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ABSTRACT

Background: Rubus coreanus and R. occidentalis are commonly sold as, ‘Bokbunja’, in the
Korean market. However, according to Korean Pharmacopoeia, ‘Bokbunja’ refers to the unripened
fruits of R. coreanus. Therefore, authentication of R. coreanus and its related species is necessary to
prevent adulteration and improper use.

Methods and Results: Genomic DNA was extracted from leaves, stem and fruits of R. coreanus,
fruits of R. occidentalis and leaves of R. longisepalus and R. hirsutus. The anthocyanin profile of R.
coreanus and R. occidentalis was identified by high performance liquid chromatography/diode-
array detection. We designed four universal barcoding primer sets with optimal restriction enzyme
sites to identify polymerase chain reaction-restriction fragment length polymorphisms (PCR-
RFLPs) between R. coreanus, the newly assembled chloroplast genome of R. occidentalis, and two
related species. In addition, two Insertion or Deletion (InDel) markers were also developed. These
markers were successfully used to distinguish each species in nine samples.

Conclusions: In this study, we sequenced and assembled the complete chloroplast genome of R.
occidentalis and developed a DNA barcoding method to differentiate it from other related species.
Thus, anthocyanin profiling, PCR-RFLPs, and InDel markers are useful authentication tools to dis-
tinguish R. coreanus from R. occidentalis.

Key Words: Rubus coreanus, Chloroplast, Insertion or Deletion Marker, PCR-RFLP, Single Nucle-
otide Polymorphism
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. Zlo
=

oo A BEAR FujEs Ayt ERxpgr)o] oelx
o=z % #F 9tk (NIFDS, 2018; Mohanan et al,

2019). webA F530] EhS WSl AT ofokEe] ¢
Hx g FAAYE 98l EiEAks W] hHsks A b
- 83t

DNA G0l &9 & WS flal] ol AHgEHe A&

o] Al A2 FFAoIth FEAle B2 A=A 2A
2L S Rz eld 9la, mARelEe 54O Q)
3 A AzFe] A9 "a‘oiur | =t} (Greiner ef al.,
2015). mbA] B2 Aol FEA fFAe 27), AR
=9} A So] & BEEF|o] Ut} AT o3 EA=
271 Ao 71sE o Holrt A H v« ST E 71K
o] F FHo AEEA o] o]&F U} (Palmer,
1985; Wolfe et al., 1987, Wicke et al, 2011; Li et al.,
2015).
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ol A=A frdxlel WelAel Zutste] Fhepajel 2F
o] & 7FsAel e AEEd tg Y ol ERAE

H| 23] ofg] 2]ZolA 7E vp Aot (Park er al, 2017;
Kim et al, 2018; NIFDS, 2018; Mohanan et al, 2019;
Jeong et al, 2021). FEA SAls= TSk F79] +4
A MEAETY FY =] vEZ=ol FHAA -

2 nEd JuE AT den oEg DNA 949
mitochondrial plastid DNA (MTPT)gtzL 3t} ol& )&

up} ol ohefst FElE EAsh SA
HAAo E5AHES FEE 4 At} (Sloan and Wu, 2014;
Park et al.,, 2020). T=3F HZ 5 T T2 ALolH 4=
A SAAE 23] stz BasH HHA 20 924

ALY (Kim et al, 2015;

Fhae] 4% 5%

N

wolw 4gs] EAlsks 2ol @

Kim et al, 2017; Kang et al, 2018). wW&pA] =4 7]uk
AR FAE g oA MTPTe 28k o5 ﬂ 7}73—*5‘—%
T FAle T WHoldl gk ARNE # sk Flo] ¥

fsft)

EEAE7] 3 EYetzie] de) FEAQHT: HPLC =
2l A-EE 7S Aol wER, EEAEdE
cyanidin-3-glucoside (C3G)yS =4 skl Slgo] Hard
v} glov) EgtzuglodlA = cyanidin-3-rutinoside (C3R)°]
FQ%F tEAIcte g BuE ul At} (Tulio er al, 2008;
Lee et al., 2013; Lee et al., 2014).

2 AroMe BEAE7] 9 EdekziE] o] cyanidin

f % cyanidin-3-sambubioside (C3S), C3G ¥ C3R ¥ +E
AE ol&stod, A 2 AT BAS AAEeH, 3532
2 A71sAE AR 98 28 A FF el ¢ &Y
WA 95 Ao A ] &8 7FsAS SRSk} it

He] maAjs} welsknzle 2REE PG F04
A S Al sk o] 918 NCBISF 222
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3% HolEHlo] oM 53 AbET] & AE50 JEA
MEF & Arelr 9% Edeizmzle] J5A S

oz Wolg WZSIHTh 2 F 4 709 universal v
9 A primer A|ESA FZH PCR £ AH2ol| Agtas
£ A ste] PCR 5% AHE9] restriction fragment length
polymorphism (RFLP)E &%15H= PCR-RFLP 93} SZH
PCR 5% 4H=e] F7] Alo]E ©]8-31= insertion or deletion
(InDel) #}A 2 7HE ARl FEA A 71WHe] HEarg7]
AWy 7A=3190).

E AoA ke 4719] universal primer ¥ AT A
ME, 2 719 InDel "}, cyanidinf ZZ23}d FA18 F3
IR ERApg7| ol Edg=u2]e] cyanidinf 2tole EHiE
Arg7)eh EdjEizuE] 9 2AXE] Py gy B B
7)e} Y etRuElE o838 A Ae] ] E B
= Zlojth

Rz 2 e

1. Nz 28

2 AT e v 22 ALES FHSITH (Table 1).
BRAE7] (Rubus coreanus Miq.) 5 7NA|e} EgEl=w|g]
(Rubus occidentalis L.) 1 NAE X&3t] AAE7], Heg

sy —1I-=

71, 427] 1 A= v sl =i 524127
olo. 3L gk

o] &7 B4 s7lA, A& FHAEAL AN Al 1

ston, seizulzle] dulle wlEidlnlo] @ AF ATl A,
AAE7], =27, AEr]e] fE A=l Bl
AH&-8IATt
2. DNA =

FHE NS 2HL AAALE o8] FEYtE
AT AR olgsle] Easiglnt. B A 54

4
st 22 9] o] 04 gRTE B 7§ Exgene Plant SV
Midi Kit (Geneall Biotechnology Co., Ltd., Seoul,
A8, 04 gHtl H O™ Exgene Plant SV Mini

=
Kit (Geneall Biotechnology Co., Ltd., Seoul, Korea)& ©]
goto] AxALIN AFols Z2EZ W DNAS
sietek.
FZ3% DNAY 0.8% agarose gelZ} Nanodrop
2000 (Thermo Fisher Scientific Inc., Wilmington, DE,
USAYS 53l &lst & distilled waterS ©]83] 10 ng/ul 2
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Table 1. List of samples used in this study.

S| Al

E

Species Tissue Sample No. Collected region

R. longisepalus (Macdo) Leaf 1 Geoje-si, Gyeongsangnam-do

R. longisepalus (Geoje) Leaf 2 Geoje-si, Gyeongsangnam-do

R. hirsutus Leaf 3 Jindo-gun, Jeollanam-do
Leaf 4-1 Yeongwol-gun, Gangwon-do
Leaf 4-2 Muju-gun, Jeollabuk-do

R. coreanus Stem 4-3 Hoengseong-gun, Gangwon-do
Stem 4-4 Hoengseong-gun, Gangwon-do
Fruit 4-5 Hoengseong-gun, Gangwon-do

R. occidentalis Fruit 5 Gochang-gun, Jeollabuk-do

Arksiint. ALt AE Frol 2 AFHM e 95
A A =9 7]%2 de novo assembly of low-coverage
whole-genome sequencing (dnaLCW) W'HE& o]&s] Lz}
=g HEA S ZHAT (Kim er al., 2015). =
HE F5A AT ML 7 FE2 GeSeq (https://
chlorobox.mpimp-golm.mpg.de/geseq.html)3} artemisE 53l
o3It} (Carver er al, 2012; Tillich et al, 2017). AF&7]
4 F2o] A=A A=E OrganellarGenomeDRAW (OGDRAW)
£ 53 23Tt (Greiner et al., 2019).

4. GSH AFR M Bl
FHE 40 FL APk A2 ST B

[SRE=1 1= ‘]— —]:_,_‘j/u
e 2 AFANA g3t AAE7] (R longisepalus,

v =1

MW436703)2F =71 (R hirsutus, MW448480)S H] 3
HEZD7] (R, coreanus, NC_042715.1)2] QEA] A7 A
g2 sk

MAFFT Web Version (https://mafft.cbrc.jp/alignment/server
/indexhtml)& 3l Fe H5A NLEL alignment3tict.
Alignmentd A5 vlgoZ IRIE HoXJELS

BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-blast/y& &

A vz s 5 =R SRlEIT

Primer-

5. UL X0l 718kt RFLP2} InDel 0P &

21E0] F yhloA ey A Hog Wol AREE HEA
9] matK, rbcl, trnH-psbA, trul-trnF & 4 A9<
primers &% PCR-RFLPE 91§ 5% A|Ho= Mesile
] alignmentd}3-S w 2 7Fss Zo] Aolg HR 2 A
9L Del PFAE ¢t AHoz AT

g 4 T a7 2152 @EA A€} Primer-
BLASTE ©]8-3l universal primer$} InDel "FAZ AA=E
PCR FZE9 MYES dS3IAth In silico 73olx o549
universal primer®] PCR FZ& A]¥€-2 NEBcutter V2.0

(Vincze et al., 2003; https://nc2.neb.com/NEBcutter2) & &
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3 Al A7) 2polE WA= 548 A E4aES o
Z31e) o] F AA d¥S 530 annealing 25 V]R3l
universal primerol|A A|A]S= PCR 278 ARSI 4 714]
universal primer A|/E¢] PCR SFES AT InDel F}
715 pre-denaturation 94C 10 &, denaturation 94C 20 %,
annealing 54C 20 %, extension 72C 20 % 35 3] WH3s}
2™ final extension 72C 10 #¢] ZAS =2 PCR £ZE&E
S AYA3IATE. 4 719 universal primer PCR S35 A|gt
845 AHEs] Aol 2.0% agarose gelS B3l in silico A
o} YXsh=A] RIS

Agarose gel& 53l 81gt PCR SHE2] A} in silico
A7t ARk As 1% F PCR S5& 5.0 /4, distilled
water 8.3 L, A& 02 L (Clal; Acil; Mbol; Rsal,
New England Biolabs, Ipswich, MA, USA), A|3t& 4 buffer
1.5 10 (CutSmart® Buffer, New England Biolabs, Ipswich,
MA, USAZ AaALE X3 mixtureE TSR, o5
37CoA 4 A7k &<t incubation AJZATH ©]%F A|Ta i
mixture®] At FE} nDel v} PCR SE&2] A7) zlo]
£ 2.5% agarose gelolA 7195 3te] 1At

6. Cyanidin HIZH 24
Cyanidin ¥J3A] 42 7]& HilE 5
Aste] AMESFATE (Tulio et al., 2008; Lee et al., 2013).
Alggade 100 g0 BEA=E7] 3 (Hoengseong, Korea)

CRE)

o
4 s

= o "1
2 Ed2=M|2] ZH4 (Gochang, Korea)S 1 £ 2] 50% T4
o= 3y WES o]&3ske] 80ToIA 2 AIZF &<t 2 3] 71

FEol, 5% & T4 dxste] ARgEinh #EsE 1 g
H3t g48vl (0.1%, trifluoroacetic acid in methanol)
10 m¢ & 7}l 10 ¥7F sonication 3+ &, 045 m A&
JH=E o Fste] ARSI

298 HPLC (Agilent 1260, Agilent Technologies Inc.,

Santa Clara, CA, USA)E A}-&3}¢] diode array detector
(DAD) 7 520 nm o] A A FEASIATE o5 5%

N

]



formic acid®} 100% HEES ARS8l gradient 2718 48
StAT AFS 9 EFFLS cyanidin-3-O-sambubioside
chloride (CFN92173 98%, ChemFaces, Wuhan, China),
cyanidin-3-O-glucoside chloride (CFN99740 98%, ChemFaces,
Wuhan, China), cyanidin-3-O-rutinoside chloride (CFN92135

98%, ChemFaces, Wuhan, China)S AR&-3}lit}.

Zdy ¢ o

h =)

1. SRIRHIR|0] =R AXE MA

B AfrE= 24 %Y 7]49] dnaLCWE o] 85}
A =2M2] (Rubus occidentalis L.)2] GEA 7¢S &4
Act. e BuE=wele] AEAE 156253 bpo] 7]

o e

Rubus species
155,405 ~ 156,253 bp

- el - 2ix|oA

7HeH, QEAE FAsk= 4 7] F-9120 Long Single Copy
(LSC)E= 85,889 bp, Short Single Copy (SSC)E 18,862
bp, F7N¢] Inverted Repeat (IRy= 25,751 bpZE A=At
JEAS AL U= A= 85 719 protein coding
gene, 37 72| RNA, 8 72| rRNAE 7KL lom o=
B ATAA o] egeh 2% AE AAEY] 2 &
D7]e} e 2 E FHA Folt)h (Park et al., 2021).

2. GSA MY Hlw 2t

FR AEA 4 T& e A9 JS5A A 2=
155,405 bp - 156,253 bp= Yepston Fdgh x4 14
S ZRISIAY (Fig. 1 and Table 2).

AEAE 3= 4 7 F9I91 LSC, SSC, 2 7He] RS

€= mark + Clay
nH-psp 4

o ‘;I:fgaw

Fig. 1. Chloroplast genome map of four Rubus species. Red arrow indicates universal primer amplifying region. Blue arrow indicates

InDel marker amplifying region.
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Table 2. Information of whole genome sequence and chloroplast genome sequence assembly used in this study.

NGS information Length information (bp) No. of Genes
Species Chloroplast Geannk
Raw data (bp) Total LSC IR SSC CDS tRNA rRNA Accession
coverage
R. longisepalus  1,305,111,318 360.16 155,957 85,633 25,779 18,766 85 37 8 MW436703.1
R. hirsutus 1,354,398,864 191.74 156,005 85,745 25,763 18,734 85 37 8 MW448480.1
R. coreanus - - 155,405 85,322 26,195 17,693 85 37 8 NC _042715.1
R. occidentalis”  1,074,405,052 103.07 156,253 85,889 25,751 18,862 85 37 8 OK054548
DAssembled in this study.
Table 3. Nucleotide variation between chloroplast genomes of four Rubus species.
R. longisepalus R. hirsutus R. coreanus R. occidentalis
R. longisepalus 333 428 380
R. hirsutus 1882 469 420
R. coreanus 2363 2558 273
R. occidentalis 2071 2282 1157

Bottom left is number of SNPs. Upper right is number of InDels.

AW R, LSCE 85322 bp - 85880 bp, SSCE 17,693
bp - 18,862 bp, IR 25,751 bp - 26,195 bpe] Z7|& 7}
AE Aoz yepgth, Edak=mg]r) 156,253 bpE 7P 71
e 717 vt BEAE7] (Rubus
155,405 bp= 7P &2 AES 7He AoZ Yehut
MAFFTZ alignment®l AMEES VgL o, F 3,886 71<]
SNP$} 861 7He] InDel A|HE°] SRI= ATt (Table 3).

N F Ao HlwEils wWie 1,157 70 - 2,558 7H€]
SNPS}F 273 7] - 469 7§2] InDel A|YE0] EAsl= ZAoR
1At HEApg7Ier SdetzuE] 7k WolRdo] 7t
A ZoR YehaL, BEREArE7|er AFEr] 7ol #lolA|
o] 7P W Zlo® et ol AdTelA gRld
AAE7], D7), EEAg7], Stz 7F fadAe] A
g7 wdd A2 Belth (Okada er al., 2020; Park er
al., 2021).

coreanus Miq.)<=

3. PCR-RFLPZ O|Zst

o TI=2u
A=A FA4A = 4 79 nlEd EMS SE3h= universal
primerE ©]&3 PCR T%3 £ 4 7] & =7 2EEE A

Fal 295 ARSI A7l PCR 5% S tide
2 Ao Agkas 2T WAL in silico 2FlA Z17te]
A 25 S80S ol 4 71 F9 2] 7hseiien 2
W€l InDel "HAE SallX = HEAE7IE A 5 ek
(Fig. 2 and Table 4).

o] AA 9 /NA e DNAE FHAZ A, 4 M
universal primer?} 2 7§12 InDel "}S Ea] markolA =
==7] NAE At 8 MAF SZHEJAAL, rbel, trnH-psbA,

trnL-trnF, 2 709 InDel A dA = 9 7iA] BT SZE9]

5
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It o] % AgasE A2lste] PCR 5
g4 mixture®] AT FE 2 InDel vlAol 2|
7] 2}olE agarose gelS E3 ElsAT) (Fig. 3).

vEy mlA 4 o] AHe Astgiz HAdEds o,
matK®] 735 AAD7¢} EREAD7) = deke] YERA]
%o} 886 bpel FH=S UERIN, FE7]= 135 bp, 358
bp, 389 bpe] 3 7KA MEE Yelyon, Bz e
131, 755 bp= 2 7FA] Wi= sielS WA E3h rbcl®] 73
S wxgy), AAE7], FE7], BEAE7)= 145 bp, 276
bp®] 2 7HA el on, Edzt=ug]E 145 bp, 250
bpe] 2 7IA] M=E BAT) srmH-pshANX BEE7]9} AA
D7) 399 bp, AE71E 374 bp, EEAFEIE 412 bp2l |
71 =7t e e, Bt =uE]= 173 bp, 207 bpo
2 7 MEZS Bk 2L pul-trmFe) 73$- Wewr)e}
AAE7]= 199 bp, 292 bp, FE7]= 199 bp, 280 bp=
74zt 2 71 ez YePdARE ERAE 7= 211 bpel 1 7F
A MES Bt SRz 199 bp, 210 bpe] 2 7HA]
HE7}E | ZE oy FEHE2] A7) Zfo|2 13| agarose gel
oA Aol ofefe- 2o & JERATE RubusinDell PHA
A H=g7], ARG, FE7], Eetzwg]elA= 185 bp,
186 bpe] slEdsh= W=7l Ve, ERAIE7] = 231
bpe] W=7} YERGTE RubusinDel2 iAo & WeE7]|o}
AAG7)E 247 bp, FE7]E 207 bp, BEAE7|E= 197 bp,
Ltz 209 bpe et Alstasg dek
® PCR ZZEE3} InDel "HE AAE ZZEE9] =77}
in silico A3} Aok AL FRlsion Exxpgr|er &
tzu|g|e] AHE ofuE} A AMEHE 4 9] AE T

— =
BE A 7RsE AS SRlE.

A

N

d
=
=
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matK rbcL
amplicon matK + Clal amplicon rbeL + Acil .
RL 886 bp | 886 bp | RL 599bp [ 145bp | 276 bp [ 1 1 1]
RH 886 bp [135bp | D RH 599bp | 145bp ﬁn 276 bp i T T T|
A 4 Yy Vv Vv
RC 886bp | 886 bp | R soonp [ 1w [ 276 bp [T 111
Y YWY A A 4 Y Yy v
RO 886bp | 755 bp [1310p] RO 599bp | 1450p [[] 250 bp [T 1111
trnH-psbA -
;'r'nplli,cson v trnH-psbA + Mbol Z::;)l::';f trnL-'th + Rsal
RL 430bp [ | 399 bp | RL 491bp | 199 bp | 292 bp |
it s oo [ | R ruaobp [ 199w 0y I
Y
A 4 A 4 A 4
RO 411bp [_| 207 bp | T RO 479bp [ _199bp | | 2106p |
RubusInDel1 RubusInDel2
amplicon amplicon

W [ ] | |

> 23 bp
T:

andem Repeat

RL: R. longisepalus RH: R. hirsutus RC: R. coreanus RO: R. occidentalis

Fig. 2. RFLP and InDel fingerprinting pattern of Rubus species. Value makred left of the bar is PCR amplicon size. Red arrow
indicates enzyme cutting site to the PCR amplicon. Product size under 100 bp were not marked.

(6] M 4¢K + Clal (W] M rbcL + Acil
| 2 3 4-1 4-2 4-3 44 4-5

800bp
3 4-1 42 4-3 44 45

(O8] M yrnH-psbA + Mbol e 1 MO M 4l -trnF + Rsal

3 41 42 43 44 45

3 41 42 43 44 45
400bp s
300bp

200bp

W M RubusInDell M RubusInDel2

3 41 42 43 44 45 5

Fig. 3. Screening of Rubus collections using PCR-RFLPs and InDel markers. M is 100 bp ladder. (A) matK with Clal. R. longisepalus
and R. coreanus were not digested by restriction enzyme. R. hirstus and R. occidentalis showed different digested pattern. (B)
rbcl with Acil. Restriction pattern of R. longisepalus, R. hirsutus and R. coreanus is different with R. occidentalis. (C) trnH-psbA
with Mbol. R. longisepalus, R. hirsutus and R. coreanus showed one band while R. occidentalis showed two band. (D) All the
four species showed different band pattern. (E) RubusinDel1 marker result. R. coreanus showed larger band size than other
species. (F) RubusinDel2 marker result. R. coreanus showed smaller band size than other species.
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Table 4. Information of PCR-RFLPs and InDel markers for four Rubus species.

Region Primer Species Enzyme  Final product (bp) Reference
RL 886
F I_ - I
5-CGTACAGTACTTTTGTGTTTACGAG-3 RH 13543584389 . .
matK RC Clal 580 Kim, Unpublished
R 5-ACCCAGTCCATCTGGAAATCTTGGTTC-3'
RO 1314755
F 5-GTAAAATCAAGTCCACCRCG-3' RL 145+276 Kress et al., 2009
RH . 1454276
rbet R A Tasia7e
R 5-ATGTCACCACAAACAGAGACTAAAGC-3' Levin, 2003
RO 1454250
. . RL 399
F 5-GTTATGCATGAACGTAATGCTC-3 RH 374 Sangetal., 1997
trnH-psbA RC Mbol 212
R 5-CGCCCATGGTGGATTCACAATCC-3' Tate and Simpson, 2003
RO 1734207
F 5-GGTTCAAGTCCCTCTATCCC-3! RL 199+292
RH 199+280
trnL-trnF RC Rsal IE Taberlet et al., 1991
R 5-ATTTGAACTGGTGACACGAG-3!
RO 199+210
5-TGAGTGGTCTCTAACCCTTTT-3 RL 185
RubusinDel1 RH Not 186 .
. This study
(rps16 intron) RC used 231
5-TGATATGTTGCTGCCGTTTT-3!
RO 185
5-CAGGACGTAATCCTGGACG-3! RL 247
RubusinDel?2 RH Not 207 This stud
(psbl-trnS) RC used 197 Y

5-TCCGTTTTTGTTCATCACTTGG-3'

RO 209

F; Foward strand, R; Reverse strand. RL; R. longisepalus, RH; R. hirsutus, RC; R. coreanus, RO; R. occidentalis

)

Eol & 7oA AREEIRE gtont EiRArg
ke 29391 She Akl APE719] NCBI 55 A
Sl E3te] kA =83t 4 7)9] universal primer 2 A|3F
AE 2 InDel A AHe- 98 o &S A3, nnH-
psbAZ SFsERALS}E AFE7] Al 7F Aol Thsd BloR
ANSH AL, matK, rbel, trnl-trnFS °)-E3) BEAD), £
depzue]e} 28] 7hed Ao R oSt g 2 79
InDel PFAA EZAFR7|7 BolFo=m AdE Zlo= oS
=
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4. Cyanidin HIZHl HPLC &A1 Zy

Cyanidin BG4 FE HPLCE o|&3fo] A3t A3, B3
Apg71e] FQ3 QeSS €3G (Al HE ¥=A F o
822 area %) ¥ C3R (A AZ ¥=3 F <F 17.8 area %)
o2 FAE AUS RIS (Fig. 4A).

ole 7|EATFlA ERIgH BRG] Fa5F JFEARII
C3G % C3R A9 FHallth (Lee er al., 2013; Lee et
al., 2014). ¥, Sdz=wg]e] Fa3F FEARRS C3R (|
A AE A3 = < 560 area %)= 2l Ho] r1EAF9}
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Y3 YERTh (Fig. 4B) (Tulio ef al., 2008).

TEEh €3S, C3G 2 C3R HFES olgslo], AP
At 2 A3, SEEAE7] = C3G 3.7% 2 C3R
0.53%%] PEAIRFS FHetaL e, EYEt=ME]E C3R
3.80%, C3G 1.26%, C3S 0.95%2] SHEAIORS shialal )
o] HEAE7|e Btz cyanidin BIGA 2 g
Fo| PastA Aozt USS FIT F ULt

B Ao JfE 4 7Rl PCR-RFLP HES} 2 79
InDel PIAE o]-&3 BEAld7|o} 2AE7 4Ho| 7Fs3l%
o}, B3 HEAwr) o] tE 2dEe] A oA 75 A
o= oSt ¥k ol FEA FHA ATE B A
7] & AE 4 39 AE k] B2 Hort FHEHAUSES

10 i) WEV15 AEES) BAE Fssted wug 5

ki)
3 BANE FelME BEAET] 3 Yk 19

o,
# AT RATAS ol§% A8 ® oheh HPLCE
3 3 E

ol JFsae SISk, web] BAnAE o189 A8
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Fig. 4. HPLC Chromatogram of R. coreanus and R. occidentalis
fruits. Peak name; 1. Cyanidin-3-sambubioside, 2. Cya-
nidin-3-glucoside, 3. unknown peak, 4. Cyanidin-3-rutino-
side, 5. unknown peak; (A) R. coreanus Fruit, (B) R. occi-
dentalis Fruit.
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