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MLAB 2479 Molecular Diagnostics Techniques  

Laboratory 2:  Quality Assurance in the Molecular Laboratory
Introduction and Background

Molecular research projects and the Human Genome Project has ushered in a new era for the clinical lab by making available uniquely specific analytical methods for detection of pathogens and human genetic disorders.  A molecular test can deliver to a physician a result that is frequently considerably quicker than traditional approaches, with detailed information that can direct a highly tailored course of treatment.  Owing to the extreme sensitivity of many molecular techniques, a less invasive sample collection is required for molecular analysis.  The rapid development of automation and streamlining of molecular procedures has made molecular diagnostics a commercial option that more and more clinical labs are now bringing on board.  Molecular diagnostic is today the fastest-growing segments in in-vitro diagnostics due to the improvements in turnaround time, the specificity of information derived from molecular approaches, the less invasive tissue collection, high through-put automation in instrumentation, and cost advantages.  The global market for molecular diagnostics in 2005 was $6.5 billion, or approximately 3.3% of the total diagnostics market and approximately 14% of the in vitro diagnostic market.  By 2010, the molecular diagnostics market is projected to expand to $12 billion, nearly doubling in 5 years.  By 2015, sales are expected to be $35 billion in molecular diagnostics (Jain, 2006).

Molecular diagnostics are unique from other tests in a clinical lab due to their complexity.  Additional considerations in the quality of results obtained are:

1. The quality of testing outcomes is highly dependent on the monitoring of reagents, samples, instruments, and equipment used.  
2. Genetic markers are extremely susceptible to damage and precautions must be taken to ensure the appropriate methods used to collect, process, store, and transport biological specimens.  
3. Amplification techniques that molecular labs rely heavily on have such an extreme sensitivity that special precautions are required to avoid cross-contamination of sample or amplified DNA.  
4. Automated high-throughput testing of molecular diagnostics makes each run expensive—making the adequate training of personnel, and the strict adherence to standard protocols a high stakes in molecular diagnostics.  

Regulatory concerns provide considerable guidance in the operation of a molecular diagnostics lab.  The Clinical Laboratory Improvement Act passed by Congress in 1988 (CLIA’88) setting forth uniform quality standards for all clinical laboratories has jurisdiction over molecular testing.  The Centers for Medicare & Medicaid Services (CMS) is a federal agency within the Department of Health and Human Services (HHS) that is charged with the implementation of the CLIA’88 regulations.  CMS working with the Public Health Services (HS), specifically the Centers for Disease Control and Prevention (CDC) and the Food and Drug Administration (FDA), developed standards for laboratory certification.  



CLIA certification requires laboratories to

1. maintain optimal patient specimen integrity and identification throughout testing process

2. specify responsibilities and qualification for personnel performing the test

3. establish and follow written QC procedures

4. have comprehensive QA program in place

5. participate in proficiency testing program for each specialty, analyte, or test they are certified for and are subject to inspections by CMS or other private accrediting organizations

Although CLIA’88 specifies that a common set of quality control (QC) standards be used in its testing, currently no standards exist specifically for molecular testing (except for cytogenetics).  In the meantime, good laboratory practices guidelines, recommendations, and checklists pertaining to quality control are available from:

a. federal and state governmental agencies:

1. CLIA

2. NY State Dept of Health

b. professional organizations

1. Clinical Laboratory Standards Institute (CLSI):  Molecular Diagnostic Methods for Genetic Diseases; Approved Guidelines.  NCCLS document MM1-A.  Wayne, PA, 2000
2. College of American Pathologists (CAP) – offers on site lab inspection & certification program that is accepted by CMS (Centers for Medicare & Medicaid Services) & endorsed by JCAHO (Joint Commission on Accreditation of Healthcare Organization):  www.cap.org 

3. American College of Medical Genetics (ACMG):  3rd Ed. Of Standards and Guidelines for Clinical Genetics Laboratories.  www.acmg.net
QUALITY ASSESSMENT GUIDELINES:   Special considerations required by molecular diagnostics
1.
Preanalytic phase.  A quality system should offer ways to monitor, assess, and when indicated, correct problems that might occur when tests are requested and during specimen collection and handling (proper collection, labeling, preservation, transportation, storage of specimen; criteria for rejection of an unacceptable specimen and corrective action taken).  Areas concerned with this part of a quality program include:

a. Test request forms.  As in all clinical tests, full patient name and identification number, physician name, and date and time of specimen collection to ensure that nucleic acids are properly preserved.  Specimens for genetic testing may also require racial/ethnicity data or a pedigree for linkage analysis.  
b. Appropriate specimen collection and handling.  The proper collection of patient samples will depend on the clinical diagnosis and the test requested.  Since heparin has been shown to be an inhibitor in amplification assays, it is important to collect blood samples in EDTA or citrate chelators.  Hemoglobin also inhibits many enzymes used in the molecular lab, so red blood cells should be separated from buffy coat cells as quickly as possible.  Fresh tissue samples for molecular testing should be frozen soon after collection to prevent DNA degradation and sent to the molecular lab immediately.  In contrast, tissues that have been paraffin-embedded or specimens preserved in ethanol are stable at room temperature, with minimal DNA degradation.  However, tissues fixed in Zenker’s, B5, or Bouin’s produce extensive DNA damage and their use in inappropriate for molecular testing.  Given the extreme instability of RNA, chaotropic agents such as guanidinium isothiocyanate must be added immediately after collection.  These agents are known to denature proteins, including RNAses, which would otherwise degrade RNA.  

c. Appropriate criteria for rejection of specimens.  Some molecular assays are more susceptible to sub-optimal handling and storage conditions, and the rejection of specimens must be based on the particular assay to be performed.  For example, amplification assays are much more robust, compared to cleavage assays such as Southern blots, with respect to improperly handled specimens. 

d. Informed consent forms.  Given the personal nature of genetic tests, and the needs of privacy in genetic testing of predictive nature, molecular labs need to develop an appropriate level of informed consent with its clients.

2. 
Analytic phase.  The molecular lab must pay particular attention to the following:  nucleic acid extraction techniques, contamination affecting amplification assays, the use of controls, validation of tests, maintenance of equipment, documentation of competency of personnel, and the lab’s participation in internal and external assessment programs.

a. Procedure Manual.  The CAP Molecular Pathology Checklist provides guidelines for the style and format of the procedure manual, but the manual is ultimately at the discretion of the lab director.  

b. Nucleic Acid Extraction and Specimen Storage.  The extraction of nucleic acid is a crucial part of testing because any errors that occur cannot be rectified at later stages of the testing process.  Once extract, appropriate storage of nucleic acids, especially in the case of RNA, is equally important.  

c. Contamination.  Amplification of nucleic acids can easily generate a sample that has a billion-fold increase in target DNA concentration.  Even a small carry-over of amplified DNA can wreak havoc in a diagnostic lab.  Not only should careful lab technique be exercised to avoid such contamination of a lab, an immediate plan of action must be ready for when it occurs.  Testing should only resume if new reagents and decontaminated work areas and equipment has been validated.   

d. Laboratory Design.  Ideally, a molecular lab should have a separation of reagent preparation, sample preparation, and amplification & detection of testing.  In addition, work flow, materials, and traffic should not ever go from the amplification & detection room back to the reagent and sample preparation rooms.  This includes laboratory coats and pipettes.  Contaminating amplicons can be destroyed by sodium hypochlorite (bleach) and ultraviolet light treatments.  In the absence of this 3-room layout, Class II Biological safety cabinets with UV bulbs and HEPA-filtered air or bench top dead-air boxes with UV light attachments provide a clean dust-free workspace.  The use of aerosol tips for pipettes is essential to amplification tests.

e. Laboratory Practices.  Prepared reagents should be divided into aliquots to minimize chances of contamination and excessive damage from freeze-thaw or inappropriate temperatures.  Microfuge tubes should be centrifuged prior to opening to minimize the risk of aerosol formation or cross-contamination.  The substitution of dUTP for dTTP in amplification reactions can reduce risk of target DNA contamination through the use of uracil-N-glycosylase (UNG) to enzymatically destroy amplicons prior to the thermal cycling.

f. Controls.   All assays must generally include controls that are negative, positive, sensitivity, and a molecular weight marker.  A negative control (or reagent control) lacks target DNA and assess the quality of the reagents by detecting any contamination.  (It avoids false-positive interpretation of results.)  A positive control provides proof that the assay works and avoids false-negative interpretation of results.    A sensitivity control determines the lowest level of an analyte that can be detected by the methodology of the test, and provides a detection limit to the assay.  Some assays may be “spiked” with target nucleic acids in order to detect inhibition of enzymes by the specimen prep.  Positive control materials may not be readily available and may need to be developed and validated by the laboratory.  Some sources of external standards and control material include:

	Acrometrix
	www.acrometrix.com  888.746.7921

HIV, HCV,and HBV

	Advanced Biotechnologies
	www.abionline.com   800.426.0764

www.bioresearchonline.com/storefronts/abi.html
control DNA, virus and cell lines (HSV, VZV, HCV, SIV, rubella), native and recombinant products purified viruses, antigens, proteins, antibodies, research kits

	American Type Culture Collection
	www.atcc.org   800.638.6597

bacteria, bacteriophages, cell lines and hybridomas, filamentous fungi and yeast, tissue cultures, viruses

	Boston Biomedica Inc (BBI) Diagnostics
	www.bbii.com   800.676.1881

quantitative and qualitative controls, panels for HCV, HIV, HBV, CMV, Chlamidya trachomatis, Mycobacterium tuberculosis

	National Institute of General Medical Sciences Human Genetic Cell Repository
	locus.umdnj.edu/nigms   800.752.3805

	National Institute of Standards and Technology
	www.nist.gov
PCR-based DNA profiling standard for human identity testing

	Coriell Institute for Medical Research
	arginine.umdnj.edu

establish, verify, maintain, and distribute cells, cultures, and DNA derived from cell cultures

	Stratagene
	www.stratagene.com
universal human reference RNA for microarray technology 



	Promega
	www.promega.com
human mitochondrial DNA standard reference material for QC in forensic identification and medical diagnosis


g. Test validation.  Validation ensures that the test meets acceptable performance standards and is appropriate for the population that it is intended for.  The Association for Molecular Pathology (AMP) provides recommendations for in-house development of molecular assays (Am J. Clin. Pathol. 111:449-463, 1999).  The lab must verify that the manufacturer’s normal values are appropriate for their patient population.  Assays developed in-house may use reagents that fall under the analyte-specific reagent (ASR) rule.  In that case, the ASR performance criteria that must be evaluated by the lab includes:

· accuracy 

· precision

· reportable range of test results

· reference (normal) ranges

· analytic sensitivity (detection limit)

· analytic specificity (ability to detect the correct target)

· clinical sensitivity (% positive tests when clinical disorder is present)

· clinical specificity (% negative tests when clinical disorder is not present)

h. Maintenance of Equipment.  Maintenance and function test guidelines are available from CLIA’88 standards (Fed. Regi  68:3640 (2003) and in the CAP Molecular Pathology Checklist (www.cap.org) 

i. Competency of Personnel.  The competency of laboratory personnel is to be assessed annually.  The nature of the testing of personnel and the criteria for competency is at the lab director’s discretion, but must be carefully documented.

j. Proficiency Testing and Accreditation.   Proficiency testing (PT) is a program by which a lab’s performance is compared with other labs, by analysis of similar samples that are collected and evaluated by an outside entity.  An example of a PT is a split sample sent to several labs including a reference lab.  A corresponding internal PT program might be a split sample that is analyzed in different runs within a lab or by different personnel or instruments in the same lab.  For molecular diagnostics, ADMG/CAP provides surveys in which 4-6 specimens are sent twice a year to different labs.   The survey samples are integrated within the routine lab workload and are rotated among all lab personnel.  The results are anonymously reviewed and analyzed.  Whenever an unacceptable result occurs, the findings are evaluated to identify procedural or personnel incompetence, and corrective action is taken with either additional monitoring or training.

3.  
Post-analytical phase.  Great lab results are not useful unless it gets reported accurately and reliably, with sufficient clarity to make them easily interpreted and understood.   Given the complexity and present novelty of molecular diagnostic testing, the quality of the reporting of results can be a big challenge.  Another important component of the post-analytic phase is the protection of patients’ privacy.

a. Laboratory Test Reports.  Results of testing should be brief, yet complete enough to be unambiguously interpreted.  Since molecular diagnostic testing has experience such recent growth, testing results can frequently challenge the current knowledge of practitioners, so a clear statement interpreting the data, including clinical implications, follow-up recommendations, and the limits of the assay, must be written so that it is easily understandable by someone not knowledgeable in the field of modern genetics.  Guidelines standardizing the reporting of results, interpretations, when to repeat a test, recommendations as to retesting, and correlation of results with other clinical data should all be developed as part of the quality assurance process.

b. Timeliness of Reporting.  The acceptable turn around time on a test will depend on the type of sample and the amount of sample handing required, the test requested, and the lab workload.

c. Correction of Errors.  When an error is made, the technologist who made the error must document the event and indicate how it was corrected.  In some cases, the test might have to be repeated at the lab’s expense.  Given the high throughput nature of molecular diagnostics, errors can translate into a big economic burden for a molecular lab.

d. Patient Confidentiality.  The Health Insurance Portability and Accountability Act (HIPAA) require all healthcare providers and their staff to restrict the use and disclosure of medical information and to protect privacy rights for patients (CFR Parts 160 & 164).   Given the predictive nature of many genetic tests and the fears that people have of discrimination caused by genetic results, molecular labs need to be highly vigilant about HIPAA compliance. 

The following discussion will present some more general approaches for maintaining high quality of results in molecular laboratories.  

Standard Operating Procedures (SOPs)

Many of the quality issues in laboratories can be addressed by formally written standard operating procedures (SOPs) of routinely-performed lab procedures.  SOPs can be written to describe such things as:

· procedures for reagent receipt, storage, and preparation

· equipment operation

· equipment maintenance and repair
· methods for taking and recording data
These SOPs should have sufficient detail to promote consistency in performing the procedures, something that is especially important and challenging in the larger labs.  Having SOPs and insisting that they are followed provides a lab director with a measure of control over potential variables in experiments.  If SOPs are strictly followed and documented in accordance with the laboratory requirements, anomalous results or data that fall outside of an acceptable range can be more easily evaluated.  Careful documentation of SOPs used during an procedure allows for the reconstruction and evaluation of the procedure.   Any changes to an SOP must be formally agreed upon by all involved and changes must be documented.  All expired SOPs must be removed from the lab operations, but archived for any future reference for historical data.  

While different laboratories develop their own SOPs, many protocols and assay procedures in the regulated lab setting, such as the clinical or diagnostic lab, are determined by regulatory agencies.  The FDA and EPA have quality systems and procedures outlined in their Good Laboratory Practices (GLP) guidelines.  Many assay procedures are specified by the FDA and EPA as acceptable.  Often, assays adopted by the FDA come from by the United States Pharmacopoeia (USP).  The FDA, USP, or EPA approved methods often set the standard for unregulated laboratories striving to establish the quality of their work. 

Documentation of Data

There are at least four characteristics of quality in lab measurements and data:

· completeness – the information is totally there, self-explanatory, and whole

· consistency – there is reasonable agreement between different replicates within an experiment, replication of results of the same experiment from day to day and between different laboratories using the same information

· accuracy – the agreement between what is observed and what is recorded

· reconstructability – the recorded data and results should be able to guide any person through the all relevant events of the study

Raw data must be recorded properly to preserve and adequately archive them.  The FDA defines raw data and its proper recording in its GLPs:

All data generated during the conduct of a study, except those that are generated by automated data collection systems, shall be recorded directly, promptly, and legibly in ink.  All data entries shall be dated on the date of entry and signed or initialed by the person entering the data.  Raw data includes the worksheets, calibration information, records and notes of original observations, and activities of a study that are necessary for the reconstruction and evaluation of the study.  May include photographic materials, computer printouts, automated and hand recorded datasheets.

Those who carelessly or sloppily record their data eventually suffer the consequences when data are lost or their records are unintelligible.  Such data are not acceptable to the patent office or a regulatory agency, and can even lead to a lawsuit if data appears to be incomplete or obscured.  Legibility is another absolute requirement of data records.  Data must be readable and understandable.  If questions arise later, the individual responsible may be sought out and asked to clarify an entry.  Most lab work is time dependent, so the time and date must be recorded on each page of recorded data, along with signatures of the individual responsible for collecting the data.

If data requires corrections or additions at a later date, the FDA and EPA GLPs address this:

Any changes to entries shall be made so as not to obscure the original entry, shall indicate the reason for such change, and shall be dated and signed at the time of the change.

A single line drawn through an entry requiring correction will allow the reconstruction of the mistake.  Pencils and white out are never allowed to be used.  

Most laboratories expect data collected or generated by instruments and computer programs to be treated in the same way as hand-generated data.  The GLPs state:

In automated data collection systems, the individual responsible for direct data input shall be identified at the time of the data input.  Any changes to automated data entries shall be made so as not to obscure the original entry, shall indicate the reason for the change, shall be dated and the responsible individual shall be identified.

In a research or commercial laboratory the name of the individual collecting data, along with the date of data collection, should appear on any automated data collection.  A paper printout should be signed and dated by the operator and taped or glued into the lab notebook with the rest of the experimental information.  If the printout is too large for the page, it should be shrunk to fit the page.  No writing should be covered by the paper taped or glued into the notebook.  

The exact description of an experiment must precede the data that is collected and recorded in the lab notebook.  If an SOP is in place that describes the experiment in sufficient detail, it can be referenced.  Any information that is unique to the experiment or not specifically discussed in the SOP should be added.  It should include any deviation from established methods or SOPs.  Failed experiments must be reported even though the procedure was successfully repeated, and a description of what may have gone wrong should be included.   Information pertinent to reconstructing and evaluating an experiment includes careful documentation of reagents used.  A system must be in place to record and archive details about each solution that is prepared or purchased for use.  This is especially crucial in a molecular lab where such solutions are commonly complex and have a relatively short shelf life that is subject to the methods used for storage.  

Documentation Forms.  Computer-generated forms are often used to standardize data collection.  They offer advantages of an easy format to fill data into, and generally can insure that the data collection and descriptions are more complete.  For example, SOPs followed can be included in the forms, and header information can insure that the sample numbers, solutions used, etc are included.  This works well only if all blanks are filled out on the form, and any blanks that do not apply to the experiment at hand are justified and marked as such.  Some information that forms for experimental results should include are:

· the instrument used to collect the data

· the person operating the instrument

· the date and time of the operation

· all conditions of the experiment and settings of the instrument

· cross-reference to a protocol or SOP

· the units of measurement associated with the data

· all system-calculated or hand-calculated results

· a description of when and how a sample was collected, with a identifier for the patient

· a description of how a sample was handled and stored prior to submission to the molecular lab

A quality system should be in place to monitor the pre-experimental operations of the laboratory.  Information must be recorded and archived to track materials and reagents as they are received, maintained, and used in the laboratory.  In addition, equipment calibrations and maintenance logs should be maintained in order to document their status.  Some forms that are valuable in such a quality system and are used in this laboratory include:

1. Reagents Received Forms:  includes vendors and lot numbers, when received, expirations dates, how it is stored and where.  NOTE:  That date that reagent bottles are opened should be added to this log, and the bottle label should be also marked with the date that the bottle is first opened.  If reagents are tested for potency or purity, that information is recorded here, and any observed loss of potency or purity is observed here once the reagent is put into use in the laboratory.  Historical information, such as any loss of refrigeration for heat-sensitive reagents is recorded on this form, as well.  

2. Solution Prep Forms:  should include details about the reagents used, calculations for amounts used, equipment used to make measurements, the individual who prepared the solution, the date that the solution was prepared, how and where the solution is stored, and a control number to identify the solution.  The solution label should reflect details on the data of preparation, the solution contents and concentrations, and the control number.  These forms are archived for easy access by lab personnel.  (See appendix for forms.)

3. Instrument Calibration Logs.  Any calibration measurement that is made on an instrument must be documented for recording any trends or defects.  Corrective measures made for an instrument that is found out of calibration should be included.

4. Instrument Maintenance Logs.  This records the proper care of instruments, insuring their correct operation and safety in the laboratory.

5. Culture Logs.   Many molecular labs maintain cryopreserved cultures.  A record of t he cultures must include the cell type, any recombinant ore genetic constructs of the cell line, the culturing history of the preserved specimen, the cell density and cryopreservative of the specimen, and the location of the cells.

6. Freezer Logs.  Many solutions, cell cultures, samples, and reagents of a molecular lab need to be preserved in an ultra low freezer (-70 to –80oC).  Any deviation from this low temperature can be harmful to the contents of these freezers, so it is important to not allow them to be opened for any long periods of time.  To prevent long-term rummaging through such freezers, logs are maintained for rapid location of its contents.

7. Inventory Logs.  It is especially useful in larger laboratories to keep a log of supplies and equipment to monitor the inventory and to be able to locate equipment.  

8. Accession Forms
9. Results Forms
10. Report Forms.
In this lab exercise, we will address two important concerns of a molecular diagnostics lab:

Part A.  The Design of a Molecular Diagnostics Lab

The physical layout of a molecular lab plays in important role in contamination problems.  In this exercise, students will design an ideal layout for a lab that routinely performs amplification testing.

Part B.  The Calibration of Micropipettors. 

The correct use and calibration of micropipettors has an important impact on the precision and accuracy of results in a molecular lab, and will be tested in this exercise.
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Part 1:  Design of a Molecular Diagnostic Lab

Introduction: 

An important strategy to avoid cross-contamination of amplicon target DNA in the operation of a molecular diagnostics lab lies in the original design of the lab itself.  Separation of Ideally, different stages of amplification tests will be carried out in separate rooms.  It is especially important that any analytical work that requires the opening or transfer of amplicons to be separated from all other areas of a molecular diagnostic lab, and that strong measures are taken to avoid any carryover of amplicon DNA through the air, through supplies or materials, or on personnel.  A ventilation system that creates negative air flow through HEPA filtration or directly to the outside of the building will help to “quarantine” a PCR detection room.  Disposable personal protective equipment (PPE) such as lab coats should be used by lab personnel and should not leave a PCR detection room.  Any supplies, equipment, or materials should likewise not leave a PCR detection room without first being treated and/or contained.  Chemical and physical decontamination measures should also be used:  work areas can be treated with a 10% bleach solution followed by wipe down with deionized water, and ultraviolet lights to irradiate rooms overnight can also degrade amplicon DNA contamination.  

Scope of the Laboratory Exercise:

In this lab exercise, you will work with a lab partner to design your ideal of a molecular diagnostic lab to prevent amplicon cross-contamination.  You will also outfit your lab with necessary materials and equipment required in each of the rooms that you design, based on a general description of the steps that might be involved in conducting a PCR experiment that follows.

A PCR Experiment

Stage 1.  Reagent preparation

Here, master mix (amplification reagents) and primers are prepared along with controls.  Prepared master mix and controls are then added to the PCR reaction tubes.  
Concerns:  

1. This room should be kept as far away as possible from any room where PCR amplicons are detected or transferred.

2. If possible, this room should be separated into two spaces to separate work with controls and primers from the master mixes. 

3. Efforts should guard against any sharing of equipment, instruments, and supplies used in this room with other work areas. 

4. All solutions should be prepared as freshly as possible for each PCR run, and all solutions should be kept cold until ready to load on the thermal cycler.  Reaction tubes/plates should be capped/covered once prepared and ready to leave this work are.
5. Long-term storage of primer and control DNA should be at -80oC.

6. Shorter-term storage, from day to day, of primer and control DNA, as well as the components of the amplification master mix, should be stored in a manual defrost -20oC freezer.

7. PEP such as gloves and lab coats should be used by personnel working in this area at all times, but should not leave this area.

8. If UV lighting is used to maintain contamination-free work area, care must be taken to make sure that they are off when personnel are present.

Stage 2.  Specimen preparation

Specimens are processed and undergo nucleic acid isolations by a number of methods, depending on the tissue.  For example, fresh whole blood is centrifuged to remove red blood cells and to isolate the buffy coat for some assays, and plasma or serum will be used directly for other assays.  Frozen solid tissue is thawed briefly, sampled, and refrozen immediately.  Solid tissue sample is chopped before DNA isolation.  Validated and quality checked DNA isolation kits are used to isolate nucleic acids, following the manufacturers’ protocols and specifications.  The kit used depends on the tissue type and the requested test type.  Some kits will use solid-phase extraction techniques in which a vacuum manifold or slow-speed microcentrifuge is required.  Other kits use liquid extraction techniques in which a high speed microcentrifuge is required.  Micropipettes and microcentrifuge tubes of all sizes are required for all isolations.  DNA samples isolated from specimens can be added to the PCR master mix reaction tubes/microplate wells in this room.
Concerns:  

1. Ventilation, filters, and decontamination procedures must be used to minimize risk of cross-contamination between specimens.

2. Efforts should guard against any sharing of equipment, instruments, and supplies used in this room with other work areas. 

3. Specimens should be stored separately from other reagents.

4. Dry baths are preferred over water baths since water baths can contaminate specimens through seepage into poorly stoppered tubes.

5. To avoid specimen-to-specimen contamination, plugged (aerosol-barrier) pipette tips or positive-displacement tips should be used.

6. All solutions should be prepared as freshly as possible for each PCR run, and all solutions should be kept cold until ready to load on the thermal cycler.  Reaction tubes/plates should be capped/covered once prepared and ready to leave this work are.
7. PEP such as gloves and lab coats should be used by personnel working in this area at all times, but should not leave this area.
8. If UV lighting is used to maintain contamination-free work area, care must be taken to make sure that they are off when personnel are present.

Stage 3.  Amplification (PCR) and detection
Amplification-ready reactions are added to the thermal cyclers here and the PCR products (amplicons) are detected.  

Concerns:  

1. This room should be divided into two work spaces, if possible, to minimize contamination of thermal cyclers from aerosols created where reaction tubes/microplate wells are opened following the PCR reaction for detection by gel electrophoresis.  Note that if PCR analysis is real-time PCR, reaction tubes need not be opened except to validate or clarify a result with gel electrophoresis.  
2. Reaction tubes/microplates should be kept chilled and sealed until ready to load into the thermal cycler.  Seals should be tight enough to avoid evaporative losses during the high prolonged temperatures of the thermal cycling.

3. Ventilation and decontamination procedures must be used to minimize risk of contaminating the room and equipment with amplicon target DNA.

4. Efforts should guard against any sharing of equipment, instruments, and supplies used in this room with other work areas. 
5. To avoid specimen-to-specimen contamination, plugged (aerosol-barrier) pipet tips or positive-displacement tips should be used.
6. PEP such as gloves and lab coats should be used by personnel working in this area at all times, but should not leave this area.
7. If UV lighting is used to maintain contamination-free work area, care must be taken to make sure that they are off when personnel are present.

Summary of Method:  Students will design the layout and equipping of a molecular diagnostics lab to avoid cross-contamination of target DNA.

1. Using a pencil, paper, and ruler OR using a computer, draw the layout of rooms in your ideal design of a molecular diagnostic lab.  On a separate sheet of paper, write down your reasoning in this layout.
2. Arrange equipment and instruments in each of your rooms to meet the needs of each work area that you have designed, and label your drawing.  You may want to consult a suggested check list below to make sure that all your equipment and instruments needs are adequately met.  
3. Write a short paragraph describing your reasoning for the equipment and instruments that you have put into your work areas, along with your reasoning for each item’s placement in the work area.
	Suggested Check List of Instruments and Equipment for a Molecular Diagnostics Lab

Dead-air box with an optional UV light

Biological cabinet with laminar-flow HEPA air filtration

Micropipettes
Microcentrifuge

Microplate washer

Freezer

Refrigerator

Ice machine

Electrophoresis equipment (gel boxes, power supplies, transilluminators)

Gel documentation system

Computer




Validation of Micropipet Calibration

Introduction: 

All critical measurements of volume are done in the molecular lab with a set of micropipettes.  A good maintenance and calibration schedule is the key to ensuring that your micropipette is working properly.  A few maintenance suggestions include:

· Always store micropipettes in an upright position to prevent the nose cones or pistons from being bent.

· Keep the micropipette clean:  dust or smears of materials on a nose cone can prevent proper sealing of micropipette tips and a clogged nose cone will affect the volume that is aspirated.  Unscrew the nose cone to check for debris in the piston, O-ring, and seal.  Check the orifice at the tip of the nose cone to make sure that it is free of debris.  Follow manufacturers’ direction for cleaning of micropipette parts.  Validate measurements (test for accuracy) of a micropipette following a thorough cleaning procedure.

· Make sure that the nose cone is fitting securely on the micropipette and has not undergone any twisting.

· Watch for leaks and replace an O-ring to get a tight seal when necessary.  Validate measurements (test for accuracy) of a micropipette following an O-ring replacement.

The protocols and schedules for micropipette validations (tests for accuracy) of micropipettes may be subject to guidelines provided the American Society for Testing Materials (ASTM), International Standardization Organization (ISO), FDA Good Manufacturing Practices (GMP), or FDA and EPA Good Laboratory Practices (GLP) standards.  Clinical laboratories may follow specific guidelines provided by their certifying agencies and regulations:  National Committee for Clinical Laboratory Standards (NCCLS), College of American Pathologists (CAP), Clinical Laboratory Improvement Amendments (CLIA), and Joint Commission on Accreditation of Healthcare Organizations (JCAHO).  A minimum of a quarterly evaluation is generally recommended.  

Most micropipette manufacturers advise users to check the calibration of their micropipettes by simply weighing a measured amount of water repeatedly to calculate the mean, standard deviation, and percent coefficient of variation [%CV = (standard deviation / mean) X 100].  Some parameters that must be addressed in this approach include:

1. The water must be highly pure and at room temperature.

2. The balance must be a highly sensitive analytical balance that is properly calibrated.

3. The procedure must be in a timely manner to avoid evaporative loss of water, and careful technique must avoid leaving contaminating masses on the weigh container, such as fingerprints.

4. The number of replicates is recommended to be at least 10.

5. The test volumes should be at the largest volume of the micropipette and at half the largest volume of the micropipette.

6. Your micropipetting technique must be impeccable.

After taking all the measurements and making all the needed calculations, the results should be compared to the manufacturer’s stated specifications.  If the micropipette does not meet the specifications, the calibration of the micropipette must be changed.  This can be accomplished in different ways depending on the brand and style of the micropipette.  In some, you adjust the piston stroke length, which changes the amount of movement that the piston has during an aspiration/dispensing step.  Others may require the volume display to match the volume that was actually dispensed.  Once the micropipette has been adjusted, it should be retested to ensure that the new calibration is correct.

	TECHNIQUES TIPS:  Micropipetting small volumes
As the volume being measured and transferred goes down, the care that must be taken to assure accuracy goes up exponentially!  It is very important that you develop a careful technique and good habits in order to get good results in a molecular lab.  The SOP for micropipetting gives some tips for good technique, and here are some more suggestions for especially small volumes:

1. You should submerge the micropipette tip only 2 mm or so into the solution to be measured.  The depth should be slightly greater when measuring larger volumes.  This shallow depth ensures that the pipette tip does not fill up through hydrostatic pressure in addition to the desired aspirated volume.  Maintain the same submersion depth during the aspiration of liquid.  DO NOT pre-wet your micropipette tip.

2. While aspirating liquids into the micropipette tip, the micropipette should be in a completely vertical position.  

3. All movements of the piston should be smooth and not abrupt.  Aspirating a sample too quickly can cause the sample to vortex, possibly over-aspirating the sample.  When aspirating viscous liquids (i.e., serum, blood), leave the tip in the liquid for 1-2 seconds after aspiration before withdrawing it.  After you withdraw the tip, make sure that an air bubble does not appear in the tip.

4. Once there is liquid in the tip, NEVER lay pipettes on their sides!  It is very important that the pipettes themselves never have direct contact with liquids.

5. Before dispensing the liquid, check the pipette tip for any extra liquid adhered to the outside of the tip.  Do NOT remove extraneous liquid with a tissue, as this can contaminate the tip and remove some liquid from the inside of the tip by capillary action.  If the excess liquid cannot be removed by touching it off on the sides of the container, dispense the liquid back into the container, discard the tip, and try again—this time without submersing the tip in the liquid as much.

6. When dispensing the sample, hold the pipette at a slight angle, with the tip touching the side of the receiving vessel if possible.  Depress the control button slowly and smoothly to dispense the liquid from the tip.  

7. If a droplet remains inside the tip by capillary action, the volume dispensed is not correct.  To prevent this from happening, you should touch off the wall of the receiving vessel as you blow out the droplet with a final puff of air (depressing the thumb to the second stop of the micropipette). 

8. If transferring a small volume into another solution, it is helpful to deliver the sample in the micropipette tip directly into the solution and to rinse out the micropipette tip by pumping solution up and down several times.  The action of pipetting repeated up and down also helps to get a good mixing of small volumes together.  (Some scientists have reported to me that this should be done as many as 7 times to ensure complete rinsing and transfer of sample from a micropipette tip when the volumes are on the order of a microliter!  

9. NOTE:  genomic DNA (gDNA) solutions should be exempted from this rule—excessive shear forces will degrade its integrity.  Pipetting of gDNA should be done very slowly to avoid shearing the molecules into fragments.  Vortexing is also damaging to gDNA molecules, and should be avoided.  The best way to mix gDNA is by gentle inversion of the solution, or by pipetting up and down slowly with a wide-bore pipette tip.)

10. Eject the tip using the second control button.  It is preferable to eject tips into a beaker that is conveniently place at your workbench, for later disposal.  Tips that have contacted a biohazardous waste should be ejected directly into a biohazard waste receptacle.  

11. ALWAYS change tips before pipetting a different solution or after a tip has touched another solution in order to avoid cross-contamination!




Scope of the Laboratory Exercise:

In this lab exercise, you will select a set of micropipettes that you will use for the rest of the semester and evaluate its calibration.

Materials:

Carefully read through the following protocol and make a list of specialized equipment that you foresee as necessary for performing the protocol   These are the things that you must line up in your work area in order to complete the work described, excluding some common lab equipment that is shared with the rest of the class such as pH meters, pH standards, and balances.

Make a similar list of chemicals and reagents that are required to complete the protocol for this day.  As described in your Introduction chapter, you must make a table for these chemicals and reagents and include the following information: 

1. the name of any chemical(s) in any solutions prepared (include concentrations) 

2. or in reagents used, if known. 

3. a brief explanation of its purpose in the lab procedure 

4. any safety precautions that should be taken when handling the chemical(s) or solution

5. how the chemical(s) or solution should be stored properly 

(You may need to leave space for any information that is unavailable before the lab exercise, such as the lot number and/or expiration date of the materials.)

Procedures
A.  Gravimetric Procedure.  (based on an ASTM Method E 1154-89 “Standard Specification fo Piston or Plunger Operated Volumetric Apparatus”, taken from Seidman, L.S. & C.J. Moore.  Basic Laboratory Methods for Biotechnology.  Prentice Hall.  (1999))

Summary of Method:  The correct functioning of a micropipette is determined by checking the accuracy and precision of the volumes it delivers.  The weights of water samples delivered by the instrument is converted to a volume based on the density of water.  Calibrations should be check at two volumes:  one at the maximum setting and another at half the maximum setting—so this means two sets of measurements for each micropipette.  
1. Select a carousel of micropipettes that you will use for the rest of the semester and check to make sure that all the micropipettes of the set share the same number.  If the micropipettes have been scrambled, search through the remaining micropipettes to make a matched set.

2. The analytical balance used to check the micropipette must be well-maintained and properly calibrated.  It must also be in a draft-free, vibration-free environment.  

3. Document all relevant information including date, micropipette serial number, temperature and humidity when the check was performed, name of the person performing the evaluation, etc.

4. If the water and micropipette are not stored at the same temperature, allow at least 2 hours for temperature equilibration.  If the relative humidity of the room is less than 50%, place a small beaker of water inside the closed weighing chamber of the balance for at least 30 minutes to raise the relative humidity in the chamber.

5. Set the micropipette volume, and tare the balance to a vial.

Use your best micropipetting technique (see Techniques Tips above) to measure and deliver a volume of water into the vial.  Immediately record the weight measurement.  Working quickly, repeat steps 6 & 7 ten times.  Avoid prolonging this process, as you want to avoid evaporative losses.

6. Repeat the 10 measurements at the second volume setting for your micropipette.

7. For each volume setting, calculate the mean weight of the water for the 10 measurements.  Convert the mean water weight to the mean volume measured as follows:  the density of water is 0.9982 g/mL (its density at 20oC).  Divide the mean water weight by this density conversion factor.

8. Determine the % accuracy or the “inaccuracy” (also called the percent error) of the micropipette at each volume setting as follows:


% accuracy   =   mean volume observed   x   100%

                                             Volume setting

               % error         =   mean volume observed – volume setting     x     100%

                                                      Volume setting

9. Determine the precision (repeatability) of the micropipette at each volume setting by calculating the standard deviation (SD) or coefficient of variation (CV) as follows:

                           SD   =   (Σ (Xi – Xm)/ n-1)1/2   where Xi is each volume measurement, 

                                                                                    Xm is the mean volume measurement, and

                                                                                    n is the number of measurements (10)

                           CV   =   SD x 100%
                                              Xm
10. Check with the manufacturer’s specifications for the micropipette to see if your measurements are within the expected range.  If out of calibration, according to the manufacturer’s specifications, follow the manufacturer’s operator manual to bring the micropipette back into calibration.  Recheck the new calibration to make sure that it now falls within the manufacturer’s specifications.

11. Report your results.




















B.  Colorimetric Procedure.  

Summary of Method:  When measuring volumes less that 10 uL, evaporative losses and imprecision in the analytical balance create proportionately large sources of error in gravimetric measurements.  An additional approach is to pipette a colored solution into a volume of water, followed by measuring the absorbance of the solution that you have created.  This procedure will be used to check the precision of a P10 and P20 micropipette. 

1. Turn on a spectrophotometer to allow it to warm up for at least 10 minutes before use.

2. Place 20 test tubes in a rack and locate a 5 mL gravimetric pipette.  Pipette 5 mL of diH2O into each test tube.

3. Set the micropipette volume top its maximum setting, and use your best micropipetting technique (see Techniques Tips above) to measure and deliver a volume of food coloring into each test tube of water.  

4. Consult the Operating Manual to your spectrophotometer and blank the spectrophotometer against water in a cuvette.  (If you don’t know the wavelength to use for your food coloring, you will need to scan the absorbance spectrum to locate the wavelength that has the maximum absorbance.)

5. Repeat the 10 measurements at the half maximal volume setting for your micropipette.

6. For each volume setting, calculate the mean absorbance of the water for the 10 measurements.  

7. Note that in the absence of an external standard, it is not possible to determine the accuracy of your measurements.  Determine the precision (repeatability) of the micropipette at each volume setting by calculating the standard deviation (SD) or coefficient of variation (CV) as follows:

                           SD   =   (Σ (Xi – Xm)/ n-1)1/2   where Xi is each absorbance measurement, 

                                                                                    Xm is the mean absorbance measurement, and

                                                                                    n is the number of measurements (10)

                           CV   =   SD x 100%
                                              Xm
8. Check with the manufacturer’s specifications for the micropipette to see if your measurements are within the expected range.  If out of calibration, according to the manufacturer’s specifications, follow the manufacturer’s operator manual to bring the micropipet back into calibration.  Recheck the new calibration to make sure that it now falls within the manufacturer’s specifications.  Report your results in your notes.


	


Laboratory 2:  Quality Assurance in the Molecular Laboratory
Name: ______________________________________________
Recording Results
GRAVIMETRIC
	
	Absorbance of Maximum Volume of Micropipette
	Absorbance of Half Volume of Micropipette
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	Maximum Volume
	Half Volume
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COLORIMETRIC

	
	Absorbance of Maximum Volume of Micropipette
	Absorbance of Half Volume of Micropipette

	1
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	10
	
	


	Mean Absorbance Maximum Volume
	Mean Absorbance Half Volume

	
	


Laboratory 2:  Study Questions
Word process your answers and upload to the digital dropbox in BlackBoard with the file name “Laboratory 2 Study Questions”.
1. List five additional considerations which must be considered in the molecular laboratory to produce quality results.
2. List five requirements for CLIA certification of laboratories.
3. List one federal and one professional organization involved in setting the standards for the molecular laboratory.
4. State the reason that heparin cannot be used as an anticoagulant for blood samples used for molecular testing.

5. Why is “informed consent” an important process in collecting samples for molecular testing?

6. State the reason that contamination is of such concern in the molecular laboratory.

7. Briefly explain the importance of the unique design of a molecular laboratory.

8. Briefly describe the laboratory practices employed to reduce contamination.

9. List 4 controls that may be used with each molecular test run.
10. List 8 items which must be part of assays developed in-house may use reagents that fall under the analyte-specific reagent (ASR).
11. How often must personnel competency be evaluated?

12. List four characteristics of quality in recording lab measurements and data.

13. List 8 concerns in the preparation of reagents used in the molecular lab.

14. List 6 parameters which must be carefully monitored or followed when calibrating micropipettes.
15. What must be done if the results obtained in the micropipette validation do not meet the manufacturer’s stated specifications>
16. Upload your results into the Discussion Board of BlackBoard.  Report your general observations from your micropipette validation results. 

a. Did your micropipette validation results fall within the manufacturer specifications for accuracy?  
b. Did your lab partner’s results agree with yours, using the same micropipettes?
c. How well did your precision measurements agree when comparing the gravimetric with the absorbance method?

d.   How did the standard deviation of your results compare with others in the class?
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