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(57) Abstract: The present invention relates to a method of selecting a tomato plant comprising exposing a tomato plant and de-
termining whether said plant exhibits tolerance to exposure to continuous light, wherein said tolerance is indicated by decreased
level ot chlorosis upon said exposure, and further determining whether said plant exhibits a significant increase in yield when ex-
posed to continuous light. The invention further relates to a method for increasing the yield of a tomato plant line, said method
comprising selecting a tomato plant by the method of the invention; crossing the thus selected plant with a plant of a said tomato
plant line to produce offspring plants; optionally backcrossing or selfing said offspring plant to produce further offspring plants,
and selecting from said offspring plants a plant having tolerance to continuous light and having increased yield as compared to
said plant of the original tomato plant line.



WO 2011/028121 PCT/NL2010/050562

10

15

20

25

Title: Tomato plants exhibiting tolerance to continuous light

FIELD OF THE INVENTION

The present invention relates to plant breeding and molecular biology. More
specifically, the present invention relates to a method for detecting a gene associated
with tolerance to continuous light in tomato, to a method of producing a continuous
light-tolerant tomato plant therewith and to continuous light-tolerant tomato plants

thus obtained and parts thereof.

BACKGROUND OF THE INVENTION

Tomato (Solanum lycopersicum, formerly known as Lycopersicon esculentum,)
1s a plant of the Solanaceae or nightshade family. It is a short-lived perennial plant,
grown as an annual plant, and a close relative of the potato. The fruit (i.e. the tomato)
1s an edible, brightly coloured (usually red, from the pigment lycopene) berry, 1-2 cm
diameter in wild plants, commonly much larger in cultivated forms. The plant is now
grown worldwide for its edible fruits, which are major fresh market vegetables
worldwide.

During the last decades, tomato breeding was mainly focused on yield, disease
tolerance, and fruit quality aspects such as uniform ripening and taste. Yield
improvements have been achieved due to new production methods, improved pest
management and varieties that are better suited for new production methods, but the
gains in yield become smaller. New varieties with 5 or 15 fruits more per plant gave a
yield increase of 2-4%.

As the world population continues to grow, the demand for fresh vegetables,
such as tomatoes, is ever increasing worldwide. Thus, a continuing need exists for

means and methods for improving yield of tomatoes.

SUMMARY OF THE INVENTION
The inventors have surprisingly found that the yield of some tomato plants
can be increased by the use of longer photoperiods or even continuous photoperiods.

This is surprising, because commercially used varieties, when grown in continuous
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light, show a strong increase in chloroplastic starch, leaf chlorosis, necrosis and
consequently very poor biomass production. In effect, continuous light is often lethal
for the crop. However, the inventors have found that tomato plants exist which are
not only tolerant to continuous light, but in fact display an increase in yield when
exposed to continuous light when compared to 16 hours of light.

The present inventors have successfully identified a quantitative trait locus
(gene) which is responsible for tolerance to continuous light present in the genome of
several wild relatives of tomato, 1.e. in S. neorickii, S habrochaites, S. pennellii, S.
peruvianum, S. chilense and S. chemielewskii, and in S. lycopersicum, e.g. var. Sub
Arctic Plenty.

The inventors were subsequently able to produce continuous light tolerant
tomato plants by crossing these continuous light tolerant wild (donor) tomato lines
with non-tolerant recipient tomato plants. These plants thus produced exhibited more
tolerance to continuous light than any cultivated tomato plant produced thus far. In
addition, several plants also produced more biomass when exposed to continuous light
than plants from the original recipient line when exposed to 16 hours of light.
Therefore, the present invention enables more efficient culturing and higher yields.

The present invention provides in a first aspect a method of selecting a
tomato plant comprising exposing a tomato plant and determining whether said plant
exhibits tolerance to continuous light, wherein said tolerance is indicated by
decreased level of chlorosis upon said exposure , and further determining whether
said plant exhibits a significant increase in yield.

The invention further provides a method for producing a first tomato plant
by a method according to the invention, crossing said selected plant with a second
tomato plant to produce offspring plants and selecting from said offspring plants a
plant having tolerance to continuous light and having increased yield as compared to
said second tomato plant.

The invention further provides a method of producing a tomato plant,
tolerant to exposure to continuous light, said method comprising steps of:

a) providing a tomato donor plant tolerant to exposure to continuous light,
preferably of the species S. neorickii, S habrochaites, S. pennellii, S. lycopersicum, S

peruvianum, S. chilense or S. chemielewskii,
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b) transferring nucleic acid from said donor plant to at least one recipient
tomato plant which is not tolerant to exposure to continuous light, wherein said
transfer results in the introduction of genomic material from said donor plant in the
corresponding region of the genome of said at least one recipient plant;

¢) selecting from said at least one recipient plant a plant that comprises within
its genome a gene for continuous light tolerance derived from said donor plant,
wherein said selection comprises detecting in chromosome 7 of said recipient tomato
plant at least one genetic marker linked to said gene for light tolerance.

In preferred embodiments, the location of said gene on chromosome 7 of said
plant is indicated by a genomic region comprising the genetic markers “7-20-17, “7-20-
2” on chromosome 7 of S. neorickii, “7-107, “7-25” on chromosome 7 of S. neorickii, “7-
177, “7-25” on chromosome 7 of S. chilense, “7-19”, “7-25” on chromosome 7 of S.
pennellii.

In another preferred embodiment, said transfer of nucleic acid comprising
said gene for tolerance to continuous light, or a light tolerance conferring part thereof,
1s performed by crossing said donor tomato plant tolerant to exposure to continuous
light with a recipient tomato plant which is not tolerant to exposure to continuous
light, to produce offspring plants comprising said gene as an introgression, and
wherein step c) is performed on at least one offspring plant.

In another preferred embodiment, said step c¢) is performed by detecting said
genetic marker in DNA isolated from said at least one recipient tomato plant.

In another preferred embodiment, said step ¢) further comprises subjecting
said plant to bioassay for measuring the capability of growing in continuous light of
said plant.

In another aspect the invention provides a continuous light tolerant tomato
plant or a part thereof, obtainable by a method according to the invention.

The invention further provides a gene for continuous light tolerance, wherein
said gene is associated with tolerance to continuous light and wherein the location of
said gene on chromosome 7 of said plant is indicated by a genomic region comprising
the genetic markers “7-20-17, “7-20-2” on chromosome 7 of S. neorickii, “7-10”, “7-25”
on chromosome 7 of S. neorickii, “7-17”, “7-25” on chromosome 7 of S. chilense, “7-19”,
“7-25” on chromosome 7 of S. pennellii. The alleles on the positions of the genome

indicated by this gene is an aspect of the present invention.
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A gene of the present invention may be in the form of an isolated, preferably
double stranded nucleic acid sequence comprising said gene or a tolerance-conferring
part thereof. Very suitably, the size of the nucleic acid sequence, which may for
instance be isolated from the chromosome of a suitable donor plant, may represent a
genetic distance of 1-100 cM, preferably 10-80 ¢cM on said chromosome. Preferably
said genetic distance is between 64 and 78 ¢cM on said chromosome, even more
preferably between 72 and 75 ¢M. Said nucleic acid may comprise at least 50, more
preferably at least 500, even more preferably at least 1000, still more preferably at
least 5000 base pairs. One or more nucleic acid sequences comprising a gene or a
tolerance-conferring part thereof according to the invention may in turn be comprised
in a nucleic acid construct, said construct may further comprise regions that flank
said one or more nucleic acid sequences and which regions are capable of being
integrated into a suitable vector for transfer of said one or more nucleic acid
sequences into a suitable continuous light intolerant recipient tomato plant. The
vector may further comprise suitable promoter regions or other regulatory sequences.
Said gene may also be in a form present within the genome of a tomato plant. The
gene of the present invention preferably comprises at least one marker, preferably two
markers associated with continuous light-tolerance selected from the group consisting
of the markers of Figure 10 linked to said gene.

The invention further provides a method for detecting a gene for tolerance to
continuous light, comprising detecting at least one genetic marker linked to a gene for
tolerance to continuous light derived on chromosome 7 of a suspected continuous light
tolerant tomato plant, wherein the location of said gene on chromosome 7 of said plant
is indicated by a genomic region comprising the genetic markers “7-20-17, “7-20-2” on
chromosome 7 of S. neorickii, “7-10”, “7-25” on chromosome 7 of S. neorickii, “7-17", “1-
25” on chromosome 7 of S. chilense, “7-19”, “7-25” on chromosome 7 of S. pennellii.

In another aspect the invention provides a continuous light-tolerant tomato
plant, or a part thereof, comprising within its genome a gene for continuous light
tolerance, or a continuous light-tolerance-conferring part thereof, wherein the location
of said gene on chromosome 7 of said plant is indicated by a genomic region
comprising the genetic markers “7-20-1”, “7-20-2” on chromosome 7 of S. neorickii, “7-
107, “7-25” on chromosome 7 of S. neorickii, “7-17”, “7-25” on chromosome 7 of S.

chilense, “7-19”, “7-25” on chromosome 7 of S. pennellii, wherein said gene or said
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continuous light-tolerance-conferring part thereof is not in its natural genetic
background.

In another aspect the invention provides a method of producing a continuous
light-tolerant inbred tomato plant, comprising

a) producing a continuous light-tolerant tomato plant according to the invention;

b) crossing said continuous light-tolerant tomato plant with itself or another
tomato plant to yield progeny tomato seed;

¢) growing said progeny tomato seed of step b) to yield an additional continuous
light-tolerant tomato plant;

d) repeating the crossing and growing steps from 0 to 7 times to generate a
continuous light-tolerant inbred tomato plant.

Preferably said step c¢) further comprises the step of identifying plants that
exhibit continuous light tolerance and possess commercially desirable characteristics.

In another preferred embodiment said method further comprises the step of
selecting homozygote inbred tomato plants, preferably wherein said inbred plants are
homozygous for said continuous light allele.

In a further aspect, the invention provides a continuous light-tolerant inbred
tomato plant, or parts thereof, obtainable the method according to the invention.

In a further aspect, the invention provides a hybrid tomato plant, or a part
thereof, that exhibits tolerance to continuous light, wherein said hybrid tomato plant
1s obtainable by crossing a continuous light-tolerant inbred tomato plant obtainable
by a method according to the invention with an inbred tomato plant that exhibits
commercially desirable characteristics. Such characteristics include inter alia a high
vield (in excess of 50, 60 kg/m?2 of tomatoes and/or resistance to tobacco mosaic virus
(TMV), blight and/or Botrytis.

In another aspect, the invention further provides the use of a genetic marker
selected from the group consisting of the genetic markers of Figure 10 for the
detection of genes for continuous light-tolerance, and/or for the detection of continuous
light-tolerant tomato plants.

In another aspect, the invention provides an indeterminate tomato plant,
tolerant to exposure to continuous light or a part thereof.

In a further aspect, the invention further provides a tissue culture of

regenerable cells of the tomato plants according to the invention, preferably said
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regenerable cells comprise cells or protoplasts isolated from a tissue selected from the
group consisting of leaves, pollen, embryos, roots, root tips, anthers, flowers, fruits,
and stems and seeds.

The continuous light-tolerant donor tomato plant used in methods of the
present invention is preferably selected from the group consisting of S. neorickii, S
habrochaites, S. pennellii, S. lycopersicum, S peruvianum, S. chemielewskii, more
preferably, a wild tomato accession is used as the donor plant. Highly preferred donor
plants are S. pennellii LA716, S. peruvianum LA1708, S. habrochaites LA1777, S.
habrochaites G1560, S. habrochaites Lyc4/78, S. chilense LA1959, S. chmielewskii
LA1840, S. neorickii LA2133 and S. lycopersicum variety “Sub arctic plenty”.

The continuous light-tolerant recipient tomato plant used in methods of the
present invention is preferably a plant of the species Solanum lycopersicum, more
preferably an S. lycopersicum cultivar that possess commercially desirable

characteristics, or another commercial tomato line.

DESCRIPTION OF THE DRAWINGS

Figure 1: Species and varieties tolerant to continuous light. Plants
shown on the left were exposed to 16 hr and plants on the right are exposed to
continuous light. Clearly the typical symptoms of light intolerance (leaf chlorosis,
necrosis and poor biomass production) are not expressed in these tolerant lines, while
the symptoms are clearly visible in non tolerant lines under the same conditions.

Figure 2: typical symptoms caused by exposure to continuous light in
non-tolerant lines. The first visible symptoms of non tolerant lines are light green
leaves with inter-vine chlorosis, followed by severe chlorosis. In severe non tolerant
plants chlorosis is followed by necrosis, decreased leaf development decreased stem
development and even plant mortally.

Figure 3: Degreening and chlorosis. Quantification of a part of the visible
symptoms (degreening and chlorosis) by measuring the chlorophyll concentration by a
SPAD meter was performed with plants grown at 131 umol m-2 -1 (ML) or 230 pmol
m2 g1 (HL). The resolution to detect differences between continuous and non-
continuous light was very difficult or impossible at very low light intensities (16 pmol
m2 g1 =LL). The visible symptoms developed earlier in time at 230 pmol m2 g

compared to 131 pmol m?2 g1, Left: averages with standard deviations, number of
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replicates is 20 to 40. Right: Data extracted from the left graph, plotted is the
differences between 16 and 24 hours of light per light intensity. Significance level is
shown by ns= not significant, *= p<0.05, **=p<0.01, ***= p<0.001 and ****=
p<0.00001.

Figure 4: Stem diameter and plant height is decreased in non tolerant
lines. Therefore stem diameter and plant height are also parameters to be able to
quantify continuous light symptoms. Averages with standard errors, number of
replicates i1s 4 to 8. Significance level is shown by += p<0.1, *= p<0.05, **= p<0.01,
**%= p<0.001.

Figure 5: Chlorophyll concentration of IL lines from a neorickii * a
sensitive esculentum (e.g. Moneyberg) population where 9 days old seedlings
exposed for 33 days to continuous light. Temperature 21°C for 24 hours and, with
an RH of 70% and a light intensity of 110-120 pmol m?2 s (PAR) from fluorescent
tubes. Averages with standard errors, number of replicates was 3 to 6 plants per line.

Figure 6: One highly tolerant line (42) from a neorickii * a sensitive
esculentum (left). Tolerant lines are exposed to continuous light for 90 days. The
first 33 days under fluorescent tubes, followed by illumination under High pressure
sodium lamp (SON-T). The leaves stay green, leaf and stem development is normal
compared to non tolerant lines.

Figure 7: Chlorophyll concentration of IL lines from a chilense LA1959
* Moneyberg GT population where 15 days old seedlings exposed for 35
(CLT1), 42 (CLT2), 49 (CLT3) and 60 (CLT4) days to continuous light.
Temperature 21°C/20 °C for 16/8 hours and, with an RH of 70% and a light intensity
of 110-120 umol m-2 ¢! (PAR) from fluorescent tubes during the first 15 days followed
by illumination under High pressure sodium lamp (SON-T) for 24 Hr. Averages with
standard errors, number of replicates was 3 to 6 plants per line.

Figure 8: One highly tolerant line (5) from a chilense LA1959 * a
sensitive Moneyberg GT. Tolerant lines are exposed to continuous light for 90 days.
The leaves stay green, leaf and stem development is normal compared to non tolerant
lines.

Figure 9: Chlorophyll concentration of IL lines from a pennellii * M82
population with an introgression on chromosome 7. Chlorophyll concentration

of IL lines from a pennellii * M82 population where 14 days old seedlings were
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exposed for 21 (CLT1), 28 (CLT2), 35 (CLT3), 42 (CLT4) and 53 (CLT5) days to
continuous light. Temperature 21°C/20 °C for 16/8 hours and, with an RH of 70% and
a light intensity of 110-120 pmol m?2 st (PAR) from fluorescent tubes the first 14 days
after that under SON-T for 24 Hr. Averages with standard errors, number of
replicates was 4 to 6 plants per line. Two tolerant lines were found (4 and 5), which
have been in continuous light for 53 days.

Figure 10: Genotypic information of the different mapping
populations, based on Illumina SNP markers. Combining the phenotypic and
genotypic data from the three populations, the continuous light tolerant loci is located
on chromosome 7 between marker “7-19” and “7-23” that 1s between 64 and 99,6 cM
based on the EXPEN2000 linkage map. Wild donor alleles are shown in light grey,
recurrent parent alleles in dark grey, different alleles in black and no call in white.
Some SNPs are non polymorphic in some wild donor x recurrent parent combinations,
in such cases a gap is present. SNPs markers were genotyped using GoldenGate
assays (Illumina).

Figure 11: Sequences of genetic markers. The markers indicate the
polymorphic sequences between the tolerant and sensitive genotype. The polymorphic
positions as indicated in these sequences are SNPs. An example for use of these SNPs
as markers is provided in Example 7 below. The skilled artisan will understand that
the markers as indicated in this figure refer specifically to the polymorphic positions
in the sequences given. Marker 1: Sequence of the marker “7-1” derived from S.
neorickii LA2133 located at 0,4 ¢cM of chromosome 7 ([T/G] indicates the polymorphic
position). Marker 2: Sequence of the marker “7-2” derived from S. pennellii 0716
located at 1,2 ¢M of chromosome 7 ([T/G] indicates the polymorphic position). Marker
3: Sequence of the marker “7-3” derived from S. neorickii LA2133 located at 2,0 ¢cM of
chromosome 7 (JA/T] indicates the polymorphic position). Marker 4: Sequence of the
marker “7-4” derived from S. neorickii LA2133 located at 3,5 ¢cM of chromosome 7
([T/C] indicates the polymorphic position). Marker 5: Sequence of the marker “7-5”
derived from S. neorickii LA2133 located at 21,4 ¢cM of chromosome 7 ([A/T] indicates
the polymorphic position). Marker 6: Sequence of the marker “7-6” derived from S.
neorickii LA2133 located at 22,3 ¢cM of chromosome 7 ([T/C] indicates the polymorphic
position). Marker 7: Sequence of the marker “7-7” derived from S. neorickii LA2133
located at 24,8 ¢cM of chromosome 7 (['T/C] indicates the polymorphic position).
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Marker 8: Sequence of the marker “7-8” derived from S. neorickii LA2133 located at
27,5 ¢cM of chromosome 7 ([T/C] indicates the polymorphic position). Marker 9:
Sequence of the marker “7-9” derived from S. pennellii 0716 located at 28,1 ¢cM of
chromosome 7 (JA/G] indicates the polymorphic position). Marker 10: Sequence of the
marker “7-10” derived from S. neorickii LA2133 located at 38,0 ¢cM of chromosome 7
([A/G] indicates the polymorphic position). Marker 11: Sequence of the marker “7-11”
derived from S. neorickii LA2133 located at 38,8 ¢cM of chromosome 7 ([T/C] indicates
the polymorphic position). Marker 12: Sequence of the marker “7-12” derived from S.
pennellii 0716 located at 40,0 cM of chromosome 7 ([T/G] indicates the polymorphic
position). Marker 13: Sequence of the marker “7-13” derived from S. neorickii
LA2133 located at 43,0 ¢cM of chromosome 7 ([T/C] indicates the polymorphic
position). Marker 14: Sequence of the marker “7-14” derived from S. neorickii
LA2133 located at 45,6 ¢cM of chromosome 7 ([A/G] indicates the polymorphic
position). Marker 15: Sequence of the marker “7-15” derived from S. neorickii
LA2133 located at 48,1 ¢cM of chromosome 7 ([A/T] indicates the polymorphic
position). Marker 16: Sequence of the marker “7-16” derived from S. neorickii
LA2133 located at 49,2 ¢cM of chromosome 7 ([A/T] indicates the polymorphic
position). Marker 17: Sequence of the marker “7-17” derived from S. neorickii
LA2133 located at 54,0 ¢cM of chromosome 7 ([T/C] indicates the polymorphic
position). Marker 18: Sequence of the marker “7-18” derived from S. neorickii
LA2133 located at 61,0 ¢cM of chromosome 7 ([T/G] indicates the polymorphic
position). Marker 19: Sequence of the marker “7-19” derived from S. pennellii 0716
located at 64,0 ¢cM of chromosome 7 (JA/T] indicates the polymorphic position).
Marker 20: Sequence of the marker “7-20” derived from S. neorickii 1LA2133 located
at 46,18 cM of chromosome 7 based on mapping in the 2133-42 population and at 73,0
cM based on mapping using the EXPEN 2000 linkage map of chromosome 7 ([T/C]
indicates the polymorphic position). Marker 21: Sequence of the marker “7-21”
derived from S. neorickii LA2133 located 46,74 cM of chromosome 7 based on mapping
in the 2133-42 population and at at 78,0 cM based on mapping using the EXPEN 2000
linkage map of chromosome 7 ([A/G] indicates the polymorphic position). Marker 22:
Sequence of the marker “7-22” derived from S. neorickii LA2133 located at 80,0 ¢cM of
chromosome 7 ([T/C] indicates the polymorphic position). Marker 23: Sequence of the
marker “7-23” derived from S. neorickii LA2133 located at 99,6 ¢cM of chromosome 7
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([T/C] indicates the polymorphic position). Marker 24: Sequence of the marker “7-24”
derived from S. pennellii 0716 located at 100,4 cM of chromosome 7 (JA/T] indicates
the polymorphic position). Marker 25: Sequence of the marker “7-25” derived from S.
neorickii LA2133 located at 104,0 ¢cM of chromosome 7 ([A/G] indicates the
polymorphic position). Marker 26 Sequence of the marker “7-20-1” derived from S.
neorickii LA2133 located at 43.68 ¢cM of chromosome 7 based on mapping in the
LA2133-42 population and at 75 ¢cM based on mapping using the EXPEN 2000 linkage
map ([T/G] indicates the polymorphic position). Marker 27 Sequence of the marker
“7-20-2” derived from S. neorickii LA2133 located at 44.35 cM of chromosome 7 based
on mapping in the LA2133-42 population and at 72 ¢cM based on mapping using the
EXPEN 2000 linkage map ([C/A] indicates the polymorphic position). Marker 28
Sequence of the marker “7-20-3” derived from S. neorickii LA2133 located at 44.46 cM
of chromosome 7 based on mapping in the LA2133-42 population and at 73 ¢cM based
on mapping using the EXPEN 2000 linkage map ([G/C] indicates the polymorphic
position).

Figure 12: the CTL locus. The CLT locus is positioned between markers 7-17
and 7-20. Presented genotypic data (the genotypes include “homozygous for donor” or
“recurrent parent” and “heterozygous”) is generated from F2 plants, while phenotypic
scoring (the phenotypes include “Tolerant to continuous light”, “susceptible for
continuous light” and “segregating”) is performed on F3 plants. Light grey blocks
indicate genomic segments originating from the tolerant parent. Dark grey blocks
indicate segments that are originating from the sensitive parent. White blocks
indicate heterozygous segments. Markers are ordered according to map LA2133-42.

Figure 13. The CLT locus is positioned between markers 7-20-1 and 7-20-2.
Presented genotypic data (the genotypes include “homozygous for donor” or “recurrent
parent” and “heterozygous”) is generated from F2 plants, while phenotypic scoring
(the phenotypes include “tolerant to continuous light”, “susceptible for continuous
light” and “segregating”) is performed on F3 plants. Dark grey blocks indicate
genomic segments originating from the sensitive parent. Light grey blocks indicate
segments that are originating from the tolerant parent. White blocks indicate

heterozygous segments. Markers are ordered according to map LA2133-42,
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

The term “light” as used herein means light of a suitable wavelength for
growing plants at an average light intensity which is higher than the light energy
known as the “light compensation point”. This is the light intensity at which the
amount of carbon dioxide released in respiration equals the amount used in
photosynthesis, and the amount of oxygen released in photosynthesis equals the
amount used in respiration.

The compensation point is the amount of light intensity on the light curve
where the rate of photosynthesis exactly matches the rate of respiration. At this point,
the uptake of COz2 through photosynthetic pathways is exactly matched to the
respiratory release of carbon dioxide, and the uptake of Oz by respiration is exactly
matched to the photosynthetic release of oxygen. Methods to establish the light
compensation point of a plant are well known in the art. Preferably, said light has a
light intensity of at least 20 pmol m2 s-1, more preferably at least 100 pmol m2s-1, still
more preferably at least 250 umol m2s!1 PAR (photosynthetic active radiation).
Preferably said light has a light intensity of less than 2000 pmol m?2 s, preferably
less than 1000 umol m2 s,

As used herein, the term “continuous light” means a photoperiod of more than
20 hours light per day, preferably more than 21 hours, preferably more than 22 hours,
more preferably more than 23 hours and most preferably 24 hours. Short
interruptions of a few minutes of this photoperiod may be comprised in continuous
lighting. The total duration of the exposure to said light per day must be more than 20
hours.

As used herein, the term "continuous light tolerance" refers to a plant which,
when grown under continuous light, exhibits a reduction in severity of at least one
symptom of the complex of symptoms typically associated with continuous light
intolerance as observed in normal non tolerant (tomato) plants of for instance the
variety Moneyberg within 20 days after the first exposure to continuous light.
Preferably, a plant which is tolerant to continuous light does not exhibit said at least
one symptom after at least 3 weeks of exposure to continuous light. Even more
preferably, said at least 3 weeks is at least four weeks. More preferably, it is at least

35, 42, 63 or 90 days. Preferably, said plant which is tolerant to continuous light has a
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higher chlorophyll concentration in its chlorophyll containing cells when exposed to
continuous light than a non tolerant control plant which is exposed to the same
conditions. Preferably, said plant which is tolerant to continuous light has a
chlorophyll concentration of at least 35 (relative scale from 0-100, 100 is deep green),
more preferably 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60 as determined by a SPAD-502 (Konica Minolta) meter, wherein
said plant has been exposed for at least, 33, 35, 42, 49, 53, 90 days to continuous light
with a light intensity of 130 pmol m2 s from fluorescent tubes and grown at a
temperature of 21 °C and a relative humidity between 60-80%, preferably 70%. In
another preferred embodiment, said plant which is tolerant to continuous light has a
chlorophyll concentration which is at least 5%, more preferably 10%, 15%, 20%, 25%,
30%, 35%, 40%, 50% higher than its sensitive parent plant exposed to the same
conditions, as determined by using a SPAD-502 (Konica Minolta) meter, wherein said
plant has been exposed for at least, 33, 35, 42, 49, 53, 90 days to continuous light with
a light intensity of 130 pmol m?2 s! from fluorescent tubes and grown at a
temperature of 21 °C and a relative humidity between 60-80%, preferably 70%.

Said complex of symptoms includes but is not limited to leaf chlorosis,
necrosis, decreased leaf development, increase in chloroplastic starch, decreased stem
development, reduced photosynthesis, degreening and poor biomass production.
Preferably all symptoms are absent in a plant tolerant to continuous light.

The term “leaf chlorosis” as used herein refers to a yellowing of leaf tissue due
to absence of chlorophyll. The absence of chlorophyll can be visually observed as
yellow spots on the leaf tissue.

The term “necrosis” as used herein refers to the premature death of cells and
living tissue due to external factors. Necrosis can be visually observed as light to dark
brown spots or absence of cells in tissue, preferably leaf tissue.

The term “decreased leaf development” as used herein refers to a decreased
total surface area of the combined leaves of a plant which has been exposed to
continuous light compared to the total surface area of the combined leaves of a
comparable control plant which has not been exposed to continuous light. Total
surface area of the combined leaves of a plant can be determined by measuring the

total leaf surface area of a plant and/or by weighing the mass of the leaves of a plant.
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The term “Increase in chloroplastic starch” refers to an increase in the
amount of starch in a sample comprising chloroplasts from a plant which has been
exposed to continuous light compared to the amount of starch from a comparable
sample of a comparable control plant which has not been exposed to continuous light.
Alternatively, the increase of chloroplastic starch is determined by comparing the
chloroplastic starch content of a plant or part thereof which contains chloroplasts with
the chloroplastic starch content of a comparable control plant or chloroplast
containing part thereof which has not been exposed to continuous light. The amount
of starch of a plant is preferably determined by allowing a sample from said plant or
part thereof which contains chloroplasts to gelatinize, incubating said sample with
amyloglucosidase and subsequently determining the amount of glucose released.
Preferably, said sample comprises isolated chloroplasts from said plant. The
chloroplastic starch content is determined by calculating the amount of chloroplastic
starch per kg of the plant.

The term “decreased stem development” as used herein refers to a decreased
length and/or diameter of a stem of a plant or a part thereof which has been exposed
to continuous light compared to the length and/or diameter of a comparable stem of a
comparable control plant which has not been exposed to continuous light.

The term “reduced photosynthesis” as used herein refers to a reduced level of
activity of photosynthesis in a plant or in a part thereof which has been exposed to
continuous light compared to level of activity of photosynthesis in a comparable
control plant which has not been exposed to continuous light. The term
“photosynthsis” as used herein refers to the process in which the plant converts
carbon dioxide into organic compounds using sunlight or artificial light as energy. The
level of activity of photosynthesis can be determined by measuring the carbon dioxide
uptake or oxygen production. A decrease in the carbon oxide uptake of a plant and/or
in the oxygen production in comparison to a control plant indicates a decrease in the
activity of photosynthesis.

The term “degreening” as used herein refers to the decrease in the content of
chlorophyll in leaf tissue of a plant or in a part thereof which has been exposed to
continuous light compared to a comparable control plant which has not been exposed
to continuous light. Degreening can be visually observed as light green or whitened

leaves. Alternatively, the content of chlorophyll in leaf tissue can be determined by
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performing a SPAD measurement well known in the art and compare the chlorophyll
measurements performed in leaf tissue of said control plant and establish whether the
content of chlorophyll is decreased.

The term “poor biomass production” as used herein refers to a lower (e.g. at
least 5%, 10%, 15% lower) amount of biomass of a plant which has been exposed to
continuous light compared to a comparable control plant which has not been exposed
to continuous light. The biomass of a plant can be determined by measuring the fresh
and/or dry weight of a plant.

As used herein, the term "allele(s)" means any of one or more alternative
forms of a gene, all of which alleles relate to at least one trait or characteristic. In a
diploid cell or organism, the two alleles of a given gene occupy corresponding loci on a
pair of homologous chromosomes. Since the present invention relates to genes, i.e.
genomic regions that may comprise one or more genes, but also regulatory sequences,
it is in some instances more accurate to refer to "haplotype" (1.e. an allele of a
chromosomal segment) in stead of "allele", however, in those instances, the term
"allele" should be understood to comprise the term "haplotype".

A “gene” is defined herein as a hereditary unit consisting of a sequence of
DNA that occupies a specific location on a chromosome and that contains the genetic
instruction for a particular characteristics or trait in an organism.

A “locus” is defined herein as the position that a given gene occupies on a
chromosome of a given species.

As used herein, the term "heterozygous" means a genetic condition existing
when different alleles reside at corresponding loci on homologous chromosomes.

As used herein, the term "homozygous" means a genetic condition existing
when identical alleles reside at corresponding loci on homologous chromosomes.

As used herein, the term "hybrid" means any offspring of a cross between two
genetically unlike individuals, including but not limited to the cross between two
inbred lines.

As used herein, the term "inbred" means a substantially homozygous
individual or line

In this application a "recombination event" is understood to mean a meiotic

crossing-over.
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As used herein, the terms "introgression", "introgressed" and "introgressing"
refer to both a natural and artificial process whereby genes of one species, variety or
cultivar are moved into the genome of another species, variety or cultivar, by crossing
those species, varieties or cultivars. The process may optionally be completed by
backecrossing to the recurrent parent.

"Genetic engineering", "transformation" and "genetic modification" are all
used herein as synonyms for the transfer of isolated and cloned genes into the DNA,
usually the chromosomal DNA or genome, of another organism.

As used herein, the term "plant part" indicates a part of the tomato plant,
including single cells and cell tissues such as plant cells that are intact in plants, cell
clumps and tissue cultures from which tomato plants can be regenerated. Examples of
plant parts include, but are not limited to, single cells and tissues from pollen, ovules,
leaves, embryos, roots, root tips, anthers, flowers, fruits, stems shoots, and seeds; as
well as pollen, ovules, leaves, embryos, roots, root tips, anthers, flowers, fruits, stems,
shoots, scions, rootstocks, seeds, protoplasts, calli, and the like.

As used herein, the term "population" means a genetically heterogeneous
collection of plants sharing a common genetic derivation.

As used herein, the term "tomato" means any plant, line or population
formerly known under the genus name of Lycopersicon including but not limited to
Lycopersicon cerasiforme, Lycopersicon cheesmanii, Lycopersicon chilense,
Lycopersicon chmielewskii, Lycopersicon esculentum (mnow Solanum lycopersicum,),
Lycopersicon hirsutum, Lycopersicon parviflorum, Lycopersicon pennellii,
Lycopersicon peruvianum, Lycopersicon pimpinellifolium, or Solanum [ycopersicoides.
The newly proposed scientific name for Lycopersicon esculentum is Solanum
Iycopersicum. Similarly, the names of the wild species has been altered. L. pennellii
has become Solanum pennellii, L. hirsutum has become S. habrochaites, L.
peruvianum has be split into S. 'N peruvianum' and S. 'Callejon de Huayles’, S.
peruvianum, and S. corneliomuelleri, L. parviflorum has become S.neorickii, L.
chmielewskii has become S. chmielewskii, L. chilense has become S. chilense, L.
cheesmaniae has become S. cheesmaniae or S. galapagense, and L. pimpinellifolium
has become S. pimpinellifolium (Solanacea Genome Network (2005) Spooner and

Knapp; hitp//www. sgn.cornell.edu/help/about/sclanum nomenclature. itml).
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The term “S. lycopersicum”, as used herein, refers to any variety or cultivar
of the garden tomato.

It is especially noted that S. habrochaites can be defined as a tomato species
that carries hairy fruits, while S. lycopersicum is a tomato species carrying hairless
fruits.

As used herein, the term "variety" or "cultivar" means a group of similar
plants that by structural or genetic features and/or performance can be distinguished
from other varieties within the same species.

The term "gene associated with tolerance to continuous light" as well as the
shorter term "gene for continuous light tolerance" refer to a region located on a
particular chromosome of tomato that is associated with at least one gene that
encodes for continuous light-tolerance or at least a regulatory region, i.e. a region of a
chromosome that controls the expression of one or more genes involved in tolerance to
continuous light. The phenotypic expression of that gene may for instance be observed
as a reduced degree of chlorosis or an improved biomass production upon exposure to
continuous light. A gene may for instance comprise one or more genes of which the
products confer the genetic continuous light tolerance. Alternatively, a gene may for
instance comprise regulatory genes or sequences of which the products influence the
expression of genes on other loci in the genome of the plant thereby conferring the
tolerance to continuous light. The gene of the present invention may be defined by
indicating their genetic location in the genome of the respective wild tomato accession
using one or more molecular genomic markers. One or more markers, in turn, indicate
a specific locus. Distances between loci are usually measured by frequency of crossing-
over between loci on the same chromosome. The farther apart two loci are, the more
likely that a crossover will occur between them. Conversely, if two loci are close
together, a crossover is less likely to occur between them. As a rule, one centimorgan
(cM) is equal to 1% recombination between loci (markers). When a gene can be
indicated by multiple markers the genetic distance between the end-point markers is
indicative of the size of the gene. It is to be understood that the genes identified
herein as residing in the CLT locus (see Tables 2 and 3) may be used as markers for
the continuous light resistance trait in aspects of this invention. In particular,
polymorphisms in these genes between the tolerant and non-tolerant phenotype are

envisioned.
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The term "natural genetic background" is used herein to indicate the original
genetic background of a gene. Such a background may for instance be the genome of a
continuous light-tolerance wild accession of tomato. For instance, the gene of the
present invention was found at specific locations on chromosomes 7 of Solanum
pennellii 0716. As an example, the Solanum pennellii 0716 represents the natural
genetic background of the genes on chromosomes 7 of Solanum pennellii 0716.
Conversely, a method that involves the transfer of DNA comprising the gene, or a
tolerance-conferring part thereof, from chromosome 7 of Solanum pennellii 0716 to
the same position on chromosome 7 of another tomato species, will result in that gene,
or said tolerance-conferring part thereof, not being in its natural genetic background.

The terms “determinate” and “indeterminate” as used herein refers to the
type of growth habit of tomato plants, which is commonly classified as determinate or
indeterminate. This classification depends preferably on the capacity of the shoot
system for continued sympodial growth. The terms are used in their art-recognized
meaning.

The term "standard practice conditions", "standard greenhouse conditions"
and "standard conditions" refer to the conditions of light, humidity, temperature, ete.
where under plants are grown or incubated, for instance for the purpose of phenotypic
characterization, as being standard. For greenhouses or climate chambers for
instance, this refers to 8-16-h day, 15°C-25°C. More in general, the terms refer to
standard and reference growth conditions with a photoperiod of 8 to 24 h
(photosynthetic photon flux (PPF) 25 to 1000 pmol m2s1), preferably a light regime of
16 hours light and 8 hours dark, an air temperature of about 21°C during the day and
18°C at night, a water vapour pressure deficit of about 4.4 g m™ corresponding to a
relative humidity (RH) of about 60%-85%, at 400-900 ppm CO:2 and atmospheric Oz
concentration and at atmospheric air pressure (generally 1008 hPa). Water and
nutrients may be given drop wise near the stem, or in the form of spray or mist or by
ebb and flow.

With the term “bioassay for measuring the capability of growing in
continuous light” as used herein, is meant any bioassay which is suitable for
determining differences in said symptoms. Preferably, chlorosis is determined using
fluorescence measurements of the chlorophyll concentration using a SPAD measuring

device Marquard and Tipton 1987, HortScience 22: 1327. Standard bioassay
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experimentation conditions, such as stem diameter and plant height measurements,
chlorophyll concentration measurements and assays for determining tolerance to
continuous light are further specified in the Examples below.

The term “marker-assisted selection”, as used herein, refers to the diagnostic
process of identifying, optionally followed by selecting a plant from a group of plants
using the presence of a molecular marker as the diagnostic characteristic or selection
criterion. The process usually involves detecting the presence of a certain nucleic acid
sequence or polymorphism in the genome of a plant.

The term “marker”, as used herein, refers to an indicator that is used in
methods for visualizing differences in characteristics of nucleic acid sequences.
Examples of such indicators are restriction fragment length polymorphism (RFLP)
markers, amplified fragment length polymorphism (AFLP) markers, single nucleotide
polymorphisms (SNPs), microsatellite markers (e.g. SSRs), sequence-characterized
amplified region (SCAR) markers, cleaved amplified polymorphic sequence (CAPS)
markers or isozyme markers or combinations of the markers described herein which
defines a specific genetic and chromosomal location.

The term “linked”, as used herein, with reference to markers linked to a trait,
refers to a marker the presence of which in the genome of the plant coincides with the
presence of the trait. Usually the term refers to a genetic marker that falls within the
physical boundaries of a genomic region spanned by at least two markers. For RIL
(recombinant inbred lines), such markers having established LOD scores above a
certain threshold thereby indicating that no or very little recombination between
these markers and the trait locus occurs in crosses; as well as any marker in linkage
disequilibrium to the trait locus; as well as markers that represent the actual causal
mutations within the trait locus. The term "linked" is used in its broadest sense and
indicates that the marker and the gene are located within a continuous DNA
sequence of several centiMorgan. The term is used herein with reference to the
linkage between markers and phenotype and refers to a distance of preferably less
than 20 cM, preferably less than 10 ¢M, still more preferably less than 6, 5, 4, 3, 2, or
1 cM.

The term “gene”, as used herein, refers to a hereditary unit consisting of a
sequence of DNA that occupies a specific location on a chromosome and that contains

the genetic instruction for a particular characteristics or trait in an organism. The
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term “gene” thus refers to a nucleic acid (for example, DNA or RNA) sequence that
comprises coding sequences necessary for the production of an RNA, or a polypeptide
or its precursor. A functional polypeptide can be encoded by a full length coding
sequence or by any portion of the coding sequence as long as the desired activity or
functional properties (for example, enzymatic activity, ligand binding, signal
transduction, ete.) of the polypeptide are retained. The term “gene” encompasses both
c¢DNA and genomic forms of a gene.

The term ‘yield’ as used herein, refers to the biomass of a tomato plant. Any
parameter which is related to the biomass of said plant can be used to determine the
vield of a plant. Preferably, said parameter comprises the total leaf area, the shoot dry
matter, the shoot fresh mass, the dry mass or the shoot dry mass of said plant.

For optimal growth, fruit vegetables like tomato need 6 hours of darkness per
day. This implies that no photosynthesis occurs for 33% per day. If these vegetables
could be grown under continuous light, a substantial increase in production would be
expected. However, continuous light causes severe problems in these crops: tomato
plants, grown in continuous light show a strong increase in chloroplastic starch, leaf
chlorosis, necrosis and consequently very poor biomass production; continuous light
can even be lethal for the crop.

The present inventors have now discovered tolerant lines in several wild
species and in an old cultivar. However, tolerant lines could not be found in any of the
modern tomato varieties like Encore, Campari, DRS540, Tourance, Westland, etc.

There are no published reports of tomato varieties exhibiting tolerance to
continuous light, save a congress abstract of a miniature tomato cultivar. There is no
report on the sensitivity of other tomato species to continuous light, except for the
paper of Daskaloff and Ognjanova (Zeitschrift fiir Pflanzenzuchtung 1965 54: 169-181)
where it 1s claimed that S. habrochaites, S. peruvianum and S. racemigerum
(=pimpinellifolium) are tolerant to continuous light. It is remarkable that in this
publication the focus is on experiments at low light intensities as it is described that
the continuous light symptoms are more profound at these lower light intensities. S.
pimpinellifolium was found to be tolerant by Daskaloff and Ognjanova. In contrast,
the present inventors have now found that it is just the opposite and that the
continuous light symptoms are more profound at higher light intensities, and S.

pimpinellifolium was not found to be tolerant.



WO 2011/028121 PCT/NL2010/050562

20

In the experiments as conducted natural variation in the continuous light
symptoms was sought. Several tomato species are clearly tolerant. The symptoms are
quantified by measuring the chlorophyll concentration (using e.g a SPAD meter). For
some symptomless lines biomass production increased linearly with the increase of

5 available light. Moreover, in addition to a linear increase some lines showed even a
further increase in biomass production relative to the light available, i.e. higher than
was predicted. The wild tomato donors pennellii LA716, S. peruvianum LA1708, S.
habrochaites LA1777, G1560, Lyc4, S. chmielewskii LA1840, S. neorickii LA2133, S.
chilense LA1959 are tolerant to continuous light the same is true for an old variety
10  “Sub arctic plenty”. Tolerance lines do not show deleterious symptoms.

The IL Lines, 4 and 5 S. pennellii * M82, 42 and 43 S. neorickii (LA2133), 5 S.
chilense (LA1959) are tolerant to continuous light.

The chromosomal location of the tolerance is chromosome 7 for the S.
pennellii, S. neorickii, and S. chilense source.

15

Producing plants with tolerance to continuous light

Plant breeders and in particular seed companies employ elite breeding lines,
generally referred to as “elite lines” to provide a constant quality product. The elite
lines are the result of many years of inbreeding and combine multiple superior

20  characteristics such as high yield, fruit quality, and resistance to pests, disease, or
tolerance to abiotic stress. The average yield of these elite lines is generally much
higher than the original wild (landrace) accessions from which many of the modern
tomato varieties are descendants. The elite lines can be used directly as crop plant,
but are typically used to produce so-called F1 or single-cross hybrids, produced by a

25  cross between two (homozygous or inbred) elite lines. The F1 hybrids thus combine
the genetic properties of the two parents into a single plant. An add-on benefit of
hybrids is that they express hybrid vigour or heterosis, the poorly understood
phenomenon that hybrid plants grow better than either (inbred) parent and show
higher yields.

30 Backcross or pedigree selection is one method by which breeders add
desirable agronomic traits to their elite breeding lines. The method involves crossing
the breeding line with a line that expresses the desirable trait followed by

backcrossing offspring plants expressing the trait to the recurrent parent. As a result,
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the selection of an individual as a parent in a breeding program is based on the
performance of its forebears. Such methods are most effective in breeding for
qualitatively-inherited traits, i.e traits which are present or absent.

Recurrent selection is an alternative breeding method for improving breeding
lines and involves systematic testing and selection of desirable progeny followed by
recombination of the selected individuals to form a new population. Recurrent
selection has proven effective for improving quantitative traits in crop plants.
Recurrent selection, however, decreases the rate of broadening genetic basis
underlying the various traits in a breeding program, and its potential is therefore
limited.

The present inventors discovered that the yield of a tomato plant may be
increased by introgressing into an elite breeding line the trait of tolerance to
continuous light.

A first method would comprise introgressing the trait from a tomato plant
exhibiting tolerance to continuous light, such as a plant of the wild tomato species S.
pennellii, such as S. pennellii LA716, or an offspring plant thereof having said
tolerance to continuous light, into a plant of a tomato line of interest. This may for
instance be achieved by crossing a plant of a recipient breeding line of S. lycopersicum
capable of producing commercially valuable fruits, with a plant of a donor line of a
tomato species, having tolerance to continuous light. This will result in a situation
wherein the gene for tolerance to continuous light is in the genetic background of the
tomato line of interest. The establishment of the proper introgression in offspring
plants may be monitored by using specific markers as defined herein.

Recombination is the exchange of information between two homologous
chromosomes during meiosis. In a recombinant plant, DNA that is originally present
on a specific location within the chromosome is exchanged for DNA from another
plant (i.e. maternal for paternal or vice versa). In order to exchange only the required
material, and maintain the valuable original information on the chromosome as much
as possible, will usually require two crossover events. The normal way to find such a
recombinant is to screen a population of F2-plants. This population must be of
sufficient size in order to detect the rare (low frequency) double recombinants. The

frequency of recombination can be expressed in a genetic distance. For instance, a



WO 2011/028121 PCT/NL2010/050562

10

15

20

25

30

22

single recombinant in a 10 ¢cM area can be found with a frequency of 10% (1
centimorgan is defined as 1% recombinant progeny in a testcross).

The present invention also provides methods of producing the plants of the
invention using marker assisted selection (MAS). The invention therefore relates to
methods of plant breeding and to methods to select plants, in particular tomato
plants, particularly cultivated tomato plants as breeder plants for use in breeding
programs or cultivated tomato plants for having desired genotypic or potential
phenotypic properties, in particular related to producing quantities of valuable tomato
fruits, also referred herein to as agronomically desirable plants. Herein, a cultivated
plant is defined as a plant being purposely selected or having been derived from a
plant having been purposely selected in agricultural or horticultural practice for
having desired genotypic or potential phenotypic properties, in particular a plant
obtained by inbreeding.

Since the gene can only be properly identified phenotypically when the plant
remains healthy when subjected to continuous light, it is of particular advantage that
the establishment of the proper introgression in offspring plants may be monitored by
using the gene-specific markers as provided herein, either in cis or in trans coupling
as explained below. By using marker assisted selection (MAS) or marker assisted
breeding (MAB) methods, the skilled person is therefore provided with methods for
selecting plants carrying the desired genotype loci and discarding plants lacking the
potential of producing progeny tolerant to continuous light.

The present invention thus also provides methods for selecting a tomato plant
exhibiting tolerance to continuous light, comprising detecting in said plant the
presence of the gene for tolerance to continuous light as defined herein. In a preferred
method of the invention for selecting such a plant the method comprises:

a) providing a sample of genomic DNA from a tomato plant;

b) detecting in said sample of genomic DNA at least one molecular marker
linked to the gene for tolerance to continuous light.

The step of providing a sample of genomic DNA from a tomato plant may be
performed by standard DNA isolation methods well known in the art.

The step of detecting a molecular marker (step b) may, in a preferred
embodiment, comprise the use of CAPS markers, which constitute a set of bi-

directional primers in combination with a restriction enzyme. This allows for the
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detection of specific SNPs linked to the trait. Bi-directional means that the
orientation of the primers is such that one functions as the forward and one as the
reverse primer in an amplification reaction of nucleic acid.

Alternatively, the step of detecting a molecular marker (step b) may in another
preferred embodiment, comprise the use of a nucleic acid probe having a base
sequence which is substantially complementary to the nucleic acid sequence defining
said molecular marker (e.g. said SNP) and which nucleic acid probe specifically
hybridizes under stringent conditions with a nucleic acid sequence defining said
molecular marker. A suitable nucleic acid probe may for instance be a single strand
oligonucleotide of the amplification product corresponding to the marker.

The step of detecting a molecular marker (step b) may also comprise the
performance of a unique nucleic acid amplification reaction on said genomic DNA to
detect said gene. This can suitably be done by performing a PCR reaction using a pair
of marker-specific primers based on the internal or adjacent (up to 500 kilo base)
sequence. In a preferred embodiment, said step b) comprises the use of at least one
pair of primers defining a marker for said gene (e.g. being complementary to said
marker or hybridizing specifically to said marker or allowing polymerase chain
extension to occur when bound to said marker), or a pair of primers which specifically
hybridize under stringent conditions with the nucleic acid sequence of a marker for
said gene.

The step of detecting an amplified DNA fragment having a certain predicted
length or a certain predicted nucleic acid sequence may be performed such that the
amplified DNA fragment has a length that corresponds (plus or minus a few bases,
e.g. a length of one, two or three bases more or less) to the expected length as based on
the nucleotide sequence of the genes and markers identified herein. The skilled
person is aware that markers that are absent in plants having the introgression as
defined herein (donor plants), while they are present in the plants receiving the
introgression (recipient plants) (so-called trans-markers), may also be useful in assays
for detecting the introgression among offspring plants, although detecting the
presence of a specific introgression is not optimally demonstrated by the absence of a
marker.

The step of detecting an amplified DNA fragment having the predicted length

or the predicted nucleic acid sequence may be performed by standard gel-
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electrophoresis techniques, real time PCR, or by using DNA sequencers. The methods
need not be described here as they are well known to the skilled person. It should be
noted that a marker is usually defined based on its nucleotide sequences in

combination with its position relative to other markers on a linkage map.

Molecular Markers and genes

Molecular markers are used for the visualisation of differences in nucleic acid
sequences. This visualisation is possible due to DNA-DNA hybridisation techniques
after digestion with a restriction enzyme (RFLP) and/or due to techniques using the

10  polymerase chain reaction (e.g. STS, microsatellites, AFLP). All differences between
two parental genotypes will segregate in a mapping population (e.g., BC1, F2) based on
the cross of these parental genotypes. The segregation of the different markers may be
compared and recombination frequencies can be calculated. The recombination
frequencies of molecular markers on different chromosomes is generally 50%.

15  Between molecular markers located on the same chromosome the recombination
frequency depends on the distance between the markers. A low recombination
frequency corresponds to a short genetic distance between markers on a chromosome.
Comparing all recombination frequencies will result in the most logical order of the
molecular markers on the chromosomes. This most logical order can be depicted in a

20  linkage map. A group of adjacent or contiguous markers on the linkage map that is
associated with tolerance to continuous light, pinpoints the position of a gene
associated with tolerance to continuous light.

The markers identified herein may be used in various aspects of the invention
as will now be illustrated. Aspects of the invention are not limited to the use of the

25  markers identified herein. It is stressed that the aspects may also make use of
markers not explicitly disclosed herein or even yet to be identified.

In the present invention amplified fragment length polymorphism (AFLP)
markers, single nucleotide polymorphisms (SNPs), and insertion deletions (INDELSs),
microsatellite markers, restriction fragment length polymorphism (RFLP) markers,

30  sequence-characterized amplified region (SCAR) markers, cleaved amplified
polymorphic sequence (CAPS) markers or isozyme markers or combinations of these

markers might be used.
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In general, a gene may span a region of several hundreds to thousands of
bases. The plants that have the genetic potential for exhibiting a particular
phenotypic trait (tolerance to continuous light) may be traced amongst a population of
offspring plants through the observed correlation between the presence of a (string of
contiguous) genomic marker(s) and the presence of the phenotypic trait. By providing
a non-limiting list of markers, the present invention thus provides for the effective
utility of the gene in a breeding program.

It is further important to note that the contiguous genomic markers can also be
used to indicate the presence of the gene (and thus of the phenotype) in an individual
plant, i.e. they can be used in marker assisted selection (MAS) procedures. In
principle, the number of potentially useful markers is limited but may be very large,
and the skilled person may easily identify additional markers to those mentioned in
the present application. Any marker that is linked to the gene, e.g. falling within the
physical boundaries of the genomic region spanned by the markers, wherein between
said markers and the gene no or very little recombination occurs in crosses; as well as
any marker in linkage disequilibrium to the gene; as well as markers that represent
the actual causal mutations within the gene, may be used in MAS procedures.

This means that the markers identified herein, are mere examples of markers
suitable for use in MAS procedures. Moreover, when the gene, or the specific trait-
conferring part thereof, is introgressed into another genetic background (i.e. into the
genome of another plant line), then some markers may no longer be found in the
offspring although the trait is present therein, indicating that such markers are
outside the genomic region that represents the specific trait-conferring part of the
gene in the original parent line only and that the new genetic background has a
different genomic organisation. Such markers of which the absence indicates the
successful introduction of the genetic element in the offspring are called "trans
markers" and may be equally suitable in MAS procedures under the present
invention.

Upon the identification of the gene, the gene effect (tolerance to continuous
light) is confirmed by determining the tolerance to continuous light of progenies
respectively recombinant or segregating for the genes under investigation. Preferably,
detecting the presence of a gene of the invention is performed with at least one of the

markers for a gene as defined herein. The present invention therefore also relates to a
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method for detecting the presence of a gene for tolerance to continuous light as
defined herein in tomato by the use of the said markers.

The nucleotide sequence of the genes of the present invention may be resolved
by determining the nucleotide sequence of one or more markers associated with said
gene and designing internal primers for said marker sequences that may then be used
to further determine the sequence the gene adjacent to said marker sequences. For
instance the nucleotide sequence of CAPS markers may be obtained by isolating said
markers from the electrophoresis gel used in the determination of the presence of said
markers in the genome of a subject plant, and determining the nucleotide sequence of
said markers by for instance Sanger or pyro sequencing methods, well known in the
art.

In embodiments of methods for detecting the presence of a gene in a tomato
plant, the method may also comprise the steps of providing an oligonucleotide or
polynucleotide capable of hybridizing under stringent hybridization conditions to a
nucleic acid sequence of a marker linked to said gene, contacting said oligonucleotide
or polynucleotide with nucleic acid of a tomato plant, and determining the presence of
specific hybridization of said oligonucleotide or polynucleotide to said nucleic acid.

Preferably said method is performed on a nucleic acid sample obtained
(isolated) from said tomato plant, although in situ hybridization methods may also be
employed. Alternatively, and in a more preferred embodiment, the skilled person may,
once the nucleotide sequence of the gene has been determined, design specific
hybridization probes or oligonucleotides capable of hybridizing under stringent
hybridization conditions to the nucleic acid sequence of said gene and may use such
hybridization probes in methods for detecting the presence of a gene of the invention

in a tomato plant.

Production of tomato plants exhibiting tolerance to continuous light by transgenic

methods

According to another aspect of the present invention, a nucleic acid (preferably
DNA) sequence comprising one or more of the genes as defined herein may be used for
the production of a tomato plant exhibiting tolerance to continuous light. In this
aspect, the invention provides for the use of genes as defined herein or tolerance to

continuous light-conferring parts thereof, for producing a tomato plant tolerant to
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continuous light as defined herein, which use involves the introduction of a nucleic
acid sequence comprising said gene in a suitable recipient plant. As stated, said
nucleic acid sequence may be derived from a suitable donor plant. A suitable source
according to the present invention for the gene for tolerance to continuous light is
5  tomato line S. pennellii LA716 (PI 246502 available from the Agricultural Research

Service (ARS-GRIN) of the US Department of Agriculture, Washington DC, USA), S.
neorickii, S habrochaites, S. lycopersicum, S peruvianum or S. chemielewskii.
Preferably, said gene is selected from the genes present listed in Table 2. The gene
sequences thereof are provided in for Table 3.

10  Preferably said gene is SL1.00sc07408_313.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 312.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 311.1.1.

15  In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 310.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 _309.1.1.
In an alternative or additional preferred embodiment, said gene is

20  SL1.00sc07408 308.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 307.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 306.1.1.

25  In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 _305.1.1.
In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 304.1.1.
In an alternative or additional preferred embodiment, said gene is

30  SL1.00sc07408 303.1.1.
In an alternative or additional preferred embodiment, said gene is

SL1.00sc07408_302.1.1.
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In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 301.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 _300.1.1.

5 In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 299.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 298.1.1.

In an alternative or additional preferred embodiment, said gene is
10  SL1.00sc07408 297.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 296.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 295.1.1.

15  In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 294.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 293.1.1.

In an alternative or additional preferred embodiment, said gene is
20  SL1.00sc07408 292.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 291.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 290.1.1.

25  In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 289.1.1.

In an alternative or additional preferred embodiment, said gene is
SL1.00sc07408 288.1.1.

In an alternative or additional preferred embodiment, said gene is
30 SL1.00sc07408 287.1.1

In a preferred embodiment, said gene is a gene located between markers 7-20-1

and 7-20-2 as listed in Table 2. Most preferably, said gene is SL1.00sc07408_301.1.1.
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The nucleic acid sequence that comprises a gene for tolerance to continuous
light, or a tolerance to continuous light-conferring part thereof, may be transferred to
a suitable recipient plant by any method available. For instance, the said nucleic acid
sequence may be transferred by crossing a plant of line PI 246502 with a selected
breeding line which is not tolerant to continuous light or of which the tolerance is to
be improved, i.e. by introgression, by transformation, by protoplast fusion, by a
doubled haploid technique or by embryo rescue or by any other nucleic acid transfer
system, optionally followed by selection of offspring plants comprising the gene for
tolerance to continuous light (as assessed by markers) and/or exhibiting tolerance to
continuous light. For transgenic methods of transfer a nucleic acid sequence
comprising a gene for tolerance to continuous light may be isolated from said donor
plant by using methods known in the art and the thus isolated nucleic acid sequence
may be transferred to the recipient plant by transgenic methods for plant
transformation, for instance by means of a vector, in a gamete, or in any other
suitable transfer element, such as a bombardment with a particle coated with said
nucleic acid sequence.

Plant transformation generally involves the construction of a vector with an
expression cassette that will function in plant cells. In the present invention, such a
vector consists of a nucleic acid sequence that comprises a gene for tolerance to
continuous light, which vector may comprise such a gene that is under control of or
operatively linked to a regulatory element, such as a promoter. The expression vector
may contain one or more such operably linked gene/regulatory element combinations,
provided that at least one of the genes contained in the combinations confers tolerance
to continuous light. The vector(s) may be in the form of a plasmid, and can be used,
alone or in combination with other plasmids, to provide transgenic plants that exhibit
tolerance to continuous light, using transformation methods known in the art, such as
the Agrobacterium transformation system.

Expression vectors can include at least one marker gene, operably linked to a
regulatory element (such as a promoter) that allows transformed cells containing the
marker to be either recovered by negative selection (by inhibiting the growth of cells
that do not contain the selectable marker gene), or by positive selection (by screening
for the product encoded by the marker gene). Many commonly used selectable marker

genes for plant transformation are known in the art, and include, for example, genes
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that code for enzymes that metabolically detoxify a selective chemical agent which
may be an antibiotic or a herbicide, or genes that encode an altered target which is
insensitive to the inhibitor. Several positive selection methods are known in the art,
such as mannose selection. Alternatively, marker-less transformation can be used to

5  obtain plants without mentioned marker genes, the techniques for which are known
in the art.

One method for introducing an expression vector into a plant is based on the
natural transformation system of Agrobacterium (See e.g. Horsch et al., 1985). A.
tumefaciens and A. rhizogenes are plant pathogenic soil bacteria that genetically

10  transform plant cells. The Ti and Ri plasmids of A. tumefaciens and A. rhizogenes,
respectively, carry genes responsible for genetic transformation of the plant. Methods
of introducing expression vectors into plant tissue include the direct infection or co-
cultivation of plant cells with Agrobacterium tumefaciens. Descriptions of
Agrobacterium vectors systems and methods for Agrobacterium-mediated gene

15 transfer are provided in US Pat. No. 5,591,616. General descriptions of plant
expression vectors and reporter genes and transformation protocols and descriptions
of Agrobacterium vector systems and methods for Agrobacterium-mediated gene
transfer can be found in Gruber and Crosby, 1993. General methods of culturing plant
tissues are provided for example by Miki et al., 1993 and by Phillips, et al., 1988. A

20  proper reference handbook for molecular cloning techniques and suitable expression
vectors 1s Sambrook and Russell, 2001.

Another method for introducing an expression vector into a plant is based on
microprojectile-mediated transformation (particle bombardment) wherein DNA is
carried on the surface of microprojectiles. The expression vector is introduced into

25  plant tissues with a biolistic device that accelerates the microprojectiles to speeds of
300 to 600 m/s which is sufficient to penetrate plant cell walls and membranes.
Another method for introducing DNA to plants is via the sonication of target cells.
Alternatively, liposome or spheroplast fusion has been used to introduce expression
vectors into plants. Direct uptake of DNA into protoplasts using CaCl: precipitation,

30  polyvinyl alcohol or poly-L-ornithine has also been reported. Electroporation of
protoplasts and whole cells and tissues has also been described.

Other well known techniques such as the use of BACs, wherein parts of the

tomato genome are introduced into bacterial artificial chromosomes (BACs), 1.e.
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vectors used to clone DNA fragments (100- to 300-kb insert size; average, 150 kb) in
Escherichia coli cells, based on naturally occurring F-factor plasmid found in the
bacterium E. coli may for instance be employed in combination with the BIBAC
system to produce transgenic plants.

Following transformation of tomato target tissues, expression of the above
described selectable marker genes allows for preferential selection of transformed
cells, tissues and/or plants, using regeneration and selection methods now well known

in the art.

Production of tomato plants exhibiting tolerance to continuous light by non-transgenic
methods

In an alternative embodiment for producing a tomato plant exhibiting
tolerance to continuous light, protoplast fusion can be used for the transfer of nucleic
acids from a donor plant to a recipient plant. Protoplast fusion is an induced or
spontaneous union, such as a somatic hybridization, between two or more protoplasts
(cells of which the cell walls are removed by enzymatic treatment) to produce a single
bi- or multi-nucleate cell. The fused cell, that may even be obtained with plant species
that cannot be interbreeded in nature, is tissue cultured into a hybrid plant exhibiting
the desirable combination of traits. More specifically, a first protoplast can be
obtained from a tomato plant of accession PI 246502. A second protoplast can be
obtained from a second tomato plant variety, preferably a tomato line that comprises
commercially valuable characteristics, such as, but not limited to disease resistance,
insect resistance, valuable fruit characteristics, etc. The protoplasts are then fused
using traditional protoplast fusion procedures, which are known in the art.

Alternatively, embryo rescue may be employed in the transfer of a nucleic acid
comprising the gene as described herein from a donor plant to a recipient plant.
Embryo rescue can be used as a procedure to isolate embryo’s from crosses wherein
plants fail to produce viable seed. In this process, the fertilized ovary or immature
seed of a plant is tissue cultured to create new plants.

The present invention also relates to a method for improving the tolerance to

continuous light of a plant of a tomato breeding line, comprising the steps of:
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a) crossing a plant of a tomato breeding line with a plant of tomato line PI
246502 or an offspring plant thereof harbouring the gene for tolerance to continuous
light as described herein;

b) selecting a progeny tomato plant resulting from said crossing having an
introgression from tomato accession PI 246502 or an offspring plant thereof
associated with tolerance to continuous light;

¢) selfing and/or backcrossing said progeny tomato plant selected in step (b)
using said tomato breeding line as a recurrent parent;

d) selecting a progeny tomato plant resulting from the selfing or backcrossing
in step (¢) having an introgression from tomato accession PI 246502 or an offspring
plant thereof associated with tolerance to continuous light,

e) repeating said steps of selfing and/or backcrossing and selection of steps (c)
and (d) to provide a plant of a tomato breeding line essentially homozygous for said
introgression,
wherein preferably at least one selection as performed in steps (b) or (d) is performed
by marker-assisted selection.

In a preferred embodiment of such a method, said tomato breeding line is an
elite line.

In an alternative preferred embodiment of the above method, the marker-
assisted selection procedure comprises the selection for at least one marker as
exemplified in the Examples below.

The introgression of the nucleic acid sequence comprising the gene for
tolerance to continuous light as described herein may suitably be accomplished by
using traditional breeding techniques. The gene is preferably introgressed into
commercial tomato varieties by using marker-assisted selection (MAS) or marker-
assisted breeding (MAB). MAS and MAB involves the use of one or more of the
molecular markers for the identification and selection of those offspring plants that
contain one or more of the genes that encode for the desired trait. In the present
instance, such identification and selection is based on selection of the gene of the
present invention or markers associated therewith. MAS can also be used to develop
near-isogenic lines (NIL) harboring the gene of interest, or the generation of gene
isogenic recombinants (QIRs), allowing a more detailed study of each gene effect and

1s also an effective method for development of backcross inbred line (BIL) populations.
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Tomato plants developed according to this embodiment can advantageously derive a
majority of their traits from the recipient plant, and derive tolerance to continuous
light from the donor plant.

Crossing can be achieved by mechanically pollinating the female flower of one
parent plant with pollen obtained from male flowers of another parent plant.

As discussed briefly above, traditional breeding techniques can be used to
introgress a nucleic acid sequence encoding a gene for tolerance to continuous light
into a recipient tomato plant requiring tolerance to continuous light. In one method,
which is referred to as pedigree breeding, a donor tomato plant that exhibits tolerance
to continuous light and comprising a nucleic acid sequence encoding for the gene
associated with tolerance to continuous light as defined herein is crossed with a
recipient tomato plant (preferably a plant of an elite line) that exhibits agronomically
desirable characteristics, such as, but not limited to, disease (e.g. TMV) resistance,
1nsect resistance, valuable fruit characteristics, etc., but which 1s not tolerance to
continuous light, or which requires improvement of such tolerance. The resulting
plant population (representing the F1 hybrids) is then self-pollinated and set seeds (F2
seeds). The F2 plants grown from the F2 seeds are then screened for tolerance to
continuous light. The population can be screened in a number of different ways.

First, the population can be screened using a bioassay wherein the plant is
grown under continuous light for a prolonged period of time and its health or
productivity (phenotype) is inspected. Second, marker-assisted selection can be
performed using one or more of the hereinbefore-described molecular markers to
identify those progeny that comprise a nucleic acid sequence encoding a gene for
tolerance to continuous light as defined herein. Other methods, described above by
methods for detecting the presence of a gene may be used. Also, marker-assisted
selection can be used to confirm the results obtained from the phenotype scores, and
therefore, several methods may also be used in combination.

Inbred tomato plant lines exhibiting tolerance to continuous light can be
developed using the techniques of recurrent selection and backcrossing, selfing and/or
dihaploids or any other technique used to make parental lines. In a method of
recurrent selection and backcrossing, the tolerance to continuous light-conferring
genetic element as disclosed herein can be introgressed into a target recipient plant

(the recurrent parent) by crossing the recurrent parent with a first donor plant, which
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differs from the recurrent parent and is referred to herein as the "non-recurrent
parent". The recurrent parent is a plant of which the tolerance is to be improved and
possesses agronomically desirable characteristics, such as, but not limited to disease
resistance, insect resistance, valuable fruit characteristics, etec. The non-recurrent, or
donor, parent may suitably be a plant of suitable donor line as described herein which
comprises a nucleic acid sequence that encodes for a gene that confers tolerance to
continuous light. Alternatively, the donor parent can be any plant variety or inbred
line that is cross-fertile with the recurrent parent and has acquired the gene for
tolerance to continuous light in an earlier cross with a plant of the said donor line.
The progeny resulting from a cross between the recurrent parent and non-recurrent
parent is backcrossed to the recurrent parent. The resulting plant population is then
screened for the desired characteristics, which screening may occur in a number of
different ways. For instance, the population can be screened using phenotypic screens
as described herein. As an alternative to phenotypic assays, marker-assisted selection
(MAS) can be performed using one or more of the hereinbefore described molecular
markers, hybridization probes or polynucleotides to identify progeny that comprise a
nucleic acid sequence encoding the gene responsible for tolerance to continuous light.

Following screening, the F1 hybrid plants that exhibit a tolerant phenotype or,
more preferably, genotype and thus comprise the requisite nucleic acid sequence
encoding for a gene conferring tolerance to continuous light are then selected and
backcrossed to the recurrent parent for a number of generations in order to allow for
the tomato plant to become increasingly elite. This process can be performed for two
to five or more, such as 6, 7 or 8 generations. In principle the progeny resulting from
the process of crossing the recurrent parent with the non-recurrent parent are
heterozygous for one or more genes that encode for tolerance to continuous light.

In a preferred embodiment, a method of introducing a desired trait into a
hybrid tomato variety comprises the steps of:

(a) crossing an inbred tomato parent with another tomato plant that comprises
one or more desired traits, to produce F1 progeny plants, wherein the desired trait is
tolerance to continuous light as conferred by the gene from any suitable donor plant of
the said trait as defined herein, or an offspring plant thereof;

(b) selecting said F1 progeny plants that have the desired trait to produce

selected F1 progeny plants, preferably using molecular markers as defined herein;
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(c) backcrossing the selected progeny plants with said inbred tomato parent
plant to produce backcross progeny plants;

(d) selecting for backcross progeny plants that have the desired trait (tolerance
to continuous light) and morphological and physiological characteristics of said inbred
tomato parent plant, wherein said selection preferably comprises the isolation of
genomic DNA and testing said DNA for the presence of at least one molecular marker
for the gene as defined above;

(e) repeating steps (¢) and (d) two or more times in succession to produce
selected third or higher backcross progeny plants;

(f) optionally selfing selected backcross progeny in order to identify
homozygous plants;

() crossing at least one of said backcross progeny and/or selfed plants with
another inbred tomato parent plant to generate a hybrid tomato variety with the
desired trait and all of the morphological and physiological characteristics of hybrid
tomato variety when grown in the same environmental conditions.

As indicated, the last backcross generation may be selfed in order to provide
for homozygous pure breeding (inbred) progeny exhibiting tolerance to continuous
light. Thus, the result of recurrent selection, backcrossing and selfing is the
generation of lines that are genetically homozygous for the genes associated with
tolerance to continuous light as well as other genes associated with traits of
commercial interest.

It should be noted that heterozygous plants having the gene for tolerance to
continuous light may also be of interest as intermediate products, and such plants are

therefore also an aspect of the present invention.

Tomato plants and seeds

The goal of plant breeding is to combine various desirable traits in a single
variety or hybrid. For commercial crops, these traits may include resistance to
diseases and insects, tolerance to heat and drought, reducing the time to crop
maturity, greater yield, and better agronomic quality. Uniformity of plant
characteristics such as germination, growth rate, maturity, and plant height may also

be of importance.



WO 2011/028121 PCT/NL2010/050562

10

15

20

25

30

36

Commercial crops are bred through techniques that take advantage of the
plant's method of pollination. A plant is self-pollinated if pollen from one flower is
transferred to the same or another flower of the same plant. A plant is sibling mated
when individuals within the same family or line are used for pollination. A plant is
cross-pollinated if the pollen comes from a flower on a different plant from a different
family or line.

Plants that have been self-pollinated and selected for type for many
generations become homozygous at almost all gene loci and produce a uniform
population of true-bred progeny. A cross between two different homozygous lines
produces a uniform population of hybrid plants that may be heterozygous for many
gene locl. A cross of two plants each heterozygous at a number of gene loci will
produce a population of heterogeneous plants that differ genetically and will not be
uniform.

The development of a hybrid tomato variety in a tomato plant breeding
program involves three steps: (1) the selection of plants from various germplasm pools
for initial breeding crosses; (2) the selfing of the selected plants from the breeding
crosses for several generations to produce a series of inbred lines, which, individually
breed true and are highly uniform; and (3) crossing a selected inbred line with an
unrelated inbred line to produce the hybrid progeny (F1). After a sufficient amount of
inbreeding successive filial generations will merely serve to increase seed of the
developed inbred. Preferably, an inbred line should comprise homozygous alleles at
about 80% or more of its loci.

An important consequence of the homozygosity and homogeneity of the inbred
lines is that the hybrid created by crossing a defined pair of inbreds will always be the
same. Once the inbreds that create a superior hybrid have been identified, a continual
supply of the hybrid seed can be produced using these inbred parents and the hybrid
tomato plants can then be generated from this hybrid seed supply.

Using the methods as described above, the skilled person will be able to
produce the required inbred lines and from those produce the commercial (F1) hybrid
seeds by crossing said inbred lines.

The present invention will now be explained in more detail by way of the

following non-limiting Examples.
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EXAMPLES
Example 1 tolerant donors

Different accessions of wild species (lines) were sown in a growth chamber with
16 hours of light per day. Two weeks after sowing, the seedlings of each line were
randomly divided in two groups, one group continued to grow in 16 hours of light per
day while the other was grown in another growth chamber under continuous light.
After 3-4 weeks symptoms of the sensitive lines were clearly visible, while absent in
the tolerant lines (Figure 1). The typical symptoms of a sensitive line are leaf
chlorosis, necrosis and poor biomass production which was absent in the tolerant

genotypes shown in figure 1.

Example 2 quantifying the symptoms and optimise protocol

In the same experiment as experiment 1 the sensitive lines showed at first
light green leaves with inter-vine chlorosis, followed by severe chlorosis (Figure 2). In
severe non tolerant plants chlorosis is followed by necrosis, decreased leaf
development decreased stem development and even plant mortally.

Besides the clear visible symptoms of the sensitive line in continuous light the
symptoms can also be quantified by measuring the chlorophyll concentration. The
chlorophyll concentration can be measured chemically but also spectroscopically with
a SPAD meter (SPAD-502, Konica Minolta, Nieuwegein, Netherlands). Two sensitive
lines (Moneyberg and Westland) were grown as described in experiment 1, except that
also the light intensity was a experimental factor from two weeks after sowing. The
plants were placed in low light intensities (16 pmol m2 s! =LL) moderate light 131
umol m2 g1 (ML) or relative high light 230 pmol m?2 s (HL). Quantification of a part
of the visible symptoms (degreening and chlorosis) by measuring the chlorophyll
concentration by a SPAD meter was performed with plants grown at 131 pmol m?2 ¢!
(ML) or 230 umol m2 ¢! (HL). The resolution to detect differences between continuous
and non-continuous light was very difficult or impossible at very low light intensities
(16 pmol m2 s =LL) (Figure 3). The visible symptoms developed earlier in time at
230 pumol m-2 g1 compared to 131 umol m-2 s-1. In the same experiment also the stem
diameter and plant height was decreased in these non tolerant lines (Figure 4).

Not only a higher light intensity resulted in a faster induction of symptoms also a

prolonged exposure to continuous light did increase the symptoms in sensitive lines
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(Figure 7, 9). In several lines the symptoms did appear later than after 3 to 4 weeks in
continuous light.

In conclusion the continuous light symptoms can be quantified by measuring the
chlorophyll concentration in the leaves but also by measuring the stem diameter or
height. The quantitative tolerance trait can be measured qualitative by increasing the
light intensity or increasing the duration of the continuous light. This makes it easier

to map the tolerance.

Example 3 tolerant lines from neorickii (1.LA2133)

A segregating population between neorickii and a sensitive esculentum (e.g.
Moneyberg) showed large natural variation in the chlorophyll concentration as
measured with a SPAD meter (Figure 5). In figure 6 two tolerant lines (42 and 43) are

shown, which have been in continuous light for 90 days.

Example 4 tolerant lines from chilense (LA1959)

A segregating population between chilense and a sensitive esculentum (e.g.
Moneyberg GT) showed large natural variation in the chlorophyll concentration as
measured with a SPAD meter (Figure 7). In figure 8 one tolerant line (5) is shown,

which have been in continuous light for 60 days.

Example 5 tolerant lines from pennellii (LA716*M82)

A segregating population between pennellii and M82 was used and only lines
with a chromosomal introgression from pennelli into M82 on chromosome 7 were
used. Natural variation in the chlorophyll concentration as measured with a SPAD
meter was identified (Figure 9). Two tolerant lines (4 and 5) are found, which have

been in continuous light for 53 days.

Example 6 Continuous light tolerance loci on chromosome 7

The genetic information from the 6 different mapping population it is clear
that the loci for continuous light tolerance is located on chromosome 7 (Figure 10).
Moreover, by combining the information of all populations it is shown that the loci is

located between marker “7-19” and “7-23” that is between 64 and 99,6 cM. The
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sequence in formation from these 2 markers and 23 additional ones which are also

linked to the trait are shown in figure 11.

Example 7 Detection of marker 7-20-1

To detect the G/T polymorphism of marker 7-20-1, a TagMan assay (Applied
biosystems) was used. The assay employs two universal primers (a forward primer
having the sequence 5-GAATTGGCTTTATGTATTTGGAATCCTTGT-3'and a reverse primer
having the sequence 5-CCCATCTAGGACCCCTGCAT-3') to amplify a fragment of 76 bp and
two allele specific probes. A probe having the sequence (5'-
TTTACTGTATTTTTCTTTTTCTCCA-3’ (S. lycopersicum (recurrent)) specifically detects the S.
Iycopersicum allele (The “T” SNP) and carries a VIC reporter fluorescent dye. A
second probe having the sequence 5-TTTACTGTATTTTTCTTTTIGCTCCA-3 (S. neorickii
LA2133 (donor)) detects the allele from S. neorickii LA 2133 (the “G” SNP) and carries
a 6-carboxyfluorescein (FAM) dye. Amplification of one of the two or both alleles can
be monitored using a real-time PCR (polymerase chain reaction) machine which
measures the level of fluorescence of the respective dyes. DNA samples that only
contain the S. lycopersicum allele will emit a VIC signal while samples that contain
the S. neorickii allele will emit the FAM signal. Samples that contain both alleles will
emit both signals.

The assay was validated on DNA samples of elite sensitive lines and CLT
donor LLA2133. All other CLT donor lines had the same allele. The assay was also
validated on the 46 introgression lines that were derived from LA2133 and
“Moneyberg”. The marker showed presence of the “G” allele in LA2133 and
introgression lines LA2133-42 and LA2133-43. All other tested lines showed presence
of the “T” allele

Example 8: Fine mapping of continuous light tolerance trait.

To identify closer linked markers for the continuous light tolerance trait fine
mapping in the LA2133 background was performed. Lines LA2133-42 and LA2133-43
were backcrossed with their sensitive recurrent parent. Both Fls were selfed and the
F2 offspring was genotyped for recombination with flanking markers 7-10 and 7-25.
In total 770 and 616 plants were genotyped for LA2133-42 and LA2133-43

respectively. In total 40 lines were selected to generate a F3 from which 15 lines were
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controls. 22 Seeds per F3 family were sown in 2 blocks of 11 seeds. A total of 18 F3
families were screened. From several F3 families the germination was too low to yield
sufficient (>=13) plants for phenotyping the continuous light tolerance trait.

Mapping indicated that the position of the continuous light locus is located
between markers 7-17 and 7-20 (figure 12). Marker 7-19 was monomorphic in the
tested LA2133 populations.

New markers were developed between marker 7-17 and 7-20 and are named 7-
20-1, 7-20-2 and 7-20-3 (figure 11). Using the new markers on the same phenotyped
populations revealed that the position of the continuous light locus is located between
markers 7-20-1 and 7-20-2 (figure 13).

The three newly developed markers were tested on DNA samples of complete
F2 families to generate a new linkage map of the CLT locus (continuous light trait
locus). The linkage map EXPEN2000 and the generated linkage map of LA2133-42
showed some differences on the location of the new SNP markers (See Table 1 and

Fig. 10). The LA2133-42 map shows the preferred order.

Table 1

Marker LA2133-42 EXPEN2000
7-20-1 43,68 cM 75 cM

7-20-2 44,35 cM 72 cM

7-20-3 44,46 cM 73 cM

7-20 46,18 cM 73 cM

7-21 46,74 cM 78 cM

Based on the mapping in LA2133-42 highly preferred markers linked to the

continuous light trait, span a locus of about 0.67 cM.

Example 9: Genes at the CLT locus.

A BLAST search to the tomato genome (version 1.0; released December 2009)
revealed that the markers of the CLT locus are preferably located on seaffold 07408
(SL1.00sc07408 position:1975288 through 2058583; see http://solgenomics.net/). The
region between the markers 7-20-1 and 7-20-2 spans 83296 bp and contains 15 genes
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(ITAG1 annotation). Table 2 lists all genes at this locus and the available TagMan
markers. Table 3 lists all sequences of these genes. One of the genes

(SL1.00sc07408_301.1.1 (kuttp://mips. helmholtz-

muenchen. de/plant/tomato/searchisp/index.isp) is the LHCB3 Light-Harvesting

Chlorophyll B-Binding Protein 3 structural molecule”. This gene encodes a protein
that - in one preferred embodiment of the invention - plays a crucial role in the
continuous light trait. Plants of the present invention therefore in a preferred
embodiment of the invention comprise this gene. The other genes in this locus can

also be used in aspects of this invention.
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Type

Description

Size

Start

Stop

Strand

S1.1.008cG7408

313.1.1

SL1.00sc07408

312.3.1

S1.1.008007408

311.1.1

51100807408

310.1.1

S1L1.008¢074G8

309.1.1

S1.1.008cG7408

308.1.1

SL1.00sc07408

307.3.1

7-20-1

SL1.00sc07408 -

S1.1.008007408

305.1.1

S1.1.008007408

304.1.1

S1.1.008c07408

3038.1.1

S11.001007408

302.1.1

SL1.00sc07408

301.3.1

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG
transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

transcript_ITAG

late embryogenesis
abundant protein-related /
LEA protein-related (AHRD
V1 #**NG AT5G54370.1);
contains Interpro domain(s)
IPR009646 Root cap

LDL2 LSD1-LIKE2 amine
oxidase/ electron carrier/
oxidoreductase (AHRD V1
** NG AT3G13682.1);
contains Interpro domain(s)
IPR002937 Amine oxidase
Unknown Protein (AHRD
V1); contains Interpro
domain(s) IPR009651
Aluminium resistance
Transmembrane protein
184C (AHRD V1 ***NG
Q5RETS); contains Interpro
domain(s) IPR005178
Protein of unknown
function DUF300

Unknown Protein (AHRD
V1)

Unknown Protein (AHRD
V1)

AGD5 ARF-GAP domain 5
ARF GTPase activator/
DNA binding / zinc ion
binding (AHRD V1 *-*G
AT5G54310.1); contains
Interpro domain(s)
IPR001164 Arf GTPase
activating protein
Flanking marker CLT

Unknown Protein (AHRD
V1); contains Interpro
domain(s) IPR008480
Protein of unknown
function DUF761, plant
cytochrome ¢ biogenesis
protein family (AHRD V1 *-
*NG AT5G54290.1);
contains Interpro domain(s)
IPR003834 Cytochrome ¢
assembly protein,
transmembrane region
Unknown Protein (AHRD
V1)

Myosin-Va (AHRD V1
***NG Q02440); contains
Interpro domain(s)
IPR001609 Myosin head,
motor region

ATM2 ARABIDOPSIS
THALIANA MYOSIN 2
motor (AHRD V1 ***NG
AT5G54280.2); contains
Interpro domain(s)
IPR000048 1Q calmodulin-
binding region

LHCB3 LIGHT-
HARVESTING

100
573

6585

7561

3624

4836

2919

6889

100
1950

6176

2874

8186

1832

1633

2878606
2093160

2093055

2082437

2073719

2069193

2061327

2060607

2057927
2050327

2040973

2034960

2030449

2022005

2018017

2878726
2093732

2086471

2074877

2070096

2064358

2064245

2053719

2058583
2048378

2047148

2037833

2022264

2020174

2019649

forward

forward

reverse

reverse

reverse

reverse

forward

reverse

reverse

reverse

forward

forward

reverse

reverse

forward
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CHLOROPHYLL B-
BINDING PROTEIN 3
structural molecule (AHRD
V1 *#**G AT5G54270.1);
contains Interpro domain(s)
IPR001344 Chlorophyll A-B
binding protein

S11.00sc07408 300.1.1  transcript_ITAG  Dynein light chain 1 1195
cytoplasmic-like protein
(AHRD V1 *-*NG
B0X7V2_CULQU); contains
Interpro domain(s)
IPR001372 Dynein light
chain, type 1 and 2

SL1.00sc07408 269.1.1  transcript_ITAG  Unknown Protein (AHRD 2477
V1); contains Interpro
domain(s) IPR010634
Protein of unknown
function DUF1223

S11.008007408 _298.1.1  transcript_ITAG ATMAMI ARABIDOPSIS 3392
THALTANA MEMBRANE-
ASSOCIATED
MANNITOL-INDUCED
structural molecule (AHRD
V1 *-*G AT5G54110.1);
contains Interpro domain(s)
TPR008962 PapD-like

SL1.008c07408 267.1.1  transcript_ITAG  Wound induced protein 461
(AHRD V1 ***NG
B6SKC8_MAIZE)

SL1.00sc07408 298.1.1  transcript_ITAG  Ubiquitin carboxyl-terminal 9792
hydrolase (AHRD V1 ***G
ATP1D3_VITVI); contains
Interpro domain(s)
TPR016652 Ubiquitinyl
hydrolase

SL1.00s07408 295.1.1  transcript_ITAG  Unknown Protein (AHRD 1254
V1)

SL1.00sc07408 2984.1.1  transcript_ITAG  Unknown Protein (AHRD 1308
V1)

SL1.00sc07408 293.1.1  transcript_ITAG  universal stress protein 3278
USP family protein (AHRD
V1 *-*NG AT4G27320.1);
contains Interpro domain(s)
IPR006016 UspA

7-20-2 Flanking marker CLT 100

S11.000c07408 282.1.1  transcript_ITAG PBP1 PINOID-BINDING 668
PROTEIN 1 calcium ion
binding / protein binding
(AHRD V1 **.G
AT5G54490.1); contains
Interpro domain(s)
IPR011992 EF-Hand type
S11.008c07408 _261.1.1  transcript_ITAG  Serine/threonine kinase-like 3701
protein (AHRD V1 ***G
QOWPA4_ARATH);
contains Interpro domain(s)
IPR002290 Serine/threonine
protein kinase
SL1.00sc07408 290.1.1  transcript_ITAG ARK3 A. THALIANA 3742
RECEPTOR KINASE inase/
transmembrane receptor
protein serine/threonine
kinase (AHRD V1 *-*G
AT4G21380.1); contains
Interpro domain(s)
IPR002290 Serine/threonine

PCT/NL2010/050562
2015289 2016483 forward
2013512 2011036  reverse
2006924 2010315 forward
2001724 2002184 forward
1988575 1998366  forward
1987084 1985831  reverse
1979129 1977822  reverse
1975876 1972599  reverse
1975288 1975845 forward
1969824 1970491  forward
1962690 1966390 forward
1957638 1961379  forward
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protein kinase
SL1.00sc07408 289.1.1  transcript_ITAG protein kinase family 7051 1953626 1946576  reverse
protein (AHRD V1 *-*NG
AT4G11470.1); contains
Interpro domain(s)
IPR002290 Serine/threonine
protein kinase
SL1.00sc07408 288.1.1  transcript_ITAG ferredoxin-related (AHRD 2040 1945028 1942989  reverse
V1 #**NG AT1G02180.1)

7-20-3 100 1943149 1943396 reverse
S13.00sc07408 _287.1.1  transcript_ITAG  protein kinase family 1459 1940509 1941967 forward
protein (AHRD V1 ***G
AT4G23150.1); contains

Interpro domain(s)
IPR002290 Serine/threonine
protein kinase
7-20 100 1686186 1686306 reverse
7-21 100 1480300 1480420 reverse
7-25 100 464589 464709 reverse
Table 3

SL1.00sc07408_313.1.1
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Claims

1. A method of selecting a tomato plant, comprising exposing a tomato plant to
continuous light and

(a) determining whether said exposed plant exhibits tolerance to exposure to
continuous light, wherein said tolerance is indicated by decreased level of chlorosis
upon said exposure as compared to a control plant,

(b) determining whether said exposed plant exhibits a significant increase in
yield upon exposure to continuous light as compared to a control plant, and

(c) selecting said exposed plant in case it exhibits tolerance to exposure to

continuous light and a significant increase in yield upon exposure to continuous light.

2. A method for increasing the yield of a tomato plant line, said method
comprising:

(a) selecting a tomato plant by the method according to claim 1;

(b) crossing the thus selected plant with a plant of said tomato plant line the
yield of which is to be increased to produce offspring plants;

(c) optionally backcrossing or selfing said offspring plant to produce further
offspring plants, and

(d) selecting from said offspring plants of step (b) or (¢) a plant having
tolerance to continuous light and having increased yield as compared to said plant of

said tomato plant line used in step (b).

3. Method according to claim 2, wherein said selected plant is not a plant of the

variety “Subarctic plenty”.

4, Method according to claim 1, wherein said determination of tolerance to

continuous light in step (a) is performed by using a molecular marker.

5. Method according to claim 4, wherein said molecular marker is selected from
the group consisting of markers 1-28 of Figure 11 or a polymorphism linked to

tolerance to continuous light in a gene listed in Table 3.
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6. A method for producing a tomato plant that is tolerant to exposure to
continuous light, said method comprising steps of:

a)  providing a donor tomato plant tolerant to exposure to continuous light,
preferably of the species S. neorickii, S habrochaites, S. pennellii, S. lycopersicum, S
peruvianum, S. chilense, S. chemielewskii;

b)  transferring nucleic acid from said donor tomato plant to at least one
recipient tomato plant which is not tolerant to exposure to continuous light, wherein
said transfer results in the introduction of genomic material from said donor tomato
plant in the corresponding region of the genome of said at least one recipient tomato
plant; and

¢)  selecting from said at least one recipient tomato plant a plant that
comprises within its genome a gene for tolerance to continuous light derived from said
donor tomato plant, wherein said selection comprises detecting in chromosome 7 of
said recipient tomato plant at least one genetic marker linked to said gene for

tolerance to continuous light.

7. Method according to claim 6, wherein the location of said gene on
chromosome 7 of said plant is indicated by a genomic region linked to the genetic
markers “7-20-1” and/or “7-20-2” on chromosome 7 of S. neorickii, “7-10”, “7-25” on
chromosome 7 of S. neorickii, “7-17”, “7-25” on chromosome 7 of S. chilense, “7-19”, “7-

25” on chromosome 7 of S. pennellii.

8. Method according to claim 6 or 7, wherein said transfer of nucleic acid
comprising at least one gene for tolerance to continuous light, or a tolerance-
conferring part thereof, is performed by crossing said donor tomato plant tolerant to
exposure to continuous light with a recipient tomato plant which is not tolerant to
exposure to continuous light, to produce offspring plants comprising said gene as an

introgression, and wherein step c¢) is performed on at least one offspring plant.

9. Method according to any one of claims 6 to 8, wherein step c) is performed by
detecting said genetic marker in DNA isolated from said at least one recipient tomato

plant.
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10. Method according to any one of claims 6 to 9, wherein said step ¢) comprises
subjecting said plant to a bioassay for determining its tolerance to continuous light or
wherein said step ¢) comprises the detection of a molecular marker selected from the
group consisting of markers 1-28 of Figure 11 or a polymorphism linked to tolerance

to continuous light in a gene listed in Table 3.

11. A tomato plant tolerant to continuous light or a part thereof, obtainable by a

method according to any one of claims 1-10.

12. An isolated gene that confers tolerance to continuous light to a tomato plant,

wherein the location of said gene on chromosome 7 of a tomato plant is indicated by a

genomic region linked to the genetic markers “7-20-1” and/or “7-20-2” on chromosome

7 of S. neorickii, “7-10” and/or “7-25” on chromosome 7 of S. neorickii, “7-17” and/or “7-
25” on chromosome 7 of S. chilense, “7-19” and/or “7-25” on chromosome 7 of S.

pennellii.

13. An isolated DNA sample obtained from a tomato plant comprising a gene

according to claim 12.

14. A method for detecting a gene for tolerance to continuous light, comprising
detecting at least one genetic marker linked to a gene for tolerance to continuous light
on chromosome 7 of a plant suspected of harbouring said gene, wherein the location of
said gene on chromosome 7 of said plant is indicated by a genomic region linked to the
genetic markers “7-20-1” and/or “7-20-2” on chromosome 7 of S. neorickii, “7-10”
and/or “7-25” on chromosome 7 of S. neorickii, “7-17° and/or “7-25” on chromosome 7 of

S. chilense, “7-19” and/or “7-25” on chromosome 7 of S. pennellii.

15. A continuous light-tolerant tomato plant, or a part thereof, comprising within
its genome a gene for tolerance to continuous light, or a tolerance-conferring part
thereof, wherein the location of said gene on chromosome 7 of said plant is indicated
by a genomic region linked to the genetic markers “7-20-1” and/or “7-20-2” on

chromosome 7 of S. neorickii, “7-10” and/or “7-25” on chromosome 7 of S. neorickii, “7-
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177 and/or “7-25” on chromosome 7 of S. chilense, “7-19” and/or “7-25” on chromosome
7 of S. pennellii wherein said gene or said continuous light-tolerance-conferring part

thereof is not in its natural genetic background.

16. A method of producing a continuous light-tolerant inbred tomato plant,

comprising the steps of :

a) producing a continuous light-tolerant tomato plant according to any one of
claims 1-4;
b) crossing said continuous light-tolerant tomato plant with itself or another

tomato plant to yield progeny tomato seed;

c) growing said progeny tomato seed of step b) to yield an additional continuous
light-tolerant tomato plant;

d) repeating the crossing and growing steps from O to 7 times to generate a

continuous light-tolerant inbred tomato plant.

17. Method according to claim 16, wherein step c) further comprises the step of
identifying plants that exhibit continuous light tolerance and possess commercially

desirable characteristics.

18. Method according to claim 16 or 17, wherein said method further comprises

the step of selecting homozygote inbred tomato plants.

19. A continuous light-tolerant inbred tomato plant, or parts thereof, obtainable

the method according to any one of claims 16-18.

20. A hybrid tomato plant, or a part thereof, that exhibits tolerance to
continuous light, wherein said hybrid tomato plant is obtainable by crossing a
continuous light-tolerant inbred tomato plant obtainable by a method according to
any one of claims 11-13 with an inbred tomato plant that exhibits commercially

desirable characteristics.

21. Use of a genetic marker selected from the group consisting of the genetic

markers 1-28 of Figure 11 or a polymorphism linked to tolerance to continuous light
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in a gene listed in Table 3 for the detection of genes for continuous light-tolerance,

and/or for the detection of continuous light-tolerant tomato plants.

22. An indeterminate tomato plant, tolerant to exposure to continuous light or a

part thereof.

23. A tissue culture of regenerable cells of the tomato plants of any one of claims
11, 15, 19, 20 or 22, preferably said regenerable cells comprise cells or protoplasts
isolated from a tissue selected from the group consisting of leaves, pollen, embryos,

roots, root tips, anthers, flowers, fruits, and stems and seeds.
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Figure 10
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Figure 11
MARKER 1:

GATGAGATTGTTACATGATTTTIGTGCAGATCTAGCACAAGCCTTAGCCAAATTARAAGGAG[T/G]CCTCTCCATATT
CGGTCCCTCTGGTCATTTTCGGTCACATGCACAAACAGCTTGCTICIG

MARKER 2:

TTTTCATTTTGCGTTTTCTGCAGGAGAGTTCARAATTGAACATCGAGTGCAACCATGCCAC [T/G] TIGGCTGGTCAC
AGGTTTGTGIGITTTCAGTIGCAAATTAACTATGTCCGTCTTTTIGCACC

MARKER 3:
GTCATTACTATGTCCACAGATGCCACAGATCTAGATCA[A/T]CCGTTACTATAGCCACAGATGCCACAGATCTAGA
TCATATTATCCITCTITGCATITIGTG

MARKER 4:

TAGATTGCGTCTCCTGCGCTCCGTACTGGCTTTACTTCGTGAATGGGCACTTTICTGTICTT [T/C]GCACAGGGAATG
GGTACAAGTGTITACTGGAGCCTCTCTGATTCTTIGGTGGAACTTTATCA

MARKER 5:
TTATGACTTAGCCAACGGGAAAACATTTAAANTGGATGTTTTITGTATATTTACCTCCAAT [A/T]ARACCCTARAATG
AATTTCATGACTAATAAATGGTTCAAANCAATGATATTTTCATCTITITA

MARKER 6:
TGTTATACCGTGATTTATANCAAATGATTGGACAATAAGGCCTTTCACCATTCTTGCTCT [T/C]GATGICAGTIGTC
ACTGAAAGTAACAGTAGTIGGAGTACCCATAATATITGATCGGATGGA

MARKER 7:
AGGTCCTCATTGTCTIGTGTTGCTCCGCCCTGCAATTGTCCTARATTTAACTGAACTAATG [T/C]ATGGGGAAARAAT
GAAATGGGGATTCGTITGTGCAGGGAGGATTTGAATCTGGTGCAGTGG

MARKER 8:
TATTTTAGCAGCTATAATGGTGGATACAATTGGTCGAARATTCAGTGTGGCACTTATGTG [T/C]GGTTTAAGCTTC
CTIGTITCCTTTTACCGCTTCTTGCACCTCAACTCCCTGCTITNACTACT

MARKER 9:
AAAGGTCAGGCTATTIGTTTICTTITITTGTAGTTTIGTAGTAGCACAATTAGGAACCAAATGC [A/G] TIGTGCTACAGT
AGTCTTAGTACAAGCTGGTIGCAAATATACCIGCTACCGTTATGGTCCC
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MARKER 10:
CGAGATGAAGAGAACCGGTGTGGCTCCTAATGTTGTCACTTATAATACGCTGATAAACGC [A/G] TATAGTCAGGTT
GGTAATTCTGAAATGGGAAGTAGGCTTITCGAGGAGATGGCAAACAAT

MARKER 11:
TTNGAGAATCTTCCTTCTCCAGATACTCCTGCAGTATATGTGTCCAACCATCAGAGCTTT [T/C] TGGACATATATA
CATTACTTACTICTITGGGAGAAACTTCAAGTTCATC

MARKER 12:

TTTCAAGAACCTTAGTGATGTTAGCCCTATTAATACCTIGGCTGGAGGNAACTTATACTC [T/G] TIGAACTTCACC
GATGACTCTGGGACCGTTCATCTITAACTCAGGATGGTCTAGGACTAAA

MARKER 13:
GGCTGGCTTCGCCAGCCATGACGGAGTTGGAAATGGTAGTCATGGACTGGCTTGCTAATA[T/CIGTTGAAATTACC
AAAAACTTTCATGTTITTICIGGCACGGGTGGTGGTGTACTACAAAGTAC

MARKER 14:
ACTTGTGTTTAAATTGCAGATGTCATCAGATGGACCAACCCACAATGAGTTTGATTITTGA [A/G] TTITTTAGGCAAT
ACAACTGGTGAACCATATACAGTACAAACAAATGTGTATGTCAATGGT

MARKER 15:
TCAACTAAAGAAAGAACTGCAACTGAACTCCCTTCAAACTGACACGATTAAATGCCTGCT [A/T]AANAAAGTTCAC
AAAGACGAAACAGGTATAAAATGTITTIGTITATGTGAGAATTCCTATAC

MARKER 16:
CAGCATGGGAAGGACTAGAATGTGTCTGACATGTCCTTCAAGGTATTTITTTICAGTTGTIC[A/T]TTGCAGGTTTTA
TTACTGTACAGAGCATGATGATACATAATTAGAAGATTIGGTTNTATCT

MARKER 17:
ATTCATAGCGTAATCTGTTAATCCGTATGCCCATCAATGTTGTTTGTAGTTCAGGATGTT [T/C]GGATGGATACTC
ACAGTCTITTIGGCCTATTTIGNTATTATTIGTACTTIGGAAGCTTIGTITTATA

MARKER 18:
AGAACTATTGAAGAAATCAGTACATCTCCACATCCCTTITTTTGAAGAARAAARARAATACACC [T/G]AACAGTTTARARAA
ATGAAAATGGAAGGCATGGAGGAATTCCTAGCTAAAATCTTTAGTTAT

MARKER 19:
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TTTGTCGTTTGATACTTGTATGCAATCAGCTTCAGTAGCCAGCTTCGTATATCTTICAGA [A/T]GAARAANATCCT
GATTTGTTACATAGTATTTICGGTATGCACTTGTGACTGATCAGTTTAC

MARKER 20:
TGTCCTNTGATTTCTATCTCCCTIGNTTIGTGTAATAAAGAAGTTTGTGTATTTIGGCAGAT [T/C]GAGGCAGTAGTG
ACTAAGGCTGAGCTCAAGTATCTIGCTTICTITGTIGCAAGTCTGAGGTT

MARKER 21:
GAAGCTGAAGAAGATTIGGCTTTGCATGCTAAGGAAGAGTTTCTGATTATTACCAGGTACA[A/G]CAACTTCTTICT
TCATGAGTTTCCTCTTGCGTAAAGATACAGAAATTGGAATATTGTCAT

MARKER 22:
GGAAAGCCTACTGTTGTIGGAATTCTATGCCGATTIGGTGTGAAGTTITGTCGAGAATTAGCT [T/C]CAGATGTCTATA
AAGTTGAACAGCAGTACAAGTAAATCTICTITITTITGITATTIGACTCCTG

MARKER 23:
TATTACTGGTTANTCGCCATCTATTTGGTTTCAAATGCTTIGGCTGCTTAGTTATTACTAA[T/CITTITTGGTTTITGA
TTACACATAGTGGACTAACTCCTACATGAAGATGAATAGAACAGTTAT

MARKER 24:
GTTGGNTAAAAAAGGCATCCTNTITTTGCCTCCGTTTAGTATCTAAATCTGGAATCATTAT [A/T]ATATCAATTCTA
AAGTTGAGAATTTTATGTITTIGGACTTICTCAAGAAAATATTGATTTTA

MARKER 25:
ATCAAGGGTTTATAACAATAAAAAGGTAATCATCAGAARAATGATGTATAGTTIGGARAARAA [A/G]AACCTTICCAAGA
TGGTGAATCAAAAGCATAAAARAATAGCTTCCTTIGAATTICGTICTITIGTA

MARKER 26:

GAATTGGCTTTATGTATTTIGGAATCCTTGTATTITACTGTATTTTITICTITTT [T/G]CTCCAATGCAGGGGTCCTAGAT
GG

MARKER 27:

CACTCCCAAGTCTTCCATCACTCCCCCTCTT[C/A]GTAGCTCCAAATCCTCGACTCCCCATAATAACAGCACTAAG
CCCTAACCTIC

MARKER 28:

ACTGGAAGATTTCTCGCATGTICAATCTAAGTATGC [G/C]GAACCTTCTGAAGCATTCAATGATATTICTTATAAGAA
ATACCAA[G/A]AGTITTGGATATICTCTATAGCAAGAATCACACTGAGGT
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