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Abstract

Taiwania Jaiwania cryptomerioides Hayata), native to Taiwan, is one of the “living fossils” from the Tertiary period of the Cenozoic era.
To isolate genes involved in wood formation and biochemical synthesis from this tree, 436 randomly selected clones from a cDNA library
derived from seedling were sequenced and analyzed firstly. Contig analysis of these expressed sequence tags (ESTs) identified a total of 24¢
unigene sets. Based on the results obtained by BLASTX analysis, 10.1% of these ESTs were involved in protein synthesis and processing,
including highly expressed small heat shock proteins (smHSPs); 3.9% were related to the cell rescue and defense, including highly expressed
cysteine proteinase inhibitors; 0.7% were involved in secondary metabolism. However, 39.0% of ESTs showed no significant similarity to
any other protein sequences in public databases. These sequences indicate the uniqueness of Taiwania, and it is revealed that the remarkab
value of Taiwania.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction including antibacterial, antifungal, antitermite, antioxidiant,
antimite and antitumor activitig8]. In order to obtain more
Taiwania {Jaiwania cryptomerioidesHayata) is an indige-  information about the regulation of wood and metabolite for-

nous Taxodiaceae conifer tree growing at elevations from mation at a molecular level in Taiwania, the pilot expressed
1800 to 2600 m in Taiwan’s central mountains. Taiwania sequence tags (ESTs) study of Taiwania seedling cDNA li-
as well asGinkgo biloba, Sequoiadendron giganteum and brary was established. By comparing with identified genes
Metasequoia glyptostroboides are the relict plants from the  from available public databases, obtained putative identi-
Tertiary period of the Cenozoic era. It is one of the most fication of cDNAs will help researchers to understand the
economically important tree species in Taiwan because of itshiochemical systems, physiological mechanisms, and wood
highly wood utilization properties, such as excellent durabil- formation at molecular level in general, and of Taiwania in

ity. According to the reviews by Wang et §l], Kuo et al [2] particular.

and Chang et al3], more than 100 secondary metabolite,

including terpenoids, lignans, isoflavones, and other com-

pounds, have been isolated from this species during the pas .

70 yearq1-3]. There have also been many studies dealing E Materials and methods

with the bi iviti f chemical ingredients from Taiwani . . . .
th the bioactivities of chemical ingredients from Taiwania, Two-year-old Taiwania seedlings were obtained from the

Experimental Forest of National Taiwan University. Total
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First-strand cDNA was synthesized by SuperSEMptl of 246 sequences, whereas 190 sequences remained as sin-
Reverse Transcrpitase (Invitrogen) and the double-strandgleton ESTs. This corresponds to a redundancy of 56%. As
cDNA was amplified using PCR Plus Master Mix Kit (Gen- a result of the contig analysis, we obtained a total of 246 (56
eMark). Sized-fractionation (>100bp) and purification of + 190) unigene sets. Among the 436 submitted sequences,
the cDNA were performed using DNA Clean/Extraction Kit 266 (61.0%) of the ESTs were similar to sequences in pub-
(GeneMark). The resulting cDNA was cloned into pGEM-T lic databases and 228 (52.3%) of the ESTs analyzed were
Easy vector system (Promega). Plasmids DNA were iso- homologous to genes of known function after the BLASTX
lated from overnight cultures by the Plasmid Miniprep analysis. The remaining 170 clones were not similar to
Purification Kit (GeneMark). Sequencing was performed any sequences in the available databases. The functional
with an ABI 377 automatic sequencer (Perkin-Elmer), classification of the 228 putatively identified cDNA clones
using T7 sequencing primer to obtain théehd of the and highly expressed transcripts were listedTable 1 It
insert. Individual ESTs were assembled into contigs using is notable that small heat shock proteins (smHSPs) were
the Contig Express program of Vector NTI Suite 8, with expressed abundantly in the Taiwania seedling cDNA. The
parameters optimized for ESTs rather than for genomic similar results were also observed in cDNA libraries of
clones. DNA sequence analysis, according to the procedureCitrus sinensis young seedlings an@ryptomeria japonica
described by Shelton et di5], was performed using the (Taxodiaceae]6,7]. It was also found that genes related
WU-BLAST 2.0 search of the NCBI's NR Protein Database to cell rescue and defense, such as cysteine proteinase in-
(BLASTX 2.2.8) at the Baylor College of Medicine Search hibitors were expressed abundantly. Although there were
Launcher lttp://www.searchlauncher.bcm.tmc.edu/seq- few secondary metabolite related genes (0.7%) obtained,
search/nuclei@cid-search.htil P-value results obtained many studies of phytochemistry in Taiwania, which have
from the BLASTX: <10-10 were characterized to have been reported still revealed the important of researching
significant homology and categorized according to putative the secondary metabolites of Taiwania. Therefore, we will
function; >10°1° were deemed to no hit. still focus on secondary metabolites synthesis within Tai-
wania and their related enzymes in further investigations. A
high percentage of no hit (39.0%) was also revealed in this
3. Results and discussion ESTs analysis. The absence of these sequences from public
databases may indicate specific roles in Taiwania, and stress
Of the 436 high quality clones analyzed, the av- the necessary to future studying Taiwania. Results of the
erage length of sequence was 497 nucleotides, whichESTs analysis described here provide a preliminary data for
have been submitted to dbEST (accession number:understanding the genes expressed in the seedlings of Tai-
CK900683—-CK901118). A total of 56 contigs were formed wania. Further investigation into the functional genomics
after assembly of the 436 ESTs. The contigs contained a totalof Taiwania, especially mature woody samples, is on going.

Table 1

Functional classification of th@iwania cryptomerioides seedling cDNA library

Functional classification NE. Per? (%) Example of genes expressed abundantly P-value

Cell wall 1 0.2 Proline-rich proteinAfabidopsis thaliana) 1.00E-14

Chromatin and DNA metabolism 1 0.2 H2A histone protefetioselinum crispum) 7.20E-35

Energy 2 0.5 Phosphoenolpyruvate synthasmelidopsis thaliana) 2.90E-33

Secondary metabolism 3 0.7 Flavonoidhydroxylase Pelargonium x hortorum) 2.10E-14

Membrane transport 4 0.9 ABC transportérgbidopsis thaliana) 1.90E-84

Cell cycle and cell division 7 1.6 14-3-3 proteiRi¢ea glauca) 2.30E-77

Transcription, gene expression 8 1.8 Glycine-rich RNA-binding proteinP{cea glauca) 2.00E-39
and RNA metabolism

Cell rescue and defense 17 3.9 Cysteine proteinase inhil@gci(e max) 3.80E-53

Signal transduction and cellular 25 5.7 Mago Nashi-like proteinE(phorbia lagascae) 2.10E-66
communication

Protein synthesis and processing 44 10.1 Small heat shock préieibidopsis thaliana) 5.30E-16

Primary metabolism 50 115 Glyceraldehyde-phosphate dehydrogePiase gylvestris) 1.80E-72

Photosynthesis 58 13.3 Type |l chlorophyll a/b-binding prot&imys sylvestris) 3.40E-92

Other 8 1.9 Translationally controlled tumor protelPsgudotsuga menziesii) 3.30E-71

Unknown 38 8.7

No hit 170 39.0

Total 436

a8 Number of clones.
b Percentage.
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