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Discrimination of Echinochloa colona (L.) Link from other
Echinochloa Species using DNA Barcode
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ABSTRACT. Echinochloa colona is one of the most problematic weeds in the paddy fields of the world. In recent years, this
species is likely to be introduced in Korea due to global warming, the expansion of international trade including agricultural
products, and increasing tourists. We tried to identify the species from Korean Echinochloa crus-galli and E. oryzicola in order to
establish the control measures in case of the initial influx. For this study, Echinochloa colona collected from the National Plant
Germplasm System, USA were examined and E. crus-galli and E. oryzicola were collected in Korea. It is, however, very difficult to
identify for Echinochloa species using morphological characters because of numerous interspecific and intraspecific types found in
nature. Thus, we barcoded the species using rbcL, matK, and ITS. All three markers identified E. colona very well from the others.
ITS alone may be enough as a DNA barcode for E. colona identification, when considering cost and effectiveness. The barcode
sequences were deposited to the National Center for Biotechnology Information database for public use.
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simple sequence repeatS ©|-&3t Ex} AlEshHA ER AN},
=Ulof] BEstE By AEL 59, I(E esculenta
(A.Braun) H.Scholz), +=3], UX==3I|(E. oryzoides (Ard.)
Fritsch) 4591 Ao 2 H %9t} (Lee et al, 2014b; Lee et
al.,, 2014c¢).
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Table 1. The plant list and NCBI GenBank numbers deposited in this study.

NCBI GenBank No.
Species Passport Origin
ITS matK rbcL
E. colona P1292598 Israel KR706351 KT365299 KT365292
E. colona PI331385 Ethiopia KR706352 KT365300 KT365293
E. colona PI1364794 South Africa KR706353 KT365301 KT365294
E. colona PI463640 India KR706354 KT365302 KT365295
E. colona PI463829 India KR706355 KT365303 KT365296
E. colona P1491424 USA KR706356 KT365304 KT365297
E. oryzicola E46 Korea KC164280 KT365309 KT365290
E. oryzicola E55 Korea KF010187 KT365310 KT365291
E. crus-galli var. echinata PB-159 Korea KF163624 KF163726 KF163507
E. crus-galli var. crus-galli PB-170 Korea KF163621 KF163722 KF163504
E. crus-galli var. crus-galli PB-187 Korea KF163622 KF163723 KF163505
E. crus-galli var. echinata PB-240 Korea KF163625 KF163724 KF163506
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Dedham, MA, USA)E ©|-8&3}] contigg ZJ3}L, contig
S Clustal WE olgelo] Hee ¥ 82 BLS A
T A7IAE Apol= |t g2 215k e MEGA 6.06
X233 O 2 Kimura-2-parameter distance model-S 4§
3o} Neighbor-joining AE4-2 2H4ste] 28 FHsHc)
(Saitou and Nei, 1987; Tamura et al,, 2013). H}Z.E 7] 4]
dL ujF9 FHAEFSHA W AIE (National Center for
Biotechnology Information)o]] #A|&3}%] GenBank H$ & F
k=g

Zh S nE
Yrhmel el SZ

3ol ostd ddiul= F43A (raceme)ol] EE A4
7} 7HA - 42 R H%EM%EE] 2314 o] Zol7} 0.7-
2(4) cm=z 22} ASHE-2 Q1AL 449 Aol= 23 mmE &
559 B3, 3, 3 5o Hsto] 4 Ao 7% 5ol
21Tt} (Chen and Peterson, 2006; Michael, 2007). 121} o]
oleh Feld B9 27k ) Aol 28 1 Elo]
wol Pkl 9% FeH Yo| 7 zelo] £L SHa)
Lol ojzigol Wl wlgel] ZuHel B0l Bagh
Aotk A= MY, Ad FA49 ddidtE Aulis7t
FHA & F PH A S o] noslo] ArfjuR o4l g
= T=< AWHsH o DNA v =4y} Fajof 2 &
62 FA %Ik (data not shown, provided upon request).

DNA 7|Me 241 Ho|

2y upd HiELE §7]4 2] NCBI GenBankell A|&3}
o] Hojute S = Table 17} Z2S™ GenBank HE 2 H
A A7IHDe A8 sl A BRae) BaE
o] golt= 2 FolA] rbelth marki= #7141l 212} 1096
b2t 1020 b= 22 70| BAF e, TS Arj
= 585 bpR, 72} =& 588 bpE EAFH AL}

A B714 L T7} CZ, 8584 F7IAL A7} T=, 9841
A A71AE T7F CE&] X|gto] M E]o] 0.36%2] x| gho]
AATH. EQL 137HA) A7IMD AZF TR A|ehd =3] 5
o] d71A o] T UTh(Table 2).
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FAARELRl matKo| X= 33HA A7|AE C7F T, 348
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o] drfjg] Eo] X2 0.29%= LEFGITHTable 2). E3]
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489 ZERenE S8 $4 54U 5 dob
matkl= B5o] kel vhmso] o] gk 213 welshof
Stth= Kress and Erickson (2007)3} Lee et al. (2015)5-9]
Hueh e Aas Ak 2A A fefigh cpDNAY]
rocLT} matK &4} o7)1 4 dL o] 83dlo] EAFHS
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3 vfF TR Ao o] 8EH Helo] EH Aolgt wke =
ZFo] 2 th(Chase and Fay, 2009; Chen et al., 2010; China
Plant BOL Group, 2011; Kress and Erickson, 2007). 5.85&
2ok ITS= AR 4Aol7t rbeLolut matKol| v]sko] wh

a0
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J‘__!_,E_

AR HE VIS 7190 G2 DNAY bl § & 4] W] o shvle] PR HA] dolE FEF 4
AAR BT A3 Aofuisl B B9, wrohs BAE gl go] 9lo] ulmEe] BRAS Tefels] Hate] B
H71M D 1096 bp Foll 74404 H7IAE A7} Tz, 77451 &40 ZFAIZ & 240 o8 ITS 72 271 9]
Table 2. Characters identifying Echinochloa colona from E. crus-galii and E. oryzicola.
o | matK o

rbcL (0.36%) (0.29%) ITS (3.2%)

744* 774 858 984 33 348 362 27 45 63 82 85 87 88 91 92 173 181 375 396 401 402 403 436 481 521 539 542 576
E. colona T cccTtTCTCC-AGAAATTAAT - - CCCA T T
Ecrusgalil A T G A|/C AT CTTTCAGGGCGCCGTATATT A C
Eoryzicoa| A T G A|]C ATICTTTUCAGGGCGCCGTATAT T A C

*percentage of E. colona-specific nucleotide substitution.

**indicate the nucleotide numbers sequenced using each barcode marker.
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Fig. 1. Neighbor-joining dendrograms derived from rbcL (A),
matK (B), ITS (C), rbcL + matK (D) and rbcL + matK + ITS (E)
sequences. Echinochloa colona species are well separated from
the other species of Echinochloa in all dendrograms.
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o A7IME AgE= YETH(Table 2). =3 E= 5]

5o A7IMEE HHEA o

Neighbor-joining A|IE<0{ 2|8t &
VEXE ZF b3 oA} ITS
Z7} pairwise sequence divergenc e‘% Ak o]
%2 Neighbor-joining (N]) AlS+E Z," d }S&E]- Flg 1)
2 Aol o] &% A A= BF 4
Eyq_é_ _—TLEL?‘SI- 2= ol.‘: H]—:Il: 7H(rz:]_—r,L 1.36% Al
© 2 e} rbcl, matK, ITSS] T NJ A&} o|l&
2o A BF duE gl =1, 59} 55t
tl 455kt
Atjsi DNA ML= 82 A7 ol getaiA &

>
-—-07__.L‘7—]

ol JHab] ol ol deislz oEE Ae)
ol WAl A, viEES BeSH YA FEHS T

Qt}. B3] uj@H 71 77-& B4 soFstis pDNAS

ES
rbcLT} matK o] 2]of vjna] Z2 F9|9l | DNAL| ITSHH
o Qdjule] et FHo| et Ten A

3
SRR

HHAS AL ITS 292 dxo

2 olgshd Y1 mad e o Y AL
2= 918 Ao 7 A7)

Lalof QoA Frxol QEAHe HEal WiAHS 3

5 7] giZel e lolA Feet F 42 T8

3t o]4r7) E]aL @Itk (Mennan and Kaya-Altop, 2012). 0|
ujef ofdl 52 54| Yeke 0] BRF % Urk. of
£ B9, e eeele dARAel Ao 350
B S5 (Amaranthus L) 2 5 A. retroflexus L2} A. powell
S. Watst= atrazine A A 0| ATt A. hybridus L= 7473 9]
A thH(Warwick and Weaver, 1980). o] 3L z} Zof wiz}

2 pelio] BRslu Yokt £EAL UL 1
9 295t} 53l 94 YRe dold Tt B
X SAE Y] Hot FEHo| v
122 & DNA HIEEE o] 83t AL uf
o] = % r.

Q_I:_INO

.

=g
2 4o
[e]
o

&g

>4

It}
ook



=il

Q=)= o] (Echinochloa colona) 57: DNA vHlZE 4] 229

o oF
4L
Aol 22 A oe] S EE Ff] 598
A9 A WEE 3D Feiel B v S
2710 WAL B4 QS s FAo| Hofoksict. 11

29 FZolch 2 7L u]3 NPGS
o dvjuiel Feld AT STt =
DEAE FRUE 017 b} makS ol 4fo] v}
=313, $7b4 0= 8 DNA ITS 59 nissste] %
wiIE Skt ITs ke Al HAY 4 ol 5
I} vz E 848 v|wskgich vl2E A} rbelE 0.36%,
matK= 0.29%, ITS= 3.2%2] ddjy] Eo] °é.7lA1°§°l =
AFE] 13 Neighbor-joining A&l 4] ¥ F-3lo] F3
A Lo} st s) TS e 43 gl
g o] B9, mnel EAT 4 AT S5 ITs
AT AATE A E SWe =1, 9ot Fest
A ol 4 SlojAl ITS EHEo.2 o] feluhe o
o) S0 B 5 AL Ao Az,

éé_%

SEL
g o

F20{: ddju), {=7], 7], DNA H}ZE, 54
Acknowledgment

This research was supported by a project from the
Cooperative Research Program for Agricultural Science &
Technology Development (Project No. PJ009962) of the RDA.

References

Barrett, S.C.H. 1983. Crop mimicry in weeds. Econ. Bot. 37:255-282.

Chase, M.W. and Fay, M.E 2009. Barcoding of plants and fungi. Sci.
325:682-683.

Chen, S. and Peterson, PM. 2006. Poaceae (Gramineae). Vol. 22,
Poaceae (Graminae), pp. 515-518. In: Wu et al. (Eds.). Flora of
China. Science Press, Beijing, China and Missouri Botanical
Garden Press St. Louis, USA.

Chen, S., Yao, H., Han, J., Liu, C,, Song, J., et al. 2010. Validation of
the ITS2 region as a novel DNA barcode for identifying
medicinal plant species. PLoS ONE 5:e8613(8611-8618).

China Plant BOL Group. 2011. Comparative analysis of a large
dataset indicates that internal transcribed spacer (ITS) should
be incorporated into the core barcode for seed plants. P. Natl.
Acad. Sci. USA. 108:19641-19646.

Clayton, W.D. and Renvoize, S.A. 1999. Genera graminum, grasses
of the world. London: Royal Botanic Gardens, Kew. pp. 280-281.

Hebert, PD.N., Cywinska, A., Ball, S.L. and Waard, J.R.d. 2003.
Biological identifications through DNA barcodes. P. R. Soc.
London, Series B. 270:313-321.

Holm, L.G., Plucknett, D.L., Pancho, ].V. and Herberger, J.P. 1977.
The world’s worst weeds: Distribution and biology. The
University Press of Hawaii, Honolulu, USA. pp. 32-46.

Kress, WJ. and Erickson, D.L. 2007. A two-locus global DNA
barcode for land plants: the coding rbcL gene complements the
non-coding trnH-psbA spacer region. PLoS ONE 2:e508.

Lahaye, R., Bank, M.v.d., Bogarin, D., Warner, J., Pupulin, E, et al.
2008. DNA barcoding the floras of biodiversity hotspots. P.
Natl. Acad. Sci. USA. 105:2923-2928.

Lee, J., Kim, C.S. and Lee, 1.Y. 2015. Molecular identification of
Pooideae, Poaceae in Korea. Weed Turf. Sci. 4:18-25. (In
Korean)

Lee, ], Kim, C.S. and Lee, 1.Y. 2014a. Evaluating the discriminatory
power of DNA barcodes in Panicoideae, Poaceae. J. Agric. Sci.
Technol. B 4:533-544.

Lee, J., Kim, C.S. and Lee, 1.Y. 2014b. Taxonomic review of the
genus Echinochloa in Korea (I): inferred from sequences of
cpDNA and nrDNA. Weed Turf. Sci. 3:183-189.

Lee, J., Kim, C.S. and Lee, 1.Y. 2014c. Taxonomic review of the
genus Echinochloa in Korea (II): inferred from simple sequence
repeats. Weed Turf. Sci. 3:190-195.

Lee, J., Kim, C.S. and Lee, 1.Y. 2013. Identification of Echinochloa
oryzicola (Vasinger) Vasinger and E. oryzoides (Ard.) Fritsch in
Korea. Kor. J. Pla. Tax. 43:56-62. (In Korean)

Mennan, H. and Kaya-Altop, E. 2012. Molecular techniques for
discrimination of late watergrass (Echinochloa oryzicola) and
early watergrass (Echinochloa oryzoides) species in Turkish rice
production. Weed Sci. 60:525-530.

Michael, PW. 2007. Echinochloa P. Beauv. Vol. 25, Magnoliophyta:
Commelinidae (in part): Poaceae, part 2. pp. 390-403. In:
Barkworth et al. (Eds.). Flora of North America, North of
Mexico. Oxford University Press, New York, USA.

Oh, SM.,, Kim, C.S.,, Moon, B.C. and Lee, LY. 2002. Inflow
information and habitat current status of exotic weeds in Korea.
Kor. J. Weed Sci. 22:280-295. (In Korean)

Saitou, N. and Nei, M. 1987. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol. Biol. Evol.
4:406-425.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S.
2013. MEGA6: Molecular evolutionary genetics analysis
version 6.0. Mol. Biol. Evol. 30:2725-2729.

Warwick, S.I. and Weaver, S.E. 1980. Atrazine resistance in Amaranthus
retroflexus (redroot pigweed) and Amaranthus powellii (green
pigweed) from southern Ontario. Can. J. Plant Sci. 60:1485-1488.



