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Development of InDel Markers to Distinguish among Codonopsis Species
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ABSTRACT

Receive.d: 2022 November 23 Background: Three medicinal plants of the Campanulaceae, Codonopsis lanceolata, C. pilosula, and
Ist Revised: 2022 December 5 C. yssuriensis are perennial vines of the genus Codonopsis, and are widely disturbuted in East Asia. C.
gn: Il;ev‘lseg.: 5855 Decembser 26 lanceolata, C. pilosula, and C. ussuriensis have been used as medicine to alleviate inflammation,
ré vevised: January increase red blood cell count and hemoglobin levels, and improve spleen and stomach functions,
Accepted: 2023 January 5 . . .2 . . .

respectively. The three species have similar morphologies, although their pharmacological effects
This is an open access article differ.
distributed under the terms of the ~ Methods and Results: We identified polymorphic loci by comparing chloroplast and mitochondrial
Creative Commons Attribution  sequences of C. lanceolata, C. pilosula, and C. ussuriensis. We designed primers based on these
Non-Commercial License (http:// polymorphic loci and conducted polymerase chain reaction (PCR) analysis to verify the
creatwecom'mons.ovrg/ |'Ce”§es/ polymorphisms. Three insertion—deletion (InDel) markers were ultimately developed: CD-mt-02,
by-nc/3.0/) which permits unrestricted  (pion identified C. pilosula; CD-mt-06, which identified C. ussuriensis; and CD-cp-07, which
non-commercial use, distribution, . . .

identified all the three species.

d duction i dium, . L d e
:?Ow;ee%r?heuor;;g;lvi?z i?sroﬁe?y Conclusions: The three InDel markers developed in this study easily distinguished the three plant

cited. species based on a simple PCR test.
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Moo o] Bo] gHaslol glo] B, 7heo] Fz W2 A
okg g 21802 dg| AME-EIL Y} (Lee and Won, 2007;
Codonopsis Wall-= ZF%3} (Campanulaceae)= =, & Lee et al., 2019).

F, A} go] Folol Aol BT gonl, et Hhel EEE Y, 6%, AFY SOl e K o)
e 24 thdd Wa AEQ oY, v, AAEY ol 22 48A 9o, HZE 7F BE 2E, ik 3 5
AYSEAL ATk, o] tpoFgt ofEAe= EE uprh Atk (Yoo et al, 2002;

HY [C lanceolata (Siebold & Zucc.) Trautv.]& 3Hiloj] Kim et al., 2008; Song et al, 2012). 53], 82| F2 A
Me 2o e, ersle, Oid, A8 4F § o) AJEU O Z lancemaside A7} B4 7837 Aol A=)

o
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71998 8l EHS A, i s}, 9FES i 5o oF
gakgo] ERIEHA 7154 A7 dEE FAE7F FsstaL
AT (Ushijima er al, 2007; Joh et al., 2010; Jung et dl.,
2012).

WHAF [C. pilosula (Franch.) Nannf. & Q] AFE 2]L8521,
27} Foll tigh Zgero 2 X Fe) ARSE IS, F=)
M 1A fAReE oFaTE Slof dateEM it tigoR

AREE|SL Stk &S] 9IS &) vl 24, WelE St
o A7 4 gl £ F7 5 e E ER1E vt
ATt (Singh er al., 2004). 2ol SAE o] Aol of
St 35, kst mso] v HejoA WAEA, A &
d Ao e AMES S7MI7IE A S E-AldT
(renal ischemia-reperfusion)®l] th3l THe] polysaccharide S-
CPPAl1°] &3} vty B EHUCH (Li ef al, 2012; Xin
et al., 2012; Xu et al., 2012).

27E8Y [C ussuriensis (Pupr. & Maxim.) Hemsl.J& WH
ofAn], 4y, 7HHY 5 o|HoR%E EgH, shioMe &
wihptelgbar gtk v B 9le] eSS AAskaL 1Al
a3 AR g FINA AFE dldshe qTL e 2=
A Sk FEsh BEE]ollA] phenylpropanoid$} triterpenoid
AJEo] ERIES I, ©]F phenylpropanoid AJ©] bacterial
neuraminidase (BNA)®] 4& A3t A+ HIE A
t} (Kim et al.,, 2012; Du et al., 2018; Koo et al., 2022).

SHH o] 3 o AES £ AU Mo] gt A= A
HolXe A #28 F UAT, T AR F21Q1 Hee o
At 71578 AFeR 7geb] S8 2 & dd gl
S 735 FEHoR HsP 7L ofelY] 98 ¥ &89

= 20 X o

¢

o
1=
=

ToR 217 MY F840] ol UE
71578 AF A8sS
= EHske AAZE 2ag dgelh

P EZEgok= 8 DNAC Blal] =717} Ao} F2bo] o]
sha, iRy fHoR Qe A= FRle] A 1 Az
o] A8l dofupA] ot F Aol ARgsl] 4t o5 Fal
nEZ=gole] fAAl F7IMES B4t T WS S
ulA7E PR v) Qlony, 20209 o] F2= BlEZE |0}
71akek mlA o] BEgk A3 o)t} (McClean and Hanson,
1986; Jo et al., 2013).

FEAIE A=l § W@ AREsl= DNA mi ] A4t
FE o]fEe AEL7|Ho|t e A=A AEA7E
BEARAE sk glen, o] 2Qlsl Al Axgol Al o
ofubA] edot AFAl FAAE & BEH St o]d SAS
Adselle Betal A=e] st wt Wol7t F2Eo F
7k Ao] 7hsdk 2] WolE 7 dEA A AlE
1 2 = S Ya) ARRE T AT (Wicke er al., 2011;

-1 X O

ki3

Js

HoO
==

13

St

£/8t InDel OFAH
Li et al., 2015; Park et al., 2021).

HY £ 42523 DNA 5004 A= sty f18iM 3=
Hlo]EJ#]o] 2] National Center for Biotechnology Information
(NCBIl 55% ¢ &4 §4A) delHE &8st
A4 719 vpAE LS 87t Tk

Next-generation sequencing (NGS)= t-8-#2]
HE AL v]&o= wE Al Yol 4 F e
Q7MY HE B S5 TA STRIFSEN A TN
ol =85 AT} (Lv et al, 2016). EAAE AEo] 7}
Zl DNA E7IXE BRE EOIE G7IME 7+ AfolE o]&3)
o &, AT 7§44 BAE AHske WHeE t3dde
A@Ago] =A Vehhs 838 T2 AR-ET (Park ef al,
2017; Jeong et al., 2021).

ol gk NGS 48 7[Rk 2 HY 9] fAAd S Fish=
simple sequence repeat (SSR) P47} 7Hdg Al&7h 2lom
(Kim et al, 2021), £ TF2 Z7F<2 DNA £ viAZE
insertion or deletion (InDel) "}AS 88 4+ Q).

InDel "I71:= PCRE ol8-slo] 447 o] 7FsataL, 17
B o83t FFAES] AV|E vl 7he] SR 4

o=

CHBEE:

A= JEE

AT Aol Slo] ARge] &olaltt (Kim e al., 2022).
wEha B AFoA = NGS 7]ES 7Wte 2 3 InDel v
718 NS Tl gy, W, e 3 5 sk
STt
Mz %

1. ME5T U genomic DNA F&

2 A AR ASES FHAAEZA JAANEA
ol ARl Ak B APl el —70°Ce] Baka)
ATt (Table 1). DNA F&& S AEE dqARAZ FW
<, NGS #2418 genomic DNAE DNeasy Plant Mini Kit
(Qiagen GmbH, Hilden, Germany)E& A}-&3l F=3}% 3L,
polymerase chain reaction (PCR) 48 genomic DNAE
RAPES o] 83l EA1A CTAB S ARgal] FZ3191
t} (Doyle and Doyle, 1990).

FZ% DNAE TE 99 (pH 8.0) €&31993, PCR 2
o] o] 83l== DeNovix® DS-11+ spectrophotometer (DeNovix

=

Inc., Wilmington, DE, USAYE &3 =& =4 % 3|43}
o] AMS-3HAT.
2. NGS 24

=9

gy, it AEES 3 52 2 1 /1A% (CL-1, CP-1, CU-
1) A@sle] DNeasy Plant Mini KitS £l 3% DNAZ
llumina HiSeq 2500 platform (lliumina Inc., San Diego, CA,
USA)E ©]83l9 NGSE S8l NGS 232 I

=

read
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Table 1. List of 10 C. lanceolata, 4 C. pilosula, 4 C. ussuriensis genetic resources collected in Korea.

No. Sample name Species Collection date Collecting area

1 CL1 Codonopsis lanceolata Oct. 11,2018 Chungbuk Eumseong" 36°56'36'N 127°45'13'E

2 CL-2 Codonopsis lanceolata Oct. 11,2018 Chungbuk Eumseong” 36°56'36'N 127°45'13'E

3 CL3 Codonopsis lanceolata Jun. 12, 2019 Gangwon Samcheok, 37°23'56"N 129°09'29"E

4 CL-4 Codonopsis lanceolata Jul. 13, 2020 Seoul Dongdaemun-gu (Seoul Yangnyeongsi Market)
5 CL5 Codonopsis lanceolata Jul. 13, 2020 Seoul Dongdaemun-gu (Seoul Yangnyeongsi Market)
6 CL-6 Codonopsis lanceolata Jul. 13, 2020 Chungbuk Jecheon (Jecheonsi Market)

7 CL-7 Codonopsis lanceolata Jul. 13, 2020 Chungbuk Jecheon (Jecheonsi Market)

8 CL-8 Codonopsis lanceolata Jul. 13, 2020 Chungbuk Jecheon (Jecheonsi Market)

9 CL-9 Codonopsis lanceolata Jul. 13, 2020 Chungbuk Jecheon (Jecheonsi Market)

10 CL-10 Codonopsis lanceolata Jul. 14, 2020 Daegu Jung-gu (Daegu Oriental Medicine Wholesale Market)
11 CP-1 Codonopsis pilosula Jul. 31,2019 Chungbuk Eumseong” 36°56'36"N 127°45'13"E
12 CP-2 Codonopsis pilosula Sep. 11, 2019 Chungbuk Fumseong" 36°56'36"N 127°45'13'E
13 CP-3 Codonopsis pilosula Sep. 11, 2019 Chungbuk Fumseong" 36°56'36"N 127°45'13'E
14 CpP-4 Codonopsis pilosula Sep. 11,2019 Chungbuk Eumseong" 36°56'36'N 127°45'13'E
15 CU-1 Codonopsis ussuriensis Jul. 31,2019 Chungbuk Eumseong” 36°56'36'N 127°45'13'E
16 CuU-2 Codonopsis ussuriensis Sep. 11,2019 Chungbuk Eumseong” 36°56'36'N 127°45'13'E
17 CU-3 Codonopsis ussuriensis Sep. 11,2019 Chungbuk Eumseong” 36°56'36'N 127°45'13'E
18 CuU-4 Codonopsis ussuriensis Sep. 11,2019 Chungbuk Eumseong” 36°56'36'N 127°45'13'E

"Department of Herbal Crop Research, NIHHS, RDA.

£ CLC Genomics Workbench ver. 20.0 (Qiagen, Aarhus,
Denmark) Z2 73S ©]43) trimming ZHS AH FES
E91 % assemblyEs A3 n|EZ=z]ole} =] DNAOY
gt contigE ZAJSIATE

Z} contige-> National Center for Biotechnology Information

(NCBDell 5% C. lanceolata®l WIEZE=E]o} F-4A A1
(accession No. NC 037949.1) L& |24 £44 Ax

(accession No. MH251613.1)9} H|xsle] gL Hol=
InDel 77+ E4 &kt

3. DIE2=2I0L, HSA 18 InDel primer A=}

v EF= ot} FGEA FAA et in silico EAE F
3 thde] gl InDel #7+oll Wigt primer A2 CLC
Main Workbewnch ver. 20.04 (Qiagen, Aarhus, Denmark)E
AREsl] TR, InDel
primers 717} HARISHA T

Primer A2t 2722 Zo] 18 bp-22bp, annealing =
48C -60C, GC content H|-&2 40% - 60%, <I’d==
product size 400 bp ©|dtZ 3Tt txAIE ZAY
primerE A%+ 2]2] (Bionics Co., Ltd., Seoul, Korea)d}>] PCR
A ARE-SFIT

B2 ¥3sl= forward, reverse

j

g

=
[<

S

14

4. PCR (Polymerase chain reaction)

PCRE 918 & &9 42 10ng/d == 3A g
genomic DNA (gDNA) 24, 5uM &5%2| forward primer
9} reverse primer Z}7} 144, 2 xTaq mix (0.25 U/il Taq
DNA polymerase, 2 x PCR buffer, 0.4 mM dNTPs, 3.2 mM
MgCl,, 0.02% bromophenol blue) 10 /£, 32} SF7F 6 L&
A7vete] F 200 &2 3L, T100™ Thermal Cycler
(Bio-Rad Inc., Hercules, CA, USAYS AR&3slo] FZ31t)

PCR %742 95Co|A pre-denaturation 3 ¥& 33 &,
95CellX denaturation 30 %, ZZ}o]Hult} annealing %21
52.0C<} 53.0CollAl ZH2z} annealing 30 %, 72ColA] extension
1 & Z8S 1 cycle® 3k 35 cycles HHE51ATE 72Tl A
final extention 5 ¥7F AAIEITE PCR product> 20T
Bt

5. FTDAE

SZ% PCR products A71%95S o83l thEdAdS
At 7195 AHEF gel2 3% agarose= ¥
ethidium bromide (EtBr}S AFEs] DNAS A3 1 x
TAE £l gel& ¥ PCR products 6 % HF3I0 3,
Z} agarose gel 2] A lane”t} 1 kb ladder plus (Dongsheng
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Table 2. Primer information for the InDel markers used to distinguish among C. lanceolata, C. pilosula and C. ussuriensis.

Marker name Primer sequence Position Amplicon size Annealing temperature
q of InDel locus (bp) ()
N F¥: 5-GACTGGCTTCTACTTCCT—3' 5
CD-mt"-02 356,905 - 357,144 240, 296 52.0

RY : 5 ACTCTCCCAATCTCATCTAC-3’
CD-mt-06 F: 5-CTGAGCCAMGTIAGTCCAA-S' 227,156 - 227,326° 171,216 52.0
R : 5-AAAGCGAAAGTAGAGGGT-3’
F : 5-CACAGCAACAATAACGTCA-3
R : 5-GATCTTCGCCCTTTACTTT-3’

Ymt; mitochondria, ?cp; chloroplast,”F; foward primer, *R; reverse primer, *’Locus from GenBank accession number MG775430, ®Locus from
GenBank accession number MH251613.

CD-cp?-07 81,794 - 82,035 180, 213, 249 53.0

Biotech Ltd., Guangzhou, China)Z 4 /£ ¥t} AFQ (insertion), 24 (deletion) }o]E 7} ZAog Hol

A719% <l AF&38 7171 Mini Sub-cell GT (Bio-Rad Inc., & 77+ vlEE=g|o} G714 GolA] 6 712 o774+, <
Hercules, CA, USA)Z 120 VoIl 30 27F A719eS dA A 714LelA 7 7] Wol7E 2gsislt. ol vl &
3l 3, Gel Doc™ XR+ System (Bio-Rad Inc., Hercules, BE 7387 {8t primers A|2Fsled PCR A8 &, %17]
CA, USAYE o|&3] =E AZtsiiA #4313 Fs<S B3l A A4S AAsh

In silico 21X T84S Hol= InDel 77| 7195

2y 2 pE A Aol ERIE A2 mEZEololA] 2 i, FEA

A1 1 i) olES AAIE] AR, v EZ =20l DNAC

1. NGS 242 Ssot OY, ok, 242U0] 0|20, 7|NFS primerol|A] THte 3= CD-mt-029} A7 EYS
A=A 7T J19E InDel OB 0 T-E3R= CD-mt-06 "FAE, §5A DNAS 7|9k primerd]]

— C. lanceolata ———C. ussuriensis| [ C. pilosula 7

A by
i 05 6 78 9 A0 12131415161718:
296 bp =——p — — — —
240bp_’ HE S S Bt Bt S St i i —w — —p —“_ —s

2.3 4567 8 9101112131415161718:

-

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 1

e s . e L )
. - . .

Fig. 1. Results of electrophoresis performed on 18 genetic resources using the CD-mt-02 (A), CD-mt-06 (B), and CD-cp-07 (C). 1;
CL-1, 2; CL-2, 3; CI-3, 4; CL-4, 5; CL-5, 6; CL-6, 7; CL-7, 8; CL-8, 9; CL-9, 10; CL-10, 11; CU-1, 12; CU-2, 13; CU-3, 14; CU-
4,15; CP-1, 16; CP-2, 17; CP-3, 18; CP-4, CL; C. lanceolata, CU; C. ussuriensis, CP; C. pilosula.

15
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Al By, v, AEEYS
At} (Table 2).

ke ZejolmEe] $1X1E NCBIO| 55€ HYe] nEZ
ol HEA fFrAelA &Rlgh A%, CD-mt-02= apl
(ATP synthase subunit alpha, mitochondrial) -F-A=Fe] AH-
of Ax AR e o] fHA= ATP Al Hsk=
ZApeltl, CD-mt-062 #nQ-UUG (tRNA-GIn)2t rrm26 (26S
ribosomal RNA)| intergenic spacedl]l $XIslAtt. 3 CD-
cp-072 rpll4 (Ribosomal protein L14) +3xke] U¥-o] 2
X FABIAAL o] FAAE YRES T S Al
ottt

TESR= CD-cp-07 PEAE 73}

2. D201t ASAIM JHLE InDel DPIE Sot
genotyping
THEHY 104, W44, 2ded 44 5 F 184

o] AEEL vEE=Zo} DNA 7|HE] CD-mt-02 FEAE ©]
&3l genotypingst A3, ©Y (CL-1, CL-2, CL-3, CL-4,
CL-5, CL-6, CL-7, CL-8, CL-9, CL-10)#% 2~74EY (CU-1,
CU-2, CU-3, CU-4)°4 240 bpZ Wi=r} Yepgty, w4t
(CP-1, CP-2, CP-3, CP-4)°l4] 296 bpe] W=7} Yeht}
A 3% T e EHE F AJT (Fig 1A).

CD-mt-06 "}#¢] 739 ©i¥ (CL-1, CL-2, CL-3, CL-4,
CL-5, CL-6, CL-7, CL-8, CL-9, CL-10)2} %}t (CP-1, CP-2,
CP-3, CP4)°lA 171 bpE, 27ZEY (CU-1, CU-=2, CU-3,
CU-4)1A 216 bp= HI=7F HAZEE]o] Codonopsis <014 4

AELe TEY 5 YT (Fig. 1B),
HlEEEe) Jue] pISE B & 4% 3% 2 1)
2= 0]

o] ZFo gk Sol4 wHolE 2ds) ¥ & UATE CD-mt-02
© THklA BolE Hola, Tyt 2B YA o)Al
Hol7b gt CD-mt-06& 273 EgolA WHolE yehl,
Y Wl Solzl ozt gt & F/e] miARt
A8 79 Codonopsis 4 2E 3 = TEs =
ofgigo] A, F F7 wAE o] AR HY & 24
bk Ak B 7 o] A A I H2t
A AEAA mEZEZel FAAE 7M. R uAE AZgt
AENZE A9 gl e, & d3e Aol JEA
A e oe} nEFZEgol AR v ] o]&-
T ASS ¢ 4 AT (McClean and Hanson, 1986; Jo
et al., 2013).

FEA FAAl 719k CD-cp-07 P& B1g 10 7iA o)
A 249 bp, 27AEL 4 JNACNA 213 bpE, THt 4 FfA
2] 180 bpE W=7} YERY Codonopsis & 3 52 EF T
H g ATt (Fig. 10).

:

[
=

s)
=

=
AA oz nEZ=go}l 71k vl CD-mt-029] 7<%, v
2ol 56 bp =719 insertiono] UL, CD-mt-062] 725, &

16

L
=

CdEE - FEE -0 Of

&gl 35 bp 2719] insertion®] UAATE. F=A] 7|9t vpA
ol CD-cp-0794+= tigo] 27ELHEY 36 bp AU, THt
Hoh= 69 bp A3t

CD-cp-07 "= Y, whi
&0l CD-cp-07 "} WHe 2% Z83| Codonopsis
< g S gda & 4 9§
SPRRE ARES Fs7|HTE £ AtellA] o] st rE
2ol A 2 /S Este] T 3 /1S vE B8l o
2t S5 nARHA Zete] AR A9 F vEe AEol
71 Aolet AekEr)

2 AFoA i Aol &8-S S3) YY), v,
o 5 3T A ol s AloR ddEw,
FrAMdel ofsf 0.8 B E8E= tY& F8 AEe
A gl B0l d A= yAvEr

g2 B 7 7hes]
4 Al B
= =

J=A 718 v

u
RS

2~

20| 2

B A7E 5EAETA vl o™l AA sAEYA st
A (PJ01588301)2] A€ol eJate] o]Foixl Axf= ofof 7+
A=Y
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