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Abstract Objective:To establish a method for the rapid identification of the authenticity of Gastrodiae Rhizoma
herbs based on enzymatic recombinase amplification (ERA) technique. Methods: Following the principle of ERA

primer design, Oligo 7. 0 software was applied to screen and optimize the ERA — specific primers of Tianma based
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on the ITS2 genome sequences of Gastrodia elata and its common artifacts. Primer Premier 5. 0 software was ap-

plied to design the specific PCR primers for the identification of Gastrodia elata, and through the optimization of
ERA and PCR reaction system, the optimal reaction time for ERA was finally determined to be 17 min, the opti-
mal reaction temperature was 40 °C , the optimal annealing temperature for PCR was 57 °C , and the cycle was 32
times, and the established method was verified for sensitivity and specificity, and the samples of asparagus availa-
ble in the traditional Chinese medicine The sensitivity and specificity of the established method were verified, and
the commercially available asparagus samples in the market were selected for testing. Results; The designed prim-
ers for the specific identification of ERA in Gastrodia elata did not cross — react with its common forgeries, and the

specificity was good, a repeatability results showed that the three repeatability tests were consistent, with no false

positives or false negatives; the sensitivity of this method for Gastrodia elata genomic DNA was 1 pg » pL~',

which was higher than that of conventional PCR; the ERA technique can be used for the rapid identification of

commercially available samples of Gastrodia elata and the results of the assay are the same as those of the PCR

method. Conclusion: The established detection method is simple, rapid, with high specificity and sensitivity,

and provides a new means for the authentication of the Gastrodiae Rhizoma.

Keywords: enzymatic recombinase amplification; polymerase chain reaction; Gastrodia elata; qualitative; au-

thentication ; rapid detection
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F& AT, AN 1T N A TR IBORI A H DA A% AP B 7
K AEH; ( Trichosanthis Radix) | 28R F[ AR ( Mirabills ja-
lapa L. ) VA F K24 ( Dahlia pinnata Cav. ) B3 2545
KB FERIR, 7 H A FH AR R . 75 AR I M 24 B4
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mediated isothermal amplification, LAMP) £ A | 51 21 [if§
R4 WP 3 (recombinase polymerase amplification,
RPA) HOR A M A FHE R AL TR Y1 (recombinase
aided amplification, RAA ) ¥ A FI i 1H 15 P 3 ( enzy-
matic recombinase amplification, ERA ) 4 R {CFE Y
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HULERAT PR ] |, Q6000 i 5551053 6B EE i ( De-
Novix A H]) ,K30 5T iR A (BUM BB A



JPA, zwmswmz=s

Chin J Pharm Anal 2024, 44 (4) . 731 -

FRZy ] ) , Digital Vortex Mixer ( Thermo Fisher /3] ) o
L2 PR

TR B2 (rb 2 24 d K P e, L5
120944 -202112) EIRFIHA B2 0 (SR3EREEZY |
PERLVRR A= W, 4t %5 DST201211 - 072) | Kl 45 B 25
(HEMREL A RA R KAER (LR M 256
Y1), B AT RE 3 2855 R 22 2500 A7 BR 2> w1 ko Afg
IS . Gy S1 - SIS T8 KRR, J T 0F
W 25T G RIS 46 3

FERARZ IR 4% 150 & KS101 (75 JH 55 3k 5
FHEARA 7)) A% Y4k (SuperRed 23 7]) (100 bp
DNA Marker( _Fi4EY) TAEABRAT]) .2 x Tag PCR
Master Mix i ( g 5 i MERE A= W RH B A A BR A 7D )
TR (PYPEE Agrose A H]) .
2 FHiEEH
2.1 £S5 DNA $2HL

KM R CTAB 242 BUE Y1 3L 20 DNA , 73 5]
IR 100 mg ZRIE AN AR, BCE T 2 mL

BLDE T, A P (PR ZE pf) 1 000 pL, P2
V(B - A1) 3 wl, 13 000 v« min " & 0>
6 min, 7 [7% ; IA 65 CHiHAY P3 15 (4 x CTAB)
750 WL, P2 %K (B - #idk 4 WE) 2. 25 pL, imiEE
AT H OB )5 65 C/KBEES 1 h, RHEZR
MomA PAL = E b - 00 mEE (240 1) ] W
750 WL, AN TE 5, R FL Ok, R T AR
12000 r » min "B 5 min; B 3E, INAZERFH P5
W CHEHNEE), T 20 CHLEE 30 min, 12 000 r -
min "' B0 5 min, F£E EiF; A P6 WA (70% &
)600 wl,13 000 r - min ™' BS.00 5 min, 3 b (
SMPIR 1K), IR BT A P7 %W (ddH, 0)
30 L, BIASAE ) DNA 3
2.2 Ff DNA Kl

FEFE TR DNA ¥ 380 Tt 58 41 43 06 06 BE 1
FEWREE BNV S I E 3 U, B 45 2R 11 1
(B, AR Ay T Asgo o F LA S E AL . 25 R UNFE 1
B FE AR BEIAE 1.70 ~ 2. 10, FF 5 20K

®1 REREEMGR . TEFRDNA RERAERNER

Tab.1 Results of DNA concentration and purity tests on Gastrodiae Rhizoma, its pseudo products and

commercially available samples

FEAL AR A260 wn” P/ FE SRR
(sample name) Ao (ngepLh) (semple souree)
RFEXT B 25 #1 ( Gastrodiae Rhizoma reference 1.89 239. 89 o E B 25 RS 8 BF 9T 56 ( National Institutes for Food and Drug

crude drug)

SESEF MR %] R 25 #4 ( Radix Mirabili Jalapae  1.95 367.72
reference crude drug)

FAEH (Trichosanthis Radix) 1.98 371.42
F 45422 ( Dahlia Pinnata Tuber) 1.71 209. 31
sl 1.82 290. 52
s2 1. 89 205. 69
$3 1.97 492. 83
4 1.79 397.74
S5 1.85 510. 94
S6 2.04 460. 46
s7 1.95 380. 53
S8 1.74 421. 67
S0 1.83 369. 34
S10 1.72 438.76
S11 2.07 526.38
s12 1.93 510. 02
s13 1. 84 280. 01
Sl4 1.79 198. 48
S5 1.84 310.37

Control )

3R E 2 | 15 B FF A ¥ ( Lemaitan Pharmaceuticals | Dexter
Biologicals)

LM 25841173 ( Anhui Bozhou Pharmaceutical Market )

FMEZZIATRRZA A (Jilin Guoan Pharmaceutical Limited Company)
MK, F1 11 ( Baishan, Jilin)
K, 8 J5 (Songyuan, Jilin)
FHAK, FHAR(Jilin, Jilin)

TR, FHAR(Jilin, Jilin)
M, &F 2% (Shulan, Jilin)
Mk, K7 ( Changchun, Jilin)
FHK, 128 (Liaoyuan, Jilin)
T, ILPE ( Liaoyuan, Jilin)
MK, BPH ( Shuangyang,, Jilin)
K, 24 (Panshi, Jilin)
Tk, 38 1k ( Tonghua, Jilin)
FHAHK, 4L ( Tonghua, Jilin)
bk, 11 ( Baishan, Jilin)
4 , W38 ( Zhaotong,, Yunnan)
= F , ML ( Lijiang, Yunnan)
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M NCBI %% #& £ GenBank ™ T X K R
(EUL35912. 1) J e WA i 1) 1TS2 K& PR 41 7 97 i
F1 2 750 X3 AT, #0300 28 5 R 0 IXCI, 22 5 M)
IR R W) ERA 519 5 54506 m , i
Oligo 7. 0 R AF LIt 6 X K BRHr 5 M ERA %51 5]
Yy, Bt I S50 5 8 DL Ak s AR 96 KRR DNA 73 FFRid
4, W B Primer Premier 5.0 ¥ {41t 1 % KKk
PCR F¢ S PE5 19, 519 5 90 2 fhy AR AR TR (G
) By A BR v A G Tt 1y 514 e 3 K 350 7
P BE AR 2 IR .

F2 AWMRATIZITH PCR.ERA 21454
Tab.2 PCR and ERA specific primers designed in this study

214 ey PR
(primer) (primer sequences) (5’ =3") ('ploduct
size)/bp
PCR  F:ACAGCTTGCCAGATCGTTACA 178
R: GGTTGTCCGTGGTGAGTGAA
ERA  FI.TGGTCGTGACCTACAAGGGTGGAAGGAAAC 180
RL:TTATTGATATGCTTAAACTCGGTGGGTGGC
F1.TGGTCGTGACCTACAAGGGTGGAAGGAAAC 140
R2.CGAGGTTGCATTCCTAGTCACCACGGGCTT
F2.CCGCTGTGGTCGTGACCTACAAGGGTGGAA 186
R1;TTATTGATATGCTTAAACTCGGTGGGTGGC
F2.CCGCTGTGGTCGTGACCTACAAGGGTGGAA 146
R2.CGAGGTTGCATTCCTAGTCACCACGGGCTT
F3:ACACGCAGACTAGCTCCTCGTATTCGCTGGC 106
R3:CACACAACGTTTCCTTCCACCCTTGTAGGTC
F3:ACACGCAGACTAGCTCCTCGTATTCGCTGGC 124

R4 :CGAGACAAATATCTGAGGCACACAACGTTTC

2.4 PCR &z iy s

LA PCR SN A& F A5 A, 08 Fc 2 PCR
SR ZR R 25 pl, Hiip 2 x Taq PCR Master Mix 12. 5
pL, BRI (10 pmol - L70) 45 1 L, Kl i
RIFEAT R 2544 5 0 ) DNA Y59 (100 ng » pl™") 1
pL AR B RO, K ddH, 0 L3 25 pl, 7
BUKE ddH,0 fE R BIMEXT IR, PCR W 7 :95 C
AP 5 min, J§ 3 W 32 k(95 °C,30 s;57 C,
30 s;72 °C,30 s),72 CHEAf 5 min, 4 CARAFE.
ZERGHCRTK AR 6 wL, DNA Jp T4Ric LA 4
L SRR T 2% SRR AR FL VOB 1,120 V- em ™'
JEEHL DK 40 min, B IK 25 o0 5 B BRI B T 28 M 4 A
SRR, AERANE 1 R, T i KRR
P PCR 5197 178 bp Akt BB — B8 550, iy Hw
DLk BT 455, 2 B13% PCR 51y BAT BTG Sk

RWEHR L

M 1 2 3 4 N

600 bp —

200 bp —— ——178bp

100 bp —

M. marker N. B %} IR ( negative control) 1. K JFE X} R 24 4 ( Gastro-
2. FEORFIM T HE 24 b1 (Radix Mira-
3. R A€ ¥ ( Trichosanthis Radix)

4. K 4§H25( Dahlia Pinnata Tuber)

1 PCR 5|44 R 1% 57 A5 #5852 Bk FR ik B ik

Fig. 1 PCR primer - specific agarose gel electrophoresis profile

diae Rhizoma reference crude drug)

bili Jalapae reference crude drug)

2.5 ERA kxill{k R ry iy

R 4 L Atk B0 A% R 48 150 8 KS101 Ui W 43 ic
il 48 WL TR R , HL T00TR U B A T R R 20 L,
10 pmol « L") b\ FUi# 51 % (FI/R1) 45 2 pL,
10 ng « pL ' AORE S DNA 5 1 wl, B ddH, 0 b
JEF A8 L, K TR W 78 4 R R 1R 29,6 000 r -
min " B0 3 s BRI A S AL P850 H
L3000 r - min™' fHEEIRE] 3 ~5 s, HEPHEIR
R, TR 6 000 r - min~ B0 3 s, Hf S 5
2 WLHNTE R 4545 3% 1,6 000 v - min ™" 4% &5 .0
3 s, TS 7 E A BRI A, 3 000 r - min TR )
3 s, kLA 6000 r - min B ERL 3 s, BRI
BN T ,40 CHEE 17 min, KN 45 H 5 57
Rk ) i, B ERA §7 34 7= W) %5 W 10 wL il Load-
ing Buffer 1.5 pL. F 60 CHFH 5 min,
2.6 ERA p=4yfiil

FRECO. 8 g BEAEHEAD AR & THEIE I, A 1 x
TBE 40 mL, ZEG S b ep SO 4 min 5, AR
FRYLEL GelRed 4 L, IFHIME I 82T, 15 2% Bhia b e
JBeo MRk AR 6 L, DNA 73 FHRic bAERE 4wl
ST BN B e B B VKRR b, BLR 120 V), 4 5 a4
FRAEESSREFL 2 ~ 3 om BPE5 AR K B BRI TR Ak
AT R LS
2.7 ERA JriEsE0THN
2.7.1 FERPETPH 43 5ILL 10 ng - w7 RIBRRS
HEZRA SRR FTAR X B2 bF L R A6 Ky . K 2 B 25 1Y
DNA ¥ AE AR , Rl LLJC TR ddH, O 4 Sk B A Xt
WSR2, 57 T 19 SN AR 28 0 2% A2 144 1 ik
Pyt W ZE R G R 2. 67 TR ik AR gk 1 16 iE



JPA swmawmzzx

Chin J Pharm Anal 2024 , 44 (%) . 733 -

SIS FRANTE 2 Frs, A L JkGE BRI
>y 180 bp 19 H A9 A7 , Dhdin S ST HECR H B H A9 2%
7, 2R FI/RL NG YA AR 2 R R A

M 1 2 3 4 N

600 bp —-

200 bp —-
100 bp —-

—180bp

M. marker N. BH{4%F I ( negative control) 1. K JFEX} AR 24541 ( Gastro-
diae Rhizoma reference crude drug) 2. 2EIEFTAR X IR 24541 ( Radix Mira-
bili Jalapae reference crude drug) 3. K AEH; ( Trichosanthis Radix)

4. KN%§ 325 ( Dahlia Pinnata Tuber)

2 ERA 5| 445 51420 A5 18 5 B ik B i

Fig.2 ERA primer - specific agarose gel electrophoresis profile

2.7.2 EEM P10 ng - pLT A RFRAT IR 2
bR ZEFIAR NS BE 2G4 R ALY KT 4§ He 25 ) DNA
VS A K TG ddH, O FE MR, SR FH 2. 57 30 F A6
TRZ R — VR N D3 76 A [R) A 4G D A 2R 5 s I 2%
T AETR] — 5256 PR 8% rf i R[] B[] B A2 A 5 3
YR, LS TG R 2. 67 T F J5 g 4 i, 45
WE 3 FiR, 28 3 W MR, KT B8 25 41 4 78
180 bp 4b i3 H 9 271 , 11 Bh it S BF % BTG H 1)
2, A BB B P BB, HL 3 R 5 4 R —
R W EA RIFEE .

M1 2 3 4 5 6 7 8 9 1011 1213 14 15

M. marker 1.6.11. KpfX} B 2544 ( Gastrodiae Rhizoma reference crude
drug) 2.7 .12, 2 IEF M X} I8 245 #4 ( Radix Mirabili Jalapae reference
crude drug) 3.8 .13. K ALK (Trichosanthis Radix) 4.9 .14, KHi %4
B (Dahlia Pinnata Tuber) 5,10 .15. B4:%} B ( negative control)

3 EEMHITMERARTE R Bk E L

Fig.3 Repeatability evaluation agarose gel electrophoresis profile

2.7.3 RUHIEEH 45RO B2 b LR 4] DNA
VAT 1510 JEFTAF LA B, 42 BIAR B B 100 ng -

- pL7' 100 pg - pL7" .10
pg + pL ™'l pg+ uL7' 100 fg + wL™' 10 fg - pL™",
DAFR BRI DNA VR AE iR, I [F] B R A 5 v
##7.1 ERA PCR K& R G147 22, FL# 2 Fh
K m R . T ERA A & B AR E R
B ORI ERA L% 10 ng - pL ™' JFLRE
FTRGI , PCR R M 100 ng « L™ FFLAUEF AR

HE 4 - A RTUL, RS 5 VKB v] LUA BT M E 1Y
2500, 5 6 VKB BT A B B A H TG W, B e e
ERA [ RN 1 pg - wL™' BB 4 - B 0] L, 7E46
3 VKB AT DL B H 5, 5 4 UKEE R AR BLE 4
HE I E PCR YRGS N 1 ng - uL™', W] ERA
M REEEIL T PCR,

pL ™" 10 ng + pL7' 1 ng

M 1 2 3 4 5 6 7 N

600 bp —
200 bp — ——180bp
100 bp —
B
600 bp ——
200 bp -——178 bp

A. ERA R UK E (ERA sensitivity electropherogram )

M. marker N. [N B ( negative control)  1.10 ng + pL.™" 2.1 ng -
pL™" 3,100 pg+ wL™' 410 pg- ™' 5.1 pg-pl™' 6.100 fg -
pL™" 7.10 fg - pL~'

B. PCR R &M i3k K] ( PCR sensitivity electropherogram )

M. marker  N. [ %} i ( negative control)  1.100 ng - pL.™" 2. 10
ng-pl™' 3. 1ng-pL™' 4.100 pg- pL™" 5. 10 pg- ul™' 6.1
pg - pl™' 7.100 fg + pL~!

B4 REMEIEN RIS R ik E i

Fig. 4 Sensitivity evaluation agarose gel electrophoresis profile

2.7.4  TOERBREE SR R IRC20 17T ik
TGO 2411 4 1 T B R BRAE b DNA, fll it A% IR 7R
FISGIE DNA SRR B2, 94 1 B RE i DNA IR 4y
PR E ddH, O B % 100 ng - pL~' #1 10 ng -
L™t F B2, 47 RN “2. 57 TR K I Ak 2R AT R
R, Hods 2 ROk A R R —3 . iR 5
JIt7R  ERA K 75 45 180 bp 4k H 38— B 5k ly
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(0 IE &R, 10 PCR AN 7 i AE 178 bp Ab H B #— 1
SE AR BN IE Ay, To3 38 A% 04 0 O il LS B A X
8,2 Bl 5 v A O A I 45 R — 2

M1l 2 34 56 789101112 1314 15 N A

600 bp —

200 bp — 180 bp
M12 34567891011 12131415N p

600 bp —

200 bp— -—178 bp

M. marker N. [f] 14 %} B8 ( negative control) 1.S1 2.82 3.83
4.84 5.856.86 7.87 8.8 9.59 10.S10 11.SI11 12.812
13.813 14.S14 15.815

A. ERA i H, 3k 8l (ERA commercially available electropherograms )

B. PCR Wi ik &l (PCR commercially available electropherogram )

5 TEREM S1 ~ S15 BUBRAEHE R AL AL Ok B i

Fig.5 Agarose gel electrophoresis profiles of commercially available

samples S1 - S15

3 it
3.1 ERA 51 9Ryiiit

AR P3RS 6 %) ERA 51 at 7 416 0 1, 7
TSR Y R R SR T2, 57 TR A6 44 2 0k
P4, SRR 4 B — B 2l i 5 | AT ik
AR e, 25 R E 6 TR, 514 F1/R2
AR E R A o AR R e R 0, F2/R2
H 2% (A BRSSP 0, ik X 2 X 51
Yy,1m54% F1/R1 F2/R1 F3/R3 . F3/R4 #JH L 1 4%
B—HRAAT, BT 518 FI/RL § 8RB, 440
OIS, SAS I I Se e B 4 7 W K D 180
bp K51 R0 F1/RT 3047 J5 S5 Rk .
3.2 ERA f5ili S il BE R

K RIBXT HRZ5F DNA IO M B 22 10 ng -
pL ™ RFI2. 57 IR R AR R B R 43 2 T
33.37.39 .40 41 .43 45 C e iRA e R B, I
IS A S RPZE IR RN, I I ERA 9734 P M 10
Lo AGRF & 547 ) Loading Buffer 1. 5 plL F 60
CHFHE S min, ARG RHAT2. 67 WK J7 5 M 4¢

RWEHR L

M 1 2 3 4 5 6

M. marker N. BH X B8 ( negative control) 1. F1/R1 2. F1/R2

3.F2/R1 4. ¥2/R2 5.F3/R3 6. F3/R4

6 6 XI5 4 AT R R IZER ERA H B MRk Rk 4 R
Fig. 6 Gel electrophoresis results of nucleic acid ERA amplification
products of six primer pairs for Gastrodiae Rhizoma reference crude

drug

SR R Gl ROV o

W7 PR A2 37 ~45 CR Y H R &l
1 ~3 Pkil i TR R, 2 ERA ¥ 880R AN & 5
4.5 VKEY YA R AR E , A5 B — ], {ELAE
43 C LU , B TRLEE A T 37 3 R B AR, i LA
B2 KPR ERA 5l S Wt B2 40 °C o

-~ 180 bp

1. 33 C
3.39C 4.40°C 5.41°C 6.43°C 7.45%C

7 AEREGBEXRR ERA 7= R R ik 4 R
Fig. 7 Gel electrophoresis results of ERA amplification products of

M. marker  N. B X B ( negative control ) 2. 37 C

Gastrodiae Rhizoma at different reaction temperatures

3.3  ERA fH: i [ iR

SRHI“2. 57T RONARFR , 4 A S E] 2 10
15171920 min I B2 WAS 45 B2 WA OB T vk
HZ (RSO, B ERA 84 7 I R 10 L fin Loading
Buffer 1.5 wl. 760 CHFFE 5 min, SN 455 R
“2.6" R I IR ES AR e PR R BTN A]

W 8 Jis , FE SO [E] 2 10 min 1, 0] W H /4
FAl (AN, 75 15 min DUG , BEE B AR ERA
PRI IR AN T, TSR 3 UK IE I 2R E O B
58, WO A2 Fe HE ORI 18] 2 17 min,
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600 bp—-

200 bp—-

100 bp —

M. marker N. PH:X B ( negative control) 1. 10 min 2. 15 min
3. 17 min 4. 19 min 5. 20 min

8 A EREETEIRFR ERA #3871k B FE vk 45 SR

Fig. 8 Gel electrophoresis results of ERA amplification products of

Gastrodiae Rhizoma at different reaction time

3.4 ERA &g | msEg

K2, 57 WUR KRR & TE UL B I 514
EYEEN,EE 1.6,1.8.2.0,2.2.2.4. 2.5 uL 3L 6
AR B SO A TR IR A PR R, SO 4
JE B ERA P38 =99 10 wL in A Loading Buffer
1.5 L 760 CHFHE 5 min, RAH“2. 67T ik
ZOER, LU E R R AR | Wi, S5 5Ran1& 9
N BEE G IR THE T R R TE R R (B A5
3 UK IE B A5l B O B g, B E I Sl
#R2.0 ul,

M 1 2 3 4 5 6 N

600 bp—-

200 bp— -——180 bp

100 bp—-

M. marker N. PBAPEXTHE (negative control) 1. 1.6 uL 2. 1.8 pL
3.20 uL 4. 2.2pL 5.0 2.4 pL 6. 2.5pL

9 AESIMEXFK ERA § I~k iR E K E R

Fig. 9  Gel electrophoresis results of ERA products of Gastrodiae

Rhizoma with different primer amounts

4 NG

RIR XA IRH A BB KR4 TR Tt %
DI N RZEALZY i ERRIR D P2 % 2, DY
A B A EIGER THIEIAIT . ERA P A 5 3 1
RPA Jir FLAT 14 % 8 D3 HUBAS B, AT T 32 G o
ABIFFE LT RIR S H WA i 1) TTS2 5 PR 40 P 37 i3
22X ERA %5059, th T H F v 3806 L 1T r 3t

FAT ERA f5 1" B A B4 K i
AT H 1 W0 AL, de 4R B R S PR R Y FL/
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