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Abstract

The adulteration of Chinese medicinal materials has become an important ob-
stacle to the development of traditional Chinese medicine, and it is urgent to
establish identification methods for Chinese medicinal materials. This project

https://doi.ore/10.4236/ibm.2025.137034 aims to establish a method for identifying the authenticity of Angelica sinensis

based on the ITS2 gene. By extracting Angelica sinensis DNA, performing
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PCR amplification, adding an A-tail, nucleic acid electrophoresis, gel recovery,
constructing a vector, transformation and blue white screening, plasmid ex-
traction, PCR and enzyme digestion detection, and finally sequencing, the au-
thenticity of Angelica sinensis samples is identified through gene library com-
parison. The identification results of 8 Angelica sinensis samples showed that
4 were Angelica sinensis, 3 were Angelica dahurica, and 1 was Kitagawia tere-
binthacea. The similarity between the ITS2 fragment and the gene library was
98.99%, 95.56%, and 98.99%, respectively. The gene identification method es-
tablished in this study can accurately identify the authenticity of Angelica
sinensis samples and provide a reference for Angelica sinensis identification.
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1. Introduction

Traditional Chinese medicine is a treasure of Chinese traditional culture, and au-
thenticity identification has been an important topic in the research of Chinese
medicinal materials from ancient times to the present. The identification methods
of traditional Chinese medicinal materials [1] have been continuously improved

and innovated, ranging from sensory experience based identification methods to
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classical identification methods using instruments and reagents [2] [3]. With the
development of modern technology, the usage methods and sources of traditional
Chinese medicine have become increasingly complex. There are more and more
phenomena of mixing, replacing, passing off fake as genuine, and passing off in-
ferior as good. As the saying goes, “the devil is one foot high, God is ten feet high.”
Therefore, the identification methods of traditional Chinese medicine should also
be improved and innovated. At present, the identification methods of traditional
Chinese medicinal materials mainly include morphological identification, micro-
scopic identification, physicochemical identification, etc. [2], but these traditional
methods have certain shortcomings. Recently, molecular biology and population
genetics have made progress in molecular systematics, and more and more scien-
tists are trying to apply them to the identification of modern Chinese medicinal
materials. The genetic method can achieve species identification through gene
fragments and has been applied in the field of traditional Chinese medicine iden-
tification. It is an effective supplement to traditional methods and avoids the lim-
itations of morphological identification. This method can directly provide rich
evidence at the genetic level. With the increasingly widespread use of traditional
Chinese medicine, unscrupulous merchants, in order to seek profits, adulterate
and forge Chinese medicinal materials, pass off inferior ones as good, forge their
place of origin, and use low-priced Chinese medicinal materials to counterfeit
high priced species or varieties. Consumers' attention to the origin and authentic-
ity of Chinese medicinal materials is increasing. The adulteration of traditional
Chinese medicinal materials has a wide range and diverse forms, and conventional
methods are difficult to detect. Cutting edge technological methods such as spec-
tral analysis technology [4], near-infrared spectroscopy analysis technology [5],
traditional Chinese medicine characteristic map technology [6], high-throughput
DNA sequencing technology, and nucleic acid detection [7] [8] have been used to
distinguish the authenticity of traditional Chinese medicinal materials.

Angelica sinensis, a plant in the Umbelliferae family, has a sweet and pungent
taste and is the dried root of Angelica sinensis (Oliv) Diels [9]. It is a traditional
medicinal and edible species in China. The main production area is in the south-
eastern part of Gansu, with Min County having the highest yield and the best
quality, followed by Yunnan, Sichuan and other provinces. It has the effects of
nourishing blood and promoting blood circulation, regulating menstruation and
relieving pain, moistening the intestines and promoting bowel movements [10].
Commonly used for dizziness, palpitations, menstrual disorders, etc. The identi-
fication of Angelica sinensis has also made great progress. In 2019, Fu Hong pro-
posed using identification methods such as morphology, microscopy, and thin-
layer chromatography to compare and analyze the medicinal materials and decoc-
tion pieces of Angelica sinensis, European Angelica sinensis, and Japanese Angel-
ica sinensis [11]. In 2020, Che Surong ef al [12] proposed using UV spectroscopy
to compare and identify the UV absorption spectra of Angelica sinensis and its

mixed products Duhuo and EuAngelica sinensis in different polar solvents. In
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2021, Shi Zhongfei et al [13] [14] established a method based on site-specific PCR
technology to quickly identify pseudo Angelica sinensis in Angelica sinensis me-
dicinal materials and decoction pieces. Li Bo et al [15] analyzed the differences in
the material basis of low-temperature dried Angelica sinensis medicinal materials,
decoction pieces, and standard decoctions based on HPLC fingerprint feature cor-
relation O2PLS-DA model.

This study establishes a PCR and sequencing method for identifying Angelica
sinensis based on ITS2 sequences [16]-[18]. Firstly, extract DNA from the Angelica
sinensis sample, perform PCR amplification, add A tail, then perform nucleic acid
electrophoresis, gel recovery, construct vector, transformation and blue white screen-
ing, plasmid extraction, PCR and enzyme digestion detection. Store and send the
bacterial solution for detection sequence, compare the sequencing results with the
gene library to identify the authenticity of the Angelica sinensis sample. This method
will provide a new detection method for the identification of Angelica sinensis.

2. Materials and Methods
2.1. Materials and Reagents

The 7 groups of Angelica sinensis samples were purchased online (named X1 for
Shangri La, L1 for Leshan City, and M1 to M5 for Min County), and the 8 groups
of Angelica sinensis samples provided by the laboratory were named M6 for Min
County.

Plant Genomic DNA Kit (centrifugal column type) and 10xTaq Buffer Taq
DNA Polymerase, Marker III, Tiangen Biochemical Technology (Beijing) Co.,
Ltd; Sensory E. coli DH5 a, Biogenic Column DNA Gel Recovery Kit, Shanghai
Biogenic Engineering Co., Ltd; ITS2 universal primers were synthesized by Uni-
versal Biotech (Anhui) Co., Ltd; The reagents used for PCR amplification, addi-
tion of A, and vector construction were purchased from Baoriyi Biotechnology
Co., Ltd; Chloroform, anhydrous ethanol, isopropanol, etc. are analytical grade,

produced by Beijing Dingguo Changsheng Biotechnology Co., Ltd.

2.2. Instruments and Equipment

DH300 thermostat, Hangzhou Ruicheng Instrument Co., Ltd; D2012 Plus Centri-
fuge, Dalong Xingchuang Experimental Instrument (Beijing) Co., Ltd; HS-1112B
double-layer shaker, Changzhou Putian Instrument Manufacturing Co., Ltd; SW-
CJ-1D ultra clean workbench, Shanghai Jianli Instrument Co., Ltd; CO PCR am-
plifier, Xinyi Manufacturing Technology (Beijing) Co., Ltd; DYY-10C electropho-
resis instrument, Beijing Liuyi Instrument Factory; Gel imaging system, Thermo
Fisher Scientific, USA; Nano Drop One Ultra Trace Nucleic Acid Protein Ana-
lyzer, Thermo Fisher Scientific, USA.

2.3. Experimental Methods

2.3.1. Extraction of Angelica DNA
Pre treatment: Gently wipe the surface of Angelica sinensis with 75% ethanol to
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remove dust, place it in a well ventilated area or blow it with a hair dryer until the
anhydrous ethanol evaporates completely. Take some dried herbs and grind them
into powder in a high-speed grinder.

Extraction of Angelica DNA: Weigh 30 mg of ground Angelica powder and use
the plant DNA extraction kit from Beijing Tiangen Company to extract DNA (fol-
low the instructions). Measure the concentration and purity of the extracted DNA
using an ultra trace nucleic acid protein analyzer, and store the prepared sample

at —20°C for future use.

2.3.2. PCR Amplification and A-Tail Addition
PCR amplification: Angelica sinensis, as a traditional Chinese medicine, under-
goes a series of processing treatments such as exposure to sunlight and drying, as
well as poor storage conditions or prolonged storage, resulting in varying degrees
of DNA degradation and affecting the efficiency of PCR amplification. Therefore,
this study selected ITS2 fragments with high amplification efficiency and strong
universality in the identification of traditional Chinese medicine. Using a 25 pL
PCR reaction system: PrimeSTAR Max Premix (2X) 12.5 pL, ddH,O 8.5 pL, Total
DNA 2 pL, 1 uL each for forward and reverse primers (10 uM). Put it into the PCR
amplifier and set the reaction program as follows: denaturation at 98°C for 5 sec-
onds, annealing at 53°C for 10 seconds, and extension at 72°C for 5 seconds in
one cycle, with 30 cycles.

Add A suffix: For the convenience of subsequent TA cloning experiments, add
A at the end of the DNA. Take out the sample from the PCR amplifier and add:
dATP 0.5 L, Taq enzyme 0.5 pL, 10 x Buffer 2.5 uL. Put the new system with a
total volume of 28.5 pL back into the PCR amplifier and react at 72°C for 30 min.

2.3.3. Nucleic Acid Electrophoresis and Gel Cutting

To prepare agarose gel: weigh 0.3 g of agarose powder, pour it into a conical flask,
add 35 mL of buffer solution into the conical flask, heat it in a microwave oven
until the agarose powder is completely melted, cool it to about 60°C at room tem-
perature, add 3 pL of EB solution, mix it evenly, pour the gel, and wait for the
agarose gel to solidify and form.

Nucleic acid electrophoresis [19]: Place agarose gel blocks into an electropho-
resis apparatus. The first empty sample is loaded with 4 uL of Marker III. Then,
add 3 pL of 6 x Loading buffer to the sample in sequence, mix well, and add to the
gel well. Set the voltage to 130 V; The current is set to 130 mA; The time is set to
20 min.

Gel cutting: after the completion of nucleic acid electrophoresis, put the agarose
gel into the gel imaging system, turn on the UV light, and cut the complete gel
block with a knife for the next step of DNA gel recovery.

2.3.4. Adhesive Recycling
Use a column DNA gel recovery kit (Shanghai Shenggong) for DNA gel recovery.
Measure DNA gel recovery concentration: Use a UV spectrophotometer to

measure the DNA concentration of the DNA gel recovery solution, and store the
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remaining solution in a refrigerator at 4°C for future use.

2.3.5. Construction of Carrier
Construct a vector connection system (6 pL): pMDI19T vector 0.5 pL, gel recov-
ered DNA 2.5 uL, Solution I 3 pL. Store overnight at 16°C in a dry thermostat.

2.3.6. Conversion
Add 50 pL of competent Escherichia coli DH5 a to a 6 puL plasmid system on a
clean bench [20]-[22].

First, immerse the mixture in an ice bath for 20 minutes, then place it in a metal
bath at 42°C for 45 s of thermal stimulation, and finally ice bath again for 3 min.

Add 800 pL of SOC solution to the mixture on a super clean workbench and
incubate for 1 h in a shaker with a speed of 200 rpm and a temperature of 37°C.
Then centrifuge at 4000 rpm for 1 min at room temperature.

When discarding the supernatant to about 100 pL on the ultra clean workbench,
mix the remaining supernatant and precipitate evenly with a 100 mL pipette. Use
a flame sterilized coating rod to apply the solution to antibiotic resistant LB plates
and incubate at 37°C for 10 - 12 h.

Observe the condition of the bacterial colonies, and proceed to the next step of

bacterial selection when there are viable colonies to pick.

2.3.7. Bacterial Picking

On the ultra clean workbench, use sterilized toothpicks to pick up colonies and
transfer them to 15 mL centrifuge tubes containing 4 mL of culture medium
(Amp100 LB ratio: 1:1000) (6 in parallel). Incubate in a shaker at 37°C and 200

rmp for 12 hours.

2.3.8. Plasmid Extraction (SDS Alkaline Lysis Method)

Take 1 mL of culture on a clean bench and centrifuge at 12,000 rpm for 30 seconds
in a 1.5 mL EP tube at room temperature. Discard the supernatant, invert the EP
tube onto toilet paper to remove the supernatant, add 200 pL of Solution I solu-
tion, vigorously shake to suspend the bacterial cells, add 400 pL of Solution II so-
lution, invert the centrifuge tube 5 - 6 times, and lyse the bacterial solution [21].
At this time, the DNA denatures and the solution becomes clear, and there is a
DNA drawing phenomenon when opening the tube mouth.

Add 300 uL of Solution III to the EP tube, invert 5 - 6 times, add 10 uL of chlo-
roform to the EP tube and mix evenly. At room temperature, centrifuge at a speed
of 13,000 rpm for 8 min.

Carefully transfer the supernatant into a new 1.5 mL EP tube, add 500 uL of
isopropanol, shake vigorously and mix well. Place the EP tube in a low-tempera-
ture freezer at —20°C for 10 minutes before taking it out. Centrifuge at a speed of
15,000 rpm and a temperature of 4°C for 10 min.

Pour the supernatant into the waste liquid tank, add 1 mL of 75% ethanol to
clean the precipitate, centrifuge at 12,000 rpm for 2 minutes, discard the alcohol,

and dry with a 10 uL pipette tip.
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Dry the precipitate at 65°C for 2 min, add 20 uL of 1 x TE (pH 8.0, containing
Rnase 20 ug/mL) to dissolve, and incubate at 37°C for 30 min.

Electrophoresis: take 2 uL plasmid, add 2 pL 6 x Loding buffer, mix it on 1%
agarose gel, and add it evenly into the gel hole. Setting procedure: voltage 120 V;
Current 130 mA; After 20 min of electrophoresis, the bands can be used to con-
struct the plasmid digestion system. After electrophoresis detection, store the
plasmids that meet the standards at —20°C.

2.3.9. Plasmid Digestion and PCR

Constructing a universal enzyme digestion system (20 pL): ddH,O 16 pL, 10 x
Buffer 2 uL, QuikCut EcoR I 1 uL, Place 1 uL of plasmid DNA in a constant tem-
perature incubator at 37°C for 1 h. Electrophoresis again, add Marker III to the
first hole, then load samples in turn, and put them into the gel imaging system to
observe the connection. Select samples larger than 3200 bp for detection. If no
available samples are available, try plasmid PCR.

Construction of plasmid PCR system (20 pL): Taq 0.25 uL, 10 x buffer 2 L,
ITS2 forward and reverse primers each 0.5 pL, dNTP 2 pL, Plasmid 0.2 uL, ddH,O
14.55 uL. Put it into a PCR amplification instrument; the reaction procedure is the
same as that of total DNA PCR amplification, perform electrophoresis, observe
the results, and if the 500 bp sample is met, the bacterial solution can be retained

for detection.

2.3.10. Preservation and Testing of Bacterial Solution

Storage of bacterial solution: Take 0.6 mL of bacterial solution and 0.6 mL of 40%

glycerol from a super clean bench, add them to a 1.5 mL EP tube, label the number,

wrap them with sealing film, and store them in a —80°C refrigerator for later use.
Submission for testing: Take 1 mL of bacterial solution and send it to General

Bio (Anhui) Co., Ltd. for DNA sequencing.

3. Results and Analysis

3.1. Results of Genomic DNA Concentration
in Angelica Sinensis

Genomic DNA was extracted from eight groups of Angelica sinensis samples us-
ing a plant DNA extraction kit, and their concentration and purity were measured.

The results are shown in Table 1.

3.2. Results of ITS2 Sequence Amplification

Eight groups of Angelica sinensis samples were amplified by PCR and subjected
to nucleic acid electrophoresis after adding A tail. The amplified bands were all
around 500 bp (Figures 1-4). Figure 1 shows the amplification results of ITS2
primer sequences for samples L1 and X1, Figure 2 shows the amplification results
of ITS2 primer sequences for samples M1, M2, and M3, Figure 3 shows the am-
plification results of ITS2 primer sequences for samples M4 and M5, and Figure

4 shows the amplification results of ITS2 primer sequences for sample M6.
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Table 1. Results of DNA concentration and purity determination for 8 groups of Angelica
sinensis samples.

sample DNA concentration /(ng/pL) Aséo/ Azso
L1 12.7 1.75
X1 15.1 2.09
M1 18.7 1.98
M2 12.7 1.82
M3 18.1 1.99
M4 15.1 1.86
M5 15.3 1.78
Meé 17.8 2.18

5000 p

Figure 1. Nucleic acid electrophoresis results of Angelica sinensis samples L1 and X1.

M1 M2

Figure 2. Nucleic acid electrophoresis results of Angelica sinensis samples M1, M2, and M3.

MKIIl M4

Figure 3. Nucleic acid electrophoresis results of Angelica sinensis samples M4 and M5.
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Figure 4. Nucleic acid electrophoresis results of Angelica sinensis samples M6.

3.3. Plasmid Enzyme Digestion and Plasmid PCR Results

Eight groups of Angelica sinensis samples were subjected to plasmid enzyme di-
gestion, resulting in a band of approximately 3200 bp (Figures 5-10), while plas-
mid PCR was able to produce a band of approximately 500 bp, indicating success-
ful cloning of the ITS sequence. The successfully cloned samples are X12 in Figure
5X13,L15,L16, M13 and M15 in Figure 6, M22 in Figure 7 M23, M61, M63, M35
in Figure 8, M45 in Figure 9 M46, M53 in Figure 10 M54.

MKII X11 12 13 14 15 16 L1 12 13 " 15 16
- 8
. — f - - =

4500bD g ’
3000bp e =
P -

Figure 5. Plasmid enzyme digestion results of Angelica sinensis samples X1 and L1.

RMIZM13 M14 MI1SM1E M2Z2Z M25DL50

w 5000bp
- 3000bp
N

Figure 6. Plasmid enzyme digestion results of Angelica sinensis samples M1.

3.4. Comparison between Test Sequence Results

Using DNAMAN software, partial ITS2 fragments of the 15 groups of Angelica
sinensis samples were compared between the same samples, and the results showed

no differences between the same samples (see Figures 11-17 for comparison).
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MIll 31 3233 34 35

4500bp.,
3000bp =

Figure 9. Plasmid enzyme digestion results of Angelica sinensis samples M4.

MKIIIM51 52 53 54 55 56
4500bpu-|
3000bp QI o T ———_—
—

—-—

Figure 10. Plasmid enzyme digestion results of Angelica sinensis samples M5.
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ITS2X12.txt
ITS2X13.txt
Consensus

ITS2X12.txt
ITS2X13.txt
Consensus

ITS2X12.txt
ITS2X13.txt
Consensus

ITS2X12.txt
ITS2X13.txt
Consensus

ITS2X12.txt
ITS2X13.txt
Consensus

ITS2X12.txt
ITS2X13.txt
Consensus

CGCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAG
CGCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAG
cgcatcatctttgcccacaaccactcactcecctcgtggage

TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTT
TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTT
tgtactggtatgggggcggaaattggcctceccegtgecttyg

TTGTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGAC
TTGTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGAC
ttgtgcggttggecgcaaaagtgagtctccggegacggacyg

TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGT
TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC
tcgtgacattggtggttgtaaaataccctcatgtcttgtce

GCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA]
GCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA|
gcgcgaatccgcgtcatcttagtgagctcaaggaccctta

GGCGGCACACACTTTGTGCACTTCGAAT]
GGCGGCACACACTTTGTGCACTTCGAAT]
ggcggcacacactttgtgcacttcgaat

Figure 11. Partial ITS2 comparison of Angelica sinensis samples X12 and X13.

ITS2L15.txt
ITS2L16.txt
Consensus

ITS2L15.txt
ITS21.16.txt
Consensus

ITS2L15.txt
ITS2L16.txt
Consensus

ITS2115.txt
ITS2L16.txt
Consensus

ITS2L15.txt
ITS2L16.txt
Consensus

TGTGCGCTTCGACTGTGACCCCAGGTCAGGCGGGACTACC
TGTGCGCTTCGACTGTGACCCCAGGTCAGGCGGGACTACC
tgtgcgcttcgactgtgaccccaggtcaggecgggactacc

CGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAGAAAC
CGCTGAGTTTAAGCATATCAATAAGCGGAGGAAAAGAAAC
cgctgagtttaagcatatcaataagcggaggaaaagaaac

TTACAAGGATTCCCCTAGTAACGGCGAGCGAACCGGGAAC
TTACAAGGATTCCCCTAGTAACGGCGAGCGAACCGGGAAC
ttacaaggattcccctagtaacggcgagcgaaccgggaac

AGCCCAGCTTGAAAATTGGTCGGCTCTGCCGTCCGAATT
AGCCCAGCTTGAARAATTGGTCGGCTCTGCCGTCCGAATT
agcccagcttgaaaattggteggetctgeecgtecgaattyg

TAGTCTGGA
TAGTCTGGA
tagtctgga

Figure 12. Partial ITS2 comparison of Angelica sinensis samples L15 and L16.
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228
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160
160

169
169

Further selection was made among all 15 groups of samples, and one group of

samples was randomly selected from each of the eight types of samples, including

X1 and L1, for comparison, as shown in Figure 18. From the first row of base

alignment, it can be seen that the eight groups of samples are roughly divided into

three categories. The first category is X1 M2, M5, M6; The second category is M1
M3, M4; The third category is L1.
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AREVR (IICH & S S C/\GTCGAAGCGCACAGAGTACGTGCTGCCTAAGGGTCCT 40
ARSI ISI o SOl C/\GTCGAAGCGCACAGAGTACGTGCTGCCTAAGGGTCCT 40
Consensus cagtcgaagcgcacagagtacgtgctgcectaagggtectg
AREVAR (IICI & SO C/\GCTCTCTAAGATGACAAGGATTCACGCGACAAGACAA 80
ERESVAR (VSN S C/\GCTCTCTAAGATGACAAGGATTCACGCGACAAGACAA 80
Consensus gagctctctaagatgacaaggattcacgcgacaagacaag
its2 ml3.txt AGGGTCTTTTACAACCACCGATGTCGCGACGTCCATCGCC 120
its2 ml5.txt AGGGTCTTTTACAACCACCGATGTCGCGACGTCCATCGCC 120
Consensus agggtcttttacaaccaccgatgtcgcgacgtccategee
ARSI IS I & Sl CCAGACTCATTTTTCCGCCAACCGCACGACAAGGTACGE 160
SRS ISI o Sl CCAGACTCATTTTTCCGCCAACCGCACGACAAGGTACGG 160
Consensus ggagactcatttttccgccaaccgcacgacaaggtacggg
its2 ml3.txt AGGCCAATTTCCGCCCCAAACCGGCACAACTTCTCAGGT 200
its2 ml5.txt AGGCCAATTTCCGCCCCAAACCGGCACAACTTCTCAGGT 200
Consensus aggccaatttccgecccaaaccggcacaacttetcaggtg
AREVAR (IIC & S T GACTGGTTTGTGGGCAATACAATGC 226
ARESVAR (VI S S T CACTGGTTTGTGGGCAATACAATGC 226
Consensus tgactggtttgtgggcaatacaatgce
Figure 13. Partial ITS2 comparison of Angelica sinensis samples M13 and M15
INESYAV VA0 o ¢l C GCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
INNSYAVUC IR o ¢l C GCCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
Consensus cgcatcatctttgcccacaaccactcactcectcecgtggagce
INNSYAVYAS o ¢l | CTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTTG 80
INESVAVVACHR '« ol TG TACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTTG 80
Consensus tgtactggtatgggggcggaaattggcctceccegtgecttyg
INESYAV V8 o ¢l T T GTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGACG 120
INNSYAUVAC IR o ¢ T G TGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGACG 120
Consensus ttgtgcggttggcgcaaaagtgagtctceccggecgacggacyg
ITS2M22 . txt TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC] 160
ITS2M23.txt TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC] 160
Consensus tcgtgacattggtggttgtaaaataccctcatgtettgte
INNSYAVYA & ¢l CCCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA| 200
INNSYAVUVCIS o ¢l CCCCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA| 200
Consensus gcgcgaatccgcegtcecatcecttagtgagetcaaggaccectta
NSV o ¢l CCCGGCACACACTTTGTGCACTTCGAAT) 228
INNSYAVE IR & ¢l C CCGGCACACACTTTGTGCACTTCGAAT] 228
Consensus ggcggcacacactttgtgcacttcgaat
Figure 14. Partial ITS2 comparison of Angelica sinensis samples M22 and M23.
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SRS IS o ¢l C/\ GTCGAAGCGCACAGAGTACGTGCTGCCTAAGGGTCCTG 40
its2 md6. txt 40
Consensus cagtcgaagcgcacagagtacgtgctgectaagggtectg
ARV ulSPN o-qulll C\ GCTCTCTAAGATGACAAGGATTCACGCGACAAGACAAG 80
its2 m46.txt 80
Consensus gagctctctaagatgacaaggattcacgcgacaagacaag
its2 m45.txt 120
its2 md6. txt 120
Consensus agggtcttttacaaccaccgatgtcgcgacgtccatcgec
ARV ulSPR o dulll CCGAGACTCATTTTTCCGCCAACCGCACGACAAGGTACGGG 160
its2 md6. txt 160
Consensus ggagactcatttttccgccaaccgcacgacaaggtacggg
its2 md5. txt 200
its2 md6. txt 200
Consensus aggccaatttccgcecccaaaccggcacaacttcectcaggtg
ARV UISM o ¢l T CACTGGTTTGTGGGCAATACAATGC 226
its2 md6.txt 226
Consensus tgactggtttgtgggcaatacaatgc
Figure 15. Partial ITS2 comparison of Angelica sinensis samples M45 and M46.
INFSYAUSK I o<l C CCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
INISYAUSTI0 '« CCCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
Consensus cgcatcatctttgcccacaaccactcactcctcgtggage
ITS2M53.txt TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTT 80
ITS2M54 . txt TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTT 80
Consensus tgtactggtatgggggcggaaattggectcececgtgecttg
ITSZ2M53.txt TTGTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGAC 120
ITS2M54 . txt TTGTGCGGTTGGCGCAARAGTGAGTCTCCGGCGACGGAC 120
Consensus ttgtgcggttggcgcaaaagtgagtctcecggecgacggacyg
ITS2M53. txt TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC 160
ITS2M54 . txt TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC 160
Consensus tcgtgacattggtggttgtaaaataccctecatgtettgte
INISYAUSK IR ¢l CCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA 200
INISYAUSTI & ¢l CCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA 200
Consensus gcgcgaatccgcegtcecatcecttagtgagctcaaggacectta
INISYAUS I -« CCCGGCACACACTTTGTGCACTTCGAAT, 228
INISYAUST IR ¢l CCCGGCACACACTTTGTGCACTTCGAAT, 228
Consensus ggcggcacacactttgtgcacttcgaat
Figure 16. Partial ITS2 comparison of Angelica sinensis samples M53 and M54.
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ITS2M61.txt
ITS2M63.txt
Consensus

ITS?2M61 . txt
ITS2M63.txt
Consensus

ITS2M61.txt
ITS2M63.txt
Consensus

ITS2Mo61 . txt
ITS2M63.txt
Consensus

ITS2M61.txt
ITS2M63.txt
Consensus

ITS2Mo61 . txt
ITS2M63.txt
Consensus

CGCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
CGCATCATCTTTGCCCACAACCACTCACTCCTCGTGGAGC 40
cgcatcatctttgcccacaaccactcactcctegtggage

TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTTG 80
TGTACTGGTATGGGGGCGGAAATTGGCCTCCCGTGCCTT 80
tgtactggtatgggggcggaaattggcecctceccgtgecttyg

TTGTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGACG 120
TTGTGCGGTTGGCGCAAAAGTGAGTCTCCGGCGACGGACG 120
ttgtgcggttggcgcaaaagtgagtctcecggcgacggacy

TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC 160
TCGTGACATTGGTGGTTGTAAAATACCCTCATGTCTTGTC 160
tcgtgacattggtggttgtaaaataccctcatgtettgte

GCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA 200
GCGCGAATCCGCGTCATCTTAGTGAGCTCAAGGACCCTTA 200
gcgcgaatccgcegtcatcttagtgagctcaaggaccctta

GGCGGCACACACTTTGTGCACTTCGAAT] 228
GGCGGCACACACTTTGTGCACTTCGAAT] 228

ggcggcacacactttgtgcacttcgaat

Figure 17. Partial ITS2 comparison of Angelica sinensis samples M61 and M63.

3.5. Comparison between Sequencing Results and Database

From the above results, it can be seen that the eight groups of Angelica samples
can be divided into three categories. Randomly select a set of available samples
from each category for gene database comparison. The results show that samples
X1, M2, M5, and M6 have a similarity of 98.99% with the ITS2 gene of Angelica
sinensis in the database (GenBank number: KC295071), indicating that these four
samples are Angelica sinensis; The similarity between samples M1, M3, M4 and
the ITS2 gene of Angelica dahurica in the database (GenBank number: OK668234)
is 95.56%, indicating that these three samples are Angelica dahurica; The similar-
ity between sample L1 and the ITS2 gene of Shifengfeng in the database (GenBank
number: KC295082) is 98.99%, indicating that this sample is Kitagawia terebin-

thacea.

4. Conclusion

This project aims to study the method of identifying the authenticity of Angelica
sinensis based on genes. By extracting genomic DNA from 8 groups of Angelica
sinensis samples, conducting PCR amplification, TA cloning, and DNA sequenc-
ing, the sequencing results were compared with the gene library to identify the
authenticity of Angelica sinensis samples. The results showed that the four sam-
ples were Angelica sinensis, with a similarity of 98.99% to the ITS2 gene of An-

gelica sinensis in the database (Gen Bank number: KC295071); Three samples are
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.ACCACTCACT
.ACCACTCACT

TCGTGGAG
TCGTGGAG

QQQQ

. ACCACTCACTC@®TCGTGGAG
CGCATCATCTT . ACCACTCACTC@TCGTGGAG
.CAGTCGA

C GAGTACGTGCTHOECTAAGGGT
. ...CAGTCGAREC GAGTACGTGCTHOCTAAGGGT
C

CGCATCATCTT
CGCATCATCTT
CGCATCATCTT

....CAGTCGANEC GAGTACGTGCTHOCTAAGGGT
........... T TTCGACTGTGAC

CAGGTCAG
CTGTACTGGTATGGHEGCECCANRTTGGCCTCCCGTIECCTT
CTGTACTGGTATGCHEGCGGANATTGGCCTCCCCTECCTT
CTGTACTGGTATGGCHEGCGCANATTGGCCTCCCCTIECCTT
CTGTACTGGTATGGCHEGCGGANATTGGCCTCCCGTECCTT

CCTGGAGCTCTCTA . .GGATTCACGCEACAA
CCTGGAGCTCTCTA . .GGATTCACGCEACAA
CCTGGAGCTCTCTA . .GGATTCACGCEACAA
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ETTGTGCGGTTGGCG%??EGTGAGTCTCCGEE?EG
CAAGAGEGTCTTTTIACARCCACCGATGTC
CAAGAGEGTCTTTTICACCACCGATGTC
CAAGAGGGICTTTTACAIACCACCGATGTC

GAAAAGAAACTTACARGGERTTCCCCTAGTA
g a a

Q
Q
Q
Q

FRRSISES
J—

GTCGTGACRTTGGTGGTTGHAAAATIACCCTCATIETCT
GTCGTGACRTTGGTGGTTGMAAAATINCCCTCATIETCT
GTCGTGACRTTGGTGGTTGAAAATINCCCTCATIETCT
GTCGTGACRTTGGTGGTTGMAAAATINCCCTCATIETCT
ATCGCCGHAGACTCATITTICCGCCRACCGCACEACA
ATCGCCGERGACTCATTITTICCGCCRACCGCACEACA
ATCGCCGEHAGACTCATITTEICCGCCRACCGCACEACA
GAACCGGHRACAGCCCAGCHTGAANNTTGGTCHECTC
a t a g

[AYAERIANAA]

QaaaaaHAaAaHA-A

Q

CGCGCIEATCCGCHICATCTTAGTGAGCTCAAGGACCCTT
CGCGCIATCCGCHICATCTTAGTGAGCTCAAGGACCCTT
CGCGCIENATCCGCHICATCTTAGTGAGCTCAAGGACCCTT
TACGGERGGCCAATITCCGCCCCAAACCGGCACAACTTCT
TACCHEIAGGCCAATII TCCGCCCCAARCCGGCACAACTTCT
TACGCEIRGGCCAATHTCCGCCCCAAACCGGCACAACTTCT
CCTCHINATTGTAGHCTGGAG - « « « e v et e eeeeee e e
ga t

CGCGSEEATCCGCEECATCTTAGTGAGCTCAAGGACCCTT

AGGCGGCACACACTTTGTGCACTTCG . AATG .
AGGCGGCACACACTTTGTGCACTTCG . AATG .
AGGCGGCACACACTTTGTGCACTTCG . AATG .
AGGCGGCACACACTTTGTGCACTTCG . AATG .
CAGGTGTGACTGGTTTGTGCGGGCAATACAATGC
CAGGTGTGACTGGTTTGTGGGCAATACAATGC
CAGGTGTGACTGGTTTGTGCGGGCAATACAATGC

Figure 18. Partial ITS2 comparison of 8 groups Angelica sinensis samples.
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Angelica dahurica, with a similarity of 95.56% to the ITS2 gene of Angelica dahu-
rica in the database (Gen Bank number: OK668234); One sample is Kitagawia ter-
ebinthacea, with a similarity of 98.99% to the ITS2 gene of Shifangfeng in the da-
tabase (Gen Bank number: KC295082). This project is based on the ITS2 sequence
identification method for the authenticity of Angelica sinensis, which can accu-
rately identify the authenticity of Angelica sinensis samples and provide reference

for Angelica sinensis identification.
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