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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.
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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

BNEII I/ 137 % (3.4%), *1/*213 89 4
(43.2%), *2/*213 1104 (53.4%) THDO, *1 &
207 LIVHEELL 0.250 & 0.750 Tdh - 7=.
ALDH2 }x U ADHIB DB TR KD, BERIEEE
HEL A-E @ 5 O 2R E % 3% 0E
LT3 (Table 2), 101219
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KEE  F4E 206 £4Hh 40 #4 DRLEMER Y > T )L &
BIRU, AW LN OAZH 3 e D FE 5 D
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L7z, TOFE, Fig.5 DX S1i2, ADHIB O}
ALDH2 @ SNP % A £ > 7 EFIIRTHR O FE R 2. @
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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.

R RN S 5 N7z [Fig. 6(B)]. PCR KR TlE 1
HA 7))V T LI DNA B2 ST DOMIES N, HIEE
PiE2r (ni3H1 70 &5, 4RI 10 59
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2, 22=10 23tHT5En=33&720, £33
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—3.13x +44.07) 55N/ [Fig. 6(O)]. AWgE
DH G MER AR AR (206 44) Z ] U 7= s s i 4R o
Ctfi 30513811 27)) hoEHINSIE—
i3, Y8827 THIENR 10410 O —
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2ICREIR L 7= K DT, 222 40 40 D HL IR T >
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ALDH2) @ FilL¥E ) S 4% 5 HE £ T O P B K
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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) .

Fv h—HKZ, ¥>7F Y7 F v DnaCapture
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FEOB MG FRIEROME L2 BRI, Ok
DY T T HiEEGEMO%E KT TagMan
PCR S ICERNINT % 5% DNA O il EE 7 % %
HUMICRRET L, BRI Y > 7V & iz
TagMan PCR /DB LT RIHIERZ 99% 1T £ TH
BRI ENTES.

AWFZE VT R R MR I 5 LU C, TagMan 7' 10—
TEISHLEZSNP Y17 2T 7 VYA
LPCRY A —3 v 7 AzMAEFECEHEOT O L
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TE R N OERENE 2 TREEAIC ) B X85 2 ST L
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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

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 ¥Y111.7
Distilled water ¥0.8
Biopsy punch for 40 persons ¥12.2
Plastics ¥58.3
Total ¥219.0
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D SR I 32 B S (2T 2 M 2 IS U 7 el B =
BT ) A=)V s EOKREBIE THEZIGH L /2E

BTABEREREEZRRIILIGE

(IS AR A

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