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Kit Components 
The kit should be stored at room temperature. Always keep buffer bottles tightly closed and keep columns sealed in the enclosed zip-lock bag. 

For information regarding the composition of buffers, please consult the Safety Data Sheets available on our website (www.neb.com/T3010). 

Proper laboratory safety practices should be employed, including the use of lab coats, gloves and eye protection.  

NEB # COMPONENT 
APPLICATION/ 

USAGE 

T3010S 

50 preps 

T3010L  

150 preps 

STORAGE 

TEMPERATURE 

T3017 
Monarch Spin Columns 

S2C 

gDNA Purification 

Columns 
50 columns 150 columns 25°C  

T2118 
Monarch Spin Collection 

Tubes 
Collection tubes 100 tubes 300 tubes 25°C 

T3011 
Monarch gDNA Tissue 

Lysis Buffer 

gDNA Tissue Lysis 

Buffer 
12 ml 34 ml 25°C 

T3012 
Monarch gDNA Cell 

Lysis Buffer 

gDNA Cell 

Lysis Buffer 
6 ml 20 ml 25°C 

T3013 
Monarch gDNA Blood 

Lysis Buffer 

gDNA Blood 

Lysis Buffer 
6 ml 20 ml 25°C 

T3014 
Monarch gDNA Binding 

Buffer 
gDNA Binding Buffer 24 ml 65 ml 25°C 

T3015 
Monarch gDNA Wash 

Buffer 
gDNA Wash Buffer 18 ml 60 ml 25°C 

T3016 
Monarch gDNA Elution 

Buffer 
gDNA Elution Buffer 14 ml 34 ml 25°C 

T3018 Monarch RNase A 
RNAse A for 

degrading RNA 
170 µl 500 µl 

-20°C  

after opening 

P8200 
Proteinase K, Molecular 

Biology Grade 

Proteinase K for 

degrading proteins 
0.6 ml 1.8 ml 

-20°C  

after opening 

 

Introduction 
The Monarch Spin gDNA Extraction Kit is a comprehensive solution for cell lysis, RNA removal, and purification of intact genomic 

DNA (gDNA) from a wide variety of biological samples, including cultured cells, blood, and mammalian tissues. Additionally, bacteria 

and yeast can be processed with extra steps to enhance lysis in these tough-to-lyse samples. Protocols are also included to enable 

purification from clinically-relevant samples such as saliva and cheek swabs as well as rapid cleanup of previously extracted gDNA. 

Purified gDNA has high quality metrics, including A260/A280 > 1.8 and A260/A230 > 2.0, high DIN scores and minimal residual RNA. The 

purified gDNA is suitable for downstream applications such as end-point PCR, qPCR and library prep for NGS sequencing. It typically 

has a peak size of 50–70 kb, making this kit an excellent choice upstream of long-read sequencing platforms. 

  

http://www.neb.com/T3010
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Specifications 

Input 

Cultured mammalian cells: up to 5 x 106 cells 

Mammalian whole blood: 100 µl 

Tissue: up to 25 mg, depending on tissue type 

Bacteria: up to 2 x 109 

Yeast: up to 5 x 107 

Saliva: up to 500 µl 

Buccal swabs 

Genomic DNA requiring cleanup 

Binding Capacity 30 µg genomic DNA 

Yield Varies depending on sample type, see “Choosing Input Amounts” 

Genomic DNA Size Peak size > 50 kb for most sample types; may be lower for saliva and buccal swabs 

RNA Content < 1% (with included RNase A treatment) 

Purity 
A260/280  ≥ 1.8 

A260/230  ≥ 2.0 
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General Principles of the Monarch Spin gDNA Extraction Kit 

Lysis 

A single lysis buffer cannot address all requirements to reach optimal yields and purity in multiple starting materials. Accordingly, the 

Monarch Spin gDNA Extraction Kit contains 3 unique lysis buffers, optimized to enable maximal yield and purity when preparing genomic 

DNA from a variety of sample types. The Blood Lysis Buffer contains a strong protective component against the high nuclease activity in 

blood samples and supports rapid degradation of hemoglobin and other protein components. The Cell Lysis Buffer supplies mild lysis 

conditions that help to reduce the viscosity that is common in cell samples. The Tissue Lysis Buffer supplies intermediate lysis conditions 

that enable rapid digestion of the tissue pieces while simultaneously ensuring the genomic DNA fragment length is optimal for binding and 

elution. Coupled with optimized Proteinase K digestion conditions, the tissue lysis system in the Monarch Kit provides above-average 

yields for all common animal tissue types, including brain and muscle, tissues that prove difficult for many other commercial kits. 

Binding and Washing 

By employing a chaotropic salt-based binding buffer with low alcohol content, the Monarch Spin gDNA Extraction Kit allows for 

specific binding of gDNA with very minimal RNA binding. By not employing a precipitation approach favored by many other kits, 

reproducible results with excellent yields are achieved, often 25–30% higher than other kits. The binding of gDNA to the column takes 

place during a spin at maximum speed to efficiently clear the membrane of lysate components such as proteins, salts and carbohydrates. 

This ensures that two brief washes are sufficient to provide eluted DNA of excellent purity. Additionally, inversion of the column with 

wash buffer effectively removes any contaminating chaotropic salt that may be inside the column reservoir. 

RNA Removal  

Co-purification of RNA during gDNA extractions is a common problem that leads users to overestimate the total yield of DNA. Many 

commercial kits utilize binding buffers with high alcohol content or containing PEG, which leads to significant percentages of RNA 

being co-purified (30% to 90% in some cases). In these cases, an additional RNase A digestion step is imperative to reduce RNA levels. 

The low-alcohol binding conditions employed in the Monarch Spin gDNA Extraction Kit, however, optimize binding of gDNA alone. 

As such, even if the optional RNase A digestion is not included, the amount of RNA that is co-purified is extremely low: 1% for blood, 

up to 10% for cells and 1–4% for tissue. For many applications, it may not be necessary to further reduce the RNA content, and the 

RNase A step can be skipped. Regardless of whether it is used or not, an RNase A treatment option is included in each protocol and 

RNase A is supplied in the kit. Inclusion of the RNase A digestion results in best-in-class residual RNA levels of 0–1%, levels so low, 

they require more sophisticated detection methods (e.g., LC-MS).  

Considerations for Elution & Storage 
 

The elution buffer provided in the kit is 10 mM Tris-HCl, pH 9.0, 0.1 mM EDTA and is suitable for long term storage of gDNA. 

Nucleases are inactivated both by the inclusion of EDTA and the pH of the solution, which suppresses any nuclease activity. 

Alternatively, any low salt buffer or nuclease-free water can be used for elution.  

Temperature 

Elution with the Monarch Spin gDNA Extraction Kit is carried out with elution buffer preheated to 60°C; this significantly improves 

elution efficiency, especially for larger DNA molecules, which bind more tightly to silica. Using elution temperatures > 60°C is not 

recommended, however, as hot elution under low-salt conditions may result in partial and irreversible denaturation of the eluted gDNA.  

Efficiency 

Elution with 100 µl at 60°C will result in 80–85% recovery in the first elution. A second elution step can be carried out with another 

aliquot of 100 µl of preheated elution buffer and may result in 10–15% increase in yield. Alternatively, if high DNA concentration is 

required, a second elution with the first eluate may increase recovery by approximately 10%.  

Volume 

The recommended elution volume is 100 µl. However, for more concentrated gDNA, the elution volume can be reduced as low as 35 µl; 

but yields will be reduced by approximately 20% overall. 

Typically, when using a volume of 100 µl, only 95 µl will elute, as some buffer will remain on the membrane. If less than 35 µl is used  

for elution, a larger fraction of elution buffer is retained, resulting in a loss in the linear correlation between elution volume and yield 

(Figure 1). 

Please note that after repeated pipetting steps with pre-heated elution buffer using the same tip, the actual volume of liquid transferred by 

the pipette may be up to 15% higher than the set volume due to heating of the tip. If this is a problem, change pipette tips between samples. 
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Figure 1: Recovery of Genomic DNA using Various elution volumes with the Monarch Spin gDNA Extraction Kit. 

 

Optimal elution volume range is 35–100 µl. A lysate pool 

was prepared by using 10 mg RNAlater®-stabilized rat liver 

samples and following the Monarch tissue protocol. Elution 

volumes of 25, 30, 35, 40, 50, 75 and 100 µl were used on 

triplicate samples. 

The average yield obtained with 100 µl elution volume was 

19.1 µg, which was considered 100% yield. When using 35 

µl to elute, the average yield was 81.6%; 25 µl and 20 µl 

yielded 7.4% and 70.6%, respectively. 

For volume ≥ 35 µl, the recovered volume after elution was 

~5 µl lower than the elution volume added, and for < 30 µl 

the recovered volume was ~ 10 µl lower. Tests performed 

with other starting materials showed similar results with a 

20–25% reduction in overall yield when elution volumes 

were reduced from 100 to 35 µl. 

 

Storage of gDNA Samples 

Genomic DNA eluted in the supplied elution buffer can be safely stored at 4–8°C for weeks to months. For long term storage, keeping 

samples at -20°C is recommended. If possible, repeated freeze thawing should be avoided, since it may lead to a reduction of the overall 

size of the isolated gDNA.   

 

Performance Data/Downstream Applications 
The performance of Monarch purified genomic DNA from various sample types has been tested in several demanding downstream 

applications such as long-range PCR, qPCR, and Next Generation Sequencing (NGS). In all cases, Monarch-purified gDNA performed 

well. Additionally, Monarch-purified gDNA works well for long-read sequencing platforms (see “Compatibility with Long Read 

Sequencing Platforms”). 
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Choosing Input Amounts 
The table included below shows recommended and maximal input amounts for the various sample types that can be processed with 

the Monarch Spin gDNA Extraction Kit. Additionally, typical yields and DIN values are shown. Using input amounts that exceed the 

recommended amount will lead to a reduction of yield and purity in those samples. If more starting material is required, splitting the 

sample and processing on multiple columns is recommended. For low input amounts, the use of carrier RNA is recommended  

(See “Using Carrier RNA for Low Inputs”). 

The demands on the purification process for tissue samples vary highly between different sample types. Therefore, different input 

amounts are indicated for individual groups of tissues and additional guidelines are provided in the protocol ensuring that the best 

possible results are obtained for each tissue type.  

SAMPLE TYPE 

RECOMMENDED  

INPUT AMOUNT 

TYPICAL 

YIELD (µg) DIN 

MAXIMUM INPUT 

AMOUNT 

TISSUE* 

Tail (mouse) 10 mg 12–20 8.5–9.5 25 mg 

Ear (mouse) 10 mg 18–21 8.5–9.5 10 mg 

Liver (mouse and rat) 10 mg 15–30 8.5–9.5 15 mg 

Kidney (mouse) 10 mg 10–25 8.5–9.5 10 mg 

Spleen (mouse) 10 mg 30–70 8.5–9.5 10 mg 

Heart (mouse) 10 mg 9–10 8.5–9.5 25 mg 

Lung (mouse) 10 mg 14–20 8.5–9.5 15 mg 

Brain (mouse and rat) 10 mg 4–10 8.5–9.5 12 mg 

Muscle (mouse and rat) 10 mg 4–7 8.5–9.5 25 mg 

Muscle (deer) 10 mg 5 8.5–9.5 25 mg 

BLOOD** 

Human (whole) 100 µl 2.5–4 8.5–9.5 100 µl 

Mouse 100 µl 1–3 8.5–9.5 100 µl 

Rabbit 100 µl 3–4 8.5–9.5 100 µl 

Pig 100 µl 3.5–5 8.5–9.5 100 µl 

Guinea pig 100 µl 3–8 8.5–9.5 100 µl 

Cow 100 µl 2–3 8.5–9.5 100 µl 

Horse 100 µl 4–7 8.5–9.5 100 µl 

Dog 100 µl 2–4 8.5–9.5 100 µl 

Chicken (nucleated) 10 µl 30–45 8.5–9.5 10 µl 

CELLS 

HeLa 1 x 106 cells 7–9 9.0–9.5 5 x 106 cells 

HEK293 1 x 106 cells 7–9 9.0–9.5 5 x 106 cells 

NIH3T3 1 x 106 cells 6–7.5 9.0–9.5 5 x 106 cells 

BACTERIA 

E. coli (Gram-negative) 2 x 109 cells 6–10 8.5–9.0 2 x 109 cells 

Rhodobacter sp. (Gram-negative) 2 x 109 cells 6–10 8.5–9.0 2 x 109 cells 

B. cereus (Gram-positive) 2 x 109 cells 6–9 8.5–9.0 2 x 109 cells 

ARCHAEA 

T. kodakarensis  2 x 109 cells 3–5 8.5–9.0 2 x 109 cells 

YEAST 

S. cerevisiae 5 x 107 cells 0.5–0.6 8.5–9.0 5 x 107 cells 

SALIVA/BUCCAL CELLS*** 

Saliva (human) 200 µl 2–3 7.0–8.0 500 µl 

Buccal swab (human) 1 swab 5–7 6.0–7.0 1 swab 

*** Tissue gDNA yields are shown for frozen tissue powder, frozen tissue pieces and RNAlater-stabilized tissue pieces. Though frozen tissue powder results 

in highly-intact gDNA, lower yields can be expected than when using frozen or RNAlater-stabilized tissue pieces. Residual nuclease activity in tissue 

pieces will cut the gDNA, resulting in a slightly smaller overall size; however, this gDNA is optimal for silica-based purification. 

*** Human whole blood samples stabilized with various anticoagulants (e.g., EDTA, citrate and heparin) and various counter-ions were evaluated and results 

were comparable in all cases. Additionally, all indicated blood samples were tested both as fresh and frozen samples, yielding comparable results. Human 

samples were donated by healthy individuals; yields from unhealthy donors may differ. 

*** Buccal swabs and saliva samples partially consist of dead cell material with degraded gDNA. Therefore, the purified gDNA from those samples will 

naturally have lower DIN values.  
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Guidelines for Handling Tissue Samples 
In general, tissue samples should be processed immediately. If processing of the tissue samples is delayed for several hours, the quality 

of the isolated gDNA will be lower, particularly for metabolically active organ tissues. In many cases, tissue samples need to be 

stabilized before genomic DNA purification can be performed. Adequate sample storage can be carried out one of the following ways: 

 

A) Flash frozen tissue samples are stored as whole pieces at -80°C. 

B) Flash frozen tissue samples are pulverized under liquid nitrogen and subsequently stored at -80°C as tissue powder.  

C) Tissue samples are incubated with stabilizing agents like RNAlater (Thermo Fisher Scientific®) to enable transport at room 

temperature or on ice, or to enable safe mid-term storage at 4°C or -20°C. Additionally, cutting and preparing aliquots of 

stabilized samples is significantly more convenient than using fresh or frozen samples. 

Below is a list of recommendations for preparing tissue samples from each of the 3 options mentioned above.  

 

Fresh and Frozen Tissue Pieces: 

Keep fresh samples on ice and frozen samples frozen (e.g., by storing on dry ice). Label and pre-cool reaction tubes on ice 

or a cooling block.  

▪       Do not use more tissue than recommended (See “Choosing Input Amounts”). 

 Fresh Tissue:  

▪ Cut appropriately-sized tissue fragment into small pieces and weigh out the exact amount by transferring small 

tissue pieces into reaction tube positioned on a micro balance. 

▪ Keep tubes cold and start lysis as soon as possible.      

 Frozen Tissue:  

▪ Use a clean, frozen cooling block or the bottom side of a frozen metal reaction tube stand for cutting frozen 

tissue into smallest possible pieces. Samples are most easily cut when they are processed shortly before thawing.  

▪ Weigh the desired amount by transferring small tissue pieces into a pre-chilled reaction tube positioned on a 

micro balance.  

▪ Keep tubes frozen or on ice, and start lysis as soon as possible. In samples that have been frozen, ice crystals 

have destroyed cell structures and nucleases have free access to the genomic DNA. Work with the smallest 

possible tissue pieces to allow for a rapid inactivation of nucleases by Proteinase K. Make sure all tissue pieces 

are able to move freely in the lysis buffer before immediately starting lysis at 56°C.  

Frozen Tissue Powder: 

▪ Label and pre-cool reaction tubes on dry ice. Keep tubes containing tissue powder on dry-ice and use small pre-

chilled scoops that allow for the transfer of 5 or 10 mg frozen tissue powder at a time. Tare pre-chilled tube on 

the micro-balance and transfer appropriate amount of frozen tissue powder to tube for weighing. Work quickly to 

prevent the tube from warming up on the balance. Keep the aliquoted samples on dry ice to ensure the powder 

stays frozen.  

▪ When adding Proteinase K and Tissue Lysis Buffer, mix immediately so that the tissue powder is released from 

the tube wall and dispersed evenly over the lysis buffer. It is important to start lysis at 56°C immediately; add the 

reaction components to one tube, mix and place at 56°C immediately, then proceed with the next tube. Do not 

dispense Proteinase K and Tissue Lysis Buffer to all tubes at once.  

 

Stabilized Tissue Samples 

If stabilized sample was frozen, thaw first. Remove stabilizing solution from the outside of the tissue sample by 

blotting on a paper towel or other absorbent paper. Cut the tissue sample into small pieces and weigh the desired 

amount in a reaction tube (see “Choosing Input Amounts”). Keep tubes cold. Although rapid processing of the 

samples is recommended, it is not as critical as for fresh or frozen samples because of the presence of the 

stabilizing agent. Stabilized tissues contain proteins that have an altered fiber structure. These proteins are more 

difficult for Proteinase K to digest and a fraction of insoluble fiber will remain even if lysis is complete and the 

lysate looks mostly clear. Since these fibers will block the membrane binding sites when the lysate is spun 

through, centrifugation of the lysate before loading on the column is recommended for best yield and purity. This 

is particularly important for brain and fibrous tissue samples (e.g., muscle).  
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Factors Affecting Genomic DNA Quality  
The integrity and length of genomic DNA isolated with silica column-based kits is highly dependent on the quality of starting material. 

Fresh starting material should result in DNA Integrity Numbers (DINs) of 8.5–9.5, with peak sizes of 50 to > 60 kb, as measured on an 

Agilent TapeStation. If isolated gDNA samples have lower DINs and peak sizes, it can usually be attributed to sample preparation and 

storage conditions. Exceptions do apply, for example, buccal swabs and saliva samples consists of dead cells that have undergone 

apoptotic degradation of the DNA content and will typically result in lower DINs.   

 

The following samples types require special attention:  

Whole Blood 

The plasma of whole blood is extremely rich in nucleases. As long as the leukocytes in the blood remain intact, these nucleases 

will not damage the gDNA. When blood samples are stored at 4°C, over time, the leukocytes become increasingly unstable and 

undergo lysis resulting in the release and activation of nucleases, which will reduce the size of purified gDNA. Therefore, fresh 

blood samples should not be stored at 4–8°C for longer than a week. On the other hand, same-day blood samples can be more 

difficult to lyse and the purity of the gDNA from such samples may be less consistent. As such, it is advisable to store fresh blood 

samples at 4–8°C for 2–3 days before purification.  

For archiving samples of whole blood, storage at -80°C is recommended. Frozen blood samples will give excellent quality gDNA 

but it is essential that samples are not thawed before the purification procedure. During the freezing process, ice crystals damage 

the leukocyte cell structures and any nucleases released during thawing can rapidly degrade the gDNA. However, if frozen 

samples are kept frozen during the addition of the lysis components and are then incubated immediately at 56°C, the stringent 

reaction conditions of the Blood Lysis Buffer will ensure the gDNA is protected and that large gDNA fragments are obtained.  

Tissue Samples 

Frozen tissue, previously ground to powder in liquid nitrogen, will be digested within minutes as the protein present in the 

sample is readily available to digestion by Proteinase K. This highly accessible form of input material will ensure that nucleases 

can rapidly be degraded, resulting in gDNA of high integrity. However, yields may be slightly lower when using powder as 

compared with tissue pieces since the intact gDNA may be more difficult to completely elute from the membrane due to the 

large fragment size.  

Tissue pieces, whether frozen or stabilized, require a longer lysis time than tissue powder. It is best to cut tissue into very small 

pieces, as gDNA in large tissue pieces is prone to nuclease degradation; nucleases present in the interior of the pieces are 

protected from Proteinase K digestion, allowing them to shear nearby gDNA while the tissue piece slowly disintegrates. If the 

tissue samples are cut into small enough pieces, this effect is minimized and the yield and quality of gDNA will still be excellent. 

Nuclease-rich Tissues 

Metabolically-active tissues, often also referred to as soft organ tissues (e.g., liver, kidney, pancreas and intestine), have high 

nuclease content. Isolating high quality gDNA from such tissues tends to be more challenging than with other samples. However, 

if samples are stabilized and cut to small pieces (or are processed as frozen tissue powder), good yields can be obtained. 

Generally, results are best when the input amounts are lower.    

Protocol for Extraction and Purification of Genomic DNA from Cells, Blood and Tissues 

To view supplemental protocols please visit the product webpage at www.neb.com/T3010. 

IMPORTANT NOTES BEFORE YOU BEGIN 

• Store RNase A and Proteinase K at -20°C. 

• Add ethanol (≥ 95%) to the Monarch gDNA Wash Buffer concentrate as indicated on the bottle label.  

• Cold PBS (not supplied) is required for processing cultured cells 

• Set a thermal mixer (e.g., ThermoMixer® or similar device), or a heating block to 56°C for sample lysis. 

• Set a heating block to 60°C. Preheat the appropriate volume of elution buffer to 60°C (35–100 µl per sample). Confirm the 

temperature, as temperatures are often lower than indicated on the device.  

• Do not load a single column with the lysed sample more than once; over-exposure of the matrix to the lysed sample can 

cause the membrane to expand and dislodge. 

https://www.neb.com/en-us/products/t3010-monarch-spin-gdna-extraction-kit
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Genomic DNA Extraction Consists of Two Stages:  

PART 1: Sample Lysis 

PART 2: Genomic DNA Binding and Elution 

 

PART 1    SAMPLE LYSIS 

Please follow the protocol specific to your starting material: 

Cultured Cells 

1. Start with a cell pellet containing 1 x 104 – 5 x 106 cells (typical starting amount is 1 x 106 cells). If using lower cell inputs, the 

use of carrier RNA may be beneficial, see “Use of Carrier RNA for Low Input Amounts”).  

• Frozen cell pellets: thaw pellet slowly on ice and loosen by flicking the tube several times. Add 100 µl cold PBS and 

resuspend by carefully pipetting up and down 5–10 times. Ensure pellet is resuspended completely.  

• Fresh cells: pellet cells by centrifugation at 1,000 x g for 1 minute. Remove supernatant and resuspend in 100 µl cold PBS 

by carefully pipetting up and down 5-10 times. Ensure pellet is resuspended completely. 

2. Add 1 µl Proteinase K and 3 µl RNase A to the resuspended pellet and mix by vortexing briefly to ensure the enzymes are 

efficiently dispersed. Do not add the enzymes and the Cell Lysis Buffer simultaneously, as the high viscosity of the lysate will 

prevent equal distribution of the enzymes. Addition of RNase A can be omitted if a low percentage of co-purified RNA will not 

affect downstream applications. For greater convenience in pipetting, working aliquots of the Proteinase K stock can be diluted 5X. 

Determine how much Proteinase K you need for your preps and mix this amount of enzyme with 4 volumes of nuclease-free water 

or PBS. Do not use EDTA-containing buffers like TE. Add 5 µl of this 5X dilution to the resuspended cells and proceed as 

indicated above. 

3. Add 100 µl Cell Lysis Buffer and vortex immediately and thoroughly. The solution will rapidly become viscous. 

4. Incubate for 5 minutes at 56°C in a thermal mixer with agitation at full speed (2000 rpm, or maximum speed available). If 

an incubator with agitation is not available, use a heating block and vortex once or twice during the incubation. Incubation for 

longer than 5 minutes is not necessary, but will not negatively affect the quality of the purified gDNA.  

5. Proceed to Step 1 of Part 2: Genomic DNA Binding and Elution. 

Mammalian Whole Blood (non-nucleated)  

1.  Transfer 100 µl of whole blood to a 1.5 ml microfuge tube. If processing less than 100 µl of blood, add cold PBS to bring the 

total volume to 100 µl. For pre-aliquoted frozen samples, do not thaw; add Proteinase K, RNase A and Blood Lysis Buffer to the 

frozen sample in the following step. 

2.  Add 10 µl Proteinase K, 3 µl RNase A and 100 µl of Blood Lysis Buffer to the sample. Mix immediately by vortexing. For 

frozen samples, do not thaw; add enzymes and lysis buffer directly to frozen sample and proceed immediately to Step 3. When 

working with multiple samples, prepare a master mix of the three reagents to save pipetting steps. Addition of RNase A can be 

omitted if a low percentage of co-purified RNA will not affect downstream applications. 

3.  Incubate for 5 minutes at 56°C in a thermal mixer with agitation at full speed (2000 rpm, or maximum speed available). If 

an incubator with agitation is not available, use a heating block and vortex once or twice during the incubation. A longer incubation 

will not negatively affect the quality of the purified gDNA. For some hemoglobin-rich samples (e.g. horse blood), longer incubation 

times can be beneficial. Other hemoglobin-rich samples (e.g. guinea pig) can form green precipitates during this incubation that 

stain and clog the silica membrane. In such cases, lysis time should be shortened to 3 minutes. 

4.  Proceed to Step 1 of Part 2: Genomic DNA Binding and Elution. 
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Nucleated Red Blood Cells (birds, reptiles)  

1. Transfer 10 µl of whole blood to a 1.5 ml microfuge tube.  

2. Add 90 µl cold PBS and mix by vortexing. 

3. Add 10 µl Proteinase K and 3 µl RNase A, and mix again by vortexing. Do not add the enzymes and the Blood Lysis Buffer 

simultaneously, as the high viscosity of the lysate will prevent equal distribution of the enzymes. Addition of RNase A is only 

necessary if a low percentage of co-purified RNA will affect downstream applications. 

4. Add 100 µl Blood Lysis Buffer and vortex thoroughly. The solution will rapidly become viscous.  

5. Incubate for 5 minutes at 56°C in a thermal mixer with agitation at full speed (2000 rpm, or maximum speed available). If 

an incubator with agitation is not available, use a heating block and vortex once or twice during the incubation. A longer incubation 

will not negatively affect the quality of the purified gDNA.  

6. Proceed to Step 1 of Part 2: Genomic DNA Binding and Elution. 

 

Animal Tissue 

1. Cut tissue into small pieces to ensure rapid lysis and high yields. Weigh the appropriate tissue amount and place in a 1.5 ml 

microfuge tube (see table below for recommended input amounts). Using more than the recommended amounts will not lead to 

better yields and/or purity. If using more than recommended is required, split the sample into 2 or more preps. Ensure frozen material 

remains frozen until samples are mixed with lysis buffer and Proteinase K. Stabilized and fresh tissue should be kept cold or on ice 

during preparation. For more guidance, see “Choosing Input Amounts” and “Guidelines for Handling Tissue Samples”. 

STARTING MATERIAL RECOMMENDED INPUT AMOUNT 

Rodent tail Up to 25 mg 

Brain Up to 12 mg 

Fibrous tissue (muscle, heart) Up to 25 mg 

Ear clips, skin Up to 10 mg 

Liver, lung Up to 15 mg 

Spleen, kidney Up to 10 mg 

2. Add Proteinase K (according to the table below) and 200 µl of Tissue Lysis Buffer to each sample. Mix immediately by 

vortexing. Ensure tissue particles are able to move freely in the lysis mix and do not stick to the bottom of the tube. When working 

with multiple samples, prepare a master mix of Tissue Lysis Buffer and Proteinase K to save pipetting steps. 

TISSUE TYPE PROTEINASE K AMOUNT 

Brain, Kidney, Skin, Ear Clips 3 µl 

All other tissues 10 µl 

3.  Incubate at 56°C in a thermal mixer with agitation at full speed (2000 rpm, or maximum speed available) until tissue pieces 

have completely dissolved (typically 30-60 minutes). If time is not limiting, additional incubation up to 3 hours can further 

improve yields and decrease residual RNA. If an incubator with agitation is not available, use a tube rotator placed within an 

incubator, shaking water bath or a heating block (vortex samples every 5-15 minutes to speed up lysis). 

4.  Note: The following step can be omitted when working with fresh or frozen (non-stabilized) tissue amounts < 15 mg. 

Centrifuge for 3 minutes at maximum speed (> 12,000 x g) to pellet debris. Transfer the supernatant to a fresh microfuge 

tube. This prevents residual debris from clogging the membrane binding sites and helps to reach maximal yield and purity. It is 

especially important to perform this step if sample appears turbid, contains residual particles, when working with stabilized tissue, 

or when working with brain or fibrous tissues. 

5.  Add 3 µl of RNase A to the lysate, vortex thoroughly and incubate for a minimum of 5 minutes at 56°C with agitation at full 

speed. This step can be skipped if a low percentage of co-purified RNA will not affect downstream applications. 

6.  Proceed to Step 1 of Part 2: Genomic DNA Binding and Elution. 
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PART 2   GENOMIC DNA BINDING AND ELUTION 

 
1.  Add 400 µl gDNA Binding Buffer to the sample and mix thoroughly by pulse-vortexing for 5-10 seconds.  

Thorough mixing is essential for optimal results. For all types of bacterial samples extension of the vortexing step to 1 minute  

will improve DNA yield. 

2. Transfer the lysate/binding buffer mix (~600 µl) to a Monarch Spin Column S2C pre-inserted into a collection tube, 

without touching the upper column area. Proceed immediately to Step 3. Do not reload the same column with more sample; 

over-exposure of the matrix to the lysed sample can cause the membrane to expand and dislodge. Avoid touching the upper 

column area with lysate/binding mix and avoid transferring foam that may have formed during lysis. Any material that touches the 

upper area of the column, including any foam, may lead to salt contamination in the eluate. 

3. Close the cap and centrifuge for 1 minute at maximum speed (> 12,000 x g). Discard the flow-through and the collection 

tube. For optimal results, ensure that the spin column is placed in the centrifuge in the same orientation at each spin step (for 

example, always with the hinge pointing to the outside of the centrifuge); ensuring the liquid follows the same path through the 

membrane for binding and elution can slightly improve yield and consistency. 

4. Transfer column to a new collection tube and add 500 µl gDNA Wash Buffer. Close the cap and invert a few times so that 

the wash buffer reaches the cap. Centrifuge immediately for 1 minute at maximum speed and discard the flow through. The 

collection tube can be tapped on a paper towel to remove any residual buffer before reusing it in the next step.  Inverting the spin 

column with wash buffer prevents salt contamination in the eluate. 

5. Reinsert the column into the collection tube. Add 500 µl gDNA Wash Buffer and close the cap. Centrifuge immediately for 

1 minute at maximum speed and discard the collection tube and flow through. 

6. Place the Monarch Spin Column S2C in a DNase-free 1.5 ml microfuge tube (not included). Add 35-100 µl preheated (60°C) 

gDNA Elution Buffer, close the cap and incubate at room temperature for 1 minute. Elution in 100 µl is recommended, but 

smaller volumes can be used and will result in more concentrated DNA but a reduced yield (20–25% reduction when using 35 µl). 

Eluting with preheated elution buffer will increase yields by ~20–40% and eliminates the need for a second elution. To maximize 

DNA yields incubate column with elution buffer for 5 minutes at 60°C. For applications in which a high DNA concentration is 

required, using a small elution volume and then re-eluting with the eluate may increase yield (~10%). The elution buffer (10 mM 

Tris-Cl, pH 9.0, 0.1 mM EDTA) offers strong protection against enzymatic degradation and is optimal for long term storage of 

DNA. However, other low-salt buffers or nuclease-free water can be used if preferred. For more details on optimizing elution, 

please refer to “Considerations for Elution & Storage”. 

7. Centrifuge for 1 minute at maximum speed (> 12,000 x g) to elute the gDNA. 

 

 

 

To view supplemental protocols please visit the product webpage at www.neb.com/T3010. 
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Appendices 

Compatibility with Long Read Sequencing Platforms 

High molecular weight gDNA is routinely isolated using this kit, allowing long sequencing reads to be generated on both the Pacific 

Biosciences® or Oxford Nanopore Technologies® platforms. Read length will be determined by sample prep reagents and protocols 

employed, such as sheared versus unsheared input material and vendor- versus user-derived protocols. 

Use of Carrier RNA for Low Input Amounts 

Lower input amounts are easier to process in terms of lysis efficiency and purity of the sample. However, when yields fall below 100 ng 

(the equivalent of 1 x 104 cells), the relative efficiency of gDNA elution decreases. Therefore, when working with very low input 

amounts, the use of carrier RNA (10 µg/ml in the gDNA Binding Buffer) is recommended (e.g. Sigma-Aldrich® #GE27-4110-02). 

Prepare a stock solution of 1 µg/µl in Monarch gDNA Elution Buffer or Nuclease-free Water (NEB #B1500) and add 4 µl of the stock 

solution to each aliquot of 400 µl Binding Buffer before mixing with the lysate. If carrier-RNA is added, the RNase A digestion step 

should be omitted. The purified gDNA can be quantified by using qPCR-based methods.    

DNA Quantitation 

Before quantitation, samples should be briefly vortexed to ensure even distribution of the gDNA in the solution. This is particularly 

important for samples that have been frozen, where gDNA is unevenly distributed upon thawing. A short vortex will not shear gDNA. 

When measuring thawed samples, allow them to reach room temperature to enable consistent measurements. Spectrophotometric 

analysis of gDNA eluates can be used for assessing the quantity of the isolated gDNA by measuring the absorbance at 260 nm. 

Typically, modern micro volume spectrophotometers (e.g. Nanodrop®) automatically calculate the DNA concentration by multiplying 

the measured absorbance value with the conversion factor, which is 50 for DNA. Concentration measurements at 260 nm can be 

performed on most micro volume systems down to 1 ng/µl with acceptable accuracy. Below that concentration, the use of fluorescence  

measurement via Qubit® or similar detection systems is recommended. Please note that the A260/230 and A260/280 ratios are typically not 

reliable below 20 ng/µl. 

Assessing DNA Purity 

Purity of the DNA samples can be assessed using A260/A280 and A260/A230 ratios.  

Samples that have A260/A280 and A260/A230 values > 1.8 can be considered to be pure. However, when working with gDNA that is below  

20 ng/µl, these ratios are no longer reliable. There is also great variation in the ratios depending on the device used to measure them.  

A260/A280 Ratio 

A260/A280 values can be used as a general guide for overall purity. For sufficiently concentrated samples (> 20 ng/µl), the 

following guidelines can be used: 

• Mammalian gDNA samples that are very clean will show ratios at or near 1.85–1.87. The range 1.80–1.90 is generally 

considered clean. 

• Values in the range 1.90 to > 2.0 may indicate potential RNA contamination. The higher the value, the greater the 

contamination level. 

• Values < 1.80 may indicate potential protein concentration. The lower the value, the greater the contamination. In cases 

where the contamination is significant, a shoulder may be observed in the absorbance spectrum around 280 nm. It 

should be noted that the A260/A280 ratio is only a rough indicator of protein contamination; low levels will not be 

detected as they would if using the A260/A230 ratios.   

A260/A230 Ratios 

A260/A230 values can be used as an indicator for overall purity. There are many substances that may influence this ratio, therefore, 

analysis of A260/A230 values should be performed with care. Moreover, A260/A230 values show a higher coefficient of variation 

than A260 concentration values and A260/A280 ratios, and their accuracy diminishes with decreasing analyte concentrations, 

particularly when measuring dilute samples with DNA concentrations below 20 ng/µl.  

For DNA samples > 20 ng/µl, the following guidelines can be used: 

• Samples that are very clean will show ratios in the range of 2.20–2.50. The range between 1.80–2.50 is generally 

considered clean. 

• The A260/A230 ratio is a more sensitive indicator for protein contamination than the A260/A280 ratio. Minor protein 

contamination will lead to lower A260/A230 ratios (e.g. 1.60) but may have no significant effects on the A260/A280 ratio.  
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• Salt contamination resulting from the chaotropic salt guanidine thiocyanate (GTC) will heavily affect this ratio because 

of its absorbance in the 230 nm range. Even with GTC contamination in the sub-millimolar range, the A260/A230 ratio 

may be as low as 1.0. Meanwhile, the A260/A280 ratio may not be affected. Typically, low amounts of GTC will not 

have an effect on downstream applications. 

• The presence of any form of aromatic molecules (like commonly used non-ionic detergents) or molecules with double 

bonds, (e.g. EDTA) will lower the A260/A230 ratio.  

• Substances like silica fibers and polysaccharides may also lower the A260/A230 ratio. 

• Traces of undigested hemoglobin from blood samples will give a specific absorbance peak at 410 nm. However, if 

measurable amounts of hemoglobin are available in samples stemming from blood material, the A260/A230 ratio will 

also be affected.   

Assessing DNA Integrity 

Integrity of the genomic DNA can be assessed by gel electrophoresis or using an Agilent Technologies TapeStation. For the former, load 

approximately 100 ng per sample on an 0.75% agarose gel and compare the size distribution to a suitable marker (e.g. Lambda DNA), 

either as full length DNA (NEB #N3011) or digested with HindIII (NEB #N3012). Typically, for intact gDNA, the majority of the 

gDNA signal will be larger than the upper band of the HindIII digest. For the latter, gDNA samples can be run on a TapeStation using a 

Genomic DNA ScreenTape. This system will provide information on the peak size of the gDNA and the overall DNA integrity via the 

DIN (DNA Integrity Number). High peak sizes (> 50 kb) and DINs > 8.5 indicate that the DNA is of high quality. 

 

Troubleshooting 

Low Yield 

Cells:  

• Frozen cell pellet was thawed and/or resuspended too abruptly 

– Thaw cell pellets slowly on ice and flick tube several times to release the pellet from the bottom of the tube. Be 

sure to use cold PBS for resuspension, and resuspend gently by pipetting up and down 5–10 times until a 

uniformly turbid cell suspension is obtained and the pellet is completely dissolved. 

• Cell Lysis Buffer was added concurrently with enzymes  

– Add Proteinase K and RNase A to sample and mix well before adding the Cell Lysis Buffer, otherwise the high 

viscosity of the lysate will impede proper mixing of the enzymes. 

Blood:  

• Blood was thawed, allowing for DNase activity 

– Keep frozen blood samples frozen and add Proteinase K, RNase A and Blood Lysis Buffer directly to the frozen 

samples. Start lysis right away and let the samples thaw upon lysis incubation.   

• Blood sample is too old 

– Fresh (unfrozen) whole blood should not be older than a week. Older samples will show a progressive amount of 

DNA degradation and loss of yield. 

• Formation of hemoglobin precipitates 

– Digestion of whole blood samples from some animal species with high hemoglobin content (e.g. guinea pig) may 

lead to the accumulation of insoluble hemoglobin complexes that stain and clog the membrane, leading to reduced 

yield and purity. Reduce Proteinase K lysis time from 5 to 3 minutes to prevent the formation of these precipitates. 

Tissue: 

• Tissue pieces are too large: 

– Cut starting material to the smallest possible pieces or grind with liquid nitrogen. In large tissue pieces, nucleases 

will destroy the DNA before the Proteinase K can lyse the tissue and release the DNA. 
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• Membrane is clogged with tissue fibers: 

– Proteinase K digestion of fibrous tissues (e.g. muscle, heart, skin, ear clips), brain tissue and all RNAlater-stabilized 

tissues leads to the release of small indigestible protein fibers that often gives the lysate a turbid appearance. These 

fibers will block the binding sites of the silica membrane reducing yield and causing protein contamination. To 

remove fibers, centrifuge lysate at maximum speed for 3 minutes, as indicated in the protocol. For ear clips and 

brain tissue, use no more than 12–15 mg input material, otherwise the fiber removal will not be complete. 

• Sample was not stored properly: 

– Samples that are stored for long periods of time at room temperature, 4°C or -20°C will show degradation and loss 

of the gDNA content over time. Flash freeze tissue samples with liquid nitrogen or dry ice and store them at  

-80°C. Alternatively, use stabilizing reagents to protect the gDNA and enable storage for longer periods of time at 

4°C or -20°C.     

• Genomic DNA was degraded (common in DNase-rich tissues): 

– Organ tissues like pancreas, intestine, kidney and liver contain significant amounts of nucleases. They should be 

treated with extreme care and stored properly to prevent DNA degradation. Keep frozen and on ice during sample 

preparation. Refer to the protocol for the recommended amount of starting material and Proteinase K to use. 

• Column is overloaded with DNA: 

– Some organ tissues (e.g. spleen, kidney, liver) are extremely rich in genomic DNA. Attempting to process 

quantities larger than the recommended input amounts will result in the formation of clouds of tangled, long-

fragment gDNA that cannot be eluted from the silica membrane. Reduce the amount of input material to get a 

higher yield (see “Choosing Input Amounts”). 

• Incorrect amount of Proteinase K added: 

– Most samples are digested with 10 µl Proteinase K, but for brain, kidney and ear clips, using 3 µl will provide 

better yields.  

DNA Degradation 

Tissue:  

• Sample was not stored properly: 

– Samples that are stored for long periods of time at room temperature, 4°C or -20°C will show degradation and loss 

of the gDNA content over time. Shock freeze tissue samples with liquid nitrogen or dry ice and store them at -

80°C. Alternatively, use stabilizing reagents such as RNAlater to protect the gDNA and enable storage for longer 

periods of time at 4°C or -20°C. 

• Tissue pieces are too large: 

– Cut starting material to the smallest possible pieces or grind with liquid nitrogen. In large tissue pieces, nucleases 

will degrade the DNA before the Proteinase K can lyse the tissue and release the DNA. 

• High DNase content of soft organ tissue: 

– Organ tissues like pancreas, intestine, kidney and liver have a very high nuclease content. They should be treated 

with extreme care (see ‘Sample was not stored properly’ section above) to prevent DNA degradation. Keep frozen 

and on ice during sample preparation.  

Blood:  

• Blood sample is too old: 

– Fresh (unfrozen) whole blood should not be older than a week. Older samples will show a progressive amount of 

DNA degradation and loss of yield. 

 

• Blood sample was thawed, allowing for DNase activity: 
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– Thawing frozen blood samples releases DNase, causing degradation. Keep frozen blood samples frozen and add 

enzymes and lysis buffer directly to the frozen samples. Start lysis right away and let the samples thaw upon 

lysis incubation. 

Salt Contamination 

• Guanidine salt was carried over into the eluate: 

 The binding buffer contains guanidine thiocyanate (GTC), which shows a very strong absorbance at 220–230 nm. The most 

common way that salt is introduced into the eluate is by allowing the buffer/lysate mixture to contact the upper column area. 

To prevent this: 

— When transferring the lysate/binding buffer mix, avoid touching the upper column area with the pipet tip; always 

pipet carefully onto the silica membrane.  

— Avoid transferring any foam that may have been present in the lysate; foam can enter into the cap area of the silica 

spin column. 

— Take care to close the caps gently to avoid splashing the mixture into the upper cap area. 

— Do not move the samples too abruptly when transferring in and out of the centrifuge. 

 If salt contamination is a concern, invert the columns a few times with gDNA Wash Buffer as indicated in 

the protocol.  

Protein Contamination 

Tissue: 

• Incomplete digestion of the tissue sample:  

— Cut samples to the smallest possible pieces for rapid and efficient lysis. Allow the sample to remain in the lysis 

buffer for an extra 30 minutes to 3 hours after dissolving so that any remaining protein complexes are degraded 

and can be more easily removed during binding and washing. 

• Membrane is clogged with tissue fibers:  

— Proteinase K digestion of fibrous tissues (e.g. muscle, heart, skin, ear clips), brain tissue and all RNAlater-

stabilized tissues lead to the release of small, indigestible protein fibers that often give the lysate a turbid 

appearance. These fibers will block the binding sites of the silica membrane reducing yield and causing protein 

contamination. To remove fibers, centrifuge the lysate at maximum speed for 3 minutes as indicated in the 

protocol. For ear clips and brain tissue, use no more than 12–15 mg input material, otherwise the fiber removal 

will not be complete. 

Blood: 

• High hemoglobin content: 

— Some blood samples (e.g. horse) are rich in hemoglobin, evidenced by their dark red color. On occasion, these 

samples will still appear red after the 5-minute lysis incubation (when in fact, they should be green). Extend lysis 

time by 3–5 minutes for best purity results. 

• Formation of hemoglobin precipitates: 

— Digestion of whole blood samples from some animal species with high hemoglobin content (e.g. guinea pig) may 

lead to the accumulation of insoluble hemoglobin complexes that stain and clog the membrane, leading to reduced 

yield and purity. Reduce Proteinase K lysis time from 5 to 3 minutes to prevent the formation of these precipitates. 

RNA Contamination 

Tissue:  

• Too much input material: 

— DNA-rich tissues (e.g. soft organ tissue such as spleen, liver and kidney) will become very viscous during lysis 

and this may inhibit RNase A activity. Do not use more than the recommended input amount. 

• Lysis time was insufficient:  

— Tissue samples benefit from extending the lysis time by 30 minutes to 3 hours after the tissue piece has completely 

dissolved. Not only may a slightly higher yield be expected, additionally, the efficiency of the subsequent RNase 

A digestion is significantly higher. 



 16 

Tissue Digestion Takes Too Long 

• Tissue pieces too large: 

— Cut tissue pieces to the smallest possible size or grind with liquid nitrogen before starting lysis. 

• Tissue pieces are stuck to bottom of tube: 

— Vortex to release pieces from the tube bottom. Vortex immediately after adding Proteinase K and Tissue Lysis 

Buffer to the tissue sample. Make sure that all tissue pieces can float freely. 

• Too much starting material: 

— Use input amount indicated in the protocol for best results. 

Tissue Lysate Appears Turbid 

• Formation of indigestible fibers: 

— Proteinase K digestion of fibrous tissues (e.g. muscle, heart, skin, ear clips), brain tissue and all RNAlater-

stabilized tissues leads to the release of small indigestible protein fibers that often gives the lysate a turbid 

appearance. These fibers will block the binding sites of the silica membrane reducing yield and causing 

protein contamination. To remove fibers, centrifuge lysate at maximum speed for 3 minutes, as indicated in 

the protocol. For ear clips and brain tissue, use no more than 12–15 mg input material, otherwise the fiber 

removal will not be complete. 

 

Ratio A260/A230 > 2.5 

• Slight variations in EDTA concentration in eluates:  

— If the EDTA available in the elution buffer complexes with magnesium or calcium cations, which may be 

associated with the isolated genomic DNA in small amounts, this will lead to small differences in the free EDTA 

concentration in the eluate. At NEB, we have observed EDTA has a strong influence on the 230 nm absorbance 

and a minute concentration reduction of free EDTA may lead to a higher than usual A260/A230 ratio. In some cases, 

this ratio exceeds a value of 3.0 and is consistent with highly pure samples. In these cases, the elevated value does 

not have any negative effect on downstream applications.  

 

 

Ordering Information 

PRODUCT NEB # SIZE 

Monarch Spin gDNA Extraction Kit T3010S/L 50/150 preps 

Monarch Spin Columns S2C and Tubes T3017L 100 columns +  

200 collection tubes 

Monarch Spin Collection Tubes T2118L 100 collection tubes 

Monarch gDNA Tissue Lysis Buffer T3011L 34 ml 

Monarch gDNA Cell Lysis Buffer T3012L 20 ml 

Monarch gDNA Blood Lysis Buffer T3013L 20 ml 

Monarch gDNA Binding Buffer T3014L 65 ml 

Monarch gDNA Wash Buffer T3015L 60 ml 

Monarch gDNA Elution Buffer T3016L 34 ml 

Monarch RNase A T3018L 1 ml 

Proteinase K, Molecular Biology Grade P8107S 2 ml 
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Revision History 

Revision # Description DATE 

1.0 N/A  

2.0 Updated guidance for wash step. 7/19 

2.1 Adjusted table page 7. 10/19 

3.0 Added insect protocol. Added note to prevent double-loading of columns. 2/20 

3.1 Updated hyperlink in Kit Components. 10/23 

4.0 Updated kit components table with new component number.  

Updated formatting, header and footer. Updated legal. 

3/24 

4.1 Updated kit, column and tube names. 8/24 

5.0 Updated protocols to remove low-speed spin step (1,000 x g),  

streamlining the workflow and saving time. 

10/25 

 

 

How to Recycle Monarch Kit Components* 
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This product is intended for research purposes only. This product is not intended to be used for therapeutic or diagnostic purposes in humans or animals. 

Products and content are covered by one or more patents, trademarks and/or copyrights owned or controlled by New England Biolabs, Inc (NEB). The use of trademark 

symbols does not necessarily indicate that the name is trademarked in the country where it is being read; it indicates where the content was originally developed. See 

www.neb.com/trademarks. The use of these products may require you to obtain additional third-party intellectual property rights for certain applications. For more 

information, please email busdev@neb.com. 

AGILENT TECHNOLOGIES®, BIOANALYZER®, TAPESTATION® and SCREENTAPE® are registered trademarks of Agilent Technologies, Inc. 

APPLIED BIOSYSTEMS® is a registered trademark of Applied Biosystems, LLC. 

B CORPORATION®is a registered trademark of B Lab IP, LLC, Inc. 

BIO-RAD® is a registered trademark of Bio-Rad Laboratories, Inc. 

COVARIS® is a registered trademark and G-TUBE™ is a trademark of Covaris, LLC. 

FASTPREP® is a registered trademark of MP Biomedicals, LLC. 

QIAGEN® and DNEASY® are registered trademarks of Qiagen GmbH. 

ILLUMINA® and MISEQ® are registered trademarks of Illumina, Inc. 

QUBIT® is a registered trademark of Molecular Probes, Inc. 

RNALATER® is a registered trademark of Ambion, Inc. 

NANODROP® is a trademark of Nanodrop Technologies, LLC. 

THERMOMIXER® is a registered trademark of Eppendorf SE. 

PACIFIC BIOSCIENCES®, PACBIO® and SMRTBELL® are registered trademarks of Pacific BioSciences of California, Inc. 

OXFORD NANOPORE TECHNOLOGIES®, ONT® and GRIDION® are registered trademarks of Oxford Nanopore Technologies Limited. 

SIGMA-ALDRICH® is a registered trademark of Sigma-Aldrich Co., LLC. 

ZYMO RESEARCH® is a registered trademark of Zymo Research Corporation. 

THERMO FISHER SCIENTIFIC® is a registered trademark of Thermo Fisher Scientific Inc. 

© Copyright 2025, New England Biolabs, Inc.; all rights reserved 
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