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Title: Method for the Recovery of Dispersed, Stable and Independent 
Transposition Events 

We claim: 
A method and specific genetic constructs, comprising *a suicide gene or mutation and 
the transposon and/or a transposase souce, that combined permit the generation of a 

library of transpositions in living organisms: i) which transpositions are dispersed 
throughout the genome, ii) which transpositions are stable in vegetative tissues or 
progeny because the transposase is not transmitted through the gametes or the 
transposase is only florally expressed, iii) whereby early somatic and vegetative 
transpositions are limited, iv) where generating secondary transposition events is 
minimized; and v) where the majority of transpositions is independent in origin. 
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Iltle: Method for the Recovery of Dispersed, Stable and Independent Transposition Events 

Inventors: Stephen L. Dellaporta and Maria A- Moreno 
Home Address: 732 Leetes Island Rd, Branford, CT 06405-3317 

Abstract 

A method is described that permits the recovery of large number of dispersed and/or stable 
transpositions using a gametophytic semi-sterility trait to eliminate the genetic transmission 
of a specific chromosomal region. When this chromosomal region contains a transposon 
launching site, the "genetic sterility filter’ ’ imposed by this methodology greatly enriches 
for viable gametes containing unlinked transpositions and transposon that have recombined 
with the donor locus. Semi-sterility is genetically engineered using a pollen-specific 
promoter fused to a suicide gene or through the use of genetic mutations, such as deletions, 
that are unable to be transmitted through one of the sexes. The semi-sterility trait can also be 
physically linked to the transposase source to eliminate gametes containing a source of 
transposase. This arrangement prevents transmission of the transposase source to gametes, 
thereby stabilizing insertions in subsequent generations. All three components -- the suicide 
gene or mutation, the transposase source and the transposon -- can be engineered as a unit 
to provide a robust method of generating dispersed, stable transpositions. A further 
refinement of this invention is to limit transposase expression to floral development to 
prevent early somatic and vegetative transpositions. Control of transposase expression is 
achieved by fusing a florally expressed promoter to the transposase gene. Florally-
controlled transposition means that transposons are stable in vegetative tissues; a trait that 
permits clonal propagation of stock plants without the concern of generating secondary 
transposition events. Moreover, each flower serves as an independent source of 
transpositions, decreasing the probability of recovering non-independent transpositions in 
progeny-

Background of the Invention 

Transposable Elentents 
Transposons are genetic elements capable of transposition (movement) from a donor 
chromosomal site to a target site on the same chromosome or different chromosome. 
Transposons cause mutations by insertion into coding sequences, introns, and promoters, 
often completely eliminating target gene activity. Mutations caused by transposons can 

.P0 often be destabilized by subsequent excision of the transposon from the gene. One or more 
proteins, collectively referred to as "transposase", are required for the excision and 
integration of the transposon. Transposons that encode their own source of transposase are 
referred to as autonomous elements. Supplying transposase in trans can transpose 
transposons that do not encode transposase but contain terminal sequences, usually inverted 
repeats, required for transposition (non-autonomous elements). 

Utilhy of Transposon and Insertion Mutations in Plants 
Transposons have great utility in genetic analysis and functional genomic analysis of 
bacterial, fungal, plant and animal genomes. In plants, genetically engineered mansposons 
have been successfully introduced into several species (for review see (Sundaresan 1996)) 
including rice (Izawa et al. 1997), tobacco, Arabidopsis, lettuce and several others. Several 
investigators have ingenious to the efficiency of recovering come up with methods enhance 
transposition events, including methods for positive selections for transposition (Fedoroff 
and Smith 1993; Honma et al. 1993), selection for unlinked elements (Sundaresan et al. 
1995; Tissier et al. 1999), dispersed launching sites throughout a genome (Osborne et al. 
1991; Knapp et al. 1994; Thomas et al. 1994; Cooley et al. 1996; van der Biezen et al. 1996; 
Takken et al. 1998) and adding features into elements such as enhancer and gene traps (for 
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reviews see (Sharknes 1990; Sundaresan et al. 1995)) and transcriptional activation (Fritze 
and Walden 1995; Kakimoto 1996; Kardailsky et al. 1999). 

Even given the enormous progress in the utility of transposons, they still have limitations for 
functional genomic analysis. Transpositions are usually intrachromosomal, often within a 
short physical distance between donor and target sites. This limitation means that most new 
insertions occur in regions surrounding the donor site (launching site) with many fewer 
elements found dispersed randomly throughout the genome. Secondly, the process of 
transposition is not usually controlled leading to a great many somatic insertions, which are 
not transmitted to progeny, and developmentally early transpositions that can lead to non-
concordance in germinally transmitted events. Ile inability to control transpositions 
somatically and temporally can result in a high background of false positive insertions in 
genes of interest due to the non-correspondence between somatic and germinal mutational 
events. 

Current Methods to Disperse Transpositions 
Two methods are currently available to partially overcome the limitation of non-dispersed 
transpositions. One method makes use of first dispersing transposon launching sites 
throughout a genome. This method, however, requires a large number of starter lines, 
usually transgenic, to achieve good genome coverage. A second method to disperse 
transposition events is to employ a negative selectable marker(s), such as iaaH, pehA, R404, 
CD, to select against the donor site containing the =sposon and/or transposase. Unlinked 
transpositions are recovered by the negative selection against progeny carrying the 
marker(s). Negative selections have been used in Arabidopsis to recovery unlinked Ds and 
Spm transpositions (Sundaresan et al. 1995; Tissier et al. 1999) and two negative selectable 
markers are based on proherbicide conversion (Okeefe et al. 1994; Dotson et al. 1996), a 
process theoretically amenable to soil selections. 

Nevertheless, the use of negative selectable markers imposes serious limitations on the 
recovery of large numbers of independent transpositions. First, several of these markers 
require the use of tissue-culture based selection (Martien), a labor-intensive procedure that 
adds great expense and time to the process of recovering large numbers of dispersed 
transpositions. Moreover, negative selections are based on the elimination of progeny 
canying linked elements or umsposase, or both, by chemical selection. Progeny 
elimination can be problematic when seed number is limited. For instance, in a plant such 
as rice (Orza sativa), a predominantly self-pollinating species, outcrossing is tedious and 
time-consuming, greatly limiting the number of progeny that can be readily obtained. 
Hence, if transposition rates are low and unlinked transpositions represent the minority of 
transposition events, it would be costly and impractical to use negative selections to recover 
dispersed transpositions. For instance, accounting for a rate of 1-5% transposition, 50% 
meiotic segregation, and only 30010 unlinked transpositions, to recover 10,000 transpositions 
by outcrossing would require an estimated several million progeny plants. Finally, the use 
of negative selectable agents, such as proherbicides, can have a serious environmental impact 
and be costly due to the applications of chemicals that may be needed to select for large 
numbers of progeny carrying dispersed transpositions. 

Methodology 

Preface 
The current invention describes the use of a technology that utilizes gametophytic, "semi-
sterility", such as pollen semi-sterility, to generate a "genetic sterility filter" that will 
eliminate gametes that inherit a specific chromosomal region. This chromosomal region 
may contain a launching site for a transposable element and/or transposase gene to have the 
effect of enriching for non-linked or dispersed transposition events throughout a genome. 
This methodology overcomes several current limitations of transposon mutagenesis 
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strategies that favors mostly localize over dispersed transpositions. The invention greatly 
improves on the current use of negative selectable markers to achieve transposon dispersion 
(Sundaresan et al. 1995; Tissier et al. 1999). Moreover, the use of the genetic sterility filter 
to eliminate transmission of a transposase source would, in effect, stabilize the newly 
transposed elements in progeny, thereby eliminating somatic or secondary transposition 
events that hamper mutation identification. 

The nature of the semi-sterility trait and its associated transposon and/or transposase, may 
differ in details depending on the choice of suicide genes, promoters, transposon systems, 

?:d
 s is emphasized, however, that the same basic technology of semi-sterility can u 

very transpositions in many plants, both monocots and dicots, in such 
species such as maize, rice, soybeans, wheat, oats, barley, various trees and in non-plant 
systems, such as animals and fungi, that can be sexually propagated. 

Seyni-stefility 
The semi-sterility trait is used to eliminate the products of meiosis (gametes) that carry a 
particular chromosomal region, such as a transposon launching site and/or transposase 
gene. This "genetic sterility filter" is used to enrich for unlinked (dispersed) transposed 
elements or elements that recombined from the launching site; it can also be used eliminate 
transmission of a transposase gene, thereby stabilizing transpositions in progeny. To 
achieve semi-sterility, two methods are described. One method relies on directing 
expression of a suicide gene to kM unwanted meiotic products. This method can be 
achieved by employing a specific promoter, such as a pollen-specific promoter, fused to a 
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suicide gene, thereby killing only the products of mciosis that have inherited the gene 
fusion. For a single copy transgene in hemizygous condition, this would represent 50% of 
the gametes. Because pollen is produced in large excess, reducing pollen fertility by 50% 
will have no major consequence on subsequent seed production. 

There are several excellent examples of suitable promoters to drive pollen-specific 
expression in plants. Pollen-specific promoters have been identified in many plant species 
such as maize, rice, tomato, tobacco, Arabidopsis, Brassica, and others (Chen et al. 1987; 
Siebertz et al. 1989; Sullivan et al. 1989; Bichler and Herrmann 1990; Guerrero et al. 1990; 
Twell et al. 1990; van Tunen et al. 1990; Albani et al. 1991; Kyozuka et al. 1991; 
McCormick et al. 199 1; Thorsness et al. 199 1; Twell et al. 199 1; Albani et al. 1992; 
Carpenter et al. 1992; Hamilton et al. 1992; Kim and An 1992; Kloeckener-Gruissem et al. 
1992; Rommens et al. 1992; Man -s et al. 1993). Several other examples of pollen-specific 
promoters can be found in Gen]3ank- For the present invention any promoter will be 
suitable given that the promoter drives gene transcription after meiosis I when homologous 
chromosome have separated into different cells. For instance, gene expression in the tetrad 
stage of meiosis 11, the post-mitotic division of the microspore leading to pollen maturation, 
the mature pollen grain, or in the germinating pollen grain would, in theory, be suitable for 
the current invention. 

A second aspect of the semi-sterility trait is the directed expression of a suicide gene to kill 
unwanted meiotic products. Several examples of genes whose expression result in cell 
death have been described in the literature including the barnase (Goldman et al. 1994; 
Custers et al. 1997; Yazynin et al. 1999), tasselsseed2 (DeLong et aL 1993), and the 
diphtheria toxin A gene (Day et al. 1995), to name a few. Because the suicide gene 
expression is confined to the -meiosis 1, only 50% the be post of gametes will eliminated 
when the transgene. is hemizygous and segregates normally in meiosis. The viable gametes 
will not have inherited the suicide gene. According to another aspect of the preceding 
invention, semi-sterility can also be achieved using antisense RNA technology 0 to inhibit 
expression of genes essential for pollen or egg viability. Alternatively, mutations that are 
incapable of transmission through one of the sexes, such as deletions that are not pollen-
transmissible, can be used to achieve semi-sterility. 
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’Me aspect of the current invention to generating pollen semi-sterility differs from previous 
methods aimed at achieving male-sterility for hybrid seed production (patents). In the latter 
inventions, the aim is to achieve complete male sterility to facilitate the commercial 
production of hybrid seed. This usually involves expression of the suicide gene in the 
sporophyte or in all pollen. For instance, bamase expression in tapetal cells results in 
complete male sterility. In hybrid seed production, pollen semi-sterility would be 
insufficient to achieve the desired result, i.e. outcrossing of male-sterile (female) parent In 
cases where the suicide gene and its associated elements are present in the genome in a 
single copy (in hernizygous condition), the suicide gene will be transmitted to only one-half 
of the meiotic products, resulting in an average of 50% semi-sterility, a rate of viable pollen 
production that is commercially unacceptable for hybrid seed production. For the present 
invention, the production of 50% viable pollen is necessary to recover dispersed 
transpositions or to prevent transposase expression. Hence, the sterility trait is used as a 
genetic filter to eliminate undesirable genomes. The present invention makes us of this 
"genetic sterility filter" to eliminate chromosomal region(s) containing a transposon 
launching site and/or transposase source. 

Applications of senti-sterility in genomics 
By physically linking the sterility trait to a transposon launching site and/or transposase 
source, the "genetic sterility filter" can be used to highly enrich for dispersed and/or 
stabilized transposition events without the use of chemicals and without the need to select 
against progeny containing linked transposition events and/or transposase source. For 
instance, when 50% pollen sterility is achieved, the remaining viable haploid genomes will 
have not inherited the suicide gene and its associated elements such as the transposon 
launching site and/or transposase gene because of normal homologous chromosome 
segregation and meiotic recombination. A fraction of these viable genomes will contain 
newly transposed elements, especially those elements that have assorted independently or 
recombined from the launching site with its associated suicide gene. In other words, this 
"genetic sterility filtee’ has eliminated gametes containing transposed elements that 
remained linked to the launching site and/or gametes containing a transposase gene. If the 
remaining viable pollen is used to fertilize ovules, either by controlled pollinations or by 
wind-pollination, a fraction of the resultant progeny will contain transposed elements that 
have recombined with the launching site. These progeny can readily be identified by the 
inclusion of a selectable or screenable marker inside the transposon, such as the petunia, 
Arabidopsis, or Agrobacterium CP4 EPSPS gene (Padgette et al. 1987) (Klee et al. 1987; 
Harrison et al. 1996; Hoef et al. 1998), encoding glyphosate (Roundup) resistance (Malik et 
al. 1989); and a variety of acetolactate synthase (ALS) genes, encoding resistance to 
sulfonylurea herbicides (Whitcomb 1999) such as the Arabidopsis muldherbicide-resistant 
gene, csrI-4 (Mourad et al. 1994), or the bar gene from Streptomyces (Tbompson et al. 
1986), encoding resistance to phosphinotricin (Finale). In the case of the transmission of 
an autonomous element, such as Ac, progeny containing dispersed transposed Ac elements 
can be identified by classical genetic means such as transactivation of a Ds-induced reporter 
gene. It may also be possible to engineer the transposon with a pollen survival gene that 
permits only viable pollen that contain transposed elements, thereby completely eliminating 
the need for chemical selection or screens. 

In addition to the transposon launching site, the suicide gene can be associated with the 
"genetic transposase source. In such cases, the sterility filter" would, in effect, enrich for 

dispersed elements while also eliminating the transmission of the ti-ansposase source to 
progeny. The simultaneous elimination of transposase would have the added benefit of 
stabilizing the transposed elements and preventing additional transpositions (secondary 
transpositions) from occurring in post-meiotic divisions or in progeny plants. It is also be 
possible to have the transposase source and transposon launching sites in separate 
chromosomal regions, with one or the other associated with a suicide gene For instances, 
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the launching site and the transposase source can be brought together in one genome on 
separate elements to achieve the same enrichment for dispersed transpositions. Moreover, 
in cases where localized transposition is desirable, Le., to saturate a specific chromosomal 
region with insertions or to recover insertions in nearby genes of interest, the transposase 
source could be eliminated by the sterility filter method without necessarily eliminating 
linked transpositions. 

Florally-Expressed Transposase 
A second limitation using transposon for mutagenesis, gene-tagging and functional genomic 
analysis, is the lack of developmental and temporal control over the transposition process. 
In most cases, the transposase gene expression, under control of its own promoter, or under 
the control of constitutive promoters, is expressed during vegetative development of the 
plant. Vegetative expression of a transposase source leads to somatic transpositions. These 
transpositions are transmitted to progeny (germinal transpositions) only when these somatic 
cell lineages later produce megaspores or microspores. This is problematic for two reasons. 
One reason is that transpositions that occur during vegetative or early reproductive 
development can be clonally propagated and later transmitted into many gametes, resulting 
in a large number of non-independent elements recovered in progeny. This is undesirable 
when large numbers of independent transpositions are needed for functional genomic 
analysis or gene-tagging. Second, somatic transpositions often do not include lineages that 
give rise to gametes, such as those occurring in epidermal lineages or in terminal vegetative 
structures. These transpositions are never meiotically transmitted and therefore go 
unrecovered in progeny. This is problematic because these somatic events can be falsely 
identified in tissue DNA samples as mutations, yet are never recovered in progeny. This is 
especially problematic when mutational screens are PCR-based (examples: (McKinney et 
al. 1995; Tissier et al. 1999) (Krysan et al. 1996; Frey et al. 1997). 

44 
To minimize the problem of somatic transpositions, the transposase gene can be placed 
under the control of a floral-specific promoter that drives gene expression in subepidermal 
lineages of the flower that lead to the production of microspores and megaspores. Such 
promoters include those found in genes such as agamous, apetalal apetala2, apetala3, 
pistillate, and their homologs found in other plant species such as maize, and rice. For 
example, the apetala3 promoter drives expression of a reporter gene in petal and sepal 
primordial cells of the developing floral meristems. Transposase expression under the 

?N_ control of the ap3 promoter will result in transpositions that are confined to floral 
development and when occurrin in lineages that give rise to microspores, these events will 9 
be transmitted to the next generation. Control of transposition by this method has two 
effects: 1) it shuts down somatic transpositions; and 2) it leads to a large number of 
independent transpositions when pollen is derived from many different floral meristems. 
Hence, somatic tissue can be sampled without the concern of somatic or secondary 
transpositions, and each floral meristern becomes an independent source of transposition 
events. 
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