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ETHYLENE INSENSITIVE PLANTS 

RELATED APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Application 60/290,303 ?led on May 10, 2001. 

GOVERNMENTAL SUPPORT 

[0002] This Work Was supported in part by research grants 
from the National Science Foundation MCB0049003 and 
Department of Energy grant ER15113. The US. government 
may have certain rights to this invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The ?eld of the invention relates to plants and plant 
genes, including both plant mutants and transgenic plants 
containing a gene that confers an ethylene insensitive phe 
notype. Also encompassed by the invention are methods of 
using the disclosed plant gene to confer an ethylene insen 
sitive phenotype. 

[0005] 2. Description of the Related Art 

[0006] The plant hormone ethylene plays a central role in 
a variety of processes, including Wounding, pathogen attack, 
cell fate and elongation, senescence, and fruit ripening. The 
classical triple response to ethylene, inhibited hypocotyl and 
root elongation, thickening of the hypocotyl, and eXaggera 
tion of the apical hook, has been used to study the signaling 
pathWay that mediates this hormone response. Molecular 
genetic studies in Arabidopsis thaliana have eXploited the 
triple response to ethylene, and resulted in the identi?cation 
of mutants defective in this response. Epistasis studies With 
plants that are insensitive to the hormone or display a 
constitutive response to ethylene have suggested a signaling 
pathWay in Which one group of proteins acts to antagoniZe 
pathWay activity in the absence of the hormone, and a 
second group functions to transmit the signal and initiate 
physiological responses. 

[0007] The ETR1 gene and a family of related genes, 
including EIN4, ETR2, ERS1, and ERS2, encode ethylene 
receptors. Ethylene binding is mediated by the hydrophobic 
amino terminus of ETR1 in a copper dependent manner. 
Point mutations in this domain can disrupt ethylene binding, 
and result in dominant ethylene insensitivity, suggesting that 
the proteins actively suppress pathWay activity in the 
absence of the hormone, and that ethylene binding removes 
this inhibitory activity. Genetic experiments in Which com 
bining loss of function alleles of at least three family 
members resulted in constitutive pathWay activity in the 
absence of ethylene con?rmed the idea that the receptors 
negatively regulate ethylene signaling in the absence of the 
hormone. The important role copper plays in receptor func 
tion Was underscored by the identi?cation of the RAN1 
gene, Which bears signi?cant sequence similarity to the 
Menkes/Wilson disease copper transporter. Disruption of 
RAN 1 by mutation or co-suppression resulted in plants that 
display a constitutive triple response, suggesting that copper 
is required for the normal formation or proper structure of a 
receptor complex in addition to ethylene binding. 

[0008] Mutation of the Raf kinase homolog CTR1 also 
results in a constitutive triple response in the absence of 
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ethylene. Based on epistasis studies, CTR1 functions doWn 
stream of the ethylene receptors, and represses signaling 
pathWay activity in the absence of the hormone. The repres 
sive roles played by both CTR1 and the receptors suggests 
a functional link betWeen the tWo. Indeed, protein interac 
tion studies have shoWn that CTR1 and ETR1 physically 
interact, but the manner by Which ETR1 may activate CTR1 
is unknoWn. Although the homology of CTR1 to Raf sug 
gests a doWnstream MAP kinase signaling cascade, the 
manner by Which CTR1 represses ethylene signaling is also 
unknoWn. 

[0009] Mutations of the EIN2 gene are recessive and also 
confer complete ethylene insensitivity. Epistasis testing indi 
cates that EIN2 functions doWnstream of CTR1, and con 
sequently is thought to play a central role in ethylene 
responses. EIN2 possesses an amino terminus that is pre 
dicted to contain multiple transmembrane domains, and is 
similar to metal transporters of the Nramp family. The eXact 
manner in Which EIN2 functions to activate the ethylene 
signaling pathWay is unclear, hoWever it has been shoWn that 
expression of its carboXyl end is suf?cient to stimulate 
ethylene-dependent effects, including the triple response. 

[0010] Terminal components of the primary ethylene sig 
naling pathWay are encoded by the EIN3 gene and a related 
family of EIL genes. ein3 mutations partially block activa 
tion by both ctr1 mutations and the EIN2 carboXyl end, 
indicating that it functions doWnstream of EIN2 in the 
signaling cascade. EIN3 and EIL proteins represent a novel 
class of transcription factors, and have been found to bind as 
dimers to a unique site found in some promoters of a second 
class of transcription factors termed ethylene response ele 
ment binding proteins (EREBP). Many of these factors bind 
to the GCC boX found in many ethylene responsive genes 
that are activated several hours after ethylene treatment. An 
EIN3 binding site Was found in the promoter of one such 
factor, ERF1, Which Was activated Within ?fteen minutes of 
ethylene treatment in an EIN3-dependent manner. OvereX 
pression of ERF1 activated a subset of ethylene responses 
and bypassed an ein3 mutation, indicating that it functions 
doWnstream of EIN3 in the signaling cascade. These data 
indicate that a complete ethylene response is mediated by a 
series of transcription factors that act in sequential steps. 
EIN3 and EIL proteins act very early in the transcriptional 
cascade, Whereas ERF1 and related proteins act later. 

[0011] Roman et al. described a mutant plant, ein6 
(Roman, et al. (1995) “Genetic analysis of ethylene signal 
transduction in Arabidopsis thaliana: ?ve novel mutant loci 
integrated into a stress response pathWay” Genetics 139(3): 
1393-1409) This mutant plant demonstrated ethylene insen 
sitivity, Which Was assumed to be the result of a single 
recessive mutation. The EIN6 gene Was not identi?ed. 
Unlike etr1 and ein2 mutants, ein6 mutant plants Were found 
to retain some sensitivity to ethylene, With the root being 
less sensitive to ethylene than the hypocotyl. HoWever, the 
original Work mischaracteriZed the ein6 mutant plant as the 
phenotype Was thought to be due to a single mutation. 

[0012] In addition, the chromosomal location and DNA/ 
Protein sequence of the EIN6 gene Was not described, thus 
hindering in-depth studies of this mutation. HoWever, as 
described beloW, the present application describes the iso 
lation and characteriZation of the EIN6 gene, as Well as the 
mutant allele, ein6. 
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SUMMARY OF THE INVENTION 

[0013] One embodiment of the invention is a mutant plant 
containing a mutated form of the EIN6 gene, Wherein said 
mutant plant exhibits an altered response to ethylene. In a 
preferred embodiment, the altered response to ethylene 
includes an ethylene insensitive or an ethylene insensitive 
root (EIR) phenotype. In a more preferred embodiment, the 
mutant plant contains an ein6 gene Which has the nucleotide 
sequence shoWn in SEQ ID NO: 23. 

[0014] Another embodiment of the invention is a mutant 
plant containing a mutated form of the EIN6 and a mutated 
form of the een gene. This double mutant plant Was found to 
be ethylene insensitive throughout the plant, in contrast to 
the EIR phenotype found in ein6 single mutants. 

[0015] Another embodiment of the invention relates to the 
discovery that the ein6/een mutation Was found to be epi 
static to ctr1, partially suppressing the constitutive hormone 
response in a manner similar to ein3 mutations. In these 
respects, ein6/een double mutants Were very similar to other 
ethylene insensitive mutants. Interestingly, certain pheno 
types of the ein6/een double mutant distinguish it from other 
ethylene-related mutants, such as hypersensitivity to the 
microtubule-stabiliZing drug taxol. 

[0016] The present application describes the isolation and 
characteriZation of the EIN6 gene, Which Was found to be 
required for normal ethylene responses. The EIN6 gene 
encodes a protein containing multiple Zinc ?ngers, and 
additional domains that are implicated in protein-protein 
interactions. As such, it represents an excellent candidate for 
a partner of EIN3 or ERFl in the regulation of ethylene 
dependent transcription. 
[0017] Another embodiment of the invention is draWn to 
an isolated polynucleotide having a nucleic acid sequence 
that hybridiZes to the sequence of SEQ ID NO: 22 under 
moderate stringency, Wherein expression of the polynucle 
otide in a plant results in an altered response to ethylene. In 
a preferred embodiment, the isolated polynucleotide has the 
sequence shoWn in SEQ ID NO: 23. Also encompassed 
Within the present invention is a plant expression vector 
containing an isolated polynucleotide that hybridiZes to the 
sequence of SEQ ID NO: 22 under moderate stringency, 
operably linked to a promoter, Wherein expression of the 
polynucleotide in a plant results in an altered response to 
ethylene. In one embodiment, the promoter is a constitutive 
promoter. In an alternate embodiment, the promoter is a 
tissue speci?c promoter. In another alternate embodiment, 
the promoter is an inducible promoter. 

[0018] Also included Within the invention is a method for 
producing a transgenic plant With an altered ethylene-de 
pendent phenotype including the steps of: 

[0019] transforming a plant cell With a plant expres 
sion vector containing the isolated polynucleotide 
that hybridiZes to the sequence of SEQ ID NO: 22 
under moderate stringency; 

[0020] regenerating a transgenic plant from the trans 
formed plant cell; 

[0021] groWing said transgenic plant under condi 
tions such that the isolated polynucleotide is 
expressed in the plant; and 
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[0022] selecting at least one plant having an altered 
ethylene-dependent phenotype. 

[0023] In one embodiment, the altered ethylene-dependent 
phenotype is selected from the group including ripening, 
?oWering, senescence, broWning, and sensitivity to patho 
gens. In a more preferred embodiment, the plant expression 
vector contains the nucleotide sequence of SEQ ID NO: 22. 
In one preferred embodiment, the polynucleotide is overex 
pressed in the plant. In another preferred embodiment, 
expression of the polynucleotide inhibits expression of a 
corresponding gene. In a most preferred embodiment, the 
polynucleotide transcribes an RNA that is complementary to 
that gene. 

[0024] Also encompassed Within the invention is an iso 
lated polypeptide containing the amino acid sequence of 
SEQ ID NOS: 20 or 21. 

[0025] Also included in embodiments of the invention is 
an isolated polynucleotide encoding an EIN6 gene as Well as 
polynucleotides Which have 80%, 85%, 90%, or 95% 
homology to SEQ ID NO: 22. 

[0026] In another embodiment, the invention includes a 
recombinant expression vector containing a polynucleotide 
sequence encoding an EIN6 gene. In a further embodiment, 
the present invention includes a bacterial or plant host cell 
containing the recombinant vector containing the EIN6 
gene. 

[0027] Another embodiment of the invention includes a 
genetically modi?ed plant containing at least one exogenous 
nucleic acid sequence encoding an EIN6 gene. Also 
included are embodiments of the invention Wherein the 
exogenous nucleic acid sequence has at least 80%, 85%, 
90%, or 95% homology to the sequence of SEQ ID NO: 22. 
In a further embodiment the exogenous nucleic acid 
sequence of the genetically modi?ed plant contains a regu 
latory nucleic acid sequence. In a preferred embodiment, the 
regulatory sequence is a promoter. In a more preferred 
embodiment, the promoter is a constitutive promoter. In an 
alternate more preferred embodiment, the promoter is an 
inducible promoter. In another alternate preferred embodi 
ment, the promoter is a tissue speci?c promoter. In a 
preferred embodiment, the exogenous nucleic acid sequence 
in the genetically modi?ed plant contains a selectable 
marker. In a preferred embodiment, the genetically modi?ed 
plant is a dicotyledonous plant. In an alternate preferred 
embodiment, the genetically modi?ed plant is a monocoty 
ledonous plant. Also encompassed by the present invention 
are seeds Which germinate into a plants containing at least 
one exogenous nucleic acid sequence encoding an EIN6 
gene. 

[0028] For purposes of summariZing the invention and the 
advantages achieved over the prior art, certain objects and 
advantages of the invention have been described above. Of 
course, it is to be understood that not necessarily all such 
objects or advantages may be achieved in accordance With 
any particular embodiment of the invention. Thus, for 
example, those skilled in the art Will recogniZe that the 
invention may be embodied or carried out in a manner that 
achieves or optimiZes one advantage or group of advantages 
as taught herein Without necessarily achieving other objects 
or advantages as may be taught or suggested herein. 



US 2003/0166197 A1 

[0029] Further aspects, features and advantages of this 
invention Will become apparent from the detailed descrip 
tion of the preferred embodiments Which folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other feature of this invention Will noW 
be described With reference to the draWings of preferred 
embodiments Which are intended to illustrate and not to limit 
the invention. 

[0031] FIG. 1. Genetic and Physical Map of the EIN6 
Genomic Region. Genomic region shoWn corresponds to the 
middle of chromosome 3, “proximal” and “distal” referring 
to the orientation relative to the centromere. The CAPS 
markers TOPPS and g19397 Were mapped relative to the 
EIN6 gene, and map positions of TOPPS and AP3, and 
genetic distance betWeen the g19397 and AP3 markers are 
based on published recombinant inbred mapping data. The 
numbers beloW TOPPS and g19397 the chromosomal map 
re?ect the number of recombinant plants identi?ed out of 
populations of 124 and 350 F2 plants, respectively. The 
BAC contig for this interval is the ESSA sequencing contig 
for this region of chromosome 3. The numbers beloW the 
markers for this map represent the number of recombinant 
plants identi?ed out of a population of 496 F2 plants. The 
marker locations of the 71 kb interval of T29H11 Were 
determined from the genomic sequence determined by the 
ESSA Sequencing Consortium. The numbers beloW the 
markers are the number of recombinant plants identi?ed out 
of a population of 496 F2 plants. 

[0032] FIG. 2. Nucleotide Sequence of the EIN6 Gene 
(SEQ ID NO: 1). The genomic sequence of the EIN6 gene 
from the Landsberg erecta ecotype Was determined by direct 
sequencing of overlapping PCR products covering the locus. 
Nucleotides are numbered With the ?rst nucleotide of the 
cDNA being +1. Exons are listed in capital letters, Whereas 
introns are in loWercase. Asterisks above the line indicate the 
7 nucleotides deleted in the ein6 mutant, and solid boxes 
above the nucleotides denote an intron that is removed by 
alternative splicing. 

[0033] FIG. 3. Amino Acid Sequence of the EIN6 
Polypeptides. This ?gure shoWs the amino acid sequence of 
the full length EIN6 protein (SEQ ID NO: 20). The solid box 
above the sequence denotes a putative coil domain. The 
vertically-hatched box above the sequence denotes a puta 
tive ATP/GTP-binding P-loop domain. The asterisks above 
the sequence denote putative nuclear localiZation signals. 
The diagonally-hatched boxes above the sequence indicate 
acidic domains. 

[0034] FIG. 4. This ?gure shoWs the amino acid sequence 
of the alternatively-spliced EIN6 gene product (SEQ ID NO: 
21). 
[0035] FIG. 5. Alignment of Zinc Finger Motifs. The 
sequence of the EIN6 Zinc ?nger domains (SEQ ID NO: 2) 
aligned With other Zinc ?nger domain-containing proteins. 
GLI1 (SEQ ID NO: 3) and GLI3 (SEQ ID NO: 5) Zinc ?nger 
proteins from Mus musculus. X84986 (SEQ ID NO: 4) is a 
putative Zinc ?nger protein from Drosophila melanogaster. 
SPH1-BF (SEQ ID NO: 6) is the SPH1 binding factor from 
Homo sapiens. RPH1p (SEQ ID NO: 7) is the repressor of 
photolyase gene from Saccharomyces cerevisiae. Identical 
residues are highlighted by black boxes, and similar residues 
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are indicated by shading. Numbers indicate the positions of 
the residues Within the respective polypeptides. 

[0036] FIG. 6. Alignment of the EIN6 amino terminus 
With tWo interrupted domains of homology. The sequence of 
the EIN6 amino terminal domain (SEQ ID NO: 8) aligned 
With proteins Whose homology extend over tWo non-con 
tiguous regions. The EIN6 sequence is listed as contiguous, 
but only the homologous regions of related proteins are 
shoWn. The regions of homology are interrupted by a 300 
amino acid domain in the homologous proteins. RBP2 is the 
retinoblastoma binding protein 2 of Homo sapiens (SEQ ID 
NO: 9). Smcx (SEQ ID NO: 10) is an X-linked protein not 
subject to X-linked inactivation from Mus musculus. 
CG9088 (SEQ ID NO: 11) is a predicted protein from 
Drosophila melanogaster. AL136078 (SEQ ID NO: 12) is a 
predicted protein from Schizosaccharomyces pombe. 
F2K11.14 (SEQ ID NO: 13) is a predicted protein from 
Arabidopsis thaliana. Identical residues are highlighted by 
black boxes, and similar residues are indicated by shading. 
Numbers indicate the positions of the residues Within the 
respective polypeptides. 
[0037] FIG. 7. Alignment of the EIN6 Amino Terminus 
(SEQ ID NO: 14) With a Continuous Domain of Homology. 
The sequence of the EIN6 amino terminal domain aligned 
With proteins Whose homology extend over a single con 
tinuous sequence. RPH1p (SEQ ID NO: 15) is the repressor 
of photolyase gene from Saccharomyces cerevisiae. 
F19I3.11 (SEQ ID NO: 16) is a predicted protein from 
Arabidopsis thaliana. CG4037 (SEQ ID NO: 17) is a 
predicted protein from Drosophila melanogaster. 
Y48B6A.11 (SEQ ID NO: 18) is a hypothetical protein from 
Caenorhabditis elegans. KIAA0780 (SEQ ID NO: 19) is a 
predicted protein from Homo sapiens. Identical residues are 
highlighted by black boxes, and similar residues are indi 
cated by shading. Numbers indicate the positions of the 
residues Within the respective polypeptides. 

DETAILED DESCRIPTION 

[0038] Embodiments of the invention are based, in part, 
upon the identi?cation, isolation, cloning and sequencing of 
a novel gene family regulating developmental and stress 
responses in plants, including the classical triple response to 
ethylene. Described beloW are genomic (SEQ ID NO: 1) and 
cDNA (SEQ ID NO: 22) sequences of the EIN6 gene, 
homologues, mutants, and fragments thereof. In addition, a 
speci?c mutated sequence of ein6 With a 7 base pair deletion 
is speci?cally described (SEQ ID NO: 23). Also disclosed is 
a sequence for the full length polypeptide, identi?ed in 
Arabidopsis thaliana (SEQ ID NO: 20). A second protein, 
produced by alternate splicing, is also described (SEQ ID 
NO: 21). 
[0039] A mutation in the novel ethylene-signaling gene 
Ethylene Insensitive 6 (EIN 6) Was identi?ed from a large 
pool of fast neutron mutagenesis-treated Arabidopsis 
(Landsberg ecotype) seed (Example 1). The mutageniZed 
pool Was screened for lines that Were insensitive to ethylene 
(Roman et al., 1995). Ethylene insensitive mutants found by 
this screening method did not display the characteristic 
seedling triple response to the hormone. In addition to ein6, 
the screen also identi?ed a number of other ethylene path 
Way mutants such as ein4, einS, ein7 and eir1. The ein6 
mutant had a moderately ethylene insensitive phenotype, 
Weaker than that of the strong ethylene insensitive mutant 
ein2. 
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[0040] The ein6 mutation Was found to be a recessive 
mutation that Was classi?ed by having signi?cantly reduced 
gametophytic transmission. The reduced transmission Was 
originally attributed to the existence of possible chromo 
somal aberrations caused by the fast neutron-mutagenesis. 
The gene Was originally mapped to the bottom of chromo 
some 3, betWeen the markers GL1, and nga112. It Was 
hypothesized to be a reduction of function mutant, rather 
than a loss of function mutant, because of its moderate 
ethylene insensitive phenotype. The nucleic acid sequence 
of the 7 bp deletion in the ein6 mutation Was identi?ed using 
denaturing high performance liquid chromatography as 
described in Example 2. 

[0041] Further genetic analysis shoWed that the original 
ein6 mutant line described by Roman et al. Was actually a 
double mutant (see Example 3) containing a mutation in 
both the EIN6 gene, plus an enhancer mutation currently 
being called ENHANCER OF ETHYLENE INSENSITIV 
ITY (EEN) (see Example 6). The ?nding of the presence of 
the double mutation explains the earlier ?nding of the 
reduced transmission phenotype mentioned above. Thus, the 
screening assays revealed a series of ein6/een double mutant 
plants. Unlike strong insensitive mutants, such as etr1 and 
ein2, the ein6/een double mutants Were found to still retain 
some ethylene sensitivity. 

[0042] The analysis of ethylene response pathWay double 
mutants is a useful method to elucidate EIN6 function and 
its relation to other ethylene pathWay members. Epistasis 
relationships betWeen mutations in a biochemical or regu 
latory pathWay can provide information about the Way these 
genes interact Without any a priori knoWledge of their 
molecular identity (Ferguson et al. 1987; Chory 1990). To 
de?ne the relationship betWeen ethylene mutants, double 
mutants Were isolated as described in Example 12. The 
triple-response phenotypes of Wild-type, single and double 
mutant strains Were quanti?ed in the presence and absence 
of ethylene. 

[0043] The EIN6 gene Was found to encode a protein of 
1359 amino acids, having three Zinc ?ngers and three 
putative nuclear localiZation sites (see Example 5). Embodi 
ments of the invention provide isolated nucleic acids includ 
ing nucleotide sequences comprising or derived from the 
EIN6 genes and/or encoding polypeptides comprising or 
derived from the EIN6 proteins. EIN6 sequences include the 
speci?cally disclosed sequences, and splice variants, allelic 
variants, synonymous sequences, and homologous or 
orthologous variants thereof. Thus, for example, embodi 
ments of the invention include genomic and cDNA 
sequences from the EIN6 gene. 

[0044] Embodiments of the invention also include allelic 
variants and homologous or orthologous sequences. For 
example, these variants are useful in allele speci?c hybrid 
iZation screening or PCR ampli?cation techniques. More 
over, subsets of the EIN6 sequences, including both sense 
and antisense sequences, and both normal and mutant 
sequences, as Well as intronic, exonic and untranslated 
sequences, may be employed for these techniques. Such 
sequences may comprise a small number of consecutive 
nucleotides from the sequences Which are disclosed or 
otherWise enabled herein but preferably include at least 
8-10, and more preferably 9-25, consecutive nucleotides 
from an EIN6 sequence. Various nucleic acid constructs in 
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Which EIN6 sequences, either complete or subsets, are 
operably joined to exogenous sequences to form cloning 
vectors, expression vectors, fusion vectors, transgenic con 
structs, and the like are also contemplated. 

[0045] The location of EIN6 in the ethylene pathWay has 
been difficult to determine because the original mutation Was 
generated in the Ler ecotype and a majority of the other 
ethylene mutants are in the Col-0 ecotype. It has been 
determined that EIN6 is doWnstream of CTR1, based on a 
cross of ein6 to a Ler allele of ctr1. Sequence analysis of the 
putative polypeptide sequence encoded by the EIN6 gene 
has three nuclear localiZation signals, indicating that the 
EIN6 protein may be localiZed in the nucleus. 

[0046] Interestingly, plants having only the ein6 mutant 
displayed an even greater selective insensitivity to ethylene, 
With the root being the only part of the plant that is fully 
insensitive. In contrast, plants having both the ein6 and the 
een mutation had an insensitivity to ethylene that is distrib 
uted throughout the entire plant rather than just in the root. 
Further characteriZation of the double mutant determined 
that seedlings possessing the ein6/een mutations Were also 
hypersensitive to the microtubule-stabiliZing drug taxol. 
This phenotype differentiated it from other ein mutants, and 
indicated that the EIN6 gene product played a role in 
phenomena that Were unrelated to ethylene. 

[0047] Accordingly, embodiments of the invention 
include the EIN6 gene and mutations thereof, as Well as a 
characteriZation of the ein6/een double mutants Which have 
been discovered in Arabidopsis. However, the disclosed 
methods are not limited to any particular plant type. It is 
expected that similar mutations in other plants Will result in 
similar phenotypes. 

[0048] In other embodiments of the invention, genetically 
modi?ed plants having decreased levels of the functional 
EIN6 polypeptide, and further exhibiting decreased root 
sensitivity to ethylene, are provided. 

[0049] In another embodiment of the invention, geneti 
cally modi?ed plants having decreased levels of both EIN6 
and EEN are provided. Such loss of function double mutant 
plants Were found to have decreased sensitivity to ethylene 
throughout the entire plant. In addition, it Was discovered 
that these double mutants had increased sensitivity to the 
drug taxol. 

[0050] Nucleic Acids 

[0051] The polynucleotides encoding EIN6 include the 
nucleotide sequences of SEQ ID NOS: 1, 22, and 23. A 
genomic sequence for EIN6 is shoWn in SEQ ID NO: 1. The 
corresponding cDNA sequence is shoWn in SEQ ID NO: 22 
and one example of a mutant form of the ein6 gene is shoWn 
in SEQ ID NO: 23. Nucleic acid sequences complementary 
to SEQ ID NOS: 1, 22, and 23 are also encompassed Within 
the present invention. 

[0052] As used herein, the terms “polynucleotides” and 
“nucleic acid sequences” refer to DNA, RNA and cDNA 
sequences. A complementary sequence may include an anti 
sense nucleotide. When the sequence is RNA, the deoxyri 
bonucleotides A, G, C, and T of SEQ ID NOS: 1, 22, or 23 
are replaced by ribonucleotides A, G, C, and U, respectively. 
Also included in the invention are fragments (“probes”) of 
the above-described nucleic acid sequences that are at least 
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15 bases in length, Which is suf?cient to permit the probe to 
selectively hybridize to DNA that encodes the protein of 
either of SEQ ID NOS : 20 or 21. 

[0053] Embodiments of the invention also provide an 
isolated polynucleotide sequence encoding a polypeptide 
having the amino acid sequence of either of SEQ ID NOS : 
20 or 21. The term “isolated” as used herein includes 
polynucleotides substantially free of other nucleic acids, 
proteins, lipids, carbohydrates or other materials With Which 
it is naturally associated. Polynucleotide sequences of the 
invention include DNA, cDNA and RNA sequences Which 
encode EIN6. It is understood that polynucleotides encoding 
all or varying portions of EIN6 are included herein, as long 
as they encode a polypeptide With EIN6 activity. Such 
polynucleotides include naturally occurring, synthetic, and 
intentionally manipulated polynucleotides as Well as splice 
variants. For example, portions of the mRNA sequence may 
be altered due to alternate RNA splicing patterns or the use 
of alternate promoters for RNA transcription. Without being 
bound by any theory, SEQ ID NO: 21 is believed to 
represent a splice variant of SEQ ID NO: 20. 

[0054] Moreover, EIN6 polynucleotides include poly 
nucleotides having alterations in the nucleic acid sequence 
Which still encode a polypeptide having the ability to modify 
the response to ethylene. Alterations in EIN6 nucleic acid 
include but are not limited to intragenic mutations (e.g., 
point mutation, nonsense (stop), antisense, splice site and 
frameshift) and heterozygous or homozygous deletions. 
Detection of such alterations can be done by standard 
methods knoWn to those of skill in the art including 
sequence analysis, Southern blot analysis, PCR based analy 
ses (e.g., multiplex PCR, sequence tagged sites (STSs)) and 
in situ hybridization. Embodiments of the invention also 
include anti-sense polynucleotide sequences. A speci?c 
alteration of EIN6 comprising a 7 base pair deletion that 
results in a decreased response to ethylene, is exempli?ed 
herein (SEQ ID NO: 23). 

[0055] As used herein, the term “polymerase chain reac 
tion” (“PCR”) refers to the method of K. B. Mullis US. Pat. 
Nos. 4,683,195 and 4,683,202, hereby incorporated by ref 
erence, Which describe a method for increasing the concen 
tration of a segment of a template sequence in a mixture of 
genomic DNA Without cloning or puri?cation. This process 
for amplifying the template sequence consists of introducing 
a large excess of tWo oligonucleotide primers to the DNA 
mixture containing the desired template sequence, folloWed 
by a precise sequence of thermal cycling in the presence of 
a DNA polymerase. The tWo primers are complementary to 
their respective strands of the double stranded template 
sequence. To effect ampli?cation, the mixture is denatured 
and the primers then annealed to their complementary 
sequences Within the template molecule. FolloWing anneal 
ing, the primers are extended With a polymerase so as to 
form a neW pair of complementary strands. The steps of 
denaturation, primer annealing and polymerase extension 
can be repeated many times (i.e., denaturation, annealing 
and extension constitute one “cycle”; there can be numerous 
“cycles”) to obtain a high concentration of an ampli?ed 
segment of the desired template sequence. The length of the 
ampli?ed segment of the desired template sequence is 
determined by the relative positions of the primers With 
respect to each other, and therefore, this length is a control 
lable parameter. By virtue of the repeating aspect of the 
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process, the method is referred to as the “polymerase chain 
reaction” (hereinafter “PCR”). Because the desired ampli 
?ed segments of the template sequence become the pre 
dominant sequences (in terms of concentration) in the mix 
ture, they are said to be “PCR ampli?ed”. 

[0056] With PCR, it is possible to amplify a single copy of 
a speci?c template sequence in genomic DNA to a level 
detectable by several different methodologies (e.g., hybrid 
ization With a labeled probe; incorporation of biotinylated 
primers folloWed by avidin-enzyme conjugate detection; 
incorporation of 32P-labeled deoxynucleotide triphosphates, 
such as dCTP or dATP, into the ampli?ed segment). In 
addition to genomic DNA, any oligonucleotide sequence 
can be ampli?ed With the appropriate set of primer mol 
ecules. In particular, the ampli?ed segments created by the 
PCR process itself are, themselves, efficient templates for 
subsequent PCR ampli?cations. 

[0057] “Antisense” nucleic acids are DNA or RNA mol 
ecules that are complementary to at least a portion of a 
speci?c mRNA molecule (Weintraub (1990) Scienti?c 
American 262: 40). In the cell, the antisense nucleic acids 
hybridize to the corresponding mRNA, forming a double 
stranded molecule. This interferes With the translation of the 
mRNA since the cell Will not translate a mRNA that is 
double-stranded. Antisense oligomers of about 15 nucle 
otides are preferred, since they are easily synthesized and are 
less likely to cause non-speci?c interference With translation 
than larger molecules. The use of antisense methods to 
inhibit the in vitro translation of genes is Well knoWn in the 
art (Marcus-Sakura (1988) Anal. Biochem. 172: 289). In the 
present case, plants transformed With constructs containing 
antisense fragments of the EIN6 gene Would display phe 
notypes such as prolonged shelf due to delayed ripening, 
delayed abscission, delayed senescence, and reduced broWn 
mg. 

[0058] “Hybridization” refers to the process by Which a 
nucleic acid strand joins With a complementary strand 
through base pairing. Hybridization reactions can be sensi 
tive and selective so that a particular sequence of interest can 
be identi?ed even in samples in Which it is present at loW 
concentrations. Suitably stringent conditions can be de?ned 
by, for example, the concentrations of salt or formamide in 
the prehybridization and hybridization solutions, or by the 
hybridization temperature, and are Well knoWn in the art. In 
particular, stringency can be increased by reducing the 
concentration of salt, increasing the concentration of forma 
mide, or raising the hybridization temperature. 

[0059] For example, hybridization under high stringency 
conditions could occur in about 50% formamide at about 37° 
C. to 42° C. Hybridization could occur under reduced 
stringency conditions in about 35% to 25% formamide at 
about 30° C. to 35° C. In particular, hybridization could 
occur under high stringency conditions at 42° C. in 50% 
formamide, 5X SSPE, 0.3% SDS, and 200 n/ml sheared and 
denatured salmon sperm DNA. Hybridization could occur 
under medium stringency conditions as described above, but 
in 35% formamide at a reduced temperature of 35° C. The 
temperature range corresponding to a particular level of 
stringency can be further narroWed by calculating the purine 
to pyrimidine ratio of the nucleic acid of interest and 
adjusting the temperature accordingly. Variations on the 
above ranges and conditions are Well knoWn in the art. 
















































































