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ABSTRACT

Background : Plant breeding requires the collection of genetically diverse genetic resources. Studies on the characteristics of Platy-
codon grandiflorum resources have not been carried out so far. The present study was carried out to discriminate P. grandiflorum
based on morphological characteristics and genetic diversity using simple sequence repeat (SSR) markers.

Methods and Results : We collected 11 P. grandiflorum cultivars: Maries II, Hakone double white, Hakone double blue, Fuji
white, Fuji pink, Fuji blue, Astra white, Astra pink, Astra blue, Astra semi-double blue and Jangbaek. Analyses of the morphological
characteristics of the collection were conducted for aerial parts (flower, stem and leaf) and underground parts (root). Next, the
genetic diversity of all P. grandiflorum resources was analyzed using SSR markers employing the DNA fragment analysis method.
We determined that the 11 P. grandiflorum cultivars analyzed could be classified by plant length, leaf number and root characteristic.
Based on the genetic diversity analysis, these cultivars were classified into four distinct groups.

Conclusions : These findings could be used for further research on cultivar development using molecular breeding techniques and
for conservation of the genetic diversity of P. grandiflorum. Moreover, the markers could be used for genetic mapping of the plant
and marker-assisted selection for crop breeding.

Key Words : Platycodon grandiflorum, Morphological Characteristics, Genetic Diversity, Simple Sequence Repeats
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double blue® 2 1052 T3t ARE-3HA

2. E:IEHX-I EMRA}
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ol 747 wikstel ARE-SEATE. vl koA ol |
1159 =24 F21E 0.1 g2 AAZDLZ FPA1A ApApL
= ol&dte] EEFE7t HEE mifdk £, DNeasy Plant
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DNA+ Nanodrop (Thermo Fisher Scientific, Wilmington,
DE, USA) 7|71 ol&3l =5 43I0t 717k DNA
HEeEw B9 STHTE o83t Sngul B 2SI

PCR Wt&-e] F HI= 5040 4], 10 ng genomic
DNA, 1xEx buffer, 1 uM primer, 0.2mM dNTPs, Z&| 3L
0.5unit Ex Taq DNA polymerase (Takara Bio, Otsu,
Japan)Z WHS-3ITh PCR HHS-2 C1000 Touch™ Thermal
Cycler (Bio-Rad, Hercules, CA, USA)E ©]&3}3t}. PCR
ZAL 95CoA 587 pre-denaturationdt 3, 95C A 45%,
55-60CollA 453, 72ColA] 4522 35 cycles® 331,
final extention ZFL 72TColA 10827 wreA|ATE SZH
DNA A= 1.5% agarose gelollA] 100 V2 A71953H &,

42t SSRUFH| 2fgh FHA2A|
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Safe Gel Stain (Inclone, Seoul, Korea)Z 4 35te] gel
documentation system (Gel Doc™ XR + System, Bio-Rad,
Hercules, CA, USA)IA PC gkl stSiT).
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4, FAE T 2M

=R FAARed digk SSR vlA thed #42 DNA
fragment 417198 8319t £ Aol o]8H 2249 =
2k4] SSR Zztolm= MYA1A}; (Lee ef al, 2012; Song
et al., 2012)° ozl JWLE ZS &8RN SH (Table 1),
DNA fragment 21 €18l Z}7ke] SSR AW Zejo|w o
FF=dA FAMZ 2Pdsiltt. FAM bl Zejo|m s o]
43l PCR 5% % 2HE2 w224 (Macrogen, Seoul,
Korea)°ll Al 331932 DNA fragment #4415 4383199tk DNA
fragment ¥-41-2 ABI3730xI DNA analyzerS ©]&3}3 ¥A)
A= GeneScan-500LIZ size standard (Applied Biosystems,
Foster City, CA, USAYS AM8-3IAt). B4 43+= GeneMaker
software (SoftGenetics, State College, PA, USA)E ©]8-3}o]
Attt 719 1159 =24 F3a4 7F f8A4 24
S NTSYS-pc 2.10 ZE23 (Exeter Software, Setauket,
NY, USA)S o]&3ste] Fasiditt. 233 W 54
SIMQUAL & AA3sl] 35193 UPGMA LiE&s &

Table 1. SSR markers used in Platycodon grandiflorum researchs from literature and this study.

Primer” Forward primer Primer Forward primer

name (5> 37) name (5> 3)
GB-PGO02F AAGCGGAAACCAAACTCC GB-PGO02R GACCGCTCTCCATATCCC
GB-PGO04F TTTTCCAGAATCCTTCCTCA GB-PG004R GGCAAGICTTGTAGGGAAAG
GB-PGO027F TCGATTCACCCGAAAATG GB-PG027R AACCACCAACCTACCCGT
GB-PGO029F CATCCAGTTGGTTTATCCACA GB-PG029R CTGCCCGTGAGAGAAGTG
GB-PGO32F TTGTCTTCAACCCATCGC CB-PGO32R TGCTTCCTTCGACACACC
GB-PGO038F TAATAACCCCACCCCTGC GB-PG038R CGACGATCCGATTGGTTA
GB-PGO40F GCAATCTCTTGAGCGAACTT GB-PG040R TGGTTCAGCTTTGTCACG
GB-PGO50F ACCGTTTGTTGTTGTCGC GB-PGO50R TGTGAACCGACCCATTTC
GB-PGO59F CGACACAGCTACCAAATGC GB-PGO59R CTGCTATGGTCAGTCGGC
GB-PG069F TCCATTAAAAGGACCGCC GB-PGO69R CCACCTCCTAAAGATGCCT
GB-PG076F GATTTTCAACCGCCATCA GB-PGO76R CGCTCAACAAAAAGGTCG
GB-PGO86F CGTCGCGTAGGACCTCTA CB-PGO86R AGGGTCCCGCATCTTTTA
GB-PG096F CATAGACAGCCACCGAGC GB-PG096R TTGCATCATCTTCTCCGTC
GB-PG099F TTTATGCCTTGTGTTTGAAGC GB-PG099R AGGGAGATCGAGCCAAAA
GB-PG119F TTGGTGGATGCCGTTAGT GB-PG119R GCATTCGGGTTTCGAAGT
GB-PGI127F AGCTCCCTTCTGCCTTTG GB-PG127R TCGCTGACTCTCTCCCTTT
GB-PG128F CCCACCACTTTCCCTCTC GCB-PG128R CGTTTGTGGAAACGAACCG
GB-PG149F GGCGATTTGAGAGGCATA GB-PG149R AGACCCGTTCCATAGAAAGTT
GB-PG171F GTCGCTTGCATGTGATGC GB-PG171R GGTTCAAAACGCAACTTCC
GB-PG177F CCCAATGAGCAAATCAGC GB-PG177R GCCTATATTCCCGTTGCC
GB-PG182F AAAGACCGACCCAGAAGC GB-PG182R TATGCACGCAAAATTCCC
GB-PG197F AGTCTGCCGTCCCATTCT GB-PG197R TCCCTGCACAAACAAACA

YOrigin of the primers used in Platycodon grandiflorum researchs from literature (Song et al., 2012).
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Astra pink7} 225+0.06mm & 714 #Zdow A4
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M= Fuji white7} 7.79+034cm, FFE Maries 117}
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A FAARIZE] Foldt AolE HolA] AT 24} G
NMe FARIZE & AlolE Hole AR AMEo] &

o] FeF EAHRAL A oS ERSE 7ol € & U

Aoz Az,

9%, AZole 44w

A5 FeA 5L AR A 22 A 3050 +
0.78 cm, =73 3 Aol 12.31+0.89 mm 2 7PF 2 £3

= YehAIT (Table 2, Fig. 1). F2& 33 229 &
A= Fuji pink7} 13.90+1.11 712 7 B2 AZ5E
ERlont Fuji white 13.60+2.11, 7 13.10+1.329} &
ARIE Bt 2ATEe] 79 2 20N HAuAE U
ER gulo] 142,70 £20.55 g0 2 7P E XS BT A

3

T
S Yo BHNME 2, 27, ASk, 2FF RE 3

Table 2. Morphological characteristics of Platycodon grandiflorum cultivars.

Plant Stem Leaf Leaf Root Root Branches Frgsh
Resources No. of . No. of . . weight
name length branches diameter loaf length width length diameter  number of 1001
(cm) (mm) (cm) (cm) (cm) (mm) of root ©
Maries I 25.10.£1.15° 3.00+043¢ 1.62+009° 14.17+£0.64™ 7.78+041® 457+022° 23504194 10.05+0.90" 840+0.90° 63.70+12.21°
gavtmg 10.02.£0.72° 250046 1.5240.07% 10.25+047° 6.05+0.18¢ 350+0.13° 19.00+1.53 564+0.75% 533+0.88 2067 +9.75%
Bal;‘;ge 1810+1.00° 4.82+0470 144+007° 12.64+040° 73440150 42040.11% 23.90+1.01% 7.01+037% 12704159 46.60+6.26"
E\t‘l{'ite 25.46+1.13% 3831035 2.03+0.10™ 14.83+£0.73% 7.79+0.34% 3.98+0.17° 24.60+1.08* 8.1240.53¢ 13.60+2.11* 61.10+12.74¢
;‘A‘k 15.99+1.209 364044 1514008 1345+0.649 6.8240.34% 3.93+0.19% 26.40+0.72 9.01+0.59* 13.91+1.11* 74.51£10.02°
Fuji blue  23.86+090° 5334073 1.63+0.11° 1675+0.60° 7.22+0.25% 4184017 3030+3.09" 12.54+1.13* 12.70+1.10° 109.90+22.01°
évsﬁirtae 11.14+037¢ 433+£042% 221+008° 942+031° 6.76+0.18% 3.96+0.10™ 21.80+092° 3.63+0.36' 572+040 7.5241.23°
/Sisr:f 1623+£094° 23310349 225+006° 7.67+049 62040229 3.94+0.14™ 21.20+098 4.63+041" 5911061 840+144°
g‘ls:ea 13.29+0.34% 3504034 1994005 6924029 6.15+0.18 3.63+0.10° 22.20+149* 514+0.65¢ 6.22+0.73%1 1.81+2.20¢
’Qﬁrea SD 56740247 3644067 1.89£013% 9254041° 63540149 4231015 2030+14% 3462045 6304070 540+067
Jangbaek 2674+152 468+0.54 1742011 13.87+0.71® 7.58+022% 4.44+0.12* 3050078 1231+0.8%" 13.10+1.32° 1427042055

*Means within a column followed by the same letter (a - f) are not significantly different based on the DMRT test (p < 0.05). All values are means
£ SE. Values are mean of triplicates.

Fig. 1. Morphological characteristics of root in Platycodon grandiflorum cultivars. 1; Maries Il, 2; Hakone double
white, 3; Hakone double blue, 4; Fuji white, 5; Fuji pink, 6; Fuji blue, 7; Astra white, 8; Astra pink, 9; Astra blue,
10; Astra semi-double blue, 11; Jangbaek. Scale bars indicate as a 2 cm.
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2. Floral Ieaf characteristics of Platycodon grandlflorum cultivars. 1; Maries Il, 2;
Hakone double white, 3; Hakone double blue, 4; Fuji white, 5; FUJI pink, 6; FUJI
blue, 7; Astra white, 8; Astra pink, 9; Astra blue, 10; Astra semi-double blue, 11;
Jangbaek
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Fig. 3. Dendrogram illustrating genetic relationship among 11 Platycodon grandiflorum

cultivars generated b

UPGMA cluster calculated from 8 polymorphic SSR

markers amplified. Scale at the bottom is genetic relatedness derived from coefficient
of similarity. Cutivars in Maries Il, Hakone double white, Hakone double blue, Fuji
white, Fuji pink, Fuji blue, Astra white, Astra pink, Astra blue, Astra semi-double blue,
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