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ABSTRACT

Background: The herbaceous peony (Paeonia lactiflora) is widely used as an ornamental and
medicinal crop in Korea; however, morphology-based cultivar discrimination is unreliable, high-
lighting the need for low-cost markers to facilitate the rapid identification, maintenance, distribu-
tion, and quality control of cultivars.

Methods and Results: Next-generation sequencing was performed for five Korean cultivars (Uis-
eong, Taebaek, Sagok, Daecheong, and Geopung). Putative insertion/deletion (InDel) sites, mostly
>19 bp, were detected by comparative analysis using CLC Genomics Workbench software, and
primers were designed for 22 loci. Of these, nine markers yielded clear amplicon length polymor-
phisms that were resolved using simple PCR—agarose gels. In total, 18 distinct three-marker com-
binations uniquely identified all five cultivars; for example, PLID1-5/PLID5-2/PLIDS8-2. Weak
upper bands at some loci were confirmed as heteroduplexes by T7 endonuclease I and were
excluded from scoring. The Fragment Analyzer profiles were fully concordant with the gel results.
Conclusion: These InDel markers enable reliable, low-cost, and gel-based identification of Korean
herbaceous peony cultivars, and are applicable for variety protection, purity testing, and distribu-
tion authentication.
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o} Ministry of Food and Drug Safety, 2008; Choi, 2009).

2ok ¥iz]o|= paeoniflorin, albiflorin 59 d&¢] TheF
o] 91o™ (Zhang et al, 2001; Tan et al, 2010) EZ=,
s}, 3¢, 39T 5 UUE %] &34 Ut (Takagi and
Harada, 1969; He and Dai, 2011; Jin et al, 2016; Xiang et
al, 2020; Zhang et al, 2022). 222 d5o] Gl A7s2E
Aol SERA =] &k =07t SUkeke] 2023 71 1,987
ES AL At Ministry of Agriculture, Food and Rural
Affairs, 2024).

A AAHoZ =k 5
1,900 ©]% 5% W3 2,20052 Hejxlen
(Yang et al., 2020), ©] 7}+&H) 7% ‘Sarah Bernhardt’7}
73 9] BFEAY (Kamenetsky and Dole, 2012). oF& 3%
MEE goiF oz od HelAu, H2 Foxe Wsd, W2
244 A'J ‘Hang Baishao’, ‘Zi Xin’ (Purple Heart) 59 &=
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o] 7 ul Ytk (Zhang et al, 2017; Wang et al, 2022). =+
W ook ZoF §5AT d3S B 1990 S5 - AdkEo] 84

o] (1993), BN’ (1995), ‘AR (1997), 713 (2000), V]
7 (2001), T3’ (2003), Tk’ (2006) 5o TR Aol =
Aoz AREY AFF A AolsE THe vt Stk o5
$471700] 20 o AHBIon FE HIESES HA e

oold, we, AR, AR, U T dFe EaEo] @A)
7HA A e = A Aoz getgElty (Rural Development
Administration, 2008).

g, ok A ES T2 L5 wizfe o3 o] RoR= EkE
7 (outcrossing)®ll ¢]&3te] EAM2] Al §HPo] HA Ful¥H
(Zhou, 1999; Wang, 2019; Yang et al, 2020), 53] Z+F (P
lactiflora)< ol ¢ #AE&EE FA
(hermaphrodite) FEIA T A7 A=A ¢l
= AR (inbreeding depression)’} 48 Zo& WY F3 )
o} (Gao, 2018). Wb AG7HA] Fes] oz Ao 55
Nalar 7|12AES dEsigon By WAl #dd fRAE
A= wEnpA o] FgA ot

FE 52 LS AR A% FHeR
Huprzt de] ARGE B} 9lom H|-go] A
ool dout F7 7o wE o)yt A3 Ao
T AollA] A7 A-ET (Xu, 2010). 53
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Zpokds AEo] wjAde thafshyh 2Heke] 79 261A 2n=10)=
de3x ok (Hao et al, 2016; Iwatsubo, 2017; Chen et al.,
2023). 2ok vFE 2 H1A N7 Aol nE Pt
FHA 2= & F flov #HekE AE S oshRl B (P
suffiuticosa)®] SRR A717F F 13-16 GbZE FHE L HHEAME
H|Fo] 80% =22 HYH vl 3t} (Lv et al, 2020). T3+ ¢k
E ZAF P ostiie 1228 GbE FAHEAI (Yuan et al,
2022), P ludlowii A <Al 10.6 Gb 7|2 HI HYr}
(Xiao er al., 2023). wetr] Zeke] A& A =7)7F A
Biste] wiA el B Aoz didEy, dF R
£ vAE Atk SSRE 79 Gilmore 5 (2013)2 Illumina 7|49k
212, Ji 5 (2014)2 SSR 15%, Wu 5 (2014)2 EST-SSR 30
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22 NS P lactiflora® EFT 07 wo] o] BE3I9
ok, e} SSRE HHEAY wo| B xefolr] #9le] W A7¥

©] (single nucleotide variant)oll W73 ¥d 7FeAdo] A, &
Aol a7k 7t D asitke ©dol it (Huo er al, 2021). 9
24 2 ITS 9714<LE 7k miAE BRuEAoy (Zhu e dl,
2015; Gao et al, 2020; Wu et al, 2021; Lee et al, 2022),
BEA AF BA £ B FeEo] F2 F 7 el ol
SEm ITS Ag-2 3 oA Tk 2% DNA WHETH] 7He] |
Zo] AlghE o] vlawA WEH ol JHA f Wol7t Ho] FF 7}
21882 Yt} (Ganley and Kobayashi, 2007). Y34 Lim %5
013y WAvFE E&ate] o], wH, ARy, oA, A
55 =gt FU #ZeF FAAAE RS AT ey ARS
3t w19l 79 RAPD (Random Amplified Polymorphic DNA)
24 A¥o] 7HHsitRe AHol= B8 PCR 2490 wlzksie]
AEAA o] Yl= SHAI7E RHETE (Penner e al, 1993; Kumari
and Thakur, 2014).

InDel "= F3A4 Zxkel] ddshA 2 Ay -Z4d
2 MY Zo] zlo|& o]&sl 7hds] PCRY} o7tz A A7)
o2 fHYPE FESIEZ SSR wA L SNP A9l 9] PCR
2700 digk HH3} Fo] AiF ez A, FF AU 2719
AZ 77E askA] kol 4 Hlgo] Wi AF Jgo] Eu
(Pacurar et al., 2012; Moghaddam er al, 2014; Song et dl.,
2015). ¥, &% & oY oA F5 BEF FA8A 40
AeHoz HE% v} 1o (Hayashi er al, 2006; Liu et al,
2013), SSR thH] EE|=7} 4 /7T Ak

o, 8 InDel WS o838 (heterozygous) ZH=o|u Fy 7Y
Al A48 H9ol= 17195 W PCR AH=2] 27|17t e o
Hd2t g B QAR Aol vlds 5917 At o
FolE71 (heteroduplex) WI=7F F8E & Slo] A A= A
Fo]= Z 23t} (Constable and Symons, 2004; Mackay et al.,
2008; Devey et al., 2009).
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1. Nl ME ¥ genomic DNA F&

202180l AFEEEH7IEY FSFEA=ATA (36.9009°N,
128.8087°E)oll A 7| B4 EZ B2 94 (Euiseong), AMF
(Sagok), ™ (Daecheong), /1% (Geopoong)} =51 E2t=}et
A AERE E87E2E AJHET (36.9433°N, 127.7497°F)
A HESIE Q= Bl (Taeback)e] o FHE AHsIH &
ARz A F A AAEAE YW e 2wzt
A BHsle] ETAEE RASYAL. BAE AIEE GeneAll®
Exgene™ Plant SV mini kit (GeneAll Biotechnology, Seoul,
Korea)g ©]-&3le] A|xALe] & TR EZ| w2} gDNAS &
399tk NanoDrop One (Thermo Scientific, Waltham, MA,
USA)E o]&sle Fxe £E5 st FE5E gDNAT
1.5% ol7ke2 AdA 100 VE 30 #7F 171955 Fadaialon,
A= 4 nglull =9 DNA 5 uL & 20 ng)¢} 1 ple] loading
dyeE Egste] st A719%s § =9 AEEe)l smear
o]

°
75 HEste] DNAS| F25 I8kt
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2. ZMICH AV IMBEA

A, B, AR, U, AT T IR ASE WdeR
NGS (Next-Generation Sequencing) 418 333t DNAE

Qubit™ dsDNA BR Assay Kit (Q32850, Invitrogen, Eugene,
OR, USA)ZS A&3ld Qubit™ Fluorometer (Invitrogen, Eugene,
OR, USA)Z Z7stHth ZholE g Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)Z ¥
& QM E =7] 550 + 20 bpS IS ©]%, TruSeq™ Nano
DNA Library Prep Kit (550 bp, Illumina Inc., San Diego, CA,
USA)E o]&slo] Al glolHylE 7533tk G714 E A
< DNALINK Inc. (Seoul, Korea)oll €123} Illumina NovaSeq
6000 platform (Illumina Inc., San Diego, CA, USA)dIA 2 x
151 bpe] paired-end (PE) W2o& Fy= o, 7t M2 oF
15 Gb (Q30 = 90%)°] F7IMEEA] dHolHE FHa1%

AAE raw readst FastQC v0.11.9% A& HrlsidoH
Trimmomatic v0.39 (ILLUMINACLIP:adapters.fa:2:30:10, SLIDIN
GWINDOW: 4:20,MINLEN:15)Z o9 AA 2 A=Zd Mg
(Phred < 20)% Zo] 15 bp PIY reads ZEHSIATE AAE &
Hi read Zole BE MEolA 151 bpE FAIEATH

Fae

3. Contig £&2] De novo O{dIS2] ¥ InDel EHX|
CLC Genomics Workbench v8.5.1 (QIAGEN, Aarhus, Denmark)
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S 283l ZHHH readsE de novo assembly BES ©]-E3}1]
ol Bttt 2 el El= Automatic word 2 bubble size
E4J3}, Scaffolding 241 siAIZ 7318t oJAE2] A3 contig
N50, Wit 7AHZAE Aol AlRE B 7WEA7F 30x 7Rk
Q1 contige A|9I3FAL 200 bp ©1’de] contigE MBI ©]F
7k A4e] contigoll X Zpol7t e g Blwste] in silico %
InDele] &gk xfo] (19 bp o3yt Heole kst 22308 4

A =lsisiet.

4, Z2p0|H Cfxjel

InDel o] F$lo] th$3t= ZZo]Hi= CLC Genomics
Workbench v8.5.1 (QIAGEN, Aarhus, Denmark)®] ‘Design Primers’
715 &8l AuEs ek 25 AT 94, consensus
AMEollA Blol7t #EE 94y Her S i 77 (region
to amplifyys AT ¥ ZefolwE the Z7o) whEt A5
zgloln Zole UukH o7 1822 bpZ Ao G+C FFe
oF 50% FFEOFE 3L, annealing LEE 48-58C W9 U=
ats], 2Zeteln 7+ T, Aol= 5CE d@A BEF 8l

PCR %H= Z7] (amplicon lengthy= 100-400 bp HIZ 3151
I EA G288 et 500 bpE Z2TSIA shet. =2}
v A7 A3= fragment lengthsS X335le] 1 F2]o02 A3}
72 InDel S1x]el 3] o8] Zetolw]| ZFo] FHET 9%
Aol7}t Aolsles wixs). sk g oAl N d4717}

A5, B3] 3 ekl EASHH $F o/ 7FsAdol =ob

A AL s
EYE contig Aol E72] InDel Hol7F SR
el Aget T8 AR5 Eiste] tiE F9E A AR
N Zetolm] NEE 77t AAIEI). ¢, Zejo|w] o]l InDel
SNP ®o|7} 23 Z39-ell= ald x|7F 3dee] ofbd 7

Safel 5 gsieick.
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5. PCR 24 % & WIS

2A73€l InDel Z919] AA| WHol EA| ofF-e} xzulono] FF
Eol4d& 7HZF3s7] $lsl, PCR TZ2 C1000 Touch Thermal
Cycler (Bio-Rad, Hercules, CA, USA)S o]&3lo] =33t}
& EFES T 20 pLE 2AEeH, A et 2ok 20
ng/uL 559 538 DNA 2 pL, Exel TB 2X Taq Premix with
dye (Inclone™ Exel, Inclonebiotech Co., Korea) 10 pL, 73k
9 oAy zafolw] 4zt 5 uM) ZF 2 pL, ZEA ASRTE
5 BASITE PCR 271 95CelA 5%7ke] WA (pre-
denaturation)& A2k 2, 95ColA] 30%, 527CollA 40%, 72CollA
30%°] 2710F 38 Alo]ZS WSl HEH omE= 72ToA
587+ #F 21 (final extension)S 3310, SE% PCR 4t
S WA UAE S8l 20T Rasict

PCR AHEL 3% oprtE2 Ao 2HESon, DNA AlZE=

Jé
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)3l Safe gel stain (clonebiotech Co., Koreay2 Z7}SIit}. 2
< 1 x TAE €580l A8 gefollx] 135ve] Hgte= 208
7 ANGES Fsinr. M= =7]) WnE 98] 1kb ladder
plus (Dongshengbio Co., Guangdong, China)e 7 FU3IAS
™, Bio-Print Gel Documentation System (Vilber, Collégien,

France)E ©]&3te] Alzks) 31 SRSt

e

W—

6. T7 endonuclease | (T7E1) &A1

Zreko 7SR o2 Qlall =2 o|FHEA (heterozygosity)
S R w3 AEoln (Yang e al, 2020), PCR AHES ol7}t
22 A Q7195 A=, R viFelA ie] M=t FEAE AT
o] F olF &7t =7 ¢ ME= heteroduplexd Zol2tal &
@199 t). heteroduplexi= mismatch 971248 X35t 2, 0|2 H

Z35F7] 913l mismatch 5°]% ZHw @491 T7 endonuclease I

(T7ED)S o]&3le] Adt w38 335t
PCR 2HE2& 95ColA sEZ WA T MA3] YA A

heteroduplexE ¥+ F, ¥ ZHFSZ vFo] 0.1 U9 TIEL
(New England Biolabs Inc., Ipswich, MA, USAYS 2|3t A3
w3 FA2 gzto® AASIGITh vhe-2 27T A 12A17F uk
SAZ F 2% oPIEZE A 7195 R EEeiitt. Aol Al
47] BYX]e] W heteroduplex -39
EAIE JuletR g, 3 i EHdME AuE g WE=ES
Al g v Qo E 250¥ (scoring)yS 43T

3 vl ol3AE Ee

LLASE=

7. Fragment analyzer &4

W InDel w}A<] A e peakS E15P7] S8, 571 Aol
A g3lo] PCRS 1o, SEIHELE Fragment Analyzer'
A]2=¥] (Advanced Analytical Technologies, Ames, 1A, USA)<
ol-gsted 45kt AlzAte] ARl wet o,
PCR 7t&2 TE buffer ¥ #2418 A (dsDNA 930 Inlet
Buffer, dsDNA 905 Gel, Capillary Conditioning Solution, intercalating
dye, size marker 5)3 S &3S & 96-well plateol] ZH3}
A719%5S F33I%T DNA L 35400 bp HEle] DNA
ladders 7122 A5 LA EoH, ME Ale]= 43 Rl

H%&& PROSize" tlolE] 4 L2 ESO1E B3l T3k

=] [e]
'\L‘A’jf

O 7He

2 g oF
1. IME HIOle &2 &t

InDel v} 7gks $13 o)A, B, ApE
‘o>, ‘AZ 2zl disll 2FE PE readsE AAsI9eH, 7+
A1l thel Al Bt 197 el readsh °F 153 Gbel 4714
G4 dlofE (raw data)’t SHEQITE FastQC v0.11.9% F-3)3
FA A A3, Q30 o M2 A 88.99%, Bt Phred FZ
T 35143532 WSIE veh, AAHoR 22 49 o7

T
A HlolHE FEANSS st (Table 1).

]
=]

A

2. M InDel EHH

A, e, AP, iR, ¢ 5
A A3E JE3 §, CLC Genomics Workbenchs &-§-3}¢]
InDel o] F92 Atz oz nlwsldtt (Fig. 1 and Fig. 2).
o] HAoNM 57 AWE contig MES A3Z HIIW (pairwise

SE»

S

=]
R

BES] G714

alignment)ate], Y Xl == InDel ¥4 5 H4 sht
olde] ARdollA A}olE HolE 19 bp o9 vy FodS A

stFom F 227M9] R Fglel tisl] Zeto|ME AASAT

AAE Zgo|HE g S/ Sl FHE3le] PCR FES 3
19, 2 AR A 7F A" Rk 2 S Ud9d 9
Zo] ol 23S FFHoZE IS} (Table 2).

al
=

3. DG Ss & THHop] My

A71¥E AAE v = 48 A, 227) InDel »l# F1
7l 9 wiFelA A, BfE, AP, A, AR T A
AZo] M2 HEs] LREe ME HES BHon, ol& F3l A
ZH o 2w yhdo] o] sitt (Fig. 3). ©1& v ¢ W= IS
NGS 7|9ke 2 &% InDel TFEA S LX|3k= AFFS BoH,
T8 o oA ol =7 Aol ddE AHE VeI
53] npAd e §30] Tl TEE, ol& viEE 2
Table 30 A8ttt 57 4L Fal, i »4 % PLIDI-S,
PLID5-2, PLID8-2¢] A &gvto 2w 3 s/l =S 2% 4
T USRS oA H HA PO A Aol Tk
3 oA HEE F 197 230] E2EH00H (Table 4), ol&
E Aela] AeE InDel nlriEo] ZHoF AP T EA1e]

1=

=
o

3=z
o

wo

Table 1. Summary of lllumina NovaSeq 6000 sequencing data for 'Euiseong, Taebaek!, 'Sagok', 'Geopoong' and 'Daecheong’.

Variety name Number of reads  Average length (bp) Total length (bp) Average Q30 (%)  Mean quality score
Euiseong (ES) 101,789,213 151 15,370,171,163 89.44 35.24
Taebaek (TB) 99,804,829 151 15,070,529,179 89.55 35.27
Sagok (SG) 103,159,952 151 15,577,153,352 89.82 35.32
Daecheong (DC) 101,074,181 151 15,262,201,331 89.00 35.14
Geopoong (GP) 102,378,090 151 15,459,091,590 88.99 35.16

Number of reads and total yield represent the sum of paired-end reads (R1 and R2) per sample. Q30 (%) and Mean Quality Score are shown

separately for forward (R1) and reverse (R2) reads.
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illl}ZEIEEIIEl?I!IIIGIINIIGIlIIIWIIIIM‘IIIIII cHEG cme
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Fig. 1. Multiple sequence alignment showing the InDel loci of the developed markers. (A) PLID1-1, (B) PLID2-2, (C) PLID5-2, (D)
PLID8-2, and (E) PLIDT1-2. Each row represents the sequence of a different variety: Euiseong (ES), Daecheong (DC), Geopoong
(GP), Taebaek (TB), and Sagok (SG). Colored boxes indicate individual nucleotides (A, T, G, and C), while gaps (dashes)
represent insertion/deletion polymorphisms among varieties.

il

84

2
N

EERE
271t o] Al

S 97 vlEA e

il
tlo
ait}

WG 9, U] F1 eSS
7F SARBIAY o] REsle], Ex
Fer= A8l o7 AT}

s
[

[

4. T7E1 2 U Fragment analyzerS 0l88t HZE
PLID2-2, PLID5-2, PLIDI15-2, PLID16-2, PLID17-1, PLIDIS-
2 5 AN v dldE e e Qo A9l $1A]
o ofgt F7F M=yt FEH o2 AAE oM, o] olFF A
A FEHE A=Z o B3] AZ3sted F44E heteroduplex 7F
/ol wrha #dsith ol2ld sAS silsty] 9l
PLID16-2 "}A°IA heteroduplex® FAEE WE=r} Yepd A
2 tdeR T7E1 det whe-S 3% 234, T7EL 223 A
o] A9 =T 2AEASS ERIsIET ol olFH A

= AR
A B 7] BLA] olg7tE 27t TIEIC] ofsl] AeEls

= Q)
=

2
=3

[e]
=

L
L

312

< Z=3H} (Constable and Symons, 2004; Mackay et al., 2008).
23k Aie Zefo] o|Fdo] =ri 4R A7 A=
X8t (Yang et al, 2020), %] W=7} PCR AHEofA
heteroduplex] S F&3k= Zlo] £310% o] FE= o] &
Q3 B A7 heteroduplexdl] SFEe A
A i golA Aelslar 2510l RSt

53 PCR AHE-S Fragment Analyzer"& A% 23 Az}
optEs A A79Ed dAske @ A7) 3 sfdo] gklEe]
Azfe] Aol AFEHIA (Table 5).
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Fig. 2. Multiple sequence alignment showing the InDel loci of the developed markers. (F) PLID15-2, (G) PLID16-2, (H) PLID17-1,
and (I) PLID18-2. Sequence alignment was visualized as described in Fig. 1, where colored boxes represent nucleotides (A, T, G,
O) and gaps (dashes) indicate insertion/deletion polymorphisms among five P lactiflora varieties. Highlighted regions denote the
InDel sites used for primer design.

Table 2. Primer sequences of 9 InDel markers selected for identification of five herbaceous peony varieties (‘Euiseong’, ‘Taebaek’,
‘Sagok’, ‘Daecheong’ and ‘Geopoong)).

Marker name Sequence TV (°C) Allele size range (bp) Expected InDel size (bp)

F: CACTTAAACCCTTCCTAC
PLID1-5 52 115134 19
R: AACAAATACCATCGCTCC

F: AAAACACACCCAACTACC
PLID2-2 52 273-324 51
R: GGGTTTTCCTACATACGTT

F: TTACCTTGCACACCCCKA
PLID5-2K 55 281-310 29
R: TGCTTTCCATTTGCTCAC

F: ATGTTGACGAGACCTAGAK
PLID8-2K 55 199-281 82
R: GTTTCATCGATCCTTTGGTT

PLID11-2C F: TTCGGTCATCAAGTCTTCAG 55 123-203 80
R: GTTTCATCGATCCTTTGGT

F: GAAAGATGTATGGTGAAGGT
PLID15-2 52 128-158 30
R: GGTTATTATCGGTCCTCAA

F: GTCGTGTATGTCTGATCATT
PLID16-2 55 174-202 28
R: GAAAAAGCTTGGGACTGG

F: CTTCATGGACCTTTCTTCT
PLID17-1 52 214-241 27
R: TAAACACCTAACTGGGCT

F: GGATCCAGTGAACTATGT
PLID18-2 55 286-331 45
R: TCTACTGCCATTCTCCAAG

"Ta: Annealing temperature used during PCR amplification
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Fig. 3. Results of electrophoresis performed on five herbaceous peony varieties using 9 InDel markers. Panels represent individual
markers: (A) PLID1-5, (B) PLID2-2, (C) PLID5-2, (D) PLID8-2, (E) PLID11-2, (F) PLID15-2, (G) PLID16-2, (H) PLID17-1 and (1)
PLID18-2. Lanes correspond, from left to right, to ‘Euiseong’, ‘Taebaek’, ‘Sagok’, ‘Daecheong’, and ‘Geopoong’. Lane M: kb
DNA ladder, showing bands at 100, 200, 300, 400, and 500 bp. Distinct banding patterns indicate polymorphisms detected
among cultivars for each marker.

Table 3. Barcode representation of polymorphisms revealed by 9 InDel markers in five herbaceous peony varieties.

Marker name Euiseong Taebaek Sagok Daecheong Geopoong
PLID1-5 m m m b m
PLID2-2 b b b
PLID5-2 a m a m m
PLID8-2 b b m b a

PLID11-2 b m m b m
PLID15-2 a m a a a
PLID16-2 m m m m a
PLID17-1 b m b b m
PLID18-2 b m m m m

* “a” indicates the upper band, “b” the lower band, and “m” indicates a multiple band.

Table 4. Minimum three-marker combinations that uniquely discriminate five herbaceous peony varieties.

No. Marker 1 Marker 2 Marker 3 No. Marker 1 Marker 2 Marker 3

1 PLID1-5 PLID5-2 PLID8-2 10 PLID2-2 PLID8-2 PLID18-2

2 PLID1-5 PLID8-2 PLID11-2 11 PLID5-2 PLID8-2 PLID11-2

3 PLID1-5 PLID8-2 PLID15-2 12 PLID5-2 PLID8-2 PLID15-2

4 PLID1-5 PLID8-2 PLID17-1 13 PLID5-2 PLID8-2 PLID17-1

5 PLID1-5 PLID8-2 PLID18-2 14 PLID5-2 PLIDT11-2 PLID15-2

6 PLID2-2 PLID5-2 PLID8-2 15 PLID5-2 PLIDT11-2 PLID16-2

7 PLID2-2 PLID8-2 PLID11-2 16 PLID8-2 PLIDT1-2 PLID18-2

8 PLID2-2 PLID8-2 PLID15-2 17 PLID8-2 PLID15-2 PLID18-2

9 PLID2-2 PLID8-2 PLID17-1 18 PLID8-2 PLID17-1 PLID18-2
= HellA vg H2d S ojdo] Atk yoprh, & A sk A= 7Fes Aoz Bl E3] T, 40| 2 37) wu}
A N InDel ] 8 AES o83l Zeto|wE A/A4 7] 2322 dominant-type Multiplex Zg}olH HEZ FA s
ZAAl wixSE EA A BERES 0] 85 dominantd WIAE AL 288 =o)L, AR e MY S8 VAR ZIUE 5
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Table 5. Barcode representation of polymorphisms revealed by 9 InDel markers in five herbaceous peony varieties.

Marker name Euiseong Taebaek Sagok Daecheong Geopoong
PLID1-5 115/134 115/134 115/134 134/134 115/134
PLID2-2 324/324 324/324 324/324 273/324 324/324
PLID5-2 281/281 281/310 281/281 281/310 281/310
PLID8-2 281/281 281/281 199/281 281/281 199/199
PLIDT1-2 203/203 123/203 123/203 203/203 123/203
PLID15-2 128/128 128/158 128/128 128/128 128/128
PLID16-2 174/202 174/202 174/202 174/202 174/174
PLID17-1 241/241 214/241 241/241 241/241 214/241
PLID18-2 331/331 286/331 286/331 286/331 286/331
AL =
500bp
400bp B dTe Y AT AR AKIWE: PI01732205)0] A€

300bp

200bp

100bp

Fig. 4. Heteroduplex confirmation at an InDel locus (PLID16-
2) in ‘Sagok’. The right two lanes show PCR products
without T7 endonuclease treatment, while the left two
lanes show cleavage patterns after treatment with T7
endonuclease, which specifically digests heteroduplex
DNA. Lane M: Tkb DNA ladder, showing bands at 100,
200, 300, 400, and 500 bp.
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