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2} (Paeonia lactiflora Pallye &%, dksl,

Chang Jae Oh'S, Ma Kyung Ho'%, and Yi Lee'”’

ABSTRACT

Background: Paeonia lactiflora Pall. exhibits diverse pharmacological activities, including anti-
inflammatory and antioxidant effects. It is mainly cultivated for medicinal purposes in Korea and
as an ornamental plant. However, the large and complex genome of P. lactiflora has limited the
development of molecular markers, and previous studies have primarily employed RAPD, ITS, or
chloroplast-based analyses. However, comparative genetic studies integrating Korean herbaceous
and Dutch ornamental accessions remain limited.

Methods and Results: Genetic diversity was analyzed in 95 P. lactiflora accessions using nine
nuclear InDel markers and six selected simple sequence repeat (SSR) markers screened from 36
previously reported SSRs. Three pairs of Korean accessions (PL0O11-PL089, PL028-PL167, and
PL107—Taebaek’) exhibited identical genotypes across both marker types, whereas the remaining
89 accessions, including Dutch ornamental lines, were clearly differentiated.

Conclusion: This study establishes a foundation for objectively evaluating genetic differences in P
lactiflora regardless of cultivation purpose or environment. These results are expected to serve as
valuable resources for the efficient management of P. lactiflora genetic resources and the develop-
ment of new cultivars.

Key Words: Paeonia lactiflora, InDel Marker, Gel Electrophoresis, SSR Marker, Variety Identifi-
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IR0l 203 &1 - O 2 o= 79 E - HIEY-
Drug Safety, 2008; Choi, 2009; He and Dai, 2011; Jin et
al, 2016; Xiang et al, 2020; Zhang et al, 2022). ¥Hd,
H, 5], & SoXe T2 WL 5 Nl Feete] oF
2,0000 EFFo] 5E5=] Ao (Yang ef al, 2020), LFlA
% ‘Sarah Bernhardt7} @] Ai=|3L SIth (Kamenetsky and
Dole, 2012). °F& ZtoFo] FF §A42 AA & HuA 21
g=lo] gtovt, HE FHAA UFd B WA F5
‘Hang Baishao’, ‘Zi Xin® 5°¢| 7NY= AT}t (Zhang et al,
2017, Wang et al., 2022). M= FFHIEGTE-L o]Fo]
AA] FSIARE, 9)4d° (1993), ‘EfE]’ (1995), ‘AFF (1997),
7% (2000), THF” (2003) T2 Hel v B sRElIAE L
2 AdE Aol AR AEE A% AHe3E FHete
A7 Zo ®Bg 2 AulE vk Aok (Rural Development
Administration, 2008). L1} A G = F2 AT
A71ENEsed ARE-SkaL Tk (Kim et al, 2001; Choung et
al., 2003; Lee et al., 2020).

zeke 271 (autogamy) Al AAEO] 5% PIREOZ wf
ol A AejellM= el 23k B (xenogamy)
o] SAsIt}; (Zhou, 1999; Wang, 2019; Yang et al, 2020).
£ FxT v 299 B2 o =, 28a 3-71¢] 9]
Ay A1) (apocarpous)® ©]FolA o] 2F HEAo| =1L,
Nt Al Ak 718 itste] = miiAE AHS2H0E f
o1&t} (Peng et al, 2017). ©]2id A2 73t EAL 7hA)
7 g 7FsARE = =2 olFFTE fAe A 7 /4
2 Ho| FAof| 7]ofgict

ZpokS Aful 2|34 o]-8 EFjo] ThFd i o}, F31%
7o) B3ste] ey Yoz Aot fxd
o] oJHt} (Pan et al, 2007; Gao et al, 2020). 53] T

3 % Ul EAFe] D40l W WG 5 ] whE
o, ok PG Ao] W] BEHE BS AR
A 0] o] LTE olHY ol Aok g
3 ole] SFgAIRoE BARA sl 3 e B4
o] %%, AN, FEE F DY Aol B8 v,

p
.

712l 2ok (Paeonia spp.ye WLE gk ExjnlA A
ot AlgheE b 9lolA FaElo] gith Lim 5 (2013)°] 7H
ek #35 ¥H8 RAPD (Random Amplified Polymorphic
DNA) vHAE H|wA 7hdst A2 gdds A58 + 3
o} wie siEle] Afgge] vl A 7 dyE A SR
7F oJHt} (Penner et al, 1993; Kumari and Thakur, 2014).
Tk g Byd 95 2 ITS (Internal Transcribed
Spacer) 971A4<E 7t wiF= 2A 4 AR 7| xsEE
3 el oA RS SEs] whgdskA Reh F 7 A
Tl HF= B97F eIt (Zhu et al, 2015; Gao et
al, 2020, Wu et al, 2021; Lee et al, 2022). o] ¥, &)
A 7o 2 A wile B 92 BA] 5] £33

[
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SSR (Simple Sequence Repeat) "}E F-2 HkEAHolH
o5 &g3lod T4 (co-dominant) 5433} tEAs
AW FH1AM ko] Mgk 34 243 Jektz
LA (Guo et al., 2023), 5 S} W=
A T FAR sl AA &8 7Fss viA Gt Alsks
7497} %t} InDel (Insertion and Deletion) "}#2] 7
PCR (Polymerase chain reaction) 7]QFol|lA] AF91-A4 wole
ojgt Week AEe] 7ksstal, HlE e E&4% Aol
e S AUARE, AiF oz o] ol B33et J
o 7F WHolE FE3] WHdshr] oJHY (Garcia-Lor ef al,
2012; Pacurar et al, 2012). o|&3t o|f-2, T vlA AA
o RE e S F2E ZEHOE s
o7 wiitel, A& v 543 ®ol F3S Ad vHE
Weste] &&ste Zlo] i sith AdAE WA
[Lentinula edodes (Berk.) PeglerlS T2 3k Ao =
InDel?} SSR wi71E o7 AE&goan & v F4E
o =& oA Jd 7 RS gEEilon, ol Fal
i3 725 2ot Wes] 8T & AU (Xiang et dl,
2016). B3t N (Sesamum indicum L)E UGS Z gk A
TN = InDel WHAE ©502 AME3H= ZHTE SSR WA
E W AHEIE o FEEAH FHF slAlo] 7hsslo,
NeFd P F50] 55 M DS {4 Fsot A
go] FEFo R AFel vlsl F2 7Inke] o] Fom MNHE
T3 AfEIETE ot MR TR A7 TR FEE 1l
T A 25t UERES ERIEIT (Wu er al., 2014).
o] ool 3wl (Helianthus annuus L.), 5 (Capsicum
anmuum L.), 52 (Capsicum spp.), SN (Brassica oleracea
var. capitata L.) 59| =X InDel3} SSR WFAE &4 &
Ao &3k v} T} (Talia et al, 2010; Lv et al, 2014;
Tan et al., 2015; Zhang et al., 2016). ©]&]3 vl W3y &
82 7} A9 SIS s Beste] B g Ho|a
g FAA O A4S sl & AR dd
(Garcia-Lor ef al., 2012).

U oFE Zeke] G&AQl §
AL 23S Faxd 72 /4
ofgt J a7t Aot e A=
kel B a3t 2 HolE AlFsitt
oM e TSl EAA1
3 IT HEE Fofshar ARl Al2ElE tol ARl
Al AL AT, A7, AEIN T ARlA
E AlFstal Aok A AAH R gt A= fAxbde]
H-BEEL Qo A4S RVt ARFE T BET H
7te] vlZ@&Ao] EAIZE FaL ATH (Li e al, 2004). wEFA
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Jeong 5 (2025) InDel WFAE 7Hs] e7d°, Efull”, A}
=, AF, WS TS vk e, A ARl H
2l AAE 7o g gk 742 oz A|gHH |t} o]
71E A7) MRS s, S ofe] Aol
NS F52 ek, vt ] Uds
EolM =i WEE AHS A vlaL BAsITE e
21 shA SAARA A Sl
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ez e vb otk Ji & (2014
HF SSR 1552, Gilmore 5 (2013)2 Illumina
o]g3l 2182 SSR vHAE /MEslgen, 2% #
Aske Aof Adg FAoR BuEdnt olHg &
AT F7olA BEEE IT ALS £dsle], =2
|rot 5 iAo AoF A S SHHoE v
k= d €¢]7t et
TFoMe A FHE T 9N AoF fxds
, 3 714k 97)2] InDel v}#19F 6702] SSR wAE
7 ddH JerxE 488l InDel #H
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FoIF S SISk 9eH, 20234 71E Ul
1,987&20l ©]23 Ut} (Ministry of Agriculture,
Food and Rural Affairs, 2024). ©]2]gt k32 4=} A,
Al 87 9 2o tRell 71xe EAEe] AR
FH= g of Ao FEMF F3}, el A
BAAY s 913 25F< 7] Aew 7lg€rt.
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1. Al MZ U genomic DNA F&
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Sk HaE AE A EZHE gDNA (genomic DNA)YE
GeneAll Biotechnology (Seoul, Korea)2] GeneAll® Exgene
M Plant SV mini kitS ©]-&ste] AZARe] viypdel wt
FZE319t). &% DNAC %9 <%+ NanoDrop One
53534 %=A) (Thermo Scientific, Waltham, MA, USA)E ©]&
stod A zARe] ol wEt 27g819lth. DNAS s B &
E= i |

-

NanoDrop One (Thermo  Scientific,
Waltham, MA, USA)E o|-&3slo] =433t} (Table 1).

2. InDel 0P 24

FAH gt B4S 8) Jeong 5 (2025)°] 73 InDel
w7 ORE o83ttt s A= o)A, B, A,
o, AT T AY AL mE AL Aol AfelE o] g
PCR ¥ o222 A A7|Qse a2 s o]59] FXAS +
S Uk 7 ve] Zatolw ME Y FF 4HEe] 7]
HelE A =5 7led WS wster, A7%8¥ InDel £
o] AA| Wo] A e} zejo|m ] FE oS ASEt
71 $13ll, PCRS Bio-RadA}le] C1000 Touch Thermal Cycler
(Hercules, CA, USAYE A3l 43513 tt. Hul=
20 uL2 Fdstom, wkgdelli= 5% DNA 2 pL (20 ng/uL),
Exel TB 2x Taq Premix with dye (Inclone™ Exel, Inclonebiotech
Co., Korea) 10 uL, forward Zz}o]™9} reverse X}o]w z}
2 uL (5 uM), 23l B+t FHRTE H7FsIlth PCR 27
& 95Celx 587k 7] WS AYT &, 95C 30%, 7
vl 2] annealing temperaturedll A 40%, 72C 30%9] 4
383] WHESIStE miREto & 72TColA 5E7F FHF AlS 5
FeAt. S=EE A= 20CoA B33t InDel 71
o] F3F ¥ peak®] BYES AT s I ANEE
AAdsle] F7F PCRE AASIEE, AAdE AHES Fragment
Analyzer™ A]2~®] (Advanced Analytical Technologies, Ames,
IA, USA)S o]t A3tk 242 AZAL vl w
2t Falen, PCR 22 TE bufferst #2418 A<}
(dsDNA 905 Gel, dsDNA 930 Inlet Buffer, intercalating dye,
size marker, Capillary Conditioning Solution 5)& &3 3t
H 96-well plated] ZH3sle] H7]9F31t DNA THLS
35-400 bp W22 DNA ladder (Agilent Technologies, Santa
Clara, CA, USA)E 7|02 A% AZEHUeH, PROSize™
AZE O] (version 3.0; SoftGenetics LLC, State College,
PA, USA)E ARl Wl= 37|18 ARSI

= (e}
= s

3. SSR OB M&
A TFd 240l AHEE 84 SSR v S §

&, Gilmore 5 (2013) ¥ Ji % (2014)°] 71&3F SSR WA
3655 ARSI 7F v = e A T e S gl

2 g =&olx] A PCR B #17]19F 7ol whet v
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Table 1. Summary of 95 herbaceous peony germplasms in this study.

No. ID”  Acc.Name.? Reg./Cv. name” Collected site Country Source Species”
1 ES ICD-016 Euiseong Bonghwa, Gyeongbuk Korea (ROK)  GBARES” P lactiflora
2 8B ICD-017 Taebaek Yeongcheon, Gyeongbuk  Korea (ROK) - P lactiflora
3 SG ICD-015 Sagok Bonghwa, Gyeongbuk Korea (ROK) GBARES P lactiflora
4 DC ICD-014 Daecheong Bonghwa, Gyeongbuk Korea (ROK) ~ CBARES P lactiflora
5 GP ICD-013 Geopoong Bonghwa, Gyeongbuk Korea (ROK) ~ GBARES P lactiflora
6 PLO03 ICD-010-097 IT 256736 Yeongcheon, Gyeongbuk  Korea (ROK) YCES® P lactiflora
7 PLOTT  ICD-010-190 MPR 449-2 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
8 PLO15 ICD-010-013 IT 256633 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
9 PLO16 ICD-010-175 IT 256900 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
10 PLOT9  ICD-010-155 IT 256847 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
11 PLO28 ICD-010-204 IT 256816 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
12 PLO30  ICD-010-053 IT 256706 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
13 PLO32  ICD-007-04 IT 256513 GyeongSan,Gyeongbuk  Korea (ROK) YCES P lactiflora
14 PLO33  ICD-001-05 IT 256467 Changnyeong, Gyeongnam  Korea (ROK) YCES P lactiflora
15 PLO36 ICD-010-160 IT 256882 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
16 PLO37  ICD-009-16 IT 256549 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
17 PLO42  ICD-010-096 IT 256735 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
18 PLO44 ICD-010-181 IT 256877 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
19 PLO46 ICD-010-146 IT 256831 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora

20 PLO47  ICD-009-08 IT 256530 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora

21 PLO48 ICD-010-198 IT 256805 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
22 PLO50 ICD-010-196 IT 256802 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
23  PLO52 ICD-010-057 IT 256749 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
24 PLO57  ICD-004-03 IT 256494 Geochang, Gyeongnam  Korea (ROK) YCES P lactiflora
25 PLO6T  ICD-009-15 IT 256548 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
26 PLO66 ICD-010-120 IT 256911 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
27 PLO68  ICD-004-02 IT 256490 Geochang, Gyeongnam  Korea (ROK) YCES P lactiflora
28 PLO73  ICD-010-113 IT 256870 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
29 PLO75  ICD-009-34 IT 256587 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
30 PLO76  ICD-009-21 MPR 449-6 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
31 PLO81T  ICD-008-08 IT 256526 Sangju, Gyeongbuk Korea (ROK) YCES P lactiflora
32 PLO84 ICD-010-081 IT 256719 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
33 PLO85  ICD-003-02 IT 256483 Sancheong, Gyeongnam  Korea (ROK) YCES P lactiflora
34 PLO88 ICD-010-149 IT 256839 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
35 PL089 ICD-010-043 IT 256686 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
36 PLO93 ICD-010-184 IT 256938 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
37 PLO94  ICD-009-17 IT 256550 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
38 PL102  ICD-009-35 IT 256588 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
39 PL107  ICD-007-01 IT 256510 GyeongSan,Gyeongbuk  Korea (ROK) YCES P lactiflora
40 PL110  ICD-009-55 IT 256696 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
41 PL111  ICD-006-03 IT 256582 GyeongSan,Gyeongbuk  Korea (ROK) YCES P lactiflora
42 PL119 ICD-010-148 MPR 449-10 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
43 PL120 ICD-010-134 IT 256643 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
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Table 1. Continued.

No. ID”  Acc.Name.” Reg./Cv. name” Collected site Country Source Species”
44 PL122 ICD-010-047 IT 256618 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
45 PL125  ICD-009-38 IT 256731 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
46 PL128 ICD-010-045 MPR 449-9 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
47 PL130 ICD-010-029 IT 256798 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
48 PL132 ICD-010-018 IT 256934 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
49 PL135 ICD-010-194 IT 256800 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
50 PL136  ICD-009-32 IT 256585 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
51 PL137 ICD-010-111 IT 256866 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
52 PL138 ICD-010-027 IT 256654 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
53 PL140 ICD-010-123 IT 256915 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
54 PL141 ICD-010-016 IT 256639 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
55 PL142  ICD-010-028 IT 256656 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
56 PL143 ICD-010-186 - Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
57 PL152 ICD-012-002 - Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
58 PL157 ICD-019-006 - Yeongcheon, Gyeongbuk  Korea (ROK) Field P lactiflora
59 PL158 ICD-019-011 - Yeongcheon, Gyeongbuk  Korea (ROK) Field P lactiflora
60 PL159 ICD-009-046 IT 256602 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
61 PL160 ICD-010-091 IT 256728 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
62 PL161  ICD-010-205 IT 256821 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
63 PL162 ICD-010-142 IT 256823 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
64 PL163 ICD-010-117 IT 256907 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
65 PL164 ICD-010-166 IT 256888 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
66 PL165 ICD-010-103 IT 256743 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
67 PL166 ICD-010-106 - Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
68 PL167 ICD-010-055 IT 256711 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
69 PL168 ICD-009-033 IT 256528 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
70 PL169  ICD-010-011 IT 256622 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
71 PL170  1CD-010-060 IT 256752 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
72  PL171 ICD-010-077 IT 256714 Yeongcheon, Gyeongbuk  Korea (ROK) YCES P lactiflora
73 PL173 ICD-046 Shirley Temple - Netherlands ~ Seed Co.” P lactiflora
74 PL175 ICD-049 S.Bernhardt - Netherlands Seed Co. P lactiflora
75  PL177 ICD-023 Charle's White - Netherlands Seed Co. P lactiflora
76 PL179 ICD-043 Peter brand - Netherlands Seed Co. P lactiflora
77 PL180 ICD-052 Angel Cheeks - Netherlands Seed Co. P lactiflora
78 PL182 ICD-042 Paul M. Wild - Netherlands Seed Co. P lactiflora
79  PL183 ICD-028 Duchesse de Nemours - Netherlands Seed Co. P lactiflora
80 PL184 ICD-029 Elsa sass - Netherlands Seed Co. P lactiflora
81 PL185 ICD-039 Mons. Jules Elie - Netherlands Seed Co. -

82 PL186 ICD-058 Lancaster Imp - Netherlands Seed Co. -

83 PL187 ICD-056 Glory Hallelujah - Netherlands Seed Co. P lactiflora
84 PL190 ICD-060 Mothers Choice - Netherlands Seed Co. -

85 PL192 ICD-031 Florence Nicholls - Netherlands Seed Co. P lactiflora
86 PL193 ICD-032 Gardenia - Netherlands Seed Co. P lactiflora
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Table 1. Continued.

No. ID”  Acc. Name.? Reg./Cv. name” Collected site Country Source Species”
87 PL194 ICD-034 Highlight - Netherlands Seed Co. P lactiflora
88 PL196 ICD-063 Sarah Bernhardt Unique - Netherlands Seed Co. P lactiflora
89 PL197 ICD-022 Bowl of cream - Netherlands Seed Co. P lactiflora
90 PL198 ICD-026 Diana Parks - Netherlands Seed Co. -
91 PL199 ICD-027 Dr. Alexander Fleming - Netherlands Seed Co. -
92 PL200 ICD-030 Festiva Maxima - Netherlands Seed Co. P lactiflora
93  PL204 ICD-041 Ole Faithful - Netherlands Seed Co. -
94 PL208 ICD-051 Command performance - Netherlands Seed Co. -
95 PL210 ICD-040 My love - Netherlands Seed Co. P lactiflora

YID: Master ID assigned to each genetic resource for unified identification across the study. ?Acc. Name: Accession number assigned by the
National Agrobiodiversity Center (Korea). *Reg./Cv. name: 'Reg." indicates IT numbers registered in Korea; 'Cv. name' includes variety or local
names. ¥Species: Scientific names are italicized. Blanks indicate unidentified accessions. *’GBARES: Gyeongsangbuk-do Agricultural Research
and Extension Services (ROK). ®YCES: Yeongnam Crop Experiment Station (ROK). ”Seed Company (Seed Co.): All plant materials were
purchased from World Flower Company (Jincheon, Korea). “~” indicates that the data for the corresponding accession are unavailable or
unverified.

Table 2. Primer sequences of 9 InDel markers (Jeong et al., 2025).

Marker name Primer sequence (5—3") T."(°0) Allele size (bp) Expected InDel size (bp)

F: CACTTAAACCCTTCCTAC
PLID1-5 52 115,134 19
R: AACAAATACCATCGCTCC

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

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

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

F: TTCGGTCATCAAGTCTTCAG
PLID11-2G 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: GCGATCCAGTGAACTATGT
PLID18-2 55 286, 331 45
R: TCTACTGCCATTCTCCAAG

"Ta: Annealing temperature used during PCR amplification

45 Sasidon, s AUy W= Aug

reverse ZZFO|H (10 uM) 0.3 uLS} 6-FAM labeled M13
u}ﬂ 32FS AR AEEiT) o|% AEE SSR v 2to]H (5-TGTAAAACGACGGCCAGT-3") 0.3 pL, 2X Taq

431 0“\1 =303t InDel vl ¥4 A3t FAFA 7} mix (Dongshengbio Co., Guangdong, China) 7.5uL % ¥
i el ek 2kl 68 (PL-014, PL-016, PL-057, PL-  + /5= U3l W8 HuE 9 F, ABI 2720 thermal
151, PL-157, PL-190)S tUPdSZ PCR HHE- £ 15 pulol cycler (Applied Blosystems MA, USAYE ©]83}9 PCRE
DNA (10ng), M13-tailed forward Z2}o]™ (10uM) 0.06 uL, 33Tk PCR HH-2 95CollA] sE7F S-S AAsh &

ot

ot
oX
ol
ST
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Table 3. Information on selected 6 SSR markers.
Marker Primer sequence (5 —3") T.”  Repeat motif Amplicon size (bp) Ref.
F FAM-GCTATACCTTGATAATCAACATTCAACC 9 .
Sy2 54 (AC) 270-275 Jietal, 2014
R ATTGTAAGTTTTGCAACTTTTCCTCTAA
F NED-GAGCAATGAACAAGCTCAAGCAAACT ) s )
Sy7 58 (TG)*C(GT) 160-173 Jietal, 2014
R ACAATCAACCGTCCTGTCAACCT
F FAM-CACAATCAAAGTTTAAAGTGGTGATGT ; .
Sy9 58 (AG)*A 281-336 Jietal., 2014
R CGTAGATCGAGCACTTGTATTCTTCCT
F NED-ACCATTCAAGGTGACGCTTCC .
Pae100 58 (ATY 190-205 Gilmore et al., 2013
R TCCACGATATATTCCCTCACCCTA
F PET-GCTGCGACATATGTGGTTCA .
Pae03 552 (CT)?® 86-120 Gilmore et al., 2013
R CAGCAACTTTAGAGACAGGGAGA
F PET-TGCACATATGTAACACAAAACACA .
Pae65 55 (CAY 81-95 Gilmore et al., 2013
R TAGGAATGCGAGTCTTTCTTTAGG

"Ta : annealing temperature.

95C 30%, ZF7+2] annealing temperature®4 30%, 72C 30
Z z279] 18 1E 3 94T 30%, 2H2H] annealing temperature
oA 30, 72T 30% Z719] 23x o] A3l sl
on, wRgte g 72TCoA 307 FHFAES YAt
PCR ZZ AHZ2 12% o2 Ao A/9%5S B 5
Z oHE oIk & 8X3 02 ule] PCR TFAHES 98
puLe] Hi-Di formamide (Applied Biosystems, MA, USA),
0.2 pLe] GeneScan™ 500 LIZ® size standard (Applied
Biosystems, MA, USA)®} &35l9ich 322 95ColAM 5
W2 AR & 4TCoA WZkstar, 50 cm BAo] Ak
ABI 3730 DNA analyzer (Applied Biosystems, MA, USA)
ol AR d7195S T3l S5E DNA dHse 29
Itk dH--AAES] Z7]1= GeneMapper 2~2E9 o] (ver.
4.0; Applied Biosystems, MA, USA)E AMg-sle] ZAA 3T
o]% PCROI= MI3 tail Z2to]m] AJAHS #gate] THA
I peak HES 2131t} o] A|2ES forward ZEko|H ]
5 =] M13 A8 (5-TGTAAAACGACGGCCAGT-3')yS
F2s1a, 3 3AE F5 MI13 ZZe]H (FAM, NED,
PET 5)2 M AM&3l= PCRE =3 8h= 3-primer HH2jo|t}.
ol& g3l ¥ Zefolme] dF ARo] sl A HIE
o™, capillary 7195 2= A3tsict
(Boutin-Ganache et al, 2001). A% 7|52 (i) 7| &% =
7] B WollA HEek B peak’t FAE A, (ii) peak #
g = % peak’t UYERA] &5 A, (i) BI5°l4 257t
T8 peak A5 WA LS A To= HFHO=E, o/l
o] AHelA et FEF} dFo] 7Fss TR sHS B
ol 652 SSR "HAE 7]E9] 2-primer PCR W02 F=
sto] -85St (Table 3).

A=df¢]
=22

KR

S 2~
AR %

A
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4. SSR 0P 2A
SSR #4593t PCRS 53

T=

I r

forward 2 reverse Zz}elw z} 0.5 pL, 2X Taq premix
(Dongshengbio Co., Guangdong, China)E X33}% o1,
ABI 2720 Thermal Cycler (Applied Biosystems, MA, USA)
£ AR&SIlth PCR WHE-2 7] WA 95Collx 5, 353]
vk 2lo]E (95C 30% — Z2H] annealing temperature 30
% - 72C 30z), A5 2% A= 72CaA 3087 335}
Atk PCR TF AHE9] 5% oFe 12% (wiv) oPEEX
A A7195S &l 12k SIS o] %, 48 ¥F EA
azZZo]Hl FAM (6-carboxyfluorescein), NED, PETS 4§
slod PCRE T8I o™, 2% o] v RS 3435t
Eehsidnt. 7F 2fellx] ARE ¥ A= ol d7]
Ad ol F718H9tH (Table 2). E39 0.1 pule] PCR AH=
< 99 uLe Hi-Di" formamide (Applied Biosystems, MA,
USA) 2 0.1 pLe GeneScan™ 500 LIZ® size standard2}
3k H, 95CellA] 5EZF AR F 4CelA] 387 W7t
3tk WAE AR+ ABI 3730 DNA Analyzer (Applied
Biosystems, USA)] 50 cm EAHF-S o83 =Al 795
o2 AL, EFdAke] 27] #5552 GeneMapper 4
ZE O] (ver. 4.0; Applied Biosystems, MA, USAYE °]&
st} Faaaitt. SSR AH=e] A WS BAR A7
FollA A2 raw fragment size®} peak heights 7|5Fo2 4=
Y33 th. Table 3041 A|AIgE 7+ w1 <] amplicon size 4
ol A&H peak & A5 vt FE3 F2 peakiS
2 alleleZ 135 01, stutter peakt W2 A9
minor peak= H|50]4 AHEE 7H58te] A|9fsiict. He Wi
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peak= +1-2 bp FE&QAE 7IFOE JAFT A7 (size
cluster)© 2 7o) alleleS 2]t} 34 P
A T2 AH] FAI= 138 Enpfelemy AR AEATA (Life
Sciences Research Institute, Biomedic Co., Ltd.)*l] 2|Z]s}]
Z18y st

a
=
NE
i)
e
i

5. 78 O 2 7oizh) 24

PowerMarker ver. 3.25 (Liu and Muse, 20052 E3l, =}
A 7 44 JAE Astsbr] gk 2F A 2 A A
2?1 Shared Allele DistanceE 7|02 3-f tEFd4 A
2] (Shared Allele Distance) W22 F9o 48k wi7iaA
9 F28 A ¥ (major allele frequency, MAF),
HHFAA 4= (number of alleles, Ny), 7ol EHT=
(expected heterozygosity, H.), #Zo|FHZF = (observed
heterozygosity, H,), T34 A%< PIC (polymorphism
information contenty2 AF&3}9. 9™ MEGA A Eo] (ver.

[e]
T
[e]
T

4 5 6 7 8 9 1011 12

400 bp

300 bp

250 bp
200 bp

150 bp

Bl Lok oM. 257 O1RA| U210 Q& 0250

5.2; Arizona State University, Tempe, AZ, USA)S &3}
o] UPGMA (Unweighted Pair Group Method with Arithmetic
Mean) WHO 2 ATSE 2SI} (Tamura et al, 2007).

o Y

1. InDel O Ciadd &It

ATl ZLE IDel mie] 83§44 tdd&
A5 S8l & 9549 AoF A S e E PCRES
Fasl o, AekAol ¥41S Fragment Analyzer'S A8}
of ZYatsirt (Fig. 1). 7ol dE Hy= A A< W
oA ez FEE F AV AR tE dEfdaE 7
FER, FAH0)e] F5 Yehll= AEelth (Nei, 1973). &
Aol 283 Del P2 7ol EHITE (Ho)e
0.25914 0.50 A2 H 0402 HJoH, o] F PLIDS-2K
HAZE 05002 7P # S JERATE (Table 4). ©)=

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

400 bp

300 bp

250 bp

200 bp

150 bp

Fig. 1. Fragment analysis of the InDel marker PLID5-2K across 60 samples (subset). Lanes 1-30 correspond to the following
samples: ES, TB, , DC, SG, GP PLOO1, PL002, PLOO3, PLO04, PLOO7, PLO08, PLO0O9, PLO10, PLO11, PLO12, PLO13, PLO14,
PLO15, PLO16, PLO17, PLO18, PLO19, PL0O20, PLO21, PL0O22, PLO23, PL024, PLO25, PL026 and PLO27. Lanes 31-60
correspond to PL028, PLO29, PL0O30, PLO31, PLO32, PLO33, PL034, PLO35, PL036, PLO37, PLO38, PLO39, PL040, PLO41,
PLO42, PLO43, PLO44, PL045, PL0O46, PLO47, PLO48, PLO49, PLO50, PLO51, PLO52, PLO53, PLO54, PLO55, PLO56 and PLO57.
Lane M: 35-400 bp DNA Ladder (Agilent Technologies, Santa Clara, CA, USA).
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Table 4. Diversity statistics of 95 accessions analyzed by 9 InDel markers.

=AM
[REy |

Marker Avail.V Mae? NG NAY H” HY PIC”
PLID1-5 0.97 0.60 3 3 0.48 0.78 0.37
PLID2-2 0.99 0.85 2 2 0.26 0.31 0.23
PLID5-2K 0.98 0.73 3 2 0.39 0.52 0.32
PLID8-2K 0.54 0.51 3 2 0.50 0.27 0.37
PLID11-2 0.72 0.60 2 2 0.48 0.79 0.36
PLID15-2 0.99 0.84 3 2 0.28 0.29 0.24
PLID16-2 0.98 0.52 2 2 0.50 0.97 0.37
PLID17-1 0.99 0.85 2 2 0.25 0.30 0.22
PLID18-2 0.98 0.56 2 2 0.49 0.87 0.37

Mean 0.90 0.67 2.4 2.1 0.40 0.57 0.32

DAvail. (Availability): NOBS / n (NOBS: number of successfully scored individuals; n: total individuals); ?Mue: Major Allele Frequency; Ng:
Number of Genotypes; “Na: Number of Alleles; PHe: Expected Heterozygosity (Gene Diversity, Nei’s); ®H,: Observed Heterozygosity; ”PIC:

Polymorphism Information Content.

Q0] (Cucumis sativus L.) S73A15IA R3E InDel v}
o] 7ol HT= (Ho) 0.22-0.60, Hit 0407 W3 =5
O =2 (Adedze et al, 2021), &tz 7He fHFog Hilsl
FTAXE InDel "HAE T34 "R &8 & USS AXE
Els=

Ho|FHAE (Hoe 7HA &1l F dig-f2dxp7E A
2 05 FE55 ovsH, /A o] §34 o8 s i
3t} (Nei and Roychoudhury, 1974). £ AATtelxE 0.279)
A1 09774 vrFstAl vEbs e et 0575 YERLAL,
PLID16-2 W77} 0972 7F¢ =2 38 Hof ket tigf
AR 2] ol st rAR ERIEITE (Table 4). ©]
= oIl =2 Aok e Fo AP A 53]
A ger SA4ol

PIC= 7} mA7F 48 2ol Algshs 8RO e 74
slet gro =, o] §-84S W7k A|3Eelth (Botstein er
al, 1980). PIC %2 7} FslollA ke digdzke] vie
£ 7o 2 MRStk iR WIEE Akkel H, BE
HE-FAAF Ree] Aads Fakal, olE 1004 kst
PIC 3 de TS ARSSIGITE o]t W2 7} v
7t Agske A e 275 AR Hriske )
g-g-Hr)

H AFoAe] PIC 3+ 022004 0372 MR H 032
o™, PLIDI-5, PLID8-2K, PLID16-2, PLIDI8-2 m}7]7}
7P =2 0379 #E 7ISSITE (Table 4). ©l= Ji &
(2014)°] B3k 2ok SSR wl o] H PIC 7t 0.6KTHE
ko) Hechanova 5 (2021)°] 2338 W InDel wFA<]
PIC %t W%l (0.080-0.461)2} H|s=3t F===0lAt} (Ji et dl,
2014; Hechanova et al, 2021). Y¥FH S 2 nDel vl7= %t
£ Zol7b g3 Edwolgo] Wol SSRET} o] v

o gy

T
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O™ (Pacurar ef al, 2012), ¥ A2 A3}
1o} YXsh= 73S BT ol2lg o]f+= Fig. 201 A
fFrAIA B4 AFolM e i 2 7F o] HEs
rorom, vl Apelo] FY ol ke S B
. 2). ol= ARE-E InDel wH¢] thE@Ado] Atz =z
gEo 7 gtEn) aHE B35l InDel A=

it x©

PLOB4
(PL209
WPL185

PL1g7
WP 1,

goz’\d

O Medicinal landraces and cultivars (Korea)
B Ornamental cultivars (Netherlands)

Fig. 2. Phylogenetic analysis of herbaceous peony fgermplasm

analyzed using 9 InDel markers. Blue labe

ed samples

indicate accessions that were not distinguishable when

using only InDel markers.
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Fig. 3. Preliminary screening of 36 SSR markers. Lanes 1-24 correspond to the following SSR markers: Sy1, Sy2, Sy3, Sy4, Sy5, Sy6,
Sy7, Sy8, Sy9, Sy10, Sy11, Sy12, Sy13, Sy14, Sy15, Pdel06, Pdel07, Pdel29b, AT8051F, AG8073, ATG9706, PCA1, P06, and
PO5. Lanes 25-36 correspond to Pae03, Pae06, Pae07, Pae12, Pae25, Pae28, Pae43, Pae65, Pae100, Pae102, Pae110, and
Pae115. The Four markers (Sy5, Pdel06, Pdel07, and P06) were excluded at this stage due to inconsistent or absent
amplification. Lane M: 100 bp DNA ladder (Dongshengbio Co., Guangdong, China). Arrowheads indicate six SSR markers
(Sy2, Sy7, Sy9, Pae100, Pae 03 and Pae65) showing clear and reproducible polymorphisms, which were selected for further

genetic diversity analysis.

°|, SSR AT ol&3 FHEANME FEHA B
PL1403} PL158, PL2002+ PL209, PL0032Z} PL093, PL030
7} PLO88, PL1429} PL119¢} PL138, PL102¢} PLI20,
PL1359} 413’3} PLO61°] InDel "} 5HS o] &3+ 7%
Me FaEe oz ERIFERIY (Fig. 2 and 3). PLIDI-S,
PLID8-2K, PLID16-2, PLIDI8-29} #+o] ®lwa =& PIC
e UER v A Aof fraxpde] Al Je A4 3
F5 W 78 A= 7|g€Er
2. SSR OB Ayt
A g 246 SSR vHAE stz f18 Gilmore
5 2013y Ji 5 (2014)0] B3 3659 SSR ZtolmE
TS Ode R A3edste] [A79E e S AHE
gRlste] Hi=7F PAER] FAY SFo] BEe v 4%
(Sy5, Pdel06, Pdel07, PO6YS A|2J3lal 1802 3258 A
BT (Fig. 3). ©1F $HA InDel vl #4004 a3l
7h A Aeg gRle #eF A 63 (PL-014, PL-016, PL-
057, PL-151, PL-157, PL-190)2 U’do2 Ay Zgo|WE
M13-tail A]2ES A-83 PCR & GeneScan Analysiss 5
3l T peak ES RIS ST (Fig. 4), ©] 7heH F
S5 SEATFHS Bl 659 SSR ZtolHE HF A st
At} (Table 3).

=

3. SSR OB Cidd &EJt
FF e ¥4 SSR ve] 284S WUtk S8,
A o] Zefolr s of fxk 955l A&kt
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AR Aol ZIHo|FHTE (H)e 041-0.802F Ht
0.6430m, FAHIFHIE (H )= 0.29-0.78% Hit 0.59%
et (Table 5). PIC 32 0.36-0.78 MG oH, Ht
0.6022 A= 53], o/l vlA F 37X PIC %ol
0.7 o= - 3 TPAFS Hol= o= Aut=,
ol T Zof Apde] A g {fxxkd el K& B
2 7}t (Botstein er al, 1980; Anderson et al, 1993).
39, 7]l SSR v & AioMe AZgho] TAE o,
E3] Pacl00 "IAE AA 9570 A F 5570 (Availability
=0.57° M &g doleE FrENn. agd s Ba)
mAE 7ol - (H.=0.78) 2 PIC %t (0.75)°]

, ARE F2 {RAE Y vEA] &8 TS
doi #dEh SSR vAE o83 f3A B0 =

e

s A

X R
o,

AR 213k BT (resolution) F=of 71013k Aoz Jote
o (Fig. 5). InDel P& ©]83 L =olM= PL1073 “Bf
gk FAgh g o2 UERG WH, SSR w4 ellA]
£ PL09%4 9] B A o2 2EQLh 5 B4
Me ASES FHT B EAoly v giAIZE 8E
T AUt

InDel WA} H|eH, ShA At 97] InDel »FA<] ¥
@ 7IHolZHTE (H)e 040, PICE 0.32%, SSR v
(He=0.64, PIC=0.60)°1] Blal} T}&A 2§32 tfd <l
Sk} (Table 4 and 5). ©]= InDel®] =2 biallelic Hol&
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Fig. 4. Genotyping of six genetically distant herbaceous peony germplasm using selected SY9 markers with M13-tailed primer
system. Fluorescent-labeled alleles were separated by capillary electrophoresis and analyzed with GeneMapper software. From
top to bottom: PLO14, PLO16, PLO57, PL151, and PL157, respectively.

Table 5. Diversity statistics of 95 accessions analyzed by 6 SSR markers.

Marker Avail.” My NG NA” He H,? PIC”
Sy2 1.00 0.74 4 0.41 0.29 0.36
Sy7 1.00 0.73 6 0.43 0.46 0.38
Sy9 0.87 0.28 24 11 0.80 0.61 0.78

Pae03 0.98 0.54 16 7 0.64 0.61 0.59

Pae65 0.98 0.34 16 0.77 0.78 0.73

Pae100 0.57 0.30 14 0.78 0.78 0.75

Mean 0.9 0.49 142 6.8 0.64 0.59 0.60

PAvail. (Availability): NOBS / n (NOBS: number of successfully scored individuals; n: total individuals); ?Mag: Major Allele Frequency; *Ng:
Number of Genotypes; “N,: Number of Alleles; *H.: Expected Heterozygosity (Gene Diversity, Nei’s); “H,: Observed Heterozygosity; ”PIC:
Polymorphism Information Content.

al, 2012). g% B35S InDel "} <l PLIDI-5

Wdaly] W R dukzo® thfyd (multi-allelic)?] SSR
2l (He=0.48, PIC=0.37), PLIDI8-2 (H.=0.49, PIC=0.37),

JojRtk= A3 Bl UX|et} (Pacurar et

f
v
29
i
I
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Fig. 5. UPGMA cluster dendrogram of herbaceous peony
germplasm analyzed using 6 SSR markers. Blue labeled
samples indicate accessions that were not distinguishable
when using only SSR markers.

PLID16-2 (H.=0.50, PIC=0.37), PLID8-2K (H.=0.50, PIC
=037y SSR "¢l Sy2 (H.=041, PIC=036)KT} =&
ARHAS WAL Zhu 5 2015y Poncirus AFolA
InDele] SSRET} PIC #ro]l =TI BEAsllom, o= 3
SHAAY ZF EAY) we} nDelo] $58F TS A
A2 AALRITE E3E SSR vl EAjola #Eo|dH
(H)7t 711848 w (Hywth W 7S 9559 A
FARY F AE7t T AN FHEdAY, 2
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0 Medicinal landraces and cultivars (Korea)
W Omamental cultivars (Netherlands)

Fig. 6. UPGMA cluster dendrogram of herbaceous peony
germplasm analyzed using 9 InDel and 6 SSR markers.
Blue labeled samples indicate accessions that were
distinguishable only when both InDel and SSR markers
were combined. Three pairs of samples (PLO11-PLO89,
PLO28-PL167, and PL107-‘Taebaek’) were identified as
having identical genotd\/pes in the dendrogram constructed
using both InDel and SSR markers.

TS A UPGMA Wyos {ATAIE 48 Ade
Fig. 6ol JeRSIt). F viAS 27 283 23 wolr 5

FARE o R geld A4 (PLO11-PLO8Y, PL028% PL167,
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Fig. 7. Comparison of floral morphology among herbaceous
eony germplasm identified as genetically identical
ased on InDel and SSR marker genotyping. A-B:
PLO11 and PL0O89; C-D: PL028 and PL167; E-F: PL107
and ‘Taebaek'.
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