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A new single nucleotide polymorphisms (SNP) genotyping method has been developed and validated using biologi-
cal specimens directly as templates for TagMan PCR without general DNA extraction and purification procedure from
dried saliva samples attached on water-soluble papers. This new method can set up at ease and complete PCR analysis
including data interpretation in under two hours with additional advantages of application for large-scale clinical
research, diagnostics, and epidemiological studies at low cost. Specifically, SNP genotyping of alcohol metabolism-relat-
ed genes ADHIB (rs1229984) and ALDH? (rs671) were demonstrated by TagMan PCR assay using dried saliva sam-
ples in the present investigation. In this protocol, by simplifying experimental operations and improving efficiency, omit-
ting and simplifying the time and laborious DNA purification process, it is possible to shorten the experiment time and
reduce the risk of human error such as contamination. Furthermore it became possible with great cost reduction. We
succeeded in dramatically improving the judgment rate and accuracy of SNP genotyping by the master mix reagent for
commercial available real-time TagMan PCR. Moreover, it becomes possible to stably introduce template DNA into the
reaction system, and it will be possible to apply it to copy number variation (CNV) by TagMan probe method. The SNP
analysis process using this optimized water-soluble paper will be applied to gene polymorphism analysis of drug
metabolizing enzyme gene CYP, efc., to help efforts to realize personalized medicine.

Key words——genotyping; single nucleotide polymorphism; ADHIB and ALDH?2; TagMan PCR; water-soluble paper;

dried saliva

&

|1

PCR %) L /= single nucleotide polymorphism
(SNP) #1527 & LT allele specific primer-
PCR (ASP-PCR)," PCR-restriction fragment length
polymorphisms (PCR-RFLP),%¥ TagMan PCR
FEBRENDH D, TS DEBEICBVWTIEY > T
)L @ PCR LEWE ZFRET %72 DNA Hit -
WEOAT v THAARTHS. Lrl, ZTO
DNA #ifitth - BEZA T v FEEEINEDO & & HH

R 2T RF AR R AR ar R AL/ LB RE R
Brefigees, O 27 RF/NA A5 T2 ARFERR,
et R N R E B R A

*e-mail: kenji_k @mukogawa-u.ac.jp

P, M, BEMARD 5N 5 ERHAVIZTICB N
T, BIELOREREELZ->TVWS, bbb
I%, TagMan PCR {£EZ#iZ, MK - MEHRS E DK
WROEMRY > TIINSHERDYS / I DNA filith - ¥
#AEFTHT SNP ¥ A B > 7 217D Fill il a7+
BE7ORMI—=)VIZDODWTHRHFHZET>TER. D Z
NETIH/BONZEFIZTKRD 3 RITEHINS.

O H O F 1 ERA el SV IR H 0D 1 RS FESH i 2
IKEEAE EICHEE TE, HfR% PCR RNRICEER
1L T TagMan 70— PCR {£%{75 Z & TH{E
28R T&Z 5.9 @TagMan 7' 10— 7 £ D K&
WHIZ DNA KR AT —E/)Ny 77— KOD FX
Neo Buffer (RiE#itEE, Kfk) ZHRMT 5 &I
L0, ¥27)L®O DNA BNV ETH > THEBE

© 2019 The Pharmaceutical Society of Japan



1112 YAKUGAKU ZASSHI

Vol. 139, No. 8 (2019)

DEXWHEIERENESNS.Y QIS DKET,
M/ 5727 7 L DNA Z it - ¥R 502 b
MHIE N, 7V 3—)VBiKkFEEESE ADHIB kT
77k Ri/k#EBESE ALDH2 20— K95 2 3&
fZF @ SNP HEZFIISH T 5 S HEEMEIEIT 1
AN&H7=0 500 HEA M E&EZffiTdhS. LnLl, ko
LRFEOBRFHZ SN0 5T, HRRATFZE I
TB0ITIE, FEMRTRESBEEN 4 58D 5.
Bl Z0E, OWMERE A O F IERE N F1 RS R A e %k
BN ZE DR, Q/KIEMTZIEL (TR DT T ALE D
HEZERGITT 2HE, QKB LICH T S 7z
Wt > 7 O RIREE O R E M O, DR L
NIV OBETHERDERZETH D, DDZDIT
1%, O-ODRRNLETH D, Fx O TFHEB
5, FUROREE ORI O > 7)) > 7 Be R
2B EHERL 7=

AGRSL, MR DY T 7 i A Bk
B35 EiCkD, fEEICEREL 7= LEekE s i b
D%/ I DNA 7n 5 i - Bffi C E#ENE D s HIE
FTSNPHAE V7 2EHET2H70NTa—)LOH
J &, = a7 IV a— ) REBEEE AT 2RO E
IS L=l Th 5.

] &

1. WHRE HHEESNPY¥AE > 7Ok
JI—)VBEFE, 1> 7+—L K->kt bhE%2
VI, RIS 7 B ) ([ 21 KA 2R AR 206 44 %
PiBrE E LTI h2ET, S iRy > 7
Wz W TT IV a— )R BEE R T ADHIB Jk
N ALDH2 O —iH 2R %55 & U THREEL =.
ERYTIVICIZID FEBEML, ZOEORERME
WMTCREANB#REY > 7 LW EZ Uiz, ARER
RN F R DB T RITF I B T 5 M
B2OER GRREFS  BJE/IZF K% No.15-56)
T CHEML .

2. B

2-1. MERUHSE  JKIER (120MDP, HA
BHONE Y 7R, HE) 3 oA — 7 RSt
CGER) K0, OEF7HRIZARC Y UNEOHY
A 2) BAFTFAT 1 WIVRASHE (&R
K0, EmELNY (NFE2mm) A1 1 25X
MU — XS B L0, TREEALZ.
THUNDERBIRD Probe qPCR Mix (QPS-101) %

TF 50 X ROX reference dye 13 HEFiE 24 CKBR)
M5 A L. TagMan Probe & Primer Mix
(ALDH?2: C_11703892_10, ADHIB, C_2688467_20)
KX TagMan Copy Number Reference Assay, Hu-
man, RNase P (%5 4403326) 135 —FE7 1 v
DY —HALT 1 T 1 v IHAEt GEE) o
H A L7~. Human Genomic DNA (Human Mixed:
G3041) 37O AAE i) ZWALL. U—
< )LHP A 75— GeneAmp PCR System 9700, 7300
Real Time PCR System T QuantStudio™ 12K
Flex real-time PCR system 3 Applied Biosystems £t
H -7y vy—PAT2T 171 v KK
=t WH0) 2RV

222, KEME AWEITHEML L KEK
120MDP %, &)l 00— Xz LR+ A FIL
L7 R ANV EF o AF ) O—Z (car-
boxymethyl cellulose; CMC, Ll T #k#E Ik CMC &
W&9) 2/ T G L%k, 7IVAIUEITY IV
U R U 22 /MR CMC 7L ) &R O
MTH .10 KEERII K THD TRERHINICE T
LHEDTHMTHMEEAT S (Fig. D.

2-3. 4271245 % . b DnaCapture O =
DnaCapture {3, MEyRY > 7' > 7, ®ilgE H 2>
TN T, Wik, REFBREOTREEZZEL i
Zagat Lz (GREROE 1. Z220). /KIEH 120MDP
DFEHZRINTFEDTIAF v 7R (R ITFL
>, polyethylene; PE) 7% AL 0 ff1) 7= (Fig. 2).
DnaCapture {JMER R OBFAFIRICTFHEINS O
PEHIR—2a2DYRIPiIEEEEEDRED 2D
I, JKIEREE EERZ A N—L, W S mm D%
il (Fig. 2, BEH) ZRLT=2OMELRS
KOITRGETL, #halathREmEpE (FE) ITIFRK
L. Y7 > F v b “DnaCapture” 13,
N TFAERDOHEELZEE L TOKERKERD 250
BELTE2atE L.

24, ERERICELD PCR 7O0EX

e 48 A A 72 R A W5
/KEEHE 120MDP 2 N £E 2 mm DA b LN
CEMHALTNCTF
T DKEM 2 ZEK100uL DA 7=F
1 —TJITEEEA
95°C 5 SrEINEALEE U 7= Y > 7)) & i
ZDEHEZEY 7 IVY A L PCR KRS 7 Bk

©e © 00



Vol. 139, No. 8 (2019) YAKUGAKU ZASSHI 1113

Starting Few seconds later One minute later

Fig. 1. Time Course of Water-soluble Paper in Water

MISHIMA DISSOLVE PAPER: (http://www.papylia.com/products/kinouhin/suiyou/about.php), cited 1 February, 2018.
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Fig. 2. Design of the Homemade Sampling Kit ‘‘DnaCapture’’
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Fig. 3. Dried Saliva Sampling Process and Genetic Test Flow
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Table 1. Time Schedule for Each Process of Alcohol-related
Gene Types

Sample Punching 30 min
Liquid Handling for PCR 30 min
PCR Amplification 60 min
Genotyping Data Analysis 30 min
Total Processing Time 150 min
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Fig. 4. Scatter Plot Analysis of TagMan® End Point Assay
(A) ADHIB 4 :*2/*2, A :*1/*2, @ :*1/*I. (B) ALDH2
@ FI/FI A FI/R2, @ *2/%2.
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Table 2. Phenotype Frequencies for Alcohol-related Gene
Types

ADHIB ALDH? Type N %
*]/*] *1/%] A 3 1.5
*1/*2 *1/%1 46

B 46.6
*2/%2 *1/%] 50
*1/*%] *1/*2 C 4 1.9
*1/*2 *1/%2 41

D 45.6
*2/%2 *1/*2 53
*1/%] *2/*2 0
*1/%2 *2/%*2 E 2 4.4
*2/%2 *2/%2 7
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Fig. 5. Verification of Cross Contamination between Dried
Saliva Samples
(A) ADHIB @ :%*2/*2, A :*1/*2, @ :*1/*I. (B) ALDH2
@ FI/FI, A FI/R2, @ *2/%2.
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Fig. 6. Amplification Curves of RNase P Gene by Real-time
TagMan PCR
(A) Amplification curves for 37 dried saliva samples. (B) Amplification
curves for standard genomic DNA solutions (103106 copy). (C) Standard
curve (103-109 copy) .
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Fig. 7.
Genotype
(Color figure can be accessed in the online version.)

Table 3.

(A) Genetic test kit

Genetic Testing Kit and Consumable Costs

TRIEH

Alcohol Metabolism-related Genetic Cards A to E Type, and Notification of Concern with Health on Drinking for Each

BRENELTHDEEZ D, TOHMIT, MERERA
WBER%, 4— b7 L —THOR R IRE L
H<BEERETHDH I E, 51T, FEEMERREK
IR TLE L RENRETH S DT, EEEE
MEUTEREETH D, REFEELROBEHRENS

D —HEE L RIFATIE DA, WK@Y»H~W%E
B TREREEZERIES72D

AUy hERZNSTHS. VIV I—IUMKEERT

WIIEHITRER

BREOESG, Y2 7N OREMMIIRE L £/
SNP MM AJHE T H 5.9 A7 ) I — VIR E K&
%, BEROKRFZOVFERBED—RIZEL L TEM
UC, ARBRAEFAREEE (6 N AR 1 D2
FEZEAL TV, 35123, 2EOKRFEEAD
LR - BB Y )L O —)UVKE M 28 U -8
TREDEL WHREZFLEST LY —)LE L TERT

L%, b N LB O RS 3E ORI

Genetic test kit Cost
Homemade sampling kit ‘‘DnaCapture’’ ¥50.0
Oral swab ¥21.0
Label seal, envelope, instructions etzc. ¥12.0
Educational textbook for drinking ¥20.0
Alcohol metabolism-related genetic card ¥22.0
Total ¥125.0
(B) Reagents and consumable costs per person
Reagents Cost
THUNDERBIRD gPCR Mix ¥36.0
80 X TagMan Probe ¥111.7
Distilled water ¥0.8
Biopsy punch for 40 persons ¥12.2 5.
Plastics ¥58.3
Total ¥219.0
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/Aiﬁmwmm@%@% INTNWD, BT

2B U THly & &R O Wi THHZE N S BEIR N D &
FNEETHD. BrFREDO TR, 7Y
SUMNSRE - mLE E ToORER T O R, B
%, HEMBROBEM - BRAIOMAER T OEAD 3D
OT OV ANH 5. B OHIEREIIBRIARIN S
BRI ORI £ TOMER 7O AITKELE
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X, L0EOEWZ—XIZRSATRIEE Tl a v &
BAOLND, WRY 2T TS ERBEEETO
ERETOAOHERL, VOXAa22¥I%x— 3
COR5IERRER T O X EBT D I ENTE.
AT, BN RITEN BB TRES X
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(copy number variation; CNV) Ot BRI ] HE
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