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Abstract: Polycystic ovary syndrome (PCOS) is an endocrine and metabolic disorder affecting 
women of reproductive age. Research has shown that epigenetic alterations such as DNA methyla-
tion may play a role in the development and progression of abnormal ovarian function and meta-
bolic disorders in PCOS. Among other epigenetic changes, studies have identified specific genes 
(related with insulin signalling and steroid hormone metabolism) that are methylated in women 
with PCOS. DNA methylation appears to respond to various interventions aimed at altering health 
and lifestyle factors. We tested the efficacy of a mindfulness-based stress reduction program (MBSR) 
in PCOS patients. We examined its effects on anthropometric measurements, mental health and 
wellbeing, and alterations in DNA methylation in peripheral blood. MBSR was associated with a 
reduction in body mass index, waist circumference and blood glucose level, an improvement in 
subjectively perceived general health, emotional role limitation, and levels of pain, as well as mind-
fulness-like traits. MBSR reduced the expression of anxious symptomatology and subjectively per-
ceived stress. Methylation changes were observed in four genes: COMT, FST, FKBP51, and MAOA. 
We conclude that MBSR may be a useful supplementary therapy to mitigate the deleterious effects 
of PCOS on mental health. 
Keywords: mindfulness-based stress reduction program, polycystic ovary syndrome, epigenetics, 
DNA methylation, candidate genes, depression, anxiety 
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Table S1. Amplicon primer sequences and annealing temperatures for candidate genes. Illumina universal sequences are presented 

in grey shade and are followed by the sequence-specific primers that align on the target bisulfite converted DNA sequence.   

Amplicon For-
ward or 
reverse 
primer 

Primer Sequence Anneal-
ing tem-

perature / 
oC 

SLC6A4_3 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGTTAAA-
GAGTAGGAAAGTTAGGATTTT 

54.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGACCCTCACATAATCTAATCTCTAAA 

 

SLC6A4_5 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTTGAG-
TAGTTGGGAATATAAG 

52.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAAAACCCTTATCTAATTCCTCTC 

 

COMT_1a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGGTTTTTAATTTTGTATAGGTAAGAT 

54.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
TACCCTCCCTACCCACAAC 

 

COMT_2a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGGGTTATTTGTGGTTAGAAGTAGTT 

54.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAC-
TACCCCAAAAACCCCAC 

 

COMT_4a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNTGTAG-
GAGGAGTATAGAGTATTGG 

62.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGNNTCATAACCCACTCCTTCTACT 

 

BDNF_81_1 a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGAGGG-
TAGGTAAAGGGTAGT 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAACTCTCCCAAAAAACCCTAC 

 

BDNF_81_2a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTATA-
TAGGTTTTTGTGGGTAATTAG 

55.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAAAAAAAAAAAACTTCTTAAAAAAAT 

 

BDNF_81_3a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTTTTAG-
TTATGATGGGGGAGG 

58.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
CAAATCACACCTAAAACTCC 

 

BDNF_14_1a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGAG-
TTTATTTAGTATTTTGGATAGA 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAAAAATCTATTCCAACCTACACC 

 

BDNF_58_1a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-
TTTTTTTAAGGGAAGGGGAGTT 

54.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAAACTAAAAATATTCTTCTCCACC 

 

BDNF_58_2a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGATAGAG-
TTATTAATTAGTTGGA 

55.0 



 

 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
TAAATCCCTAAACTCCCTAAAA 

 

BDNF_95_1a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGGGTTTTAATGAGATATTTAT 

58.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAAAATCCCCCAATCAACTCTCT 

 

BDNF_95_2a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAAATGTT-
GTTATTATTTTGATTGAATT 

54.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAACACCCAAATTCTCTAAAAAA 

 

BDNF_95_5a For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGA-
CAGNNTTTTTTAGAGAATTTGGGTGT 

56.7 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGNNAAACCTATCCTCACCTCCT 

 

TPH2_1b For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGGTTT-
GTAATTTGATTGTGGT 

52.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCAA-
TATTTACTAAAAAACATCATCA 

 

HTR1A_1b For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTTTAGA-
TATTTTTGGGATTGGAGAT 

55.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
CAAAAACCCAAACAAAAAATTCTTAC 

 

HTR1A_2b For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-
TGGTTTATTGGTTTTTTTATTTTTAT 

50.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGCTCCATTCACACTCTTCTTAAAC 

 

MAOA_1b For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGA-
TAGTTTTTAGTTAAAATTAAAGAATGAA 

50.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
TACCCACTCTTAAAAACCAACC 

 

MAOA_2b For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGGAGTT-
GATAGAAGGGTTTTTT 

59.0 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCAAAC-
CATAACTACACTACACTCTC 

 

CEBPB_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGGTTTGG-
GATTTAGTATGTT 

52.1 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTCTTAC

AATTCTTACCCCC 

 

CEBPB_2 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGATTGGG

AAGGGGATTTAT 

50.2 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACCACT

TCCATAAATTTAAAAACA 

 

EPHX1_2 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGTAGAG

GGATTTGTAGTTGGTT 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACTTAA

ATAACAAATTAAATACATTTC 

 



 

 

EPM2A_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTGGGGT

GGTGGTGTTAT 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATACCT

TCCCAAAAAAACTCTCC 

 

FKBP51_F1c For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGGGGGT

GTTAGTTTTTATTATTTTTT 

50.2 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGACTCCG

CTAACCCTTCAAC 

 

FST_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGGATAG

AAATTGGGGAGTTTT 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTACCTA

ACTTTACAACCACCCC 

 

FST_2 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTTGAAGT

GGGTGTTTTTTTT 

50.2 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGATCAAATAACATTTCCCACCTT 

 

FST_3 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGAAGGT

GGGAAATGTTATTTG 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAACAACAAAAAACAAAACCCAC 

 

IGFBP1_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTTT-
GTGTTTTTTATAAGGTG 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGATCAACAAAAACAATACCAACCA 

 

IGFBP1_2 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTTGG-
TATTGTTTTTGTTGA 

50.2 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-
CAAAAATTACTACTCCCCC 

 

INSR_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGATGGG-
GAGAGGATTTTATTTA 

50.2 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAACCCAATAACCCCACTTC 

 

LHCGR_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGTAG-
GAAGGAGGTTATTGGGTTAT 

56.7 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGC-
TACAACAACAACAACAACTTCAAC 

 

NR3C1_1c For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTTTT-
GAAGTTTTTTTAGAGGG 

55.3 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAATTTCTCCAATTTCTTTTCTC 

 

PPRG1A_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAG-
GATTGTGTGTGGAGTTGTT 

52.1 

 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCAAC-
TACCCAAAAAAAACACTC 

 

TBKBP1_1 For-
ward 

primer 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-
GAAGGTATTTATTGATTGA 

52.1 



 

 

 
 

 

 

 

aPrimer design according to Kouter et al. [99]. 
bPrimer design according to Kouter et al. [60]. 
cPrimer design according to Yehuda et al. [63]. 
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 Reverse 
primer 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA-
CAGAATTCCCAAAACTATCTC 

 


