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Abstract: To accurately discriminate Stellariae Radix from its adulterants, four leading candidate DNA
barcoding markers were evaluated. Sixty samples including Stellariae Radix and its adulterants have been newly
collected and their total genomic DNA was extracted. Four DNA barcoding markers ITS, rbcL, psbA-trnH and
matK were amplified and sequenced. Their sequence characteristic analyses, Kimura-2-parameter (K2P) distance
calculation and Neighbor-joining (NJ) phylogenetic tree constructions were accomplished using the MEGA 7.0
software. DNA Barcoding gaps of the four DNA barcoding markers were estimated by the distributions of inter-
and intra-sequence specific variations. Species identification efficiency was calculated using the BLAST method.
The results showed that ITS had the highest (95.2%) while matK demonstrated the lowest (75%) PCR and
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sequencing efficiency. The length range of the four markers were in the ranger of 211-797 bp, and the G+C content
of ITS was highest (54.35%). The identification efficiency of matK and ITS was 92% and 90% respectively.
Barcoding gap could be found in ITS sequences. The NJ phylogenetic tree constructed using ITS sequences
showed that samples of Stellariae Radix were separately formed into one clade, and samples of adulterants like
Stellaria bistyla were clearly belong to different branches from Stellariae Radix, whereas NJ trees constructed
using psbA-trnH, rbcL and matK could not differentiate Stellariae Radix from its adulterants. Therefore, ITS
regions as DNA barcodes can stably and accurately distinguished Stellariae Radix from its adulterants, and provide
a new technique for modern identification of Stellariae Radix.
Key words: Stellariae Radix; adulterants; DNA barcoding; ITS; molecular identification

HYSR O T B2 JE R ) SR W (Stellaria
dichotoma L. var. lanceolate) 148, A 2015 4 hix
(e N R AE 24 o) U sk b 251, i i 1R SE, B
TH MG BRI TR, BT R R A B AR ST RGN L
FFRAEERER, RSESAE IR IR A TR E m
RO PR S5 7 TRV o A, SREEIHH 5
A 2504 AT, G0 AE 5508 (5 RURL 55 0 | AR R A
5, A BE IS #v ez Thie, 508 5 Rk H AN B Bt
[ —BRZG B 555 S S ML, BA BRI HTETH
RAEFIM, R, ARG I PR N AR Tz .

HREEEA F E AT T H A S BRI AR 1T
B AR R X, A 50 H AR S H 0 B AR
DR AT B =, 7 i 2R 4 O o0 SRR T N R A, T
Y BT RO, WA R S e AT A
TR AR, IR SR HA I R F 2 1 22 4 1t AA
ROPEAR A BMRAUE . ARSEHHTR Dy i PR A ™ B4
T HM T IR E AT, 1 HXT DUt R R Ak 24
E SV R S N B 7 R A D K E S R S e R R
TR 7 REDHT, 12K B 3 2O
WA, (HIX S ETIVEH TS E NRAER .2
A A K RIS SOID T A s, i DA AR S v ) 1) % S AR 4
A S IR

DNA % 15 (DNA barcoding) % AR A N 25444
b 25 SE W A0 A B 7 RS, =R AR ) A R AR R
(17 5 37 48 HLAE 6HBE 48 1) DNA B Bt W b 3k 47 PRk
HERA Y S ot B U e o R EE S R A7
VRE RS T . DNA TS S e B B4 A
M A R E P HIAD VIETE VRS KA VB BH SR 28
S FCUR Ay il ) %5 5 T AR T R ROREA, O I AR
SRS T AU B SN . Rl E K A e
¥ 25 6 DNA (T2 09 4y 1 %6 € 1 3 R W e 2 T
2015 AR E 25 ML) B DU HAE TP M e V2
i E B SR 2 T AR B TR N . A
KARGEEH DNA SRR S04 %58 B 0 ik A T J&, AR SR
F 4 % % H DNA % i 2% % 653 )7 %1 ITS. rbcL . psbA -

trnH FT matk nf 4R 5 i J FLIR O gk AT 2 e Wt IE,
FO B AN TR 358 7 21 5o B S 1 O S S e 7, AR e
A S FAR A 1 o 4 e SRR IR Y A, DA S —
PR TE AR O AR SR T O S e T, RS2
A RV Afl 25 58 R AR AR AR

MR5RE

MRL KT TR AR AR S B L TR B i 1) R LA )
AZGMFEARIL T 60 13, 23 0K H 72 B H R L7
JEEZ B0 B REG LA RER
I E SR, FFE AR, EREMEN TS, TR
SEH R IR O S B B SRR 4 7 R SR S e 2R M
BB BT B2 A I T T e T R FAT AN K e,
FE it R A7 T 7 B 258 T R 58 TR EOREE O
i fE =70 CUKFE. FT A ZiM e B4R T 2 25 ik
B TR SR EAT IS5 . FESCRERBE LT L, A
72 IR AN GenBanK 4k e T 2 55 TG e 51, 1 471 i
146 2 [ R 1 R A R ST (1 B A6 B, B BLAST 43
Hr+ R G 45 1 . Barcoding gap 6 46, FL 38 ¥R SE i Ay
FOIR O S I 114 2B RO TS E 51 (3R 2).

it ) DL2000 Marker. RNase Jf - 18 47 & A 41
DNA #& Bk 57 & (46 50 R AR AR RF A BR & #);
pSbA-trnH . ITS.matK. rbcL 5 51 51 ¥ (i E T A4
TREHR A A); T EME (FEE, Biowest Agarose); 2x
Taq plus Master Mix (#4 5 i# ME 5% 4= ) BB A BR A 7]);
GelRed 4k} (3£ [E Biotium A ).

{88 MyCycler PCR X . Gel Doc XR+%t i 1%
Z 4t Powerpac Basic Fit i 1 5 i HE K A (35 B A R
A R 2 F]); MiniSpin plus 7% 3% 250 H1 (7 [F Eppendorf
7y F]); Geno 2010 &= i@ & 4H LA B ML (35 [ SPEX
SamplePrep 2+ &]); ND2000 #% g & [ i I 1% (3
NanoDrop 2 wl); H 3 s K B 4R (i ARG A R
2 #E]); Mini B0 0L (2R B S R F AR A R A A);
SZ-1im ek & (5 M B F A3 ) 1E A IR 2 \); iR
KitEA (AL KIESER® AT ).



= A ARG S LU O i 1) DNA Z A5 25 e 1k 7L 939
Table 1 Sample information and GenBank accession numbers of Stellariae Radix and its adulterants
. . GenBank accession No.
Species Location Sample No.
ITS psbA-trnH rbeL matK
Stellaria dichotoma var. lanceolate Bge. Yanchi Ningxia B2 MK555226 MK534774 MK534812 MK534855
B3 MK555225 MK534773 - -
B4 MK555227 MK534772 - -
C1l MK555228 MK534771 - -
Cc2 MK555245 MK534770 - -
C3 MK555241 MK534769 MK534813 MK534856
Longde Ningxia D1 MK555229 MK534768 - -
D2 MK555230 MK534767 - -
D3 MK555246 MK534766 MK534814 MK534863
Longxi Gansu L2 MK555215 MK534743 MK534815 MK534865
L3 MK555243 MK534744 - -
L5 MK555231 MK534745 MK534816 MK534857
L8 MK555232 MK534746 - -
Pengyang Ningxia P1 MK555222 MK534747 MK534817 MK534850
P2 MK555223 MK534748 MK534818 MK534859
P3 MK555237 MK534749 - -
Helanshan Ningxia R1 MK555218 MK534750 MK534819 MK534851
R2 MK555240 MK534751 MK534820 MK534852
R3 MK555224 MK534752 MK534821 MK534853
R4 MK555219 MK534753 MK534822 MK534854
R5 MK555233 MK534754 - -
Shapotou Ningxia S1 MK555238 MK534755 MK534823 -
Tongxin Ningxia T2 MK555216 MK534756 MK534824 -
T3 MK555242 MK534757 - -
T8 MK555244 MK534758 MK555240 MK534860
Taole Ningxia TL MK555239 MK534759 MK534810 -
Yuzhong Gansu Y2 MK555217 MK534761 MK534825 MK534861
Y6 MK555220 MK534762 MK534826 MK534861
Y9 MK555221 MK534763 - -
Y10 MK555234 MK534760 - -
Tongxin Ningxia Ycl MK555235 MK534764 MK534828 MK534864
Yc2 MK555236 MK534765 MK534827 MK534866
Stellaria bistyla Y. Z. Zhao Helanshan Ningxia LE MK555247 MK534742 MK534811 MK534858
Silene fortune Vis. Longde Ningxia Dz1 MK555251 MK534788 MK534838 MK534845
Dz2 MK555249 MK534787 -
DZ3 MK555248 MK534786 MK534837 MK534846
Lushan Jiangxi J71 MK555250 MK534785 - -
JZ2 MK555252 MK534784 MK534834 -
Wuning Jiangxi wz1i - MK534783 MK534836 -
Silene foliosa Maxim. Longde Ningxia DF MK555253 - MK534835 MK534847
Silene aprica Turcz. ex Fisch. et Mey. Longde Ningxia DN MK555257 - - -
Xiji Ningxia XN - - MK534839 -
Pengyang Ningxia PN1 MK555254 MK534791 MK534833 MK534842
PN2 MK555255 MK534790 MK534832 MK534843
PN3 MK555256 MK534789 MK534831 MK534844
Silene conoidea Linn. Xiji Ningxia XM MK555259 MK534793 MK534829 MK534840
Silene alaschanica Bocquet Maxim. XY MK555258 MK534792 MK534830 MK534841
Dianthus chinensis Linn. Longde Ningxia DS1 MK555264 MK534777 MK534801 MK534869
DS2 MK555265 MK534776 - -
DS3 MK555266 MK534775 MK534802 MK534870
Jiujiang Jiangxi Js1 MK555262 MK534780 MK534803 MK534871
JS3 MK555260 MK534779 - -
JS4 MK555261 MK534778 MK534804 MK534872
Jingmen Hubei MS2 - MK534781 MK534805 -
MS4 MK555263 MK534782 MK534806 -
Gypsophila davurica var. angustifolia Fenzl Haiyuan Ningxia HX MK555271 MK534795 MK534808 MK534848
G. oldhamiana Migq. Ningxia TSS MK555269 MK534794 MK534807 -
G. capituliflora Rupr. Xiji Ningxia XT MK555270 MK534796 MK534809 MK534849
Ixeridium chinense Thunb. Tzvel. Yinchuan Ningxia YK1 MK555267 MK534798 MK534800 MK534867
YK2 MK555268 MK534797 MK534799 MK534867
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Table 2 Accession numbers downloaded from GenBank of different barcodes from various species

Barcode Species

Species accession No.

ITS Stellaria dichotoma var. lanceolata Bge.
Silene repens Patr.
Aster ageratoides Turcz.
A. ageratoides var. lasiocladus Turcz.
A. ageratoides var. micranthus Turcz.
Silene fortunei Vis.
Silene macrostyla Maxim.
G. pacifica Kom.
Ferula bungeana Kitag.
Silene repens Patr.
matK D. chinensis Linn.
G. paniculata Linn.
G. oldhamiana Mig.
Silene repens Patr.
rbcL Aster ageratoides Turcz.
G. oldhamiana Miq.
D. chinensis Linn.
G. paniculata Linn.
psbA-trnH  G. oldhamiana Miq.
A. ageratoides Turcz.

JN543781

EF060226

KJ660769

MF064036
FJ589552

MF065145
KU722896

MF064598

KY445986, KY 445976, KY018698, KY445992, KY 445994, KY 445987
DQ908662, KJ918501

HQ154047, KJ587591, KJ587594, KJ587591, KJ587594

KY428861, KY807174-75, KY428862

EF060227, KX757533-35
JX274528, KX183986

DQ9Y08661, DQY08663

KU722868, IN589242
JN589231, MG603322, MG603324-45, KX183906

GQ436475, MH116076, MH116077

MG247978, MG547346-48, MG547353-57, MG547359-60, DQ908663-70, DQ908672-73

GQ435121, MH117003, MH117002
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1, N 95.2%, psbA-trnH [ i Ih R A, 9 90.3%.
SELY A T R I TS J7 41 B (95.2%), matK
A (75.0%).
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Table 3 Primers sequences and corresponding PCR reaction conditions!*?

Gene Primer 5'-3' PCR conditions

ITS 5F GGAAGTAAAAGTCGTAACAAGG 94 °C 5min; 94 °C 1 min, 50 ‘C 1 min,
4R TCCTCCGCTTATTGATATGC 72 °C 1 min 33's; 30 cycles

matK 3F-KIM CGTACAGTACTTTTGTGTTTACGAG 95 °C 1 min; 95 °C 305,56 C 1 min,
1R-KIM ACCCAGTCCATCTGGAAATCTTGGTTC 72 °C 1 min, 40 cycles; 72 °C 10 min

rbcL RbcLa-F ATGTCACCACAAACAGAGACTAAAGC 95 “C 1 min; 95 °C 30, 56 ‘C 1 min,
RbcLa-R GTAAAATCAAGTCCACCRCG 72 °C 40's, 35 cycles; 72 °C 10 min

psbA-trnH fwd PA GTTATGCATGAACGTAATGCTC 95 “C 1 min; 95 °C 30's; 58 'C 1 min,
Rev TH CGCGCATGGTGGATTCACAATCC 72 °C 30s, 35 cycles; 72 °C 10 min
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Table 4 The success rate of PCR amplification and bio-direction

sequencing
Candidate PCR Sequencing PCR amplification
barcode amplification/% 1% and sequencing/%
ITS 100 95.2 95.2
psbA-trnH 100 90.3 90.3
matK 81.8 91.7 75.0
rbclL 100 93.1 93.1
Table 5 Identification efficiency and information of sequences
Markers ITS matK  psbA-trnH  rbcL
Number of nucleotides/bp 584-641 714-797 211-388 534-553
Number of indels 83 62 61 67
GC content/% 54.35 32.62 23.17 43.04
Genetic distance Average  0.206 0.089 0.605 0.036
Max 0.497 0.299 1.350 0.115
Min 0.000 0.000 0.000 0.000
Variation site 395 285 242 73
Conserved site 271 468 56 451
Variability rate 59.30% 37.85% 81.21% 13.93%
Identification efficiency 90% 92% 2% 57%
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Figure 1 Barcoding gap plots of different candidate sequences. A: ITS sequence; B: matK sequence; C: psbA-trnH sequence; D: rbcL

sequence
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e, ITS 7 51 Bl o Rl 18] 1) 388 4% BE 25 450 5 A B S
XA /DN, i A2 DNA Z TS i 3k 7 41 B2 oK o AR SR
Barcoding gap & &, 1TS 4144 B 5 14 1] 5% X, b fa]
AR S5 B 5 R P AR SR Y O S X, A AL IE T )
AR TARGEEAZ M I AN

ITS JPBIAEY 16 3505 L 4 7 I 26 Ff o 5 o ) A
5t Barcoding gap. & 4t kK B M &5 7 H A A P 51 %
LR B, 1TS FE 21 A2 v B % 5l 4 5 o % L IR 0
m PRI B AR DNA S5 TS 25 58 7 41 . ARZE ] DNA S Y
FRIRIE 0K R B S 5 1T 45 25 M 1D 4 s TR B o 4 ) i AR
A EE B F AP o Sl m] /R [ 24 i rp 24 6
DNA Z TG br AL 17 51 ) 4R 55 5 DNA 2% JE 15 % 58 11
FINFE, SR R AR S 24 M I A 11 A R 4
A4 BhF B, A R T HE2h b 206 T 3 B0 AR v A D R
Ak, KRR S 256 B R 2 2 4 B B3 3.
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