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Frontier of Allelochemicals in Ecosystem Complexity and Its
Benefits to Human Well-beings: My half-Century Research
Chang-Hung Chou

Academician, Academia Sinica
choumasa@mail.cmu.edu.tw

Allelochemicals released from plants play very important roles in sustainable
eocosystem, such as dominance, succession and climax of plant community,
biodiversity and crop productivity. Since 1972 the author and his colleagues have
conducted numerous studies in elucidating the mechanism of aforementioned subjects.
For examples, that mechanism of formation of pure stand of Rhododendron
formosanum, Astonia scholaria, Acacia confusa, Miscanthus floridulus and M.
transmorrisonesis, etc. was due to the allelopathic interaction. The responsible
compounds are phenolics, flavonoids, terpenoids, and alkaloids. In addition, we also
investigated the cause of yield reduction of the second crop of rice plant in Taiwan,
indicating that the allelochemicals released during the decomposition of rice residues
in soil were through microbial interaction. The phenomenon was designated as
autointoxication, in which six phytotoxic phenolics and short chain fatty acids were
involved. The autotoxic phenomenon attracted many allelopathic scientists in many
countries. Recently, the autointoxication mechanism of Oryza sativa was elucidated
by an approach of molecular genomics, which turns out to be very interesting for
future research. Furthermore, we even found that an allelochemical, (-)-epicatechin,
released from the Rhododendron was biotransformed into a more phytotoxic active
compound, protocatechuic acid, by soil microorganism and finally converted into
glycerol as carbon source for soil microorganisms. This unique case will bring more
scientists attention to further investigation on the role of microbial enrollment in
allelopathic interactions. Our group also conducted experiments in laboratory,
greenhouse, and field by applying the allelopathic compounds as naturally occurring
herbicides to improve productivity and weed control in agricultural practice, which
exhibits to be important for sustainable agriculture and will be beneficial to human
wellbeing.
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Peroxidase can be a good biochemical marker for biotic and
abiotic stress

Zin-Huang Liu

Cu-treated peanut (Arachis hypogaea L.) seedlings showed a significant inhibition in peanut
root growth, and a decrease in endogenous indole-3-acetic acid (IAA) content. The decline of
IAA content in Cu-treated tissue was accompanied by an increase in the activity of cationic
peroxidase(POD) isozyme P8.5, which was correlated with an increase in cationic POD
transcripts. Cu might suppress the growth of peanut roots by inducing the synthesis of the
cationic POD isozyme that degrades endogenous IAA. The increase in the activity of anionic
POD isozyme P3.5 was correlated with the rise in lignin content in Cu-treated roots. We
suggest that the increase in anionic POD isozyme P3.5 induced by Cu might be responsible
for lignin synthesis in peanut roots, and may also remove excess hydrogen peroxide caused by
Cu, thus playing a detoxifying role during Cu treatment.Auxins (IAA, IBA and NAA)
effectively promoted rooting in soybean hypocotyls. The activity of anionic peroxidase (POX)
(pl 3.7) and cationic POX (pl 8.5) was significantly suppressed by exogenous auxins on day 2
(the inductive phase). Some particular anionic POXs (pl 4.0 and pl 5.3) significantly
increased in IBA-treated tissues as compared with the control when the incubation time was
prolonged to day 3 and day 4 (the initiation phase). We sequenced 5'-flanking region of pl 8.5
and pl 5.3 POX genes using the PLACE and PlantCARE databases to identify several
potential cis-regulatory elements. The pl 8.5 POX gene promoter contained two sites that
were homologous to sequences commonly found in auxin response elements; motifs
ARF/AuXRE and CATATGGMSAUR. During the inductive phase, the activity of pl 8.5 POX
was significantly suppressed by the exogenously applied auxins. The pl 8.5 POX gene
promoter contained both ARF/AUXRE and CATATGGMSAUR motifs that responded to
auxins earlier than the pl 5.3 POX gene. Hence, the pl 8.5 POX gene might belong to primary
auxin response genes. The pl 5.3 POX gene, which responded to auxins a day or two later,
contained only ARF/AuxXRE motif. Moreover, unlike pl 8.5 and pl 3.7 POXs that were
suppressed by auxins, the pl 5.3 POX was induced or enhanced by the applied auxins,
especially IBA. The pl 5.3 POX might generate H,0, which caused the auxin-induced growth
at the initiation phase during the formation of adventitious root in soybean hypocotyls.
Harpin,s, a pathogenic protein encoded by hrpZ in the hrp gene cluster of Pseudomonas
syringae pv. Syringae, induces the hypersensitive response (HR) in tobacco (Nicotiana
tobacum L. cv. Xanthi). An increase in peroxidase activity, lignin content and salicylic acid
was observed during the HR elicited by harpin. The increase in anionic, moderately anionic
and cationic peroxidase isozymes is positively correlated with the HR in tobacco. In addition,
the increase of the anionic peroxidase isozyme (pl 3.5) is correlated with a rise of the
transcript of the encoding gene.
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First report of C,/CAM-Cycling photosynthetic pathway in a
leaf-succulent grass, Spinifex littoreus, in coastal regions of Taiwan

Che-Ling Ho* ", JyhMin Chiang®, Teng-Chiu Lin%, Craig E. Martin®
® Department of Ecology and Evolutionary Biology, University of Kansas 66045, USA
® Department of Biology, University of Pennsylvania 19104, USA
¢ Department of Life Science, Tunghai University, Taichung 407, Taiwan
¢ Department of Life Science, National Taiwan Normal University, Taipei 106, Taiwan

* Corresponding author: C.-L. Ho (Email address: che-ling@ku.edu)

Spinifex littoreus (Brum. f.) Merr. is a halophytic grass that is distributed on coastal
sand dunes in Taiwan (and throughout Southeast Asia), and is the first reported
species with succulent leaves in the Poaceae. Because of the causal relationship
between tissue succulence and CAM, diel leaf acidity and photosynthetic parameters
were measured to determine whether CAM acid fluctuations occur in S. littoreus in
different coastal regions of Taiwan. Carbon stable isotope values of the leaves
averaged -14.247 (x 0.158 %o), and a previous report of Kranz anatomy, as well as C,4
enzyme activity indicate that this grass is a C4 plant; while diel acidity fluctuations
and nighttime stomatal closure found in the current study indicates that CAM-cycling
also occurrs in S. littoreus. Throughout all the C, and CAM plant lineages, this rare
form of photosynthetic pathway intermediacy (C4/CAM-cycling) has only ever been
reported in taxon, the genus Portulaca. Differences in acid accumulations found here
among two years of sampling and six populations along a north-south gradient in
Taiwan may be the result of differences in microenvironments and/or genotypic
variability among populations. The results of this study comprise the first report of
any grass with CAM photosynthesis of any kind. S. littoreus may provide an
important prospect, in addition to Portulaca, as a model for studying the regulation
and evolutionary history of C, and CAM photosynthesis. In particular, the finding of
CAM genes in a halophytic grass might also prove to be of special value for
experimental breeding programs for improving drought and salt tolerance in cereal
crops.

Keywords: acid fluctuations; CO, exchange; 6*C; evolution of photosynthesis;
photosynthetic pathways; Poaceae; coastal dunes; populations
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Application of Chlorophyll Fluorescence in Plant Eco-physiology
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FI* hd FHEFLY THELEL
Ecotypic variation between populations of Imperata cylindrica revealed by
proteomic studies

5 # % (Ing-Feng Chang) *'23
L Institute of Plant Biology, National Taiwan University, Taipei, Taiwan
2 Department of Life Science, National Taiwan University, Taipei, Taiwan
% Genome and Systems Biology Degree Program, National Taiwan University and Academia Sinica,

Taipei, Taiwan

Cogon grass (Imperata cylindrica L. Beauv. var. major) is a C4 top-ten weed and
distributed worldwide. In particular, an ecotype from Chuwei (CW) mangrove forest
was found to be salt tolerant. In order to investigate ecotypic variation on the
proteome level, Imperata leaves harvested from Chuwei and Sarlun (SL as a control
site) were subjected to microsomal fractionation followed by membrane shaving using
trypsin, and enrichment by columns and mass spectrometry analyses for
phosphopeptide identification. The phosphoproteomic analyses yield identification of
20 phosphorylation sites from 16 unique phosphorylated peptides in the microsomal
fractions of which 5 are specific to CW ecotype. Three of them belong to
photosynthesis proteins of which 2 are C4 enzymes. In addition, a comparative
proteomic analysis using 2D-difference in gel electrophoresis (DIGE) coupled with
LC-MS was carried out to identify salt-stress responsive leaf proteins in CW ecotype
and salt-intolerant SL population. We identified 12 differentially accumulated
proteins (DAPs) and 12 DAPs in response to 150 mM salt stress in CW ecotype and
SL population respectively. GO enrichment analysis showed that photosynthesis is
over-represented. Interestingly, protein accumulation of Mn-SOD3.4 was
up-regulated in CW ecotype. By contrast, Cu/Zn-SOD was identified in SL
population with almost no change. Taken together, our proteomic studies provide
additional evidence of eco-physiological differences in two natural variants of
Imperata cylindrica.
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Bioactive Constituents from a Medicinal Fungus Antrodia
cinnamomea — from Traditional to Functional Genomic Approaches

Tzong-Huei Lee
Institute of Fisheries Science, National Taiwan University, Taipei 10617, Taiwan

In continuing our previous investigations of bioactive constituents from Antrodia
cinnamomea, twenty antroquinonol analogues including twelve new compounds were
isolated and identified. The cytotoxicity of all antroguinonol analogues was
evaluated against A549 and PC3 cancer cell lines. Preliminary structure-activity
relationship study showed that the 3-methoxy and 4-hydroxy borne by the
cyclohexenone moiety of antroquinonol analogues played crucial roles on the growth
inhibition of cancer cells. In the follow-up investigations, the polyketide synthase
(PKS) genes of A. cinnamomea were characterized, and a gene disruption platform
was established via protoplast transformation. Of the PKS genes identified,
pks63787 was selected and disrupted in the monokaryotic wild-type strain f101. The
pks63787 deletion mutant strain not only displayed a reduced red phenotype compared
to the wild-type strain but also displayed less 1,1-biphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging activity. HPLC analyses showed that the different
compounds between wild-type and mutant strains were mainly the C; benzenoids, and
some of them showed conspicuous coloration. That implied secondary metabolites
of pks63787 accounted for some of the pigments in A. cinnamomea. The
phylogenetic analysis of KS domain amino acid sequence in the NR-PKS suggested
that PKS63787 could be a putative orsellinic acid (OA) synthase. When OA was
supplemented in the cultural medium, the mutant strain restored to the same
morphology and metabolic profile as those of the wild-type strain. These findings
suggested that the C; benzenoid constituents and their related derivatives, e.g.
antroguinonol analogues, in A. cinnamomea are derived from OA through polyketide
pathway instead of shikimate pathway.

Keywords: Antrodia cinnamomea; benzenoid; antroquinonol; pigment; cytotoxicity;
meroterpenoid; osellinic acid; PKS63787
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Miscanthus is a commercialized energy crop. Miscanthus grasses in Taiwan
adapt to various environments, including coastal, volcanic, and alpine habitats. Based
on multi-locus analyses, we have found that the genetic backgrounds of Taiwan
Miscanthus were intermixed due to rampant gene flow across these varieties, while
natural selection differentiated the ecotypes growing at various soil types, such as
high-salinity or high-sulfur environment. Roots secret chemical compounds to the
surrounding soil called “rhizosphere” and influence the soil microcosm. Soil
microorganisms are attracted and colonize the rhizosphere, and even become
endophytes that enter the roots. These microbes largely affect the health and growth of
the host plants. In addition to ecological route from surrounding rhizosphere,
endophytetic bacteria are also acquired via the evolutionary route from the common
ancestors. The relative contributions between the two routes nevertheless remain
unknown. Here, we investigated the microbial communities associated with M.
sinensis growing under different stresses using a 16S metagenomics analysis. The
endosphere of M. sinensis was predominated by Proteobacteria and Actinobacteria,
while the rhizosphere microbiome displayed more diverse phyla composition. Higher
variation across different habitats was detected in the endosphere in comparison to the
rhizosphere. In endosphere, evolutionary and ecological factors contributed almost
equally to the bacterial composition, with 43.2% of the comprising bacteria derived
from the common ancestors. Nevertheless, the fact that the bacteria colonizing from
surrounding soil dominated the root endosphere across M. sinensis varieties indicated
that soil recruitment of root endophytes also plays a critical role. Interestingly, a
negative correlation between altitude and microbial diversity was only detected in the
endosphere, implying higher sensitivity of endosphere microbiomes in response to the
environmental gradients. In conclusion, endosphere microbiome, which was
assembled with the integration of evolutionary and ecological forces, was
substantially involved in the adaptation of M. sinensis.
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