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Background and Objectives Several studies have shown that three single nucleotide poly-
morphisms (SNPs) in the 7AS2R38 gene demonstrate a strong association with the ability to
sense the bitter taste of phenylthiocarbamide (PTC) in. We have previously reported about
TAS2R38 genotypes in normal volunteers. The aim of this study was to investigate the role
TAS2R38 gene plays in taste disorder by examining SNPs in the 74S2R38 gene in taste disor-
der patients.
Subjects and Method Ninety-four patients with taste dysfunction from multiple etiologies
were enrolled. The genotypes were defined by identifying SNPs on the 7AS2R38 gene. The
proportion of different TAS2R38 genotypes in the group was compared with that in the nor-
mal volunteers of our previous study. The whole mouth taste threshold tests were performed
and the thresholds were compared among the three different genotypic groups.
Results The proportion of each diplotype in taste disorder patients were as follows: PAV/
PAV 36.2% (34/94), PAV/AVI 34.0% (32/94), and AVI/AVI 29.8% (28/94). The proportion of
AVI/AVI type was higher in the group than in the normal volunteers (»p=0.031). The detection
and recognition thresholds of all four basic tastes were increased in the order of PAV/PAV,
PAV/AVI, and AVI/AVI genotypes.
Conclusion The proportion of AVI/AVI homozygous was significantly higher in taste disor-
der patients than in the normal volunteers. Our findings suggest that the genotypes of TAS2R38
may represent one of the risk factors responsible for the development of taste disorders.
Korean J Otorhinolaryngol-Head Neck Surg 2021;64(11):800-5

Keywords Genetics; Phenylthiocarbamide; Polymorphism, Single nucleotide;
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|2l (non-taste) 2 2 FEE|H, o] TH FAA] o
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Doty®} De Fonte”= theFat 99102 Qg slabiz4
off A} 9431-S thAFO 2 PTC dhol| g izt=s =
o] PTC 1]Z}219] H|&-0] 54%, n]H<19] H]-&o] 46%2} K 1L
stoick Hoprljt g e 2 2AE 117 A+ 2t
2RE AR v)Zkl vl&e] Sk 76.5%<) Blas| &
o, o]5 sFsgtziel SEAtolA] m|zjle] o] FA O R
FroloHA Wolth T o] & uZbgolf Fixfol| Al A8HE ofuj}
ok, ARk ABke] 2925 E A 2 QIX|shE FEol
PTC w|Z}Rlo] mjwiglkct v 9-=3jc}. o= PTC gto] ¥l
e AABH= TAS2R38 A o] u|zbofe] whajo)

FTorol FFE 71 5= S AARRlT

AR v|Zol7t gl A4 el iAo & PTC
o] et FHHT} TASZ2R38 G- AA] SNPsol| w2 G4}
o] Aol wal) Bt up QIet? =i @Azt njzh A
of7} Q= SkAFo)| A Q] TASZ2R38 G AR Q] Bz e} 72+ G4
A1 7] w|zb 9] apolofl tht A= vl = Ao
o} 2 Ao A= w|ZPgol = gt SRtoll A TAS2R38
FARES] SNPs ZAFsEe] Alate] Zfol& H] el i,
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T2R38 SNPs in Taste Disorder Patients | Kang BJ, et al.
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Hk(sucrose; 0.00977-40.0 g/mL), ZHH(NaCl; 0.00488-
20.0 g/mL), A9t (citric acid; 0.00049-2.0 g/mL), &9 qui-
nine HCI; 0.00002-0.1 g/mL)2] ] 7}A] glof| gt 13tH7]
9] 3|4 GHE THEQIT Tl et HEE E9loH, 7HE
E2 5wl 139 SHRE 2R 3AS AlGste] 7HE
o e o] ool 1 gA7kx] Fu|skde

e SERE Aaste] PAHE WSO, 5 cc UBE
FAPlo] o1 ol Hlo] Eelel | mLA 32A) Bal ¥
Qlerol] viFE 71 st sl §ole] ghe Eol
ke, GG §olo] ZF4:0} T2 ofdl vk 7] 9]
L AA SRR ST, AAGAE F& 1K) wE AR
SRR S ARG A9 S5 B ot FR4E
e WA ot thE ghe WA gk Aasgon)
3 7K ol ThE WO R Yolz ik BE FRAE ¢
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$24 249
dAE=RE 10 mLo] FHE-E 2|Esto] FlexiGene
DNA kit (Qiagen, Hilden, Germany)& ©|-&3}%] genomic
DNAE F&315lth 2 DNA9| %2 £33 (spectrometer)
2 ZA51] 25 ng/uLZ FUsH| 31913 2, agarose gel
7195715 ol4s1o] DNAS] A& ofwst

e primer5E& Alete] o)d Aot FUg WY
2 polymerase chain reaction (PCR) 23S 35}%.0m
PCR AME-2 1.5% agarose gelol| A7]%9%S 4=3)3}0] PCR
SEAR 9 37]5 BI5IACE” FEH PCR AHE2 exo-

nuclease | (USB@“, Thermo Fisher Scientific, Waltham, MA,
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USA)T} alkaline phosphatase (USB®, Thermo Fisher Sci-
entific) & Yol 42 3, 37Cof| 4] 1417} incubation AlZ1 3,
80ColA 1587 #2]3}od, direct sequencing® FHO =
ol-g-3t3ich ol F 97| EZEd-2 ABI 3130 XL 254714
AEA7|(Thermo Fisher Scientific)S ©]-83}4, DNA Se-
quencing Analysis software (ver 5.0; Applied Biosystems,
Foster City, CA, USA)Z E-A5}3ck

Hlojg] &4

oA Yol m|zateli7t ¢l
Y 7304 41, oA 321, Bt 37511314 tiAke.
B2 3§ A A} 2 Ato] v 9499] TAS2R38
S-A=Fe] SNPsE chi-square testS ©]-&38}o] v)m HAJ5}1
Ark

TAS2R38 #-317t2] oluljA| gl whe} PAV/PAV, PAV/AVI,
AVI/AVIZ Al #:0 2 Ve § Z129] 9] || 7H4] 7] ot
of thet 7R & AA| 2|2} 2}o]7} Qli=A] one-way ANO-
VA, Kruskal Wallis testE ©]-83d}o] £431%0H ALSH
A& Dunn’s procedure methodS ©]-&3}ich to]e} A
S THFO R ARESt] BAE A+ 7k o] 71 77 gt

| gk Al 9 QIR 9] zfolE AHE 7] S8l oy 3

S ol&

v

R 194] ole] A A2l

A}O

2

A ol-8ske] AL
Shelch
AR A At pgho] 0.05 v wf A 24
o] Slrkar ostglon FASHA £ IBM SPSS statis—
tics 19.0 program (IBM Corp., Armonk, NY, USA)2 o|-&

shek

o, AFAYS

42 %

TAS2R38 - AAE9] £

TAS2R38 57AA}Fe] SNPs¢l P49A, A262V, ZL8] L V2961
of thgt genotyping= Aldet 23}, PAVe}F AVIS] & 7H4|
72 dujAIF (haplotype)Tt UA2™, PAV 5554,
AVI 5Z3¢, PAV/AVI 0|23 %He] 3714 Fejo] §-A4A13
o7 BR324 QIgith PAV/PAV B& 433 0] 34(36.2%),
PAV/AVI o3& g3 0] 32%H(34.0%), AVI/AVI 55433
0] 287(29.8%) & w3E3t= Aa & 5= AU H(Table D).
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Table 1. Genotype distribution of TAS2R38 in the patients with
taste disorder and healthy controls

Patients with Healthy
Genotypes  taste disorder controls* p-valuet
(n=94) (n=73)
PAV/PAV 34 (36.2) 29 (39.7) 0.529
PAV/AVI 32(34.0) 30 (41.1) 0.799
AVI/AVI 28 (29.8) 14 (19.2) 0.031

Data are presented as n (%). *the data derived from refer-
ence 8; tby chi-square fest

PAV/AVIE o] 30 (41.1%), AVI/AVIE©] 145(19.2%)°]31ck?
2 AT nzbgol $HRte] fAAR | Faze} vlaskel
S uj mZol SixbojA Al HTH PAV/PAV(SIAL 36.2%,
A} 39.7%; p=0.529) X PAV/AVI @A} 34.0%, A} 41.1%;
p=0799)F0] TAHCE FostA= FIANE AaL, AVI/
AVIZL AR E FosH B2 S & 5 UsdchEH}
29.8%, 84} 19.2%; p=0.031, by chi-square test) (Table 1).

TAS2R38 S-AA o) wk2 u|ztedx]9] 2}o]
TAS2R38 G-AAo] olufja|&of w2 A o 7} n]zhed x| 2]
ztolE EAIGH Aut ook, Ak A9k 24uke) U] 72| 71 gt
7] 9 019 X]7} PAV/PAV, PAV/AVI, AVI/AVI®)

£ 27 $Jal A 24
| 2 QXA 5t 7R <],
Ok A Y 2)= PAV/PAV &}
AVI/AVIZ R} BA4|- 02 9ol
A gk w3t 7&‘1 1A 2] 2} 25k 12| 2]= PAV/AVI
P} AVI/AVIFo] % s}uﬂ PAV/PAVEET} EAX O 2 &
OJ5HA| =S8ktH(Table

Al 5 149] 7o W 718 gl Xpol
b7k

Lholo} e B o}o:] TAS2R38 5-317t2] ojujA| e
2 Al 7 2 w29 ZpolE A At whut 1KY
2] IR AR, Ak A7), 29k AR A7) 9 QI 7] =
PAV/PAV, PAV/AVI, AVI/AVI®] &0 2 EAZ o2 {05}
A w=gkeh "k Q1292 PAV/AVIE T AVI/AVIEC] &
st PAV/PAVHHET SAH O R {Ol6HA =ktt Algt

ARG 2] 9 21X X] = PAV/PAVE T} PAV/AVIE O] H 5}

] AVI/AVIE Rt 4120 g2 8ol514 Uth(Table 2).
LA

x& 24 30]0]
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Table 2. The taste thresholds according to the genotypes

T2R38 SNPs in Taste Disorder Patients | Kang BJ, et al.

Genotypes PAV/PAV' PAV/AVI AVI/AVP p valuet p values
Age (year) 52.5+13.8/52.5 (16.5) 58.2+16.7/55.5(19.8) 52.5+14.7/53 (19.3) 0.237
Sex 0.864
Male 19 (55.9) 18 (56.3) 14 (50.0)
Female 15 (44.1) 14 (43.7) 14 (50.0)
Sweet-D 7.5+1.05/7.5(1) 8.78+1.45/9 (1) 9.96+2.65/9 (4.75) 0.000* 0.000*
1,2<3¢ 1<2<3!
Sweet-R 8.94+1.15/9 (2) 9.69+1.73/9 (1) 10.79+£2.22/10 (4) 0.002* 0.000*
1,2<3t 1<2<3!
Salty-D 6.94+1.35/7 (2) 7.5+1.67/7.5(2.75) 8.43+2.43/8 (2.75) 0.035* 0.005*
1,2<3t 1<2<3!
Salty-R 8.91+1.96/8 (2) 8.84+1.65/9 (2) 10.39+2.36/10 (4.25) 0.017* 0.003*
1<2, 3¢ 1<2,3
Sour-D 6.71+£1.24/6.5(1.25) 7.59+1.79/7.5 (3) 8.39+2.25/8 (1.75) 0.002* 0.001*
1,2<3¢ 1,2<3!
Sour-R 8.82+2.32/8 (3) 10.53+2.46/10 (3.75) 10.68+2.65/10.5 (6) 0.006* 0.006*
1,2<3¢ 1,2<3
Bitter-D 7.09+1.31/7 (2) 7.66+1.66/7 (3) 8.79+2.53/8.5 (3.75) 0.022* 0.001*
1,2<3¢ 1<2<3!
Bitter-R 8.29+1.51/8 (3) 8.91+2.2/9 (3) 10.14+2.66/10 (5) 0.034* 0.003*
1<2,3¢ 1<2<3!

Data are presented as concentration levels of taste solution. Values were presented by mean +standard deviation/median (in-
terquartile range) or frequency (percent). =statistically significant with p<0.05; tby Kruskal Walllis test; fmultiple comparison result
by Dunn’sprocedure method; sadjusted result by multiple regression analysis with age and sex as covariate variable; 'multiple
comparison result by contrast. D, detection threshold; R, recognition threshold

AAHE2 A9 AtellA ©@uke] viztEel FREo] gk
oA TASIR3 A%} 15307355 9 1s357448132) G-AA+8
I Y FARS RIES 2AFSEGlom, nzbgof ShAftit
A 2ol BAZ O Z oIt xfo|7} itk GNAT3 #-4
A} M= 1577928459 FAAE W7} u|Zgoff Skttt
A izt el o3t 2kolE YRS oY, tiE -4k
HlEol A= Z}o]7} ¢iQiTh o] TASIR3 W GNAT3 4%}
9] t}g/do] mizgofel Aol 9l 73S AAIE) ot
8 4 9ok E| Gustinol2fil e &l A 9l carbonic
anhydrase 71X} CA69] t}&Ao] TASZR38 -7} Ho| 2
o} Argo] =A| ¢k 6-n-propylthiouracil®] <5tof| Tt
S MR AT 4= gkl gEA qlow, #nt
QA= Aol itk B Qlek?

2 A= vz E /A7 S A7 7P Eol o] Fo1A
Q= TAS2R38 F-74122] SNPs& ¢35k S-Ax}8 o] Kzt
441} uZ Aol 3ka} Atolof| xfo|7} Ql=A] AduEo 2
2ol o] 42 2918 ool 1A} 5199t TAS2R3S
Axke] 714 145, 785, 886 $IAIOll Al 7H2] SNP7F HE
Qlck 71 145992)19] A2 & cytocine (C)°] guanine
@)o] EH Az o 7 ofm| At 499]2|9)|A] proline®] ala-
ninel 2 R5 3w, A7) 785920 A] cytosine (C)O]

=]

N

thymine (T)S.2 H}HH o}u|:=AF 2629 %o A alanine®|
valine 2.2 HH7| =H, H7|14% 886 9%l 4 guanine (G)©]
adenine (A)S. 2 v} ofuliil 2069 2]of| A valine©]
isoleucine & & K3 3}=]A| Hrt o5 Al tull TAS2R38 &
A7) SNPs9] z23to &2 AdH duiHEE2 offieAl W
st what o] 5 o] FEr} ol 5ol 9714 1459 $1A]
of| G, 78581 {1*ol| T, 88681 {120l AQ] T/l Z3to] o]
FoRohH, RE5lel= o}l A alanine, valine, isoleu—
cine®| ®|i1, 1 UujA|FL] o] 52 AVIZ} Eji= Aolck 71
w2 UulA|FEL PAVRF AVIQ] 5= 71A] gEjolw, 1 9] AAL
AAV, PVI 22 A 7H4] B2 FEE B ago] Qg
TAS2R38 -+721A} SNPs % PAV/PAV&o] PTCHlo| tjgt
N7 7 =31, AVI/AVIEo] 7F4 wom M9 PAV/AVI
P& T AE =S YeERfE Ao Higo] e}
e AR AdY Atol A AVI/AVI 5E-40 38 PTC
N7} 714 WolHAIE, PAV/PAV 9 PAV/AVI 321
2 PTC WIRI=E7F AL w56 Yepyton, thE A-HoflA|
= GARE 235 YUl = PTC o @A A3
st AVI/AVI 541291 AFeh2 PTC w|We] o=
UFERA|EE, PAV/PAVE T} PAV/AVI G4 Al S &
T} PTC 21| P O & YepfA] FEo] Hx] gro
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o] FoFsi, v]g-Fo] gl TAIFEEHA STzl
& 73k dA et

o[Ag PTC n|Wx} ofe] 7kx] Agkate] Axtdol ot <
T WA o9& ujzbofete] Adel et A=
o] itk Melis 592 n|Zolloll A TAS2R389] 9jghe
opr 7] Lfal 339 <] uZgof Atel Akl 467 T
2 PTCol| il =7]= vte] A 323l uhet vl
Hekeh u|ztoll 32} 5 PAV/PAV 5%%3Hao] PTCHE
714 735 = e, PAV/AVI G- AR, AVI/AVIE, 7|k
Cf FAAEES vt e g2 9 2l ol=sh Ayt
2 njzPgof &AtollA PAV Ui FREC. 2= TAS2R3S 4
SA9] £o Hh-3-S fHShET B35, AVI YHiAE
o] mZAgoff whAYol N 7He/dS AAISHACE 2
TollA u|ZAtoll silollA] TAS2R38 34 AFE-S PAV/PAV
o] 347 (36.2%), PAV/AVIZC] 327(34.0%), AVI/AVIZ o]
287(29.8%)= Ugkom, ol ujzhgelzt gl Al o
Ao 2 g AdY Aqtdol o] Axkel PAV/PAVE 29%(39.7%),
PAV/AVIE 30%8(41.1%), AVI/AVIE 14%(19.2%)2} 1] w & o
PAV/PAVE % PAV/AVISo] Hal, AVI/AVIFo| #2581
WRFHp=0.031, by chi-square test) (Table 1). ©]+= TAS2R38
T2 5 AVI/AVIFO| u|zigoff el $112} 4
7170l Qe AlAkeltt

PTC m|wQ1e] RlE+= u]=) wiQlofu} ofghele oF 30%-
40%, oFAloFR], o7 1Rl, wl= QIT 2 oF 10%-20% A=
2 IFH 9 X9 o7 atol7t glom, A MAXHO R Hat
F 250 =S ARk B g e} Chang 57 &
el A} AJQlofl A mjmele] vlgo] 13%, Hong 572 20%
2kl akgict AR5 AtellA= vl HEo] 19.2%%]
ot o]HY PTC v]wele] v&-& K itabct 2jo|7} 7] uj
2ol oHE A dlolEe}t vlwsh= A oJu|7t ¢l FY
ol 4l R|of|A] FYU3t 7] (cut-off value) 22 A5 4
o|E| & vlast= Zlo] Fasth

AAFelS Ao 2 a IS E G oA ujzklo] ujmel
Hrp 20F ok ofye} o2 ghe o sl W7ickal B
v} Ik slelgizb ol SALE tiAke & g o=
PTC m]Zkelo] ujmQlict <Ak opue} ool A9k #5te]

2O FES 4H) L AXSHE ool o $43ek? o] o

lo n2

ol

f

tlo

T2 vzl B ti o R 3 ER A 5 slubol AL
PTC u]ZFgAte] oJgt @ o= S FaatolA] g
AJo] WojZth= thgo] Qltk B ATto A= ulzbtoll gz}
oAl TAS2R38 Akl whet njZz]2] zpo|7} §l=A]
£ SAHA AR whet 2] 9] Fte] 2polr)
Eolom, Tk "ok A9k 5k 5 U] 7H] 7|7 gke] 1A
7 Q1K 9JX]7} PAV/PAV, PAV/AVI, AVI/AVIQ] =0 2 =2
AL & 4 AUH(Table 2). o] gt Aib= TAS2R38 514+
o] SNPs7} ulZ o] S3Eoe JFS 718 4 U2

AAFEFERL & 4 glck
AHAFE-2 n|Zgol Bell Al TASIR38 §17k2] SNPse]

ol tfalf eroki az} shelrt. njzolf Ehxtoll Al TAS2R38
TR 5 AVI/AVIZo] AlolA e vl&k) o Wk
o, SOk Ak ARl 28k0) 7H2] 9 Q1A 927} ot v
Z1Aeke] e o A3t} ol gt Al u|ztel ] W
o] TAS2R38 F-AA}2] SNPs7} o= A& ojst 7154
AAFEITE, SNP k= oln] of, %A sWlAst & 59 2
o] A FAA =S QIR FHA 49 EAZ o] §H
Utk & AFE Fote] mlziololl e = EARFAEH
gl Bl Atol] 289 7S Hols 3 o
2 AL 2 Ao g Azl

(e
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