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HFE Mutation QuantStudio Assay
I. BACKGROUND:
A. Hereditary hemochromatosis (HH) is an inherited disorder characterized by a pathophysiologic predisposition to the increased and inappropriate absorption of dietary iron. This iron can accumulate and deposit in the liver and other organs/tissues, including the pancreas, joints, skin, heart, and the gonadotrophin-secreting cells of the anterior pituitary. This leads to a variety of manifestations, including hepatic fibrosis, diabetes mellitus, arthropathy, pigmentation, cardiomyopathy, and hypogonadotrophic hypogonadism. Fatigue and arthralgia are common early symptoms, with painful arthropathy being a considerable cause of morbidity. Long-term complications include cirrhosis of the liver, which is associated with significantly reduced survival and an increased risk of hepatocellular carcinoma (HCC). The treatment of choice is removal of excess iron via therapeutic phlebotomy, and this can reduce morbidity and mortality if initiated early in the course of disease.

B. The most common form of hereditary hemochromatosis (HH), type 1 hemochromatosis, is associated with genetic sequence variation in the HFE (high Fe) gene, which is located at chromosome 6p21.3. This disease displays an autosomal recessive inheritance pattern. In addition, the disease manifests more commonly in males than in females, where natural iron losses are greater. Approximately 80% of individuals with HH are homozygous for the HFE C282Y (c.845G>A; p.C282Y) variant, although there is incomplete penetrance. The HFE H63D (c.187C>G; p.H63D) variant has also been associated with iron overload in both the H63D/H63D homozygous and C282Y/H63D compound heterozygous states; however, these genotypes are associated with a much lower penetrance than homozygous C282Y with respect to the frequency and magnitude of elevated iron indices, as well as to the risk of developing clinical symptoms associated with HH.

C. The assay is performed on the QuantStudio 7 Flex real-time PCR (RT-PCR) instrument. Using TaqMan® MGB Probes, this RT-PCR assay determines the genotype at two different loci in the HFE gene, detecting both the C282Y and H63D variants. TaqMan® MGB Probes consist of target-specific oligonucleotides with a reporter dye that is linked to the 5´-end of each probe. To distinguish alternate alleles, a VIC® dye is used for the Allele 1 probe, and a FAM™ dye is used for the Allele 2 probe. In addition, a minor groove binder (MGB) is also incorporated into the assay. The MGB increases the melting temperature (Tm) without increasing probe length (Afonina, 1997; Kutyavin, 1997), thus allowing the design of shorter probes. Shorter probes result in greater differences in Tm values between matched and mismatched probes, aiding in the ability of the assay to distinguish variant genotypes. Finally, a non-fluorescent quencher (NFQ) is placed at the 3´-end of each probe.

D. Genomic DNA is introduced into a reaction mixture consisting of TaqMan® Genotyping Master Mix, forward and reverse primers, and two TaqMan® MGB Probes, corresponding to wild type or mutant sequence. Each TaqMan® MGB Probe anneals specifically to a complementary sequence, if present, between the forward and reverse primer sites. When the probe is intact, the proximity of the quencher dye to the reporter dye suppresses the reporter fluorescence. Two reactions are performed; one for the C282Y mutation and the second for the H63D mutation.

E. As shown in Figure 1 below, the exonuclease activity of AmpliTaq Gold® DNA Polymerase allows cleavage of only those probes which are hybridized to the target. Cleavage separates the reporter dye from the quencher dye, increasing fluorescence by the reporter. The increase in fluorescence occurs only if the amplified target sequence is completely complementary to the probe. Thus, the fluorescence signal generated by PCR amplification indicates which alleles are in the sample.

Figure 1
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II. SPECIMENS:
A. DNA extracted from EDTA blood.
B. The DNA sample is diluted according to the HFE Assay worksheet to 10 ng/ul.

III. REAGENTS:
A. Store at -20C unless otherwise specified. Keep primers and probes away from the light.
B. Applied Biosystems TaqMan SNP Genotyping Assay, Human SM (PN: 4351379)
1. C282Y Assay ID: C_1085595_10
2. H63D Assay ID: C_1085600_10
C. Probes (within kit listed above, PN: 4351379):
1. c_1085595_10 (CCTGGGGAAGAGCAGAGATATACGT[G/A]CCAGGTGGAGCACCCAGGCCTGGAT)
2. c_1085600_10 (TGACCAGCTGTTCGTGTTCTATGAT[C/G]ATGAGAGTCGCCGTGTGGAGCCCCG).  
3. Add 187ul of Tris EDTA to the stock 40X probe mix to create a 20X working solution.
D. Invitrogen ThermoFisher Scientific Tris EDTA pH 8.0 (PN: AM9849)
E. Life Technologies TaqPath Universal Master Mix (PN# 4304437). Store at 2-8C, away from light.

IV. CONTROLS:
A. Positive Controls (from Coriell): diluted to 10 ng/ul and aliquoted. 
1. HFE15 (na13591: H63D homozygous)
2. HFE18 (na14646: C282Y homozygous)
3. HFE19 (na14650: C282Y and H63D heterozygous)
B. Negative Controls:
1. Placenta: diluted to 10 ng/ul and aliquoted
2. No Template control: Master Mix with no added DNA

V. MAJOR EQUIPMENT:
A. QuantStudio™ 7 Flex Real-Time PCR System (QuantStudio)
B. Real-Time PCR Software v1.3
C. TaqMan® Genotyper Software v1.6

VI. PROCEDURE - ASSAY:
A. Check patient samples to be run in the LIS/EHR to confirm that they have not been previously tested. Refer to the Molecular Genomic Laboratory Accessioning Procedure.
B. Create your worksheet: HFE – Test Worksheet Builder
1. Log into Soft Molecular.
2. Click on the HFE PCR – Test Worksheet Builder icon on the dashboard.
3. Select Find. 
4. If applicable, on the Found Activities tab, double click any row. 
a. Note: All Test Codes are attached to the same worksheet.
5. If applicable, select New in the Pending Worksheets tab.
6. [bookmark: _Hlk27055719][bookmark: _Hlk23865033]Highlight the barcode scanning field. Scan the product label of the patient sample to be added to the worksheet. Select Enter on the keyboard. Repeat this step for all pending samples. 
7. [bookmark: _Hlk23865047]Verify the control lot numbers by clicking on the Sample ID field. 
a. If the control needs to be changed, click on the dropdown arrow in the Sample ID field and select the correct control in the window that appears. 
8. [bookmark: _Hlk27055789][bookmark: _Hlk23865077]Verify and confirm the control test code by clicking on the Test Code field. 
a. If the control test code needs to be changed, click on the dropdown arrow and select the correct one in the window that appears.
i Note: Do not select all. Only choose one test type, so the control Test Codes match the Test Code of one patient sample.
9. Verify the reagent lot numbers by clicking on the vertical Settings tab on the left side of the screen. 
a. If the reagent lot needs to be changed, click on the dropdown arrow in the Stock # column and select the correct lot in the window that appears. 
10. Mark the Completed checkbox and select Save. 
a. The worksheet Print Preview window will open automatically upon saving.
b. Q Numbers will generate upon saving.
11. Click the printer icon, verify the correct printer is selected, and Print. 
12. Close the Print Preview window. 
13. Click on Print Plate View button to open plate preview window. 
14. Click the printer icon, verify the correct printer is selected, and Print. 
15. Close the Print Preview window. 
16. [bookmark: _Hlk27055896]Select Settings button and Print in the Select Printer window that appears.
a. Note: Select View in the Select Printer window to open the Plate View Print Preview window.
17. If applicable, close Print Preview window.
18. Select Back in HFE – Test Worksheet Builder window.
19. [bookmark: _Hlk23865225]Exit Soft Molecular application.
C. Thaw reagents and keep away from the light.
D. Dilute all patient samples to 10 ng/ul according to HFE PCR worksheet.
E. Obtain a 96 well plate with rim.
F. Prepare master mixes C282 and H63 according to the worksheet.
G. Dispense 20ul of master mix to each well according to the worksheet.
H. Add 5ul of diluted patient samples and controls to the appropriate wells. Mix with pipette.
I. Place and seal an optical film onto the plate. Centrifuge the plate for 30 seconds.
J. Turn on QuantStudio 7 Flex by pressing the power icon on the bottom left of the instrument screen.
1. Log on to computer.
2. If the instrument is completely shut off, turn it on by toggling the power button on the back left of the instrument.
K. Load sample plate onto the QuantStudio using Real-Time PCR Software v1.3. To set-up the QuantStudio run:
1. Click on the QuantStudio Real Time PCR Software icon located on the desktop of the connected computer.
2. Under the Set Up panel, select Template.
3. In the dialog box, open the RIH Templates folder.
4. Select the HFE_MOL.edt template file.
L. In the software:
1. In the menu at the top, select File > Save test. Name the test by scanning the HFE worksheet in the File Name field.
2. Go to Experiment Name field and scan the HFE worksheet (as in step 1 above).
3. In the Experiment Name field, change any dash or period to an underscore. (Ex. Change 12.16.19-HFEPCR-1 to 12_16_19_HFEPCR_1)
4. Click on the “define” button on the left. Under Samples, click on “New” for each sample to be added.
5. [bookmark: _Hlk23865428]Name each patient sample using their Soft Molecular Sample ID found on the HFE PCR worksheet.
6. Click on the “assign” button on the left. Highlight the duplicate wells for the patient and check off the corresponding sample in the sample list. Do this for each patient sample.
7. Highlight all of the patient sample wells on the top half of the sheet and check off “C282”.
a. Repeat for the patient samples on the bottom of the sheet and check off “H63”.
8. On the top of the screen, click on Instrument > Instrument Console.
a. Click on the “Lifespanrocks Ready” icon. 
9. On the upper part of the screen, click on “Open Door”. The plate can fit into the block in multiple ways, so make sure the plate is oriented with the notched/cut corner to the right.
10. Click on “Close Door”.
11. On the bottom tab, click back to the HFE_MOL.edt file. Select “Run” on the left, then click on “start run”.
12. PCR Cycle:
	Stage
	Temperature
	Time

	1
	60°C
	30 seconds

	2
	95°C
	10 minutes

	3 (40 cycles)
	95°C
	15 seconds

	
	60°C
	1 minute

	4 (post read)
	60°C
	30 seconds



13. Process your worksheet: HFE PCR
a. Log into Soft Molecular.
b. Open HFE PCR - Test Worksheet Processing by using the tile on the dashboard. 
c. Scan the HFE Worksheet into the Worksheet# field and select Find. 
d. [bookmark: _Hlk23865600]Use the dropdown under Quant Studio: to select the correct instrument.
e. Complete the HFE PCR Reaction activity by marking the Completed checkbox and selecting Save. 
f. Select Back in HFE – Test Worksheet Processing window.
g. [bookmark: _Hlk23865632]Exit Soft Molecular application.
14. When run is complete, analyze, save run, and export the data as indicated below.

VII. PROCEDURE - ANALYSIS:
A. Create a folder in CMB tests for all run documents. Name the folder by scanning your worksheet. 
B. Insert flash drive and log into the encryption software.
C. Go to the desktop of the computer connected to QuantStudio.
1. Click on the Taqman Genotyper Software icon.
2. Select Create Study From Template.
3. From the dialog box, find the HFE_Template.lat file within the Genotyper folder and open the file.
4. Name the study by scanning the HFE Worksheet barcode.
5. In the Study Name field, change any dash or period to an underscore. (Ex. Change 12.16.19-HFEPCR-1 to 12_16_19_HFEPCR_1)
D. Click on the Experiments button on the left.
1. Click on Import.
2. Using the menu on the left, select the computer icon.
3. Select AB SW&DATA (D).
4. Click on the Runs folder.
5. Select the folder with the correct year.
6. Select the file of interest (the HFE *.eds file from above).
E. In the Workflow menu pane, select Setup> References.
F. Click on Import. Select the HFE_UMM_RefPanel.lap file in the Genotyper folder. 
G. Click on the Analysis button.
H. Save the scatter plots for each assay to a flash drive as follows:
1. Click the Save as Image File icon located above the C282 plot grid.
2. Change the file type to JPEG.
3. Click Yes when prompted to save the project.
4. Select the removable storage device to which you would like to save the data and click Save.
5. Repeat K1-3 for the H63 assay.
I. Export the run data as follows:
1. Click the Export icon located in the left-hand panel.
2. Select Advanced and fill in HFE PCR worksheet name in the File Name field.
3. Click Browse to define the location to which you would like to save your data (Select My computer > Removable storage device)
4. Click Export Preview and uncheck All Fields. 
5. Select: Assay ID, Sample ID, Call, VIC(Rn), FAM(Rn), ROX, Well, Replicate Sample Discordance.
6. Click Start Export.
7. Select Yes to proceed. This will create a Text document.
J. Remove the flash drive and place in a Lifespan computer.
1. Navigate to the RICMBLAB$ network drive.
2. Save the *.txt File, as well as the H63 and C282 plot graphs in the run folder in the CMB_Tests folder.
3. Open the HFE_Clean Import document. Select Save As and scan the HFE PCR worksheet. Navigate to the run folder and select Save.
4. Open the HFE *.txt File and copy the data from C282 under Assay to the last FALSE.
5. Paste the copied data into the HFE PCR import document. Select Save.
a. Highlight the header row containing Assay ID, Sample ID, etc.
b. From the Home screen in Excel, select Sort & Filter, then Custom Sort.
(i) A box will pop-up. Click Sort.
(ii) In the Sort By dropdown, select Sample ID.
(iii) Click Add Level, and in the new dropdown, select Assay ID. 
(iv) Click OK.
6. Close the saved HFE_Clean_Import document.
7. Process your worksheet: Upload Documents/Assign to Director
a. Log into Soft Molecular.
b. Open HFE PCR – Test Worksheet Processing by using the tile on the dashboard.
c. Scan the HFE PCR Worksheet into the Worksheet# field and select Find.
d. Click the ‘…’ button to the right of the Import button.
e. Select the Excel radial button. 
f. Choose the file path by first selecting the directory, then file name for the HFE import document and click Import.
g. Ensure all data has auto-populated. The “Call” column should have results for all patients.
h. Verify Worksheet is selected in the Image Type dropdown.
i. Select Images button. In the window that opens, select the Add File tab then select the Add File (folder) icon.
j. Find and select the HFE Clean file to be added from the Windows Explorer window. Select Open. 
k. Choose Instrument Documents from the Template dropdown.
l. Select the green check icon to add the files.
m. Repeat steps f-i for the C282 plot graph and H63 plot graph.
n. Close the Image window.

o. Complete the Upload Documents action and select the Tasklist button from the toolbar.
p. Select Yes to save.
q. Select Only Controls under filter section in the footer.
r. Click on the Analysis Image Tab and highlight the import document.
s. Click on the Duel View icon to open the document.
t. Enter the Final Result for C282 and H63 by checking the import document.
i HFE15 C282 Negative, H63 Homozygous
ii HFE18 C282 Homozygous, H63 Negative
iii HFE 19 C282 Heterozygous, H63 Heterozygous
iv Placenta C282 Negative, H63 Negative
u. Select No Filter under the filter section in the footer.

v. In the Tasklist window, click the Select All button followed by the Coll/Exp. button.
w. Complete the Assign to Director action by marking the Completed checkbox, found on the patient row, and select Save.
x. A popup box will appear, “Do you want to verify and post QC results?” Enter No.
y. Select Back in the HFE Tasklist Entry window.
z. Exit Soft Molecular application.
8. Deliver worksheets to the Director/Pathologist assigned to HFE Interpretation.

VIII. PROCEDURE - INTERPRETATION:
A. The assay software automatically generates the interpretation of the results based on the scatter plots. This information is copied into Soft Molecular (see Table 1 below).
B. In the scatter plots, each genotype is represented by a different color on the plot (see Figures 2 and 3 below). For each allele, the genotype will be either: Wild Type (WT) or Mutant (MU). The combination of each allele call will yield several theoretical genotype outcomes, with multiple combinations possible when combining the two loci. This will be represented within distinct areas of the scatter plot, as seen in the figures below.
C. The combined genotype results are seen in Table 2 below.
D. Insufficient Samples: if the sample is of insufficient quantity or quality, the case will be signed out as “Insufficient.”
1. For example, if the sample concentration is less than 10ng/ul, the sample is insufficient for testing.
2. DNA degradation may result in DNA that is not amplifiable. Samples with insufficient signal (or for which the software does not make a genotype call) should be interpreted as insufficient.


Table 1: Sample Table of Results with Allele Calls
	Sample ID
	Gene Symbol
	Assay Name or ID
	Allele 1 Call
	Allele 2 Call

	12345
	HFE
	C282
	WT
	WT

	12345
	HFE
	C282
	WT
	WT

	12345
	HFE
	H63
	WT
	WT

	12345
	HFE
	H63
	WT
	WT

	HFE28
	HFE
	C282
	WT
	MU

	HFE28
	HFE
	C282
	WT
	MU

	HFE28
	HFE
	H63
	WT
	WT

	HFE28
	HFE
	H63
	WT
	WT

	NTC
	HFE
	C282
	
	

	NTC
	HFE
	H63
	
	

	Placenta
	HFE
	C282
	WT
	WT

	Placenta
	HFE
	H63
	WT
	WT





Figure 2: Sample Scatter Plot for C282 Locus
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	Figure 3: Sample Scatter Plot for H63 Locus
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Table 2: Possible Calls and Interpretation
	C282Y call
	H63D call
	Interpretation

	WT/WT
	WT/WT
	HFE C282Y AND H63D MUTATIONS NOT DETECTED (WILD TYPE).

	WT/MU
	WT/WT
	HETEROZYGOUS HFE p.C282Y MUTATION DETECTED.

	MU/MU
	WT/WT
	HOMOZYGOUS HFE p.C282Y MUTATION DETECTED.

	WT/WT
	WT/MU
	HETEROZYGOUS HFE p.H63D MUTATION DETECTED.

	WT/WT
	MU/MU
	HOMOZYGOUS HFE p.H63D MUTATION DETECTED.

	WT/MU
	WT/MU
	HETEROZYGOUS HFE p.C282Y AND HETEROZYGOUS HFE p.H63D (COMPOUND HETEROZYGOUS) MUTATIONS DETECTED.

	MU/MU
	WT/MU
	HOMOZYGOUS HFE p.C282Y AND HETEROZYGOUS HFE p.H63D MUTATIONS DETECTED.             

	WT/MU
	MU/MU
	HOMOZYOUS HFE p.H63D AND HETEROZYGOUS HFE p.C282Y MUTATIONS DETECTED.

	MU/MU
	MU/MU
	HOMOZYGOUS HFE p.C282Y AND HOMOZYGOUS HFE p.H63D MUTATIONS DETECTED.




IX. RESULT REVIEW
A. Log into Soft Molecular.
B. Open My Orders by using the icon on the dashboard. 
C. Click on Director Review tab. 
D. Click two times on tasklist. 
E. Click on No button. 
F. Verify Results in the Tasklist.
G. Select Only Controls under filter section in the footer 
H. Check the result for C282 Final Result and H63 Final Result for controls for accuracy. 
I. Select No Filter under filter section in the footer.
1. NOTE: If reviewing results on a rerun sample, please note that only the rerun results will display, so the test reporting rules will function appropriately.
J. Complete the Results Review action by marking the Completed checkbox and selecting Save.
K. Click Yes to verify and post QC.
L. Select Back in the HFE Tasklist Entry window.
M. Exit Soft Molecular application.

X. SIGN OUT ENTRY:
A. Open My Orders by using the icon on the dashboard. 
B. Verify the Molecular Pathologist tab is displayed. 
C. Click two times on order. 
D. Click on No button. 
E. Verify whether RBS rules are triggered correctly (Result, Interpretation, Methodology, Disclaimer sections are filled appropriately). Popup window will display original text.
F. Overwrite Interpretation window may display. Select Skip to continue.
G. Select the Analysis Images button on right hand side of the screen. This will open the window with the instrument document. The window can be floated.  
1. NOTE: If the specimen has indeterminate or insufficient results, the user must manually change the Call at the child level (Type in "Insufficient" or "Indeterminate"). Do not change the Final Result. This then triggers the correct Final Results, according to Soft Molecular’s Test Reporting Rules. 
2. NOTE: If a specimen is a rerun specimen (tested on a prior run with new results on the current run): there is a confirmed defect in the reporting rules when two sets of results are uploaded. Therefore, the Final Results must be manually entered/changed according to the desired set of data. 
H. Mark Completed checkbox.
1. Note: If you changed Final Result, click on Generate button to fire reporting rules and populate interpretation sections with correct data. 
I. Select Sign Out button. 
J. Press Sign out and the report will populate the screen. 
1. Sign Out Warning may display a warning that the controls have not been posted. 
2. Click Yes to continue.
3. Select No for second control warning message to continue interpretation release.
K. Make sure that information on the report is correct or edit, as needed. 
L. Complete sign out by selecting Complete Sign Out button. 
M. Select Back in Sign Out Entry.
N. Exit Soft Molecular application.

XI. REPEAT TESTING
A. During the testing process, testing for some samples must be repeated for a variety of technical or analytical reasons. The specimen can be sent back to one of multiple prior steps in the workflow.
B. In Soft Molecular, repeating a sample to a prior action can be accomplished from a variety of steps in the test workflow and places in the system. Please see the Soft Molecular Rerun Procedure for the specific steps to perform when requesting rerun testing.
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XIII. REVISIONS:
A. 10/23/2018: PCR cycles were corrected to match what was used during validation.
B. [bookmark: _Hlk24381819]1/10/2020: Updated with steps for Soft Molecular and updated footer with new lab name.
C. 2/3/2020: Clarified steps to import from the Quant Studio
D. 10/5/2020: Added a step to make sure the import worked properly and there are results for all patients.
E. 7/6/2021: Added instructions for sorting/JPEG after the Quant Studio Windows 10 upgrade.
F. 3/6/2022: Updated several steps for Soft Molecular upgrade.
G. 6/26/2025: Updated procedure to include partial resulting steps for non-faculty
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