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Abstract: Objective Using the traditional morphological identification method in combination with DNA barcoding technique, Astragalus
mongholicus seeds and the adulterants were authenticated. Methods A total of 58 samples including cultivated, marketed A4.mongholicus
seeds and the adulterants were collected. Seeds morphological characters were determined using stereomicroscope and vernier caliper
observations, along with calculation of their 1000-grain weights. Genomic DNA was extracted from the single seed. PCR and bidirectional
sequencing yielded the ITS2 and psbA-trnH sequences. Species identification were emoloyed, using kimura two-parameter model (K2P)
genetic distance method and neighbor joining (NJ) phylogenetic analysis. Results ~ Slight differences in color, shape, length, width, thinkness
and 1000-grain weight among A. mongholicus seeds samples and the adulterants could be observed. The ITS2 sequencing success rate
was100%. The minimum genetic distance between species of A. mongholicus was greater than the maximum genetic distance within species.
The NJ dendrogram of ITS2 sequences indicated that all the 4. membranaceus var. mongholicus seeds could form independent branches,
which could be distinguished from Medicago sativa, Caragana sinica, Althaea rosea and other species of Astragalus in the collected samples,
thus possessing the ability to authenticate 4. mongholicus seeds from the adulterants. Based on seed morphology and ITS2 barcoding

identification strategy, one Astragalus laxmannii sample was identified from the 12 marketed A. mongholicus seeds samples. Conclusion
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Based on the combination of seed morphology and ITS2 sequence barcoding identification, the 4. mongholicus seeds and the adulterants can

be accurately identified, which provides scientific bases for standardizing the source and cultivation of A. mongholicus, ensuring the quality of

Chinese medicinal materials Astragalus Radix.
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Ex Bge.; A. laxmannii Jacquin; 4. sinicus L.; morphology; ITS2; DNA barcoding technique; phylogenetic analysis
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Table 1 Information of A. membranaceus var. mongholicus seeds and its adulterants

GenBank &35

> Q‘ =} X 1 sty
WrFh 4 FEfh g5 FF it SRR Ts2 psbA-tmIT
F RS Dl T OP169082 OP356211
El NERupEE TN OP169085 OP356214
Gl I OP169086 —
H1 1L PEYEDR OP169089 0P356217
L1 EZE AL OP169094 0P356222
M1, M2 NE= OP169095. OP169096 0P356223. OP356224
N1 En OP169106 0P356234
Pl THEEM OP169107 0P356235
S1 1L 7 OP169112 0OP356240
Tl RNE-FEi=tD OP169115 0P356249
X1, X2 iR OP169116. OP169117 0P356250
Y1 7 5 [ R OP169118 0OP356251
D2 T OP169083 0P356212
n LHTEIE OP169091 0P356219
MC2, MC3 A 5 R OP169097. OP169098 0OP356225. OP356226
MK1 NS RAN OP169101 0P356229
MEI PR 5 T AR AR i OP169100 0OP356228
MW1 N 5% 5 1 R AT OP169104 0P356232
MZ2 5 B TR IR OP169104 0P356233
P2 THEEM OP169108 —
P3 THEEM OP169109 0P356237
Q1,02 HlFPI TR X OP169110. OP169111 0OP356238. OP356239
D3 THEEE OP169084 0OP356213
H2 L PG YEIR OP169090 OP356218
MN1, MN2 WSS T OP169102. OP169103 0P356230. OP356233
MC4 A 5 R OP169099 0P356227
G2, G3 Hk OP169087. OP169088 0OP356215. OP356216
14,75 L5 OP169092. OP169093 0OP356220. OP356221
SL3, SL4 5% 75 s % OP169113. OP169114 OP356241. OP356242
i ES ) SY1 Wk OP169119 0P356243
SY6 g OP169124 0P356248
SY2 [ i OP169120 OP356244
SY3 (i) OP169121 0OP356245
SY4 i OP169122 0P356246
SY5 CIEle OP169123 0P356247
PN o ZH1 HRE R OP169125 0OP356252
ZH2 THE I OP169126 0OP356253
7S1 5% DG 7 v OP169127 0P356254
KR ZY1 NENE) OP169128 —
%2 GenBank #J DNA & EFHIZRE
Table 2 Accession numbers of DNA barcodes from GenBank
I 751 WFh 44 V=S GenBank &5
ITS2 FHE A. mongholicus var. mongholicus KJ999323. KX674824. MF096040
I Medicago sativa GU217662. KJ999311. ONS524602
IIES A. scomplanatus KM588073. KT582019. KT582020
FIZEHE A. slaxmannii KX954974. MG234683. MG236303
BRI A. sinicus KX955026. MH808434. MHS808435
F 46 EAKE Melilotus albus Us50763
X)L Caragana sinica GU217654
g Althaea rosea ON524595. KU182879
psbA-trnH I A. membranaceus GU396752. GU396753. KJ999273
EYIAE Medicago sativa GU396781. MK792215. MK792216
IEES- A. complanatus MK792205. MK792206. MK792207
AEE A Melilotus albus MN533294, MW242028. MN533272
BRXg L C. sinica GU396767. MT949613. MN224239
2% A. rosea MG947063. MF348839. EF679744
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Table 3 Sequences of used primers and corresponding PCR reaction conditions

VA LB SIMEAG-3) PCR R Fif 3454
ITS2 2F ATGCGATACTTGGTGTGAAT 95 C. 1min; 95C. 30s; 56°C. 30s; 72 C. 54s; 40 MEHK;
3R GACGCTTCTCCAGACTACAAT 72 °C+ 10 min
psbA-tmH  fwdPA  GTTATGCATGAACGTAATGCTC 95°C. 1min; 95C. 30s; 58°Cy Imin; 72°C. 30s; 35 MEH;
RevTH  CGCGCATGGTGGATTCACAATCC 72°C. 10 min
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Table 4 Morphological characteristics of A. membranaceus var. mongholicus seeds and its adulterants

B Bt AR il Pz £/mm Pi/mm  E/mm ThidE/g
FEE WEERAEE SEONIR'YE MR AT R EOE Skl 20~45 19~35 0.5~1.5623~642
g o, WSk HR SRR T R P M RR AL,
M
MEREK WA RS, R TIELSHOL e, L5 1.8~2.6 12~2.0 0.5~0.92.64~2.79
Hn M
REHE wan WA E T AL T L O 4b F BB EI S 1.8~26  1.4~20 0.6~1.0 1.63~1.72
Y115 KRR S
BRE ot KEE MFRE RS RR, R BB, OGE 25~34 19~23 0.6~093.76~3.92
AT TR A
S RIEHE

Bl 1 HEEEMTRESHHE

Fig. 1 Morphological characteristics of Astragalus seeds
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Fig. 2 Morphological characteristics of A. membranaceus var. mongholicus seeds from different habitats
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500 bp RHLHF—I5E. JEMIIZ, PCR ¥Ry
N 100%. LT, 46 AU T EAE YD FIFh 14
HITS2 74135345 i ot &0 )il e g 1], 1TS2
%N 100%. 73 M GenBank %4 & b R 2 8
ANPIFPE 19 2% 1TS2 751, Ltk 65 kmi
RO ITS2 274, W EKEE 226 bp,
GC% & 50.5%, L4 68 NE AL M. 52l T i Ap
PP EEEFE B5 0.002, Fi Py B KL FE 25 0.005,
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FLVR Ay ot ol ) gt /0 35 A% BE B8 KT b N e K Tt A% R
By BT RRE K JLIRLE f R T 1) ITS2 JF AR % NI
REREW, SRFWE (-3, IBMFLRIEETE.
BZE. HING L. AT AR AN 8 H A A Fh 435
B, TS E KBRS L R BT,

WX 5. FhE SRR — KR, bl
AR BRI RIX 5, 1TS2 741
AR B S R A B T A
3.3 HEEMTF psbA-trnH FFIHHERZIFL E RE
NER

psbA-trnH 7 £ LKA, HAE 600 bp &ty
LU, TEISH . SR 46 ANFRTRES
PCR Pl ¢, psbA-trnH &5 i TAE4E polyT 45
oy, S H R 5 B, psbA-trnH 813 7 B N
93.5%. 73 M\ GenBank #i#f& & 1 T~ 4 6 MR 18
2% psbA-trnH 751, JE3AF 61 53 SR D A Fih 1
psbA-tmH J¥%1. X EKEE 636 bp, GC% & &
21.1%; 3 160 NMEFAL N o 5l 3 EFf P P H 8%
P ES 0.006, Ff P KL IR B9 0.038, SRRt
W, WEEEK, BIEEHE . 8L, BEMG
B B IR (1) B /NS A BE 25 43 A4 0,028 0.118,
0.263. 0.232. 0.486 f10.252. WM ERZE
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Fig. 3 NJ tree of A. membranaceus var. mongholicus seeds and its adulterants based on ITS2 sequences
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Fig.4 NJ tree of A. membranaceus var. mongholicus seeds and its adulterants based on psbA-trnH sequences

dr B BRI, TLIE R Gl s R ZG11
A S5 E R A —E Z R . b5 DL ITS2
PR S e, B FE S ECRRL AT T 4T DNA 2
B, 4558403 5 i, DNA iU 48.35~109.80
mg/L, WOEFE (4) LAH Azeo/Aas0 40T 1.724~1.994.
PCR ¥ 3 =Wyl yik A N 25 RAE 500 bp H 1 Z&IH M
B Z&T, ORI e Ay R RAS 1TS2 7 4ll, &
BLAST %5€, 12 i +E 1 mARi=
W, fFE PSRRI

4 g
4.1 HEIRAMIFTE DNA RUREUNF
KTFESHET, % DNA FRHGA &2
SKEEURE B TR 20 mg, SAZELE Rifh 715y
FEal, AR TMFANMK R G AR S IR,
U IS DA A 2R I, SRS M I 7 o 6, AR SRS
15 U B SR i R 1.5~8.0 mg 1T DNA
PEEGAL, DNA Jii &K% 48.35~109.80 pg/mL, H.
Azeo/Aaso N 1.724~1.994. K ITS2 Fl psbA-trnH
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x5 MEREKMTFHREEREE
Table5 Sample information and identification of marketed

A. membranaceus var. mongholicus seeds

eSS DNA/AmgL™)  Axo/daso  ITS2 KBS
Z11 57.40 1.833 FHHE
MBII 68.80 1.782 FHRE
MCII 48.35 1.825 SR
MLII 59.65 1.724 FHHE
ML2I 92.40 1.772 FHRE
MB2I 68.60 1.780 FHHIK
MB3I 64.10 1.801 FHHIK
SLI1I 82.20 1.785 FEHHIK
SL2I 64.20 1.788 FHHIK
121 109.80 1.788 FEHHIK
131 84.45 1.881 FHHIK
ZGI11 68.90 1.994 R

W 51T LIRAF A ST T &, RIATHE
AR S BB RS2 EUE DNA 584 1] DU 2 35
TR WUE SR BRLFRTRE AT B DNA 4
Blo H4b, NTIRERITREME, KSR
~80 CUKAH VR BRI IS4, I ZH SR B A i
WIEE G, $AUAEY) DNA $REURFI G HOEIRE, 7
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