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DNA barcoding analysis of Rosase Multiflorae Fructus and its adulterants
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ABSTRACT

Objectives : Rosae Multiflorae Fructus is a traditional medicine derived from the fruit of Rosa multiflora Thunb, a
member of the Rosaceae family, Even though it has a single origin, the possibility of adulterants has always existed,
In fact, we had discovered suspicious commercial samples of Rosae Multiflorae Fructus, imported from China,
Methods : To define the taxonomic origin of Rosae Multiflorae Fructus and its adulterants, DNA barcode analysis of
the internal transcribed spacer, {rnL—F intergenic spacer, and psbA—trnH sequences was carried out, These DNA
barcode sequences from the correct origin of Rosae Multiflorae Fructus were analyzed and compared with those of
other samples from genus Fosa used as medicinal herbs,

Results : The analyses of the three DNA barcode sequences efficiently distinguished Rosae Multiflorae Fructus from
six other species in genus Fosa and also separated each species used in this study. According to the DNA barcoding
results, none of the suspicious commercial samples were Rosae Multiflorae Fructus, RMF09 was identified as Rosa
acicularis, whereas RMF10 and RMF11 were identified as Rosa davurica and Rosa rugosa, respectively, These results
corroborated the existence of adulterants of Rosae Multiflorae Fructus.

Conclusions : Our research provides useful information that could be used as a criterion for distinguishing between
Rosae Multiflorae Fructus and its adulterants, These results will help in the prevention of adulteration and also suggest
effective methods for verifying the origin of commercial herbal medicines derived from genus Fosa.
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Table 1. The information of collected samples used in this study
Accession code Scientific name Voucher No, Country of collection Sample condition
RMFO01 WKURMFO1 China F
RMF02 WKURMFO02 Korea F
RMFO03 WKURMFO03 Korea F
RMF04 WKURMF04 Korea F
RMF05 WKURMFO05 Korea F
RMF06 Rosa multiflora Thunb, WKURMFO06 Korea D
RMFO07 WKURMFO7 Korea D
RMF08 WKURMFO08 Korea D
RMF09 WKURMFO09 China D
RMF10 WKURMF10 China D
RMF11 WKURMF11 China D
RLFO1 WKURLFO1 Korea D
RLF02 WKURLFO02 China F
RLF03 WKURLF03 China F
RLFO04 Rosa laevigata Michx, WKURLF04 China F
RLFO5 WKURLF05 China D
RLFO6 WKURLFO06 Korea D
RLFO7 WKURLFO7 Korea D
RRFI01 WKURRFI01 China F
RRF102 WKURRF102 China F
Rosa rugosa Thunb,
RRF103 WKURRFI103 China D
RRF104 WKURRF104 Korea D

24 F AR
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Accession code Scientific name Voucher No, Country of collection Sample condition
FRa01 WKUFR03 China F
Rosa acicularis Lindl,
FRa02 WKUFR04 China F
RwO1 FRosa Iuciae Franch, & Rochebr, WKURMF12 Korea F
RwO02 = R, wichuraiana Crép, ex Déségl, WKURMF13 Korea F
FRAO1 WKUFROS Korea F
FRosa davurica Pall,
FRdO2 WKUALOG6 Korea F
RCFO1 WKUSPO1 China D
RCF02 Rosa chinensis Jacq. WKUSP02 China D
RCF03 WKUSP03 China D

*F : indicated the official plant species voucher
*D : indicated the medicinal herbs

2. DNA &

A £48 AE A= §5 oA 100-200 mgs Tt
ot & NucleoSpin® Plant II kit (Macherey—Nagel, Dueren,
Germany)< AH&3}o] genomic DNAS &35ttt &3
genomic DNA A& & §5 A (53] k& F917F $4
A9 79 0.7M NaCl H7H0% cetyltrimethyl ammonium
bromide (CTAB) Al¢kS &-&-3t 2214 A 4 B3 5
7H dg& AA P& Y5 B4 42%E DNAE
Biodrop (Biochrom, UK) &74& &3l & A= 3ich.

3. DNA barcode #¢§] &

ITS 29 FZ& 93 ITS1 (5'-TCCGTAGGTGAACCTG
CGG-3) / ITS4 (5'-TCCTCCG CTTATTGATATGC-3')""
primerg AMESIACTEH cpDNA 99 #nL—F intergenic
sapcer®} psbA—trnH ZZ& 93 trnL—e (5'—-GGTTCAA
GTCCCTCTTATCCC -3") / trnL—f (5'-ATTTGAACTGGT
GACACGAG—-3)" primer &3} psbAF (5'~GTTATGCAT
GAACGTAA TGCTC-3') / trnH2 (5'-CGCGCATGGTGG
ATTCACAA ATCC-3)"” primerZ AHg-3tich. PCR ¥Hg-2
30 ng9] total gDNAE F8 22 20pmole primer AccuPower®
GoldHotStart 7ag PCR PreMix (Bioneer, Korea)Z& ©]&
sto] 2F 20 W W gN o2 APt Safe—view
(abm, Canada)”} A7} 1.5% agarose gel A4 $Z o
S Felstger S& AHEE Gel extractions F3 A
& TOPcloner™ TA Kit (Enzynomics, Korea) & &-83}¢]
PCR clonings 185ttt AHE ARE o2 d7|HE
A4S AYstg e (Bioneer, Korea), 2% 24H 4714
Y92 Bioedit program (ver. 7.0.9)9] ClustalW H'd-& A}
|3t HA 71 E& HlwstTt

4, DNA barcode €7149Q 7|4l §43A4 B4
O
o

#1119 7149 1% 2 A 55 29 6 F 3071A19

FaBA 242 98l 24 Al 25¥ ZH3 DNA barcode 3
B (ITS, trnL—F intergenic sapcer, psbA—trnH) |7]
A EE ClustalW multiple sequence alignment (Bioedit,
v7.0.9: available from http://www. mbio.ncsu.edu/Bio
Edit/page2.htm])E &85+ A& T DNADist2] neighbor—
joining (NJ) (Bioedit)& o|&3t FAT/AE vlm 43}
Ak, #2F(outgroup) 22 Brassica napus (KM975581.1,
FJ490775.1, KM892606.1), Morus alba (MH187221.1,

HM747180.1, KC584956.1), Morus mongolica
(MH357905.1, HM747189.1, KM491711.2), Geum
laciniatum (MK355981.1), Geum virginianum

(MK355982.1), Sieversia pentapetala (AJ302359.1,
AB219665.1), Sieversia pusilla (AJ302360.1)8] G744
425 NCBI GenBankol| 4] 2] wo} Ab&-3}{ch,

m 2 I

g
ol WAE #7 7¥F 9 ZdF TEE Y9
ITS1/1TS4 primer &< o] &3 ITS 9] &
=

sttt #Ee 7|Y & AE R multifiora 82 XA&S
RMF01-05+% 713bp 5% AHES A 639 &2
AE FEARY F7IAYE Bl BN A3 R laevigata, R,
acicularis, R, luciae + 713 bp, E. davurica, R, rugosa
oA+ 714 bp, R, chinensis = 712 bp ¢ $& A&5S 7}
2t Pgstach, BHo] AW Rosad 7 % 7 I1S F9he
% AEe a/lww opz 39,
transversion 259, insertion/deletion 18$ %3 & 15
FELoA FEE F7IAE Zolg Ho FoRHN #EF 9
Rosa%; A 8L 913t DNA barcode 912 AMEE 4=
A2 FRAsHAHFig. 1), B AMLEH 7 F EF FUH H
ol TEHA &t HEHO {5 AR F FE ANEQ

transition 12
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RMF06—083} &2 94 A& & (RMF09—11)9A4] g4 ® HoF9lon, 2zt B davurica & R rugosa & A7)
2 ANEYE UE G4 E ARE B9k RMF09 AlE& 5 A7 gt LAk o9k T2 ITS F71AE 24 Aatks,
£ GriAge] F4 BE ARSE AOlE Hold, R RMF09-11 A &&= 344 71l HFstA &2 Rosa% <
acicularis B2 N &9} 425ttt RMF10 I RMF11 A|2%& 2 FoA e LS IRAIANAFAU.

Zkzt 9 H91¢t 10 F YoM & B2 A5 A7 E APolE

Table 2. Size and G+C% of ITS, #nlL—F intergenic spacer, psbA—trnH among the sample in table 1.

ITS trnL—F intergenic spacer DSbA—trnH
Taxon
length (bp) G+C % length (bp) G+C % length (bp) G+C %

RMFO01 713 56.4 418 30.8 414 26.1
RMF02 713 56.4 418 30.8 414 26.1
RMF03 713 56.4 418 30.8 414 26.1
RMF04 713 56.4 418 30.8 414 26.1
RMF05 713 56.4 418 30.8 414 26.1
RMF06 713 56.4 418 30.8 414 26.1
RMFQ7 713 56.4 418 30.8 414 26.1
RMFO08 713 56.4 418 30.8 414 26.1
RMF09 713 56.2 414 31.3 441 26.7
RMF10 714 57.2 413 30.8 464 26.3
RMF11 714 57.1 413 30.5 464 26.3
RLFO1 713 56.3 418 31.2 415 25.9
RLF02 713 56.3 418 31.2 415 25.9
RLFO3 713 56.3 418 31.2 415 25.9
RLF04 713 56.3 418 31.2 415 25.9
RLFO5 713 56.3 418 31.2 415 25.9
RLFO06 713 56.3 418 31.2 415 25.9
RLFO7 713 56.3 418 31.2 415 25.9
RRFI01 714 57.1 413 30.5 470 26.3
RRF102 714 57.1 413 30.5 464 26.3
RRF103 714 57.1 413 30.5 464 26.3
RRF104 714 57.1 413 30.5 464 26.3
FRa01 713 56.2 414 31.3 441 26.7
FRa02 713 56.2 414 31.3 441 26,7
RwO01 713 56.4 418 30.8 414 25.9
Rw02 713 56.4 418 30.8 414 25.9
FRdAO1 714 57.2 413 30.8 464 26.3
FRA02 714 57.2 413 30.8 464 26.3
RCFO1 712 56.6 419 30.8 414 25.7
RCF02 712 56.6 419 30.8 414 257

RCF03 712 56.6 419 30.8 414 25.7




2. Chloroplast DNA 8] 97|44 EA B4

chloroplast DNA #rnL—F ingergenic spacer £¢ €7]
A B4 93] trnL—e/trnL—f primer °] AREE GO,
413-419bp2] FEAHE0] FAHUHTable 2). &1 71
A 89 R multiflora 2 A& RMF01-05914+& 418bp
TEAES] YUY T4 2A 63 EE AR G7IA44E
B A1} B laevigata®t B, luciaex= 418bp, R, rugosa®} k,
davuricas 413bp, E. aciculariss 414bp, R, chinensis
oAM= 419bp FFEAES 27 FASH ITS £ &4
A9} ZFo] trnL—F intergenic spacer #¢] F7|AE:=
Rosa% 1 74 & AHE9 27185k ofy e} 3 transition,
8 transversion 18] 3L 5 insertion/ deletion 2% & 16 &
QoA E7IME Rl S FlstfAth(Fig. 1), o]t

trnL-F intergenic spacer

E71AE ZpolE v o B BEL F5TAT AR Atold &
HE A E & 4= 9oy o]&= ITS <} up A2 trnl—F
ingergenic spacer F9%= 7'H-S& 93 DNA Barcode & &%
g S-S oumjgit), it ITS o= ¥ #rnl—F intergenic
spacer 919 A9, BEY 7L FAHEL T & 2U5F2
To] 78t ey R, luciae Atololl= A71AE Aol & Ho
FA) ot &) =R gkt i AE+ (RMF09-11)E
AL FeAE B4 die 2 7|94E 4 A7 9
StETH RMF09 A2+ &8 B2 AR5 8 199 d7|A¥E
Zfo|S HolW R, acicularis BE A g2Q} AX3= AS
RHojZeloh, RMF10 I RMF11 Al&& &% &2 A|8¢ 2
7} 10 912 1159 97144 ZolE Wetliw R, davurica <}
R, rugosa 2 EAEA, o] ITS F7IAE &4 ZAzet

A 3h4iet.

RMFO01

RMF02 .
RMF03 ..
RMF04 G 8
RMF05 .
RMF06 R
RMF07 3%
RMFOB . o oo ™o me i = se e o mmm pe e i R R R o
RMFO9 .A..G...-...TCG a #'G Gy Ciuws ~T .G A. .TCATTAAATAATTATGTAATTATGTATAGTAAT. .A
RMF10 .AC.GC.GT.C..CG « =G T.CC..T-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RMF11 CAC.GC.GT..T.CG 5 @26 T.CC.AT-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RLFO1 A ssCTe=Ts0:sC6 TAGuw.ssws CG. . G.A . T.A.
RLF02 .A...CT.-T...CG TAG....... CG. . G.A T.A.

RLF03 wilk i s wCTe =T a6 TAGLw.:waa CG. . G.A T.A.

RLF04 oA, oCT.-T...C68 TAG.o..:ous CG. . G.A T.A.

RLF05 A5 wCT%-TaiC6 TAGS ¢ oo CG. . G.A T.A.

RLF06 w5 2 Chw=Tourll TAGwwasaaw CG. . G.A T K=

RLFO07 <A, CT.-T...C6 TAG. ... a; CG. . G.A. . .T.A.
RRFI0OI CAC.GC.GT..T.CG s #'G T.CC.AT-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RRFI02 CAC.GC.GT T.CG .G T.CC.AT-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RRFIO3 CAC.GC.GT T.CG .G T.CC.AT-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RRFI04 CAC.GC.GT T.CG .G T.CC.AT-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
FRa01 R 596 = TCG .G +#Ghg s @i 5 1 .G A. .TCATTAAATAATTATGTAATTATGTATAGTAAT. .A
FRa02 .A..G TCG .G .G.C T .G A. .TCATTAAATAATTATGTAATTATGTATAGTAAT. .A
RWO1 I I e AL T g . . .A. K.
RW02 2 Y AR B e I R T - g R S = = Y. 2, K.
FRdO1 .AC.GC.GT.C..CG . «'G T.CC..T-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
FRd02 .AC.GC.GT.C..CG ..G T.CC..T-T AAAAATT.GAGCTAAAATTTAATTTAACT.ATTAAAT TTAAATAATTATTTATAGTAATT.A
RCF01 vl «Cx s w = w x o wC6 s = g .T.A.
RCF02 s Gl iam i 5w €6 .T.A.

RCF03 . G o R R > .T.A.

Fig. 1. Multiple alignments of the nucleotide sequences of the three DNA barcodes regions(ITS, #nl—F intergenic spacer, psbA—irnH).
Numbers above the bases indicate the position of SNPs, Dots( - ) represent identical nucleotide sequence to RMFO1 sequence. Dashes

(=) means gaps to maximized alignment.

psbA—trnH 22 43} psbAF / trnH2 primer o] AR
o, 414-470 bpe FE AHE0| A= UHTable 2),
GAlo] 7| YAE FE ANE} R, Juciae, R, chinensis N &=
414bp F7|AFol EA =AU, B, laevigata= 415bp A7
Mg FRISHATE, vHAY| B, aciculariss 441bp, R, davurica
464bp 28|31 R, rugosa® X+ 470bpe} 464bp A71 A G o]
EAEY 542AF AEYE EFdta FF do| A7t
2 AL thoFdt 3712 £A 3= indeld} insertion/deletion
H71A 2 dZolth. Figure 1914 AAIE viel o), R, rugosa,
R, aciculris, R, davurica %<2 T%3 37]9 indel ¥
insertion/delction ©] £Agttt. indel F-F2+ TA¢lo] L2
719% 9] pshbA—trnH 59| 7IAEL §&452AF 63 2
o|& Holn o] 7HsdE &Skt 12U, R, rugosa
o} B davurica 7¥oll= R, rugosa Q5 A &o|A indel A Fo]
E o Z2A EAAR Y T HolA = dAFsHA UehtA
27] W&ol F&ol oj=Zo] it} oA AR (RMF09—-11)
9 A7IME 4 A3}, RMF09 AZ¥= R, acicularis 2 21

Hglen, o]= ITS ¥ trnl—F intergenic spacer £9] £4
A3} X5t RMF103} RMF11 A &9 3%, TY3t
H7IMES AU e ol= R davurica $+ R, rugosa
AE A st T F F st 7HeAdS Rt HE
psbA—trnH 59 £4& 53| R, davurica @ R, rugosas
BESHA & & 5= §lo] 94 AR RMF103 RMF11& 3
3] AT S gloy} oA A ZEF RMF 09-112 #&50]
obd & RISk

3. BAAEHA FABA A
chpsbA $AE A5 BYH 712 V1 9EN FE2AF

6% 33 3170A] A& 9 ITS, #rnL—F intergenic spacer,
psbA—trnH X & 4Hg A7|XE 24 JARE vl e R
olSe] BAAENH SARAS BT, ClustalW 3
oz BNE A 29 Gr14Y Fu2 APl alignment
3}3L Neighbor phylogenetic treeE ZHA3%t 21, RE A|2=
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T 992 gItA EREHUJNFig. 2). B luciae & R,
chinensis N 27} 40| AFLH 7 & Rosads A8 £ 949
719 5 83 AV APhe SAVAE BRIt £ AR
Z 94 A AR(RMF09-11)9] A9, #%9] 7|9ZEa &

 —

Q3| LB = e £ AEQl R acicularis, R, davurica, R,
rugosa EEX =} 247y AF3L HY} ol i AETY
A #EY FF AETFod HF ARTHe AL F<l AA
F= 2% T 5 ok

RMF08
Rosa multiflora

RMF02
RMFO01
sag? ]] Rosa luciae

RCF01
$RCF02 Rosa chinensis
RCF03

Rosa acicularis

03
RRFI02
RRFI01
RMF11

Rosa rugosa

&~ Sieversia pentapetala
Sieversia pusilla
Geum lacini:

Geum virginianum

Morus

g goli
—Morusatba

0.01

Brassica napus

Fig. 2. Phylogenetic relationships of genus Rosa samples listed in table 1 based on the combined analysis of three DNA barcode

nucleotide seauences.

v, 2 #

Zu|4 (geunus Rosa)< 2 150-200 o2 FAFH
Qo ERkto] 2, ofdd Avte]| AA YA &Eixstn
o Rosa%o] BY Fo ThRE BAAIE, sk ¥4
YE, Yok AT BY AE T uSe BAE RO E
AYI Qb 2 choket AA 742 Qe A L
Nele FFol QolAHA FeEs Zdo| ojzgo] A7l=
o d el At wAstgcH?, o2 s dsly] Y3t Het 3 8t
U2 §AAE v o2 Rosad A& TEY A% 2ATH
BAE B A sh= thFst A=7F A= st 27
RAPD amplified polymorphic DNA)?*722,
microsatellite analyseszg), AFLP (amplifed fragment
length polymorphism)™ 5 1} Zre EAo] thoFalA| A=
Eont Aghd 4 W19, @2 A8 5 A9 A 24
ol A3itt. o1& B3l7] Y3l 342 ITS (internal transcribed
spacer)?} ThFSt chloroplast DNA £9] (#nL intron,
trnL—F, psbA—trnH, rbcL, matK 5)2 g7|A < 8|2 &
e 5% 28 ARATI SFHJFT P ol eyt
A A7 E4S 59l £ dtoA e #Es 2dshr] A8
ITS @ #rnlL—F intergenic spacer, pshA—trnH F9& A
5}3ict,

Z2AE ITS F714E =EA <2 E (multiple sequence
alignment) ®4 23}, & Aol A AHEH Rosad 7 F1tol
15 5919 47148 AolE el & 4= Usen, BHS 7]

2

]

;0

i

(rapidly

FOR F 72 ~ 10 $9] 47149 Rol 2 Hoju] gt
FHIAFS TR 5 9SS HelFdd g4 AR

RMF 09-11 A|29] 7% &% & AR G7149% 44
SEA] ok Bt oflgt o A BT Tl Q1A E ApolE
Ho|FQth, RMF09 Al2e 4L 7|22 H| A] 3749
transition (G — A, C — T, T — C) I 27} transversion
(T— G, C—G) ZF F 5 F9A G714 E RpolE o
gAo] oldg Flsltt, RMF102 6719 transition (27)
A =G, 47 T — C) 2719] transversion(T — C, C — G),
1709 insertions Z3t & 9 F oA BEL A7IAE 2olE
Bk RMF11 A8%& 7709 transition (57§ T < C, 274
G <« A), 2709 transversion (T — G, C — G), 1719
insertion Z3 & 10 B4 &EY G714 E Zol& BH
o}, ole} o] &ggat FEIg A7IA G AolE Holy fELR
gl® RMF09—-11 Al &9 F& E2lst7] fls) ojn] 244
TETAT 714 E Hlol® &4 A3} RMF09% R, acicularis,
RMF10¥& R, davurica, RMF11& R, rugosa®t A5ttt

o|Z3t Y4l A BT} HE REA R E7IAE EYA=
trnL—F intergenic spacer®} psbA—trnH ¢ g7144E &
KoM= FUHA HEEUT. rnl—F intergenic spacer
29 G714 4 B4 A= FAHT YHAIRT Alolol RMF09
= 4709 deletion®}t 17§9] transition (T — C), 371
transversion 27} T — G, 17§ A — T) £ & 854 &7]
A ztol7t W ETH, RMF102 4709 deletion®t 174
transition (T — C), 57] transversion (37} T <~ G, A — C,



A—T 3 F 10 4
RMF11& 47§9] deletion}

F71ME AolE HoAFFlom
17§ transition (T — C), 67§
transversion B T — G, 27§ A —-C, A —T) =g &
11 B9l #5553 7148 Zol7t a2 2hlsttt 94
A2Z9] 719 EeE 9% 552AT Y] F71A4E vl 74
A1, RMF09% R acicularis, RMF10 I} RMF11 A|l&+&
22y R, davurica @ R, rugosaz A& eH o]= ITS
714 Q8 &4 Aot AT

psbA—trnH ¥-$1= R, davurica 9 R, rugosag A<t
UM Rosad & 5% T2 = e 53 BHS 55
SHForRE P95 R @ F= AT JHANES
RMF09-11 A&+ #fole gle od3t 4ol indel A8}
insertion/deletion A go| £A5t Qlo] HESHA BET}

£ F$oE FEEHUY 7Y FIE 9T s&5IA5HY
H7IXE v B4 Ayl RMF09:= R, acicularis 2 3215
k. RMF103} RMF119] % ITS®} ¢{rnL—F intergenic
spacer E-{Jox &t g F ARo|A F7|AE zto]7t e
UR] gttt RMF103} RMF11 A& G71AEo] R, davurica
9} B rugosa 9 I3} Axs= AME HoEn o] F 4
RE #o] obd& SAANAFST. v & psbA—trnH F=
RMF103 RMF119] & B3] &4 A& 4= gisleuy, 4
71X g0l ARt Fo| R, davurica & R, rugosa 2 A
E4E F AR 7919 Ao} A7

DNA Barcode® &-&3% 48 T &7 B g2 A3 4
TE2Z skt viEE B9 £49 HAE Hstr] 98 o
¥ BT BT A ANUT, Mt B AT HE 2
AE Al 7HA viRe 2o AnE APty EXAEEE
FATAT BANT $F ARS) 78T 92 Slsin
A Stk 1 A3} Fig, 29 ol RS 02 FEHaATY
B EEEen, Z IR fEARE 7|HFd 2A
AAT A& FRlstgtt. JHAELY Fe A4Pd Hhet
Zo] RMF09+ R, acicularis 2 RMF10& R, davurica,
RMF11 AN&%& R, rugosa 2 2% H=E o 45 UL
gttt

H A3 ANE £ 245 ITS, #rnl—F intergenic spacer,
psbA—trnH AR 7|4 E ol = #EY HE 7|&
o2 AT = S B ohl FE2ET V1Y I E
2ET ¢ e 7R E &8 7 Aot

[e]
=

V.2 &
B odvE QAW BRI F4E, 9ES 97149
£4g B9 haste] thawt o] Bashs vholt

—

. ITS ¥ Chloroplast DNA ¥?l {rnl—F intergenic
spacer®t psbA—trnH ¢ £4& 53 #HES g
FETATOREYH SIS HES HEs] FEe ¢

& stk

A& & RMF09+= R acicularis, RMF103} RMF11-&
ZVZ; R, davurica®t R, rugosa® %82 $Eo 7 #Y

=

3, B AT AME3SH ITS, trnl—F intergenic spacer,
psbA—trnH ¥-9)= thoFst &l & - 9E2 7Hds)
7]o| g3t DNA barcode #9]g BtE T

A =
o] AFE 20188 E Paefstme] wulx| o] la)A
S35 970 olo] ZA=HY T,
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