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Abstract

Zoysia plants are important turf grasses used for school playgrounds,
parks, roadsides, golf courses, and athletic fields. Especially, Zoysia japonica
and Zoysia sinica species growing near the beaches are not readily
identifiable due to their similar morphology. It is thus desirable to have both
morphological and molecular identifications. DNA barcoding using specific
gene or non-coding DNA as barcode is one of the molecular identification
methods for cryptic species. ITS (Internal Transcribed Spacer) is a
non-coding DNA involved in nuclear ribosomal DNA, and is a DNA
barcode popularly used because of more frequent evolutionary changes at
the DNA level than other DNA barcode regions in plastid.

In this study, we collected 97 Zoysia turf grasses and classified into 66
Zoysia japonica and 31 Zoysia sinica species according to morphological
standards for identification. To classify them based on the molecular
method, the nrDNA-ITS regions including ITS1, 58S nrDNA, and ITS2
from four different grass species (Zoysia japonica, Zoysia sinica, Agrostis
stolonifera, and Poa pratensis) were used for DNA barcoding. The
substitutions and InDel (Insert/Deletion) sites in the nrDNA-ITS sequence
of Z. japonica and Z. sinica were converted into the restriction endonuclease
sites (Bgll, Styl, and Faul) for CAPS (Cleaved Amplified Polymorphic
Sequence) markers, and applied to collected the Zoysia grasses to verify
whether the markers are presenting both seed and plant samples.

We successfully identified 43 Zoysia japonica, 25 Zoysia sinica, and 29
hybrids between Zoysia japonica and Zoysia sinica among the 97 collected
grass samples. These results suggest that Zoysia japonica and Zoysia sinica
can be identified at the species level using nrDNA-ITS barcode region and

CAPS markers.



I.}\-]i

T sl &oke thdA A
Fxg T ogde i AAHL e F4 4
goisa ol Ad&4 3 A4 A7 A Frbska vk (Hyun et al,
2012; Sun et al., 2010; Yaneshita et al., 1999). Zt]x= A 2o uz}
S kA E et a2 e GAEP »yER S

A AT

=)
1>

S o
22 St & % wd, =2,

2

E

e
E

AT 2 ESH

I

2] wlE et~ (Agrostis stolonifera), A7) &F 1}
2~(Poa pratensis), =327 (Festuca arundinacea), ¥@U<d zlol1g}x
(Lolium perenne) 5°] ATtHKim and Lee, 2010). =& wWIE 1z} ~(A.
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S el FAS AN, WA W ge] S8 Y Bu vl ek 540
H(Chung et al., 2013; Hyun et al, 2012; Li et al., 2006; Toyama et al.,
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H DNA vtiE #4& o] &g AEF 7 4o =44 A= &7
7|02 HaEa 9JtH(Baigalmaa et al, 2009; CBOL Plant Working
Group, 2009; Moon et al, 2013). DNA "5 =(DNA barcode) w41H -2 the
g BEF veHor At 54 A B 97|ME #1H2 PCR=
S8 S&stal o5 HVIME BATeRA TS A BEAAETA WY
o]t} (China Plant BOL Group et al, 2011; Kress and Erickson, 2008;
Hebert et al., 2003). DNA Hlz= #2492 o}

7beotH, e BA s e Ed Al
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Aol glth(Hebert et al, 2003; Koch, 2010; Kress et al., 2005). ©]& %
DNA Hz=  £A2  F&89 A% HEIZ=Hor dd EAske
COI(Cytochrome ¢ Oxidase subunit 1) FHdAE 97 AME3IH, 259 44
T2 3 W] nrDNA-ITS 97144 3t & DNA #la= 7oz o] &3
U(Kress et al, 2005). 53] ITSUnternal Transcribed Spacer)&
nrDNA(nuclear ribosomal DNA)®] HE X2l 18S, 58S, 26S ribosomal
DNA Atojo] ITS13 ITS22 /4= o] Ath(Fig. 2). =g nDNA-ITS+ %3
TR AE Foll wel BE AGH Wo] A o] FElste] PCRE €%
e B A7IME E4e frelstte ool dol FF B &3 fFAwAS
A3 Fde dATsta Aol FeHe eFAe fFs WwiHste dHeol s
Aazr &85 3 Y (Ahn et al, 2010; Baigalmaa et al., 2009; Gao et
al.,, 2010; Hong et al., 2012; Yao et al. 2010). Extt] o} AR o] 29 AH
78 2 A Z2del wel P A o] gy wEe dHe FEs
E fiAeE 5 $E Tl dFE A de FABETA s wyol
STET e 2 ATeE dAY dhl &3y 2 A%
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1) 8 A5

Y FAe SAAERY IS AdSA T EXH(Z japonica, China)
1539 10704, 2838 WME 22~ (A. stolonifera, USA) 15F 2] 10784, #AH
7] &5 222 (P. pratensis, USA) 3%% ZF 10704 & 507MA& A= A==
AH&at S tH(Table 1 and 2). %3 AlFd ofd ot A FaolA BE F
MK Zoysia & 7Y 6144 F M T2 207AE AE A2 AFESEAT
Zy 224 7070 A= A2 3 MS(Murashige and Skoog, 1962) 7] % s x| o] ok

Hom, weket Frje] 9 DNA FE& 93 A5= AFEH AT

] genomic DNAE GeneAll 3]A}2] Exgene Plant SV Mini Kit(GeneAll,
Korea) & ©| &3t F=3AtHFig. 1). 4 E3gk ¢ 2# o] PL buffer 500
wWE A7ske vortexing ¥ 65Tl 1587 AA 3ttt £8Eo] PD buffer
180 S A 7}3Fe] inverting 5 - 20C ol A 1A17F FoF A XAt} Ezsep filter
columnel] &EES 3|5t A2elA 13000rpmel 123+ A& skt o
oo BD buffer 750u0E H7}3Fe] pipetting 3 SV columnel] &3HE 70040
2 HA7bske] Aol A 13000rpmeol] 15%7F YAlEE &t CW buffer 40040
g #H7bske ol Al 13000rpmell 37 FAEE] F columnes Al 1.5ml tube
2 274 Ax39tt. genomic DNAE 600 SDWE H7bsto] &8 2 94
Y son, 08% obtRe s AL o] &3 H7|FE ol & & kst

o] 5ng?] genomic DNAZ PCRol A}-&3t9itt,



Table 1. List of turf grasses for the ntDNA-ITS analysis and CAPS

marker.
Sample . o
No. No Germplasm Sample Species Origin Usage
DNA barcode and
| As-1 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
2 As-2 Seed Agrostis stolonifera ~ Company, USA
CAPS marker
DNA barcode and
3 As-3 Seed Agrostis stolonifera ~ Company, USA
CAPS marker
DNA barcode and
4 As-4 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
5 As-5 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
6 As-6 Seed Agrostis stolonifera ~ Company, USA
CAPS marker
DNA barcode and
7 As-7 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
8 As-8 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
9 As-9 Seed Agrostis stolonifera  Company, USA
CAPS marker
DNA barcode and
10 As-10 Seed Agrostis stolonifera ~ Company, USA
CAPS marker
Poa Pratensis DNA barcode and
11 Pp-M-1 Seed . Lo Company, USA
cultivar : Midni marker
(cult Midnight) CAPS k
Poa Pratensis DNA barcode and
12 Pp-M-2 Seed . Lo Company, USA
cultivar : Midni marker
(cult Midnight) CAPS k
Poa Pratensis DNA barcode and
13 Pp-M-3 Seed ) L Company, USA
cultivar : Midni marker
(cult Midnight) CAPS k
Poa Pratensis DNA barcode and
14 Pp-M-4 Seed . L Company, USA
cultivar : Midni marker
(cult Midnight) CAPS k
Poa Pratensis DNA barcode and
15 Pp-M-5 Seed ) L Company, USA
(cultivar : Midnight) CAPS marker
Poa Pratensis DNA barcode and
16  Pp-M-6 Seed ) o Company, USA
cultivar : Midni marker
(cult Midnight) CAPS k
Poa Pratensis DNA barcode and
17  Pp-M-7 Seed ) o Company, USA
cultivar : Midnight marker
(cul Midnight) CAPS k
Poa Pratensis DNA barcode and
18 Pp-M-8 Seed ) o Company, USA
cultivar : Midnight marker
(cul Midnight) CAPS k
Poa Pratensis DNA barcode and
19 Pp-M-9 Seed Company, USA

(cultivar : Midnight)

CAPS marker
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Sample

(cultivar : Diva)

No. N Germplasm Sample Species Origin Usage
0.
Poa Pratensis DNA barcode and
20 Pp-M-10 Seed ) o Company, USA
(cultivar : Midnight) CAPS marker
Poa Pratensis DNA barcode and
21 Pp-B-1 Seed . Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
22 Pp-B-2 Seed . Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
23 Pp-B-3 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
24 Pp-B-4 Seed . Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
25  Pp-B-5 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
26  Pp-B-6 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
27  Pp-B-7 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
28  Pp-B-8 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
29  Pp-B-9 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
30  Pp-B-10 Seed ) Company, USA
(cultivar : Blueberry) CAPS marker
Poa Pratensis DNA barcode and
31 Pp-D-1 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
32 Pp-D-2 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
33 Pp-D-3 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
34 Pp-D-4 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
35 Pp-D-5 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
36 Pp-D-6 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
37  Pp-D-7 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
38 Pp-D-8 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
Poa Pratensis DNA barcode and
39 Pp-D-9 Seed Company, USA

CAPS marker

_11_



Sample

No. N Germplasm  Sample Species Origin Usage
0.
Poa Pratensis DNA barcode and
40 Pp-D-10 Seed ) ) Company, USA
(cultivar : Diva) CAPS marker
a1 ZiD.1 Seed Zovsia i ) c o DNA barcode and
-D- ee oysia japonica ompany, China
! i sap pany CAPS marker
) ] DNA barcode and
42  Zj-D-2 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
43 Zj-D-3 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
44  Zj-D-4 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
45 Zj-D-5 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
46  Zj-D-6 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
47  Zj-D-7 Seed Zoysia japonica  Company, China
CAPS marker
) ) DNA barcode and
48  Zj-D-8 Seed Zoysia japonica  Company, China
CAPS marker
) ] DNA barcode and
49  Zj-D-9 Seed Zoysia japonica  Company, China
CAPS marker
) ] DNA barcode and
50  Z}-D-10 Seed Zoysia japonica  Company, China

CAPS marker
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Table 2. List of collected turf grasses for ntDNA-ITS analysis and CAPS
marker: Morphological classification of turf grasses based on reported

studies (Kim and Lee, 2010; Yang et al.,, 1995; Yu et al., 1974).

Sample ..
No. N Germplasm Collected Place Origin Usage
0.
DNA barcode and
| Z1 Seed Jeju Island Korea
CAPS marker
DNA barcode and
2 Z2 Seed Jeju Island Korea
CAPS marker
DNA barcode and
3 Z3 Seed Jeju Island Korea
CAPS marker
DNA barcode and
4 74 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
5 z5 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
6 76 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
7 77 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
8 Z8 Seed Jeju Island Korea
CAPS marker
) DNA barcode and
9 79 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
10 710 Seed Jeju Island Korea
CAPS marker
. DNA barcode and
11 Z11 Seed Jeju Island Korea
CAPS marker
DNA barcode and
12 712 Seed Jeju Island Korea
CAPS marker
DNA barcode and
13 Z13 Seed Jeju Island Korea
CAPS marker
DNA barcode and
14 714 Seed Jeju Island Korea
CAPS marker
DNA barcode and
15 Z15 Seed Jeju Island Korea
CAPS marker
DNA barcode and
16 716 Seed Jeju Island Korea
CAPS marker
DNA barcode and
17 717 Seed Jeju Island Korea
CAPS marker
DNA barcode and
18 718 Seed Jeju Island Korea

CAPS marker
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Sample

No. N Germplasm Collected Place Origin Usage
0.
DNA barcode and
19 Z19 Seed Jeju Island Korea
CAPS marker
) DNA barcode and
20 720 Seed Jeju Island Korea

CAPS marker
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l
columng A 1.5ml tube® &3 & Ax
l
60xt SDW Z7Fake] 102 2+ &3 § /&2, 13000rpm, 5% A4
l

0.8% Aol #A7|dF3te] &<l

Ry

!
50040 PL buffer(+RNase A)E # 73t vortex § 65Tl 15237F A A
!
180xt PD bufferE #7}ste] invert & -20Ceol 1213 A=A
!
Ezsep filter column®l] 473 ¥4 & A2, 13000rpm, 1% YA &
!
75010 BD buffer (o312l 1.5 volume)E o3 Yo] 7} 3 pipetting
!
SV columnd] 700t &% H7F & A& 13000rpm, 153 YA £
!

=

Figure 1. Extraction of genomic DNA from commercial seeds and collected

seeds and plants.
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3) nrtDNA-ITS PCR %

nrDNA-ITS <7144 7S ZA1717] 938l AccuPower PCR

ol\

PreMix(Bioneer, Korea)Z Al&3}l] genomic-PCR ¥4& 43) 3} thH(Fig. 2).

o

nrDNA-ITS 3+ 53 #13t primer®+ Gehrig et al.(2001)e] X 13t
ITS1-forward primer(5'-TCCGTAGGTGAACCTGCGG-3")9 ITS4-reverse
primer(5'-TCCTCCGCTTATTGATATGC-3")E AF&3tH(Fig. 3). PCR %
AL 95ColA 5E3F A2 5, 95TelA 30%, 58TellA 30%, 72TelA 40%

£ 303 cycle® T T2ToAA 1023 48 stk 3% ¥ PCR 4=

< EtBrg #7bsk 1.2% of7t 222~ Ao A A7 E3te] bands getSth.
4) ntDNA-ITS cloning

Z2%% PCR A= ExpinTM Gel SV kit(GeneAll, Korea)E o] &3sle] A
Astdth. GB buffer 600uE H7}ate] 60Co A 158 7F heat shocks & %
columnel] ¥ ¢} 13000rpmeol A 127+ 9AE 2 3t GB buffer 2000 3 7}3}
o] 13000rpmoll Al 1%7F YAlEE & CW buffer 400u0Z #7182 13000rpm
o A 3&7 YA AT Columne 1.5ml tube2 &A 53 AZRAY]
SDW 40glell 103+ €3 = 13000rpmeol Al 1023 YAt va A9
A8tttk BAlE PCR A
% ToplO E.coli competent cellol] A A3kste] 2 A5 10709 colonyE A
sttt ExprepTM Plasmid SV Mini kit(GeneAll, Korea)S AF-&3}o] At
# colony2HH FAv= DNAE FE3¥ o™ ol wa=zA(F)d 47

d

d 245 gF&anh AYE PCR A= 97149 4 Al T73 SP6

ol
=

2

|
AHE2 pGEM-Teasy vector(Promega, USA)o| A<

R

universal primerE ©|-&3lo] 4 3}% o}
Cloningdt EZt(Z. japonica), AZY(Z. sinica), 3% wWEIZ(A
stolonifera), A€ 7] EF1et2~(P. pratensis) 7+t 4% nrDNA-ITS 3+ 4

7142 DNA Baser Sequence Assembler Ver. 4(Heracle BioSoft, Romania)

_16_



program® NCBI database(http://www.ncbi.nlm.nih.gov)e] BLASTZ o] &3}
o 71=9 4% nrDNA-ITS d7iMdate] ded T4= T 2
H nrDNA-ITS 3t 71492 FF 7Y 439 nrDNA-ITS 9714 vl

_ir
2 TSI, 5.8S rDNA, ITS2 M 74 24 A o] &3

vk 8-l =4 Genomic-PCR %4

Genomic DNA 30ng Pre-denaturation 95T, bmin

ITS1 5pM primer 1l Denaturation 95C, 30sec

ITS4 5pM primer 1l Annealing 58T, 30sec 30cycles
Sterile distilled water 17  Extension 72°C, 40sec

PCR premix 114 Post-elongation 72°C, 10min

Total 200

Figure 2. Conditions of genomic-PCR for ntDNA-ITS region.

ITS1 ITS4
primer primer
—_— <

18SnrDNA ITST | 5.8SnrDNA | ITS2 26SnrDNA

Figure 3. Schematic diagram for ntDNA-ITS region: Black arrows indicate
positions and directions of two each universal primer for nrDNA-ITS. ITS,

internal transcribed spacer; ntDNA, nuclear ribosomal DNA.
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5) ntDNA-ITS 97|14 ¢ vl &4

A 4F 3 arDNA-ITS 71 o] 2ol& g]lshr] 918, i3 =3ty
(Z. japonica), AZYE(Z. sinica), A28 WEIHX(A stolonifera), FE7] &
F2(P. pratensis)® nrDNA-ITS 97|44 E<S NCBI database®t BioEdit
Sequence Alignment Editor program?] ClustalW Multiple
Alignment(Thompson, 1994)ol] o] &3ato] vl A3kt w3 nrDNA-ITS
el EA18k= ITS1, 585 rDNA, ITS29] DNA @714 €9 o], G+C g&E&

w4 ot A th(Fig. 4).

6) nrDNA-ITS @714 €< ol &3 FAHA £4

il

SH 3 nrDNA-ITS 73F 4714 LES ol&sto]l Y o #4
AS 4871 8], MEGA 6.06(Tamura et al., 2013) ZZ1%

A4 3 UPGMA(Unweighted Pair-Group Method Average)®t K2P(Kimura
2-Parameter) model 4 WS ol§dto] FARA EAES FAGUAT 7
FAES A2 AEE YeRH 7] 938 bootstrap(Felsenstain, 1985) 2.2 10003

Hhs A sk el (Fig. 5).
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) = = Plant SV Mini Kit
Genomic DNA = — (GeneAll)
AccuPower PCR PreMix
_ =3
nrDNA-ITS 219] 5% D (Bioneer)
Macrogen and DNA Baser
HAIAYd BA —— Sequence Assembler
(Heracle BioSoft)
= o
71 database st <——— NCBldatabase and BLAST
foRro e B LNE |
nrDNA-ITS NCBI database and BioEdit
ITS1,5.85, ITS2 A E Sequence Alignment Editor
nrDNA-ITS 7|8} BioEdit Sequence Alignment
o @A BA E Editor and MEGA 6.06

Figure 4. Procedure of plant DNA barcoding using nrDNA-ITS region.
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_ Analysis : Phylogeny Reconstruction
Analysis g Scope : All Selected Taxa
Statistical Method : UPGMA

Test of Phylogeny : Bootstrap method
No. of Bootstrap Replications : 1000

Phylogeny Test —_>

Substitutions Type : Nucleotide
Model/Method : Kimura 2-parameter model
Substitutions to Include : d: Transitions +

Transversions

Substitution Model —_—

Rates among Sites : Uniform rates
Rates and Patterns | —> Pattern among Lineages :
Same (Homogeneous)

Gaps/Missing Data Treatment :

—_—
Data Subset to Use Complete deletion

Figure 5. Detail options for constructing the phylogenetic tree based

on ntDNA-ITS sequences. MEGA 6.06 program was used.
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As Pp-M

12 3456 7 812 3 456 7 8

700bp —>

'U
35
=

Pp-B Pp-D
910 12 3 45 6 7 8 9101 2 34

Pp-D Zj-D Z
56 78910 12345672812

3456 78 91011121314 15161718 1920

Figure 6. The amplification of nrDNA-ITS region in Z. japonica, Z.
sinica-like grass, A. stolonifera, and P. pratensis : A red color arrow
indicates about 700bp size of band. M, 100bp plus DNA ladder(Bioneer); As
1~As8, creeping bentgrass (A. stolonifera); Pp—~M-1~Pp-M-10, "midnight”
cultivar of kentuchy bluegrass (P. pratensis); Pp-B-1~Pp-B-10, "blueberry”
cultivar of kentuchy bluegrass (P. pratensis), Pp-D-1~Pp-D-10, "diva”
cultivar of kentuchy bluegrass (P. pratensis); Zj-D-1~Z7Zj-D-10, zoysiagrass
from "duck-chang” company (Z. japonica); 71~710, Zoysia sinica-like grass
collected from Aewol, Jeju Island; Z11~20, Zoysia japonica-like grass

collected from Hagwi, Jeju Island.
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Figure 7. nrDNA-ITS alignment of Z. japonica, Z. sinica, A. stolonifera,
and P. pratensis . Total sizes of ITS sequences in each species are 686bp,
687bp, 683bp, and 681bp, respectively. Red lines indicate ITS1 region. Green

lines indicate 5.8S rDNA region. Blue lines indicate I'TS2 region.
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Z3-D-3 GGATCATTGT CGIGACCCTG ACCAAANCAG ACCGIGAACT TGTCATCCAT GCTGITGGGC GRCGGGGECIC
Z3-D-6 GGATCATTGT CGIGACCCTG ACCAARACAG ACCGTGAACT TGTCATCCAT GCTGTTGGGC GRCGGGSGCIC
Zj-D-8 GEATCATTGT CGIGACCCTG ACCAARRCAG ACCGTGAACT TGICATCCAT GCIGITGGGC GACGGGGCIC
Z3-D-9 GGATCATTGT CGIGACCCTG ACCAARACAG ACCGTGRACT TGICRTCCAT GCIGITGGGC GACGGGGCIC
23-D-10 GGATCATTGT CGTGACCCTG ACCAARACAG ACCGTGAACT TGTCATCCAT GCTGTTGGGC GACGGGGCIC
Zj-D-1 GEATCATTET CGIGACCCTG ACCAAANCAG ACCGTGAACT TGTCATCCAT GCIGITGGGC GACGGGECIC
Zj-D-2 GGATCATTGT CGIGRCCCTG ACCAARRACAG ACCGTGRACT TGICRICCAT GCIGITGGGC GRCGGGGCIC
Z3-D-4 GGATCATTGT CGIGACCCTG ACCARARCAG ACCGTGAACT TGTCATCCAT GCTGITGGGC GACGGGGCIC
Z3-D-5 GGATCATIGT CGIGACCCTG ACCAAAMCAG ACCGTGAACT TGICATCCAT GCIGITGGGC GACGGGGCIC
Z3-D-7 GEATCATTET CGIGACCCTG ACCAAARCAG ACCGTGAACT TGTCATCCAT GCIGITGGGC GACGGGECIC
Z-1 GERTCATTGT CGIGACCCTG ACCAARCLAG ACCGTGAACT TGICATCCAT GCIGITGGGC GACGGGGCIC
2-5 GGATCATTGT CGTGACCCTG ACCAR ACCGTGRACT TGTCATCCAT GCTGTTGGGC GACGGGGCTC
I-6 GEATCATTGT CGIGACCCTG ACCAA ACCGTGAACT TGTCATCCAT GCIGITGEEC GACEGGECIC
-8 GGATCATITGT CGIGARCCCTIG ACCAARCLAG ACCGTGAACT TGICRICCAT GCIGTTGGEC GRCGGGGCIC
Z-2 GGATCATTGT CGIGACCCTG ACCAMMAG ACCGTGAACT TGTCATCCAT GCIGITGGGC GACGGGGCIC
2-3 GGATCATIGT CGIGACCCTG ACCAARALAG ACCGTGAACT TGICATCCAT GCTIGITGGGC GRCGGGECIC
I-4 GEATCATTET CGIGACCCTIG AC ALAG ACCGTGARCT TGTCATCCAT GCIGITGGGC GACGGGECIC
-7 GEATCATTGT CGIGACCCTG AC MG ACCGTGAACT TGICATCCAT GCIGITGGEGC GACGGEGEGCIC
Z-5 GGATCATTGT CGIGACCCTG ACCAA ACCGTGAACT TGTCATCCAT GCTGTTGGGC GACGGGGCIC
Z-10 GGATCATTGT CGIGACCCIG ACCAA ACCGTGAACT TGTCATCCAT GCIGTIGESC GACGGGECIC
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Zj-D-3 CACYCETTIC TCAGYGEAGE TCICTQAPAC ACTTTGGCST GIGAGEGATC CCAACAGAAC CCRAGGGCACC
Zj-D-6 CRCRCETTIC TCRGJGRAGE TCTCTQALAC ACTTTGGCGT GIGAGGGATC CCRACAGRAC CCRGGGCACC
Zj-D-8 CAC4CETTIC TCAGYGEAGG TCICTQAPAC ACTTTGGCGT GIGAGGGATC CCAACAGAAC CCAGGGCACC
Zj-D-9 CACRCETTIC TCAGQGEAGE TCTCTAALAC ACTTTGGCGI GIGAGGGATC CCRACRGAAC CCRGGGCACC
%Z3j-D-10 CACECETTIC TCAGUGRASG TCICTYAPAC ACTTTGGCST GIGAGGEATC CCAACAGAAC CCAGGGCACC
Zj-D-1 CACECETTIC TCAGQGRAGE TCICTQALAC ACTTIGGCST GIGAGGGATIC CCRACAGAAC CCRGGGCACC
Z3-D-2 CACQCETTIC TCAGQGEAGE TCICTQALARC ACTTIGGCGT GIGRGGGATC CCRACRGARC CCRGGGCRCC
Zj-D-4 CACECETTIC TCAGQGEAGE TCICTUAPAC ACTTTGGCGT GIGAGGGAIC CCAACAGAAC CCAGGGCACC
Z3-D-5 CACQCETTIC TCAGQGRAGE TCTCTQAFAC ACTTTGGCGT GIGAGGGATC CCRACAGAAC CCRGGGCACC
2j-D-1 CACECETTIC TCAGQGRAGE TCTICTQAPAC ACTTTGGECST GIGRGGGATIC CCAACAGAAC CCAGGGCACC
-1 CACETETTIC TCAGQAGAGE TCTICTQGEAC ACTTIGGCGT GIGAGGGATIC CCAACRGMAC CCRGGGCACC
Z-5 CACETETTIC TCAGQAGAGE TCICTYGLAC ACTTTGGCGT GIGAGGGATC CCAACAGAAC CCRGGGCACC
Z-6 CACETETTIC TCAGQAGAGE TCTICTQGLAC ACTTTGGCGT GIGAGGGATIC CCRACAGAAC CCARGGGCACC
Z-8 CACQTETTIC TCAGQAGAGE TCICTQGLAC ACTTIGGCGT GIGRGZGGAIC CCARACRGAAC CCRGGGCRCC
z-2 CACATETTIC TCAGQARAGE TCTCTAGERC ACTTTGGCGT GIGAGGGATC CCAACRGAAC CCRGGGCACC
Z-3 CACETETTIC TCAGQAGAGG TCICTQGEAC ACTTTGGCGT GIGAGGGATC CCRACAGAAC CCAGGGCACC
-4 CACETETTIC TCAGUAGAGE TCICTQGLAC ACTTTIGGECGT GIGREGGAIC CCRACAGAAC CCRBGGCACC
Z-1 CACSTETTIC TCAGQAGAGE TCTICTQGLAC ACTTTGGCGT GIGAGGGATIC CCAACRGAAC CCRGGGCACC
-9 CACHTEITIC TCAGQARAGG TCICTYGEAC ACTTTGGCGT GIGAGGGAIC CCRACAGARC CCAGGGCACC
Z-10 CACYT§TTIC TCAGQABAGE TCICT(GPAC ACTTTGGCGT GIGAGGGATC CCAACAGAAC CCAGGGCACC
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GGCGATGCAA TAAFAGTCTC ACGACTCICS
GGCEATGCAR TQRFAGTCTC ACGACTCTCS
GGCEATGCAA TARFASTCTC ACGACTCTCS
GBCEATGCAL TAAFAGTCTC ACGACTCTCS
GGCGATGCAA TAAFAGTCTC ACGACTCTCS
GGCGATGCAA TAAFAGTCTC ACGACTCTCS
CECEATERAA TUREAGTCTC ACGACTCTCE
GGCEATGCAR TQAFAGTCTC ACGACTCTCS
GGCEATGCAR TAAEAGTCTC ACGACTCTCS
CECEATGCAR TQARAGTCTC ACGACTCTCE
GGCGATGCAR -E AGTCTC ACGACTCICG
GGCGATGCAA TAGFAGICIC ACGACICICG
AGTCTC ACGACTCICG
GGCEATECA TYAFAGTCTC ACTACTCICS
GGCGATGCAA TQEFAGTCIC ACACICICS
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CARARTGCGA TACCTGGIGT
CARAATGCGA TACCTIGGIGT
CAMARTGCGA TACCTGGIGT
CARARTGCGE TACCIGGIGT
CRAAATGCGR TACCTGGIGT
CAAARTGCGA TACCTGGIGT
CARAATGCGA TACCTGGIGI
CARAATGCGR TACCIGGIGT
CARRATGCGA TACCIGGIGI
CARARTGCGA TACCTGGIGI
CARAATGCGA TACCTGGIGT
CAARRIGCGA TACCIGGIGT
CARRATGCGA TACCTGGIGT
CAARRTGCGA TACCTGGIGT
CARARTGCGA TACCTGGIGI
CAAARTGCGA TACCTGGIGT
CARRRTGCGA TACCIGGIGT
CARRATGCGA TACCTGGIGT
CAARARTGCGA TACCTGGIGT
CAAAATGCGR TACCTIGGIGT
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GARTTGCRGA ATCCTGTGAR CCATCGAGIT
GRATTGCAGA ATCCIGTGAA CCATCGAGIT
GARTTGCAGA ATCCTGTGAA CCATCGRGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGIT
GAATTGCAGA ATCCTGTGAA CCATCGRGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGTT
GRATTGCAGA ATCCTGIGAR CCATCGAGTT
GAATTGCAGA ATCCTGTGAA CCATCGAGIT
GARTTGCAGA ATCCTGIGAA CCATCGAGIT
GAATTGCAGA ATCCIGTGAA CCATCGAGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGTT
GARTTGCAGA ATCCTIGTGAA CCATCGAGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGTT
GARTTGCAGA AICCTGIGAA CCATCGRAGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGIT
GAATTGCAGA ATCCTGTGAA CCATCGAGIT
CARTTGCAGA ATCCIGTGAA CCATCGAGIT
GARTTGCAGA ATCCIGIGAA CCATCGAGIT
GRATTGCAGA ATCCIGTGAA CCATCGAGIT
GAATTGCAGA ATCCTGTGRA CCATCGAGTT
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TTTGRACGCR AGTTGCGCCC
TITGAACGCA AGTTGCGCCC
TTTGAACGCA AGITGCGCCC
TITGAACGCA AGTTGCGCCC
TTTGRACGCA AGTTGCGCCC
TITGAACGCA AGTTGCGCCC
TITGRACGCA AGTIGCGCCC
TITGRACGCA AGTTGCGCCC
TTIGRACGCA AGTTGCGCCC
TITGAACGCA AGTTECGCCC
TTTGARCGCA AGTTGCGCCC
TTTGRACGCR AGITGCGCCC
TTTGAACGCA AGTTGCGCCC
TTTGAACGCA AGTTGCGCCC
TITGAACGCA AGTTGCGCCC
TTTGARCGCA AGITGCGCCC
TTTGARCGCA AGTTECGCCC
TTTGRACGCA AGITGECGCCC
TITGARCGCA AGTTECGCCC
TTTGAACGCA AGTTGCGCCC
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GREGCCTCCT 1P CACGICTGCC TGGGCGTCAC GCCRARAGRC ACTCCCCAAC CATT (€]
GRGGCCTCCT ' CACGICTGCC TGGGCGTCAC WAGAC ACTCCCCRAC CATT G
GRGGCCTCCT : CRCGICTGCC TGGGCGICAC JAGRC ACTCCCCAAC CRIT G
GREGCCTCCT : CACGICTGCC TGEGCGICAC GCCHARAGAC ACTCCCCAAC CATT G
GAGGCCTCCT ! CACGICTGCC TGGECGICAC WAGAC ACTCCCCRAC CATTQTEGIG
GREECCTCCT ' CRCGICTGCC TGGECGICAC GCCAGRAGAC ACTCCCCAAC CATTQIGGIG
GAGGCCTCCT t - CACGICTGCC TGGGCETCAC GCCHGRAGAC ACTCCCCAAC CATTQIEGIG
GREGCCTCCT TR GG CACGICTGCC TGGECGICAC GCCHGRAGRC ACTCCCCAAC CATIQIRGIG
GAGGCCTCCT E CACGICTGCC TGGGCGTCAC GCCHGRAGAC ACTCCCCRAC CATTAIRGIG
GREECCTCCT TR CACGICTGCC TGGGCGTCAC ARGARC ACTCCCCAAC CATIGIEGIG
GAGGCCICCT e CACGTCTGCC TGGGCETCAC GCCARAAGAC ACTCCCCAAC CATTOCGIG
GREGCCTCCT ! AGGE CACGICTGCC TGEGCGTCAC GCCARAAGRC ACTCCCCAAC CATTQLEGIG
GAGGCCTCCT : CACGICTGCC TGGGCGTCAC GCCARAAGAC ACTCCCCAAC CATTOCRGIG
GRGECCTCCT ! CRCGICTGCC TGGGLGTCAC GCCRRARGAC ACTCCCCAAC CAITQCHGIG
GAGGECCTCCT : CACGICTGCC TGGGCGICAC GCCAAAAGAC ACTCCCCAAC CATTGLHCGIG
GRGGCCTCCT ! CACGICTGCC TGGGCGTCAC GCCARARGAC ACTCCCCMAAC CRAITQCHGIG
BRGECCTCCT H CARCGICTGCC TGGEGCGICAC GCCARAAGAC ACTCCCCAAC CATIG G
GAGGCCTCCT e CACGICTGCC TGGGCGICAC GCCARRAGRC RACTCCCCAAC CATTQCGIG
GRGGCCTCCT ! 3G CACGICTGCC TGGGCETCAC GCCAARAGRC ACTCCCCRAC CATTGCHGIG
GAGGCCTCCT I CACGICTGCC TGGGCETCAC GCCARARGAC ACTCCCCRAC CATIG (]
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CAGGATGIGG TBTITIGECIC CCCET
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CAGGATGTGG TGTTTIGECIC CCCET
CAGGATGIGG TGTIIGECIC CCCST
CAGGATGIGG TGTTITIGGECIC CCCET
CAGGATGIGG TGTITIGECIC CCCET
CAGGATGTGG TGTTIGGCIC CCCGT
CAGGATGIGG TGITIGGCIC CCCGT
CAGGATGTGG TGTTIGECIC CCCGT
CAGGATGTGG TGITIGECIC CCCGT
CAGGATGTGG TGTTIGGECIC CCCGT
CAGGATGIGG TGITIGECIC CCCGIG
CAGGAIGIGG TGTTIGECIC CCCGIG
CAGGATGIGE TGTIIGECIC CCCET
CAGGATGTGG TGTTIGECIC CCCGT
CAGGAIGIGG TGTTIGGCIC CCCGT
CAGGATGIGG TGTTIGGCIC CCCGT
CAGGAIGIGG TGTTTGGCIC CCCGIG
CAGGATGIGE TGTTIGECIC CCCGIG
CAGGAIGIGG TGTTIGECIC CCCGT
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GGETCAAAGT TGGGGCAGCC
GGGTCAAAGT TGGGGCAGCC
GGGTCAAAGT TGGGGCAGCC
GGGTCARAGT TGGGGCAGCC
GGEICARAGT TGEEGCAGCC
GGGICARAGT TGGEGCAGCC
GGGICAMAGT TGGGGCAGLC
GGGICAAAGT TGGEGCAGCC
GGGICAAAGT TGGGGCAGLC
GEGTCRAAGT TGGEGCAGCC
GGGICAAAGT TGEGGCAGLC
GGGTCARAGT TGGGGCAGCC
GGGICAAAGT TGEGGCAGLC
GGEICARAGT TGGGGCAGCC
GGETCARAGT TGGGGCAGLC
GGETCARACT TGGGGCAGCC
GGETCARAGT TGGGGCAGLC
GEEICARAGT TGGGGCAGCC | AATAG
GGETCAAAGT TGGGGCAGLC JAATAG
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GGGCCGGTCA CAGCGAMAGG TGGACGGCAC ATGITGITCT TGGAGITGIG AC
GGGCCGGTCA CAGCGAAAGE TGGACGGCAC ATGTTGTICT TGGAGITGIG AC
GGGCCGEICA CAGCGAAMGG TGGACGGCAC ATGTIGITCT TGGAGITGIG AC
GEGCCGGICA CAGCGAAAGG TGGACGGCRC ATGTTGTICT TGGAGITGIG AC
GEGCCGEICA CAGCGAAAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GGGCCEETCA CAGCGAAAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GGGCCGETCA CAGCGRAAAGG TGGACGGCAC RAIGITGITCT TGGAGITGIG AC
GGGCCGETCA CAGCGARAGG TGGACGGCAC AIGTTGITCT TGGAGITGIG AC
GGGCCGETCA CAGCGARAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GGECCGETCA CAGCGARAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GEGCCGEICA CAGCGARAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GEGCCEEICA CAGCGARAGG TGGACGGCAC AIGITGITCT TGGAGITGIG ACH
GEGECCGEICA CAGCGARAGG TGGACGGCAC AIGITGITCT TGGAGITGIG AC
GGECCEEICA CAGCGARAGG TGGACGGCAC ATGITGITCT TGGRGITGIG AC
GEGCCGETCA CAGCGAAAGG TGGACGGCAC ATGITGITCT TGGAGITGIG AC
GEGCCEETCA CAGCGARAGE TGEACGGCAC ATIGITGTICT TGGAGITEIG AC
GEGCCEETCR CAGCGARAGE TGGACGGCAC ATGITGITCT TGGAGITGIG AC
GEGCCEEICR CAGCGARAGE TGEACGGCAC ATGITGIICT TGGAGITGIG AC
GEGCCGETICA CAGCGAAAGG TGGACGGCAC ATGITGITCT TGGAGITGIG AC
GGGCCEEICA CAGCGARAGE TGEACGGCAC ATGITGITCT TGGAGITEIG AC
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CG TAACCGGIGA
CG TAACCGGIGA
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CG TARCCGGIGA
CG TAACCGGIGA
CG TAACCGGIGA
CG TAACCGGIGA
CG TAARCCGGIGA
CG TARCCGGIGA
CG TARCCGGIGA
CG TAACCGGIGA
CG TAACCGGIGA
CG TARCCGGIGA
CG TARCCGGIGA
CG TAACCGGIGA
CG TARCCGGIGA
3[CG TAACCGEIGA
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570 580 580 600 610 620 630

2j-D-3 ATGGECC CTCAGGACCC ATTAGCAGIG RCATTG CTTGGACCAC GACCCCAGST CAGICGGGAT
Z3-D-6 ATGECC CTCAGGACCC ATTAGCAGTG RCATTG CTTGGRCCAC GACCCCRGGET CAGICGGGAT
Z3-D-8 ATGGCC CTCAGGACCC ATTAGCAGTG ACATTG CTIGGACCAC GACCCCAGGT CAGICGGGAT
Z3-D-9 ATGECC CTCAGGACCC ATTAGCAGTG RCATTG CTTGGACCAC GACCCCAGGT CAGICGGGAT
Z3-D-10 RIGGCC CTICAGGACCC ATTAGCAGIG RCATTG CITGGACCAC GACCCCAGGET CAGICGGGAT
Z3-D-1 ATGGCC CTCAGGACCC ATTAGCAGIG LCATTG CTTGGACCAC GACCCCAGGT CAGICGGGAT
Zj-D-2 ATGECC CTCAGGACCC ATTAGCAGIG RCATTG CTTGGRCCAC GACCCCAGGET CAGICGGGAT
Zj-D-4 ATGGCC CTCAGGRCCC ATTAGCRETG RCATTG CTTGGACCAC GACCCCAGGT CAGICGGGEAT
Z23-D-5 ATGGCC CTCAGGACCC ATTAGCAGIG LCATTG CTTGGACCAC GACCCCAGST CAGICGGGAT
Zj-D-7 ATGECC CTCAGGACCC ATTAGCRGTG RCATTG CTTGGACCAC GACCCCAGGET CAGTCGGGAT
E=1 ATGGCC CTCAGGACCC ATTAGCAGTG RCATIG CTIGGACCAC GACCCCAGGT CAGICGGGAT
2-5 ATGGCC CTCAGGACCC ATTAGCAGIG CATTG CTIGGACCAC GACCCCAGGT CAGICGGGAT

ATGECC CTCAGGACCC ATTAGCAGTG
ATGECC CTCAGGACCC ATTAGCAGTG
AIGGCC CTCAGGACCC ATTAGCAGIG
AIGGCC CICAGGACCC ATTAGCAGIG
ATGECC CTCAGGACCC ATTAGCRGIG
ATGGCC CTCAGGACCC ATTAGCRGIG

CATTG CTTGGRCCAC GRCCCCAGGT CAGICGGGAT
ACATTG CTTGGACCAC GACCCCAGGT CAGICGGGAT
RCATTG CTTGGACCAC GACCCCAGGT CAGICGGGAT
CATTG CTTGGACCAC GACCCCAGGT CAGICGGGAT
RCATTG CTTGGRCCAC GACCCCRGGT CAGICGGGAT
CATTG CTIGGACCAC GACCCCAGGT CAGICGGGAT
ATGECC CTCAGGACCC ATTAGCAGTG RCATTG CTTGGRCCAC GACCCCAGGET CAGICGGGAT
ATGGCC CTCAGGACCC ATTAGCAGIG MCATTG CTTGGACCAC GACCCCAGGST CAGICGGGAT
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Figure 8. nrDNA-ITS alignment of Zoysia japonica and Zoysia sinica

Blue rectangular boxes indicate the different nucleotide bases between Z.
japonica and Z. sinica. Red rectangular boxes indicate the different
nucleotide bases used for recognition sites of restriction endonucleases (Bgll,
Styl, and Faul). Purple and green rectangular boxes indicate the different
nucleotide bases dividing Z. sinica and Z. japonica lines into two different
groups, respectively. Zj-D-1~Z7j-D-10, Zoysia japonica from company; Z-

1~7-10, Zoysia grass from Aewol, Jeju Island.
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2) 29 nrDNA-ITS %+ W ITS1, 5.8S rDNA, ITS2 9714 €9
QIR

ITSE= A= AT &7 Aol Qo] fF&stvta defA Aot
(Ahn et al, 2010). o]&]& ITS+ ®¥o] AJo2ZMN ITS1¥ ITS2Z EA| gk},
TS ITS HE A9 18S, 58S, 26S ribosomal DNASF 34 ntDNAE
et (Fig. 3). webA], 71Eo Ra¥ nrDNA-ITS 971X EE39] HuE &
& kA S v 4% 9 nrDNA7ZE E3shE ITSI, 58S rDNA, 1TS29] 4
ol AlY EAEIY. 1 Ay, EXAYZ japonica)d BF F 686bpY
nrDNA A G714 E FolA ITS19 =7]7} 249bp, 5.8S rDNA7Z} 163bp,
ITS27} 274bpel™, AR (Z. sinica)®] 745 % 687bpel nrDNA A7I14E +
ITS17}F 249bp, 58S rDNAZ} 164bp, ITS27F 274bpd-& &H<¢l3t 9 th(Table 3).
Ay zgel =z wWEIEA(A stolonifera)?t AT EFIEbA(P.
pratensis)®] 735, nrDNA A F7ke] % 683bpel =W WEIgtA~+= [TSI
248bp<}t 58S rDNA 163bp, ITS2 272bpE, AH7] EFI18tA~+ F 681bpY
A nrDNA -3t & 248bpe] ITS1¥ 163bpel 5.8S rDNA, 270bpe] ITS2E
EHE 4 F AAH(Table 3).
=9 ITSI A 99| Aol 187-298bp, ITS2 A 92 187-252bp
U} Baldwin et al.(1995)¢] H o] waw E Ao A&
A3 5 ITS1Z o] W9 <tol EFH AT 1TS29] 45 HA Zo]7} 270bps
LEbst o ol 2 A= AR 719Ee] 2 A9 (Kim et al, 2015)94 ITS2
o] 277} 383-388bp=E Rt A Akl FAbsitt

G + C &2 DNAS o] Wl = 2 224 SA4E 245 T2
oln & zZr=th(Han et al, 2006). E3tHe] G + C %9 %9 nrDNA A
T-H2 55%, ITS1S 56.2%, 58S rDNA+ 53.9%, ITS2+ 555-55.8%°]1™, 7A
el A9 nrDNA AA F3ke] G + C &2 56%, ITS1S 55.4-55.8%,
585 rDNAE 555%, ITS2% 57.6% & &elatsith(Table 3). A3 |l

o9 WETBss AE] BRagsae] A9, 29 NEaTs Fnd

o

’



nrDNAS] G + C 3#S 62%, ITS1S 629%, 585 rDNAE 58.2%, ITS2:
63.2%°1™, #ZE7] EF1et2~9 WA nrDNA-ITSE 61%, ITS1S 60.0%,
5.85 rDNAE 58.8%, ITS2E 63.3%US & 4 A tHTable 3).

WA Fye] ITS #3H2 56% 3 A= @S, Ay el ITS 3¢
62% BEZ Yeld vud £ gg ZE g At olH s A

+ Shin et al.(2003)°] 3% FAZAES Fobd(G)H AEAC)Y] HEo] 2

rlo
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Table 3. Molecular analysis of nrDNA-ITS sequence in Z. japonica, Z.

sinica, A. stolonifera, and P. pratensis.

ITS1 5.8S ITS2

Taxa Length G + C Length G+ C Length G + C

(bp) (%) (bp) (%) (bp) (%)

Z. japonica (A) 249 56.2 163 53.9 274 55.5
Z. japonica (G) 249 56.2 163 53.9 274 55.8
Z. sinica (A) 249 55.4 164 55.5 274 57.6
Z. sinica (C) 249 55.8 164 55.5 274 57.6
A. stolonifera 248 62.9 163 58.2 272 63.2
P. pratensis 248 60.0 163 58.8 270 63.3
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3) nrtDNA-ITS €714 Q4 7]¥re A 7+ §4TA &4

nDNA-ITS - 97149 ARE wgoez SAY(Z japonica), AZJIH(Z
sinica), 2213 WE I~ (A. stolonifera), AE 7] &F182(P. pratensis) It
o FAAH FABAZS EAEr] Y9l MEGA 6.06 programs ©] &3}
UPGMA H'H o 2 Phylogenetic treeE 2438t 438 A3 72 /A= Fo
wet A2 g8 e 25or FYe Ao AstA veut(Fig. 9). &
Y O35S 17HY 971AHA-G) R A5 Zi-D-3, 6, 8, 9, 10 #HAES
xEste A 25 Zj-D-1, 2, 4,5, 7 BRIES E3ete G AFS2 UFH A
oM A Iw% G AF &k EE #RIEY dVIAES 100%= I A8
tHFig. 9). A3 25 A7IAHC—A)R Q8 Z-1, 5, 6, 8 &elES ¥

3 a5 v R 4ol s W Ee d9El 971 E2 100% =
AR A h AR IFL 100%] =2 AANEE 7HA 1 3 250 A
o2 FHEAN(Fig. 9). 22 WEISXAe AH7] EFae2e A4
Z47o] g BRE #e 97 4del 100%2 A s SAld ToTo R
7 F A A (Fig. 9). ol#lg A3= Han et al. (2006)¢] ITS -3k 73}

el 2 A4E B3 S 686bp, A=, 687bp, AT W WEIEA
= 683bp, AH 7] EFagt2E 681bpe] nrDNA-ITS 7+ &HH stk L3l
7t Zke) €] ITS1, 58S rDNA, ITS2 H| i
¥e] 4 Fo FEH 7ol JbedEs gl & A7 ARE Algo®
F5 2 4% o9 FE WY e® g nrDNA-ITS ¢

2944 RRe) U A7 FaAFolF & Aol

N
~

03;
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Figure 9. Phylogenetic analysis of Zoysia, Agrostis, and Poa species based
on nrDNA-ITS region : UPGMA method and Kimura 2-parameter model
were used, and 1000 of bootstrap were replicated for the distance between
inter- and intra-species. As, Agrostis stolonifera, Pp, Poa pratensis, 7j,

Zoysia japonica; 7, Zoysia Sinica.
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2. ntDNA-ITS 7]4t CAPS markers
o] &%t EXT 9 AF/YY TH
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H o AF = nrDNA-ITS 3He] wfz= 4S5 F8 S22 japonica)
D AJY(Z sinica) ¥R okYel AP WMEIGX(A stolonifera), FE 7
EF A (P. pratensis)E T T Aes AU 2y, e Y
S A&sHA o= A7IAYE B4 S 98 B Alto] Ao ¥t whe}
A, 471G B 9A Qo) Al&s A EEly] 9814 CAPS markere] 73
| Z8asth

CAPS(Cleaved Amplified Polymorphic Sequences) markeri= %% Wo] ¢

|

O

NAEE Agtasrs ddste] FAE GHe] AV E vHlaFo=ZN ARE F
Rale  EAE uwAolt. EReua dE ARE A RS
PCR(Polymerase Chain Reaction)® ZSZ3th, SZH A RELS G713
(Substitution) %=+ InDeL(Insert/Deletion)ol] 2]&] DNA @714 <E W 54
A aao A F9 xFeiAY EFetA FA dnh weka ol2ld PCR

5
Aol " AT 545 Agstd 2 A|dss FaA A9 do] IS

-

2009; Konieczny and Ausubel 1993; Kunihisa et al., 2003).

wekA B Ao s nrDNA-ITS 971449 2ol & nigoz Exvel A
e 798 7bs3 CAPS markerE /|#sba, $-guate] Ak A afokA
oA AAEE Zoysia & FUFE Ao R @Y CAPS markers £3 =

Avlsh A4S A IA et
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Figure 10. The Procedure of CAPS assay : In amplification step, specific
region of DNA is amplified by PCR. In digestion step, recognition sites are
created or abolished by substitutions or InDels in DNA sequence, and PCR
amplicons for specific region are digested by appropriate restriction
endonucleases. In gel separation step, restriction fragment length
polymorphisms are shown by gel electrophoresis. A sample has the
recognition site of specific enzyme. B sample does not have the recognition

site of specific enzyme.
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1) 48 AE

o FAE FAIAREE F 5FTY AT TAE FYstd 32
Japonica, China) 15%&9 10714, =g METZ (A stolonifera, USA) 1%
9o 10704, AE 7] EF 282 (P. pratensis, USA) 3%% ZF 10704 & 5074
AL AzZ AHEEAtHTable 1 and 2). =3 AlF 0 ofd o) oAb A 2ol
A BE FQ A Zoysia & AU 6148 T AY A 0MAE AE ARE
ArESEA T 72 FAF 70 A= A2 F MS(Murashige and Skoog, 1962) 7]&

A ol wj kel om, e Jr el 2 DNA F5& A% Ae= AHEH S

o #Y GIAE AT oG oA AFrd BE FA A Loysia
& 2t 6144 F A 9dIA 9RAES AE A8E ALY tHFig. 11 and

Table 4). Ztt] < A

o,
<14
rlo

DNA F&& % AE= ARSE Y.
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Figure 11. Photographs of Z. japonica and Z. sinica : A~C, Zoysia

japonica grass, D~F, Zoysia sinica grass. White scale bars indicate 5 cm.
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Table 4. List of collected turf grasses for CAPS marker

Sample .
0. No. Germplasm Collected Place Origin Usage
1 162 Plant Jeollanam-do Korea CAPS marker
2 165 Plant Jeollanam-do Korea CAPS marker
3 171 Plant Jeollanam-do Korea CAPS marker
4 174 Plant Jeollanam-do Korea CAPS marker
5 180 Plant Jeollanam-do Korea CAPS marker
6 182 Plant Jeollanam-do Korea CAPS marker
7 214 Plant Jeollanam-do Korea CAPS marker
8 218 Plant Jeollanam-do Korea CAPS marker
9 222 Plant Jeollanam-do Korea CAPS marker
10 183 Plant Jeollanam-do Korea CAPS marker
11 185 Plant Jeollanam-do Korea CAPS marker
12 188 Plant Jeollanam-do Korea CAPS marker
13 191 Plant Jeollanam-do Korea CAPS marker
14 198 Plant Jeollanam-do Korea CAPS marker
15 200 Plant Jeollanam-do Korea CAPS marker
16 204 Plant Jeollanam-do Korea CAPS marker
17 211 Plant Jeollanam-do Korea CAPS marker
18 138 Plant Jeollabuk-do Korea CAPS marker
19 142 Plant Jeollabuk-do Korea CAPS marker
20 103 Plant Jeju Island Korea CAPS marker
21 109 Plant Jeju Island Korea CAPS marker
22 146 Plant Jeju Island Korea CAPS marker
23 147 Plant Jeju Island Korea CAPS marker
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Sample

No. No. Germplasm Collected Place Origin Usage

24 226 Plant Jeju Island Korea CAPS marker
25 228 Plant Jeju Island Korea CAPS marker
26 151 Plant Jeollanam-do Korea CAPS marker
27 154 Plant Jeollanam-do Korea CAPS marker
28 115 Plant Jeju Island Korea CAPS marker
29 118 Plant Jeju Island Korea CAPS marker
30 119 Plant Jeju Island Korea CAPS marker
31 121 Plant Jeju Island Korea CAPS marker
32 123 Plant Jeju Island Korea CAPS marker
33 125 Plant Jeju Island Korea CAPS marker
34 127 Plant Jeju Island Korea CAPS marker
35 129 Plant Jeju Island Korea CAPS marker
36 130 Plant Jeju Island Korea CAPS marker
37 240 Plant Jeollanam-do Korea CAPS marker
38 242 Plant Jeollanam-do Korea CAPS marker
39 245 Plant Jeollanam-do Korea CAPS marker
40 249 Plant Jeollanam-do Korea CAPS marker
41 258 Plant Jeollanam-do Korea CAPS marker
42 260 Plant Jeollanam-do Korea CAPS marker
43 262 Plant Jeollanam-do Korea CAPS marker
44 264 Plant Jeollanam-do Korea CAPS marker
45 266 Plant Jeollanam-do Korea CAPS marker
46 268 Plant Jeollanam-do Korea CAPS marker
47 271 Plant Jeollanam-do Korea CAPS marker
48 275 Plant Jeollanam-do Korea CAPS marker
49 281 Plant Jeollanam-do Korea CAPS marker
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Sample

No. No. Germplasm Collected Place Origin Usage

50 283 Plant Jeollanam-do Korea CAPS marker
51 284 Plant Jeollanam-do Korea CAPS marker
52 287 Plant Jeollanam-do Korea CAPS marker
53 294 Plant Jeollanam-do Korea CAPS marker
54 295 Plant Jeollanam-do Korea CAPS marker
55 296 Plant Jeollanam-do Korea CAPS marker
56 297 Plant Jeollanam-do Korea CAPS marker
57 299 Plant Jeollanam-do Korea CAPS marker
58 301 Plant Jeollanam-do Korea CAPS marker
59 307 Plant Jeollanam-do Korea CAPS marker
60 308 Plant Jeollanam-do Korea CAPS marker
61 310 Plant Jeollanam-do Korea CAPS marker
62 312 Plant Jeollanam-do Korea CAPS marker
63 313 Plant Jeollanam-do Korea CAPS marker
64 314 Plant Jeollanam-do Korea CAPS marker
65 325 Plant Gyeongsangbuk-do Korea CAPS marker
66 330 Plant Gyeongsangbuk-do Korea CAPS marker
67 342 Plant Jeollanam-do Korea CAPS marker
68 344 Plant Jeollanam-do Korea CAPS marker
69 347 Plant Jeollanam-do Korea CAPS marker
70 355 Plant Jeollanam-do Korea CAPS marker
71 372 Plant Jeollabuk-do Korea CAPS marker
72 375 Plant Jeollabuk-do Korea CAPS marker
73 378 Plant Jeollabuk-do Korea CAPS marker
74 380 Plant Jeollabuk-do Korea CAPS marker
75 384 Plant Jeju Island Korea CAPS marker
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Sample

No. No. Germplasm Collected Place Origin Usage

76 390 Plant Jeju Island Korea CAPS marker
77 393 Plant Jeju Island Korea CAPS marker
78 400 Plant Gyeongsangsam-do Korea CAPS marker
79 402 Plant Gyeongsangsam-do Korea CAPS marker
80 405 Plant Gyeongsangsam-do Korea CAPS marker
81 406 Plant Gyeongsangsam-do Korea CAPS marker
82 415 Plant Gyeongsangsam-do Korea CAPS marker
83 419 Plant Gyeongsangsam-do Korea CAPS marker
84 424 Plant Gyeongsangsam-do Korea CAPS marker
85 429 Plant Gyeongsangbuk-do Korea CAPS marker
86 431 Plant Gyeongsangbuk-do Korea CAPS marker
87 432 Plant Gyeongsangbuk-do Korea CAPS marker
88 433 Plant Gyeongsangbuk-do Korea CAPS marker
&9 436 Plant Chungcheongnam-do Korea CAPS marker
90 438 Plant Chungcheongnam-do Korea CAPS marker
91 439 Plant Chungcheongnam-do Korea CAPS marker
92 442 Plant Jeollabuk-do Korea CAPS marker
93 445 Plant Jeollabuk-do Korea CAPS marker
94 446 Plant Chungcheongbuk-do Korea CAPS marker
95 447 Plant Chungcheongbuk-do Korea CAPS marker
96 448 Plant Chungcheongbuk-do Korea CAPS marker
97 449 Plant Chungcheongbuk-do Korea CAPS marker
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2) CAPS marker 18 2 &4

i

S2(Z japonica)®t AFT(Z. sinica) 2§ CAPS markerE 7fwstal
F71 918, & AgelM R S3H9 AZH S nrDNA-ITS ¢7]
Aes Al E4ste] d7IME Aol FRldk ¥ NEB(NEW ENGLAND
BioLabs) 3]A}2] Enzyme Finder program= ©]-&3to] Extt]el ZAzt]e] 47)
A ApolE AF-IE EFHet
o}

7Y 2 T FA F I0NA T AR A 230 /A e ALY

ANA, =W wWEIZA(A  stolonifera) 270A, #AE7] EFagtA(P

il

0

olg A%

Ll
Ol

5!
rr

RE AFRLS FF Y ANE BAHY

f

o,

pratensis) 67045 A2 2 nrDNA-ITS 7719 PCRS S35l on, =24
AFES A S A A AR @A (Bgll Styl, Faul)¢t 74 CAPS marker
Aol AREH AT nrDNA-ITS 7-3te] S35 98] ofxd DNA W= 24
N HA3 genomic DNA, PCR primers, protocols Al&dtion ZZ ¥
PCR %AF=2 Expin PCR SV Kit(GeneAll, Korea)E& ©]&3}o] A&} t}.

AE PCR AH&3 5 unit® Bgll, Styl, Faul #|3 &2 (NEB, England), 10X
3.1 buffer(Bgll¥} Styl) £+ 10X CutSmart buffer(Faul)7} ¥3H¥ % 1409
WG k7t Bglld}h Styl 849 4%, 37ColA 16412 &<t w83l o,
Faul 2427 55TCeA 3AIZF &<k ¥h3atdith. HE vheES 2% of7/FE S

EAY(Z japonica)?t ARY(Z. sinica)E TET F AdE AES ASFsAY
(Fig. 10 and 12).

T Zoysia & Y] GEAd A HEe CAPS markergs 4 -&3tol %
Tk WAoo 2 SZY(Z japonica)®t AT (Z. sinica) €< Aol 7hsgh
AE Felalr] Y&, AFd otddoraddtholA BE FA Loysia &
A F 61404 F FAR Awe 97MAE Yo ® nrDNA-ITS -7k

ZFxZy ANES A & Bgall, Styl, Faul ATaA2E A

_45_



nrDNA-ITS +7+s 3317 98l 3% JSA doZHE genomic

=
DNAE F&3}1 32} =Fo A CAPS markerd A4 HAE A AFE3F PCR

primer % protocolS wWgkth o] & AdtgA g w3 CAPS marker A5 Al
of o] &3t WrgE FAY WS 2HS Fusdoen HF WMSES 2% ofrt
292 AoA H7GFste] MEE 25ttt
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S22} Az 71 BioEdit Sequence Alignment
nrDNA-ITS 97| A9 v 2 € Editor — ClustalW

{

& 5ol4 A7 BA = ¢ Enzyme Finder (NEW
Q1 X ol=Aleta 4 &4 ENGLAND BioLabs, NEB)
AccuPower PCR PreMix
DNA-ITS +7} )
ot = 1] }]j“ — (Blo_neer)
o7 PCR SV Kit (GeneAll)

Bgl, Styl, Fad (NEB)
Bgl, Styl, Fall 85 A7 —— 10X 3.1buffer or 10X

CutSmart buffer (NEB)
71959l 2% Agarose gel
TAIESA & 54 < 100V, 50min

Figure 12. The procedure of developing the CAPS marker to identify Z.

japonica and Z. sinica.
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3) Y FeH 24

B Ao A= CAPS markerE 7|Wro & 43 Zoysia & ZrjoA Z+HZ
S (Z. japonica), A} (Z. sinica)E 2Bt A AT olo we 2 o
T EAAESH A AL oF dEerd SAY oqud AR e
A HES7] 98, 3, A, wvlF(hybrid between Z. japonica and Z.
sinica) &% AHE T e Zolot YHIE HAAAE o] &ste] FAHE A
g9 & {5 AAdAW A (SMZI8, Nikon, x0.75)% o] &3t ##sgint. 7

Fejstd $Ae 3 MBoR #guIT

&
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3. 243 2 uz

1) 29 nrDNA-ITS 97149 <€ 7]¥ CAPS marker &4

nrDNA-ITS  @7]A < 7Iwke] 3t eh Ay $& A¥ 7hssh CAPS
markerE 712st7] &, nrDNA-ITS T7F G714 E Aol S 1A= 3
sl Al$aAES Enzyme Finder program(NEB)S o] &35to] &332
Az dH Zo] vty A (RFLP; Restriction Fragment Length Polymorphism)
A3g wgor Ry 4%& FET £ Y% Bell(GCCNNNN 1 NGGC)H,

rr

Styl(C T CWWGG), Faul(CCCGC(N)4 1) 59 AdaAET} o529 <4 H9
A7ILES dold 4= AATH(Fig. 13). AHFE 3 7HA &2 (Bgll, Styl, Faul)

Eo| E3Y(Z japonica)t AR} (Z. sinica)s ¥ 7bse CAPS marker®
A3t A5 AES] S8, ITS13 1TSS primers AHg-3te] St 9} A%,
A WMEIZE2(A. stolonifera), AE 7] EF 18~ (P. pratensis) &A= 5
H nrDNA-ITS A 3t S& 9 sld AtEd Bgll®}t Styl, Faul A$a4
S 717 Agstdo. 21 A, A (2 sinica)®] ntDNA-ITS 3 97144
el EAst= Bell 340 <14 F917F 2ho] oa] ddyo 7E
ok 700bpe] W=7} 375bpet 312bp T AN ZZbo® pERrh whA §x
Zit] W ER1Y (7 japonica)= nrDNA-ITS 714 <E ol Bgll Agai9]
o12] ROy} EAEHA o} 7|Eo] FZ @ oF 700bp 3 /e WEvio] #F

A
=z

o|\
it}

ot

3
b
"

Ach(Fig. 14A). Styl Agtaxsre] A #AHI| EF282(P. pratensis)]
nrDNA-ITS 31 @714 E W8] <14 9ol ARz L7 28] 71E 5%
¥l °F 700bpe] W=7} 555bpet 126bpel 7 e F7Zto=m &QlE gl o (Fig.
14B), A (Z. sinica)| A= Style] Q12 K917} Bgll Astaio] 28 F-9
o} Q1 Ao EASIEZ, A Bgll 23} frAFeE dole] 385bpet 302bp
o F e zZow FHAHAUC. Faul Adasre AS Agd wEIHA
(A. stolonifera)®t AE 7] EF 18 2~(P. pratensis)® nrDNA-ITS +37F 7]
A e A2 B AgtEsrr 2835t 27 333bp, 200bp, 108bpet



306bp, 200bp, 133bpe] 370 ME=E, Az (Z. sinica)= 480bpet 91bp F+ 74
o] M= %AS el tHFig. 140). 209 A S nrDNA-ITS 7+ 9714
d W Faul AFEs <14 F7F 653bp H-o Yo mZ 29 of7fE oA
A o A& 663bpet 33bp Foll A 653bpe] g e whEvhe] #EH ATH(Fig.
14C). Al 74 FF/9 @4Bgld Swyl, Fau)es °ol&do=zx =3t (Z
japonica)®] nrDNA-ITS F+7F @7 FoAM = Astasel o8] dosx &=
whd - A2 sinica)® nrDNA-ITS T:7F @ 7] A Gl
S 7Idte® E3Y e A”T L FRo] Jhestath ek, 4 TRl wet
Me Sxide Az Erk ooyl dAY Al =AW WEITAA
stolonifera)¢} #AE 7] EF 18~ (P. pratensis)® 7 FEHAG. Syl
219 et @AY Aol AEI) EFagAE, Fauld $AE @oe kA
g Zdel 29y WEIgAs A BFagts RS PEEG nhebA,
2 AFdA= EJYSY Azge Ads 93 CAPS marker24 Bgll¥}
Styl, Faul AgtasEo]l A4S HE5T ANt Bglle] 745, Bl

=
CAPS marker® &&%o] B-glucan T%9 d#¥ Cs/F6 FAAES TS

o
rlr
i)
(5
A,
rlr
_>|\]_1‘
o

rt

AF7E g vl A Cory et al, 2012). Style] % CAPS marker® A&
Ho] 2l7to| EA 5= a2-globin A AFe] WolZ ¥ (Masala et al., 2004)3}

Row, Faul® A5 sfntet7]o wd¥ds 88 5 = CAPS marker®
o] &8 A7} Hix o h(Giresse et al., 2007).

Hpgt7h Ao AAske fd Ao m S3Y e AR FUARTH FHE
A (Z-11, 12, 13, 14, 15, 16, 17, 18 19, 20) % 10/MAE 3Z3te]
nrDNA-ITS +7+S PCRZ 5% % Al 7FA| Asta 4 Bgll Styl, Fauls 7t
7k Aglsle] o] mE e A4S Felsth 129 ol Bell AldtE
o8 Aets o] 375bpe} 312bp ¥ A9 2Z o= yehuy, Styl AlFE L 9
A= 385bpe}t 302bp, Faul AStE 49 745, 480bpet 91bpe] + x7to 2 &
olxo] 12¥ ZoE AJY(Z sinica)E 2B EHJATHFig. 15). 18 )+
Bglls} Styl A|gtg el ofsf deksx] ghob of 700bp W= & 7hRte] &<l
A3l Faul Asaio 49 663bpet 33bp=E U & 2oz Hol 18 Iy
S2(Z japonica) ¥& Q18 tHFig. 15). dAddd A &2 17H Fy
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o] 5, Bgll Agasel o Ay Fde dehll= M= F 7ie &3
o e detle W g Jh7F EA FAE AT Syl A E Ao 5ol
= AZdYet x4y el sjelo]l FAlo]l EAsk= Bell Al AR dd
= = 7 e, Faul Adas B AdH e dds yehls W= 3 Y
b E4Y e HAEs Bole WE 3 NS A F1E 5+ UATHFig. 15). ©
© Zoysia %ol BZbeA AwmEA FW R 3 wfo] Jbestrtal Bag

Chung et al.(2013)¥} Yaneshita et al.(1999)9] 45 ZAZ 174 JY&s &
(7. japonica)®} AFY(Z. sinica)?t A wwj® H(hybrid between Z.
japonica and Z. sinica)2.® TerECH(Fig. 15). whgbA 2 Ao s utel
CAPS markerg ol&3te] &% e on sy ofge =32
Japonica)$t AJXT(Z. sinica)d] FFRe] 715 Wk ofy g} o FElH o= =
TFHEg ¢ gl 3 ARG & wn)E(hybrid between Z. japonica

and Z. sinica) &3 A9 7MEsithe AS g0 4 AT
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653 Faul (1)
|
New DNA from 1to 686
B 480 Faul (3)
385 Styl (1) 554 Faul (3)
3175 Bgll (1} 563 Faul (3)
| I
New DNA from 1to 687
C
441 Faul (4) 650 Faul (4)
333 Faul (4) 641 Faul (4)
Ll
New DNA from 1to 683
D
133 Faul (4) 648 Faul (4)
126 Styl (1) 333 Faul (4) 639 Faul (4)

L

New DNA from 1to 681

Figure 13. Recognition sites of three restriction endonucleases in each turf

grass species. The numbers on the vertical lines indicate the position of the

three restriction endonucleases. The numbers bottom of the horizontal lines

indicate the sizes of each full sequence of ITS

in four different grass

species. (A), Zoysia japonica; (B), Zoysia sinica; (C), Agrostis stolonifera;

(D), Poa pratensis.
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A As Pp-M Pp-B PpD Zj-D 7

M2 53 63 8 3% 1538 1537

<— 700bp
Bgll
<« 375bp
< 312bp
B As PpM PpB PpD  ZjD zZ
M 2 5 36 3 8 3 9 15 3 8 15 3 7
700bp
Styl 555bp
385bp
302bp
126bp
C As PpM Pp-B PpD  ZjD Z
M 2 5 3 6 38 39 1. 5 353 8 1. 5 3 T
-
-
-
— <«— 653bp
Faul B <— 480bp
= €— 300bp
e e S8 SN 0 <— 200bp
R — €— 100bp

Figure 14. Molecular identification of Z. japonica, Z. sinica, A. stolonifera,
and P. pratensis using CAPS markers : nrDNA-ITS PCR products were
digested by Bgll, Styl, and Faul, respectively. Black and red arrows show
the sizes of digested bands. M, 100bp plus DNA ladder(Bioneer); As,
Agrostis stolonifera;, Pp, Poa pratensis; 7j, Zoysia japonica, 7, Zoysia

sinica.
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M 712717718 = M 712717118 . M Z12717118

i €= 700bp €= 7000p
375bp 385bp
312bp 302bp

Bgll Styl Faul

Figure 15. Molecular identification of Z. japonica, Z. sinica, and hybrid
between Z. japonica and Z. sinica using CAPS marker. PCR products are
digested by Bgll, Styl, and Faul, respectively. Black and red arrows show
the sizes of digested bands. Z12, Z17, and Z18 were identified as Zoysia
sinica, a hybrid between Z. japonica and Z. sinica, and Zoysia japonica by
CAPS markers based on nrDNA-ITS, respectively. M, 100bp plus DNA
ladder(Bioneer); Z12, Z17, and Z18, individual samples of Zoysia

Jjaponica-like grass collected from sand on the Hagwi's beach in Jeju Island.
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oA tE CAPS marker’t EZ3H(Z japonica), A% (Z.
sinica), 1 ¥}Z(hybrid between 7. japonica and Z. sinica)E T 3&= do
S sttt v Ao A A SAY Sl AAE =
Zoysia & 2] GUA| o % CAPS marker’} $d3A A5+ NS HAE

3t7] Ya FFRYE Ags 97704 (Table 2)& A2 nrDNA-ITS & 7] A

16). = A3}, Bgllel 745 &3t 700bpe] W= sy, Azt 375bpst
312bpe] W= T JNE #ESYHTE Spyle] A9 XY & 700bpe] W= Sk
A7 = 385bpet 302bp T ME YErwth Faul® 75 E3H = 653bp
W= sty ARY = 480bpet 91bp W= F+ JHE &l ol & B F 97
Mol Zoysia & FUERFEH St 43709 AR 25704 28] 7Y
o Azt o] AAd wujF 2970A 5 A et A thH(Fig. 16). T3, FEFAE
S 2 CAPS markerg #2418 Ao Ae ol FAE o=z a3 CAPS

R
rir

marker A% A3 ol B o4 9y & =79 wl=(Bgll; °F 430bp, Styl;
oF 540bp, Faul, ¢F 430bp)7} #ZHAGY. ol F7F AdE& &3l F3F o
23}= Cladosporium cladosporioides® nrDNA-ITS 7|4 E Fxlo] =2
Ade & 5 AAeH, ol AF Al A=A <do] P A=

d edHEdd Aoz HA(Fig. 16). wkA, £ AFdME e
nrDNA-ITS 947142 Well SelA o= &8s Bell, Styl, Faul A%

3
Z 7] o 2 CAPS markerZ 7futéte] Ext), Az, wwjEs 2ded 5 gl

B oAto ANE 53, Boll, Styl, Faul Al 7FA &4 Z o] &3l Sz
Az, wajge] o] Zheds #lsiith. 59 Faul2 3tk ALY
E ¥ge 7y 4% EHA sAHs e dol P AF8Es F F UAgh o
E vtgo =z 2 dAFolA JNEs CAPS marker7} th&

&8t 24 g =l Wk drk A Aol

1o
ofN
offl
o
=2
2
=8
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1. & @ 8 s S HY A
M 103 109 115 118 119 121 129 130 138

Byl

Styl

Faul

4 -d d & & H & H S : N S|
M 142 146 151 154 162 165 171 174 182 185 188 191

Bae e
Bgll

g.

—
Styl |— :
Faul __:_-
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5 3 S HH L B HHH J
M 198 200 204 211 214 218 226 228 240 242 245 249

Faul

S

D
J S HJ S J) SH S J S HH S s
M 258 260 262 264 266 268 271 275 281 283 284 287 294 295 296
Bgll
Styl
Faul
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Bgll

H S B & J1 30 H A 33 8§ 8§ 5

M 297 299 301 307 308 312 313 314 325 330 342 344 347

H S§ S5 J J J H S H S S H
M 355 372 375 378 380 384 390 392 400 405 406 415 419

[
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4 H 3 4 3 4 4 4 4 4 B 4 I3 3
M 424 429 431 432 433 436 438 439 442 445 446 447 448 449

Bgll

Styl

Faul

J 2 4 4 H B H 5 .3
M 123 125 127 147 180 183 222 310 402

Faul
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Figure 16. Molecular identification of Z. japonica, 7. sinica, and hybrid
between 2. sinica and Z. japonica using CAPS marker from collected
Zoysia grasses . Red arrows indicate the digested bands. M, 100bp plus
DNA ladder(Bioneer); J, Z japonica, S, Z. sinica, H, hybrid between Z.

sinica and Z. japonica. The numbers of samples are shown in Table 2.
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Table 5. Morphological analysis of the length and the width in Z. japonica,

Z. sinica, and hybrid. Each third leaf was used in this study.

Length of leaf (cm) Width of leaf (mm)

Species | No.
1 2 3 Average 1 2 3 Average
165 | 8.0 87 104 |9.03x0.71 | 4.5 4.3 4.0 | 4.27+0.15
Zoysia 188 | 6.3 6.4 10.5|7.73x1.38 | 6.0 4.8 55| 5.43%£0.35
Japonica | on4 | 43 9.9 3.0 |573+2.12 |50 55 5.2 |523+0.15
Average 7.50%1.40 Average 4.984+0.21
171 54 6.0 6.1 |5.83+x0.22 | 4.3 4.0 3.5 | 3.93+0.23
Zoysia 182 | 7.0 9.2 10.1|8.77£0.92 | 3.5 4.0 3.5 | 3.67x0.17
sinica | 198 | 6.9 82 8.0 |7.70£0.40| 4.0 4.0 3.8 | 3.93+0.07
Average 7.43+0.51 Average 3.84%+0.16
174 | 6.1 9.0 8.3 | 7.80x0.87 | 4.3 4.2 4.7 | 4.40%0.15
. 214 | 12.3 3.6 6.0 | 7.30%£259 | 5.0 55 4.3 | 4.93%£0.35

Hybrid

240 | 46 94 48 |6.27+157 |35 4.0 4.0 | 3.83%£0.17
Average 7.12+1.68 Average 4.391+0.22
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Z. japonica Z. sinica Hybrid

Inner side

Outer side

Figure 17. Morphological analysis of the hairs in Z. japonica, Z. sinica, and

hybrid between Z. japonica and Z. sinica : White scale bars indicate 1 mm.
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V. $31%

|51 Sy
= =

]

o,

K=
2 FAA 77 A2 S skeE FA0H(Sun et al, 2010). FHE AS A
2ol wel dA Y ek dAY dym ¥ (Kang, 2010), 1 & EAE
zitjel et &3 (Zoysia japonica)St A7 (Zoysia sinica)s 27 =43k

<3 G @A M= Had Z HAds 545 AdtKim and Lee,
2010; Toyama et al., 2003). olo we} St} Az = o] 43 AlF
TS STt e 282 v Aol AAAS Byt g€ 2y

F s Al 28 et Ao ALY = S0 japonica)®t AR
t(Z. sinica)®] A, Watete B4 HEato] oF FEgHor FE57)
7 A &k Yang S(1995)2 & yn], o], @9 f%5 7IEo® S
AT E FEFTL BasdARE, ol FEA 542 ofF A4 I A

rr

oL
¢}

2!

= BNY 5 I §ED 2ol Ao FF2A 1o

w

A/Y o FAB#AE FAL T2 7 2 A A= w5 AAo
H, PR FA AEY T2 ANEGH R ERetL 8 T
A= DNA Hiz= FARo] @dtstA d++¥ 1 glth(China Plant BOL
Group et al., 2011; Kress and Erickson, 2008). DNA HlZ= #AWHe 54
DNA 7te] 71 ARE o] &sto] aid 3k WolA e d7IM4d
AE T F¥sts Ao (Hebert et al, 2003), AEdAs F=Z & U<
ITS(Internal Transcribed Spacer) &< ©]&3te] && AW th(Kress et al,
2005). wekA, ¥ ATolA = irDNA-ITS 73 471422 o] &3kl I FE
Tt olE9 FARAE A4 B SxHE ARHE AET F e
CAPS markers 7l'¢s}Sith.
nrDNA-ITS 3t @7 9s ol &3t SXH(Z japonica), A™T(Z.

sinica), 2213 WE I~ (A stolonifera), ANE7] EF 18t~ (P. pratensis) 7+



HeE st wddAE sy fl8l, nrDNA-ITS 773be PCR2 553}
A G7IME S i BAE A irDNA-ITS 971499 & dolrt 52de
686bp, AZT= 687bp, =M WIEIZHAE 683bp, AEH7] EF1gA

681bpel ™, ol F3l dAH Frle] mDNA-ITS 9714 d Zol7t A% %

o 2ot 711 RS 4 F U}t TE FEEA e F 5eld 47l A8
wlE el A 3270, AE 7] EFaEtso A 267, AT oA 107, Sl

A 57 EAFS st ol Aed WEDHAY AMET] EF s
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