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Abstract 
 
Transgenic plants of Tricyrtis hirta carrying the intron-containing β-glucuronidase (GUS) gene under the control of the 
CaMV35S promoter have been cultivated for two years. Four independent transgenic plants produced flowers 1 - 2 years 
after acclimatization, and all of them contained one copy of the transgene as indicated by inverse polymerase chain 
reaction (PCR) analysis. All the four transgenic plants showed stable expression of the gus gene in leaves, stems, roots, 
tepals, stamens and pistils as indicated by histochemical and fluorometric GUS assays, although differences in the GUS 
activity were observed among different organs of each transgenic plant. No apparent gus gene silencing was observed in 
transgenic T. hirta plants even after two years of cultivation. 
Additional key words: GUS expression in different ornans, Japanese toad lily, PCR, transgene stability. 
 
⎯⎯⎯⎯ 
 
Tricyrtis hirta (Thumb.) Hook is an autumn-flowering, 
perennial plant native to Japan. The plants have attractive 
arching stems with exotic starry flowers. T. hirta is 
sometimes called ‘Japanese toad lily’ and has recently 
become popular as an ornamental for pot and garden uses. 
We had recently developed an Agrobacterium-mediated 
transformation system in T. hirta (Adachi et al. 2005). The 
transformation efficiency of T. hirta was much higher than 
that of other Liliaceous ornamentals, such as Agapanthus 
praecox ssp. orientalis (Suzuki et al. 2001), Muscari 
armeniacum (Suzuki and Nakano 2002) and Lilium sp. 
(Hoshi et al. 2004). In addition, T. hirta requires only one 
year from in vitro regeneration to flowering, different from 
most Liliaceous ornamentals. Therefore, this species 
seems to be suitable as a model for molecular breeding as 
well as molecular biological studies in Liliaceous 
ornamentals. For perennial and vegetatively propagated 
crops like T. hirta, long-term and stable expression of 
transgene(s) is indispensable for successful application of 
molecular breeding. Therefore, in the present study, we 

examined transgene (GUS reporter gene) expression in 
various organs of transgenic T. hirta plants after two years 
of cultivation for evaluating the validity of genetic 
transformation in the breeding programs of T. hirta. 
 One control, non-transgenic plant (C1) and five 
independent transgenic plants (T1 - T5) of T. hirta were 
cultivated for two years in a growth changer following 
acclimatization in 2003. These transgenic plants were 
produced by co-cultivation of embryogenic calluses with 
Agrobacterium tumefaciens strain EHA101/pIG121Hm 
(Adachi et al. 2005). This Agrobacterium strain contained 
the NPTII gene under the control of the NOS promoter, the 
intron-containing GUS gene under the control of the 
CaMV35S promoter and the HTP gene under the control 
of the CaMV35S promoter in the T-DNA region of the 
binary vector (Ohta et al. 1990). The non-transgenic plant 
C1 was a regenerant from embryogenic callus cultures, 
which were used as a target material for transformation. 
Among the five transgenic plants, three (T1, T2 and T3) 
and four (T1, T2, T3 and T4) produced flowers in 2004 
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and 2005, respectively. C1 produced flowers in both years. 
The five plants that produced flowers (C1, T1, T2, T3 and 
T4) were used in the present study. Although these five 
plants were still small and produced only a few flowers in 
2005, they showed no apparent morphological variations.  
 To determine the transgene copy number in the 
transgenic plants, inverse PCR analysis was carried out 
according to Hoshi et al. (2004). Total genomic DNA was 
isolated from leaves by using the Isoplant II (Nippon Gene, 
Tokyo, Japan). The genomic DNA was digested with 
EcoRI, which cleaves at a site within the HPT gene, and 
joined to generate circular molecules. The first PCR was 
performed using the generated circular molecules as a 
template, the primer set, 5’-GGC CGT CTG GAC CGA 
TGG CTG TGT AGA AGT ACT CG-3’ (P1) and 5’-TGC 
AGA ACA GCG GGC AGT TCG GTT TCA GGC AGG 
TC-3’ (P2), and the TaKaRa LA kit (Takara Bio, Otsu, 
Japan). To amplify the fragment of the junctions of 
inserted DNA and plant genomic DNA, 30 cycles were 
performed using a programmed temperature control 
system (2400-R, Perkin-Elmer, Wellesley, USA) under the 

following conditions: 10 s at 98 °C and 10 min at 68 °C. 
The second PCR was performed under the same 
conditions as the first PCR except for the template and 
primer set. In order to increase the specificity, the second 
PCR performed using the first PCR product as a template 
and the primer set, 5’-GAC GCC CCA GCA CTC GTC 
CGA GGG CAA AGG AAT AG-3’ (P3) and 5’-ACA 
CCC TGT GCA CGG CGG GAG ATG CAA TAG GTC 
AG-3’ (P4). Amplified products were analyzed by 
electrophoresis in a 1.2 % agarose gel. The distance 
between the LB and the EcoRI site of plant genomic DNA 
depends on the position where the transgene was inserted 
into the plant genome. Therefore, bands at different 
positions and of different numbers are expected to reflect 
the integration of the transgene(s) into different positions 
and to provide an estimate of the copy number in the 
genome of transformants. All the four transgenic lines 
showed a single band at different positions, indicating that 
these lines were independent and each had one copy of the 
transgene (data not shown). The control, non-transgenic 
plant C1 yielded no amplified fragments. 

 

 
Fig. 1. GUS histochemical assay of leaves (A, G), stems (B, H), roots (C, I), tepals (D, J), stamens (E, K) and pistils (cross sections) (F, L) 
of the control, non transgenic plant C1 (upper; A - F) and the transgenic plant T1 (lower; G - L) of Tricyrtis hirta (bars = 2 mm). The 
investigation was performed in 2005. 
 

 
Fig. 2. Fluorometric quantification of GUS activity in various organs of the control, non-transgenic plant C1 and the transgenic lines T1, 
T2 and T3 of Tricyrtis hirta. The investigation was performed in 2005. Values represent the means ± SE, n = 3. L - leaves, S - stems, 
R - roots, T - tepals, Sn - stamens, P - pistils. 
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 In order to examine the stability of transgene 
expression in transgenic T. hirta plants, leaves, stems, 
roots, tepals, stamens and pistils of non-transgenic and 
transgenic plants were subjected to histochemical and 
fluorometric GUS assays. Histochemical GUS assay was 
performed in 2004 and 2005 according to Jefferson (1987) 
with several modifications (Suzuki et al. 2001). 
Fluorometric GUS assay was carried out in 2005 
according to Jefferson et al. (1987). No GUS activity was 
detected in any organs of C1. On the other hand, all the 
organs of T1 turned clear-blue following the assay, 
indicating that this plant expressed the GUS gene stably in 
these organs (Fig. 1). Moreover, the other three transgenic 
plants (T2, T3 and T4) showed GUS activity in all the 
organs examined (data not shown). Although most of the 
samples turned clear-blue following the assay, only a 
pale-blue staining was observed in stamens of the 
transgenic plants T1, T2 and T3 assayed in 2004, and 
pistils and stamens of the transgenic plant T4 assayed in 
2005. For most organs, GUS activity was more strong in 
2005 than in 2004. Using fluorometric GUS assay, GUS 
activity was scarcely detected in all the organs examined 
in C1 plants. On the other hand, apparent GUS activities 
were detected in all the three transgenic plants. However, 
marked differences in the GUS activity level were 
observed among different organs in each transgenic plant 
(Fig. 2). Generally, stems, roots and tepals showed higher 
GUS activity levels compared with the other organs in all 
the transgenic plants. No apparent differences in the GUS 
activities were observed among different transgenic plants 
(Fig. 2). 
 Although several papers have so far appeared on the 
production of transgenic perennial flower crops (Robinson 
and Firoozabady 1993, Kamo et al. 1995, Watad et al. 
1998, Suzuki et al. 2001, Suzuki and Nakano 2002, Hoshi 

et al. 2004, Adachi et al. 2005, Suwanaketchanatit et al. 
2007), stability of transgene expression after long-term 
cultivation of transgenic plants has been studied only for 
Gladiolus (Kamo 2003). In Gladiolus, expression of the 
GUS reporter gene under the control of several different 
promoters was detected in shoots and roots following three 
seasons of dormancy. Similarly, stable GUS gene 
expression could be detected in leaves, stems, roots, tepals, 
stamens and pistils of all the four transgenic plants of  
T. hirta following two years of cultivation. Although 
frequent occurrence of transgene silencing has been 
reported for various monocot species (Iyer et al. 2000), 
transgene silencing may not be a common occurrence in 
transgenic T. hirta containing the GUS gene under the 
control of the CaMV35S promoter. Generally, transgene 
copy number has been demonstrated to influence greatly 
the transgene expression level (Yang et al. 2005). There is 
a tendency that single copies of a transgene are more 
stably expressed than multiple ones in various species 
(Bavage et al. 2002, Cervera et al. 2000). In the present 
study, all the four transgenic plants of  
T. hirta had one copy of the transgene, which may be one 
of the causes of stable expression of the transgene 
following long-term cultivation. 
 In conclusion, transgenic plants of T. hirta showed 
stable expression of the transgene (GUS reporter gene) 
after two years of cultivation. This is essential for 
demonstrating the validity of genetic transformation for 
the improvement of T. hirta. We are now producing 
transgenic plants containing horticulturally valuable genes, 
such as genes for the anthocyanin biosynthetic pathway 
for flower color alteration, MADS-box genes for flower 
form alteration and genes for the gibberellin biosynthetic 
pathway for plant form (height) alteration. 
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