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Morphological and Genetic Characteristics of a Giant Cynanchum Plant Discovered

at the Wild Mountain in Yeongwol-gun, Gangwon-do, Korea
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ABSTRACT
Received: 2022 July 14 Background: A giant root that resembled the root of Cynanchum species (Giant Cynanchum) was
1st Revised: 2022 August 5 found on a mountain in Gangwon Province, Korea, in March 2021. The root was 10 m long and

2nd Revised: 2022 August 12
3rd Revised: 2022 August 12
Accepted: 2022 August 12

weighted 20 kg. Its morphological characteristics highly resembled those of Cynanchum wilfordii
(Cw) and Cynanchum auriculatum (Ca).
Methods and Results: The giant root collected in Gangwon Province has been permanently
This is an open access article exhibited at the National Institute of Horticultural and Herbal Science, Rural Development Admin-
distributed under the terms of the  istration, Eumsung, Korea. The plants were clonally propagated for further research at the Seoul
Creative Commons Attribution  National University farm. Seven molecular markers were applied to the root for accurate species
Non-Commercial License (http:// authentication. However, the species could not be clearly identified because the results of seven
Creat'Vecomm0”5~9r8/|'Ce”?es/ markers yielded contradicting results : one Cw-type, two Ca-types, and four unidentified types.
by-nc/3.0)) which permits unrestricted e jntermal transcribed spacer 2 (ITS2) of the nuclear ribosomal RNA coding gene and four plas-
non-commercial use, distribution, . . .
and reproduction in any medium tid DNA barcoding regions (matK, rbcL, trnL-trnF, and psbA-psbH) were analyzed for sequence
provided the original Worz is properl),/ comparison and phylogenetic. tree construction. The rgsults showed that the species was close to
cited. Ca. However, the results obtained form the phylogenetic tree are not definite because Cynanchum
species were not monophyletic

@ @ Conclusions: The species of the giant root is assumed to be close to Ca, but additional research is

necessary to clarify the exact species and its origin. Moreover, this root might be a valuable plant

resource for the bio-industry.
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OME - XM - 2 - Z2H| - 4Ky
M A
vt 7tg] o3t (Asclepiadoideae)® 5t Wi &S

(Cynanchumye 7 AARLSZ oF 200 oFo] HIFoH

A, e G, obrlote] ofdd] ¥ 2 5 okt A
o] B¥E3}L Ut (Wu ef al., 1991). o= wmZE (C

atratum), YN BF (C. paniculatum), FHVE (C. thesioides),
o mekel oF 14 BREe) oz
g5 MAsla JE Aoz dEHA At (Park et al.,
2020).

Wn|Es ABES A5F0) we} 22%, dRNFl 5
3 e wEd 4% wng, A, GuE 5o 494

B e A5FS 7K glom, 2] Fejs)

(inflorescence), <] FefolM = thokst o ejz] EAS B
oIt} (Khanum ef al., 2016). Wu|&& ABEL FEZOR
=70l A = rAE we A (latex) BES] FAS

SHrstaL slom, duje] Fe= BT Z=34 (follicle)?] 57

o] Qlt} (Khanum et al., 2016).
W) AESLS S S0l AE ooREoE ARE

o] ghown, AERol=, Al B Y =4, HEH, 47

EL%}EOL 5, 400 7l ool 5884 Zgel= Ao=m

ZE

L=de]
(===

el=igle. H oleist WrlE & 429 e 5314 A
2ol 71218 ) B4 W 2 el PR A% D)
skl sl glom, 53l W9, AF, Ptolel, 4
& oA 5 E3E tehls 202 HAYAUG (Han e
dl, 2018). WP MBI % AEo] kel @ Slsk eolel
H AR QEAOS 294 £ 28 slox A, o

S9) 4918 AT 2 el Fa
al., 2018).

k= A A= C o wilfordii NRH o= A
S5 DEA Mol HFoln], BeHh AN
2rg0] QolpelE e (THEERE oS Ao
Aala girh. AEHoR wEors 23 43}, w3l A, A
% Y 5L B0 deblE AHREoIR, A Aol
e B9 B, R, RS I ok B
Htt Kim er al, 2005, Choi er al, 2016; Li et dl,
2016). 53], HZole oA a7 S35 d37l= 23l
74, AR EAES F15R AREE e 3
(Chang et al., 2012).

F=roll 2 BXIe H2UERF (C auriculatum Royle
ex Wighty> &x52] tjatzel %03_ AERA o|HTHAE &
G ERE olEoR dEA k. ¢ SR SyAER
AN Wheke F7HIESES 202180 WedExs
S C. boudieriz T8 U3 C. auriculatu

o 3P
olsts A eot Szt Fwe] Fo) Bashth (Park er

22E)= 4

=1

=

1] 0 0]

- uES
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al., 2020). =l 1990t o] Aol =
WA= Q] Wo o2 By &

=94=o] 2000 =
=313l Al

U e AT At SR, S e A )Y
e 98l WedEdxse] ML 9 25 FERA] 2]

Fashl= F4E0] A7E7IE &t (Kim ef al., 2005;
Nam et al., 2008).

2015 745 )
AR =4S 7?%11 A=
d 2)lEo)okz o] 3] A

R OE =R EDEES S

3 A3 1Y AT 2,000 mgkg 7HA]
M= =40l i“ﬂﬂ?iob} 1 ¢ A% 1,000 mgkg
& Folo] g
A7 B HAT (Yu ef al, 2022) T3
259 7+ % §%F To] RuE v Qo] YodExT
43 &l digt UM A7 879 (Chen et al,
2019; Cui et al, 2019; Wang et al, 2021; Zhuang et al.,
2021).

FHo| M=

F9 E}‘E‘

ol =ZZ 0

= L‘1 [©) olﬂzoia_ ==

SHT T -

223} 7+ 993 AJoko =

A AEI) ook AR o] &H I o, et &9, g
kel 5o ofg] a8 /KA e ALE HIFHI Yot

(Shan et al., 2005;
Wang et al, 2021). ©]2fgt
T Ae] Fosdo] FxEaL
ofgt AR, FHAE Edehe v A7 AFsol B
TE 3 vk (Kim and Kim, 2019; Zhang ef al, 2020).
Heddxse 1992d AE o deF (CBD, Con-
vention on Biological Diversity)Z} 2014 YaLof 9] A
(Nagoya Protocol)®] 2] & o]de| oln] 2 ==
7) whiel S AEALoZA B8 F Ut Fod A4
Agolr}. Teju} 29 AQogAe] TPsAolE BrelL u
o0lFazR o s AZ LA AE YE2 QAR &

T30

Peng et al, 2008; Chen et al, 2019;
Y E50R Q) Wedar

o, tAbsh ofe) EBR

o} AFAA| =AM AR 73] A|gkE| T 2o ofof digh
)2 wldo] FQ sty (MFDS, 2021).

B Ao ARE Ao = 20219 39 AYE 99
okx A7t ofsl AFE Aoz, wele] Arrt x5
dejrog SABIL A4 glo] A /= /X Uk
aEY Bgo) YedEZz 2N BAHE 549 ek
Ho] po} £ F yhHo| Hadgt Aot old & A+
e L= Oé oA HHRE At AES AdFe
2 Wysla, 7] HaE F W EREAES FE3)] o] 2
Eo] Ael & 2Es s 48 st 144 ot
A2l 21& DNA HlEZd A9 tido=z s Al £4<
S HEst F v, 1l o 2 QEXH_EAM &89
s 3 A7E FAsA S
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1. 42 A

VLt o2 A7l s wAEe] 7}
% A=Akl ©lst A )e] A
2] S Bl B71E Al A AETistal el
23 S4E AT,

& ol 30 cm, A4 ZHH 50 cn2 A F

3 Aujstany. Sx2%, Hoddx
5

X
=
=
},
P4
fru
of, M1
o,
i,

-

o
Iz

d 2dolM A=A Aol vlae
H2dExTel ¥ WA 2ol

AT F 90 Lol At Al TP E s VISR

2. DNA F& Y ZXEEX 7EAIEAL

Adre, 28, W] o 48 dAdLE
ARgste] mRfsth. DNA 52 GeneAll Plant SV mini
Kit (GeneAll Biotechnology, Seoul, KoreayS ARE-3le] A=
Aol Aol wet sttt

2% 7} DNAY 2x5¢ Heddxs T A
o] AMgEE EA3EA] 7 7 (Table HE H-83F4 polymerase
chain reaction (PCR)Z Z1333}It}t. PCR W3- A|2F2 inclone
PCR kit (Inclone biotech, Seongnam, Korea)E A}-& 3T}
PCR WhS-o Wi 17754, 10 xinclone Taq buffer
2.5 1, dNTP Mix (each 10mM) 0.5 28, forward primer
(10 pmole/) 14, reverse primer (10 pmole/s0) 114,
% DNA (10ng/i€) 14, Inclone Taq polymerase (5 U/sL)

i

025 (2 2483901, 7} primer ¥ PCR ¥ %271 o]
A =7oA AAe BEE wgith (Kim er al., 2013; Kim
et al., 2017; Park et al., 2020).

Verriti 96 well thermal cycler (Thermo Fisher Scientific
Inc., Waltham, MA, USA)E ©]&3l PCR ¥ F% M2
2% agarose gel (Merck KGaA, Darmstadt, Germany)S ©]
43 100V Z7lA 70 & &< Mupid-exU system
(Takara Bio Inc., Otsu, Japan)2 ©]&3] 7] &3 &
ethidium bromide (Thermo Fisher Scientific Inc., Waltham,
MA, USA)E 20 #7F GA18te] Gel documentation system
(Lab Tech, Namyangju, Koreay2 ©]-&3} &<15}%

3. US| HWIIMAE U IS 2

FE3 A2 DNAE lllumina HiSeq X ZHES
o]-83) sequencingst] F7] AES ALFSIATE (LabGenomics
Co. Ltd., Seongnam, Korea). A4HE @74 gdolA ASCH
code 33 ©]Fe] AFA AMEET cle quality trim (Qiagen,
Hilden, Germany)S ©]8-3ll 3131t} (Table 2).

Acful 0 oF win] 3 ZAFETRS] H7IME BlatAl S
A8 A=< ti3EA0 DNA vlEZY X9 5 3¢ (ITS2, matK,
tbcL, trnL-trmF, psbA-tmH)YS A=ttt AAke Ao
°] ¥711<9& NCBI GenBankel 558 HeUZxT 4
a4 2 3 grRE IS Fxste] cle mapper (Version
421, Qiagen, Hilden, Germany)E ©|-83] mappings}:Z (Jang
et al, 2016; Lee et al., 2022), A9 vy A
LS 4315t} (Table 3 and 4).

Wu|EE A 5 F [EXF (C wilfordii), 52UT2F

Table 1. Marker information which used in genetic tests for species identification.

Product size (bp)

Marker No. Primer sequence (5'to 3') Target gene - — - References
C. wilfordii C. auriculatum
F: GTTATGCATGAACGTAATGCTC .

1 H-psbA 44 K /., 2021
¢ R: CGCGCATGGTGGATTCACAATCC "D 208 3 im et al, 20
C2 F: CTTGTTCCAATIATICT matK 151 - Kimetal., 2017

R: AATGAGAAAGGTTTCTA
F1: ATATCATTACTCGTACTGAAGCTTC
C3 F2: CAGTACCTAGATCAGACTGTTTAAC  trnL 205 144 Kimet al., 2013
R: ATTTGAACTGGTGACACGAG
F: AGATGATCTAGCAACGATGGGA
C4 R: CCGGTATTCAAGCGGATTGE rpoB-trnC-GCA 347 428 Park et al., 2020
F: TACACAAGCACGACAGGTCC
dhC—trnV-UA 4 407 Park et al., 202
C R CGGTTCGAGTCCGTATAGCC ndhC-mV-UAC 08 0 ark et al,, 2020
F: ACTCGGCCCAATCTTTTCCT
L—-accD 2 1 Park l., 202
0 R TGTGGATTCAAGACAACAAT rbel-acc 30 310 arket al,, 2020
Cc7 F: GTCTGAGACGECCCAGAMG petD intron 269 301 Park et al., 2020

R: CCCCAAAGAACCGGACATGA
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Table 2. Summary of lIllumina sequencing results for Giant (C. auriculatum), C. bungei, C. boudieri, C. chinensel)

C hum. =
ygé:nc Uhmb DNA #}29 A I HE NCBI GenBankZ5-E| 13}
Average read length (bp) 151 AZ=0 A7 S HlgHAL 2=a)3]
Total read |ength (bp) 1,483,348,802 0:1 ']EH ST ] 1 E“’]’ n”'" ]JJ—'LL_}% = I 30]'91‘:} (Table
Total read number 9,823,502 4
Trimmed total read length (bp) 1,131,578,512 Ho| &A1 gl AT B2 MAFFT (Katoh et al., 2019)
Trimmed read number 7,690,740 2 2183l 971M9e v Y ¥ IQ-TREE Z2 1S

Table 3. Reference assembly results in five barcoding regions for Giant Cynanchum.

ITS2 matK psbA-trnH rbel trnl-trnfF
Sequence length (bp) 653 752 378 511 326
Average mapping coverage (X) 365.71 172.66 144.11 153.68 159.68

Table 4. Reference information for five DNA barcoding regions of the Cynanchum species used in the phylogenic analysis.

Barcoding Genebank Species name Barcoding Genebank Species name
regions Accession Number P regions Accession Number P
MZ156970.17 C. auriculatum MK182387.1 C. wilfordii
EU580717 C. auriculatum MK182388.1 C. wilfordii
AB109972 C. boudieri AB109136 C. wilfordii
GuU198970 C. bungei KX364152 C. wilfordii
GuU479037 C. bungei KX364153 C. wilfordii
GU951533 C. chinense LC217195 C. wilfordii
ITS MZ156965.1 C. wilfordii LC217196 C. wilfordii
MZ156968.1 C. wilfordii psbA-trnH LC217903 C. wilfordii
MZ156966.1 C. wilfordii LC217904 C. wilfordii
MZ156969.1 C. wilfordii LC217905 C. wilfordii
MZ156967.1 C. wilfordii LC217906 C. wilfordii
AB109974 C. wilfordii LC217907 C. wilfordii
AY548207 C. wilfordii LC217908 C. wilfordii
MN317495 C. auriculatum MK090045 C. wilfordii
MN433384 C. auriculatum MT254404 C. wilfordii
KT220734.1" C. auriculatum KT220734.1" C. auriculatum
KU900231.1 C. auriculatum KU900231.1 C. auriculatum
OK271106.1 C. bungei EU586190 C. auriculatum
matk MH265207 C. chinense JX028242 C. auriculatum
MK089960 C. wilfordii LC217917 C. auriculatum
KT220733.1 C. wilfordii LC217918 C. auriculatum
MK182385.1 C. wilfordii LN897300 C. auriculatum
MK182386.1 C. wilfordii MF400814 C. auriculatum
MK182387.1 C. wilfordii OK271106.1 C. bungei
MK182388.1 C. wilfordii MW415427.1 C. chinense
KT220734.17 C. auriculatum KT220733.1 C. wilfordii
KU900231.1 C. auriculatum MK182385.1 C. wilfordii
) trnl-trnF . ..
KR086395 C. auriculatum MK182386.1 C. wilfordii
MH837767 C. auriculatum MK182387.1 C. wilfordii
MT254406 C. auriculatum MK182388.1 C. wilfordii
AB109134 C. boudieri JX028243 C. wilfordii
psbA-trnH MT254405 C. boudieri LC217197 C. wilfordii
OK271106.1 C. bungei LC217198 C. wilfordii
KC790226 C. bungei LC217909 C. wilfordii
KX364151 C. bungei LC217910 C. wilfordii
MW415427.1 C. chinense LC217911 C. wilfordii
KT220733.1 C. wilfordii LC217912 C. wilfordii
MK182385.1 C. wilfordii LC217913 C. wilfordii
MK182386.1 C. wilfordii LC217914 C. wilfordii
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Table 4. Continued.
Barcoding Genebank Species name Barcoding Genebank Species name
regions Accession Number P regions Accession Number P
KT220734.1" C. auriculatum MH229835 C. chinense
KU900231.1 C. auriculatum MH658655 C. chinense
MN056221 C. auriculatum KT220733.1 C. wilfordii
rhel MN185172 C. auriculatum rhel MK182385.1 C. wilfordii
MN204923 C. auriculatum MK182386.1 C. wilfordii
KR086394 C. boudieri MK182387.1 C. wilfordii
OK271106.1 C. bungei MK182388.1 C. wilfordii
MW415427.1 C. chinense
"Note; The reference sequences for assembly were denoted.
A3} bootstrap 1,000 HHE- 2704 Maximum-Likelihood oF UH7F £2F 2 yodExE vy $33 7oz 3ol
(ML) o2 F83ith (Nguyen et al., 2015). AT AdiFe o] oF FH= AvHoR FxF W
e Wedsagsh fARY, del @t wedaxsgol
2y Y A HE] & Aoz AFEA
g 2L wnRse] el ) 222 Ad5e) A4
1. HU9ee S2)o] WA Sl BE ob Ao AgAR A3l B2 FEjE vide] Bad
B Aol ARSE Agee 4 él%% 2021 39 7 v} Ao (Lee et al, 2022), A=A gelEE e
A= Yol Wieest FefHom fAFskARE Ak W A Boly A ZxFu WUz ee] T e
onth AE 21E R A B (H AREEe; B IS 7R WA 5 glel FeEel v 1 2
Giant Cynanchum)’} BT (Fig. 1A and 1C). ©] A& Hs Vo2 Ao s EXEFor EAHE LY, o
o W) ol 10 m ooR ZHEOR], ATES 20 MR BRTOT wysketle Felt dtkn e,

kgo] W& Aoz AT It o =2 A 34
ME EXF (C wilfordii) &2 7§A19] Bele HE 1 kg
< 97] Ag7] wiel <fx HAErEES AUt oF 100
| oolde] FHE T AS AoeE FASAY (Lee e

al., 2022).
741—4151 dolg} FAE 7 Ao Bels 1 AAE
HEZ &8 77 vk ddEe] SHEE 5430 aAlS
Aol HE

lg—é;ﬂ‘gﬂ A ERFERY Als) OlAFEZRE

Hgos HETsto] B ARSI aviEal 3len (Fig

IB), A4 &8-S fa Mgt sl Faxdow

HE F28HL Ut} (Fig. 1D).

2. HUHe4Q0] SERN SMD} )|
Ao W PA] A

=
[eXe)
L0 \]‘ELZEO]

AZ FH
AR7RE Aduise ezt )
AHZ ZHL 7] wl2ol] ExF°
FeEsIo, ojolel Fej
= YER7] wEe] A

o7 IFAAE= Aol o]y

O A

=49 BRE %
ZO=
LRE

0=
T =

old yoeolEZzxEY
AeM 2253
2g o) AAjuis
o3t

A
i=]
=

>-
m

-

|

¢

=

=

N o
o

[e]
R

=2 0

#ES 9l3l H%ﬁﬁi‘ﬂ Joll A Auus

FFAAAE Feste] =gt RIS FEA
#2&1Th (Fig. 1D and 1E). At#409] g&e
19 7k AEEE wlem, HukAl Ao

of\

o
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3. A5 721 FIRRIARY SIS

= FH2 915 5

Og{:,’l
[
R
o
-

Table 1 and Fig. 2),
< Aot RAelA 7P i
Clol] 28 229 AL U}

T

o THE =R BaE HAp ¢ C3NE |
9"—‘—’%@4 AL L}EPH o, C3elXE 41:] A
FEFe] kol T4 Adso], 712 L A A

,\].HJ‘: 7}011 }\]—o]
Kim et al., 2017).
T3 2 A=A A

ANE RAFAT (Kim et al, 2013;

Wl AAP C4 - CTME Thekst

Anso] ST A CsorE Auigert weal
g0} 2o AR wsed, Wb o4, C, O
L Ex% ¥ YeURas ¥ 3 BT U8 403 U
et (Fig. 2).

denio 7 /b Wbl Aquses) Aol 2

22 3o Qooaxgol 84x18-e HolAY, A 2

O

AAYE el 5 Aele dstkzel SRIHN) Mg ]
oS BXE B WedaiE B ofu shiol Foz
4% & g
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AT

Fig. 1. The new Cynanchum plant (Giant Cynanchum) which discovered in Yeongwol, Gangwon, Korea. A; the appearance of
Giant Cynanchum after excavation. B; the model of the Giant Cynanchum was created using its actual dimensions and form
(exhibited in the National Institute of Horticultural and Herbal Science, Rural Development Administration, Eumseong, Korea).

C; map and location information (red dot) where Giant Cynanchum was found. D; a vegetatively propagated Giant Cynanchum.
E; Leaves of C. wilfordii, C. auriculatum, and Giant Cynanchum.

Big Cw Ca

500 bp _—

Fig. 2. The results of species identification for Giant Cynanchum using PCR analysis. Big; Giant Cynanchum, Cw; C. wilfordii; Ca; C.
auriculatum. C1; Kim et al,, 2021., C2; Kim et al., 2017, C3; Kim et al., 2013, C4 - C7; Park et al., 2020 (Table 1).
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4. HUWAQ9} Z0IES9| DNA HIRY X% SDIME A
ST 24

WEIES AEEde] d7INE Rl s A
S EEE oF 1.5Gbpe] A A71M D ElolEE Aitst
3, dlel8 trimming S AX °F 1.1Gbpe] A E E&
A7IMEES SFEa (Table 2).

2EFe 954 B S NI xSt Adae

o] DNA Hl=EY A 5 3L (TS2, matK, rbcL, tmL-tmF,

A 58

-
S
000000OGOO

0.006

1 [ A

-

[

w
@

0.003

[
0000000000 00000

[=]

0.003

® Big © c wilfordii

@ C. aquriculatum

i

psbA-tmH)¢] H71M 8-S e &, AAE A7IAE S
mapping%t A2 4 144.11X00A FH 365.71X7FA] &40
e 4o dHolH7E SRS RIS (Table 3).
W& AE 5 F [EXT (C wilfordii), S29TXF
(C. auriculatum), C. bungei, C. boudieri, C. chinenselZ 71
=0 0] DNA Y A9 5 3] A7IMEE 7Nte s
AT A4S TR, MR s YX|she MEES
B A es FAEIT (Fig. 3).

<
70
;<
47
5
P
56 75

6

D

0.008

| i

@ C. chinense

0.03

C.bungei @ C. boudieri

Fig. 3. Phylogenetic analysis based on five barcoding regions for Giant Cynanchum and related species. Con-trees denote the
completely identical sequences. Each Cynanchum species is marked with different colored circles (A; ITS2, B; matK, C; rbcL, D;

trnl-trnF, E; psbA-trnH).
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O
[=]

2=

4 A, AdEre s 9% HE 55 2 e &
APE HIAT, 2 FolME Wzt 7P ke &

AAAE YeERATE 4 322 DNA v¥lEY X9 (ITS2, matK,
tbel, trnL-tmF)llM HedEzzel 7 & FAMIS B
omn, 53] tnL-tmF A|HoA M2 3] Fdg HES 72
£ Zlo] et (Fig. 3A, 3B, 3C, 3D). ol¢h= th=2A)
psbA-tmH Aol = A7t C. bungei®t 7V 717k
fFrA#AE JYERATE (Fig. 3E).

uElEs 29% AR 5 H AES deld wAEe] ofd

BATS 43T (Fig. 3). %3+ matK, tmL-tmE A%

A BAFS FYHAOH, HeAL2TE 4 he) 9
A fAA Aol BAES B B3 e FES @

7 BAS A5t (Fig. 3B, 3C, 3D, 3E). C. bungei
= ITS2 A o] Algroln ExF Al ARsiieH,
matKe} trmL-tmH A9 9] Aol e WdIxs 27
el fAXsIat. C. bungei®t C. boudieric= TR A
Yollx ExF9} YodIZxFe] AT Yol EA= o
SS90, C chinense= TS 4 9 ZAXNEEF 7}
FrAIAE BAFA (Fig. 3).

AT B 4352 7S Aol Bard A
124 AEE] Hw4 2 T 44 o
S HolFw, 22 Q) 1kl M2 EAj=]o]
PATORA ZAF 7] Pt F wHol
Ho] Z0} (Lee ef al., 2022). T3F Z2F,
bungei, C. boudieri 7} g FF%
qo] AT Ao ast G7ME ARt
YT (Fig. 3).
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