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Methods of genotyping

Genotyping of rs4818 and rs4680 in the COMT gene was performed by PCR amplification and restriction enzyme digestion.20,21 Amplification of COMT rs6269 was conducted in a reaction mixture of 25 µl consisting of 1 µl DNA, 0.5 µl of forward and reverse primers (20 µM), 2 µl dNTPs (2.5 mM), 2.5 µl of 10x concentrated buffer and 0.2 µl of FastStart Taq DNA polymerase (5 U/µl, Roche Diagnostics, Basel, Switzerland). PCR conditions were as follows: denaturation at 95oC for 4 min, 41 cycles (95oC for 20 sec, 57oC for 30 sec, 72oC for 60 sec, extension at 72oC for 4 min). Three µl of the DNA product was further digested at 37oC for 45 min by 1.2 µl of HpyCH4V in a total volume of 20 µl with 2 µl of CutSmart BSA Buffer (New England Biolabs) and heat inactivated for 20 min at 65oC. The digested DNA products were run on a 2.5% agarose gel. 

In the serotonin transporter gene (5HTT; SERT; SLC6A4) the functional serotonin transporter linked polymorphic region (5-HTTLPR, rs495541) was investigated. The 44 bp insertion/ deletion results in long (L) or short (S) alleles, which were separated by agarose gel after DNA amplification. In addition, the A/G SNP (rs25531) was evaluated for the L-allele by Mspl digestion (New England Biolabs) of the amplified PCR products of 5-HTTLPR. The digested products were visualised on a 2.5% agarose gel. The La variant (L allele with rs25531 A) was characterized by 339, 127 and 62 bp bands, while the Lg variant showed bands of 172, 167, 127 and 62 bp.22 For further analysis of this compound, genotype transcriptional activity alleles were grouped for high activity (La/La), intermediate activity (La/Lg, La/S) and low activity (Lg/Lg; Lg/S, SS).23 

To discriminate the 17 bp VNTR region in the second intron (STin2) of the serotonin transporter gene, DNA amplification and separation were performed on agarose gels as previously described.22 Nine, ten and 12 repeats could be verified by fragment sizes of 250, 267 and 300 bp.

For all other SNPs, melting curve-based real-time PCRs with specific primers and probes were performed (Supplemental Table S1). A total volume of 20 µl included forward and reverse primers, anchor and sensor probes labelled with LightCycler Red 640 and FAM, MgCl2, LightCycler-FastStart DNA Master HyProbe (Roche Diagnostics GmbH, Basel, Switzerland) and 2.0 µl of genomic DNA. The PCR conditions were denaturation at 95°C for 10 min and amplification for 45 cycles (denaturation at 95°C for 10 sec, annealing at temperatures ranging from 50°C to 63°C, elongation at 72°C for 10 sec). Final melting curves were obtained using a denaturation step (95°C for 1 min) and cooling down to 40°C for 2 min, followed by a temperature increase up to 95°C with a temperature transition of 0.2°C/sec. 

Table S1  Primers and probes

	Gene
	Variant
	Forward primer 5' - 3'
	Reverse primer 5' - 3'
	Anchor: LightCycler Red 640 5' - 3'
	Sensor: 5' - 3' FAM labeled (FL)

	CHRM3
	rs2355230
	TGGTTCATGAGGTTTAAGGACA
	CTTTAAAGCCAGGCCTTGAC
	CTGCTGGAAGAAGATGCCATCTAGG-PH
	TTTCAGTGTAGATCGACCAGCCT-FL

	COMT
	rs4633
	CTTATCGGCTGGAACGAGTT
	ACCCCACCTTTCTTGTCG
	
	

	
	rs4680  
	ACTGTGGCTACTCAGCTGTG
	CTTTTTCCAGGTCTGACAA
	
	

	
	rs6269
	CACCTGCTCTGTCTACCCGA
	CCCTTTGCTTGGAGTGCCA
	
	

	
	rs4818
	CAACCCTGCACAGGCAAGAT
	GCCCTTTTTCCAGGTCTGACA
	
	

	DRD2
	rs1800497
	TGGCTTAGAACCACCCAGAGT
	AGTGTCATCAACCTCCTAGAACATCAC
	TTGAGGATGGCTGTGTTGCCCTTGAGG-PH
	GCCTGCCTCGACCAGCAC-FL

	HTR3A
	rs1176713
	ACCCCAGGACTTCGAGAAGA
	GGCTGTACCCACTCAAGCGTA
	GGAATAGCAGCTTGTCCAGCACGGA-PH
	CACCGCCAGCAGGTAAATG-FL

	HTR3B 
	rs1176744  
	CCATCTCCTAATCAGCCTATGT
	AGACCACCTGGATGGGCTTA
	TCCCTATGTTTATGTGAACTCATCTGGGAC-PH
	GACATTGAAAGATCCCCTGACC-FL

	
	rs1672717
	TTTG TGAGCCGTCTTCAAACTT
	GGCTTATTGTATTACTTTTGGTC
	CACAGGTGCTAAGGAGTTCAGAATCCA-PH
	TTTCCTGCCCAGAATGATAGAC-FL

	5HTT
	rs4795541
	GGCGTTGCCGCTCTGAATGC
	GAGGGACTGAGCTGGACAACCAC
	
	

	
	STin2
	GTCAGTATCACAGGCTGCGAG
	TGTTCCTAGTCTTACGCCAGT
	
	

	OPRM1
	rs1799971
	GCTTGGAACCCGAAAAGTCT
	GGAGGGCACAGGCTGTCTCT
	CCCATGCGGTCCGAACCGCACCA-PH
	CACTTAGATGGCAACCTGTCC-FL
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Table S2   Analysis of non-genetic variables and PONV
	
	No PONV
	Intermediate
	Severe PONV
	p  

	Males / females  n (%)                                  

   Cohort A
   Cohort B      
	358/86 (58.8/27.8)

299/230 (43.1/23.7)
	215/165 (35.3/53.4)

329/524 (47.5/54.0)
	36/58 (5.9/18.8)

65/216 (9.4/22.3)
	<0.001

<0.001

	Age   years
  Cohort A      
  Cohort B                   
	56.9 ± 12.8

56.4 ± 15.3
	55.6 ± 13.9

52.4 ± 15.8
	51.9 ± 14.3

48.6 ± 16.2
	0.004

<0.001

	History PONV / motion sickness   n (%)
	
	
	

	  Cohort A   

  Cohort B  
	113 (25.5)

150 (28.4)
	181 (47.8)

441 (51.7)
	 47 (50.0)

216 (76.9)
	<0.001

<0.001

	Non-smoking status    n (%)            

  Cohort A            

  Cohort B
	310 (69.8)

356 (67.3)
	307 (80.8)

654 (76.7)
	78 (83.0)

228 (81.1)
	<0.001

<0.001

	Antiemetic prophylaxis  n (%)
	
	
	

	   Cohort A              

   Cohort B
	137 (30.9)

164 (31.0)
	123 (32.4)

356 (41.7)
	33 (35.1)

143 (50.9)
	0.70

<0.001

	Laparoscopic surgery n (%)

   Cohort A              

   Cohort B
	10 (2.3)

139 (26.3)
	13 (3.4)

282 (33.1)
	5 (5.3)

108 (38.4)
	0.25

0.001

	Duration of surgery    min               
  Cohort A                

  Cohort B 
	190.3 ± 73.9

172.4 ± 104.1
	195.5 ± 78.1

176.5 ± 97.9
	176.6 ± 57.0

180.2 ± 98.1
	0.08

0.54

	Intraoperative fentanyl a       

  Cohort A     µg ·kg-1· h-1    

  Cohort B            
	1.21 [1.12 to 1.30]

2.74 [2.58 to 2.91]
	1.22 [1.14 to 1.30]

2.85 [2.73 to 2.98]
	1.13 [0.99 to 1.27]

2.91 [2.74 to 3.23]
	0.63

0.23

	Morphine up to 2 h after surgeryb    mg
	
	
	

	  Cohort A c                        

  Cohort B c                
	13.1 [12.1 to 14.0]

6.8 [6.1 to 7.6]
	10.7 [9.8 to 11.5]

8.7 [8.0 to 9.3]
	14.1 [12.0 to 16.1]

11.9 [10.5 to 13.3]
	<0.001

<0.001


Data are presented as n (%) or mean±SD or mean [95% CI]. ANOVA or χ2-test; p values refer to the comparison of the groups No PONV, Intermediate PONV and Severe PONV and are given for the nominal significance level. a: data refer to 702 patients of Cohort A and 1629 patients of Cohort B who received the drug. The other patients were given remifentanil only. b: morphine equivalents including prophylactic opioid at the end of surgery.  
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Table S3  Allele frequencies and Hardy-Weinberg equilibrium 

	Gene
	Polymorphism
	Major / Minor 

Allele
	Minor Allele Frequency 
	HWE p

	
	
	
	Cohort A
	Cohort B
	Cohort A
	Cohort B

	CHRM3
	rs2355230 
	T / C
	0.322
	0.337
	0.438
	0.820

	COMT 
	rs6269
	A / G
	0.404
	0.410
	0.342
	0.103

	
	rs4633
	T / C
	0.481
	0.490
	0.153
	0.130

	
	rs4818
	C  /G
	0.395
	0.398
	0.161
	0.300

	
	rs4680
	G / A
	0.482
	0.496
	0.118
	0.147

	DRD2/

ANKK1
	rs1800497
	C / T
	0.184
	0.179
	0.855
	0.839

	5HTT
	rs4795541
	long/short allele
	0.432
	0.429
	0.073
	0.383

	
	STin2 VNTR 
	12 /10 repeats
	0.356
	0.372
	0.882
	0.277

	HTR3A
	rs1176713 
	T / C
	0.218
	0.230
	0.729
	0.600

	HTR3B 
	rs1672717
	T / C
	0.408
	0.380
	0.511
	0.495

	
	rs1176744
	T / G
	0.301
	0.300
	0.407
	0.540

	OPRM1
	A118G
	A / G
	0.134
	0.141
	0.036
	0.676


a: only the frequent variants with 10 and 12 repeats were considered; ANKK1, ankyrin repeat and kinase domain containing 1; CHRM3, cholinergic receptor, muscarinic 3 gene; COMT, catecholamine-O-methyl-transferase gene; DRD2: dopamine receptor D2 gene; 5HTT, 5-hydroxytryptamine (serotonin) transporter gene; HTR3A, 5-hydroxytryptamine receptor 3A gene; HTR3B, 5-hydroxytryptamine receptor 3B gene; HWE: Hardy-Weinberg equilibrium OPRM1, µ-opioid receptor gene. Only polymorphisms meeting the Hardy-Weinberg equilibrium were introduced into the regression analysis; STin2 VNTR, variable number of tandem repeats in the functional intron 2 of 5HTT.

Supplemental Digital Content 4

Table S4  Association of genotypes with the phenotypes no, intermediate and severe PONV in Cohort A and B (Jonckheere–Terpstra trend test and the general independence test; continuation of Table 2).

	Cohort A            n=918



	Gene or

Haplotype
	Poly-morphism
	Variant
	PONV n (%) of patients 
	     p

	
	
	
	No

444 (48.4)
	Intermediate 380 (41.4)
	Severe

94 (10.2)
	

	OPRM1
	rs1799971


	AA

AG

GG
	340 (76.6)

91 (20.5)

13 (2.9)
	291 (76.6)

80 (21.0)

9 (2.4)
	64 (68.1)

28 (29.8)

2 (2.1)
	0.339

	COMT
	rs6269


	GG

GA

AA
	66 (14.8)

220 (49.6)

158 (35.6)
	65 (17.1)

184 (48.4)

131 (34.5)
	12 (12.8)

52 (55.3)

30 (31.9)
	0.616

	
	rs4633


	CC

CT

TT
	92 (20.7)

243 (54.7)

109 (24.6)
	88 (23.2)

190 (50.0)

102 (26.8)
	22 (23.4)

47 (50.0)

25 (26.6)
	0.940

	
	rs4818


	CC

CG

GG
	158 (35.6)

224 (50.5)

62 (13.9)
	134 (35.3)

187 (49.2)

59 (15.5)
	34 (36.1)

48 (51.1)

12 (12.8)
	0.976

	
	rs4680


	GG  (Met/Met)

AG  (Val/Met)

AA  (Val/Val)
	92 (20.7)

243 (54.7)

109 (24.6)
	87 (22.9)

192 (50.5)

101 (26.6)
	22 (23.4)

47 (50.0)

25 (26.6)
	0.940

	CHRM3
	rs2355230


	TT

CT

CC
	191 (43.0)

206 (46.4)

47 (10.6)
	180 (47.4)

162 (42.6)

38 (10.0)
	46 (48.9)

43 (45.7)

5 (5.3)
	0.099

	DRD2 /

ANKK1
	Taq1a

rs1800497
	CC

CA

AA
	296 (66.7)

135 (30.4)

13 (2.9)
	254 (66.8)

114 (30.0)

12 (3.2)
	59 (62.8)

31 (32.9)

4 (4.3)
	0.530

	Cohort B           n=1663



	Gene or

Haplotype
	Poly-morphism
	Variant
	PONV   n (%) of patients
	  p

	
	
	
	No PONV 529 (31.8)
	Intermediate  853 (51.3)
	Severe

281 (16.9)
	

	OPRM1
	rs1799971


	AA

AG

GG
	387 (73.1)

130 (24.6)

12 (2.3)
	633 (74.2)

203 (23.8)

17 (2.0)
	205 (73.0)

74 (26.3)

2 (0.7)
	0.656

	COMT
	rs6269


	GG

GA

AA
	90 (17.0)

241 (45.6)

198 (37.4)
	143 (16.8)

441 (51.7)

269 (31.5)
	31 (11.0)

155 (55.2)

95 (33.8)
	0.981

	
	rs4633


	CC

CT

TT
	128 (24.2)

267 (50.5)

134 (25.3)
	201 (23.6)

446 (52.3)

206 (24.1)
	55 (19.6)

149 (53.0)

77 (27.4)
	0.278

	
	rs4818


	CC

CG

GG
	201 (38.0)

243 (45.9)

85 (16.1)
	291 (34.1)

426 (49.9)

136 (15.9)
	101 (35.9)

148 (52.7)

32 (11.4)
	0.845

	
	rs4680


	GG  (Met/Met) 

AG  (Val/Met)

AA  (Val/Val)
	129 (24.4)

267 (50.5)

133 (25.1)
	204 (23.9)

448 (52.5)

201 (23.6)
	61 (21.7)

146 (52.0)

74 (26.3)
	0.566

	CHRM3
	rs2355230


	TT

CT

CC
	253 (47.8)

223 (42.2)

53 (10.0)
	362 (42.4)

381 (44.7)

110 (12.9)
	116 (41.3)

136 (48.4)

29 (10.3)
	0.080

	DRD2 /

ANKK1
	Taq1a

rs1800497
	CC

CA

AA
	336 (63.5)

178 (33.7)

15 (2.8)
	597 (70.0)

228 (26.7)

28 (3.3)
	187 (66.6)

85 (30.2)

9 (3.2)
	0.279


Abbreviations: ANKK1, ankyrin repeat and kinase domain containing 1; APS, average pain sensitivity haplotype; CHRM3, cholinergic receptor, muscarinic 3 gene; COMT, catecholamine-O-methyltransferase gene; DRD2, dopamine receptor D2 gene; HPS, high pain sensitivity haplotype; LPS, low pain sensitivity haplotype; OPRM1, µ-opioid receptor gene. 
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Table S5  Intraoperative fentanyl doses and morphine equivalents administered for postoperative analgesia differentiated for 5-HTTLPR genotypes. 

	5HTT genotype
	SS
	SL
	LL
	p  

	Fentanyl ug/kg/h                                  

   Cohort A
   Cohort B      
	0.94 [0.82 to 1.06]

2.64 [2.44 to 2.84]
	0.92 [0.87 to 0.98]

2.82 [2.69 to 2.88]
	0.92 [0.83 to 1.02]

2.82 [2.64 to 3.00]
	0.97

0.34

	Morphine up to 2 hrs mg a

  Cohort A      
  Cohort B                   
	11.9 [10.6 to 13.1]

7.9 [6.8 to 8.9]
	11.9 [11.0 to 12.8]

8.4 [8.1 to 9.2]
	12.7 [11.6 to 13.8]

9.4 [8.5 to 10.3]
	0.45

0.08

	Morphine PACU + ward mg
	
	
	

	  Cohort A   

  Cohort B  
	39.1 [35.2 to 43.0]

15.9 [12.5 to 21.4]
	39.6 [37.1 to 42.1]

17.2 [15.2 to 19.1]
	41.7 [38.7 to 44.8]

16.3 [14.4 to 18.2]
	0.46

0.41


Data are presented as mean [95% CI]. ANOVA; p values refer to the comparison of different genotypes in Cohort A and Cohort B. a: morphine equivalents including prophylactic opioid at the end of surgery.  
