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Abstract

Acid rain has been a serious environmental problem in southern China. Four
selected tree species, Liquidambar formosana Hance, Schima superba Gardn et
Champ., Pinus massoniana Lamb. and Taxus wallichiana var. mairei, are widely
distributed in southern China, where acid deposition is becoming more and more
serious. In this study, we investigated the differential responses to simulated acid
rain (SiAR) at different calcium (Ca) levels for four tree species. In order to
understand the differences in expression levels of Ca-related genes between acid
rain-tolerant and acid rain-sensitive species, quantitative real-time PCR (qRT-
PCR) was used to determine the effects of Ca on the expression patterns of eight
Ca-related genes in four selected tree species including calmodulin 1 (CaM1),
calcineurin B-like calcium sensor protein 1 (CBL1), calcium-dependent protein
kinase 1(CDPK1), glutamate dehydrogenase 2 (GDH2), respiratory burst oxidase
homolog A (RbohA), touch 3 (TCH3), calreticulin 3 (CRT3) and calnexin 1(CNX1).
We found the mRNAs of eight Ca-related genes were up-regulated significantly
by increasing Ca concentrations in all four selected species. Furthermore, it was
shown that the changes of genes expression in tolerant species, S. superba and
T. wallichiana var. mairei, were smaller than sensitive species, L. formosana and
P. massoniana under SiAR treatment. This result indicated that compared with L.
formosana and P. massoniana,the SiAR-tolerance of S. superba and T.
wallichiana var. mairei were higher. The changes of Ca-related genes indicated
that different tree species responded to SIAR was different at various Ca levels in
molecular level. Moreover, we investigated the effects of three Ca levels on leaf
necrosis,total chlorophyll content, net photosynthetic rate (Pn) and Ca content in
leaves of four species under SiAR. It was indicated that SiIAR had more negative
effects on total chlorophyll content, Pn and Ca content in leaves of the two

sensitive species, which were consistent with the expression changes of eight Ca-



related genes. However, the growth of seedlings could be ameliorated in two
sensitive species by adding Ca. In contrast, the physiological processes of the
two tolerant species were much less affected by both SiAR and Ca treatments.
This conclusion implies that the changes of Ca-related genes expression and
physiological responses caused by SiAR may be attributed not only to the
sensitivity of tree species to acid deposition, but also to their different Ca

requirement.
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