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SUPPLEMENTARY METHODS 

MTHFR Genotyping 

Polymerase chain reaction (PCR) was performed on the C1000 Thermal Cycler (Bio-Rad) 

using the primers: 5’-ACT GTC ATC CCT ATT GGC AGG TTA-3’ (forward) and 5’–

biotin–CG GTG CAT GCC TTC ACA AA-3’ (reverse), synthesized by Sigma-Aldrich 

(Castle Hill, NSW, Australia). The 30 μL PCR reaction contained 1.5mM MgCl2, 0.25μM of 

dNTP mixture, 1.25 units of Platinum Taq polymerase in Platinum Taq PCR buffer. The 

cycling conditions were 95C for 5 minutes, then 45 amplification cycles of 95 for 30 

seconds, 59C for 30 seconds, and 72C for 60 seconds (DNA Engine Tetrad 2 Peltier 

Thermal Cycler, Bio-Rad). 5 μL of the PCR amplicon was used to confirm the 167 bp 

product using gel electrophoresis and visualised by gel red staining. The remaining 25 μL 

underwent pyrosequencing analysis for single nucleotide polymorphism (1). The 

pyrosequencing method was first validated on thirty normal blood samples provided by the 

Red Cross (HREC Approval 2003#08), before analysis of study individuals. Overall, a high 

proportion of samples were genotyped successfully (>97%). All failed samples were repeated 

successfully. Control samples of known MTHFR genotype were included with each analysis. 

All blanks failed to generate genotypes. 

Global DNA Methylation Measurement 

In brief, this method involves the in-house biosynthesis of [15N3]-dC and [15N3]-5mdC 

internal standards and a one-step digestion of 1 µg genomic DNA spiked with [U-15N]-

internal standards into deoxyribonucleosides (2). Analyses were performed using an Ultra 

High Performance Liquid Chromatography Accela Pump (Thermo Finnigan) and HTC PAL 

(CTC Analytics) autosampler coupled directly to a TSQ Quantum Access triple quadrupole 
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mass spectrometer (Thermo Finnigan) in the positive ion mode via an electrospray interface. 

LC was performed on an Acquity UHPLC HSS T3 Column, 2.1 x 100 mm, 1.8 µm. 20 µL of 

the sample was analysed using gradient elution with aqueous 0.1% formic acid (Solvent A) 

and acetonitrile (Solvent B) at a flow of 0.4 mL/min over 7 minutes. The acetonitrile gradient 

increased linearly from 0% at 0.7 minutes to 22.5% at 3.5 minutes at which time it was 

ramped up to 100% by 3.85 minutes and held for 0.55 minutes before being returned to 

baseline at 4.55 minutes. The mass to charge transitions of the analytes monitored were 

identical to those used by Quinlivan & Gregory (2008). Data was processed using the 

Quanbrowser function of the Xcalibur Software package v2.0.7. In-house method validation 

was performed as previously described (3). Four quality control samples (two from peripheral 

blood and two from normal colonic mucosa) and one blank sample was run with each batch 

of samples to check for inter-batch variation and to blank for unlabeled analytes in the 

internal standard mix (this was always < 0.1%). 

Erythrocyte Folate Measurement 

Whole blood folate extraction was performed based on the method of Smith et al. (4) 50 µL 

of EDTA blood was mixed with 450 µL of 10 g/L ascorbic acid and incubated at 37°C for 90 

minutes to undergo deconjugation of naturally occurring plasma folate conjugase. 

Subsequently, 1.25 mL of extraction buffer (0.05 M HEPES-CHES buffer with 20 mM β-

mercaptoethanol pH 7.85) containing 250 ng each of the 5 internal standards ([13C5]-5-CH3-

H4folate, [13C5]-5-CHO-H4folate, [13C5]- H4folate, [13C5]-folic acid and [13C5]-5,10-CH+-

H4folate (Merck Eprova, Schaffhausen, Switzerland)) was added. The spiked erythrocyte 

lysate was heated at 100°C for 5 minutes, cooled on ice and centrifuged (13 000 rpm, 10 

minutes). Plasma folate extraction was performed based upon the method of Rychlik et al. (5) 

500 µL of frozen plasma was thawed and spiked with 50 µL extraction buffer containing 50 
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ng each of the five internal standards, then equilibrated for 30 minutes at room temperature. 

The solution was diluted with 1 mL of extraction buffer before centrifugation (13000 rpm, 10 

minutes). Both whole blood and plasma folate extracts was subjected to solid phase 

extraction using LC-18 3 mL solid phase extraction cartridges (Sigma-Aldrich, Castle Hill, 

Australia) as described in Huang et al 2008 (6). 

 

 



Relationship between folate distribution and DNA methylation 

4 

 

References 

 
1. Ahmadian A, Gharizadeh B, Gustafsson AC, Sterky F, Nyren P, Uhlen M, et al. 
Single-nucleotide polymorphism analysis by pyrosequencing. Anal Biochem 2000;280:103-
10. 
2. Quinlivan EP, Gregory JF, 3rd. DNA digestion to deoxyribonucleoside: a simplified 
one-step procedure. Anal Biochem 2008;373:383-5. 
3. Quinlivan EP, Gregory JF, 3rd. DNA methylation determination by liquid 
chromatography-tandem mass spectrometry using novel biosynthetic [U-15N]deoxycytidine 
and [U-15N]methyldeoxycytidine internal standards. Nucleic Acids Res 2008;36:e119. 
4. Smith DE, Kok RM, Teerlink T, Jakobs C, Smulders YM. Quantitative determination 
of erythrocyte folate vitamer distribution by liquid chromatography-tandem mass 
spectrometry. Clin Chem Lab Med 2006;44:450-9. 
5. Rychlik M, Netzel M, Pfannebecker I, Frank T, Bitsch I. Application of stable isotope 
dilution assays based on liquid chromatography-tandem mass spectrometry for the 
assessment of folate bioavailability. J Chromatogr B Analyt Technol Biomed Life Sci 
2003;792:167-76. 
6. Huang Y, Khartulyari S, Morales ME, Stanislawska-Sachadyn A, Von Feldt JM, 
Whitehead AS, et al. Quantification of key red blood cell folates from subjects with defined 
MTHFR 677C>T genotypes using stable isotope dilution liquid chromatography/mass 
spectrometry. Rapid Commun Mass Spectrom 2008;22:2403-12. 

 

 


