[ S B @] 29 1 109-120, 2008
f f

18} 7 (Emilia fosbergii Nicolson)£2 % # 3~

3
(E. sonchifolia L. var. javanica)2_ » % #F=Z_

FoAE kgl gaa!

B ERS ST PSS T

52

R ?':(Emilz'a fosbergii Nicolson)# § ## % # ¥ - # & - 22X A EH > R
LA T R AR o R SRR R B S
sonchifolia L. var. javanica)sm e th2) fete 5 4p 00 > AB 22w 2 5 % %] o 1§ 2 FT
FEFE o A FiREE FBE X NEP AR FN o AT SRR e R T T
5.8S rRNA-ITS +:f& & 7|:& {7878 % 2/ > i = PCR-RFLP ~ multiplex PCR %
ISSR ek & {34 o AN T8 ¥ 3740 [TS1-5.8S rRNA-ITS2 B 7| & B % F o A B

% 643 bp 2 641 bp » — I |E(identity) 5 90.7% ° j5d ITS & 7+t %4 » 2 9
Nsil~Sphl % Xhol3 #&'34|f % *» e Z B > 58S rRNA-ITS % it ¥ f;‘;ﬁém
HIFE % F o B PCR-RFLP &% 2 25 ¥ ITS A7 £ B gkt & - 43515

# 2 multiplex-PCR &% 7 2 > 7 A W3S 08 5 4 30 15 678 bp 2 340 bp #
B "’Pﬂf' | * ISSR 587 51+ Mg 1.0-2.1 kb 2 BF e % A ik F > 7 P &7 % B M~
T 8 F X o multiplex-PCR % ISSR @ f&A + R385 7 f§ 5 ~ L@ 2 P mE et
TR BEFOEREFR e AEL PRI FEL L RS T

MR BT S BT R - ~BRES 2 F iR
Identification of florida tasselflower (Emilia fosbergii

Nicoison) and sowthistle tasselflower (E. sonchifolia L. var.
javanica) through molecular markers

Chiou-Ing Yuan'#*, Li-Chang Lin', and Mou-Yen Chiang '

! Taiwan Agriculture Chemicals and Toxic Substances Research Institute, COA, Taiwan

* 3 2 T'F—‘ﬁ o E-mail: yci@tactri.gov.tw



110 i SRS S 7 BV A Je 5V ] 07 5 125

ABSTRACT

Florida tasselflower (Emilia fosbergii Nicolson) is an annual or biennial
Compositae plant and native to Africa, became an invasive plant among cropland in
Taiwan in recent decades. As the morphological characteristics are similar, Florida
tasselflower has been easily misidentified with sowthistle tasselflower (E. sonchifolia L.
var. javanica) before blossom. DNA-based molecular markers have been used to detect
the genetic diversity of invaded alien species. Novel methods for the identification of
the invasive plant Florida tasselflower and sowthistle tasselflower at the early stage of
plant development have established in this study, based on direct sequencing of the
internal transcribes spacer (ITS) region of 18S-26S ribosomal DNA (rDNA),
PCR-restriction fragment length polymorphism (RFLP), multiplex PCR and
inter-simple sequence repeat (ISSR) assay. The ITS1-5.8S rRNA-ITS2 regions of
Florida tasselflower and sowthistle tasselflower was 643 and 641 bp, respectively, and
showed 90.7% identity. the amplified 5.8S rRNA-ITS fragments were compared using
RFLP analysis with Nsi I ~ Sph I and Xho 1 endonucleases, allowing the detection of
characteristic patterns of these two Emilia species. Fifty ISSR primers were screened in
this study, 12 primers amplified 1-8 polymorphic markers. Amplified 1.0 -2.1 kb bands
from ISSR 857 primer and using multiplex PCR produced 678 or 340 bp distinct bands,
both were clearly and easily distinguished Florida tasselflower and sowthistle
tasselflower. These two markers may assist the effective management in invasion plant

and maintain the balance of biodiversity in agricultural ecosystems.

Key words: Emilia fosbergii, E. sonchifolia L. var. javanica, invasion plant, molecular
marker.
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085 % B ZEiEMZE B4 it ¢ 350 © & % W (Mikania micrantha Kunth ) ~
* & & ¥ 37 (Bidens pilosa L. var. radiata Sch.) ~ 7% % (Ambrosia artemisiifolia L.) ~
8% 5 (Parthenium hysterophorus L.) ~ 41L& g (Leucaena leucocephala (Lam.)
de Wit) % # 3 (Eichhornia crassipes (Mart.) Solms) % o it *h kg 5 &5 §
& W (Mikania cordata (Burm.f.) B.L.Rob.) ~ 5# & 5t+ (C. japonica Choisy
var. formosana (Hayata) Yunck.) & S84 2 fafid > >tebgajiiqpin > ¥ 54
FEHROLAFER  FRLEWYR T 2 TY 220 FHRETE TN
BBt o~ Brfpdn i B L o
W 5% 7=(Emilia fosbergii Nicoison) = # #*(Asteraceae) % ¥ ¥ fh(Emilia)—- # &

EF X ALY o T RAWEN D GHw ¥ F] Pﬁfﬁfi FEIEE A R AT
1978 2 1981 & L {4 & & 5 E. sagittata * E. javanica (Ou and Liu 1981) > 2. {¢ £
Ed P FREeaFEE L&Y Emilia B #F e (Nicolson 1980) » { &+ 5 E.
fosbergii o P 2 S S MBRF RFRPRAE R ek F2 A
L& % 3 3§ 2 o4 (Hsieh 2003) - & *H @ & b Bt % F X (E. sonchifolia
L. var. javanica)s?; i Ap 17 > ¥ g o FREB T - K F X G- 24 XA p o F
@Q‘MJﬁ‘B*‘éﬂiiﬁﬁﬂﬁ%ﬁ°ﬁ“ﬁﬁ%%§:ﬁ&*i£
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B MRM GEHETFCEREH P A oY § P pEP (ribosomal
DNA, rDNA ) » ¢ :}é 18S~5.8S5~26S zls'—] BB w2 P 4T IR % (internal transcribed
spacer, ITS)» ¥ I 5 4 F AP T 2 AFHER - PP L =304 4 #
=38 - F £ 4F 3k F) ¥ (repeated gene families) ° & B 44p# | (Schaal and Learn
1988) - ' rDNA G432 G AFIT* > A5 232 185~ 5.8S % 26S tRNA %% 'm
Pe g ¥ & 1 0% M = 6 fRNA T — 3 fi(species) B 7 4R R 1B > 23 i
I % (ITS)R 7% £ 5 ' 4 4 B (Schaal and Learn 1988, Baldwin 1993) > d %
EUTFREEATET B AR EAFEE oMM aug it 4 (Baldwin 1993) » Flpt B 3t
18S 2 26S rRNA 2. & ITS F 7| efnt $t » ¥ AL * SR ~ fAp & BT IR %
Z_ vt 87 #% (Baldwin 1993, 1995) °
W H A7 £ 4 % [ (Inter-simple sequence repeats, ISSR ) % I * i fE i
(microsatellites) & 5| 24 s F £ AF P pe # B 5 £ & 2-10bp e E - 313 > & d PCR 3
5 %) 100-3,000 bp Fifie 5 £ o ST A A 0 F R WK 10-60 BAF & B Tk Pk
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A TR~ 7 o (Sakaieral. 2001)

AFT T AR T B Y 4 F 58S rRNA-ITS % # Pt & 7] » 22 * PCR-RFLP
#% - 13513 2 multiplex-PCR % = i# 2 ISSR 4 3 &34 JJ’;"‘JL A AT kg
«Lﬁﬁfu—}ﬂk“ _3_7 f%‘]:}_o

e
BRi: k%

{47 2L F12 DNA 34 P~3#%|(Qiagen) ~ Fast-Run Taq master mix PCR ###| %
(ProTech) ~ pPGEM-T Easy i*#(Promega) ~ 1 kb plus DNA Ladder 1 f&#% & - gel
extraction kit 2 plasmid extraction kit(GeneMark) © EcoR 1~ Nsil ~Sph1 % Xhol R
#]p%#(Biolab) ~ 2 f& 31 + 2 K ~ UBC ISSR oligonucleotide primer Set #9 (= 7 100
B> %% UBC801-900 3! + ) (University of British Columbia)~PCR % % (Perkin-Elmer,
Gene Amp PCR system 2400) °

EHHEz s

2007 # 1-4 P R ER LY B EARE BARES R LAY RERRT
BATE 124 ABF 0.1 T2 <~ E o k¥ Qiagen #F 179 ik i3 sz (drj B3k
FR PR 7y F P F1 2 DNA 1 50 ul TE buffer 73 % 31 DNA » 12 4 %
kB Rp T E 260 nm 2 sk B DNA Gk A o

® & p¥4d4f F & (polymerase chain reaction, PCR)

iz ¥% National Center for Biotechnology Information (NCBI) GenBank # = - &
£ 37>+ 18S rRNA £ 26S rRNA # Flen ik § B 7(accession no. AY623061) » %3+ 1
513 ITS-F/ ITS-R (Table 1) B~ %) 0.1 pg f# 752 % 4 5 DNA> A 54 1l 10
uM 513 > fI* 10 ul PCR kit > & B2 8 5 50 ul > i {7 PCR ¥ J& (Arnheim and
Erlich 1992) = » 1@%%—» PASASRIEE R S 94C 544 RIEE R 94C 304
REERS2C 304 wBIER 72C 304 > AR 35 ; st BER 72C 7
A\ﬁ o B~ 8 ul PCR A4 > 4 » $& % 0.1 & %84 2 bromophenol blue % #| » /L » *¢

1.2% (w/v) agarose 2- 0.5 X TBE "}##%% > 12 100 R¥EF T RETR AT 0 25

fr Do AR R R T R 2 % > A7{F DNA ¥ £ 2 DNA Marker V- #i > ] *

pPAZRIER
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Table 1. Primers used in this study.

Primer DNA sequence (5’2 37) Gene Amplified
Name DNA (bps)
ITS-F AGGTGAACCTGCGGAAGGATCATTG 18s rRNA 700 bp
ITS-R CTTCTCCTCCGCTTATTGATATGCT 26s rRNA

EF-ITS-F CCTATGTACCAGAGTGACTTGTGAACA 5.8srRNA-ITS 678 bp
EF-ITS-R TGCGTATACTCAGCGGGTAGTGCCACC

ESJ-ITS-F AGCGCTTGTACCATGCTTTCATCGTTC  5.8s rRNA-ITS 340 bp
ESJ-ITS-R GTGTGTCAATAAAAGAGGACTCCTAT

PCR 2 ¥ 2_F 5| & 17

d PCR A4 2 T A~ 75 % > 2B~ ¥ 700 bp 22 DNA » f1* gel extraction kit
#-DNA &34 ¢ 3 e d) > 3217 ligation * transformation # 2% = B~ 3 pul #* DNA >
/f]‘ 4v** pGEM-T Easy Vector kit (5 pl 2 X Rapid Ligation buffer, 1 ul 50 ng pGEM-T
Easy vector, 1 pl T4 DNA ligase) * ** 16°C ¥ & 14-16 -] B < B~ 200 pl ~ % 4% 7 TG1
strain *];ﬁ,,’i’z e r 4R EF B2 I0uIDNA > >t 42°CF B3 » 480 2x B 3tk 3 248
fer 200 wl LB &R >3 37CHREELE 1) P> L ¥FHRr%EH> LB plate (7
IPTG ~ X-gal # ampicillin) » 3 % 14-16 -] ¥ » 3 7 5 DNA insert 2 ¥ ¢ Fi% >
Hr3ml LB A% 7 > £33 37CH % 14-16 /] BF o 34 B~ plasmid DNA > B~ 5 pul
plasmid DNA *v 1 ul EcoRI *LH|pE% » S8 f 5 20l > *t37CF B 1| BF > B
8 ul 4v » & & 0.1 © #84% 2 bromophenol blue % >3 » *+ 7 1.2% agarose 2 0.5 X
TBE %448 > 14 100 R&F T REFTE AL 7 EBE 5 5 700 bp plasmid DNA & ©
£ 12 NCBI GenBank ® Blast # it '* ¥+ & 71|(Aitschul et al. 1997) -

PCR-RFLP 2_*U4 | F &

PSS B A THRS2 10 (I PCR A4+ 0 4 B)if 4e Ll Nsi 1~ Sph1 2 Xho 1
£ 3HIFEE 02 pl F i o BHA S 20 ul o 3 3TCAKIEF B 1.5 ] FF o HpR
FEZREETRALA 0 H IR

Multiplex-PCR F &
VORI T A B 58S TRNA-ITS /B 710 4 8% 3+ 2 &2 % — 4513 EF-ITS-F,
EF-ITS-R % ESJ-ITS-F, ESJ-ITS-R (Table 1) » i& {7 multiplex-PCR & J& ° if i* & A=
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YRR RS 94CS5 A48 REER AC30F  RERRSSC30F > EBER
T2C30 4 AR 353 s B RBIER 72CT A4he TAAHTH I WL E o

ISSR 4 3 3%

PR TEZ K X 30 ng DNA » A 574 100 2 1 ul 10 uMISSR 515 - 343
PCR 7 s i % 5 tAsdp %R R 5 04°C S A4 SRR 94C 304 MELER
54°C 304w B AR 72C 304 > AR 3ISHH ; Rt BER 12C 744 7
PN T B S R

2L by =2 1 =)
Fxy3tm

5.8S rRNA-ITS 2. PCR F B & & 7| * f&

WA EEF L2 PCRFEBZ RALIT SR EHR&E T 7 HGE - X 730 bp
Prpe i (Fig]) » PCR Adi5d Bk -8 W2 AR %5 > £ f1* NCBI
GenBank 2 Blast # ¢ #-F 7| 4 B[22 L F] R 20 FERv $HA7 7 0 12 SRS e B A
4 f 48 ITS1-5.88 TRNA-ITS2 & 75— 5 {4 (identity) & i& 99-100% (F# % &
) 0 e IR TIET F FITS1-5.8S rRNA-ITS2 & 7 eh& B b 2 4 B 5 643 bp
2 641 bp = —%‘i— RHEE 90.7% 0 2 fAfEd B - L F FHES DTS B 7k B
4B 02°1TS1 % & ** ITS2(Baldwin ef al. 1995)> H ¢ #.¥% 7= 1 ITS1(261 bp) % 1TS2(222
bp)# % 55 1 BaE A 0 A B3 TSI 1% 255 B 2 ITS2 1% 15 Bk Ak ©
A ®l 28 % 30 Bdk A2 A B 5.8SRNA A 7R = 2 40 I¢ (Table 2)°NCBI GenBank
P ST 5.8S RNA-ITS B 7|2 &4 28 7 2 % # % 58S rRNA-ITS & 7
22 NCBI GenBank(Accession no. EF108405) % # % 5.8S rRNA-ITS & 7|+t % > —
R E 97% > H P 2T ITS1 ~5.8S rRNA %2 ITS2 BR7[~ %G 612 7 Bdksh2 £
BoTa AL RETRED)TEEF >~ 759 583 rRNA-ITS 5 7% %
W P TmEERAAAY 2 RERRRRETRAR R A R EER
W2 B3 97%:0 R 7] - 3R 4 (Tzeng and Chou 2003)° ¥ 5 # 7 & 77 & fic#* (Rosaceae)
R &) B (Rubus)tE 4~ 1 5.8S IRNA-ITS A 7|4 R > i RRIT T /b2 # 0 ITS
Rl B i<(Allice eral. 1999) ¢« % ¢t k> BEfaB R 2 A7 e g - 2
BE A RA ATt A EREFF BT IR T - 25 RT R
B A fA e FE1 o bk qd > AL Hf 5 ¢ kAR TR 3 i R t(Sakai et al. 2001) 0 &
Yo * o 3 3R 174 £ 0 Spartina alterniflora * ¥ 2 & R R 2 0 S maritima > %

FefE R AR A4 » B L %S aglica (Ayres and Strong 2001) g+ ¢k i #
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5.8S rRNA-ITS & 7| enk 47 » 72 % 7 f38 P & a0 45 ﬁ % % (Caulerpa taxifolia)

Foae K p AR I % (Meusnier 2004) 0 pt S ER L 3 AR &~ 4 K P 2 A id
BEREME EF R 2 2000 4 B ;\‘:-%K B 5 & & & 4 ¥ (USDA/APHIS)

wd s TEAG R T,

PCR-RFLP #:&
R AR T2 A 1 58S IRNA-ITS A 7 ' 4|at 2 2 =2 B % Nsil-
Sph1 % Xhol % 3 8 LHIf5% 7 40> 5.8S IRNA-ITS 2 PCR A 4 » (g % ik A 47 5
% BEom 0 d SRR TE 58S IRNA-ITS B 7 ¢ & Xho I fif % 27 2(C/TCGAG) » F]
FRis¥ife ™5 9 730 bp > @ % % ¥ ITS2 1%;'] Xho 1 ¥4 2. i » rﬂw KB
Fts* 2% 134bp 2 590 bp = ¥ E(Fig. 2) o @ MR ITS1 B 7 ¥ § Nsil

1 2 3 4 5 6 7 8 9 1011 12

Fig. 1. The 5.8S rRNA-ITS regions of Emilia fosbergii and E. sonchifolia L. var. javanica, were
obtained from the PCR amplification by primers ITS-F and ITS-R. Lane 1 and 7 were DNA
markers, lane 2-6 were five samples of E. fosbergii, lane 8-12 were five samples of E.
sonchifolia L. var. javanica.

Table 2. Sequences identity (%) of 5.8S rRNA, ITS1 and ITS2 in Emilia
fosbergii and E. sonchifolia L. var. javanica.

ITS regions EF ESJ Identity (%)
5.8S rRNA 160 bp 160 bp 100
ITS1 261 bp 260 bp 88
ITS2 222 bp 221 bp 86

EF: E. fosbergii , FSJ: E. sonchifolia L. var. javanica
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(ATGCA/T)* Sph1(GCATG/C)*» i=> 5 %% & Mkié*» & 232bp~494bp % 236 bp-
490 bp o FIM AT EE L T L5 d 185/26S 1+ w2 CRF@;’fW‘E58S
rRNA-ITS & » R U Nsi I~ Sph 1 % Xho 1'¥FIfe % 7 > & T4 5 A1 53

5 TV HRBRTEE L T o PCR-PFLP HjiF7 &7 # 3t { w|frfh > 777 & * *v:“
FEEZ BB @S R blder Bz B S 3°(S. anglica) 2 ®
* 3 FA(S. maritima)i"?’i i BE o BEZRAA T EST DNA ZH* AF S
R DNA - R 3 > Aom 2t 32§83 Mwﬂﬂ i# @ 1 %% (Baumel ef al. 2001) < d
*> PCR-RFLP 'é% R AL B Rt G E U ia M > T RBIFF R
£ 97F 2 AEE o FIP P w2 PCR-RFLP i& {7 4~ fé chd o

% 313 (multiplex) PCR #z /7|

VR R T B4 37 5 8S rRNA-ITS A& 720 B 230 ITS1 2 ITS2 4 W]k 3+ 2 &3]

+ (Table 1) > % d multiplex PCR ¥ & s » S -7 3t 678 bp 12 & & » H # ¥
¥ 3 g 340 bp 1k B B (Fig. 3) o 24 & 2313 5~ =t multiplex PCR # J& » ¥ [

FEF W R TEEF T o Multiplex PCR * 2 £ 5 Pif ~ i 5 2 g2 2L, @ &

- SIS e o W MGG S g E ’“58SrRNAITS}$ﬂJ“’ £ i

AL BT FE o

1 2 3 4 5 6 7

Fig. 2. Polymorphic fragements of the ITS of rDNA from Emilia fosbergii and E. sonchifolia L.
var. javanica digested with restriction enzymes. Lane 1 was DNA markers, lane 2, 4, 6 were
samples of Emilia fosbergii, Lane 3, 5, 7 were samples of E. sonchifolia L. var. javanica. PCR
products were digested with X%o 1 (lane 2, 3), Sph 1 (lane 4, 5) and Nsi I (lane 6, 7).
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Fig. 3. Specific DNA fragements of 5.8S rDNA-ITS from Emilia fosbergii and E. sonchifolia L.
var. javanica were obtained from the multiplex-PCR by primers EF-ITS-F/EF-ITS-R and
ESJ-ITS-F/ESJ-ITS-R, respectively. Lane 1 was DNA markers, lane 2 and 4 were E. sonchifolia
L. var. javanica, lane 3 and 5 were Emilia fosbergii, PCR products were amplified with
ESJ-ITS-F/ESJ-ITS-R (Lane 2, 3) and EF-ITS-F/EF-ITS-R (lane 4, 5).

ISSR 4 3 #&3&

MATEEF T e 50 B ISSR3IF2Z PCREE > $5%H 27 12 BilF
T 1-8 iF 5 AP EF o B P S5l i 842 ~ 848 ~ 853 ~ 856 £ 857 il 3
W2 S AR PR GEFREPELE £ Y 857 513 T RRTE N T LAY LK
5 1,000 ~ 1,400 bp % 1,500 ~ 2100 bp(Fig. 4) » if * ** T WS T8 & F & o 4 4
Sy EE W T 0L SSSIRNAITS A 71 EF 2 A 4 X v 77 4]
# bﬁi‘a tg % A1+ L (RAPD-PCR) 2 ISSR ~ + fhissf ebpmzns ) Tk W& & %
0 57 A9 R4S 2 U (Chen eral, 2003) » 2 ISSR A 175k %
fﬁ'p“,ﬁ'—z‘ra EEWT I TERF R IRRE AR LT AEEHT AT xiiF'&P%;l
¥ e/ it (Tzeng and Chou 2003) ° ISSR = j2 7 &% * 3@ w4 fd > 77 7 Jaip| » E40
Fenw g Kk E B~ B4 B % (Pueraria lobata Kudzu) ' ISSR 4 7 2 2L 7] 2 %
fa > % BT ATk p3? BE P A(Suneral 2005) - ISSR * ;2 ** PCR i
B2 HEERREEY L > - LS E N E 3 2R RS pFEe
WRIFRE § P - PR 02 A AMERE FRF AR TR
B 0% 2 R 8 @ %482 4 19 (Prevosl and Wilkinson 1999) e
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Fig. 4. Polymorphic fragements of Emilia fosbergii and E. sonchifolia L. var. javanica were
obtained from the PCR amplification by five ISSR primers. Lane 1 and 12 were DNA markers,
lane 2, 4, 6, 8 and 10 were Emilia fosbergii, Lane 3, 5, 7, 9 and 11 were E. sonchifolia L. var.
Jjavanica. PCR products were amplified with UBS842 (lane 2, 3), UBS848 (lane 4, 5), UBS853
(lane 6, 7), UBS856 (lane 8, 9) and UBS 857 (lane 10, 11).

4L =)
&
rmeeh kfEd A WHS S SHEPA GrnE R R 4 T i S L HBL A S

FREBIEJIE DL R FF o AT A O RES RN B RA AP i

FE 22 3RS F A S HBE IR 58S tRNA & 20 [TS & 7
2.4 B 50t 2 548 58S IRNA-ITS & 7 R4£ 5 90.7% > ¥ % & % multiplex PCR
%2 PCR-RFLP s~ 3 B> 2 > wE 7 B B et - X PCRF &> o 5
EX E B TT R R %Mr Ve HEPCRF B2 A4 0 0 F AP T
AT RN R PR RS o ISSR RIS E T EP TR P E s o i
M 5 857 51 F (T - KX PCRF &> TP P A% WA EE T T g
Je* 3~ Rt 2 P X E R AP T o

St

AT RFAFRREELR 5748 105 B416.13-%-Ply 3% @ L R¥
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