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Abstract  This study aims to establish a system for the rapid
discrimination of Zoysia species using metabolite finger-
printing of FT-IR spectroscopy combined with multivariate
analysis. Whole cell extracts from leaves of 19 identified
Zoysia japonica, 6 identified Zoysia sinica, and 38 different
unidentified Zoysia species were subjected to Fourier
transform infrared spectroscopy (FT-IR). PCA (principle
component analysis) and PLS-DA (partial least square
discriminant analysis) from FT-IR spectral data successfully
divided the 25 identified turf grasses into two groups,
representing good agreement with species identification
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using molecular markers. PC (principal component) loading
values show that the 1,100 ~950 cm™ region of the FT-IR
spectra are important for the discrimination of Zoysia
species. A dendrogram based on hierarchical clustering
analysis (HCA) from the PCA and PLS-DA data of turf
grasses showed that turf grass samples were divided into
Zoysia japonica and Zoysia sinica in a species-dependent
manner. PCA and PLS-DA from FT-IR spectral data of
Zoysia species identified and unidentified by molecular
markers successfully divided the 49 turf grasses into Z
Japonica and Z. sinica. In particular, PLS-DA and the HCA
dendrogram could mostly discriminate the 47 Z. japonica
grasses into two groups depending on their origins (moun-
tainous areas and island area). Considering these results, we
suggest that FT-IR fingerprinting combined with multivariate
analysis could be applied to discriminate between Zoysia
species as well as their geographical origins of various Zoysia
species.

Keywords Turf grasses, Zoysia japonica, Zoysia sinica,
Fourier transform - infrared spectroscopy (FT-IR), Principal
component analysis (PCA), Partial least square discriminant
analysis (PLS-DA)
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Fig. 1 Photographs of Zoysia japonica grass (A) and Zoysia sinica grass (B). Scale bars indicate 1 and 2 cm, respectively
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Table 1 List of standard turf grasses identified by molecular markers for FT-IR analysis. H: High-altitude environment (mountainous

areas), L: Low-altitude environment (islands)

Sample name address species altitude

103 Jeju, Hallasan Z. japonica H

104 Jeju, Hallasan Z. japonica H

109 Jeju, Hallasan Z. japonica H

120 Jeju, Pyoseon Z. japonica L

122 Jeju, Pyoseon Z. japonica L

130 Jeju, Pyoseon Z. japonica L

131 Jeollabuk-do, Jirisan Z. japonica H

138 Jeollabuk-do, Jirisan Z. japonica H

142 Jeollabuk-do, Jirisan Z. japonica H

149 Jeollanam-do, Wolchulsan Z. japonica H

151 Jeollanam-do, Wolchulsan Z. japonica H

154 Jeollanam-do, Wolchulsan Z. japonica H

162 Jeollanam-do, Heuksando Island Z. japonica L

169 Jeollanam-do, Heuksando Island Z. japonica L

179 Jeollanam-do, Bogildo Island Z. japonica L

185 Jeollanam-do, Geumodo Island Z. japonica L

187 Jeollanam-do, Geumodo Island Z. japonica L

188 Jeollanam-do, Geumodo Island Z. japonica L

204 Jeollanam-do, Geogeumdo Island Z. japonica H

118 Jeju, Pyoseon Z. sinica L

171 Jeollanam-do, Bogildo Island Z. sinica L

172 Jeollanam-do, Bogildo Island Z. sinica L

182 Jeollanam-do, Bogildo Island Z. sinica L

198 Jeollanam-do, Geogeumdo Island Z. sinica L

211 Jeollanam-do, Geogeumdo Island Z. sinica L
Al71ol R skl ARESEGT ST & AR o] thARY EH Al 2= 13,000 rpmof| Al 10 27 A4 E e 3 F 4SS
T A AEs7] feiA 7]Eekl o= SR etA 5l A2 15 ml tubeo] &A= ATk AR 7 7] 7F & E A
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Zkt] A & 5 uLE 384-well silicon plateof] £-5=5} 0], 37°Coj| A]
OF 2087t Ax35F ) A XS silicon plate+= Tensor 27 %
Z+=] HTS-XT (Bruker Optics GmbH) 1 &8 A-53} A X &
olgatol 2 EYS 2ASIALh 2 W) AR AE
F& %4,000~400cm™ Moo A 1E]L4em’ HA 0B
1283] RHE S A ot A E S 24 o] AREE| Sl 2}



216 J Plant Biotechnol (2016) 43:213-222

Table 2 List of turf grasses subjected to FT-IR analysis. H: High-altitude environment (mountainous areas); L: Low-altitude
environment (islands)

Sample name origins species altitude

o

Z. japonica 1

Jeju, Pyoseon

Zoysia japonica

Z. japonica 2 Jeju, Pyoseon Zoysia japonica L
Z. japonica 3 Jeju, Pyoseon Zoysia japonica L
Z. japonica 4 Jeollabuk-do, Jirisan Zoysia japonica H
Z. japonica 5 Jeollanam-do, Wolchulsan Zoysia japonica H
identified samples Z. japonica 6 Jeollanam-do, Heuksando Island Zoysia japonica L
Z. japonica 7 Jeollanam-do, Heuksando Island Zoysia japonica L
Z. japonica 8 Jeollanam-do, Bogildo Island Zoysia japonica L
Z. japonica 9 Jeollanam-do, Geumodo Island Zoysia japonica L
Z. sinica 1 Jeju, Pyoseon Zoysia sinica L
Z. sinica 2 Jeollanam-do, Bogildo Island Zoysia sinica L
98 Jeju, Hallasan Gwaneumsa Zoysia japonica H

99 Jeju, Hallasan Gwaneumsa Zoysia japonica H

100 Jeju, Hallasan Gwaneumsa Zoysia japonica H

107 Jeju, Hallasan Seongpanak Zoysia japonica H

108 Jeju, Hallasan Seongpanak Zoysia japonica H

111 Jeju, Hallasan Seongpanak Zoysia japonica H

112 Jeju, Hallasan Seongpanak Zoysia japonica H

114 Jeju, Hallasan Seongpanak Zoysia japonica H

134 Jeollabuk-do, Jirisan Zoysia japonica H

135 Jeollabuk-do, Jirisan Zoysia japonica H

137 Jeollabuk-do, Jirisan Zoysia japonica H

143 Jeollabuk-do, Jirisan Zoysia japonica H

148 Jeollanam-do, Wolchulsan Zoysia japonica H

150 Jeollanam-do, Wolchulsan Zoysia japonica H

156 Jeollabuk-do, Deogyusan Zoysia japonica H

157 Jeollabuk-do, Deogyusan Zoysia japonica H

159 Jeollabuk-do, Deogyusan Zoysia japonica H

163 Jeollanam-do, Heuksando Island Zoysia japonica L

. . 167 Jeollanam-do, Heuksando Island Zoysia japonica L

unidentified samples L .

168 Jeollanam-do, Heuksando Island Zoysia japonica L

176 Jeollanam-do, Bogildo Island Zoysia japonica L

178 Jeollanam-do, Bogildo Island Zoysia japonica L

184 Jeollanam-do, Geumodo Island Zoysia japonica L

186 Jeollanam-do, Geumodo Island Zoysia japonica L

192 Jeollanam-do, Geumodo Island Zoysia japonica L

195 Jeollanam-do, Geumodo Island Zoysia japonica L

200 Jeollanam-do, Geogeumdo Island Zoysia japonica L

205 Jeollanam-do, Geogeumdo Island Zoysia japonica L

209 Jeollanam-do, Geogeumdo Island Zoysia japonica L

210 Jeollanam-do, Geogeumdo Island Zoysia japonica L

213 Jeollanam-do, Gogeumdo Island Zoysia japonica L

214 Jeollanam-do, Gogeumdo Island Zoysia japonica L

220 Jeollanam-do, Gogeumdo Island Zoysia japonica L

223 Jeollanam-do, Gogeumdo Island Zoysia japonica L

224 Jeollanam-do, Gogeumdo Island Zoysia japonica L

225 Jeju, Hallasan Yeongsil Zoysia japonica H

227 Jeju, Hallasan Yeongsil Zoysia japonica H

228 Jeju, Hallasan Yeongsil Zoysia japonica H
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Fig. 2 Multivariate analysis of FT-IR spectra from standard turf grasses (Zoysia japonica and Zoysia sinica) identified by molecular
markers. (A) Representative FT-IR spectra from Z japonica grass (104, 131, 179) and Z. sinica grass (118, 171). Arrows represent
the FT-IR spectral regions showing significant variations between Z. japonica and Z. sinica. (B) PCA score plot devised from the
FT-IR spectra of Z japonica and Z. sinica. (C) PC loading values from the FT-IR spectra of Z japonica and Z. sinica. Arrows
represent significant spectral regions for determining PC 1 and 2 scores. (D) PLS-DA score plot of FT-IR data from Z japonica
and Z sinica. Symbols represent the Zoysia species: m, Zoysia japonica; ®, Zoysia sinica
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