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1 Introduction 

1.1 Scope 

Many variables, including anticoagulant volume and concentration, type of tube additive, duration and 
temperature of specimen storage, and surface of containers used for specimen collection and storage, may 
affect the reliability and accuracy of laboratory

This document concerns the standard operating procedures (SOPs) for the collection, transport, processing 
and storage of specimens for laboratory tests, including general information appropriate for the majority of 
tests and specific information regarding laboratory tests that will be evaluated in the REVERT project. 

1.2 Basic definitions 

Specimen  

The discrete portion of a body fluid or tissue taken for examination, study, or analysis of one or more 
qualities or characteristics, to determine the char

Sample  

One or more parts taken from a system and intended to provide information on the system, often to serve 
as a basis for decision on the system or its production (ISO 15189)10; NOTE: A sample is prepared from the 
patient specimen and used to obtain information by means

Room temperature (RT)  

The temperature prevailing in a working area. Controlled room temperature is a temperature maintained 
thermostatically, encompassing the usual and customary working environment of 
25°C. NOTE: labeling can indicate storage at ‘controlle

1.3 Standard precautions

Considering that it is often impossible to know which specimens might be infectious, all patient and 
laboratory specimens are treated as infectious and handled according to ‘Standard Precautions’.

Standard precautions are guidelines that combine the major features of “universal precautions and body 
substance isolation” practices. Standard precautions cover the transmission of all infectious agents and 
thus are more comprehensive than universal preca
of blood-borne pathogens. Standard and universal precaution guidelines are available from the US Centers 
for Disease Control and Prevention.

When drawing and processing blood, the following standard 

1. wear disposable gloves when collecting and processing specimens 

2. wash hands thoroughly with disinfectant soap prior to leaving the work area 

3. cover skin cuts or abrasions. If the phlebotomist accidentally sustains an injury from a 
contaminated needle stick, the wound will be thoroughly cleansed with soap and water. Local 
physicians should be notified to evaluate the need for analysis of the participa
possible infections  

4. store needles in a locked cabinet when the collection center is closed 
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Many variables, including anticoagulant volume and concentration, type of tube additive, duration and 
temperature of specimen storage, and surface of containers used for specimen collection and storage, may 
affect the reliability and accuracy of laboratory tests.  

This document concerns the standard operating procedures (SOPs) for the collection, transport, processing 
and storage of specimens for laboratory tests, including general information appropriate for the majority of 

egarding laboratory tests that will be evaluated in the REVERT project. 

The discrete portion of a body fluid or tissue taken for examination, study, or analysis of one or more 
qualities or characteristics, to determine the character of the whole.  

One or more parts taken from a system and intended to provide information on the system, often to serve 
as a basis for decision on the system or its production (ISO 15189)10; NOTE: A sample is prepared from the 

and used to obtain information by means of a specific laboratory test.

The temperature prevailing in a working area. Controlled room temperature is a temperature maintained 
thermostatically, encompassing the usual and customary working environment of 

can indicate storage at ‘controlled room temperature’ or ‘up to 25 °C

Standard precautions 

Considering that it is often impossible to know which specimens might be infectious, all patient and 
laboratory specimens are treated as infectious and handled according to ‘Standard Precautions’.

Standard precautions are guidelines that combine the major features of “universal precautions and body 
substance isolation” practices. Standard precautions cover the transmission of all infectious agents and 
thus are more comprehensive than universal precautions, which are intended to apply only to transmission 

borne pathogens. Standard and universal precaution guidelines are available from the US Centers 
 

When drawing and processing blood, the following standard precautions apply:  

ear disposable gloves when collecting and processing specimens  

ash hands thoroughly with disinfectant soap prior to leaving the work area 

skin cuts or abrasions. If the phlebotomist accidentally sustains an injury from a 
contaminated needle stick, the wound will be thoroughly cleansed with soap and water. Local 
physicians should be notified to evaluate the need for analysis of the participa

tore needles in a locked cabinet when the collection center is closed  
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Many variables, including anticoagulant volume and concentration, type of tube additive, duration and 
temperature of specimen storage, and surface of containers used for specimen collection and storage, may 

This document concerns the standard operating procedures (SOPs) for the collection, transport, processing 
and storage of specimens for laboratory tests, including general information appropriate for the majority of 

egarding laboratory tests that will be evaluated in the REVERT project.  

The discrete portion of a body fluid or tissue taken for examination, study, or analysis of one or more 

One or more parts taken from a system and intended to provide information on the system, often to serve 
as a basis for decision on the system or its production (ISO 15189)10; NOTE: A sample is prepared from the 

of a specific laboratory test. 

The temperature prevailing in a working area. Controlled room temperature is a temperature maintained 
thermostatically, encompassing the usual and customary working environment of approximately 18°C - 

om temperature’ or ‘up to 25 °C’. 

Considering that it is often impossible to know which specimens might be infectious, all patient and 
laboratory specimens are treated as infectious and handled according to ‘Standard Precautions’. 

Standard precautions are guidelines that combine the major features of “universal precautions and body 
substance isolation” practices. Standard precautions cover the transmission of all infectious agents and 

utions, which are intended to apply only to transmission 
borne pathogens. Standard and universal precaution guidelines are available from the US Centers 

ash hands thoroughly with disinfectant soap prior to leaving the work area  

skin cuts or abrasions. If the phlebotomist accidentally sustains an injury from a 
contaminated needle stick, the wound will be thoroughly cleansed with soap and water. Local 
physicians should be notified to evaluate the need for analysis of the participant's serum for 
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5. use 0.1% sodium hypochlorite (household bleach) to clean up any spills of blood, plasma, or serum. 
Use this solution to clean up all laboratory work

6. dispose of all needles and tubing in puncture

7. do not perform any pipetting by mouth especially of any blood

8. avoid formation of potentially infectious

9. place in biohazard bags for disposal all used vacutainer tubes and blood products 
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se 0.1% sodium hypochlorite (household bleach) to clean up any spills of blood, plasma, or serum. 
Use this solution to clean up all laboratory work surfaces at the completion of work activities 

ispose of all needles and tubing in puncture-resistant containers for safe disposal 

perform any pipetting by mouth especially of any blood, serum, or plasma 

void formation of potentially infectious aerosols by careful pipetting and centrifugation 

lace in biohazard bags for disposal all used vacutainer tubes and blood products 
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2 Body fluids 

2.1 Specimen collection

If a blood sample is poorly collected, the results may be inaccurate and misleading to th
patient may have to undergo the inconvenience of repeat testing. The three most common issues resulting 
from errors in collection are inaccurate labeling, hemolysis and contamination.

Prior blood collection, the patient/donor must have
included in the current clinical practice for disease management, are requested for research purposes.

2.2 Specimen identification

The patient and all patient specimens must be positively identified at the time of collection. Specimens 
should be labeled in the presence of the patient right after blood draw.

In case of clinical trial, at participant arrival, the tube ID must match the 
for laboratory testing must be identified with a firmly attached label bearing at least the following 
information: 

 unique identification code 

 date and time of collection 

 specimen type if a secondary or aliquot tube is used (i.e., anticoagulant type vs serum) 

If an encoded (barcode) label is used, the label must be attached according to the established institutional 
policy. 

2.3 Risk of hemolysis 

The phlebotomist must reduce the risk of hemolysis.
Factors that increase the risk of hemolysis, and therefore should be avoided, include:

1. use of a needle of too small a gauge (23 or under

2. drawing blood specimens from

3. underfilling a tube so that the ratio of anticoagula

4. mixing a tube too vigorously

5. failing to let alcohol or disinfe

2.4 Venipuncture 

For a successful venipuncture, the phlebotomist will: 

1. anchor the vein by holding the patient’s arm and placing a thumb below the venipuncture site

2. cleanse the venipuncture site with alcohol/disinfectant prep, using a circular motion from the 
center to the periphery and allow to dry 
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If a blood sample is poorly collected, the results may be inaccurate and misleading to th
patient may have to undergo the inconvenience of repeat testing. The three most common issues resulting 
from errors in collection are inaccurate labeling, hemolysis and contamination. 

Prior blood collection, the patient/donor must have signed an informed consent if biomarkers, normally not 
included in the current clinical practice for disease management, are requested for research purposes.

Specimen identification 

The patient and all patient specimens must be positively identified at the time of collection. Specimens 
should be labeled in the presence of the patient right after blood draw. 

In case of clinical trial, at participant arrival, the tube ID must match the participant specimen ID
for laboratory testing must be identified with a firmly attached label bearing at least the following 

specimen type if a secondary or aliquot tube is used (i.e., anticoagulant type vs serum) 

If an encoded (barcode) label is used, the label must be attached according to the established institutional 

e risk of hemolysis. 
Factors that increase the risk of hemolysis, and therefore should be avoided, include:

use of a needle of too small a gauge (23 or under 23), or too large gauge for the vessel

drawing blood specimens from an intravenous or central line 

underfilling a tube so that the ratio of anticoagulant to blood is greater than 1:9

mixing a tube too vigorously 

failing to let alcohol or disinfectant dry from the skin surface 

For a successful venipuncture, the phlebotomist will:  

e vein by holding the patient’s arm and placing a thumb below the venipuncture site

cleanse the venipuncture site with alcohol/disinfectant prep, using a circular motion from the 
center to the periphery and allow to dry  
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If a blood sample is poorly collected, the results may be inaccurate and misleading to the clinician, and the 
patient may have to undergo the inconvenience of repeat testing. The three most common issues resulting 

signed an informed consent if biomarkers, normally not 
included in the current clinical practice for disease management, are requested for research purposes. 

The patient and all patient specimens must be positively identified at the time of collection. Specimens 

participant specimen ID. Each tube 
for laboratory testing must be identified with a firmly attached label bearing at least the following 

specimen type if a secondary or aliquot tube is used (i.e., anticoagulant type vs serum)  

If an encoded (barcode) label is used, the label must be attached according to the established institutional 

Factors that increase the risk of hemolysis, and therefore should be avoided, include: 

too large gauge for the vessel 

nt to blood is greater than 1:9 

e vein by holding the patient’s arm and placing a thumb below the venipuncture site 

cleanse the venipuncture site with alcohol/disinfectant prep, using a circular motion from the 
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3. assemble the butterfly-vacutainer s

4. enter the vein swiftly at a 30 degree angle or less, and continue to introduce the needle along the 
vein at the easiest angle of entry 

5. release the tourniquet before withdrawing the needle, once sufficient blood has been collected, 
and always before it has been in place for two minutes or more. Some guidelines suggest removing 
the tourniquet as soon as blood flow is established. Considering the i
have on inflammatory/angiogenic markers, NIH procedures recommend to leave the tourniquet on 
for no longer than two minutes. If a tourniquet must be applied for the preliminary vein selection, it 
should be released and reappl

6. withdraw gently the needle and apply gentle pressure to the site with a clean gauze or dry cotton
wool ball. Ask the patient to hold the gauze or cotton in place, with the arm extended and raised. 
Ask the patient NOT to bend the arm,

7. invert gently tubes with additives for a thorough mixing. Erroneous test results may be obtained 
when the blood is not thoroughly mixed with the additive 

2.5 Blood drawing sequence

A blood drawing sequence must be followed to avoid cross
As colour coding and tube additives may vary, recommendations with local laboratories must be verified.
 
Table 1: Revised, simplified recommended order of draw fo
States National Committee Clinical Laboratory Standards consensus (2003

Order of use Type of tube 

1 Blood culture bottle

2 Non-additive tube

3 Sodium citrate 

4 Clot activator (silica)

5 Serum separator

6 Heparin 

7 Heparin and gel separator

8 EDTA 

9 ACT 

10 CTAD 

11 Oxalate/fluoride

EDTA, ethylenediaminetetraacetic acid; ACD, acid
Source: Table adapted from World Health Organization. WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy. World 
Health Organization press 2010; Geneva. 
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vacutainer set  

enter the vein swiftly at a 30 degree angle or less, and continue to introduce the needle along the 
vein at the easiest angle of entry  

the tourniquet before withdrawing the needle, once sufficient blood has been collected, 
and always before it has been in place for two minutes or more. Some guidelines suggest removing 
the tourniquet as soon as blood flow is established. Considering the influence that a tourniquet can 
have on inflammatory/angiogenic markers, NIH procedures recommend to leave the tourniquet on 
for no longer than two minutes. If a tourniquet must be applied for the preliminary vein selection, it 

and reapplied after two minutes  

withdraw gently the needle and apply gentle pressure to the site with a clean gauze or dry cotton
wool ball. Ask the patient to hold the gauze or cotton in place, with the arm extended and raised. 
Ask the patient NOT to bend the arm, because doing so causes a hematoma

invert gently tubes with additives for a thorough mixing. Erroneous test results may be obtained 
when the blood is not thoroughly mixed with the additive  

Blood drawing sequence 

be followed to avoid cross-contamination of additives between tubes.
As colour coding and tube additives may vary, recommendations with local laboratories must be verified.

evised, simplified recommended order of draw for vacuum tubes or syringe and needle, based on United 
States National Committee Clinical Laboratory Standards consensus (2003). 

Blood culture bottle 

additive tube 

 

Clot activator (silica) 

separator 

Heparin and gel separator 

Oxalate/fluoride 

EDTA, ethylenediaminetetraacetic acid; ACD, acid-citrate-dextrose; CTAD, trisodium citrate, theophylline, adenosine, dipyridamol
Source: Table adapted from World Health Organization. WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy. World 
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enter the vein swiftly at a 30 degree angle or less, and continue to introduce the needle along the 

the tourniquet before withdrawing the needle, once sufficient blood has been collected, 
and always before it has been in place for two minutes or more. Some guidelines suggest removing 

nfluence that a tourniquet can 
have on inflammatory/angiogenic markers, NIH procedures recommend to leave the tourniquet on 
for no longer than two minutes. If a tourniquet must be applied for the preliminary vein selection, it 

withdraw gently the needle and apply gentle pressure to the site with a clean gauze or dry cotton-
wool ball. Ask the patient to hold the gauze or cotton in place, with the arm extended and raised. 

  

invert gently tubes with additives for a thorough mixing. Erroneous test results may be obtained 

contamination of additives between tubes. 
As colour coding and tube additives may vary, recommendations with local laboratories must be verified. 

nge and needle, based on United 

dextrose; CTAD, trisodium citrate, theophylline, adenosine, dipyridamol. 
Source: Table adapted from World Health Organization. WHO Guidelines on Drawing Blood: Best Practices in Phlebotomy. World 
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2.6 Serum – general laboratory tests

2.6.1 Blood transport, shipment and storage conditions 

1. Gently mix the blood tube by inversion 5

2. Transport tubes, in a vertical p
draw 

3. Allow >30 minutes and 

4. Immediately aliquot and store at 

Non-metabolomic studies

If temporary storage and shipment at RT

 < 4h between collection and centrifugation start 

 < 6h between collection and storage of processed sample at 

Metabolomic studies

If temporary storage and shipment at 2

 < 4h between collection and centrifugation start 

2.6.2 Blood processing, serum aliquoting and storage conditions

1. Allow the blood to clot for minimum 30

2. Centrifuge at 2000g, 10 minutes, soft brake, RT 

3. Transfer the serum into a conical tube and ho

4. Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

2.7 EDTA plasma– general laboratory tests

2.7.1 Blood transport, shipment and storage conditions 

Gently invert the blood tube by inversion 3 times

Non-metabolomic studies

If temporary storage and shipment at RT:

 < 6h between collection and 

 < 8h between collection and storage 

If temporary storage and shipment at 

 < 24h between collection and 

 < 28h between collection and storage 
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general laboratory tests 

Blood transport, shipment and storage conditions  

mix the blood tube by inversion 5-6 times 

Transport tubes, in a vertical position, in transport box at RT within 15 minutes from blood 

Allow >30 minutes and ≤45 minutes between collection and centrifugation start

Immediately aliquot and store at -80°C 

metabolomic studies 

emporary storage and shipment at RT 

< 4h between collection and centrifugation start  

< 6h between collection and storage of processed sample at 

Metabolomic studies 

emporary storage and shipment at 2-8°C 

4h between collection and centrifugation start  

Blood processing, serum aliquoting and storage conditions 

Allow the blood to clot for minimum 30-45minutes at RT 

Centrifuge at 2000g, 10 minutes, soft brake, RT  

Transfer the serum into a conical tube and homogenize it  

Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

general laboratory tests 

Blood transport, shipment and storage conditions  

blood tube by inversion 3 times. 

studies 

If temporary storage and shipment at RT: 

between collection and centrifugation start  

between collection and storage of processed sample at -80

temporary storage and shipment at 2-8°C: 

between collection and centrifugation start 

between collection and storage of processed sample at -80
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within 15 minutes from blood 

≤45 minutes between collection and centrifugation start 

< 6h between collection and storage of processed sample at -80°C  

Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at -80⁰C 

80°C 

80°C 
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Metabolomic studies 

If temporary storage and shipment at RT:

 < 3h between collection and 

 < 5h between collection and storage

If temporary storage and shipment at 

 < 24h between collection and 

 < 28h between collection and storage 

2.8 Serum – fragile analytes (i.e. 

2.8.1 Blood transport, shipment and storage 

1. Gently mix the blood tube by inversion 5

2. Transport to the laboratory
from blood draw 

3. Allow >30 minutes and 

4. Immediately aliquot and store at 

2.8.2 Blood processing, serum aliquoting and storage conditions  

1. Allow the blood to clot for minimum 30

2. Centrifuge at 2500g, 15 minutes, no brake, at +4°C 

3. Transfer the serum into a conical tube and homogenize i

4. Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

2.9 Plasma from EDTA –

2.9.1 Blood transport, shipment and storage conditions 

1. Gently mix the EDTA blood tube by inversion 8

2. Transport to the laboratory
from blood draw 

3. Allow only ≤15 minutes between collection and centrifugation start

4. Immediately aliquot and store at 

2.9.2 Blood processing, serum 

1. Centrifuge within 15 minutes from blood draw

2. Centrifuge at 2500g, 15 minutes, no brake, at +4°C 

3. Transfer the plasma into a conical tube and homogenize it

4. Aliquot the plasma up to 12x220µl in 0.5ml Matrix cryotubes and st
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If temporary storage and shipment at RT: 

between collection and centrifugation start  

between collection and storage of processed sample at -80

mporary storage and shipment at 2-8°C: 

between collection and centrifugation start 

between collection and storage of processed sample at -80

fragile analytes (i.e. inflammatory biomarkers) 

Blood transport, shipment and storage conditions  

Gently mix the blood tube by inversion 5-6 times 

Transport to the laboratory, in a vertical position, in transport box at RT within 15 minutes 

Allow >30 minutes and ≤ 45 minutes between collection and centrifugation start

ately aliquot and store at -80°C 

Blood processing, serum aliquoting and storage conditions   

Allow the blood to clot for minimum 30-45 minutes at RT 

Centrifuge at 2500g, 15 minutes, no brake, at +4°C  

Transfer the serum into a conical tube and homogenize it  

Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

– fragile analytes (i.e. inflammatory bio

Blood transport, shipment and storage conditions  

Gently mix the EDTA blood tube by inversion 8-10 times  

Transport to the laboratory, in a vertical position, in transport box at RT within 15 minutes 

≤15 minutes between collection and centrifugation start 

Immediately aliquot and store at -80°C 

Blood processing, serum aliquoting and storage conditions  

Centrifuge within 15 minutes from blood draw 

Centrifuge at 2500g, 15 minutes, no brake, at +4°C  

Transfer the plasma into a conical tube and homogenize it 

Aliquot the plasma up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 
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80°C 

80°C 

in transport box at RT within 15 minutes 

≤ 45 minutes between collection and centrifugation start 

Aliquot the serum up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at -80°C 

biomarkers) 

in transport box at RT within 15 minutes 

 

ore aliquots at -80°C 
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2.10 Plasma from CTAD –

2.10.1 Blood transport, shipment and storage conditions 

1. Gently mix the CTAD blood tube by inversion 4

2. Transport to the laboratory
from blood draw 

3. Allow only ≤15 minutes between collection and centrifugation start

4. Immediately aliquot and store at 

2.10.2 Blood processing, serum aliquoting and storage conditions  

1. Centrifuge within 15 minutes 

2. Centrifuge at 2500g, 15 minutes, no  brake, at 4°C 

3. Transfer the plasma into a conical tube and homogenize it

4. Aliquot the plasma up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

2.11 Whole blood (general laboratory tests)

2.11.1 Complete blood count and HbA1c me

Whole blood shipment and storage conditions

1. Blood collection in K2

2. Temporary storage and shipment at RT

3. <48h between collection and measurement

4. No storage of whole blood for these analyses (only fre

2.11.2 aPTT, D-dimer and Fibrinogen measurements

Whole blood shipment and storage conditions

1. Blood collection in 3.2% sodium citrate tubes

2. Temporary storage and shipment at RT

3. <1h between collection and centrifugation start

Whole blood processing, plasma 

1. Centrifuge at 2000g, 10minutes, soft brake, RT

2. Transfer the supernatant into a conical tube and homogenize it

3. Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT

4. Transfer the final plasma i
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– fragile analytes (i.e. inflammatory bio

Blood transport, shipment and storage conditions  

Gently mix the CTAD blood tube by inversion 4-5 times  

Transport to the laboratory, in a vertical position, in transport box at RT within 15 minutes 

≤15 minutes between collection and centrifugation start 

Immediately aliquot and store at -80°C 

Blood processing, serum aliquoting and storage conditions   

Centrifuge within 15 minutes from blood draw 

Centrifuge at 2500g, 15 minutes, no  brake, at 4°C  

Transfer the plasma into a conical tube and homogenize it 

Aliquot the plasma up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at 

Whole blood (general laboratory tests) 

plete blood count and HbA1c measurements 

Whole blood shipment and storage conditions 

Blood collection in K2-EDTA blood tubes 

Temporary storage and shipment at RT 

<48h between collection and measurement 

No storage of whole blood for these analyses (only fresh) 

dimer and Fibrinogen measurements 

Whole blood shipment and storage conditions 

Blood collection in 3.2% sodium citrate tubes 

Temporary storage and shipment at RT 

<1h between collection and centrifugation start 

Whole blood processing, plasma aliquoting and storage conditions

Centrifuge at 2000g, 10minutes, soft brake, RT 

Transfer the supernatant into a conical tube and homogenize it

Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT

Transfer the final plasma in a 2ml cryotube and homogenize it 
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biomarkers) 

in transport box at RT within 15 minutes 

 

Aliquot the plasma up to 12x220µl in 0.5ml Matrix cryotubes and store aliquots at -80°C 

aliquoting and storage conditions 

Transfer the supernatant into a conical tube and homogenize it 

Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT 
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5. Aliquot a maximum of 1ml plasma aliquots and store them at 
months 

2.12 Buffy coat from EDTA

2.12.1 Blood processing (EDTA)

Refer to Section Errore. L'origine riferimento non è stata trovata.

processing of plasma. 

2.12.2 Buffy coat processing and storage conditions

1. Pipette 940µl of buffy coat (or another appropriate volume, as indicated by the DNA 
extraction kit to be 
volume) 

2. Add 3ml of lysis buffer (or another appropriate volume of lysis buffer, as indicated by the 
DNA extraction kit to be used) into the tube

3. Vortex the tube briefly and temporarily
performed within 7 days). Alternatively, store at 
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Aliquot a maximum of 1ml plasma aliquots and store them at 

Buffy coat from EDTA 

Blood processing (EDTA) 

Errore. L'origine riferimento non è stata trovata..9 for storage conditions and 

Buffy coat processing and storage conditions 

Pipette 940µl of buffy coat (or another appropriate volume, as indicated by the DNA 
used) into a 15ml conical tube (or another tube, according to the total 

Add 3ml of lysis buffer (or another appropriate volume of lysis buffer, as indicated by the 
DNA extraction kit to be used) into the tube 

Vortex the tube briefly and temporarily store it at 2-8°C up to DNA extraction (to be 
performed within 7 days). Alternatively, store at -80°C until DNA extraction

 

 

15 / 30 

Aliquot a maximum of 1ml plasma aliquots and store them at -80°C for maximum 6 

.9 for storage conditions and 

Pipette 940µl of buffy coat (or another appropriate volume, as indicated by the DNA 
used) into a 15ml conical tube (or another tube, according to the total 

Add 3ml of lysis buffer (or another appropriate volume of lysis buffer, as indicated by the 

8°C up to DNA extraction (to be 
80°C until DNA extraction 
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3 Other Body fluids

3.1 Ascites and pleural fluid

3.1.1 Liquid biopsy for cfDNA purification: shipment and storage conditions

1. Liquid biopsy collection in sterile polypropylene tube

2. Temporary storage and shipment at RT

3. < 2h between collection and centrifugation start

3.1.2 Liquid biopsy processing, supernatant and pellet storage conditions

1. Centrifuge at 2000g, 10 minutes, soft brake, RT

2. Transfer the supernatant into a conical tube and homogenize it

3. Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT

4. Add 1.25ml of precooled RNA
and down 

5. Transfer the whole volume in a 2ml cryotube 

6. Once the second centrifugation is finished, transfer the final supernatant into a new conical 
tube and homogenize it

7. Aliquot a maximum of 400µl supernatant aliquots

8. Store all supernatants and pellet aliquots at 

3.2 Urine 

3.2.1 Urine shipment and storage conditions 

1. Temporary storage and shipment at 2

2. < 4h between collection and centrifugation start

3. < 6h between collection and storage at 

3.2.2 Urine processing, supernatant and pellet aliquot storage conditions 

1. Perform a urine analysis test using Combur Test Urine test strips 

2. If the urine volume is less than 5ml, no urine analysis will be performed

3. Centrifuge at 12000g, 20 minutes, soft brake, 2

4. Transfer supernatant in another tube and homogenize it 

5. Aliquot the urine up to 12x3.8ml in 4 ml cryotubes 

6. Add 1.25ml of precooled RNAprotect Cell Reagent to the cell pellet and mix by pipetting up 
and down 

7. Transfer the whole volume in a 2ml cryotube 
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Ascites and pleural fluid 

Liquid biopsy for cfDNA purification: shipment and storage conditions

llection in sterile polypropylene tube 

Temporary storage and shipment at RT 

< 2h between collection and centrifugation start 

Liquid biopsy processing, supernatant and pellet storage conditions

Centrifuge at 2000g, 10 minutes, soft brake, RT 

pernatant into a conical tube and homogenize it 

Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT

Add 1.25ml of precooled RNA-protect cell reagent to the cell pellet and mix by pipetting up 

Transfer the whole volume in a 2ml cryotube  

Once the second centrifugation is finished, transfer the final supernatant into a new conical 
tube and homogenize it 

Aliquot a maximum of 400µl supernatant aliquots 

Store all supernatants and pellet aliquots at -80°C 

Urine shipment and storage conditions  

Temporary storage and shipment at 2-8°C 

< 4h between collection and centrifugation start 

< 6h between collection and storage at -80°C 

Urine processing, supernatant and pellet aliquot storage conditions 

Perform a urine analysis test using Combur Test Urine test strips  

If the urine volume is less than 5ml, no urine analysis will be performed

Centrifuge at 12000g, 20 minutes, soft brake, 2-8°C 

Transfer supernatant in another tube and homogenize it  

the urine up to 12x3.8ml in 4 ml cryotubes  

Add 1.25ml of precooled RNAprotect Cell Reagent to the cell pellet and mix by pipetting up 

Transfer the whole volume in a 2ml cryotube  
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Liquid biopsy for cfDNA purification: shipment and storage conditions 

Liquid biopsy processing, supernatant and pellet storage conditions 

Perform a second centrifugation of supernatant at 16000g, 10 minutes, soft brake, RT 

protect cell reagent to the cell pellet and mix by pipetting up 

Once the second centrifugation is finished, transfer the final supernatant into a new conical 

Urine processing, supernatant and pellet aliquot storage conditions  

If the urine volume is less than 5ml, no urine analysis will be performed 

Add 1.25ml of precooled RNAprotect Cell Reagent to the cell pellet and mix by pipetting up 
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8. Store all urine supernatants and cell

3.3 Stool 

3.3.1 Stool collection  

Follow the ‘DNA/RNA Shield fecal Collection Tube Quick Protocol

3.3.2 Stool shipment and storage conditions (for genetic or metagenomics analysis)

1. Stool collection in ‘Zymo Fecal’ collection tubes 

2. Temporary storage and shipment at RT

3. < 30 days between collection and storage at 

3.3.3 Stool processing and aliquoting

1. Homogenize the contents by shaking the collection tube for at least 30 seconds

2. Tap the bottom of the tube in order to collect any sample adhering o

3. Aliquot 3.8ml of stool suspension in a 4 ml cryotube and using a wide bore tip,  and store it 
at -80°C 

4. Store the collection tube as well at 
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Store all urine supernatants and cell-stabilized urine pellet aliquots at 

DNA/RNA Shield fecal Collection Tube Quick Protocol’ data sheet

Stool shipment and storage conditions (for genetic or metagenomics analysis)

Stool collection in ‘Zymo Fecal’ collection tubes  

storage and shipment at RT 

< 30 days between collection and storage at -80°C 

Stool processing and aliquoting 

Homogenize the contents by shaking the collection tube for at least 30 seconds

Tap the bottom of the tube in order to collect any sample adhering o

Aliquot 3.8ml of stool suspension in a 4 ml cryotube and using a wide bore tip,  and store it 

Store the collection tube as well at -80°C 
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aliquots at -80°C 

’ data sheet 

Stool shipment and storage conditions (for genetic or metagenomics analysis) 

Homogenize the contents by shaking the collection tube for at least 30 seconds 

Tap the bottom of the tube in order to collect any sample adhering on the side 

Aliquot 3.8ml of stool suspension in a 4 ml cryotube and using a wide bore tip,  and store it 
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4 Tissues (Pathology)

4.1 Tissue collection  

This workflow is intended to manage every surgical specimen 
(histologically proved or not). 

To NEVER compromise the diagnosis, research samples must be 

is collected for research.  

The time of collection and the time when samples were 

be always annotated. 

Proceed as follows: 

1. Examine the specimen and perform the macroscopy (specimen description, including 
measurements) according to the specimen type

2. Identify the tumor and, according to its s
processed and frozen/fixed within 20 minutes of collection (ideally) 

3. Process tumoral or normal 
prevent cross-contamination

4. Process tumor tissues before normal tissue in the following order, with the following maximum 
number of tissue pieces processed:

 Tumor (T) : 4 cryovials 

 Adjacent Normal Tissue

 Distant Normal Tissue (D) 

 Node tissue (if applicable):
 

Figure 1: Diagnostic and research sample preparation

5. Cut a small piece (maximum 
undergo flash frozen processing

6. Repeat this step as many times as the number of samples collected. The number of aliquots 
collected per tissue type (tumor

4.2 Preparation of flash frozen samples 

Process samples for flash freezing before FFPE samples: 
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(Pathology) 

workflow is intended to manage every surgical specimen resected for a diagnosis of

compromise the diagnosis, research samples must be surplus samples. Under 1 cm, NO SAMPLE 

The time of collection and the time when samples were placed in liquid nitrogen and/or formalin MUST 

Examine the specimen and perform the macroscopy (specimen description, including 
measurements) according to the specimen type 

and, according to its size, estimate the number of aliquots to be collected, 
processed and frozen/fixed within 20 minutes of collection (ideally)  

tumoral or normal tissue specimens using different utensils and processing supplies to 
contamination 

umor tissues before normal tissue in the following order, with the following maximum 
number of tissue pieces processed: 

Adjacent Normal Tissue (A) : 4 cryovials 

(D) : 4 cryovials 

ssue (if applicable): 1 cryovial 

Diagnostic and research sample preparation 

(maximum 2cm x 1cm x 1cm and minimum 1cm x 0,5cm x 0,5cm) 
processing and, the second one, formalin fixation 

Repeat this step as many times as the number of samples collected. The number of aliquots 
tumor, adjacent normal and distant normal) should be the same

flash frozen samples  

Process samples for flash freezing before FFPE samples:  
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resected for a diagnosis of colon cancer 

Under 1 cm, NO SAMPLE 

placed in liquid nitrogen and/or formalin MUST 

Examine the specimen and perform the macroscopy (specimen description, including 

ize, estimate the number of aliquots to be collected, 

and processing supplies to 

umor tissues before normal tissue in the following order, with the following maximum 

 

cm x 0,5cm x 0,5cm) in two. One will 

Repeat this step as many times as the number of samples collected. The number of aliquots 
, adjacent normal and distant normal) should be the same 
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1. Using forceps, place each piece of tissue in a separate cryovial 

2. Cover tissue from the cryovial with Optimal Cutting T

3. Freeze the cryovials in a Dewar filled with liquid nit

4. Transfer the sample from liquid nitrogen or isopentane bath to cryoshipper
-80°C freezer  

4.3 Preparation of formalin

1. Place the sample, using forceps, inside a flask with n

2. Transport, at RT, the formalin flasks to the processing site 

3. Fix with 10% buffered formalin (BF10). This procedure depends on t

 For biopsies 

The standard fixation 
laboratory information system (LIS)
Biopsies are usually delivered
less than 5mm width are processed within the same day 
If the specimen, due to its size, requires opening or dissection, it will be proc
following day (18-24h total fixation time)

 For non-fixed (fresh) specimens

A macroscopy description and 3
fixation. If samples are received:

a. before 11:00am 
time 

b. after 11:00am 

 For surgical specimens 

The standard fixation time is 24
All surgical specimens (except during weekends or holidays) will be received
registered in the LIS, 
maintained under fixat
Representative slices are then obtained, introduced in cassettes and left in BF10 till automatic 
processing. However, if

a. fixation is complete for surgical specimens 
total fixation time will be 24

b. due to its large size, the specimen requires more fixation, then total fixation 
time will be extended to up to 48h

4. Start the automated processing

a. fixation with BF10 

b. washing with distilled water to remove BT10 remnants 

c. dehydration (alcohol: 75% up to 100%) 

d. clearing with xylene substitute 

e. embedding in paraffin 

5.  Include tissue inclusion in paraffin blocks
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Using forceps, place each piece of tissue in a separate cryovial  

Cover tissue from the cryovial with Optimal Cutting Temperature compound 

Freeze the cryovials in a Dewar filled with liquid nitrogen or in isopentane  

Transfer the sample from liquid nitrogen or isopentane bath to cryoshipper

Preparation of formalin-fixed paraffin-embedded samples (FFPE)

sing forceps, inside a flask with neutral buffered formalin 

Transport, at RT, the formalin flasks to the processing site  

with 10% buffered formalin (BF10). This procedure depends on the tissue type

 time is 6-24h, though 6-8h is enough. A sample ID is
laboratory information system (LIS) at the Pathology Department. 

delivered inside a container pre-loaded with BF10. Those specimens with 
less than 5mm width are processed within the same day (12-18h total fixation time)
If the specimen, due to its size, requires opening or dissection, it will be proc

total fixation time) 

specimens (except intraoperative biopsy) 

macroscopy description and 3-5mm-width slices will be carried out and tissue will be
are received: 

before 11:00am they will be processed in the same day (6

after 11:00am they will be kept in BF10 till next day (18

 

tandard fixation time is 24-48h. 
All surgical specimens (except during weekends or holidays) will be received

macroscopic description and dissection are carried out and tissue is 
ion until the next day. 

Representative slices are then obtained, introduced in cassettes and left in BF10 till automatic 
. However, if: 

fixation is complete for surgical specimens obtained the same day, then the 
total fixation time will be 24-30h 
due to its large size, the specimen requires more fixation, then total fixation 
time will be extended to up to 48h 

utomated processing (the total time required to complete it is around 14h

with distilled water to remove BT10 remnants  

hydration (alcohol: 75% up to 100%)  

clearing with xylene substitute  

at 62°C 

issue inclusion in paraffin blocks: 
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emperature compound (OCT) 

Transfer the sample from liquid nitrogen or isopentane bath to cryoshipper, liquid nitrogen tank or 

embedded samples (FFPE) 

eutral buffered formalin  

tissue type 

. A sample ID is given in the 

loaded with BF10. Those specimens with 
18h total fixation time). 

If the specimen, due to its size, requires opening or dissection, it will be processed the 

and tissue will be kept in 

same day (6-12h total fixation 

will be kept in BF10 till next day (18-24h total fixation time) 

All surgical specimens (except during weekends or holidays) will be received as ‘fresh’. Once 
d dissection are carried out and tissue is 

Representative slices are then obtained, introduced in cassettes and left in BF10 till automatic 

the same day, then the 

due to its large size, the specimen requires more fixation, then total fixation 

he total time required to complete it is around 14h): 
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a. use melted paraffin at 56

b. snap-cool at -20°C 

6.  Perform histological sections

a. cut sections in rotary motorized microtomes

b. place sections to float on a water bath at 40

c. use glass slides with positive electrostatic charge to take the sections from the bath

d. incubate slides containing the s

7.  Stain slides with hematoxylin and eosin (H&E) 

8.  Assess, for each H&E slide,
necrosis, stroma, normal tissue, inflammation, fibrosis, meta
etc.) 

9.  Assess the immunoscore, via 
antibody manufacturer instructions

10.  Store FFPE blocks and slides 
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se melted paraffin at 56-58°C to fill the mold containing tissue  

istological sections 

rotary motorized microtomes 3-4μm width using low profile blades

ections to float on a water bath at 40-45°C to avoid formation of ruffles

with positive electrostatic charge to take the sections from the bath

lides containing the sections at 60°C to remove the humidity  

with hematoxylin and eosin (H&E)  

, the sample quality (tissue sample characterization: percent of 
necrosis, stroma, normal tissue, inflammation, fibrosis, meta- and/or dysplasia, tumor infiltration, 

Assess the immunoscore, via IHC for CD3 and CD8 using an automatic immunostaine
antibody manufacturer instructions 

Store FFPE blocks and slides in an archive at RT. Unstained slides can be stored at 
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m width using low profile blades 

of ruffles 

with positive electrostatic charge to take the sections from the bath 

humidity   

sample quality (tissue sample characterization: percent of tumor, 
and/or dysplasia, tumor infiltration, 

IHC for CD3 and CD8 using an automatic immunostainer and following 

. Unstained slides can be stored at -20°C 
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5 Tumor organoids 

5.1 Tissue preparation for organoids culture

1. Cut the tumor into small pieces while adding 1

2. Cut off the tip of a 1ml pipette, to obtain a wider bore, and aspirate both tissue pieces and solution 
for transfer into a 15ml tube

3. Add: 

a. 1ml DNase (300 IU/ml)

b. 1ml Hyaluronidase (1 mg/ml) and 1ml Collagenase (5 mg/ml)Bring the final volume to 10 ml 
by adding more solution: 20% FBS in 1x PBS. 

4. Put the vial on a rotator inside the incubator (37°C and 5% CO
suspension will be obtained 

5. Spin down at 300g for 5 minutes, aspirate and discard the supernatant

6. Add RPMI1640 (10% FBS, PSN, L

7. Spin the pellet once more at 300g for 5 minutes, aspirate and discard the supernatant 

8. Wash the pellet 2-3X in 1X
supernatant  

9. Add RPMI 1640 (10% FBS, PSN, L

10. Prepare the organoid culturing 
glut): 

a. 2XB27 final concentration (stock: 50X)

b. 40ng/ml EGF final concentration (stock: 200

c. 40ng/ml FGFb final concentration (stock: 50 μg/ml)

11. Aspirate, with a 1ml syringe, the cell suspension 
cells 

12. Add, drop by drop, the cell suspension to 35mm dishes. Every dish should contain 10
medium, depending on the cell line (each cell line consists of their own amount of cancer stem 
cells) 

13. Place the 35mm dishes inside 100mm dish
dish. Do not stack the dishes

14. Culture the tumor organoids in an incubator at 37°C, 5% CO
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Tissue preparation for organoids culture 

Cut the tumor into small pieces while adding 1-2 ml of 20% FBS in 1XPBS solution

Cut off the tip of a 1ml pipette, to obtain a wider bore, and aspirate both tissue pieces and solution 
for transfer into a 15ml tube 

1ml DNase (300 IU/ml) 

Hyaluronidase (1 mg/ml) and 1ml Collagenase (5 mg/ml)Bring the final volume to 10 ml 
by adding more solution: 20% FBS in 1x PBS.  

Put the vial on a rotator inside the incubator (37°C and 5% CO2) for 30-45 minutes, until 
ained  

Spin down at 300g for 5 minutes, aspirate and discard the supernatant  

1640 (10% FBS, PSN, L-Glut) and resuspend the cell pellet 

at 300g for 5 minutes, aspirate and discard the supernatant 

1XPBS, by centrifuging at 300g for 5 minutes. Aspirate and discard the 

RPMI 1640 (10% FBS, PSN, L-glut) to resuspend the pellet and count the

culturing medium by add the following agents to RPMI 1640 (10% FBS, PS

2XB27 final concentration (stock: 50X) 

final concentration (stock: 200μg/ml) 

40ng/ml FGFb final concentration (stock: 50 μg/ml) 

Aspirate, with a 1ml syringe, the cell suspension volume needed to obtain the 

dd, drop by drop, the cell suspension to 35mm dishes. Every dish should contain 10
medium, depending on the cell line (each cell line consists of their own amount of cancer stem 

35mm dishes inside 100mm dishe. Normally, three 35mm dishes will fit into a one 10mm 
dishes 

Culture the tumor organoids in an incubator at 37°C, 5% CO2, from two to four weeks

 

 

21 / 30 

PBS solution 

Cut off the tip of a 1ml pipette, to obtain a wider bore, and aspirate both tissue pieces and solution 

Hyaluronidase (1 mg/ml) and 1ml Collagenase (5 mg/ml)Bring the final volume to 10 ml 

45 minutes, until a single cell 

at 300g for 5 minutes, aspirate and discard the supernatant  

PBS, by centrifuging at 300g for 5 minutes. Aspirate and discard the 

and count the cells 

dd the following agents to RPMI 1640 (10% FBS, PSN, L-

volume needed to obtain the desired numbers of 

dd, drop by drop, the cell suspension to 35mm dishes. Every dish should contain 103-104cells/2ml 
medium, depending on the cell line (each cell line consists of their own amount of cancer stem 

35mm dishes will fit into a one 10mm 

, from two to four weeks 
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6 Next generation sequencing (NGS)

Exceptional precision and reliability of GenXPro’s
of the TrueQuant (= Unique Molecular Identifier, UMI) which was invented by GenXPro’s co
Björn Rotter and patented by the company (Patent DE1
The UMI is a unique tag of random sequence that is added to each molecule, either DNA or RNA, present in 
the original mix of nucleic acids from any source. The nucleic acids can then be PCR
during preparation for NGS. Molecules that are duplicated 
contain the same combination of sequence and UMI and are bioinformatically removed from the data set. 
Therefore, this technology allows reliable quantification of any nucleic acid from even very low amounts of 
material as e.g. from FFPE-material or blood plasma. The UMI is contained in all GenXPro’s NGS procedures 
and kits applied in the frame of the REVERT project for Exome
Seq. Detailed manuals for application of the lat
the kits and are available from the company on request.  In the following we therefore outline only a rough 
overview of the technologies used and refer the reader to these manuals and relevant li
for extensive detail. Also, we roughly describe the bioinformatics workflows we use to process the 
sequencing data and the output of these procedures. Again, we refer the reader to the respective literature 
cited for more detail. 

6.1 Sample preparation and shipment 

6.1.1 Fresh-frozen tissue 

Fresh-frozen tissue samples should be flash
be performed in dry-ice and with overnight carrier.

6.1.2 Blood (plasma and buffy coat)

1. Collet whole blood in 

2. Gently mix tube content 

3. Process EDTA tubes within 1h

4. Centrifuge samples at 

5. Collect carefully the buffy coat
cells lysis buffer to selectively lyse red blood cells and centrifuge (300g
remove the hemoglobin

6. Remove supernatant and repeat the r

7. Lyse the remaining nucleus
guanodinium containing lysis buffer (RLT plus) per each millilitre of EDTA

8. Mix by pipetting and vortex thoroughly

9. Store at -80°C and ship in

10. Centrifuged once more 

11. Collect carefully the supernatant 

12. Ship in dry-ice and with overnight carrier
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Next generation sequencing (NGS) 

Exceptional precision and reliability of GenXPro’s NGS procedures outlined here rely much on extensive use 
of the TrueQuant (= Unique Molecular Identifier, UMI) which was invented by GenXPro’s co
Björn Rotter and patented by the company (Patent DE102008025656B) already in 2008. 

nique tag of random sequence that is added to each molecule, either DNA or RNA, present in 
the original mix of nucleic acids from any source. The nucleic acids can then be PCR
during preparation for NGS. Molecules that are duplicated during the process and thus are PCR artefacts 
contain the same combination of sequence and UMI and are bioinformatically removed from the data set. 
Therefore, this technology allows reliable quantification of any nucleic acid from even very low amounts of 

material or blood plasma. The UMI is contained in all GenXPro’s NGS procedures 
and kits applied in the frame of the REVERT project for Exome-Seq, MACE-Seq, small RNA
Seq. Detailed manuals for application of the latest version of commercially available kits accompany each of 
the kits and are available from the company on request.  In the following we therefore outline only a rough 
overview of the technologies used and refer the reader to these manuals and relevant li
for extensive detail. Also, we roughly describe the bioinformatics workflows we use to process the 
sequencing data and the output of these procedures. Again, we refer the reader to the respective literature 

preparation and shipment  

frozen tissue samples should be flash-frozen in liquid nitrogen and stored at 
ice and with overnight carrier. 

Blood (plasma and buffy coat) 

Collet whole blood in 7.5 mL EDTA tubes 

Gently mix tube content by inverting the tubes 

Process EDTA tubes within 1h 

Centrifuge samples at 300g, for 10 min, at RT and collect carefully the upper plasma

efully the buffy coat and resuspend it in ammonium salt containing 
cells lysis buffer to selectively lyse red blood cells and centrifuge (300g

emoglobin 

Remove supernatant and repeat the resuspension and centrifugation

yse the remaining nucleus-containing cells by removing the supernatant and add 500
guanodinium containing lysis buffer (RLT plus) per each millilitre of EDTA

pipetting and vortex thoroughly 

80°C and ship in dry-ice with overnight carrier 

once more EDTA-plasma at 1800g, for 10 min, at RT 

he supernatant and store it at -80°C 

ice and with overnight carrier 
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NGS procedures outlined here rely much on extensive use 
of the TrueQuant (= Unique Molecular Identifier, UMI) which was invented by GenXPro’s co-founder Dr. 

02008025656B) already in 2008.  
nique tag of random sequence that is added to each molecule, either DNA or RNA, present in 

the original mix of nucleic acids from any source. The nucleic acids can then be PCR-amplified at any step 
during the process and thus are PCR artefacts 

contain the same combination of sequence and UMI and are bioinformatically removed from the data set. 
Therefore, this technology allows reliable quantification of any nucleic acid from even very low amounts of 

material or blood plasma. The UMI is contained in all GenXPro’s NGS procedures 
Seq, small RNA-Seq and Methyl-

est version of commercially available kits accompany each of 
the kits and are available from the company on request.  In the following we therefore outline only a rough 
overview of the technologies used and refer the reader to these manuals and relevant literature citations 
for extensive detail. Also, we roughly describe the bioinformatics workflows we use to process the 
sequencing data and the output of these procedures. Again, we refer the reader to the respective literature 

-80°C. Shipment should 

and collect carefully the upper plasma layer 

ammonium salt containing red-blood 
cells lysis buffer to selectively lyse red blood cells and centrifuge (300g,10 min, RT) to 

esuspension and centrifugation 

the supernatant and add 500µl of 
guanodinium containing lysis buffer (RLT plus) per each millilitre of EDTA-blood 
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Do NOT use Heparin containing vacutainers

6.1.3 Cell culture material and organoids

Cell culture material should be processed differently according to the type of cells.

1. Pellet cell suspension

2. Remove the supernatant and add 500

3. Mix by pipetting and vortex thoroughly

4. Store samples at -80°

5. Lyse adherent cells directly on the culture well or flask by adding lysis buffer and 
thoroughly by pipetting

6. Store samples at -80°

7. Ship in dry-ice and with overnight carrier

Samples derived from organoids must be treated according to its size an

For small organoids with less than 5

1. Lyse by means of lysis buffer and thorough mixing

2. Store samples at -80°

For samples with more than 5*104 cells

Do NOT use RNAlater. 

6.1.4 FFPE material 

For FFPE material, the need is stacked 10
peritumoral/stroma tissue per sample to reach about at least 10

In case matched tumor and normal samples are to be analysed, a stack of samples in which the first slide is 
stained and marked with tumor (t) and nor

If the tissue consists only of tumour tissue, the FPPE sections can be shipped as 
least 10 mm² of surface.  

All samples can be shipped via standard shipping

6.2 Sequencing of nucleic acid

6.2.1 mRNAs: massive analysis of cDNA ends (MACE

MACE-Seq performs gene expression profiling by sequencing part of the 3
Samples with 10-500 ng of total RNA 

MACE-seq is performed using the GenXPro MACE
Briefly, RNA is fragmented using GenXPro fragmentation buffer and subsequent s
performed by reverse transcription using barcoded oligo(dT) primers containing TrueQuant unique 
molecular identifiers, followed by template switching.

Library amplification is done using polymerase chain reaction (PCR), purified by solid phase reversible 
immobilization beads and subsequent sequencing 

This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 848098”. 

D4.1 Report on SOPs for sample collection, processing and storage… 

containing vacutainers for any blood samples dedicated for NGS

Cell culture material and organoids 

Cell culture material should be processed differently according to the type of cells. 

Pellet cell suspension by gentle centrifugation at 1200g, for 5 min, at 4°C

ove the supernatant and add 500µl of lysis buffer (RLT plus) per each 1

ipetting and vortex thoroughly 

80°C 

dherent cells directly on the culture well or flask by adding lysis buffer and 
thoroughly by pipetting 

80°C 

ice and with overnight carrier 

organoids must be treated according to its size and correspondent number of cells

mall organoids with less than 5*104 cells: 

by means of lysis buffer and thorough mixing 

80°C 

cells, see Section 6.1.1. 

stacked 10 µm FFPE-slides per sample with at least 2
mple to reach about at least 10 mm² of total surface.

ormal samples are to be analysed, a stack of samples in which the first slide is 
stained and marked with tumor (t) and normal (n) for a macro-dissection, should be provided.

If the tissue consists only of tumour tissue, the FPPE sections can be shipped as 10

All samples can be shipped via standard shipping at room temperature. 

Sequencing of nucleic acid 

mRNAs: massive analysis of cDNA ends (MACE-Seq) 

performs gene expression profiling by sequencing part of the 3' end of mRNA transcripts.
RNA are used for library preparation. 

seq is performed using the GenXPro MACE-Seq kit. A recent, detailed manual accompanies each kit. 
ng GenXPro fragmentation buffer and subsequent s

performed by reverse transcription using barcoded oligo(dT) primers containing TrueQuant unique 
followed by template switching. 

done using polymerase chain reaction (PCR), purified by solid phase reversible 
immobilization beads and subsequent sequencing is performed using the Illumina platform.

 

 

23 / 30 

for any blood samples dedicated for NGS. 

at 4°C 

µl of lysis buffer (RLT plus) per each 106cells 

dherent cells directly on the culture well or flask by adding lysis buffer and mixing 

d correspondent number of cells. 

ides per sample with at least 2 mm² of tumor or 
mm² of total surface. 

ormal samples are to be analysed, a stack of samples in which the first slide is 
should be provided. 

10µm thick curls with at 

end of mRNA transcripts. 

kit. A recent, detailed manual accompanies each kit. 
ng GenXPro fragmentation buffer and subsequent synthesis of cDNA is 

performed by reverse transcription using barcoded oligo(dT) primers containing TrueQuant unique 

done using polymerase chain reaction (PCR), purified by solid phase reversible 
platform. 
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6.2.2 Small RNAs: sRNA-Seq

Small RNA libraries are prepared using the TrueQuant sRNA

Samples with 1-500 ng of total 
accompanies each kit. Briefly, 3’ and 5’ 
is reverse transcribed and amplified by polymerase chain reaction.

The amplified libraries are purified by solid phase reversible immobilization beads and subsequent 
sequencing is performed using the Illumina 

6.2.3 Genomic DNA: Exome

Exome-Seq performs genome-wide analysis 

Samples with 10-500ng of genomic 
preparation and will be availbale by the end of 2021.

Currently, genomic DNA is randomly sheared using a B
ligated, amplified by polymerase chain reaction (PCR) and 
beads. The targeted enrichment is performed by 
hybridized with biotinylated probes, captured by streptavidin beads and enriched by polymerase chain 
reaction (PCR). 

The amplified libraries are purified by solid phase reversible immobilization bea
sequencing is performed using the Illumina 

6.2.4 Genomic DNA: Methyl

Methyl-Seq performs genome-wide analysis of CpG DNA methylation
recent, detailed manual accompanies each kit

Samples with 10-500ng of genomic
methylation-sensitive enzyme, recognizing non
TrueQuant adapters are ligated to the 
Bioruptor (Diagenode) and TrueQuant adapters are ligated.

Library amplification is done using polymerase chain reaction (PCR), purified by solid phase reversible 
immobilization beads and subsequent sequencing 

6.3 Bioinformatics 

6.3.1 Bioinformatics processing and statistical analysis of MACE

Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR
using TrueQuant technology (GenXPro, 
(Langmead et al. 2012), MACE reads are mapped onto the 
(hg38 / GRCh38). Mapped reads are being counted using HTSeq R/Bioconductor package (
2014) and annotated on exon based features derived from ENSEMBL, version 100.38. Normalization and 
testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 2014). 

6.3.2 Bioinformatics processing and statistical analy

A total of 2 to 5 million sRNA-seq reads per sample are sufficient to obtain a comprehensive smallRNA
profile. Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR
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Seq 

Small RNA libraries are prepared using the TrueQuant sRNA-Seq Kit. 

 RNA are used for library preparation. A recent, detailed manual 
. Briefly, 3’ and 5’ TrueQuant adapters are ligated to small RNA. Ada

is reverse transcribed and amplified by polymerase chain reaction. 

purified by solid phase reversible immobilization beads and subsequent 
Illumina platform. 

Genomic DNA: Exome-Seq 

wide analysis of protein-coding regions of genes in a genome

 DNA are used for library preparation. A recent, detailed manual 
preparation and will be availbale by the end of 2021. 

is randomly sheared using a Bioruptor (Diagenode), TrueQuant adapters are
, amplified by polymerase chain reaction (PCR) and purified by solid phase reversible immobilization 

targeted enrichment is performed by solution-based hybrid capture. Briefly, the
with biotinylated probes, captured by streptavidin beads and enriched by polymerase chain 

purified by solid phase reversible immobilization bea
Illumina platform. 

Genomic DNA: Methyl-Seq 

wide analysis of CpG DNA methylation using the GenXPro Methyl
recent, detailed manual accompanies each kit.  

genomic DNA are used for library preparation. In brief, HpaII 
sensitive enzyme, recognizing non-CpG-methylated CCGG sites. After digestion with HpaII, 

ligated to the digested DNA molecules. Ligated DNA is randomly sheared using a 
TrueQuant adapters are ligated. 

done using polymerase chain reaction (PCR), purified by solid phase reversible 
immobilization beads and subsequent sequencing is performed using an Illumina platform.

Bioinformatics processing and statistical analysis of MACE-Seq data

Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR-derived duplicates are removed 
using TrueQuant technology (GenXPro, Frankfurt am Main, Germany). Using Bowtie2 in “local” mode 

et al. 2012), MACE reads are mapped onto the Genome Reference Consortium Human Build 38 
(hg38 / GRCh38). Mapped reads are being counted using HTSeq R/Bioconductor package (

014) and annotated on exon based features derived from ENSEMBL, version 100.38. Normalization and 
testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 2014). 

Bioinformatics processing and statistical analysis of sRNA-Seq data

seq reads per sample are sufficient to obtain a comprehensive smallRNA
profile. Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR
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A recent, detailed manual 
adapters are ligated to small RNA. Adapter-ligated RNA 

purified by solid phase reversible immobilization beads and subsequent 

in a genome. 

A recent, detailed manual is under 

, TrueQuant adapters are 
purified by solid phase reversible immobilization 

based hybrid capture. Briefly, the libraries are 
with biotinylated probes, captured by streptavidin beads and enriched by polymerase chain 

purified by solid phase reversible immobilization beads and subsequent 

using the GenXPro Methyl-Seq kit. A 

In brief, HpaII is used as the 
methylated CCGG sites. After digestion with HpaII, 

is randomly sheared using a 

done using polymerase chain reaction (PCR), purified by solid phase reversible 
platform. 

Seq data 

derived duplicates are removed 
Frankfurt am Main, Germany). Using Bowtie2 in “local” mode 

Genome Reference Consortium Human Build 38 
(hg38 / GRCh38). Mapped reads are being counted using HTSeq R/Bioconductor package (Anders et al. 

014) and annotated on exon based features derived from ENSEMBL, version 100.38. Normalization and 
testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 2014).  

Seq data 

seq reads per sample are sufficient to obtain a comprehensive smallRNA-seq 
profile. Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR-derived duplicates are 
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removed using TrueQuant technology (GenXPro, Frankfurt am Main, Germany). Using Bowtie2 (
et al. 2012), sRNA-seq reads are first mapped to mature miRNA (miRBase version 22, 
followed by mapping of piRNA (piRNABank, L
et al. 2012), ncRNA (Ensembl 100, Yates 
unaligned reads from each mapping step are used for the following set. Mapping of mature miRNA is 
performed in “end-to-end” mode and the following alignments are performed in “local” mode. The number 
of reads per detected transcript is counted using a GenXPro in
differential expression is calculated using the DESeq2 R/Bioconductor pack

6.3.3 Bioinformatics processing and statistical analysis of Exome

Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). Using Burrows
MEM, version 0.7.12, Li 2013), Exome
Human Build 37 (hg19 / GRCh37). SNP/InDel
from Broad Institute (GATK, version 3.5, 
somatic mutations. Annotation of variants was performed using SnpEff (version 4.2,
Annotation of actionable mutations is performed using CIViC database (

6.3.4 Bioinformatics processing and statistical analysis of Methyl

Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). PCR
using TrueQuant technology (GenXPro, Frankfurt am Main, Germany). Read data is filtered by the starting 
sequence ”CGG”, which is the recognition site of 
and testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 
2014). 
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technology (GenXPro, Frankfurt am Main, Germany). Using Bowtie2 (
seq reads are first mapped to mature miRNA (miRBase version 22, 

followed by mapping of piRNA (piRNABank, Lakshmi et al. 2008), transfer RNA (tRNA) (GtRNAdb 18.1 (
Yates et al. 2020]) and finally to the human genome (HMG19/39). Only 

unaligned reads from each mapping step are used for the following set. Mapping of mature miRNA is 
ode and the following alignments are performed in “local” mode. The number 

of reads per detected transcript is counted using a GenXPro in-house script. Normalization and testing for 
differential expression is calculated using the DESeq2 R/Bioconductor package (Love 

Bioinformatics processing and statistical analysis of Exome-Seq data

Adapter sequences are removed using Cutadapt v2.1 (Martin 2011). Using Burrows
2013), Exome-Seq reads are mapped onto the Genome Reference Consortium 

37 (hg19 / GRCh37). SNP/InDel-Detection is performed by using the Genome Analysis Toolkit 
from Broad Institute (GATK, version 3.5, McKenna et al. 2010). GATK/MuTect2 is being used for calling 

Annotation of variants was performed using SnpEff (version 4.2,
Annotation of actionable mutations is performed using CIViC database (https://civicdb.org

Bioinformatics processing and statistical analysis of Methyl-Seq data

r sequences are removed using Cutadapt v2.1 (Martin 2011). PCR-derived duplicates are removed 
using TrueQuant technology (GenXPro, Frankfurt am Main, Germany). Read data is filtered by the starting 
sequence ”CGG”, which is the recognition site of HpaII. Frequencies of reads are determined. 
and testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 
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technology (GenXPro, Frankfurt am Main, Germany). Using Bowtie2 (Langmead 
seq reads are first mapped to mature miRNA (miRBase version 22, Kozomara et al. 2019), 

(tRNA) (GtRNAdb 18.1 (Chan 
et al. 2020]) and finally to the human genome (HMG19/39). Only 

unaligned reads from each mapping step are used for the following set. Mapping of mature miRNA is 
ode and the following alignments are performed in “local” mode. The number 

house script. Normalization and testing for 
Love et al. 2014).  

Seq data 

-Wheeler-Aligner (BWA-
Genome Reference Consortium 

Detection is performed by using the Genome Analysis Toolkit 
et al. 2010). GATK/MuTect2 is being used for calling 

Annotation of variants was performed using SnpEff (version 4.2, Cingolani et al. 2012). 
https://civicdb.org). 

Seq data 

derived duplicates are removed 
using TrueQuant technology (GenXPro, Frankfurt am Main, Germany). Read data is filtered by the starting 

equencies of reads are determined. Normalization 
and testing for differential expression is calculated using the DESeq2 R/Bioconductor package (Love et al. 
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