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development a system for the discovery genes their function is a 

high priority. diffArent ~-glucuronidase reporter gene cassettes (GUS and 

GUSPlus) and two GAL4/VP16 transactivator cassettes (with and without the catalase-

1 intron upstream of the GAL4/VP16) as well as their relative position (1.6 kb and 7 kb 

relative distances between the upstream activating sequence (UASGAL4 ) and the 

CaMV35S promoter driving a hygromycin gene) within T-DNA were tested for their 

performance in the Transcriptional Activator-Facilitated Enhancer trap (TAFET) 

constructs to induce cell- or tissue-specific expression patterns in rice. A total of i O 

TAFET constructs, including two negative controls, were developed and introduced into 

the rice genome of varieties Millin and Nipponbare using Agrobacterium-mediated 

transformation and about 1 ,000 rice lines were produced and investigated. 

The GAL4/VP16 TAFET system was able to reveal varying levels of tissue 

specific expression patterns in rice in the vegetative and generative tissues, and the 

expression patterns were proven to be due to the activity of the GAL4/VP16 

transcriptional activator. 

Most of the T AFET lines examined showed reporter gene expression in many 

tissues. Patterns shown often in the vascular bundle, pericycle layer of cells in the root 

suggest that the CaMV35S enhancers affected the expression patterns in numbers of 

lines. However, the observed patterns are likely to be primarily due to a complex 

interaction between rice genomic endogenous enhancers and elements within T-DNAs. 

Most patterns observed in TAFET lines (91.7%) were inherited by the next 

generations (T1 and T2) and segregated in Mendelian fashion. T-DNA inserts 

segregated among progeny plants in agreement with expected ratios. About 49% of 



a T-DNA 

was 2.0. 

VJ 

in the 

crossing experiments between selected G lines and selected 

Enhancer Green Fluorescence protein (EGFP) target lines proved that the GAL4/VP16 

TAFET system is capable of activating a gene (a reporter gene) adjacent to UAS. The 

most likely mechanism of activation is through the GAL4 DNA binding domain 

recognising the UASGAL4 , and the VP16 activating domain promoting transcription of a 

gene linked to the UASGAL4 · Expression patterns of EGFP reporter gene in F1 plants 

were in general consistent with GUSPlus patterns observed in parental GUS-TAFET 

lines. 

Attempts to generate phenotypic changes in floral tissues by induced ectopic 

expression of the 1 target gene from maize did not fully succeed, as the changes 

were only limited to some spikelets. The positive control in these experiments, 35S 

promoter driven over-expression of ZAG 1, produced limited phenotypic consequences 

(increased sterility in some plants), suggesting that the inability of the TAFET system to 

induce clearly observable changes in floral development were due to poor expression 

of the ZAG 1 gene. 

A number of TAFET lines showed phenotypic changes that segregated in T1 

and T 2 generations. An attempt to clone a gene responsible for a dramatic change in 

floral development in line pSKC66.1-8e failed due to the lack of a link between T-DNA 

insertion and mutant phenotypes. Tos 17 retrotransposon mobility during tissue culture 

was determined to be the most likely cause of floral development change observed in 

this line. 
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observations 
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TAFET was 

generations and 

research is 

that the system can be used to direct the expression of any gene under study (a target) 

in specific tissue types to generate ectopic expressions and possibly also Gain-of­

Function (GoF) phenotypes. The TAFET system therefore can be applied in rice 

functional genomics studies and could possibly contribute to the generation of a novel 

germplasm with useful traits for agriculture. 
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1 

ENE 

1.1 RICE AS AN IMPORTANT AGRICULTURAL CROP 

Rice is a monocotyledonous angiosperm. The genus, to which it belongs, 

contains more than 20 species, only two of which are referred to as cultivated rice: 

Oryza sativa, (Watanabe, 1997) cultivated in South-east Asian countries and Japan, 

and Oryza glaberrima cultivated in West Africa. Rice was originally cultivated in 

tropical Asia, the oldest record dating 5000 years BC, but then extended also to 

temperate regions (Watanabe, 1997). 

Rice is the most important staple food in Asia. More than 90% of the world's rice 

is grown and consumed in Asia, where 60% of the world's population lives. Rice 

accounts for between 35-60% of the caloric intake of three billion Asians (Guyer et aL, 

1998). Over 150 million hectares of rice are planted annually, covering about i 0% of 

the world's arable land. In i 999/2000, this amounted to some 600 million tonnes of 

rice seed, equal to 386 million tonnes of milled rice. With the world population 

estimated to increase from 6.2 billion in the year 2000 to about 8.2 billion in the year 

2030, the global rice demand will rise to about 765 million tonnes, or 533 million tonnes 

of milled rice (FAQ, 2002). For almost three decades since the Green Revolution, the 

rice yield growth rate was approximately 2.5% per year. During the 1990s, however, 

this has decreased to only 1.1 % (Riveros and Figures, 2000). 

Attempts to overcome the rice yield limitation by improving yield, resistance to 

pests and diseases, and adaptability to diverse growing conditions, have consisted of 

breeding programmes and the development of hybrid rice varieties. Hybrid rice has 



1 now is in almost 40% 

fields 1 Sasaki, 1 ; I , 1 

1.2 RICE AS A MODEL SYSTEM FOR MONOCOTYLEDONOUS 
PLANTS 

2 

Apart from its economic significance, rice has become an important plant for 

genetic and genomic studies. Rice is diploid with 24 chromosomes which can be 

distinguished individually using cytogenetic techniques (Fukui and Lijima, i 991 ). The 

rice genome is small (about 430 Mb) compared to other cereal crops such as maize 

(2,400 Mb), barley (4,900 Mb) and wheat (i 6,000 Mb) and contains an estimated 

32,000 to 62,000 genes (Bennetzen, 2002; Sasaki and Sedoroff, 2003). This small 

genome size has contributed to rice becoming the prominent model system for cereal 

genomics as well as a model for monocotyledonous plants. 

Rice researchers have developed important tools for genetic analysis, for 

example developing high density molecular genetic maps for rice (Harushima et al., 

1998) and efficient genetic transformation techniques (Hiei et al., 1997). Comparative 

genetic maps within the grass family indicate the existence of conserved gene content 

and gene order (synteny) among grass genomes (Ahn et al., 1993; Devos and Gale, 

1997; Devos et al., 2000). Drafts of the rice genome sequence for two rice subspecies 

have been released by the Beijing Genomics Institute (BGI) (Yu et al., 2002) and the 

Syngenta's Torrey Mesa Research Institute (TMRI) (Goff et al., 2002). An ongoing 

effort by International Rice Genome Sequencing Project (IRGSP) to compile a 

complete high-quality draft of the rice genome sequence promises to deliver a very 

useful tool for science and rice breeding (Sakata et al., 2002; Sasaki and Sedoroff, 

2003). 
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is more 75 old refers to an 

complete set genes and chromosomes. term "genomics" was coined more 

recently by Thomas Roderick (1986) to describe the scientific discipline of mapping, 

sequencing and analyzing genomes. Genomics is now undergoing an expansion from 

mapping to an emphasis on genome functions and now consists of structural and 

functional genomics (Hieter and Boguski, 1997). 

1.3.1 RICE GENETIC MAPPING 

Genetic maps of the rice genome have been developed using molecular 

markers, for example (Kishimoto et al., 1993) and Simple Sequence Repeats 

(SSRs) (Temnykh et al., 2000; Wu et al., 2002). About 70% of the RFLP-based maps 

were developed using rice cDNAs as probes and, of those RFLP markers, about 30% 

had significant sequence homology to sequences of known genes (Kishimoto et al., 

1993). 

A high resolution rice genetic-linkage map has been constructed using EST 

clones as RFLP probes. Two thousand two hundred and seventy five markers, 

distributed in 1,450 loci were obtained from Nipponbare callus, root, and shoot libraries 

and from 186 F2 plants of a single cross between the japonica rice subspecies, variety 

Nipponbare and the indica subspecies, variety Kasalath. Of these 1 ,450 loci, about 

600 showed significant similarities to known genes, including single-copy genes and 

gene families (Harushima et al., 1998). 

Two highly saturated molecular-linkage maps, localizing the numerous genes 

and the quantitative trait loci (QTLs), have been generated (McCouch and Doerge, 
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molecular obtained from 171 F6 recombinant inbred lines (Rlls), derived from 

crosses between sativa (IR64) which is the susceptible parent, and Oryza 

rufipogon which is the Al tolerant parent (Nguyen et al., 2003). 

Another application of rice molecular maps is their use in comparative genetics to 

identify conserved synteny between rice chromosomes and those of other species. For 

example, RFLP comparative genetic maps showed that rice, wheat and maize were 

nearly identical in overall gene content and gene order (Ahn et al., 1993; Ahn and 

Tanksley, 1993). Examination of gene distribution among rice, barley and maize, using 

a different set of probes, produced similar results (Barakat et al., 1997). The greatest 

advantage establishing synteny is that grasses with a smaller genome can be used 

to "walk" the chromosomes of larger genome cereals, using the smallest possible 

number of steps (Bennetzen and Freeling, 1993). This map-based technique was used 

in an attempt to clone the barley stem rust resistance gene Rpg1 using nine rice 

probes (Kilian et al., 1995). A high degree of micro-synteny was shown in the telomeric 

region of barley chromosome 1 P (6.5 cM) and the most terminal 2.7 cM of rice 

chromosome 6 and colinearity established for barley chromosome 7 and rice 

chromosome 3 (Kilian et al., 1997). 

A comparative genetic analysis using a QTL map for the Al tolerance-related trait 

showed that QTLs for the root relative length (RRL) which mapped on chromosomes 1 

and 9 appeared to be consistent among different rice populations. A major QTL for the 

RRL was found on chromosome 3 of rice and the linkage to some molecular markers 

possibly conserved across cereal species (Nguyen et al., 2003). 
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Sequence Tags (ESTs), Sequence-Tagged Connectors (STCs), artificial 

chromosome (BAC), yeast artificial chromosomes (YAC), -derived artificial 

chromosomes (PAC), or shotgun sequence analysis. About 68,000 rice ESTs are 

available in public databases and another 120,000 are kept in private databases 

(Tarchini et al., 2000). Of these, however, only about 25% show significant homology 

to known genes, and the function of most of the genes is undetermined (Jeon et al., 

2000b). 

Rice Y AC-based physical maps with six-fold genome coverage have been 

developed by the Tsukuba Rice Genome Projects (RGP). Recently, new YAC-based 

maps were constructed using about 1,450 genetically mapped ESTs (Saji et al., 2001 ). 

Another YAC-based map was also constructed using 3'-untranslated regions (UTRs) 

(Matsumoto, 2001 ). Another 4,300 rice YAC clones were mapped based upon PCR, 

using primers designed from about 6,700 ESTs, derived from 19 cDNA libraries (Wu et 

al., 2002). Two BAC-based rice maps were generated from Oryza sativa subspecies 

Japonica var. Nipponbare using Hind Ill and EcoR I as cloning restriction enzymes by 

the Clemson University Genomic Institute (CUGI) (Presting et al., 2001 ). Other BAC 

libraries were constructed from several rice varieties: IR64, Lemont, Teqing, Azucena, 

Muinghui 63 and Guang Lu A4 (Kurata et al., 1997). 

Moreover, P1-derived artificial chromosome-based (PAC) rice maps were 

constructed using PCR markers from cDNA sequences (EST markers) and STS 

markers by RGP research program. About 4,500 EST and 970 STS markers distributed 

throughout the genome and were used to anchor PAC clones (Matsumoto, 2001 ). 
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shotgun approach. The I provided the sequences for lndica rice varieties 93-11 and 

a PA64s, the most widely cultivated subspecies in China and most of the rest of Asia 

(Yu et al., 2002). The TMRI provided sequences of the Japonica rice subspecies, 

variety Nipponbare (Goff et al., 2002). Sequences are publicly available at the BGO 

efforts to sequence the rice genome with high accuracy have also been carried out by 

the International Rice Genome Sequence Project (IRGSP). The IRGSP has 

accumulated more than i 37 Mb of the Japonica rice subspecies genome sequence 

and made this available to the public in 2001 (Sakata et al., 2002). The complete 

sequence chromosome 1, the longest chromosome in the rice genome, was 

reported and the whole genome sequence has been published (Leach et al., 2002). 

In addition to genomic data, about 28 thousand full-length cDNA clones from ssp. 

Japonica (cv. Nipponbare) are available to the public at the Knowledge-based Oryza 

Molecular Encyclopedia web-site (KOME, http://cdnaOi.dna.affrc.go.jp/cDNA) (Kikuchi 

et al., 2003). These are necessary to identify exon-intron boundaries and gene-coding 

regions within rice genomic sequences. Mapping of cDNA clones and comparison of 

genome sequences indicate the correct structure of the genes in rice and this may also 

be used to understand gene structure in other Poaceae species. 

1.3.3 RICE GENOME ANALYSIS 

As more of the rice genome sequence and mapping of markers becomes 

available, it becomes critical to identify the functions of thousands of new rice genes. 

The reverse genetics approach attempts to do this by comparing sequence similarity 

among plant genes using rice EST markers. 



rice 

CV. 

1 et , 1998). A location 

that was constructed 22 BAC clones 

a 

the whole 

7 

was a 

' 1 

P1 -2t on a map 

region. It provides 

a molecular marker to aid in selection of new blast resistance material in rice (Fu et al., 

2000). 

In relation to rice ESTs development which are available in public databases 

(Tarchini et al., 2000), nine of i 09 rice ESTs were mapped into three regions on 

chromosomes 6 and 1 i that contain genetically defined resistance genes. Two of them 

which code for a receptor-like kinase and a putative membrane channel protein 

respectively, were mapped to the Pi2 locus, and were induced by rice blast infection as 

early as 4 hours after inoculation (Wang et al., 2001 ). Efforts to identify rice genes 

associated with drought stress responses were carried out by analysing 1 ,540 high­

quality Expressed Sequence Tags (ESTs) constructed from drought-stressed seedlings 

of lndica rice. About 120 of 320 novel ESTs were localized to BAC clones and about 

120 ESTs were identified with putative functions (Babu et al., 2002). 

The use of molecular probes from one species to clone a gene from other 

species has also been attempted in rice. The OsMADS1 gene was isolated from a rice 

cDNA clone using probes from Arabidopsis. The OsMADS1 encodes a MADS-domain­

containing protein and its amino acid sequence shows 56.2% identity to AGL2 and 

44.4% identity to Arabidopsis AP1 gene (Chung et al., 1994). Another approach to 

clone rice genes has been to screen the genomic library with DNA fragments obtained 

from PCR using degenerate primers. For example, other rice MADS box genes, such 

as OsMADS2 and OsMADS4, were cloned using the Os MADS i fragment as a probe 

for cDNA library screening (Chung et al., i 995). In addition, two rice gibberellin (GA) 3 

beta-hydroxylase genes, OsGA3ox1 and OsGA3ox2, have been identified using the 
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chromosome 1. The association OsGA3ox2 gene with the 8 locus is 

confirmed by sequencing and complementation analysis three di 8 alleles. Although 

both genes showed transient expression, the OsGA3ox1 gene was highly expressed in 

the unopened flower, whereas the OsGA3ox2 gene was expressed in elongating 

leaves. 

1.4 RICE GENES DISCOVERY USING INSERTIONAL SEQUENCE 

MUTAGENESIS 

In order to increase the rate of finding new rice genes, a forward genetics 

approach has also been applied in rice. In general, rice mutants can be generated 

using either chemical or physical mutagens such as ethyl methane-sulphonate (EMS) 

(lnukai et al., 2000; Goel et al., 2001) or Gamma ray irradiation (the classical approach) 

(Teraishi et al., 1999; Biswass et al., 2003), or by applying insertional sequence 

mutagenesis such as transposable elements and T-DNA of Agrobacterium 

tumefaciens-mediated transformation (lzawa, 1997; Jeon et al., 2000b). 

The use of insertional sequence mutagenesis in rice was boosted by the efficient 

transformation method developed for rice by Hiei (1997). Since this is a recently 

developed technique, the outcomes are still largely anticipated (lzawa, 1997; Jeon et 

al., 2000b; Jeong et al., 2002). The technique offers advantages over chemical and 

physical mutagenesis in that it facilitates the tagging of the target gene both 

molecularly and genetically, as reporter and/or selectable marker genes are carried 

along by the insert (Martienssen, 1998). A polymerase chain reaction (PCR) can be 

used to recover the DNA flanking the insert and this may lead to the isolation of the 
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1.4.1 TRANSPOSABLE ELEMENTS 

Transposable elements commonly used for insertional sequence mutagenesis in 

many plants, including rice, were Dissociation (Os) and Activator (Ac), which are 

endogenous in maize (lzawa, 1997; Chin, 1999; Enoki et al., 1999). These 

transposable elements are well studied and were first recognised by Barbara 

McClintock (Fedoroff, 2000). 

The Activator (Ac) is an autonomous element carrying a single, 2,421 bp open 

reading frame (ORF) encoding the single, 807-amino acid protein Ac transposase 

(AcTPase) which catalyses the process Ac transposition by interacting with specific 

cis-acting sequences near the termini of the element (Kunze and Starlinger, 1989). In 

contrast, the Dissociation (Os) is a non-autonomous element that lacks the ability to 

encode TPase, but retains the cis-acting sequences necessary for transposition. The 

Os can therefore be trans-activated by the presence of Ac within the same cell, as 

shown in Arabidopsis and rice (Hehl, i 989; Fedoroff and Smith, 1993; lzawa, 1997). 

The Ac displays very high levels of activity in maize, tobacco and tomato, but reduced 

activity in Arabidopsis (Hehl, 1994; Jarvis et al., 1997). In two generations of tomato, 

one copy of the Ac insertion increased to 15 copies (Yoder, 1990). Recent studies in 

Arabidopsis showed a high level of Ac transposition when it was adjacent to the 

cauliflower mosaic virus (CaMV) 35S promoter. 

Almost 80% of Os elements were excised from the original insertion sites when 

Ac cDNA driven by CaMV 35S promoter was applied in rice (Chin et al., 1999). It has 
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regional mutagenesis but are not 

efficient for global mutagenesis (Bancroft and Dean, 1993; Fedoroff and Smith, 1993; 

Jones et al., 1994; Walbot, 2000). The tomato Cladosporium fulvum resistance 

gene was isolated after re-inserted into a new location close to the original insertion 

site (Jones et al., 1994). A rice cytochrome P450 (CYP86) was isolated from the 

application of Ac (Enoki et al., 1999). 

Another transposable element which has proved useful as a mutagenesis tool in 

rice is the endogenous retrotransposon Tos17 (Hirochika et al., 1996; Hirochika, 1997; 

2001 ). This class I element is highly activate during tissue culture but inactive in 

generated plants. Mutants induced by Tos17 insertion are relatively stable (Hirochika, 

1997). In comparison to other transposable elements, the copy number of Tos17 is 

quite low. In addition, this retrotransposon shows preferential insertion to genie rather 

than intergenic regions (Miyao et al., 2003). 

1.4.2 T-DNA of Agrobacterium tumefaciens-mediated transformation 

T-DNA insertional sequence mutagenesis exploits the property of the tumor 

inducing (Ti) plasmid of Agrobacterium tumefaciens to transfer any DNA delimited by 

two 25-bp direct repeats at its right and left borders to plant cells (Zambryski, 1992). 

The major advantage of T-DNAs over transposable elements is the more random 

insertion into the genome (Ambros, 1986); (Wallroth, 1986). Although copy numbers 

are lower than those of most transposable elements, the T-DNA does not transpose 

after integration, but remains stable in the original insertion site through multiple 
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tended to insert more into transcriptional active regions (Koncz et al., i 989). This 

means a T-DNA has a preferential integration into genomic regions that potentially can 

be transcribed. T-DNA insertions were found more in "gene space" than expected in 

rice (Sallaud et al., 2003) and this characteristic is good for functional genomics. 

Various T-DNAs have been applied in rice, and mutants with a number of 

phenotypic changes have been previously described (Jeon et al., 2000b; Jeong et al., 

2002; Wu et al., 2003). For example, the OsCHLH gene encoding the largest subunit 

of the rice Mg-chelatase enzyme was identified from T-DNA insertional lines (Jung et 

al., 2003). 

1.5 APPROACHES AND SYSTEMS FOR PLANT FUNCTIONAL 

GENOMICS 

The development of different approach-based systems is pivotal for gene 

discovery in rice. Recent studies have demonstrated that results obtained from 

experiments using Arabidopsis as the plant model cannot be applied to a highly diverse 

species such as rice (Kyozuka et al., 1998; Devos et al., 1999). For example, a LFY 

homolog gene in rice seems to be involved in panicle branch initiation, whereas in 

Arabidopsis the same gene regulates the formation of floral meristems (Kyozuka et al., 

1998). A study of the co-linearity between two small segments of chromosome 1 in 

Arabidopsis and rice using comparative mapping has shown that conservation of gene 

order is no longer identified (Devos et al., 1999). Each system has advantages and 

limitations when applied to plant functional genomics. 
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As previously mentioned, the most common approach used in plant 

genomic investigations is the generation of mutant phenotypes (gene knock-out), using 

either transposable elements or T-DNA(s) insertional mutagenesis (Topping and 

Lindsey, 1995); (Dean, 1991 ). The integration of insertional sequences into protein 

coding regions of the nuclear genome may inactivate or alter the expression of plant 

genes resulting in recessive or Loss-of-Function (LoF) mutations. 

Not all genes, however, can be uncovered by insertional mutagenesis (Burns et 

al., 1994). The first reason for this is functional redundancy where one or more other 

loci can substitute for the same function, thus preventing the elucidation of gene 

function by the LoF approach (Campisi et al., 1999), (Springer, 2000). A clear example 

of functional redundancy is the Abscissic-Acid lnsensitive-1 (ABl-1) and ABl-2 loci 

(Leung et al., 1997). Many genes cloned from mutants belong to the same gene 

families, for example the AGAMOUS and other MADS-box genes, and yet display 

strong phenotypes (Bouche and Bouchez, 2001 ). Disruption of these genes is not 

likely to lead to an easily recognisable phenotype (Burns et al., 1994; Springer, 2000; 

Bouche and Bouchez, 2001 ). 

The second reason why gene knock-out may fail to uncover genes is that many 

genes function at multiple stages of development. The mutation of such a gene might 

affect early lethality and could be highly pleiotropic. Both of these effects can mask the 

role of the gene in specific pathways. In addition, the frequency of lethal mutant 

recovery is low (Miklos and Rubin, 1996). 

1.5.2 GENE SILENCING 
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virus vectors carrying fragments of host genes. 

It has been shown that the mechanism of gene silencing is based on an RNA­

mediated defence against viruses (Baulcombe, 1999). Up to 50% of petunia 

transformants that contained a sense copy of the chalcone synthase (CHS) gene 

produced floral sectors as a result of post-transcriptional loss of mRNA encoding CHS 

(Flavell, 1994; Metzlaff et al., 1997). This approach, however, has some 

disadvantages: it needs several independent transgenic lines generated for every 

gene, and essential genes cannot be down-regulated in this way, as suppression would 

lead to a dominant lethal mutant that would not be maintained (Gu et al., 1998). 

A further development of the gene silencing system was the design of an 

inverse/reverse [3-glucuronidase (GUS) construct to express RNA with self­

complementarity, a hairpin RNA (hpRNA) (Wesley et al., 2001 ). The RNA-interference 

(RNAi) system was found to be efficient in inducing silencing of both endogenous 

genes and transgenes in plants (Wang and Waterhouse, 2000). 

1.5.3 INDUCIBLE GENE EXPRESSION 

Inducible gene expression systems were developed based upon de-repression, 

inactivation and activation of transcription of the target gene. These systems use a 

heat shock promoter (hs gene from soybean), chemically inducible promoters such as 

a tetracycline promoter, dexamethasone, ecdysone, copper, salicylic acid, or a 

glucocorticoid steroid hormone receptor (Aoyama and Chua, 1997; Gatz et al., 1992). 

This is considered a useful approach because the methods allow gene expression 
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gene expression detection was able to reveal differences in a heat shock response 

during tobacco and Arabidopsis plant growth and development (Prandl et 1995). 

However, limited genes were affected by the heat shock system, and prolonged 

exposure to temperature elevation generates pleiotropic gene expressions (Ainley and 

Key, 1990). 

A Tet repressor (TetR)-based gene expression system uses the tetracycline­

responsive Tet repressor (TetR) which binds to the tet operator in the absence of 

tetracycline to regulate a target gene expression driven by a modified 35S promoter. 

The regulates tet genes (A-E, G, H, J, 30, 33) (Levy et al., 1999; Tauch et al., 

2000, 2002) at the level of transcription (Berens and Hillens, 2003). In this system, one 

and two copies of the tet operator were placed upstream and downstream from the 

TATA-box, respectively. This so called tetracycline de-repression system worked in 

tobacco, tomato and potato, but did not work in Arabidopsis (Gatz et al., 1992). 

Besides the tetracycline-repressing system, a tetracycline-inactivation system was also 

developed by fusing the Tet repressor to the Herpes simplex virus VP16 activation 

domain, activating "target gene" expression driven by a target promoter containing 

seven tet operators upstream of a minimal promoter in the absence of tetracycline 

(Weinmann et al., 1994; Reynolds and Figures, 1999). Since tetracycline must be 

applied continuously for generating a negative control, this was considered a non­

practical system for gene expression. 

Another inducible system is the GVG (glucocorticoid-based system), which uses 

the rat glucocorticoid receptor hormone-binding domain (GR) as a regulatory domain 
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present (Aoyama and Chau, 1997; Reynolds and 1999). This system 

flexibility, where the 358 promoter driving the GVG can be replaced by a tissue-specific 

promoter, and both transcription factor and hormone binding domain are also 

interchangeable (Aoyama and Chau, 1997). Although it is considered simple, and the 

glucocorticoid did not cause any pleiotropic effect in plants, in some cases the GVG 

system created a DEX-dependent toxic effect. In rice this system was able to induce 

GUS activities to levels comparable to those conferred by a 358 promoter, when a 

relative low concentration of DEX (1-1 OµM) was applied (Ouwerkerk et al., 2001 ). 

The Tet repressor combined with the glucocorticoid receptor and the VPi 6 

activating domain produced a TGV that is subject to dual regulation, by tetracycline and 

DEX. In a DEX-dependent fashion, TGV activates the expression of a reporter gene 

driven by a synthetic promoter consisting of multiple copies of the modified Tet placed 

upstream of a 35S minimal promoter (Bohner et al., 1999). When DEX is removed and 

tetracycline is applied, the system is switched off as the association of tetracycline 

renders the chimeric factor incapable of binding DNA (Zuo and Chua, 2000). The 

system has been applied in tobacco, and was able to induce stable expression over 

several generations. Expression levels were comparable to a plasmid containing the 

CaMV35S promoter, with only slightly elevated background activity (Bohner et al., 

1999). 

1.5.4 ACTIVATION TAGGING 
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mutant if such a gene is sufficient to activate that pathway, and, secondly, genes 

that are essential for early survival might be identified if ectopic activation the 

pathways they regulate is compatible with survival of the organism (Weigel et al., 

2000). The activation tagging system was developed to deal with the gene redundancy 

issue, through miss- or over-expressing endogenous genes inducing Gain-of-Function 

(GoF) phenotypes (Weigel et al., 2000). In contrast to the GoF is the Loss-of-Function 

(LoF), inactivation or alteration the expression of plant genes that can be due to an 

integration of insertional sequences into protein coding regions of the nuclear genome. 

The T-DNA constructs used in activation tagging contained four copies of the 

transcriptional enhancer from the CaMV 35S promoter (35Se) at the right border 

(Hayashi et al., 1992). The 35Se was spliced into the plant genome at random sites in 

Arabidopsis (Kardailsky et al., 1999; Borevitz et al., 2000; Ito and Meyerowitz, 2000; 

Weigel et al., 2000) and rice (Jeong et al., 2002). In each independent line, the 35Se 

strongly activated the plant genes which, by chance, lay adjacent, causing dominant 

phenotypes that appeared in the T1 generation. The efficiency of creating GoF 

mutations through this activation tagging system was low, since most of the mutants 

observed in the T1 generation segregated in a manner suggesting they were primarily 

caused by LoF mutations. Genes identified using this system were a dominant allele of 

the flowering locus T (FT) that caused early flowering in Arabidopsis (Kardailsky et al., 

1999) and the iso-1 D and iso-20 allelic mutants of the AS2 gene causing leaf 

morphology changes (Nakazawa et al., 2003). 

1.6 GENE TRAPPING 
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enhancer trap (Topping and Lindsey, 1995; et , 1999; Jeong et al., 

Each type has advantages and disadvantages over the other types. 

1.6.1 GENE TRAP 

Gene trap constructs contain 3' splice acceptor sites adjacent to a reporter gene 

and no promoter. Expression can therefore only be produced when the molecule is 

inserted into the transcriptional unit (transcribed region) and only if the orientation is 

correct (Springer, 2000). One or more splice acceptor sequences preceding a reporter 

gene allow expression if insertions are in the intron site (Springer, 2000). Apart from 

transcriptional fusions, trap can also create translational fusions, which may 

provide information about protein localisation. However, gene trap insertions are more 

likely to lead to gene disruption. 

In the Os-G (transposable element-based gene trap) construct, the GUS reporter 

gene is preceded by an intron and two consensus splice acceptor sequences, so a 

splice acceptor appears in every reading frame. If the Ds-G transposes into a 

chromosomal intron with the GUS in the correct orientation, it will get a splicing from 

the splice donor of the chromosomal intron to the splice acceptor in front of the GUS 

gene, resulting in expression of the reporter gene (Jeon et al., 2000b). In T-DNA­

based gene trap constructs, the reporter gene is cloned near to the T-DNA border 

(Maes et al., 1999). Plasmids containing a promoterless GUS gene sited immediately 

next to the right border have been transformed into rice (Jeon et al., 2000b). 

It has been reported that only half of the gene trap insertions in genes were in 

the appropriate orientation resulting in reporter gene expression (Gu et al., 1998). 
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Promoter trap constructs contain a reporter gene, the beta-glucuronidase (GUS), 

either fused to a minimal promoter or without a promoter at the T-DNA left border 

(Topping et al., i 991; 1994). Similar to the gene trap, promoter trap expression can 

only be produced when a construct is inserted into a transcribed region (Topping et al., 

1991; i 994). As in the gene trap system, translational fusion and gene disruption can 

result. The system was first developed in tobacco, Arabidopsis and potato. Similar 

percentages of lines with expression in leaf and/or root (73% and 78%), were displayed 

by transgenics transformed with either a minimal promoter fused to GUS or a 

promoterless GUS construct (Topping et al., i 991 ). 

1.6.3 ENHANCER TRAP 

Enhancer trap constructs typically contain a minimal promoter; a TATA box and 

transcription start side, fused to a reporter gene which is activated by chromosomal 

enhancer elements, resulting in expression of the reporter gene. 

In producing gene expression, the enhancer trap does not suffer from the same 

constraints as the two previous systems, and a high frequency of reporter gene 

expression is demonstrated (Springer, 2000). Since transcription is affected by 

position, expression levels of transgenes at different chromosomal locations may vary 
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even when the enhancer trap in the middle an essential gene, because 

enhancer trap element is dominant and patterns can be detected when insertions are in 

the hemizygous state (Campisi et , 1999). 

The use of enhancer traps in gene expression studies exploits the fact that 

enhancers are essential for gene transcription in eukaryotic cells (Bonifer, 2000; Martin, 

2001 ), and such traps have been used in Drosophila (Bellen, 1989; Bellen, 1999) and 

in Arabidopsis (Sundaresan et al., 1995a). A high efficiency of trapping, from 25% to 

59%, was displayed by rice enhancer trap lines (Wu et al., 2002). 

1 DEVELOPMENT ENHANCER TRAPS 

The enhancer trap was first developed in Escherichia coli, using bacteriophage 

Mu carrying a promoterless lacZ gene. Insertion of the construct into a gene under 

constitutive control produced constitutive !acZ gene expression, whereas the insertion 

into a regulated gene led to !acZ induction only under specific conditions (temporal) 

(Casadaban and Cohen, 1979). Ten years later the system was applied to the 

eukaryote, Drosophila melanogaster (Bellen, 1989) using constructs containing a 

translation fusion between the P-transposase gene and the promoter-less Escherichia 

coli [3-galactosidase (LacZ) gene. This system cannot drive expression in the absence 

of a transcriptional enhancer. The transgene can only be activated if the transposon 

integrates into the genome close to a genomic enhancer, which occurred in about 65%-

70% of cases (O'Kane and Gehring, 1987). The P-element system was also incapable 

of inducing gene regulation in a specific biological pathway, as the transposon tends to 

insert non-randomly (Bellen, 1999). 
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gene was on insertions near the chromosomal enhancer sequence in plants 

(Sundaresan et al., 1995a). DsE has been applied in Arabidopsis and rice (Fedoroff 

and Smith, 1993; Klimyuk et , 1995; Sundaresan et , 1995a; Chin, 1999), resulting 

in about 48% of transpositions associated with reporter gene expression patterns in 

various organs (Sundaresan et al., 1995a), and patterns which were stably inherited in 

subsequent generations (Klimyuk et al., 1995). The higher frequency of staining 

obtained with DsE is expected, as enhancers can act over a long distance and DsE 

insertions into both transcribed and non-transcribed regions of genes resulted in GUS 

reporter gene expression (Sundaresan et al., i 995a). 

A T-DNA-based enhancer trap construct containing a minimal CaMV 35S 

promoter fused to the GUS reporter gene has been developed, where the reporter 

gene is located immediately next to the right T-DNA border. Enhancer trap lines in rice 

and Arabidopsis generated with these constructs exhibited tissue specific expression 

patterns (Campisi et al., 1999; Jeon et al., 2000b). 

1.6.3.2 FURTHER DEVELOPMENT OF TRANSCRIPTIONAL ACTIVATOR-BASED 

ENHANCER TRAP 

Because of the limitations of the P-element system, a new enhancer trap system, 

using a transcriptional activator was developed and employed first in Drosophila. The 

yeast transcription factor GAL4 activates transcription from a promoter containing a 

GAL4 binding site (Fischer et al., 1988). This activity was shown in yeast, Drosophila, 

and mammalian cells (Fasano and Kerridge, i 988; Kakidani and Ptashne, 1988; 

Webster et al., 1988). The GAL4 transcriptional activator functions through the 

recognition of a DNA binding domain of the upstream activating sequence of the GAL 
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The GAL4/UAS trap system offers advantages over enhancer 

trap systems. It allows subsequent use of GAL4 lines as "effectors" or pattern lines to 

direct expression of any gene in a spatially and temporally regulated fashion by 

introducing a second construct in which the gene of interest is placed downstream of 

the UASG as a "receptor" or target (Brand and Perrimon, 1993; Castelli-Gair et al., 

1994). Targeted expression of toxin genes can also be used to kill or inactivate 

specific cells under investigation (Brand and Dormand, 1995). 

The GAL4/VP16 transcriptional activator that comprises a DNA-binding domain 

from the yeast GAL4 gene and the activating domain VPi 6 of the Herpes Simplex virus 

was utilised in the more recent enhancer trap system to replace the GAL4. Similar to 

the GAL4, the GAL4/VP16 activates genes adjacent to the UAS (Fields, 1989). This 

system is also able to direct cell- or tissue-specific gene expression patterns in 

Drosophila (Brand and Perrimon, 1993) which may generate Gain-of-function 

phenotypes (Castelli-Gair et al., 1994; Brand and Dormand, 1995; Phelps and Brand, 

1998). In addition, it activates gene expression about 10- to 100-fold higher than the 

GAL4 system (Sadowski et al., 1988). Until now, the use of the transcriptional activator 

facilitated enhancer trap system has been mostly limited to Drosophila and Arabidopsis 

(Brand and Perrimon, 1993; Haseloff, 2002). 

1.7 THE PROJECT: DEVELOPMENT AND VALIDATION OF THE 

GAL4NP16 TRANSCRIPTIONAL ACTIVATOR-FACILITATED 

ENHANCER TRAP SYSTEM FOR RICE FUNCTIONAL GENOMICS 



22 

1 E E 

thesis reports the development of transcriptional activator ~acilitated 

enhancer trap (TAFET) constructs to reveal expression patterns in 

var. Millin and Nipponbare and validation of the system in rice. 

sativa 

During preparation of the thesis, a paper on a similar system applied in rice was 

published by Wu et al (2003). Indeed, the single construct applied by Wu et al (2003) 

in lndica rice variety 9311, was developed by CAMBIA, as part of the Rice Trans­

Genomics Project. Contrary to what the paper described, the construct actually used 

was a reporter fusion of f3-glucuronidases GUSPlus (Nguyen, 2002) and enhancer 

Green Fluorescence protein (EGFP) (Fu, 2004). Importantly, most data in this thesis 

were generated prior to the development of enhancer trap lines reported by Wu et al 

(2003). Instead eight transactivator contructs and two transactivator deletion constructs 

that were developed and tested to facilitating of enhancer trap in japonica rice variety 

Niipponbare and Millin, were presented in this thesis. 

The project was carried out at the Center for the Application of Molecular Biology 

to International Agriculture (CAMBIA), and had the following purposes: 

• to develop the GAL4/VP16 transcriptional Activator-facilitated enhancer trap 

(TAFET) system for rice functional genomics; 

• to validate the functionalities of the TAFET system in rice and 

• To produce GAL4/VP16-facilitated enhancer trap rice lines for rice functional 

genomics. 
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Chapter 2 

AN 

2.1 MATERIALS 
Almost all chemicals, amino acids and hormones used in the experiments were 

Sigma-Aldrich product, unless it was stated differently. 

2.1.1 Bacterial media 

LB (1 L H20) 
Bacto tryptone 10 g 

Bacto yeast extract 5 g 

NaCl 10 g 

SOC (1 L H20) 

Bacto yeast extract 5 g 

Bacto tryptone 2 g 

NaCl 5 g 

KCI 

Glucose 

AB (1 L H20) 

Glucose 

Bacto agar 

2g 

0.2 g 

3.6 g 

5g 

15 g 

900 ml 

Autoclave at 120° C for 20 minutes, then add 

20X AB buffer 5 ml 

20X AB Salts 50 ml 



10 g 

AB Salts, 20.X (500 ml H20} 
NH4 Cl 10 g 

3g 

KCI 1.5 g 

0.15 g 

0.025 g 

2x YT Medium (1 l H20) 

Tryptone 16 g 

Yeast Extract 1 0 g 

NaCl 5 g 

Adjust to pH 7 .0 and autoclaved 

Rice tissue media (Hiei et al., 1994) 

2N6 (Callusing medium) (1 l H20 ) 
N6 salts 10X (Sigma) 100 ml 

(1 mg/ml) 2 ml 

Chu's vitamins (1OOX)10 ml 

Casamino acids 1 g 

Glutamine 0.5 g 

Praline 0.5 g 

Sucrose 30 g 

Add H20 to dissolve and adjust to pH 5.8 

Add 2.5 g of Phytagel and adjust volume to 1 L 

2N6-AS (Co-cultivation medium) (1 l H20) 
N6 salts 10X 100 ml 
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(1 

Chu's vitamins (1 

Casamino acids 

Sucrose 

2 ml 

10 ml 

1 g 

30 g 

Add to dissolve and adjustto pH 5.2. 

Add 2.5 g of Phytagel and adjust volume to 1 L. 

25 

Autoclave, and after cooling to about 60°C add 1 ml of 100 µM acetosyringone. 

2N6-TCH (selection medium) (1 l H20} 
N6 salts 10X 100 ml 

2,4-D (1 mg/ml) (sigma) 2 ml 

Chu's vitamins (1 OOX) 10 ml 

Casamino acids 1 g 

Sucrose 30 g 

Add to dissolve and adjuslt to pH 5.2. 

Add 2.5 g of Phytagel and adjust volume to 1 l. 

Autoclave, and after cooling to about 60°C add: 

Timentin 100 mg/ml (GllaxoSmithKline) 1 ml 

Cefotaxime (Claforan) 250mg/ml (Hoechst Marion Roussel) 1 ml 

Hygromycin B 50mg/ml (Boehringer Mannheim) 1 ml 

RGH6 (regenerating medium) (1 L H20) 
N6 salts 10X 100 ml 

2,4-D (1 mg/ml) 2 ml 

Chu's vitamins (100X) 10 ml 

Casein enzymatic hydrolysate1 g 

Glutamine 0.5 g 

Praline 0.5 g 



BAP (1 3 ml 

NAA (1 0.5 ml 

Sucrose 30 g 

Add H20 to dissolve and adjust to 5.8. 

Add 2.5 g of Phytagel and adjust volume to 1 l. 

Autoclave, and after cooling at about 60°C add 1 ml of hygromycin B (50 

YzMS-H (1 L H20) 
MS salts 10X 

Chu's vitamins (1 

NAA (1 mg/ml) 

Sucrose 

50 ml 

5 ml 

0.5 ml 

10 g 

Add H20 to dissolve and adjust to pH 5.8. 

Add 2.5 g of Phytagel and adjust volume to 1 l. 

Autoclave and after cooling at about 60°C add 1 ml of hygromycin B (50 

2,4-Dichlorophenoxyacetk acid (2,4-D, Sigma) 1 mg/mL 
Disssolve 100 mg 2,4-D in 100 ml of methanol. Do not autoclave. Keep the 

solution at 

Chu's vitamins 100X (500 mL) (Chu, 1978) 

Nicotinic acid 25 mg 

Pyridoxine 25 mg 

Thiamine-HCI 50 mg 

Myo-inositol 5 mg 

Filter sterilize. 
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l 

463 mg 

2.83 g 

CaCl2 125.3mg 

FeS04.7H20 27.85 mg 

MgS04 90.37 mg 

400 mg 

3.33 mg 

H3803 1.6 mg 

ZnS04 .7H20 1.5 mg 

Kl 0.8 mg 

NarEDTA 37.25 mg 

MS Salts (1 L H20) (Murashige and Skoog, 1962) 

NH4N03 1.65 g 

6.2 mg 

332.2 mg 

0.025 mg 

0.025 mg 

27.85 mg 

NarEDTA 37.25 mg 

180.7 mg 

16.9 mg 

0.25 mg 

Kl 0.83 mg 

170 mg 

1.9 g 

8.6 mg 
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AAM medium (1 et aL, 1 

AA amino acid 10 ml 

AA macro 00 ml 

AA micro 1 ml 

AA iron 10 ml 

AA-ms Vit 10 ml 

CA 0.5 g 

Sucrose 68.5 g 

Glucose 35 g 

pH 5.2, dispense to 4 x 250 ml and autoclave 

Acetosyringone (100 µM) 

16.6 mg of acetosyringone (3'.5'-dimethoxy-4-hydroxy-acetophenone) in 1 ml 

of dimethyl sulfoxide (DMSO). Do not autoclave . 

. 3 Soil Mix 
Potting mix 75% 

Perlite 25% 

Osmocote 1 g/L 

Potting Mix 

River loam 60% 

Peat moss 20% 

River sand 20%i 



Plasmid 2.1) is a binary vector derived from the pPZP 

vector et 1994 ). It contains the cauliflower mosaic virus 35S 

et al., 1985) driving the selectable Hygromycin phosphotransferase 

(hpt 11) gene (Gritz and Davies, 1983), a pUC18 mutiple cloning site (MCS) and the 13-

glucuronidase (gus A) reporter gene (Jefferson et al., 1987), located between left and 

right T-DNA borders. The N-terminus of the gus A coding sequence contains the 

castor bean catalase intron (Tanaka, 1990) for optimal gus A expression and to prevent 

the expression of gus A in bacterial cells. 

2.1.5 Agrobacterium tumefaciens 

Agrobacterium tumefaciens strain EHA 105 is a kanamycin sensitive strain 

derived from A.tumefaciens strain EHA 101 (Hood et al., 1986; 1993) for use in rice 

transformation. 

2.1.6 Rice seeds 

Most experiments were done with the Australian Japonica rice variety Millin, 

provided by Dr. Russell Reinke from the Yanco Experimental Station of the New South 

Wales Department of Agriculture. The Japanese Japonica rice variety Nipponbare was 

also used and the seed provided by Dr Sasaki from The RGP, Tsukuba, Japan. 

2.1.7 GUS Staining Solution (100 ml H20) 
0.1 M sodium phosphate buffer 

EDTA 0.5 M pH 8.0 

Triton X-100 

50 ml 

2 ml 

100 µI 



Potassium •"~'·"~,,,.., 

Potassium 

X-GlcA 

stock 50 mg/ml, dissolved in DMSO) 

2.2 METHODS 

Restriction digestion 

90 mg 

66 mg 

100 mg 
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All restriction endonucleases used were purchased from New England Biolabs 

EB) and were used according to the manufacturer's instructions. 

Phosphorylation 

DNA phosphorylation was conducted at 37°C for 1 hour addition of 2 units of 

polynucleotide kinase in the presence of 1X T4 ligase buffer (50 mM Tris-HCI, 1 O mM 

MgC12 . 10 mM OTT, 1 mM ATP, 25µg/ml BSA, pH 7.5). The reaction was terminated 

by heat inactivation at 65°C for 20 minutes. The DNA was purified by column 

purification (Qiagen Nucleotide Removal Kit) and eluted in 25 µL TE buffer (1 O mM 

Tris, 0.1 mM EDTA, pH 8.0) (Sambrook et al., 1989). 

2.2.3 Dephosphorylation 

DNA dephosphorylation was conducted in a 25 µL reaction containing 2 units of 

shrimp alkaline phosphatase (SAP, Boehringer Mannheim) in the presence of 1X 

dephosphorylation buffer (1 OX buffer contains 0.5 M Tris-HCI and 50 mM MgCl2 , pH 

8.5) at 37°C for 1 hour. The reaction was terminated by heat inactivation at 65°C for 20 

minutes. 



and Phosphoryiation 

The DNA was added to a mixture containing: 

2 units of T 4 DNA polymerase 

5 units of T4 polynucleotide kinase in 20 reaction mixture 

'1 j. 

1X T4 ligase buffer (50 mM Tris-HCI, 10 mM MgCl2 , 10 mM OTT. 1mM ATP, 25 

BSA, 7. 

0.5 mM dNTPs (Amersham Pharmacia). 

The reaction was carried out at 37°C for 1 hour, and then terminated by heat 

inactivation at 65°C for 20 minutes. The DNA was purified by column purification 

(Qiagen Nucleotide Removal Kit) and eluted in 25 µl TE buffer (pH 8.0). 

2.2.5 purification 

Gel purification 

DNA fragments were isolated and purified from agarose gels using a Qiaquick 

gel extraction kit (Qiagen). Samples were separated by electrophoresis in a 1.0% 

agarose gel in 1X TAE containing 0.5 µg/ml ethidium bromide. The DNA was excised 

from the gel and placed in a 1.5 ml eppendorf tube. The tube was weighed and the 

gel was dissolved with 3 mL/1 mg of QC buffer added to the tube. This mixture was 

incubated at 50°C for a few minutes until the agarose had completely dissolved. The 

solution was then applied to a Qiaquick spin column which was placed in a 2 ml 

collection tube, and centrifuged at 10,000 xg for 1 minute using a Hermie benchtop 

centrifuge. The flow-through was discarded and the column was placed back in the 

collection tube. The column was washed by applying 0.750 ml of PE buffer, and was 

centrifuged at 10,000 xg for 1 minute. The flow-through was discarded and the column 

centrifuged again for an additional minute. The column was then placed into a clean 

1 .5 ml eppendorf tube and 50µl of EB buffer added to the centre of the column. The 
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column was incubated at room for 1 minute and then at 

10,000x g for 1 minute. of buffers used is not printed in the 

2.2.5.2 Nucleotide removal 

DNA fragments were purified using a Qiaquick Nucleotide Removal kit (Qiagen). 

Ten volumes of PN buffer were added to 1 volume of sample and mixed. The mixture 

was then placed into a Qiaquick spin column, which was then placed in a 2 ml 

collection tube, and centrifuged at 5,000 xg for 1 minute. The flow-through was 

discarded and the column was placed back in the collection tube. The column was 

washed by applying 0.75 ml of PE buffer. and then centrifuged at 5,000 xg for 1 

minute. The flow-through was discarded and the column centrifuged once more at 

10,000 xg for 1 minute to remove residual ethanol. The column was placed into a 

clean 1.5 ml eppendorf tube and 50 µI of EB buffer added to the centre of the column. 

The column was incubated at room temperature for 1 minute and centrifuged at 10,000 

xg for 1 minute (Qiagen product catalog). Composition of buffers used is not printed in 

the catalog. 

2.2.6 Ligation 

DNA ligation was performed in a 15 µI reaction comprising 100 units of T4 DNA 

ligase EB), 1X T4 ligation buffer (50 mM Tris-HCI, 10 mM MgCl2 , 10 mM OTT, 1 mM 

ATP, 25 µg/ml BSA, pH 7.5), and incubated at 16°C overnight. T4 DNA ligase was 

inactivated by incubation at 65°C for 10 minutes. 



A bacterial colony of Escherichia coli strain DH5a and 

tumefaciens strain EHA 105 were inoculated into 3 ml of LB medium (refer to 2.1.1) 

and grown overnight at 37°C and 29°C, respectively. One ml of the culture was 

inoculated into 1 L of 2YT (refer to 2.1.1) medium in a sterile 2 l flask. The culture was 

grown at 37°C (or 29°C for Agrobacterium) by shaking at 200 xg to reach 0.7 to 0.9 

values at an optical density (OD) 600nm. Cells were chilled on ice for 10 minutes. The 

culture was then centrifuged at 5,000 xg for 10 minutes at 4°C using a JLA rotor in a 

Beckman centrifuge. The supernatant was discarded and the pellet was re-suspended 

in 2.5 ml ice-cold sterile H20 by pipetting it in and out several times. The re­

suspended cells were washed with 100 ml ice-cold sterile H20 by inverting the tube 

several times. The cells were centrifuged as above and the pellet washed again. 

Washing was repeated two times. After the third wash cells were centrifuged at 6,000 

xg for 10 minutes at 4°C. The supernatant was poured off and the pellet re-suspended 

in 40 ml of 10% glycerol. Cells were centrifuged at 6,500 xg for 10 minutes at 4°C, the 

supernatant was poured off and the pellet was re-suspended in 2 ml of 10% glycerol. 

The cells were left overnight at 4°C on ice. The cells were then divided into 150 µI 

aliquots and snap frozen in liquid nitrogen. 

2.2.8 Electroporation 

Transformation was done using a Gene Pulser apparatus (Biorad). One to 2µL 

of plasmid solution or ligation mix was mixed gently with 50 µI of DH5a competent cells 

which had been on ice. This mixture was then transferred into a 0.2 ml pre-chilled 

Gene Pulser cuvette. The transformation was carried out by applying an electric pulse 

using the following settings: 2000 resistance, 25 µF capacitance and 2.5 K voltage. 

Half a millilitre of SOC (refer to 2.1.1) was added to the cell mixture and the mixture 
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incubated at for 30 minutes. Selection for transformants was conducted by 

plating 50-100 of the mixture onto solid media the antibiotic. 

This was also applied for Agrobacterium transformation. 

Small scale plasmid DNA isolation was carried out by using the CTAB 

(cetyltrimethylammonium bromide) method (Del Sal et al., 1989). About 10 to 20 

colonies were picked from solid media and inoculated into test tubes containing 2 ml 

liquid media with the appropriate antibiotic. The cultures were grown overnight in a 

shaker incubator at 200 xg at 37°C. Cells were collected by centrifugation at 800 xg for 

10 minutes using a Hermie benchtop centrifuge. Supernatants were aspirated 

completely and pellets were resuspended by vortexing in STET buffer (8% sucrose, 50 

mM Tris-HCI pH 8.0, 50 mM EDTA pH 8.0 , 0.1 % Triton-X-100). Four microlitre of 

lysozyme (Sigma) solution (10 mg/ml in 10 mM Tris-Cl pH 8.0) and 4 µl of RNase A 

were added into re-suspended cells (50 mg/ml in STET) and mixed by quick vortexing. 

The mixture was incubated at room temperature for 10 minutes and then put into 

boiling water for 45 seconds, centrifuged at 13,500 xg for 10 minutes and pellets 

removed using toothpicks. 10 µL of 5% (w/v) CT AB was added into tubes. vortexed 

and incubated at room temperature for 10 minutes. DNA was collected by 

centrifugation at 13,500 xg for 10 minutes and the supernatant was aspirated. Pellets 

were re-suspended in 300 µl of 1.2M NaCl by vortexing. The plasri'lid DNA was 

precipitated by adding 750 µl of 96% ethanol and followed by incubation at -80°C for 

10 minutes. The DNA pellets were collected by centrifugation at 13,500 xg for 15 

minutes. Supernatants were aspirated and pellets were washed with 700 µl of 70% 

ethanol. After air drying the pellets were dissolved in 20-50 µl TE buffer or sterile 

water. 
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0 

Approximately 0.5 g of rice tissue was ground in a mortar with nitrogen. 

The finely tissue was added to 50ml tubes (Oakridge) containing 14 ml 

preheated S-buffer (110 mM Tris-HCI pH8.0, 55 mM EDTA pH8.0, 1.54 M NaCl 

and 1.1% CTAB). The mixture was vortexed vigorously for a few seconds. 700 µl of 

20% SOS (sodium dodecyl sulfate) was added and mixed carefully. The mixture was 

incubated at 65°C for 2 hours. During incubation the tube was shaken lightly for a few 

seconds by hand. After cooling at room temperature. 7 ml of chloroform and iso-amyl­

alcohol (24: 1) was added. The tube was shaken gently using a rotor for about 15 

minutes at room temperature to form an emulsion. It was then centrifuged in a 

Beckman centrifuge at 4500 xg for 20 minutes at 4°C to pellet the debris. The upper 

phase was transferred into a clean Oakridge tube and 0.7 volumes of 2-propanol (prop-

2-nol) was added. The tube was immediately inverted, gently and repeatedly, until 

DNA precipitation occurred. After DNA precipitation was observed, gentle mixing was 

continued for another minute. The mixture was then centrifuged at 4500 xg for 20 

minutes to pellet the DNA. The pellet was re-suspended with 96% ethanol and 

transferred to 1.5ml eppendorf tube. The mixture was centrifuged at 13,500 xg for 10 

minutes. The supernatant was aspirated and the pellet was washed with 70% ethanol. 

The tube was centrifuged at 13,500 xg for 5 minutes. The ethanol was poured off and 

the DNA was dissolved in 0.5 ml of TE pH 8.0 (10 mM Tris-HCI pH 8.0. 0.1 mM 

EDTA). To remove RNase, 0.5 µl of 10 mg/ml RNase A (Sigma) that dissolved in 10 

mM Tris-Cl and 15 mM NaCl and boiled at 95°C for 15 minutes was added and the 

tube was incubated at 55°C for 2 hours. 

2.2.11 DNA Quantification (Sambrook et al., 1989) 

DNA was quantified by measuring its absorbance at 260 nm and the 

concentration was calculated from reference values {A260 = 1 = 50 µg/ml dsDNA). 
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2 sequencing 

was conducted using the ABI PRISM Dye Terminator 

Sequencing Ready kit (Perkin Elmer) with half the recommended concentration. Five 

hundred nanograms of plasmid or 100 ng of PCR product was used as a template in 

the presence of 3.2 pmoie of primer and 2 µl of dye terminator reaction mix in a 10 µI 

reaction in 0.1 ml PCR strip tubes (Sarstedt). The reaction was carried out for 30 

cycles in a Corbett FTS-960 thermal sequencer (Corbett Research) under the following 

conditions: 95°C denaturation for 10 seconds, 50°C annealing for 10 seconds and 60°C 

extension for 4 minutes. Following the sequence reaction, the mixture was transferred 

into 1.5 ml eppendorf tubes and the DNA was precipitated by adding 1 µL of 3 M 

sodium acetate pH 3.8 and 20 µl absolute ethanol. The reaction was mixed by tapping 

the tubes which were then incubated at -80°C for 10 minutes. The DNA wds pelleted by 

centrifugation at 13,500 xg in a bench top centrifuge for 10 minutes. The supernatant 

was removed and the pellet was washed twice with 50 µL of 70% ethanol. The pellet 

was air-dried and the tube covered with aluminum foil. The sample was sent to The 

Australian Genome Research Facility (AGRF, Brisbane) for gel separation. The result 

was retrieved from the AGRF file transfer protocol site using the file transfer program 

WS_FTP LE version 5.8 and was viewed using the Chromas software (version 1.45). 

2.2. 13 PCR amplification 

A hundred picograms per µI DNA was used as a template in a PCR reaction 

containing 1 µM of each forward and reverse primers in the presence of 200 µM dNTP 

mix, 1X RedTaq PCR buffer (containing MgCl2) (Sigma) and 0.05 unit/µL RedTaq DNA 

polymerase (Sigma). Amplification was carried out over 30 to 35 cycles depending on 

the requirements, under the following conditions: denaturation at 95°C for 30 seconds, 

annealing temperature at 50 to 55°C (depended on GC content of primers) for 30 
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seconds and extension at for 2 minutes. An initial denaturation step at 95°C for 2 

minutes before and an extension at step for 5 minutes after were 

The PCR amplification reaction was terminated at 

2.2.14 Southern Hybridisation 

2.2.14.1 Preparation of target DNA 

Digested DNAs were separated in 0.7% 20x20cm agarose gels in 1X TAE 

running buffer at 0.5 V/cm. The DNA fragments were then transferred overnight onto a 

positively charged nylon membrane (Boehringer Mannheim) by an alkaline transfer 

method using 0.4 N NaOH and 0.6 N NaCl as the transfer buffer (Sambrook et al.. 

1989). Following the transfer, the membrane was washed briefly in 2X SSC to remove 

excess salt, and the DNA was fixed on the membrane by baking at 80°C for 2 hours. 

Pre-hybridisation and hybridization 

The baked membrane was pre-hybridised in 50ml pre-warmed (65°C) pre­

hybridisation solution containing 1 X HSB and 1 X Denhardt's solution for 5 hours at 

65°C in a plastic container in an oven. After pre-hybridisation membranes were 

hybridised in 20 ml hybridisation solution containing 1X HSB (5X HSB contains 0.1 M 

PIPES pH 6.8, 3 M NaCl and 20 mM EDTA pH 8.0), 1X Denhardt's solution [100X 

Denhardt's contains 2% (w/v) bovine serum albumin (Sigma), 10% (w/v) SDS, 2% 

(w/v) Ficoll (type 400, Sigma), 2% (w/v) PVP (Polyvynilpyrrolidone), 5 mM Na4 P2 

0 7.10 H20] (Sambrook et al., 1989) and 2 ml (10 mg/ml) denatured herring sperm 

DNA and a radioactive labeled probe for about 18 - 24 hours at 65°C in the plastic 

container in the oven. The radioactively labelled probe was prepared about 20 minutes 

before pre-hybridisation finished. It was added to the hybridisation solution last and 

after it had been denatured in boiling water (about 95°C) for 5 minutes. 



38 

A for the probe was either from a DNA or a PCR 

product. About 20-30 ng denatured DNA was mixed in a 50 µL solution 

500dCTP, 500dTTP, 500dGTP, 4 µl aP32-dATP, 20 µl buffer mixed, 1 Kienow 

polymerase enzyme and H20. The DNA template was denatured in water at 95°C for 5 

minutes. The reaction was carried out at 37°C for 1 O minutes. 

2.2.14.4 Washing 

After hybridisation, the membrane was washed in about 300 ml of low 

stringency washing solution (2X SSC and 1 % (w/v) SOS) (20X SSC contains 175.3 g of 

NaCl and 88.2 g of sodium citrate in 800 ml of H20, then adjust the volume to L with 

followed by a wash in 300 ml of medium stringency (1X SSC and 0.5°/o 

and lastly in 300 ml of high stringency solution (0.5X SSC and 0.25% SOS). Each 

wash was conducted for 20 minutes at 65°C. 

Hybridisation signal on the membrane was detected by using either a Biorad 

GS-250 Molecular lmager or X-ray film. The membrane was wrapped in vinyl wrap and 

taped either on the lid of the sample loading dock of the imager or on the reflection 

screen of the X-ray cassette. The molecular imaging screen B1 was exposed to the 

membrane overnight or longer depending on the strength of the signal detected by a 

Geiger counter. A Geiger counter was also used to determine a time to store the X-ray 

cassette at -80°C. The signal was analysed using the molecular analysis program of 

the GS-250 Molecular lmager in 100 or 200 µm resolution mode. The signal from the 



membrane in the cassette was captured directly on Kodak 

between the membrane and the reflection screen. 

2.2.14.6 Stripplrrig 

film 

The 32P-labelled probe was removed from the membrane by placing the 

membrane in 200 ml of pre-heated stripping buffer (0.1X SSC and 0.1% SOS) in a 

plastic container at 85°C for about 30 minutes. 

2.2.15 Computer analysis 

2.2.1 Plasmid DNA constructions and annotations 

Construction and annotation of all plasmids and DNA fragments were 

conducted using Vector NTI version 4.5 software (lnformax). Plasmids were named 

after the creator or the investigator, the notebook number and the page of that 

particular notebook on which the plasmid was first confirmed. For example, pSKC66.1 

was generated by Sri Koerniati and was documented in notebook C, page 66 and from 

the colony in lane 1 of the gel confirming the intensity of the molecule. 

2.2.15.2 BLAST homology search 

Confirmation of known DNA sequences was conducted using the Genebank 

(www.ncbi.nlm.nih.gov) BLAST version 2.0. 

2.2.16 Rice Transformation (Hiei et aL, 1994) 

Agrobacterium tumefaciens mediated transformation in rice used in this 

experiment was as developed by Hiei et al. ( 1994 ). 
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2.2.1 to 

were introduced into A. tumefaciens One 

microgram of plasmid was used for the electroporation. Transformants were selected 

on LB medium containing 50 µg/mlkanamycin. Successful transformation was 

confirmed by suspending 5 colonies in 10 µI of water and then using 1 µL for PCR 

amplification of the insert with XL-polymerase. 

2.2.16.2 Seed sterilisation and plating 

Twenty grams of de-husked rice seeds were used as starting material for one 

transformation. Seeds were sterilised using a solution containing 16 ml of 70% (v/v) 

bleach (NaOCI), 4 ml sterilised water, 2 drops Tween-20, and incubated on a rotating 

wheel at room temperature for 20 minutes. Seeds were first washed with 70% ethanol 

and then with sterilised water 2 to 3 times. After incubation, seeds were washed 

several times with sterilised water until the smell of bleach disappeared (5 to 6 times, 

performed in a laminar flow cabinet). Seeds were then dried for about 20-30 minutes 

before they were plated on 2N6 medium. 

2.2.16.3 Embryonic callus induction 

Seeds plated on 2N6 medium were incubated in the dark at 25°C for about 4 

weeks. Calli produced were cut into pieces approximately 5 mm in diameter, plated on 

fresh 2N6 and incubation was continued under the same condition as before for 4 

days, after which they were ready to be used for A. tumefaciens mediated 

transformation (co-cultivation). 
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Three before co-cultivation, A.tumefaciens EHA 105 containing the id 

to be transformed into rice was streaked onto AB solid medium containing 50 µI/ml of 

ampicillin. The Agrobacterium was grown at 29°C. After 3 days incubation, it was 

scraped from the AB plate, re-suspended in a 50 ml tube of AAM liquid et 

1994) medium containing 100 µM acetosyringone, and left at RT for 1 hour until an 

00500 of approximately 1.0 was reached. The 4 day-old calli were then added to this 

suspension, mixed by swirling, and left at RT for 1 hour to allow contact to occur. Calli 

were then placed onto sterile filter paper (3M Whatman no.1 paper) to remove excess 

medium without allowing the calli to become dry. Calli were then transferred to co­

cultivation medium (2N6-AS) and co-cultivated for 3 days at 25°C in the dark. 

6.5 Selection, sub-culturing and regeneration 

After 3 days of co-cultivation. the Agrobacterium was removed from the calli. 

Calli were washed using sterile water containing of 250 mg/ml cefotaxime (Claforan, 

Hoechst Marion Roussel) and mixing well. Washing was conducted 3 to 4 times until 

the washing solution turned clear. Calli were left for about 0.5-1 hour in the solution 

between washes. Calli were transferred onto sterile filter paper (Whatman no.1 paper, 

3M) to remove the excess medium without allowing the calli to become dry. The calli 

were then transferred onto selection media 2N6-CH plates containing 50 µI/ml of 

hygromycin, and incubated at 25°C in the dark. Calli were sub-cultured regularly onto 

fresh medium every 2 weeks, until good sized proliferating calli were obtained. 

After proliferating calli reached a size of about 0.5-1 cm in diameter, the lines 

were transferred to regeneration medium RGH6, and incubated in the dark at 25°C for 

7 days. The lines were then transferred to light at 25°C until plantlets were obtained. 



Plantlets were transferred onto 1/2MS-H medium 50 µI/ml of 

After roots were well the were transferred into the 

conditions were set to a maximum of and minimum of 

conditions were monitored both HOBO data logger (Onset Computer 
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and 

andl 

computer in The Australian National University's Research School of Biological 

Science (RSBS) transgenics greenhouse. 

2.2.17 Histologicai assay 

Various plant tissues (roots, leaves and flowers) were freshly collected from 

several developmental stages (early, medium and old) for the histological assay. The 

tissues were placed into GUS solution and a vacuum applied for 5 minutes. The 

vacuum was released slowly to allow the solution to get into the tissue. and the 

tissue/GUS solution mixture was then incubated at 37°C for 24 hours. The GUS 

solution was drained from the tissue and 70% ethanol added to remove chlorophyll. 

Reporter gene expression was observed under the microscope after 3 days of ethanol 

treatment. The GUS stain in the tissue is stable for at least one year. 

2.2.18 Microscopy 

Samples were observed using a Leica Wild M8 microscope and a Leitz Diaplan 

microscope with bright-field optics setting. Images were obtained with a Nikon CoolPix 

Digital photo camera. Expression of Green Fluorescent protein (GFP) was analysed 

with a leica MZFLlll using a Leica GFP3 filter set with 480/40 nm excitation setting, 

and images obtained with a Nikon N-2000 photo camera. Some samples were also 

observed with a Hitachi 4500 Field Emission Scanning Electron Microscope (Vesk et 

al.,1994). 
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ANOVA and regression analysis of the gene expression 

data from the generation tissues were carried out using Genstat version 6.2 software. 

(Chi-square) tests were carried out to define heterogeneity of plants in families of 

the and T 2 generation. 



3 

6 

ACTIVATOR-FACILITATED ENHAN ER TRAP SYSTE 

IN RICE 

3. 1 INTRODUCTION 
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Enhancer trap systems have been generated by several laboratories in the past 

few years (Klimyuk et al., 1995; Sundaresan et al., 1995a; Campisi et al., 1999, Jeon et 

al., 2000a). Transposable element- (Klimyuk et al., 1995; Sundaresan et al., 1995a) or 

T-DNA-based (Campisi et al., 1999; Jeon et al., 2000b) enhancer trap constructs have 

been applied in Arabidopsis and rice, respectively. Enhancer trap constructs consisting 

of a minimal promoter fused to a reporter gene have been applied and various cell- or 

tissue-specific expression patterns have been detected in the enhancer trap lines 

through GUS reporter gene expression (Klimyuk et al., 1995; Sundaresan et al., 1995a; 

Jeon et 2000b). 

More recent enhancer trap constructs have contained the transcriptional 

activator GAL4 or GAL4/VP16. These constructs have been previously used in 

Drosophila (Brand and Perrimon, 1993; Brand and Dorm and, 1995) and their 

application in plants is still limited to Arabidopsis (Kiegle et al., 2000; Haseloff, 2002). 

The main aims of the project were two fold: to develop a transcriptional 

activator-facilitated enhancer trap system, and to test whether this system would be 

able to reveal gene expression in a tissue-specific (spatial) fashion and/or during 

developmental stages (temporal) in rice. 
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In nC>i'lOr<:>I gene in cells is when 

activators interact with one or more 

factors the recruitment of basal factors to cis-acting elements 

box and enhancers) in promoters (Alberts et al., 1994 ). Gene transcription by RNA 

polymerase 11 in eukaryotic cells requires the assembly of a pre-initiation complex, 

comprising the general transcription factors: a TATA binding protein (TBP), a 

transcriptional factor 110 (TFllD), a TFllB, a TFllE and a TFllH. The transcriptional 

activator binds directly to the TATA-binding protein (TBP), a component of TFllD in 

vitro (Stringer et al., 1990; Ingles et al., 1991 ). 

Cis-acting elements (TATA boxes), which are components of gene promoters 

(about 100 base pairs) lie immediately upstream of the transcription units, upstream 

activating sequences (UAS) and only operate in close proximity to transcription 

initiation sites (Martin, 2001 ). In contrast, enhancers which link cis to promoters 

(upstream or downstream) and are binding sites for transcriptional activators, act from 

several hundred base pairs away from the transcription start sites (Bohmann et al., 

1987; Martin, 2001 ). When an enhancer is placed close to a promoter, it is difficult to 

distinguish it from the UAS, because both are bound by the same factor. The binding 

of an enhancer to a UAS produces much closer distances between regulatory proteins 

to the second critical cis-acting element, the UAS in the TATA box (Guarente, 1988; 

Alberts et al., 1994 ), and in eukaryotic cells, enhancers are necessary for gene 

transcription ( Guarente, 1988). 

The most comprehensively studied transcriptional activator is the yeast Gal 

gene transcriptional activator GAL4. GAL4 has two protein domains with distinct 

functions required for its activity: domain 1 is a DNA binding domain located in the N­

terminal 147 amino acids of the GAL4 activator protein, directing a sequence-specific 
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of the 

and binds to 

Domain 2 activates 

domain et This 

domain activates a minimal promoter bearing only the UAS and TATA box in 

Drosophila and plants (Fasano and Kerridge, 1988; Fischer et al., 1988) and is an 

acidic region with an amphipathic a-helix located in the carboxyl end of the protein 

(Giniger and Ptashne, 1987). 

The transcriptional activator VP16 has also been studied thoroughly. A 

component of the virion of Herpes Simplex Virus (HSV), its role is to activate the 

expression of the viral immediate early (IE) genes. This activator comprises two 

domains. one located within the carboxyl-terminal 80 amino acids of the VP16 

polypeptide, which is acidic, and the other in the N-terminal region of the protein 

(Friedman et al., 1988). The acidic region is necessary and sufficient for transcriptional 

activation when it is fused to the DNA binding domain of a gene from another organism 

(Friedman et al., 1988; Sadowski et al., 1988). Disruption of the acidic region, 

especially a phenylalanine residue, affects the ability of this transcriptional activator to 

activate transcription (Friedman et al., 1988; Cress and Triezenberg, 1991 ). Mutants of 

VP16 with reduced negative charges appear to be more affected in their DNA binding 

than in activation ability (Ingles et al., 1991 ). Moreover, these changes affect the ability 

of the VP16 mutant to form open promoter complexes (Jiang et al., 1994) which are 

common targets for transcriptional activators in a bacterial system. 

The GAL4/VP16 transcriptional activator is a fusion between the VP16 

activating domain and the GAL4 DNA binding domain (Sadowski et al., 1988). This 

protein fusion works the same way as the GAL4 which is a universal transactivator 

(Ptashne and Gann, 1990). However, the GAL4/VP16 fusion protein activates 



GAL4 

sites UASGAL4) 0- to 100-fold than the native GAL4 rate 

(Sadowski et al., 1 Due to the of GAL4/VP 16 in the activation of 

gene it has been employed in yeast, plant, insect and animal cell systems 

and Chau. 1 Koster and Fraser, 2001 ). 

Among the most interesting applications of the GAL4/VP16 transactivator is its 

use in novel enhancer trap systems. Initially a transactivator-based enhancer trap 

system was developed and applied in Drosophila (Brand and Dormand, 1995) and has 

recently been extended to other systems. In plants, it has been used to generate about 

10,000 Arabidopsis enhancer trap lines (Haseloff, 2002). 

This chapter describes research aimed at the development and analysis of a 

population of pattern lines with special emphasis on the functional evaluation of 

transactivator-facilitated enhancer trap system components. Two reporter gene 

cassettes and two transactivator cassettes were employed in these studies. The 

effects of the relative position of various elements within the T-DNA on reporter gene 

expression in rice vegetative and floral tissues are also reported. 

3"2 MATERIALS AND METHODS 

3.2.1 DESIGN AND CONSTRUCTION OF TRANSCRIPTIONAL 
ACTIVATOR-FACILITATED ENHANCER TRAP BINARY VECTORS. 

In order to develop an efficient Transcriptional Activator-Facilitated Enhancer 

Trap (TAFET) system, initial efforts were directed towards the evaluation of the 

principal components of the system and their interactions. The main component of an 

enhancer trap system is the reporter gene. We therefore attempted to evaluate two 

reporter genes: 13-glucuronidases GUS and GUS Plus (Figure 3.2 and Table 3.1 ). The 
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et 

were no reports of the use of GAL4/VP16 in a transactivator system at the start the 

project, two different cassettes were evaluated: one cassette with the castor bean 

catalase gene intron 1 and another one without. In order to maximise the trapping 

ability with the GAL4/VP16, a minimal promoter (mp) of the transcriptional activator 

cassettes was always positioned at the right (5') border of the T-DNA. 

The F1 replication origin, a coding sequence of bla and a replication origin of the 

pMB1 mutant pBlue-Script backbone (total 3.2kb) are sequences providing a 

separation between the UAS-reporter gene and transactivator in plasmids of pSKC59.1 

(Fig 3.2), pSKC66.1 (Fig. 3.4), pSMRJ18 (Fig. 3.2) and pSMRJ17 (Fig. 3.4). 

Transactivator plasmids were also constructed to position a mGFP5ER gene closer to 

the Cauliflower Mosaic Virus (CaMV) 358 promoter, and UAS-[3-glucuronidase 

reporters were relatively close (1.6kb) to or distant (7kb) from the CaMV35S promoter 

driving a hygromycin resistance gene (hpt II), for example the plasmid of pSKC59.1 

(Fig. 3.2) and the plasmid pSKD76-i (Fig. 3.3), respectively. The GAL4/VP16 

transcriptional activator with a 108bp deletion of the GAL4 binding domain replaced a 

full-length GAL4/VP16 in plasmids pSKC59.1 and pSKC66.1 to generate pSKD15.1 

and pSKD15.2, respectively (see Fig. 3.6 and Fig 3.7). The nomenclature and 

description of the binary vectors produced are shown in Table 3.1. All T AFET 

constructs also contained the mgfp5-ER reporter gene, but this reporter gene proved to 

have very low sensitivity and was observed only in the context of transactivation tests 

(presented in Chapter 6) to ensure lack of Green-Fluorescence background in TAFET 

lines used for crossing. 



No vector description 

I 6UAS_l3Glucuronidase-pBS_GAL4/VP16 

I 35S HPTll-5UAS mGFP5ER-pBS-
6UAS_l3Glucuronidase_GAL4/VP16 

I 

I 358 HPTll-5UAS mGFP5ER-
j 6UAS_f3G lucuronidase-pB8-intron_ GAL4/VP16 

GUS 

pSKD76.1 

pSKC66.1 
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I No j GUSPLUS 
I 

i s [ pSMRJ18 

I 

I pSMRJ18R 

' 

7 pSMRJ17 

i I 35S_HPTll-5UAS_mGFP5ER-pBS-
! 4 i 6UAS_l3Glucuronidase-intron_GAL4/VP16 

I 

I pSKD76.2 la I pSMRJ17R 

I 
I 

I 
I 

I 

~ . i 35S_HPTll-5UAS_mGFP5ER-
I 9 I 6UA8_f3Glucuronidase-pB8_delGAL4/VP16 I pSKD15.1 

I 
10 1

358 HPTll-5UA8 mGFP5ER-
6UA8_f3G lucuronidase-pB8-intron_ delGAL4/VP 16 I pSKD15.2 

Table 3.1 TAFET constructs containing GUS and GUSPlus reporter genes. 355: 

the CaMV35 promoter, HPTll: hpt II Hygromycin resistance gene, mGFP5ER: modified 

Green Fluorescent Protein, 5UAS, 6UAS: Upstream activation sequence of the GAL4. 

pBS: plasmid Blue-script, intron: the castor bean catalase intron, GAL4/VP16: 

transcriptional activator fusion . 

. 1 Cloning the GUS binary vectors: pSKC59.1 and 

A pTG113 vector backbone containing the castor bean Catalase-1 gene intron 

and the GUS gene, and the pDAMSNS-Luc L plasmid containing 6 repeats of the 

Upstream Activating sequence (6xUASGAL4 ) of the GAL gene were digested with Hind 

Ill and Nco I. The UAS sequence recognised by the GAL4 DNA binding domain in 

pDAMSNS-Luc L is GGAAGACTCTCCTCCG. The fragments were then excised from 

agarose gels, purified using the Qiagen gel extraction kits, and DNA fragments were 

subsequently ligated using T4 DNA ligase enzymes and transformed into DH5-a 

competent-cell. After incubating for 30 minutes in a 37°C shaker, aliquots of cells were 

plated on solid medium contained ampicilin100 (100 µg mL-1 AMP) and grown in a 37°C 

incubator overnight. Some individual colonies were cultured in LB liquid medium 

containing ampicilin 100 overnight. Plasmid DNAs was isolated using a CTAB method 
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(Del Sal et al., 1989} and identified by digestion with restriction enzymes Hind 111/ Nco I 

and Spe I. These experiments produced pSKC2.1 that has a 6xUASGAL4-catalase 

intron-GUS reporter gene, as shown in Figure 3.1. 

GUS First Exon 

6x Gal4 UAS 
Catalase lntron 

GUS Second Exon 

l\OS polyA 

·1---·~· 
f1(+) ori 

pSKC2.1 5506bp 

bla pM31 (rrutant) 

Figure 3.1 The plasmid pSKC2.1, containing 6xUASGAL4, the catalase intron 
and GUS reporter gene. 

Plasmids pSKC2.1, containing the 6xUASGAL4 -catalase intron-GUS reporter 

gene, and pFX-B61-1, containing the GAL4NP16, were digested with Hind Ill 

restriction enzyme. DNA purification and ligation were performed using procedures 

described in Chapter 2, page 30-32. After incubation for 30 minutes at 37°C, cells were 

plated on LB solid medium with chloramphenico1 100
, and incubated overnight at 37°C. 

Some individual colonies were cultured in LB liquid media containing 

chloramphenico1100 overnight. DNA was isolated using a CTAB method (Del Sal et al. , 

1989) and candidate clones were identified by digestion with Mfe I restriction enzyme 

(NEB). This experiment produced pSKC59.1 and pSKD76.1 plasmids. Plasmid 

pSKC59.1 has the 6xUASGAL4-catalase intron-GUS 1.6kb away from to the 35S 

promoter driving hpt II (Fig. 3.2 and Fig. 3.3), whereas pSKD76.1 has the 6xUASGAL4-

catalase intron-GUS gene, separated by ?kb from the 35S promoter driving hpt II. 
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GUS Second Exon 

6x Gal4 UAS 

T-BORDER (R) 
T BORDER (L) 

FOLY A SITE 

CAMV35S 

Cata lase lntron f\.OS poly A 
11(+) ori 

Sx Gal4 UAS GUS First Exon bla 
pM31 (rrutant) 

11 • •• ~I 
HYG(R) mgfp5-ER GAL4/VP16 

T-DNApSKCS9.1 10435bp 

Figure 3.2 The 35S_HPTll-5UAS_mGFP5ER-6UAS_J3Glucuronidase­
pBS_GAL4NP16 plasmid. 

T BORDER (L) 

POLY A SITE 

CAMV35S 
pMB 1 (mutant) 

SxUAS 

~• Y • • 
HYG(R) mgfp5-ER 

GUS First Exon 

GUS Second Exon 
NOS polyA 

11(+) ori 

bla 

T•BORDER (R) 

6xUAS 

·~•<==i i 
GAL4NP16 

T-DNApSKD76.1 10435 bp 

Figure 3.3 The 35S_HPTll-5UAS_mGFP5ER-pBS-6UAS_ J3Glucuronidase_ 
GAL4NP16 plasmid. 

3.2.1.2 Cloning of the GUS binary vectors: pSKC66.1 and pSKD76.2 binary 
vectors . 

Plasmids pSKC2.1, containing the castor bean Catalase-1 gene intron (ca ta lase 

intron)-GUS fragments, and pFX-8751-1, containing the GAL4NP16 and the catalase 

intron, were digested with Hind Ill , heated at 65°C for 20 minutes and purified using 

QIAquick buffer removal kits and then ligated as described in Chapter 2 page 30-32. 

Plasmid pSKC66.1 (Fig. 3.4) and pSKD76.2 (Fig. 3.5) were produced. These plasmids 

contain a catalase intron upstream from the GAL4NP16 and different orientations of 

the 6xUASGAL4-catalase intron-GUS gene. Plasmid pSKC66.1 contains the 6xUASGAL4-

catalase intron-GUS gene that is 1.6kb away from the 35S promoter driving hpt II. In 
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plasmid pSKD76.2 the 6xUASGAL4-catalase intron-GUS gene is 7kb distant from the 

358 promoter driving hptll. 

T BORDER(L) 

POLY ASITE 

CAMV35S 

11 • HYG(R) mgfp5-ER 

GUS First Exon 
Catalase lntron 

GUS Second Exon 
NOS poly A 

11(+) ori bla 

• 
T-DNApSKC66.1 1o625 bp 

T-BORDER (R) 

CAT-1 lntron 

pM31 (mutant) 

< 
GAL4NP16 

Figure 3.4 The 35S_HPTll-5UAS mGFP5ER-6UAS_l3Glucuronidase-pBS­
intron_GAL4NP16 plasmid. 

TBORDER (L) 

POLY A SllC 

CAMV35S 

HYG(R) 

pMB1 (mutant) 

5xUAS .. 
mgfp5-ER 

bla 

T-BORDER (R) 
GUS First Exon 

Catalase lntron I 

GUS Second Exon 
f1(+)ori 

• NOS polyA 

CAT-1 lntron 

6xUAS 

GAL4NP16 

T-DNA pSKD76.2 10625 bp 

Figure 3.5 The 35S_HPTll-5UAS_mGFP5ER-pBS-6UAS_j3Glucuronidase­
intron_GAL4NP16 plasmid. 

3.2.1.3 Cloning of the GUSPlus binary vectors: pSMRJ18 and pSMRJ18R. 

Plasmids pSKC2.1 and pTANH114 containing the GUSPlus reporter gene were 

digested with Nco I and Afl II . A fragment 3.6kb in length from pSKC2.1 and the 

GUSPlus fragment from pTANH114 were excised from an agarose gel purified using a 

Qiagen gel extraction kit and ligated. This produced the pSKE15.1 1 plasmid containing 

the 6xUASGAL4-catalase intron fragment and the G USPlus. Plasmids pSKE 15.11 and 

pFX-861-1, containing the GAL4/VP16, were digested with Hind Ill , the pFX-861-1 was 

dephosphorylated using SAP (shrimp alkaline phosphatase) (Boehringer Mannheim) to 
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prevent self-ligation of the backbone and then both pFX-861-1 and p8KE15.11 

fragments were ligated. These cloning steps produced two plasmids, p8MRJ 1 S and 

p8MRJ1 SR, which had different orientations of the 6xUA8GAL4-catalase intron-GU8Plus 

gene, and different distances from the 358 promoter. Plasmid p8MRJ1 S (Fig. 3.6) has 

the 6xUA8GAL4-catalase intron-GU8Plus gene 1.6kb away from the 358 promoter 

driving hpt II, whereas p8MRJ1 SR (Fig. 3.7) has 6xUA8GAL4-catalase intron-GU8Plus 

?kb away from the 358 promoter driving hpt II gene. 

GusPlus first exon 
T BORDER (L) 

GusPlus second exon 
T-BORDER (R) 

POLY A SITE 
mgfp5-€R 11 (+) ori 

CAMV35S Catalase intron pM 81 (mutant) bla 

H • /j 
\f ~ C=JI 

HVG(R) Sx Gal4 UAS 6x Gal4 UAS GAL4/VP16 

T-DNA pSMRJ18 10420 bp 

Figure 3.6 The 35S_HPTll-5UAS_mGFP5ER-6UAS_j3Glucuronidase (GUSPlus)­
pBS_GAL4NP16 plasmid. 

T BORDER (L) 

HYG(R) 

POLY A SITE 

11 
CAMV35S 

pM B 1 (mutant) 

mgfp5-€R 

<~ 
I 

Sx Gal4 LIAS • 
T-BORDER (R) 

GusPlus first exon 
GusPlus second exon 

bla 11 (+) ori Catalase intron GAL4{VP1S 

~\=JI 
6x Gal4 UAS 

T-DNA pSMRJ18R 10419 bp 

Figure 3.7 The 35S_HPTll-5UAS_mGFP5ER-pBS-6UAS_j3Glucuronidase 
(GUSPlus)_GAL4NP16 plasmid. 

3.2.1.4 Cloning of the GUSPlus binary vectors: pSMRJ17 and pSMRJ17R 
binary vectors. 

Plasmids p8KE15.11 and pFX-875.1-2 containing the GAL4/VP16 and the 

castor bean Catalase- 1 gene intron were digested with Hind Ill. These two plasmids 
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were dephosphorylated using SAP to prevent self-ligation then both pFX-875.1-2 and 

pSKE 15.11 fragments were ligated. These generated plasmid pSMRJ 17 and 

pSMRJ17R which were different in their 6xUAS-catalase intron-GUSPlus gene 

orientations and their distance from the 35S promoter. Plasmid pSMRJ17 (Fig. 3.8) 

has the 6xUAS8 AL4-catalase intron-GUSPlus gene 1.6kb away from the 35S promoter 

driving hptll, whereas pSMRJ17R (Fig. 3.9) has 6xUASGAL4-catalase intron-GUSPlus 

7kb away from the 35S promoter driving hpt II gene. 

T BORDER (L) 

POLY A SITE 

GusPlus First Exon 

I 
Catalase intron 

Gus Plus Second Exon 
HYG(R) mgfp5-ER 11 (+) ori 

bla 

T-BORDER (R) 

CAT·1 lntron 

pMB1 (mutant) 

II • < --~ 
CAMV35S 

I 

SxUAS 6xUAS 

T·DNA pSMRJ17 106 17 bp 

GAL4NP16 

Figure 3.8 The 35S_HPTll-5UAS_mGFP5ER- 6UAS_J3Glucuronidase (GUSPlus)­
pBS_intron_GAL4NP16 plasmid 

T BORDER (L) 

POLY A SITE 

HYG(R) 

pM B 1 (mutant) 

mgfp5-ER 

GusPlus First Exon 
Catalase intron1T·BORDER (R) 

GusPlus Second Exon 
f1(+) ori CAT·1 lntron 

GAL4/VP16 

11 • <~ J • --
CAMV35S 5xUAS 6xUAS 

T-DNA pSMRJ17R 10600 bp 

Figure 3.9 The 35S_HPTll-5UAS_mGFP5ER-pBS-6UAS_J3Glucuronidase 
(GUSPlus)_intron_GAL4NP16 plasmid 

3.2.1.5 Cloning of pSKD15.1 and pSKD15.2 binary vectors. 

Plasmids pSKC59.1 and pSKC66.1 were digested with Eco47 Ill and Stu I, 

purified and then re-ligated. These double digestions deleted 108 bp of the GAL4 DNA 

binding domain, and this was confirmed through digestion of the plasmids; firstly by 
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were dephosphorylated using SAP to prevent self-ligation then both pFX-875.1-2 and 

pSKE 15.11 fragments were ligated. These generated plasmid pSMRJ 17 and 

pSMRJ17R which were different in their 6xUAS-catalase intron-GUSPlus gene 
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3.2.1.5 Cloning of pSKD15.1 and pSKD15.2 binary vectors. 

Plasmids pSKC59.1 and pSKC66.1 were digested with Eco47 Ill and Stu I, 

purified and then re-ligated. These double digestions deleted 108 bp of the GAL4 DNA 

binding domain, and this was confirmed through digestion of the plasmids; firstly by 
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transformation 

from Hiei et al. 

used was a modification of the rice transformation method 

were 

described in 

on 100 mg/L 

2, page 38-40. All rice 

medium. The regenerated 

plants were grown in the greenhouse with 28°C during daylight hours and 20°C at 

night. 

J.2.3 GUS and GUSPlus ASSAYS 

Histochemical detection of GUS (13-glucuronidase) and GUSP!us was performed 

using transformed calli and fresh plant organs from vegetative and floral parts of 

transgenic lines as previously described by Jefferson et al. ( 1987) and described here 

in Chapter 2, page 40-41. Histochemical analysis of the vegetative tissues (root, shoot 

and leaves) was conducted at the plantlet stage, just before transfer to the greenhouse. 

Floral parts were analysed at three stages of flower development; young (early booting 

stage), medium (full booting) and mature flower (just before flower dehiscence). 

Samples were viewed using a Leica Wild MS microscope or a Leitz Diaplan microscope 

with bright-field optics. Images were acquired with a Nikon CoolPix Digital photo 

camer2L 

3.2.4 MOLECULAR ANALYSIS 

Plant DNA was extracted from fresh leaf tissue ground in liquid nitrogen using a 

CTAB method as previously described (Del Sal et al., 1989). This DNA was then 

digested with EcoR I restriction enzyme. Electrophoresis and Southern blot 

hybridisation of DNA were performed as previously described (Sambrook et al., 1989), 

using the GAL4/VP16 radioactive-labelled probe. 
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3.2.4 STATISTICAL ANALYSIS 

To determine the effect of the construct components and their relative positions 

on expression patterns in the T 0 generation of TAFET lines, an ANO VA was carried out. 

Regression analysis was also performed to determine whether each component and/or 

an interaction between components, independently affected the intensity and/or 

complexity of the observed expression patterns. The ANOVA and regression analyses 

were performed using GenStat Release 6.1 software. 

3.3 RESULTS 

3.3.1 TRANSFORMATION AND GENERATION OF RICE TAFET LINES 

Eight different transcriptional activator facilitated enhancer trap constructs, two 

negative controls (pSKD15.1 and pSKD15.2) and one positive control , pCAMBIA 1201 

containing the CaMV35S promoters driving GUS reporter gene and the CaMV35S 

promoter with double enhancers driving an hpt II gene (Fig. 3.12), were transformed 

into rice calli (var. Nipponbare and var. Millin) using Agrobacterium tumefaciens strain 

EHA-105. 

T BORDER (L) 
T·BORDER (R) 

GUS First Exon I 
POLY ASITE LACZ ALPHA 

• 
Catalase lntron NOS polyA 

11 -- I 
HYG(R) CAMV35S 35S promoter 

T·DNApCAMBIA1201 5616 bp 

Figure 3.12 The pCAMBIA1201 plasmid as a positive control for the transactivator 
constructs. 

About 1,000 TAFET lines and control lines were generated using Agrobacterium 

transformation; 330 lines transformed with GUS reporter gene, 663 lines with GUSPlus 
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gene, 3 lines with 5.1 and 64 lines with 1201 gene. These 

were considered as To T AFET lines. 

Initial observation of reporter gene expression was performed on calli 3 days 

after co-cultivation with Agrobacterium carrying the various binary vectors described 

above. Both EGFP and 13-glucuronidase expression were analysed. However, the 

signal from mGFP5ER was very weak and difficult to discriminate from callus 

autofluorescence. Therefore, I focused my attention on the glucuronidase 

histochemical assay and did not analyse GFP expression in calli and plants obtained 

using these T AFET constructs. The average percentage of calli exhibiting blue foci of 

GUS expression ranged from 14.4% to 54.3% for various GUS TAFET constructs, from 

42% to 71.5% with GUSPlus TAFET constructs (Fig. 3.13), whereas calli with 

pCAMBIA 1201 (positive control) had 60.6% displaying blue foci of GUS expression. In 

contrast, calli transformed with both TAFET constructs that contained a deletion of the 

GAL4/VP16 DNA-binding domain (pSKD15.1 and pSKD15.2) displayed no blue foci of 

reporter gene expression. Transformation of these two deletion constructs were 

replicated three times and observation on each were carried out on 3, 7 and 14 days 

after co-cultivation. These results were interpreted as a clear indication of the ability of 

GAL4/VP16 to act as a transactivator in rice. 
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Figure 3.13 Expression of enhancer trap constructs in callus stage. 1-8: 

transactivator constructs; 9-10: GAL4/VP16 deletion constructs (refer Table 3.1 ), 11: 

pCAMBIA 1201 (a positive control) . 

Based upon the percentage of stained calli with different constructs, there were 

no obvious differences between transactivator cassettes with or without the catalase 

intron or those with different relative distances between transactivator cassettes and 

the CaMV35S driving hptll gene (?kb and 1.6kb), and with two different reporter gene 

cassettes. Interestingly, calli transformed with the GUS reverse_intron 

(6xUASGAL4-GUS was ?kb away from 358) construct (construct number 4 in Figure 

3.13 or Table 3.1 ), displayed a significantly lower percentage of calli reporter gene 

expression. Moreover, in general the percentages of reporter-positive calli transformed 

with transactivator constructs were similar in comparison to calli transformed with 

pCAMBIA 1201 (Fig. 3.13). 

3.3.2 GENE EXPRESSION IN T0 PLANTS OF TAFET LINES 

A total of 745 T0 TAFET lines were observed for reporter gene expression. 

Details of the lines are available at ftp : //farm.cambia . org . au . It can be 

opened using the username: nia and the password: thesis. 
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About 5% of lines did not show any gene expression and of those expressing the 

reporter gene, about 34%, 36% and 25% of TAFET lines had weak, medium and 

strong intensity of expression, respectively (Fig. 3.14). GUS lines had a higher 

percentage of weak expression than GUSPlus (47% and 30%, respectively}. The 

converse was true for lines with strong expression, since GUSPlus constructs 

produced a higher percentage of lines with strong expression (36%) than GUS 

constructs (12%) (Fig. 3.14). This may indicate GUSPlus is a more sensitive reporter 

gene than GUS. Only three deletion lines were produced and observed for gene 

expression and these plants produced no GUS staining at all. These results give a 

confirmation of the ability of GAL4/VP16 to act as a transactivator in rice. 

50 

45 -1 40 

35 

i 
30 

GUS 

25 GUS Plus 

20 -+- total 

15 

10 

5 

0 -
none weak medium strong 

Figure 3.14 The percentage of TAFET lines with different intensities of 

reporter gene expression. none: lines without expression; weak, medium 

and strong: intensities of expression observed among 745 of GUS and 

GUSPlus lines. 
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3.3.3.1 Gene Expression Patterns in Vegetative Tissues 

To plants were observed for their expression patterns in vegetative tissues, 

during the initial growth phase before flowering. Of 1000 TAFET lines, only 222 GUS 

TAFET lines and 321 GUSPlus TAFET lines were observed for gene expression in 

vegetative parts, in the root, shoot and leaf tissues. 

The percentage of GUS lines showing expression in vegetative tissues is lower 

than for GUSPlus lines. This was suggested from a higher percentage of total unique 

patterns divided by total lines with staining compared to a percentage of total patterns 

divided by total lines analysed in each transactivator GUS construct (Fig. 3.15). In 

contrast, the percentages of the two calculations for each transactivator GUSPlus 

construct were similar. These results are due to the fact that GUSPlus constructs 

produced more lines with expression than GUS constructs confirming the observation 

in the callus stage, that GUSPlus is a more sensitive reporter gene than GUS. 

Expression in vegetative tissues 

40 

35 

30 

25 ~ 

20 

~ 
15 

0 

10 

5 

0 

2 3 4 5 6 7 8 

GUS 
transactivator constructs 

GUSPlus 

o patterns/total staining m patterns/total analysed 

Figure 3.15 The percentage of number of patterns/total lines staining and 
number of patterns/total lines analysed for each transactivator construct in 
vegetative tissues. For details of constructs refer to Table 3.1 
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To analyze the diversity of patterns which were observed, it was necessary to 

classify the observations. The patterns were scored for the combination of staining that 

was observed in root (a), shoot (b) and leaf (c) tissues. In theory this could lead to 7 

patterns which were; a, b, c, ab, ac, be and abc. 

Analysis of the three most abundant patterns of expression in vegetative tissues 

showed that while there were clear differences in the distribution of those patterns 

among constructs, the main difference was between GUS and GUSPlus constructs 

(Fig. 3.16). The number of lines analysed for each construct was obviously different, 

but this factor is unlikely to have affected the results obtained. The number of lines 

analysed for the GUSPlus reverse_intron construct (construct 8) was higher than that 

for the GUS reverse_ intron construct (construct 4), 44 compared to 25 lines, 

respectively. However, the GUS reverse_ intron construct showed only one of the 

three dominant patterns in vegetative tissues, and at a low percentage (12%}, whereas 

the GUSPlus reverse_intron construct had all dominant patterns (Fig. 3.16). 
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Figure 3.16 The three most abundant patterns expressed by TAFET lines in 

vegetative tissues. abc: root, shoot and leaves b: shoot, ab: root and shoot. For 

details of the constructs refer to Table 3.1. 
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When the three unique patterns produced by each different construct were 

analysed, the most abundant pattern of all GUS constructs (the first) was expression in 

the shoots (b), the second was expression in root, shoot and leaves (abc) or in the root 

and shoot (ab), and the third one either in the shoot and leaf (be) or root and shoot (ab) 

or only in the root (c). Interestingly, the GUS reverse_intron construct (4) (pSKD76.2, 

see Table 3.1 or Fig. 3.5) had only one of the dominant patterns as described above, 

that being the shoot expression (b) (Fig. 3.17). 

In contrast, the most dominant pattern of GUSPlus constructs (the first unique 

pattern) was expression of the reporter gene in the root shoots and leaves (abc) . The 

second and the third ones were ab, be, or b patterns (Fig. 3.17). This may indicate that 

GUSPlus is a more sensitive reporter gene. The patterns mentioned above are shown 

pictorially in Figure 3.18. 

Three most abundant patterns in vegetative tissues of each construct 
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Figure 3.17 Three most abundant patterns expressed by each transactivator 

construct in vegetative tissue. 1-4: Transactivator constructs with GUS, 5·8: 

Transactivator constructs with GUSPlus. abc: root, shoot and leaves, ab: root and 

shoot, be: shoot and root, and b: shoot. For details of the constructs refer to Table 3.1. 
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Figure 3.18 Four most abundant patterns expressed in vegetative 

tissues of TAFET lines. abc: root , shoot and leaves; b: shoot; be: Shoot and 

leaves; ab: root and shoot or a: only in the root. 

Tissue-specific patterns produced in the roots were either in initiation sites of 

secondary roots (Fig . 3.19A and Fig. 3.198), in cap roots (Fig. 3.19C), in elongation 

zones (Fig. 3.190) or everywhere in the root (Fig. 3.19E), whereas patterns of 

expression in the leaves were observed either in the vascular bundle (Fig 3.20C) and 

in the guard cells of stomata (Fig. 3.200). Some lines had strong expression in the 

vascular bundle of the ligule (Fig. 3.20A and Fig. 3.208). 
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Figure 3.19 Expression patterns in the root of TAFET lines. A & B. in 

initiation sites of secondary roots, C. in cap roots, D. in elongation and E. the 

whole roots. 

" B 
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Figure3.20 Expression patterns in the leaves of TAFET lines. A. in vascular 

bundle of ligule, B. guard cells of stomata and vascular bundle of ligule, C. 

vascular bundle and D. guard cells of stomata. 
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Four hundred and lines were observed for reporter gene in 

various floral tissues: lemma, palea, lodicules, filament, anther sac, pollen. stigma, 

style and ovule. The total percentage of lines has expression in any of the above 

tissues induced by different transactivator constructs ranged from about 3% to 66%. 

More than 60% of lines showed expression in male parts (anther sacs and/or pollen), 

21 % in lodicules, more than 30% in stigmas and styles, but only 3% of lines showed 

expression in ovules. 

Tissue specific expression patterns in floral parts were displayed by 17 .3% of 

TAFET lines. The percentages of lines that had expression only in one, two or three 

tissues. were about 2.14%, 10.5% and 4.76%, respectively. Moreover, the percentage 

of lines that had expression in the ovule and another tissue was only about 0.5% (2 of 

420 lines observed), while the lines that had gene expression only in the lodicule, and 

the lodicule and another floral tissue was about 6.4% (27 of 420 lines observed) (Table 

3.2). 

I 
i 

Tissues 

J Palea and lemma 

I filament 
! 

I lodicules 

I stigma 
I 

I style 

I Ovule 

I anther sac 

I Total 
I 

Percentage (of 420 lines) 

4.00 

0.95 

6.42 

2.86 

1.20 

0.48 

.40 

17.31 

Table. 3.2 Percentage of lines with tissues-specific expression patterns in 

TAFET population. 
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floral whorl tissues 
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from the most outside tissue 

inside 

filament 

Nine tissues were scored, 

anther wall pollen style stigma and ovule 

was observed in 

to the most 

lodicule 

Using this analysis, a total of 108 different patterns were produced by both GUS 

and GUSPlus transactivator constructs, in which 41 patterns were unique for GUSPlus 

and 22 were unique for GUS constructs. The number of patterns with expression in the 

palea (d) and/or lemma (e) was 46, whereas there were 26 patterns starting with 

expression in the lodicule (f) (i.e. had no expression in the palea and lemma). Sixteen 

patterns started with expression in the filament (g), 10 patterns started with expression 

in the anther wall (h), 7 patterns started with expression in the pollen (i) and two 

patterns started with expression in the stigma and/or style (j and/or k). The GUSPlus 

constructs produced more patterns than GUS constructs. 

When a percentage between the total unique patterns divided by the total lines 

staining was compared with the total patterns divided by the total lines analysed for 

each transactivator construct was calculated, percentage of those two were almost 

similar for 6 constructs, except that of for GUSPlus and GUSPlus reverse constructs 

3.21 ). This means that not all lines with GUS Plus and with GUS Plus reverse 

constructs which were analysed had reporter gene expression (staining), whereas all 

lines of two GUSPlus constructs (construct 7 and 8) analysed showed gene expression 

(Fig. 3.21 ). 
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!Expression in floral tissues 

GUS GIJSPius 

Transactivator construct 

o pattern/staining 1111 pattern/total analysis 

Figure 3.21 The percentage number of patterns/total lines staining and a 

number of patterns/total lines analysed, for each transactivator construct 

in fiorai tissues. For details of the constructs refer to Table 3.1. 

When the five most abundant patterns in floral tissues were analysed among, 

the GUS lines had similar patterns to GUSPlus lines. except the GUS reverse_ intron 

construct (pSKD76.2, see Table 3.1 or Fig. 3.5) and GUSPlus_intron (pSMRJ17, 

see Table 3.1 or Fig.3.4) which had less than the five patterns, 2 of 5 and 1 of 5. 

respectively (Fig. 3.22). Similar to observations with vegetative tissues, differences in 

numbers of lines analysed in each construct were encountered. The GUS construct 1 

(pSKC59.1, see Table 3.1 or Fig. 3.2) with 17 lines had higher numbers of patterns 

than those produced by GUS construct 4 (pSKD76.2, see Table 3.1 or Fig .. 

lines) and GUSPlus construct 7 (pSMRJ17, see Table 3.1 or Fig. 3.4) (30 lines) (Fig. 

3.22). 



-
69 
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Figure 3.22 Five most abundant patterns produced by transactivator 

constructs. i: palea and/or lemma, hi: anther wall and pollen, h: anther wall, 

dehi: palea and lemma, anther wall and pollens, hij: anther wall, pollen and 

stigma and/or style. For details of the constructs refer to Table 3.1. 

In examining the pattern distribution produced by each construct, it appeared that 

GUSPlus lines had a greater distribution of expression pattern. When the five most 

abundant patterns in the floral tissues of each different construct were analysed, 25.3 

to 40.1 % of GUSPlus lines were represented in the five most abundant pattern classes 

(Fig. 3.23), whereas about 45.9 to 58.9% of GUS lines were in the five most abundant 

pattern classes (Fig. 3.15). These precentages were summed for the five most 

abundant pattern classes for each constructs. For example, lines of GUSPlus reverse 

which had the five most abundant pattern classes was about 25.3% of total lines of 

GUSPlus reverse. This may indicate that GUSPlus constructs tended to produce a 

greater variety of pattern than that of GUS. Interestingly, constructs containing the 

catalase-1 intron upstream of GAL4/VP16 (constructs number 3, 4, 7 and 8, refer to 

Fig. 3.10) had only one or two dominant patterns, which expressed in higher numbers 

of lines over the rest of the patterns. For example, the first and the second dominant 
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patterns were displayed by 33.7 of those 46.6% of GUS_intron (2) lines and by 40.9% 

of these 58.9% of GUS reverse_intron (4) lines (Fig. 3.23) . 

Five most abundant patterns in floral Tissues for each transactivator 
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Transactivator constructs 

Figure 3.23 The five most abundant patterns expressed by each 

transactivator construct in floral tissues. Blue: 1st pattern, red: 2nd, green: 

3rd, yellow: 4th, and orange: 5th pattern. For detail of patterns produced by each 

construct refer to Table 3.3 below. For details of constructs refer to Table 3.1. 

GUS constructs GUSPlus constructs 

Patterns 1 2 3 4 5 6 7 8 

1st 

2nd 

3th 

4th 

5th 

i i i i h hi I I 

de hi h hi hij deh dehi deghk Hi 

hi hij dei defghijk hi i dei Hij 

ghij dehi hijk deghijk i h fgi lj 

h hi h hijk dehijk deh/dehj Fi Deghik 

Table 3.3 The five most abundant patterns expressed by each 

transactivator construct in floral tissues. Patterns produced by each 

construct can be a combination several tissues, which noted d: for palea; e: 
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lemma; f: Lodicule; g: filament; h: anther wall; i: Pollen; j: Style; k: stigma 

and I: ovule.i. For details of the constructs refer to Table 3.1 . 

The five most abundant patterns in the floral tissues displayed by TAFET lines 

had expression in 1) the pollen (Fig. 3.24, number 1 ); 2) the anther wall and pollen (Fig. 

3.24, number 2); 3) the anther wall (Fig. 3.24, number 3); 4) the palea and lemma, 

anther wall and pollen (Fig. 3.24, number 4) and 5) in the anther wall, pollen and 

stigma and/or style (Fig. 3.24, number 5). Three additional patterns in the floral tissues 

had expression in 6) the palea and lemma, anther wall, pollen (Fig. 3.24, number 6); 7) 

in the palea and lemma, lodicule, anther wall , pollen, style (Fig. 3.24, number 7) and 8) 

palea and lemma, lodicule, filament, anther wall , style, stigma and ovule (Fig. 3.24, 

number 8). 
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Figure 3.24 The most abundant patterns expressed in GUS or GUSPlus TAFET 

lines. 1: pollen, 2: pollen and anther wall , 3: anther wall, 4: palea and lemma, anther 

wall, pollen, 5: anther wall , pollen and style, 6: palea and lemma, anther wall , pollen, 

style, 7: palea and lemma, lodicule, anther wall, pollen, style, and 8: palea and lemma, 

lodicule, filament, anther wall, style, stigma and ovule. d: palea, e: lemma, f: lodicule, 

g: filament, h: anther wall , i: pollen, j: style, k: stigma, and I: ovule 

Most plants transformed with pCAMBIA 1201 had expression in almost all floral 

tissues (Fig 3.25, a, b and c) and many had strong expression of the GUS reporter 

gene in the ovule. Some had expression in palea and lemma or in anther and pollen (d) 

(Fig. 3.25) were similar to one of the five most abundant patterns of T AFET lines. 

Figure 3.25. Expression patterns in generative tissues of pCAMBIA1201 

lines. a & b. Reporter gene expressed in palea and lemma, filament, lodicule, 

filament, anther wall, pollen, style, stigma and in ovule, c. midrib of palea, 

lodicule, one anther (anther and pollen), and ovule, and d. palea and lemma, 

anther wall and pollen. 
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Statistical analysis to define whether two different 13-glucuronidase reporter 

genes, two GAL4NP16 transactivator cassettes and their relative position have 

affected the performance of the transcriptional Activators Facilitated Enhancer Trap 

(TAFET) in inducing gene expression was carried out A total of 603 lines produced 

eight transactivator constructs with three different intensity of expression {weak, 

medium and strong) were analysed (Table. 3.4). 

When weak, medium and strong expression were converted into values of 1. 2 

and 3, respectively, ANOVA analysis showed that intensity of expression was 

influenced by reporter genes at a highly significant level (p<0.001) and by the intron at 

a significant level (p=0.003) (Table. 3.4, A). When weak, medium and strong intensities 

were not given numerical values, the ANOVA analysis showed that only the reporter 

gene had a highly significant effect on gene expression (p<0.001) (Table. 3.4. B). 

i ANOVA 
I A. Weak=l medium=2 strong=3 

I +reporter 

d.f 111.S. v.r. p. 
18.03 32.82 <0.001 *' 

I +position i.31 2.31 0.122 

I + intron 4.99 8.81 0.003* 

! + reporter.position 1.77 3. 12 0.078 
I 

0.02 0.05 0.826 i + reporter. mtron 

I + position.intron 3.85 6.8! 0.009 
i 
I + reporter.posit1on.intron 0.21 0.37 0.541 

Residual 596 337.82 0.57 

! Total 603 368.03 0.61 
!: 

B. Weak<medium<strong 
d.f. 111.S. v.r. p. 

+reporter 18.03 31.90 <0.001** 

+position 2.19 3.88 0.049 

+ intron 4.l 7.27 0.007 

+reporter.position 3.815 6.75 0.010 

+ position.intron 1.84 3.25 0.072 
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Table 3.4 The ANOVA of of T AFET constructs nst 

three levels of the on. A. medium and 

were converted into numerical values 1, 2 and 3, B. 

medium and strong expressions were converted into weak is smaller than 

medium, medium is smaller than strong. Level of significance was defined at 

highly significant at P=0.001(**) and significant at P=0.01 (*). 

Elements of constructs and the intensity of expression were analysed against the 

complexity of patterns in vegetative and in floral tissues. The ANOVA showed the 

reporter genes influenced the complexity of patterns in vegetative tissues (402 lines) at 

a highly significant level (p<0.001) and GUS Plus was correlated highly significant 

(p<0.001) with complexity of patterns in the vegetative tissues (Table. 3.5). This result 

is consistent with the result obtained when the three most abundant patterns in 

vegetative tissues were analysed among the constructs (Fig. 3.16). GUSPlus 

constructs induced expression of the reporter gene in all vegetative tissues abc 

pattern) (Fig. 3.16). 

i ANOVA 
I With Intensity 
i. 

I +reporter 

j residual 

! Total 

I 
I Without intensity 

I 
change 

+reporter 

I 
[ Regression analysis 
I Constant 
I 

I Reporter GUSPlus 
I 

d.f. 

396 

401 

d.f. 

m.s. 

35.9042 

0.480 I 

0.7314 

m.s. 

56.5246 

Estimation 

1.4828 

0.8209 

v.r. p 
74.79 <0.001 ** 

v.r. F pr. 
92.42 <0.001'* 

s.e. t (396) T pr. 

0.0726 20.42 <0.001'" 

0.0854 9.61 <0.001" 

Table 3.5 The ANOVA and regression analysis of components of 

constructs and/or intensity of expressions against expression patterns in 

vegetative parts of T AFET lines. Level of significant was defined at P=0.01 (*) 

and highly significant at P=0.001 (**). 
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was out 

6xUASGAL4 11 ( 

(p=0.006) (Table Constructs with a distance 1, pSKC66. i , 

pSMRJi 8 and pSMRJ1 produced lines with more complex pattern. Regression 

analysis also showed that complexity was correlated negatively with proximate 

spacing (1.6 kb) of the minimal promoter and 358 promoter at a significant level 

(p=0.006) (Table 3.6). 

With Intensity 
ANOVA 
Change d.f. S.S. m.s. v.r. p 
+ 35S proximate l 2.964 2.964 1.12 0.29 

Residual 380 1004.043 2.642 

Total 382 1141.713 2.989 

Without intensity 
ANOVA 
Change d.f. S.S. m.s. v.r. p. 

+ 35S 22.38 22.387 7.58 0.006 
+intron 5.22 5.22 1.77 0.184 

Regression analysis Estimation s.e. t (396) p 
Constant 3.365 0.118 28.41 <0.00 

35S proximate -0.499 0.181 -2.75 0.006 

Table 3.6 The ANOVA and regression analysis components of constructs 

and or intensity of expressions against expression patterns in floral parts 

of TAFET lines. Level of significant was defined at P=0.01 (*) and highly 

significant at P=0.001 (**). 

These results may indicate that transactivator constructs containing a distal 

spacing between the UAS minimal promoter and 35S promoter induced a greater 

intensity of expression as well as a greater complexity of patterns than constructs 

containing a proximate spacing. These results support the finding that reporter genes 

affected the intensity of gene expression, with GUSPlus producing more lines with 
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3.1 as as more 

in 

and more 

more lines expression more 

patterns than GUS. 

3.3.4 MOLECULAR ANALYSIS 

Insertion of the GAL4/VP16 enhancer trap molecule was analysed by Southern 

blot analysis (Fig. 3.26) in 253 of T0 TAFET lines. Based upon a pattern of DNA 

fragments hybridised with a P32-labelled GAL4/VP16 fragment as a probe, it appeared 

that TAFET T-DNA inserted randomly into the rice genome 3.26). 

fSMRJ18 --- pSMRJ18R -----. 

10x 1x 31a 7c 5d 105 186a 300 501 101e 39a 7g 

Figure 3.26 Southern blot hybridisations of pSMRJ18 and pSMRJ18R lines with 

the GAL4NP16 fragment as a probe. Plant DNA(s) was digested with EcoR I 

restriction enzyme and hybridised with 32P-labelled GAL4/VP16 probe. Lanes marked 

10X and 1X contained 10 and 1 copy equivalent of pSMRJi8 as positive controls. The 

line numbers are shown on the top. DNA of phage 'A digested with BstE II restriction 

enzyme served as molecular size marker. 



The number of T-DNA insertions from 1 to 7 with an average of 

2.0 per line. About 49% of lines have a T-DNA insert and less than 30% 

have 3 or more T-DNA copies. 1 % of lines have 7 

TAFET 
1 lines 

i GUS 

GUSPlus 

I 

! Total 

I 

70 
I 

(27.77) 

52 

(20.63) 

122 

(48.4) 

Copy Number 

2 3 4 5 

30 27 10 6 2 

(11 .9) 
I 

(10.7) 
I 

(3.96) (2.38) 
I 

(0.8) 

27 

I 

13 I 9 3 I 1 

I I (10.7) (5.16) (3.57) (1 .2) (0.4) I 

57 40 19 9 3 

\22.6) \15.86) (7.53) (3.58) (1 .2) 

1 

2 

I 
(0.8) 

I 

1 
' I 

(0.4) I 
! I 

3 

(1.2) 

3. 

Total Mean 
piants copy 

147 

106 

253 

! Number I 

I 
i 

i 
I 

I 

I 
2.0 

Table 3.7 T~DNA copy number insertion in To generation ofTAFET lines. 

In addition, plants of a deletion line (pSKD15.2-1 e) transformed with a 

transactivator deletion construct (see Table 3.1. Fig. 3.7) were analysed for the 

GAL4/VP16 enhancer trap molecule by Southern blot analysis (data is presented in 

Chapter 4, Fig. 4.23). T2 plants contained two T-DNA insertions, but did not show any 

GUS expression. These results were interpreted as a clear indication of the ability of 

GAL4/VP16 to act as a transactivator in this rice system. 

3.4 DISCUSSION 

In eukaryotic promoters, a TATA-box (which is a component of a gene promoter 

about of 100 base pairs in size), operates in close proximity to the transcription 

initiation site (Martin, 2001 ), whereas an enhancer which links in cis to a promoter. acts 

from several hundred base pairs away from the transcription start site (Bohmann et al., 

1987, Martin, 2001 ). Enhancers are binding sites for transcriptional activators 

(regulatory proteins). When an enhancer is placed close to a promoter, it is difficult to 

distinguish it from a UAS (the second critical cis-acting element), because both are 
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distances between and the UAS in the TAT A box 

Alberts et 

enhancer 

These characteristics were in 

systems. 
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much closer 

of the 

Ten Transcriptional Activator Facilitated Enhancer Trap (TAFET) constructs, 

including two negative controls of Transcriptional activator (transactivator) constructs 

were developed and tested to facilitate enhancer trapping in rice (see Table 3.1, Fig. 

3.2, Fig. 3.3, Fig. 3.4, Fig. 3.5, Fig. 3.6, Fig.3. 7, Fig. 3.8, Fig. 3.9). These 10 constructs 

including the two negative controls (Fig. 3.10 and Fig. 3.11) and pCAMBIA1201 (a 

positive control) (Fig. 3.12), were transformed into scutellum-derived rice calli. 

The average reporter gene expression observed at the calli stage ranged 

between 14.4 to 54.6% with transactivator-GUS constructs, between 42 to 71.5% with 

transactivator-GUSPlus constructs and 0% with pSKD15.1 and pSKD15.2 (negative 

controls). This was a clear indication that the GAL4NP16 was operating as a 

transcriptional activator and that deletion of 108bp in the binding domain of pSKD15. 1 

and pSKD15.2 disrupted the binding of GAL4 to the UASGAL4 element and stopped 

transcription of the reporter gene fused to the UASGAL4, as previously described 

(Sullivan et al., 1998). It has also been previously reported (Fischer et al., 1988; Ma et 

al., 1988) that GAL4 amino-acids 1-147, the amino terminal portion of the 881 amino­

acids GAL4 protein, is a DNA-binding domain. The GAL4 DNA binding domain 

recognises and binds to the UASGAL4 (Fischer et al.. 1988) , but in the absence of an 

activating domain, fails to activate transcription in yeast and mammalian cells (Ma et 

al., 1988). In addition, the average reporter gene expression observed at the calli 

stage also showed no significant differences among constructs, except for the GUS 

reverse_intron which had much lower reporter gene expression than other constructs. 



A wide 

and some 

of were observed among 750 TAFET lines 

in the or floral 

tissues. About 95% of the TAFET lines showed gene in the leaves or 

floral tissues, which was than previously reported (Klimyuk et al.. 1995: 

Sundaresan et al., 1995a; Wu et al., 2003). About 48 to 66% of Arabidopsis Os-based 

enhancer trap lines (Klimyuk et al., 1995; Sundaresan et al., 1995a) and about 70% of 

rice transactivator-based enhancer trap lines (Wu et al., 2003) displayed gene 

expression in various tissues. A higher percentage of expression may be due to the 

constructs used to generate the transgenics. In contrast, the deletion lines have T­

ONA insertions, but do not display any gene expression. 

In addition to those described above, results showed that the percentage of lines 

with expression in the floral tissues was 55%, which was higher than previously 

reported by Campisi et al. %) (Campisi et al., 1999), but comparable to that 

previously reported by Sundaresan et al. (Sundaresan et al., 1995b ). About 17 .3% of 

lines showed tissue-specific expression in the flower, higher than previously found in 

rice (1.9%) (Jeon et al., 2000a). Expression in 1. 2 or 3 organs in floral tissues was 

about 2%, 10% and 5%, respectively. However, the percentage of lines showing 

expression in the ovule was only about 0.5%. This was also reported as the least 

frequent expression in rice flowers by Wu et al (2003). These patterns may become 

invaluable sources for the study of rice floral tissue development, as previously 

described (Kiegle et al., 2000; Geisler et al., 2002). 

In contrast to gene expression produced by the 8 different T AFET constructs in 

the calli stage, analysis of reporter gene expression observed at the plant stage 

showed that there were differences between transactivator GUSPlus constructs and 

transactivator GUS constructs in inducing gene expression in rice. This was supported 

by four results derived from observation of gene expression patterns in vegetative and 

floral tissues. Firstly, the analysis of reporter gene expression in over 750 TAFET lines 
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constructs G more lines 

G in 

G 

staining those G 15). Thirdly, constructs induced 

more lines with a high complexity of pattern than GUS constructs (Fig. 15 and 

3.1 The GUSPlus constructs had a dominant abc pattern, while the GUS constructs 

had the b pattern (Fig. 3.18). Fourthly, although analysis of the five most abundant 

patterns in floral tissues showed that GUS constructs produced similar patterns of 

expression to GUSPlus constructs (Fig 3.22), the pattern distribution produced by each 

construct showed that GUSPlus had a greater spread of pattern distribution (Fig 3.23). 

In addition, GUSPlus constructs also induced more patterns of expression than GUS 

constructs, producing 41 and 22 unique patterns, respectively, of a total of 108 patterns 

expression (phenotype) produced by T AFET lines in floral tissues. These 

differences appear to be related to sensitivity differences between the two reporter 

genes. Sensitivity of the reporter gene is an important factor for gene expression and 

attempts have been made to develop better and more sensitive reporter genes 

(Jefferson et al., 1987; Haseloff et al., 1997). The newly developed ~-glucuronidase 

(GUSPlus) from Staphylococcus sp has been codon optimised for high expression in 

plants and has better catalytic activity for more rapid detection of GUS activity (Nguyen, 

2002). 

In addition to the results described above, the GUS reverse_intron (construct 

number 4 in Table 3.1) behaved rather differently than the other transactivator 

constructs, displaying only 1 of the 3 dominant patterns in vegetative tissues (Fig. 3.19) 

and only 2 of the 5 dominant patterns in the floral tissues (Fig. 3.23). Besides that, the 

GUSPlus_intron (construct number 7 in Table 3.1) also displayed i of the 5 dominant 

patterns in the floral tissues (Fig. 3.23). This is not due to limited numbers of lines 

analysed, but is perhaps related to the nature of the construct, as a similar 



was in the calli The reason for the 

in these construcst is not known and needs further n"'""'T''" 

it be that a random mutation within T-DNA was occured. The random 

mutation can not be ruled out, since sequencing was not carried out in confirming of 

the construction product. Vectors resulted from construction were only confirmed using 

restriction enzyme digestions. 

In comparing the patterns of transactivator constructs in floral tissues to those of 

pCAMBIA 1201, some patterns were found to be similar. For example, patterns with 

expression in all floral tissues or with expression in the palea, lemma, anther wall and 

pollen. The most obvious pattern difference between TAFET lines and pCAMBIA1201 

lines was that a higher percentage of pCAMBIA1201 lines showed strong expression 

patterns in the whole ovule (Fig 3.25), something rarely observed in TAFET lines (Fig. 

3.24). 

Other patterns of TAFET lines similar to those previously reported as being 

induced by the CaMV35S promoter in rice were the expression in the vascular bundles 

of the roots and leaves (Fig. 3.19, a and b; Fig. 13.20, a, b and d) (Battraw and Hall, 

1990; Terada and Shimamoto, 1990), and expression in the basal part of the ovule 

(Terada and Shimamoto, 1990). Benfey et al. (1989; 1990) reported that the 

expression in the vascular bundles, in the lateral roots and in the pericycle (the cell 

layer from which lateral roots develop) of tobacco were tissue-specific expressions 

induced by the CaMV35S promoter. These expression patterns were also displayed in 

rice (Terada and Shimamoto, 1990; Battraw and Hall. 1990) and in maize (Omirulleh et 

al., 1993). Since the number of pCAMBIA1201 lines observed was relatively limited 

and most patterns previously reported (Battraw and Hall, 1990; Benfey et al.. 1990; 

Terada and Shimamoto, 1990) were expressed in the roots and leaves, a further 

investigation of reporter gene expression in the floral tissues is needed. 



Hobbs et al. ( 1 reported that a effect not be a 

cause of inter-transformant but that on the kind of T-

DNA introduced into genomes. In addition, is 

affected the transcriptional regulation signal (Breyne et al., 1992). In our TAFET T-

DNAs design, the activity of the GAL4NP16 transcriptional activator was expected to 

magnify any signal from the chromosomal transcriptional regulation sequences 

(enhancers) and, by binding to 6xUASGAL4 , produce expression patterns. Ranish and 

Hahn ( 1996) reported that the rate of transcription increases dramatically when the 

general transcription machinery was activated by a transcriptional activator. As 

expression patterns were affected by chromosomal transcriptional activator sequences, 

TAFET T-DNA insertion sites within the rice genome cannot be ignored as a potential 

source of influence on the patterns displayed. 

Results from statistical analysis were comparable to those obtained from 

analysis of patterns related to constructs. For example, gene expression was affected 

by reporter genes highly significantly (p<0.001) and by intron significantly (p=0.003) 

(Table. 3.3). The complexity of patterns in vegetative tissues was affected highly 

significantly by reporter genes (p<0.001) (Table 3.4), while the complexity of patterns in 

floral tissues was affected slightly significantly by a distance between UASGAL4 and the 

358 promoter driving hpt II (p=0.006). Regression analysis also showed that the 

presence of the GUSPlus reporter gene correlated in a highly significant way to a 

complexity of patterns in vegetative and floral tissues, but when intensity was removed 

from analysis, it correlated negatively with a proximate (1.6kb) UASGAL4 to the CaMV 

35S promoter driving the hpt II gene (Table 3.6). Overall, analysis of expression 

patterns and statistical analysis indicate that the GUSPlus reporter gene revealed more 

patterns and more lines with strong intensity of expression and more complexity of 

pattern than GUS, because of its higher sensitivity. 



The number of T-DNA insertions from 1 to 7 

2.0 T-DNA per line 

Wu et al and Muthukalianan et aL but a 

83 

and the average was 

Hiei et al. 

than that 

reported by Jeon et aL (2000a). About 49% of lines have a single T-DNA which is 

rather similar to the results of Wu et aL (2003) (42%) and higher than previously 

analysed in Arabidopsis (25%) and in rice (35%) (Campisi et aL, 1999; Jeon et aL, 

2000a). Southern blot analysis also showed that lines transformed with transactivator­

deleted constructs that showed no reporter gene expression, contained T-DNA 

insertions. This gave a confirmation that gene expression was due to the activation of 

the reporter gene by the GAL4/VP 16 transcriptional activator. 

Based upon the above results, it may be concluded that the different reporter 

gene and intron upstream GAL4/VP16 combinations used have some effect on the 

patterns produced. It is also apparent that 35S enhancers affect the expression pattern 

in a number of lines. However, abundant patterns are likely to represent primarily the 

effect of endogenous enhancers. Complex interaction between rice genomic 

enhancers and those from the T-DNA are the likely explanation for the results obtained. 

In relation to the behaviour of the 358 promoter within the transactivator 

construct, these results may suggest that a further development of the transactivator 

construct should avoid the use of such a strong promoter like 35S to drive the hpt II 

gene. An attempt to do this by replacing the CaMV 35S promoter with the ubiquitin-1 

promoter has been conducted by Fu (2004). An alternative solution might be to 

develop two separate constructs: a transactivator construct and a selection construct 

containing the 35S promoter driving the hpt II gene, and to apply co-transformation, as 

previously reported by Komari et aL (1996). 
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Five conclusions can be drawn from these as follows. 

Transactivator-facilitated enhancer trap constructs the 

GAL4/VP16 transcriptional activator and 6xUASGAL4 were able to reveal 

patterns of expression both in vegetative and floral tissues, in rice. 

• Second, expression patterns were due to the activity of the GAL4/VP16 

transcriptional activator. 

"' Third, the different reporter genes and intron upstream 

GAL4/VP16TAFET in the combinations used had some effect on the 

patterns produced. It is also apparent that 358 enhancers affected the 

expression patterns in numbers of lines. However, patterns are likely to 

represent primarily the abundant effect of endogenous enhancers. 

Complex interaction between rice genomic enhancers and those from the 

T-DNA are likely to be the explanation of the results obtained. 

• Fourth, transactivator GUSPlus constructs affected patterns of gene 

expression more than transactivator GUS, as they produc.;:)d more lines 

with staining, strong expression and with complexity of patterns. 

produced more patterns and a greater spread of pattern distribution than 

transactivator GUS. These were due to differences in reporter gene 

sensitivity. 

• Fifth, the GUSPlus gene proved to be a more sensitive reporter gene 

than GUS for revealing gene expression patterns. 
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Chapter 4 

ES 

EN RATIONS 

The stability of transgenic expression patterns is a critical parameter for the 

further use of the transcriptional activator-facilitated enhancer trap (TAFET) system and 

of TAFET lines for rice functional genomic investigations. 

It has been shown in Chapter 3 that varying levels of specificity in expression 

patterns in vegetative and floral tissue in rice, were obtained when transactivator 

constructs of the reporter gene were also displayed in TAFET lines (see Chapter 3, 

Section Variation of expression was also reported in Drosophila and 

Arabidopsis when the GAL4 enhancer trap system was applied (Brand and Perrimon, 

1993; Castelli-Gair et al., 1994; Aoyama et al., 1995; Phelps and Brand, 1998; Kiegle 

et al., 2000). 

In general, variation in the intensity and patterns of transgene expression are 

attributed to several factors. such as differences with respect to chromosome location 

(position effect), transgene copy number, and transgene construct fidelity (Hobbs et al., 

1990; van Leeuwen et al., 2001 ). Chromosome location affects transgene expression 

primarily through the integration of the transgene either into euchromatin which is the 

transcriptionally active region, or into heterochromatin which is an inactive region. 

Epigenetic silencing was also described as having an effect on transgene expression 

(Wolffe and Matzke, 1999). 
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The and quality (for example a transgene truncation) of inserts have 

been as gene expression and this is also determined the 

method of delivery of transgenes. With Agrobacterium tumefaciens mediated T-DNA 

transformation, molecules are sited in between two imperfect direct repeats of 24bp, 

the right and left borders of the Ti (tumour induced) plasmid of Agrobacterium. These 

borders are the only cis-acting elements required for T-DNA transfer and can mediate 

transfer into the plant nucleus of any DNA sequence located between them (Zambryski 

et al., 1989). A T-DNA insertion occurs usually at the site of DNA damage, the 

activated area containing DNA repair enzymes necessary for the process of T-DNA 

integration. T-DNA integration leads to a different amount of duplication in either the 

host or the T-DNA. T-DNA inserts randomly in genomes (Ambros, 1986; Chyi, 1986; 

Wallroth. 1986), but it has been described that T-DNA tends to insert into the gene 

space; i.e. in the regions of the genome that are transcriptionally active, in tobacco 

(Herman et al., 1990; Fabert et al., 1991) as well as in rice and Arabidopsis (Barakat et 

al., 2000). 

In relation to construct infidelity, the type of transgene construct is considered to 

influence the copy number and also expression. A direct selection for a T-DNA 

integration into actively transcribed plant genes leads to an amplification of a promoter­

less reporter gene, a truncated or an aberrant T-DNA. Five to twenty copies of 

promoter-less reporter T-DNAs were found inserted into the plant genome compared to 

only 1.5 copies for promoter-driven reporter T-DNAs (Koncz et al., 1989, Koncz, 1992). 

Multiple T-DNA insertions often occur in a single plant, including multiple copies per 

locus and in multiple loci (Lindsey et al., 1993). This multiplicity is a potential problem 

when delivering the enhancer trap system because multiple insertions may complicate 

interpretation of expression patterns (Springer, 2000). 
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constructs and patterns induced in the various tissues 

described in 3 clearly showed that gene expression was due to the activation 

of the GAL4/VP16 transcriptional activator. It also showed that GUS Plus constructs 

induced a higher number of lines with staining, strong intensity of expressions, more 

complexity of patterns, as well as with a greater spread of pattern distribution than GUS 

constructs (see Chapter 3, Fig. 3.19). Statistical analysis showed significant levels of 

the influence of each construct to intensity and complexity of patterns. Two copies per 

line was the average number of TAFET T-DNA insertions and most of the TAFET lines 

contained a single copy T-DNA insertion (about 49%). 

The aim of the experiments reported in this chapter was to characterise the 

stability and inheritance of the phenotypic patterns of the T AFET lines from the To 

generation (reported in Chapter 3) in T1 and T2 generations. Another objective was to 

analyse the genetic segregation of pattern traits among progeny plants, and relate this 

segregation data to the number of T-DNA insertions. 

4.2 MATERIALS AND METHODS 

4.2.1 PLANTING T1 and T2 TAFET LINES 

Eight plants of each of 270 lines of the T1 generation were planted. A total of 

2160 T1 plants were grown and sampled for observation. The seeds from these plants 

were harvested. Based upon the observed results, 24 seeds from each of 3 families 

(72 seeds) of each of 40 lines were subsequently planted for the next step of 

experiment as the T2 generation. A total of 2880 (24x3x40) plants were grown in this 

generation. 
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D HISTOLOGICAL 

Observations were conducted to define expression patterns of the reporter gene 

in rice tissues. Histochemical detection of ~-glucuronidase genes (GUS and 

GUSPlus) expression was performed using fresh leaves and flowers of T1, and only 

fresh flowers of T 2 , as previously described by Jefferson et al. ( 1987). Leaf samples 

were prepared by cutting leaves using a hole punch and placing tissues in 96-well 

plates. Flowers (spikelets) were analysed at three stages of flower development, 

young (early booting stage), medium (full booting) and mature flowers (just before 

flower dehiscence). Samples were viewed using a Leica Wild MS microscope or a 

Leitz Diaplan microscope with bright- and dark-field optics. Images were acquired with 

a Nikon CoolPix Digital photo camera. 

MOLECULAR ANALYSIS 

Molecular analysis was carried out for several families of the T2 generation to find 

out whether T-DNA(s) in the rice plant genome related to gene expression patterns in 

TAFET lines. Southern blot hybridisation of membranes with plant DNA(s) were 

conducted as previously described (Sambrook et al., 1989) and a GAL4NP16 fragment 

was used as a probe. 

4.3 RESULTS 

4.3.1 INHERITANCE AND CONSISTENCY OF GENE EXPRESSION IN T1 

AND T2 GENERATIONS 

4.3.1.1 Pattern inheritance in T1 and T2 generations 

Eight plants of each of 270 TAFET T1 lines were grown and analysed for gene 

expression patterns. Apart from expression patterns obtained from employing TAFET 



89 

constructs in the rice genome, about 10% of the lines loss-of-function 

which were mutations; ranging from to white 

to completely white phenotypes In one of the GUS-TAFET 

lines, pSKC66.1-8e had flower and/or spikelet morphological changes. These 

materials were observed and are discussed in Chapter 7. 

Based upon GUS and GUSPlus histological analysis, most plants of each line 

showed segregation of expression patterns. When observational data in leaf and 

flower were combined, about 92.8% of lines displayed an approximate 3:1 segregation 

ratio. The data were derived from 219 of the 270 T1 lines tested, using 8 plants for 

each. Of the 92.8% segregating lines, about 76.0% had expression in leaf and flower, 

14.4% had expression only in the flower and another 3.3% had expression only in the 

leaf. In addition, about 1.5% of lines showed no segregation (presumably 

homozygous) and about 5.7% of lines showed no expression. 

A total of 40 lines were chosen for segregation analysis in the T 2 generation. 

From each line 3 families were chosen at random. Twenty-four plants nf each family 

were planted for analysis of expression patterns and segregation analysis. Flowers 

from 106 families were taken for histological analysis of GUS reporter gene expression 

(Appendix 4.1 ). 

Segregation patterns were analysed using a x2 (chi-square) test to determine if 

the numbers of plants with and without expression of reporter gene were in agreement 

with expected Mendelian segregation. About 59.5% of families had a 3:1 segregation 

ratio between plants with expression versus plants without expression. 32% did not 

segregate at all, 3.8% showed a 1 :1 segregation ratio and 4.7% did not show any gene 

expression (Appendix 4.1 ). Surprisingly, one fourth of 24 plants that were suspected to 

have no gene expression, displayed very weak to moderately weak blue GUS staining 
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in their with at least some, if not all with staining. This type of expression 

was considered to be a background level of glucuronidase-like as about 35.0% 

of families showed this type of 

Consistency of patterns between T0, T1 and generations 

An expression pattern was categorised as "consistent" when a pattern shown in 

the plant was similar to the pattern shown in the T0 plant. There were three classes 

of phenotypes that fitted this criterion of consistency. The first class, where a pattern 

shown in T1 was exactly the same as that shown in T0 ; the second class, where a 

pattern was maintained in T1, but had an additional expression in another tissue that 

was not observed in T 0; and the third class, where a pattern was displayed in T1 that 

was expressed in a lesser number of tissues (partly disappeared) than that of in T0 . 

Analysis of observational data based upon these classes showed that 91.7% of 

patterns in T1 were consistent to those in T0 . In more detail, it was 32.4% of patterns 

that fell into the first class of consistency. About 52.4% of patterns fitted into the 

second class. These second class patterns divided into two groups: 27.6% had 

additional expression either in palea, lemma and other tissues, and another 24.8% had 

additional expression in the lodicule, filament, and stigma or style. The third class of 

consistency contained 6.9% of patterns, and these patterns were mostly a weak 

expression on stigma or style in the T0 plants (Appendix 4. 1 ). Data was only derived 

from 145 of the 270 T1 lines planted, because some of lines did not have observational 

data on the T0 generation. In comparing T2 and T1 patterns, 97 .0% of the patterns were 

found to be consistent. Some of these consistent patterns are shown in Figure 4. 1. 
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Figure 4.1 Some patterns displayed in T 0 compared to patterns in T 2 plants. 

a-d: T 0 plants, e-h: T 2 plants, a & e: pSMRJ 18-506, b & f: pSMRJ 18-3a, c & g: 

pSMRJ18-5a, d & h: pSMRJ18R (1 /2)-712. 

In contrast, 5.6% of patterns showed inconsistency in T1 and these were 

mostly lines which were transformed with the TAFET-GUS constructs. In addition, the 

remaining 2. 7% of lines showed a silenced expression, for example, pSKC66.1-2a.1 

(NI00-33), pSKC66.1-8g (NI00-40) and pSKC66.1-8f (NI00-41) {Appendix 4.1 ). 

In this T2, T1 and T0 comparative analysis, one pattern {line pSMRJ18-21 ) was 

exactly the same, with only a different intensity of expression between the T2 and the T0 

plants. The T 2 flowers showed a weaker expression of the GUS Plus reporter gene in 

the base part of style than T0 flowers (Figure 4-2). 
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In the T1 and T0 comparative analysis of TAFET lines, it was shown that only 

28.3% of patterns in T1 lines were without expression in the anther wall and/or in the 

pollen, compared to 34.0% of patterns in T0 lines without expression in the anthers. 

Patterns of reporter gene expression in the anther wall were either in the whole anther 

wall (58.6%), in the cells (10.3%) or in the connective tissues of the anther (2.8%) and 

only 5.8% of the lines in T0 had a pollen-specific expression. Surprisingly, about 35.0% 

of families which showed a 3: 1 segregation ratio, displayed very weak to moderately 

weak expression (blue staining) in pollen in one quarter of their plants. Since one 

quarter of plants were expected not to have T-DNA insertion, this weak staining was 

considered to be background activity, rather than a GUS or GUSPlus expression, while 

remaining plants showed expression in other tissues. 

92 

Figure 4.2 Expression pattern of the pSMRJ18-21 line displayed in T1 and T2 

generations. a: T1 flower with strong GUSPlus expression in anther wall and the 

base part of style (arrow) ; b-d:T2 flowers with less intensity of expression in the 

base part of style. 
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4.3.2 MOLECULAR ANALYSIS 

Molecular analysis to identify T-DNA segregation was carried out only on some 

lines. Southern blot analysis was employed to define whether T-DNA segregation had 

occurred. T-DNA segregation that linked to reporter gene expression was observed in 

floral tissues of pSMRJ1 BR (1 /2)-9a line. After plant DNA blots were hybridised with a 

DIG-labelled GAL4NP16 fragment probe, analysis showed that there were three DNA 

fragments containing T-DNA insertions. One DNA fragment of Skb was fixed, whereas 

DNA fragments of 3kb and 1 kb were co-segregated among plants (Fig.4.3). Nine 

plants (1 , 2, 4, 5, 7, 9, 13, 14, and 15) contained these two fragments, while another 6 

plants (3, 6, B, 1 O, 11 and 12) did not (Fig.4.3). This segregation was likely linked to 

the segregation of reporter gene expression patterns in the floral tissues of pSMRJ1 BR 

{1 /2)-9a plants (Table 4.1) 

Skb 

3kb 

! kb 

L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 P 10x 

Figure 4.3. T-DNA segregation within T2 plants (1-15) of the pSMRJ18R (1/2)-

9a TAFET line. arrow: Skb (band 1 )fragment; 3kb (band 2) and 1 kb (band 3) 

fragments that co-segregated within T2 (1-15) (refer to Table 4.1) and T0 plants of 

pSMRJ1BR(1/2)-9a (P), 10x: plasmid pSMRJ1BR; L: A-DNA digested with BstE II. 
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21 
an, po, stig, 9 an, po, 
an, stig, 10 an. 

31 
I an, 1 an. po, 

41 an, stig, 12 an, 
51 an, po, stig, sty 13 an, po. stig 
6j po 14 an, po, stig, sty 

~I 
an, po, stig, sty 15 an, po, stig, sty 
an, po 

Table 4.1 Pattern segregation among T2 plants (1-15) of pSMRJ18R (1/2)-9a 

family number 6 (NI01-12/6). an: anther wall; po: pollen; stg: stigma; sty: style. 

Another Southern blot analysis was carried out using plants of the pSMRJ17R-

301 line, family 7 and 8. DNA(s) blots were again hybridised with a DIG-labelled 

GAL4/VP16 probe. A membrane contained plants DNA blots of family 8 showed 4 

bands (7.2kb, 5.6kb, 3.6kb and 2.5kb) which contained T-DNA insertions (Fig. 4.4). 

Three of the bands (7.2kb, 3.6kb and 2.5kb) were fixed, while the 5.6kb fragment was 

segregated among plants within the family. However. plants of the pSMRJ 1 ?R-301 

line did not display segregation in their pattern of expression (Table 4.2). These 

results could suggest that a T-DNA represented by the 5.6kb fragment did not trap any 

enhancer, as the existence of this T-DNA did not contribute to an expression pattern, 

and that the three fixed T-DNA insertions had trapped enhancers, inducing the pattern 

observed (Table4.2). 
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7.2kb 

5.6kb 

3.6kb 

2.3kb 

A A. L B A. l 2* 3 4 5 6 7 8 9 lx JOx 

Figure 4.4. T-DNA segregation in a TAFET line, pSMRJ17R-301. A: Southern 

blot of pSMRJ17R-301 (l) in T0 , B: Southern blot of T2 plants of pSMRJ17R-301 (1-9). 

Arrow: ?kb (band 1 ), 5.6kb (band 2), 3.6kb (band 3) , and 2.5kb (band 4) . A.: .A-DNA 

digested with BstE II , 1x, 10x: pSMRJ17R. *: less amount of DNA. 

GUSPlus Expression GUSPlus Expression 

Plant No. sites intensity Plant No. sites intensity 

1 aw, bsty s 5 aw, po, bsty s 

2 aw, po m 6 po, bsty s 

3 aw, po, bsty s 7 aw, bsty s 

4 aw, po, bsty s 8 aw, po, bsty s 

9 na 

Table 4.2 Pattern displayed among plants in pSMRJ17R-301 family. aw: 

Anther wall; po: pollen; bsty: base of style; s: strong; and m: medium; na: plant was 

not analysed. 
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Molecular analysis also showed that plants of deletion lines in the T 2 generation 

had T-DNA insertions, and those plants displayed no GUS reporter gene expression at 

all, either in vegetative and generative parts (Fig. 4. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Figure 4.5 Southern hybridisation of T2 plants of pSKD15.2-1e deletion line. 

DNA of 16 plants of pSKD15.2-1e family number 6 digested with EcoR I 

restriction enzyme and hybridised with DIG-labelled GAL4NP16 fr2gment probe. 

Arrow: two T-DNA insertions, about 1.3kb and 4.8kb were displayed by plants. 

Plant DNA of sample number 5 and 9 were not properly digested. 1-16: plants 

were tested; BstEll: A ladder were digested with BstE II restriction enzyme; 

arrow: T-DNA(s) insertion (about 1.3kb and 4.8kb in size). 



was out on some 

analysis was employed to define 

occurred. segregation that linked to reporter gene expression was observed in 

floral tissues of pSMRJ18R (1/2)-9a line. After plant DNA blots were hybridised with a 

DIG-labelled GAL4NP16 fragment probe, analysis showed that there were three DNA 

fragments containing T-DNA insertions. One DNA fragment of 5kb was fixed. whereas 

DNA fragments of 3kb and 1 kb were co-segregated among plants (Fig.4.3). Nine 

plants (1, 2, 4, 5, 7, 9, 13, 14, and 15) contained these two fragments, while another 6 

plants (3, 6, 8, 10, 11 and 12) did not (Fig.4.3). This segregation was likely linked to 

the segregation of reporter gene expression patterns in the floral tissues uf pSMRJ 18R 

(1/2)-9a plants (Table 1) 

5kb 

3kb 

lkb 

Figure 4.3. T-DNA segregation within T2 plants (1-15) of the pSMRJ18R (1/2)-

9a T AFET line. arrow: 5kb (band 1 )fragment; 3kb (band 2) and 1 kb (band 3) 

fragments that co-segregated within T2 (1-15) (refer to Table 4.1) and T0 plants of 

pSMRJ18R(1/2)-9a (P), 10x: plasmid pSMRJ18R; L: ,\-ONA digested with BstE 11. 
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THROUGH SEXUAL CROSSI 

1 INTRODUCTION 

02 

It has been described that the yeast transcriptional activator GAL4 functions via 

recognition of a DNA binding domain to the GAL upstream activating sequence 

(UASGAL4 ) (Fischer et al., 1988). The GAL4 activates genes adjacent to the UASGAL4 

(Fields. 1989) and was also able to direct cell- or tissue-specific gene expression 

patterns in Drosophila (Brand and Perrimon, 1993). 

Activity of the GAL4 transcriptional activator can be visualized in a bipartite 

system by the expression of the reporter gene fused downstream of the UAS8 {Brand 

and Perrimon, 1993). This system offers an advantage over other enhancer trap 

systems developed for plants system (Sundaresan et al.. 1995a) as it allows 

subsequent use of GAL4 lines as "effectors" or pattern lines to direct expression of any 

gene in a spatially and temporally regulated fashion by introducing a second construct 

in which the gene of interest is placed downstream of the UAS8 sequence as a 

"receptor" or a target in Drosophila (Castelli-Gair et al.. 1994; Brand dnd Dormand. 

1995). Random insertion of the GAL4 construct into the Drosophila genome affects 

GAL4-driven expression from a diverse array of genomic enhancers. Subsequent to 

this, an introduced gene containing GAL4 binding sites (UASGAL4) within its promoter 

would be expressed at sites where the GAL4 was expressed. This mechanism might 

be able to target the expression of a gene to particular cells where it is not normally 

active, resulting in Gain-of-Function (GoF) phenotypes as demonstrated in Drosophila 
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and For the between lines 

with the GAL4 directed transcription even-skipped gene and UAS lines resulted in mis-

of the even-skipped gene in the naked cuticle cells and denticle 

cells in Drosophila and 1993). The UAS line is considered 

as a target 

lines). 

commonly silent, unless it has been crossed with pattern lines (GAL4 

From my experiments described in Chapter 3, a wide variety of tissue- or cell­

specific patterns of expression in rice plants were obtained when transactivator (the 

transcriptional activator GAL4NP16-facilitated enhancer trap) GUS and GUS Plus 

constructs were applied to the rice genome. Moreover. the GAL4/VP16-deleted 

constructs, containing a 108bp deletion of the GAL4 binding domain, produced calli 

and lines without reporter gene expression. The interpretation of these results is that 

expression was due to transactivator activities. 

Whether the transactivator GAL4/VP16 constructs could function in rice in the 

same way as the GAL4-UASGAL4 in Drosophila, needed to be validated. In order to 

validate this TAFET system, sexual crosses were conducted between TAFET lines 

which had GUSPlus reporter gene expressions in the flower tissues (patterns) and 

UASGAL4-EGFP lines which had no EGFP (Enhancer Green Fluorescent Protein) gene 

expression (targets). UASGAL4-EGFP lines used in this experiment containing T-DNA 

insertions which had a 108bp deletion in the GAL4 DNA-binding domain and 

6xUASGAL4 fused to the EGFP reporter gene. Those were observed expressing no 

EGFP in their tissues. A scenario in which the transactivator GAL4/VP16 activates a 

gene linked to UAS GAL4 is presented in Figure 5-1. If the transactivator GAL4/VP 16 

functioned as expected, F1 plants would be expected to have both GUSPlus and EGFP 

reporter gene expression in similar patterns and in a tissue-specific manner, directed 

by the rice endogenous enhancer driving GAL4 GAL4/VP16 transcription. 
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Figure 5.1 The Activation test by sexual crossing between transactivator 

GUSplus lines (patterns) and UAS-EGFP lines (targets). T-DNA1: T-DNA in 

TAFET lines; T-DNA2: T-DNA in target lines; Enhancer: rice endogenous 

enhancer; MP: minimal promoter of the CaMV35 promoter; light blue dots: 

transactivator proteins; dark blue dots: GUSPlus; Green-Fluorescent dots: 

EGFP 

Such experiments have mostly been conducted in Drosophila (Brand and 

Dormand, 1995; Rorth, 1996; Phelps and Brand, 1998) with plant work still limited to 

Arabidopsis (Haseloff, 2002). Validation of the system in rice has not been previously 

attempted. 

This chapter is a report of crossing experiments that were conducted in rice 

between pattern lines and target lines, with analysis of the patterns produced in Fl and 

F2 plants, and the molecular analysis of T-DNA(s) linked to reporter gene expression. 
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plants of several TAFET lines (patterns) were used in sexual crosses with T0 

plants of TAFET EGFP lines (targets) with a deleted version of the transactivator. 

Deleted transactivator EGFP lines contained a 108bp deletion in the GAL4 DNA­

binding domain and 6xUASGAL4 fused to EGFP reporter gene, and these lines did not 

express EGFP. The EGFP gene used was the mGFR5ER-modified gene, developed 

5.2.2 METHODS 

SEXUAL CROSSING 

Crossings were conducted between the TAFET lines that expressed GUSPlus in 

the flower (pattern lines) and the UAS_EGFP lines that contained UAS fragments fused 

to EGFP reporter gene (target lines). F1 seeds were grown and flowers were taken for 

histological analysis of ~-glucuronidase reporter gene expression. Sexual crossings 

were performed just before the panicle emerged from the booting sheath. Emasculation 

was done one day before crossing by cutting one third off the top part of paleas and 

lemmas (spikelets) and then placing the panicles into warm water (45°C) for about 5 

minutes. Through this treatment the male organ (pollen) in all spikelets on the panicle 

was killed, whereas the female organ remained alive. After emasculation the panicles 

were covered immediately with paper bags, ready to cross the next day (Oixin Fu, 

personal communication). Pollination was carried out when several sp1kelets on the 

cut panicle opened, and pollen from the male parent flower was sprinkled on to the cut 

spikelets of the female parent. The fertilised panicles were kept bagged for 10 days 

after crossing and F1 seeds were harvested 40 to 45 days after pollination. 
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D 

Flowers of were taken for Flowers were first examined under a 

to observe patterns of EGFP expression. Subsequently, those flowers 

were into a GUS staining solution (Jefferson et al., 1987). After overnight 

incubation, flowers were taken out of the GUS solution and put into 70% ethanol for 2 

or 3 days. Samples were viewed using a Leica Wild MB microscope or a Leitz Diaplan 

microscope with bright-field optics. Images were acquired with a Nikon CoolPix Digital 

photo camera. EGFP expression from fresh tissues was analysed with a Leica MZFLlll 

using a Leica GFP3 filter, which was set with 480/40-nm excitation and images were 

with a Nikon N-2000 photo camera. 

5.2.2.3 MOLECULAR ANALYSIS 

Molecular analysis of the F1 plants to determine the presence of T-DNAs from 

each parent was performed. DNA was extracted from fresh leaf tissues ground in 

liquid nitrogen using the CTAB method as previously described by (Del Sal et al., 

1989). Electrophoresis and Southern blot hybridisation of DNA were performed as 

previously described (Sambrook et al., 1989). DNA was digested with EcoR I 

restriction enzyme and radioactively-labelled GUSPlus and EGFP probes were used 

for hybridisation. The Southern blot membrane was first hybridised with the EGFP 

fragment as a probe (obtained from a PCR reaction, using primers for EGFP) (Table 

5.1 ), and the same membrane was also hybridised with a GUSPlus fragment as a 

probe, after stripping. To define whether reporter gene expression patterns were 

correlated with the presence of T-DNAs in the genome, fragments of the reporter 

genes were amplified using PCR (Sambrook et al., 1989). In addition to these two 

genes, a hptll gene was also included in PCR and three sets of primers were used for 

amplification of relevant gene fragments (Table 5.1 ). 



Oligos 

HYG R 

HYG F 

EGFP R 

EGFP F 

GUSPlus R 

GUSPlus F 

Sequence (5' -

GATGCCTCCGCTCGAAGTAGCG 

GCATCTCCCGCCGTGCACAG 

TTCTGCTGGTAGTGGTCGGC 

ATGGTGAGCAAGGGCGAGGA 

GTTGGCGATGCTCCACATCA 

AGCGAGCAA TGTGA TGGATTTC 
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Table 5.1 Oligos used in PCR to amplify fragments of Hygromycin 

(HYG), EGFP and GUSPlus genes in F1 plants. 

5.3 RESULTS 

5.3.1 SEXUAL CROSSING 

In this crossing experiment several different TAFET lines with GUSPlus reporter 

gene expression in floral tissues (pattern lines) (Table 5.2) were chose11 and crossed 

with different UAS::EGFP lines (target lines) (Table 5.3). 

I 

I 
I 1 
I 
' ' 
12 

3 

4 

5 

6 

17 

Is 
jg 
I 
! 

1 0 

11 

12 

TAFET lines (pattern lines) 

T 1 tested no. I 
plant no. 

NI00-117/4 
i 

I NI00-280/3 

I NI00-90/5 

I NI00-110/3 

I N 100-122/1 

I NI00-121/1 

I NI00-161/8 

NI00-173/5 

I NI00-110/3-13 

i -. NIOO 169/3 
I 
I NI00-141/1 

I NI00-159/3 

I 

I 
I Lines no. 
I pSMRJ17R-10a 
! 

pSMRJ17R-37d 

pSMRJ18(50)-505-1 

pSMRJ18R-133b 

pSMRJ18-21 

pSMRJ18-20 

pSMRJ18R-7g 

pSMRJ 18R(50)-132a 

pSMRJ18R-133b 

-I pSMRJ18R(i/2) 6d 

I pSMRJ18R(50)-23b 

I pSMRJi8R-47a 

' 
GUSPlus Expressions 

I 

i 

i Patterns 
I tip or whole palea, lemma. trichome, anther 
I 

I wall, stigma, style 

I pollen and stigma 
! 
I anther wall cells 
i 

I pollen 

I anther wall and pollen 

I anther, pollen and base of style 

I anther wall cells 

I midrib or whole, anther, pollen 

I pollen 

I tnchome. midrib, anther wall 

[ midrib or whole, anther and pollen 

I palea. lemma. lodicule, anther 

I 
Levels 
strong 

weak 

medium 

medium 

weak 

strong 

strong 

medium 

medium 

strong 

medium 

Medium 

i 



Table 5.2 TAFET lines 

their expression 

used in crossing 

in the floral tissues. 

I Crossing number I Female parents 
• I. 

I 

I FU01-1 
I I FU01-2 

I FU01-3 

I FU01-4 

I FU01-5 

I FUOi-6 
I 

I FUOi-8 

I FU01-9 
[ 
I FU01-11 

i FU01-12 
I 
1 FU01-13 
i 
I FU01-14 
I 

I 
I pFXH 13.3-5 

1 13.3-s 
I 
I pFXH13.3-3 

I pFXH13.3-206 

I pFXH 13.3-244 

I pFXH 13.3-265 

I PFXH 13.3-123 
I 

I pFXH13.3-176 

I pFXH13.3-12 

I pFXH13.3-130 

l pFXH13.3-140 

I pFXG74. 1-246 

Male parents 

I 
I NI00-117/4 

\ NI00-280 
I 
i NI00-90/5 

I NI00-110/3 
i 

I NI00-122/1 

I NI00-121/1 
I 

I NI00-161/2 
! 

I NI00-173/5 

i NI00-110/3-13 

I NI00-169 
i 
i NI00-141/1 

I NI00-159/3 

and 

Table 5.3 Crossing numbers, parental plants (male and female) were 

used in experimental crosses. 

5.3.2 PATTERN OF GENE EXPRESSION IN F1 PLANTS 

08 

Fresh material was observed for EGFP gene expression, and histological 

analysis of F1 flowers was carried out for GUS or GUS Plus gene expression. Most F1 

plants showed expression of both reporter genes, GUSPlus and EGFP. with similar 

expression patterns (Table 5.4). Patterns of EGFP expression were similar to those 

previously seen in the GUSPlus reporter gene TAFET lines (male parents) (Table 5.2). 
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Reporter genes plants with 
Crossing 

! out 
1110. GUSPlus EGFP Patterns of total plants 

I % I 
I I tdchome, Aothec, base of ped;cle I FU01-3 Y, s Y, s 4/18 22.2 

I FU01-4 s Y, s anther wall 5/8 62.5 

I FU01-5 Y, s Y, s I midrib of palea & lemma, anther, style 6/13 46.2 
I 

I FU01-6 Y, s Y, s I anther wall and style 7/17 41.2 

I FU01-8 Y, s Y,m I anther wall and pollen 3/9 33.3 
! 
' 

I anther i FU01-411 Y, s Y, s 7/21 33.3 

I FU01-12 Y, s Y, s I Tip or midrib palea & lemma, anther 8120 40.0 

I FU01-13 Y,m Y,m [ Tip, midrib, anther 3/5 60.0 

I FU01-14 Y, s Y, s I Palea, lemma, lodicule and anther 13/26 50.0 
I 

Table 5.4 Patterns displayed by F1 plants visualised as EGFP and GUSPlus 

reporter genes expressions in floral tissues. Y: yes; s: strong; m: medium. 

Consistent patterns of EGFP and GUSPlus staining were displayed by most F1 

plants, especially those with strong levels of expression. Consistency in expression 

was shown, for example by F1 plants from crossing number 14 (FU01-14), which had 

strong expression in both anther and lodicule; by F1 plants of FU01-12 which had 

expressions in the tips of palea, lemma, anther, base of spikelet and pedicle and 

trichome; and by F1 plants of FU01-13 which had expressions in the tips of palea and 

lemma, base of spikelets. and anthers (Fig. 5.2). These results were similar to those 

described in Chapter 4, where strong expression patterns of TAFET lines were 

consistently displayed in subsequent generations of selfing. 
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Figure 5.2 Activation of EGFP gene by the GAL4NP16 transcriptional 

activator through sexual crossing. a,c & e: EGFP expression, b, d & f: 

GUSPlus expression, a+b: line FU01-12/ 23, c+d: lines FU01-13/2 and e+f: line 

FU01-14/3. 
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Observations of the expression of each within each were 

carried out to find out whether they segregated following a Mendelian fashion. 

Bacause of the limited number of plants within families, and the unequal numbers of 

plants produced in individual F 1 crosses, statistical analysis was not performed. 

In three F1 families, the percentages of plants with both genes (GUSplus and 

EGFP) expressed were between 22 and 33%, consistent with a 3:1 segregation ratio 

which would be expected if hemizygous T1 TAFET plants were crossed with 

hemizygous T0 EGFP plants. This was shown, for example in crossing numbers FU01-

3 and FU01-4. These families showed approximately one quarter of plants displaying 

both EGFP and GUSPlus reporter gene expression, and similar expression patterns 

The remaining six families showed expression of both genes in 40 to >60% of 

plants. This type of segregation is consistent with an assumption that homozygous 

TAFET plants were crossed with hemizygous To EGFP. Such segregation was 

observed for example in crossings number FU01-5 and FU01-14 with 50% of plants 

within the families displaying both reporter genes (Table 5-3). 

Expressions of both reporter genes were confirmed using Southern blot analysis. 

Because of limited time, blotting membranes containing plant DNA(s) of analysed 

plants were hybridised only with DIG-labelled EGFP fragment probes. Most of the 

female parents used in the crossing experiments had been identified in the previous 

generation (T0 ). Southern blot analysis showed that some F1 plants contained 

UAS::EGFP T-DNA insertions and some did not (Figure 5-3). 
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Figure5-3. DNA Southern Blot of F1 plants (TAFET line x UAS::EGFP line) 

hybridized with DIG labeled of EGFP fragment probe. L: A-DNA digested with 

BstEll, 1: 6-12, 2: 6-13, 3: 6-20, 4: 6-24, 5: 9-1, 6: 9-21, 7: 11-23, 8: 11-28, 9: 11:31, 

10: 11-34, 11: 11-37, 12: 11-39, 13: 12-17, 14: 12-23, 15: 12-28, 16: 14-10, 1x and 

10x: pSMRJ18R (GAL4/VP16_UAS-GUSPlus), and C: pFXH13.3 (UAS-EGFP T-DNA). 

I 
9* I 10 1 2 3 4 5 6 1* I 8 11 12 13 14 15* 16 

! Expression 
GUSPlus y y y y y 

I 
y n y y y 0 y y y y y 

EGFP If If y y n 
I 

y y y y y na y n y y y 

Table 5.4 Expression of reporter genes in the floral tissues of F1 plants. y: plant 

showed expression, n: plant showed no expression, na: plant was not analysed, plant 

number with *: plant had a contradictive result. 
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When gene data were with molecular 

results showed that most of the F1 plants that displayed both EGFP 

and GUS Plus also contained the UAS::EGFP T-DNA insertion (1, 2, 3, 4, 6, 

8, 10, 12, 4 and 1 (Table 5.4 and Moreover, some F1 had no UAS::EGFP 

T-DNA (5, 9, 11and13) and showed no EGFP expression as well (Table 5.4). 

Three F1 plants numbers 7, 9 and 15 showed inconsistent results. Plant number 

7 which had the UAS::EGFP T-DNA insertion showed no EGFP expression and only 

very weak expression of GUSPlus in the anther. It may be presumed that this plant did 

not contain the GAL4NP16 T-DNA, since the expression of GUSPlus was very weak 

and the expression was only in the anther. The results described in Chapter 4 

indicated a very weak background of glucuronidase-like expression ouserved in the 

anther. Plant number 9 showed EGFP expression in the anther, but contained no T­

ONA insertion. This inconsistent observation could be due to autofluorescence that is 

commonly observed in tissues containing chlorophyll, such as anthers (Haseloff et aL, 

1997), Plant number 15 showed expression of both reporter genes in the palea, 

lemma, lodicule, filament and anther, but Southern blot analysis indicated that it 

contained no T-DNA insertion. Progenies of these three F1 plants need further 

investigation before conclusions can be made, 

5.4 DISCUSSION 

The ability of the GAL4/UAS system to induce targeted gene expression occurs 

through the ability of the GAL4 transcriptional activator to activate transcription of any 

gene fused to the UASGAL4· It occurs through the recognition of the UASGAL4 region by 

the GAL4 DNA binding domain, and has been demonstrated in Drosophila, mammalian 

cells and plants (Fischer et aL, 1988; Kakidani and Ptashne, 1988). 
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enhancers in 

patterns of genes 
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has also been found to be efficient for n"'''"'"' 

and 

and Dormand, 1995; 2002). It was also 

able to direct expression of a target gene in certain tissues (spatial) under investigation, 

or of a random endogenous gene (Brand and Perrimon, 1993: Brand and 

1995; Rorth, 1996). Rorth (1996) reported that about 4% of target inserts gave 

dominant phenotypes (Gain-of-Function phenotypes) when the GAL4- UASGAL4 system 

was applied to activate the developing eye in Drosophila. 

Our crossing experiments between TAFET GUSPlus lines and UAS::EGFP lines 

showed that the transactivator GAL4NP16 constructs were able to activate the EGFP 

gene fused to the UASGAL4, producing F1 plants showing expression of both EGFP and 

GUSPlus reporter genes in similar patterns (Figure 5.2). F1 plants showed EGFP over­

expression in similar tissues (spatial) where the GAL4NP16 was active (visualised 

GUSPlus reporter 

Southern blot hybridisation analysis confirmed that F1 plants showing both EGFP 

and GUS Plus reporter gene expression contained both GAL4NP16 UAS-GUSPlus 

(previously identified in To) and UAS-EGFP T-DNA(s) (Fig. 5.4), whereas plants 

displaying only GUSPlus or EGFP expression may have correlated with the presence 

of the relevant single T-DNA insert. Detection of EGFP may have involJed a scoring 

error because of some autofluorescence produced by anther tissues. Green 

autofluorescence in plant tissues containing chlorophyll has been previously reported 

and may have been difficult to distinguish it from the GFP (Haseloff et al., 1997; Jach et 

al., 2001 ). 

Contradictory results between expression and the presence of T-DNA were 

shown for plants number 7, 9 and 15. Plant number 7, which had no EGFP expression 
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and very weak GUSPlus in the did contain the UAS::EGFP T-

ONA. The did not have any GAL4/VP16 as the GUS Plus 

in the anther was very weak. A weak 

expression had been observed in the anther of plants from segregated families that 

were not expected to have expression. In the case of plant number 9, which was 

observed to have EGFP expression in the anther. but contained no T-DNA insertion. 

this could be due to autofluorescence, as described above (Haseloff et al., 1997). In 

relation to plant number 15 which was observed to have both reporter gene 

expressions in the palea, lemma, lodicule, filament and anther, but it did not have any 

T-DNA insertion, conclusions cannot be drawn without further investigation of the 

progeny of these F1 plants. 

From these experiments, we can conclude that the GAL4/VP16 TAFET system 

was able to activate reporter gene expression through a mechanism in which the GAL4 

DNA binding domain recognised the UAS, and the VP16 activating domain transcribed 

a gene linked to the UAS. The implications of the GAL4/VP16 system to activate any 

gene linked to the UAS is that the system may be used to direct the expression of any 

gene under study (a target) in specific-tissue types, generating ectopic expression, and 

possibly producing Gain-of-Function (GoF) phenotypes. Haseloff (2002) has described 

attempts to select enhancer-trap GAL4/VP16 lines to activate cloned genes (HASTY, 

EARLY TRICHOME, SQUINT) involved in regulating the developmental phase of shoot 

in Arabidopsis. 

Various attempts to use the GAL4-UAS to direct a gene fused to the UASGAL4 

have been conducted in Drosophila (Castelli-Gair et al., 1994; Brand and Dormand, 

1995; Gustafson and Boulianne, 1996; Ito et al., 1997; Phelps and Brand, 1998). 

Results obtained from these experiments showed the ability of GAL4 to activate cloned 

genes (mostly reporter genes) fused to the UAS8 AL4. The purpose of these studies was 
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to express cloned genes in the site where the GAL4 activator 

was GoF this approach the functionalities of cloned 

genes were identified et 1994; Brand and Gustafson 

and Boulianne, 1996; Ito et al., 1997; Phelps and Brand, 1998). 

5.5 CONCLUSION 

From these experiments, two conclusions can be drawn as follows. 

• First, the GAL4/VP16 TAFET system was able to activate reporter gene 

expression through a mechanism in which the GAL4 DNA binding domain 

recognised and bound to the UAS, and the VP16 activating domain transcribed 

a gene linked to the UAS. 

111 Second, a regulatory protein was bound to an enhancer and that subsequently 

the enhancer bound to the minimal promoter upstream of the GAL4/VP16, and 

its activity was visualised by reporter gene expression in the particular tissues 

where the regulatory protein was active. 
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The identity of a cell is determined by its characteristic profile of gene 

expression. The ability of an introduced transactivator to direct gene expression in 

cells in which a particular gene is not normally (commonly) active, known as ectopic 

gene expression, is thus a powerful way to investigate the role of a particular gene in 

defining cellular identity. 

A common approach for analysing of the function of genes is through generating 

Loss-of-Function (LoF) phenotypes. This approach relies on a single mutational event 

and only detects genes which, when mutated, resulted in obvious mutant phenotypes. 

Ectopic expression phenotypes, however, can be equally informative as they can 

be useful for identifying a gene with multiple functions (pleiotropic). For example, the 

LoF phenotype of eyeless in Drosophila is the partial or complete absence of the 

compound eyes, whereas ectopic expression of eyeless is sufficient to generate extra 

eye structures that are not only morphologicaly normal but also electrically active on 

illumination (Phelps and Brand, 1998). Ectopic expression can also provide unique 

functional information in cases where there is no LoF phenotype because of genetic 

redundancy (Perrimon, 1998); (Phelps and Brand, 1998). The existence of the 

phenomenon of gene redundancy has been clearly shown. For example, a severe 

segmentation phenotype was obtained only when both the sloopy paired (s/p) loci (s!p1 
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et al., 1994). It was 

are 

a forkhead domain were deleted in 

that about two thirds of 

to show no obvious LoF 
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genes 

and 

The activation tagging system was developed for ectopic expression of genes as 

an approach to deal with genetic redundancy. Multiple copies of 358 enhancers, 

instead of the promoter itself, have been used in activation tagging constructs (Hayashi 

et al., 1992; Weigel et al., 2000). Application of this system results in mis or over­

expressing of endogenous genes in Arabidopsis (Huang et al., 2001 ). Among 

transgenic plants generated using this system a number of mutant phenotypes 

behaved genetically in a dominant fashion suggesting that at least some of them 

resulted from Gain-of-Function (GoF) mutations (Nakazawa et al., 2003). The 

activation tagging system has mostly been applied in Arabidopsis (Weigel et al., 2000; 

Huang et al., 2001; Nakazawa et al., 2003). 

This chapter represents an important part of developing another approach aimed 

at generating GoF mutation in rice. This approach, called TransGenomics, uses a 

similar strategy to that employed by Rorth (1996) in Drosophila melanogaster. Rorth 

mated a population of flies with defined patterns of Gal4 expression in embryo (as 

determined via analysis of a reporter gene under the control of UASGai4 promoter) with 

a population of flies containing UASGai4 promoter on the P-element, which is highly 

active in the Drosophila germline (Rorth, 1998). The application of the GAL4-UAS 

system induced 4% dominant mutations (Rorth et al., 1998). 

To explore the potential to produce Gain-of Function (GoF) phenotypes, two 

populations of plants needed to be developed; firstly, pattern lines containing the 

GAL4/VP16 transactivator, which we refer to as Transcriptional Activator Facilitated 
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Enhancer lines and lines either a cloned 

gene under the control of the UAS promoter random 

insertions of the UASGAL4 minimal promoter in the rice genome targets). The 

experiments aimed at mating plants from both populations to achieve either targeted 

expression of specific genes (when using specific targets) or, when using random 

targets, to deploy a transactivation-based mutagenesis process. 

In my experiments, the maize AGAMOUS-related gene, the ZAG1 gene, was 

chosen to create a specific target. This gene was cloned through low stringency 

hybridisation from a maize female inflorescences cDNA library using the AGAMOUS 

cDNA from Arabidopsis (Schmidt et al., 1993). It encodes a putative polypeptide 

of 286 amino acids, having 61 % homology with the AGAMOUS (AG) protein of 

Arabidopsis. ZAG1 RNA accumulates in the early stamen and carpel primordial 

stages, but it then diminishes during stamen development (Schmidt et al., 1993). A 

mutant zag1-mum1 obtained from transposon Mutator (Mu) application showed some 

flower changes, such as development of a variable number of extra silks which were 

partly sterile (Mena et al., 1996). It was concluded that the absence of ZAG1 resulted 

in a change in the fate of the cells that are destined to become carpel primordial. The 

OsMA03 gene, which is highly homologous to members of the AGAMOLJS family, was 

cloned and studied in rice (Kang, 1998). Loss-of-function (LoF) mutation of this gene 

alternates the third and forth whorls; filaments were changed into thick and fleshy 

bodies, similar to lodicules, whereas carpels were changed to several abnormal 

flowers. These results suggested that the OsMA03 gene belongs to the class C gene 

family of floral organ identity determination (Kang, 1998). 

A second specific target chosen was the Diphtheria toxin-A gene (OT-A). This 

gene has been previously used to determine a particular cell's fate during 

development, utilising cell ablation caused by expressing the Diphtheria toxin-A gene 
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construct molecule in a manner et al., The OT toxin 

contains two functional domains: chain A which carries the active site for ADP-

of the factor 2 inhibits all and chain B 

is needed for the binding of the toxin to cells and for the entry of chain A into the 

cytosolic compartment (Greenfield et al., 1983). Chain A cannot be transported across 

the plasma membrane without chain B, and remains in the cells where it is expressed. 

Using this characteristic, OT-A has been used for ablation of specific cells or tissues 

(Day et al., 1995; Tsugeki and Fedoroff, 1999) and/or specific cells during a certain 

stage of development (van de Geest et al., 1995). It was reported that OT-A driven by 

tissue specific promoter resulted in the ablation of cells where the promoter was active 

(Day et al., 1995). 

In this chapter, I report on the construction of plasmids containing either the 

UASGAL4 or the CaMV35S promoters driving the maize AGAMOUS-related gene, the 

ZAG1 and generating UAS::ZAG1 and 35S::ZAG1 populations through co­

transformation of those plasmids into rice calli. Results from crosses between TAFET 

lines and UAS::DT-A lines are also reported. 

6.2 MATERIALS AND METHODS 

6.2.1 MATERIALS 

In this experiment, a plasmid containing ZAG1 gene was provided by Martin 

Yanofsky (Schmidt et al., 1993). The TAFET lines used for crossing either with 

UAS::ZAG1 or with UAS::DT-A lines were T2 and F1 (from previous experiment, see 

Chapter 5 Table 5.3). The OT-A lines were provided by CAMBIA. 



121 

vectors 

The cloning steps to produce plasmids containing either the UASGAL4 or the 

CaMV 358 promoter driving the maize AGAMOUS-related gene (ZAG1) were as 

follows. A plasmid pCAMBIA0390 containing the CaMV 35S promoter (a backbone) 

was digested with Pm/ I, while pBS-SK-ZAG1 containing the ZAG1 gene (in pBlueScript 

backbone) was digested with EcoR I and Xho I. Two fragments: pCAMBIA0390 and 

the ZAG1, were purified after electrophoresis using a gel extraction method from 

Qiagen. Protruding ends of restricted fragments were eliminated by a filling reaction 

T4 DNA polymerase for 20 minutes at 12°C and the DNA was purified again. 

DNA fragments were dephosphorylated in a 25 µL reaction containing 2 units of Shrimp 

Alkaline Phosphatase (SAP, Boehringer Mannheim) and 1 x dephosphorylation buffer 

(10x buffer contains 0.5 M Tris-HCI and 50 mM Mg2CI, pH 8.5) at 37°C for 1 hour. The 

reaction was terminated by heat inactivation at 65°C for 20 minutes. Both fragments 

were ligated using T4-DNA ligase overnight at 16°C. 2 µI of ligation product were 

subsequently transformed into E. coli competent cells (DH5-a) using electroporation at 

1.8 Volt, 500 µL of SOC solution (refer to p23, 2.1.1) was added and tnen incubated 

with shaking for 30 minutes at 37°C. Cells were cultured in solid agar medium 

containing kanamycin 100 and incubated overnight at 37°C. Colonies were picked and 

cultured in liquid media with Kanamycin 100 and incubated at 37°C with shaking 

overnight. DNA was purified using the alkaline lysis method (Sambrook et al., 1989) 

and the correct plasmids were identified through digestion using BamH I restriction 

enzyme. The plasmid containing the ZAG1 gene was designated as pSKG46.22. The 

final step was to clone the UAS minimal promoter upstream of the ZAG1 gene. A 

fragment of 6xUASGAL4 was excised from pSKB72.1 through a double digestion 

reaction using Sma I and Nco I restriction enzymes. Plasmid pSKG46.2~ was digested 
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with Sma I. The protruding ends of the Nco I site were eliminated using a filling 

reaction with T 4 DNA polymerase for 20 minutes at 12°C, DNA purified again and then 

ligated. The same procedure was carried out for transformation and bacterial culture 

as mentioned above. The plasmid containing the UAS GAL4-ZAG1 gene, designated 

pSKG53.1 (Fig. 6.1 ), was verified through digestion using Aat I and Sac I restriction 

enzymes. 

T-DNApSKG53.1 1973 bp 

Figure 6.1 The plasmid containing the UASGAL4 driving ZAG1. 

Another cloning experiment was undertaken to produce a plasmid containing the 

CaMV 35S promoter driving the ZAG1 gene. The first step was to amplify the ZAG1 

gene with new restriction sites (Nco I and Bgl II sites) using the Polymerase Chain 

Reaction (PCR). The primers designed for the reaction were ZAG1-B and ZAG1-T 

(Table 6.1 ). This PCR product was cloned into TOPO vector strain 1 OF (Progen) using 

the heat shock method. Transformed cells were grown onto solid agar medium 

containing ampicilin100
, IPTG 40 and X-GAL 40

. Media plates were incubated overnight at 

37°C. A white colony containing the plasmid, with appropriate size confirmed by PCR, 

was identified and named pSKH8.7. Sequencing to verify that the PCR process did not 

introduce mutation in to ZAG 1 gene was carried out (Appendix 6.1 ). The second step 

was to digest pCAMBIA0390 (backbone) and pTNT C-98.2 (source for the CaMV 35S 

promoter) with Hind Ill and Bgl II and to purify the pCAMBIA0390 fragment and the 35S 

promoter fragment using a gel extraction method. DNAs from these two fragments 

were ligated using T 4 DNA ligase and then transformed to E. coli competent cells 
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(OHS-a). Cells were cultured on solid agar medium containing kanamycin 100 and 

incubated for 24 hours at 37°C. Colonies were picked and cultured in the liquid media 

with Kanamycin 100
, overnight at 37°C with shaking. This cloning step produced 

pSKG92.10. The final step was to clone the ZAG1 fragment from pSKH8.7 into 

pSKG92.1 O by digesting both plasmids with Nco I and Bgl II restriction enzymes, gel 

purifying and ligating the ZAG 1 fragment and pSKG92.1 O fragment to produce 

pSKH26.5 plasmid containing the CaMV35S promoter driving the ZAG1 gene (Figure 

6.2). 

T OORCER(L) 

1
MCS (pUC9) ~Pro111>ter mxl-ZAG1 

I l ---L..-... 1 ~ __ _,__/ _ _,_ • ........, . ::> 
T·DNApSKH26.S 2215 bp 

L OORCER(L) 
\ 

!\CS rrlfA 
I 

Figure 6.2 The plasmid containing the CaMV35 promoter.driving ZAG1 

gene. 

6.2.2.2 Co-transformation and generating pSKG53.1 (UAS::ZAG1) and 

pSKH26.5 (35S::ZAG1) lines. 

Both pSKG53.1 and pSKH26.5 plasmids were transformed into Agrobacterium 

tumefaciens strain EHA-105 competent cells by electroporation (Biorad). A plasmid 

containing a hptll gene driven by the CaMV 35S promoter, pFX-8114-1, was used in 

co-transformation experiments to introduce both plasmids into the rice genome, as 

described in Chapter 2. 
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of lines insertions 

Identification of UAS::ZAG1 lines and 358:: ZAG1 containing T-DNA insertion(s) 

was carried out using PCR. Two sets of primers were used to amplify both the ZAG1 

gene and the hpt II gene (a hygromycin resistance gene) (Table 6.1 Plants containing 

both elements (UAS::ZAG1 and 35S driving hpt II gene) were used as crossing 

materials. 

Oligonucleotides 

HYG R 

HYG F 

cZAG1T 

cZAG1B 

ZAG1-T 

ZAG1-B 

Sequence ( 5' - 3') 

GATGCCTCCGCTCGAAGTAGCG 

GCATCTCCCGCCGTGCACAG 

TCGCGCTCATCGTCTTCTCC 

AAACCGTGCTGCTGATACTCACTT 

GATCCATGGTGCACATCCGAGAAG 

Nco I 

ACATAGATCTCCCCCTCGAGTTT 

Bg! II 

Table 6.1 Oligonucleotides used in PCR to amplify the hpt n gene 

(hygromycin resistance gene) and ZAG1 gene. 

6.2.2.4 Crossing 

Two crossing experiments were carried out: 1) crosses between T AFET lines 

and UAS::ZAG1 lines and 2) crosses between TAFET lines and UAS::DT-A lines. 

Sexual crossings were performed just before spikelets emerged from the booting 

sheath. Emasculation and crossing procedures were carried out, as previously 

described in Chapter 5 Section 5.2.2.1. 
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analysis F1 plants 

Southern blot hybridisation was carried out to define whether reporter gene 

expression coincided with the presence of T-DNA in selected F1 plants. Plant DNAs 

were extracted from fresh leaf tissues ground in liquid nitrogen using a CT AB method 

as previously described (Del Sal et al., 1989). DNA was digested with EcoR I 

restriction enzyme. Electrophoresis and Southern blot hybridisation of DNA were 

performed as previously described (Sambrook et al., 1989) using DIG-labelled ZAG1 

probes. A ZAG1 gene fragment was amplified from pSKG53.1 using cZAG1-B and 

cZAG1-T primers, and a DT-A fragment was amplified from pSMRJ54.3 using M13-F 

and M13-R TOPO-TA cloning primers (lnvitrogen). 

6.3 RESULTS 

A plasmid containing the ZAG1 gene driven by the CaMV35S promoter 

(pSKH26.5) was constructed (Fig. 6.2) and transformed into the rice genome to 

evaluate the phenotypic changes resulting from over-expression of ZAG1. Also 

constructed was a plasmid containing the ZAG1 gene (a target gene) driven by the 

UASGAL4 (pSKG53.1) (Fig. 6.1 ). A 35S::ZAG1 population was developed as a control 

for the ZAG1 transactivation experiment (Fig. 6.2). UAS::ZAG1 transgenic lines were 

generated and crossed to TAFET lines to produce F1 plants. These plants were 

evaluated for any phenotypic changes in the rice floral tissues. 

6.3.1 Identifying T -DNA insertion of pSKH26.5 and pSKG53.1 lines using 
PCR 

A hundred and twenty two pSKH26.5 lines (containing 35S::ZAG1) and 100 

pSKG53.1 lines were generated from co-transformation. PCR amplification of hpt II 

and ZAG1 genes identified 51 pSKG53.1 lines (51 %) containing pSKG53.1 and pFX-
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T-DNAs insertion. 

5 lines containing 

6.3.3 Observation 35S::ZAG1 and UAS::ZAG1 To populations 

126 

and 14-1 

Of the 59 pSKH26.5 lines containing the 35S::ZAG1 T-DNA, only half were 

assessed for any floral change. Most of the lines had no obvious floral change and 

only five displayed abnormalities (20.8%) in some spikelets (Table 6.2). For example, 

line pSKH26.5-5d did not have any lodicule or had lodicules that converted into a 

filament-like organ, and some of the spikelets did not have stigmas. Line pSKH 26.5-

3b had several ovules, and not fully developed stigmas, whereas pSKH26-93 had two 

ovules with four stigmas. 

Interestingly, when seed setting was observed, there were differences in the 

percentage of lines with a high level of sterility between the population with and without 

35S::ZAG1 T-DNA insertion. In this experiment, plants were classified as "high" 

sterility when more than 50% of spikelets were empty (no seed), whereas "low" sterility 

plants had less than 10% of spikelets empty. 22 of 41 pSKH26.5 lines (about 56.7%) 

with 35S::ZAG1 T-DNA insertion displayed high sterility, whereas this phenotype was 

only shown by 15 of 41 pSKH26.5 lines (about 36.6%) without 35S::ZAG1 T-DNA. 

Moreover, the opposite result was shown for low level of sterility, in which 10 of 41 

pSKH26.5 (24.4%) with T-DNA showed low sterility, whereas 16 of 41 pSKH26.5 lines 

(39%) without T-DNA showed such a level. In addition, 8 of those 22 pSKH26.5 lines 

containing 35S::ZAG1 T-DNA with high sterilities as described above, displayed some 

floral abnormality phenotypes, whereas lines with low or medium sterilities, displayed 

normal floral phenotypes (Table 6.2). 
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No with T-DNA Sterility level without T-DNA Sterility level ! 
4. 93* high 1f medium 

I 
2 ! 62a ' 4b I . medium i 

! 3 I 14b medium 4d low I 
i 

4 37b high 1a low I 

5 71* high 5L high 

6 182 high 6a low 

7 8f** high 6c low 

8 69f low 7b high 

9 64a medium 9i high I 

10 172** medium 14a high 

11 I 24a** low 16a high 

12 16b high 18a low 

13 9* high 19c low 

14 3a medium 19d medium 

15 60b low 19a low I 
16 8c high 20d high 

I 17 43d** 
1 

iow 22a medium I ! I 
18 I 25b 1 high 22b 1 low ! 

19 21 b* 1 high I 23a I medium i 
20 4e medium 23c I high 

21 4f medium 7 medium 

22 92** low 29a low 

23 23b high 29h high 

I 
24 25d low 19b medium 

! 25 12a* high 30d medium ! 
' 

I 26 I 174* high 43c i low I 
I 
I 

27 ! 186 i high 44c** I low I 
I i 

28 31e medium 49b** medium I 
29 11 a** I medium 50a medium 

30 72 medium 61b high 

31 38c high 62b** low 

32 48d** low 66b high 

33 26 low 32a low 
I 

34 I 3b* high 69e I low I 
' I 

35 5d* high I 70b I high i i 

36 I 14b medium 100c* I high I 

37 8b high 100f high 

38 63a high 36a low 

39 69k low 33d low 

40 29f high 91 high 

41 42a high 92 high 
I 
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Table 6.2 Sterility level of pSKH26.1 lines with and without 35S::ZAG1 T­

ONA insertion. *: lines with floral abnormalities, **: lines with normal floral 

phenotypes. Categories of sterility refer to the text 

The higher percentage of 35S::ZAG1 lines displaying poor seed set may indicate 

that over-expression of ZAG1 gene had some effect on reproductive organs. Of the 37 

pSKG53. 1 lines observed for floral phenotypes, only four had apparent changes 

(10.8%). Those were pSKG53. 1-48b and pSKG53-43c that had stamens changed to 

ovules, therefore producing multiple ovules. Line pSKG53. i-16b had attached 

filaments producing a lodicule-like organ and had extra palea and lemma, and 

pSKG53-296 had undeveloped anthers. However, these phenotypes only occurred in 

some spikelets. 

6.3.4 Analysing F1 plants phenotypes 

Crossing was carried out between the GAL4/VP 16 pattern lines and the 

UAS::ZAG1 and between the GAL4/VP16 pattern lines and the UAS::DT-A line (Table 

6.3). The UAS::ZAG1 lines used as materials for crossing were identified containing T­

ONA insertions using PCR, while TAFET and TAFETxUAS::EGFP lines were identified 

for both T-DNA and reporter gene expressions (Table 6.3). 
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l I 

Female parent Male parent Phenotypic observations 

UAS::ZAG1 TAFETxUAS::EGFP 
pSKG53-18b FU01-14/3 c 11 3 died 

pSKG53-18b FU01-6/20 c 2 1 died 

pSKG53-47b FU01-5/7 c 5 i died 

pSKG53-47b FU01-6/20 c 13 2 yellow 

pSKG53-55 FU01-9/21 c 8 2 died 

pSKG53-50b FU01-14/10 c 4 3 yellow and died 

pSKG53-18b FUOi-226 0 

pSKG53-47b FU01-136 1 

TAFET UAS::DT-A 

NI01-14/4-Ga FU01-298b 9 2 died 

NI01-12/6-3a FU01-297 b 18 2 died 

NI01-12/6-1a FU01- 297 b 8 1 died 

NI01-12/6a FU01-297 b 12 1 died 

N101-12/6-2a FUOi-298 b 18 5 stunted, yellow; 4 died 

NI01-24/5-8a FU01-297 b 6 2 stunted, yellow 

Table 6.3 Description of F1 progeny resulting from crossing experiments 

between UAS::ZAG1 and TAFET lines and between UAS:DT-A and TAFET 

lines. 3 • code given for TAFET lines in the experiment year 2001; b. code given 

for UAS::DT-A line in the experiment year 2001; c. F1 plants (GUSPlus TAFET 

line x UAS::EGFP line), except for FU01-136 is a TAFET-EGFP line. 

In general, the number of F1 plants produced from crossing experiments was 

very low (Table 6.3). Four lines of pSKG53.1 (UAS::ZAG1) were used for crosses with 

TAFET lines (GAL4/VP16) (Table 6.3). Most of the F1 plants from these crossings did 

not show any apparent phenotypic change in their flowers. For example, F1 plants of 

crossing between a pSKG53.1-18b line and a TAFET line (FU01-14/3) had normal 

floral phenotypes. Only a small number of spikelets showed anthers that changed to 

ovule-like shape, producing multiple ovules. 
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Three TAFET lines were crossed with two UAS::DT-A lines (Table 6.3). F1 

plants displayed various degrees of severity of phenotypic changes including stunted 

plants, yellow leaf colour, or lethality (Fig. 6.3). A limited number of seed settings 

due to a high percentage of sterile spikelets were also obseNed in these F1 plants. 

For example most of F1 plants of crossing # 8 (NI01-12/6-2 x FU01-298) showed 

high to completely sterile or died in the seedling stage (Table 6.4). 

Figure 6.3 A plant with stunt phenotype (B) compared to a normal plant 

(A) in F2 Nl02-8 (NI01 12/6-2 x UAS::DT-A) family. 
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Molecu analysis of Plants 

Molecular analysis was carried out on the F1 plants to identify whether plants 

contained T-DNA from both parents. F1 plants from cross number 12, a crossing 

between pSKG53.1-18b and FU01 14/3 (refer to Table 6.3) had two bands, about 

6.7kb and 3.0 kb in size. These two fragments were segregated among eight of 11 F1 

plants, when their DNA blots were hybridised with a ZAG1 fragment as a probe (Table 

6.5) (Blot not shown). Only eight of 11 F1 plants can be analysed, because the other 

three plants were died (refer to Table 6.3). Both parents had been identified previously 

and proven to contain T-DNA insertions. Unfortunately, this membrane was not 

hybridised with GAL4/VP16 probe and consequently this result can not be used to 

show that phenotypes are linked to the activation of ZAG1 gene by the GAL4NP16 

transactivator. However, as described before, there were no obvious morphological 

changes in the floral tissues. 

i 

Plant No. i 3.6kb fragment 6.7kb fragment 

no no 
2 yes yes 
3 yes no 

4 yes yes 
15 j no no 

6 I no yes 
7 I yes I ye, 

.8 I yes 
I 

yes 
I 

Table 6.5 T-DNA(s) segregation among F1 plants of cross number 12 (refer 

to Table 6.3). 

In other experiment, the Southern blot membrane of F1 plant DNA(s) of NI02/8 

[crossing between the TAFET lines and UAS::DT-A lines (a T-DNA also contained a 

UAS::GUS)] was hybridised with a 1.5kb UAS-DT-A fragment as a probe. For details of 

crossings see Table 6-3. It showed no hybridisation at all. However, when it was 

hybridised with a fragment of GUS gene as a probe, a weak band of 8.5 kb in size was 
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observed on some plants DNAs blots (Fig. 6.4, B and Table 6.4)). In addition, when 

the blot was hybridised with the DIG-labelled GAL4NP16 probe, it had either 1 or 3 

copies of T-DNA insertion in 5.6kb, 3.6kb and 1 kb DNA fragments (Fig. 6.4, A and 

Table 6.4 ). Of these 3 fragments, only the 3.6kb and 1 kb fragments segregated 

among plants, but all F1 plants had at least one copy of GAL4NP16 T-DNA. Some F1 

plants contained both UAS::DT-A (1 copy) and GAL4NP16 (either 1 or 3 copies) T­

DNAs, for example by NI02/8 number i, 7, 11 and 16 (refer to Fig. 6.4 A and B; Table 

6.4 ). In contrast, another F1 plant, for example NI02/8 number 6, 8 and 13, did not 

contain UAS::DT-A T-DNA insertion and only had GAL4NP16 T-DNA (refer to Fig. 6.4 

A and B; Table 6.4). 
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A 

8 

8.4kb 

L 12345678 

Figure 6.4. Southern Blot analysis F1 plants of NI02/8 [NI01 12/6-3 

(pSMRJ18R(1/2)-9a) x FU01-298 (UAS::DTA)]. Plants DNA were digested with 

EcoRI restriction enzyme. A, the membrane was hybridised with DIG-labelled 

GAL4NP16 fragment as a probe. L: A BstE-11; 1-16, number of plants (refers to no1-

16, Table 6-4); 17, pSMRJ18R(1/2)-9a (female parent); 18, 1x pSMRJ18R; 19: 1x 

pWSA89-18, and armws: fragments containing T-DNA insertion. 

B: the membrane was hybridised with DIG-labelled GUS fragment as a probe; L: J\ 

BstE-11; 1-16: number of plants (refers to no1-16, Table 6-4); 17: pSMRJ18R(1/2)-9a 

(female parent); 18: 1x pSMRJ18R; 19: 1x pWSA89-18, and arrows: plants with T­

ONA insertion. 

6kb 

3.6kb 

lkb 
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From the previous experiment, presented in Chapter 5, it was confirmed that the 

GAL4/VP16 system was able to activate a reporter gene fused to the UASGAL4· From 

the crossing experiment between TAFET lines containing GAL4/VP16_UAS-GUSPlus 

T-DNA and a UAS line containing UAS-EGFP T-DNA, F1 plants had similar patterns of 

expression for both GUSPlus and EGFP reporter genes and these patterns were 

consistently displayed in the F2 generation. 

In this chapter, I reported attempts to generate phenotypic changes through 

crossing between TAFET lines (containing transactivator GAL4/VP16) as "effectors" 

and UAS_ZAG1 lines and UAS_DT-A lines, as "target" lines in rice. 

Over-expression of the ZAG1 gene by the CaMV35S promoter (pSKH26.1) 

showed that it affected the development of reproductive organs in rice, as some of 

pSKH26. i lines displayed floral phenotype changes, although the changes were only 

shown in some spikelets. Moreover, 56.7% of the pSKH26.1 lines with T-DNA 

insertions displayed high sterility or complete sterility compared to 36.6% of the 

pSKH26.1 lines without T-DNA displayed similar sterility level (refer to Table 6.2). A 

higher percentage of sterility phenotypes might be influenced by the over-expression of 

the ZAG1 gene, as it is known that the ZAG1 gene is expressed primarily in a 

primordial stage of reproductive organ development in maize (Schmidt et al., 1993). A 

possible reason for these phenotypes (floral change phenotypes shown in some 

spikelets, leading to high sterility) is co-suppression (Jorgensen et al., 1996). High 

level of expression of transgenes introduced into the plant can inhibit the expression of 

the plant's own gene by triggering sequence-specific destruction of similar transcript, 

instead of producing large quantities of new proteins (Jorgensen et al., 1998). Co­

suppression was shown by a single-copy sense construct of a chalone synthase (Chs) 

gene driven by a strong promoter (the 35S promoter) (Que et al., 1997). Plants with 
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transgene copies are subject to somatic events that result in either a complete 

loss of the co-suppression stage or a qualitative change in pattern of co-suppression, 

and it was related to a transgene dosage (Que and Jorgensen, 1998). If the 

transcriptional silencing only affects the transgenes, then the endogenous expression 

will not be suppressed and the plant will produce a normal phenotype (Jorgensen et al., 

1996). Variation in phenotypes of 35S::ZAG1 lines might be related to different levels 

of co-suppression among lines and even spikelets in a single inflorescence. 

Another possible reason for this phenotype in F1 plants is gene silencing. Gene 

silencing can be homolog-dependent and in our case, the UAS::ZAG1 sequences 

might be homologous to an endogenous rice gene (Matzke et al., 1994). The ZAG1-

homolog gene identified in rice was the OsMAD3 which was actively expressed in the 

third and fourth whorls of the rice flower (Kang, 1998). 

The crossing experiment between the GAL4/VP16 lines (pattern lines) and 

UAS::ZAG1 lines (target lines) produced F1 plants without any obvious floral phenotypic 

changes. A possible reason for the lack of floral phenotype change in F1 plants may be 

due to the insufficient production of ZAG1 RNA through transactivation. compared to 

the 358 promoter that induced an obvious level of the phenotypic changes in the 

spikelets. While there is little doubt that the GAL4/VP16 is capable of increasing 

transcription level beyond basal levels there was likely insufficient expression of ZAG 

transgene. However, some changes were observed in few spikelets (anthers changed 

to ovule-like shape, producing multiple ovules) suggesting that on those tissues the 

level of ZAG1 activation by GAL4/VP16 was sufficiently high. 

F1 plants from the crossing experiment between the GAL4/VP16 pattern lines 

and UAS::DT-A lines had severe phenotypic changes and a limited number of seeds 

(high percentage of sterile spikelets or even complete sterility). A severely affected 
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phenotype in limited number of seeds has been seen in previous work using the OT-A 

gene in Arabidopsis (Day et al., 1995; Nilsson et al., 1998). However in the current 

work, plants showing severely affected phenotypes with T-DNA and plants showing 

severely affected phenotypes without the DT-A T-DNA are almost equal in number, it is 

therefore not possible to link the phenotypes with the DT-A T-DNA. 

6.3 CONCLUSION 

From these experiments, three conclusions can be taken, as follows. 

" First, attempts to validate the ability of GAL4NP16 TAFET system to generate 

a phenotype change in floral tissues did not fully succeed. This might be due to 

insufficient RNA product produced by the activation of ZAG1 by the GAL4NP16 

to be able to induced obvious phenotypic changes in the floral tissue. Only 

limited changes in the floral tissues leading to higher sterility were observed in 

358:: ZAG1 lines. 

" Second, although there was an indication that the GAL4NP16 activated a DT-A 

target gene fused to the UASGAL4· producing F1 plants with severe phenotypes 

in plant growth and in a limited number of seeds, F1 plants segregated 1 :1 

between plants with and without T-DNA and it was not possible to link the 

phenotypes to T-DNA insertion. 

• Third, as the ability of the GAL4/VP 16-UAS to activate a target gene is 

important for rice functional genomics, attempts to confirm the system are 

needed for future work, by choosing another target gene that might be 

expressed in sufficient amount to be able to induce an obvious phenotypic 

change. 
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Chapter 7 

LOSS-OF-FUNCTION PHENOTYPES OF TAF LINES 

1 INTRODUCTION 

Although the purpose for development of the GAL4NP16 facilitated enhancer 

trap population was not to induce gene disruption, lines with mutant phenotypes were 

obtained in our experiment, presumably through random insertion of the T-DNA 

constructs in the rice genome. 

Loss of Function (LoF) mutations have been a major component of functional 

genomic approaches and several different technologies using insertional mutagenesis 

have been applied with different levels of success in Arabidopsis (Burns et al., 1994; 

Pereira, 2000) and in rice (lzawa, 1997; Enoki et al., 1999; Greco et al., 2001 ). It is 

clear that functional gene redundancy can limit the efficiency of technologies applied 

for inducing mutations. For example, Qu et al. (2003) reported that seven Bowman­

Birk inhibitor (BBi) genes that encode serine protease inhibitors from japonica rice were 

in a single cluster on the distal end of the long arm of rice chromosome 1 and two of 

those genes (RBBl2-3) had been identified having similar functions to protect rice from 

the fungal pathogen Pyricularia oryzae. Many genes cloned from mutants belong to 

the same gene families, for example the AGAMOUS and other MADS-box genes, and 

yet display strong phenotypes (Bouche and Bouchez, 2001 ). Disruption of these genes 

is not likely to lead to an easily recognisable phenotype (Burns et al., 1994; Springer, 

2000; Bouche and Bouchez, 2001 ). The enhancer trap is one system which is based 

upon gene expression, instead of induced mutagenesis, to overcome the ameliorating 

effects of gene redundancy (Sundaresan et al., 1995a; Springer, 2000). 
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The method used to deliver insertional sequence mutagenesis may also affect 

the efficiency of gaining mutations (Alonso and Stepanova, 2003). Mutants can also be 

induced from routine tissue culture; Palmer et al. (2000) and Peschke et al. (1987) 

provided conclusive molecular evidence that transposable elements activation is 

responsible for tissue culture-induced mutations in maize. 

Hirochika et al. (1996) found that the transposable element, retrotransposon 

Tos17, was highly activated during tissue culture in rice. Retrotransposons are class I 

elements that are functionally and structurally different from the DNA transposon 

element (class II elements), such as Ac, Os, Spm, etc. A mechanism of 

retrotransposon activation is based on a replicative process, which leads to 

proliferation of these elements in the genome, as the "master copy" of the 

retrotransposon is not excised from its genome. This propagation is achieved through 

an RNA intermediate (Girard and Freeling, 1999). Retrotransposons usually induce a 

stable mutation, since they do not have excision capability. Retrotransposons carry 

long terminal direct repeats (L TRs) at both ends and an internal domain encoding Gag 

and Pol polyproteins. Enhancer-promoter sequences are present on the L TRs and 

regulate the synthesis of both the RNA template for reverse transcription and mRNA 

required for protein synthesis (Girard and Freeling, 1999). This unique feature of 

Tosi 7 suggested that it could be used for transposon-tagging and reverse genetic 

studies in rice. 

The reverse genetic studies in rice are important, as a large number of cloned 

genes with unknown function have been identified by large scale sequencing of cDNA 

(Sasaki et al., 1994, Sasaki and Yamamoto, 1997), including a large set of full length 

cDNAs (Kikuchi et al., 2003). In order to identify the insertion sites of transposable 

elements or T-DNAs in the gene of interest, a transposable element segment or T-DNA 

sequence and a mutagenised gene sequence were used in PCR reactions using DNA 
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This chapter is a report of the mutant phenotypes observed in the T AFET lines 

produced in this thesis and attempts to identify at the molecular level the floral 

morphological changes observed in the pSKC66.1-8e line. 

7.2 MATERIALS AND METHODS 

7.2,1 MATERIALS 

As described in chapter 3, I produced 1,000 TAFET lines. Of these, eight plants 

from each of 270 lines were observed for any phenotypic change in the T1 generation. 

Seeds of the pSKC66. 1-Se mutant line were grown and plants of this mutant were 

observed in T1 • T2 and T3generations. 

7.2.2 METHODS 

7 .2.2.1 Observation of TAFET lines 

All plants of the T1 generation of TAFET lines were observed for any 

morphological changes and/or phenotypic changes in vegetative and floral parts. 

Flowers of pSKC66.1-8e mutant line were observed using a Leica Wild MS microscope 

or a Leitz Diaplan microscope with bright-or dark-field optics. Images were acquired 

with a Nikon CoolPix Digital photo camera. Samples were also observed using a 

Scanning Electron Microscope, Hitachi 4500 (Vesk et al., 1994 ). 
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1.2.2.2 Histological analysis 

Histochemical detection of GUS (~-glucuronidase) was performed using fresh 

floral parts of the mutant line as previously described (Jefferson et al., 1987). Samples 

were viewed using a Leica Wild MB microscope or a Leitz Diaplan microscope with 

bright- or dark-field optics. 

7.2.2.3 Southern Blot Hybridisation 

Molecular analysis of the mutant lines was carried out using a Southern blot 

hybridisation method on T 0 , T 2 and T 3 plants. Two probes, the GAL4NP16 and Tos17 

fragments, were hybridised to nylon filters with genomic DNA digested with EcoR I. 

The procedure used was as previously described (Sambrook et al., 1989) 

7.3 RESULTS 

7.3.1 Phenotype and reporter gene expression of mutants in T1 generation 

Eight plants each of 270 TAFET lines of the T1 generation were observed for any 

chlorophyll-deficiency and/or any morphological change phenotypes (for details see 

Appendix 4.1 ). These observations resulted in a number of lines with phenotypic 

changes, mostly in leaf chlorophyll content and floral shape. Chlorophyll-deficient 

mutations observed ranged from yellow-green (viridis), green with white stripe to 

completely white (albino) (Figure7.1). The percentage of these phenotypes was 2% 

(viridis), 3% (white stripes) and 5% (albino). Mutants with an albino phenotype died 

after two weeks, whereas plants with white stripes or yellow-green colouration 

survived. 
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E1 

Figure 7.1. Chlorophyl mutation and ectopic phenotypes in spikelets 

displayed in T1 TAFET lines. A. yellowish green (viridis), B. broad white stripe, 

C. narrow white stripe, D. albino, E. floral (spikelets) morphological changes, E1. 

flower (spikelet, blue colour) within flower (spikelet) and E2. abnormal style and 

stigma (blue colour) . Blue colour is GUS reporter gene expression. 

Dramatic changes in plant and floral morphology were observed in one of eight 

plants of pSKC66.1-8e (Fig. 7.2 and 7.3). Various spikelet morphology changes were 

observed, such as 1) a spikelet within a spikelet (Fig. 7.3, A, B, H); 2) a spikelet with a 

bud-like shape (Fig. 7.3, I), 3) spikelets with leaves-like shape of palea and lemma (Fig. 

7.3, D and F); 4) spikelet with abnormal carpel and a lesser numbers of anther than 6 

(Fig. 7.3, C); 5) spikelets with abnormal style and stigma (Fig. 7.3,J-L) and 6) spikelet 

with abnormal pedicle (Fig. 7.3, G). Interestingly, the changed floral tissues showed 

blue GUS staining, while the wild type flowers showed GUS staining only in the anthers 

and pollen. In addition, the mutant had only one culm instead of an average number of 

five or more culms, and the culm was slightly twisted (Fig. 7.2) 



-

Figure 7.2. Phenotypes of mutant (8) and wild type (A) of pSKC66.1-8e 

line. 

1-B 
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Figure 7.3. Ectopic expressions of pSKC66.1-8e line and its reporter 

gene expression in various flower organs. a-c: range of flower 

morphological changes, a & b. no sexual organs, c: have two anthers but no 

female organ, d-f: leafy- or bud-like structure, g-i: spikelet-like structure inside 

spikelet, j: no style and stigma, but small tissues in the middle-top of ovule 

(carpel) , k: style-like structure and small tissues in the middle-style, I: style 

and not fully developed stigma (philia) and m: spikelet-like structure inside 

spikelet without GUS reporter gene expression. 
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Moreover, flower pSKC66.1 was observed using Scanning 

Microscope (SEM). This mutant plant was abnormal in anther, style and stigma tissues 

development (Figure7.4). 

Figure 7.4 Scanning electron microscopy of anther and stigma of the pSKC66.1-

8e line. a. fully developed anther, style and stigma of wild type; b. not fully developed 

anther and stigma, c. Style and stigma were not developed at all, were observed in 

mutant flowers. 

7.3.2 Genetic analysis 

In order to establish the genetic basis of the pSKC66. i-8e mutant phenotypes, 63 T1 

seeds were planted. Floral phenotype changes were observed in 1 O of 63 T1 plants 

(Table7.1) and the mutants showed GUS staining in the floral tissues. Another 10 of 

63 plants died during growth. By assuming that the 1 O dead plants and 1 O plants with 

floral mutant phenotypes were in the same class (group), plants in T1 appeared to 

segregate in an approximate 3: 1 ratio, between plants with normal phenotype (wild­

type phenotype) and plants with mutant phenotype. Those 53 of 63 T1 plants were also 

observed for GUS gene expression in the floral tissues. Plants showed an 

approximate a 3: 1 segregation ratio between those displaying GUS expression 
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(36 of and those displaying no expression 17 of 53) 7.1). Gus gene 

expression was expressed either in the anther wall and pollen of wild-type plants or in 

the floral tissues showing morphology changes in the T1 generation. These results 

suggested a link between mutant phenotypes in this line and TAFET T-DNA insertion. 

This prompted the analysis of the T2 generation. 

Nine T2 families were planted and at least 20 plants were observed for each 

family (Table 7.1 ). A varying number of plants with mutant phenotypes were observed 

within each family. As a result, plants within a family did not segregate in a 3:1 ratio 

(wild type:mutant). In theory, about one quarter of plants should have a mutant 

phenotype if the mutation is recessive. Interestingly, the GUS staining segregation 

pattern was consistently shown by plants of families in the T2 and T3 generations, 

except for plants of family 39-54 number 4 (39-59/4) which showed no GUS gene 

expression (Table 7.1) (Figure7.3, F). 

Southern blot analysis was carried out on T2 and T3 plants to identify and confirm 

if T-DNA insertion is linked to the mutant phenotype. The GAL4/VP16 gene fragment 

was used as a probe. Southern blot analysis of pSKC66.1-8e plant DNA in the T0 

generation showed that four DNA fragments (3.6kb, 3.0kb, 1.6kb and 1.3kb in size) 

containing TAFET T-DNA insertions (Figure 7.6, A, lane 15). The first two, 3.6kb and 

3.0kb, were "fixed"in all plants, while the 1.6kb and 1.3kb fragments co-segregated 

among plants within a family. Therefore, plants within families had either 4 fragments 

or 2 fragments. In addition, there were families which had no T-DNA (Fig.7.6, A) 

(Table 7.1 ). Interestingly, there were plants which had a different number of T-DNA 

insertions, showing mutant phenotypes (Fig. 7.6 A, lane 14 and 15). In contrast, there 

were plants which had a similar number of T-DNA insertions showing different 

phenotypes, both wild type and mutant. For example, plant 6 (lane 6) showed mutant 

phenotypes and plant 7 (lane 7) showed wild-type phenotype (Fig. 7.7 A, lane 6 and 
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These results strongly suggested that the mutant were not linked to 

the T-DNA insertion. 

Further Southern analysis was carried out on several families in the T 3 

generation. Analysis gave confirmation that the mutant phenotypes were most likely 

not linked to the T-DNA insertion, as two plants of family 39-54 number 4 (39-59/4) and 

family 39-54 number 20 (39-59/20) with a floral phenotype change (mutant) had no T-

DNA insertion (Tabel 7.1 ). In addition, these flowers did not show GUS staining 

7.3.3 Testing the Tos17 status in T2 and T3 generations of line pSKC66.1-
8e 

We hybridised the same membranes previously hybridised with the GAL4NP16 

probe, with a Tosi 7 fragment as a probe after stripping. Southern blot analysis showed 

that plant genomic DNA(s) that did not hybridise with the GAL4/VP16 probes (1, 2, 3, 5, 

6, 7, 8, 9, 10, and 16) (Fig. 7.6, A), showed eight DNA fragments that appear to contain 

Tos17 retrotransposon transposition (Figure 7 .6 B). Another membrane blot also 

showed that Tos17 probe hybridised the plant DNA( s) blots that did not hybridise with 

GAL4/VP16 probe and also producing eight DNA fragments containing Tosi 7 

transposition (Fig. 7.7, B). 

Analysis showed a 3kb DNA fragment was only observed in plants with mutant 

phenotypes. This may suggest that the mutant phenotype was linked to the 

transposition of the Tosi 7 retrotransposon in the rice genome. However, as the 

mutant plant contained eight DNA fragments hybridised to the Tos17 probe, cloning of 

the DNA sequence tagged by this Tosi 7 transposition was not pursued. 
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Figure 7.5 Southern blots of plants with mutant and normal phenotypes 

hybridised with (A) GAL4NP16 fragment and (B) TOS17 fragment probes. 1-13 

and 16: plants with wild type phenotype, 14-15: plants with mutant phenotypes. Arrow: 

3.0kb DNA fragment containing Tos17 assumed to be linked to the mutant phenotypes. 

L: A-DNA digested with BstE II restriction enzyme, 1 39-54/4-2, 2 39-54/4-3, 3 39-54/4-

4, 4 39-54/4-6, 5 39-54/4-7, 6 39-54/4-8, 7 39-54/4-9, 8 39-54/4-13, 9 39-54/4-14, 10 

39-54/4-15, 11 39-54/4-16, 12 39-54/3, 13 39-54/i' 14 39-54/2, 15 39-63/6-14, 16 39-

54/4-9,. 1x 10x: pSKC66.1 plasmi, M plant with flower changed phenotype. 
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Figure 7.6 Southern of plants with mutant and normal phenotypes hybridised 

with (A) GAL4NP16 fragment and (B) TOS17 fragment probes. 3, 4, 6-8, 10-17: 

plants with wild type phenotype, 1, 2, 5 and 9: plants with mutant phenotypes. arrow: 

3.0kb DNA fragment containing Tos17 assumed to be linked to the mutant 

phenotypes. 1 39-4/8-5, 2 39-4/9-10, 3 39-7 A/10, 4 39-7 Ali 3, 5 39-7 A/23, 6 39-78/11, 7 

39-78/18, 8 39-4/8-23, 9 39-4/8-25, 10 39-4/9-4, 11 39-4/9-13, 12 39-4/9-14, 13 39-

54/20-16, 14 39-54/20-13, 15 39-54/20-12, 16 39-54/20-11, 17 39-54/20-1, 1 x 1 Ox 

pSKC66. 1 plasmid, M plant with flower changed phenotype. 



151 

DISCUSSION 

Mutant phenotypes have been commonly used for plant functional genomic 

investigations. Ethyl methane sulphonate (EMS) and gamma- or X-ray, are 

conventional methods for mutagenesis. These have a higher efficiency in inducing 

mutant phenotypes than from the less conventional method of insertional mutagenesis 

(Koornneef et al., 1982). lnsertional mutagenesis, however, is a preferred approach for 

functional genomics, as it may generally tag genes (inducing mutant phenotypes). 

DNA sequences adjacent to the insertion may be cloned using PCR (Maes et al., 

1999). However, it has been shown that not all genes can be uncovered through 

application of insertional mutagenesis (Burns et al., 1994; Campisi et al., 1999; 

Springer, 2000). Indeed, about two thirds of Drosophila's genes (equal to 8000 genes) 

are predicted to show no obvious LoF phenotypes because of gene redundancy 

(Miklos and Rubin, 1996). Added to this is the fact that mutations are not always linked 

to T-DNA and this could be as high as about 60% in Arabidopsis and about 50% in rice 

(McElver et al .. 2001 ). 

In my experiments, about 10% of TAFET lines showed various types of 

chlorophyll-deficient mutations, and such mutations were often produced from tissue 

culture application (Palmer et al., 2000). Such chlorophyll-deficient phenotypes were 

also obtained from previous work using a T-DNA insertional sequences in rice, in about 

similar percentage (Jeon and An, 2001; Jung et al., 2003). One mutant line was 

identified have a T-DNA insertion in the chlorina (OsCHLH) gene that is highly 

homologous to XANTHA-F in barley and CHLH in Arabidopsis. Two other mutants with 

chlorophyll-deficient phenotypes had a Tos-17 insertion in the OsCHLH gene (Jung et 

aL, 2003). 

Several genes involved in rice flower development have been identified. Those 

were OsMADS1. OsMADS16, SUPERWOMAN1 (SPW1), DROOPING LEAF (DL) 
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(Nagasawa et al., and OsMADS3. A mutation of the OsMADS1 altered spikelets 

to elongated leafy palea and lemma, two pairs of leafy palea-like and 

lemma-like lodicules, decrease in a stamen number and an increase in the number of 

carpels. Transgenics containing double-stranded RNA with the OsMADS16 cDNA 

fragment were male sterile, and lodicules were converted into palea/lemma-like organs 

and some stamens into carpels (Xiao et al., 2003). The carpels had been replaced by 

stamen-like organs when OsMADS16 was ectopically expressed under the control of 

the Maize Ubiquitin1 promoter (Lee et al., 2003a). Ectopic expression of OsMAD3 in 

rice plant caused homeotic transformation of lodicule to stamens (Kyozuka and 

Shimamoto, 2002). The homeotic mutation spw1 converted stamens and lodicules into 

carpels and palea-like organs, respectively. Two spw1 alleles. spw1-1 and spw1-2, 

show the same floral phenotype and did not affect vegetative development and SPW1 

is a rice APETALA3 homolog, OsMADS16 (Nagasawa et al., 2003). In contrast, two 

strong alleles of the di locus, drooping leaf-superman1 (dl-sup1) and drooping leaf­

superman2 (d/-sup2), cause the complete transformation of the gynoecium into 

stamens (Nagasawa et al., 2003). Moreover, the DL is regulated negatively by the 

SPW1. as stamens were converted into carpels in spw1 mutants and carpels were 

converted into stamens in di mutants (Yamaguchi et al., 2004 ). 

The pSKC66. 1-Se mutant line had dramatic floral tissue changes. such as 

spikelets with leaf-like organs of palea and lemma (Fig. 7.3, D and F), a spikelet within 

a spikelet (Fig. 7.3, A, B, H), a spikelet with bud-like organs (Fig. 7.3, I), and spikelet 

with a lesser numbers of anthers and abnormal carpel (Fig. 7.3, C, J-L). With 

reference to the results above, ectopic phenotypes of the pSKC66.1-8e mutant might 

be related to a disruption of a MADs-box family gene. 

In addition, this mutant phenotype was one example of the phenomenon that a 

mutation is not always linked to a T-DNA insertion. Although an approximate 3:1 
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segregation between plants with wild type and plants with mutant phenotype was 

observed in the T1 generation (Fig 7.3 and However, observation in 

the T 2 generation showed that mutant phenotypes did not segregate among plants in a 

3: 1 Mendelian fashion as expected (Table 7 .1 ). Indeed, plants of the pSKD66.1-8e 

families were segregated in 3:1 segregation ratio between plants with GUS gene 

expression and that of without GUS expression in the T2 generation. 

Southern blot analysis showed that the presence of DNA fragments which 

hybridised with the GAL4NP16 fragment as a probe varied among families in T2 and T3 

generations. These suggested that there was no link between the mutant phenotype 

and the T-DNA insertion and it was reconfirmed by Southern blot in the T3 generation. 

where some of mutant plants did not have any T-DNA insertion (Table 7.1 ). 

Further attempts were made to determine whether the mutant phenotype was 

due to Tos17 transposition, as Tos17 transposition has been known to be related to a 

tissue culture-induced mutation (Hirochika et al., 1996; Jung et al., 2003). Results 

showed that plant DNA blots with mutant and normal phenotypes had different 

numbers of DNA fragments when the membranes were hybridised with the Tos17 

fragment as a probe. Eight fragments containing Tos17 transposition were produced 

by plants with mutant phenotypes, whereas plants with normal phenotype had only 7 

DNA fragments (Fig. 7.68). The 3.0kb DNA fragment containing the Tos17 

transposition could be responsible for the mutant phenotype. Very few plants with 

mutant phenotype were observed in T2and T3 families. The most likely explanation of 

this segregation distortion is lethality of Tos17 insertion when in double dose and sub­

lethality in a single dose. The high level of sterility and seedling death observed in 

these families is sufficient for such an assumption. 
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Several mutants induced Tos17 transposition have been identified. For 

example Osaba1, a strong viviparous mutant that displayed low abscisic acid level and 

almost no further increase in its levels upon drought, and OsTATC, a mutant with weak 

phenotype, exhibited the pale green phenotype and slight increase in abscisic acid 

levels upon drought (Agrawal et al., 2001 ). Other examples are a chlorophyll-deficient 

phenotype due to a disruption of the OSCHLH gene (Jung et al., 2003) and phyA 

mutants which showed insensitivity to far-red light (Takano et al., 2001). 

1,5 CONCLUSION 

There are three conclusions that can be drawn from the experiments. 

.. First, the mutant phenotypes with dramatic changes in plant and floral 

morphology of pSKC66.1-8e were not related to T AFET T-DNA insertion; 

instead they might be linked to the transposition of the Tosi 7 retrotransposon in 

to a 3kb EcoR I fragment of rice DNA. 

.. Second, the Tos17 retrotransposon could be used to identify mutant 

phenotypes in transgenic rice, as previously described by Hirochika (2001 ). 

" Third, the low frequency of mutations may suggest that Loss-of-Function (LoF) 

phenotypes are not easily induced using insertional sequence mutagenesis, 

due to a gene redundancy phenomenon, and there is a need to develop other 

mutational systems for Gain-of-Function (GoF) for which the Transcriptional 

Activator-Facilitated Enhancer Trap (TAFET) system was originally intended. 
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Chapter 8 

CONCLUSION AND FUTURE WORK 

8.1 RES UL TS IN PERSPECTIVE 

In this thesis five major areas have been studied, as follow: 

1. The development and testing of GAL4NP16 transactivator-facilitated enhancer 

trap (TAFET) constructs in rice. 

2. The stability and inheritance of patterns induced by TAFET constructs. 

3. Validation of the GAL4NP16 system to see whether it works in the same way 

as the mechanism of the GAL4 system in Drosophila (Brand and Dormand, 

1995) and Arabidopsis (Haseloff. 2002). 

4. Validation of the GAL4NP16 system to see whether it is able to direct 

expression of a gene fused to the UASGAL4, inducing a phenotypic change 

(ectopic expression) and producing of a Gain of Function (GoF) phenotype. 

5. Identification of a mutant line observed among TAFET lines and testing whether 

the phenotypes were linked to T-DNA insertion. 

Transactivator constructs developed and tested in the experiments had the 

following components: two !3-glucuronidase reporter genes cassettes (GUS and 

GUSPlus); two different transactivator cassettes (with and without the cata/ase-1 intron 

upstream of the GAL4NP16) and two different relative distances between the UASGAL4 

and the CaMV 35S promoter driving a hygromycin gene (1.6 kb and 7 kb). 

The results presented in this thesis showed the GAL4NP16 transcriptional 

activator-facilitated enhancer trap (TAFET) system was able to reveal varying levels of 
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tissue (spatial) expression patterns in the roots, leaves or flowers of rice .. 

About 95% of the T AFET lines showed gene expression in the roots, leaves or floral 

tissues, which was higher than previously reported by Wu et al. (2003) (about 70%) 

using a similar type of construct. A higher percentage of expression may be due to the 

constructs used to generate the transgenics. In contrast, the deletion lines have T­

ONA insertions, but do not display any gene expression. Results showed that the 

percentage of lines with expression in the floral tissues was 55%, which was higher 

than previously reported by Campisi et al. (31%) (Campisi et al., 1999), but comparable 

to that previously reported by Sundaresan et al. (Sundaresan et al.. 1995b). About 

17.3% of lines showed tissue-specific expression in the flower, higher than previously 

found in rice (1.9%) (Jeon et al., 2000a). The percentage of lines showing expression 

in the ovule was only about 0.5% and it was also reported as the least frequent 

expression in rice flowers by Wu et al (2003). These patterns may become invaluable 

sources for the study of rice floral tissue development, as previously described (Kiegle 

et al., Geisler et aL, 2002). 

Indeed, one construct used by Wu et al. (2003) to generate rice enhancer trap 

line was containing similar elements as the eight constructs used in generation of 

TAFET lines presented in this thesis, since it was part of the Rice Transgenomic 

project of CAMBIA. However, as we mentioned about transactivator constructs were 

developed and tested, the eight different construct induced different levels of intensity 

and also complexity of expression patterns. In our analysis, it is indicated that the use 

of different reporter genes and intron upstream GAL4/VP16 TAFET in combinations 

had some effect on the patterns produced. It is also apparent that 35S enhancer used 

affected the expression patterns in a number of lines. However, patterns are likely 

representing primarily the effect of endogenous enhancer and of complex interaction 

between rice genomic enhancer and those from the T-DNA. Beside that, our analysis 

also showed that different sensitivity of reporter gene affected patterns of gene 



expression. GUSPlus constructs produced more lines with staining, strong expression 

and with complexity of patterns, produced more patterns and a greater spread of 

pattern distribution than GUS constructs. It supports efforts devoted for developing a 

better and more sensitive of reporter gene (Jefferson et al., 1987; Haseloff et al.. 1997) 

The work also proved that patterns produced were due to the GAL4NP16 

activation of reporter gene fused to the UASGAL4 in rice, as previously reported in plant 

cells (Schwechheimer et al., 1998) and Arabidopsis (Kiegle et al.. 2000). 

As patterns of the transactivator-based enhancer trap lines were mimicking 

endogenous rice enhancers, enhancer trap lines are equally valuable materials for 

plant development studies in rice, as those previously reported in Arabidopsis (Kiegle 

et al., 2000; Haseloff, 2002) and Drosophila (Brand and Perrimon, 1993: Rorth, 1998). 

In my experiments, the observation was focused on reporter gene expression in 

the floral tissues, and it resulted in 17 .3% of T AFET lines showing tissue-specific 

expression patterns in floral parts. Overall, 2.1 % had expression only in a single 

tissue, 10.5% had expression in two tissues, and 4.8%, had expression in three 

tissues. These GAL4NP16 enhancer trap lines could be useful for floral tissue-specific 

development studies, using a similar approach as described above. For example, lines 

that had expression in the ovule (0.5%) of the pattern lines developed could be crossed 

with UAS lines (a target gene or a random target), and any gene lying next to the UAS 

would be activated in the ovule, producing lines with phenotypic changes in the ovule 

tissues. Screening of such materials might lead to identification of genes involved in 

ovule development. Ovule development is an important subject as it is related to the 

apomixis phenomenon that is a subject of very active research (Koltunow, 1993; Moore 

et al., 1997; Chaudhury et al., 1998; Grossniklaus and Schneitz, 1998: Grossniklaus et 

al., 2001; Koltunow and Grossniklaus, 2003). Most studies in ovule development have 
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SOME REMAINING ISSUES 

Attempts to generate an obvious phenotypic change in a rice tissue under 

investigation through ectopic expression of maize AGAMOUS-like ZAG1 gene, using 

the GAL4NP16 system, have not been successful. Other genes should be tested 

using this system to evaluate its performance. 

As varying levels of specificity of expression patterns were observed in TAFET 

lines, and these could aid the identification of regulatory proteins involved in cells or 

tissue development in rice. Screening of those lines under various conditions would be 

very useful. Field screening would be particularly valuable, as the performance of 

transactivator in normal growing conditions for rice is essential for potential practical 

applications of the system. Unfortunately field screening of transgenic material in 

Australia is very difficult to carry out because of current regulations. 

8.3 CONCLUSIONS 

Experimental results presented in this thesis allow the conclusion as follows. 

.. The GAL4/VP16 transcriptional activator-facilitated enhancer trap (TAFET) 

system is functional. Gene expression patterns are revealed by a reporter 

gene, both in ubiquitous and cells- or tissue-specific manner, mimicking 

endogenous enhance rs. 

• These patterns were inherited in a Mendelian fashion and stably expressed 

over three generations in rice. The implication of these observations is that 

selection of GAL4/VP16 enhancer-trap lines can be carried out in the T0 

generation (hemizygous state). 
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• The 6 system was able to direct expression of a "target" gene 

fused to the UASGAL4 , in a cell or tissue rice, in which the GAL4/VP16 was 

active (reflection of the site where an enhancer and regulatory proteins were 

active). This ablility has a potential use for inducing Gain-of-Function (GoF) 

mutations. The GAL4/VP16 TAFET system is therefore a prospective system 

and a novel tool for rice gene discovery and rice functional genomics 

investigations. 

• The TAFET-GUSPlus constructs induced more complex patterns and greater 

diversity of patterns than GUS constructs in rice enhancer trap lines. It was 

confirmed that GUSPlus is a more sensitive reporter gene than GUS (Nguyen, 

2002). 

8.4 FUTURE WORK 

Crossing between GAL4/VP16 lines and target lines containing genes other than 

ZAG1 to produce Fi plants with phenotypic changes needs to be conducted. This will 

confirm wether the GAL4/VP16 system is able to direct expression of a target gene 

(gene under study or random insertion) fused to UAS in the cell- or tissue-specific 

manner, hopefully producing novel Gain-of-Function (GoF) phenotypes. 



Appendix 4.1 T AFET lines were investigated for patterns of expression in three generations and x2 test in T 2 generation. 

- -- -----~-----·--........-----.-----r--·-- ------- ,---·-··---- -------~---~-·----- r----·--·------··-··-----------

~- Constructs 

--------- i---------i------------r--

Tu 2 >---+--------- ------+-~--<------+----

f----1~pS_K_C_7_6_._l ___ +-5_6_f_+-T~'-+-----+---- -----
T- 2 16 

!---+--------+---·---~~--+------+----+--

2 23 

1--

6 

_ _a_11ther~all, __ s_tr_on~g~--------·--------·--­
-+----+--·······i--ar_1t_he1~ wall, strong 

16.5 5.5 anther wall, strong:pollen, weak ___ __,,_ __ --+- --+----~--~~-!-------~- _________ ,, ________ _ 

0 17.25 7.67 
1-----1--------1-----~--+-----+---+---+ 

+----+-----+--5_. 7_5 _ _,__ anther .wall, strong: pollen, weak 

-·------+----+--5 __ -.7 __ 5 __ anther wall, strong:pollen, weak 
.... -···-------+----·--

3 6 15 8 17.25 l.17 --------- r--·---+------+--- - -----.---·------------+----

--·+----+-----+---- -------------------

·-
2 anther wall eel Is ----+----+---··+-------------·-----------------------r--------

·-- ~----·- -- anther wall cells ------------------------·-·-----------+---· 2 pSMRJ 18(0) _ _}_1-'.i_ ____ 1_·,_, -+------+---

4 _ _?__ 17 7 18 anther wall cells 6 0.22 
---------------- ----··--···--·------+--------+--------+----~----T~' --+-----+--

24 0 18 ---------f--------+ 8.00 6 anther wall cells ---l--'---+ --- -------------------- --- -----------
6 6 21 17.25 5.75 anther wall cells 4.74 

·-- --------------- - -----------+---

r----+---------- ------- ·---+------f--- -- --~-- ~----·- --·-·---------------------+----

------Tn f-·----+-------·- -- ---- -·-~-+-----+--- r-----·- _Midrib palea&lemma, anther wall, (stigma ~l1_(_!--~~l_e,~w_ea_k~)--+---

·------~· pSMRJ18R _ midri_b pa lea & lemma, anther wall ___ ·-·-··------+----3a T1 

_,_~------· 

~~ 

---------

----

.. -~~ 
t_!_iyµothesis 

hypothesis 

tJ:iIP_othesis 

···----· 

-----

--
!hypothesis 

_!'.l'Qothesis _ 

accep 

_reject 

_i-ej~_'.'.~ hypothesis 

-
T'-------~e---7 _ _I_ ___ l4 _____ o_-+-_l_0._5_+-__ 3_.5 ___ midrib palea & lemma, anther wall (sti_gma_'.'!_1d style~,_w_e_a_k)~-f-4_.6_7_ reject hypothesis 

8 7 0 8 6 2 pollen 24 reject 
r----+-------·---- ---·-- -+-----+----- -----t---+-----t----+-+--------------------------------+-----;-~-

hypothesis 

1--·---- --------~-------- __________ .__2_ __ 8 __ ~_') __ -+-_2 __ -+_9_._7_5 ___ 3.25 __ _'l_nt_h_er_"'_a_ll ___________________ -+-_0._5_5__ accep t hypothesis 

!---+-------~- -~~~--t------+-­

----+--------~-----r--~--+-----1----
4 pSMRJJS (50) ~1Q_(,_ __ _:JJ_ ____ ~~---------

-----··---------

Not observed 
--+----+----+-----t----

an the r wall cells ----+-----+----+--------------- - __________ ,, _ _, _____________ __, __ _ 
T- 10 5 24 0 18 6 anther wall cells 8.00 

f-·--+----------f-·-·---+~~t-------l------ - ---- -----------·---- -----------------+----
_l_l __ t _.Q__~J_i ~-.Q__ __ l _8 _ _ .i_ _a_nt __ h_e_r __ w __ a.l_l _ce_l_ls______ ______________ 8.00 

>--·----+------------1------- ··--c------- JL. _8 ____ 24__ _ 0 18 6 __ a_n_t_h __ e_r __ v._·a_l_l .. c_e_l_ls_____________________ 8.00 

-·--

---

·-----· 

.':~e_ct 

rejcc! 

reje_".!_ 

hypothesis 

1-'.Ypothesis 

-~)'Po thesis 

-----+--------+-·---- ---i-----------+----+-·-t--- -------r-----+----+----- -----------------~-----·------------!----··-+- -----

-~-- -~---f-.---- _______ ·- ____ -+----+---·----- po lie_!! _______________ _ --·------------

____ __,~p_S_M_R_J_l_8 _____ J_Ql-". ___ _:JJ__ _____ _ _______ ---+-------·+----+-----+---· _p_ollen __________ -----------------------------+---- ·-- --
···-----_Ii __________ 11__, _ _:? __ 16 7 17.25 575 __ jlollen ________________________ ·-·---------1-0_ .. 3_6_ accep t hypothesis 

--------- -------······-·-~-----__Ji ±__ IJ ___ 7_+-_1_5 __ ~-2-- _p_olleD ________________ ·------·-··-------+--1_0_7_ accep t_ hypothesis 

15 15 t_ hYJJolhesis +----+---15__ 5 p()_l_l~~-------------------------··-·-----f-0----+-~·cep_ 
·----··---------------------------·-"------ ------

6 pSKC66.l _____ ~--·- _ _Irr ______ 5 __ . ------+·--····· __ Anther wall, pollen -------------+---

----+----·--·-~----~-------- ___ !_.!._ _______ _ _<!!1lhe_1:~_aJ.~. pollen (5/8) and 3/8 morphological changes * -----·-

status 

heterozygote 

homozygote 

heterozygote 

heterozygote 

homozygote 

homozygote 

homozygote 

Background 

heterozygote 

--
homozygote 

homozygote 

homozygote 

heterozygote 

heterozygote 

heterozygote 

·-
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---- ---- ----- -""~·- .. - ----- ---- '"----·~----·- --~-

chi-
No. Constructs Lines G T-DNA No F Cl CZ El E2 Expre§sion patterns 

--~-1--· - ---- -------·-+-'s=ou_a_re_d"--+-P<IJ.05 _ _{~~-----t-st_a_tu_s ___ _ 

---- ~--- f-· -~--"~- ----- -------------------+------~ --~---·-·-------·---+------~ 

T, 16 54 14 3 12.75 4.25 anther_~_all, pollen:pollen --- --~·-1--
----------+-0_.4_9 _____ accept hypothesis heterozygote 

17 52 15 16 23.25 7.75 anther wall, pollen:pollen 
----· -·-·----· ------ -------- 11.71 _reje_i:t hypothes~_ uncertain 

18 55 10 9 14.25 4.75 ~n_~her wall, pollen:pollen 
-·--·--!--- ·-·- ---~~--- -- --- 5.07 

- ---·--·------!-------

-~ --- -- ·------·--- ---·----1-----+-·-·-•--~-o---~---t-------j 

7 pSMRJ18 3a To Palea &lemma, pollen, base of style ---- -
T, 

-· __ ~base of style, middle part of carpel -·--- --------t------+----------~----·-+------+ 

T- 19 1 13 8 16.5 5.5 base of style, anther wall: anther wall ------- ~-- ______ -··---------~- accept hypothesis heterozvgote 

20 2 17 6 17.25 5.75 ant~~r wall:pollen 
--~- -- --~----- -- 0.01 accept hypothesis heterozygote 

21 3 16 8 18 6 base of style, anther wall: anther wall 
·-- -- --·--------+-_0_.8_9 _______ ~_c_c_~epc.t_h_,YP_,__o_th_e_si_s_t-h_e_te_ro_z~y~g~o_te--1 

--------- ---f---~- --------

8 pSMRJ17R 301 To 4 c--anther, base of style 
---·" f- -- ----------+------+---------~-----+-------< 

·-2.i --:------------ ----- -- anther, base of style, medium-strong --- --------+----- ------- ---·----+------! 
e-lo 22 5 17 6 17.25 5.75 base of style, strong:pollen, style weak --~-----·-- --- ---· -- - ---------+-0_._0_1 ___ +-a_c_cee!_~othesis __ ",.._h_et_e_ro_z~y~g_ot_e-< 

23 7 12 7 14.25 4.75 base ofstyle:pollen 1.42 accept hypothesis heterozygote 

24 8 22 1 17.25 5.75 base of style, strong:pollen ---------r--5_.2_3 _____ reje~_!i_4yp'-'_o_th_e_s_is __ -+_h_om_o_z~yg~o_t_e_-I 

·- ---·-------------------·-------------+------ --------------·---·-·-----;~--------< 

9 pSMRJ 18(50) 22a To 
·--

Filament, anther, pollen 
------!-------· --------------+---·-- ------------------ !-------------

--
T, 

~-~----- - Anther wall, (stigma, style, ovule, weak) 

T, 26 4 18 6 18 6 anther wall cells : pollen ·----------+-0 _______ accept hypothesis heterozygote 

--- 27 8 0 24 16 8 Pollen 
r-- -- ------ -·- ---------- 48.00 reject hypothesis background 

28 7 18 6 18 6 anther wall cells : pollen ------ f---<--1-----· ···--------·---------+--0----+ accept hypoth_e_si_s __ r-h_et_e_ro_z~y~g~o_te _ _, 

--f--· --·---r---· - ---·-----+-----;--~--·--·-··-···--~-~·-i--------------·----

10 pSMRJ18R -112 9a Tu 3 tip ofpalea, lemma (weak), anther, stigma 
-~-- -·-~ - , style _____ ·------+------ ________ . -------c-f-------4 

----·-
T, - . --·--~· -- midrib of pal ea, lemma, anther, stigma, st yle ____________ -+------;------··-··--·-------
T, 29 I _lL 6 18 6 ____ anther, style, stigma: anther ----- -------+-0 ____ -+_a_c~.J hypothesis____ heterozygote 

30 4 19 5 18 6 anther, style, stigma: anther ----- -~·-~-- ·-- ----· ·-·-·---C--· -----·------- 0.22 . acc~pt hypothesis heterozygote 

31 _L _L~ __ _j __ 18 ~-Ji.- _":_f1lli_~!i. styl~_,__s_0gma: anther -- --------- --- ---- --- _____________ _Q _____ --~_c;_e:p_th._)lpothes~--- _ heterozygot~ 

- ----- ------ ··---- ---------- ------ r--- --f--·--- --------- --------
11 pSMRJ 18 (50) 770-1 To Not observed --~---- --·-·- -·---------·-----+-----~- f----.,-----···.,---~-----t-------·-

-· --- -----~--

]i_ __ 
---·-· 

___!::odicule, ant~er wall, pollen, (base of sty le L ___ -·----+-----•------------------+-------< 

-~---· 

T, 32 2 __ !_L ---- 8 18 6 Lodicule, anther wall, pollen : pollen ----+--0_.8_9 ____ ~aCC"f'l hypothesis __ +--h_et_e_ro_z~y=g'o_t_e-< 

33 4 20 0 15 5 anth~_\\'all cells , pollen 
---- -·------ -----f----- ·- ---- ----- ---~-- -------+-6_._6_7 ______ ~e<O!_~o.!_h~sis _____ -+ __ h_o_m_oz~y~g~o_te_., 

34 6 16 4 15 5 anther wall cells, pollen: pollen 
- -- 2.67 ----"'~~~ypothesis___ heterozygote 
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t-N-'_o __ +-_C_o_n_s_tr_u_c_t_s __ +-_L_in __ -~_:l=~1--- T-D_N_A_+-N __ o __ ,____f'_ Cl 

·-· -·------·--·----------- --·----- ..--·----~ 
chi-

----------------------··+--s11Lu_a_r_e_d-+_P_< __ O_._O~Q:!'!) ___ ,____st_a_tu_s __ _ _C __ ._2 __ +-_E_l_--+_E_2 __ ~!'£!.e_!>_1l~on patterns 

---------------·--------·--+------+-----
881-1 12 pSMRJ I 8R(50) ---t----+----t-__\f aseular bundle of pa lea/lemma, anther, pollen ___________ +-----t----------------

Vascular bundle, whole, tip palea/lemma, lodicule vessel, 

_G __________________ +-------- ------+-----+---+ _ai:i!her _ _"'a_l_l,Jbase of style) ----------------+------+-- ---·--·------ ------+--------< 
T, 35 2 16 0 12 4 ----+---------- ------ _____ ;;-___ ~--~-----+----+-------~ -~--- - _[l,l!idrib, vascular bundle palea/lemma, anther:"'~ pollen -------+-5_._33 __ -+_r_e_~j'-e_ct_h~y~p_o __ t_h_es_i_s __ +-h_o_m_o_zLy~go_t_e____, 

-------+--------+------------ __________ 36 __ ~L ~-~-- ______ o_-+-___ 12_---+-- 4 _.11,1i9_rib, V_a_jj(;_IJlar bundle palea/lemma, anther_w_a_l_l_,~p~o __ l_lc_n _____ ,__5_.3_3 __ -+_r_e,j_ec,t_l_rypo!b!'~ir;__--;,_-h_o_m_o_z~y~g~o_te--; 

~------+------- ------- i-->----·-------- ---.---r----·-- ----------------------------- ·-·------+-----+--------·--·----··------+--------+ 
Sa __ !_c_ - -------- --- -------13 pSMRJl8 not observed 

-------+---+ ----------·----------------

-----1-----------+-----4-Il-__ ----------- ------ ------+-------<----+- Midrib,lodicule ,anther, base of style, stgma 

_ _'_G -----------+-3_7_-+ __ 4 __ ,___1_2 _ __ 2__ __ !_8_--+ __ 6_+-M_id_1 __ ib--',_ lodicule , anther, (stigma, some), base of ~tx!!'~ ,__po __ ll_e1_1 _t-0_.2_2 __ -+_a_c_c_eLp_t __ hyp,o,L,o_t_h_es_i_s_t-h_e_te_r_o_z~yg~o_t_e--1 

----+--------1------- -----------+-3_8--<e--6 18 6 18 6 Mid_i:lb, lodicule, anther, stigma, base of style: po_ll_e_n ______ -+-_O ___ --+-_a_c_c_e_p~t hypothes_is_-t-h_e_t_e_ro_z~y=g~o_te_, 

--+-------+--3_9--; ___ 7_ _!L_~_ 7 18 6 Midr_:ib, lodicule, anther, base of style: poiler:i__ 0.22 accep!_ hypothes_is __ _,__h_e_t_e_ro_z~y=g~o_te--< 

-----+--------+-------- ----- ---~·--i----- -----+---+--- --------------------------- - --- --------- 1-------i-------- ---------- -------
14 pSMRJ17R 204 

-----+--------

_li ___ ·-------+----+--·--+--- not observed 
----------------

T, _A_n_th __ e_r~,_b_as_e_o_f_s_tLy_le ___________ _ 

I_----------+--40_+-___ 4 _ e-_ ___li ____ 9 __ -+_1_7_.2_5_+-5_.7_5---+ __ A_n_t_her,_£<!~e of style: pollen 2.45 accept hypothesis 

---+---14_._2_5--;_4_. 7_5-+ __ A_n_th_e_r __ , base of style , ( lodicule, pa lea, some) : po !_Jen __ --+-0_._0_l __ ,__,___a_c_c_e~pt_ hypothesis 41 14 ----- -------- f--
------+--4_2 ____ JI_ 11 __ 7_--+_1_4_.2_5 __ 1--4 __ 7_5-+ __ A_n_t_h_e~r,_b __ a_s_e __ o f style : po lien L 81 accept hypo th es is 

hctcrozygotc 

heterozygote 

heterozygote 

------+--------f-------f---- -------<----- ----- -- -+------+-----<---+--------------------------------------------~-------------------·------------

____ 1_5_~~p_S_M_I_~J_l_8 ___ -+ __ l __ o_o __ lodicule,_a_n __ th_e_r _________________________________ -----~-----·-·---- ____ _ 

----+----------

1, 

r, --------f--43 __ 2 r-18_ 

--------~- _l__ 17 
45 8 20 

----- -·---1---------
lodicule, anther 
-----------------------

6 ___ 1_8 __ ~_6__ _!_<Jdicu1!':-"!:1t_h_e1_-_ : __ p~o_l_le_n _________ _ ________ __Q_ _____ accept hypothesis ___ hetcr'2."ygotc 

4 15.75 5.75 _ ___!Qdicui_<:, __ an __ t_h_er_:c p~o_l_le_n _______ _ 0.63 accept hypothesis heterozygote 

4 18 6 lodic_u_le~, __ a_n_th __ e_r_:~p_o_ll_e_n __________ _ ------+-0_._8_9 __ -+-_a_cc_e~p_t_~hyp~_o_th_e_s __ is_-+--h_e __ t_e_ro_z~y=g~o_te___, 

---l---------<f------ ________ ...__._ _______ .___~ ------ ---·-·--- --------------------------------------------+------1-- ------·---------- -----------< 

1---l-'-6-+-,__pS"-M_R_J_l 7____ 806 _Ic_ _________ __ not observed 
·--------------- -·-t-----t-------------------t-------1 

-- -- _:r:_, ------------ lodicule 
------------------ -- --- --- -·---------t-------1------ ·----·------- -----

T- 46 5 19 ---·--· --=- ---------- --- -- ----t---1_8_-+-_6 __ +--'-p_o_lie_n _______________ ~------ ---------+--0_.2_2 __ -+-_a_c_c_ep~t_h~y~p_o_t_he_s_is heterozygote 

47 6 11 9 -+---1_5_--+ __ 5 _l<J~icule, _'l!'t~~_r_:~p_o_ll_e_n _______ _ __ ___,r--_4_.2_7 ____ _,__r_eJ~·e_c_t_h_~yp_cithesis __ 

48 7 18 17.25 _i:E__ l_(l~ic~~2 ~nt.~e __ r_:~p_o_l_le_n _______________________ ___QJ_l__ __ ~~£l_lry_p_ci!l-1~_s~ heterozygote 

---+----------·---- ________ .,, ----·· -·-·----·---- ----- _,, __ _._ ·- ---· ----- --+-----+------ -----------··---~------------------- -----+------+-------· --------~-----
17 pSMRJlSR 610 T,, 

'"'""'-----!---------- --~----~-!_s>bserve_c_!_ ______________ _ 

__ ----··-- __IJ ________________ ~---··- ---~-~1--------+----->-··-----+--->-·Tri£b_om'!.:_s_t_ro_n~g~-------------------------+------1---------,-~-~--- ---·------

L----~-----
---------- _!2 _____________ ___.±2_ ____ 2____ 8 0 6 2 Trichom_~_palea/lemma, anther wall 

_________________________ 22_ _ _ }___ 11 0 8.25 2.75 Tri_c:bome, palea/lemma, anther wall 

----------------+---2_.6_7 _ ___, __ a_c_ce~p __ t_hyp~ot~esis heterozygote 

___ ---------~-3_._6 7 __ ~ __ ac_c_e~pl~l'!''?!~si~_ heterozygote 
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----- ---------------- -----~------.----- y-•-••-•-••r-----~ -----.---~---••••------•-•••--••-------------C-HO-~·~-------------------'·---•--•------------------
chi-

No. Constructs Lines _G_"---+--1_--_o_N_A _ _.__N_o_+-F __ + __ C ___ l ___ , ____ C ___ 2_+-_E_1_-+-_E_,2_+-_~p~_s_sio.n jl_a::::t:.:cte::..:r..:.n=.s __________ _ souared P<0.05 (3.84) status 

---------------------------~-------+------+------

'-----'-17_-+ pSMR J 18R 610 T, __ 1--___ __,_5_1---+-·-8---+·-----0----+------1 __ 7_+-__ 1_2_. 7_5_t--4_.2_5_+~Pc_ol!e_n1 \'~ry ~~k=---------------------------4-'-5-"-l.-'-0-'-0--4-'-'re"-j~ct hIIJ<Jlb_esi_s __ +--------< 

-+------+---+---- +----------+ --------+- -----+----!--- -------------- ----------------- - -----·-·- -
~- pSMRJl7 !Ole not observed 

1----l--------4---- _]_1____ -------+---+-- --+-------+-·---r----+---f--e_n_d_o_ffilament, lodicule 
~---·-------+----+-I: 52 7 10 8 13.5 4.5 end offilament, base of style: pollen 

'------'- --------'-----'-··-···--··-' _____ __._5_3--+-- +-·-·-1_ 2_-+ __ 6 ____ -+- _13_._5 ___ t--4_._5 _ _,__ end of filament, lodicule, base of style 

-------+-----+----l-------+-5-'-4--f---+ ___ 11_7 __ -+ _____ 7 ___ -f-___ 1_8_+-_6_+-e __ nd_0_~}.a_ll!"nt, lodicule, base of style 

-·----+-----;---- r----··--·-···-·-- --------·----------

-·-·-----·-----------+-------!------------ _,_ _____ _, 
3.63 accept hypothesis heterozygote 

------·-·····------+------+--'-'--'-"-'-='-='-==~-+---'-====~ 

0.67 accept hypothesis heterozygote 

0.22 _ acce_E!_hyp<)thesis _ heterozygote 

-----------·-·-------1------

-----------
To anther 
-~'--1-------+-----1--~1---------+--------+----+---->----·----"--·-------------------·-------------~--,----+----~f------

.____!2__ pSMRJ l 7R lOa 

T, 

'---+--------+------,__Ii-

~-_j_--------+---·- -

+------+---+----+-------+----·---r------+----+--w __ h_o_le_, trichorna, anther wall, stigma 

-+-·---··---+-----8 __ + __ ____1Jl___,__(>__~~_b_ole, trichoma, anther wall, stigma 
4 17.5 5.5 whole, h·ichoma, anther wall, stigma 

--+---'__;__-+--'---+-----·-'---+···---4---+ ___ 1_7_.5 __ -+-_5_._5_+_wli()Le, trichoma, anther wall, stigma 

0.89 __ acc(Opl hypothesis heterozygote 

0.42 
-----------------+-;_.:_cc~--+ 

accept hypothesis heterozygote 

0.423377 accept hypothesis __ -- --------- --- ----------l-----f--~'----"-'---'- heterozygote 

__ ,, __________ 
----------!-------+- ~-----------------------; 

------'-------+-----------------

'---'-2-'-l --+-_._p_S_M_R_J_l 8_R __ __,_2.:..52g __ __,_T_c." ___ _ _ __ 4 _____ 1------ Palca/lcmma., anther _______________ _ ------!----·-+----- --- ---·--------+-------

'-----+---------1----+--T-'-'1---+-------1-------+----+------+--------+-------+-----t-P_a_l_e_ai_le_n::i_rna, lodicule, anther, stigma, style -+-----+-------------------+----------
accepl_fiyl'_o_~sis _ heterozygote 2.00 -------------~-- _Ii_~------ ~ l +---2_'_ 1 ___ +- __ 3 ___ +- _ _1!__~_6 ___ tr_ic_h_o_n:t!!:1:'1.'!.th~_:n_or_1 ________ _ 

_;i<;~~t hypo!]:i'.'~ _ heterozyg_~ 0.27 
--- -·------ ····-+---- 4 

---------+----+------l--------~-6_2 _ 6 -"-··--ll __ 6 ____ --+--__ 4 ____ + _____ 1_:5____._j__ !'_'_lLe_;i{l"!11_l11a,trichoma, anther non 1--------------

22 pSMRJ 18 (50) _ 505-L _:i_:i, ________ 5 ___ ~--+--- -1-------l-------·--+·----+--+-.::::.:.:anth=er_L•cs=tig:.:.m=a __________________________________________ ·--~---·----~--------·----·-·--·--·-·-_,___ __ _ 

_______ __,__ ______ ~G_ -- ------- f------
_'l_n_ther wall ~ells,_giong _______________________ _ 

_ _6l_ __ ~7- -+ _____ l_ 5 _+------0 ____ +-__ l l .25 ,_3_:_2_5_ T 
L ----- ---t-- ····-------
'-----+----------+------ +- 64 f-- 5 -~--- - l- __ '!_ ___ t- 13 .5 4. 5 J --- -~-==~ 67 - 4 10 J __ ?J5 __ J25 

~tSMRJl8 -20 l, ==~==~-------- _______ c. ________ --~~-----_-_-___ +:==:--_-_--~-=~=~=~ 

anther wall cells 

anther wall cells : non ______ +--0 .v7__ acceE!__}iy]Jo_t_il_e~~ 

antherwail_c,,e,lll __ ~s_r~1o_n ___________________ _ _________ 0.03 ____ accent hvoothes1s 

. ---~~------·------- ~-----

_ fl_n_t!ie1~_bf1S~_oEsty 11'_ _____________ _ 

_ ~~e (Jfstx!e- a!!_t~~- __________ _ 

heterozygote 

heterozyg_~_ 
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-----t----t----1-··-·--·--+--·---··----t- ----!---+----·-----·---------·--·--·----------
23 pSMRJ18 20 T2._ ------+--6_8-+--+· .. _1_ 1_··-··+---·3- 15 base ofstyle, a11_tl_1e_r ___________ _ -··--·-·--·---·----+_l_.0_7 __ 1--ac_c_~ep~t_h~yp~o_th_es.i!__. _ heterozygote 

··---- ,__~ __ 7·--t--·--1_5 ___ ~ _____ 2_. __ t-_1_2_.JJ___j.:.?2__,_])ase.()!"st,yl~~l1..1.f"": ____ . ____ _ 1.59 heterozygote 

----+-------+---- ~- ----- -----------+---!---+-- --- - +-

2_4·-+-p~S_M_R_J_1_8 ___ +-2_1. --+-· ·_r,,,_ ·-+-------1---1-----+---·--·-+··-··--·--+-------t---+--a_n_t_h __ e_rc_b.!ls~_':'f~t_y~-----------·-·-· -- ---····-------+-------+-----------.. ----·--.. ·------+--------! 

T 1 ._, ____ ·--+-·-·-·--c----+---1--b_a_se_o_f_s~)'.]£________________ -·----+------t----------·-------------;.-------< 

.. I.!__ -------~_2Q__+-_2 _ _, ___ l __ 2 _____ +-----... o ____ __,_ ___ 9 ___ +--_--+_a_n_t_he. _ _r wal L.Ei:£!1lL __ ._________________________ __ 4.00 reject hypothe~is .... -+_h_o_m_o~zy~g~o_t_e-< 

71 6 +--_!_ l-+------;.--1_0_.5_-t-_3_.5_+-a_n_th_e_r_w __ a_ll_,_ strong -------··------ _____ 0. l 0 accept .. v0ii '""'" - hetcrozygote 

--+-------+--- -- ----- ~·---·---+-7_2__,_7_ --~----- 2 ' __ 1_2_. 7_5 __ +--_4_.2_5-+_a_n_t.h __ er_· w_<!!~i:_o_n_g_ ____________________ -----------+--1_.5_9 __ -+_a_c_c_e.p,_t -~ypoJ_ll_<:s_~_ heterozygote 

r------+--------l--- ·------ f----- ---+-·-·-·-+----- .. ----+-----+---+--------·-·-·---·----------- ------------+------+---
_l5_ pSMRJ 18 (50) 23b ____ ~. not observed 

_Ji__ r-----·-->----+- -1-------1- -----+-----+---+-a_n_th_e_1_· ,_v __ all 
8.00 anther wall 

-----·--------------------------0 24 73 18 6 reject hypothesis .homozygote 

--·---+-----+--------------- ----·-------·-
, __ 2_6---t-+p_S_M_R_J _l 8_R_(~0~)-+-4_7_a__ _ ~·-+-----·+-----+--...,~------+·-----+------+---+--W_h_o_Je_._v_a_scu lar bundle or midrib palea/lem111a. a_11.~he_r __ ·-----+-----1----

!L ------+--+---+------+--------+------t---+-P_al_e_ai_l_em __ n_1a~._a_n_tl_1e_r _________ . ____ . ________ -+-----+-----·---------·- ______ __, 
---·-·f----------+------ _T_-_ 74 17 6 I 7.25 5.75 Whole/vascular bundle/midrib palea/lemma, anther wali:pollen 0.01 accept hypo_~h~~~--- __ hctcrozygote 

f------1-----------+ 
75 4 -+-.. -11_ 6 __ +-___ (_'----+- 16.5 5.5 Whole/vascular bundle/midrib pa lea/lemma, anther wall:pollcn 0.06 accept hypothesis ... _ heterozygote 

-------+---+----+--- .. ·---+----·----+-----+---+---------·---------·-----·---------
____ 2_7_+~p_S_M_R_J_l_7_R __ -+--2_5 __ a_ ..I<:._ 

-----+---------------- l'i 
T, 

not observed 

____ __ 1-- ------t---·----t------t---+_w_h_o_le~pa_l_e_a_;_'lc_m_n_1a~,_tr_ic_h_o_n_1e ______ _ 

________ 7_7_-+---+--20 ____ 1--·------+--l 7_._2_5---<_5_. 7_5-+ __ w_·h_o_le~pa_l_c_ai._le_n_1_m_a_,t_n_· c_h_o_m_c_·_. 1_1o_n ______ _ 
~- --------

1.75 accept hypoth.<0_si_s_ heterozygote 

28 

29 

______ --· 78 ~-1_ _____ !_____ _(\___ 18 6 whole pa!c_'lilemma,trichome : non ___ _Q__._ ._-'1.C'.Cept hypothe~i_s___ _ heterozygote 
.. ~- ----I ·-79 17 16 5 5.5 whole pal_(;a/lemma,trichorne : non 0.06 accept hyp()th~si_s _ __!_1~.tcrozygote 

pSKC7
6

. l l -~- =~~=-t ;~ 14 10 -·~S i:E~~E~10.,------------- _ ... -------------·---- --5-.-07---:ec~l:~~o-t:~,~- ~~cert-a-in __ _ 

I l 6 15 9 18 6 stigma, style:pollen ------+-2_._0_0 __ +-a_c_c~ep~t_h~y.~p_o_th_es_i_s__ __ heterozygote 

--- 82 8 0 21 15. 75 5.25 anther wf!!l_and'='r pollen --+---6_3_.0_0 __ +-r_e~je_c_t_h.~Y.~P._o_th_e~i.s___ background 

t-----------,~t--···_---= r-- -=~ -~-= ~=-=~- r---------+-·- ·-~-- __ ._ ________ ~_·---==================---~.,~----------- ----- ~------
pSMRJ [ 7R -~i~ _It,___ - -- -- --- - -- I- ---- ----~·--·--------- ---------------------------------

_ _TL_ __ _ _____ ,_ _ pollen, stig111~- _______________ ·-----------
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~-N-1-o-. __ C_o_n_s-tr_u_c_t~----------~ ~~-.'!__-es--~~--G~-~,~~-T-_--_D ___ N~A~~~:~N~_o-_-~---_f-_._""-_-_Cl~·~--+---~C_2--t---E_l_-+_E __ 2_]~~~~:-~~~~atterns 
>-----+----------- ----- -------· -·-e---···-+···----+- ---+-----1--
f-----+---- -· _______ _1~ _________ 8_3 __ 4__~_ _7 __ -+_1_7_.2_5_~5_._75 ____ antfl_~. wall, stigma, style: pollen 

-+ ----------+· __________ _fl~_ 6 24 0 18 6 _l:'_ll!e_2!fle_m_111_a,_ anther, stigma, style ______ _ 

______ 85 ___ _?__ 0 ___ 1±_ 18 6 no! 

--~~-"'~------------1-------i 
30 pSMRJ l 7R _____ 78a :G._ ______ ___ _ _____ , ___ .... -------·- ____ __M_idri~_ealea/!emma, stigma, style ___ ·----··-------------+----

-·-··~----·--·----t------l 

~---+---------------- >--··--·----t-T~, --t-------1----r-·-->-----t----+--·--+-- J".!!::!ii\>_palea/lemma, stigma, style 

Midri_b2 anther wall, stigma, style 

_l\ll_!sli:ili,_'1flther wall, stigma, style 

.I".l}.~rib, anther wall, stigma, style 

. ---------·----·--··--·------+------+···----------·-
T- 86 1 14 7 16.5 5.5 0.79 

>-----+------------~-- ~- -------- -··--- --+------+---- .,----·---------+----
87 6 --------- ~~ ---------+---·+-- __ l_L ~ __ o __ -1-_1_2 __ -+ ___ 4 5.33 

88 7 24 0 28 6 6.57 ----1------+-----

1---3_1 +-'p_S_M_R_J_l_8R~(~5~0)_+··-~_!2c!_ Tn 
---r-~---->---- --.. -------·- -· 

not observed ·--------------- --·----·-·--------------1--· 

Ti f----1----------------r-------·----+----t------r---t--·--ir-- _pollen-·-----·-·-··----------· .. 
>----+-----·------- ----·····-~f------ f-Jl.2._ _L_ 17 +--1_3_.5_-+ ___ 4_.5 __ .. rolle_n...:_~_1.1_----·--------- . _______ 3.62 

1-----+----------- ----·---~-->------ ~- __ i__ -~- ------+--12_._7_5_1-_4_.25 _polle_n_:~--------------- 3.31 

--·-··+---------+· --·- ~------r--'2L- _fl_ __ l_'J_. 15 5 _p_<21.~e!1_ 11_()_11 ______________ . ·- -·-·--·-----+--4_.2_7_ 

f----+-------·-- +------+---- ~-----· -------------·--·-+-----+--
32 pSMRJ l 8R(50) ___ _l}1_~ _:i:.,_ >------~--- ____ ----·-- _____ _ not observed ---- ·-----------

... accep!.!'yp_o_!hesis_..,___h_e_te_r_o~zy~g~o_te--< 

-~.""!hypothesis_ . homozygote 

_ r_e)_e~~hYP_l_l!b~~~ homozygote _ 

_accept hypothesis _ heterozygote 

-~c~p_1_hypo~_1e_s_i_s_1--h_c_te_r_oz~y~g~o_t_e_~ 

.. i:si.~!_!1ypoth~i.:s_-·-+-l_10_1_11_o_zy~g='o_t_e-l 

----+----·-------------- T ~-r-------· ,____ i------------ ~---+-----+--- whole palea/lemma, anther wall and_ or pol!_t:l2_ 

__ :vhole palea/lemma, anther wall:pollen 
---------+----··--+----------.. --··----- ------

T • 92 4 17 7 ----=------------- -+----+-----+--
18 6 ··--·--------+--0_.2_2__ _accept ~)_'pothesi:s__ heterozygote 

93 6 1-----+------·--- -----·· ----- f----·-------f---+-
24 
24 

1 ___ 0 __ -+ __ 18_--1 ___ 6 _____ 'i\/h_~2alea/lemma, anther wall -----+-8_._00 ____ +··~ect hypothesis--·- homozygote 

····---····------- __,_8_.0_0 __ -+_r_eJ<ec!bYPOth~s_i~-- homozygote 94 
----·-+----+------- ----· r-----

.. _o ___ ~_ .. _1_8_-+-__ f_, _ ._":'hole pa~a/lemma. anther wall 

pSMRJ18R(l/2) ___ _()c! 

f----+------- - ------ - _.Ii__ ~=:= -1 = 
________ .... ""_S~[jl_a~ [)_uricJlc:..E.~ea/lemma, trich()l11C,.'1t1!licer_vv:ill 

~------ _ _\'_'lS_~[ji_cll_ bundle palea/lemma, trichomc_."!'l.tb.er_wall ______ _ 

33 T,, 
----- -· 

__')2._ _!J___ f-~- __ 9 ___ 1-__ !_8 ____ 6 __ vasc;tDar bundle,midrib or whole, anthe1~_"0l1JJ<Jll<e_n ___ _ 2.00 -~~cqit]1;\lp_?thesis ___ . .!:ietcrozygote _ 

r---+------·----f---·· ······--·--;--------------96 __ ~ 0 24 18 6 -~.':'~li_ei~.:vall, pollen ----·--·-·--- 72.00 ~j~ hniot~~~- backgrou_ri<l_ 

_a_<;cep_t.!:i.Y.E.'l.~1.fOEi.".__ _i:J_tetero!'.}'gote_ 

T,, 
·- -+---- +- ---·-----· -·--·--·· ·-·---·-

T, 
···-·--·-+--~-·--!- ---·-····--------r-----

T, 98 
99 3 
100 5 

-------~--

3.56 

--------- ·-1---· ··--·------ -- ··--·---·------------· 

not observed 
---- i----- -+-----+-- ·--- ---------·------------------------ " - --- ·---·--·--·--+---···-·····--f··· 

19 

0 

17 

______ -·---- ---···· --~11_scular__tJ.u_11dle pal ea/lemma,_ anthe1 

II 

7 

18 

7.5 

6 

25 
ririg_i:LlJ.c".as~ular bundle, anther,_ stigm;i.:p~ll~!'__. __ .. ______ J_S0!:_.2~2{__·--··· __ [.-"1"_".~1'!..112'.e!'l~~~--·-l-.!:'~rozygote 

_p<:'_l).<;11 _______________ _ 36.40 J:i~c;kgr_ound _ 

0.22 beteroz,)'g~~ 
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No Constructs _T_-_D_N_A_+-N_o--+_F_+ Cl 

35 pSKD15.2 

2 101 2 24 
--·-

102 24 

103 6 24 

---- --·---·-· 
36 J.JCl201 To ----

control ~' --------
_Ji__ 104 20 

105 3 l7 

106 7 15 

--------- --

chi-
CZ El ··---------·+-s __ u_ar_e_d--+_P<_O_.O~_fUl4L status 

0 ---·------
0 ---.. ~--

0 

16 8 -+---+---·--"-··-------
16 8 

----· ···-· -----+-

1_ 6_-+-_8_+ no ex[J~~.s_si_o_r1 . __ __ -----------·---·--··--·----·-····----

not observed 

12.00 

12.00 

12. 00 

-+·-··---+---+-w_l_10_~ llo~_,_._,__s_i~ong ------------···· 
4 whole ~\Ver, sh·ong ___ _ 3.00 

··-----·--··-·-···----+---
16 8 

7 I _6 --+---8'--+- who ~_tl~er _ _gi:<'.'.1.L. _________________________ ------·-· 0.18 

IS 
-t--- _l:l'.lis>~<l__':\ler~rong __________ ·---------·----· 0 

reject_h.l'Potl~';'_s_~s_ . homozygote 

reject hY.££!J:iesis__ . homozygote 

reje_ct h_y.e_()_tb~_s_i_s_ _____ homozygote 

---~~--~~~~~·-··--i~--==~---accept hypot~~!'..S... _ heterozygote 

.<1<:£ept _!:xpolhes~_ _ . heterozygote 

accept hypothesis. r heterozygote 

------------=~=-~--~-----~ ~~~==~-
G: generation, F: family, C1& C2: actual number of plants for each class of observation and E1 & E2: expectated number of plants of each class. 
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The development of a system for the discovery of rice genes and their function is a 

high priority. Two different [3-glucuronidase reporter gene cassettes (GUS and 

GUSPlus) and two GAL4/VP16 transactivator cassettes (with and without the catalase-

1 intron upstream of the GAL4/VP16) as well as their relative position (1.6 kb and 7 kb 

relative distances between the upstream activating sequence (UASGAL4) and the 

CaMV35S promoter driving a hygromycin gene) within T-DNA were tested for their 

performance in the Transcriptional Activator-Facilitated Enhancer trap (TAFET) 

constructs to induce cell- or tissue-specific expression patterns in rice. A total of 10 

T AFET constructs, including two negative controls, were developed and introduced into 

the rice genome of varieties Millin and Nipponbare using Agrobacterium-mediated 

transformation and about 1,000 rice TAFET lines were produced and investigated. 

The GAL4/VP16 TAFET system was able to reveal varying levels of tissue 

specific expression patterns in rice in the vegetative and generative tissues, and the 

expression patterns were proven to be due to the activity of the GAL4/VP 16 

transcriptional activator, 

Most of the TAFET lines examined showed reporter gene expression in many 

tissues. Patterns shown often in the vascular bundle, pericycle layer of cells in the root 

suggest that the CaMV35S enhancers affected the expression patterns in numbers of 

lines. However, the observed patterns are likely to be primarily due to a complex 

interaction between rice genomic endogenous enhancers and elements within T-DNAs. 

Most patterns observed in TAFET lines (91.7%) were inherited by the next 

generations (T1 and T2) and segregated in Mendelian fashion. T-DNA inserts 

segregated among progeny plants in agreement with expected ratios. About 49% of 



VI 

lines contained a single T-DNA insertion and the average number of T-DNAs in the 

whole TAFET was 2.0. 

The crossing experiments between selected GUS-T AFET lines and selected 

Enhancer Green Fluorescence protein (EGFP) target lines proved that the GAL4NP16 

TAFET system is capable of activating a gene (a reporter gene) adjacent to UAS. The 

most likely mechanism of activation is through the GAL4 DNA binding domain 

recognising the UASGAL4• and the VP16 activating domain promoting transcription of a 

gene linked to the UASGAL4 . Expression patterns of EGFP reporter gene in F1 plants 

were in general consistent with GUSPlus patterns observed in parental GUS-TAFET 

lines. 

Attempts to generate phenotypic changes in floral tissues by induced ectopic 

expression of the ZAG1 target gene from maize did not fully succeed, as the changes 

were only limited to some spikelets. The positive control in these experiments, 358 

promoter driven over-expression of ZAG1, produced limited phenotypic consequences 

{increased sterility in some plants), suggesting that the inability of the TAFET system to 

induce clearly observable changes in floral development were due to poor expression 

of the ZAG1 gene. 

A number of TAFET lines showed phenotypic changes that segregated in T1 

and T2 generations. An attempt to clone a gene responsible for a dramatic change in 

floral development in line pSKC66. 1-8e failed due to the lack of a link between T-DNA 

insertion and mutant phenotypes. Tos17 retrotransposon mobility during tissue culture 

was determined to be the most likely cause of floral development change observed in 

this line. 



In general, good performance of the GAL4/VP16-based TAFET system was 

determined both through observations of T AFET lines in several generations and 

through sexual crossing with TARGET EGFP lines. The implication of this research is 

that the system can be used to direct the expression of any gene under study (a target) 

in specific tissue types to generate ectopic expressions and possibly also Gain-of­

Function (GoF) phenotypes. The TAFET system therefore can be applied in rice 

functional genomics studies and could possibly contribute to the generation of a novel 

germ plasm with useful traits for agriculture. 
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