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Abstract To determine whether pattern recognition based
on metabolite fingerprinting for whole cell extracts can be
used to discriminate cultivars metabolically, leaves of nine
commercial Orostachys plants were subjected to Fourier
transform infrared spectroscopy (FT-IR). FT-IR spectral
data from leaves were analyzed by principal component
analysis (PCA) and Partial least square discriminant analysis
(PLS-DA). The dendrogram based on hierarchical clustering
analysis of these PLS-DA data separated the nine Orostachys
species into five major groups. The first group consisted of
O. iwarenge “Yimge’, ‘Jeju’, ‘Jeongsun’ and O. margaritifolius
‘Jinju’ whereas in the second group, ‘Sacheon’ was clustered
with ‘Busan,” both of which belong to O. malacophylla
species. However, ‘Samchuk’, belong to O. malacophylla
was not clustered with the other O. malacophylla species. In
addition, O. minuta and O. japonica were separated to the
other Orostachys plants. Thus we suggested that the hierarchical
dendrogram based on PLS-DA of FT-IR spectral data from

Y. K. Kwon - J. R. Liu ()

ST TEOI AlZ A AR TSI M

(Plant Systems Engineering Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB), 125
Gwahak-ro, Yuseong-gu, Daejeon 305-806, South Korea)

e-mail: jrliu@kribb.re.kr

S. W. Kim

e YES AT AlSAIAR S ATME

(Biological Resources Center, Korea Research Institute of
Bioscience and Biotechnology (KRIBB), 125 Gwahak-ro,
Yuseong-gu, Dacjeon 305-806, South Korea)

Y. K. Kwon * J. M. Seo - T. H. Woo

(F)Q0A|A

(Omicisis Co. 125 Gwahak-ro, Yuseong-gu, Daejeon 305-806,
South Korea)

leaves represented the most probable chemotaxonomical
relationship between commercial Orostachys plants. Furthermore
these metabolic discrimination systems could be applied for
reestablishment of precise taxonomic classification of commercial
Orostachys plants.
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Abbreviations Fourier transformation - infrared spec-
troscopy (FT-IR), Hierarchical clustering analysis (HCA),
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Principal component analysis (PCA), Unweighted pair group
method with arithmetic mean analysis (UPGMA)
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Fig. 1 Mature plants of Orostachys used in the study.

A: O. japonica; B: O. minuta; C: O. malacophylla ‘Samchuk’;
D: O. iwarenge ‘Jeju’; E: O. iwarenge ‘Jeongsun’; F: O. iwarenge
Yimge’; G: O. margaritifolius ‘Jinju’; H: O. malacophylla
‘Sacheon’; I: O. malacophylla ‘Busan’. Scale bars represent 5 cm
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Fig. 2 Spectral comparison of representative FT-IR spectra from
leaves of O. japonica, O. minuta, O. iwarenge ‘Jeju’ and O.
malacophylla ‘Sacheon’
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Fig. 3 PCA score plot (A) and HCA dedrogram (B) of FT-IR data from leaves of nine Orostachys plants. A: Two-dimensional PCA
score plot of FT-IR data from nine Orostachys plants. The first two principal components are displayed, accounting for 35.9% and
21.3% (57.2% total) of the total variation. B: A dendrogram based on HCA of FT-IR data of nine Orostachys plants
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Fig. 4 PLS-DA score plot (A) and HCA dedrogram (B) of FT-IR data from leaves of nine Orostachys plants. A: Two-dimensional
PLS-DA score plot of FT-IR data from nine Orostachys plants. B: A dendrogram based on HCA of FT-IR data of nine Orostachys
plants. Black and red circles represent leaves of O. japonica and O. minuta , respectively
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Table 1 The PLS-DA classification results of the of nine Orostachys plants. The classification result of the discriminant analysis of
the investigated Orostachys samples represented in figure 1. The discriminant functions were determined using the first 7 principal
components determined by principal component analyses. In cross-validation, each case is classified by the functions derived from
all other cases; 100.0% of original grouped cases, while 95.4% of cross-validated grouped cases were correctly classified

Prediction
0. 0. 0. 0. 0. 0. 0. 0. 0. Total
iwarenge malacophylla malacophylla malacophylla japonica iwarenge iwarenge minuta margaritifolius
(Jeongsun)  (Busan) (Sacheon)  (Samchuk) (Yimge) (Jeju) (Jinju)

Count & Mwarenge 3 0 0 0 0 0 1 0 0 4
(Jeongsun)
O. malacophylla 0 ) 1 0 0 0 0 0 0 3
(Busan)
O. malacophylla
(Sacheon) 0 0 9 0 0 0 0 0 0 9
O. malacophylla
(Samchuk 0 0 0 6 0 0 0 0 0 6
O. japonica 0 0 0 0 5 0 0 0 0 5
O. iwarenge
(Yimge) 0 0 0 0 0 1 0 0 0 1
O. iwarenge 0 0 0 0 0 0 5 0 0 5
(Jeju)
O. minuta 0 0 0 0 0 0 0 8 0 8
0.
margaritifolius 0 0 0 0 0 0 0 0 2 2
(Jinju)

Total 3 2 10 6 5 1 6 8 2 43
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