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Abstract Cudrania tricuspidata Bureau is a widely used
medicinal perennial woody plant. For conservation and
germplasm utilization of the plant, it is imperative to obtaining
information regarding the genetic diversity of the plant
populations. Although C. tricuspidata is an important medicinal
plant registered in South Korea, no molecular markers are
currently available to distinguish Korean-specific ecotypes
from other ecotypes of different countries. In this study, we
developed single nucleotide polymorphism (SNP) markers
derived from chloroplast genomic sequences to identify
distinct Korean-specific ecotypes of C. tricuspidata via the
amplification refractory mutation system (ARMS)-PCR analyses.
Molecular authentication of twelve C. tricuspidata ecotypes
from different regions was performed, using DNA sequences
in the trnL-F chloroplast intergenic region. The SNP markers
developed in this study are useful for rapidly identifying
specific C. tricuspidata ecotypes from different regions.
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Table 1 List of plant materials used in this study

B Te] i g R E R AE ) TA R U
5] 71 9E ) 1) AEA) EASH Trnl-TrnF
_ﬁ_

AR °1HSNP o] 83t W zeto|r g B 3IG
ovf o] 5 Hekste] Bt Al &3] T st7] 9)5he ARMS-
PCR7] %S l S o vhA ek T 215 skt

Aol A AR TR B A T A A ool BB S
23 AlE 9] 7)ol A EHA L Als2 g s
o, o] olof A AFA W, e A oo™, B
A5A] )4 Yok, A W 50 FAR A 57 B
A st $AH SE 2] AH4SHA o BEuE SOl A &
FAAL Y QAT ARES YOR RS
(Table 1).

DNA =2

FAEATYL A 2] 4 9 58 AH DL
5 9E

AFe] ExgeneTM Plant SV 7] AL A Al 55
A o] oheh A A DNAE &2lskqict A% DNA
= 1% agarose gelo| A A7) 952 A A5l DNAQ| H 2=}
Aol A o] B A =& 2213t & Micro-spectrometer (BioPrince,
SD-2000, Gangwon, South Korea)E ©]-8-35}¢] 234 nm, 260 nm,
280 nm o) 4] 22 B3 2 = A 31od 4260/4280 Z10] 1.8 ~2.2
WO 78] 31 A234/4260 3F0] 0.5-0.8 H Q] ) £ o HE %

Identification code Scientific name

Cultivated regions (sources) Identified origin

2014-30 Cudrania tricuspidata Bureau
2014-31 Cudrania tricuspidata Bureau
2014-33 Cudrania tricuspidata Bureau
2014-34 Cudrania tricuspidata Bureau
2014-36 Cudrania tricuspidata Bureau
2014-37 Cudrania tricuspidata Bureau
2014-38 Cudrania tricuspidata Bureau
2014-39 Cudrania tricuspidata Bureau
2014-41 Cudrania tricuspidata Bureau
2014-42 Cudrania tricuspidata Bureau
2016-10 Cudrania tricuspidata Bureau
2016-47 Cudrania tricuspidata Bureau

Haenam, Jeonam, Korea South Korea

Haenam, Jeonam, Korea South Korea
Sancheong, Gyeongnam, Korea South Korea
South Korea

South Korea

Sacheon, Gyeongnam, Korea

Jinju, Gyeongnam, Korea
Uiryeong, Gyeongnam, Korea South Korea
Sancheong, Gyeongnam, Korea South Korea

Jinju, Gyeongnam, Korea South Korea

Sancheong, Gyeongnam, Korea China

Sancheong, Gyeongnam, Korea South Korea

Miryang, Gyeongnam, Korea China
Commercial herbs China
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Table 2 Primer sequences used in this study
A. SNP analysis
Gene Primers Sequences (5'-3') Tm (°C) Size (bp)
TenL-F TrnL-F forward GATATGGCGAAATCGGTAGACG 57.2 1047
TrnL-F reverse TGCCAGGAACCAGATTTGAACT 57.2
B. ARMS-PCR analysis
Origin Primers Sequences (5'-3') Tm (°C) Size (bp)
China CHI-41 specific forward GATATGGCGAAATCGGTAGACG 57.2 505
CHI-41 specific reverse CTTACTATAAATTTCATTGTTGGCA 51.7
Korea/China KOR, CHI-10, 47 specific forward GATATGGCGAAATCGGTAGACG 57.2 505
KOR, CHI-10, 47 specific reverse CTTACTATAAATTTCATTGTTGTCG 55.1
China CHI-10, 47 specific forward GATATGGCGAAATCGGTAGACG 57.2 849
CHI-10, 47 specific reverse GGCCTTGGTGAAATTTCTTGA 574
Korea/China KOR, CHI-41 specific forward KOR, GATATGGCGAAATCGGTAGACG 57.2 849
CHI-41 specific reverse GGCCTTGGTGAAATTTCTTGG 59.4
AFsto] RNA 2 514 B9) 0 ¢ JE 8 BHeldte] 258 ARMS-PCR
DNAE g2ls3itt.
k2] O & SNPE 0]-8-3} 9] A 2F3t mismatch primerE A&
GEA REXKtmL-F)2] 55 & HIIME 24 stol 54 Ales sty Hsl @ol o]&3st7] wwoll, &
Ao A= TrnlF §77b] SNPE Lpeh= 6718 32
457 45 92 NP Q@ﬂﬂ]«ﬂ«ﬂ%@ﬂ%@ whofl X514 8}, 5k o2 R WA Ei A HA
O] $E2 9l5ko] Table 20 A H 7] &9 A 29 @715 AYA L2 HPA primerS AHE-SHo] S0l S
« W‘“‘Z*EE AR-g-stof 2} F—J 4E}°1U1E Xﬂﬂﬂ“‘l’% Fd A 5 A= ARMS-PCR7| 55 =Y 5 tH(Table 2).
(GenBank Accession number JN006418.1). S x}9o] ==
iNtRON 3] A Gyeonggi Province, South Korea)oj) 4] Zﬂ%—o}%
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B7FDNAS HA A7 3 94°Coj| A 30% 60°C°ﬂ/\‘] 10%,
72°Co| A 30251 cyclei 5}od 35 cycle WHE & 72°Cof A 5
B QS-S A X F4°Col| A BEg-E& TR S
DNAHRE = 2.0% agarose gel= ©]8-3}0] A 7|95 31 1
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Fig. 1 Sequence alignment and phylogenetic tree showing the genetic diversity of 12 ecotypes of Cudrania tricuspidata Bureau using
the 7rnL-F (GenBank accession number JN006418.1) chloroplast intergenic regions. (A) Sequence alignment of the 7rnL-F
chloroplast intergenic region in each ecotype. The black box indicates the same sequence in all ecotypes. A indicates polymorphisms.
(B) Phylogenetic tree showing the genetic diversity of 12 ecotypes of Cudrania tricuspidata Bureau. The tree was produced using
the neighbor-joining method based on intergenic sequences of the 7rnl-F
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Table 3 The SNPs in TrnL-F as a molecular marker of each ecotypes. The length of the alignment of each ecotype was approximately
956 bp or 944 bp

SNP location (bp)

Identification Origin (identification code) 237 238 459 807 870-881 905 918
Korean (2014-30, 31, 33, 34, 36, 37, 38, 39 and 42) C C C C TTTTTAATTCAC A -
Chinese (2014-41) C C T C - A -
Chinese (2016-10) T A C T TTTTTAATTCAC A -
Chinese (2016-47) T A C T TTTTTAATTCAC - C

A

Rorea
2014-41 =
2016-10 =
2016-47 =

Retan
2014-41 =
2016-20 =
016-47 =

Rotas

2014-41
2016-20
016-47 =

Horea
2014-41 =
2016-20
201647 =

Roraa
2014-41 =
2016-10 =
2016-47 - [

Rorea

2014-41
2016-10
2016-47 :

® CHI ¢ CHI
M KOR 41 10 47 M KOR 41 10 47
R .
G e SEE TT—
- CHI-41 = | | e e=icHna
—_ | — specific 3 specific
- | . KORICHI-10, 47 | | o | KORI/CHI-10, 41
4 - specific ey v —
T - ——

Fig. 2 Sequence alignment and products of ARMS-PCR using the 7rnL-F (GenBank accession number JN006418.1) chloroplast
intergenic regions in various ecotypes of Cudrania tricuspidata Bureau. (A) Sequence alignment of the 7rnL-F chloroplast intergenic
region in each ecotype. The gray box indicates the same sequences in two or three ecotypes, while the black box indicates the same
sequence in all ecotypes. Arrows indicate the positions of the 7rnL-F primers developed in this study. (B) PCR results using
Chinese-41 ecotype-specific primers; (C) PCR results using Chinese-10 and 47 ecotype-specific primers. M, marker; KOR, ecotype
originating from Korea; CHI, ecotype originating from China
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