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Identification of Astragalus and its adulterants based on ITS2
sequence and secondary structure
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Abstract: To effectively identify the Astragalus and its adulterants based on ITS2 sequence and secondary
structure, in this study, 32 portions of Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Beg.) Hsiao and
Astragalus membranaceus (Fisch.) Bge. collected were conducted ITS2 sequence amplification and bidirectional
sequencing, whose results were then spliced by CExpress software remove the 5.8S and 28S sequences at both
ends to obtain a complete ITS2 sequence. In addition, 3 ITS2 sequences for each of the adulterants of Astragalus,
respectively, Oxytropis coerulea, Caragana sinica, Hedysarum polybotrys, Althaea rosea were downloaded from
GenBank. The intra-specific and inter-specific genetic distances were calculated by the software MEGAT7 to
analyze the difference of each sequence; the Neighbor-joining (NJ) method was used to construct the phylogenetic
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tree based on ITS2 sequence (primary structure) as well as joint 1TS2 sequence and its secondary structure. The
results showed that the average 1TS2 sequence length of both A. mongolicus and A. membranaceus was 216 bp, and
their average GC content was 50.00% and 50.46%, respectively. The similarity of 1TS2 sequence length and GC
content between the two kind of Astragalus and Oxytropis coerulea was the highest, while the 1TS2 sequence
length and GC content of Althaea rosea showed great differences with those of Astragalus. The inter-specific distance
between Astragalus and Oxytropis coerulea was the smallest, while that between the medicinal Astragalus and
Hedysarum polybotrys, Caragana sinica as well as Althaea rosea was great. The phylogenetic trees constructed
based on the ITS2 sequence (primary structure) and joint ITS2 sequence and its secondary structure showed that
the topological relations of the two phylogenetic trees were basically the same, and both could effectively identify
the Astragalus and its adulterants. What’s more, the addition of secondary structure information made end branch
of the phylogenetic tree become more in its construction, and the distinguish ability and approval rating were also
improved, which further reflected the genetic relationship of Astragalus and its adulterants. This provides some

scientific basis for classification and accurate identification of Astragalus and its adulterants.
Key words: Astragalus; ITS2 sequence; secondary structure; molecular identification
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Table 1 Astragalus material information

Species No. Collection place

A. mongholicus GDY1
GDY2
GDY3
GDY4
GHD1  Huichun, Jilin Province (wild)
GHD2
GHD3
GHD4
GHD5
GHD6
GMZ1 Manzhouli, Inner Mongolia province
GMZ2  (wild)

GMZ3
GMz4
GMZ5
GMZ6
GMZ7
GMZ8

GPQ1 Lvliang, Shanxi Province (wild)
GPQ2

GPQ3

GPQ4

MHY1 Hunyuan, Shanxi province (Imitating
MHY2  wild)

MHY3

MHY4

MHY5

MLC1 Chifeng, Inner Mongolia province
MLC2  (wild)

MLC3

MLC4

MLC5

Daixian, Shanxi Province (wild)

A. membranaceus

Table 2 GenBank download sample information

Species No. GenBank accession number
A. membranaceus AM1 EF685968.1
AM2 KY316029.1
A. mongholicus AG1 AF359750.1
AG2 EF685969.1
O. coerulea OC1 GU217599.1
0oc2 HQ199316.1
0oc3 LC213342.1
C. sinica Cs1 FJ537284.1
CS2 DQ914785.2
CSs3 GU217654.1
H. polybotrys HP1 KJ999370.1
HP2 JX017334.1
HP3 KJ999375.1
A. rosea AR1 JX017319.1
AR2 KF454366.1
AR3 KF454362.1
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Table 3 1TS2 sequence characteristics of Astragalus and its adulterants

Species G+C content/% Numb.er of Conserved site Variation site . Parsim.ony. He}plf)typt_e
nucleotides/bp informative site variation site
A. membranaceus 50.00 216 212 4 2 2
A. mongholicus 50.46 216 189 27 13 14
O. coerulea 51.73 216 214 3 0 3
C. sinica 49.21 223 201 22 0 22
H. polybotrys 54.21 220 214 6 0 6
A. rosea 53.22 233 233 0 0 0
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Table 4 Intraspecific variation sites of Astragalus. *Represents the same base as the first line

Site/bp
14 16 28 31 32 41 43 53 89 98 110 141 144 148 152 161 162 163 173 180 181 183 184 191 196 197 211

Variation site

Conmon € 6 GTGTTTTTGAC G C T A C T C T C G A T C T
GHDB * * * * * * * * C * * * * * * * * * * * * * * * * * *
GDY1_3 * * * * * * * * C * * * * * * * * * * * * * * * * * *
GPQL *A . CA*C* *C * AT G C * T A * = T * Cc * G
GPQ2_3 * * * * * * * * C * * * * * * * * * * * * T * * * * *
GPQ4 * « c* * ACA.CA T * * G * G * A A C * T T C * G
GMZl_7 * * * * * * * * * * * * * * * * * G * * * * A * * T *
GMZ8 T * * * * * * * * * * * * * * * * G * * * * A * * T *
AG2 * * * * * * * * C * * * * * * * * * * * * * * * * *
MLCl * * * * * * * * * * * * * * * * * G * * * * A * * T *
MLC2 * * * * * * * * * * * * * * * * * * * * * * A * * * *
MLC3 * * * * * * * * * * * * * * * * * C * * * * A * * T *
MLC4 * * * * * * * * * * * * * * * * * * * * * * A * * * *
AM2 * * * * * * * * C * * * * * * * * * * * * * * * * * *

Table 5 Intra-specific and inter-specific genetic distance of Astragalus and its adulterants. The diagonal line is the intra-specific genetic
distance, and the lower triangle is the inter-specific genetic distance

Species A. membranaceus A. mongholicus O. coerulea C. sinica H. polybotrys A. rosea
A. membranaceus 0.001
A. mongholicus 0.008 0.014
O. coerulea 0.068 0.066 0.007
C. sinica 0.224 0.228 0.250 0.073
H. polybotrys 0.219 0.222 0.224 0.157 0.007

A. rosea 0.635 0.637 0.631 0.679 0.629 0.000
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Figure 2 The common secondary structure of the ITS2 for all

Astragalus samples. The color of the base in the graph from red to
green indicates that its conservatism increases gradually
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Figure 3 Prediction of secondary structures of Astragalus and its adulterants
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Figure 4 Phylogenetic tree of Astragalus and its adulterants. A: Neighbour joining (NJ) tree built based on the ITS2 sequence; B: Profile

neighbour joining (PNJ) phylogenetic tree based on ITS2 sequence and secondary structure joint matrix
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