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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.
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ARAGAGTGGA
TTCAAGCTAT
TCACCAACAT
TGTTTTGGGG
GCACCTGGTT
AGATTAGGTG
TTAGCTGATA
GCTAGAACAG
TTCCGCAATC
CAAAAGGCAA
GCTCATCTTG
AATCTAAGGT
TGGGACCAAG
GAAGATGCTT
TTGCTCGTAA
GTGAGTGGCG
GGACTTCTCA
GATGCACTCC
CCTGCATTGC

. TCAAATTATA

TTGTGGAATA
AATTCCTTTT

ARATGGCCTG
CTAAGAGCTC
CCTTATCGAC
AGCTGTTGAT
TTAAARAGGC
GATCTTCCGC
TATTAARAACA
CGTTGGCGTT
CAAGTGCTGA
GAATCTTTCA
CTGCCATGGA
TGCCTTTATG
CTGACATTAT
ATGATGACAA
CTGAAGGCGG
TTAAAGTTGC
ACAGTATGGC
TATTTGCTAA
CTACAAAAGA
CATGCCCTCA
TTTTAGTCTA
TAAACATTTT

TTGTTTCCCT
CTCTTCTAGT
GAAGAAGAAG
AGATTTTGTG
TCCTGGTGGG
TTTTATTGGC
GAACAATGTC
TGTTACATIG
TATGCTTCTA
CTATGGTTCA
AACTGCTAAA
GCCATCCGAA
TAAGGTAAGT
TGTCGTCATG
AGACGGTTGC
AGCAGTTGAC
CTCAGATCCA
TGGATGTGGA
AGCAGTACTT
TAAAAATATG
TAATATTATT
ATTTTATATA
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GTTATTCTTG
AAACTCGATA
TCGATCCAGG
CCTACAGTAT
GCTCCAGCTA
AAGGTGGGTG
GACAATTCTG
AAATCAGACG
ACTGAGGCAG
ATCTCTTTGA
AATGCAGGCT
GAGGCTGCTC
GAAGATGAAA
ACTAAGCTTT
AGATACTATA
ACCACAGGAG
GACATTTACA
GCAATAACTG
AAAATATTGG
ATACATTGCA
GCTATCCCCT
ATATATAATA

FIG. 6 (Continue)

ACCGATCCAT
ARAGCAAGAG
AAAATGATAA
CTGGAGTTTC
ATGTTGCAGT
CAGATGAATT
GTATGCGTTT
GTGAGAGAGA
AGCTCGACARA
TTGCTGAACC
GCATTCTTTC
GTGAAGGAAT
TCACATTTTT
TCCACTCCAA
CTAATAATTT
CAGGTGATGC
TGGATGAGAA
TAACAGAAAA
ATGGTGCCAC
CCACTTATGT
GTACAAAATC
T
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GAGAAGCAGC
CTCTATATGT
CCTGGTTGTA
ACTTGCAGAA
TGGTATTGCA
TGGTTARCATG
TGATACTCAT
ATTCATGTTT
GAATCTCATT
ATGTAGGTCA
TTATGACCCA
TTTAAGCATT
GACAAATGGT
CCTTAAACTT
TCATGGAAGA
ATTTGTTGGT
GAAATTAMGG
AGGAGCAATA
AGCTAATTGA
AAAATAAATT
ATGTGGATAT
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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.
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[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 M A, Asher I, Petreikov M, Dai N, Schaf-
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esculentum Mill.) gene encoding fructokinase. Plant Sci-
ence 166: 285-291

[0007] 5. Kandel-Kfir M, Damari-Weissler H, German M
A, Gidoni D, 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 M A, Dai N, Chmelnitsky I, Sobolev I,
Salts Y, Barg R, Schaffer A A, Granot D (2002) LeFRK4, a
novel tomato (Lycopersicon esculentum Mill.) fructoki-
nase specifically expressed in stamens. Plant Science 163:
607-613;

[0009] 7. Karni, I 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, Granot D (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 vitro germina-
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] Pollen germination 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] Inanumber 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 in tomato 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 DQ453118.
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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 ofthe art, e.g. PVX, pJLX, pBI121,
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 or anther development. Male sterility 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] Inasecondaspectoftheinvention, 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 LLeFRK4 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] Inathird 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 or anther development under the
control of an anther and/or pollen specific promoter, thereby
causing male sterility. 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 in tomato 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 abar graph showing the effect of P; zprui:
AtHXXK1 on pollen germination. Control tomato plants (MP)
and original (To) independent isogenic transgenic tomato
lines overexpressing P, .z, : 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
c¢DNA 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] Y2xMSO: 2.3 gr/lit Murashige and Skoog (MS) salts
[0051] 3% sucrose
[0052] 0.8% agar
[0053] pH 5.8
[0054] Do: 4.3 gr/lit MS salts
[0055] 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
[0063] 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
[0073] 5 gr/lit NaCl
[0074] 15 gr/lit agar
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Primers
1. LeHXK1l fw:
GGACTTGCTGGGAGAGGAGT ;

2. LeHXK1l rev:
AAGGTACATTGAATGAGAGGCA;

3. LeHXK2 fw:
GTCCTCCCATCTTCCCTTG;

4. LeHXK2 rev:
CCCAAGTACATACCAGAACAT;

5. LeHXK3 fw:
GCGATATTATCACCTCTCGTG;

6. LeHXK3 rev:
CTGCTTCTCTCCGTCTTTARAA;

7. LeHXK4 fw:
GCTGAGGACACCTGATATATG;

8. LeHXK4 rev:
GATCGGATTTTACCCCAGCTA ;

9. LeFRK1l fw:
CTCCGTTACATATCTGATCCT ;

10. LeFRK1l rev:
GACAGCATTGAAGTCACCTT;

11. LeFRK2 fw:
TTGTTGGTGCCCTTCTAACCA;

12. LeFRK2 rev:
ACGATGTTTCTATGCTCCTCCCT;

13. LeFRK3 fw:
TTACGGAGCCATGCAAATCAG;

14. LeFRK3 rev:
GCCACAATGGAAGCCCTCAATT;

15. LeFRK4 fw:
GGTGATGCATTTGTTGGTGGAC;

16. LeFRK4 rev:
GCTGTGGCACCATCCAATATTT;

17. TIV1 fw:
GAAGTGGACAAAGTCGCGCTT;

18. TIV1 rev:
CTGGCGTTAGCTCAGATAGCGT;

19. Lin5 fw:
GAACTGAGTTTCGCGATCCAACT ;

20. Lin5 rev:
TGAAGTGGATGTTGGGCTTTG;

21. Liné fw:
ACCCAAAAGGAGCAACATGG;

22. Liné rev:
CCTGGTAAGATTGTGGCTGACC;

23. Lin7 fw:
TTGTTTGGGCTCATTCCGTT;

24. Lin7 rev:
CCGGTGTACAAGATGACTGGCT;

25. Lin8 fw:
AACCCGCAATCTATCCATCCA;

26. Lin8 rev:
TCCGCTGGGATTGCATAGTTT ;
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-continued
27. SuSyl fw:
TTCACCATGGCAAGATTGGAC; (SEQ. ID NO: 29)
28. SuSyl rev:
TCTCTGCCTGCTCTTCCAAGTC; (SEQ. ID NO: 30
29. SuSy2 fw:
CATCACCAGCACATTCCAGGA; (SEQ. ID NO: 31

30. SuSy2 rev:
AGCTCCAGGTGAGACGATGTTG; (SEQ. ID NO: 32)

31. LeGT fw:
GGGTTGCTGAGGT TATGAGTGAT (SEQ. ID NO: 33)
T;

32. LeGT rev:
AGCTGCACCAACGCTAACAA; (SEQ. ID NO: 34)

33. Cyclo fw:
CGTCGTGTTTGGACAAGTTG; (SEQ. ID NO: 35

34. Cyclo rev:

CCGCAGTCAGCAATAACCA; (SEQ. ID NO: 36
35. Fk4102:
ATCGAGTTTACTAGAAGAGGA; (SEQ. ID NO: 37
36. Fk4128:

GGTGAACATATAGAGCTCTTGCT (SEQ. ID NO: 38
T;

37. Fkproé656:
GCATATCAACTCTAAATCACGAA (SEQ. ID NO: 39
G;

38. Fkproé659:

GATGCATATCAACTCTAAATCAC (SEQ. ID NO: 40
G;

39. Fkpro776:

TGAAGAAGACTAGAGGAATTCCC (SEQ. ID NO: 41
T;

40. LeFRK4pro fw:
AGGTTCTAGAGCTCTCCGGAAA; (SEQ. ID NO: 42)

41. LeFRK4pro rev:
GATCGGTCAAGAATAACAGGG; (SEQ. ID NO: 43)

42 . LeFRK4pro fw:
ACCACTAGATATCCTAAGTAGTA; (SEQ. ID NO: 44)

43 . AtHXK1 fw:
GCGGGAAGCAAGAGCGTGTT; (SEQ. ID NO: 45

44 . AtHXK1l rev:

CTCCTCGGGTTGCTATGATG; (SEQ. ID NO: 46)
EXAMPLES
1. The Effect of HTS on Pollen Development and
Germination

[0075] The effect of HTS on both pollen development and
germination is demonstrated in FIG. 1. Pollen of tomato
plants grown at normal temperatures (28/22° C. day/night)
had good viability upon germination at 23° C. and markedly
reduced viability upon germination at 32° C., indicating a
negative effect of HTS on pollen germination. Pollen of
plants grown at high temperatures (32/26° C.) also displayed
lower viability when germinated at 23° C. indicating a per-
sisting negative effect of HTS on pollen development.
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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::AtHXKI1) [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, Folk W 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 AtHXKI1.

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 [6]. The expression
of LeFRK4 was analyzed in developing and germinating
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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 (TTV1, 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 tomato pollen
(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-
sion.

4. Isolation of LeFRK4 Promoter and its Use to
Drive Expression of AtHXK1 and LLeFRK1

[0078] The preferred promoter region of LeFRK4 (SEQ.
ID. NO: 2) was isolated and joined to AtHXKI1 and to
LeFRK1 to obtain P _zpz,::AtHXK1 and P; zprs::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] TheP, rrzry::AtHXKI1 and P; oz r.::LeFRK1 con-
structs have been used to generate about thirty transgenic
tomato plants per construct. Initial analysis of To plants
expressing P; zpz.:t AtHXK1 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; . rricai:AtHXK1 exhibited entirely normal growth and
development (not shown).

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 47

<210> SEQ ID NO 1

<211> LENGTH: 2488

<212> TYPE: DNA

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

«<221> NAME/KEY: misc_feature

<222> LOCATION: (101)..(101)

<223> OTHER INFORMATION: “n” may be either A, or C,

<400> SEQUENCE: 1

or G, or T

tatatcttaa tttatgaagt taattatttt aaattgttta aactcgagaa gctcgctaat 60
taattactat cgaggaaggg cacaaattgg atgttaacac nctccaaaag tcatctaatt 120
aatagataca tagttatatt ggaagttctt atcactttgg aagcacctaa acatgaatce 180
atttaatagt ggataaatct aatggataat ctacatatac tatacaattg attcactaac 240
actttcgaca taaaatgtaa agtttatctt aagagaggaa tagcatattc ctctagttte 300

ttatttattt aattatagct aataatattt tcttgacatt ttctgtaaga tttatcttaa 360
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-continued
ctgtatcttc ctctagtttc ttatttaatt agttatagct aataatattc tcectcagcata 420
aaatgtaaga tttatcttaa caaagtcttc ctttaatttc ttatttgatt aattataact 480
aataaaattc tctccatata aaatataaga tttatcttcc tttagtttcect tacttaatta 540
caattatagc taatattatt ctctcggcat aaaatgtaag atttacctta acaacatctt 600
ctcctaattt cttatttagt taattatata gctaataata ttctctcggce ataaaattac 660
tagattttaa aatgtaaata gaatttgctt taaaagttta aatcattaac actcctattt 720
tttggtgatg aaatttcaaa acagctaagt gtcacggacc tagagaatct attaagactce 780
cgtgtgacac ttgacaactt actcacgatt ctttcacgat cttgtaagcet caagtaaacc 840
tttatgactc ggaacactaa gagaatgcaa agaaagactt agaaagggca aagagaactt 900
tagaagaagg aaccttgtat tactacttta cttggttgga tttggttgga ttcttggatt 960

ggatgagtta caaatgaatg tccctcectat ttatactaca tcectaagggce cttagtgtaa 1020
ataaaattta ctatacaagt tcttctactt actacgcttt agtccatatt ctagagaatt 1080
ctacattgtc tagaatatgc taaagtcttc tacaaagctc taaagtattc tagagaattc 1140
tagggaattc tctagtcttce ttcacaaaac tagaaggttc tagagctctce cggaaacctce 1200
ttcaagactc tagctcctece tecccccatte gaacgtaaaa tcectggcectgga attgtggegg 1260
gacgtcacat aagactagaa atataatcag attctttagt tattgttttc ttaagtacga 1320
ttgatatcta tatgttagaa ggagcaaaga ggcaagcgag attgaacatg aaggaaagag 1380
gctagcgata tttggaaaga gaaacattaa catgttatgg ttaataaata ttaatacgtt 1440
atatagttaa aaacgtgtat taggtctaaa atattaacac attatggcta tacttccttt 1500
cagttgcttt atattatcct tttttctcte ttcaacgata gcaaacacta actcgctatce 1560
tcttttttte cttaccgttt cttttcecgcga ttttcacttc gttcacttag atgcaaaaat 1620
atttatcctce tcaggatagt tttcgattaa aatacgatgg tggttaatat ttatttcgat 1680
tgttcatttc tcagatatga ttttgcatat attttcttgg aagaatttta cgagaagatg 1740
aaagatggtg aaagcaatga tcaccgttga atatgatatt ctgtttttag tacttctcca 1800
cttatacatt gtgtaattag tgtaatgatt gtataattac aacatataca ccatgtatac 1860
acttgggaat gaaagattat agaggatata attggtactg aaatattttt ttcaaaaaag 1920
ggatgatata atttctctac ttcgtgattt agagttgata tgcatcttta tatatatata 1980
tatatatata tataaaagat tgcatatacg agtatgcccc taatgttata cctttttcag 2040
ttgacgaata gagtaaaaaa aataacctta aatttacttt ttactaaaaa gtatgtttga 2100
tcectttaaaa gtttaggaat atattcacta gtaatctttt atagtttgac aaacttaact 2160
agagatctat agttattgct tgattacgct tgattaggaa ttatagctat atgttttggg 2220
aggccaattt tgtccaactt ataacatcca aatatatatg gatataaaaa aaataataga 2280
aaaattagga cagtaatggc aagtgttagg ctcataaaaa tataatccgt ccaatcgaac 2340
cggtcatttt gectttgtaga ataaatattt gtggtaaaaa tttgaaaaac cactagatat 2400
cctaagtagt agggttaaat tttgattata tatagaatga ataacataaa aatcaaattt 2460
tcattgcettg cttttcttat atttttat 2488
<210> SEQ ID NO 2

<211> LENGTH: 1313
<212> TYPE: DNA
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-continued

<213> ORGANISM: Lycopersicon esculentum

<400> SEQUENCE: 2

ggttctagag ctcteccggaa acctcttcaa gactctaget cctectecce cattcgaacy 60
taaaatctgg ctggaattgt ggcgggacgt cacataagac tagaaatata atcagattct 120
ttagttattg ttttcttaag tacgattgat atctatatgt tagaaggagc aaagaggcaa 180
gcgagattga acatgaagga aagaggctag cgatatttgg aaagagaaac attaacatgt 240
tatggttaat aaatattaat acgttatata gttaaaaacg tgtattaggt ctaaaatatt 300
aacacattat ggctatactt cctttcagtt gctttatatt atcctttttt ctctcttcaa 360
cgatagcaaa cactaactcg ctatctcttt tttteccttac cgtttectttt cgcgatttte 420
acttcgttca cttagatgca aaaatattta tcctctcagg atagtttteg attaaaatac 480
gatggtggtt aatatttatt tcgattgttc atttctcaga tatgattttg catatatttt 540
cttggaagaa ttttacgaga agatgaaaga tggtgaaagce aatgatcacc gttgaatatg 600
atattctgtt tttagtactt ctccacttat acattgtgta attagtgtaa tgattgtata 660
attacaacat atacaccatg tatacacttg ggaatgaaag attatagagg atataattgg 720
tactgaaata tttttttcaa aaaagggatg atataatttc tctacttcgt gatttagagt 780
tgatatgcat ctttatatat atatatatat atatatataa aagattgcat atacgagtat 840
geeectaatyg ttataccttt ttcagttgac gaatagagta aaaaaaataa ccttaaattt 900
actttttact aaaaagtatg tttgatcctt taaaagttta ggaatatatt cactagtaat 960

cttttatagt ttgacaaact taactagaga tctatagtta ttgcttgatt acgcttgatt 1020
aggaattata gctatatgtt ttgggaggcc aattttgtcc aacttataac atccaaatat 1080
atatggatat aaaaaaaata atagaaaaat taggacagta atggcaagtg ttaggctcat 1140
aaaaatataa tccgtccaat cgaaccggtc attttgettt gtagaataaa tatttgtggt 1200
aaaaatttga aaaaccacta gatatcctaa gtagtagggt taaattttga ttatatatag 1260
aatgaataac ataaaaatca aattttcatt gcttgctttt cttatatttt tat 1313
<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXK1l forward primer

<400> SEQUENCE: 3

ggacttgctyg ggagaggagt 20

<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXKl reverse primer

<400> SEQUENCE: 4
aaggtacatt gaatgagagg ca 22
<210> SEQ ID NO 5

<211> LENGTH: 19
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: LeHXK2 forward primer

<400> SEQUENCE: 5

gtcctceccecat ctteccttg 19

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXK2 reverse primer

<400> SEQUENCE: 6

cccaagtaca taccagaaca t 21

<210> SEQ ID NO 7

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer LeHXK3 forward

<400> SEQUENCE: 7

gcgatattat cacctctegt g 21

<210> SEQ ID NO 8

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXK3 reverse primer

<400> SEQUENCE: 8

ctgcttetet ccgtetttaa a 21

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXK4 forward primer

<400> SEQUENCE: 9

gctgaggaca cctgatatat g 21

<210> SEQ ID NO 10

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeHXK4 reverse primer

<400> SEQUENCE: 10

gatcggattt taccccagcet a 21

<210> SEQ ID NO 11

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK1 forward primer
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-continued

<400> SEQUENCE: 11

ctccgttaca tatctgatcce t 21

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK1l reverse primer

<400> SEQUENCE: 12

gacagcattg aagtcacctt 20

<210> SEQ ID NO 13

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK2 forward primer

<400> SEQUENCE: 13

ttgttggtgce ccttctaacc a 21

<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK2 reverse primer

<400> SEQUENCE: 14

acgatgtttc tatgctccte cct 23

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK3 forward primer

<400> SEQUENCE: 15

ttacggagcce atgcaaatca g 21

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer LeFRK3 reverse

<400> SEQUENCE: 16

gccacaatgg aagccctcaa tt 22
<210> SEQ ID NO 17

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK4 forward primer

<400> SEQUENCE: 17

ggtgatgcat ttgttggtgg ac 22
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-continued

<210> SEQ ID NO 18

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK4 reverse primer

<400> SEQUENCE: 18

gctgtggcac catccaatat tt 22

<210> SEQ ID NO 19

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: TIV1l forward primer

<400> SEQUENCE: 19

gaagtggaca aagtcgcgct t 21

<210> SEQ ID NO 20

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: TIV1l reverse primer

<400> SEQUENCE: 20

ctggcgttag ctcagatage gt 22

<210> SEQ ID NO 21

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin5 forward primer

<400> SEQUENCE: 21

gaactgagtt tcgcgatcca act 23

<210> SEQ ID NO 22

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin5 reverse primer

<400> SEQUENCE: 22

tgaagtggat gttgggcttt g 21

<210> SEQ ID NO 23

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Liné forward primer

<400> SEQUENCE: 23
acccaaaagg agcaacatgg 20
<210> SEQ ID NO 24

<211> LENGTH: 22
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Liné reverse primer

<400> SEQUENCE: 24

cctggtaaga ttgtggctga cc 22

<210> SEQ ID NO 25

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin7 forward primer

<400> SEQUENCE: 25

ttgtttgggce tcattccgtt 20

<210> SEQ ID NO 26

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin7 reverse primer

<400> SEQUENCE: 26

ccggtgtaca agatgactgg ct 22

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin8 forward primer

<400> SEQUENCE: 27

aacccgcaat ctatccatcce a 21

<210> SEQ ID NO 28

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Lin8 reverse primer

<400> SEQUENCE: 28

tcegetggga ttgcatagtt t 21

<210> SEQ ID NO 29

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SuSyl forward primer

<400> SEQUENCE: 29

ttcaccatgg caagattgga ¢ 21

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SuSyl reverse primer
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12

-continued

<400> SEQUENCE: 30

tctetgectyg ctettecaag te 22

<210> SEQ ID NO 31

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SuSy2 forward primer

<400> SEQUENCE: 31

catcaccagc acattccagg a 21

<210> SEQ ID NO 32

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SuSy2 reverse primer

<400> SEQUENCE: 32

agctccaggt gagacgatgt tg 22

<210> SEQ ID NO 33

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeGT forward primer

<400> SEQUENCE: 33

gggttgctga ggttatgagt gatt 24

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeGT reverse primer

<400> SEQUENCE: 34

agctgcacca acgctaacaa 20

<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cyclo forward primer

<400> SEQUENCE: 35

cgtegtgttt ggacaagttg 20
<210> SEQ ID NO 36

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Cyclo reverse primer

<400> SEQUENCE: 36

ccgcagtcag caataacca 19
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-continued

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Fk4102 primer

<400> SEQUENCE: 37

atcgagttta ctagaagagg a 21

<210> SEQ ID NO 38

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Fk4128 primer

<400> SEQUENCE: 38

ggtgaacata tagagctctt gctt 24

<210> SEQ ID NO 39

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Fkpro656 primer

<400> SEQUENCE: 39

gcatatcaac tctaaatcac gaag 24

<210> SEQ ID NO 40

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Fkpro659 primer

<400> SEQUENCE: 40

gatgcatatc aactctaaat cacg 24

<210> SEQ ID NO 41

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Fkpro776 primer

<400> SEQUENCE: 41

tgaagaagac tagaggaatt ccct 24

<210> SEQ ID NO 42

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: LeFRK4pro forward primer

<400> SEQUENCE: 42
aggttctaga gctctccecgga aa 22
<210> SEQ ID NO 43

<211> LENGTH: 21
<212> TYPE: DNA
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION:

SEQUENCE: 43

gatcggtcaa gaataacagg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44
LENGTH: 23
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

LeFRK4pro revese primer

OTHER INFORMATION: LeFRK4pro forward primer

SEQUENCE: 44

accactagat atcctaagta gta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45
LENGTH: 20
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: AtHXK1l forward primer

SEQUENCE: 45

gegggaagca agagegtgtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46
LENGTH: 20
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: AtHXKl reverse primer

SEQUENCE: 46

ctcetegggt tgctatgatg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 47
LENGTH: 3821
TYPE: DNA

ORGANISM: Lycopersicon esculentum

FEATURE:

NAME/KEY: misc_feature

LOCATION: (101).

. (101)

OTHER INFORMATION: “n” may

SEQUENCE: 47

tatatcttaa tttatgaagt

taattactat cgaggaaggg

aatagataca tagttatatt

atttaatagt ggataaatct

actttcgaca taaaatgtaa

ttatttattt aattatagct

ctgtatctte ctctagttte

aaatgtaaga tttatcttaa

aataaaattc tctccatata

caattatagc taatattatt

taattatttt

cacaaattgg

ggaagttett

aatggataat

agtttatctt

aataatattt

ttatttaatt

caaagtctte

aaatataaga

ctcteggeat

be either A, or C, or

aaattgttta
atgttaacac
atcactttgg
ctacatatac
aagagaggaa
tcttgacatt
agttatagct
ctttaatttc
tttatcttcc

aaaatgtaag

aactcgagaa

nctccaaaag

aagcacctaa

tatacaattg

tagcatattce

ttctgtaaga

aataatattc

ttatttgatt

tttagtttct

atttacctta

getegetaat
tcatctaatt
acatgaatcc
attcactaac
ctctagttte
tttatcttaa
tctcagcata
aattataact
tacttaatta

acaacatctt

21

23

20

20

60

120

180

240

300

360

420

480

540

600



US 2009/0265812 Al Oct. 22, 2009
15

-continued
ctcctaattt cttatttagt taattatata gctaataata ttctctcggce ataaaattac 660
tagattttaa aatgtaaata gaatttgctt taaaagttta aatcattaac actcctattt 720
tttggtgatg aaatttcaaa acagctaagt gtcacggacc tagagaatct attaagactce 780
cgtgtgacac ttgacaactt actcacgatt ctttcacgat cttgtaagcet caagtaaacc 840
tttatgactc ggaacactaa gagaatgcaa agaaagactt agaaagggca aagagaactt 900
tagaagaagg aaccttgtat tactacttta cttggttgga tttggttgga ttcttggatt 960

ggatgagtta caaatgaatg tccctcectat ttatactaca tcectaagggce cttagtgtaa 1020
ataaaattta ctatacaagt tcttctactt actacgcttt agtccatatt ctagagaatt 1080
ctacattgtc tagaatatgc taaagtcttc tacaaagctc taaagtattc tagagaattc 1140
tagggaattc tctagtcttce ttcacaaaac tagaaggttc tagagctctce cggaaacctce 1200
ttcaagactc tagctcctece tecccccatte gaacgtaaaa tcectggcectgga attgtggegg 1260
gacgtcacat aagactagaa atataatcag attctttagt tattgttttc ttaagtacga 1320
ttgatatcta tatgttagaa ggagcaaaga ggcaagcgag attgaacatg aaggaaagag 1380
gctagcgata tttggaaaga gaaacattaa catgttatgg ttaataaata ttaatacgtt 1440
atatagttaa aaacgtgtat taggtctaaa atattaacac attatggcta tacttccttt 1500
cagttgcttt atattatcct tttttctcte ttcaacgata gcaaacacta actcgctatce 1560
tcttttttte cttaccgttt cttttcecgcga ttttcacttc gttcacttag atgcaaaaat 1620
atttatcctce tcaggatagt tttcgattaa aatacgatgg tggttaatat ttatttcgat 1680
tgttcatttc tcagatatga ttttgcatat attttcttgg aagaatttta cgagaagatg 1740
aaagatggtg aaagcaatga tcaccgttga atatgatatt ctgtttttag tacttctcca 1800
cttatacatt gtgtaattag tgtaatgatt gtataattac aacatataca ccatgtatac 1860
acttgggaat gaaagattat agaggatata attggtactg aaatattttt ttcaaaaaag 1920
ggatgatata atttctctac ttcgtgattt agagttgata tgcatcttta tatatatata 1980
tatatatata tataaaagat tgcatatacg agtatgcccc taatgttata cctttttcag 2040
ttgacgaata gagtaaaaaa aataacctta aatttacttt ttactaaaaa gtatgtttga 2100
tcectttaaaa gtttaggaat atattcacta gtaatctttt atagtttgac aaacttaact 2160
agagatctat agttattgct tgattacgct tgattaggaa ttatagctat atgttttggg 2220
aggccaattt tgtccaactt ataacatcca aatatatatg gatataaaaa aaataataga 2280
aaaattagga cagtaatggc aagtgttagg ctcataaaaa tataatccgt ccaatcgaac 2340
cggtcatttt gectttgtaga ataaatattt gtggtaaaaa tttgaaaaac cactagatat 2400
cctaagtagt agggttaaat tttgattata tatagaatga ataacataaa aatcaaattt 2460
tcattgcttg cttttcttat atttttatat gtaaaaaata aaatggatcg gtcaagtaaa 2520
aaagagtgga aaatggcctg ttgtttccct gttattettg accgatccat gagaagcagc 2580
ttcaagctat ctaagagctc ctcttctagt aaactcgata aaagcaagag ctctatatgt 2640
tcaccaacat ccttatcgac gaagaagaag tcgatccagg aaaatgataa cctggttgta 2700
tgttttgggg agctgttgat agattttgtg cctacagtat ctggagtttc acttgcagaa 2760
gcacctggtt ttaaaaaggc tcetggtggg gctccagcta atgttgcagt tggtattgcea 2820

agattaggtg gatcttccge ttttattgge aaggtgggtg cagatgaatt tggttacatg 2880
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ttagctgata tattaaaaca gaacaatgtc gacaattctg gtatgcgttt tgatactcat 2940
gctagaacag cgttggcgtt tgttacattg aaatcagacg gtgagagaga attcatgttt 3000
ttccgcaate caagtgctga tatgcttcta actgaggcag agctcgacaa gaatctcatt 3060
caaaaggcaa gaatctttca ctatggttca atctctttga ttgctgaacc atgtaggtca 3120
gctcatcttyg ctgccatgga aactgctaaa aatgcaggct gcattcectttce ttatgaccca 3180
aatctaaggt tgcctttatg gccatccgaa gaggctgctce gtgaaggaat tttaagcatt 3240
tgggaccaag ctgacattat taaggtaagt gaagatgaaa tcacattttt gacaaatggt 3300
gaagatgctt atgatgacaa tgtcgtcatg actaagcttt tccactccaa ccttaaactt 3360
ttgctcecgtaa ctgaaggcgg agacggttgce agatactata ctaataattt tcatggaaga 3420
gtgagtggcg ttaaagttgc agcagttgac accacaggag caggtgatgc atttgttggt 3480
ggacttctca acagtatggc ctcagatcca gacatttaca tggatgagaa gaaattaagg 3540
gatgcactcc tatttgctaa tggatgtgga gcaataactg taacagaaaa aggagcaata 3600
cctgcattge ctacaaaaga agcagtactt aaaatattgg atggtgccac agctaattga 3660
tcaaattata catgccctca taaaaatatg atacattgca ccacttatgt aaaataaatt 3720
ttgtggaata ttttagtcta taatattatt gctatcccect gtacaaaatc atgtggatat 3780
aattcctttt taaacatttt attttatata 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 or anther 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.

sk sk sk sk sk



