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Molecular authentication and phylogenetic relationship of Bidens pilosa and its
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Abstract: Objective To construct the phylogenetic relationship of Bidens pilosa and its relative species, and to accurately identify B.
pilosa and its relative species. Methods Total genomic DNA was isolated from B. pilosa and its relative species. Nuclear DNA
internal transcibed spacer (ITS) and chloroplast gene psbA-trnH sequences were amplified and sequenced. The Kimura 2-parameter
(K2P) distances were calculated. Authentication analyses were performed using Nearest Distance, BLAST1, and Neighbor-joining
(NJ) methods. Results The NJ trees (ITS and psbA-trnH data) indicated that the different populations of B. pilosa form a
monophyletic clade [Bootstrap (BS) = 79% and 87%]. B. pilosa and B. pilosa var. radiata formed one monophyletic clade, and B.
biternata was sister to B. bipinnata (ITS and combined data: BS = 100%). B. tripartita, B. cernua, and B. frondosa formed one
monophyletic clade (ITS and combined data: BS = 100%; psbA-trnH data: BS = 99%). The inter-specific genetic distances (ITS and
psbA-trnH data) between B. pilosa and its relative species were (0.007 94—0.128 80) and (0.005 18 —0.074 52) which were far higher
than intra-specific genetic distances of B. pilosa (0—0.001 59) and (0—0.002 52). Conclusion The closest relative of B. pilosa is B.
pilosa var. radiata. B. tripartita is closely relative to B. cernua and B. frondosa. The sister relationship between B. biternata and B.
bipinnata is corroborated. ITS and psbA-trnH are two efficient barcodes for the authentication of B. pilosa and its relative species.
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var. radiata Sch.. /NMEJLEEE B. parviflora Willd..
YLUEEL B, bipinnata Linn.. 4 34R4EL B. pilosa var.
radiata Sch. SEGRFREIT, FIETHEL, 2H%
BT oA, RS 6 Bh 1 AR, BRAER
it Fm B, WA Bidens pilosa Linn. L4
2y, HAEARHRZ Y, 207 WG W
R IRERIEG . NS 18V S R
2 REGHEPBIRC RS2 B Y W VA
RIS CQUNERE R, BRUEE . S RALEE)
REATZ Y, JEPERS 1 BRIty
Py, BATIE . P, BT EIIRIEIR Y. B
Bt P 25 2 R 2 A DY, GRS 20 2 TS
AT BB A TR E F A A, AR AR IS N R A
K, S B/ ERZA R, SEURHESREK—
YT GAMRAEX 7 o HAT SR AT S B YERE A 1) ST
PR, RO = R, LR AR
A6 BT B SONY < 35 AR, MR Y B
PRk, SRR (K 24 T Al 2 1) 2% 5 e B,
HEWIGIKH 25024, Har, AR RE K&
FCIA] Jeg 1) — Lo 2R 1) 8 0 2 B TP A RSB A
PR MRS bR B EN Y AR R PR I 2
e, AT B 5 T 2RI ) DNA 4B 2 7 %608
BTN WARTE . B OR AT S IR IR R 224 FH 24,
X Ve B IR G IEAT DNA S5 TEAS 7)1 % e it
G, FREBIPL LR S AT B 7 VA AR b
WAk, BEE YR E R E, DNA
et (DNA barcoding) 7K Ky 1 25 4 Wy % e
MRt 17T (EPRFER 773 . DNA 4B EOR 2
FIHARAER) . AR 0 Sy 4 8 FAH X B (1)
DNA i BOWH PRI EEAT D . v 1 19 3 %
HHr, Z5HEYIE DNA 4 TS % e i 5715 21 P
RIE, )2 N T 2 A FHE 24 AR S rh 2544 %
SE SN, R KRR DNA H I A B S 1) B X
(intemal transcribed spacer, ITS) FlIH 4§ 44 & [K]
psbA-trnH Jv BCAE R 18 Bl 45 TR A5 7 410, AR ) J
PR R A e R R, RS XY
e 7wk RRE 3l FH 125 A A 5 Ol G i 8 48 4
A B TG 2 1 % U1 ARWE 9 3 R 2k I
ITS F BUFIM S AR SE R psbA-trnH B, 38 X6 94T
)@ 7 ANFPRT L ANARF, RS AR HEHE
W) M Flora of China"*'3t 22 NMFEAHBEIT DNA
KIE Iy T HOE I, R R R R L S S
SRR FR, N T LI HER 45 S bR 2= K s

1 #8

WA AT S 7 AR 1 AR AL 22 ANFEA,
SIS AR Eh T R AR MR 2 AR 2 Bt b 2 2R e SO 2
FRE KBRS, FEUEARALRAE T e Ak ok
o SEIOMBIRIE TAEYR R Skl T
P Ja DR AF T—80 CUKAH, S MkE4n {5 B .
GenBank %35 L% 1.
2 HE
2.1 #&h DNA B93ZER. ¥ E8F0mFF

KH A KRR L HEY) DNA £ B0 A1) &
(Tiangen Biotech Co., H'[H) $&IFfA DNA, ITS
FE 44 34 48 ] Wendel 251294 3t (9 514 1TS1
( 5>~ AGAAGTCGTAACAAGGTTTCCGTA-3’> ) Hi
ITS4 (5’-TCCTCCGCTTATTGATATGC-3"); psbA-
trnH FEFIY B4 ] DNA 4538 5191, 519
W IR AR PR A A5 5. PCR RVSRAT
Jedy HERLF 5% Chen 25U A Xia 2P #157 . PCR
i, ERIEE S EE R AR, H ABI
3730X 51X (Applied Biosystems Co., ) HE
AT, 9545 RAE GenBank J3: 8774154
KF731835~KF731864, W% 1.
2.2 HiEaE

A5 e B R B CodonCode Aligner V3.0
(CodonCode Co., FK[E) X 7 F1Je B FEAT RO P42,
LR 51 X R R &K ¥ 5, R AE PAUP
version 4.0b10 f & 4 B B N . Bl A Kimura
2-parameter ( K2P ) it f& i & . 4 g 48 4%
(Neighbor-joining, NJ) Z&%t kG #, FJH Bootstrap
(BS, 1000 XFEE) K50 &7r M SCHe A . F A
LM% 227 (BLAST1) . i o #F 275 (nearest
distance). NJ FRZt K G W55 T 1E0T T 5 1 e 2
R AT 5 93T o
3 EREHN
3.1 ITS FAER. FIMARMETZFSH

O R ILR B I 7 AT 1 ASEFPI ITS 7471
KA Tl 630~633 bp, JREFEL. AL RE .
S oL SO ITS JPA1340h 633 bp, AARAEHE
(1 1TS A5 0 630 bp. HH ITST FHIK AR 5
YU 4 252~255 bp. 5.8 S X I K & 1) 24 164 bp, ITS2
PRI A YE A 213~216 bp. £E ITS B4 %
B, VREFED S ANFREER ITS Jpo s —3%, Al
ARG . 1B BN 3 ANEEE (AL,
A2 1 A3) 5 A5 (GenBank J¥41'5 ) GU736433)
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Table 1 Source of samples

GenBank &3¢ 5

'S FE b KA
ITS psbA-trnH
Al &5 B. pilosa mEZE) KF731835 KF731850
A2 TLETHE T A KF731836 KF731851
A3 TLETHE Tl g KF731837 KF731852
A4 R GenBank U67106

A5 XA GenBank GU736433
B1 HAE AT B. pilosa var. radiata TR KF731838 KF731853
B2 S LA TR KF731839 KF731854
B3 (SRR GenBank AY 623061 GQ435609
Cl /NETJRET L B. parviflora R KF731840 KF731855
C2 R LB TR A KF731841 KF731856
C3 ANAE L2 T T KF731842 KF731857
D1 & ML B. biternata R KF731843 KF731858
D2 SRR T N KF731844 KF731859

D3 SRR GenBank EU117247

EU117245

EU117273
El YLUELT B. bipinnata T e e B KF731845 KF731860
E2 WEUEEL TR B KF731846 KF731861
E3 LU TR 4] KF731847 KF731862
F1 WRAFEL B, tripartita TR & A KF731848 KF731863
F2 IR T KF731849 KF731864

F3 IRACHL GenBank U67097

G KIRICTL B. frondosa GenBank U67094 HQ596614
H W 55 B, cernua GenBank U67098 HQ596612
I KL Cosmos bipinnatus GenBank FJ980345 GQ435119

ITS FHII VR M L 100%. JE#E A4 (GenBank
FE55 2 U67106)%F L LAt 4 AN HEA 3 AL,
RUAR S, S BIAE FERE Ad (K5 131 AN A, 55 158
AL RL 55 389 M. AT 1310 158 AN mi4)
S Y AT M, TMEE 389 AN AUHILAE
5.8 S X1k, i T—C (485 . ITS F#41IFl Py Bl K2P
BRI B A L WoR, A S I B AL 6 AR
FhIA AL 254 0.007 94~0.128 80, W& AT UEH
FORD N AL ER B (0~0.001 59) (R 2),
3.2 psbA-trnH FHVER. FIIMARFHE T RS HT
WA R R HFEJE R 7 AR 1T AR R
psbA-trnH J7HHK AR G I 376~407 bp, Hrh
HAERE B psbA-trnH [7 55K R 407 bp, KR
5L psbA-trnH J¥ 5354 376 bp. {1t psbA-trnH

FEHIRE R, SRET S 3 AN R BEREA T, T RI4E
JII (AL FNEM (A3) JRHEN psbA-trnH J75 564
— 3, Hrp R R (A2) XFLE A1 T A3, £
43 M AT T ANIREEAT S T—A (A W E
TLEFELN psbA-trnH JPH, FAAEIENFT) psbA-trnH
FPHILESS 203 Fl 358 {7 4547 6 ANMIREEAN 3 AL
A, s A IR AR5 201 A1 358 A7 AT 4
AN PRI R T 2 AN TR N, /NME R FEAE 392
PR 7 ARG, TRATEL, A JLEF BERTR
PRATEE > SIFE S 182 H1 226 47 S 9 MRgHEEA 6 4
TRFEMIEN o psbA-omH FEBURIPA . Flia] K2P 4%
PR SR, WA IE S 6 ANFhRRR ) 514
FHES K 0.005 18~0.074 52, B KT J AT B Rh A A
BABEEE (0~0.00252), W 2.



¢ %% Chinese Traditional and Herbal Drugs 38 45% 25 6 ] 2014 £ 3 A - 831-

%2 ETITS 0 psbA-ornH FHBIRETE 5 HILGHEFH B FIFH A K2P BEIER
Table 2 K2P genetic distance based on ITS and psbA-trnH from B. pilosa and its closely related species

(LB K2P it B 55 ITS psbA-trnH
&5 B. pilosa Fpla] 0.007 94~0.128 80 0.005 18~0.074 52
A 0~0.001 59 0~0.002 52
HAE R AT 5 B. pilosa var. radiata i 0.007 94~0.130 63 0.005 11~0.076 80
A 0.001 58~0.012 76 0~0.004 93
/NTESRET B B. parviflora Filra] 0.099 36~0.125 37 0.026 31~0.082 88
Tl 0~0.001 58 0~0.002 58
&R AL B. biternata ] 0.001 58~0.123 26 0.005 11~0.074 35
A 0 0
YLWLL B. bipinnata Fofi ) 0.001 58~0.125 19 0.046 89~0.118 48
A 0 0
WIE B. tripartita Fifr[a] 0~0.128 58 0.071 41~0.109 07
il 0 0
Wi JETEL B. cernua ] 0~0.130 63 0.071 41~0.109 07
KIRHE B. frondosa i) 0.051 87~0.126 25 0.024 20~0.118 48

33 REESHRRESHIIEES T

IS AR AL 48 223k (BLAST1) St R 5 1
] J AT kBl AT S5 e M, S5 RAE W] ITS AN
psbA-trnH J¥H 0] LLAEf 50 A AT 7L 5 L [R] JE i
Z:Fh. N H PAUP version 4.0b10 ¥4 % J 4 2 5 1
[A] J& 3 AP ITS 1 psbA-trnH ¥ 5 NI R4 K
A 1. 2), SRSEHEIES S T e T 2
FKYEJE Cosmos Cavanilles P21, 75 ITS 541 ¥4 2t (1)
NI RGM (B 1), REFE S AN R BN
SR, SRR 79%. i, S RRA. %
BEPRUNERENRR) 3 DNEBR S AR R AR
Gy, SCREFN 53%. 65%F1 100%. 146 4T A
MR E ) 3 DMEBIFEA AR B R
o ITS JPHUR AT NI R G n] 45 B & 7 5 3L )
JEIL A B X 3 FF o AE psbA-trnH J¥3) )
FINI Rma i b (B 2), REFRR 3 AN EEFFEA
BRI, LFFHE 87%. Hrp, &RAM
(12 AN JERESRAN— BRI, SCHFFRN 68%, %
BEEF RN LB B 3 N RS AR — R
N, SRR N 100%. 5 ITS [FAI I NI
R, OREHE (3 NEf) AIRHEL
)2 ANMEED HFEASEREN R RS L.
psbA-trnH J¥ 5 R FER) NI RS0 )6 i 4F 7 5 T
I7i) JeB 3 5 o B A2 L 1X 43 T
34 REBERETHEESEXRANRELBELH

BT RE RN M RAEKE KR, X
ITS 1 psbA-trnH J¥ 553 5 BEAT BARFNIR S 734,

100 81 —Bl

97

100 [ E;

100 _EF2

100

7332 EHEUEARZR NI 1) BS P20 SCRISERFRIE (>50%), F1F]
Numerial values above branches show support strength of BS values

of NJ to branches (> 50%) , same as below

El1 BT NEHERFREN ATS KiF)
Fig.1 Phylogenetic tree constructed based
on NJ method (ITS data)

T VPR EE ] ITS R ZRARFED psbA-trnH 751 Bk
A H 2 RS0, ANGEY] 2R T GenBank H1
SRAFM) 4 4 1TS 751 (A4. AS. D3 Al F3), 7&
PAUP 4.0b10 FHHT AR50 R Y. P {E2H]
ki B P 2 RS BEER (<0.05). A
AT PAE N 0.55, XEWIAZILE ITS Fint
LRARIEIR] psbA-trnH [ 5V EE A W35 M 2 %
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Fig.2 Phylogenetic tree constructed based
on NJ method (psbA-trnH data)

AU AT 08T AR ITS P8R S KN
640 bp, {5 EA7 A% (informative sites) Jy 125 4>, I}
SRARIEIN psbA-trnH JPHVHRE K LN 409 bp, 15
BT SR 514, ITS Fil psbA-trnH J7 5B R B
KEEA 1049 bp, {5 SR 176 Ao {EITS 43+
ARG E (B D, REEEANTEM 2 K3s3d (533
LA SCID, 3 TN, REFE 5 AN REEFEA
HETERE B 3 AN R BEREAR O — R, SR
HH 100%, 4 ma A 5 R R A SR ) R R
I, CFERN 100%, X 4 ANMFOCE/NERE &
R, ML SCRERA 97%. fE LI,
IRACFL) 3 AR REEAR IR A — B R 3, M
SR R BB RS, CRERA
100%, 3X 2 AP ORI, 32
FEE N 100%. 1E psbA-trnH 5y T 2500 E (K 2),

B SN TTS 531 R 2= AR, [FIFE
TR RRNE MRS (S TR SCID, 331
AFERE R, OTERE R, SRA. SRR E
PRAENE, STRFRN 100%. 4337 AR E, A
LA ERURRAE S, SCRERN 96%. {1 ITS Al
psbA-trnH [P HVBEGr T RGEW (B 3), &40
ISR S ITS 701 RGP0 b S iy FEA —
;, M AFEREARRE R 3 AN EEEE ITS
M psbA-trnH & H W50 1 RGERE B AR R 2R 73
X, ABLEBRG o T RGW b, IR R 0 3,
SCRFFRN 76%.

89 A3

76 93 Bl

B2

83 B3

100 B3

100

100 C3

100

E3 BT NEMERRLZER ATS 0
psbA-trnH 3R S)
Fig. 3 Phylogenetic tree constructed based on NJ method
(ITS and psbA-trnH combined data)

4 g
4.1 ETFITS # psbA-trnH [F5) 3 R4 E 5 Hir %
M FEE

VAR, A PR BRI R 7 T B S AN W™
K, Hiig TRk, R, B s
JEZIRIF AR Z , 2/ HU X H I B 2
AR 2, SECh M A R IK 2 A e A %
AR AN EFRE ) DNA 4 B3
IZHE R ITS M SRARKEN psbA-trnH JF AR 2544
DT R R FCIR B (1) 7 ASFRFN 1 AN (L 22 MFEASD
HATE BT, S5 RRW ITS R psbA-trnH JFHIALE
TEFEAN ] R R MARI AR DA S, 7R
HHF @AW, fAEFErAR. W
5 HAR G Rh 2 18] ITS F1 psbA-trnH JFE5) ¥ h ] K2P
B BE B I8 KT AT R P JE R ] K2P agtfE R
Ho NI BHERE W45 L BoR, 16 ITS M psbA-trnH
T RGN b, R R RN — R0,
SRR T9%H 87%, LTS RIT M X 43
TFo XKW, HIERH ITS FIMLRAAIL N psbA-trnH
FE A a] DA A SR B J 3 5 3 G b R AT M 0 (1) 4%
JEREEH

A0S T AT L () LA R A A6 LB B R
L, RIS AR, PR B ST R ITS
FRA AR K2P ist&#E 25 (0.007 94~0.130 63) 5
1A SR AT BORh Py JE e (R) K2P 8 EE S (0.001 58~
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0.012 76) {FAETES. NIRRT RE R, £
ITS 1 psbA-trnH 4y 1 ZGM L, KT GenBank
(M)A T 5 B3 IX—JadE, 5 B1 B2 (1) 2 4N
BRI RN R0 3o TRAT A [R) Ja it 3
RN RS, TR R R —
RN, EX RGOS REIE IR, KL TS Fl
SR ARIE DR psbA-trnH 3 HILED) T [A) R0 a3 Py P2 it
(AR S A B AP R 22 5, HEARRIEIX 2 Ml S
LU G FNIX 43 TF o
42 REEETMHERZLEXRR

TE R MY A A A 230 R, DLE
MR s F5, ERENE 9 M, 2 4
AsFh, (P ERDEY Y Flora of Chinad™ A 1%
ST AR A, K T S 8 R4 A
2 AN, RE SRR, AN T RE %
iR — 3R BIROCT RN R R ALl gy, T
ITS. psbA-trnH RS TR 701 RGEMW L, AWt
FEHUFE) 7 ANFIART 1 AN R 5 21 2 AP
RPN, DRSS T G NARRAD Az 1T
O FERAD, BRARENSCRR, KRR T
Ir T RIEASFFAERT AT B8 N 4L iRl o 2 — 30 .
BTMEREKERRZ L, EHRREAN (XD,
JREFEL, A CRE R, NERER R, SRR L%
BEIX S PRGOS R H, e E AR
P EAE R BRI — IR RS, RPN 100%
(K 1. 3), 31X 2 MR b ILAb R, X EE,
HAE=HEM, Wilg LB TREBRITHIL
P (synapomorphy), 32+ —# L% K Rmil. X
B F I B ARHE, RILE (18 A O E
EFRAESRIE NS HAT 5~7 WAt s R, 74
R, A EREN RS A AR 2y, MRS TR
SR G RN R R, RN
100%, —FRGRRRAUT, BARER 27 E 2k
IRAEPLR Z I (T AN |, A SRR A IR TAE /N i
eSS, GEEVT, BB TR /N i
4%, NG EARNRLY, 7R % RAN (431D,
IRAE L SR A R R — B RS, BRI
THER, CEBRGKRRIT. X 2 PR R R
YGRS, 4R UR RSy 3. X 3 ANFh
XEETERA (33 D RS, HATE SRR, M
JEEEGUARBLIE, Tl o8 1w L0k, SCRpbAT]
RSRL R R

FH T AT e e 40 1) R T g LA ) P R e

B, RLY THEEDIDR LB NRBK R F5E,
BRI, %8 LR e B K4 1
XA A, WA B, IRACELGR A ST ARl
Ganders 25BNy i% @ A 10 SRR EE 12y
Aii, SIS N YRS (adaptive radiation) if
A, PIRh R PR T B, I8 BOK B PR Y P T
AL, 3 B S % R AR ARSI T DNA
S5 TEA AR 531 25 58 ANHER 45 2 vh 2564 L L
ML G R (i), FEAI R T et 5 L[ &
PR RERE KR, NI RE 2 YR
SRFEWEET R A, HeAh, FERIER R A LR
PRI RG KT KRN, AR TS A ik
FEN psbA-trnH PV FEFESR AL AR 07 00 (fF
) ZTHRAER, HL, A NI o1 REW
(1815 R SRR i TR R B NI 0 T R4
PR 25 9 RSCHREE . ANBIFFURT P AT B J AT S )
RYGR B RABIATYIL ), AT A5 S
MR 2, W BEZEY KIBAEEH, B ITS
1 psbA-trnH J7 5 S FAWTER Fr BP0 T R 802
WL, JTRe i g R R R N RE K FHELL,
MNIF PR 7~ B AR, A S8 T A )
RGRR, N2 FIAEY I SR T R 5 )
FHAE AL T SE I B AT

& b EAF AT RS REY
FERELEZE TN A GLE LS LT A3 A
RRMUERBAA ST ZB-F 6, TEMAF R
AR AR AAE T 8h & AT A
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