When combined, the final solution volume 265 

should be just enough to fill the gel to within a cm of the inserted comb. 

6. Transfer ~5 ml of a top-up (0% denaturant) solution to another tube or beaker and set aside 

temporarily.  

7. When ready, add 10% APS (40-100 µl per 10 ml solution) and TEMED (7.5-10 µl per 10 ml) 

to both “high” and “low” solutions and mix. Some optimization of APS and TEMED may be 270 

necessary.   

Critical step: Once APS and TEMED are added to the polyacrylamide solution, the 

polymerization reaction will begin. Proceed through the subsequent gel-pouring steps without 

delay. 

8. Pour the entire contents of the “high” solution into the chamber adjacent to the outlet port. 275 

Briefly open and close the valve between the two chambers and allow a small amount of “high” 

solution to move into the second chamber, then close the channel between the two chambers. 

Use a pipette to transfer the “high” solution back into the first chamber. This ensures that the 

valve between the two chambers is not blocked by air. Turn on the stir plate to the maximum 

speed.  280 

9. Pour the entire “low” solution into the second, empty chamber.  



10. Turn on the peristaltic pump to a flow rate of approximately 10 ml min
-1

 and run for 2-3 

seconds (this drops the level slightly in the “high” solution chamber, preventing any of the 

“high” solution from entering the “low” solution chamber) prior to proceeding to step 11.  

11. Open the valve between the two chambers. If the level of the “low” solution does not drop, 285 

the valve between the two chambers may be blocked. Ensure that there is no leakage as the 

polyacrylamide begins to fill between the plates.  

12. Allow the gel to pour until the level is roughly 1-2 cm below the bottom of the comb. Then, 

turn off the pump and move the syringe to one of the empty tubes previously containing the 

polyacrylamide solutions. Note that before pouring, the ideal pump setting should be empirically 290 

determined to completely pour the gel in ~2 min (Bio-Rad, CBS) to 5 min (Ingeny). 

13. Turn the pump back on and carefully discharge any remaining polyacrylamide solution.  

14. Close the valve between the two chambers and pull the comb up a few centimeters.  

15. To pour the top-up layer, add 10% APS (100 µl per 10 ml solution) and TEMED (10 µl per 

10 ml) to the 0% denaturant polyacrylamide solution put aside in step 6 of this section and mix. 295 

16. Add top-up solution to the gradient maker chamber with the outlet port and turn on the pump. 

Allow the cap solution to gently pour on top of the gradient gel solution by reducing the pump 

rate to ~2.5 ml min
-1

. Pour about half the volume of the top-up solution and stop the pump. Insert 

the comb into the cap solution slowly. Turn the pump on again and fill the remainder of the gel. 

Transfer the needle and tubing to a waste beaker. Insert the comb into the cap solution on an 300 

angle to prevent air bubbles from being trapped in the gel. If air bubbles are trapped below the 

comb, remove the comb and re-insert. Do not place excess cap solution above the comb.  



17. Quickly add distilled water to the gradient maker chambers and allow the pump to flush the 

tubing and syringe needle. Discharge to the waste beaker.  

18. Allow the gel to polymerize for 90-120 minutes.  305 

Alternative method for preparing the top-up layer (steps 12-16): allow the denaturing layer to 

polymerize for 45 minutes, rinse the top of the gel with 1 X TAE from a squirt bottle, decant all 

1 X TAE, and use a Pasteur pipette to fill the top-up layer. Allow the top-up layer to polymerize 

for 45 minutes. In this case, rinse the gradient maker chambers and allow the pump to flush the 

tubing and syringe needle immediately following step 13 above. 310 

Alternative method for pouring gels with the Bio-Rad gel casting wheel: the Bio-Rad system 

contains a gel-casting wheel that uses syringes to dispense high- and low-density solutions at 

variable rates. The Bio-Rad DCode manual contains specific instructions on the use of this wheel 

and these are not repeated here. This method produces suitable and reproducible gradients in our 

experience, but requires manual manipulation that may result in gel to gel inconsistencies. 315 

Transfer of gel sandwiches to DGGE apparatus [5 min] 

1. Gently remove the comb. For the Ingeny system, the clamps should be loosened and the U-

shaped spacer should be pushed downward to expose a gap between the bottom of the gel and 

the spacer, allowing buffer to come into contact with the gel. At this point the entire gel casting 

apparatus is placed into the electrophoresis chamber (i.e. buffer tank). For the Bio-Rad system, 320 

the gel assembly should be inserted into the plastic frame and placed into the buffer tank. For the 

CBS Scientific system, remove existing clamps, use wide-mouth clamps to attach the gel to the 

cassette, and remove the ‘gel wrap’ from the bottom of the gel. For all systems, if only a single 



gel is run, a glass plate should be placed in the rear position to allow the formation of a buffer 

reservoir above the gel. 325 

2. Place the gel apparatus into the buffer tank, tilting the entire assembly and lowering slowly. 

Air bubbles can get trapped at the bottom of the gel and may inhibit electrophoresis. For the 

Ingeny system, if air bubbles remain trapped after several attempts, the entire gel and glass plate 

assembly can be removed from the casting assembly and (carefully) the spacer pulled down to 

open the gap slightly.  330 

Cleaning of wells and sample loading [15 min] 

1. After the gel assembly has been placed in the buffer tank, wells should be flushed with buffer 

using a pipettor.  

2. Check that the entire DGGE system is operating appropriately by running the gel for several 

minutes at a standard voltage and temperature and with the pump operating (e.g. 60°C and 85V).  335 

For a given DGGE system and spacer thickness, the per-gel current (milliamps) under these 

standard conditions should be consistent. Low current can indicate a leak or air bubble trapped at 

the bottom of the gel plates. High amperage may indicate exhausted buffer (if reused multiple 

times).  

3. Load samples using a pipettor and microcapillary gel-loading tips. The tips prevent the heated 340 

buffer from causing sample to leak, as from conventional pipette tips. For all DGGE systems, the 

buffer recirculation pump should be turned off during loading to avoid causing sample to flush 

from wells. If possible, load samples in the center wells and leave outermost lanes blank where 

gel ‘smiling’ occurs most severely. All systems allow 15-20 µl of sample to be loaded without 

overflowing wells. Greater amounts may be loaded (40-50 µl), but this depends on the comb 345 



used and spacer thickness. If a standard is used, load this sample in the outside lanes and 

possibly in the center lane for normalization. 

Hint: Adding a small volume of loading buffer (e.g. bromophenol blue) to each well aids in 

visualization of the wells. This ensures that the wells were adequately flushed, and as a small 

amount of dye diffuses into the gel it allows for easier loading of samples. This does not affect 350 

electrophoresis. 

Hint: With the Ingeny system, a pipette tip can be attached to the re-circulating pump tubing and 

used to flush the wells. 

Hint: With the Bio-Rad system, allow the buffer to heat to 62°C before cleaning the wells and 

loading the sample. This minimizes the time after loading before electrophoresis can begin. 355 

Hint: DGGE standards can be made by pooling separate PCR products generated from excised 

bands or clones. Alternatively, a complex sample may be used as a standard if the same PCR 

product is loaded in multiple wells. A size marker (as used for agarose gel electrophoresis) is not 

a recommended standard as most bands continue migration in a denaturing gradient and are 

unsuitable as DGGE ‘ladders’ (Neufeld, unpublished observations). 360 

Electrophoresis [3-17 hr] 

1. Set the voltage and time for electrophoresis, ensuring that the buffer is set to 60°C. Some 

temperature loss occurs during gel loading. For the Ingeny system, the buffer circulation pump 

can be turned on after 5-10 minutes of electrophoresis, which will cause the amperage to 

increase. Run time and voltage are two key variables for electrophoresis. In general, superior 365 

quality gels are obtained with long run times and lower voltage (e.g. 100V for 16 hr  as 



compared to 250V for 3 hr), though Sigler et al. (2004) have indicated that lower voltages and 

long run times may contribute to poor separation and low diversity measurements.  

Post-electrophoresis staining and gel imaging [30-60 min] 

1. Turn off the pump, heater and power supply and remove gel sandwiches from the buffer tank. 370 

2. Gently separate the two glass plates by using the spacers as a wedge. This separation should 

be done slowly to avoid damage to the gel. In most cases the gel will stick to one glass plate or 

the other. Do not attempt to separate the gel from the glass plate it prefers. Place the glass plate 

with the adhering gel in a plastic container with 1 x TAE (the buffer level should be only slightly 

higher than the gel).  375 

3. Add a nucleic acid stain and shake at the lowest possible setting for 30-60 minutes at room 

temperature, ensuring that the gel remains completely covered by staining solution. For nucleic 

acid dyes such as GelStar or Sybr stains, the container should be incubated in the dark. Ethidium 

bromide is not routinely used due to its lower sensitivity. Alternatively, a small amount of 

concentrated stain solution can be applied directly to the surface of the gel and incubated prior to 380 

transfer to a transillumination table. 

5. Transfer the gel to a second container with 1 x TAE for de-staining. The gel can easily be 

transferred by using the glass plate to support the gel. Shake the gel at the lowest possible 

rotation setting for 15-30 minutes at room temperature.  

6. Transfer the gel to a UV transillumination table or laser-scanning imager (e.g. Typhoon 9400 385 

variable mode
 
imager, Amersham Biosciences, Piscataway, NJ). This is one of the most 

challenging steps and requires practice to prevent tearing of the gel. Manipulate the gel into 



position on the glass plate. Use one hand to keep the gel in position as you lift the glass plate out 

of the water with your other hand. Drain most, but not all, of the buffer from the glass plate. 

Keep your hand affixed to the gel and move the glass plate to the transillumination table or 390 

scanner surface. Place an edge of the glass plate on the table surface and let the gel slide off the 

glass plate by angling the plate upward. As the gel starts to slide, move the glass plate in the 

opposite direction of the moving gel. The gel may need to be induced to slide either by squirting 

1 x TAE from a spray bottle or by pushing the gel slightly. Residual grease from the spacers can 

interfere will the sliding gel and should be avoided if possible. Once the gel is on the 395 

transillumination table it is much easier to manipulate, provided that sufficient buffer is present 

to lubricate the gel.  

7. Image the gel but limit UV exposure time if band excision and sequencing is required. All 

disposable items, including the DGGE gel itself, should be disposed of in accepted hazardous 

waste containers. Even though polymerized polyacrylamide is non-toxic, some residue of non-400 

polymerized acrylamide is always present.  

Band Excision and Re-amplification [5-30 min] 

1. For band excision, a flamed scalpel or razor blade may be used to physically cut the band of 

interest from the gel. Limit UV exposure to the briefest possible duration.  

2. After excision, place the polyacrylamide piece in a tube containing 20-50 µl of water and 405 

incubate at 37°C for 30 minutes. Centrifuge and use 5-10 microliters of this water as a template 

for PCR amplification with the same primers previously used for DGGE analysis. For direct 

sequencing or cloning, primers without GC-clamps can be employed. 



Alternative band extraction method (steps 1-2): Using a sterile small-volume pipette tip, 

puncture the gel repeatedly across the width of the band of interest. Rinse the tip directly in a 410 

PCR tube with all reagents already present, providing template for amplification. Repeat this for 

each band of interest into as many PCR tubes. Turn off the UV light source in between band 

selections. 

3. Analyze each PCR re-amplification product by DGGE in a lane adjacent to the original 

environmental sample PCR product from which it was excised. This must be done to ensure that 415 

the correct band was excised. If the excised band is shown to be the correct band, two options are 

available: (a) direct sequencing of the PCR product and (b) cloning, screening of the clones by 

DGGE, and sequencing. Option (b) will generally provide superior quality sequences, but option 

(a) will provide important information about the purity of the excised band; a clear sequence read 

indicates a single dominant organism represented by the excised band. 420 

Hint: Capture an initial image of the gel prior to band excision. Identify and label the bands of 

interest for excision. After excising bands of interest, take a second picture for reference. A non-

UV transillumination table is preferable for the excision of numerous bands (e.g. DarkReader). 

Gel analysis [60 min] 

If desired, fingerprint analysis may be done with several database software packages. For 425 

example, these packages include GelcomparII (Applied Maths), Phoretix (Nonlinear Dynamics) 

and GeneDirectory (Syngene). The user is recommended to test these programs before purchase 

as each new version release may have additional features. It is worth noting that GelcomparII has 

been a leading package for fingerprint analysis in microbial ecology and individual modules may 

be purchased to increase the sophistication of the desired comparisons.  430 



 

Appendix 1: Troubleshooting 

Problem: Gel rips during transfer to transillumination table. 

 (a) Keep gel wet during transfer to and manipulation on the transillumination table. 

 (b) Keep gel away from the grease residue on the glass plate. 435 

 (c) Add 2% glycerol to the stock polyacrylamide solution or GelBond PAGfilm (GE 

Healthcare). 

 (d) Practice. 

Problem: Poor gel quality (fuzzy bands, poor mobility in the gel, streaks in the gel, etc.) 

A variety of factors can contribute to poor quality gels. Troubleshooting for these problems 440 

should begin with the following checklist to identify common problems. 

 (a) Use fresh reagents (e.g. freshly prepared 10% APS). 

 (b) Use high quality reagents. This includes both DGGE reagents such as urea, 

formamide (deionized) and polyacrylamide. All DGGE reagents should be molecular biology 

grade. It is highly recommended to purchase polyacrylamide in solution rather than preparing it 445 

from powder. High quality formamide is essential and should be purchased from a trusted 

supplier.  

 (c) Clean wells prior to loading sample. 

 (d) Begin electrophoresis as soon as possible after sample loading; load samples quickly 

to prevent diffusion to adjacent wells. 450 

 (e) Use the front gel position only for the Bio-Rad system. The back gel, closest to the 

heating element is notorious for yielding poor-quality gels. 



 (f) Replace the buffer in the electrophoresis tank. 

 (g) Try a broader denaturant gradient range to achieve sharper banding. 

 (h) Try a longer gel pre-run of 15 minutes. 455 

Problem: Migration of bands into the gel is limited or absent, or no bands are visible. 

 (a) Always check voltage and current to ensure that the system is operating appropriately. 

 (b) Ensure that the power supply is on! 

 (c) Ensure there are no bubbles trapped beneath the gel. 

(d) Ensure that the “high” polyacrylamide solution was placed in the chamber closest to 460 

the outlet.             

 (e) Check and clean the electrodes (Bio-Rad system).    

 (f) Check that the electrodes were hooked up correctly (anode and cathode). With the 

Ingeny system, the electrodes can be hooked up improperly both at the power supply and at the 

gel assembly. 465 

(g) Ensure the samples contain a loading buffer. 

(h) Keep the pump off during sample loading. 

(i) Check PCR products by agarose gel electrophoresis prior to loading on DGGE gels. 

  

Problem: Power supply errors prevent electrophoresis 470 

(a) Check and clean electrodes (Bio-Rad system). 

(b) Make sure the upper buffer reservoir level is above the anode. A low buffer level may 

indicate that the pump is not working or that there is a leak in the gel/glass plate 

assembly. Leaking gels may possibly be salvaged by tightening clamps or reseating gels 



on the assembly. For DGGE analyses of only a single gel, make sure that the position for 475 

the “back” gel is secured with a glass plate. For the CBS system, ensure that the power 

supply permits slight voltage fluctuations. If not, an alternative power supply may be 

required.       

(c) Make sure the lid to the DGGE apparatus is securely closed. 

(d) Make sure there are no bubbles trapped beneath the gel. 480 

Problem: Wavy or broken wells 

In some cases, wavy wells can be salvaged by manipulating the polymerized wells using a 

syringe needle. To prevent this in future gels, the following steps are recommended: 

 (a) Increase TEMED and APS to the top-up solution (25-50% more).   

 (b) Remove comb from gel very slowly. 485 

 (c) Allow longer time for full polymerization. 

 (d) Do not overfill the comb area with top-up solution. 

Problem: Poor separation of bands / Few bands in gel 

 (a) Check that the electrophoresis run time and voltage is appropriate for the PCR 

fragment employed. 490 

 (b) Check that the PCR fragment is appropriate for DGGE analysis (e.g. that there is 

adequate sequence variation to allow separation). 

 (c) Check for a GC-clamp on one, but not both, of the primers. 

 (d) Check that the gel was poured correctly, and that the high and low denaturant 

solutions were not accidently switched. 495 



Problem: Gel Smiling/Frowning 

 (a) Load samples in the center of the gel and avoid the outermost lanes.   

 (b) Apply a thin coat of grease to the spacers. 

Appendix 2: Required equipment, reagents, and supplies 

Equipment 500 

(a) Bio-Rad Dcode system for DGGE (170-9080; http://www.bio-rad.com) 

The Bio-Rad DGGE apparatus is a commonly used system that is capable of producing high 

quality gels. The system is relatively easy to manipulate and can fit into even the smallest 

laboratory. The buffer tank holds 7 l of buffer, and two gels can be run simultaneously, with 15-

25 lanes for each gel. The main disadvantages of the Bio-Rad system are a result of the design of 505 

the system. The lid of the DGGE system contains the motor, rotor and heating element and this 

must be removed from the buffer tank to insert and remove gels. Every time the lid is removed, 

the heating element is exposed and care must be taken to prevent damage to the element. In 

addition, the system has poor quality back gels (due to the proximity of the gel to the heating 

element and the lack of adequate stirring), and is prone to damage (requiring expensive 510 

replacement of glass plates, spacers, clamps and heating elements). The electrodes often corrode 

and must be cleaned regularly. Finally, the Bio-Rad system is supplied with a “wheel” gradient 

former which requires manual manipulation and may introduce user-specific variation in poured 

gradients. 

(b) INGENYphorU system for DGGE (http://www.ingeny.com/) 515 



The INGENYphorU system is the most expensive DGGE apparatus available. The system is 

large, with a buffer tank of 17 l, and the buffer tank, pump and heating element are integrated 

into a single piece of equipment. The gels are very large, accommodate 32-48 samples, and 

require a large transillumination table for analysis. The gel casting apparatus, with places for two 

gels, is placed directly into the buffer tank. Unlike the Bio-Rad system, the temperature of the 520 

buffer can be maintained while the wells are being cleaned and the samples loaded. Two major 

innovations of this system include a U-shaped spacer that blocks the bottom and prevents 

leakage, and the capacity to run a low current through the gel during the loading of samples to 

prevent diffusion. Also, the re-circulating pump can be used to flush the wells. The major 

disadvantages of this system include: the large buffer volume and size of the system, the weight 525 

of the casting apparatus, and the U-shaped spacers which often are difficult to push down when 

greased. The formation of air bubbles between the bottom of the gel and the U-shaped spacers is 

the most problematic aspect of the system. 

(c) CBS Scientific system for DGGE (e.g. WSP-DGGE-2401-110; 

http://www.cbsscientific.com/) 530 

The CBS Scientific system is the least expensive option by a wide margin, but is fully functional 

and easy to use. The large rectangular tank contains 23 l of buffer, the circulating pump, and 

heating element. Depending on the model purchased, the CBS systems can accommodate a 

single gel or as many as eight gels within a single run, with 10-30 well combs available from the 

supplier. The re-circulating pump and heater continue running while the gel is being loaded. 535 

With this system, the corresponding CBS Scientific power supply is recommended because it is 

less sensitive to voltage fluctuations than power supplies from some other suppliers. The 

components of this system (‘gel wrap’, clamps, gel cassette) are more ‘home-made’ than the 



alternative suppliers but the ease of use and lower cost make this system a versatile and 

economical option.    540 

 

Accessory equipment 

Power Supply (e.g. CBS scientific EPS-300-II; included with CBS system) 

(a) Gradient Maker  

a. Bio-Rad Model 475 gradient former (Included with Bio-Rad system) 545 

b. CBS Scientific GM-100 Gradient Maker (Included with CBS system) 

(b) Peristaltic pump for gel casting (Not required for Bio-Rad gradient former; CBS 

Scientific MPP-100 or similar) 

(c) Stir plate (e.g. Basic Magnetic Stirrer, VWR #33998-326) 

(d) Gel Documentation System (UV transillumination table + camera + appropriate filter for 550 

dye emission; many options). 

(e) DarkReader (optional; Clare Chemical Research, DR45M, DR88M or DR195M) 

Reagents* 

(a) 40% Polyacrylamide solution (acrylamide and bisacrylamide in a 37.5:1 ratio; e.g. Bio-

Rad, 161-0149)  555 

(b) Urea (e.g. Bio-Rad, 161-0730) 



(c) Formamide (deionized; e.g. Sigma Aldrich, F9037) 

(d) 50X TAE Buffer (e.g. Bio-Rad, 161-0743) 

(e) TEMED (e.g. Bio-Rad, 161-0801) 

(f) Ammonium persulfate (e.g. Bio-Rad, 161-0700) 560 

(g) GelStar (Lonza, Fisher BMA 50535) 

(h) Sybr Green I (Invitrogen S7563) 

(i) Spacer Grease (e.g. Fisher 14-635-5D) 

(j) Distilled Water 

(k) GelBond (optional; e.g. Lonza, Fisher BMA54731 – Order appropriate size) 565 

(l) Glycerol (optional; e.g. Fisher AC41098-5000) 

* Bio-Rad offers a complete reagent kit, 170-9170 

Supplies 

(a) Disposable serological pipets (10 ml, e.g. VWR Cat#20171-042; 25 ml 20171-044) 

(b) Conical centrifuge tubes for polyacrylamide solutions (15 ml, e.g. VWR Cat#21008-936; 570 

50 ml, VWR #21008-940) 

(c) 1.5 ml tubes for APS solutions (e.g. VWR Cat#20170-355) 

(d) Gel-loading tips (e.g. Fisher 02-707-182) 



(e) Kimwipes (e.g. VWR Cat#, 21905-026 and 21905-049) 

(f) Teflon stir-bar (e.g. VWR Cat#58948-353, 58948-411) 575 

(g) Powder-free nitrile gloves (e.g. VWR Cat#40101-346) 

Research Needs 

In the 15 years since the first demonstration of DGGE for microbial community analysis, an 

abundant and diverse array of manuscripts have been published utilizing, criticizing and 

expanding this technique for a wide variety of applications and environments. In fact, the 580 

original publication of Gerard Muyzer and coworkers (1993) has received well over 2000 

citations, according to Google Scholar (as of September 2008). Although DGGE is not the most 

appropriate choice for full characterization of microbial communities or for measuring microbial 

diversity per se, DGGE is still ideal as an initial screen for comparing multiple samples and for 

identifying appropriate techniques for additional sequence-based sample analysis.  585 

Currently, some of the major factors that limit the application of DGGE include, (a) lack of lab-

to-lab standardization (e.g. domain-level primers used for analysis, running conditions, loading 

amounts, etc.), (b) lack of gel-to-gel standardization (this has begun to be addressed; see Neufeld 

et al. 2005), (c) poor correlation of DGGE-derived diversity measurements to clone library-

derived diversity measurements, (d) no in situ verification of dominant organisms detected by 590 

DGGE, (e) inappropriate use of DGGE (e.g. for total community analysis and diversity 

measurements of highly-diverse samples), and (f) the use of poor-quality gels for image and 

subsequent analyses, such as principal component analysis or similar). 



It would be appropriate to establish, by general consensus, a set of primers, PCR conditions and 

DGGE conditions for the domains Bacteria, Archaea and Eukarya. Recent papers by Sanchez et 595 

al. (2007)and Yu et al. (2008) demonstrate two of the few direct comparisons of many different  

primer sets for DGGE analysis of complex Bacterial and Archaeal communities. Furthermore, 

the advent of greatly reduced sequencing costs suggest that for some applications, direct 

sequencing may be suitable. We take this opportunity to open the dialog on when DGGE 

analyses are appropriate, and while celebrating the tremendous power of DGGE, we caution 600 

against overstating ecological conclusions based on DGGE analyses alone.  
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 Figure 1. An example correlation between A) band relative migration in a DGGE gel and B) the 

GC content of the resulting band DNA sequence. This fingerprint was published previously 

(Neufeld et al. 2006) and has been reproduced here with permission. 
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Figure 2. A sample DGGE gel of bacterial communities from  soils possessing varying levels of 

hexachlorocyclohexane contamination. The 6% polyacrylamide gel was prepared with a 

denaturing gradient of 40-70% and PCR products prepared with primers 63f-GC and 518r (see 

Table 1). A portion of this gel was published previously (Neufeld et al. 2006) and has been 

reproduced here with permission. 740 
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