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Development of a Chloroplast-based InDel Marker that Discriminates between
Paeonia suffruticosa and P. lactiflora
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1st Revised: 2022 July 20 that are difficult to differentiate due to their similar appearances. The development of molecular
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markers will aid in the discrimination of these two species.

Methods and Results: We found several chloroplast genomic loci that were polymorphic between
P suffiuticosa and P. lactiflora. Among them, the insertion/deletion (InDel) marker PsPI-InDel-12
This is an open access article ~ clearly discriminated 25 P. suffruticosa and P. lactiflora samples collected in the Republic of
distributed under the terms of the ~ Korea. We were able to discriminate the two species in material of mixed status.
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ge] AREET (Huh, 2015). T=3F DNA 97] Mg 3 5-9]9
HolZ 0|83t single nucleotied polymorphism (SNP)} insertion
(AY) T deletion (AA)E F91E ©]&3k= InDets
O 2 primerell FFS o] 97| D7 ZolE AT F4
3= kompetitive allele specific PCR (KASP)3} high reslution
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Aore] F'ES 2I8H InDel O

A4 2

Bang 5 (204> RAPD-SCAR F}AZ wZe] 7] 3]
Atractylodes japonica®} A. macrocephalas 7HE 4 A&
< AANBAIL Sim 5 (2019)> SNP 718+ HRM =HAE 7
Wl Sanguisorba officinalis (2.01%), S longifolia (11 2.°]%),

[e)
S. tenuifolia (A0 &)e T WH A3

A7) mdz) Zoke] RS 93] #of FF RS 9
gk AFLP m[A<} SSR v 7, 719 ¥hE 2 fddA &

o] o]FojH oL} (Wan ef al, 2018; Xu et al., 2018; Wu et
al., 2021) InDel PFAE 71ZE v} gloh

2172F gl 2 REREge] §oxp FH| FE AREEE
Short Tandem Repeat (STR)? DNA 7] A& 3 F9)¢]
HolE o]§gt SNP= 4 Al 227t gH)7t Hashy] wfd
o DNA A& #4e| ofelgo] Slth (Jobling and Gill, 2004;
Kim et al, 2012; Schneider, 2012; Li et al, 2014). ©]9l
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et al., 2015; Cortellini et al., 2020).
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Table 1. List of genetic resources used in this study.

 UEIS - Ok - 2N - ®IIE - O

0l

No. Sample name Scientific name Plant part Collection site

1 Ps"-001 P suffruticosa Leaf RGCBNU?

2 Ps-002 P suffruticosa Leaf RGCBNU

3 Ps-003 P suffruticosa Leaf RGCBNU

4 Ps-004 P suffruticosa Leaf RGCBNU

5 Ps-005 P suffruticosa Leaf RGCBNU

6 Ps-006 P suffruticosa Leaf RGCBNU

7 Ps-007 P suffruticosa Leaf RGCBNU

8 Ps-008 P suffruticosa Leaf RGCBNU

9 Ps-009 P suffruticosa Leaf RGCBNU
10 Ps-010 P suffruticosa Leaf RGCBNU

11 Ps-011 P suffruticosa Leaf RGCBNU
12 Ps-012 P suffruticosa Leaf RGCBNU
13 Ps-013 P suffruticosa Leaf RGCBNU
14 Ps-014 P suffruticosa Leaf RGCBNU
15 Ps-015 P suffruticosa Flower RGCBNU
16 Ps-016 P suffruticosa Flower RGCBNU
17 Ps-017 P suffruticosa Flower RGCBNU
18 Ps-018 P suffruticosa Leaf Yeoju, Korea
19 Ps-019 P suffruticosa Leaf Yeoju, Korea
20 PI”-001 P lactiflora Leaf RGCBNU
21 PI-002 P lactiflora Flower RGCBNU
22 Pl-003 P lactiflora Leaf Daejeon, Korea
23 Pl-004 P lactiflora Leaf Yeongju, Korea
24 PI-005 P lactiflora Leaf Yeongju, Korea
25 PI-006 P lactiflora Leaf Yeongju, Korea

Vps; P suffruticosa, 2Pl; P lactiflora.

o SRS o) gd) HAEITh A2E 2] genomic
DNA (eDNAYE A% 7oA HEgle Aow 2guy,

2 4ol M1l SRtk Azsle] ol U3t Fal
Al cetyltrimethylammonium bromide (CTAB) WO 2 F=
AT (Doyle and Doyle, 1987). Zt DNAE DeNovix®
DS-11+ Spectrophotometer (DeNovix Inc., Wilmington, DE,
USA)E AHEsld 5% 274 F 10ng- ' 343190,
R 20Tl B33t

&A

2. GSA DERTAC| Hlw

InDel 77+2] gAle Madtoa] 443 =gk (NCBI 5
EMS, MH793271)3 ZeF (NCBI 53H3E, MK860971)2]
FAA vnE FIl FPEJS CLC Genomics
Workbench Program (ver. 8.0, Qiagen, Aarhus, Denmark)S ©]
R

HEA
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YRGCBNU; Research Garden in Chungbuk National University, Cheongju Korea.

|=g=ieN

B

Zo] 152,811 bpe long single
84,466 bp, small single copy (SSC)
o] 28,051 bp, T 9] inverted repeat (IR) F-=°] 25,647 bp
2 o]FoA AL ]—Oﬂoﬂ:] (Park et al., 2019), #eke
Aol 152 731bp§ LSC 30| 84,402bp, SSC H-EHo]
16,969 bp, 3+ o] IR o] 25680 bpZ o] Folx A& &
Ql5ATH (Lee et al., 2019).

Aol ARE F
copy (LSC) #+o] 8
3 A

3

3. 7CAl J|8F InDel OB Mg

BRI InDel 77H8 X3FSk= primer setS CLC Genomics
Workbench Program (ver. 8.0, Qiagen, Aarhus, Denmark)E
o]g-sto] A| &5}t Primer set A|Z ZAL £ Ao 4
©]7} 100450 bp, annealing 2% 47C -57C, G+C H]& 04
oo B3t



4. Genotyping

PCR WkgHo] & RulE= 20 4L ZA], 10ng - (! TE2
gDNA 24, 10uM2] forward primere} reverse primer Zt
144, 10x Taq DNA Polymerase (Takara Bio Inc., Otsu,
Japan) 10 (&, 37T 6 (L 2 73S

PCR ®F$-& T100™ Thermal Cycler (Bio-Rad Laboratories
Inc., Hercules, CA, USAYS o]&3}3om™, 95CoA 3 £7F
pre-denaturationdt %, 95CollA 1 ¥7F denaturation, 50Col|A]
1 £7F annealing, 72CollA] 1 & 30 %7} extensiond}e] &
35 cyclesZ Y3193, final extention 72 72CelA 10
B2} AT

PCR F% AHE-2 2% agarose gelollA ERI5I92™ EtBr
(ethidium bromaide)S AFE3 DNA YAsldt). 2k wi=o]
7] BlE 913 PCR 5F 4HE3} 1kb Ladder Plus (Dong-
shengbio Co., Guangdong, China)E | #3519t}

A71952 120 VE 30 7+ 43838k % Gel Documentation
System (Gel Doc™ XR + System, Bio-Rad Laboratories Inc.,
Hercules, CA, USA)2 2 Image Lab Program ©]-&&}o]

Forward primer

31,540

mjo
o

|8t InDel O

UV light 31914 PCR 2%

1. InDel OB N

CLC Genomics Workbench Program (ver. 8.0, Qiagen,
Aarhus, Denmark)E ©]&3] =& (MH793271)3 2k (MK
860971)2] FEA A HX WASIFL, in silico 73
T P2 Aee A, Ade oy el s
A 41 709 primer set: A|Z} T pretestst A3}, Es} 2}
of Wlz=o] Afo]z zpo|7h AN AW Hglo] FEHIY
PsPlInDel-12 "FAE & Y8 AR HFE A3t} (Table 2).

PsPl-InDel-12-> forward primer®} reverse primer 22} 18
bpE E FE AELS A 388 bpel ZolE 7AW zpef
SE AHES A 280 bpe] HolE zZE=th (Fig 1), Ed,
trnD_guc®} tmY_gua®] AR 99 WellA InDel 97144
< FZ3IAT (Table 2).

InDel locus

4

Reverse primer

31,560 31,580 31,600
I |

|
MK860971 MGH :H:Hjﬂ:g:ﬁ:ﬁ:m: TEGNGE GGGNCHEANG AATEECCHAT ECCEATEARNT ECEAATEENT TTCETENEGE 31499

MH793271 WCHE

Consensus TGATATCCAC ACGAATACGC ACTTTCGTGA GGGTGACATG AATCAGGAAT |CGGAATCACT AGCAATCCTT

TEGTGHE GGGNGHEATG AATEECGHAT ECCHATEARNT BCEAATRETT FTCETENEGE 31492

TTGCTATTGT

consenesor [T TV MO T OO T T

sowwcerze TGATATCCAC ACGRATACSE ACTTTCGTGR GRGTGACATG AATCAGEAAT

CGEAATCAGT AGCAATCGTT (TTGCTATIGT

1
Mke60971 EEBBTECEATT CATARTETET
MH793271 MEBBTECATT CANEETETAN

Consensus CAAATCGATT GANAATCTAT TTTTGTTTTG AATGAAGAAA AAAGGTTGTT TTTTTTTTTT TTATTATTTC |CGCTTTTCTT

Conservahon

AAAAA { N

NONNNNANNN

OOOCOCNnn I
seq"""“"’og& CAAA CGA CA‘?AA C A TTTTGTTTTG AATGAAGAAA AAAGGTTGTT TTTTTTTTTT TTATTATTTC [CGCTTTTCTT

317

3, 720 3 no 31,760
I

MK860971
MH793271

AT BGCCHAN ll AEBTARAT AEEACGTNGHG 31551
AT BGGCHAREAR CEARRTAAAT ACHEGTNGAG 31652

Consensus TAAACTTTAG ACTTACAGAT TCTGGTATGA ATGTAGATCA TTAGCAAAAT CGGGAAACAA GCAAATAAAT |ANAAGTTGAG
100%

Conservation

S°°"°"°°'°Z“E TAAACTTTAG ACTTACAG/;‘\‘LOTCTGGTATCA ATCTAGATCA TTACCAAAA CCCCAAACAA GCAAA AAA

LTI
AeARGTTGAG

31,840

1 |
Mk860971 GCETATHCEE CEEACTINIE TITETNTEEG GGIIIIIIIG GEEBBECART GGGIIIIIII NITRENGGHEG ACTENCHANA 31631
MH793271 GGHTETECEE CEEACEITTE TITATTTEEC GGRATTTATA CANEBECEAT CCCNATATEE TITEATCCHG AGTENCEAEA 31732
Consensus GGATATAGCC GACAGTTTTC TTTATTTCCG GGCATTTATN GAAAACGAAT GGGTATATCA TTTCATGGCG [AGTCTGCAAA

Conservation

sewaree (OATATAGCC GACAGTTTTC TT

31060

o0 llllﬁlﬁljlll\l|l{lII\I|I\IIIIIII!I|I|III\I|I{IlI|I{I\I\I\lllﬁll}lﬁ[l}l{lll"I!I|I|I\III\I|I!I|IIINI\I|I{I|I|III{I\Illﬁlﬁljlﬁ[lﬁlil{lll
TATTTCCE GGCATTTATs GAARRCGRAT GOGTATATCA TTTCATGGCS JAGTCTCCARA

3 m 31 900 31.920

|
Mksc0971 INNNNNGGGE NORGENGGHT WYGHANNACH GYCHEATEY TCEABNGHE llllﬂﬂmmGllchG 31711
MH793271 IETEETGGGE EGAGENGGHAT TICHAREACE CTACEEATAT TCERARECAN TTITARACTEE cn jull CETEGGG 31812
Consensus TTTTTTGGGC CGAGCTGGAT TTGAACCAGC GTAGACATAT TGCCAACGAA TTTACAGTCC GTCCCCATTA ACCGCTCGGG

Conservation

TTTG06C CGAGCTGGAT T

31.940

Sequence Iogo

o I.I.I].II{I\I|I{IIIlI|I\I|I|III!I|I|III|I|I{IIIII{INI\I|III]]]].IJI{I\I[III{I|I|I\III\I|I!I|III\I\I|I{I|IIIII{I\IIIlIII].I.[“III|I{I|I{I|I|I\I|I\I
TGRACGAGE GTAGACATAT TGCCAACGAA TT

TACAGTCG GTCCECATTA ACGGETOSGG

31,960 31.980

Fig. 1. InDel locus sequence of the PsPl-InDel-12. Comparison of the chloroplast genomic information of R suffruticosa (MH793271)
and P lactiflora (MK860971) with CLC Genomics Workbench Program.
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Table 2. InDel markers made by the chloroplast genome statue to distinguish P suffruticosa and P lactiflora.

Marker Primer sequence (5'to 3) Tm(C)  Size” (bp) Region
F : GAAACAAAAAACCAAACCCG 51.0
PsPl-InDel-01 , 191,178 trnK_uuu - rps16
R : CCAATTCAACACAAGTCCCT 53.5 -
F : GAAACAAAAAACCAAACCCG 51.0
PsPl-InDel-02 234,221 trnK_uuu - rps16
R : ATTCCCTCATCTATACTCCT 49.1 -
F : ACCACTCGAAAATACTATCC 49.2
PsPI-InDel-03 214,223 trnK_uuu - rps16
R: TTTTTTTCTCTACCCCCCCC 55.6 -
F : CTTATCTACTCCCCCAATTC 50.0
PsPl-InDel-04 239, 246 rps16 - trnQ_uug
R : CCCCATATTCCCAAATTTCC 51.7 -
F : GCCATCTCTCCCAATTCAAA 53.3
PsPI-InDel-05 206, 214 trnS_geu - trnG_ucc
R : GTGACAATAAAAACGGCCCT 53.5 - -
F : AATGGATAGCACAGAGGTCT 52.6
PsPl-InDel-06 201, 218 trnR_ucu - atpA
R : AGGATTCCCCTTATTATTCG 49.0 -
F: CCTATCCTCTTTTCTCTGTT 48.8
PsPI-InDel-07 188, 180 atpF
R : GCTGAATTTGATCACCTATG 48.9
F : GCCTATCCTCTTTTCTCTGTTC 53.4
PsPI-InDel-08 130,122 atpF
R : ACGAAACAACTTTGCTGACA 53.0
F : CCCGAATTGTTCCATAAACC 52.0
PsPI-InDel-09 243,236 atpH - atpl
R : AAAAGGGGAAAGAGATCGAA 51.4
F : TACTTTGGAATTGACTGACC 49.9
PsPl-InDel-10 159, 150 atpH - atpl
R : AAAGATTACGCATATTGGGG 49.6
F : GTAGTGGAGTGGAAGGGA 54.3
PsPI-InDel-11 131,110 trnC_gca - PetN
R : CTTGCCAGTTTGGATACA 50.1 -
F : TCCACACGAATACGCACT 54.6 trnD_guc —trnY_gua
PsPl-InDel-12 388, 280 GenBank accession
F : GAGGGTGACATGAATCAG 50.6
PsPI-InDel-13 447,339 trnD_guc - trE_uuc
R : AGGGATACTACGAAAGCAA 49.8 - -
F : CCGGACAACACATATAAAGA 49.7
PsPI-InDel-14 235, 245 psaA - ycf3
R : CACCCGATTGCACAAAAA 51.8
F : ATAAAGACACCTGCCAAC 49.5
PsPI-InDel-15 142,152 psaA - ycf3
R : TAGATCCGAACACTTGCC 52.5
F : TTTATATACCATACCGCGGA 50.5
PsPI-InDel-16 179, 169 ycf3
R : TGAAGGTGGGAGAAAAGA 50.7
F: GCGCCCTGTTTTAGTTTTTA 51.5
PsPI-InDel-17 195, 185 ycf3
R : TGAAGGTGGGAGAAAAGA 50.7
F : ATCTCTAGCCAACCTTCC 51.7
PsPl-InDel-18 188, 194 ycf3
R : CAGCAAAAATCCATCTCGT 50.7
F : GGCTAGTGTTTTTGCAAGA 51.0
PsPI-InDel-19 236, 242 ycf3
R : AGATTGGGACGAACAAGA 51.0
F : TGGTATTAGTGCAGTCGG 51.3
PsPI-InDel-20 285, 296 ycf3
R : TCAGGAGAAAAAGAGGCA 51.0
F : GGGATACACGACAGAAGG 53.3
PsPI-InDel-21 175,186 ycf3
R : CAGCGAGAAAAAGAGGCAT 49.8
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Table 2. Continued.

Marker Primer sequence (5'to 3) Tm(C)  Size” (bp) Region
F : CCGGACTCTCTTGTATTCT 51.4
PsPl-InDel-22 216, 237 rps4 - trnT_ugu
R : GCTGGCTTTTCTCTATTTG 49.1 -
F : GCAGAAACATAGACGCAC 52.0
PsPl-InDel-23 125,118 ndhC - trnV uac
R : GGGACCACAGCAAACAAA 54.2 -
F : CGAGTGATAGTGGCAGTAA 52.0
PsPl-InDel-24 240, 231 accD
R : AATCATCACAGTGGGGGT 53.7
F : GGTGGAAGTAGAAGTAAAG 47.3
PsPl-InDel-25 162,153 accD
R : ACTGTCCCCATTACTATC 48.0
PePl-InDel-26 F: CCTTGTTTCCACTTTTCC 49.0 970, 282 A A
- n - m -
e R : CCTATCCAAGATTCTGCT 487 ’ cemaTpe
F : TGTATCTCCGTCACTTGT 50.4
PsPl-InDel-27 285, 297 cemA - petA
R : GGGGTTTTTCTAGTTTGC 49.0
F : CCGATCACAGCAATACCA 52.0
PsPl-InDel-28 149, 140 psb) - psbL
R : AAGGACCCCATCTCATAA 50.0
F : CAGTCGTATCGGCCATTT 53.2
PsPI-InDel-29 210, 200 psb) - psbL
R : GTCTCTACTGCGGCGTTATT 51.2
F : GCGCCGACTTCATATTTT 51.1
PsPI-InDel-30 294, 304 petB, rps12
R : CATGAGGAGGGACGTATTT 52.1
F : CCGCATTTCGCACAAATAA 52.0
PsPI-InDel-31 238, 248 petB, rps12
R : CTCAAGCAGAAACACTCC 51.4
F: TCCCTTCATTCTTCCTCT 49.9
PsPl-InDel-32 212, 202 rpl16, rps12
R : ACGAGTCGGTGTATTATTC 49.2
F : GGCTCGCGCGTTTTAATTT 51.6
PsPl-InDel-33 181,170 rpl22, rps12
R : CGAGGAAGCCCTTATGAT 52.1
F : TAGTTATGTGACAGATGGG 48.6
PsPI-InDel-34 213,202 rpl22, rps12
R : TGATACTAGACCTCATGC 48.0
F : CCAAGAGGATGAAGATGCGA 55.4
PsPI-InDel-35 200, 176 rps12, ycf1
R : GCACGGAGCCTTTGATTATA 53.0
F : GATTCGTTCAAGAAAAGCCA 51.2
PsPI-InDel-36 167,143 rps12, ycf1
R : GCACGGAGCCTTTGATTATA 53.0
F : ACATCCGTCCTTCAATATCA 50.4
PsPI-InDel-37 227,212 rps12, ycf1
R : GGATTCACTCTATTTCGCCA 52.7
F : GATTATTTTGGAGTGGAGAG 48.0
PsPI-InDel-38 191,176 rps12, ycf1
R : TTATTTTGAGCCATACCACG 50.5
PePl-InDel-39 F : GAGCCGTTTCAGTATGAT 49.6 376, 328 12 vef
-InDel- "
e R : CCTCCCCTTATCCTTTTTT 495 ’ peisye
F : CGCATCTCTTCTTATCTCTT 49.2
PsPl-InDel-40 149,169 rps12, ndhF, ycf1
R : CCTCTTGTGACTCTTCTTTT 49.8
F: GTTTTTTTTTAGGAGAGGGG 49.0
PsPl-InDel-41 190, 210 rps12, ndhF, ycf1
R : CCTCTTGTGACTCTTCTTTT 49.8

UF; forward primer, “R; reverse primer, ¥Size; The first number is P suffruticosa size, the second number is P lactiflora size.

2. Genotyping AA (Ps-001, Ps-002, Ps-003, Ps-004, Ps-005, Ps-006, Ps-
PsPl-InDel-127} Xolo] THAIQlo] mata} Zpoke JE 71 007, Ps-008, Ps-009, Ps-010, Ps-011, Ps-012, Ps-013, Ps-
3] gelsly] Qs FEUgw Tl Auid = 14 0149k ZeF 1 7RA (P1001), = X 3 X (F7)= o5, o

;
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P, suffruticosa P. lactiflora
M 1 23 4 56 7 8 910 1 12 13 14 15 16 17 18 19 20 21

2000 bp—+
1000 bp
400 bp—> T - i w— —— ——— ———— — —— — < 388 bp
300 bp—> e i 280 bp
200 bp—>
100 bp—>

Fig. 2. The results of PCR analysis using the PsPIl-InDel-12 marker on a total of 21 P suffruticosa and P, lactiflora samples. M; 1 kb
DNA ladder, Lane 1; Ps-001, Lane 2; Ps-002, Lane 3; Ps-003, Lane 4; Ps-004, Lane 5; Ps-005, Lane 6; Ps-006, Lane 7; Ps-007,
Lane 8; Ps-008, Lane 9; Ps-009, Lane 10; Ps-010, Lane 11; Ps-011, Lane 12; Ps-012, Lane 13; Ps-013, Lane 14; Ps-014, Lane
15; Ps-018, Lane 16; Ps-019, Lane 17; PI-001, Lane 18; PI-003, Lane 19; PI-004, Lane 20; PI-005, Lane 21; PI-006.

AFAA, AE Gl F8g 2 2 A (Ps-018, Ps-
019)9} 2FeF 4 7§ (P1-003, PI-004, PI-005, Pl-006) & %
21 7HA1S] 3 o] o AlE ko] genotypingS St
At

=UellA g

2 2 xa
3led PCR3 #7195

1 7§Aell PsPl-InDel-12 w}#1S 28
35S AN A3, 28 16 A= 388
bpE 1ol Wl=r} VR, ZFF 5 7jAlE 280 bpE o}
=0 Merh vehd Bkt Aeks Fslsh Hed U
t} (Fig. 2).

TS Rk} Apefo] zhzt o] 8H S wW, As=2] DNAC]
A% PsPl-InDel-12 AR 7Z 7153812 DNA Exo] 2}o]
£ o] Bt Zeko] tis) PCR % #17195-S skt
T A R ZoF B 10pg - 0] FETA] =L
gleA Rt Sete g gl 7kssidit) 1pgr 9] Bk
7= WEZE SHshA] AR UARE 0.1 pg -+ p7e] FLol
A E7E 8] SRR 3iT) (Fig. 3).

=
[¢]

5 A% AHE A% A 7Axd 2 E A8
(Ps-015, Ps-016, Ps-0172] 53 &E3HE)9} zHeF & A5 (PI-
A
M 1 2 3 4 5 6 7
e
gggEE3§‘~'~~— <« 388bp
Bobp>
B
M 1 2 3 4 5 6 7
—
g GNP GEENND G S < 280 bp

Fig. 3. PCR analysis results of the PsPl-InDel-12 marker used
with various DNA concentrations. PCR amplification
using PsPl-InDel-12 marker for P suffruticosa Ps-001
sample (A) and P lactiflora PI-001 sample (B). Lane 1 - 7
differ in DNA concentration. Lane 1; 1 ng-u0”, Lane 2;
0.5 ng-10", Lane 3; 0.25 ng-nd™", Lane 4; 0.1 ng-pd™", Lane
5; 10 pg- 10", Lane 6; 1 pg-ud™", Lane 7; 0.1 pg- 1™,
M; 1 kb DNA ladder.
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M
=

Fig. 4. PCR analysis using the PsPl-InDel-12 marker for the
mixed samples of P, suffruticosa and P, lactiflora. Lane
1 - 9 differ in dry weight ratio (w/w) of mixed samples of
P suffruticosa Ps-015, Ps-016, and Ps-017 to P lactiflora
PI-002 sample. Lane 1; 1:9, Lane 2; 2:8, Lane 3; 3:7,
Lane 4; 4:6, Lane 5; 5:5, Lane 6; 6:4, Lane 7; 7:3, Lane
8; 8:2, Lane 9; 9:1, M; 1 kb DNA ladder.

002)E ©]&3iAth ety zleke] A8 5 U vE&E &%
&) 92 DNA©| PsPl-InDel-12 "}AS %835} PCR ¥ A

7195 T A3, By Zeke] Eold Wizt S
Hol F wi=s nE A& 4 USTh

22ke] A% 9 7] &3 DNAoA =7} Sl 2%
UERIARE Zleke 9 12 £33 U2 DNAoIA olei=e] ui
=7 JEA 2t 4% DNAGIAE #lol 7158 A

olg} o &3"l PsPl-InDel-12 vl = =&t : ko] H| Lo 7
1390 Aol F3EA HEENeH, |7} 8:220 AS-
o= zbeko] Wiy} Fu|EHA #EE ] E niF= B

20%°] Zefo] EjtE o] 3 g5 g
At} (Fig. 4).

= 389

¥

=
T

n

H A sHEe ST 28 Al S7Ee] wel,
LHAF o] g en kgl FRlE AR tigk ?17]
7F 718K vk (Jo, 2012). HARYAS o) &3f ThHE A7)
TAE 2 75sHEe RdsAAME AR 7eS 7]
e 7 ded HAAE Aol A AAIF R 8] d3st
I Qe Rl A8 ARE HAE A B 9 7)EA
AT, A AF7E ] o] RoA AL Utk (Cho er dl,



2011; Lee et al., 2020).

2} 2eoll= oFgAdE2l paeoniflorin®] $HFE0217]
ol gz xFe] B3t o] FEolu HEY X8 Tl
ol =gttt Bt} Zpeke o] Fevf vl W ool
oAl A SPEE AEAE SellA 7 FEIE A=
wjitol] Jejetd A eJEste] sk vle e ok
(Park and Kim, 2009). ¥ A+E T3l 71¢E PsPl-InDel-
128 =fiellA ARl 23 19 /HACA = 388 bp, 2tk 6 71
AlelM= 280 bpe] AE2E] SHH B 7 5 9
Ak =] A Bt Zok ths) BAF o] F
of &8 4 AL Aol 7IhEn. E3F PsPl-InDel-122
InDel &2 SNP mH ol Bl F4ghe] A= =7]
of wgt g4A TEE F o] 8 TEAVE 28 A= AR
2=

28 genotypingl] AREE ZFeF AiA 7t AAL, = A}
ol =] Augel =et=o] A7) wiFe] AA {5 Al
Al ALE7] fsiAE A 5 S SAES X5 S
Q] Paeonicd Rt Zok £ wujE @ o3l Paeoniad:
Lol g Al =YPF Soll tigk F7HEQ1 A7t 2ash 2o
2 A7ret

3 DNA®| #2412 st} AFeolx] F2 Tl
Ao, AEHL FEA 9 A37F sl (Montiel-Sosa
et al., 2000; Park et al., 2007, Lee et al., 2014; Eom et
al, 2018). Lee 5 (2017) SIX|37] 9152 AE 2AA
of A7t Y81 Far)e] EF qFE sy Q8 & 5
°]% DNA 97144E #}o]& |43l real-time PCRZ x| 9}
S DNAC| = FAZF 242 0.05 ng oldds ERlsta,
DNA &§H|7} 5:5, 7:3, 9:1¢] ASolx FFEA 7153
< gRlskit.

T3l Ujihara 5 (2005 @ EFFog FAHA ¢
Egu]o] s AT FHAE Fulste], AlE epEA o
71%l thE Yabukita®} Meiryoku EFo] A &= 9
< cleaved amplfied polymorphic sequence (CAPS) WA=
s}el3lal, DNA 3|7} 5: 13 9: 181 Agolle Ggrao]
7FsEHe ERlskal

B AN E 10pg - 9] FETAE Bk} Zeke] W
=ob FEleHA ek 97 7:3%0 Beka) Zeke] DNA
AMNE F =Tt FEE Seto R ER] 7Essidt) 59
10pg = 18] FEA] kool Hg)] Rhe] M=rF 6L A
Pom, ey} zpoke] F3}F off HTk Al B2 9 9
=3 DNACAM W=7 25 Uiyttt webd PsPl-InDel-12
o] ¥l HS {83 Aol A
ML) AlE]) FHE S5 A3HY W JE, ASHol

=

=

T

ol
Ay A
ar
o
=]

L

p

Qa3 AJHA PsPl-lnDel-125 =] =k} zpeko] <ls}
LS 0] g3k BajolN o] o] 7lsslgc). Bk Rekw)
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