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Abstract - Restoration ecology is the practical study of renewing and restoring a spoilt, degraded,
or devastated ecosystems in the environment. Because the Korean industry has been drastically
developed for the past few decades, the Korean ecosystem requires restoration using regional
seed. In this study, we identified the variation of phylogenic relationship of Miscanthus sinensis
or Phragmites australis by locations in Korea. Chloroplast DNA atpF-H and psbA-trnH interspace
region were used as a molecular marker to resolve the phylogenic relationship in 10 different
locations. We performed the molecular phylogenetic analysis with 10 chloroplast DNAs from each
location using Kimura 2-parameter. The analysis of Miscanthus showed that all azpF-H genes were
exact matches except for Ose san. In contrast to Mischanthus, the atpF-H genes from Phragmites
were observed to have more variation. A total of 7 locations revealed the variation in chloroplast
gene. According to the phylogenic tree in Phragmites, 2 of 10 samples in 6 locations and 3 of 10 in 1
location showed variation with 0.160 —0.181 genetic distance. According to the genetic distance of
the Miscanthus sinensis, there were no mutations in all regions except the Hongsung. These results
support regional differences and show the necessity for seed collection by region. In the case of
Phragmites australis, genetic variation occurred in all regions.

Keywords : Miscanthus sinensis, Phragmites australis, ecological restoration, genetic difference,
molecular marker
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31 Tk (Vitousek et al. 1997; Raven 2002). TS A A1 A] T}
7o} EXJo] 73, 7|3 Hst 9 o F o] MFow P
I QUTHMEA 2005). o]2jgt F&d AHAE TR &
AL 7= Ao 29 EduH o) digh Balo] wobxle
o] & FHsy] Y3 Fa% Hx= JETHFALY AL
A A A 8] 2 2] ZZo]th(Hobbs and Norton 1996; Dobson
et al. 1997; Bakker et al. 2012; Kiehl et al. 2014).

AE AAZE AY A dAsforstn daAoz A
ARl A 226 Aeetn AAATE S FLT
E2S 7} 1tk Joshi et al. 2001; Leimu and Fischer
2008). AAA] e EolA Aol 4= AEAR
9 PAA = FAa3 BEAojth. BYo] g BFEHIE 9
A5k, 2 AT B AHE AEY 44 Ao
A& 7HAok st AZ AY SHAA &UTh(Lesica and
Allendorf 1999; Jones 2003). A1& AAZ2] 2|7 232
oju] FAFPH FHAF HFo|A FEIPTH(McKay er
al. 2005; Becker et al. 2006; Reisch 2007). A9 & A2 ]
gHog dojzl g9 Aol FHH, 47 zfo] #
ofyzt Aejstaor o g =4ste] FolA =HW
A W AAES A&, A3, 358 o] oS 9y
s, £ AAAY MAIEE tE AAAR 24 A
A A<t BEet BAE EITh(Schmitt and Gamble 1990;
Montalvo and Ellstrand 2000, 2001). W&tx] EA3F A2 4
of tigh 3 FEF2 AlHA L T AP E
43t} (Fenster and Dudash 1994; Schoen and Brown 2001;
Hufford and Mazer 2003). W2tA] AZZ ¢l B2 43 9
dujans sty AEFY AAdRAfds 2ESH]
AT BAZAY B AF FAE AHESHofof k= Ao
4, v5& FHez 4 Pol59A 1 ¢lok(Hamilton
2001; Hufford and Mazer 2003). 4utstE 2|9 225 &8
@ BUS /1T, Qs L sle AR L AE A2 7]
ZFof uat Aoxo] ¢kth(Vander Mijnsbrugge et al. 2010;
Bower et al. 2014). 28} Ao = g2 AE == X}
AR $HA BHE Ao T £4 oF TS 1}
Bof| AHES= 23 gAY 9o (De Kort ef al. 2014),
22 AEY A T4 olF 7t A9y FES H2 I
W o] (trait variation) (Miller et al. 2011; St Clair et al. 2013)

£ A ®X] (Malaval et al. 2010; Jorgensen et al. 2014)
2 55 A=s T Yo

FYNA= AGFTAE 83 BEAdAYe] ETAY
82 33 5hA, A 9] o &-8Hut Ak (Park e al.
2012; Kim et al. 2015). 23U A9 SAXHL 7|22
g 229 AR AFAIE HFo] EE S A4 AY
AR, A A o] s e TAE AY A sl &

st= dAolt.

ol & d7= I A5A St B F8 A=l &
ok Wi dE a2 qMY A9E FAAE 242
S AGE HAFA Agol i B of
7 = 5Y8 FA4Y AY T4 BEe AT VI2AER
# Z-gskaizt gt

1.4 &R 8

Aol AR AN (Miscanthus sinensis)2t ZHl (Phragmites
australisy= A= 1078 Aol st 4 50km %l A
oA =AU A= FLEAFHCE dHA U710 W
§ AWS Z3 1070 AH (Fig. DolA SR =HeH, Z2d
= galiAZgol 971 ol szt 129 107 A (Fig.
2)ollA =RAE A A 2= ZF A-A 56AH A 10
M A E -5t DNA 58 w744 —20°ColA ¥&
B sqih

2. Genomic DNA &

SHE Mot 2 MBS A BE 192 AHH] o

Fig. 1. Miscanthus sininsis collection locations for genetic vari-
ation. 1; Mindung san (Jeongseon), 2; Myeongseong san
(Pocheon), 3; Seolmaejae (Yangpyeong), 4; Cheonkwan san
(Jangheung), 5; Jeju, 6; Yeongnam Alps (Ulsan), 7; Sinduli
(Taean), 8; Oseo san (Hongseong), 9; Saebyeol-oleum (Jeju),
10; Yonguni-oleum (Jeju).
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AR AADLE ol akel th ST, v Qe
Kim et al. (2017)¢] DNA 22 urdo] olate] 2a)atgict.
FZ% genomic DNAE 0.8% agarose gel 7] 952 53}

o] 2Z% DNAQ A4 4L AAstct.

3.95A DNA $ 842 7] 9 mZetoln Tzl

AN (M. sinensis) §=A 9] 444X = NCBI (National
Center for Biotechnology Information)] 5%} © o] €| o]
2o A= A= §AA X (Accession no. NC_028721,
Miscanthus sinensis chloroplast complet genome, 141,372
bp)E Z&5HATE 2 (P. australis)®] 75 dl ol B H|°]
2o SAE = A A E (Accession no. KI825856,
Phragmites australis chloroplast complet genome, 137,614
bp)2 ol g3kt

Aot Ao Ao 3+ Holg HASH] Y8t ampFH
AR marK AR}, 183 psbA-trnH interspace FE-S
target fragment2 ATt o] L2 A E9 ZIATA

Fig. 2. Phragmites austrails collection locations for genetic varia-
tion. 1; Seocheon, 2; Geoje, 3; Uljin, 4; Yeongdeok, 5; Gunsan,
6; Donghae, 7; Goseong, 8; Taean, 9; Suncheon, 10; Jeju.

Table 1. Primer list for PCR amplification in this study

AT o 2 AMEE Aol HE S AURS
FUFE EAAFAT SE8EeH & AA
A= X FHAZE &85 FEA DNA F3to|ch(Hong
etal.2014a, b). A o] 45 Zalo]] ]z}l Table 13}
2t

BT ii]

4.PCRZZ3 47| E £4

F=T 2ot 99 1070 A1 F 107]9] genomic DNA
+ Z} PCR 3 10ng2] genomic DNAE ©]-43}¢] PCRS 4
y3tAch AF-E PCR =2 132 [initial denaturation step:
95°C/10 min, 40 cycles (denature: 95°C/30 sec, annealing
temperature: 54°C~62°C/30 sec, extention: 72°C/1 min),
final elongation step: 72°C/5 min]Z ©|&3}%2H, PCR
errorg 2 43}517] 943519 proof reading 7]%5°] U= pfu
polymerase (iNtRON Biotechnology, Seongnam, Korea)E
o] g3lo] ZZ3HHTE 1% agarose gel A7) F 5 35}
PCR productE #2138t & Z} PCR product:= pLUG primell
TA cloning vector (iNtRON Biotechnology, Seongnam,
Korea)?} 4101& ¥ 4°Co| A T4 DNA lagaseS ©]-&3}o]
ligation A|F T}, Z}+ cloning vectors= JM 109 competent cell
S 0|83} 42°Col|A] heat-shock transformation< 3+ 5§ &
HAo] 100mg/L"'e F=2 Z3HE LB i oA colony
£ st

H7IAE A4S B3 A 1+ & Wol Aol HAS 9
3to] oAet Zdlo| A arpFH, PsbA-trnH interspace2)
fragment@t marK F-AXE Z 107] A A cloning &
DNA fragmentE Y422 107} colonyE A1¥s}4] plasmid
DNAE &% § @714 ES &4 shglch Al 209
Aol g &4 A E43 SNPE #A= Kimura 28
o7 M2 o] 8-3to] E45kSTh(Kimura e al. 1980).

M
o]

RTnE

1.PCR =3} €714 4 £4

A2t 2o AEA DNAS 2709 34 (marK, apFH),

Species Gene Forward (5'—3") Reverse (5'—3") Anneal. temp
Miscantis MK CGTACAGTACTTTTGTGTTTACGAG ~ ACCCAGTCCATCTGGAAATCTTGGTTC 62°C
oo atpFH ACTCGCACACACTCCCTTTCC GCTTTTATGGAAGCTTTAACAAT 58°C
stnensts psbA-trnH  CTAGACCTAGCTGCTCTTGAAG GGAGTAATCAGCTGTGACACG 54°C
Phraemiies MK AGCTTCTAGGTGATACTATTAC TCTTTATGGGATAGGATAGGTA 48°C
ausf; s atpFH TCAATACACCAACCACTACAG GGAATTTTGGGAACATTTCAAC 54°C
psbA-trnH  CTAGACCTAGCTGCTCTTGAAG GGAGTAATCAGCTGTGACACG 54°C
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M. sinensis (psbA-trnH)

M. sinensis (atpFH)

M. sinensis (matK)

P. australis (matK)

Togi i & - Dokl e b o
e R

-
 — e ———— — —

Fig. 3. PCR amplification for psbA-trnH, atpH, and marK in Miscanthus sininsis and Phragmites austrails.

1709} interspace region (psbA-trnH)|| g PCR $Z AT},
AN psbA-trnHE 459 bp, AA arpFH+= 580 bp 7] 2] DNA
fragment’} SEZE o, 29 39 pshbA-trnH, arpFH,
matKoll X Z+Z+ 462 bp, 580 bp, 772 bp=E DNA fragment”}
FEZH AT (Fig. 3). 2 Y A marK 9] 7-9-ofl= 250 bp2t
900 bpe] ZEHY Aol 2o} THE WEsh BFHSHA et
ey

PCR Z3}of i3t cloning 23} FA] JA psbA-trnH, apFH,
Z) psbA-trnH, atpFH, matK 9| A= AAF2 21 cloning &
71 g 24 0] PP AN marKe] 7-9-ol= cloning
ZHE A EsHAT. o] A Fig. 304 Hojx]= Hf
oF ol A marK 829 FF0] specific 342 E3
7] ez Atrdn. M9 marKe %%ﬂﬂr"ﬂ A=z A
Zg Zato|mE PCRE A 3t 22 At g
ol=| it o] A= NCBIO| SAEY A= P australis
2] (Accession no. KI825856) 47| &o| marKolA WHo|7}
A Aoz Atrdth a2 Qste] & AFtoA A9
marK F-72k2] SNP 24 2= A 9|5ttt

H71 ¥ 24 ZA3E NCBI database®} B3 A3} oA
psbA-trnH, atpFHE GQ248342, GQ248002¢} Z+zF A |3}
Aom, Zdje HA+= pshbA-trnH, atpFH, marKe] G714 <4
7} HQ596785, HQ594798, EU7326982} U5}t

2. Phylogenic treeS 0|43 373 Ho| £4

apFHE| 84 23 ARt 27t & o Aol ne

{77 Wo|7t ¥ ALt Fig. ol A B A3t Lol
Y apFH A4 9L 88 A% (FA)S A9stn
£ BE Aojold 42 AX3te Aoz HlHgh 17

;20 AA; 3 &35 4
AA; Wo|7 dojp

AN Fee F 7Y A9 A-
9 6: F3l; 7: 14; 8: EiehollA
A AL It (Fig. 5).
psbA-trnH interspace region® 79 AAl= 8H A Y (¥
AellA {3 Wol7t dojut= Aoz SIH Ik (Fig. 4).
EPE AeolA wg EEA EAE SNPE FAA7F gl
E-Q‘o]ﬂ‘;’ioq 8 A (F4)Y SNP= 2E HME9
U3 FEA SNP7L dojd Aoz 89l A (54
R X}oli Qlsf TAYEE SNPE Atz H T
gt of Zdf o] 99 psbA-trnH interspace regiont= Fig.
59 AR 235 Yetla Qloh 59 (24D, 99 (&%), 10
HAT) A 2E HES YT A4 SNP7L Uret
U gtk o] 59 At SAF FARE Hola glon,
ol5 Fstol 59 (F4h), 9 (&H), 108 (AF)lA FAll
Hol7h ARy H I Yrh= g 5
o} A2} 7]":H—~] SNP '§— &8 ?l‘ E‘ﬂiﬂ'ﬁ“ =4 47

rot OPH

P

Hol TR A3} Aol §7 WolE 12 W (Fig. 4,
Yt BE Aol FATHEAQ Wolagpape] Uehita
U (Tip. 9. ook 29 2F B2 I Wilaet X

2 PO 7 Ao YA AR B4 Heh
4% Wolsl e Ao hirslel elch, Telit & ¢
T Aol et Zehe Selvtet AN iRy
ol M3 fAA4E AU ot AR e Fgoz
7% Wol7h Uehdrh Aol Selwgict,

Ao A e BHIA Yk HAXE AUD Y
o= B7okm hRiolA Mol A gholet. A
£5) $AZ A WHY Bol4e ¥F 7t 4TS B3
o e, A BolE 24 wehR el AA
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Fig. 4. Phylogenic tree for atpFH (left panel) and psbA-trnH (left panel) from Miscanthus sininsis.
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Fig. 5. Phylogenic tree for atpFH (left panel) and psbA-trnH (left panel) from Phragmites austrails.
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