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I. A&

%d %(Sarcandra glabra (Thunb.) Nakai)x 2o}8]Zrt)3}(Chloranthaceae)
S A xE(Sarcandra)ol st FF5EPaE A Eoltt. 842 W E(C. P
Thunberg)ell ol A& A=< =<1 Bladhia glabra Thunb.2 17944
A 715E A5, 19123 v} =(T. Makino)7} Eopu| 2oz} Zopu| & 2
&9l Chloranthus glaber (Thunb.) Makino® A7 7|AsI3 k. ©]% 19304
L7Fol(T. Nakai)7} Eobv] itz =
(Thunb.) Nakaizh= 3t S AlAI8HA
Aot BdE7E B9 gl siE#OR FAHY e 54 S =(Takahashi,
1988) APG IV & A7l A H4 4

=H4%(S glabrats <, = 95, H

dx<0 72 BF3HAM Sarcandra glabra

ofdd] Aol d] #xdh= A Eo|th(Xia and Jérémie, 1999). A=A &4
o2 3t 89 ol AR ¥ Eul(Lee and Im, 2002), ©] F ofddl A

Ao A= slo] A= Aoz delx] AtHSong et al., 2012).
= 2 Aul 7} AL Eotel &o] o] I THAIT =
of -glytgtell = B H 24 AEZ A JdoHKil et al., 2012),

=
AAE AUz Qoo A Fgol wel gA§ 4B el ogHn

Hi

OLE_

(A}

AR, AADS AR, A5 AR maAHol= As dFdl

St} (Chinese Pharmacopoeia Commission, 2010; He et al., 2009; Zhou et



al., 2013). oA FHZ= A7t ofgvw A==2A W THAVE Fi, b
ETOR oFE TFAVE ol & TheAdol & A=Alelth. Ey sl A
= AR MAA el FEE

AF7E dofrt ARA7E st RA w7F AAS] FoiEA ol EeE -
HE7) oRAE IH ¥ =7 AES 97

(Endangered; EN)Fo2 A A¥o] HFEHi  ti(Ministry of the

Environment of Korea, 2012). o= 4 x99 WA 7F 718 wg =

¥

ot
1>
e
fru
fo,
o,
1>
©
olX
N
n
)
>
ot

wxo] A Y A9 4% wAds gustel =4l Atk AwH o,

o g=o] F8de] 9A Ity o] ghtk(Hoffman and Blows, 1994; Lesica and
Allendorf, 1995). Z12ju} <+ L] A FAeke] Bz ddste] 1 284
o] AatA oz BzE 3 9t (Cassel-Lundhagen et al.,, 2009; Zigouris et al.,
2012). AA e BA 7HA= #3xe T4 JdH fHAoRE 7] HAS
ul 712 & 7 A ®th(Lesica and Allendorf, 1995). AA el {44 =5
Be I AGER Qe A 4 Wolrl 49 Ayt & 5 len, o

=<
Al sk, 4% SRS e

4

2 FHH ARES T XSS VS

I AE=E H(Zigouris et al., 2012). 21} b= A APE = HFH7]F
SArrd el A T A S e g glol, WA ¢ Fel AT E
TY71F9 BYo] o]Fojxa glon, o]uldt HALe o3y A& AFof of
FFE $

712 4 Qo e s AbElY] A$- EE97]E<] Catalina mahogany
=5

o g E glo] B 4

(Cercocarpus traskiae Eastw.)2] B A 9|8 %
¥} Catalina mahogany®t Mountain mahogany (C. betuloides Nutt.)2
hybrids7} ¥8= %1 2™, hybrids® 9 54 ZAAE s A wso] 45 w
gt = B g AFS A7 4 Urk(Rieseberg and Swensen, 1996;
Ellestrand et al., 1999). o]&gt Alele= Fo @A HAS HallA 74
S0 g AE7F RteA] Z93HS s Holer webA Fo HHS 8
1= T 74 548 oldlstr F34 S Frlste sleo] 530w

A= ofof gt

>

[

S



AE T 44 54L& A7 98 allozyme, ISSR, RAPD, SNP,
microsatellite 53 72 DNA v}A7} 7RgE o] AR&E 1 9lt}. Microsatellite
= 1~6719 & HbE wjd = 71X SSR (Simple Sequence Repeat) &

7IMEZA, microsatellite F-91¢ vHEF7F ek, S R JRA A= TRk
ztolg Hol w9 &3 A A¥ErpAo|th microsatellite™ -9 1A
E genom HHbel] FHEA EAstH, FAR AAd AAH(F 90%) non-coding
Aol Yepbr] wiEed ko gdds A A3H AdA ol Holu 4
A x24T FAY 1 v vl 7bsstth(Selkoe and Toonen,
2006). FHZole= AAd @714 E 4 (Next Generation Sequencing, NGS)&
o]-§-gt microsatellite »F#A 7i#o] @ds] P Qvh. NGS+= Ao of

»

S A7IME BEE 5T F U sequencing 7IEE, NGSE o|&
microsatellite P}# 7@ ¥]& @idoln djgfe] d7AE HARE T3 U
o] microsatellite #91& A48 4 A (Yun et al, 2011). =#E¥E ofe}
el e HEAVIFY A o) W3t @ P 74, 44 08 3
7t Al NGSE o] €3+ microsatellite vFA 7} o] &

al., 2010; Lee et al., 2017).

FAzx] F44 g vigk A= oA JdgE vk ok S5 U F
Ax WA 78 5438 A wEt Jue] BAS ¢ 1070 ISSR vHA =S
AFESle] T Fdke] A TS BAEE oM (NI et al., 2008), 4% 9]
microsatellite "}# 427015 71W8Fe] Jiangxi A19<] 3370Ao 483 A3} 10
Mol mrAdA g do] glE vl JATHXu et al., 2015). T} S-grfetol A
NS (Kil et al., 2012; Lee et al.,
2018), A EAolut % vFAd Bkl gk A7 ob2 Fad vp ik

A=A Fd4E= 120~180 Kb HE9] circular DNAZ, LSC (large single

o
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Ho
=
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r
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2

copy)®} SSC (small single copy), o 29 SwpakdtEnjdl IR (inverted
repeat) FHoE FAHEAT. JFA FAA M= ATPaseAl, FsA(CL, ), A
AAGA, 2l A RNA $3a4 59 F4x7F 2359 vk 4FA
A fFAREE WA glo] & HEE o] d¥tH o F3F Wolrt A9

glth ol & o2 A=Al 971 A AEEAL ATE T8 T
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FAAL el EAS Fotst 4 9 F7He] EAS vlusle] fFAdA L AES
2 AAE wE = Ay 2 %7 &3 Sopu 2 g5 (Chloranthales)S 7] 4]

AN O AAH AN dpgol tha BEEste] A%y 9

B

27} A4 =olwo] ¢th(Hansen et al., 2007). FAX9 A=A FAA B3t
A7} Zopu] 2l 5 (Chloranthales)®] Al'§E4 X 714 £A A9 AAA

& ol H 7x ARE 48" Uk

ofo we} E AFolxE FHAx AAA A HAFALE S8 AT &
xake MASTE Fetsta AT JRE E5staz) ghrh 3 microsatellite
mAE st 42 JEY 14 vdd "UrE s, 1 2A3E Ed

2 ASbsE A D BY P ANGuA Ak o vopt Haxe 9%
%
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2. =- %9 microsatellite #}A 7l

Az HAde] A4 dFEs vlwsty] g 2AY 271 E FAINGS)
F8 Ao FAA 271449 "oleE 71ZZ 3ol microsatellite PHAE N
39tk DNA 33, NGS dlo]g 41 microsatellite F2%¢] A¥, primer A
Zb, microsatellite 84 A4 #HE& AA microsatellite vFAE 7dsk3l

(4 2).

DNA extraction and Quality measurement
Genome sequencing by NGS (Illumina Miseq)
Selection of SSR reads (SSR_pipeline)
Reference mapping of SSR reads
Selection of fragment with unique patterns
Primer design (Primer3)

SSR validation using PCR

Polymorphic using genotyping

713 2. microsatellite #}# 7|¥ T E=



7k DNA F= 3 #34 97144 &4

A %9 NGS library &5 2 7J2¥ microsatellite?] 84 A4 34
x°] ol AlFoA DNAE F=3e3lh. Ay A

AT A 22370219 Algel dE " 3070A] o A

gol4 DNAEZ FZ3t9tt. Bead Blaster™ 24 Microtube Homogenizer
(Benchmark Scientific, USA)& 7} 7§A1¢] <l o4 & v}, MG™ Plant SV
(MGmed, Seoul, Korea)E A}Fg3}o] &9 protocololl W} z} 7RA|o 4] genomic
DNAE FE319th. 553 DNA9l X% Micro-Spectrophotometer
Nano-300 (Allsheng, Hangzhou, China)& Al&3le] AwFslglon, o]F F&
%l genomic DNA®] 557} 15~20ng/wl H == 3% /T2 A5Gl

SH %29 NGS 246 A& DNAE A& 73 AFelA Add MAe <
AlBoA FE3F¥T. FEH genomic DNAY FEE In= E3F
(Micro-Spectrophotometer)& ©]-83t* =432, 13.54ng/ul,, A260/280
= 1.57, A260/230 = 0.88%2 =I5 dth. =% DNAE= NGS WHE 483

24 )2l Illuminarte] MiSeq platform (LAS, Seoul, Korea)S A}g3}¢]

D
=
ofo

ol
o
N
do
%
AN
()

Y
N
f
i
i)
2
%2
i)

OE

=7

]

sequencing®] T H Y, 1 AP} paired-endd 12,611,114 (2 X 300 bp)7H
9] read”’} AF=FH AT



L}, microsatellite 3 #F¢] 443H

SSR_pipeline v.0951 (Miller et al., 2013)& ©]&3le] NGSE &3l &%
reads SolA microsatellite 915 7HA+& readg dEsIQich A =0
di-, tri-, tetra—9] WHE7|A Aol FHA 10, 6, 4™ o] WHEE™, H4 100
bpET O & ¢ 4 B FAE zZte dVIdR ARSI o] Ad A
AFZEE WHEA7 S 7FA = 43,08070 9] readE AATHEE D).

dolxl GrIdde ¢ 100/ @9= 23 ¥ F, Geneious R11.0.5
(Kearse et al., 2012)¢] reference-guide mapping= ©]-83}o] total NGS U]

o]E1¢} assembly¥ At} reference-map¥d Ao A wHE Qo] Zo] Ho|=

HolH, primer’} &2 5919 microsatellite 9o X]&o] §lar, <1 H-9
of F714l T wEHEelE tE Aol §lv readE HFTHOoRE AHIr].

¥ 1. SSR_pipelines &3 grd 54dx9 library

Repeat motif Minimum number of Length of flanking
Reads
length repeat units sequences
2-mer 10 repeat 100 14,771
3-mer 6 repeat 100 16,175
4-mer 4 repeat 100 12,134
Total 43,080




t}. primer A%}

HZF A8 E readE WIS 2 Primer3 version 0.4.0 software (Rozen and
Skaletsky, 2000)& ©]-&3}9 primerg A&ttt @341 primer A 2HS 9
8] primer sizet 18~22 bp, Tm (Melting Temperature)= 53~60°C, GC &
e 35~65%% AL AA3ACY. fragment sizer 100~200 bp7t HEE
microsatellite®] & HAZA < B9 primerE A A8t (23 3). Z} primer?
o]} &3 95 Multi-plex PCRS AAIsH7] 9138 #|12% forward primer?] 5'
X 3FFE M13 tag sequence (5'-CACGACGTTGTAAAACGAC-3!,
5'-TGTGGAATTGTGAGCGG-3", 5'-CTATAGGGCACGCGTGGT-3)s &9

W@ in E 2 [ 410 20 41 4y 45 452
nnnnnnnnn

{2V M04048:132:000000,
UD == 1104048:132:0000...

b = 104048:132:0000,
eV = M04048:132:0000.

13 3. primer AZHE) SaGO07_GA 11 WHE)

_‘|0_



2 84 #24 %2 microsatellite 7FAH 44

A A microsatellite #FA 9] &S doli 7] e A Jke] 307l
3] PCR $%& 2353t} PCRS QIAGEN Multiplex PCR kit (Qiagen,
Seoul, Korea)?] Multiplex PCR Master MixE A}-g3te] %8st a1, Veriti
96-well Thermal Cycler (Applied Biosystems, Foster City, CA, USA)°|A
TP AT PCR ¥H-&&9 HF 9= b= AZslon, 15~20ng/ule]
=% gDNA 10, Multiplex PCR Master Mix 2.5, forward primer 0.05zx0,
reverse primer 0.1040, M13 Fluorescent dye primer (6-FAM, VIC, NED)
7} 0.05u% & 0.15p7F X ATE PCR 231 19ARE 95TeA 1583t
7] WAsta, 2942 95TColA 30%%t denaturation, 56C= 1#30%3+
annealing, 72Cell4 1%3t extension &Fth 2¥HAIE= 35 cycle WHEE ¢l o™
% 3PEAlR 72T 1083 FA ST

PCR &S 53 2% microsatellite 77+2] dolE 54317] ¢ PCR
Ao GeneScan™-500LIZ™ Size Standard (Applied Biosystems)® 7]%& A
A3har, ABI 3730XL sequencer (Applied Biosystems)ol 4] fragment sizeS 4
33lth. Peak Scanner Software v1.0 (Applied Biosystems)E ©]&3}o] 7%
A 2L (loch™E peakEs AW F w2 A7 st 2z viAE 9
Agel ol WstE AT 2AME AdE EYE A7 doldd b4
= Hol& uAE A3

_’I’I_



3. 4% Fee 14 gad 7t

7}, A ¥ microsatellite #FAH A&
SHx AF Ade] FH4 =

4% microsatellite v}AAA HH-E G&o] £ 0}

F 223/ A AR T 13270A], ABA ]

2870l il PCR 5%& Fd31qlth. PCR WHgE7 PCR =712 7|9 W

H sdstA A stel PCRE sl om, ABI 3730XL sequencer (Applied

Biosystems)E ©]&3te] PCR W& T3] <S3%¥  microsatellite 319

fragment sizeZ #4133t}

U Fdz guel G448 gy B4

+l

off

Peak Scanner Software v1.0 (Applied Biosystems)ES ©]-&
microsatellite ¢ (oc)®¥ peaksS A¥sla /AR 7= A
WM @71Mde) Aol Welg zASGT 1 ARE 71ZE GenAlEx 6

(Peakall and Smouse, 2006)E o]-83sle] HFAR F(Ny), &2 oA

o

e

s
SN

o

(Observed heterozygosity, /), 71t ©]|&8 3 E(Expected heterozygosity,
Hy), SR A5 (Fs) & AFEsA £ AMOVA 415 &8 7§14 -3t
4 GFdes F48kd L, Structure 2.3.4 (Pritchard et al., 2000)& AR
ato] JHAILE A FEE gefsidion, A4 f44 AFY FKE 2R

3t7] 9@l Structure harvester (Earl, 2012)& o] &3} t}.

_12_



4. Az 93A FAA B

ZAZo JEA FAAY Fxo F7IAES BHs7] 98 Geneious
R11.0.5 (Kearse et al., 2012)5 o]&sto] Az & FQl ol &
(Chloranthus)®] C. spicatus (Genbank accession EF380352)¢} C. japonicus
(Genbank accession KP256024)¢] A=A A€ reference® st 52 %9
NGS dHl°o|HE mappingAl Rt 4% AA Aw ALY reads T HFA
F2A4 #¥ readE°] referenced] mapping HNo™, A5 #HA readE F
=39 de novo assemblyE Z133}3l ). assembly A3 A E contigs I2
3le] alignmentES A6 a1, ©] alignmentES reference® 3] NGS H| o] E
£ 1003] mapping BHF & S x9] A FAA AES AT

DOGMA (Wyman et al.,, 2000)& AF&ste] $H3E F5A4 FdA ALl
FAA JAL o =3 T ZAFe C spicatus®t C. japonicus® QFEAS] T
Z9} vjusle] annotation 3F3TE tRNAS] 749 tRNAscan-SE (Schattner et
al., 2005)& o]&3st] Felsiltt. ¢Add FAxo gFA FAA AL
OGDRAW (Lohse et al., 2007)& °]&3to] dA| GE5A A A&7} ¢4+
Rom Genbankel 553} tHaccession number: MH071744).

FHxe] ATt fAE Z2As7] flel dA Genbankel] Hil¥l

T 12%9] complete chloroplast genom¥} B W& ATHE 2). =dZE £

2
i
B

o
e

Fo] J=A FAANA FEORE A= 74709 protein coding genes<
AW¥&tal ClustalW (Thompson et al., 1994)2 o]&3lo] alignmentdt 3
RAXML v8.2.11 (Stamatakis, 2014)5 ©]&3}o] 1000 bootstrap replicates®
Maximum likelihood (ML) #418FTHGE 3).
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GenBank accession numbers

) Sequence Genbank
Order Species )
length accession No.

Amborellales Amborella trichopoda 162,686 NC_005086
Ceratophyllales Ceratophyllum demersum 156,252 EF614270

Chloranthus spicatus 157,772 EF380352
Chloranthales

C. japonicus 158,640 KP256024

Drimys granadensis 160,604 DQRR7676

Litsea glutinosa 152,618 KU382356
Magnoliids

Magnolia laevifolia 160,120 MF583748

Piper kadsura 161,486 NC_027941

Acorus americanus 153,819 EU273602
Monocots

Elodea canadensis 156,700 JQ310743

Berberis bealer 164,792 KF176554
Eudicots

Lactuca sativa 152,765 AP007232
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kel
w
AN
BN

o AE &

of o]8&% 74709 protein coding genes

Gene type Gene products No.
ATP synthase atpA, atpB, atpE, atpF, atpH, atpl 6
ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG,
NADH dehydrogenease 11
ndhH, ndhl, ndh), ndhK
Cytochrome b/f
petA, peB, pelD, petG, pell, pefN 6
complex
Photosystem I psal, psaB, psaC, psal, psal 5
psbA, psbB, psbC, psbD, psbE, psbF, psbH,
Photosystem I 14
psbl, psb], psbK, psbL, psbM, psbN, psbT
Large subunit pl2, rplld, rpill6, rpl20, rpl23, rpl32, rpl33, 8
ribosomal proteins rpl36
Small subunit rps2, rps3, rps4, rps7?, rps8, rpsll, rpsl2, 19
ribosomal proteins rpsl4, rpslb, rpsl6, rpsl8, rpsl9
RNA polymerase rpoB, rpoC1, rpoC2 3
Conserved open
. yel2, yef3, yefh 3
reading frames
C-type cytochrome
. ccsA 1
synthesis gene
Chloroplast envelope
. cemA 1
membrane protein
Protease cIpP 1
Translational .
o nfA 1
initiation factor
Maturase matK 1
Large subunit
. rbcl. 1
of rubisco
Total 74
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ZAME A Aat A5 A EAY] A GOWD, JTWE)ol A
132704, AR W ELHTFUWO)A 6370A, AAA ¢ HEAHTUC)AA 28
MAZ F 223MA7F 2AEY oY, 4% 7L Al 91X HRE IS

)
-~
I
w
S
o
N
BX
|
__>d“
N
>
&
el
>
ox
kol
offt
1o
)
©
[
fu
El
1o
o2
N
El
>
9,
1o

Avh PRSI, FAGE, SR AR, WSF, SR, A4
J

WC Rwe Fdz 444 BAAgom Al

Number of
ID Locality, GPS Remarks
individuals

JWC AFEHAXE AAZEA AEF A=,
6344 A U BAQd
33°18'50.80"N 126°35'29.62"E

WD AFEHARAE AAZA AES 261,
33°18'38.06"N 126°35'42.41"E

8570 A ARy

IWQ AFEHAAE NFAXA] daEaF 1182-7,
33°18'19.54"N 126°35'56.90"E

4778 A ARy

JIC  AFSEAAE AFAEA FEs 1616,
33°17'42.3"N 126°35'41.9"E

2871 A A 9] Bk

Total Z= 22370A
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=A% 9] microsatellite v}# /2 23}

7}. primer A2} A3}

T AGelA ARG o AREFE FE3 DNAC sl NGS #4138
Ayt FHzxe] AA AMNA MLl dg paired-end® 12,611,114 (2 X 300
bp)7le  readE® AU, ©|F SSR_pipelineE F3 NGS ©lo]EfolA]
microsatellite & 7HA= F  43,08070(2-mere 14,77170, 3-meri
16,17571, 4-mer 12,13471)9] read’t AW o]} o] doizl

microsatellite ¥ E 7} readE 2% NGS dolE o] mappingdte] tha Al

e

S YEl = readvHe AW3 3 Primer3 version 0.40. softwareZ ©]-83}]
primerE A Z3k A3 F 549 primerZF A ZE ATt ZF primer & foward
primer®} reverse primer® TAE™, 342 microsatellite F$(oc)ES 7HA
t}. 54%°] primer T 38%9 primert 2-mer® microsatellite %5 X3}
+ readol Al A=A, 16%49] primert 3-mer?] microsatellite $-91& ¥%

&t readol A A== AT

. 584 274 A3 2 AAHE microsatellite vFA
AZHE F 5470 microsatellite PFA9] T84S HAT] s 48 He
3074l - e PCR S35 3o, PCR Wass T8 <
microsatellite T3+ fragment sizeE 213} microsatellite ¢ (loc)®E =
= o5 2 gygaAz 271E A48t 1 23 F 54719 microsatellite
w7 5 51709 mATE SEHEIAAL, o] T 3370 mACNA dHERrAA ] BEA
= BRtHaH 6). ddAdS Bl 33709 mtAE 4 v Hobel &3
A AHEE 4 Q& microsatellite WHAZ AASFT. sEE 33709
1 i d3rdzte] a5 2~14702 Sl= o, Hat 3.270
o HFAAE 7HA L e Aoz FAHATE 33702 microsatellite #FA <l

-

microsatellite BF# ol 4

gt forward % reverse primer sequences, repeat motif, GenBank

accession number &5 3% 59 7|F3s%

_19_



01Dies

(o} 13-D%a
2 il 240 %
4000
7000
o 6000)

5000

_20_



x5 F

Az A NtE 337019 microsatellite 7}

Locus Primer sequence (5-3) Repeat Size Fluorescent Genbank
motif A range label accession
(bp) No.

SaG001 F: CTGATATCTATCATCTGAGAGC (AG)n 3 112-116 6-FAM MHO010404
R: CGTCTAATTTAAAGGAAGCCA

SaG002 F: AGGATGAGCAATAACTGGTG (GA)n 3  154-158 6-FAM MHO010405
R: TCTAGAGTCCACACGGCA

SaG003 F: ACAAAAGGGGAATGTTTTGG (CT)z 14 220-264 6-FAM MHO010406
R: GATTTCATTTCCATGATTTGCA

SaG004 F: TAGCGACTTTTGTTAGCACT (TC)1s 2 108-110 VIC MHO010407
R: CAGGTATGCATGGATTTCTG

SaG005 F: ACACAAGTGTTTTCTTCTAAAC (TGA)s 2 154-160 VIC MHO010408
R: TCCTTAGTCCAAAAATGGGT

SaG006 F: CAGGGCCCTTGTCTGTTT (TGA)s 2 209-212 VIC MH010409
R: GAGAGGCTGATACGTACGTA

SaG007 F: AGCCCAAATTTAACATGCTAC (GA)n 2 122-124 NED MHO010410
R: ACTTCAACATCCCCCTCTAT

SaG008 F: TGGTCCTTCCTTCTACATTC (TTA)s 2 162-165 NED MHO010411
R: AACTCTACATAGACCTCGGA

SaG010 F: ATGGACCGCCTCTCTATC (CT)o0 4 119-127 6-FAM MH010412
R: AAAAACCCGAGAGCAAAATC

SaG011 F: GAGGAACTAGGCCCAATTAA (GA)14 2 154-164 6-FAM MHO010413
R: TACAACCACATGGACACTTT

SaG013 F: TGATAAAGAGCGACTAGTGT (GA)14 2 120-122 VIC MHO010414
R: GGCTGCAGAAAAGAATCCTA

SaG014 F: CTGGTCCTTAGTACTAGGCT (AG)13 3 157-165 VIC MHO010415
R: AATTGAGACCCCTACAGAGT

SaG017 F: ACCATGTTGGATTGGATCTA (CA)s 4 164-170 NED MHO010416
R: CCTTGTAAATCGTTCTCCAT

SaG018 F: CCCATTTAGACCCAACCTA (TGA)y 3 207-219 NED MH010417
R: TGAACCGATTTTAAAATCTTGA

SaG020 F: TGTTTAACATAGTCAAAGGCC (CT)1g 2 169-173 6-FAM MHO010418
R: ACACAAAGAGAAAGGGACAA
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3% 5. Continued.

Locus Primer sequence (5-3') Repeat Size Fluorescent Genbank
motif range label Accession
(bp) No.

SaG024 F: CCTTTGGTTTGTTGAATGAT (TC)e 228-234 VIC MHO010419
R: GCTCAACCCTAAGATGTGAG

SaG026 F: GAGGATCTAGCCCATTTAGAC (GA9 143-149 NED MHO010420
R: TTCTCAAACATTAATCATGCAA

SaG028 F: AACCAAAAGCTTGCAGAAAT (TGhs 131-141 6-FAM MHO010421
R: GGATTTCTCATTTCCGACTT

SaG029 F: ACCCAAGGTAGAATTGATGAG (TC)is 172-180 6-FAM MHO010422
R: CTCCCATTATATTTGGACGGA

SaG030 F: GGGCTGGGAAAGACAAAAA (CT)12 222-230 6-FAM MHO010423
R: TGTAATGGACCATGTTGTTCT

SaG032 F: CCCTAATGCACGGTCTATC (GA)1; 171-176 VIC MH010424
R: GCACCTTAACTTTAGAGGCA

SaG035 F: TGACTGCACTGTTATCAAGT (GA)17 177-183 NED MH010425
R: AGTTACATTGGAGATTCATAGA

SaG037 F: AATGCATTGGGATGAGTGAA (TChs 127-129 6-FAM MHO010426
R: TACATGAAAGTCTTGTGGCA

SaG039 F: AGAGTTAAATACGTAGGATTCA (AG)19 226-250 6-FAM MH010427
R: CTAAACGCGAATCTGCTCT

SaG040 F: TACTTGTGTTTGTAGCGTCT (AGA)g 124-127 VIC MH010428
R: TGTGATAGGGTTGAGAGAGA

SaG041 F: AGGATGATGGTCTAATCTCT (ATT), 183-186 VIC MHO010429
R: AAATAGGCGAAACACGGG

SaG043 F: CTCGGTTTTGCCCTAGATG (AG)16 125-137 NED MHO010430
R: CGGATTAGGAAAGGAGGACT

SaG046 F: GCTTTAGATAGCAGCAGTGA (GA)13 141-158 6-FAM MHO010431
R: TTCTCCAAACCCTAAGTCAT

SaG048 F: TGGCAACTTTGGTGACTC (AG)s 242-264 6-FAM MH010432
R: CGAAAGCGTAAGTCTCTC

SaG050 F: AATCATGAGGCTCCAGTTTT (TAA)14 180-189 VIC MH010433
R: CAAATTCTGCATCAGTCTGC
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3% 5. Continued.

Locus Primer sequence (5-3') Repeat Size Fluorescent Genbank
motif A range label Accession
(bp) No.
SaG051 F: TTTATTGAGCTTGACACCCT (GA)z; 2 238-240 VIC MH010434

R: GATAGAGAATGGGCTCAAGG

SaG052 F: GTTTTGCAAAGACCTTTCTT (TC)is 4 136-152 NED MHO010435
R: GTACTATTCACAAAACGGAAG

SaG054 F: ATCCGACCGTTGAAATTTGA (GAA); 2 264-273 NED MHO010436
R: CGCTTCTCCTCTTCTGTATT

A, number of alleles.
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3. Az Qe 494 T4 7t A%

FAx Ao 14 IS Frrer] 8 fEe vAR dFE 33719
microsatellite "FA 5 &&°] =& 25709 microsatellite P}AES AEH3 T A
T 47 F 22370 dsl PCR %S sy, 1 Ay
microsatellite #9](loc)d F7IAEel do] ®Wol7} =AUt I Het
AT Hete] 25709 4% microsatellite "FAES 283 4
7ol Aol WolE EviE Hdx [ §34 thdol &4 H A

ZH4x FJo Ag9 25709 microsatellite PFAE HHFAA (N, 3
1l olFHFEH)7F 3 6 AAESATE mpAE dgFA
A e 2~1470% B 4927001, A HH(OKDS 2~1370, =W AP
WO JW@)& 1~371, AAA ff FLHGFUWCO)2 1~570, A=A & &
SUOS 1~270& YEEh mAE Z)d o] FHFEH)S 0.000~0.8902. %,
A& JHOKD2 0.064~0.890, =l A JWD2 0.000~0.538, JTWR-
0.000~0.590, A=A W HLFAFIWC)L 0.000~0.635, A ¢ ZHQHct
(JO)& 0.000~0.050% YeRtth vk F SaG005, SaG008, SaGO13, SaG0438,
SaG051, SaG052¢] Z%- < Hdx A5 HubolA 247} a4 dig-Fa 4

)
£

)

N\
o,
ofk
)
e
i
cE
N

oJ@

&

SFE(H), 71d o8- E(Hy) S 7 79 AAHYY. AadEz o g5 2o
HaeE 1.887001, dX HH(OKDo] 3.2470= 74 =4 yebska, Al =

o
Sl -
N
kv
o
L
K
N
N
_|>i

(Hp)© B+ 0.1762.2 A& JFHOKDe] 0.397= 7}
AAE JWDeo] 0.054% 7Hg 9 depn fad 144 gdde v 2
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6. NE =4 %9 microsatellite PFA ¢ E4

Locus All N30 o ) ek N
NA NA HE H() NA HE HO NA HE H() N4
SaG001 7 3 0.572 0.033 2 0.023  0.000 2 0.156  0.000 3 0.
$aG002 3 5 0180 0.000 1 0000 0.000 1 0000 0.000 2 o
SaG003 14 13 0.890 0.100 1 0.000  0.000 1 0.000  0.000 2 0.
SaG004 5 2 0.206 0.033 2 0.171  0.000 2 0.359  0.000 4 0.
SaG005 3 2 0.499 0.033 1 0.000  0.000 1 0.000  0.000 1 0.
SaG006 2 2 0.124 0.000 1 0.000  0.000 1 0.000  0.000 1 0.
SaG007 3 2 0.231 0.000 1 0.000  0.000 1 0.000  0.000 3 0.
$aGO08 3 5 0464 0.000 1 0000 0.000 1 0000 0.000 1o
SaG010 10 4 0.576 0.100 1 0.000  0.000 3 0.042 0.043 5 0.
SaGO11 2 2 0.124 0.000 1 0.000  0.000 1 0.000  0.000 1 0.
SaG013 5 2 0.339 0.033 1 0.000  0.000 1 0.000  0.000 3 0.
SaGO14 6 3 0515 0.967 2 0500 1.000 2 0500 1.000 4o,
$aGO17 5 4 0214 0033 1 0000 0.000 2 0042 0.000 30,
SaGO018 4 3 0.625 1.000 3 0.538 1.000 3 0.590  1.000 3 0.
SaG024 7 4 0.296  0.000 1 0.000  0.000 1 0.000  0.000 4 0.
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3 6. Continued.

Locus Al N =30y o L) o L4 )

Na Na Hp Hp Na Hg Hp Na Hg Hp Na y
SaG029 6 4 0.548 0.033 1 0.000  0.000 1 0.000  0.000 2 0..
SaG035 3 3 0.371 0.000 2 0.023  0.000 1 0.000  0.000 2 0..
SaG037 3 2 0.433 0.433 2 0.090 0.094 2 0.467 0.745 2 0.
SaG040 2 2 0.064 0.000 1 0.000  0.000 1 0.000  0.000 1 0.
SaG041 2 2 0.064 0.067 1 0.000  0.000 1 0.000  0.000 1 0.
SaG043 5 4 0.642 0.033 1 0.000  0.000 1 0.000  0.000 2 0..
SaG048 9 6 0.738 0.033 1 0.000  0.000 1 0.000  0.000 3 0.
SaG051 5 2 0.391 0.000 1 0.000  0.000 1 0.000  0.000 3 0..
SaG052 7 4 0.346  0.033 1 0.000  0.000 1 0.000  0.000 3 0.
SaG054 2 2 0.480 0.067 1 0.000  0.000 1 0.000  0.000 1 0.
Total 4.92 3.24 0.397 0.121 1.28 0.054 0.084 1.36 0.086 0.111 2.4 0.:

“Population symbols are the same as those used in parentheses for Table 4. N, number of individuals f

allele number: Hg, expected heterozygosity: Hp, observed heterozygosity.
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POp N NA NE / Ho (SE) HE (SE) ES

JWO 85 1.280 1.101  0.086 0.084 (0.055) 0.054 (0.029) 0.182
JW@ 47 1.360 1.166 0.135 0.111 (0.061) 0.086 (0.036)  0.099
JWC 63 2.400 1.539 0.490 0.057 (0.040) 0.283 (0.044) 0.786
JC 28 1.120 1.120 0.083 0.120 (0.066) 0.060 (0.033) -1.000

OKI 30 3.240 2.082 0.713 0.121 (0.055) 0.397 (0.043) 0.731

Total - 1.880  1.401  0.301 0.099 (0.025) 0.176 (0.021)  0.529

N, number of individuals from each population; N, observed allele number; M:;, number of
effective alleles; /, Shannon's Information Index; /o, observed heterozygosity; g,

expected heterozygosity; SE, standard error; Fs, Wright's inbreeding coefficient.

Az A I 44 725 1] s AMOVA 43S AAg 23,

_1
AN

AzollA 14 Wol= At 2+ 66%, MA 2+ 15%, WA W 19%A 7120 g
Ao 7 BALUHIE 8). Structure harvester ¥4 23} Kk 1~10(E4%8
o] o] WMo dE AKZte] A = 39w 7P =4 e A e 5d

o
Zel 27t 7P Age mEds et K= 322 OFS UES 9 o
HHOKD, AlF AAHDFOWD, JWQ) H A= 9 FAHTU0), AF
AA g HLAZGFIWO ] Al A9 F44 S84z EdHE 31S B F o
o, K= 2~54 o I F2= o537 Z2o(d 7).

e

3 8. HHx Jte] AMOVA &4 23

Est.

Source df SS MS Var. %
Among Populations 4 1540.945 385.236 3.955 66%
Among Individuals 248 714.632 2.882 0.875 15%
Within Individuals 253 286.500 1.132 1.132 19%

Total 505 2542.077 5.962 100%
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(a) Deltak = mean(|L"(K)[) / sd(L(K)) (b) 20 LK} (mean +- 5D)
BN
) %—mnn
E D|E
El.o §1—4ﬂﬂﬂ
4 i
(c) o] APy AT AR W AW 9
(OKI) (JWQ®) (JW®@) SA0WC) =H(C)
K=2
K=3
K=4
K=5
K=6
a9 7. 4%z J39] Structure A4 A3 (a) AK %k (b) Bayesian 8% LnP
(K) 3t Ho7 5383 (o) K F2 289 Structure bar plot
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FAdx9 g4 FHA ¥4 2%

NCBIol| 55% 4dx9 -2 Zolu]2t¥ (Chloranthaceae)$! Zolv|Zid)
% (Chloranthus)®] C. spicatus (Genbank accession EF380352)9} C. japonica
(Genbank accession KP256024)9] 94=A A EE reference® AH&3te] 4
% AA A sequencing H°]E]E mappingdt 23 PE=A o BHHE 129,849
N read7t AEEAT AEE JFA B readES FE5HY] de novo
assembly® Z&35}al assembled contigE: A4 ZHx A=A Aw
sequences AT SAE HHx AFA 94 A9 Dol 158,881 bp
olm, GC &2 39.29= gJdrt. 1 5 LSC A9 88,169 bp, SSC A4
2 18,446 bp, IR A9 2+7} 26,133 bpoz FRJAHATHIE 9).

F 9. FAX JF5A 44 Fx AR
Structure Length GC AT Start End
(bp) (%) (%)
LSC (Large Single Copy) 88,169 37.8 62.2 1 88,169
IRA (Inverted Repeat A) 26,133 43.3 56.7 88,170 114,302
SSC (Small Single Copy) 18,446 34.6 65.4 114,303 132,748
IRB (Inverted Repeat B) 26,133 43.3 56.7 132,749 158,881
Total 158,881 39.2 60.8

ARE S48z JFAY VML S FAEA C spicatus®t C. japonica®l 93
=7 FAx Fx9F vlEe] annotations $E3I A HHX JEA Ao H
A= ZF 130702 1 5 il we f-d A (protein coding genes)= 8571 =
ol om, RNA AL Wk RNA (transfer RNA) 3770, #® <% RNA
(ribosomal RNA)&= 87l= ERIHJATHEE 10). AdE 4z F3A4 A=e
1% 83
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Ed

10 H8% A%A F304 Fo] FA4 B2

Gene types

Gene products No.

Ribosomal RNAs

rrn4 . 5(x2), rrnb(x2), rrnl6(x2), rrn23(x2) 8

trnA-UGC(x2)?, trnC-GCA, #trnD-GUC, #nE-UUC,
trnfF-GAA, trofM-CAU, trnG-GCC, trnG-UCC?,
trofI-GUG, #trnl-CAU(x2), tnl-GAU(x2)?,
trnK-UUU?, #nl-CAA(x2), trnlL-UAA?, trnL-UAG,

T fer RNA 37
rafster BRaAs traM-CAU, £N-GUU(x2), triP-UGG, trnQ-UUG,
trnR-ACG(x2), trnR-UCU, trnS-GCU, tnS-GGA,
trnS-UGA, triT-GGU, trnT-UGU, t#nV-GAC(x2),
trnV-UAC?, trnW-CCA, trnY-GUA
Photosystem I psal\, psaB, psaC, psal, psal 5
psbA, psbB, psbC, pshbD, psbE, psbF, psbH, pshl,
Photosystem 1I 15
pshb), psbK, psbL, psbM, psbN, psbT, psbZ
Cytochrome b/f
petA, peB?, petD?, petG, pefl, petN 6
complex
ATP synthase atpA, atpB, atpE, atpF?, atpH, atpl 6
Large subunit of
) rbcl. 1
rubisco
NADH ndhA?, ndhB*(x2), ndhC, ndhD, ndhE, ndhF, ndhG, 12
dehydrogenease ndhH, ndhl, ndhl), ndhK
Chloroplast
envelope membrane cemA 1
protein
Large subunit pl2(x2)?, rpll4, rp/16?, rpl20, rpl22, rpl23(x2), 11
ribosomal proteins rpl32, rpl33, rpl36
Small subunit rps2, rps3, rps4, rps?(x2), rps8, rpsll, 14
ribosomal proteins rpsl2(x2)?, rpsl4, rpslb, rpsl6?, rpsl8, rpsl9
RNA polymerase rpoA, rpoB, rpoC1?, rpoC2 4
Translational .
nfA 1

Initiation factor
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3 10. Continued.

Gene types Gene products No.
Subunit of
Acetyl-CoA accD 1
carboxylase

C-type cytochrome

) ccsA 1
synthesis gene
Maturase matK 1
Protease clpP 1
Conserved open
] yefl, yef2(x2), ycf3?, ycfh 5
reading frames
Total 130

xx2, duplicated genes; “genes with introns.
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Sarcandra glabra

chloroplast genome
158,881 bp

M photosystem |

[ photosystem II

[ cytochrome b/f complex
[ ATP synthase

[C] NADH dehydrogenase
[ RubisCO large subunit
B RNA polymerase

[ ribosomal proteins (SSU)
[ ribosomal proteins (LSU)
[ clpP, matK

[ other genes

[ hypothetical chloroplast reading frames (ycf)
Il transfer RNAs

M ribosomal RNAs

[ origin of replication

O 8 HERe JEA A4 A=
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Az, AA F3E 97149 dolE 62,273 bpelil pairwise % identityi
90.0%, GC &2 39.4%3Ath. S8 x9] 45 Zob| XN E(Chloranthus)?) C.
spicatus®t C. japonicus®t 7 Zopv]E & (Chloranthales)oll &sh=d Al
A4 A FE27F FARHA Uet Al st o2 Fopv] 3t (Chloranthales)
AE5A A F27F RS e Zlom ddd

Az 12%9 A5A FdA9 FEH 74719 protein coding genes<
alignmentdte] ML #2413 A3} A% Phylogenic treet= 19 99 4. 4
= Zoln|E & (Chioranthus)?l C. spicatus®t C. japonicus®t 7 THA =S
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7} A A Eo] 438 clade?] AviltS AT

X

i
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Acorus americanus (EU273602) Acorales
Monocots 100 I

Elodea canadensis (JQ310743) | Alismatales
97.1
Ceratophyllum demersum (EF614270) I Ceratophyllales
98.1
) Berberis bealei (KF176554) I Ranunculales
eudicots 100
Lactuca sativa (AP007232) I Asterales
Magnolia laevifolia (MF583748) | Magnoliales
100
- Litsea glutinosa (KU382356) | Laurales
Magnoliids 100
Piper kadsura (NC_027941) I Piperales
99.8
. Drimys granadensis (DQ887676) | canellales
Chloranthus spicatus (EF380352)
99.9
99.9 L Chioranthus japonicus (KP256024) Chloranthales
% Sarcandra glabra
“—— Amborella trichopoda (NC_005086) Outgroup | Amborellales
0.6
= ~ =z v . .
a9 9. 4% 2 SAF FEH 74709 protein coding genes® Al H

)
o
b
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Genetic Diversity and Chloroplast Genome
Analysis of an Endangered Species,
Sarcandra glabra in Korea

Eun-Kyeong Han
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(Directed by Professor Jung—-Hyun Lee)

(Abstract)

Sarcandra glabra (Thunb.) Nakai is an evergreen shrub belonging to
Chloranthaceae, and widely distributed in subtropical vegetation zone of
Asia. However, the plants are extremely rare on Jeju Island in Korea,
where is of great concern for the species’ long-term survival, as they
are at the northern limit of the species. Jeju populations are rapidly
declining, due to habitat destruction such as urbanization and
over—collection of desirable plants. Thus, it is urgently needed to develop
an effective conservation strategy for stable growth of the populations.
The study goals were to: (1) investigate the total number of individuals
on Jeju populations, in order to prepare an indicator for population
decline and growth, (2) suggest an effective conservation strategy at the
genetic level through comparison analysis of Jeju and Japanese
populations, (3) examine phylogenetic position of S. glabra within

angiosperm.
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As a result of the survey, a total of 132 individuals were found in
Sanghyo—-dong, Seogwipo-—si, Jeju island, Korea. 63 and 28 individuals for
populations restored /n situ and ex situ were found, respectively.

Genetic analysis was conducted in four populations (2 natural
populations, 1 population restored in situ and 1 population restored ex
situ using the 25 microsatellite markers developed in this study. The
results indicated that genetic diversity of Jeju populations (/4 = 0.121, 7
= 0.198) are lower than that of the Japanese population (7 = 0.397, [ =
0.713). Within the Jeju populations, population restored in situ showed
relatively higher genetic diversity than natural populations (/& = 0.070, 7
= 0.110) and ex situ restoration population (/4 = 0.060, /7 = 0.083).
Meanwhile, structure analysis revealed a spatial genetic structure that
was clearly partitioned by 3 clusters, i.e., the Japanese population, in situ
restoration population, and the others.

The complete chloroplast genome sequence for S. glabra is 158,881 bp
long, with 39.2% GC content. [t includes a large single copy (LSC) region
of 88,169 bp that is separated from the 18,446 bp small single copy
(SSC) region by two inverted repeat regions (26,133 bp each). This
genome contains 130 genes, including 85 protein coding genes, 37 tRNA,
and eight tRNA. To determine the phylogenetic position of S. glabra, we
compared the similarity of 74 Protein coding genes common in a total of
13 different chloroplast genes, including S. glabra. Maximum likelihood
analysis showed that S glabra formed a monophyletic group with
Chloranthus, and those was sister of Magnoliids. This supported that S
glabra was an early branching line in the evolution of angiosperm.

This study provided a criteria as an indicator for population decline
and growth, and an effective conservation strategy at the genetic level.
Given the spatial genetic structure, forming a strong cluster of Jeju

populations is the result of its evolution to adapt the unique environment
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of Jeju Island. However, it is significant that the population restored in
situ 1s showing different genetic structure. The genetic uniqueness are
clearly critical because they represent the northern edge of the
distribution range, possibly providing potential for further expansion of
the species. Therefore, the first effective conservation strategy that
should take place in order to ensure stable growth of S. glabra on Jeju
Island i1s to achieve a genetic homogeneity of the in situ restoration

population to make it similar structure with natural populations.
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