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The aim of this NSW Biobank Standard Operating Procedure (SOP) Template is to provide guidelines to act as a resource when drafting or revising Biobank SOPs.  This document is not intended  to be used as an active SOP in the current form.  The content includes topics with examples to consider when developing and/or refining Biobank specific SOPs. Some of the examples and information will not necessarily be appropriate for your Biobank. NSW Health Statewide Biobank does not endorse any of the listed products, which are provided as examples only. Biobank staff are encouraged to edit, delete and add information as appropriate for your Biobank. A complementary resource is the Biospecimen Research Database (BRD) from the National Cancer Institute (NCI) in the USA where you can search SOPs uploaded by Biobanks around the world.  Click here to go to the BRD website, then click on ‘Search SOPs’.  

Purpose
The purpose of this document is to outline standardised procedures to follow when extracting DNA from blood and tissue samples. These samples are collected from donors that have been through the informed consent process and agreed to participate in the Biobank.  Genomic studies often utilise nucleic acids (DNA and RNA) derived from these samples and high-quality samples are essential for downstream purposes.  
When extracting and storing deoxyribonucleic acid (DNA) from blood and tissue samples, all efforts should be made to avoid contamination, prevent degradation and preserve molecular integrity.  

Scope
This standard operating procedure (SOP) describes how DNA is extracted from blood and tissue samples. These procedures pertain to all personnel who may be responsible for extracting DNA from blood and tissue. 
The SOP does not cover detailed safety procedures for handling Human Biological Materials or hazardous chemicals and it is recommended that personnel follow institutional safety guidelines.  

Roles & Responsibilities
This SOP applies to all Biobank personnel that are responsible for extracting DNA from blood and tissue samples.

	Biobank Personnel
	Responsibility/Role

	Laboratory technician/scientist/research assistant/tissue bank officer

	Responsible for labelling tubes, extracting DNA from tissue and/or blood and storing samples. Records and documents outcomes.



Abbreviations
	Term/Abbreviation
	Definition

	PCR
	Polymerase Chain Reaction

	TE buffer
	The most common buffer used for dilution and storage of DNA.  TE buffer is made of Tris-Chloride (10 mM) EDTA (1 mM) and has pH8.0



Related documents
The documents and forms listed below are recommended and may be substituted by alternative/equivalent material:
	Documents and/or Forms 
	Description

	NSW/CTRNet Required Operational Practice 9: Biospecimen Collection and Processing
	ROP that describes the key principles regarding biospecimen collection and processing that a Biobank should adhere to in order to meet the current best practice standards. 

	NSW/CTRNet Required Operational Practice 13: Safety and Waste Disposal
	ROP that describes the key principles regarding safety and waste disposal that a Biobank should adhere to in order to meet the current best practice standards. 

	NSWHSB Standard Operating Procedure SOP 4.3 Biobank blood processing and storage
	SOP that describes the procedure for processing blood collected from Biobank donors.

	NSWHSB Standard Operating Procedure SOP 4.9 Extraction of RNA (from blood and tissue)
	SOP that describes how RNA is extracted from blood and tissue samples.

	NSWHP Standard Operating Procedure SOP 4.7 Biospecimen Retrieval
	SOP that describes the standardised procedure for retrieving stored Biobank samples for distribution or processing.  




Materials & Equipment
The materials and equipment listed below may be required when extracting DNA from blood or tissue.

· Appropriate labels for tubes and vials (or barcoded vials)
· Appropriate volume tubes and racks 
· Vortex mixer
· Microcentrifuge
· Sterile pipette tips with aerosol barrier
· Micropipettors
· Transfer pipettes
· Glass pipettes for transferring phenols and chloroforms (do not use polystyrene)
· Pipettors for large glass pipettes
· Isopropanol
· Appropriate kit/reagents, solutions and buffers for DNA extraction (e.g. Proteinase K, TRIS saturated phenol, 20% SDS, TRIS Buffer, TRIS EDTA (TE) Buffer, Phenol chloroform/isoamyl alcohol, Chloroform /isoamyl alcohol, NaCl)
· A shaking Heat Block like the Eppendorf Thermomixer or normal heating block or water bath.
· Hot water bath (set at 55° C)
· Rolling rack (rotator/nutator mixer)
· 95% ethanol
· 70% ethanol
· Fumehood
· DNA free water

Safety
This SOP does not cover detailed safety procedures for handling blood, tissue or their derivatives, and it is recommended that personnel follow institutional biosafety guidelines.

In general, all human biospecimens and materials coming into contact with biospecimens must be treated as biohazardous materials. Personal protective equipment (PPE) must be worn throughout the procedure. Sharps and wastes must be disposed of as per your Institutional Biohazard Waste and Sharps Management policy. All equipment must be sterile and standard sterile technique employed.  

Procedures/Method
This procedure is intended to ensure that DNA is extracted from blood and tissue samples in a safe and consistent manner while eliminating the risks of contamination and loss of molecular and structural integrity. Consistency in procedure is important for obtaining products with high integrity, quality and comparable and reliable test results. 

General considerations
1. Treat all biospecimens as potentially infectious.
2. DNA is a weak acid and at 4ºC may be subject to acid hydrolysis. Therefore, DNA should be eluted in a suitable buffer, such as TE buffer or similar for long term storage. Keep in mind that different buffers have different absorbance values and the same buffer used for elution should be used as a blank for downstream quantification such as spectral absorbance. 
3. For long-term storage keep DNA at -20 ºC or -80ºC.  Avoid subjecting the DNA to freeze/thaw cycles to prevent fragmentation of the genomic DNA.  
4. Care must be taken to avoid introducing nucleases and other contaminants to the samples: 
a. All reagents and chemicals used should be at least A.R. (Analytical Reagent) grade and of molecular biology grade where possible. For example, use RNase and DNase free pipette tips and microcentrifuge tubes.
b. Reagents and tubes should be autoclaved in advance, where appropriate and handled in a laminar flow cabinet to minimise contamination with DNA from the operator.
c. Laminar flow cabinets should be irradiated with UV light for 30 min prior to use.
d. Prior to use, all surfaces should be cleaned with 0.4 % sodium hypochlorite (bleach) and 70 % ethanol.
e. Bench area, equipment (including pipettes and forceps), and reagent bottles can be wiped with RNaseZap ® prior to use and rinsed thoroughly with H2O after use. (Note that RNaseZap ® solution can corrode metals and extended periods of contact with metals should be avoided). 
f. Gloves should be changed frequently.
5. Work with tubes in the same order for the duration of the procedure to minimise the potential for sample mix up.

Methods of DNA extraction
There are a variety of different techniques that can be used to isolate or extract DNA from biospecimens. The method of preparation should be defined according to an evidence based documented processing method or as specified in agreement with the provider/recipient/user. Biobanks should remain aware of changes/improvements in practice.
However, all human DNA extraction protocols follow the same basic principles:
1. Cell lysis and removal of lipid membranes to enable the release of nucleic acids from the cell nucleus
2. DNA isolation by protein denaturation and removal
3. DNA purification by removal of other cellular contaminants
4. DNA stabilisation and storage

A description and comparison of some common methods of DNA extraction can be found in Table 1 below. Generally, commercial kits tend to be fast, reliable, and extract DNA of a higher purity. Other methods may be more adaptable and less expensive. There are also several high throughput automated systems on the market. The method chosen should be tested and validated prior to introduction.

The downstream purpose of the DNA should be considered when choosing a method. DNA can be assessed for integrity and fragmentation (e.g., molecular weight, DNA Integrity Number), quantity/concentration, and purity. In addition, DNA can be assessed for the absence of cross-linking, human vs. non-human composition, the absence of PCR inhibitors, and the percentage of double-stranded DNA.

Table 1: A comparison of common DNA extraction techniques.
	
	Description
	Advantages
	Disadvantages
	Commercial Kits - examples

	Organic Extraction
	Uses organic chemicals (e.g. phenol-chloroform)
	Yields pure DNA
Adaptable
	Time-consuming
Harmful chemicals
Large quantity of starting material required 
Phenol minimises quantitation of DNA detected by UV absorbance
	· Solution-based method
· Easy-DNA® Kit (Invitrogen)

	Inorganic Extraction
	Uses inorganic chemicals, detergents, ethylenediamine tetraacetic acid (EDTA), acetic acid, salt (salting out, spooling)
	Does not require harmful chemicals.
Cost-effective
Time-efficient
Adaptable
	
	· Solution-based method


	Solid-Phase Extraction

	Silica based
	Quick
Does not require harmful chemicals
Increased yield and quality of DNA
Can be automated
Can be incorporated into spin columns and microchips
	Can be more costly than solution based extraction methods
	· Purelink Genomic DNA extraction kit (Invitrogen)
· DNeasy Blood and Tissue Kit (Qiagen).

	
	Magnetic/beads
	Quick
Can be automated
Does not require harmful chemicals
	 Can be more costly
	· Agencourt DNAdvance Kit (Beckman Coulter)
· Magnetic Beads Genomic DNA Extraction Kit (Geneaid).

	
	Anion-exchange/ resins
	Quick
Does not require harmful chemicals
	Depend on salt concentration and pH condition of buffers
Cost-efficient
	· PureLink® HiPure Plasmid DNA Purification Kits (Invitrogen)
· Qiagen plasmid mini/midi kits and Genomic-tip
· NucleoBond® PC kits (Macherey Nagel)






Organic extraction: Phenol-chloroform method
Cell lysis is achieved by the combination of a buffer (Tris), detergent (SDS), and protease (Proteinase K). The addition of a chelating agent (EDTA) inhibits DNase activity by binding divalent cations like Mg++. To separate the DNA and proteins, the lysed sample is mixed with Phenol:Chloroform:Isoamyl Alcohol. Chloroform acts as a protein and RNA solvent and while Isoamyl Alcohol functions as a foam reducing agent. This mixture is vortexed until an emulsion is formed, and then centrifuged until it has separated into an aqueous (top) and organic (bottom) layer. The denatured proteins and cellular debris are separated into the organic layer, the lipids accumulate between the aqueous and organic layer, and the DNA accumulates in the aqueous layer. To prevent DNA from accumulating in the organic layer, the solution is buffered to a pH>7.8. After several washes, the aqueous phase can be extracted with Chloroform or n-Butanol to remove any traces of phenol. The DNA is then purified and concentrated by either ethanol precipitation or centrifugal filter units. 

Inorganic extraction: salting-out method
This is similar to the organic method of extraction, however high salt (sodium chloride, NaCl) concentration is used to precipitate DNA. After protein digestion by a proteinase enzyme and detergent for a few hours or overnight, salt is added. Centrifugation removes the precipitated proteins which form a protein pellet at the bottom of the tube. The supernatant contains the DNA. DNA is then precipitated by adding ethanol and the precipitated DNA is then re-suspended in desired buffer.
Occasionally, alkaline denaturation of the sample with sodium hydroxide (NaOH) can be used to release DNA from the cells. The solution is then re-equilibrated to neutral pH with a more acidic buffer solution and is ready for PCR. Similarly, heat denaturation by boiling the sample to 100°C can release DNA into the solution. However, this method may also denature the DNA by separating the two strands. 

Solid-phase extraction methods
These methods involve columns of various sorts, which are packed with ion exchange, or silica based resins or matrices. Ion exchange columns are generally positively charged to bind the negatively charged DNA; silica matrices are also charged and can also retain DNA. In such applications DNA from the cellular lysates is expected to bind to the column. These columns are then washed using salt solutions to remove unbound material. Nucleic acid is then recovered by applying water or a neutral pH salt solution to break down the resin-DNA bonding.
· Silica based technology
DNA adsorbs specifically to positively charged silica membrane/beads/particles in the presence of certain salts and at a particular pH. The cellular contaminants are removed by wash steps. DNA is eluted in a low salt buffer or elution buffer. Chaotropic salts are included to aid in protein denaturation and extraction of DNA. 
· Magnetic separation
This method is based on reversibly binding DNA to a magnetic solid surface/bead/particles, which have been coated with a DNA binding antibody or a functional group that interacts specifically with DNA. After DNA binding, beads are separated from other contaminating cellular components, washed and finally the purified DNA is eluted using ethanol extraction. 
· Anion exchange technology
This method is based on the interaction between negatively charged phosphates of the nucleic acid and positively charged surface molecules on the substrate. Many different matrices are available including cellulose, dextran, or agarose. The presence of resins bound to the matrix can optimise the separation of DNA from impurities. DNA binds specifically to the substrate in presence of low salt, contaminants are removed by wash steps using low or medium salt buffer, and purified DNA is eluted using a high salt buffer. 

Other extraction methods
Other methods include Ethidium Bromide (EtBr)-Cesium Chloride (CsCl) gradient centrifugation.
Choosing a suitable method
DNA isolation methods are often modified and optimised for different cell types. It is important that when deciding on the method of DNA extraction to use, to take the following factors into consideration as one method may be more suitable than another:
· Sample type, size, volume, storage conditions, and any special pre-extraction preparation required
· DNA yield required, 
· Equipment and tube sizes required, 
· Processing speed required,
· Required purity of DNA 
· Will the presence of PCR inhibitors or contaminants during the extraction process affect any required downstream processes?
· Ease of operation
· Cost of preparation
· Shelf life/storage conditions of reagents
· Appropriate disposal of Hazardous reagents
· Genomic DNA vs. Plasmid DNA vs. mitochondrial DNA
There are a variety of different commercial kits on the market that are compatible with a variety of sample types and downstream applications. It is best to review the kit before purchasing to ensure that it is fit for purpose. For example:
https://www.qiagen.com/us/shop/sample-technologies/dna/
https://www.promega.com.au/products/nucleic-acid-extraction/genomic-dna/genomic-dna-extraction-kits/?cs=y&accordion0=0
https://www.mn-net.com/bioanalysis/kits/dna/?p=2
Various methods can also be used to assess the quality of nucleic acids after they have been extracted. The following international standard may provide more detailed information: ISO20395:2019 Biotechnology – Requirements for evaluating the performance of quantification methods for nucleic acid target sequences – qPCR and dPCR.

Sample Preparation
Depending on the tissue type and extraction method used, biospecimens may need to undergo sample preparation or pre-treatment prior to the extraction of DNA. 
Fresh Frozen Tissue samples:
These samples may need to be ground in Liquid Nitrogen, homogenised, or minced with a scalpel blade to disrupt cells. For specific individual cell type selection Laser Capture Microdissection may be considered.
Formalin-Fixed, Paraffin Embedded Tissue samples:
Before extraction can take place, these samples should be deparaffinised by soaking in xylene or other less toxic xylene substitute (e.g. Histosolve, Anatech Pro-Par or ParaClear). Alternatively, samples may be heated in a microwave however this method can damage DNA and cause more fragmentation.  After xylene or heat treatment, the tissue is usually rehydrated by soaking it in decreasing concentrations of ethanol.
Nucleated cells in suspension (Blood and bone marrow aspirates)
Various centrifugation techniques to isolate mononuclear White Blood Cells may be employed. 
Bone 
Once the sample has been cleaned with diH2O and EtOH, then air dried, the sample can be placed in a sterilised blender and ground to a fine powder. This powder can then be dissolved in specialised extraction buffer (e.g. EDTA and N-Lauroylsarcosine) to dissolve the calcium in the bone matrix and free the DNA.

Example Protocols

Extraction of DNA from Buffy Coat Samples Using a Column Based Kit

1. Document the method of DNA extraction.  There are several commercially available DNA extraction kits    available, follow the detailed procedure outlined in the appropriate commercial kit handbook. 
2. Have materials and equipment ready.  Have as many tubes and cryovials as needed labelled and ready.
3. Thaw the previously frozen Buffy Coat by gentle agitation in a 37º C water bath.
4. Keep the thawed tube on ice until starting the extraction procedure.
5. Using the chosen DNA extraction kit, follow protocols, and document.
6. Genomic DNA can be stored at 4ºC.
7. Quantitate DNA by spectophotometry and/or fluorescence.   Record concentration on stock tube. See NSWHP Standard Operating Procedure SOP 5.3 Assessing Quality of Nucleic Acids. 
8. Place DNA in storage boxes and record storage location. See NSWHP Standard Operating Procedure SOP 4.3 Biobank blood processing and storage.

Extraction of DNA from Fresh Frozen Tissue Using an Organic Extraction Technique

NOTE: Volumes indicated are recommendations only and should be scaled according to the size of the tissue sample.

1. Have materials and equipment ready.  See Appendix A for the preparation of buffers and reagents required for DNA extraction. Have as many tubes and cryovials as needed labelled and ready.
2. Suspend frozen tissue in 500 µl of Buffer A. Cut tissue (mince) into small pieces with a sterile scissors or scalpel blade.  Alternatively, frozen tissue can be wrapped in aluminum foil and fragmented with a hammer.
3. Add 20 µl of 20% SDS and 20 µl of Proteinase K (10 mg/ml).
4. Incubate 3 hours or overnight in 55º C water bath (with agitator).
5. Add 500 µl of TRIS saturated phenol.
6. Mix for 10 minutes at room temperature on a nutator.
7. Centrifuge at 18,0000 x g for 10 min at room temperature.
8. Transfer supernatant to a clean microfuge tube.
9. Add 500 µl of phenol/chloroform/isoamyl alcohol.
10. Mix by inverting tubes.
11. Repeat steps 7 and 8.
12. Add 500uL of chloroform/Isoamyl alcohol.
13. Mix by inverting tubes.
14. Repeat steps 7 and 8.
15. Add 1 ml cold 95% ethanol to the supernatant.
16. Incubate at -80º C for 30 minutes to 2 hours or at -20º C overnight.
17. Precipitated DNA will resemble a white gelatinous fibre, scoop this with a clean pipette tip into 500µl of 70% ethanol in a microfuge tube.
18. Centrifuge at 18,0000 x g for 5 minutes at room temperature.
19. Remove the supernatant and let the DNA dry for 10 minutes at room temperature (or until alcohol evaporates).
20. Re-suspend the DNA pellet in TE buffer to get an appropriate concentration of DNA in solution.
21. Incubate the tube in a 55º C water bath (with agitation) for one hour to dissolve the pellet.
22. DNA can be stored at 4º C.
23. For longer term store DNA at -20º C or lower. 
Appendices
· Appendix A: Preparation of Buffers and Reagents Required for DNA Extraction
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Appendix A:  PREPARATION OF BUFFERS AND REAGENTS REQUIRED FOR DNA EXTRACTION

NOTE: Suppliers and Brands can be substituted with other appropriate brands.

Buffer A (for 500 mL): 		
	10mM TRIS pH 7,9
	2 mM EDTA pH 8
		40mM NaCl

Proteinase K: 		
			20 units/mg (Invitrogen # 25530-015)
			Re-suspend in 10mL of storage solution
			Dilution = 10mg/mL

Storage solution for proteinase K (for 50mL):
			10 mM TRIS pH7,5
			20 mM CaCl2
			50% Glycerol (Life Technologies cat# 25530-015)

 TRIS saturated phenol: 
· Put at 55C to liquefy the crystal phenol.
· Add 0,1% of 8-hydroxyquinolin  RNAse inhibitor
· Mix
· Add an equal volume of TRIS 1M pH8
· Mix 30 minutes
· Let stand until the phases separate (3 hours to overnight, at 4C)
· Take out the supernatant
· Add 500 mL TRIS 0,1M pH8
· Repeat until the phenolic phase pH is  7.6
· Store at 4C in a dark bottle

Phenol/Chloroform/Iso: (Keep at 4C in a dark bottle)
			Mix in following ratio- 25:24:1)
			For 200 ml use
			Phenol – 100 ml   
			Chloroform – 96 ml
			Isoamyl Alcohol – 4 ml

Chloroform/Iso: (Keep at room temperature in a dark bottle)
Ratio (24:1)
For 200 ml solution use 192 ml Chloroform and 8 ml Isoamyl Alcohol. 

TE buffer:	
	10mM TRIS pH 7,6
	1mM EDTA pH 8
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