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Identification of Pheretima ( Pheretima aspergillum) Formula Granule by Allele-specific PCR
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[ Abstract] Objective: In order to ensure the safety and effectiveness of clinical drug use , the
identification method of mixed and adulterated specific polymerase chain reaction (PCR) identification of
Pheretima aspergillum and its processed products was established. Method: Based on the cytochrome C oxidase
subunit I sequence of P. aspergillum, primers were designed to cover the whole sequences, and the stable DNA
ranges suitable for the identification of Pheretima (P. aspergillum) formula granule were screened out. Specific
primers were designed according to the specific single nucleotide polymorphisms (SNP) of P. aspergillum in the
stable DNA range. The P. aspergillum and its mixture were collected respectively, the PCR reaction system was
established and optimized, and PCR reaction system and procedure were optimized, and the tolerance and
applicability were investigated. Result: When the annealing temperature was 62 °C and the cycle number was

36, both P. aspergillum formula granule and its formula particles could amplify a single specific identification
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band of about 170 bp, and the other 20 adulterants and negative controls had no band. Conclusion: The allele-
specific PCR identification method established in this study can quickly and accurately identify the P. aspergillum
formula granule. The orgin of Chinese herbal medicine and decoction pieces and P. aspergillum were accurately

identified. It can also provide a reference for other studies on the quality standard research of other Chinese

herbal formula granule.

[Keywords]

b e 2 T AL 48 44 5 b 2, 2020 A (AR
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JE R 2 b, [ — A JE D A [R) 3 S v 2 R AN
FIAH EAR o ) M R AE R R A Sk R A,
FLAG W 25 A (8, A B N7 & JE P b e T
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Mo (2 30 B ) ) B 7 kst AR = LR I A
PR mI A DL 3R 10 T b e 2 1 2 0 I 5
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1.2 f¥#%  Veriti™ # PCR 1 (Applied Biosystems
%% #) ) 3 GeneAmp 9700 % PCR {¥ ( 32 & Applied
Biosystem 23 & ) ; PTC-100 %! PCR {¥ . SYNGENE
SYNGENE #! & i 1l 1% & 4t ( 36 [ Gene 2 w] ) 5
TC-512 % PCRAX ( I Techne 22 A ) o

1.3 7 Wizard®* SV Genomic DNA Purification
System ( 3% [# Promega 4= ¥ /A Al , it 5 A2361),
DNeasy”Blood & Tissue Kit i 7 & . QIAquick
Nucleotide Removal Kit & 7] &5 ( 78 [F P14 4 W) $ R
AR LS 4 9 A 69106,28306) , 2xTS super
Mix (BEFF A W £ R A RS A, L% TSE005) |, 2%
MightyAmp Tag( H 7% Takara /A 7] , ##t5 RO71A) ,2x
M5 PCR Mix(db 5t R A R AW ARG R A F M5
MF164) , 2xI5HifiTag Mix ( 3% [F MClab /A 7 , it 5
ISHM-100) , Trans 2K DNA Marker(Jt 5t & % 4 4
Y AR AR AL S BM101,7 M e %t B8 25 4 (
] £ 24 R A et 45, 120987-201508) .
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Table 1 Fifteen batches of Pheretima aspergillum medicinal materials
s w4 £l 7= b Yy Fh
1 I:iy/2 1905004 JUVEAE BT AR S B W Pheretima aspergillum
2 IV 1905005 JUPEAE E AT A ZINE| P aspergillum
3 YA 1905007 JUARAR A T T ZINE | P aspergillum
4 S M 1905008 JUARA A T N T ZIRTL W P, aspergillum
5 IEL)A 1905010 JUARAR HE P Y 4T Z I E M| P. aspergillum
6 IV 1905011 JUARAR HEPCTT Y 4T Z W BY| P. aspergillum
7 I 1905013 JARA W 1L T A T S EW| P, aspergillum
8 I 1905014 JARA W LT A T S B P, aspergillum
9 I 1905018 JUAR A BN T E X S EW| P, aspergillum
10 I 1906019 JUVE E AR B S B P, aspergillum
11 I 1906020 JUIRAR A T i T S EW| P, aspergillum
12 I 1906021 JUARAEE P 2l S B P, aspergillum
13 I HAE 1906022 T AR A LT A S B P, aspergillum
14 ] Hb R 1906023 TR A BN T B P X SN B P aspergillum
15 I 1906024 JUAR A BN T B X ZIR T P. aspergillum
F2 IREATEHMRGHERER
Table 2 Commercial medicinal materials of Pheretima used in this study
No. R R AN Kk A Rl R AR RAEH
1 Z Pheretima aspergillum 3 20180303051.20180303059.20180305016 2Z
2 Z £ P. aspergillum 3 20170711003 .20170711013.,20170711015 7 [
3 SR EH P. aspergillum 3 20180402001 .20180402002.,20180402006 Ek
4 Z I 0| P. aspergillum 1 20180116017 TR
7 IE A A E 5 P. vulgaris 3 20180303031.2018030303.20180303039 =Z M
8 A P ) P vulgaris 3 20170712028 .20170623003 20170712015 S
9 I AR B ) P. vulgaris 2 20180509001 .,20180605013 Tk
10 IE A A E 5 P. vulgaris 1 20180605018 T 4 3t
11 IE A7 A 45 P. vulgaris 1 20180405027 g
12 JELAR A E M) P. guillelmi 1 2018041804 i
13 JA R PA 2 5] P. guillelmi 1 20180605014 EZ
14 JL R B 1) P. guillelmi 1 141028021 e
15 =g e P. pectinifera 1 2018041102 it
16 HiE B 5 P. pectinifera 1 140617001 MSR(G225Y v /N
17 HiE B 5 P. pectinifera 1 20170712062 %2
18 P I ] Metaphire magna 3 20180303033 ,20180303034.,20180303037 EZ
19 P I ] M. magna 1 20170725001 R
20 P s ] M. magna 3 20180402003 .20180509002,20180402004 SN
21 P I ] M. magna 3 20180605002 .20180605003 ,20180605005 Taf 4E 3t
22 P I ] M. magna 3 20170623002 .20170623006,20170623008 %[
24 I | Amynthas phaselus 2 20180303061 .,140220045 2=
25 I | A. phaselus 2 20180116025.20180511010 i 7
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k2
No. B2 R T 4 Kotk /A~ B R AR R4
26 T T A. phaselus 1 20170712020 27 |
27 s FL 325 5 5] A. octopapillatus 3 20170711011,20170712007.20170712014 |
28 I L e ) A. octopapillatus 1 20180116009 N
29 I L 3z 5 ) A. octopapillatus 1 20180316002 =M
30 2 P32 T 1) A. carnosus 2 20180408029 ,20180408029-2 5
31 L7 48 5 P 0] Eisenia andrei 1 20180605015 L [
32 Hili 2328 ) A. marcidus 1 140219050 AL
33 E iz ) A. morrisi 2 20170711009,20170711063 E 35|
34 He A L ) A. robustus 1 DL-20 /N
35 W J5 I T 05 A. corticis 1 20180303035 2
36 PE I T 5] A. gracilis 1 20180404020 e
37 fagieatil M. schmardae 1 DL-43 g
38 i S 325 5 0] A. amis 1 20180511002 it
39 SR 5| P. aspergillum 1 DL-18 HIK
40 1 14 PR B g P. vulgaris 2 2018041803 ,DL-63 Ll
41 1,3 B4 B 6] P. guillelmi 1 DL-64 Ll
42 2 P It 1 1) A. carnosus 2 DL-23,2018041101, R
43 e e ) A. candidus 1 DL-7 R
44 T B ) M. californica 1 2018041805 R
45 Jon o A M. californica 3 2018050301.2018050302,2018050303 it
46 i M s B 5] M. californica 2 20180514001.20180514002 pigLl|
47 TP 5 A. tayalis 1 DL-34 R
48 E 3z ) A. morrisi 1 DL-1 GIN
49 M 8 A. uvaglandularis 1 DL-3 R
50 LA I ) A. tessellatus 1 DL-2 R
51 | A. cruxus 1 DL-39 R
52 AT Ik s ] M. schmardae 1 DL-43 R
53 RIS s ] M. ebucculenta 1 DL-9 Eig/S
54 1% W3 F 5] A. lubricata 1 DL-6 N
55 T IR ) A. wangi 1 DL-44 /N

2 AHik WIPCR =YK 25 170 bp. SIWh A T4 9 T/

2.1 DNA B 4 5 A Wizard® SV Genomic
DNA Purification System & 77l & 4K 41 15d B 45 #4645
RPEIC, FE IR DNA W MHR U5 il B 4 °C ik
Frh A .

2.2 5kt A XTI (SHEE) GEAG
B R B AR AT E R B ) A 5 B 4R
T Bk 2y 4t B (5 R C AALEE I SE 1 (CO T )41k
BeRr e R Bt ) M R R R PCR SIS,
W51 % 5 -GTGCCATGTTTCTTGCTGAA-3" , | il
51 %) 5'-GACTGCTCCCACTTATACTAAGA-3' , i

<122 -

(1t ) ety A1 BR S | A
2.3 PCRUBELKM  BUb 24t RO 5 KB o7
Wik DNA,ZELLN Ji T -

D3 kI E 60.62.64.66 °C ; @ PCR 1f ¥ %
32, 34, 36, 38 1 H ; @ Tag P 2 . TS,
MightyAmpTaqg, M5 1 15 Hifi Tag; @ DNA f& #g & .
3.10.30 f1 90 ng X PCR % ) &5 5 Fa o 1 19 52 )
17 3 ) o 3 4 ) S R, 6 b g (S 30 B ) Bie 7 kL
HEAT L s FE S PCR % 5. PCR ™= Wl 1.5% &
3£ B WA O A T R TRAS U
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R3 TR (STHEBBDARAEZ TR T B AIRKR T 8 BT B
T
Table 3  Pheretima aspergillum standard decoction with freeze-

dried powder, pilot freeze-dried powder, formula granule

products
No. i £ = Yy b
1 WE(SHEE) 2007001 Z B Pheretima
B 7 i aspergillum
2 Mg (BHEE) 2007002  BHEE| P aspergillum
TiC J7 UL
3 Mg (ZHEE)  2007003Y B EW| P aspergillum
[ A
4 BRUEGRIGET R 1906011Y  ZHEW| P, aspergillum
5 WRHEGRIG T B 1906008Y  Z IR EMW| P. aspergillum
6 FRUEG IR T # 1906014Y ST P. aspergillum
7 bRUEG R T R 1907018Y S EI| P. aspergillum
8 ARUEGFIE TR 1906004Y  ZIFEIE| P aspergillum
9 FRUEG IR T #r 1906005Y  ZIFEW| P aspergillum
10 ARiEGFE TR 1907022Y S B P, aspergillum
11 bRiEm g T8 1907023Y S EW| P, aspergillum
12 ARUEG R T B 1907024Y S EW| P, aspergillum
13 ARifEGFE TR 1906010Y  Z IR LW P. aspergillum
14 BRUEG R T8 1907019Y S EW| P. aspergillum
15 ARdEFH TG R 1906007Y S EW| P, aspergillum
16 ARifEGFIGE T B 1906013Y  ZIFEW| P aspergillum
17 bRAEG T 1907020Y  ZIFEE| P. aspergillum
18 ARifEGFIA T R 1907021Y S EE| P. aspergillum
19 FIRGET S 5200601Y  ZIFEE| P aspergillum
20 PG TH 5200602Y  ZIREE| P aspergillum
21 PG TH 5200603Y  ZIREE| P aspergillum

TE < 56k # 2  RiE = L (R 41H)
R4 KIRER B B B AT BRI Oh & AL

Table 4 Adulterants of Pheretima formula granule used in this

study
No. wh 44 it Wb
1 R TC J7 0L

2 R A BC T R

3 iR DA C 7 R

4 Rk A C T 0RL

5 IR LT UKL

1905001 {47 &1l M. magna
1905003 1%Lt 5 15 4. octopapillatus
1905006 £ Wit § Wl A. carnosus
1906001 J Jii#t 5 1l 4. corticis

1906003 i i B U5 M. californica

3 ZERE5HW

3.1 PCRYEN A i 2 55 it % %5 42

3.1 RGBT R R R R L B 5]
1T PCRY™ 8, 73 il % 1B KR JE 60.62.64.66 °C,
25 R AE 62~64 °CHY, 7 Hu IR 2544 A5 7 LB

D7 FURLBE Y AT 29 170 bp (4 5271, 1R O T 4 XF
WEAE VS I N S R 3G, 60 °CIF 3 FEAS A 55 97
Bt P A B A A5 66 °C IR R B o I, BT AT BE
M JCY R WL 1. BERE PCRIB KR JE N 62 °C,

60 C 62°C

M123456789101112123 4567 89101112

64°C 66°C
M123456789101112123 4567 89101112

5000 bp
1000 bp
500

T : M.DL5000 Marker; 1. )" Hs Jg 25 4% ;2. 3 Je (2 30 B 35]) Bl 7
ABURL R 2 70 R T8 5 3. 3 e (S 30 B 11 ) E Uy TR 5 4. T8 AR 3R B 051 5
5.EARH B 6. AT E B 7. 2 L E B 8 AR L 9. R T
JEE ] 5 10, B2 B 5 0l 5 11 WAL AL 512,28 1 (7 2-F81 5 )

B1 BAREXME(SHEE)E TR LER 5 ROH0
Fig. 1 Effect of annealing temperature on results of Pheretima

aspergillum formula granule

3.1.2 PRI REE S 43k 32.34.36 38 41
AT % 5%, 45 SR R WA 32~40 NG IR M e 24
BB HE A R BT BURLRE Y HE A5 29 170 bp Y52k,
P RE A B E B 45 ) 45 S TR PR S R P e R
Bl NS RT3, LR 2. AR E 45 2R 09 A0 M A
Pk S E] Y 36 SR PR 64T PCR I o
32MIEFR 3AAMEFR
M123456789101112123 4567 89101112

36 MEFF 38MEF
M1234567891011121234567 89101112

B2 PCRBIRE# A (SIFEH]) B 77 BALLE 5 45 R B %00
Fig. 2 Effect of PCR cycles on results of Pheretima aspergillum

formula granule

3.1.3 AN[F Taq B§ % %5 f#i Jf] 2xTS super Mix, 2x
MightyAmp Tag,2xM5 PCR Mix I 2x15HifiTag Mix
PEAT I, 45 RN 2 7 B T A R T
ST e EA 25, BAET 0 Tag 52AF F ™ 4T
B BHPE 2%, ULl 3(Jk 3B 7.8.10) , ££ 15 Al TS PCR
mix 7 HOR A, (B i AR AR YT . o 2x
M5 PCR 45 R n] 45153 W] i H B 5 2541, A1k iy
Taq i 3% £ 2xMSPCR Mix /E 2 i 2 (5 3 B W) ) fid

J7 Wiki PCR % 51 FH .
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2XT5 super Mix 2 XI5 Hifi Taqg Mix PTC-100 TC-512

M1234567891011121234567 8 9101112

5000 bp
1000 bp
500 bp
100 bp

2xMightyAmp Taq 2XMS5 PCR Mix

M123456789101112123 4567 89101112

El3 K[E Taq DNARGE IR (S I EB) B 77 BH L5 4R
97 M
Fig. 3 Effect of different Tag DNA polymerases on results of

Pheretima aspergillum formula granule

3.1.4 DNAMH %% XF 25 pL PCR X i 1k &
R B AR DNA & i 4T 7 F %, 7wl i i 3.10,
30.90 pg L'y DNA Bk (DNA #4354 3.10.30.
90 ng) , Z5 R R 3 pg- L' ¥ REY 4G, i vk B 3 =
Pouh sz 2w, WL 4, BEEE 25 wL AR R P A
1 pL(30 pg- L™)VE N fe A i

3 nghiiR 10 ngfHAR

M12345678910111212 34567 89101112

1000 bp
500 bp
100 bp

30 nghHiR 90 nghiiR
M12345678910111212 34567 89101112

1 000 bp
500 bp [
100 bp

E 4 DNAEIREX A (SIHEE)ES FA LR E RN
Fig. 4 Effect of DNA concentration on identification of Pheretima

aspergillum formula granule

M4 DL 125 5 Bt Hb e (34 W) i J7 0k
PCR % 5 09 4% 4 b = W 1k & 4 $5 2x PCR Mix
12.5 pL, #b e ( 2 36 M) B 7 Bk % 00 51 9
(10 wmol-L") % 0.4 wL,DNA 2 1 wL, JC B W 7
7K 10.7 wLo PCR W Z %% : 94 °C Hil % P 5 min, f
PRIV 36 R (94 °CAE % 30 s, 62 °Cil %k 305,72 °C
FEMH 30 s),72 °CHEAH 5 min,

3.1.5 AJA PCRAYE % il il A [A] PCR A X
Je (30 E 8] ) e J7 WURL K LR B & %5 1) 25 2 10 52
W, o 5 R 4 B PCR AL HE 47 9 15, 25 R & ¥
Veriti™ % . GeneAmp 9700 %I 4% PCR ¢ ¥ 7] 15 1E
T 1) 8 5 45 B, T PTC-100 % . TC-512 % PCR Y
Gyt th PR SS B4 A5, 3R WI R AT M e T Dy UKL
PCR % 51| i Ji7 Xf PCR ™ 1 I B2 i A7 0, I i 47 7
AN, LA S

32 LlEtEEE
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XF M 2R, B T WURLAR 1V

M123456789101112 1234 567 89101112

1000 bp
500 bp
100 bp

Veriti™ GeneAmp 9700
M123456789101112 1234 567 89101112

1000 bp
500 bp
100 bp

E5 AR PCRUIME(SIREB) B 77 B LE 7 45 R 89700
Fig. § Effect of different PCR instruments of Dilong

(Shenhuanmaoyin) formula granule

I, Hh 3R R T R G 5 O A B TR PR (S
JE Bl 4 RBE 5 0K R TR ) AT S L S5 AT H e
250, W 7 UKL AR HE A ) P R T R R IC O U
B SRR R 2 b — B0 R M A &
A, 20 R PR S 3 T 2%, DL IR 6.

MP 123456 78 910111213 141516

2000 bp
1 000 bp
500 bp
100 bp

M 171819 20 21 22 23 24 2526 27 N

2000 bp
1000 bp
500 bp
100 bp

4 :M.DL5000 Marker; 1. ) #0825 44 ;2. Wb Je (S 3R B 05 ) Bt )y
WURLAR M T R TR 3. b e v R Tk 5 4.k (S B0 Ly
WA 5 5. AR PR R 6. R FR B 7 M AR 8. B AT H B
9 M8 T 081 5 10 4 T W ] 5 11, B PR e 5 12, WS LA 5 13,
I E T ] 5 14, L7 1 ] 5 15, Ak 20 T el 6. A i ) 5 17, BT
I ] 5 18 M JE PR 5 19, 58 B L 1 451520, B A H 5 21, A R
B 522, B ] 23, 1O ] 5 24, BT KRS U] 5 25 U s ]
26. 37 Wl B H ] 527, F GG H 155 NL 45 (6 B (DL dd H,0 R
Bl6 I iAREBEMRKPCRES
Fig. 6

PCR identification of Pheretima aspergillum formula

granule and its adulterants

3.3 EHMEFE G AT XS 15 L[ E Y
JTHb TR 2GR 10 AT T M R 25 64, 15 i O kL
FrRUEZ R, 340 b e s R Tk A3 L e (S 34
B ) B D7 UKL B AT S, LIS E AR O vk 1) 1R
FHME, 25 B A FEAR PCR G i 358 1 i vk 1S 5
I ML e (S B0 T | ) G 24 b E K LR A N Y B
AT 3R AR 24 170 bp B — 4 SR B A 28
FI X R TG 27t , ULIET 7.
4 ITig

2 R G AE S W) 25 M v AR R UL, 2020 4F AR
(25 YU 3R T STRRSh W 2541, Hoh 25 R R £
SR . — 2 2L G TP K= B,
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15Hk R 2 7 0 RAR I ) M R 2 b

104645 s 2544

MP 123 4 5 67 8 9101112131415 1617 1819 202122 23

2 000 bp
1000 bp
500 bp
100 bp

155EbRHE A IR T8

I TR
BT Bk

M 24 2526 27 28 2930 31 32 33 34 35 36 37 38 39 40 4142 434445 46 N

2 000 bp
1000 bp
500 bp
100 bp

1 : M.DL2000 DNA 4> F B 5 ; P X W25 4% ; 1~15. [ 2 7= R AE BT LR 2641 5 16~25. 10 L RT3 R 42 (0 ) M JE 24 41 ; 26~40.15 4t ) Hi
TR R TR 5 41~43. 7 g TP VR T8 5 44~46. b e (S FR B i) ) il 5 UKL, NL 28 P16 IR (DL ddH, O S AR )

B7 ik (SHEE)ETTBAEREER

Fig.7 PCR identification of medicinal materials, strand Pheretima aspergillum formula granule
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