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Abstract

Zoysiagrasses are important turf plants used for school playgrounds, parks, golf courses,
and sports fields. The two most popular zoysiagrass species are Zoysia japonica and Zoysia
sinica. These are widely distributed across different growing zones and are morphologically
distinguishable from each other; however, it is phenotypically difficult to differentiate those that
grow along the coastal line from those in beach area habitats. A combination of morphological
and molecular approaches is desirable to efficiently identify these two plant cultivars. In this
study, we used a rapid identification system based on DNA barcoding of the ntDNA-internal
transcribed spacer (ITS) regions. The ntDNA-ITS regions of ITS1, 5.8S nrDNA, and ITS2 from
Z. japonica, Z. sinica, Agrostis stolonifera, and Poa pratensis were DNA barcoded to classify
these grasses according to their molecular identities. The ntDNA-ITS sequences of these species
were found at 686 bp, 687 bp, 683 bp, and 681 bp, respectively. The size of ITS1 ranged from
248 to 249 bp, while ITS2 ranged from 270 to 274 bp. The 5.8S coding region ranged from 163
- 164bp. Between Z. japonica and Z. sinica, nineteen (2.8%) nucleotide sites were variable, and
the G+C content of the ITS region ranged from 55.4 to 63.3%. Substitutions and insert/deletion
(indel) sites in the ntDNA-ITS sequence of Z. japonica and Z. sinica were converted to cleaved
amplified polymorphic sequence (CAPS) markers, and applied to the Zoysia grasses sampled
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to verify the presence of these markers. Among the 62 control and collected grass samples, we classified three
groups: 36 Z. japonica, 22 Z. sinica, and 4 Z. japonica/Z. sinica hybrids. Morphological classification revealed only
two groups; Z. japonica and Z. sinica. Our results suggest that used of the ntDNA-ITS barcode region and CAPS
markers can be used to distinguish between Z. japonica and Z. sinica at the species level.

Additional key words: cleaved amplified polymorphic sequence, internal transcribed spacer, restriction endonuclease,
species identification, Zoysia japonica, Zoysia sinica
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o= sh-sd B 39, L, F, A= A7 5ol velRt ol AL Qs .8 el ZFEoloh 2 11
#1917} ShefE] 1 Qlo] A-8A 9 A A 71271 ARt Z7 ekl 9l Z=A o tHSun et al,, 2010; Hyun et al, 2012), X =438
Ao whet 11-20] 7ot 2| zhrieh Ao 7t 9kx|ed 2 SRR, GRS o= ti#2 0 & SX (Zoysia
japonica)®} A (Zoysia sinica), 57 (Zoysia matrella), 7] (Zoysia macrostachya), HHt} 12+2~(Cynodon dactylon)
Eo| £35p, SHx4 )= g2 HE T2t (Agrostis stolonifera), ZE]7| B 12k (Poa pratensis), 3|2~ (Festuca
arundinacea), 2}°) 12+~ (Lolium perenne) “5°| QtHKim and Lee, 2010). -$-2ufgtof| A 2 APAok= 2|3 #t] Zoysia
E(Zoysia species) T Tt & 085 = 22 ST (Z, japonica)2t 27T (Z, matrella)7t 1. 0™, 5] St = ol540 =
A 112 9 712, s} mefe] G e BoIAE 2 238k S40] 9irkSun etal, 2010; Hyun tal, 2012), 7 9Je]
SHERIERoNA APBSF= AR (2 sinica)2h YN (2. macrostachya)?k 1070, 71 % ARk B} O] @ 77} v
2 7jek ol Beiol-SAe AR, A ko] 53 ek ul 74 S 0) 2lo] 5 8 47T olgsted 4
2 7o) &8E 4 Q= S0t Yu et al, 1974 Li et al,, 2006; Hyun et al., 2012; Chung et al., 2013), 2L} HlGE
75l AT} R0 Aol A APAs k= A ST B T 0] ol tE WA T of| Hish £ 7 2] S/do] ¢
QApSle] B st 2o 417 ek mehH 7120 Sl el Sguelt e Mk BABEstE 1
2o}8 25 wP UG Aol

olzfet BA|H-S S A5E] $J5HA] restriction fragment length polymorphism(RFLP), random amplified polymorphic
DNA(RAPD), amplified fragment length polymorphism(AFLP), simple sequence repeat(SSR), sequence related amplified
polymorphism(SRAP) 5 22 £5.0] A5 B8 ot molecular marker” | 7] o] 2t} 2k 0] 39 2to] 12k (Kubik
etal,2001), H=2 12k~(Wu et al,, 1994; Budak et al., 2004), EIALA B2 T2kA(Renganayaki et al., 2001)0]|4] marker”}
HEjo] Qi T12fut o] 2fgt marker 52 H]w A Hl-Gat Al7to] Eo] EA1 T ERfs),

2T FEL 7 Fs R R AN 0 R HE S0l E4ck= DNA 97144 A H-E 5740 -8-85k= DNA HIZ =(DNA
barcode) 24 Ho] 7L E]$ICHHebert et al, 2003). DNA HFF == Tl EF O] 354 02 HE 1 Ho|x|o] EAffoh=
S5 2 A71AM G o], =0 o= 22 2210 A I DNA #4]0] 7F561al TR PCR S350k G714 E 74
S Esfo] nEA A=A SA o] E-8-%) 11 QJtHHebert et al,, 2003 ; Kress et al,, 2005; Koch, 2010; Kim et al., 2015). ©]2{$t
DNA H}F &= B0 MECHFIHAK Convention on Biological Diversity, CBD)2] =A% A& B 27]&(Consortium
for the Barcode of Life, CBOL, http://barcoding si.edu) © & Al E]o] Labd 1165 W AE S 20 35 E0] TR,
oforE 5 A127 A2 B 1% 5ol 80| 7F5a1o] AJoF B B, B 5 ol /ol A HRA 92 2
£5] 77 QJthBaigalmaa et al., 2009; Ahn etal., 2010; Hong et al,, 2012; Moon et al., 2013). A& 255 9|t DNA HIF = B
4.2 5l 1Y ribosomal DNA (nrDNA) 2] internal transcribed spacer (ITS) G714 8 77F 52 o]-&5}0] Lo LHhKress et
al.,2005; Baigalmaa et al., 2009; Ahn et al., 2010; China Plant BOL Group etal.,2011; Hong etal_,2012; Kress and Erickson,
2008; Moon etal,, 2013),ITS %714& 7+-2- 1852} 268 ribosomal DNA AJo]o]] Z25H= ITS1THTS2 A7 A S 2 (Fig.2),
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Table 1. List of turf grasses used for morphological and molecular classification
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Sample No. Germplasm Sample Species Source information Usage
Asl Seed Agrostis stolonifera Imported seed, USA Control
As2 Seed Agrostis stolonifera Imported seed, USA Control
As3 Seed Agrostis stolonifera Imported seed, USA Control
Asd Seed Agrostis stolonifera Imported seed, USA Control
As5 Seed Agrostis stolonifera Imported seed, USA Control
Asbd Seed Agrostis stolonifera Imported seed, USA Control
As7 Seed Agrostis stolonifera Imported seed, USA Control
As8 Seed Agrostis stolonifera Imported seed, USA Control
As9 Seed Agrostis stolonifera Imported seed, USA Control
Asl0 Seed Agrostis stolonifera Imported seed, USA Control
Ppl Seed Poa Pratensis Imported seed, USA Control
Pp2 Seed Poa Pratensis Imported seed, USA Control
Pp3 Seed Poa Pratensis Imported seed, USA Control
Pp4 Seed Poa Pratensis Imported seed, USA Control
Pp5 Seed Poa Pratensis Imported seed, USA Control
Pp6 Seed Poa Pratensis Imported seed, USA Control
Pp7 Seed Poa Pratensis Imported seed, USA Control
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Table 1. Continued

Sample No. Germplasm Sample Species Source information Usage

Pp8 Seed Poa Pratensis Imported seed, USA Control

Pp9 Seed Poa Pratensis Imported seed, USA Control

Pp10 Seed Poa Pratensis Imported seed, USA Control

Zj1 Seed Zoysia japonica Imported seed, China Control

Zj2 Seed Zoysia japonica Imported seed, China Control

7j3 Seed Zoysia japonica Imported seed, China Control

Zj4 Seed Zoysia japonica Imported seed, China Control

Zj5 Seed Zoysia japonica Imported seed, China Control

Zj6 Seed Zoysia japonica Imported seed, China Control

Zj7 Seed Zoysia japonica Imported seed, China Control

Zj8 Seed Zoysia japonica Imported seed, China Control

79 Seed Zoysia japonica Imported seed, China Control

Zj10 Seed Zoysia japonica Imported seed, China Control

Z1 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
72 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
z3 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
yz: Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
75 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
76 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
z7 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
Z8 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
79 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
710 Seed Zoysia turfgrass Jeju, Aewol, Korea Control, collected Zoysia
Z12 Seed Zoysia turfgrass Jeju, Hagwi , Korea Collected Zoysia
z17 Seed Zoysia turfgrass Jeju, Hagwi , Korea Collected Zoysia
Z18 Seed Zoysia turfgrass Jeju, Hagwi , Korea Collected Zoysia
721 Plant Zoysia turfgrass Jeju, Pyoseon, Korea Collected Zoysia
722 Plant Zoysia turfgrass Jeju, Pyoseon, Korea Collected Zoysia
723 Plant Zoysia turfgrass Jeju, Pyoseon, Korea Collected Zoysia
724 Plant Zoysia turfgrass Jeollanam-do, Heuksando Island , Korea Collected Zoysia
725 Plant Zoysia turfgrass Jeollanam-do, Heuksando Island , Korea Collected Zoysia
726 Plant Zoysia turfgrass Jeollanam-do, Heuksando Island , Korea Collected Zoysia
727 Plant Zoysia turfgrass Jeollanam-do, Bogildo Island , Korea Collected Zoysia
728 Plant Zoysia turfgrass Jeollanam-do, Bogildo Island , Korea Collected Zoysia
729 Plant Zoysia turfgrass Jeollanam-do, Gogeumdo Island , Korea Collected Zoysia
730 Plant Zoysia turfgrass Jeollanam-do, Bogildo Island , Korea Collected Zoysia
732 Plant Zoysia turfgrass Jeollanam-do, Bogildo Island , Korea Collected Zoysia
733 Plant Zoysia turfgrass Jeollanam-do, Geumodo Island , Korea Collected Zoysia
734 Plant Zoysia turfgrass Jeollanam-do, Geumodo Island , Korea Collected Zoysia
735 Plant Zoysia turfgrass Jeollanam-do, Geumodo Island , Korea Collected Zoysia
736 Plant Zoysia turfgrass Jeollanam-do, Geogeumdo Island, Korea Collected Zoysia
737 Plant Zoysia turfgrass Jeollanam-do, Geogeumdo Island, Korea Collected Zoysia
738 Plant Zoysia turfgrass Jeollanam-do, Geogeumdo Island, Korea Collected Zoysia
739 Plant Zoysia turfgrass Jeollabuk-do, Jirisan, Korea Collected Zoysia
740 Plant Zoysia turfgrass Jeollabuk-do, Jirisan, Korea Collected Zoysia
741 Plant Zoysia turfgrass Jeollabuk-do, Jirisan, Korea Collected Zoysia
742 Plant Zoysia turfgrass Jeju, Hallasan, Korea Collected Zoysia
743 Plant Zoysia turfgrass Jeju, Hallasan, Korea Collected Zoysia
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Table 1. Continued

Sample No. Germplasm Sample Species Source information Usage
744 Plant Zoysia turfgrass Jeju, Hallasan, Korea Collected Zoysia
745 Plant Zoysiaturfgrass Jeollanam-do, Wolchulsan, Korea Collected Zoysia
746 Plant Zoysiatur{grass Jeollanam-do, Wolchulsan, Korea Collected Zoysia
747 Plant Zoysiatur(grass Jeollanam-do, Wolchulsan, Korea Collected Zoysia
748 Plant Zoysiatur{grass Jeju, Pyoseon, Korea Collected Zoysia
749 Plant Zoysiaturfgrass Jeollanam-do, Aphaedo Island, Korea Collected Zoysia
750 Plant Zoysiaturfgrass Jeollanam-do, Bigeumdo Island , Korea Collected Zoysia
751 Plant Zoysiatur{grass Jeollabuk-do, Seonyudo Island , Korea Collected Zoysia
752 Plant Zoysiatur{grass Jeollabuk-do, Seonyudo Island , Korea Collected Zoysia
753 Plant Zoysiatur(grass Jeollabuk-do, Seonyudo Island , Korea Collected Zoysia
754 Plant Zoysiatur{grass Gyeongsangsam-do, Changseondo Island, Korea Collected Zoysia
755 Plant Zoysiaturfgrass Gyeongsangsam-do, Geojedo Island, Korea Collected Zoysia
756 Plant Zoysiaturfgrass Gyeongsangsam-do, Geojedo Island, Korea Collected Zoysia
757 Plant Zoysiatur{grass Gyeongsangbuk-do, Gayasan, Korea Collected Zoysia
758 Plant Zoysiatur{grass Gyeongsangbuk-do, Gayasan, Korea Collected Zoysia
759 Plant Zoysiaturfgrass Jeollabuk-do, Nagjangsan, Korea Collected Zoysia
760 Plant Zoysiaturfgrass Jeollabuk-do, Nagjangsan, Korea Collected Zoysia
| DNA 22 Y MS U SE
DNA FZ2 GeneAll 3JAFS] Exgene™ Plant SV Mini Kit(GeneAll, Korea)& 0]—9-0}0:] FZ519.0H F=SHDNAE
0.8% -2 ol-§5to] 7|9F AdollA IRt 5 Awste] PCRO AFESIATE ITS 552 913t primers= Gehrig et al. 2001)
o] H1SHTS1-forward primer(5’-TCCGTAGGTGAACCTGCGG-3")2}HTS4-reverse primer(5-TCCTCCGCTTATT
ATATGC-3")7}F ARRE]QITHFIg, 1), PCR-E AccuPower® PCR PreMix (Bioneer, Korea)2] Protocol-2 W50 ™ DNA 2
2 PCR Thermal Cycler Dice(TaKaRa, Japan) & AF8-6}103 0| ]t} PCR Z71-2-95°Cof| 4] SE7F A 2] &, 95°Co|A]
30, 57°Cof|A] 30, 72°Cof| A 4025 303] cycle 2 HHEGH S 72°Co)| A 1087 &4 2] SFSitt SZ5 PCR AFE-2 0=
AR F714 S 2
LTS H7IME &R L HIIME FAL=et RHEA 24
T4 BT Zoysia T 71 0] B SRR, Tej e ek )] BRI TS GG 7
ZHko] AN H| W W EA5}7] £]5HA4 NCBI Database (http://www.ncbinlm nih gov)2} BLAST &2 738-8- 0]-25}F5ict
ESENCBIE ©]-85}10] ITS12HITS2 7F2- 4511, DNA Baser Sequence Assembler Ver, 4 (Heracle BioSoft, Romania)
I 2 783} BioEdit Sequence Alignment Editor T2 734 9] Clustal W Multiple Alignment (Thompson, 1994)-& 0]-8-51o4
71K 2tolE BRIt ct. A ITS 7R MEGA 6.06 (Tamura et al,, 2013)2 AF8-510] A8 § 7] o] fAE 248 4
ITS1 T4
primer primer
— —
18S rDNA Ts1 5.8S IDNA T2 26S rDNA
Fig. 1. Schematic diagram of internal transcribed spacer (ITS) regions: Black arrows indicate positions and directions of two
universal ITS sequence region primers.
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Y5} .o m, EAHPH © 2= Unweighted Pair Group Method with Arithmetic Mean(UPGMA )2} kimura 2-parameter (K2P)
imodei & O] 85140 o], 2 A=) 714] A58 el ] 16l boosstaplFelsnsain, 1965)0 2 10003] 913 614,

ITS 27| 2| CAPS marker 28t & £

H A Lol EHSHITS H7|AG-E HIEFO 2 CAPS marker 18-S €]l NEB (NEW ENGLAND BioLabs) 3JA}C]
Enzyme Finder T2 1515 ARG ITS 74 ol EAol= 2= Aleha 0] 9215 BA6H3Ich CAPS marker H5-2 ¢
SFPCR-2ITS 7| AL EAof| 42} 5USFDNAL} PCR primer?l ITS1-forward primer(5'-TCCGTAGGTGAACCTGC
GG-3')2} ITS4 -reverse primer(5’-TCCTCCGCTTATTGATATGC -3°) @ protocol-2- AFR5}Y 0, ZZ& PCR ARES
Expin™ PCR SV Kit(GeneAll, Korea)E ©]-8510] A5t} AA|H PCR AF=E3} 5 unit @] Bell, Stl, Faul A|gFaANEB,
England), 10X 3.1 buffer (Bglx} Styl) T=4= 10X CutSmart buffer (Faul)7} 33Fe 14pL WS-8 24 Uh-2- @ L of| 4] =55
ARHER RS AIZITE, 215 HES-E-2 2% agarose gel oA 717195 5191 CAPS marker & 4151 %ch.

o — s
Zat 2 0

IO TS 32 U 7IHY 24

= 0O

ng

ITS H71ME ke o83 FAMSE A £t O] 7= 7]E NCBIof| Bl S3be] 31 78zt 227 WE 12t
| S 12RO ITS A7 1A E 772 7ol o & AAotal ti+2 ARG ThllEAe] S5, A2 HET
7] EFekAs W R A% AR ITS S} Hll A6kt Table 1), ZF 2 QoA ITS PCR 52 4 7|4 E 24 &
= NCBIof| 555 A2 ¥l 241 4=t A}, St ThillE:ke] 739 107]A] 25 Peterson et al.(2010)0] Lol
S ITS A A(Accession No. GU359196)7}99%.°] AFs-A H Yl o m, S2H] 107§A ol A] 1bp(A H G) Afo] 2 THFOo 7
Z, japonica(A) g 57WAI$} Z, japonica(G) TIg 57HA| 2 28-S Table 2 9 Fig, 20]4] SRI5HITE E3L Fig, 194 ITS &
71AE 2 18S2}26S ribosomal DNA Afo] 50]2] H0|5 HOR=ITS1HTS2 F11to] EAI &, 1TS Ul Fof| EAfeh=
ITS13} 58S rDNA, ITS2 9714Y 17ES Bt Sk ITS 7|4 G-& & 686bpo]™, ITS12] F7]7} 249bp, 5.8S
tDNAX 163bp, ITS2=274bp -2 & 4= QIQIEKTable 2). DNA Q] 1% W B8] 2] EXS A= G + C S EZ TS
AA| F714D 1ol A 55%= SRIEQITHTable 2). Z%te] 0] 79 muflEaprt gloj A elE-aeebd 8 ER771ed o
o g -f- - (Yang et al,, 1995)2 =7 TA| ZA%T] 2 E75 28T 0] 24 107§A| 2 ITS A7 B-S 246k 5 A
] 2 107]A1= 1bp(A 2 C) A} 22 TI5FC 2 Z sinica (A) T55 67042} Z. sinica (C) 1F 471A| 2 7= 3Tt 47041 =

>
[P
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Table 2. Internal transcribed spacer (ITS) sequence characteristics of the control turfgrasses of Zoysia. japonica, Z. sinica, Agrostis stolonifera, and
Poa pratensis: Differences in ITS sequences (ITS1, 5.8S, IT52) allowed the classification of Z. japonica into two groups, A and G, and Z. sinica
into two groups, Aand C.

ITSI 5.8 ITS2

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

(bp) (%) (bp) (%) (bp) (%)
Z. japonica (A) 249 56.2 163 539 274 555
Z.japonica (G) 249 56.2 163 539 274 55.8
Z.sinica (A) 249 554 164 555 274 57.6
Z.sinica (C) 249 558 164 555 274 57.6
A. stoloniféra 248 629 163 582 272 632
P, pratensis 248 60.0 163 58.8 270 633
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Z.sinica - A TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAAACA GACCGTGAAC TTGTCATCCA 2.sinica-A GTGGCTGGCT TGCCAGATGE ACCTCTTAAG GCGATGCAAT CGTAGTCTCA CGACTCTCGG CAACGGATAT
Z.sinica - C TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAACCA GACCGTGAAC TTGTCATCCA Z.sinica - C GTGGCTGGCT TGCCAGATGC ACCTCTTAAG GCGATGCAAT CGTAGTCTCA CGACTCTCGG CAACGGATAT
Z.japonica - A TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAAACA GACCGTGAAC TTGTCATCCA Z.japonica - A GTGGCTGGCT TGCCAGATGC ACCTCTTAAG GCGATGCAAT CGTAGTCTCA CGACTCTCGG CAACGGATAT
L japonica-G TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAAACA GACCGTGAAC TTGTCATCCA Z.japonica -G GTGGCTGGCT TGCCAGATGC ACCTCTTAAG GCGATGCAAT CGTAGTCTCA CGACTCTCGG CAACGGATAT
A stolonifera TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAAATA GACCGTGCAC TCGTCATCCA A, stolonifera GCGGACGGCT TGCTGGCCGC CCCCGTGCT GCAATGCTAT TTAATCCACA CGACTCTCGG CAACGGATAT
P. pratensis TCCGTAGGTG AACCTGCGGA AGGATCATTG TCGTGACCCT GACCAAAACA GACCGTGAAC TCGTCATCTT P, pratensis GCGGCTGGCT TGCTAGCTGC CCCTCGTGTT GCAATGCTAT TTAATCCACA CGACTCTCGG CAACGGATAT
100 110 120 130 140 290 300 310 320 330 340 350

. .1 . N L T L L ]

2.sinica-A TGCTGTTGGG CGACGGGGCT CCACCTGTTT CTCAGCAGAG GTCTCTCGCA -----CACTT TGGCGTGTGA Z.sinica- A TGCTGTTGGG CTTGGCTCTC AGAACGTAGC AAAATGCGAT ACCTGGTGTG AATTGCAGAA TCCTGTGAAC
2.sinica-C TGCTGTTGGG CGACGGGGCT CCACCTGTTT CTCAGCAGAG GTCTCTCGCA -----CACTT TGGCGTGTGA Z.siica-C TGCTGTTGGG CTTGGCTCTC AGAACGTAGC AAAATGCGAT ACCTGGTGTG AATTGCAGAA TCCTGTGAAC
2 japonica-A TGCTGTTGGG CGACGGGGCT CCACCCGTTT CTCAGCAGAG GTCTCTCGCA -----CACTT TGGCGTGTGA 2 japonica-A TGCTGTTGGG CTTGGCTCTC AGAACGTAGC AAAATGCGAT ACCTGGTGTG AATTGCAGAA TCCTGTGAAC
2 japonica-G TGCTGTTGG CGACGGGGCT CCACCCGTTT CTCAGCAGAG GTCTCTCGCA -----CACTT TGGCGTGTGA 2.japonica -G TGCTGTTGG CTTGGCTCTC AGAACGTAGC AAAATGCGAT ACCTGGTGTG AATTGCAGAA TCCTGTGAAC
A stolonifera TCCTGCCGG- CGGCG-GCA CCGTTCGTCG CTCGGCCAAG -TCCTCGACA ACCTCCTCTC CTCGGAGTGG A, stolonifera TCCTGCCGG- CTCGGCTCTC AGAACGTAGC GAAATGCGAT ACCTGGTGTG AATTGCAGAA TCCCGCGAAC
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Z.sinica - A GCGGGTCAAA GTTGGGGCAG CCGGCTAAAT AGGGGCCGGT CACAGCGAAA GGTGGACGGC ACATGTTGTT
Z.sinica - C GCGGGTCAAA GTTGGGGCAG CCGGCTAAAT AGGGGCCGGT CACAGCGAAA GGTGGACGGC ACATGTTGTT

Zjaponica-A  GCGGGTCAAA GTTGGGGCAG CCGGCTAAAT AGGGGCCGGT CACAGCGAAA GGTGGACGGC ACATGTTGTT
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Zjaponica-A  CTTGGAGTTG TG - ACCCGCG TCGTAACCGG TGACACGATG GCCC - TCAGG ACCCATTAGC AGTGGCGCAC
Zjaponica-G  CTTGGAGTTG TG - ACCCGCG TCGTAACCGG TGACACGATG GCCC-TCAGG ACCCATTAGC AGTGGCGCAC
A. stolonifera CTTACCGCAG TGCATCCGGG GCGTAGCC- - - GACGTGATG GCCTC TAAGG ACCCTTTGAA CGGTGCGCAC
P pratensis CTTACCGCAG TGCATCCGGC CCATAGCC- - - GACGTGATG GCCT - TAAGG ACCCTATGAA CGGAGCGCAT
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Fig. 2. Comparison of internal transcribed spacer (ITS) sequences in control lines of Zoysia japonica (Z. japonica-A and Z.
Japonica-G groups), Z. sinica (Z. sinica-A and Z. sinica-G groups), Agrostis stolonifera, and Poa pratensis: Sizes of ITS sequences
in each species are 686 bp, and 687 bp, 683 bp, and 681 bp, respectively.
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i Z 683bp2} 681bp 2] ITS 7+ A7 A E-S 712t &5y 0 W, 7]&0] 525 A< (Accession No, KM9999581}
No. KF800192)§F4- H| w5193 o) F2)9 HIE 1efA=1TS1 248bp2} 5.8S rDNA 163bp, ITS2 272bp, AIE]7] BF 12k~
L-248bp2] ITS17} 163bp2] 58S rDNA, 270bp 2] ITS2S Z 3RS ¢F 2= 9J9lt} A ITS 7+2] G + C TEL 712 62%
2}61%=2 T4 0 2 W28 27} oA Zo R} vhe G+C e 7S o 4= 91tk Table 2).

2 Aol A A= ARG Tl B AR S5, b, e HIE TebA ZE 7] SR 1R A0 ZERIT S ZHITS
H714 4 A BIaL 2442 multiple sequence alignment S =35t S5 B A, 123 RIE T2 AH7] &5
J=FAO]ITS G714 A7 1712 ZH686bp2}687bp, 683bp, 681bp 710, ZHT] 452 7} 1-5bp2to] 2 £ 206bp2] &7
A 2ol Z Kt 71 % 31bpi= INDELS] oJet 2jo|¢l-& SRISIITHFig. 2). 2fo |7} UrL 44| 206bp2] A7 E 2ol 5

oA 160bp+=-+7119] Zoysia &= the SE=5H 255 6FH, T2 13bp2] H7|-E ol &2 A 712 &E50] Bt
2 G712 71 0 2 Z171e] £E(Zoysia L, Agrostis £, Poads) 0] T-E-2 71551 51t & HHGH Sh= £ Eol4 o
7= A2 HIE 2R oA 327), A7 S5 12kl A 2671, AR of| A 1071, S3Fof|A 5717 EAekS E)Iskich

)

350

Horticultural Science and Technology



s &7 IME 24 L CAPSE 085 20| |0 £ (Zoysia) S|t 2HRICI0| 12
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(Hebert et al., 2003; Kress et al., 2005; CBOL Plant Working Group, 2009; Ahn et al., 2010; Koch et al., 2010; Hong et al.,
2012),
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Fig. 3. Recognition sites of three restriction enzymes (Bgl, Styl, Faul) in each turfgrass species: Numbers underneath the lines
indicate the sizes of each internal transcribed spacer (ITS) sequence in Agrostis stolonifera (A), Poa pratensis (B), Zoysia
Japonica (C), and Z sinica (D).
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Fig. 4. Molecular classification of control lines of Zoysia japonica (Zj), Z. sinica (Z), Agrostis stolonifera (As), and Poa pratensis
(Pp) turfgrasses using cleaved amplified polymorphic sequence (CAPS) markers: ITS products purified by the polymerase chain
reaction (PCR) were digested by B/l (A), Sl (B), and Faul (C), respectively; Black arrows indicate original PCR product sizes
(about 700 bp), and red arrows indicate digested sizes; M indicates size marker. Sample numbers are shown in Table 1.
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Fig. 5. Molecular classification of control lines of Zoysia japonica (Zj), Z. sinica (Z), Agrostis stolonifera (As), and Poa pratensis
(Pp) turfgrasses using cleaved amplified polymorphic sequence (CAPS) markers: ITS products purified by the polymerase chain
reaction (PCR) were digested by Ba/l (A), Stl (B), and Faul (C), respectively; Black arrows indicate original PCR product sizes
(about 700 bp), and red arrows indicate digested sizes; M indicates size marker. Sample numbers are shown in Table 1.

Horticultural Science and Technology 353



S 87 |ME =4 L CAPSE 088t 20|A[0F Hzoysi) SUCIRL HICI0| 7

Table 3. Classification of collected Zoysia turfgrasses based on morphological and molecular approaches: Z. japonica (Zj) and Z. sinica
(Zs) were morphologically dlassified by the presence of leaf trichomes; Trichomes were present on the surface of Z. japonica leaves,
but not on Z. sinica leaves; Zj, Zs, and hybrid Z. japonica/Z. sinica plants (H) were molecularly classified according to their internal
transcribed spacer (ITS) sequences and ITS cleaved amplified polymorphic sequence (CAPS) markers using ITS DNA barcode analysis;
Analysis of ITS CAPS markers allowed classification of Zoysia turfgrasses into Zj, Zs, and H, while differences in ITS sequences allowed
classification of Zj into two groups (Zj-1 and Zj-Il), and Zs into four groups (Zs-I-Zs-IV). Sample numbers are shown in Table 1.

Classification of collected Zoysia turfgrasses

according to each methods
Sample No. Germplasm Origin
Morphological method ~ Molecular method (ITS DNA
(presence of leaf trichomes) barcode analysis)
721 Plant Jeju, Pyoseon, Korea Zj Zj-1
722 Plant Jeju, Pyoseon, Korea Zj Zj-1
723 Plant Jeju, Pyoseon, Korea Zj Zj-1
724 Plant Jeollanam-do, Heuksando Island , Korea Zj Zj1
725 Plant Jeollanam-do, Heuksando Island , Korea Zj Zj1
726 Plant Jeollanam-do, Heuksando Island , Korea 7j H
727 Plant Jeollanam-do, Bogildo Island , Korea 7Zs Zs-1II
728 Plant Jeollanam-do, Bogildo Island , Korea 7Zs Zs-II
729 Plant Jeollanam-do, Gogeumdo Island , Korea Zj H
730 Plant Jeollanam-do, Bogildo Island , Korea Zj Zj-1
732 Plant Jeollanam-do, Bogildo Island , Korea 7Zs 7Zs- IV
733 Plant Jeollanam-do, Geumodo Island , Korea 7j Zj1
734 Plant Jeollanam-do, Geumodo Island , Korea 7j Zj-1
735 Plant Jeollanam-do, Geumodo Island , Korea 7j Zj1
736 Plant Jeollanam-do, Geogeumdo Island, Korea 7Zs 7s- IV
737 Plant Jeollanam-do, Geogeumdo Island, Korea Zj Zj-1
738 Plant Jeollanam-do, Geogeumdo Island, Korea 7Zs Zs1
739 Plant Jeollabuk-do, Jirisan, Korea Zj Zj-1
740 Plant Jeollabuk-do, Jirisan, Korea Zj Zj1
741 Plant Jeollabuk-do, Jirisan, Korea 7j Zj-1
742 Plant Jeju, Hallasan, Korea Zj Zj-1
743 Plant Jeju, Hallasan, Korea Zj Zj1
744 Plant Jeju, Hallasan, Korea Zj Zj-1
745 Plant Jeollanam-do, Wolchulsan, Korea Zj Zj-1
746 Plant Jeollanam-do, Wolchulsan, Korea Zj Zj1
747 Plant Jeollanam-do, Wolchulsan, Korea Zj Zj1
748 Plant Jeju, Pyoseon, Korea 7Zs Zs-1
749 Plant Jeollanam-do, Aphaedo Island, Korea Zj H
750 Plant Jeollanam-do, Bigeumdo Island , Korea 7Zs Zs-111
751 Plant Jeollabuk-do, Seonyudo Island , Korea 7Zs Zs-1II
752 Plant Jeollabuk-do, Seonyudo Island , Korea 7Zs Zs1
753 Plant Jeollabuk-do, Seonyudo Island , Korea Zj Zj1
754 Plant Gyeongsangsam-do, Changseondo Island, Korea Zs Zs1
755 Plant Gyeongsangsam-do, Geojedo Island, Korea 7s Zs- IV
756 Plant Gyeongsangsam-do, Geojedo Island, Korea Zj Zj1
757 Plant Gyeongsangbuk-do, Gayasan, Korea Zj Zj-1
758 Plant Gyeongsangbuk-do, Gayasan, Korea Zj Zj-1
759 Plant Jeollabuk-do, Naejangsan, Korea Zj Zj-1
760 Plant Jeollabuk-do, Naejangsan, Korea Zj Zj1
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Fig. 6. Morphological classification of collected Zoysia turfgrasses by presence of leaf trichomes indicated Z japonica (Zj) and Z,
sinica (Zs): Left and right sides of each panel show adaxial and abaxial leaf surfaces, respectively; Trichomes were present on
the surfaces of Z japonica leaves, a few trichomes were present the leaves of Z japonicalZ. sinica hybrid (Z26, 729, 749), and
no trichomes were present on Z sinica leaves; Sample numbers are shown in Table 1. Scale bars =1 mm.
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Fig. 7. Molecular dlassification of collected Zoysia turfgrasses using internal transcribed space (ITS)-based cleaved amplified
polymorphic sequence (CAPS) markers: ITS products purified by the polymerase chain reaction (PCR) were digested by Bgll
and Faul, respectively; Analysis of ITS CAPS markers allowed classification of Zoysia turfgrasses into Z japonica (), Z. sinica (S),
and Z japonica/Z. sinica hybrid (H); M indicates size marker; Sample numbers are shown in Table 1.
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Fig. 8. Internal transcribed spacer (ITS) alignment of control and collected Zoysia japonica (Zj-| and Zj-ll) and Z sinica (Zs-I-IV):
According to differences in their ITS sequences, control and collected samples of Z. japonica and Z. sinica were classified into
two Z japonica groups (Zj-1 and Zj-ll), and four Z. sinica groups (Zs--Zs-IV); The number of Zj-l, Zj-ll and Zs-I-IV groups are
shown in Table 4.
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Fig. 9. Phylogenetic analysis of Zoysia japonica groups Zj-l and ll, and Z sinica groups Zs-I-IV by internal transcribed spacer (ITS)
sequence region: Phylogenetic tree of four different species was constructed using MEGA 6.0 software and the unweighted
pair group method with arithmetic mean (UPGMA); The Kimura two-parameter model and 1000 bootstrap replications
were used for interspecies and intraspecies distances; Numbers included in sample names indicate the designated numbers of
individual samples; The numbers of Zj-I, Zj-ll and Zs--IV groups are shown in Table 4.

Table 4. Molecular dlassification of control and collected Zoysia turfgrasses: Classification was based on differences in ITS sequences
between Z japonica (Zj) and Z sinica (Zs). Sample numbers are shown in Table 1.

Molecular classification Sample No.

Zj-1
711
Zs1
Zs-1
Zs-lI
Zs IV

713,76, Zi8, 719, Zj10, 721, 722, 723,724, 725, 730, 233, 234, 735, 37, 239, 740,
ZA1, 742, 743, 744, 745, 746, 741, 753,756,757, 758, 759, Z60
Zil, Zj2, 7j4, 7j5, 71,718
72,73,74,77,79,710,712, 738, 748,752, 754
71,75,76,78
727,728,750, 751
732,736,755
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=7} H]i’_@. w2 7] o] £ &7 Big o 7Lof| Adlsiths 71E0] H 119} - GATSHCHK ress et al., 2005 ; Han et al,, 2006 ; Kress
and Erickson, 2008; Baigalmaa et al,,2009; Ahn et al.,2010; Gao et al.,2010; Yao etal. 2010; Hong et al., 2012; Moon et al.,
2013).
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