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History of the Maine Potato Disease Testing Laboratory:   
 The Maine Potato Disease Testing Laboratory (MPDTL) is an APHIS-accredited 
laboratory which began in 2004 as a partnership between the University of Maine and the Maine 
State Department of Agriculture.  In March of 2008 the Maine Potato Board provided a new 
space for the MPDTL at 744 Main Street in Presque Isle.  On January 1, 2010, under agreement 
with the Maine Department of Agriculture, Conservation and Forestry, the Maine Potato Board 
began staffing the lab.  In the summer of 2014 the lab moved to its new location in the basement 
of the Harley Welch Agriculture Building.  The MPDTL is a secure facility set up for the 
purpose of testing seed potatoes for certification by the Maine Department of Agriculture, 
Conservation and Forestry.   
 
Current use of the Maine Potato Disease Testing Laboratory: 
 Currently the Maine Potato Disease Testing Laboratory conducts all potato pathogen 
testing that relates to the production of certified seed potatoes.  The lab staff works closely with 
the Maine Department of Agriculture, Conservation and Forestry, Division of Animal and Plant 
Health to ensure that the Seed Certification Rules are being followed where testing for potato 
pathogens is concerned.   
 
Staff at the Maine Potato Disease Testing Laboratory: 
 
Ann Currier:  Lab Technician 
              B.S. Plant and Soil Science 1980, University of Maine, Orono 
 Ann has over 20 years of experience with plant pathogen detection techniques such as 
Enzyme Linked Immunosorbent Assay (ELISA), Immunofluorescence Assay (IFA), DNA and 
RNA extraction and conventional PCR.  While the laboratory was working through the process 
of accreditation, Ann travelled to The Canadian Food Inspection Agency (CFIA) laboratory in 
Charlottetown, PEI to observe the IFA procedure, ensuring that all procedures for detecting 
Clavibacter michiganensis subsp. sepedonicus (Cms) were in compliance with the Canadian 
protocol for detection of Cms. 
 
Jaylee Fox:  Lab Technician 
           B.S. Biological Engineering, 2015, University of Maine, Orono 
 Ms. Fox has been working with potato disease diagnostics since June 2015, and has 
experience with a variety of plant pathogens. She has screened for various plant viruses using the 
ELISA protocol, including PVY and has used immunoblot testing to diagnose blackleg causing 
bacterial pathogens.  She has worked in conjunction with Scottish Agriculture Science Agency 
(SASA) researchers to acquire their blackleg testing protocols, and has done extensive testing in 
regards to dickeya bacteria in potatoes, using an innovative combination of conventional PCR, 
qPCR, and bacterial culture growth techniques.  In addition to her training with SASA, she has 
trained at the University of Wisconsin-Madison Potato Production and Research laboratory.  
Prior to potato diagnostics, Ms. Fox has experience working in microbial labs, chemical labs, and 
mechanical labs.   
 
 
Larry Feinstein, PhD:  Lab Consultant 
  Assistant Professor of Biology, University of Maine at Presque Isle (UMPI)            
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  Ph.D. Microbial Ecology, 2012, Kent State University, Kent, Ohio  
 Dr. Feinstein works with the lab developing Standard Operating Procedures, providing 
recommendations for equipment purchases, and conducting MPDTL quality control testing at his 
UMPI laboratory. He has over 15 years of experience conducting research in the fields of plant 
biology, environmental microbiology, infectious disease, soil science, and molecular biology. He 
has been trained in the molecular detection of potato pathogens at the Agricultural Certification 
Services lab in Fredericton, New Brunswick and is currently conducting research on pathogen 
dispersal with the University of Maine Cooperative Extension. 
 
 
INTRODUCTION 

The Maine Potato Disease Testing Laboratory is following the protocol that was 
developed by the Canadian Food Inspection Agency.  The following introduction was taken from 
the CFIA publication: 
 
(From “Protocol for the detection of Clavibacter michiganensis subsp. sepedonicus”, Canadian 
Food Inspection Agency) 
 
 Bacterial Ring Rot (BRR) is a potato disease caused by the bacterium Clavibacter 
michiganensis subsp. sepedonicus [syn. Corynebacterium sepedonicum] (Cms).  Canadian Seed 
Potato Certification Regulations specify a zero tolerance for this disease which means that a 
single infected plant or tuber found in a field, greenhouse or storage results in the loss of the total 
potato production of the farm unit as seed, and limits the options for disposal of the production to 
non-seed uses. 
 Potato plants infected with bacterial ring rot do not always exhibit visible symptoms in 
the field or in the tubers at harvest and in storage.  However, such symptomless (or latent) 
infections can be detected by laboratory tests.  Specifically, the tests are designed to detect the 
pathogen.  Currently the enzyme-linked immunosorbent assay (ELISA) and immunofluorescence 
assay staining (IFAS) tests are two tests approved in Canada for testing for bacterial ring rot 
pathogen under the seed certification program.  In Canada, the ELISA test is used to screen 
samples for possible infections and the IFA test is applied to only those samples that are positive 
in ELISA.  In the absence of disease symptoms, a sample is only considered to be infected with 
the bacterial ring rot pathogen when both the ELISA and immunofluorescence tests are positive.  
Use of the two serological tests, based on different antigenic components of the pathogen, 
minimizes the possibility of false positive test results. 
 Tests may be conducted on composite samples of stems or tubers.  To maximize the 
probability of detecting the ring rot pathogen, CFIA requires that stems are sampled after at least 
75% of the number of growing days has passed but before senescence takes place.  Stems are 
sampled by removing 0.5-1.5 cm of tissue from each stem at soil level.  Tubers are sampled at 
any time after harvest by removing a 0.4-1.0 gram core from the stolon attachment site to obtain 
the maximum amount of vascular tissue where the pathogen is found. 
 ELISA is carried out with the specific monoclonal antibody 1H3, while 
immunofluorescence microscopy (IMF) is done with the specific monoclonal antibody 9A1.  
Advances in technology have made it possible to detect C. michiganensis subsp. sepedonicus in 
composite potato samples with a great degree of accuracy.  Nevertheless, sensitivity of all 
laboratory tests is finite and false positive or negative results may occur. Parameters of 
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laboratory tests are set to minimize the occurrence of cross-reactions and questionable test 
results. 
 The ELISA and IFA tests for detecting the BRR pathogen are used in serial fashion to 
ensure that testing is cost effective without compromising test specificity.  The test criteria 
described in this document are specifically designed for testing within the Canadian Seed Potato 
Certification Program.  BRR testing requirements for export markets may differ from those 
described here. 
 
QUALITY ASSURANCE 

 
1.  Record keeping 
2.  Sample storage and tracking 
3.  Personnel training record 
4.  Proficiency testing 
5.  Equipment location list 
6.  Equipment maintenance and calibration record 
7.  Changing protocols and quality assurance procedures 
 
1.  Record keeping 
 All worksheets, forms, and information regarding bacterial ring rot testing should be 
written in black ink.  Errors are crossed out, not deleted or erased, and the corrections written in 
next to the original. Duplicate forms documenting tuber and stem check-in are used: one copy is 
kept in the lab and one given to the grower for their records.  
 The lab will maintain one loose leaf binder with all protocols and quality assurance 
materials, and another loose leaf binder or binders with all sample records.  Electronic copies of 
all sample records will also be kept and access to these records is restricted to lab-authorized 
personnel only.  There is a third “working” protocol book with page protectors for reference 
while performing procedures.  Other materials relating to that sample may also be included, such 
as print correspondence and summaries of phone conversations. 
 
 The sample records binder includes the following materials filed by BRR ID number:   
 Check-in form 
 Coating Plates with the Capture Antibody worksheet 
 Core processing worksheet 
 ELISA worksheet/loading diagram 
 ELISA plate reader printout 
 IFAS worksheet, if required 
 Copy of results report 
 

The sample records materials are stored in locked filing cabinets in Storage Room 1.  
Access to the locked location is limited to the Lab Technician at Maine Potato Seed Disease 
Testing Laboratory and his/her designated staff, and the Director of the Maine Department of 
Agriculture Division of Animal and Plant Health and his/her designated staff.  Access is 
reviewed as personnel changes. 

Records are kept for 7 years and then destroyed. 
Copies of protocols are made available upon request. 
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2.  Sample storage and tracking 
All samples and their derivatives (tuber cores, tuber extracts, ELISA plates, cDNA, PCR 

products and IFAS slides) are kept in a secure location.  These locations will always be locked 
when bacterial ring rot sample derivatives are being stored.   

Access to the secure location is limited to the Lab Technician at the Maine Potato 
Disease Testing Laboratory and her/his designated staff, and the Director of the Maine 
Department of Agriculture, Conservation and Forestry, Division Animal and Plant Health and 
her/his designated staff.  Access is reviewed as personnel changes. 

All sample derivatives are destroyed by autoclaving when they are no longer required 
(see summary table below).  Tuber cores can be destroyed after the extract is made.  Because 
ELISA plates fade quickly, the sample plates are not stored and can be destroyed after they are 
read in the plate reader.  IFAS slides are destroyed when the entire test sequence is complete.  
Only the reserved sample extract is kept for an extended period.  If the sample is positive the 
extract is kept for 3 years; if the sample is negative the extract is kept until the end of the crop 
year following testing.   

 
 

Sample or 
derivative 

Storage Security Destroy by autoclaving 

Cores Not stored NA Following test 
Reserved extract Refrigerated until final ELISA 

results obtained, then preserved 
with glycerol & frozen at –20C 

Locked If positive, after 3 yrs. 
If negative, after end of crop yr. 
following testing 

Aliquots A&B Refrigerate until IFAS complete Locked After IFAS is complete, in case repeat 
test is required. 

ELISA plates Not stored None 
required 

After reading  of ELISA is complete 

IFAS slides Frozen at -20°C Locked After entire test sequence is complete 
 
3.  Personnel training record 
 All persons performing bacterial ring rot testing must be qualified to perform the testing 
procedures.  Persons may qualify in one of two ways:  either as a qualified trainer or as a trainee 
that has completed documented training with a trainer.  A qualified trainer will have a total of 
three years of experience that combines education and/or work experience in the biological 
sciences (e.g. plant pathology, microbiology, biotechnology or other related field) and one year 
previous experience in bacterial ring rot testing.  Trainees will have appropriate education or 
work experience and undergo a course of training with a qualified trainer.   
 The training of each person who performs bacterial ring rot testing procedures is 
documented on the TRAINING RECORD sheet.  The trainee first observes the trainer 
performing the procedure, and later performs the procedure under the supervision of the trainer.  
On both these occasions, both the trainer and trainee date and initial the TRAINING RECORD 
sheet.  Also documented is the date of completion of proficiency testing (see section 4 below).   
 Each procedure is broken down into steps and the training for each step is documented 
separately.  Thus, a person could be trained to perform the rinsing of ELISA plates, for example, 
without needing to know all the preceding and subsequent steps.    
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4.  Proficiency testing and on-site inspection 
 In order to ensure the accuracy of bacterial ring rot testing and maintain the quality 
system, the testing laboratory has a program of proficiency testing and on-site laboratory 
inspections. 

Proficiency testing will consist of testing a panel of samples provided by Dr. Jiajun Hao, 
Plant Pathologist at the University of Maine Orono. Every year Dr. Hao will provide 6 coded 
samples, of which some will be negative and the remaining samples will be positive.  All persons 
in the laboratory qualified to perform the testing must successfully complete the annual 
proficiency panels in order to continue to perform tests.  If the results of an individual’s 
proficiency test are not 100% correct, another proficiency panel must be completed, until a 
perfect score is attained.  On the second page of the TRAINING RECORD sheet there is a space 
to document completion of the panel.  The results of the proficiency panels will be kept in a 
secure location.  Electronic copies of all TRAINING RECORDs will also be kept and access to 
these records is restricted to lab-authorized personnel only.   
 The MPDTL will undergo occasional on-site inspections.  The inspector will be 
appointed by APHIS.  The parameters of the inspection will be determined by the inspector and 
the laboratory to be inspected prior to the first inspection date.  This external audit will be 
conducted at the convenience of the APHIS inspector.      
 In addition to the audit conducted by APHIS, an annual INTERNAL AUDIT will be 
conducted by the lab technicians and lab consultant.  A check list is in place that is used to record 
each step in the audit.  Any abnormalities are listed on a separate form and corrections are also 
made and documented at the time of the audit.  The forms for the audit are included with this 
protocol. 
 We have chosen to have an INTERNAL AUDIT at the beginning of the testing season.  
The month of May will be targeted for that audit. 
 
      
 The Seed Testing Laboratory will conform to all State, Local, and fire safety ordinances 
that govern its operation.   
 
5.  Equipment location 
 Staff is responsible for laboratory equipment.  All testing equipment is located in a 
containment facility that is in a separate area from where samples are received.  This area is 
locked and entrance is only available to lab-authorized personnel.  The containment facility has 
been APHIS-approved for pathogen testing and equipment and lab bench surfaces are regularly 
surface-sterilized in order to avoid sample cross-contamination.  Lab Staff will have access to 
Lab Equipment Manuals which will be kept in a designated location. 
 
6.  Equipment maintenance and calibration record 
 Equipment used for bacterial ring rot testing should be reliable, i.e. it should perform in a 
uniform and stable manner.  To assure the required performance, equipment is maintained on a 
regular schedule.  Controlled temperature devices are monitored when in use for bacterial ring 
rot testing.  Calibration is also scheduled for those pieces of equipment requiring it.  Laboratory 
equipment is serviced by certified Quality Control companies when necessary.  
 Each item of equipment has an EQUIPMENT MAINTENANCE AND REPAIR LOG.  
Recorded on this form are: any damage done to the item, repair work or other service done, 
performance anomalies and subsequent corrective action taken, calibration performed and 

 6 



regularly scheduled maintenance.  Reports of calibration and service can be attached to this form.  
If a temperature controlled item (e.g. an incubator) has not been used for bacterial ring rot testing 
and is not being monitored, or it has undergone a repair, temperature stability and uniformity 
must be established.  This is also noted on the log.  All entries are dated and initialed.   

Controlled temperature equipment is monitored with maximum/minimum thermometers 
(if the equipment does not have a built in temperature monitoring unit) to ensure the correct 
temperature range when they are in use for bacterial ring rot testing.  The max/min temperatures 
are recorded on the TEMPERATURE LOG.  Readings are taken weekly by lab technicians.  If 
readings occur outside the allowable range, corrective action must be taken.  All entries are dated 
and initialed.   

Regular maintenance and calibration programs are summarized in the table below.  
Maintenance of each piece of equipment should always follow the manufacturer’s instructions, if 
available.  The significance of performance irregularities is evaluated when they occur and 
corrective action is taken, when required.  
 

Instrument Maintenance Calibration 
Refrigerator: 4º±3ºC Clean annually in spring 

Monitor temp when in use for 
BRR testing 

Establish stable temp initially and 
after repair 

Freezer: -20º±10ºC Clean annually in spring 
Monitor temp when in use for 
BRR testing 

Establish stable temp initially and 
after repair 

Autoclave Clean after each use 
Check temperature weekly 

none 
 

Incubator: 37º±2ºC  Clean as needed 
Monitor temp when in use for 
BRR testing 

Establish stable temp initially and 
after repair 

Max/Min thermometer NIST guaranteed for one year, 
purchase annually 

None required 

Balance Clean each use Check against traceable 
calibration weights annually 

pH meter Store electrode according to 
manufacturer’s instructions 

Calibration check with 2 buffers 
monthly 

Microscope for IFAS 
 

Clean & service annually  Calibrate stage micrometer 
initially 

Pipettors Clean as needed Calibrate annually 
Plate reader Remove dust Calibration plate test annually 
Centrifuge Balance all loads 

symmetrically 
Clean up after spills 

None required 

Shaker Clean up after spills None required 
 
7. Changing protocols and quality assurance procedures: 
           Periodically, this manual will be reviewed and changed if needed.  Changes can only be 
made on approval of:  the laboratory technician, the Director of the Department of Agriculture, 
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Conservation and Forestry, and the person(s) overseeing the Quality Assurance.  All responsible 
parties must sign and date the signature page included in this document. 
 
 
  
SAMPLE CHECK-IN  
 
Introduction 
 
 The Maine Potato Disease Testing Laboratory will be provided with a sample of 400 
tubers, labeled with a certification number provided by the Division of Animal and Plant Health 
Seed inspectors. Sample collection will be performed under the supervision of the Seed 
Inspectors who will verify the sample lot, origin, variety and generation.  Upon receipt at the 
Maine Seed Potato Testing Laboratory, the tuber sample will be inspected and entered into a 
logbook.  The inspection process ensures that the sample meets certain criteria of tuber number, 
size, and condition that will not compromise the accuracy and sensitivity of subsequent tests.  If 
a sample does not meet these criteria, a new sample can be requested before processing begins.  
Assigning a number to the sample and entering it in a logbook are required for sample tracking 
and chain of custody documentation.  The sample will be stored at room temperature in a locked 
room.  Samples will not be stored more than 7 days prior to processing.  Proper storage between 
the time of sample arrival and processing is needed to ensure that sample integrity is not 
compromised prior to testing. 
 
Guidelines for Sample Submission  
 

• The submission information enclosed with the sample should include the following 
information: 

o submitter’s name; 
o submitter’s mailing address; 
o submitter’s telephone number; 
o submitter’s email address (optional); 
o submitter’s fax number (optional); 
o submitters preferred contact information  
o date of collection;  

• The box or container should be well sealed to protect sample integrity. 
 
Guidelines for Sample Check-In at the Testing Lab  
 

• Upon arrival, information on each sample will be entered into a log book and a computer 
database.  This information will include: 

o a unique identifying number that will be used to label all bags, forms, tubes, slides 
and other materials generated from that sample; 

o tuber variety and generation; 
o the date of receipt of the sample; 
o whether the sample is adequate for testing (see below for criteria); 
o the date of core processing (if applicable); 
o the date ELISA performed (if applicable); 
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o the date immunofluorescence assay performed (if applicable); 
o the date test results are reported to the Maine Department of Agriculture, 

Conservation and Forestry (if applicable).  
• A standard intake form will also be completed for each sample (see attached form).  A 

copy of this form is provided to the submitter. 
• Any additional documentation supplied by the submitter will be attached to the intake 

form. 
• Samples will be inspected to make sure they meet basic criteria that will not jeopardize 

test results.  Samples will be rejected and a replacement sample requested if: 
o the shipping box or container has been crushed or broken; 
o the bag containing the tubers has ripped and is leaking; 
o the number of tubers is less than 390    

 
• If the sample does not meet the basic criteria outlined above, any deficiency will be noted 

on the intake form.   
• If a sample is rejected for any reason, the client will be contacted promptly to explain the 

cause of rejection and to request a new sample.  Any such contact will be documented on 
the intake form. 

• Rejected samples will be promptly autoclaved and discarded. 
• Samples that are not rejected will be kept in locked room for up to 7 days prior to 

processing.   
 
 
 
PROCESSING POTATO CORES FOR EXTRACTION OF BACTERIA 
 
Introduction 
 
After the sample of 400 tubers has been inspected and logged in (see SAMPLE CHECK-IN) it 
must next be processed to extract the bacteria from the tuber tissue for the ELISA and 
immunofluorescence tests.  We use the method of macerating tuber cores in a blender to prepare 
the extract.  Precautions will be taken to ensure all parts of the blender that may be in contact 
with the sample are thoroughly decontaminated between samples.   
 
Blender Method (preferred method) 

1. 200 tubers are removed from the sample bag and placed on the paper-lined seed rack.  A 
0.5gm core is removed from the stolon end of each tuber with a sterile coring tool and 
placed in a sterile colander.  After all 200 cores have been removed; the cores are washed 
with tap water and placed on a paper towel to drain.  

2. If cores are frozen, thaw them at room temperature 30-60 min before processing.  Never 
thaw by heating. 

3. Weigh cores and add 1 ml distilled water per 1 gram of tissue in a sterilized blender jar, 
and blend on medium for 60 seconds.   

4. Pour the blended extract through a coffee filter into a 50ml centrifuge tube, squeezing the 
filter to extract as much of the fluid as possible 

5. When 45 ml of filtered extract has accumulated in the centrifuge tube, label the tube with 
the sample number and the letter A.   
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      Store in the refrigerator until ELISA tests are completed.   
6. If the ELISA test is negative, add 5ml of Glycerol to the 45 ml of filtered extract and 

place in the freezer.  Negative samples are stored for one year.  If the ELISA is positive, 
the filtered extract is used for IFAS. 

7. For ELISA, run the 1:1 dilution of tube A (raw extract) in ELISA sample buffer and a 
tenfold dilution in ELISA sample buffer. 

8. Autoclave all waste materials. Sterilize/decontaminate any reusables by flame, bleach, 
autoclave, or quaternary ammonium.  Use bleach or quaternary ammonium to 
decontaminate bench tops. 

9. Remove the remaining 200 tubers from the sample and core as above.  Repeat processing 
as for 1st 200 tubers of sample.  The tube will be labeled with the sample number and the 
letter “B”. 

10. Refer to “Instructions for coring tubers” for further instructions. 
 
References 
 
1.  Protocols for diagnosis of Bacterial Ring Rot. Jan. 6, 2003.  Wisconsin Seed Potato 
Certification Program. 
2.  Dinesen, I. G.  1984.  The extraction and diagnosis of Corynebacterium sepedonicum from 
diseased potato tubers.  Bulletin OEPP/EPPO Bulletin 14, 147-152. 
3.  Phytosanitary Procedures:  Clavibacter michiganensis subsp.Sepedonicus:  Inspection and 
Test Methods.  PM 3/25(1) English.   
 
Instructions for coring tubers  
 
  
Line seed rack with brown craft paper.  Paper is changed between each sample (not necessary to 
change the paper between subsamples). 
Attach a clean plastic bag to the bag holder on the seed rack.   
Place the 400 tuber sample on the seed rack. 
Place each tuber in the plastic bag as the tubers are cored. 
When there are 200 tubers cored, take the cores to the lab to wash them. 
Place the 200 cores on a paper towel to remove excess moisture. 
Weigh the cores.  They should weigh approximately 100.00 grams.   

• Disinfect coring tools between subsamples 
• Cores must be taken at the stolon attachment site and must be conical or semi-spherical 

in shape, approximately 1 cm in diameter at the top and 1 cm deep (see diagram below). 
Each core should weigh between 0.5-1.0 g, and include as much of the vascular ring 
radiating from the stolon attachment as possible.  

• FOR EXPORT SAMPLES: Return cored tubers to original bag or container and save 
until all testing is completed. 
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• Place all cores of a subsample in a sandwich bag while processing the sample. Label the 

sandwich bag with the unique sample ID number and indicate whether it is subsample A 
or subsample B. 

 
PROCESSING POTATO CORES FOR EXTRACTION OF BACTERIA 
The alternative Shaker Method 
Introduction:  For some bacterial testing, it is necessary to use the same core tissue for more than 
one detection method.  Occasionally the Shaker Method, as described below, is used.  The 
MPDTL prefers the Blender method for extraction of bacteria. 
 
Shaker Method  
 

1. If cores are frozen, thaw them at room temperature 30-60 minutes before processing.  
Never thaw by heating. 

2. Cores are divided into two 200-core samples  
3. Run tap water over subsample until there is no debris on cores and water runs clear.  This 

step is performed in a colander that has been sterilized with 70% Ethanol. 
4. Weigh each subsample and record weight on Core Processing Worksheet 
5. Place each subsample into a separate sterile 1 liter flask and add 1ml sterile distilled 

water per gram of tissue.  Water should cover cores.  If there is not enough water to cover 
the cores, increase the water to not more than 1.5 ml per gram of tissue. 

6. Cover each flask and place on a shaker at room temperature for overnight.  Shake at least 
18 but not more than 24 hours at 160rpm. 

7. Using sterile/filtered pipet tips, remove 2 1ml aliquots of extract from each sub-sample. 
8. Label aliquots from the first sub-sample as follows: assigned sample number and E-1 this 

aliquot will be used for the ELISA test.  Label the other sample: assigned sample number 
and I-1 this aliquot will be used for the Immunofluorescence test. 

9. Using sterile glassware, transfer 8 ml of the soakate from each sub-sample into a single 
sterile labeled 10 ml cryo-tube. Keep this reserve extract in the refrigerator until the 
ELISA results are obtained.  

10. Upon completion of the ELISA test, add glycerol to a final concentration of 10% and 
freeze in a secure freezer at -20 degrees C.    
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11. Samples that are positive for the presence of Clavibacter michiganensis sp. sepedonicus 
are stored frozen for 3 years.  Samples that are negative for the presence of Clavibacter 
michiganensis sp. sepedonicus are stored frozen for 1 year. 

12. All waste materials are autoclaved.  Re-usable items are sterilized/decontaminated by 
flame, bleach, autoclave, alcohol or commercial disinfectants that contain phenol. 

13. Lab benches and sinks are decontaminated using commercial disinfectants containing 
phenol.  

 
References 
 
1.  Protocols for diagnosis of Bacterial Ring Rot. Jan. 6, 2003.  Wisconsin Seed Potato 
Certification Program. 
2.  Dinesen, I. G.  1984.  The extraction and diagnosis of Corynebacterium sepedonicum from 
diseased potato tubers.  Bulletin OEPP/EPPO Bulletin 14, 147-152. 
3.  Phytosanitary Procedures:  Clavibacter michiganensis subsp. Sepedonicus:  Inspection and 
Test Methods.  PM 3/25(1) English.   
4.  NDSU Cms Detection Export Protocol.  Version 2.0 
 
ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) FOR CLAVIBACTER 
MICHIGANENSIS SUBSP. SEPEDONICUS 
 
Introduction 
 
Extract obtained from processing of tuber cores (see CORE PROCESSING) is tested for 
Clavibacter michiganensis subsp. sepedonicus (Cms) using an Enzyme Linked Immunosorbent 
Assay.  The sensitivity of this test is approximately 105 – 106 cells per gram of tissue.  We use 
the double antibody sandwich (DAS) ELISA test provided by Agdia® in their Cms PathoScreen 
Kit.  This product uses the 1H3 monoclonal antibody and an alkaline phosphatase enzyme.  
Products from other companies could also be used if approved by APHIS.   
 
Procedure 
 
Follow the manufacturer instructions for Agdia®’s Cms PathoScreen Kit.  They can be found at 
http://www.agdia.com  Catalog number SRA 70002. 
 
The manufacturer instructions are used, with the following exceptions: 
 
1. The sample is prepared according to the method for processing potato cores described in this 

document.  
2. Positive controls are always placed in the lower rows of the ELISA plate.  Controls are 

provided by AGDIA, INC. 
 
A copy of the manufacturer instructions can be found at www. Agdia.com and a copy of 
those instructions is maintained with the SOPs. 
The ELISA RECORD sheet is completed and initialed as each part of the procedure is 
performed.  A copy of the ELISA Record is included in this SOP.      
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Additional Precautions 
 
- Prior to use, check plates for dust, scratches, and irregularities that may interfere with the 

test.  Do not use wells with abnormalities.  Cover wells when not they are being filled or 
washed.  Check for contaminants (dust, fuzz, hair, etc.) in the reagents as well. 

- Wash plates carefully to avoid cross-contamination of wells.  Discard contents of wells 
directly into the sink so that well contents do not contaminate surrounding wells. 

- Before inserting plates into the plate reader, inspect them visually for dust or any 
contaminants that might interfere with plate reading. 

 
Interpretation of results 
 

- Record the absorbance value for the negative tuber control. (N) 
- Calculate the average absorbance value for the two positive control wells. (P)  
- Divide P by N to get the signal-to-noise ratio.  A P/N value greater than 10 is acceptable.  

If ratio is less than 10, redo the test. 
- Calculate the threshold value using the formula:  

  Threshold = 0.06 (P-N) + N. 
- If a sample dilution value is less than the threshold value, it is negative.  If a sample 

dilution value is greater than or equal to the threshold value, it is positive.   
o If both values of any sample dilution are positive, then the sample requires a 

confirmatory immunofluorescent assay (IFAS). 
o If one dilution is positive, redo the ELISA test. 
o If both dilutions are negative, the ELISA test is negative.  No IFAS test is 

required. 
o Reporting of results is discussed in the REPORTING SOP.   

 
References 
 
1.  Protocols for diagnosis of Bacterial Ring Rot. Jan. 6, 2003.  Wisconsin Seed Potato 
Certification Program. 
2.  Agdia Product Documentation for CmsPathoScreen Kit:  DAS ELISA, alkaline phosphatase 
label.  User’s manual can be found at www.agdia.com. 
3.  Bacterial Ring Rot of Potato:  Protocol for Indexing and Confirmation of Diagnosis.  
December 5, 2002.  National Potato Council Seed Potato Certification Subcommittee.  (add 
former, delete following duplicate ref)  Protocols for diagnosis of Bacterial Ring Rot.  January 6, 
2003.  Wisconsin Seed Potato Certification Program.   
4.  De Boer, S.H. and T. L. Haan. 1996. Validation of thresholds for serological tests that detect 
Clavibacter michiganensis subsp. sepedonicus in potato tuber tissue.  Bulletin OEPP/EPPO 
Bulletin 26:391-398.   
5.  De Boer, S.H. and T. L. Haan.  Version 2.0, May 4, 2001.  Protocol for the detection of 
Clavibacter michiganensis subsp. sepedonicus, the bacterial ring rot pathogen in potato.  Centre 
of Expertise for Potato Diseases, Canadian Food Inspection Agency.  Charlottetown, Prince 
Edward Island, Canada 
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IMMUNOFLUORESCENT ASSAY FOR CLAVIBACTER MICHIGANENSIS SUBSP. 
SEPEDONICUS 
 
Introduction 
 
An ELISA-positive sample requires a confirmatory immunofluorescent assay (IFAS).  We use 
Agdia®’s Cms IFA product, which is based on the monoclonal antibody 9A1.  Products 
developed by other companies may also be used if approved by APHIS. 
 
Procedure 
 
Follow the manufacturer’s instructions for Agdia®’s Cms IFA, which can be found at 
https://www.agdia.com/ Items below are additions or clarifications of the Agdia® protocols.   

- Dilutions; the sample extract (see CORE PROCESSING) must be diluted because 
antigen excess may result in a false negative.  Use 1/10, 1/50, and 1/100 dilutions 
of aliquot A (raw extract) and aliquot B (centrifuged and resuspended extract).  
The diluent is 0.01M PBS.  Make duplicate slides of the test samples, and store 
the duplicate in the freezer at -20°C±10ºC after the acetone fixation step.   

- Slides; Use multi-well slides with hydrophobic coating. 
- Control slides.  Controls are prepared from known negative tubers and processed 

in the same manner as test samples (see CORE PROCESSING).  Positive samples 
can be prepared by adding Cms culture to known negative tuber extract to obtain 
concentrations yielding greater than or equal to 150 fluorescing cells in 30 fields.   

- Control slides are acetone-fixed in a separate slide well from test sample slides to 
avoid cross contamination.  After fixation control slides are stored in a minus 
20ºC±10ºC freezer until needed.   

- Fill out worksheet and initial each step as it is performed.  
 
Additional Precautions 
 
Wash slides carefully to avoid rinsing fixed cells off the slide surface, but also thoroughly to 
make sure pieces of possibly cross-reacting tissue are removed.  Direct water towards slide at an 
oblique angle, not directly at the wells.   
 
Interpretation of Results 
 
Cms bacteria are pleimorphic rods, 0.8 – 1.2 µm by 0.4 – 0.6 µm, and are often coryneform or 
kidney bean shaped.  With the fluorescein dye they appear bright green under the microscope.  
Cells are often seen in “L”, “V”, or “Y” formations.  They also occur singly and in irregular 
groups.   

- Use an oil immersion lens to observe wells at 100x magnification.   
- First observe the positive control wells, then the negative control wells.  Focus 

first on the edge of the well.   
- Observe the sample wells beginning with the 1/10 dilution.  Count fluorescing 

cells of correct size and morphology in 30 fields.  Start at the edge of the well and 
read 15 consecutive non-overlapping fields in one line and then read 15 
consecutive non-overlapping fields in a line perpendicular to the first line.  Four 
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fields will fall on the edge of the well.  If the total number of fields in the two 
lines do not add up to 30 fields, the rest may be made up from other areas of the 
well.  Do not count cell fragments.   

- Record counts for each field and the total of all 30 fields on the worksheet.  Count 
wells for other dilutions in the same manner.   

- The positive threshold is a total of 150 fluorescing cells of the correct size and 
morphology.  If the total count is greater than or equal to 150 at any dilution the 
sample is IFAS positive.   

- If >30 and <150 fluorescing cells are counted in 30 fields of any dilution, the 
sample is a provisional positive.   

- If < or equal to 30 cells are counted in 30 fields of all dilutions, repeat the test 
sequence, starting with ELISA and continuing with IFAS if ELISA positive. 

- If the results are again < or equal to 30 fluorescing cells, the sample is negative.  
- See REPORTING Results protocol for reporting the final result to the client(s) 

 
References 
 
1.  Protocols for diagnosis of Bacterial Ring Rot.  Jan. 6, 2003.  Wisconsin Seed Potato 
Certification Program. 
2.  Agdia® Product Documentation for Cms IFA:  Immunofluorescence assay for Clavibacter 
michiganensis subsp. sepedonicus.   
3.  Bacterial Ring Rot of Potato:  Protocol for Indexing and Confirmation of Diagnosis.  
December 5, 2002.  National Potato Council Seed Potato Certification Subcommittee. 
4.  De Boer, S. H.  1989. In Detection of Bacteria in Seed and other Planting Material.  A.W. 
Saettler et al., eds.  APS Press, St. Paul, Minnesota.  pp. 92-107. 
5.  De Boer, S.H. and T. L. Haan.  Version 2.0, May 4, 2001.  Protocol for the detection of 
Clavibacter michiganensis subsp. sepedonicus, the bacterial ring rot pathogen in potato.  Centre 
of Expertise for Potato Diseases, Canadian Food Inspection Agency.  Charlottetown, Prince 
Edward Island, Canada 
6.  Phytosanitary Procedures:  Clavibacter michiganensis subsp. Sepedonicus:  Inspection and 
Test Methods.  PM 3/25(1) English.   
 
 
Reporting Results: 
Reporting results for Cms testing: 
For export samples, test results are reported to the grower of the sample and to the Division of 
Animal and Plant Health.  The form for reporting results is included in this document. 
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Signature Page: 
 
Signatures below indicate that those so identified have read, understood, and approved this 
document: 
 
 

Ann Currier,  Laboratory Technician 
 

 
Ann Gibbs,  Director Division of Animal and Plant Health 
 
 

 
 
 
Dr. Larry Feinstein,  Assistant Professor of Biology Univ. of Maine, Presque Isle 
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TRAINING RECORD 
Trainee:         Page 1 of 2 

 
Procedure or Step 

Observed Trainer Performed Supervised 
Initials  

Date 
Initials  

Date Trainer Trainee Trainer Trainee 
Sample Check-in       

Criteria for rejection       
Digital tracking       
Core Processing       
Shaker Method       

ELISA       
Preparing buffers       
Pipetting       
Dilute samples, 
randomize & load 

      

Prepare enzyme 
conjugate 

      

Washing       
Prepare PNP       
Plate reader operation       
Calculate threshold       
Complete ELISA form       

IFAS       
Complete IFAS form       
Prepare buffers       
Dilute, load & fix 
samples 

      

Dilute & load antibody       
Washing       
Dilute & load FITC 
conjugate 

      

Use of IFAS microscope       
Reading slides       
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          Page 2 of 2 
 
Training completed:  Date:    

Trainer:     
Trainee: 

 
Proficiency panel: Date completed  

ELISA   
IFAS   
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BACTERIAL RING ROT TESTING 
SAMPLE INTAKE FORM 

(LAB NAME & ADDRESS) 
 
Submitter:  ____________________________________________________________ 
Submitter Address:  ____________________________________________________ 
      ____________________________________________________ 
      ____________________________________________________ 
      ____________________________________________________ 
Submitter email:  ______________________________________________________ 
Submitter Phone:  _______________________Submitter FAX:  _______________ _  
Date of Delivery to the lab---------------------------------------- 
Certification number_____________________ 
Variety___________________________ 
Generation_____________________________ 
 
SIGNATURE OF SUBMITTER OR AGENT________________________________________ 
 
FOR LAB USE ONLY: 
 
Sample Identification #______________________ 
Sample adequate for testing (yes/no) 
Reason for rejection: ______________________________ 
Date Submitter contacted about rejection of sample_____________ 
Date Processed: _______________ 
Date of ELISA__________________ 
Date of Confirmation________________ 
Date reported to Dept. of Agriculture___________________ 
Date reported to submitter___________________________ 
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 COATING PLATES WITH THE CAPTURE ANTIBODY FOR CMS 

Date: 
Coating Buffer prep: 
Carbonate Coating buffer lot#: 
Volume of buffer needed: 
Volume of buffer: 
Volume of distilled water: 
 
Capture Antibody lot #: 
Volume of Capture Antibody added to the buffer: 
 
Number of wells coated: 
Incubate for 4 hours at room temperature or overnight in the refrigerator 
Signature__________________________________________________ 
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PLATE MAP/LOADING DIAGRAM 
Manufacturer/Product      Lot    Plate # 

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B             

C             

D             

E             

F             

G             

H             
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ELISA RECORD 
 
Date Plate # Sample I.D.  Initials 
Prepare 
buffers 

PBST 
SEB 
 

Lot no. 
MILK 
TWEEN 20 

Volume  

Load sample 100μl 
Diluent 
Positive co. 
Negative co. 

Incubate at ___ºF Time  

Prepare 
enzyme 
conjugate 

Volume LOT no. 
MILK 

  

Wash plate     
Load enzyme 
conjugate 

100 μl Incubate at ___ºF Time  

Prepare PNP Lot no. 
 

Volume   

Wash plate     
Dispense PNP 100 μl 

 
Incubate at ___ºF 
in dark 

Time  

Stop (optional) 50µl 3M NaOH 
 

   

 
Comments 
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IFAS RECORD 
 
Sample ID:      Date: 
Positive control lot: 
Negative control: 
 
  Initials 
Load sample dilutions 20µl  
Fix in acetone 10 min  
Dilute anti-Cms antibody 
 
Load antibody 
Incubate 

Antibody lot: 
Antibody dilution: 
20µl 
1 hr @37ºC in humid box 

 

Wash plate   
Dilute FITC conjugate 
 
Load conjugate 
Incubate in the DARK 

Conjugate lot: 
Conjugate dilution: 
20µl 
1 hr @37ºC in humid box,  

 

Wash   
Add mounting fluid & 
coverslip 

  

Store (optional)   
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SLIDE OBSERVATION RECORD 
Sample ID: 
Field A 1/10 A 1/50 A 1/100 B 1/10 B 1/50 B 1/100 

1       
2       
3       
4       
5       
6       
7       
8       
9       
10       
11       
12       
13       
14       
15       
16       
17       
18       
19       
20       
21       
22       
23       
24       
25       
26       
27       
28       
29       
30       
Total       
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Initials       
Date       
 

TEMPERATURE LOG 
 

 Incubator Refrigerator 20ºFreezer -80º Freezer  
Date Min Max Min Max Min Max Temp Initials 
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EQUIPMENT MAINTENANCE & REPAIR RECORD 
 
Item of equipment/location:_____________________________________ 
 

Date Describe maintenance or repair performed Initials 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

Next scheduled maintenance:______________________________________ 
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Equipment Location List 
 

ITEM MANUFACTURER MODEL SERIAL 
NO. 

LOCATION 
OF ITEM 

MANUAL 
LOCATION 
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