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FTIR spectra of the 16 leaf samples including Huperzia serrata

and other five closely related species

(a) sample 7; (b) sample 6; (¢) sample 5; (d) sample 1; (e) sample 2; () sample 3

N

Jip—

0.4
0

-04 ~

Fig. 2 Three-dimensional plots of FTIR spectra of the 16 leaf
samples Including Huperzia serrata and its closely relat-
ed species based on PCA

(Note: Population 1-16 are listed in Table 1)
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Fig. 3 FTIR spectra of the four leaf samples on the different locations of the stems

(Huperzia serrata collected from Da Xiken in the southern parts of Zhejiang province)

Table 1 Species of 16 samples and their locations
75 LES Hb s
1 W4k Selaginella doederleinii [i] b 3% 3 1l Wuyishan, Northern Fujian
2 S HE R Selaginella heterostachys [i] It 5% 3 1l Wuyishan, Northern Fujian
3 £1# Lycopodium japonicum [#] It 32 % 1l Wuyishan, Northern Fujian
4 ] ¥ & F2 42 Phlegmariurus mingchegensis Wi EE % B K P T Daxikeng, Suichang, Southern Zhejiang
5 [ie] W & FE 42 Phlegmariurus mingchegensis WiEg % B Ll Jiulongshan, Suichang, Southern Zhejiang
6 DU I f7 2 Huperzia sutchueniana Wimg X JC | 140 Baishanzhu, Qinyuan, Southern Zhejiang
7 i J& 41 #2 Huperzia serrata WiEgi% B JL I Jiulongshan, Suichang, Southern Zhejiang
8 g & 1 2 Huperzia serrata Wi mg Kot @ 14 Baishanzhu, Qinyuan, Southern Zhejiang
9 i /& 1 42 Huperzia serrata WiFd Ui 7K [ = 1 Baiyunshan, Lishui, Southern Zhejiang
10 i J& 4 2 Huperzia serrata WiFg 1% B K VG HT Daxikeng, Suichang, Southern Zhejiang
11 i J& 41 ¥2 Huperzia serrata Wit 44 ® 1 Nanshan, Jinhua, Middle Zhejiang
12 W J& 41 #2 Huperzia serrata [i] It 33 1l Wuyishan, Northern Fujian
13 W J& 71 #2 Huperzia serrata Wi 442461 AU i Double dragon caves, Beishan, Jinhua, Middle Zhejiang
14 i J& 4 2 Huperzia serrata Wb 4426 1L # 1T &) Panggian village, Beishan, Jinhua, Middle Zhejiang
15 i JE £1 %2 Huperzia serrata WEVE S K H I JF 1L % B Laodian, Xitianmushan, Western Zhejiang
16 W J& 4 42 Huperzia serrata WivE K H il =% B# San maoping, Xitianmushan, Western Zhejiang
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Table 2 The absorbance values at the different wave numbers of the 16 samples including
Huperzia serrata and other closely related species (parts)
. FE i
PR/ em™ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
666 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 0.000
673~677 0. 000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 0.000 0.005 0.007 0.005 0.000 0.000 0.000
681 0.011 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002
685~688 0. 000 0.000 0.003 0.007 0.005 0.007 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000
699~703 0. 000 0.000 0.003 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.024 0.000 0.000
718~721 0.006 0.007 0.003 0.003 0.006 0.002 0.000 0.001 0.002 0.002 0.002 0.001 0.004 0.005 0.003 0.004
740~747 0. 000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.001
751~755 0.004 0.006 0.003 0.003 0.004 0.000 0.000 0.000 0.002 0.000 0.003 0.000 0.004 0.005 0.002 0.001
776~781 0. 000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.000 0.000 0.003 0.000 0.000 0.000 0.001
803~806 0. 000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.004 0.000 0.000 0.003 0.000
821~825 0. 000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.003 0.000 0.000 0.000
832 0. 000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003
854~858 0. 000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.004 0.000 0.000 0.000
866 0. 000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
910~913 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 0.008 0.008 0.000 0.000 0.000
924 0. 000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.000
925~928 0.014 1.011 0.000 0.008 0.016 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
995~998 0.052 0.000 0.000 0.000 0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1028~1 032 0. 000 0.000 0.000 0.000 0.000 0.035 0.000 0.035 0.000 0.037 0.000 0.052 0.044 0.053 0.044 0.038
1036~1 039 0. 000 0.000 0.000 0.033 0.000 0.000 0.035 0.000 0.025 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1043 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.000 0.000 0.000
1 047~1 050 0.071 0.073 0.000 0.000 0.074 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 058 0. 000 0.000 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.039
1708~1 715 0.017 0.010 0.006 0.013 0.011 0.021 0.033 0.028 0.015 0.030 0.012 0.019 0.022 0.032 0.032 0.038
1723~1727 0.026 0.017 0.000 0.021 0.018 0.030 0.026 0.031 0.015 0.034 0.013 0.021 0.025 0.036 0.000 0.044
1734~1 738 0.012 0.004 0.011 0.010 0.006 0.021 0.025 0.028 0.009 0.030 0.005 0.014 0.017 0.027 0.042 0.045
1745 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1752~1 756 0.014 0.007 0.000 0.003 0.005 0.010 0.000 0.012 0.006 0.012 0.005 0.006 0.010 0.011 0.000 0.000
1760~1 763 0.014 0.007 0.000 0.003 0.004 0.008 0.000 0.009 0.004 0.008 0.005 0.005 0.008 0.009 0.000 0.000
1778 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.004 0.000 0.000 0.000 0.003 0.005 0.008
1 785~1 789 0.012 0.005 0.001 0.002 0.004 0.006 0.003 0.004 0.003 0.004 0.004 0.002 0.006 0.005 0.000 0.000
1 800~1 804 0.011 0.004 0.000 0.001 0.004 0.005 0.000 0.003 0.003 0.003 0.004 0.002 0.005 0.004 0.003 0.004
1811~1 815 0.011 0.005 0.001 0.000 0.000 0.006 0.001 0.003 0.003 0.004 0.004 0.003 0.006 0.004 0.002 0.000
1819 0. 000 0.000 0.000 0.002 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 833~1 837 0.007 0.003 0.001 0.001 0.004 0.005 0.001 0.002 0.003 0.002 0.003 0.001 0.003 0.002 0.001 0.002
1 848~1 852 0.009 0.004 0.001 0.003 0.005 0.007 0.002 0.003 0.004 0.003 0.004 0.003 0.005 0.004 0.002 0.002
1 870~1 874 0.007 0.003 0.001 0.003 0.005 0.006 0.001 0.003 0.004 0.003 0.004 0.003 0.004 0.004 0.000 0.002
1 896~1 900 0.004 0.003 0.001 0.002 0.005 0.006 0.001 0.002 0.003 0.002 0.003 0.002 0.003 0.003 0.002 0.002
1911~1 915 0.004 0.002 0.000 0.000 0.000 0.005 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.001
1926~1 930 0.004 0.003 0.001 0.003 0.004 0.006 0.001 0.002 0.002 0.003 0.003 0.002 0.002 0.003 0.000 0.002
1948~1 952 0.004 0.003 0.000 0.002 0.003 0.006 0.000 0.002 0.002 0.002 0.002 0.002 0.001 0.003 0.000 0.002
1 956~1 959 0.000 0.003 0.001 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.002 0.000 0.000 0.002 0.000
1970 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.002 0.000 0.000 0.000 0.000
1974~1 978 0.004 0.003 0.001 0.002 0.000 0.006 0.001 0.002 0.001 0.000 0.000 0.000 0.001 0.002 0.001 0.002
1996~2 000 0.004 0.003 0.001 0.002 0.002 0.006 0.000 0.000 0.000 0.000 0.001 0.002 0.000 0.002 0.002 0.002
2 844 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.073 0.000 0.000 0.000 0.000 0.000 0.000
2 852 0.029 0.024 0.028 0.051 0.046 0.080 0.000 0.076 0.030 0.000 0.024 0.051 0.050 0.074 0.095 0.089
2 859 0. 000 0.000 0.000 0.000 0.000 0.000 0.059 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2919 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.111 0.047 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 926 0.048 0.042 0.040 0.077 0.073 0.119 0.083 0.000 0.000 0.019 0.039 0.079 0.075 0.123 0.141 0.133
3 415~3 407 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.076 0.064
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FTIR Spectra-Principal Component Analysis of Phenetic Relationships of
Huperzia Serrata and Its Closely Related Species

GUO Shui-liang" *, LI Pei-ling' , FANG Fang', HUANG Hua', CHENG Cun-gui'
1. College of Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, China
2. College of Life and Environmental Sciences, Shanghai Teachers” University, Shanghai 200234, China

Abstract  Huperzia serrata is an important medicinal plant. This species is rich in inner-specific variation with various closely
related species, and their individuals are also small with few identification characters. In the present paper, the method of Fou-
rier transform infrared spectrometer with an OMNI collector was applied to obtaining the infrared spectra of 16 leaf samples in-
cluding Huperzia serrata and its five closely related species (Huperzia sutchueniana, Phlegmariurus mingchegensis, Lycopodium
japonicum, Selaginella doederleinii, Selaginella heterostachys). Based on the indices of wave number-absorbance, the differences
of the 16 infrared spectra were compared by the method of Principal Component Analysis (PCA). The results showed that there
is good correspondence between the position relationship of PCA three-dimensional plot of the samples based on the indices of
wave number-absorbance of FTIR spectra and their phenetic relationship. Therefore. the infrared spectra could be applied to i-

dentifying the samples of Huperzia serrata and its closely related species.
Keywords Infrared spectra; Principal component correspondence analysis; Huperzia serrate
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