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Lake Algae Chemotaxonomy Technology Based on Fluorescence Excitation

Emission Matrix and Parallel Factor Analysis

CHEN Xiao-na, HAN Xiu-rong, SU Rong-guo, SHI Xiao-yong

(Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical Engineering,
Ocean University of China, Qingdao 266100, China)

Abstract: An in vivo three-dimensional fluorescence method for the determination of algae community structure was developed by
parallel factor (PARAFAC) analysis and CHEMTAX. The PARAFAC model was applied to fluorescence excitation-emission matrix
(EEM) of 23 algae species and 12 fluorescent components were identified according to the residual sum of squares and specificity of the
composition profiles of fluorescent. Based on the 12 fluorescent components, the algae species at different growth stages were correctly
classified at the division level using Bayesian discriminant analysis (BDA). Then the reference fluorescent component ratio matrix was
constructed for CHEMTAX, and the EEM-PARAFAC-CHEMTAX method was developed to differentiate taxonomic groups of algae.
When the fluorometric method was used for 531 single-species samples, the average correct discrimination ratio (CDR) was 99. 1%
and the correct discrimination ratios (CDRs) were 100% at the division level except Chlorophyta, the CDR of which was 97. 5% . The
CDRs for 95 mixtures were above 98. 5% for the dominant algae species and above 90. 5% for the subdominant algae species, with
average relative contents of 69. 7% and 26. 4% , respectively. This technique would be of great aid when low-cost and rapid analysis
is needed for samples in a large batch.

Key words :algae community composition; fluorescence excitation-emission matrix; parallel factor analysis; in vivo; CHEMTAX
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Fig. 1 3D fluorescence spectra of Sq before and after wavelet decomposition reconstruction
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Table 2 Initial fluorescent component ratios matrix/Initial ratio matrix for CHEMTAX analysis
Il Cl1 Cc2 C3 C4 C5 (0 Cc7 C8 Cc9 C10 Cl11 C12 C13
Baci  0.0716 0.0041 0.2652 0.0328 0.0072 0.0047 0.2172 0.0340 0.1888 0.1479 0.0052 0.0012 1.0000
Cyan 0.0057 0.2289 0.0062 0.0093 0.1710 0.1882 0.0109 0.1678 0.0064 0.0373 0.0974 0.0448 1.0000
Chlo  0.4713 0.0005 0.1529 0.0669 0.0076 0.0005 0.0432 0.0832 0.0232 0.1302 0.0076 0.0049 1.0000
Eugl 0.3058 0.0010 0.0748 0.3024 0.0061 0.0008 0.0524 0.0893 0.0400 0.0723 0.0123 0.0067 1.0000
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Table 3 Discrimination results of single-algae samples at division level

Il PUNZER (T/Total) PUI IE# R/ % AET & fE 7 L % SRR R %
% ] Bacillariophyta 129/129 100 62.0 ~100 92.5
BEHE] Cyanophyta 142/142 100 71.9 ~ 100 96. 3
431 Chlorophyta 194/199 97.5 46.1 ~100 80. 1
T Euglenophyta 61/61 100 50.3 ~100 81.7
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Table 4  Discrimination results of laboratory mixtures at division level
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|
T/Total E#1%/ % JEE/ % T35/ % T/ Total E#R/ % S/ % F35/%
7307 Bacillariophyta 17/18 94. 4 58.3~96.7 80. 8 17/17 100 17.0~49.3 34.2
B M) Cyanophyta 33/34 97.1 50.6 ~82.4 60.9 26/35 74.3 3.3~31.3 16.3
2307 Chlorophyta 35/37 94.6 47.2 ~88.7 68.2 37/37 100 7.1~47.2 30. 8
#R#B(] Euglenophyta 6/6 100 53.4~82.9 69.0 6/6 100 13.2~29.3 24.5
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