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SUMMARY: 25 
Current methods for loading 96-well plates for DNA extractions can be prone to contamination. 26 
We detail a new method for loading 96-well plates that reduces risk of cross-contamination 27 
among wells. Our method will help other researchers capitalize on the efficiency of high-28 
throughput DNA extraction techniques and minimize risk of contamination.  29 
 30 
ABSTRACT:  31 
High-throughput DNA sequencing techniques have contributed substantially to advances in our 32 
understanding of relationships among microbial communities, host characteristics, and broader 33 
ecosystem functions. With this rapid increase in breadth and depth of sequencing capabilities 34 
have come methods to extract, amplify, analyze, and interpret environmental DNA successfully 35 
with maximum efficiency. Unfortunately, performing DNA extractions quickly can come at the 36 
cost of increasing the risk of contamination among samples. In particular, high-throughput 37 
extractions that are based on samples contained in a 96-well plate offer a relatively quick 38 
method, compared to single-tube extractions, but also increase opportunities for well-to-well 39 
cross-contamination. To minimize the risk of cross-contamination among samples, while 40 
retaining the benefits of high-throughput extraction techniques, we developed a new method 41 
for loading environmental samples into 96-well plates. We used pierceable PCR sealing films to 42 
cover each plate while loading samples and added samples first to PCR tubes before moving them 43 
into wells; together, these practices reduce the risk of sample drift and unintended double 44 
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loading of wells. The method outlined in this paper provides researchers with an approach to 45 
maximize available high-throughput extraction techniques while reducing the risk of cross-46 
contamination inherent to 96-well plates. We provide a detailed step by step outline of how to 47 
move from sample collection to DNA extraction while minimizing the risk of unwanted cross-48 
contamination.  49 
 50 
INTRODUCTION:  51 
Recent advances in high-throughput sequencing of microbial communities are providing 52 
unparalleled sequencing depth and, consequently, an unprecedent glimpse into the functioning 53 
and diversity of Earth's microbiome1. As the ability to multiplex more and more samples onto a 54 
single sequencing lane increases, single tube DNA extraction has the potential to become a rate-55 
limiting step in the generation of ecological data. However, new methods in high-throughput 56 
DNA extractions hold promise for processing large quantities of environmental samples with 57 
greater efficiency than has previously been possible2. These methods often involve using 96-well 58 
plates instead of single-tubes, thereby increasing the possible number of extractions that can 59 
occur simultaneously. As such, the practicality and efficiency of high-throughput extraction 60 
methods are evident and have been implemented for processing of environmental samples 61 
ranging from soil3, 4 and plant tissues3, 5 to human fecal matter2.  62 
 63 
While these methods can dramatically speed along sample processing and DNA extraction, the 64 
initial step of loading soil and other ecological samples into 96-well plates is susceptible to cross-65 
sample contamination. This type of well-to-well contamination can occur during DNA 66 
extractions6,7,8, and wells are particularly vulnerable in this first step before samples are 67 
suspended in a buffer solution. McPherson et al.9 demonstrate a method to load rhizosphere 68 
soils into 96-well plates using funnels and 8-well PCR strip covers, but while their method is a 69 
more controlled approach to loading plates, it still provides ample opportunity for contamination 70 
of neighboring wells when loading each sample. Additionally, the open wells allow the chance for 71 
a distracted researcher to place a sample into the incorrect well or add a sample into a well that 72 
already has been loaded. In addition, a variety of sample types prove to be ill-suited for loading 73 
with this method; wet samples often stick to the funnels and dry samples ‘jump’ between wells 74 
due to static electricity.  75 
 76 
To reduce opportunities for contamination among wells in the first step of high-throughput DNA 77 
extractions, we developed a new approach to loading soil samples into 96-well plates. Our 78 
methods both protect wells from environmental exposure and prevent us from accidentally 79 
loading multiple samples into one well (double-loading). We believe the method reported below 80 
offers promise to reduce the potential for contamination and as such provides a more controlled 81 
means to load 96-well plates for subsequent DNA extraction.   82 
 83 
PROTOCOL:  84 
 85 
1. Laboratory bench and tool preparation for loading a 96-well plate 86 
 87 



   

1.1. Clear bench top by misting with 70% ethanol. Wipe and let air dry before spraying bench top 88 
with 10% bleach. Wipe the bench top dry.  89 
 90 
1.2. Sterilize micro-scoopula, spatula, and surgical scissors (curved) by dipping in 95% ethanol 91 
and then expose to a flame. Dip each in 10% bleach and allow to air dry prior to use.  92 
 93 
NOTE: Tools should be sterilized between each sample.  94 
 95 
2. Sub-sampling and sample preparation 96 
 97 
2.1. Sterilize gloves using ethanol prior to sub-sampling. 98 
 99 
2.2. Homogenize soil samples thoroughly prior to sub-sampling. 100 
 101 
2.3. Using sterilized tools, load a labeled 2 mL centrifuge tube with sample approximately until 102 
half full.  103 
 104 
2.4. Repeat step 2.2 until all 95 samples have been sub-sampled into labeled 2 mL centrifuge 105 
tubes. The 96th well should be used as an extraction blank.  106 
 107 
NOTE: Steps 2.3 and 2.4 are done to minimize required storage space and to prevent over or 108 
double sampling. 109 
 110 
2.5. Store 2 mL sub-sample tubes on ice until loading of plate. 111 
 112 
2.6. Label 96 sterile 200 µL flat-capped PCR tubes A1‒A12, B1‒B12, …. H1‒H12. Place these tubes 113 
in order into a 96-well rack. 114 
 115 
2.7. Assign a sample ID with a well location (A1‒H12) and record it. 116 
 117 
3. Plate preparation  118 
 119 
3.1. Remove the rubber cover from 96-well plate (Figure 1A–1C) and place it into a sterile plastic 120 
bag (see Table of Materials). Seal the plastic bag to prevent contamination.  121 
 122 
3.2. Cover the 96-well plate with sealing film (Figure 1D–1E); for example, use a precut pierceable 123 
sealing film (see the Table of Materials). Ensure seal by rolling with a rubber roller.  124 
 125 
NOTE: Pierceable silicone mats could potentially offer a reusable option, provided appropriate 126 
cleaning between uses, but the silicone mats that we tested easily split along the pierces and 127 
would not offer equal protection to any following plates.   128 
 129 
3.3. Place plate in refrigerator (4 °C) to keep cool. 130 
 131 



   

4. Transfer of sub-samples  132 
 133 
NOTE: See step 4.13 for modifications when soil sample is very small. 134 
 135 
4.1. Place 24 of the 2 mL sub-samples into an ice block for cold storage. 136 
 137 
4.2. Using the sample name and well location sheet choose the correct 200 µL flat-capped PCR 138 
tube.  139 
 140 
4.3. Take a 2 mL sub-sample tube and vortex for ~5 s to ensure homogenization. 141 
 142 
4.4. Using flame and bleach sterilized tools load ~200 µL of the first sample into the correct flat-143 
capped PCR tube (Figure 1F). 144 
  145 
4.5. Repeat steps 4.2‒4.4 until all 24 samples have been loaded. Then move to step 4.6. 146 
 147 
4.6. Using a bleach-dipped paper wipe, clean the outside of the 200 µL flat-capped PCR tube. 148 
 149 
4.7. Invert the tube and tap on the bench to move sample to top of the tube. With bleached and 150 
flame-sterilized scissors, clip the bottom of the PCR tube to create an opening for sample to fall 151 
into the 96-well plate (Figure 1G). 152 
 153 
4.8. Locate the correct well on a 96-well plate and pass the tube across plate with cut end facing 154 
up until reaching that well. Tilt the plate slightly to facilitate puncturing of precut pierceable 155 
sealing film, and only when tube is directly above the correct well carefully invert it so that cut 156 
tip fits into the well.  Using sterilized tools, tap the top of the PCR tube until all soil has fallen from 157 
the tube into the well. Leave the tube within the well with lid closed (Figure 1H–1J).  158 
 159 
4.9. Add 750 µL of bead solution to each well containing a sample (Figure 1K). Push the 200 µL 160 
flat-capped PCR tube all the way down and mark the top with sharpie to indicate that this well 161 
has been loaded.  162 
 163 
4.10. Once all 24 samples have been loaded and bead solution added, remove the 2 mL sub-164 
sample tubes and replace with 24 unsampled tubes. Remove tubes without passing them over 165 
open wells (Figure 1L). 166 
 167 
4.11. Repeat steps 4.1‒4.10 until all 95 wells have been loaded with sample or blank and bead 168 
solution. 169 
 170 
4.12. Carefully remove pierceable film and replace the rubber cover to protect the plate until 171 
beginning extraction (Figure 1M–1O).   172 
 173 



   

4.13. For very small quantities of soil that are also fine-grained, add 750 µL of bead solution to 174 
the sample tube and use a wide-bore pipette tip to transfer all contents to the appropriate well. 175 
Place PCR tube into the opening to prevent double loading.  176 
 177 
NOTE: Be careful when implementing this modification as particulate organic matter or small 178 
rock fragments larger than the bore of the pipette tip can clog the pipette and make transfer of 179 
the sample slurry difficult.  180 
 181 
4.14. As needed freeze at -20 °C and store plates loaded with sample and bead solution until 182 
planned extraction.  183 
 184 
5. Comparison of plate loading methods 185 
 186 
NOTE: In order to verify our novel method for loading of 96-well DNA extraction plates, we 187 
divided a single 96-well plate into three sections. We used three different methods of plate 188 
loading to compare potential for unintentional loading of soil and cross contamination. The three 189 
methods we used were the methods outlined in McPherson et al.9, Qiagen’s default loading 190 
protocol10, and the protocol we outline in this publication.  191 
 192 
5.1. Loading soil into the plate 193 
  194 
5.1.1. Section a 96-well plate into three four-column blocks. Load each block using one of the 195 
three method mentioned above.  196 
 197 
5.1.2. Load soil into every other well so that sample and blank wells are staggered. This 198 
arrangement allows for maximum opportunity for inadvertent sample loading and cross 199 
contamination. 200 
 201 
5.1.3. Freeze the 96-well plate at -20 °C until DNA extraction. 202 
 203 
5.2. DNA extraction 204 
 205 
5.2.1. Extract DNA according to manufacturer’s 96-well plate extraction protocol10. 206 
 207 
5.2.2. Store the DNA extracts at -20 °C until further analysis. 208 
 209 
5.3. Quantification of DNA in blank wells 210 
 211 
5.3.1. Thaw DNA extracts at room temperature, vortex and spin down using a plate spinner.  212 
 213 
5.3.2. Measure and record DNA concentrations of blank wells using a spectrophotometer. 214 
 215 
5.3.3. Use ANVOA and Tukey’s post-hoc test to analyze differences in mean DNA concentration 216 
in blank wells.  217 



   

 218 
NOTE: Significant differences were reported at α = 0.05.  219 
 220 
REPRESENTATIVE RESULTS:  221 
This novel method was used successfully to load 96-well DNA extraction plates. Comparison of 222 
plate loading methods showed our method to have the lowest DNA concentration in the blank 223 
wells. The DNA concentration in the blank wells was significantly lower than the method 224 
proposed my McPherson et al.9 (p < 0.05), though DNA concentrations in our method were not 225 
statistically different from the Qiagen default method (Figure 2). All three methods produced 226 
mean DNA concentrations under 2 ng/µL, though only our new method also produced wells with 227 
no measurable DNA concentration.  228 
 229 
FIGURE AND TABLE LEGENDS:  230 
 231 
Figure 1: Step by step methods to load samples into 96-well plates for DNA extraction while 232 
minimizing potential for cross-contamination among wells. Dark gray covers (present in steps 233 
A, B, N, and O) represent the silicon cover that comes with the extraction kit. The light gray cover 234 
(applied in step D, removed after step L) represents the pierceable PCR tape used to cover the 235 
plate while loading. Though not pictured, tools should be sterilized prior to loading each sample, 236 
and PCR tubes should be wiped with bleach prior to piercing the PCR tape.  237 
 238 
Figure 2: DNA concentrations of blank wells. DNA concentrations is represented in ng/µL. Letters 239 
indicate significant pairwise differences in DNA concentrations at α = 0.05.  240 
 241 
DISCUSSION:  242 
This method reduces opportunities for well-to-well cross-contamination while loading high-243 
throughput sample extraction plates and offers a more controlled means to load 96-well plates 244 
beyond existing plate loading strategies9, 10. Contamination among wells can be more pervasive 245 
in 96-well plate extractions than in single-tube extractions, especially when automated6, 7, and, 246 
though not specifically tested in any methodology, the risk of cross-contamination can be 247 
assumed highest when the wells of the extraction plates are left open for the duration of plate 248 
loading. Given the increased opportunity for cross-contamination in plate-based extractions 249 
compared to single-tube extractions, protecting wells with a sterile cover should be considered 250 
a key first step in loading samples into a 96-well plate. Despite this need, instructions provided 251 
in high-throughput extraction kits simply say to load the plate and to “avoid cross contamination 252 
between sample wells,” but do not provide any additional information as to how to do so10. To 253 
reduce contamination while adding samples to a 96-well extraction plate, McPherson et al.9 254 
suggest covering the plate with cut strips of PCR sealing tape, peeling them back to access each 255 
well. This method reduces the total time that all wells are open, but wells are open for unequal 256 
amounts of time and some of the wells most susceptible to contamination—those nearest the 257 
sampling being loaded—are exposed during the loading event. In addition, peeling of PCR sealing-258 
tape has the potential to create static electricity which result in soil being transferred from well 259 
to well and could be responsible for the higher DNA concentrations in blank wells observed in 260 
our extraction. Furthermore, this methodology requires that samples are passed over uncovered 261 



   

wells before being placed in the well of choice, and nothing prevents a researcher from accidently 262 
loading two samples into a single well (double loading) or mixing up the location of two or more 263 
samples. If caught, double loading poses nothing more than a waste of resources. If, however, a 264 
double loading or mixing of sample locations goes unnoticed, experimental results may be 265 
distorted7.  266 
 267 
The method we outlined above provides a controlled means to load high-throughput DNA 268 
extraction plates. Specifically, our method lowers the risk cross contamination by keeping wells 269 
covered at all times. The wells are initially covered by sealing tape and are then kept covered by 270 
the PCR tube used for sample loading. Not only does this method reduce the risk of cross-271 
contamination, but it also entirely prevents the risk of loading two samples into a single well. 272 
Once we load a sample into a well, the PCR tube serves as a block, preventing addition of another 273 
sample. By labeling all tubes with plate location (e.g., A1, A2... H11, H12) prior to loading samples, 274 
this method also provides a final check to ensure all samples have been loaded and no wells have 275 
been missed. While this method provides a more controlled means to load wells, anyone loading 276 
a plate should take extra care when passing a cut PCR tube over the plate. Even though the wells 277 
are sealed, any sample particles that fall onto the surface of the sealed plate could find their way 278 
into unintended wells when the technician pierces the film to load the correct samples into those 279 
wells. To avoid this issue, we tilt the 96-well plate to ~40° prior to puncturing the sealing tape 280 
with the PCR tube. This approach helps to keep the open end of the tube upright and away from 281 
the incorrect wells.  282 
 283 
When soil samples are of very small quantities and/or extremely fine-grained, using a wide-bore 284 
pipette tip instead of loading soil samples into PCR tubes may be more effective in transferring 285 
each sample. For this modification, the first buffer solution should be added to the sample tube 286 
and then both sample and solution pipetted into the 96-well plate. Adding a PCR tube to each 287 
well after this step will prevent double-loading. As mentioned in the protocol section, when using 288 
this modification, the researcher or technician should be very aware of particulate organic matter 289 
or small rock fragments as these have the potential to clog the bore of the pipette.  290 
 291 
While no method of sample loading can entirely eliminate the risk of sample contamination, the 292 
method we outline above provides a means to reduce these risks substantially and entirely 293 
eliminate the risk of double loading and mixing of sample locations. Overall, we believe this 294 
method to be a great improvement on existing techniques for loading high-throughput DNA 295 
extraction plates and suggest that all microbiologists using high-throughput extraction plates 296 
move to using a method such as the one outlined above. 297 
 298 
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Name of Material/Equipment Company Catalog Number Comments/Description

18 oz WhirlPak Nasco B01065

2 mL centrifuge tubes Fisherbrand 05-408-129

200 µL micro-PCR tubes Thermo Scientific AB 2000

96-well PowerSoil DNA extraction kit Qiagen 12955-4 We used a soil extraction kit but any 96-well format kit would work. 

Ice block for 2 mL centrifuge tubes Any Any Any ice block made for 2 mL tubes will work

Ice block for 200 µL micro-PCR tubes Any Any Any ice block made for 200 µL tubes will work

Micro scoopula Any Any

Precut Pierceable Sealing Film Excel Scientific XPS25

Spatula Any Any

Surgical scissors Any Any
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We used a soil extraction kit but any 96-well format kit would work. 

Any ice block made for 2 mL tubes will work

Any ice block made for 200 µL tubes will work
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• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or 
grammatical errors. 

Done. 
 
• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must 
contain everything that you would like shown in the video. Please ensure that all specific details (e.g. 
button clicks for software actions, numerical values for settings, etc) have been added to your 
protocol steps. There should be enough detail in each step to supplement the actions seen in the video so 
that viewers can easily replicate the protocol. 

Checked and we believe it sufficient for production of script.  
 
• Results: 
1) Please add at least one paragraph of results text that explains your representative results in the context 

of the technique you describe; i.e. how do these results show the technique, suggestions about how to 
analyze the outcome etc. This text should be written in paragraph form under a "Representative Results" 
heading and should refer to all of the results figures. You may include the figure captions under this heading 
but the captions and figure text must be separate entities. 
2) We require at least some results (figures/tables) that demonstrate the success of your technique, this can 
be an application of your method to a specific study or general results that validate the technique. These 
must be fully discussed in the Representative results. The current results do not sufficiently support and 
validate the technique you present. 
 

Thank you for the clarification We have added a paragraph in the results section that highlights a validation 
of our method. We feel this should suffice.  

 
• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be 
similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 
paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with 
respect to existing methods, 4) future applications and 5) critical steps within the protocol. 

We have read through the discussion and feel each of the five points listed are adequality addressed.  
 
• Figures: Please remove the embedded figures from the manuscript. Figure legends, however, should 
remain within the manuscript text, directly below the Representative Results text. 

Removed.  
 
• References: 
1) Use superscripted citation numbering throughout. The first citation should be numbered 1. 
2) Please make sure that your references comply with JoVE instructions for authors. Citation formatting 
should appear as follows: (For 6 authors or less list all authors. For more than 6 authors, list only the first 
author then et al.): [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), 
FirstPage – LastPage, (YEAR).] 
 

Checked and corrected. 
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• Commercial Language:JoVE is unable to publish manuscripts containing commercial sounding language, 
including trademark or registered trademark symbols (TM/R) and the mention of company brand names 
before an instrument or reagent. Examples of commercial sounding language in your manuscript are 
WhirlPak, Excel Scientific Precut Pierceable, Kim-wipe, 
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in 

your manuscript with generic names that are not company-specific. All commercial products should be 
sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see 
table of materials)” to draw the readers’ attention to specific commercial names. 

Done. 

 
2) Please remove the registered trademark symbols TM/R from the table of reagents/materials. 

No trademark/copyright symbols are present in our table of materials.  
 
• Table of Materials: Please sort in alphabetical order. 

Sorted. 
 
• If your figures and tables are original and not published previously or you have already obtained figure 
permissions, please ignore this comment. If you are re-using figures from a previous publication, you must 
obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter 
from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the 
text of the re-print permission (may be copied and pasted from an email/website) as a Word document to 

the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the 
figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]." 

Figures are original and not published elsewhere.  
  

 

  

 
Comments from Peer-Reviewers: 
 
 
 
Reviewers' comments: 
Reviewer #1: 
Minor Concerns: 
This is an interesting modification for the loading of high-throughput DNA extraction plates. I really think 
this modified method can minimize the risk of cross contamination during DNA extraction. However, the 

protocol is a little bit complicated and high cost. Moreover, there is still risk of cross contamination on step H 
(Fig. 1). How to avoid falling the sample into other wells when locating the bottom clipped PCR tube on 96-
well plate? 

We feel the cost associated with this loading technique is similar to existing protocols (McPherson et al.) 

possibly even cheaper, as glass funnels can become costly. We have indicated on lines 129–160 that the 
clipped pcr tube containing a sample should be kept upright and that extra care should be taken at this step. 
Furthermore, the pcr sealing tape provides an extra level of protection. Even if a sample is dumped 
accidentally, the pcr sealing tape will keep it out of unintended wells.  
 
 
Reviewer #2: 
Major Concerns: 



This is relevant to researchers doing high-throughput molecular work. I look forward to the protocol. 
 
Thanks for the positive feedback.  

 
Reviewer #3: 
Manuscript Summary: 
The manuscript explains the importance of the sterile environment and methods needed while loading 
samples in an extraction plate. Therefore, the authors suggest a new method to lower the risk from well to 
well cross contamination. 
 

Major Concerns: 
Have you validated this method in experimental procedure? A plate with loading straight to the plate vs. the 
new method with the tubes, then analyzing results can you confirm that it has lower the well to well 
contamination? 
 

Thanks for the suggestion. We have included a test of DNA concentration in the blank wells loaded with 
multiple methods. Our method produced the lowest DNA concentrations.  

 

Minor Concerns: 
In order to provide this new method, it would be a stronger method if it has been validated through a quick 
experiment to prove the statement as a better way to load samples and lowering the risk of cross 
contamination. If you have done it then it would be valuable to add it. 

Thanks for the suggestion. We have included a test of DNA concentration in the blank wells loaded with 
multiple methods. Our method produced the lowest DNA concentrations.  

 

 


