
Supplemental Table 1. Association of non-bitterness variants with perceived bitterness and alcohol consumption

Re
fe

re
nc

e

(K
el

le
r e

t a
l. 

20
12

)

(F
ay

zu
lli

na
 

et
 a

l. 
20

15
)

(F
ay

zu
lli

na
 

et
 a

l. 
20

15
)

(L
an

dg
re

n 
et

 
al

. 2
01

1)
(L

an
dg

re
n 

et
 

al
. 2

01
1)

(L
an

dg
re

n 
et

 
al

. 2
01

1)
(L

an
dg

re
n 

et
 

al
. 2

01
1)

(L
an

dg
re

n 
et

 
al

. 2
01

1)

(L
an

dg
re

n 
et

 
al

. 2
01

1)
(F

us
ha

n 
et

 
al

. 2
01

0)
(P

ira
st

u 
et

 
al

. 2
01

5)
(M

cR
ae

 e
t 

al
. 2

01
2)

(Ja
eg

er
 e

t 
al

. 2
01

3)
(Ja

eg
er

 e
t 

al
. 2

01
3)

(K
na

ap
ila

 e
t 

al
. 2

01
2)

(K
na

ap
ila

 e
t 

al
. 2

01
2)

(S
hi

ge
m

ur
a 

et
 a

l. 
20

09
)

(P
ira

st
u 

et
 

al
. 2

01
2)

(P
ira

st
u 

et
 

al
. 2

01
2)

(C
he

n 
et

 a
l. 

20
09

)
(S

hi
ge

m
ur

a 
et

 a
l. 

20
09

)
(P

ira
st

u 
et

 
al

. 2
01

2)

bl
ac

k 
co

ff
ee

 p
re

fe
re

nc
e

0.
16

 (-
0.

09
, 0

.4
1)

 p
=0

.2
16

-0
.2

6 
(-

0.
52

, 0
) p

=0
.0

49

-0
.0

2 
(-

0.
29

, 0
.2

4)
 p

=0
.8

68

0.
03

 (-
0.

25
, 0

.3
2)

 p
=0

.8
12

0 
(1

, 1
) p

=1

-0
.0

4 
(-

0.
3,

 0
.2

1)
 p

=0
.7

38

0.
3 

(0
.0

2,
 0

.6
) p

=0
.0

39

-0
.3

9 
(-0

.9
, 0

.1
3)

 p
=0

.1
4

-0
.0

4 
(-

0.
51

, 0
.4

3)
 p

=0
.8

52

-0
.0

3 
(-

0.
29

, 0
.2

3)
 p

=0
.8

07

0.
14

 (-
0.

25
, 0

.5
3)

 p
=0

.4
86

0.
14

 (-
0.

26
, 0

.5
4)

 p
=0

.5
03

0.
13

 (-
0.

32
, 0

.5
9)

 p
=0

.5
79

-0
.2

4 
(-

0.
51

, 0
.0

3)
 p

=0
.0

83

0.
23

 (-
0.

12
, 0

.5
8)

 p
=0

.2
04

0.
29

 (-
0.

05
, 0

.6
4)

 p
=0

.0
95

0.
01

 (-
0.

44
, 0

.4
7)

 p
=0

.9
7

-0
.0

6 
(-

0.
36

, 0
.2

3)
 p

=0
.6

75

-0
.0

7 
(-

0.
33

, 0
.1

9)
 p

=0
.5

94

0.
74

 (-
0.

11
, 1

.8
) p

=0
.1

17

-0
.5

2 
(-

1.
22

, 0
.1

9)
 p

=0
.1

45

-0
.0

4 
(-

0.
32

, 0
.2

4)
 p

=0
.7

7

Al
co

ho
l c

on
su

m
pt

io
n

0.
08

 (-
0.

17
, 0

.3
3)

 p
=0

.5
48

0.
14

 (-
0.

12
, 0

.4
) p

=0
.2

88

-0
.1

7 
(-

0.
43

, 0
.1

) p
=0

.2
23

0 
(-

0.
28

, 0
.2

9)
 p

=0
.9

76

0 
(1

, 1
) p

=1

0.
24

 (-
0.

02
, 0

.5
) p

=0
.0

75

-0
.0

5 
(-

0.
35

, 0
.2

5)
 p

=0
.7

55

-0
.2

6 
(-0

.8
, 0

.2
8)

 p
=0

.3
46

-0
.2

2 
(-

0.
68

, 0
.2

5)
 p

=0
.3

65

0.
06

 (-
0.

2,
 0

.3
3)

 p
=0

.6
5

0.
01

 (-
0.

37
, 0

.4
) p

=0
.9

56

0.
05

 (-
0.

34
, 0

.4
4)

 p
=0

.7
91

0.
17

 (-
0.

27
, 0

.6
1)

 p
=0

.4
52

0 
(-

0.
27

, 0
.2

7)
 p

=0
.9

98

0.
18

 (-
0.

17
, 0

.5
3)

 p
=0

.3
17

0.
02

 (-
0.

32
, 0

.3
6)

 p
=0

.9
15

0.
08

 (-
0.

36
, 0

.5
2)

 p
=0

.7
18

0.
09

 (-
0.

21
, 0

.3
9)

 p
=0

.5
46

-0
.0

7 
(-

0.
34

, 0
.2

) p
=0

.6
03

-0
.2

5 
(-

0.
98

, 0
.4

7)
 p

=0
.4

97

-0
.6

1 
(-

1.
32

, 0
.1

) p
=0

.0
92

0.
2 

(-
0.

08
, 0

.4
8)

 p
=0

.1
61

PR
O

P

-0
.0

4 
(-0

.2
9,

 0
.2

) p
=0

.7
21

-0
.2

9 
(-0

.5
5,

 -0
.0

3)
 p

=0
.0

29

-0
.2

7 
(-

0.
54

, 0
) p

=0
.0

51

0 
(-

0.
28

, 0
.2

8)
 p

=0
.9

83

0 
(1

, 1
) p

=1

0 
(-

0.
25

, 0
.2

5)
 p

=0
.9

85

-0
.1

5 
(-

0.
44

, 0
.1

4)
 p

=0
.3

04

-0
.4

1 
(-0

.9
7,

 0
.1

3)
 p

=0
.1

45

0.
21

 (-
0.

24
, 0

.6
6)

 p
=0

.3
59

-0
.2

2 
(-

0.
48

, 0
.0

4)
 p

=0
.0

95

0.
17

 (-
0.

22
, 0

.5
6)

 p
=0

.3
9

0.
25

 (-
0.

13
, 0

.6
3)

 p
=0

.2

0.
14

 (-
0.

29
, 0

.5
8)

 p
=0

.5
2

0.
05

 (-
0.

22
, 0

.3
1)

 p
=0

.7
36

0.
28

 (-
0.

06
, 0

.6
2)

 p
=0

.1
1

0.
2 

(-
0.

13
, 0

.5
3)

 p
=0

.2
39

0.
11

 (-
0.

32
, 0

.5
4)

 p
=0

.6
01

0 
(-

0.
29

, 0
.2

9)
 p

=0
.9

85

-0
.1

5 
(-

0.
4,

 0
.1

1)
 p

=0
.2

55

0.
71

 (-
0.

12
, 1

.5
8)

 p
=0

.0
95

-0
.2

4 
(-

1.
02

, 0
.5

) p
=0

.5
37

-0
.2

2 
(-

0.
5,

 0
.0

6)
 p

=0
.1

27

Pe
rc

ei
ve

d 
bi

tt
er

ne
ss

 in
:

br
us

se
ls

 sp
ro

ut
s

0.
03

 (-
0.

03
, 0

.0
9)

 p
=0

.3
72

0 
(-

0.
07

, 0
.0

6)
 p

=0
.8

84

0.
04

 (-
0.

03
, 0

.1
) p

=0
.2

93

-0
.0

3 
(-

0.
1,

 0
.0

4)
 p

=0
.3

95

0 
(1

, 1
) p

=1

0.
03

 (-
0.

04
, 0

.0
9)

 p
=0

.4
24

-0
.0

3 
(-

0.
1,

 0
.0

5)
 p

=0
.4

89

0.
08

 (-
0.

05
, 0

.2
2)

 p
=0

.2
35

-0
.0

3 
(-

0.
15

, 0
.0

8)
 p

=0
.5

87

0.
05

 (-
0.

02
, 0

.1
1)

 p
=0

.1
61

-0
.0

6 
(-

0.
16

, 0
.0

4)
 p

=0
.2

2

-0
.0

2 
(-

0.
12

, 0
.0

7)
 p

=0
.6

27

-0
.0

3 
(-

0.
14

, 0
.0

8)
 p

=0
.5

76

0.
01

 (-
0.

06
, 0

.0
7)

 p
=0

.8
67

0.
05

 (-
0.

03
, 0

.1
4)

 p
=0

.2
33

0.
01

 (-
0.

07
, 0

.0
9)

 p
=0

.7
85

0.
02

 (-
0.

09
, 0

.1
3)

 p
=0

.7
53

0.
03

 (-
0.

04
, 0

.1
) p

=0
.4

29

-0
.0

1 
(-

0.
08

, 0
.0

5)
 p

=0
.6

51

0.
06

 (-
0.

13
, 0

.2
6)

 p
=0

.5
24

-0
.1

 (-
0.

27
, 0

.0
8)

 p
=0

.2
73

-0
.0

5 
(-

0.
12

, 0
.0

2)
 p

=0
.1

84

Electronic Supplementary Material (ESI) for Food & Function.
This journal is © The Royal Society of Chemistry 2019



ar
tif

ic
ia

l s
w

ee
te

ne
rs

-0
.0

2 
(-0

.0
9,

 0
.0

4)
 p

=0
.4

87

-0
.0

1 
(-

0.
08

, 0
.0

6)
 p

=0
.7

74

0.
03

 (-
0.

04
, 0

.1
) p

=0
.3

45

0.
01

 (-
0.

07
, 0

.0
8)

 p
=0

.8
17

0 
(1

, 1
) p

=1

-0
.0

2 
(-

0.
09

, 0
.0

4)
 p

=0
.4

7

0.
02

 (-
0.

06
, 0

.1
) p

=0
.6

12

-0
.1

4 
(-0

.2
8,

 0
) p

=0
.0

47

0.
16

 (0
.0

4,
 0

.2
8)

 p
=0

.0
08

-0
.0

3 
(-

0.
1,

 0
.0

4)
 p

=0
.4

11

0.
05

 (-
0.

05
, 0

.1
5)

 p
=0

.3
41

0.
04

 (-
0.

07
, 0

.1
4)

 p
=0

.4
92

0.
05

 (-
0.

07
, 0

.1
6)

 p
=0

.4
36

-0
.0

8 
(-

0.
15

, -
0.

01
) p

=0
.0

3

0.
02

 (-
0.

07
, 0

.1
1)

 p
=0

.6
37

-0
.0

1 
(-

0.
1,

 0
.0

7)
 p

=0
.7

63

-0
.0

3 
(-

0.
15

, 0
.0

8)
 p

=0
.5

78

0.
01

 (-
0.

07
, 0

.0
9)

 p
=0

.7
93

0.
03

 (-
0.

04
, 0

.1
) p

=0
.4

33

0.
01

 (-
0.

19
, 0

.2
2)

 p
=0

.8
97

0.
02

 (-
0.

17
, 0

.2
1)

 p
=0

.8
34

0 
(-

0.
07

, 0
.0

7)
 p

=0
.9

63

br
oc

co
li

0.
01

 (-
0.

04
, 0

.0
7)

 p
=0

.6
07

0 
(-

0.
06

, 0
.0

5)
 p

=0
.8

92

-0
.0

1 
(-

0.
07

, 0
.0

5)
 p

=0
.7

75

-0
.0

2 
(-

0.
08

, 0
.0

4)
 p

=0
.4

46

0 
(1

, 1
) p

=1

-0
.0

7 
(-0

.1
2,

 -0
.0

1)
 p

=0
.0

17

-0
.0

2 
(-

0.
08

, 0
.0

4)
 p

=0
.5

48

-0
.0

2 
(-0

.1
4,

 0
.1

) p
=0

.7
3

0.
13

 (0
.0

3,
 0

.2
3)

 p
=0

.0
11

0.
01

 (-
0.

04
, 0

.0
7)

 p
=0

.6
22

-0
.0

6 
(-

0.
14

, 0
.0

2)
 p

=0
.1

61

0.
03

 (-
0.

05
, 0

.1
2)

 p
=0

.4
53

0.
06

 (-
0.

03
, 0

.1
6)

 p
=0

.2
07

-0
.0

2 
(-

0.
08

, 0
.0

4)
 p

=0
.5

07

-0
.0

2 
(-

0.
1,

 0
.0

5)
 p

=0
.5

49

-0
.0

3 
(-

0.
11

, 0
.0

4)
 p

=0
.3

82

0.
08

 (-
0.

01
, 0

.1
7)

 p
=0

.0
85

0.
02

 (-
0.

04
, 0

.0
9)

 p
=0

.4
39

-0
.0

4 
(-

0.
09

, 0
.0

2)
 p

=0
.2

09

0.
02

 (-
0.

15
, 0

.1
9)

 p
=0

.8
22

-0
.0

2 
(-

0.
17

, 0
.1

3)
 p

=0
.7

75

-0
.0

6 
(-0

.1
2,

 0
) p

=0
.0

43

re
po

rt
ed

 ta
st

e 
as

so
ci

at
io

n

fa
t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

sw
ee

t

w
in

e

ci
s-

3-
he

xe
n-

1-
ol

ci
s-

3-
he

xe
n-

1-
ol

b-
io

no
ne

an
dr

os
te

no
ne

et
ha

no
l b

ur
n

um
am

i

w
in

e

w
in

e

um
am

i

um
am

i

be
et

s

G
en

e

C
D

36

FG
F2

1

FT
O

G
H

R
L

G
H

R
L

G
H

R
L

G
H

R
L

G
H

R
L

G
H

R
L

G
N

A
T3

H
LA

-D
O

A

O
R

2J
3

O
R

2J
3

O
R

5A
1

O
R

7D
4

O
R

D
74

TA
S

1R
1

TA
S

1R
2

TA
S

1R
2

TA
S

1R
3

TA
S

1R
3

TR
P

V
1

Va
ria

nt

rs
17

61
66

7

rs
83

81
33

rs
14

21
08

5

rs
26

80
2

rs
34

91
13

41

rs
35

68
0

rs
42

45
1

rs
46

84
67

7

rs
69

62
17

rs
77

92
84

5

rs
92

76
97

5

rs
28

75
75

81

rs
92

95
79

1

rs
65

91
53

6

rs
61

72
99

07

rs
50

20
27

8

rs
34

16
09

67

rs
39

35
57

0

rs
49

20
56

6

rs
11

16
15

79
2

rs
30

73
77

rs
22

77
67

5

References

Keller KL, Liang LC, Sakimura J, May D, van Belle C, Breen C, Driggin E, Tepper BJ, Lanzano PC, Deng L, Chung WK. 
2012. Common variants in the CD36 gene are associated with oral fat perception, fat preferences, and obesity in 
African Americans. Obesity 20: 1066-1073.

Fayzullina S, Smith RP, Furlotte N, Hu Y, Hinds D, Tung JY. 2015. White Paper 23-08 Genetic Associations with 
Traits in 23andMe Customers.

Landgren S, Simms JA, Thelle DS, Strandhagen E, Bartlett SE, Engel JA, Jerlhag E. 2011. The ghrelin signalling 
system is involved in the consumption of sweets. PloS one 6: e18170.

Fushan AA, Simons CT, Slack JP, Drayna D. 2010. Association between common variation in genes encoding 
sweet taste signaling components and human sucrose perception. Chemical senses: bjq063.



Pirastu N, Kooyman M, Traglia M, Robino A, Willems SM, Pistis G, Amin N, Sala C, Karssen LC, van Duijn CM. 
2015. Genome-wide association analysis on five isolated populations identifies variants of the HLA-DOA gene 
associated with white wine liking. European Journal of Human Genetics 23: 1717-1722.

McRae JF, Mainland JD, Jaeger SR, Adipietro KA, Matsunami H, Newcomb RD. 2012. Genetic variation in the 
odorant receptor OR2J3 is associated with the ability to detect the “grassy” smelling odor, cis-3-hexen-1-ol. 
Chemical senses.

Jaeger SR, McRae JF, Bava CM, Beresford MK, Hunter D, Jia Y, Chheang SL, Jin D, Peng M, Gamble JC. 2013. A 
Mendelian trait for olfactory sensitivity affects odor experience and food selection. Current Biology 23: 1601-
1605.

Knaapila A, Hwang L-D, Lysenko A, Duke FF, Fesi B, Khoshnevisan A, James RS, Wysocki CJ, Rhyu M, Tordoff MG. 
2012. Genetic analysis of chemosensory traits in human twins. Chemical senses 37: 869-881.

Shigemura N, Shirosaki S, Sanematsu K, Yoshida R, Ninomiya Y. 2009. Genetic and molecular basis of individual 
differences in human umami taste perception. PLoS One 4: e6717.

Pirastu N, Robino A, Lanzara C, Athanasakis E, Esposito L, Tepper BJ, Gasparini P. 2012. Genetics of food 
preferences: a first view from silk road populations. Journal of food science 77: S413-S418.

Chen Q-Y, Alarcon S, Tharp A, Ahmed OM, Estrella NL, Greene TA, Rucker J, Breslin PA. 2009. Perceptual 
variation in umami taste and polymorphisms in TAS1R taste receptor genes. The American journal of clinical 
nutrition 90: 770S-779S.



Supplemental Table 2. Associations of traits and alcohol consumption

Perception of bitterness in:
Trait

PTC brussels sprouts artificial 
sweeteners broccoli

preference for 
black coffee

PTC NA -0.01 (-0.37, 0.34) 
p=0.938

0.03 (-0.3, 0.36) 
p=0.862

0.28 (-0.12, 0.68) 
p=0.169

0.01 (-0.2, 0.23) 
p=0.912

Brussels 
sprouts

0 (-0.05, 0.05) 
p=0.942 NA 0.06 (-0.02, 0.15) 

p=0.123
0.33 (0.24, 0.43) 

p<0.001
-0.06 (-0.11, -0.01) 

p=0.025
artificial 

sweeteners
0 (-0.05, 0.06) 

p=0.941
0.07 (-0.02, 0.16) 

p=0.123 NA 0.12 (0.01, 0.23) 
p=0.027

0.04 (-0.01, 0.1) 
p=0.123

Pe
rc

ep
tio

n 
of

 b
itt

er
ne

ss
 

in
:

broccoli 0.03 (-0.02, 0.07) 
p=0.232

0.25 (0.18, 0.32) 
p<0.001

0.08 (0.01, 0.15) 
p=0.027 NA -0.04 (-0.09, 0) 

p=0.055
preference for 

black coffee
0.02 (-0.19, 0.23) 

p=0.841
-0.38 (-0.73, -0.04) 

p=0.03
0.25 (-0.07, 0.58) 

p=0.129
-0.37 (-0.77, 

0.04) p=0.076 NA

frequency of alcohol 
consumption

0.09 (-0.12, 0.3) 
p=0.379

0.16 (-0.19, 0.52) 
p=0.371

0.3 (-0.04, 0.63) 
p=0.081

0.52 (0.11, 0.94) 
p=0.013

0.27 (0.06, 0.48) 
p=0.013


