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Genotypic analysis of the FDCI polymorphism that
inhibits ferulic acid decarboxylation activity in
industrial yeasts
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In the production of sake, 4-vinyl guaiacol
(4-VG) is produced by the decarboxylation of
ferulic acid by ferulic acid decarboxylase from
Saccharomyces cerevisiae. The inactivation of fe-
rulic acid decarboxylase has been reported to be
caused by a single nucleotide substitution
(c.160A>T) within the ferulic acid decarboxyl-
ase gene (FDCI). Here, we developed a detec-
tion method for the single nucleotide polymor-
phism within FDCI by a polymerase chain
reaction-restriction fragment length polymor-
phism with a mismatched primer. This simple,
rapid, and sensitive method is expected to facili-
tate the discrimination of the 4-VG-producing

ability of yeast strains.
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—VHT0M4mg/LTHBERESRTWEY,
AVNGOFNEINA V2 v =N D7 Vva—VEk
BTN REY L LTEAsNE, £/, BT
IR 4VG 2B L L TERSNBN
S VHEBHMEDO—D Lo TV b, HHEOERESEHE
CBVWTE, BRED4VGIHERRER T /) — VR
EDFTTL—N—L LTHFENDE %, 4VGD X
AT 7 L—N—=bBEETHNIFEDLHILLE
B:00BEOEME L CRABBER T ®E
bH2Y, 200, BHEEETIZ RIS TER
THERD 4VG ERBEOFEZHBT2HEN D %,

AVG I HEEBSO 7 = V5 BD, Saccharomyces
cerevisige DETES D 7 = VTR IKBBEZESC 7 2 =
VT2 VEEBRRBREER OB X T X ) BRER S LR
THIEDNREENTVE Y, [FHFLRT VT — VK
BEBICHCONI A L EERABBO 7 = VS8
REBBEZERIEZT FDCI) L7 x=V7 279 VEBEBLE
Bz EETF (PADI) @ Single nucleotide polymor-
phisms (SNPs) ##A& L, EXHEBEREIZBITS7
=)V T BB R ERRE O R IITE E (5T O SNPs & BIEDS
HHILEMELRY, T VBB ASI YV E—
WVEERE By, EEERE T oV T ERBREREE T R
FELTWEY, THhIXEERETO FDCI #BIZFIISB
WT 160 BEEN A »S T~ER (C160A>T) LT
WnZrickl, REEMIET F Y (pLysd4Ter)
DEL, FDCI BETHPBEL TV WD TH S,

mit

* Corresponding author

A. Hatakeyama ; Tel : + 81-258-35-3000 ; Fax : + 81-258-36-1107

E-malil : a-hatakeyama@yoshinogawa.co.jp
T. Joh ; Tel : + 81-25-262-6640 ; Fax : + 81-25-262-6640
E-mail : joh@agr niigata-u.ac.jp

BN H H 4B

249



Bl -
BB 7 = 0 5 B R RIE 1 12

BAE R
5

% FDCI fZF - 51 2 ER OB

T, BHERCBNCOHEROH 5BELES
e, SRBEMLZBEOAENMTONA TV, £0OH
12, BRADPSHHENALBROLIIE, TVT
ERRBEREOFESTHLHE LR - FRONRE
THEENHD, LihoT, BROT7 2 VIR
BERE OO R & BB FR B A FAIE, BB RRER
DHARIZKRELERTH2EMTH 5,
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1. FHEBRS LUE, HE

M ATBUE NEEREITRET & ) S S - TEEEE
B:E r9hnw3E, 48, 55, 74 VBRI KWL,
EC1118, &5 IIARKMHEABABERSLIVEA
LABEER: $x)9hVw6E, 78 88 958,
105, T4 VB KW4 26EH L7

i, YPDRH (1% BERZF A, 2% RKY~xT
by, 2% Sva—R) RER LA BRI, FRICER
HOLRVREYELT 4 VAHIGHEMOER S L — F
DREEFER L 720

2. IS4 v—DEEst

AWERIZBATHREDIEN L T 5 S. cerevisiae D
FDCI BETFD 160 FEEXEA DO T~OERE, FE
HREEEBOBRFICHIBBERERMOZZE L I Eh V.
FIT, TIAR—DI KDL 2EEFR OIS
WKIA< YT (T>A) AL T7+T7—-F754
v —PlEYN—RTTF4 v —P2% &5 L7 (Fig
1A), BALZPL®DI Av v Fid, 160 BHEERT
DA 1E PCR OBEIEED W HIREER Dra 1 OHIFREE
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RWMMEFEL L5205, 160 FEEIT A OBFAICIE
HEIREWZ Dra 1 ORIIRBEBL L E L S E2 V. £
7, T4, 160 FBIEENA OBE T
IEREYHIRREER Pac 1 OFIRBERIMI AL L S ¥ 5
A5, 160 FEED T OFEIE Pac I OFIREEEIRAL
BELEERW, Thbh, PCR OMIEEWE Dral
TR L 7-3%E, BEBKE (c160A>T) Tid1l2bp &
51bp DEIWIHTH D8 S 525, B4 (160A) Tl
WA SN\, $72, Pac I TRELGE, T
A (160A) Tid 114bp & 49bp O LIWIRT F 2572 &
NoH, BE (c160A>T) TRHYIMIIA LR,

3. IAVYYFSS4A4~v—%HWIPCRRFLP&IC
K B3R

Rk YPD BE#UCHER L, 30C T2 BREBEL
B -BEREE,»OERS /) 4 DNA OHIE %17
7oo BERES/ 5 DNA OFiHIZIZ Gen & A5 A (BE
/) High Recovery (#1554 F#8) %##EHL
7zo PCR O JUSHIIE, 2 x TaKaRa Taq™HS perfect
Mix (&5 554 F48) 25 pLi240 ng® 7"/ &
DNA Mz, &7 A —%#EE4 M L5 L
IRIML, BEAKICTRES ul & L. KIEgE
12 94T - 57/, 65C - 10 % 3591 7 WiTo
7zo PCR OIEIEEEY X High Pure PCR Product Puri-
fication Kit (Roche Diagnostics #E8!) 2 TR L /2
PR L - BEIEEEY 17 1L 12 10 x NEBuffer % 2 ulL,
Dra 1 (New England Biolabs #L#) & L < id Pac I
(New England Biolabs 4L8) % 1 uL.jmx, 37CT3
EF I PREE R LI 51T o 72, BIRBERME L2 > 7
id, Fast Gene 7H U —RA (HEYV =474 7 A%t
) REHLA4% 7 HE -7 VIIT, 100 V T 40
FHOBKIKE 1T o720 B HNI25 V1T Gel Red
(Biotium f154) (2 THREEIT 72,

BRREVEZR

ZEFL LTI A2 A THRIEBEOERL L
FDCI Bz FOEREHBATREILHRT 2720, 7=
WS BIRREERE R AT AT A VB KW-1 (160A) &,
T VI BBREETE LR WIEERREX X2 ) hnT
5 (cl60A>T) 26 L7257/ 4 DNA 24 7
VeL, A%V F T 543 —%Hw/ PCRRFLP
B TR EITo 720
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*Mismatch position

P1 primer: t— A
P1 i
" <

5- GTGCAATTATGAGGAAGGCCTATGAATCCCACTTACCAGCCCCGTTAAT~ J l 3’- AACGGGTAGTAGACCCCGAGCT- 5’]

110 -gtgcaattatgaggaaggcctatgaatcccacttaccagecccgttatttflaaa----ttgcccatcatctggggetcga- 274

160A: [JAA — Lys (Lysine)
160T: AA — Stop codon

PCR

Pac |
160A: Lys *
— CGTTAAT|TEAAA—
Dral
*
160T: Stop codon ——CGTTAATTIAAA—
B C
KW-1  Kyokai no.7 KW-1  Kyokai no.7
M - + - + Dral M - + - + Pacl
(bp)
300 —
200 — _-163bp
163 bp -
_ 114 bp
112 bp o0

Fig. 1 The PCR-RFLP method with the mismatched primer for the detection of p.Lys54Ter (at base position
¢.160A>T) in FDCI gene of Saccharomyces cerevisiae. (A) A single nucleotide change (A-to-T substitution at posi-
tion 160 in FDCI gene; the sequence is highlighted in black) causes a lysine-to-stop codon conversion (p.Lys-
54Ter) at residue 54 of Fdcl. In this study, the sequence change can be detected using the PCR-RFLP method
with the mismatched primer; the forward primer (P1) was designed to incorporate one mismatch (highlighted
with the asterisk in the P1 primer sequence). This mismatch creates a Pac I digestion site (5-TTAATTAA-3,
shown in a gray box and highlighted in gray in the sequence) in the sequence of the original genotype. More-
over, it creates a Dra I digestion site (5-TTTAAA-3, shown in a gray box and highlighted in gray in the se-
quence) in the sequence of the c.160A>T substitution. (B) and (C)Electrophoretic analysis of the PCR-RFLP
assay products by Dra I (B) and Pac I (C). The PCR products were digested with (+) or without (-) each en-
zyme. M indicates the 100 bp DNA ladder (TaKaRa Bio, Shiga, Japan).
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BFEAIEIZLD 112 bp DARERONY FEHERL
Too 72, Pac TIZE W BB EIT- 18R % Fig 1C
1278 U720 Dra I TORMBIFEE & XTI, &1 9
P 7 B OWEIRENIL, Pac TICk WIS, B
FMBOEEICH A ST 163bp ICE—D/N Y FEHE
FAL 7oA, KW-1 OEIEEMIL Pac TICX DEIRTS 2,
114 bp WA REDDONY FEHE L. INLOR
BIZT A v —REFRCEE LR~ L

W2, TOBEOHRELHRT 00, HiE
BeEHK (XxH92n3F, 45 58 6%, 95,
105) 74 UBER2RHK (KW-4, EC1118) D
TH#HBEFT o770 Fig 21K L72EBY, FEFLA-3
A9 FTIA4<—%Hw/zPCRRFLPHIZ X b
FDCI BEFOER (c160A>T) Z#ANT 22 &4
TMHETH ol £72, ZORNERIZNHES PV 0#H
ELTWBEHEED 7 2 VT BB KRR L FDCI @
SNPs DR E—H L7 SNODERED S, RFRE
THRELLZIARYYF TSI 14 <v—% M PCR
RFLPEICL Y, BEBEKO 7 = V5 BENRBEEEEIZE
b5 FDCI #IZETNER (c160A>T) *#ATE 2
ZEWRENI, F, RERE-OT T A v —TH
Rk RS 2 (TR HHIREBERIS Y BT 2
S, Drald L Pac IDEL L —TFOHKIR
BREOBETHRNEITI 2 DTETH 5D, WHOEE
EZORIEBRLICHRANT LI LIC LY, L VHEET
OEVHEREE LTERTA2Z LD TE S,

WEE, BEORESHMEERRE L, BHEX -0 —
L E ORI, HER RO L S TEH 0
SEREAERIHEINTHD, 2O L) 2R
HOHBT, BROIED ML [ERER] PicfE
ENB I, BEEEICHCEI DR ERS
L BRARDPODEET A Z EDThR TS, IS
DEEHE 7 = VT BIRREBEEDFEEFRHTH 2 120
T VSR EBREOFELEINL, FEICE B
BEBIKT 2 LEND D, HEEEPREERD 7 «
V5 BRI REREE D /KIBIE FDCI BIEF D F v A
&2 (c160A>T) IKEHETZIOTHSH2, THR
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BY—-VERETEFDCI &EZTO 7V —ALY 7 NE
£ (c501_502insA), LTHEEEY — VEER T FDCI
HEFOF vy AEE (c460C>T) L7 L —aY
7 MEHE (c501.502insA), F 72 PADI BIZFDF >
v AER (c305G>A) 12X D 7 =)V T B R EERR
DRENB|ERI ENTVE Y, BARDPODBEL 7
BEBRE X7 ) = 7T A%E, REIZLY D
I CHHS 2 REIETH A A8 U3, Pac 1 CHUIRTRTA
D U WIGEE cl60A>T OEENH D 7 2V T8
BREERED 2 VI REEAE VW ERTH 5 L HEETE 5,
LPL, ZEEFrRHEIMEr 2B ETH,

cl60A>T LS LR L 9 2 ERE# &L WEEEN D
5007 VIBHRER T AT AEKREMET A Z

ERXTER, T2, BRO7 o VIEBFREEREOS
BICHED 2 BEFIE—MOBERERS O KL THIZEPTT
PNTWBTTH Y, BRFEICHEETAEEIIBY
Tt LA D FDCI BI5T & PADI Bz FDER
7 2T BERBEREICE D o T A TREM L EET
Exv, K, HRARPLOHLIBEOT LT
B R B RO A EA BT ABA I, RKEE—KRA
s - ZHEE LTHERL, &#/IZiE HPLC
SETHUERO AVGERERS, 7 VB RE
REDFRAN ZAT ) LEPH 5,

R R EERE AR B L o0, HEERL
BEEEREORLZ 7 VB EBEER L RS
SRR B L RADHE SN TS M, mHs 7
PEE L CHLBE/ROE ST, 72 )V TERBLRIRRED
ZHICED L BETFHEESHL PSR > TS HEE,
Bl 2 VL FDCI BIEF D cl60A>T ERE D AIZ L Y 7
IV BREBRETFSAVWEERBO R L
FDCl1 #f5¥ & PADI BT WEREN L 72V T
BRI R BT H T VERO— KR Be S8
Ba, RMWRIET7 2V SBREKEERIZED S FDCI
BIEFD c160A>T EREZ AT UF AT RAICETAHD
TAHREBEICLY 7o VI BEREBREOFEINET S
CIETEZV, LL, ZOTMKELS S HIC—/BE
TP LA, AR LY —BEO 7 2 VT B K
BREadpl T 5 LW TH B0, 7o)V THEEN
KERREDAE BB LRz IR L, #ho%H
IS L TEEEEE I EICLY, 7o VT ERBREE
BeR BT HERE 7 o VS BEREERE R A X AT
MMAEBERET LI EDPTRTH S,
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Fig. 2 Electrophoresis profiles of various yeast strains analyzed by the PCR-RFLP method with the mismatched prim-
er. A part of the FDCI gene of wine yeast strains (EC1118 and KW-4) and sake yeast strains (Kyokai no. 3,
Kyokai no. 4, Kyokai no. 5, Kyokai no. 6, Kyokai no. 9 and Kyokai no. 10) was amplified by PCR and digested
with Dra I (upper panel) or Pac I (lower panel). M indicates the 100 bp DNA ladder (TaKaRa Bio, Shiga, Japan).
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