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ABSTRACT

Invasive alien species impose one of the
greatest biological threats on biodiversity, in
addition to affecting ecosystems, native species
and human health. Thus, developing accurate,
fast and sensitive methods to detect harmful
exotic plants is important for plant inspection and
quarantine works. Lepidium bonariense L., an
annual Brassicaceae plant native to South
America, has naturalized in Taiwan in recent
years. Its morphological characteristics are similar
to L. virginicum L. and can be easily mixed at
the early stage of plant growth. DNA-based
molecular markers have been widely used to
detect the genetic diversity of invaded alien
species. In this study, we developed 18S-265
ribosomal DNA (rDNA), based on direct
sequencing of the internal transcribes spacer (ITS)
region, to differentiate these two weed species by
the methods of allelic-specific polymerase chain
reaction (AS-PCR), PCR-restriction fragment
length polymorphism (RFLP) and DNA chips.
The 5.8S rRNA-ITS regions of L. bonariense and L.
virginicum were 620 and 621 bp, with the
similarity of 98.9%. The specific primers of
AS-PCR were designed from the 5.85 rRNA-ITS
nucleotide polymorphism via multiplex PCR, to
produce unique 365 bp and 263 bp single bands,
respectively. Through PCR-RFLP method, the
PCR products of 185-265 rRNA in L. bonariense
and L. virginicum were digested with the
restriction of endonucleases BseY I and Rsr I
Each fragment gave wunique electrophoretic
profiles. DNA chips assay of amplified DNA
fragments from AS-PCR products used specific
oligo nucleotide probes. Visible spots could be
detected on the nylon slides. Results suggest that
AS-PCR markers and DNA chips are effective for
management of invasive plant L. bonariense and
maintaining the balance of biodiversity in
agricultural ecosystem.

fEE  rRNA, ribosomal RNA; ITS, internal

transcribed  spacer; PCR-RFLP,
Polymerase chain reaction
-Restriction Fragment Length
Polymorphism; AS-PCR ,

Allele-specific  polymerase chain

reaction.

Key words: Lepidium bonariense L., L. virginicum L.,
Molecular marker, Ribosomal DNA,
Internal transcribed spacer (ITS),
Polymerase chain reaction— Restriction
Fragment Length Polymorphism
(PCR-RFLP), Allele-specific polymerase
chain reaction (AS-PCR), DNA chip.
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Research PTC-200) k3B GMI 2\ &) -
DNA % J¥ % (ABI PRISM 377-96 DNA
Sequencer)HI[ ks3E B Perkin-Elmer 2\ B2 i, e

S EMEBTERBITE 58
rRNA-ITS F 51z 18 & B i
FAFEL 0.1 g RISEMT TR RIFT TR Y

BE o DUESKEH DNA ZEHGEAEHEE DNA - )

15 National Center for Biotechnology Information

(NCBI) GenBank (http://www.ncbi.nih.gov/) %4

BHEYIHL 185 rRNA Ei 26S rRNA %] » 3%

2t ITS-F/ITS-R B|F(Table 1) » 3#47 PCR &

Ji&E o IFETINPIEs 50 ng itk DNA -~ 1 pL

ITS-F 3|F ~1 pL ITS-R B|F ~ 10 pL 5X

Fast-Run Taq master mix PCR buffer f 1

pL Pfu DNA polymerase » #5148 2 #f1

IR BERERE R Ky 50 pL - PCR SRR Foitlan

PR 94°C 5 min - SRR E 94°C 30 S

PREREE 50°C 30 s+ ZEEIREE 72°C 30 min »

&R 35 A » IRARIEIRIFEE 72°C 7 min » Y

10 pL PCR ZEY) - IHAKES 0.1 f5HEk<

bromophenol blue 34| » {EARE 1.2%(w

v-1) agarose gel 2 0.5 X TBE [Eff& » L 100 V

ERRET TR VKT -

PCR $i  BE e Fr BERSTA T % » T8

& K JfE (ligation) » HY 3 uL PCR ZEY) - IR

PGEM-T Easy Vector 375 pL 2 X Rapid

Ligation buffer, 1 pL 50 ng pGEM-T Easy
vector, 1 pL T4 DNA ligase) - A 16°C K
14-16 h - B E —HE 2 AKBEREE TGl
strain » i1 3 mL LB K53 - 1A 37 CR¥aHs
%14 h» U 200 pL HW A & g 10 pL
DNA - il & A vk | 30 min» F 1A 200 pL LB
BEEUR - R 37 CHkEEEEE 1 h» BRI Ek
7 LB plate( & IPTG X-gal K
ampicillin) -+ 5% 14-16 h » 3#H{&H DNA
insert ZHBE®% » % A 3 mL LB EF&EK
0> HR 37CH:E 14-16 h > Y plasmid
DNA - Y 20 pL plasmid DNA Jji 1 pL EcoRI
PRAEIESR » 12 37°C S 2 h» HUH 6 pL A
B 0.1 f2857% .2 EtBr Yol » 3 AR S 1.2%
agarose Z 0.5 X TBE [Bf& » L 100 V FE R
FTEE VKT - WEFE #8E 2 plasmid DNA ilf; i
1T# » FIJFH NCBI GenBank [ Blast ThEE
PR RERI 2 B 5 -
M- AMEBTERBITIXZ

AS-PCR &5t

15048 P 3 1T S B W T SRR 5.8
TRNA-ITS FE9:2 3 05 » PR 13 |
¥ LB-ITS-F/LB-ITS-R J LV-ITS-F/
LV-ITS-R(Table 1) » LL 10 pL 5X Fast-Run Taq
Master mix PCR buffer ~ 2 pL LB-ITS-F/
LB-ITS-R (8 LV-ITS-F/ LV-ITS-R) » 1 pL %

Table 1. DNA primers and probes used in identification of Lepidium bonariense L. and L. virginicum L in

this study.
Primer name DNA sequence (5> 3) Gene DAII\IHXIESSS)
ITS-F AGGTGAACCTGCGGAAGGATCATTG 185 rRNA 707 (LB)
ITS-R CTTCTCCTCCGCTTATTGATATGCT 26S rRNA 708 (LV)
LB-ITS-F TTCCGAACGGGAGATCTCTCCCGA ITS1 365
LB-ITS-R TTCCGTCCCGCACTCGCATAATTC ITS2
LV-ITS-F GTTCGCCTTCCCGGAGACGGTGCA ITS1 263
LV-ITS-R GCTTCCGTCCCGCACTCGCATAATTIT ITS2
LB-probe (T)21CCCTCACGAATTATGCG

LV-probe

(T)21CCCTCACAAAATTATGCG

LB: Lepidium bonariense
LV: L. virginicum
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x> 60°C sEFTHEASE 1 h» L1200 pL Wash
buffer ¥E# 3 X » A 200 pL Blocking
reagent Hi 0.2 pL Strep-AP » A% [ JfE 30
min » L 200 pL Wash buffer ¥
Zshn 200 pL Detection buffer L 4 pL

NBT/BCIP 2t » =i F#EEFE 10 min »
BIFIRERGR -

R

— EEBITERBITE 58

rRNA-ITS ZIBiE K FF 51 LEER
FEH PCR e JfE S e SE 081 758 S 173 185
rRNA £ 26S rRNA ] DNA B » PCR
FEVIRCEE VK F3 AT » A RN A ¥ B P e R
53 7Ry 707 J2 708 bp 2 %l Fr Bt (Fig. 1) -
Itk PCR EY R A K IGAR B ~ FEUE B2
DNA KER B Hl NCBI GenBank 2 Z X
HILL o RS SRR 9E 2 B 3R M 1T SR B
GenBank f1E§3E5{T3¢ ITS1(accseeion No.
AJ582458) k. 1TS2 (accseeion No. AJ582506)
B FFAIsE 2 EE o BhAb - A SR T TSR Bl
GenBank #1173 5.85 rRNA-ITS &%l
(accseeion No. A F128109)7r 52 2= #H[A] - 3EHH
TR B BT AT R SR T R E I L R Ry IE
T » &SR NCBI GenBank » B JR1T3E
BT3¢ 5.85 rRNA-ITS %52 1§ 43 il Ky
HM134831 & HM134830 -

bpy 1 2 3 4 5 6

1000

500
300

Fig. 1. The 5.8S rRNA-ITS regions of Lepidium
bonariense and L. virginicum were
obtained by PCR amplification using
primers ITS-F and ITS-R. Lanes 1 to 3
were samples of L. bonariense, and lanes
4 to 6 were samples of L. virginicum. 1 to
3 were samples of L. bonariense, and
lanes 4 to 6 were samples of L.
virginicum.
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FAER T 5.85 TRNA-ITS [F¥& Ky
620 bp » £ 5.85 rRNA - ITS1 J ITS2 435l
164 ~ 267 K 189 bp » &1 75 5.85 rRNA-ITS
PPy MR R M1 T R E R (621 bp) » FELfA ITS2
% 1 fElk > H 5.85 rRNA - ITS1 K ITS2 43
Ak 164 ~ 267 K 190 bp (Fig. 2) » FERETTE
B S T525.85 IRNA-ITS F471)f—E]: (identity)
Ky 98.9% - {EH 6 fEigc 7252 » Hrh 2 il
FEATIA ITST » 4 fElgEEA7f* ITS2 (Fig. 2) -

T RAEXBEORERBORELZ
AS-PCR 125%
FIFH B3R 38 17 5% KB 1T SR 5.85

LB TOGATACCTGTCCAAAACAGAACGACCCGCGAACCAACTATCATCA(

rRNA-ITS FE5d4T 6 féliight g 225 - 7riilak
TR R IT R R WAIT R E — 5T
LB-ITS-F/LB-ITS-R J LV-ITS-F/LV-ITS-R »
HFF5I4n Table 1 J Fig. 2 (7 MERREE) AT
718 © #EHH PCR [ - FilSREAR R IR TR AT
i 365 bp Z Bk FrBr - iR TS T 263
bp kB (Fig. 3) » HASHE ARG
A R -
S A EmEBOXRRBOEZ
PCR-RFLP #&:%
& FH 0 A T 58 1T 3 R M 1T 32 5.85
rRNA-ITS #5222 5 ZH# 5o ila

AGC 70

FEREREE

LB AGATOOOGTGTCCTOOGAATCCTTGGTTGOGOGTATIGTTCOGAACGGGAGATCTCTOO0GAACCGGTCG 140

210

280

350

420

490

FREREE

1B TACCGCACGOGGTTGGCCAAAATCTGAGCTGAGGATGCTGGGAGCGTCCCGACATGOGGTGGTGATCTAA - 560

Fig. 2. Sequence comparison of 5.8S rRNA-ITS from Lepidium bonariense and L. virginicum. LB
(accession No. HM134831) and LV (accession No. HM134830) indicate the 5.8S rRNA-ITS of
Lepidium bonariense and L. virginicum in this study, respectively. LV-2, LB-2 and LB-3 indicate
the 5.8S rRNA-ITS partial sequences of Lepidium bonariense and/or L. virginicum from NCBI’s
GenBank (accession Nos.: AF128109, AJ582458 and AJ582506).
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% 5.85 rRNA-ITS [FHI E B R E - %5l
acat 1R e (Fig. 2 HEARAURER) - A
AS-PCR EY) » Bl e T 60°CHES X
VS ENERE CE SN WS
R tHEaE: (Fig. 5) nlor ik 2 5R5%
B TR T SRR AL E - SME 4 (RS
Bl R dm Fr L IESH IR - ELASH S A R R
MR ARSI -
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LA R PR E Y B R P L B A B - &
EBRINAEPIIR QS % - H RSB TI58RAY
I LR AR REERT - WS A I
B AERRRR I RGER S - H MR RE
ARE A AR & IR - — 3 1 ] AE s i AR A
Ak - SR B R B 2R AR
55— 3 THI e A R i A e R R TR [ A 2K
- ATRENG IR T AMRERVERETHEN: (Sakai
et al. 2001) - [R| L AR AR S P AAE ) B I S A
B R 2 T, R T AT O B R PR B
#l - K EEE BRI INEYI R R 5L
B EPIR ARTHARIHETTBAYG » JERC & 5K
SR BRI LARG AR < ik -

(bp) 1 2 3 4

Fig.3. AS-PCR markers by using specific
DNA fragements of 5.85 rRNA-ITS to
identify Lepidium bonariense and L.
virginicum. Lanes 1 and 3 were L.
virginicum, lanes 2 and 4 were L.
bonariense, and PCR products were
amplified with LV-ITS-F/LV-ITS-R
(Lane 1 and 2) and LB-ITS-F/LB-ITS-R
(lanes 3 and 4).

(bp) 1 2 3 4

Fig. 4. PCR-RFLP analysis using restriction
enzymes BseY I and Rsr 11 on partial 18S
rRNA-26S rRNA regions of Lepidium
bonariense and L. virginicum. Lanes 1
and 3 were samples of L. bonariense, and
lanes 2 and 4 were samples of Lepidium
virginicum. PCR products were digested
with BseY I (lanes 1 and 2) and Rsr 11
(lanes 3 and 4).
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Fig. 5. Detection of AS-PCR products of 5.8s
rRNA-ITS specific regions in Lepidium
bonariense and L. virginicum on DNA
chips. Capture probes were printed in
the order shown in (A) parts: M,
biotin-dA20 (positive control marker);
spot 1, L.bonariense; spot 2, L.
virginicum. Deteted samples shown in
(B) L. bonariense, (C) L. virginicum, (D)
L.bonariense and L. virginicum, and (E)
positive control.

R o R i 1~ R 2 75 27 A
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HIVEY) B 3 %78 T+ (Hsu and Chiang 2010) -
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FR el R - Mk DR 1E e HO 852 51 )
R o [KIEEAIH 0 A S AR A1 2 ARAE P
> REEE - MR F AN e TAE_ERyE A
AHEHEEERE -

AWFFEEt B EAL B JIH R I3
ELE L2 TR - 1T 5.85 rRNA-ITS 7
Yl A ~ PR - HETT A L 51 S A
37 PCR-RFLP + AS-PCR KM Fr il 75
% o IAN - RE SRR ISSR R
RAPD 4342555 (Su et al. 2010) - Bl§+ %R 3E
T3 BIREN L HF E B K] (5.8S TRNA-ITS) K
BRI HE LR (D8 22 17 51) o % B R B 5 3 30
& B A AR RS 5 5 A B RE < SOR -

— &S - W EYIR 5.85 rRNA-ITS
BT 560-700 bp Z [ » ARG R 1F
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oT808 SOR R IENTSE o A ERRE R E
FT% 5.85 IRNA-ITS #4112 £ Ky 620 bp - Bl
GenBank FH{EE] Osnabrueck AZHY 2003
8§k 0 TE 35 M 1T 5 1TS1(accseeion No.
AJ582458) k7 ITS2 (accseeion No. AJ582506)
Feylsea= ARl (Fig. 2) » BERASA] Ml R R 35
W TR ITS oAy S AH E R s AR 3
A5e 2 #{T7% 5.85 rRNA-ITS [Fo2 Ry
621 bp - Bil GenBank 1 3 [# Hh SR b FE e e
YIRS 2000 455 #kAO 175 5.85 TRNA-ITS
Feyith e AH[R (Fig. 2) » RIELHEMIFIF 5.85
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173 » EEA RIF a5 B EE -

i #8 Baldwin (1993)% £2 3% = Jf 52 5H
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