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Abstract: Objective To build an equipment-free nucleic acid extraction dipstick methodology that can obtain amplification-ready
DNA from Chinese medicinal materials in 30 s. Methods A new rapid DNA extraction method which was suitable for traditional
Chinese medicine, with equipment-free nucleic acid extraction dipstick methodology that can obtain amplification-ready DNA from
Chinese medicinal materials in 30 s was verified. The filter paper strip or disk for the adsorbed nucleic acid can be directly amplified by
the reaction system. Results This method can extract the nucleic acid successfully. The extracted DNA was amplified, and the results
were consistent with the traditional extraction methods. Conclusion The new rapid DNA extraction method is simple, fast, and low
cost, which will make nucleic acid extraction become more and more popular, and no longer confined to professional and laboratory

environment. This study provides a new idea for the application and development of molecular pharmacology.
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Table 1 Information of samples

Ui L 5 U
WZMT HAGEM Ficus simplicissima S TN R 24K 22 2 1 24
TPSH1 B 7 A1 fi§t Dendrobium officinale T SRR EA MR R AR AR
TPSH2 B A D. officinale ety TR A R R BR A 5
TPSH3 A D. officinale B Ry Pl
XYS VWi¥ES Panax quinquefolium JiE! JTIMRZ MR &S
RS ANZ Panax ginseng LY T FES TR Z MR ES S
SQ = Panax notoginseng [ESTES TN BE LR AR
DS 5625 Codonopsis pilosula i J7HE RN K Z 556 18 43 5
BZ HIE Angelica dahurica i TR ARG B s
AZBM 45 WU Fritillaria unibracteata figh =% VUV Erfar )1 DL R Feh AR 2
WBBM AT ULBE Fritillaria unibracteata fih =% VY N g A6 1| D3 B e A
RCR R A% Cistanche deserticola APFES JINZEAS 2 A RA F]
VAR Y1712 Panax japonicus JIEEN pa
JG F5M Platycodon grandiflorum i JTIMR ZMREES S
BHSSC FI{ERE & B Hedyotis diffusa oL N ZAE AL A PR A ]
BSzZ 4% Crataegus pinnatifida P JTNBE LR AR
SR W~ Amomum villosum sz JIMEAS 2 A RAF
TLZ ET5 T Lepidium apetalum P TN BE LR AR
CP W) Citrus reticulata sk JINZEAS 2 A RA F]
HH 23 Carthamus tinctorius 1t JTINEAS 2 A RA F]
HH WAL Sophora japonica pia JINZEAS 2 A RA F]
77 RZ Ganoderma sinense EROSLN JINZEAS 2 A RA F]
&4 75 E Ganoderma lucidum Fozik N EE A TR A
ZL &% Polyporus umbellatus % JOIMEAS 2 A RAF
FL fR% Poria cocos 2 T ZEEZIAARAR
GDL I Pheretima aspergillum LY IES] JOIMEAS 2 A RA R
TBC +-#& d Eupolyphaga sinensis )LY/Ea) JTINEAS 2 A RA F]
JC B4 Bombyx mori LY/Es) JTINZEAS 2D A RA F]
CT W Cryptotympana pustulata )LY/Ea) JINZEAS 2 A RA F]
WSS Y REUE Zaocys dhumnades LY Ea) T ] AR 20

1.2 XRS5

BSA224S L7 R (HZA VIBRA AF]);
Water Bath SY-1210 fHIR/KH# (EE Crystal A
H)s AKSFHMKAL (3£[E BioRad AF]): T100 B/%
PCR 1% (3£ BioRad A#]); Nano Drop 2000 i1
AN e EETH(SE B Thermo /A 7)) ; Tanon 2500
R AR CEIERBERHCA R AR,

R OISl 40 (PVP 40) JHEH Amresco

/vH]; Triton X-100 W H Sigma Aw]; HEHYHNE

#: PCR W{FI & B gl YR RA B
BB PEUE LRI B BN & PR AR ARSI E 3K
AT HRF (PrimeSTAR HS Premix) 4 H
FAEYTRE ORI HRAR; KA SBERE, 50X
TAE buffer. %tk %kl (SYBR Safe DNA Gel Stain),
6 X Loading buffer 5%JlJ 5 3 [H Life Technologies
/AF]; D2000 DNA Marker 4 RARAERH: (b
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BE AWK ARG ESEX, HTEEN
AL

2.1.2 JEAREAEH & AHITAILHEIS ES 3 mm
/NERE, HTARRRIIW . Wit s B 1.
2.2 ELRERFIECH

221 TEVIZIMERSFAEC T 20 mmol/L Tris (pH 8.0).
25 mmol/LNaCl. 2.5 mmol/L EDTA. 0.05% SDS.

222 WA AEMERECTT 1.5 mol/L FRERAL.
100 mmol/L NaCl. 1%%1li%4k§-20. 50 mmol/L

Tris-HC1 (pH 8.0). 5 mmol/L EDTA; I&¥:ikE T
ALK sty

40 mm— | > AEEEIX

() Ef# 3 pim

amm ] > HimesEAIX

1 ERFEREZSEREE
Fig. 1 Filter paper strip and disk
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10 mmol/L Tris (pH 8.0). 0.1%%E 111 %LfE-20.
2.3 JEYRIE DNA $2EX
230 JEARSKYE FRENA AT S JE ) i BT
R A 0.05~0.20g, BT 2mL BOEH, N
A 500 uL RRHZLERES 7 s, BIBAAZIREE &
XIZARER A 3 s IRBHZIR, 2 5K IEatakFs
FEA 1 750 uL i Wi b 3 s LA {2 T W B 1 2%
e K DR AR AR A R I 1 38 B R 3 s,
DA I R B AR, 1 3 0k R RO SE . L
AR R AR WL 2.
232 PEAREALTE RGBS J5 i sl A
M AR 0.05~0.20 g, BT 2mL BO0EH, Sok
PRI BT B0 TR, NN 500 pL 2@
TRRAERES, 7 s, W UEAR AR NRUAW 3 s LAIR
MR, 2 JER RS 1 750 uL &%l 3 s
DA 6 2 I B ) 2% 0T o 5 4 [ i 2 % 2 T i e
MR AR R T VE S IRARAREA R 2 A 7E T 1R
BRMAEET HERT (E2),
24 PCR ¥ KK

TR = B 1TS2 53T 7 i 4%,
FEIEFE T marK. psbA-trnH. rbcL JFABEHATY BERCR
B6AIE; Ehidsrh 2534 COI FRAHE T 1. 50 uL )
MNAKZ: 25 pL PrimeSTAR HS Premix, 20 mmol/L
519145 0.7 uL, ddH.O #ME % 50 pLo [FIEF, 438
PIEFTHRECI N DR, A5k DNA 357 7 (hEZ
By 2015 FRSETERIN HE S § 38 VAR
W2, RMNEEHEEL 5 ul SRR, ] SYBR® Safe
DNA Gel Stain B4f0/1) 1%38 5 HE%ER 3K, Tanon
2500 BUEERL AL R Gk AR

=41

BNBERB s BAVHERIs PHER
Ak Vit DNA AC 1] 5E B

~7-F-7

FEmmBTIES Ja . 2
TR T s

IEAREERN
3s 4 AR

E N
35 AR

R EN
IR

2 ERRFMIEREZIEIREN DNA ##{ERIEREE
Fig.2 DNA extraction using filter paper strip or disk
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Table 2 Primer sequences and PCR reaction program

F&dl 519 SIS (5°—3) PCR 345 1F

ITS2 S2F ATGCGATACTTGGTGTGAAT 94 °C~ 2min; 98 C~ 105, 56 C~ 105, 72 C+
S3R GACGCTTCTCCAGACTACAAT 30, 38 ME¥: 72°C. 5 min

rbeL If ATGTCACCACAAACAGAAAC 95 ‘C. 2 min; 94 °C 1 min, 55 ‘C+ 305, 72 C.
7241 TCGCATGTACCTGCAGTAGC Lmin, 38 ¥ 72°C. 7 min

psbA-tmH  fwd GTTATGCATGAACGTAATGCTC 95 ‘C ., 4min; 94 ‘C+30's, 55 ‘C+ 1 min, 72 C.
rev CGCGCATGGTGGATTCACAATCC Lmin, 38 PEH: 72°C. 10 min

matK KIM 3F  CGTACAGTACTTTTGTGTTTACGAG 94 °C. 1 min; 94 ‘C. 30's, 52 °C~ 20's, 72 C.

50s, 38 MEH; 72 °C. Smin

KIM IR ACCCAGTCCATCTGGAAATCTTGGTTC
col LCOI490 GGTCAACAAATCATAAAGATATTGG 94 °C. 1 min; 94 °C 1 min, 45 ‘C+ 1.5 min, 72 ‘C+
1.5 min, 5 MiEFF; 94 °C. 1 min, 50 ‘C+ 1.5 min,
HCO2198 TAAACTTTCAGGGTGACCAAAAAATCA T T 35 AEER: T2 5 mim
NN CBM-F  CGTAACAAGGTTTCCGTAGGTGAA 94°C. 2min; 98 ‘C+ 10s, 58 C+ 10, 72 C.
’é‘:‘_/mi\‘ , NS s oC‘ . ; 2 oC
RIME  BMR GCTACGTTCTTCATCGAT ;J 470m'i IIEH 72 °C+5 min; PCR 74 30
I R i WSS-F  GCGAAAGCTCGACCTAGCAAGGGGACCACA 95 ‘C. 5min; 95 C. 305, 63 °C. 455, 35
s HH\‘ AN <. o . .
AL WesR CAGGCTCCTCTAGGTTGTTATGGGGTACCG MEH: 72°C. 5 min
3 ZERS59H 33 VARSI MARERZHEEE

3.1 REHHNEER

PATLFE B S A0 NSO 0, 7 )%
Bl 0.01~0.25 g, FEHRL R IG 45 L1570
4E R WIFCRIELE 0.01~0.25 g AXHFP IR
SN, AT CAY ). HERHE IS 2 SRR
B TR, AR TGS ERE, kI
PR EAEHI7E 0.05~0.20g (K 3).
3.2 EEKRRK NI IEE R NE R

NT FHEPAMTEAR. KA BB IRE T4 1Y
R ORI R, DLRAR BACAE R, AT
T DNA $EHURI ITS2 A4 3. 25 R3E M, JE4LH
AR K/ BERE TV k&0 4 R T
B, BT (B4,

A M 1 2 3 4 5 6 N

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

NT PR ES Y R EE
me, VAFLFEEHCARES, #H1T 7 DNA $#2HH ITS2
FFA 3G . Y IR R RnA 1~6 MRS,
DA E NN BOE A5, 25 RR (- 5, A%
BRI S AR, Rifi<Hy g, m
AN 12 MEABEAEIE.

34 HREAEMRBEETE

Hil4% 7 50 MIEARIASL, 2 HIRA 500 uL 2
W AT FUFR BRSSO B, JEHRELL 5 1]
R PR B 3047 ITS2 JP 4193, s 45 R (Kl 6),
1~50 N[BT G RLh,  & GF R AR
A LM 50 R ULy BE, A ROED TR TR B,
fES A E R AL

B M 1 2 3 4 5 6 N

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

M-Marker 1-0.01g 2-005g 3-0.1g 4-0.15g 5-02g 6-025g N-ZEXH
M-Marker 1-0.01g 2-0.05g 3-0.1g 4-0.15g 5-02g 6-0.25g N-negative control

3 RAUERERARHORERIEEMIEIE (A) MASIRE (B) HIT ITS2 Ay HEER

Fig.3 Investigation on optimum dosage of fresh medicinal plants (A) and Ginseng Radix slices (B)
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2000 bp

1 000 bp

750 bp
500 bp

250 bp
100 bp

1-EA% 15 mm @4 2-Ef% 3 mm B 3-JEAURIRE TH 1k R
4-PRARGEARE T AR N2 AR
1-1.5 mm disk 2-3 mm disk 3-filter paper in 4-filter paper out

N-negative control

4 AEFARKNERIZMIIEE DNAKITS2 FH3

HheE
Fig. 4

different shapes and sizes of filter paper

ITS2 amplification results of DNA extracted using

M 1 2 3 4 5 6 N

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1~6-1~6 MR N-Z5 X
1—6-1—6 disks  N-negative control
5 HIBEFRERPMAN 1~6 NMERERZA ITS2 FFH 15
%R
Fig. 5 ITS2 amplification results of DNA extracted using
1—6 filter paper disks
M12 3 45678910 1IN

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1~11-3 1. 5. 10, 15, 20, 25, 30. 35. 40. 45, 50 A%
N- 4
1—11-1st, 5th, 10th, 15th, 20th, 25th, 30th, 35th, 40th, 45th, 50th filter

paper disk N-negative control
6 500 pL ZAHETE 1~50 NEKREZHT ITS2 551
IR
Fig. 6 ITS2 amplification results of DNA extracted from 1st
to 50th filter paper disks treated by 500 pL lysate

3.5 DNA AHRIER

JEACIE TR EL () DNA S0 B A2 48 1, Toik
L K ECE A BT R R .
I, AT 20 MIEARIE AL, AT FUEE BAREE SR
PPN, 22 B AN e S TBCE T 200 pL TE 220K
B, %L1 min. 30 min. 1 h. 2h. 24 h. 48 h.
72 h BFIE] s, FEATRXEE FRUK, FFFI A Tanon 2500
4= H SV BRSER AG AT RS A TR, T
WHIHZE, %221 min~72 h P DNA % H %
SEREH (A 7-A) T DNA Ji IR SR,
IX#) 2.5 ng/ul, H.FEWS[AITE 48 h P 2 IEHT3E o
B, G ER O AL . K Y DNA
VRN, BEAT ITS2 A3 1, Hyal 1 ol
(B 7-B) o 2 #r S5 R o] 68 R 8 AR AE I/ e v Hh e e
TR ) A BRA O 22 B 7R & PCR 4 35441 771,
w7y,
3.6 PRIRIEENS AR BUHTEEAE TS DNA #7383
RELLEE

N T HERPEARESE TS T DLEUAS 5 At PR 4
B S EAR R T I 8OR, 36T T 5k S e
PCR V£, BERAAVETT4S DNA #4T PCR #1524
R, 5 RR M, CLTLER BRI A A,
4 PO L ATEUAS T EERE B DNA 3738 1TS2 /5412 m]
DLyl (B 8D,
3.7 REIRENS AR ENVZAMET 1S DNA R[E &AL
IR AL 3

SRS T NS, RS T ITS2. matK,
psbA-trmH. rbeL JRAIY 4G, DLELAS 4 Aok iR A
75755 24 DNA ANFIZTERS Y H8UR . 45 1%
B (K 9), 4 BiOrikitiT 4 BRI RS 181Y
BT, JEARSIE RN AR IR A8 v DA 5 HoAth b
TP BT VR FIRE Y B BER
3.8 RASEREEE

N T HEPEAGEIEIZ M DNA 21 BTG
P, DLUGRBIES AT 280 R0, #1477k
S HE LR
3.8.1  JELCIENT 25 bR AR o T 48 0 R IR I
Pt CREZHD) feEk 7 SRke. wide, i
BER e PCR S IRF7E02), SR %23 e R
[, A2 LU ey B o 5 SR IR ARIENT ([ 24 )
ALK, it ot - 6 ) 1 38 R 12, A P D ARTR SR B 4
I NI DLRE CRE5E DUBRE, MRS DURE) s Zitt S
Mkt DNA, M (P EZ ) FEHdE M o1
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2000 bp

1 000 bp

750 bp
500 bp

250 bp
100 bp

DNA #FE/(ng-uL™")
[\ S)
Wi
[l

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

120
t/min

1 30 60 1440

2880

4320

I-l min 2-30min 3-1h 4-2h 5-24h 6-48h 7-72h N-FEXHE  Al-TifiEH DNA 7E TE % H [ min~72 h KL R A2-1 min~
72h L B-FIAAREUK DNA 76 TE H 1 min~72 h % 1 DNA #847 1TS2 F A1l 4h
I-1min 2-30min 3-1h 4-2h 5-24h 6-48h 7-72h N-negative control Al-Ficus simplicissima DNA dissolution electrophoresis results from

I minto 72 h
& 7

A2-1 min—72 h dissolution curve B-DNA dissolution from 1 min to 72 h extracted by filter paper disk for ITS2 amplification

FHEEMN DNA MIELEZDF 1 min~72 h ;B 1FRF ITS2 FHi g5 R

Fig. 7 DNA dissolution from 1 min to 72 h extracted by filter paper disk and ITS2 amplification

M al a2 bl b2 cl ¢2 dl d2 N

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

al-TLIR BRI IS a2 Bk RO R EARE bl- 1L
TRBMET A B PCR ¥ b2-8RM A BB PCR % cl-T
TRBPE T IR - Bk M Frigdtakis  dI-TidRE
BRI IBARSRTE  d2-BRBA AR BARARE N2 O

al-alkaline lysis of Ficus simplicissima a2-alkaline lysis of
Dendrobium officinale bl-direct PCR of Ficus simplicissima
b2-direct PCR of Dendrobium officinale cl-filter paper disk of
Ficus simplicissima ~ c2-filter paper disk of Dendrobium officinale
d1-cellulose dipstick of Ficus simplicissima d2-cellulose dipstick
of Dendrobium officinale

8 4TMRIRIZEN S AR BN EEHE AT 1S DNA # HER
RILLE: (ITS2 F51)

Fig. 8 Comparison of ITS2 sequence amplification from

N-negative control

fresh samples by four rapid DNA extraction methods
TS2)

K5 3k AT R R . 45 RN, JI| IR PCR
P B G LE 100~250 bp £ 2 % DNA 4k,
IEMEEYI T (& 10-A); A48 PCR FA¥I1E
300~400 bp A 1 k5. — DNA %77 (] 10-B).
PLESS RS (P EZGH) PRR T —8, AT
FEERRY, R EAIETTLE 30 s WIRHUH 30
VI FESR I DNA, JEa] Rk (25 )
W DUBRE S RS e % 00 5 v R HE) T SE it
3.8.2 AFEZHMALMY KIGEHESE KA
R TR AR 2R, A, Jsfr
H AR, WR SWRAM AT ITS2 Al
COL JFHIMIy 1, 25k 11 fir, A2
KL B2 PR AESE S 35 B e 2y, i B JE 4R
EAA RIFHIEN:, EA 2 MR 25 AL
(5. FYIZ5H ) DNA $EBURTZ-FA0
4 g
ZIRSEUE 7 T AE 2524 R SO o AT, R
T R TR R U 5 ALY 14 LA S TR
TR RTFE RIS AL . A7V P LATE 30 s P RIS
3. Y. WA I DNA, HAiEEsds, o)
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M al a2 bl b2 ¢l ¢2 dl d2 N M al a2 bl b2 cl ¢2 dl d2 N

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

ITS2 rbcL

M al a2 bl b2 ¢l ¢¢2 dl d2 N

2000 bp)

1 000 bp|
750 b
500 bp)
250 b
100 bp

psbA-trnH matK

A-ITS2 [74]  B-rbcL J#3|  C-psbA-ornH J#3]  D-maK FP51  al-PiVESHARIRE  a2- AWML b1-TUVES HEE PCR L b2-ASHE
PCR % cl-FAPESIEAEAAE  2- NS IEMEAAE  dI-THFESIEAURE  d2- ASEAKTE N AR

A-ITS2 sequence B-rbcL sequence C-psbA-trnH sequence D-matK sequence al-alkaline lysis of P. quinquefolium a2-alkaline
lysis of P. ginseng bl-direct PCR of P. quinquefolium b2-direct PCR of P. ginseng cl-filter paper disk of P. quinquefolium c2-filter
paper disk of P. ginseng d1-cellulose dipstick of P. quinquefolium d2-cellulose dipstick of P. ginseng N-negative control

9 PURIZENEIRENZAM TS DNA MR R KA SR AL
Fig. 9 Comparison of different DNA barcode amplification of Chinese herbal medicines obtained from three kinds of rapid

extraction methods

M 5 6 N
M 3 4 N B

2000 bp
1000 bp 2 000 bp
750 bp 1 000 bp
500 bp 750 bp
500 bp
250 bp 250 bp
100 bp

100 bp

AR 2 088 5] B-RSIE 2 585 10558 JUEE PCR 774 2-F0AR IUEE PCR 724 3-W52 DUBERG D)™ W) 4-TUAi DUEHRED) >4
5. 6-HHiE PCR 774 N-25 0

A-identification of Fritillaria unibracteata B-identification of Zaocys dhumnades by method of Chiners pharmacopeial -Fritillaria unibracteata PCR
products  2-Fritillaria unibracteata PCR products 3-Fritillaria unibracteata enzyme digestion products 4-Fritillaria unibracteata PCR products

5-Zaocys dhumnades PCR products  6-Zaocys dhumnades PCR products N-negative control

10 BEUEN A RITET 5 F LR mMEE Rt 5

Fig. 10 Applicability analysis of filter paper method in molecular identification of Chinese Pharmacopoeia
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M 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 N
d Al L L L T L TRl L
I-=+t 2-%% 3-Aik 4-BERIE S-WANERE 6% 7-1112 8- 9-FmfbigdE 10t 11-RMS 12-Fp5 T 13-BRiE
14-4046  15-B1E 16-882  17-52 18 19-48%F 20 Huk 21-t%d 22487  23-Wl  N-=5 (TR

1-Panax notoginseng 2-Codonopsis pilosula

7-Panax japonicus  8-Platycodon grandiflorum  9-Hedyotis diffusa

13-Citrus reticulata  14-Carthamus tinctorius 15-Sophora japonica

19-Poria cocos 20-Pheretima aspergillum

3-Angelica dahurica 4-Fritillaria unibracteata 5-Fritillaria unibracteata
10-Crataegus pinnatifida
16-Ganoderma sinense

21-Eupolyphaga sinensis  22-Bombyx mori  23-Cryptotympana pustulata

6-Cistanche deserticola
11-Amomum villosum  12-Lepidium apetalum
17-Ganoderma lucidum 18-Polyporus umbellatus

N-negative control

11 FREIZAEMIZEH I ITS2 71 COI FFFI4 545 R
Fig. 11 Electrophoresis results of amplified products of ITS2 and COI sequences from different medicinal parts after DNA

extraction by filter paper

I T2 R T8RRI, FEI 5 Hofh 3
DNA $RHUFMI i L5 . orxtie it [
BBV RERE T AR Tk, P
PR R . Zou SEMGHE T MG T iz heE D)
ZdfEm O [ DNA, H DNA 7SSk b A2
DGPR3k, B4 s30T R v
i DRI JERRF TR B S 6 354510 DNA R B 2547,
& AT IS4 PCR 71,

ARAUTEL TR, RBEEEHAEEEE 5]
SRR ) — SR T AR SR 2 40 B A BRI B
() EP I ATSE IR, SERIGANRE BRI A
7601 ek 4, 516 Whatman NO.1 jEgCfsgG % [0
LI DNA $RIU73:, f CTAB 361, 7] £kl
St EL, TR A BRI RE SRS, A4S IV
RO, SRR TAEH4%.

FEASERR T R ILIRAR A . SRR PISEI TR o
THREL DNA FHEATH 389, E S 4% 4 v 00 25 5l
PRI £ 7 T s, LB R 5 T5 e
RV ESEAL 5, JEAT S HUE PCR. ZOREMIE (8]
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