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M

QomR= @M (Schisandraceae)dl] &3l WEA A& (Lee, 1979).
olt}y. QU= Schisandra %5, Hlicium %5, Kadsura < S om|R}e]

ABSTRACT

Background: The three Schisandracae species, Schisandra chinensis, Schisandra repanda, and
Kadsura japonica, which are used as raw materials for the production of herbal medicines, are
readily confused. However, of these three species, only S. chinensis is formally registered as a
medicinal herb in the Korean Pharmacopeia. In order to facilitate the clear identification of S. chin-
ensis, S. repanda, and K. japonica, we developed insertion or deletion (InDel) markers by compar-
ing the chloroplast sequences of the three species.

Methods and Results: Genomic DNA was extracted from the leaves of S. chinensis, S. repanda,
and K. japonica, and next generation sequencing (NGS) analysis was performed using the Illumina
HiSeq-2500 platform. Chloroplast sequences for the three species were obtained and compared to
identify polymorphic loci. Primers were designed for those InDel loci showing polymorphism in
all three species, and four InDel markers were accordingly developed and successfully used for
species discrimination.

Conclusions: In this study, we developed four markers that can be used to discriminate S. chinen-
sis, S. repanda, and K. japonica at the molecular level.

Key Words: Kadsura japonica, Schisandra chinensis, Schisandra repanda, Chloroplast, Insertion
or Deletion Marker

A [Schisandra chinensis (Turcz.) Baill.]9} S2F]A} [(Schisandra
repanda (Siebold & Zucc.) Radlk.)] 5 2 &9 4JE°] U}

S. repanda®\} S. nigra®h= ©1HE zt

foin _0_
5 3 &S X3 (APG I, APG 1V), °]& 3 &2 4 2 goerm ¢ WaFE AHEoY (Kim ef al, 1999).

ShRl=tel] B3tk (Lee,

1979; APG, 2009, 2016).  Kadsura %ol A28 W24 212 Fon|a} [Kadsura

Schisandra o+ Y98F W24 &S QWA japonica (L) Dunal] 1 F¢] 2&0°] Attt (Lee, 1979).
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Hlicium &= ZUF (I anisatum) 1 F°] -2yt z;
Astar k.

igRl= ool emRbe & 92 QWAL (S, chinensis)
guilz A3 o HAF=- (CuHpO,: MW. 432.51),
2uA A (CuHogOr: MW. 416.46) H 2041 N (Cyp3HpsOs:
MW. 400.47)¢] §to] 0.7% ©1’d Er=lojof ghar =of 9l

o Souat 9 FomR= ek YEEM ] AMgo] 4
%A ¢k t} (KFDA, 2012).

Eoure] duls oE 3 9 AEH A vE §

£ 7K Qo SRR o]fEHE Qu|zks SQu|zk
2ot Axd dufel bl ogk ol oz o
5o &£-28& EAV o712 + UeW (Kim er al,
1999), o1& WAat7] flafl FAESH 7ol o3 v
o] Hgs3jr}.

AF7HA f2uEtelA emjztel] tigk d+e = Qw|A}
gujellr Aejgy B 55 FAHCE IPHJASH (Han er
al., 2019), 2+ YESHH o2 omaine] F bl #g
T2Z% RAPD (random amplified polymorphic DNA) &l
SCAR (sequence characterized amplified region) marker 2
multiplex-PCR 71 7%, nrDNA-ITS EAwAE o] &3 &
vzl & 7hHE o] BiEoe] Qt} (Gao ef al, 2003; Moon
et al., 2010; Kim et al, 2012; Lee et al., 2013). SCAR
marker 7]¥Fe] multiplex-PCRS- ©]-8& 73-¢- T2 primers
ARgelokeh FEo] AUIE o|FAA FE F U= Hrle]
ATF (Henegariu et al., 1997; Lee et al., 2013). =3t SNP
(single nucleotide polymorphism)= InDel (insertion or
deletion) W}l W3] 4] A] Si7ke] An)7h Hashy] oiw
of FHasgte] AFAH|E A7 wet JA TET F U=
InDel "IA7} A% =3 Yo} (Vili ef al,, 2008; Kim et al.,
2012; Li et al, 2014; Moghaddam et al., 2014; Lv et
al., 2016).

NGS (next generation sequencing) 7]&¢] wHoz
sequencing?} assembly®] Y83} 2ol Expdo] &9lor
AEe] 4 5 S5 Aol AT I AE e
T JE G7IMEES AT (Moore er al., 2006; Varshney
et al., 2009a; Varshney et al, 2009b), ©]213t NGS 7|&
IO 2 JEA AlES FHA F5S AEshed f8g
=72 AMS-ET (Daniell ef al., 2016).

HzoM F2 2A F42 sk 954 DNAE 3 DNA
H71 Aol Bial skt Aow deA o] AEe] A
B A AMgE 7| AjteH (Wolfe ef al., 1987,
Clegg et al, 1994; Ngan et al., 1999), o]2{gt A=A ol|A]
74 Wolg Aty YEA FHAE e E g Fo
HEHo] BYEY Ut} (Liu ef al, 2012; Kim ef al, 2015;
Park et al., 2017; Song et al., 2017).

o)l
AT

=

—

12

AT YR - UEE

-0lES - 0[0]

718 T AES 1% I5A 7|9 InDel v A7 ARlE
Angelica polymorpha®l GEA| Alwe F71XES 431
InDel "HAE 7Hgste] & 2P ARSEUTE (Park er al,
2019). o]&]ol %= ™ (Steele et al, 2008), EVIE (Liu et
al., 2017), R (Liu et al., 2019) 914 InDel "IAE &+
Fo] 2o o]&g Bivt It

2 AFolM = Fllell AL e evAL, Semzt B
denatea g55 JEA A7IME BRE e R T
o] tggAdS BT 4 = InDel PFAE ST o]E
Al mAs E857] A& 3 Fo rAE A
slal R fEge] 98 & 8% WAshH Qu|AL,

i
oz ]
H

o
hl
3T

=

ez B denrte] AlFEEH] #AIE AU AEE
TS /iEEe dox ol8E F dS o= JgErt
AR o b
1. delis
E Hdol|A] A8 2u|A} (Schisandraceae)= HEHET=%F
F71Ed FEALAAT N ST HIF, TAE, A
=

&, AT 2 3 KA F 12 AHAIA s AR sl eH

Table 1. List of Schisandraceae materials used in this study.

Species Sample name
Sc-L1"
Sc-L.2
Sc-L3
Sc-M1
Sc-M2
Sc-M3
Sc-E1
Sc-E2
Sc-E3
Sc-N1
Sc-N2
Sc-N3
Sr-F1"
Sr-F2
Sr-F3
Sr-M1
Sr-M2
Sr-M3
Kj-17
Kj-2
Kj-3

DPlants used for the next generation sequencing analysis.

Major character

late ripening variety

medium ripening

variety

Schisandra chinensis
(Turcz.) Baill.

early ripening variety

native variety

female plant
Schisandra repanda
(Siebold & Zucc.)
Radlk.

male plant

Kadsura japonica (L.)
Dunal
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SonlA o, FaRsh dorlAs 3 AR 9 AN AFE

HAA T s971EdoAA AAF st 70T 24 Waad
Hste] DNA F&o ARSIt (Table 1).

2. DNA F=&
DNA &2 98l 21 7HA1¢] o A 85 dAELRE FYA|
713 BARAPES o] 8-3le] H2|$t § DNeasy Plant Mini

Kit (QIAGEN GmbH, Hilden, Germany)g ARMS-3}o] A|ZA}
oA AAIsk= Wl wet FE3I3AT

FZ2% DNAE 1% agarose gelollA] A7195 skl &gl
3k % Nanodrop (Thermo Fisher Scientific Inc., Waltham,
MA, USA) 7|71& o]&3l =& 4% F nuclease-free

waters ©]8-31] 5 ng/ub B 3|43t

3. InDel 0P &AM

ouzke] HEA F7IME FHE f8 FE3 2v|A,
Semzt g @Fonxte] DNAE Illumina HiSeq 2500
platform (Illumina Inc., San Diego, CA, USA)S Al&-3leq
F7IMES AT ALk A71ME2 CLC Genomics
Workbench 11.0 (QIAGEN GmbH, Hilden, Germany) ~:%
aE Sl 2ET F InDel 77hS Fste] Zato|mE A
Zhsldnt, Zefolw o] AL Zoji= 18 bp - 22 bp, 2=
50C - 60C, G/CH]&S 50%, product size rangeE= 150 bp
- 400 bpE 3T

4. PCR (polymerase chain reaction) 2! genotyping
PCRO| AME-El E3189) 249 PCR mixture & F3]=
20 18 2 5ng/pl genomic DNA 2 /X, 2 xTaq mix (Dong-
sheng Biotech Co., Ltd.,, Guangzhou, China) 10/, nuclease-
free water 6 /0, 5 uM forward 2 reverse primer 27} 1
w2 FA3FH L T100 Thermal Cycler (Bio-Rad Inc.,
Hercules, CA, USA)S AHg-3lo] SE3i3ith,

PCR %22 pre-denaturation 94C 3 ¥, denaturation 94
30 %, annealing 54C -55C 30 %, extension 72T 1
Z 34 3] ¥rE3l e final extension 72C, 10 #9
Aoz FY3rt. PCR $F A2 3% agarose gelol
A 120VE 30 & 3 92 Gel Doc™ XR+ Gel

=

T
=]
R
=

o

Hnfzq i

Documentation System (Bio-Rad Inc., Hercules, CA, USA)
N FFAHES] AdS I

owzp, Zomzt g gFemar 2k F 21 JHA|e] PCR
73 = AdE FZ AHELS DNA Fragment Analyzer
Automated CE System (Advanced Analytical Technologies
Inc., Ankeny, 1A, USAYS |83t Zo] B8 g3t}
E2 % dataE PROSize 3.0 ZZ13 (Advanced Analytic
Technologies Inc., Ankeny, IA, USA)S ©]&3] AlO|ZRE =
sttt

=

al
=<

2n o

4o}
1. GSAl J|¥t InDel 0B 0

CLC Genomics Workbench ver. 11.0 22713 (QIAGEN
GmbH, Aarhus, Denmark)S ©]-83}d de novo assembly=
53 ZHE <2U)AF (Schisandraceae) U714 EZFEH
sequencing depth®} BLAST (Basic Local Alignment Search
Too) ¥4 Fole] 4=A] @/ A ol o
/NEg BlaLsle] mDel T YA & 4 s
InDel ko] Aol % FholA] primer TlAHRIsH eI
(Table 2).

2. RUIXR 20| &

AE 4 o] Zetolm AES QA 12 A, Fomat
6 NA, Femlzk 3 QA #8-8le] PCR 2418 3L
PCR 2H=S fragment analyzerS ©]83}] #4351 sizes
Z7gssirt.

2 A3 4709 wHE B ewA), Senial, den|akE
S 3 5 9Uem SCeplnDel-19] 3 Qwiat AL
7R QA= 24 bp, HePIARE 7 bpol A7IM 0]
ZA4F|900, SCeplnDel-2E 2w|2F Ad 7|F02 Fomz}
E 148 bp, FemAE 156 bpol 9717 AAHAL,
SCeplnDel-3 9] o= 2nak MdS 7IEoR Sonaks
20 bpel H717F A7 7= 33 bpel A717F A
wo] AANL™, SCeplnDel-42] A-¢-oll= m|A ME 7Ee
2 Femztellx 27 bp, Fer|AtelA 71 bpel W77 24
=] A}t (Fig. 1, Table 3).

T Yon

PR = g

Table 2. Primer information for the InDel markers developed in this study.

NO. Marker name Primer sequence (5'— 3 Annealing ]
Forward Reverse temparature (C)
1 SCcplnDel-1 CACAAGGATACAAAGGGATAGA CGGCGTGTGACTAAACAAAA 55
2 SCcplnDel-2 ATTCCTTTCCTCCACCGA CCAGAGTCTTTCTTTTCACT 54
3 SCcpInDel-3 CGTTGTGCAACTGATTGATT TCAATTGAAACGGGACTCG 54
4 SCcplnDel-4 CGAAAGACCCCATGAATT TGAAAACACAAAGACAAAGGGC 54
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Table 3. Fragment size of the amplicons amplified using 4 InDel %3 SCeplnDel-1 # SCeplnDel-2 »HAE 7+ 971 A<
marker Aol7} 24 glob agarose gelolA EAISR=E EA7E Qe
Species Sample ngmn S[C)EE I2n SSEE I3n S[():gﬁ Ln fragment analyzerS ©]-&-3}o] H-2JsjoF sx|qk, SC_cpInDelj3
ame (bp) (bp) (bp) (bp) 7} SCcepInDel-4 W= agarose gelollA] §Qt0= ZjolE &
Sc-L1 176 370 207 322 Q1 5= 9o} SCeplnDel-13} SCepInDel-2¢1 B3} w2 A|7F
Sc-l2 176 370 207 322 of FAAEES AT = Ut 7IE PR FE AT
Sc-13 176 370 207 322 A&l (Gao et al., 2003; Moon et al., 2010; Kim et al.,
Sc-M1 176 370 207 322 2012; Lee et al., 20]3)01]/‘1 AREE ThAa Bzlst vbHo| v)E)
Sc-M2 176 370 207 322 ol ATE Haf 72 SCepInDel-3 2 SCeplnDel-4 717
Schisandra SC-M3 176 370 207 322 = HE AZE Qb oAt AES WET S AR
chinensis  Sc-E1 176 370 207 322 Hle
Sc-E2 176 370 207 322 2 AgellA JHEE 4 7He] mAE el AMYskaL e
Sc-E3 176 370 207 322 Quirlzl AEQ] Quxl Eowx} W FonxE FEI| T+
Sc-N1 176 370 207 322 T AVSM PCR FFAHES] o] zfo|7} #AA] o
Sc-N2 176 370 207 322 7 Fol EFE e Arole o Fo] ] 3=
Sc-N3 176 370 207 322 g B 4 JS A= ¥ FHE BAL o] A=
Sr-F1 152 222 227 295 71% emAtat F¥hd A Ak (Gao er al., 2003; Moon
Sr-F2 152 222 227 295 et al., 2010; Kim et al., 2012; Lee et al., 2013)°1A] 3l
Schisandra ST-F3 152 222 227 295 A gld EF=] ¥4 § B2 g B 5 2l
repanda  Sp-M1 152 222 227 295 < Zog Bl o] mAES E&H7| A% 3 T ov]
Sr-M2 152 222 227 295 A AES G ekl gk e gl 98 &9
Sr-M3 152 222 227 295 S WA enzk) AE] AFE FAE EAEAY
Kj-1 169 214 194 251 M2ZE F55 NMPsle oz o]8d = IS Ae= 7y
j’;;g;‘l’g Kj-2 169 214 194 251 €}
Kj-3 169 214 194 251

A M 123456 789 1011121314151617 18192021 M M 12 304558678 SoR1 01 21 3F1AFTSF16/ 177188191207 21'M

200bp->
100bp->

- e .o
Teeeaemee L L L

C L1 2 3 4 5 6 7 8% 9710711712 13714715:46717818519720 221 I 1.2 3. 45 6.7 891011 12 13.14:15/16:17.18.19:20 213

200bp->

100bp->

Fig. 1. PCR analysis of 21 Schisandraceae (S. chinensis, S. repanda, K. japonica) plants using 4 InDel markers. A; SCcpInDel-1, B;
SCcplnDel-2, C; SCcplnDel-3, D; SCcplnDel-4. M; 1 kb ladder plus size marker, lane 1; Sc-L1, lane 2; Sc-L2, lane 3; Sc-L3,
lane 4; Sc-N1, lane 5; Sc-N2, lane 6; Sc-N3, lane 7; Sc-E1, lane 8; Sc-E2, lane 9; Sc-E3, lane 10; Sc-N1, lane 11; Sc-N2, lane
12; Sc-N3, lane 13; Sr-F1, lane 14; Sr-F2, lane 15; Sr-F3, lane 16; Sc-MT1, lane 17; Sc-M2, lane 18; Sc-M3, lane 19; Kj-1, lane
20; Kj-2, and lane 21; Kj-3.
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