
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0265812 A1 

Granot et al. 

US 20090265812A1 

(43) Pub. Date: Oct. 22, 2009 

(54) PLANT GENE PROMOTER AND ITS USE 

(75) Inventors: David Granot, Jerusalem (IL); 
David Granot, Jerusalem (IL); 
Dvora Swartzberg, Petach-Tikva 
(IL); Marcelo German, Newark, 
DE (US) 

Correspondence Address: 
MARTIN D. MOYNIHAN d/b/a PRTSI, INC. 
P.O. BOX16446 
ARLINGTON, VA 22215 (US) 

(73) Assignee: 

(21) Appl. No.: 

(22) PCT Filed: 

(86). PCT No.: 

S371 (c)(1), 
(2), (4) Date: 

The State of Israel,Ministry of 
Agriculture& Rural Development, 
Agricultural Research 
Organization, Beit-Dagan (IL) 

12/225,881 

Mar. 29, 2007 

PCT/IL2007/000407 

Apr. 24, 2009 

Related U.S. Application Data 

(60) Provisional application No. 60/790,777, filed on Apr. 
11, 2006. 

Publication Classification 

(51) Int. Cl. 
AOIH 5/00 (2006.01) 
CI2N 5/82 (2006.01) 
C7H 2L/04 (2006.01) 
CI2N 5/04 (2006.01) 

(52) U.S. Cl. ........ 800/289: 800/298; 800/278; 536/23.1; 
435/320.1; 435/419 

(57) ABSTRACT 

A method for protecting a plant from high temperature stress 
(HTS), comprising transforming the plant with a polynucle 
otide sequence. The polynucleotide sequence comprises a 
nucleotide sequence encoding a Sugar kinase under the con 
trol of an anther and/or pollen specific promoter, thereby 
producing a transformed plant having improved tolerance to 
HTS. Also disclosed is the polynucleotide sequence of the 
LeFRK4 promoter. 



Patent Application Publication Oct. 22, 2009 Sheet 1 of 6 US 2009/0265812 A1 

3C Gernisatists 
°C experature 

8 

: 

  



Patent Application Publication Oct. 22, 2009 Sheet 2 of 6 US 2009/0265812 A1 

:8 

six 

... 3 

  



Patent Application Publication Oct. 22, 2009 Sheet 3 of 6 US 2009/0265812 A1 

FIG. 4 

  



Patent Application Publication Oct. 22, 2009 Sheet 4 of 6 US 2009/0265812 A1 

8. 
S 
r 

i L 
Sp 9HH 
rf 
ea 

thdd 
Hid 9 

s H 

H 

N 

s s s s s - 
(%) Alias Audio 

  



Patent Application Publication Oct. 22, 2009 Sheet 5 of 6 US 2009/0265812 A1 

  





US 2009/0265812 A1 

PLANT GENE PROMOTER AND ITS USE 

FIELD OF THE INVENTION 

0001. This invention relates to a plant gene promoter and 
its use. 

REFERENCES 

0002 The following references are referred to in the speci 
fication and are identified in the text by their respective num 
bers. Mention of the reference does not necessarily indicate 
that it is relevant to the patentability of the invention. 
0003 1. Imin N, Kerim T. Rolfe BG, Weinman J.J. (2004) 
Effect of early cold stress on the maturation of rice anthers. 
Proteomics 4: 1873-1882; 

0004 2. Aloni B, Peet M, Pharr M, Karni L (2001) The 
effect of high temperature and high atmospheric CO2 on 
carbohydrate changes in bell pepper (Capsicum annuum) 
pollen in relation to its germination. Physiol Plant 112: 
505-512; 

0005 3. Pressman E, Peet M M, Pharr D M (2002) The 
effect of heat stress on tomato pollen characteristics is 
associated with changes in carbohydrate concentration in 
the developing anthers. Ann Bot (Lond) 90:631-636; 

0006 4. German MA, Asher I, Petreikov M. Dai N. Schaf 
fer AA, Granot D (2004) Cloning, expression and charac 
terization of LeFRK3, the fourth tomato (Lycopersicon 
esculentum Mill.) gene encoding fructokinase. Plant Sci 
ence 166: 285-291 

0007 5. Kandel-Kfir M. Damari-Weissler H, German M. 
A, GidoniD, Mett A, Belausov E, Petreikov M, Adir N, and 
Granot D (2006). Two newly identified membrane-associ 
ated and plastidic tomato HXKs: characteristics, predicted 
structure and intracellular localization. Planta 224, 1341 
1352. 

0008 6. German MA, Dai N, Chmelnitsky I, Sobolev I, 
Salts Y. Barg R, Schaffer AA, Granot D (2002) LeFRK4, a 
novel tomato (Lycopersicon esculentum Mill.) fructoki 
nase specifically expressed in stamens. Plant Science 163: 
607-613; 

0009. 7. Karni, L and Aloni, B (2002) Fructokinase and 
hexokinase from pollen grains of bell pepper (Capsicum 
annuum L.): possible role in pollen germination under 
conditions of high temperature and CO2 enrichment; 
Annals of Botany, v. 90 (5):607-612: 

0010) 8. Dai N, Schaffer A, Petreikov M, Shahak Y. Giller 
Y. Ratner K, Levine A, GranotD (1999) Overexpression of 
Arabidopsis hexokinase in tomato plants inhibits growth, 
reduces photosynthesis, and induces rapid senescence. 
Plant Cell 11: 1253-1266. 

BACKGROUND OF THE INVENTION 

0011. The main factor responsible for the reduction of 
tomato crop yields under elevated temperatures is the impair 
ment of pollen development and germination. This factor is 
known as high temperature stress (HTS). The flowering 
phases most sensitive to high temperatures are meiosis (8-9 
days before anthesis) and fertilization (1-3 days after anthe 
sis). In Brassica, pollen from plants exposed to four days of 
HTS (35° C.) had lower in vitro germination rates (17.5%) 
than pollen from control grown plants (59.2%). The lower 
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germination rate was regardless of whether in vitrogermina 
tion was carried out at 23° C. or 35° C. Similar findings 
indicating that the male reproductive organs are the most 
sensitive to heat stress were reported for other plant species as 
well. 
0012. Although male sterility due to HTS has been 
observed in numerous plants, the biochemical or develop 
mental pathways affected remain unknown. Similarly, while 
much is known about the response of vegetative tissues to 
environmental stress, very little information is available with 
respect to the pollen's ability to mount a defensive response. 
A comparative analysis of the global pollen protein expres 
sion profile in the presence or absence of stress is one 
approach that can help address these shortcomings. To date, 
there are still very few comprehensive analyses specific to the 
pollen proteome and only one such analysis deals with tem 
perature stress 1. In this study the global protein expression 
profile of rice anthers was analyzed under cold stress and 70 
protein spots were found to be differentially displayed. The 
little evidence So far seems to indicate that pollen grains not 
only do not induce the proteins normally found in stressed 
vegetative tissues, but that the detrimental effects occur 
mainly at the translational and post-translational level. 
0013 Carbohydrates play a critical role in pollen develop 
ment, germination and fertilization, serving as nutrients for 
metabolic, structural, storage and perhaps signaling func 
tions. In many plants including tomato and Brassica, the 
transported Sugar is mainly Sucrose. An unloading pathway of 
sucrose via the apoplastic space is mandatory for symplasti 
cally isolated cells, such as developing pollen, that receive 
their carbohydrate supply from the tapetum layer and the 
Surrounding locular fluid. The transported Sucrose is released 
from the sieve elements of the phloem into the anther wall 
layers and the tapetum apoplast, probably via a Sucrose trans 
porter. The released sucrose molecules may follow either or 
both of the following routes: 1. Enter the cytosol of the pollen 
sink cells and be cleaved by sucrose synthase (SuSy) into 
fructose and UDP-glucose (UDPG); 2. Irreversibly hydro 
lyzed into glucose and fructose by an extra-cellular (apoplas 
tic) invertase ionically bound to the cell wall. The resulting 
hexose monomers, glucose and fructose, are then taken up 
into the sink cells by hexose transporters. 
0014 Pollengermination and tube growth are also highly 
dependent on the availability of Sugars, since the main meta 
bolic activity during this process is the biosynthesis of poly 
mers that will form the elongating cell wall. While the volume 
of the protoplast does not change significantly during pollen 
tube elongation since it moves forward, the cell wall forms an 
immobile tube which continuously expands at the apex. 
Given that a single pollen tube has to achieve a total length of 
about a centimeter in tomato and Brassica pistils within a 
short time, the supply of cell wall precursors needs to be 
uninterrupted and extremely rapid. To Support this high level 
of carbohydrate synthesis pollen tubes use both stored 
reserves which can include Sucrose, starch, phytic acid and 
lipids, depending on the species and external sources of sugar. 
In in vitro growing pollen tubes, the need for external carbon 
Sources was shown to increase with time as internal stores 
were depleted. Efficient sugar metabolism is therefore crucial 
for the success of the fertilization process. 
0015. In a number of plant species, stress-induced impair 
ment of male gametophyte development is preceded by dis 
turbances in carbohydrate metabolism in the anther and the 
developing pollen 2. In tomato, HTS causes a reduction in 
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both starch levels of developing immature tomato pollen and 
soluble Sugar concentration of mature pollen grains. This was 
accompanied by a decrease in the number of pollen grains 
produced, an elevated number of non-viable pollen and a 
decrease in the capacity of the viable pollen to germinate 3. 
0016. Both sucrose synthase (SuSy) and invertase cleave 
Sucrose to produce the hexose Sugars, glucose and fructose, 
that must be phosphorylated by hexose phosphorylating 
enzymes (hexose kinases) before they can be further metabo 
lized. Hexose phosphorylating enzymes are characterized by 
their particular affinity to various sugars. Hexokinase (HXK) 
phosphorylates glucose and fructose, whereas fructokinase 
(FRK) phosphorylates only fructose. The affinity of FRKs to 
fructose are one to two orders of magnitude higher than that of 
HXKs to fructose. The phosphorylated sugars (hexose phos 
phates) may enter glycolysis or the pentose phosphate path 
way, or be converted and stored as starch. Uridine diphos 
phate glucose (UDPG), produced by cleavage of sucrose by 
SuSy, may also be used for cell wall, cellulose or starch 
synthesis. 
0017 Four HXK genes and four FRK genes (LeFRK1-4) 
were identified intomato plants 4.5. All four HXK and three 
of the FRK genes (LeFRK1-3) are expressed at different 
levels in all plant tissues 4.5. However, the fourth recently 
cloned fructokinase, LeFRK4, is expressed exclusively in 
anthers and pollen 6 (mainly in mature and germinating 
pollen but also in developing pollen) at levels 100 times 
higher than any of the other HXK and FRK genes. 
0018 Karni, L. and Aloni, B. 7 investigated changes in 
fructokinase (FRK) and hexokinase activities in pepper flow 
ers during their development, and studied the possible roles of 
these enzymes in determining pollen germination capacity 
under high temperature and under CO enrichment, previ 
ously shown to modify Sugar concentrations in pepper pollen. 
Their results suggested that pollen and anther FRK may play 
a role in the regulation of pollen germination, possibly by 
providing fructose-6-phosphate for glycolysis, or through 
conversion to UDPG to support the biosynthesis of cell wall 
material for pollen tube growth. 

SUMMARY OF THE INVENTION 

0019. In one aspect of the invention, there is provided an 
isolated polynucleotide sequence comprising one of the fol 
lowing: (a) the LeFRK4 promoter; and (b) a functional part 
thereof, being a modified LeFRK4 promoter in which one or 
more of the nucleotide bases have been substituted or deleted, 
or one or more nucleotide bases have been added thereto, 
wherein the specific promoter activity of the modified pro 
moter is substantially the same as that of the LeFRK4 pro 
moter. 

0020. The term “LeFRK4 promoter” includes the 
sequence consisting of nucleotides 1 to 2488 (SEQ. ID. 
NO: 1) of the sequence shown in FIG. 6. In a preferred 
embodiment, the term refers to nucleotides 1175 to 2488 
(SEQ. ID. NO: 2) of the sequence shown in FIG. 6. It should 
be noted that the 14 bp sequence at the beginning of the 
LeFRK4 gene (bp 2489-2502 in FIG. 6) is apparently not 
expressed, and may be a 5' UTR sequence. The promoter 
nucleotide sequence 1175 to 2488 (SEQ. ID. NO:2) has been 
deposited at GenBank on Mar. 19, 2006, and has been 
accorded accession number DQ4531 18. 
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0021. The term “specific promoter activity” within the 
context of the LeFRK4 promoter includes at least the follow 
ing features: 

0022. 1. the ability of the promoter to drive the expres 
sion of a gene, preferably a gene which may encode a 
Sugar kinase, and in particular, hexokinase and/or fruc 
tokinase; 

0023 2. the promoter is active primarily, and preferably 
exclusively, in the anther and pollen portions of the 
plant. 

0024. The term “substantially the same' within the con 
text of a modified LeFRK4 promoter means that the modified 
promoter has a specific promoter activity having at least one, 
and preferably both of its features, defined above, at a level of 
at least 80%, more preferably at least 85%, still more prefer 
ably at least 90%, even more preferably at least 95%, most 
preferably at least 98% of the activity of the unmodified, 
native promoter. 
0025. Also included in the invention is a vector, preferably 
an expression vector, comprising the promoter of the inven 
tion. Various expression vectors active in plant cells are well 
known to the skilled man of the art, e.g. PVX, p.JLX, pFBI 121, 
pART7/27, pRT104, etc. Various heterologous nucleic acid 
sequences or genes may be inserted into the vector So as to be 
operably linked to and under control of the promoter. In a 
preferred embodiment, the heterologous gene encodes a pro 
tein involved in Sugar metabolism such as an invertase, a 
sucrose synthase or a glucose transporter. In a most preferred 
embodiment, the heterologous gene encodes a Sugar kinase, 
for example hexokinase, fructokinase, fucokinase or galac 
tokinase (GalK). 
0026. The heterologous gene may also be a variable gene 
having a special purpose Such as a reporter gene confirming 
the expression of the promoter. In the case of producing a 
male sterile plant, the foreign gene may be a gene degrading 
the development or germination of the pollen. 
0027. A further embodiment of the invention includes a 
host cell transformed by the vector of the invention. In a 
preferred embodiment, the host cell is a plant cell, preferably 
a pollen or an anther cell. A still further embodiment of the 
invention is a transgenic plant comprising the host cell of the 
invention. 

0028. The promoter of the invention may be used in vari 
ous applications in plant genetics. One of the applications is 
described in detail below. 

0029. Other possible applications are: (1) causing male 
sterility by specific expression of various genes (such as 
RNAses, proteases, toxins or other genes) that may disrupt 
pollen oranther development. Malesterility is a desirable trait 
for the production of hybrid seeds and may save laborious 
sterilization methods currently used in company seeds; and 
(2) elimination of pollen development to prevent or reduce 
allergenic pollen components or allergic effects caused by 
pollen. 
0030. In a second aspect of the invention, there is provided 
a method for protecting a plant from high temperature stress 
(HTS), comprising transforming the plant with a polynucle 
otide sequence, wherein said polynucleotide sequence com 
prises a nucleotide sequence encoding a Sugar kinase under 
the control of an anther and/or pollen specific promoter, 
thereby producing a transformed plant having improved tol 
erance to HTS. 
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0031. In a preferred embodiment, the specific promoter 
comprises the LeFRK4 promoter. In another preferred 
embodiment, the Sugar kinase is a hexokinase or a fructoki 
nase. In a still other preferred embodiment, the plant is 
tomato, cucumber, peppers, Zucchini, maize, cotton, flax, 
wheat, rice, eggplant, melon or Brassica, or any other plant 
susceptible to HTS. 
0032. In a third aspect of the invention, there is provided a 
method for causing male sterility comprising transforming 
the plant with a polynucleotide sequence, wherein said poly 
nucleotide sequence comprises a nucleotide sequence 
capable of disrupting pollen oranther development under the 
control of an anther and/or pollen specific promoter, thereby 
causing malesterility. In a preferred embodiment, the specific 
promoter comprises the LeFRK4 promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033. In order to understand the invention and to see how 
it may be carried out in practice, a preferred embodiment will 
now be described, by way of non-limiting example only, with 
reference to the accompanying drawings, in which: 
0034 FIG. 1 is a bar graph showing the effect of HTS on 
pollen development and germination. Pollen of tomato plants 
grown for several weeks at either normal (28°C./22°C.-day/ 
night) or high (32/26°C.) temperatures were collected and 
germinated at low (23°C.) and high (32°C.) temp. Pollen 
viability was scored under the microscope following staining 
with Alexander reagent as described in Pressman E. Mosh 
kovitch H, Rosenfeld K, Shaked R, Gamliel B and Aloni B 
(1998), Influence of low night temperatures on Sweet pepper 
flower quality and the effect of repeated pollinations, with 
viable pollen, on fruit setting. Journal of Horticultural Sci 
ence and Biotechnology 73: 131-136. Viable pollen includes 
germinating and stained grains: 
0035 FIG. 2 is a bar graph showing expression of 35S:: 
AthXK1 in anther and pollen. The expression of the Arabi 
dopsis hexokinase AthXK1 in tomato plants under 35S pro 
moter was determined in mature pollen, anther (without 
pollen) and germinating pollen. The expression was deter 
mined by real time PCR with AthXK1 specific primers, and 
normalized to the expression of a house keeping gene cyclo 
philin (similar results were obtained upon normalization with 
rRNA); 
0036 FIG. 3 includes photographs and bar graphs and 
shows the effect of HTS on pollen germination. Control 
tomato plants (MP. W.t.) and independent isogenic transgenic 
tomato lines overexpressing AthXK1 (HK37, HK4 and 
HK38) were grown for several weeks at either normal (A) 
(28° C./22°C.-day/night) or high (B) (32/26°C.) tempera 
tures. HK4 and HK38 plants had high expression of AthXK1 
whereas HK37 plants had a moderate expression level 8. 
Pollen were collected and germinated at low (23 °C.) and high 
(32° C.) temp. Pollen viability was scored as described in 
FIG. 1: 
0037 FIG. 4 shows bar graphs illustrating relative expres 
sion of various Sugar metabolizing genes intomato anther and 
pollen. LeFRK are fructokinases, LeHXK are hexokinases, 
TIV1, Lin5-8 are invertases, SuSy are sucrose synthases and 
LeGLT is a plastidic glucose transporter. Gene expression 
was determined by real time PCR with gene specific primers 
and was normalized to cylcophilin as a house keeping gene. 
Samples with the letter H were taken from plants grown at 
HTS (32°/26° C): 
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0038 FIG. 5 is a bar graph showing the effect of P:: 
AthXK1 on pollengermination. Control tomato plants (MP) 
and original (To) independent isogenic transgenic tomato 
lines overexpressing P:AthXK1 (assigned PFH lines 
1-8) were grown at normal (28° C./22°C.-day/night) tem 
peratures. Pollen were collected and germinated at low (23° 
C.) and high (32° C.) temp. Pollen viability was scored as 
described in FIG. 1; and 
0039 FIG. 6 shows the nucleotide sequence of the 
LeFRK4 promoter comprising 2488 bp, followed by the 
cDNA sequence of the LeFRK4 gene (bp 2489-3821). The 
promoter was sequenced from BAC colonies using appropri 
ate primers, as indicated below. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

List Of Abbreviations 

0040 CaMV-Cauliflower mosaic virus 
0041 FRK-Fructokinase 
0042. Fru6p-Fructose 6-phosphate 
0043 Glc6P-Glucose 6-phosphate 
0044. HXK-Hexokinase 
0045 LeHXK1,2,3,4-L. esculentum hexokinase 1, 2, 3 
and 4 

0046 LeFRK1,2,3,4-L. esculentum fructokinase 1, 2, 3 
and 4 

0047 PCR-Polymerase Chain Reaction 
0048 SuSy-Sucrose Synthase 
0049 UDP-glucose-Uridyl diphosphate glucose 

List of Growth Media 

0050 /2xMSO: 2.3 gr/lit Murashige and Skoog (MS) salts 
0051 3% sucrose 
0.052 0.8% agar 
0053 pH 5.8 

0054 Do: 4.3 gr/lit MS salts 
0.055 3% glucose 
0056. 1 mg/lit Zeatin 
0057 0.8% agar 
0058 pH 5.8 

0059 D1: 4.3 gr/lit MS salts 
0060 3% glucose 
0061 1 mg/lit Zeatin 
0062 0.8% agar 
0.063 100 mg/lit kanamycin 
0064. 300 mg/lit carbenecelin 
0065 pH 5.8 

0066. MSR: 4.3 gr/lit MS salts 
0067 3% sucrose 
0068. 1 mg/lit IBA 
0069 0.8% agar 
0070 pH 5.8 

(0071 LB: 10 gr/lit tryptone 
0072 5 gr/lit yeast extract 
0.073 5 gr/lit NaCl 
0074 15 gr/litagar 
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2. Over-Expression of AthXK1 Improves 
Development and Germination of Tomato Pollen 

Under HTS 

0076. To investigate the importance of hexose phosphory 
lation in determining pollen competence to germinate, pollen 
germination was analyzed for tomato plants over-expressing 
the Arabidopsis hexokinase gene (AthXK1) under the con 
trol of the CaMV 35S promoter (35S::AthXK1) 8. 
Although previous reports claimed that this promoter had 
only negligible expression in tomato pollen, it was found that 
the 35S::AthXK1 construct is expressed in pollen, in accor 
dance with published results for tomato and other plant spe 
cies Duck N B, FolkW R (1994) Hsp70 heat shock protein 
cognate is expressed and stored in developing tomato pollen. 
Plant Mol Biol 26: 1031-1039), as well as in empty tomato 
anthers and in pollen germinating at either 23°C. or 32° C. 
(FIG. 2). Since the CaMV 35S promoter expresses in all plant 
organs, expression of the Arabidopsis AthXK1 under this 
promoter accelerated leaf Senescence and inhibited growth 
8. Nevertheless, pollen of tomato plants overexpressing 
AthXK1 had a significantly higher viability when either 
grown or germinated at high (32°C.) temperatures in direct 
correlation with the occurrence of AthXK1 expression (FIG. 
3). Although HK37, HK4 and HK38 plants have less photo 
synthetic capacity, they were still able to set fruits upon 
growth at HTS (32/28°C.) unlike the control plants. These 
results strongly suggest that hexose phosphorylation in anther 
and pollen may affect the germination potential of pollen and 
highlights the need to use anther- and pollen-specific promot 
ers to drive the expression of the AthXK1. 

3. LeFRK4 is Highly Expressed in Mature and 
Germinating Tomato Pollen 

0077 Recently, a fructokinase gene, LeFRK4, was cloned 
which is exclusively expressed in stamens I6. The expression 
of LeFRK4 was analyzed in developing and germinating 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 47 

<210 SEQ ID NO 1 
<211 LENGTH: 2488 
&212> TYPE: DNA 

<213> ORGANISM: Lycopersicon esculentum 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (101) . . (101) 
<223> OTHER INFORMATION: "n" may be either A, or C, 

<4 OO SEQUENCE: 1 
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pollen relative to the other three FRK genes (LeFRK1,2 & 3), 
the four known HXK genes (LeHXK1-4), the 5 invertase 
genes (TIV1, LIN5-8) and the two SuSy genes (SuSy1-2). It 
was found that LeFRK4 is by far the most abundantly 
expressed gene in both mature and germinating tomatopollen 
(FIG. 4). LeFRK4 is also expressed in developing pollen 
grains and in other parts of the anther, although at a lower 
level (not shown). The LeFRK4 promoter should therefore be 
a good candidate to drive anther- and pollen-specific expres 
S1O. 

4. Isolation of LeFRK4 Promoter and its Use to 
Drive Expression of AthXK1 and LeFRK1 

(0078. The preferred promoter region of LeFRK4 (SEQ. 
ID. NO: 2) was isolated and joined to AthXK1 and to 
LeFRK1 to obtain P:AthXK1 and P:LeFRK1 
constructs. To address the question of which of the two 
AthXK1 activities, glucose or fructose phosphorylation, 
contributes to HTS resistance, HTS resistance of plants 
expressing AthXK1 or LeFRK1 under the control of the 
LeFRK4 promoter should be compared. To reduce the possi 
bility of cosuppression, LeFRK1 should be used, whose nor 
mal expression in anther and pollen is relative low. LeFRK1 
should be preferred over LeFRK2 and LeFRK3 since 
LeFRK1, unlike the latter enzymes (but like LeFRK4), is not 
repressed by fructose and perhaps could further enhance fruc 
tose phosphorylation. 
0079 The P::AthXK1 and P::LeFRK1 con 
structs have been used to generate about thirty transgenic 
tomato plants per construct. Initial analysis of To plants 
expressing P:AtEXK1 has shown that independent 
transgenic plants exhibit high pollen viability upon germina 
tion at high temperature (FIG. 5). In addition, unlike the 
growth inhibition observed with HK plants (plants expressing 
AthXK1 under the CaMV 35S promoter), plants expressing 
P::AtEXK1 exhibited entirely normal growth and 
development (not shown). 

or G, or T 

tatat cittaa tittatgaagt taattattitt aaattgttta aact cq agaa gotcgctaat 60 

taattactat cqaggaaggg cacaaattgg atgttaacac inct coaaaag to atctaatt 12O 

aatagataca tagttatatt ggaagttctt at cactittgg aag caccitaa acatgaatcc 18O 

atttaatagt ggataaatct aatggataat ctacatatac tatacaattig attcactaac 24 O 

actitt coaca taaaatgitaa agtttat citt aagagaggaa tag.cat attic ct ctagtttic 3 OO 

ttatttattt aattatagot aataatattt to ttgacatt ttctgtaaga tittatc.ttaa 360 
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- Continued 

citgitat ctitc ctic tagtttc ttatttaatt agittatagot aataatatt c tict cagdata 42O 

aaatgtaaga tittat cittaa caaagttctitc ctittaatttic titatttgatt aattataact 48O 

aataaaattic tict coatata aaatataaga tittatct tcc tittagtttct tacttaatta 54 O 

caattatago taat attatt ct citcggcat aaaatgtaag atttacctta acaa.cat citt 6OO 

citcc taattt cittatttagt taattatata gctaataata ttct citcggc ataaaattac 660 

tagattittaa aatgtaaata gaatttgctt taaaagttta aat cattaac act cotattt 72 O 

tittggtgatgaaatttcaaa acagotaagt gtcacgg acc tagagaatct attaagactic 78O 

cgtgtgacac ttgacaactt act cacgatt ctitt cacgat cittgtaagct caagtaalacc 84 O 

tittatgactic ggalacact aa gagaatgcaa agaaagacitt agaaagggca aagagaactt 9 OO 

tagaagaagg aaccttgt at tact actitta cittggttgga tittggttgga ttcttggatt 96.O 

ggatgagtta caaatgaatg tcc ct cott at ttatactaca toctaagggc cittagtgtaa O2O 

ataaaattta ctatacaagt tottctactt act acgctitt agt ccatatt citagaga att O8O 

ctacattgtc. tagaatatgc taaagttctitc tacaaagctic taaagtatt c tagagaattic 14 O 

tagggaattic tictagt ctitc titcacaaaac tagaaggttc tagagct ct c cqgaalacctic 2OO 

ttcaag actic tagctic ct co toccc catt c gaacgtaaaa totggctgga attgttggcgg 26 O 

gacgtcacat aag act agaa atataatcag attctittagt tattgttitt c ttaagtacga 32O 

ttgat atcta tatgttagaa ggagcaaaga ggcaa.gc gag attgaac atg aaggaaagag 38O 

gctagogata tittggaaaga gaaac attaa catgttatgg ttaataaata ttaatacgtt 44 O 

atatagittaa aaacgtgt at taggit ctaaa at attaacac attatggcta tact tcc titt SOO 

cagttgctitt at attatcct tttitt citctic ttcaacgata gcaaacacta act cqctatic 560 

t ctittttitt c cittaccgttt cittitt cqcga ttitt cacttic gttcact tag atgcaaaaat 62O 

attitat cotc. tcaggatagt titt cqattaa aatacgatgg toggittaatat ttattitcgat 68O 

tgttcatttic ticagatatga ttittgcatat attitt cittgg aagaattitta cqagaagatg 74 O 

aaagatggtgaaagcaatga t caccgttga atatgatatt citgttitt tag tacttct coa 8OO 

cittata catt gtgtaattag togtaatgatt gtataattac aacatataca ccatgtatac 86 O 

acttgggaat gaaagattat agaggatata attgg tactgaaatatttitt ttcaaaaaag 92 O 

ggatgatata atttct ctac titcgtgattt agagttgata tdcat ctitta tatatatata 98 O 

tatatatata tataaaagat togcatatacg agtatgc.ccc taatgttata cctttitt cag 2O4. O 

ttgacgaata gagtaaaaaa aataacctta aatttactitt ttactaaaaa gtatgtttga 21OO 

t cctittaaaa gtttaggaat atatt cacta gtaatcttitt at agtttgac aaacttaact 216 O 

agagat citat agittattgct tdattacgct tdattaggaa ttatagot at atgttittggg 222 O 

aggccaattt tdtccaactt ataa.catcca aatatatatg gatataaaaa aaataataga 228O 

aaaattagga cagtaatggc aagtgttagg ct cataaaaa tataatc.cgt. c caatcgaac 234 O 

cggit catttit gctttgtaga ataaatattt gtggtaaaaa tittgaaaaac cactagatat 24 OO 

cctaagtagt agggittaa at tittgattata tatagaatga ataacataaa aatcaaattit 246 O 

toattgcttg cittittctitat atttittat 2488 

<210 SEQ ID NO 2 
<211 LENGTH: 1313 
&212> TYPE: DNA 
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- Continued 

<213> ORGANISM: Lycopersicon esculentum 

<4 OO SEQUENCE: 2 

ggttctagag ct citccggaa acct cittcaa gactictagot cotcc tocc c catt cqaacg 6 O 

taaaatctgg Ctggaattgt ggcgggacgt cacatalagac tagaaatata at Cagattct 12 O 

ttagittattgttitt cittaag tacgattgat atctatatgt tagaaggagc aaagaggcaa. 18O 

gcgagattga acatgaagga aagaggctag catatttgg aaa.gagaaac attaa catgt 24 O 

tatggittaat aaat attaat acgittatata gttaaaaacg togt attaggit ctaaaatatt 3OO 

aacacattat ggctatact t c ctitt cagtt gctittatatt atcct tttitt citct cittcaa 360 

cgatagcaaa cactaact cq citat citcttt tttitccttac cqtttcttitt cqcgattitt c 42O 

actitcgttca cittagatgca aaaat attta t cotcticagg at agtttitcg attaaaatac 48O 

gatggtggitt aatatttatt togattgttc atttct caga tatgattittg catatattitt 54 O 

Cttggaagaa ttttacgaga agatgaaaga tiggtgaaagc aatgat Cacc gttgaatatg 6OO 

at attctgtt tttagtactt citccactitat acattgttgta attagtgtaa tdattgtata 660 

attacaa.cat atacac catg tatacacttg ggaatgaaag attatagagg atataattgg 72 O 

tactgaaata tttittittcaa aaaagggatg atataatttic tict actt.cgt gatttagagt 78O 

tgatatgcat ctittatatat atatatatat atatatataa aagattgcat atacgagtat 84 O 

gcc.cctaatgttataccttt ttcagttgac gaatagagta aaaaaaataa ccttaaattit 9 OO 

acttitt tact aaaaagtatgtttgatcc tt taaaagttta ggaatatatt cactagtaat 96.O 

cittittatagt ttgacaaact taactagaga tictatagitta ttgcttgatt acgcttgatt 1 O2O 

aggaattata gctatatgtt ttgggaggcc aattttgtcc aacttataac atccaaatat 108 O 

atatggat at aaaaaaaata atagaaaaat tagga cagta atggcaa.gtg ttaggct cat 114 O 

aaaaatataa to cqtccaat cqaac cqgtc attittgctitt gtagaataaa tatttgttggit 12 OO 

aaaaatttga aaaaccacta gatat cotaa gtag tagggit taaattittga ttatatatag 126 O 

aatgaataac ataaaaatca aattitt catt gcttgcttitt cittatattitt tat 1313 

<210 SEQ ID NO 3 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK1 forward primer 

<4 OO SEQUENCE: 3 

ggacttgctg. g.gagaggagt 2O 

<210 SEQ ID NO 4 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK1 reverse primer 

<4 OO SEQUENCE: 4 

alaggtacatt gaatgagagg Ca 22 

<210 SEQ ID NO 5 
<211 LENGTH: 19 
&212> TYPE: DNA 
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- Continued 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK2 forward primer 

<4 OO SEQUENCE: 5 

gtcc toccat citt coctitg 19 

<210 SEQ ID NO 6 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK2 reverse primer 

<4 OO SEQUENCE: 6 

cc caagtaca taccagaa.ca t 21 

<210 SEQ ID NO 7 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> OTHER INFORMATION: Primer LeHXK3 forward 

<4 OO SEQUENCE: 7 

gcqatatt at cacct citcgt g 21 

<210 SEQ ID NO 8 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK3 reverse primer 

<4 OO SEQUENCE: 8 

ctgcttct ct c cqtctittaa a 21 

<210 SEQ ID NO 9 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK4 forward primer 

<4 OO SEQUENCE: 9 

gctgaggaca Cctgat at at g 21 

<210 SEQ ID NO 10 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeHXK4 reverse primer 

<4 OO SEQUENCE: 10 

gatcggattt taccc.cagct a 21 

<210 SEQ ID NO 11 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeFRK1 forward primer 
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SEQUENCE: 11 

citcc.gttaca tatctgat cot 

SEQ ID NO 12 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: LeFRK1 reverse primer 

SEQUENCE: 12 

gacago attg aagt caccitt 

SEQ ID NO 13 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: LeFRK2 forward primer 

SEQUENCE: 13 

ttgttggtgc cct tctaacc a 

SEQ ID NO 14 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: LeFRK2 reverse primer 

SEQUENCE: 14 

acgatgtttic tatgct cotc cct 

SEO ID NO 15 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: LeFRK3 forward primer 

SEQUENCE: 15 

ttacggagcc atgcaaatca g 

SEQ ID NO 16 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Primer LeFRK3 reverse 

SEQUENCE: 16 

gccacaatgg aag.ccct caa tt 

SEO ID NO 17 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: LeFRK4 forward primer 

SEQUENCE: 17 

ggtgatgcat ttgttggtgg ac 

- Continued 

21 

21 

23 

21 

22 

22 
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<210 SEQ ID NO 18 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeFRK4 reverse primer 

<4 OO SEQUENCE: 18 

gctgtggcac catccaat at tt 22 

<210 SEQ ID NO 19 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: TIV1 forward primer 

<4 OO SEQUENCE: 19 

gaagtggaca aagttcgc.gct t 21 

<210 SEQ ID NO 2 O 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: TIV1 reverse primer 

<4 OO SEQUENCE: 2O 

Ctggcgittag ct cagatagc gt 22 

<210 SEQ ID NO 21 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin5 forward primer 

<4 OO SEQUENCE: 21 

gaactgagtt togcgatcca act 23 

<210 SEQ ID NO 22 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin5 reverse primer 

<4 OO SEQUENCE: 22 

tgaagtggat gttgggctitt g 21 

<210 SEQ ID NO 23 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Line forward primer 

<4 OO SEQUENCE: 23 

acccaaaagg agcaa.catgg 2O 

<210 SEQ ID NO 24 
<211 LENGTH: 22 
&212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Line reverse primer 

<4 OO SEQUENCE: 24 

Cctggtaaga ttgttggctga cc 

<210 SEQ ID NO 25 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin7 forward primer 

<4 OO SEQUENCE: 25 

ttgtttgggc ticatt.ccgtt 

<210 SEQ ID NO 26 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin7 reverse primer 

<4 OO SEQUENCE: 26 

ccggtgtaca agatgactgg ct 

<210 SEQ ID NO 27 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin8 forward primer 

<4 OO SEQUENCE: 27 

aaccc.gcaat citat coat co a 

<210 SEQ ID NO 28 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Lin8 reverse primer 

<4 OO SEQUENCE: 28 

tcc.gctggga ttgcat agtt t 

<210 SEQ ID NO 29 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: SuSy1 forward primer 

<4 OO SEQUENCE: 29 

ttcaccatgg caagattgga C 

<210 SEQ ID NO 3 O 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: SuSy1 reverse primer 

11 

- Continued 

22 

22 

21 

21 

21 

Oct. 22, 2009 



US 2009/0265812 A1 

<4 OO SEQUENCE: 30 

t citctgcctg ct ctitccaag to 

<210 SEQ ID NO 31 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: SuSy2 forward primer 

<4 OO SEQUENCE: 31 

catcaccago acattccagg a 

<210 SEQ ID NO 32 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: SuSy2 reverse primer 

<4 OO SEQUENCE: 32 

agct coaggt gagacgatgt td 

<210 SEQ ID NO 33 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeGT forward primer 

<4 OO SEQUENCE: 33 

gggttgctgaggittatgagt gatt 

<210 SEQ ID NO 34 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeGT reverse primer 

<4 OO SEQUENCE: 34 

agctgcacca acgctaacaa 

<210 SEQ ID NO 35 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Cyclo forward primer 

<4 OO SEQUENCE: 35 

cgt.cgtgttt gga caagttg 

<210 SEQ ID NO 36 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Cyclo reverse primer 

<4 OO SEQUENCE: 36 

cc.gcagt cag caataacca 

12 

- Continued 

22 

21 

22 

24 

19 
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<210 SEQ ID NO 37 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fk4102 primer 

<4 OO SEQUENCE: 37 

atcgagttta Ctagaagagg a 

<210 SEQ ID NO 38 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fk4128 primer 

<4 OO SEQUENCE: 38 

ggtgaacata tagagctictt gctt 

<210 SEQ ID NO 39 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fkpro656 primer 

<4 OO SEQUENCE: 39 

gcatat caac totaaatcac gaag 

<210 SEQ ID NO 4 O 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fkpro659 primer 

<4 OO SEQUENCE: 40 

gatgcatat c aactictaaat cacg 

<210 SEQ ID NO 41 
<211 LENGTH: 24 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Fkpro776 primer 

<4 OO SEQUENCE: 41 

tgaagaagac tagaggaatt C cct 

<210 SEQ ID NO 42 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

13 

- Continued 

<223> OTHER INFORMATION: LeFRK4 pro forward primer 

<4 OO SEQUENCE: 42 

aggttctaga gct Ctc.cgga aa 

<210 SEQ ID NO 43 
<211 LENGTH: 21 
&212> TYPE: DNA 

21 

24 

24 

24 

24 

22 

Oct. 22, 2009 
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<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: . LeFRK4 pro revese primer 

<4 OO SEQUENCE: 43 

gatcggtcaa gaataa Cagg g 21 

<210 SEQ ID NO 44 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: LeFRK4 pro forward primer 

<4 OO SEQUENCE: 44 

accact agat atcctaagta gta 23 

<210 SEQ ID NO 45 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: AtHXK1 forward primer 

<4 OO SEQUENCE: 45 

gC9ggalagca aga.gc.gtgtt 2O 

<210 SEQ ID NO 46 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: AtHXK1 reverse primer 

<4 OO SEQUENCE: 46 

CtcCtcgggit totatgatg 2O 

<210 SEQ ID NO 47 
<211 LENGTH: 3821 
&212> TYPE: DNA 

<213> ORGANISM: Lycopersicon esculentum 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (101) . . (101) 
<223> OTHER INFORMATION: n " may be either A, or C, or T, or G 

<4 OO SEQUENCE: 47 

tatat cittaa tittatgaagt taattattitt aaattgttta aactic gagaa got cqctaat 6 O 

taattact at cqaggaaggg cacaaattgg atgttaacac inct coaaaag to atctaatt 12 O 

aatagataca tagttatatt ggaagttctt at cactittgg aag caccitaa acatgaatcc 18O 

atttaatagt gigataaatct aatggataat ctacatatac tatacaattig attcactaac 24 O 

actitt.cgaca taaaatgtaa agtttatctt aagagaggaa tag catatt c ct c tagttt c 3OO 

ttatttattt aattatagct aataatattt tottgacatt ttctgtaaga tittat cittaa 360 

citgitat ctitc ctic tagtttc ttatttaatt agittatagot aataatatt c tict cagdata 42O 

aaatgtaaga tittat cittaa caaagttctitc ctittaatttic titatttgatt aattataact 48O 

aataaaattic tict coatata aaatataaga tittatct tcc tittagtttct tacttaatta 54 O 

caattatago taat attatt ct citcggcat aaaatgtaag atttacctta acaa.cat citt 6OO 
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citcc taattt cittatttagt taattatata gctaataata ttct citcggc ataaaattac 660 

tagattittaa aatgtaaata gaatttgctt taaaagttta aat cattaac act cotattt 72 O 

tittggtgatgaaatttcaaa acagotaagt gtcacgg acc tagagaatct attaagactic 78O 

cgtgtgacac ttgacaactt act cacgatt ctitt cacgat cittgtaagct caagtaalacc 84 O 

tittatgactic ggalacact aa gagaatgcaa agaaagacitt agaaagggca aagagaactt 9 OO 

tagaagaagg aaccttgt at tact actitta cittggttgga tittggttgga ttcttggatt 96.O 

ggatgagtta caaatgaatg tcc ct cott at ttatactaca toctaagggc cittagtgtaa O2O 

ataaaattta ctatacaagt tottctactt act acgctitt agt ccatatt citagaga att O8O 

ctacattgtc. tagaatatgc taaagttctitc tacaaagctic taaagtatt c tagagaattic 14 O 

tagggaattic tictagt ctitc titcacaaaac tagaaggttc tagagct ct c cqgaalacctic 2OO 

ttcaag actic tagctic ct co toccc catt c gaacgtaaaa totggctgga attgttggcgg 26 O 

gacgtcacat aag act agaa atataatcag attctittagt tattgttitt c ttaagtacga 32O 

ttgat atcta tatgttagaa ggagcaaaga ggcaa.gc gag attgaac atg aaggaaagag 38O 

gctagogata tittggaaaga gaaac attaa catgttatgg ttaataaata ttaatacgtt 44 O 

atatagittaa aaacgtgt at taggit ctaaa at attaacac attatggcta tact tcc titt SOO 

cagttgctitt at attatcct tttitt citctic ttcaacgata gcaaacacta act cqctatic 560 

tottttitt to Cttaccgttt Cttitt.cgcga tttitcacttic gttcact tag atgcaaaaat 62O 

attitat cotc. tcaggatagt titt cqattaa aatacgatgg toggittaatat ttattitcgat 68O 

tgttcatttic ticagatatga ttittgcatat attitt cittgg aagaattitta cqagaagatg 74 O 

aaagatggtgaaagcaatga t caccgttga atatgatatt citgttitt tag tacttct coa 8OO 

cittata catt gtgtaattag togtaatgatt gtataattac aacatataca ccatgtatac 86 O 

acttgggaat gaaagattat agaggatata attgg tactgaaatatttitt ttcaaaaaag 92 O 

ggatgatata atttct ctac titcgtgattt agagttgata tdcat ctitta tatatatata 98 O 

tatatatata tataaaagat togcatatacg agtatgc.ccc taatgttata cctttitt cag 2O4. O 

ttgacgaata gagtaaaaaa aataacctta aatttactitt ttactaaaaa gtatgtttga 21OO 

t cctittaaaa gtttaggaat atatt cacta gtaatcttitt at agtttgac aaacttaact 216 O 

agagat citat agittattgct tdattacgct tdattaggaa ttatagot at atgttittggg 222 O 

aggccaattt tdtccaactt ataa.catcca aatatatatg gatataaaaa aaataataga 228O 

aaaattagga cagtaatggc aagtgttagg ct cataaaaa tataatc.cgt. c caatcgaac 234 O 

cggit catttit gctttgtaga ataaatattt gtggtaaaaa tittgaaaaac cactagatat 24 OO 

cctaagtagt agggittaa at tittgattata tatagaatga ataacataaa aatcaaattit 246 O 

t cattgcttg cittittctitat atttittatat gtaaaaaata aaatggat.cg gtcaagtaaa 252O 

aaagagtgga aaatggcctg ttgtttcc ct gtt attcttg accgatc.cat gagaa.gcagc 2580 

ttcaagctat ctaagagctic ct cittctagt aaact cqata aaa.gcaa.gag citctatatgt 264 O 

t caccalacat cottatcqac gaagaagaag togatcc agg aaaatgataa cctdgttgta 27 OO 

tgttittgggg agctgttgat agattttgttg cct acagtat Ctggagttt C acttgcagaa 276 O 

gCacctggitt ttaaaaaggc ticctggtggg gct coagcta atgttgcagt ttattgca 282O 

agattaggtg gat Ctt Cogc titt tattggc aaggtgggtg Cagatgaatt tdgttacatg 288O 
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ttagctgata tattaaaa.ca gaacaatgtc gacaattctg g tatgcgttt tdatact cat 294 O 

gctagaacag cqttggcgtt titta cattgaaatcagacg gtgagagaga att catgttt 3 OOO 

titcc.gcaatic caagtgctga tatgcttcta act gaggcag agctic gacaa gaatctgatt 3 O 6 O 

caaaaggcaa gaatctitt ca citatggttca atctotttga ttgctgaacc atgtagg to a 312 O 

gct catcttg ctgccatgga aactgctaaa aatgcaggct gcattctitt c titatgaccca 318O 

aatcta aggt to Ctt tatg gcc atccgaa gaggctgctic gtgaaggaat tittaa.gcatt 324 O 

tgggaccalag Ctgacatt at taaggtaagt galagatgaaa t cacatttitt gacaaatggit 33 OO 

gaagatgctt atgatgacaa tdtcqt catg actaagcttt to cactic caa cct taaactt 3360 

ttgctcgtaa citgaaggcgg agacggttgc agatactata ctaataattt tdatggalaga 342O 

gtgagtggcg ttaaagttgc agcagttgac accacaggag Caggtgatgc atttgttggit 3480 

ggacttctica acagtatggc ct cagatcca gacatttaca tigatgaga a gaaattalagg 354 O 

gatgcact Co tatttgctaa tigatgtgga gcaataactg. talacagaaaa aggagcaata 36OO 

cctgcattgc ctacaaaaga agcagtactt aaaat attgg atggtgccac agctaattga 366 O 

tcaaattata catgcc ct ca taaaaatatg atacattgca ccact tatgt aaaataaatt 372 O 

ttgttggaata ttt tagt cta taat attatt gctat cocct gtacaaaatc atgtggatat 378 O 

aatt Cotttt taalacatttit attittatata atatataata t 3821 

1. An isolated polynucleotide sequence comprising one of 
the following: 

(a) the LeFRK4 promoter; and 
(b) a modified LeFRK4 promoter in which one or more of 

the nucleotide bases have been substituted or deleted, or 
one or more nucleotide bases have been added thereto, 
wherein the specific promoter activity of the modified 
promoter is substantially the same as that of the LeFRK4 
promoter. 

2. A vector comprising the polynucleotide sequence of 
claim 1. 

3. A vector according to claim 2 wherein the polynucle 
otide sequence of claim 1 is operably linked to a heterologous 
gene. 

4. The vector of claim 3 wherein said heterologous gene 
encodes a protein involved in Sugar metabolism. 

5. The vector of claim 4 wherein said heterologous gene 
encodes an invertase, a Sucrose synthase, a glucose trans 
porter or a Sugar kinase. 

6. The vector of claim 5 wherein said sugar kinase is a 
hexokinase, a fructokinase, a fucokinase or a galactokinase. 

7. A host cell comprising the vector of claim 2. 
8. A transgenic plant comprising the host cell of claim 7. 
9. A method for protecting a plant from high temperature 

stress (HTS), comprising transforming the plant with a poly 
nucleotide sequence, wherein said polynucleotide sequence 

comprises a nucleotide sequence encoding a Sugar kinase 
under the control of an anther and/or pollen specific promoter, 
thereby producing a transformed plant having improved tol 
erance to HTS. 

10. The method of claim 9 wherein said sugar kinase is a 
hexokinase, a fucokinase, a galactokinase or a fructokinase. 

11. The method of claim 9 wherein said anther and/or 
pollen specific promoter is the LeFRK4 promoter. 

12. The method of claim 9 wherein said plant is selected 
from plants susceptible to HTS. 

13. The method of claim 9 wherein said plant is selected 
from the group consisting of tomato, cucumber, peppers, 
Zucchini, maize, cotton, flax, wheat, rice, eggplant, melon and 
Brassica. 

14. A method for causing male sterility in a plant compris 
ing transforming the plant with a polynucleotide sequence, 
wherein said polynucleotide sequence comprises a nucleotide 
sequence capable of disrupting pollen oranther development 
under the control of an anther and/or pollen specific promoter, 
thereby causing male sterility. 

15. The method of claim 14 wherein said polynucleotide 
sequence encodes an RNAse, protease or toxin. 

16. The method of claim 14 wherein said anther and/or 
pollen specific promoter is the LeFRK4 promoter. 
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