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ABSTRACT : Polygonatum is a genus placed in the family Liliaceae, distributed throughout the Northern Hemisphere and
16 of the species are grown naturally in Korea. In oriental medicine, the rhizomes of Polygonatum have been used as two dif-
ferent medicines, Okjuk (Polygonati odorati Rhizoma) and Hwangjeong (Polygonati Rhizoma). However, it is difficult to
identify the morphological and chemical differences between the medicinal groups and thus easy to confuse the one with the
other. Therefore, a clear classification standard needs to be established so as to be able to discriminate between them. In the
study, the morphological characteristics of the plants, Polygonatum spp., were examined. Then, the differences in SNPs
among the DNA sequences of 7 of the Polygonatum spp. and 1 of the Disporum spp. were analyzed by DNA barcoding with
rpoC1, rpoB2, mafK, and psbA-trnH of the cpDNA region. In the results, three regions, rpoC1, rpoB2, and marK were useful
for discriminating the species, P. stenophyllum and P. sibiricum. Furthermore, it was possible to discriminate the individual
germplasm within the species by using the combination of the results obtained from rpoB2, rpoC1, and marK.
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FTEEE AEA 95A DNAS F=317] 918 2leA9)

Qo 2RE HiYield Genomic DNA Mini Kit (RBC, Inc.,
Taipei, Taiwan)S ©|-&38} A|FAL] wl7dd w2l x5}
%ttt %% DNAE Multiskan GO UV/Vis microplate
spectrophotometer (Thermo Scientific, Waltham, MA, USA)
& olgel] v= 9 ¢£=E IIEGer Zzke] ARE
20 ng//h 2 73] PCR WHgoll AR8-39itt. PCR #41<
$8 G5 DNA 77321 rpoCl, rpoB2, matK, psbA-trnH
o] AE oA primerg A=3te] Z}z ARSI, PCR
%2 40ng genomic DNAS®} forward % reverse primer
10 pmol, 10mM Tris-HCI (pH 8.0), 50 mM KCI, 2.0 mM
MgCl,, 2 unit Tag-DNA polymerase®} &7 & W42
40 /42 3] Thermo cycler (PTC-200 DNA Engine, Bio-
Rad Co., Hercules, CA, USA)IA Z} primer ZAEZ 4
SIATH (Table 2). PCR %2 A#o] AFEE #=o|7] 913t
o] 7} Al T 23] 4 yHEsIG]
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SZ % PCR &2 A & EA=H (Genotech Inc.,
Daejeon, Korea)ol| <]Z3dled ABI Prism 3730xI DNA
sequencer (Applied Biosystems, Foster City, CA)Z 7]
dS BT gk 2 Ao ARSE s=Ee 7
A71ME =po] HZE 93 NCBI (National Center for
Biotechnology Information, Bethesda, MD, USAYl 554 &
d F = Aol ALE F 1352 A3l HEsidc) 7
Alge] ¥7|X €S BioEdit version 7.2.5 ZZI13 (http:/



S=A S22 (Polygonatum) 4122

Table 1. List of the Polygonatum spp. used in this study.

FoIZA 24

No. Testing materials Collected region Note
1 Polygonatum odoratum var. pluriflorum Pohang fresh leaf
2 P odoratum var. pluriflorum llsan fresh leaf
3 P odoratum var. pluriflorum f. variegatum Pohang fresh leaf
4 P odoratum var. pluriflorum f. variegatum llsan fresh leaf
5 P odoratum var. pluriflorum f. variegatum Cheongju fresh leaf
6 P stenophyllum Eumseong fresh leaf
7 P stenophyllum Pohang fresh leaf
8 P sibiricum Cheongju fresh leaf
9 P falcatum Pohang fresh leaf
10 P falcatum Cheongju fresh leaf
11 P involucratum Pohang fresh leaf
12 P humile Pohang fresh leaf
13 Disporum sessile llsan fresh leaf
14%* P odoratum NCBI Genbank GQ435909
15 P odoratum NCBI Genbank KC704705
16 P odoratum var. pluriflorum NCBI Genbank KC704436
17 P robustum NCBI Genbank KC704444
18 P robustum NCBI Genbank KC704714
19 P lasianthum NCBI Genbank JF972785
20 P lasianthum NCBI Genbank KC704431
21 P lasianthum NCBI Genbank KC704701
22 P involucratum NCBI Genbank JF972784
23 P humile NCBI Genbank JF972782
24 P grandicaule NCBI Genbank KC704416
25 P grandicaule NCBI Genbank KC704686
26 P cryptanthum NCBI Genbank JF972781
27 D. cantonienase NCBI Genbank GQ434915
28 D. cantonienase NCBI Cenbank CQ435902
29 Okjuk Kyeongdong medicinal market dried
*The sequence informations of number 14 to 28 were recorded in NCBI Genbank database.
Table 2. PCR condition of primers from cpDNA region.
Step
Regi Denaturation Anealing Extension )
egion Reaction
Teomp. Time Teomp. Time Tecmp. Time cycle
(C) (sec.) (C) (sec.) (C) (sec.)
rpoC1 30 53 40 40 40
rpoB2 94 30 55 30 79 60 35
matK 30 52 20 50 35
psbA-trnH 30 57 30 40 40
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Fig. 1. Morphological characteristics of Polygonatum species. A; P> odoratum var. pluriflorum, B;
P humile, C; P odoratum var. pluriflorum f. variegatum, D; Pstenophyllum E; P sibiricum, F:
P falcatum, G; P involucratum, H; Disporum sessile.

Table 3. Comparison of leaf characteristics of testing plants.

Polygonatum P odoratum

odoratum P humile  varpluriflorum P stenophyllum P sibiricum P falcatum P Involucratum D’st (S)I.rILelm
var. pluriflorum f. variegatum
length : width 25:1 2.4 :1 1.6:1 6.1:1 5.6:1 3.0:1 25:1 2.7 :1
Shape Oblong Oblong Oval Linear Linear Oblong Oblong Oblong
Margin Entire Entire Entire Entire Entire Entire Entire Entire
Venation Parallel Parallel Parallel Parallel Parallel Parallel Parallel Parallel
Arrangement  Alternate Alternate Alternate Whorled Whorled Alternate Alternate Alternate
Apex Acute Acute Acute Acute Acute Acute Apiculate Acute
A 1} 2. PCR 33 9 B2t DML 24
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550 ~ 600 bp, rpoB2olAE ¥ 550 ~ 600 bp, marKolHE oF
900 ~ 950 bp, psbA-trnHAA = F 650 ~700 bp] L] A
PCR 2Hzo] B1EAt} (Fig. 2). Zt PCR AHE-E A|35lo]
AN EEA 2 FE 5, zhzt 432bp, 463 bp, 811 b,
563 bpe] F7IA LGl SNP =48 FYsian. E=gt
phylogenetic tree WollA] At E7]-o| t)st Bootstrap
values Zarste] F7b zlolE AR

1) rpoC1

AEA| DNAQ coding region?] rpoCl F7HllA &l
SNP= F 292 ZHAls=dolA U, s=dsat 48 9
Gl Eshe of7IvElE&R] S¥htEA 2371 SNP7E
dAFJeH, &FYES SR IE (D. cantoniense,
Genbank accession no. GQ435902) Alolell= 171€] SNP =}
o7} gel=Qlt} (data not shown). Bootstraps 2413+ A3},
SHIEY TEFEUES 100%2] bootstrap valueZ Aol -
(Sister group)o =X WA LA EJTt (Fig. 3). =<
ellMe S55Zd9 S5235Ze7 shie] Jddoez
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Fig. 2. PCR amplification products by using chloroplast DNAs. A; rpoC1, B; rpoB2, C; matK, D; psbA—
trnH, 1; Polygonatum odoratum var. pluriflorum (Pohang), 2; 'P'odoratum var. plurlflorum (llsan), 3
Dlsporum sessile, 4; P odoratum var. pluriflorum f. variegatum (Pohang), 5; P_odoratum var.
pluriflorum f. varlegatum (lsan), 6; P odoratum var. pluriflorum f. variegatum (Cheongju), 7; P
stenophyllum (Eumseong), 8; Pstenophyllum (Pohang), 9; R sibiricum, 10; P falcatum (Pohang), 11
P falcatum (Cheongju), 12; ‘P involucratum, 13; P humile, 14; OkJuk (dried).
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Fig. 3. The Neighbor-Joining tree of rpoC1 sequences of
species in Polygonatum.
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Fig. 4. The Neighbor-Joining tree of rpoB2 sequences of
species in Polygonatum.
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Fig. 5. The Neighbor-Joining tree of matK sequences of
species in Polygonatum.
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Fig. 6. The Neighbor-Joining tree of psbA-trnH sequences of
species in Polygonatum.
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Fig. 7. The Neighbor-Joining trees showing combinations of rpoB2, rpoC1 and matK sequences of species in
Polygonatum. A; rpoB2, B; rpoB2, rpoC1, C; rpoB2, rpoC1 and matK.
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rpoCl13 2835 A3, rpoB2olX FHEER] Sk ZAl 5=
gl £7F FEo] Felgern (Fig. 7A, B), ©lol maK
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(Fig. 7C).
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£ Tt o S o R AMeEE 9 9 S5
aEle=de] A9 BHEEY SR dF o] 7HsEk
ot (Fig. 1). 284 kgt el 7Hase elEr1el
735 o) ojEgo] o] Bt HEst S 913l cpDNA
T2 A7IMEEAS SRSt Ay o] gH 4719
cpDNA 17+ F rpoCl, rpoB2, matK F7HA F52Ho 2

5= B S5 TEE e e SNP7F EklER]

©1, Neighbor-Joining tree GIX%= o] 50| SHHoE &
AE Aog Hol AgH HR7F AgE Fejshy A-d et
dxete Aoz FAFAY (Table 3). wWakA rpoCl,
1poB2, mafK 17}o] 2 & ERE FF5=d 2 z
yEsEEE WEsP| 98 vEE fARE AR 7R A
olg} Al ET}. B3t o] A S5 Es=H S T

e
s} @ Qo] Sl ue 3352 270 Bk
3 T el

==
[

T 0

=
o

= o

geithe d 295 siilslE
(An et al., 2006). THH, St S52] A9 poClor = &
=&} 2AFOE ER/EIL, rpoB2, maKAN e 5=
A e2d 1F0E BREE ke A3t et
shoA] 3 EFEHUS TS B

==
[SNNe)

S59] gl
&t

SHA, matK F7RE FLT S Aol xfe]7} @gst
Adt, T=HSE £(H)0] A8 the fdvEd sY3 aFe
2 EFEe A vt sEEALDel gk ErpE o8
H7e ofelE AoE AdH. v, I35ad 2 354
aEE=E 259 7% 95%°] =2 bootstrap AR ER EE
B es] HEE], 8 W JoME marK7h -8
o Aoz ARHT (Fig 5)
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psbA-ornH A3 X S55=d 2 S52ae =49 4
T, AL A 719l indele] EAEAOH, B} T2
E3} FEE= SNP7F Ho] phylogenetic tree oA = #4]
oifo] WEkelA] etth (Fig. 6). Ma 5 (2014 S=d9t
T3 2180l MR (Tulipa edulis) I8 A7 psbA-trnH
7F 77+ W insertion 2 deletion (indel)®] 2He wAjo =z 3t

=
[¢}

et}
=

MnA R A gra sgen, B avel At of
S} AV AR Bel v, B2 o) pebA-miE B

=:]

4 = BAEE

mAR ol gslrlole FAE Zlow AlgHT

SHA, psbA-nnHE A &g YA Al 7 #7he 29e 4

FollA] T primer 4] Al xfolE HolX] ¥Wd A=

7 R o] Adeast Al B HEESeH, 53

1poB2, rpoCl, matK Al 77k 233t ZAfole ZHAs=3
FTEER71ed % AEe] F2 Aoyt RIS

(Fig. 7).

2 AFA7 HEA DNAS WS 2  barcoding
Mo SEES AEA WA f-8sh, 53] T
primer T ©]-8-2] dHAIKo] o2 primer®]
¢ gHomx Hlwd e A3yt EHe A
T3 2 A AFE FEEE 719 SRR whEep spE
gk oolug} FRF 71E} oR8AEAI] FEsle) o]5S Y8R
SAE 2 deRe] FENAE S TIERAERE

Ao AEET,

9
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