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Abstract To determine whether metabolite fingerprinting
for whole cell extracts based on Fourier transform infrared
spectroscopy (FT-IR) can be used to discriminate and
compare metabolic equivalence, standard medicinal parts of
Cynanchum wilfordii (Maxim.) Hemsl. and their adventitious
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roots were subjected to FT-IR. The principal component
analysis (PCA) and partial least square discriminant analysis
(PLS-DA) from FT-IR spectral data showed that whole
metabolic pattern from the adventitious root of Cynanchum
wilfordii was highly similar to its standard medicinal parts.
These results clearly showed that mass proliferation of
adventitious roots could be applied for the novel supply of
standard medicinal parts of medicinal plants. Furthermore,
FT-IR spectroscopy combined with multivariate analysis
established in this study could be applied as an alternative
tool for discriminating of whole metabolic equivalence from
standard medicinal parts. Thus, it is proposed that these
metabolic discrimination systems from the adventitious root
of Cynanchum wilfordii could be applied for metabolic
standardization of in vitro grown Cynanchum wilfordii.

Keywords  Adventitious root, Cynanchum wilfordii (Maxim.)
Hemsl., Fourier transform infrared spectroscopy (FT-IR),
Partial least square discriminant analysis (PLS-DA), Principal
component analysis (PCA)
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FT-IR A9 E 9 ZA}= Tensor 27 (Bruker Optics GmbH,
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component analysis)2} PLS-DA (Partial least square discriminant
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IBA A 2] -0l A 22} 8,810 mg, 924 mg A &= 2 b2 A 2]+
of vl s 7H wol S7hsk Ath(Fig. 1). ¥l F 104 7HA] = 2=
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Fig. 1 Adventitious roots of C. wilfordii cultured in 1/2 MS medium supplemented with various concentration of IBA. A, 0 mg/L;
B, 0.1 mg/L; C, 0.5 mg/L; D, 1 mg/L; E, 5 mg/L; and F, 10 mg/L of IBA
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Fig. 2 Effect of IBA concentration on growth of adventitious
roots of C. wilfordii. Fresh weight (A) and dry weight (B) was
determined after 30 days of culture in 1/2MS medium sup-
plemented with 30 g/L sucrose. The symbol represents individual
IBA treatment. Results represent means + SD (n=3)
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Fig. 3 Multivariate analysis of FT-IR spectral data from whole cell extracts of standard medicinal parts and elicitors treated
adventitious roots of C. wilfordii. A: Representative FT-IR spectra of standard medicinal parts and adventitious roots. Arrows indicate
the FT-IR regions showing significant spectral variations between standard medicinal parts and adventitious roots. B: Two-dimensional
PCA score plot of FT-IR spectral data. C: PC loading plot based on PCA data from standard medicinal parts and adventitious roots.
The solid line and dotted line represent PC 1 and PC 2 score, respectively. Arrows indicate the FT-IR regions playing important
roles in discrimination between standard medicinal parts and adventitious roots. D: PLS-DA score plot of FT-IR spectral data. Dotted
circles represent the individual boundaries of standard medicinal parts and elicitor treatments (B, D)

B ok (Murthy et al. 2016).
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= E HJAF9] o] BL9]5-2 amide [, IT ZL 8] 3L carbohydrates A &
of SRFE-E 0] oF#], WA Q) 4 15 vkl = 39] o] th(Dumas
and Miller 2003; Wolkers et al. 2004; Lopez-Sanchez et al. 2010).
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ol EAst= StEEY 44, A2 Aol 7t A o] Fo
A3 glge melFi Astet Az elTh £8 SA 4277}
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2367 Qo] T2 RO o AA) 20l A 1Lk Aa 2
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et al. 2002), Lithospermum & EFu] QA 3Z o A = rosmarinic
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acid, shikonin 2! dihydroechinofuran 5 5= 22}t AFAFE 2] 3}
2F W37} o|F o R o] E1E v} 9l th(Mizukami et al. 1993,
Yazaki et al. 1997). whebA] 7] vl 2k} A of A o] 2 elicitor #]
2Lk i &f 24 SHE S5ke] 71 AAE O] T ARA
WIS 2 5k0] EE OFGH9) AR of AN 2ol A 5
Sal AL B 7154 2 AR S| Gfo] o A Re]
GH7t s Ao R 7| E T

PCA score plot & 2 5] A| 2.7k9] F-8-0] o] 201 1| =]
o] 3h= £ Q 3F H4 5 B 6] 3= PCA loading value £ 4] Z 71}
Aze] FHo] 0 TS sHe FLR A9 =GRS E
22 1,200 ~900 e’ 919} 1,700 cm™ F-9]91 A 0 2 UbEt
W tHFig. 3C). 0] A= 1% %= 2] MeJA ¢} th-2 elicitor #] ]
T A= FT-IR 29 E | O] vlalof 4] AH E 9] oF4,
A Fol7h 2 o] 2ol 2 R 9|(Fig. 3A)9 AAsH= At
ojtt. 1 u} 1,700 em™ R §Jof| A= A= ER o] 2fo] 7} 27
o] Fof | A] gttt whetbA] ofu| it AlH 9] e W3}
B g2 23 g2 2 23H61= carbohydrates 7|
9] 3} 9] Wl telicitor 2] 2] & B3 Al & A &
23 e 53 Y BUA A0z Ar g

PLS-DA E4 A 1}= PCA9| ] 8] elicitor 5= | 2] 9]
Ao] xitk SHAI5H 7Hs ol ehFig. 3D). ComplAfo 2
$2ATho] Wla0 EEE A RSo| 9178 5l, Comp2te.
2 3 shthE9lof 400 pM MelA A 2|45 A &3 =
elicitor Z| 2] F+5 0] A5} th. o] Aif= w40 FALO]
789 SAL MeJA 9] A 2] 7} t AbA| 4=2ol| Al & Aol & F-1
shA) 88 olnjal Anhet AlmEch T2t 400 pM
MelA A 2] 5-6] 7 - Compl/f & &2 &0 He o) I F o=
B x o] RRET AR ol A Aol 7k v - 2 AR
s & oUslnh ol g A= E Y elicitor A 2] o]
wE R Ao a4 8 A A A5 Qo) o ALarEe) o
4§ A4 20 WEh ol ol 1L Aoz 22H,
wheha] w s @ R 0) T g4 ahAg o A 100 pM A = 9
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