
GENETIC SUSCEPTIBILITY VARIANTS OF TYPE 2 DIABETES
MELLITUS BACKGROUND OF THE INVENTION Diabetes
mellitus, a metabolic disease wherein carbohydrate
utilization is reduced and lipid and protein
utilization is enhanced, is caused by an absolute or
relative deficiency of insulin. In the more severe
cases, diabetes is characterized by chronic
hyperglycemia, glycosuria, water and electrolyte loss,
ketoacidosis and coma. Long term complications include
development of neuropathy, retinopathy, nephropathy,
generalized degenerative changes in large and small
blood vessels and increased susceptibility to
infection. The most common form of diabetes is Type
II, non-insulin-dependent diabetes that is
characterized by hyperglycemia due to impaired insulin
secretion and insulin resistance in target tissues.
Both genetic and environmental factors contribute to
the disease. For example, obesity plays a major role
in the development of the disease. Type 2 diabetes is
often a mild form of diabetes mellitus of gradual
onset. The health implications of Type 2 diabetes are
enormous. In 1995, there were 135 million adults with
diabetes worldwide. It is estimated that close to 300
million will have diabetes in the year 2025. (King,
H., et al., Diabetes Care, 21(9): 1414-1431 (1998)).
The prevalence of Type 2 diabetes in the adult
population in Iceland is 2.5% (Vilbergsson, S., et
al., Diabet Med., 14(6): 491-498 (1997)), which
comprises approximately 5,000 people over the age of
34 who have the disease. Type 2 diabetes is
characterized by hyperglycemia, which can occur
through mechanisms such as impaired insulin secretion,
insulin resistance in peripheral tissues and increased
glucose output by the liver. Most Type 2 diabetes
patients suffer serious complications of chronic
hyperglycemia including nephropathy, neuropathy,
retinopathy and accelerated development of
cardiovascular disease. The prevalence of Type 2
diabetes worldwide is currently 6% but is projected to
rise over the next decade (Amos, A. F., McCarty, D.
J., Zimmet, P., Diabet Med 14 Suppl 5, Sl (1997)).
This increase in prevalence of Type 2 diabetes is
attributed to increasing age of the population and
rise in obesity. There is evidence for a genetic
component to the risk of Type 2 diabetes, including
prevalence differences between various racial groups
(Zimmet, P. et al., Am J Epidemiol 118, 673 (1983),
Knowler, W.C , Pettitt, D.J., Saad, M.F., Bennett,
P.H., Diabetes Metab Rev 6, 1 (1990)), higher
concordance rates among monozygotic than dizygotic
twins(Newman, B. et al., Diabetologia 30, 763 (1987),
Barnett, A.H., Eff, C , Leslie, R.D., Pyke, D.A.,
Diabetologia 20, 87 (1981)) and a sibling relative
risk (ls) for Type 2 diabetes in European populations
of approximately 3.5 (Gloyn, A.L., Ageing Res Rev 2,
111 (2003)). Two approaches have thus far been used to
search for genes associated with Type 2 diabetes.
Single nucleotide polymorphisms (SNPs) within
candidate genes have been tested for association and
have, in general, not been replicated or confer only a
modest risk of Type 2 diabetes - the most widely
reported being a protective Prol2Ala polymorphism in
the peroxisome proliferator activated receptor gamma
gene (PPARG2) (Altshuler, D. et al., Nat Genet 26, 76
(2000)) and an at risk polymorphism in the potassium
inwardly-rectifying channel, subfamily J, member 11
gene (KIR6.2) (Gloyn A.L. et al., Diabetes 52, 568
(2003)). Genome-wide linkage scans in families with
the common form of Type 2 diabetes 



have yielded several loci, and the primary focus of
international research consortia has been on loci on
chromosomes 1, 12 and 20 observed in many populations
(Gloyn, A.L., Ageing Res Rev 2, 111 (2003)). The genes
in these loci have yet to be uncovered. However, in
Mexican Americans, the calpain 10 {CAPN10) gene was
isolated out of a locus on chromosome 2q (Horikawa, Y.
et al., Nat Genet 26, 163 (2000)). The rare Mendelian
forms of Type 2 diabetes, namely maturity-onset
diabetes of the young (MODY), have yielded six genes
by positional cloning (Gloyn, A.L., Ageing Res Rev 2,
111 (2003)). Genome-wide significant linkage to
chromosome 5q for Type 2 diabetes mellitus in the
Icelandic population has been reported (Reynisdottir,
I . ef al., Am J Hum Genet 73, 323 (2003)); in the
same study, suggestive evidence of linkage to 1Oq and
12q was also reported. Linkage to the 1Oq region has
also been observed in Mexican Americans (Duggirala, R.
et al., Am J Hum Genet 64, 1127 (1999)). The
transcription factor 7-like 2 gene (TCF7L2; formerly
TCF4) has been associated with Type 2 diabetes (P =
2.1 x 10(-9)) (Grant, S.F. et al., Nat Genet 38, 320
(2006)). The original finding in an Icelandic cohort
of association of the microsatellite marker DG10S478
within intron 3 of the gene (P = 2.1 x 10(-9)) was
replicated in a Danish cohort (P = 4.8 x 10(-3)) and
in a US cohort (P = 3.3 x 10(-9)). Compared with
non-carriers, heterozygous and homozygous carriers of
the at-risk alleles (38% and 7% of the population,
respectively) have relative risks of 1.45 and 2.41.
This corresponds to a population attributable risk of
21%. %. Association of the TCF7L2 variant has now been
replicated in 10 independent studies with similar
relative risk found in the different populations
studied. The TCF7L2 gene product is a high mobility
group box-containing transcription factor previously
implicated in blood glucose homeostasis. It is thought
to act through regulation of proglucagon gene
expression in enteroendocrine cells via the Wnt
signaling pathway.Despite the advances in unravelling
the genetics of Type 2 diabetes, the high prevalence
of the disease and increasing population affected
shows an unmet medical need to define additional
genetic factors involved in Type 2 diabetes to more
precisely define the associated risk factors. People
with impaired fasting glucose or impaired glucose
tolerance are asymptomatic but are at a high risk of
developing Type 2 diabetes. Currently there is very
little information to distinguish those within this
high risk group, where lifestyle intervention would be
the best choice for disease prevention, from those
individuals for whom preventive medication would be
more appropriate. Identification of susceptibility
genes will allow a better understanding of the
pathophysiology of the disease and as a direct benefit
for the patient it will facilitate better approaches
for diagnosis and treatment. Also needed are
therapeutic agents for prevention of Type 2 diabetes.
SUMMARY OF THE INVENTION The present invention relates
to methods of diagnosing an increased susceptibility
to Type 2 diabetes, as well as methods of diagnosing a
decreased susceptibility to Type 2 diabetes or
diagnosing a protection against Type 2 diabetes, by
evaluating certain markers or haplotypes that have
been found to be associated with increased or
decreased susceptibility of Type 2 diabetes. I n a
first aspect, the present invention relates to a
method of determining a susceptibility to Type 2
diabetes in a human individual, comprising determining
the 



presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from the markers set
forth in Tables 10-12, and markers in linkage
disequilibrium therewith, and wherein determination of
the presence or absence of the at least one allele is
indicative of a susceptibility to Type 2 diabetes. I
one embodiment, the at least one polymorphic marker is
selected from the markers set forth in Tables 10-12
and 14. In an alternative aspect the method of
determining a susceptibility to Type 2 diabetes is a
method of diagnosing a susceptibility to Type 2
diabetes. In one embodiment, the at least one
polymorphic marker is present within SEQ ID NO: 1, SEQ
ID NO:2 or SEQ ID NO:3. In another embodiment, the at
least one polymorphic marker comprises at least one
marker selected from rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID NO: 19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ IDNO: 10), rsl981647 (SEQ ID NO: 11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
rs9890889 (SEQ ID NO:31), and markers in linkage
disequilibrium therewith. In another embodiment, the
at least one polymorphic marker comprises at least one
marker in strong linkage disequilibrium, as defined by
numeric values for |D'| of greater than 0.8 and/or r2
of greater than 0.2, with one or more markers selected
from the group consisting of the markers set forth in
Table 22, Table 23 and Table 24. I n one preferred
embodiment, the at least one polymorphic marker is
selected from markers rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), and markers in linkage
disequilibrium therewith. I n another preferred
embodiment, the at least one polymorphic marker is
selected from markers rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
and rs6931514 (SEQ ID NO:37). I n one embodiment, the
at least one marker is selected from marker rs7756992
(SEQ ID NO: 21), and markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
markers is selected from the markers set forth in
Table 22. I n another embodiment, the at least one
marker is selected from marker rsl0882091 (SEQ ID NO:
4), and markers in linkage disequilibrium therewith. I
n another embodiment, the at least one markers is
selected from the markers set forth in Table 23. In
yet another embodiment, the at least one marker is
selected from marker rs2191113 (SEQ ID NO: 13), and
markers in linkage disequilibrium therewith. In
another embodiment, the at least one markers is
selected from the markers set forth in Table 24. I n
one embodiment, the method of determining a
susceptibility, or diagnosing a susceptibility, of
Type 2 diabetes, further comprises assessing the
frequency of at least one haplotype in the individual.
In one such embodiment, the at least one haplotype is
selected from the haplotypes that comprise at least
one polymorphic marker as set forth in Tables 1-6, and
polymorphic markers in linkage disequilibrium
therewith. In another embodiment, the at least one
haplotype is selected from the haplotypes that
comprise at 



least one polymorphic marker selected from at least
one marker selected from rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO:15), rs6583826 (SEQ ID NO: 19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ ID NO: 10), rsl981647 (SEQ ID NO: 11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
rs9890889 (SEQ ID NO:31), and markers in linkage
disequilibrium therewith. In another embodiment, the
at least one haplotype is selected from the haplotypes
set forth in Tables 1-6 and 14.I n a second aspect,
the invention relates to a method of determining a
susceptibility to Type 2 diabetes in a human
individual, comprising determining whether at least
one at-risk allele in at least one polymorphic marker
is present in a genotype dataset derived from the
individual, wherein the at least one polymorphic
marker is selected from the markers set forth in
Tables 10-12, and markers in linkage disequilibrium
therewith, and wherein determination of the presence
of the at least one at-risk allele is indicative of
increased susceptibility to Type 2 diabetes in the
individual. The genotype dataset comprises in one
embodiment information about marker identity, and the
allelic status of the individual, i.e. information
about the identity of the two alleles carried by the
individual for the marker. The genotype dataset may
comprise allelic information about one or more marker,
including two or more markers, three or more markers,
five or more markers, one hundred or more markers,
etc. In some embodiments, the genotype dataset
comprises genotype information from a wholegenome
assessment of the individual including hundreds of
thousands of markers, or even one million or more
markers. In one embodiment, the at least one
polymorphic marker is present within SEQ ID NO:1, SEQ
ID NO:2 or SEQ ID NO:3. In another embodiment, the at
least one polymorphic marker comprises at least one
marker selected from rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID NO:19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ ID NO: 10), rsl981647 (SEQ ID NO: 11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
rs9890889 (SEQ ID NO:31), and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one polymorphic marker comprises at least one
marker in strong linkage disequilibrium, as defined by
numeric values for |D'| of greater than 0.8 and/or r2
of greater than 0.2, with one or more markers selected
from the group consisting of the markers set forth in
Table 22, Table 23 and Table 24. In one preferred
embodiment, the at least one polymorphic marker is
selected from markers rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), and markers in linkage
disequilibrium therewith. In another preferred
embodiment, the at least one polymorphic marker is
selected from markers rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 



(SEQ ID NO:21), rs9350271 (SEQ ID NO:33), rs9356744
(SEQ ID NO:34), rs9368222 (SEQ ID NO:35), rsl0440833
(SEQ ID NO:36), and rs6931514 (SEQ ID NO:37). In one
embodiment, the at least one marker is selected from
marker rs7756992 (SEQ ID NO: 21), and markers in
linkage disequilibrium therewith. I n another
embodiment, the at least one markers is selected from
the markers set forth in Table 22. I n
anotherembodiment, the at least one marker is selected
from marker rsl0882091 (SEQ ID NO: 4), and markers in
linkage disequilibrium therewith. In another
embodiment, the at least one markers is selected from
the markers set forth in Table 23. In yet another
embodiment, the at least one marker is selected from
marker rs2191113 (SEQ ID NO: 13), and markers in
linkage disequilibrium therewith. In another
embodiment, the at least one markers is selected from
the markers set forth in Table 24. In yet another
embodiment, the at least one marker is selected from
markers in linkage disequilibrium with the SLC30A gene
on chromosome 8, between position 118,032,398 and
118,258,134 (NCBI Build 36 of the Human genome
assembly). I n one such embodiment, the at least one
marker is located within the SLC30A gene. In one
embodiment, the method of determining a
susceptibility, or diagnosing a susceptibility, of
Type 2 diabetes, further comprises assessing the
frequency of at least one haplotype in the individual.
In one such embodiment, the at least one haplotype is
selected from the haplotypes that comprise at least
one polymorphic marker as set forth in Tables 1-6, and
polymorphic markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
haplotype is selected from the haplotypes that
comprise at least one polymorphic marker selected from
at least one marker selected from rs2497304 (SEQ ID
NO: 16), rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID
NO:4), rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID
NO:20), rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID
NO:19), rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID
NO:6), rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID
NO:33), rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID
NO:35), rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID
NO:37), rsl860316 (SEQ ID NO: 10), rsl981647 (SEQ ID
NO: 11), rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID
NO: 13), rs9890889 (SEQ ID NO:31), and markers in
linkage disequilibrium therewith. In another
embodiment, the at least one haplotype is selected
from the haplotypes set forth in Tables 1-6 and 14. In
certain embodiments of the invention, determination of
the presence of at least one at-risk allele of at
least one polymorphic marker in a nucleic acid sample
from the individual is indicative of an increased
susceptibility to Type 2 diabetes. In one embodiment,
the increased susceptibility is characterized by a
relative risk (RR) or odds ratio (OR) of at least
1.15. In another embodiment, the increased
susceptibility is characterized by a relative risk
(RR) or odds ratio (OR) of at least 1.20. In some
embodiments, the presence of rs2497304 allele A,
rs947591 allele A, rsl0882091 allele C rs7914814
allele T, rs6583830 allele A, rs2421943 allele G,
rs6583826 allele G, rs7752906 allele A, rsl569699
allele C, rs7756992 allele G, rs9350271 allele A,
rs9356744 allele C, rs9368222 allele A, rsl0440833
allele A, rs6931514 allele G, rsl860316 allele A,
rsl981647 allele C, rsl843622 allele T,rs2191113
allele A, and/or rs9890889 allele A is indicative of
increased susceptibility of Type 2 diabetes. I n
particular embodiments, the presence of at least one
protective allele in a nucleic acid sample from the
individual is indicative of a decreased susceptibility
of Type 2 



diabetes. I n another embodiment, the absence of at
least one at-risk allele in a nucleic acid sample from
the individual is indicative of a decreased
susceptibility of Type 2 diabetes. Particular
embodiments of the methods of the invention relate to
the at least one marker or haplotype being further
associated with insulin response and/or impaired
glucose tolerance in an individual. In other
embodiments, the presence of, or the determination of,
at least one allele or haplotype in an at-risk marker
is indicative of an increased susceptibility to Type 2
diabetes, and wherein the at least one allele or
haplotype is further indicative of decreased insulin
response and/or impaired glucose tolerance. In certain
embodiments of the invention, linkage disequilibrium
is characterized by numeric values for |D'| of greater
than 0.8 and/or r2 of greater than 0.2. However, other
values for the r2 and |D'| measures are also possible
in other embodiments, and such embodiments are also
within the scope of the claimed invention, as
described in further detail herein. Another aspect of
the invention relates to a method of assessing a
susceptibility to Type 2 diabetes in a human
individual, comprising screening a nucleic acid from
the individual for at least one polymorphic marker or
haplotype in SEQ ID NO:1, SEQ ID NO: 2 or SEQ ID NO:3,
that correlates with increased occurrence of Type 2
diabetes in a human population, wherein the presence
of an at-risk marker allele in the at least one
polymorphism or an at-risk haplotype in the nucleic
acid identifies the individual as having elevated
susceptibility to diabetes, and wherein the absence of
the at least one at-risk marker allele or at-risk
haplotype in the nucleic acid identifies the
individual as not having the elevated susceptibility.
In one embodiment, the polymorphism or haplotype is
selected from rs2497304 (SEQ ID NO:16), rs947591 (SEQ
ID NO:30), rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID
NO: 15), rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID
NO:32), rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID
NO:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NO:34), rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID
NO:36), rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID
NO: 10), rsl981647 (SEQ ID NO: 11), rsl843622 (SEQ ID
NO:9), rs2191113 (SEQ ID NO: 13), rs9890889 (SEQ ID
NO:31), and markers in linkage
disequilibriumtherewith, as characterized by numeric
values for |D'| of greater than 0.8 and/or r2 of
greater than 0.2. Certain embodiments of the invention
further comprise a step of screening the nucleic acid
for the presence of at least one at-risk genetic
variant for Type 2 diabetes not associated with LD
Block C06 (SEQ ID NO: 1), LD Block ClO (SEQ ID NO: 2)
and LD Block C17 (SEQ ID NO:3). Such additional
genetic variants can in specific embodiments include
any variant that has been identified as a
susceptibility or risk variant for Type 2 diabetes,
including other variants described herein. In one
embodiment, the step comprises screening the nucleic
acid for the presence or absence of at least one
at-risk allele of at least one at-risk variant for
Type 2 diabetes in the TCF7L2 gene, wherein
determination of the presence of the at least one
at-risk allele is indicative of increased
susceptibility of Type 2 diabetes. In another
embodiment, the at least one at-risk variant in the
TCF7L2 gene is selected from marker DG10S478,
rsl2255372, rs7895340, rslll96205, 



rs7901695, rs7903146, rsl2243326 and rs4506565, and
markers in linkage disequilibrium therewith. In
another aspect of the present invention, the presence
of the marker or haplotype found to be associated with
Type 2 diabetes, and as such useful for determining a
susceptibility to Type 2 diabetes, is indicative of a
different response rate of the subject to a particular
treatment modality for Type 2 diabetes. I n another
aspect, the invention relates to a method of
identification of a marker for use in assessing
susceptibility to Type 2 diabetes in human
individuals, the method comprising: identifying at
least one polymorphic marker within SEQ ID NO: 1, SEQ
ID NO:2 or SEQ ID NO:3, or at least one polymorphic
marker in linkage disequilibrium therewith;
determining the genotype status of a sample of
individuals diagnosed with, or having a susceptibility
to, Type 2 diabetes; and determining the genotype
status of a sample of control individuals; wherein a
significant difference in frequency of at least one
allele in at least one polymorphism in individuals
diagnosed with, or having a susceptibility to, Type 2
diabetes, as compared with the frequency of the at
least one allele in the control sample is indicative
of the at least one polymorphism being useful for
assessing susceptibility to Type 2 diabetes. In one
embodiment, "significant" is determined by statistical
means, e.g. the difference is statistically
significant. In one such embodiment, statistical
significance ischaracterized by a P-value of less than
0.05. I n other embodiments, the statistical
significance is characterized a P-value of less than
0.01, less than 0.001, less than 0.0001, less than
0.00001, less than 0.000001, less than 0.0000001, less
than 0.0000000001, or less than 0.00000001. I n one
embodiment, the at least one polymorphic marker is in
linkage disequilibrium, as characterized by numerical
values of r2 of greater than 0.2 and/or |D'| of
greater than 0.8 with at least one marker selected
from marker rs2497304 (SEQ ID NO: 16), rs947591 (SEQ
ID NO:30), rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID
NO: 15), rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID
NO:32), rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID
NO:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NO:34), rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID
NO:36), rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID
NO: 10), rsl981647 (SEQ ID NO:11), rsl843622 (SEQ ID
NO:9), rs2191113 (SEQ ID NO:13), rs9890889 (SEQ ID
NO:31). In one embodiment, an increase in frequency of
the at least one allele in the at least one
polymorphism in individuals diagnosed with, or having
a susceptibility to, Type 2 diabetes, as compared with
the frequency of the at least one allele in the
control sample, is indicative of the at least one
polymorphism being useful for assessing increased
susceptibility to Type 2 diabetes. I n another
embodiment, a decrease in frequency of the at least
one allele in the at least one polymorphism in
individuals diagnosed with, or having a susceptibility
to, Type 2 diabetes, as compared with the frequency of
the at least one allele in the control sample is
indicative of the at least one polymorphism being
useful for assessing decreased susceptibility to, or
protection against, Type 2 diabetes. 



Another aspect of the invention relates to a method of
genotyping a nucleic acid sample obtained from a human
individual, comprising determining the presence or
absence of at least one allele of at least one
polymorphic marker in the sample, wherein the at least
one marker is selected rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID NO: 19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ ID NO:10), rsl981647 (SEQ ID NO:11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
rs9890889 (SEQ ID NO:31), and markers in linkage
disequilibrium therewith, and wherein determination of
the presence or absence of the at least one allele of
the at least one polymorphic marker is predictive of a
susceptibility of Type 2 diabetes. In one embodiment,
genotyping comprises amplifying a segment of a nucleic
acid that comprises the at least one polymorphic
marker by Polymerase Chain Reaction (PCR),using a
nucleotide primer pair flanking the at least one
polymorphic marker. In another embodiment, genotyping
is performed using a process selected from
allele-specific probe hybridization, allele-specific
primer extension, allele-specific amplification,
nucleic acid sequencing, 5'-exonuclease digestion,
molecular beacon assay, oligonucleotide ligation
assay, size analysis, and single-stranded conformation
analysis. In one particular embodiment, the process
comprises allele-specific probe hybridization. In
another embodiment, the process comprises DNA
sequencing. In a preferred embodiment, the method
comprises: 1) contacting copies of the nucleic acid
with a detection oligonucleotide probe and an enhancer
oligonucleotide probe under conditions for specific
hybridization of the oligonucleotide probe with the
nucleic acid; wherein a) the detection oligonucleotide
probe is from 5-100 nucleotides in length and
specifically hybridizes to a first segment of the
nucleic acid whose nucleotide sequence is given by SEQ
ID NO:1, SEQ ID NO:2 or SEQ ID NO:3 that comprises at
least one polymorphic site; b) the detection
oligonucleotide probe comprises a detectable label at
its 3' terminus and a quenching moiety at its 5'
terminus; c) the enhancer oligonucleotide is from
5-100 nucleotides in length and is complementary to a
second segment of the nucleotide sequence that is 5'
relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
and d) a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
2) treating the nucleic acid with an endonuclease that
will cleave the detectable label from the 31terminus
of the detection probe to release free detectable
label when the detection probe is hybridized to the
nucleic acid; and 



3) measuring free detectable label, wherein the
presence of the free detectable label indicates that
the detection probe specifically hybridizes to the
first segment of the nucleic acid, and indicates the
sequence of the polymorphic site as the complement of
the detection probe.In a particular embodiment, the
copies of the nucleic acid are provided by
amplification by Polymerase Chain Reaction (PCR). In
another embodiment, the susceptibility determined is
increased susceptibility. In another embodiment, the
susceptibility determined is decreased susceptibility.
Another aspect of the invention relates to a method of
assessing an individual for probability of response to
a therapeutic agent for preventing and/or ameliorating
symptoms associated with Type 2 diabetes, comprising:
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from
rs2497304 (SEQ ID NO: 16), rs947591 (SEQ ID NO:30),
rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID NO:24),
rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO: 15),
rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID NO: 10),
rsl981647 (SEQ ID NO: 11), rsl843622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO: 13), rs9890889 (SEQ ID NO:31),
and markers in linkage disequilibrium therewith,
wherein determination of the presence of the at least
one allele of the at least one marker is indicative of
a probability of a positive response to the Type 2
diabetes therapeutic agent. In one embodiment, the
Type 2 diabetes therapeutic agent is selected from the
agents set forth in Agent Table 1 and Agent Table 2.
Yet another aspect of the invention relates to a
method of predicting prognosis of an individual
diagnosed with, Type 2 diabetes, the method comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from the
group consisting of rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ ID NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID NO: 19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ ID NO:10), rsl981647 (SEQ ID NO:11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
rs9890889 (SEQ ID NO:31), and markers in linkage
disequilibrium therewith, wherein determination of the
presence of the at least one allele is indicative of a
worse prognosis of the Type 2 diabetes in the
individual. A further aspect of the invention relates
to a method of monitoring progress of a treatment of
an individual undergoing treatment for Type 2
diabetes, the method comprising determining the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of rs2497304 (SEQ IDNO: 16), rs947591 (SEQ
ID NO:30), rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID
NO: 15), rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID
NO:32), rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID
NO:21), 



rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), TS10440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID NO: 10),
rsl981647 (SEQ ID NO:11), rsl843622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO:13), rs9890889 (SEQ ID NO:31),
and markers in linkage disequilibrium therewith,
wherein determination of the presence of the at least
one allele is indicative of the treatment outcome of
the individual. I n one embodiment, the method further
comprises assessing at least one biomarker in a sample
from the individual. In another embodiment, the method
further comprises analyzing non-genetic information to
make risk assessment, diagnosis, or prognosis of the
individual. The non-genetic information is in one
embodiment selected from age, gender, ethnicity,
socioeconomic status, previous disease diagnosis,
medical history of subject, family history of Type 2
diabetes, biochemical measurements, and clinical
measurements. In a particular preferred embodiment, a
further step comprising calculating overall risk is
employed. The invention also relates to a kit for
assessing susceptibility to Type 2 diabetes in a human
individual, the kit comprising reagents for
selectively detecting the presence or absence of at
least one allele of at least one polymorphic marker in
the genome of the individual, wherein the polymorphic
marker is selected from the group consisting of
polymorphic markers within the nucleic acid segments
whose sequences are set forth in SEQ ID NO: 1, SEQ ID
NO:2 and SEQ ID NO:3, and markers in linkage
disequilibrium therewith, and wherein the presence of
the at least one allele is indicative of a
susceptibility to Type 2 diabetes. In one embodiment,
the at least one polymorphic marker is selected from
the group of markers set forth in Tables 10 - 12, and
markers in linkage disequilibrium therewith. I n
another embodiment, the at least one polymorphic
marker is selected from the group of markers set forth
in Tables 10 - 12 and Table 14, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one polymorphic markers is selected from
rs2497304 (SEQ ID NO: 16), rs947591 (SEQ ID NO:30),
rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID NO:24),
rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO: 15),
rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID NO:10),
rsl981647 (SEQ ID NO:11), rsl843622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO:13), rs9890889 (SEQ ID NO:31),
and markers in linkage disequilibrium therewith. In
another embodiment, the at least one polymorphic
markers is selected from rs2497304 (SEQ ID NO: 16),
rs947591 (SEQ ID NO:30), rsl0882091 (SEQ IDNO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO: 15), rs6583826 (SEQ ID NO: 19),
rs7752906 (SEQ ID NO:32), rsl569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35),
rsl0440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
rsl860316 (SEQ ID NO:10), rsl981647 (SEQ ID NO:11),
rsl843622 (SEQ ID NO:9), rs2191113 (SEQ ID NO: 13),
and rs9890889 (SEQ ID NO:31). I n one embodiment, the
reagents comprise at least one contiguous
oligonucleotide that hybridizes to a fragment of the
genome of the individual comprising the at least one
polymorphic marker, a buffer and a detectable label.
In one embodiment, the reagents 



comprise at least one pair of oligonucleotides that
hybridize to opposite strands of a genomic nucleic
acid segment obtained from the subject, wherein each
oligonucleotide primer pair is designed to selectively
amplify a fragment of the genome of the individual
that includes one polymorphic marker, and wherein the
fragment is at least 30 base pairs in size. In a
particular embodiment the at least one oligonucleotide
is completely complementary to the genome of the
individual. I n another embodiment, the at least one
oligonucleotide can comprise at least one mismatch to
the genome of the individual. In one embodiment, the
oligonucleotide is about 18 to about 50 nucleotides in
length. In another embodiment, the oligonucleotide is
20-30 nucleotides in length. I n one preferred
embodiment, the kit comprises: a detection
oligonucleotide probe that is from 5-100 nucleotides
in length; an enhancer oligonucleotide probe that is
from 5-100 nucleotides in length; and an endonuclease
enzyme; wherein the detection oligonucleotide probe
specifically hybridizes to a first segment of the
nucleic acid whose nucleotide sequence is given by SEQ
ID NO: 1, SEQ ID NO:2 or SEQ ID NO:3 that comprises at
least one polymorphic site; and wherein the detection
oligonucleotide probe comprises a detectable label at
its 3' terminus and a quenching moiety at its 5'
terminus; wherein the enhancer oligonucleotide is from
5-100 nucleotides in length and is complementary to a
second segment of the nucleotide sequence that is 5'
relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
wherein a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
and wherein treating the nucleic acid with the
endonuclease will cleave the detectable label from the
3' terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid.A further aspect of the
invention relates to the use of an oligonucleotide
probe in the manufacture of a diagnostic reagent for
diagnosing and/or assessing susceptibility to Type 2
diabetes in a human individual, wherein the probe
hybridizes to a segment of a nucleic acid whose
nucleotide sequence is given by SEQ ID NO: 1, SEQ ID
NO:2 or SEQ ID NO:3 that comprises at least one
polymorphic site, wherein the fragment is 15-500
nucleotides in length. In one embodiment, the
polymorphic site is selected from the polymorphic
markers rs2497304 (SEQ ID NO:16), rs947591 (SEQ ID
NO:30), rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID
NO: 15), rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID
NO:32), rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID
NO:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NO:34), rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID
NO:36), rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID
NO: 10), rsl981647 (SEQ ID NO: 11), rsl843622 (SEQ ID
NO:9), rs2191113 (SEQ ID NO: 13), rs9890889 (SEQ ID
NO:31), and polymorphisms in linkage disequilibrium
therewith. Yet another aspect of the invention relates
to a computer-readable medium on which is stored: an
identifier for at least one polymorphic marker; an
indicator of the 



frequency of at least one allele of said at least one
polymorphic marker in a plurality of individuals
diagnosed with Type 2 diabetes; and an indicator of
the frequency of the least one allele of said at least
one polymorphic markers in a plurality of reference
individuals; wherein the at least one polymorphic
marker is selected from the polymorphic markers
rs2497304 (SEQ ID NO: 16), rs947591 (SEQ ID NO:30),
rsl0882091 (SEQ ID NO:4), rs7914814 (SEQ ID NO: 24),
rs6583830 (SEQ ID NO: 20), rs2421943 (SEQ ID NO: 15),
rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID NO: 10),
rsl981647 (SEQ ID NO: 11), rsl843622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO: 13), rs9890889 (SEQ ID NO:31),
and polymorphisms in linkage disequilibrium therewith.
In one embodiment, linkage disequilibrium is defined
as defined by numerical values of r2 of at least 0.2
and/or values of |D'| of at least 0.8. I n one
embodiment, information about the ancestry of the
plurality of individuals is included. In another
embodiment, the plurality of individuals diagnosed
with Type 2 diabetes and the plurality of reference
individuals is of a specific ancestry. Another aspect
relates to an apparatus for determining a genetic
indicator for Type 2 diabetes in a human individual,
comprising: a computer readable memory; and a routine
stored on the computer readable memory; wherein the
routine is adapted to be executed on a processor to
analyze marker and/or haplotype information for at
least one human individual with respect to at least
one polymorphic marker selected from the markers
rs2497304 (SEQ ID NO: 16), rs947591 (SEQ ID NO:30),
rsl0882091 (SEQ ID NO:4),rs7914814 (SEQ ID NO:24),
rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO: 15),
rs6583826 (SEQ ID NO: 19), rs7752906 (SEQ ID NO:32),
rsl569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rsl0440833 (SEQ ID NO:36),
rs6931514 (SEQ ID NO:37), rsl860316 (SEQ ID NO:10),
rsl981647 (SEQ ID NO:11), rsl843622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO: 13), rs9890889 (SEQ ID NO:31),
and markers in linkage disequilibrium therewith, as
defined by numerical values of r2 of at least 0.2
and/or values of |D'| of at least 0.8, and generate an
output based on the marker or haplotype information,
wherein the output comprises a risk measure of the at
least one marker or haplotype as a genetic indicator
of Type 2 diabetes for the human individual. I n one
embodiment, the routine further comprises an indicator
of the frequency of at least one allele of at least
one polymorphic marker or at least one haplotype in a
plurality of individuals diagnosed with Type 2
diabetes, and an indicator of the frequency of at the
least one allele of at least one polymorphic marker or
at least one haplotype in a plurality of reference
individuals, and wherein a risk measure is based on a
comparison of the at least one marker and/or haplotype
status for the human individual to the indicator of
the frequency of the at least one marker and/or
haplotype information for the plurality of individuals
diagnosed with Type 2 diabetes. In certain embodiments
of the methods, uses, apparatus or kits of the
invention, linkage disequilibrium is characterized by
numeric values for |D'| of greater than 0.8 and/or r2
of greater than 0.2. However, other values for the r2
and |D'| measures are also possible in other
embodiments and such embodiments are also within the
scope of the claimed invention, as described in
further detail herein. 



In certain other embodiments of the methods, uses,
apparatus or kits of the invention, the individual is
of a specific human ancestry- I n one embodiment, the
ancestry is selected from black African ancestry,
Caucasian ancestry and Chinese ancestry. In another
embodiment, the ancestry is black African ancestry. In
another embodiment, the ancestry is European ancestry.
I n another embodiment, the ancestry is Caucasian
ancestry. The ancestry is in certain embodiment
self-reported by the individual who undergoes genetic
analysis or genotyping. I n other embodiments, the
ancestry is determined by genetic determination
comprising detecting at least one allele of at least
one polymorphic marker in a nucleic acid sample from
the individual, wherein the presence or absence of the
allele is indicative of the ancestry of the
individual. In particular other embodiments of the
methods, uses, apparatus or kits of the invention, the
individual is obese. In other embodiments, the
individual is non-obese. Obesity is in one embodiment
determined by values of BMI (Body Mass Index) of
greater than 25. In another embodiment, obesity is
defined by values of BMI greater than 30. Other cutoff
integer or fractional values of BMI are also possible
and within scope of theinvention, including, but not
limited to BMI of greater than 23, 24, 25.5, 26, 26.5,
27, 27.5 and so on. Non-obese individuals are in one
embodiment defined as all those individuals who do not
fulfill the criteria of obesity by BMI. I n other
embodiments, nonobese individuals are those with a
particular cutoff of BMI, such as BMI less than 25,
less than 24, less than 23, less than 22, less than 21
or less than 20. Non-integer cutoff values of BMI
values are also useful for defining non-obese
individuals. In general, the obese and non-obese
groups do not overlap in terms of their BMI values. I
n certain embodiments, the cutoff employed to define
the groups is the same, e.g., greater than or smaller
than BMI of 25. I n other embodiments, a different
cutoff is used, e.g., greater than 27 for obese
individuals and smaller than 23 for non-obese
individuals. All relevant ranges of BMI that are
suitable for defining obese and non-obese individuals
are also possible and within scope of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS The foregoing and
other objects, features and advantages of the
invention will be apparent from the following more
particular description of preferred embodiments of the
invention. FIG 1 shows a plot linkage disequilibrium
pattern in the region of chromosome 6p22.3 containing
markers associated with Type 2 diabetes, (a) The
X-axis shows positions with respect to NCBI Build 35
genome assembly (identical to Build 36), and the
Y-axis shows a measure of linkage disequilibrium in
the region. The span of the CDKALl gene is indicated
by the arrows, and the locations of exons by black
bars perpendicular to the diagonal line. The SNP
markers are plotted equidistantly rather than
according to their physical positions. The figure
shows the r2 measure of linkage disequilibrium,
wherein the shading is proportional to pair-wise
values of r2 between markers, (b) A close-up of the 5'
end of the CDKAL gene, showing the LD Block C06 region
(SEQ ID NO: 1) within which several markers have been
found to be associated with Type 2 diabetes. The
location of several of the associated SNP markers is
indicated on the figure. FIG 2 shows linkage
disequilibrium in the region of chromosome 10q23.33
containing markers associated with Type 2 diabetes.
The X-axis shows positions with respect to NCBI Build
35 genome assembly, and the Y-axis shows a measure of
linkage 



disequilibrium in the region. The location of four
associated SNP markers rs2497304, rs947591, rsl0882091
and rs7914814 is indicated as well as the span and
exons of the three genes within the LD block, IDE,
KIFIl and HHEX. The figure shows the r2 measure of
linkage disequilibrium, wherein the shading is
proportional to pair-wise values of r2 between
markers.FIG 3 shows linkage disequilibrium in the
region of chromosome 17q24.3 containing markers
associated with diabetes in non-obese and all
patients. The location of five SNP markers, rsl860316,
rsl981647, rsl843622, rs2191113 and rs9890889, is
indicated. The figure shows the r2 measure of linkage
disequilibrium, wherein the shading is proportional to
pair-wise values of r2 between markers. FIG 4 shows a
Q-Q plot of the 653,025 adjusted Chi2-statistics
(circles) from the analysis of single SNPs and two
marker haplotypes. The equiangular line (black line)
is included in the plot for reference purpose. The
dashed horizontal line indicates the threshold for
genome-wide significance assuming a Bonferroni
correction for the 653,025 SNPs / haplotypes and three
phenotypes tested. FIG 5 presents a schematic view of
the association of T2D to 6p22.3. a) The pair-wise
correlation structure in a 1 Mb interval (20.5 - 21.5
Mb, NCBI Build34) on chromosome 6. The upper plot
includes pair-wise D' for 1047 common SNPs (with MAF >
5%) from the HapMap release 19 for the CEU population,
while the lower plot includes pair-wise r 2 values for
the same set of SNPs. b) Location of recombination
hot-spots in this interval based on the HapMap dataset
{Nature 437, 1299-1320 (27 October 2005))). c)
Location of exons (vertical bars) of the two genes,
E2F3 and CDKALl 1 that map to the interval, d)
Schematic view of the genome-wide association results
in the interval for all T2D cases (black dots),
non-obese T2D cases (open circles) and obese T2D cases
(open triangles), respectively. Plotted is -log P,
where P is the adjusted P value, against the
chromosomal location of the markers. All four panels
use the same horizontal Mb scale indicated at the
bottom of panel d). FIG 6 shows CDKALl cDNA from INS-I
cells. Lanes 1 and 2 contain CDKALl cDNA amplified
from exons 2 to 8 and exons 7 to 13, giving a band
size of 596bp and 738bp, respectively, b-actin (837bp)
serves as a positive control in lane 3 and lane 4 is a
negative control reaction without primers. Size
standard is given on the left. FIG 7 shows the
association of rs7756992 and rsl3266634 to insulin
secretion. Mean logtransformed insulin secretion
levels, estimated by corrected insulin response (see
Methods), for the three different genotypes of the two
SNPs, rs7756992 and rsl3266634. Results are shown for
3982 individuals (231 T2D cases and 3751 controls)
from the Danish Inter99 study that had an oral glucose
tolerance test. The number of individuals is included
under each column, and the standard error (s.e.m.) is
indicated as horizontal bars. The included P values
are from regression of the log-transformed insulin
secretion levels on genotype status, adjusting for
age, sex and affection status, assuming either an
additive model (Padd) or a recessive model (Prec) -
FIG 8 presents further analysis of association of
rs7756992 and rsl3266634 with insulin secretion, a)
Mean log-transformed insulin secretion levels,
estimated by correctedinsulin response (CIR) for the
three different genotypes for the SNP rs7756992. The
insulin secretion levels are estimated for a group of
3938 individuals from the Danish Inter99 cohort (223
T2D cases and 3715 controls) that had an OGTT. Results
are shown for all individuals (leftmost bars) and
males (middle bars) and females (rightmost bars) 



separately. The number of individuals behind each
estimate is indicated in parenthesis below the columns
together with the corresponding genotype. The standard
error of the mean is indicated with a bar on top of
each column, b) Corresponding estimates for the
different genotypes of the SNP rsl3266634 for 3926
individuals (228 T2D cases and 3698 controls).
DETAILED DESCRIPTION OF THE INVENTION A description of
preferred embodiments of the invention follows. The
present invention discloses polymorphic markers and
haplotypes that have been found to be associated with
Type 2 diabetes. Particular alleles at certain
polymorphic SNP markers and haplotypes comprising such
alleles have been found to be associated with Type 2
diabetes. Such markers and haplotypes are useful for
assessing susceptibility to Type 2 diabetes, as
described in further detail herein. Further
applications of the present invention include methods
for assessing response to Type 2 diabetes therapeutic
agents utilizing the polymorphic markers of the
invention, as well as kits for assessing
susceptibility of an individual to Type 2 diabetes.
Definitions The following terms shall, in the present
context, have the meaning as indicated: A "polymorphic
marker", sometime referred to as a "marker", as
described herein, refers to a genomic polymorphic
site. Each polymorphic marker has at least two
sequence variations characteristic of particular
alleles at the polymorphic site. Thus, genetic
association to a polymorphic marker implies that there
is association to at least one specific allele of that
particular polymorphic marker. The marker can comprise
any allele of any variant type found in the genome,
including SNPs, microsatellites, insertions,
deletions, duplications and translocations. An
"allele" refers to the nucleotide sequence of a given
locus (position) on a chromosome. A polymorphic marker
allele thus refers to the composition (i.e., sequence)
of the marker on a chromosome. Genomic DNA from an
individual contains two alleles for any given
polymorphic marker, representative of each copy of the
marker on eachchromosome. Sequence codes for
nucleotides used herein are: A = 1, C = 2, G = 3, T 4.
Sequence conucleotide ambiguity as described herein is
as proposed by IUPACIUB. These codes are compatible
with the codes used by the EMBL, GenBank, and PIR
databases. A nucleotide position at which more than
one sequence is possible in a population (either a
natural population or a synthetic population, e.g., a
library of synthetic molecules) is referred to herein
as a "polymorphic site". A "Single Nucleotide
Polymorphism" or "SNP" is a DNA sequence variation
occurring when a single nucleotide at a specific
location in the genome differs between members of a
species or between paired chromosomes in an
individual. Most SNP polymorphisms have two alleles.
Each individual is in this instance either homozygous
for one allele of the polymorphism (i.e. both
chromosomal copies of the individual have the same
nucleotide at the SNP location), or the individual is
heterozygous (i.e. the two sister chromosomes of the
individual contain different nucleotides). The SNP
nomenclature as reported herein refers to the official
Reference SNP (rs) ID identification tag as assigned
to each unique SNP by the National Center for
Biotechnological Information (NCBI). 



A "variant", as described herein, refers to a segment
of DNA that differs from the reference DNA. A "marker"
or a "polymorphic marker", as defined herein, is a
variant. Alleles that differ from the reference are
referred to as "variant" alleles. A "microsatellite"
is a polymorphic marker that has multiple small
repeats of bases that are 2-8 nucleotides in length
(such as CA repeats) at a particular site, in which
the number of repeat lengths varies in the general
population. An "indel" is a common formof polymorphism
comprising a small insertion or deletion that is
typically only a few nucleotides long. A "haplotype,"
as described herein, refers to a segment of genomic
DNA that is characterized by a specific combination of
alleles arranged along the segment. For diploid
organisms such as humans, a haplotype comprises one
member of the pair of alleles for each polymorphic
marker or locus . In a certain embodiment, the
haplotype can comprise two or more alleles, three or
more alleles, four or more alleles, or five or more
alleles. Haplotypes are described herein in the
context of the marker name and the allele of the
marker in that haplotype, e.g., "3 rs7758851" refers
to the 3 allele of marker rs7758851 being in the
haplotype, and is equivalent to "rs7758851 allele 3".
Furthermore, allelic codes in haplotypes are as for
individual markers, i.e. I A, 2 = C, 3 = G and 4 = T.
The term "susceptibility", as described herein,
encompasses both increased susceptibility and
decreased susceptibility. Thus, particular alleles at
polymorphic markers and/or haplotypes of the invention
may be characteristic of increased susceptibility
(i.e., increased risk) of Type 2 diabetes, as
characterized by a relative risk (RR) or odds ratio
(OR) of greater than one for the particular allele or
haplotype. Alternatively, the markers and/or
haplotypes of the invention are characteristic of
decreased susceptibility (i.e., decreased risk) of
Type 2 diabetes, as characterized by a relative risk
of less than one. A "nucleic acid sample" is a sample
obtained from an individuals that contains nucleic
acid. In certain embodiments, i.e. the detection of
specific polymorphic markers and/or haplotypes, the
nucleic acid sample comprises genomic DNA. Such a
nucleic acid sample can be obtained from any source
that contains genomic DNA, including as a blood
sample, sample of amniotic fluid, sample of
cerebrospinal fluid, or tissue sample from skin,
muscle, buccal or conjunctival mucosa, placenta,
gastrointestinal tract or other organs. The term "Type
2 diabetes therapeutic agent" refers to an agent that
can be used to ameliorate or prevent symptoms
associated with Type 2 diabetes. The term "Type 2
diabetes-associated nucleic acid", as described
herein, refers to a nucleic acid that has been found
to be associated to Type 2 diabetes. This includes,
but is not limited to, the markers and haplotypes
described herein and markers and haplotypes in strong
linkage disequilibrium (LD) therewith. I n one
embodiment, a Type 2 diabetes-associated nucleic acid
refers to an LD-block found to be associated with Type
2 diabetes through at least one polymorphic marker
located within the LD block. The term "non-obese"
refers, as described herein, to an individual with
calculated Body Mass Index (BMI) below a
pre-determined threshold, such as a threshold of 30
orlower. Other thresholds useful for defining the term
are also possible, as described in more detail herein.
The formula for calculating BMI is given by [body
weight (in kg)]/[height (in m)] 2. The term "obese"
refers to an individual with BMI above a certain
pre-determined threshold, such as a threshold of 30. 



The term "LD Block C06", as described herein, refers
to the Linkage Disequilibrium (LD) block on Chromosome
6 between markers rs4429936 and rs6908425,
corresponding to position 20,634,996 - 20,836,710 of
NCBI (National Center for Biotechnology Information)
Build 35 (SEQ ID NO: 1). The term "LD Block ClO", as
described herein, refers to the Linkage Disequilibrium
(LD) block on Chromosome 10 between markers rs2798253
and rsl 1187152, corresponding to position 94,192,885
- 94,490,091 of NCBI (National Center for
Biotechnology Information) Build 35 (SEQ ID NO:2). The
term "LD Block C17", as described herein, refers to
the Linkage Disequilibrium (LD) block on Chromosome 17
between markers rsl 1077501 and rs4793497,
corresponding to position 66,037,656 - 66,163,076 of
NCBI (National Center for Biotechnology Information)
Build 35 (SEQ ID NO:3). The term "CDKALl", as
described herein, refers to the CDK5 regulatory
subunit associated protein 1-like 1 gene, which spans
locations 20,642,736 - 21,340,611 in NCBI Build 35 of
the human genome. The term "SLC30A8", as described
herein, refers to the Solute Carrier Family 30, member
8, gene. This gene is located on chromosome 8, its
longest isoform spanning as much as 225kb between
positions 118,032,398 and 118,258,134 in NCBI Build 36
of the human genome assembly, corresponding to
position 117,919,805 and 118,145,541, respectively in
NCBI Build 34. I n both these builds, the gene spans
225,736 bp of genomic sequence. Through genotyping of
Icelandic Type 2 diabetes patients and population
control individuals using the Illumina 330K chip that
can be used to measure over 300,000 SNPs in the genome
simultaneously, a number of variants associated with
Type 2 diabetes have been identified by the present
invention. Association analysis using single SNPs, two
marker haplotypes and extended haplotypes within areas
of extensive linkage disequilibrium (LD blocks) was
performed across the genome. After correcting the
pvalue for relatedness, 49 single markers and two
marker haplotypes were initially identified at 21 loci
(i.e. genetic susceptibility locations in the genome)
that had a p-value less than 5xlO ~5 (Table 1). I n
addition, 10 extended haplotypes at 8 additional loci
wereselected by the same criteria (Table 2). Within
the patient group, 700 individuals were non-obese
(BMK30) and those were tested separately for
association. After correcting the p-value for
relatedness, 36 single markers and two marker
haplotypes at 20 loci had a p-value less than 5xlO 5
(Table 3). Three of those loci were also identified
when the total group was analyzed. I n addition, 6
extended haplotypes at 4 additional loci were selected
by the same criteria (Table 4). The obese group of 531
patients (BMI >30) was also analyzed separately for
association. After correcting the p-value for
relatedness, 38 single markers and two marker
haplotypes at 16 loci had a p-value less than 5xlO 5
(Table 5). One of those loci was also identified when
the total group was analyzed but no overlap was found
between the non-obese and obese groups using this
criteria. I n addition 10 extended haplotypes at 7
additional loci had a p-value less than 5xlO 5 in
association analysis of obese diabetics (Table 6).
These single-marker association and two-marker and
extended haplotype association results represent
evidence for multiple susceptibility variants for Type
2 diabetes. It should be noted that for single-marker
SNP analysis as presented herein, 



susceptibility variants can be represented by
increased risk, wherein one allele is overrepresented
in the patient group compared with controls.
Alternatively, the susceptibility variants can be
represented by the other allele of the SNP in question
- for that allele, under-representation in patients
compared with controls is expected. This is a natural
consequence of association analysis to genetic
elements comprising two alleles. For multi-marker
haplotypes or for polymorphic markers comprising more
than one marker, at-risk association may be observed
to one (or more) at-risk allele or haplotype.
Protective variants in form of association (with
RR-values less than unity) to one (or more) protective
variants or haplotypes may also be observed, depending
on the genetic composition and haplotype structure in
the genetic region in question. One of the most
significant association signals was identified by two
single markers (rsl569699 and rs7756992) and three 2
marker haplotypes mapping to chromosome 6p22.3 (3
rs7758851 2 rsl569699, 1 rs4712527 3 rs7756992, 1
rs7756992 3 rs9295478 ; see Table 3). These markers
are located within an area of extensive LD (LD block)
between position 20634996 and 20836710 on chromosome 6
(NCBI Build 35; SEQ ID NO: 1) between markers
rs4429936 and rs6908425 (Figure 1). This region
contains the 5' end including exons 1-5 of the gene
CDK5 regulatory subunit associated protein 1-like 1
(CDKALl) (NM_017774). The association of these markers
was verified in two additional Type 2 diabetes cohorts
(see Table 7). Follow up studies of the association of
rs7756992 allele G with increased risk of Type 2
diabetes have established association of the marker to
Type 2 diabetes in individuals of European ancestry
(allele specific odds ratio (OR) = 1.16; P = 3.9xlO
10), in individuals from Hong Kong of Han Chinese
ancestry (OR = 1.25; P = 0.00018) (seeTables 14, 15
and 17). Additional variants within LD block C06 (SEQ
ID NO:1) in LD with rs7756992 that have also been
shown to be associated with Type 2 diabetes in
European and Chinese populations include rsl569699,
rs7752906, rs9350271, rs9356744, rs9368222, rsl0440833
and rs6931514 (Table 18). The genotype odds ratio of
the rs77566992 allele G variant supports a nearly
recessive mode of inheritance (Table 20). In
particular, the OR for the homozygote is 1.45 and 1.55
in the European and Hong Kong groups, respectively.
The rs77566992 allele G at-risk variant has been found
to be correlated with decreased insulin response in
carriers (Table 21, Figures 7 and 8). Homozygous
carriers of the variant have been found to have an
estimated 24% less insulin response than heterozygotes
or non-carriers suggesting that this variant confers
risk of T2D through reduced insulin secretion. The
rs7756992 marker, and markers in linkage
disequilibrium therewith (including, but not limited
to, rsl569699, rs7752906, rs9350271, rs9356744,
rs9368222, rsl0440833 and rs6931514) can therefore be
used to assess increased susceptibility to Type 2
diabetes in an individual. The function of the gene
product of CDKALl is not known. However, as implied in
the gene name the protein product is similar to
another protein, CDK5 regulatory subunit associated
protein 1 (CDK5RAP1). CDK5RAP1 is expressed in
neuronal tissues where it inhibits cyclin dependent
kinase 5 (CDK5) activity by binding to the CDK5
regulatory subunit p35 (Ching, Y.P., Pang, A.S., Lam,
W.H., Qi, R.Z. & Wang, J.H. J Biol Chem 277, 15237-40
(2002)). I n pancreatic beta cells, CDK5 has been
shown to play a role in the loss of beta cell function
under glucotoxic conditions (Wei, F.Y. et al. Nat Med
11, 1104-8 (2005). Furthermore, inhibition of the
CDK5/p35 complex prevents decrease of insulin 



gene expression that results from glucotoxicity
(Ubeda, M., Rukstalis, J.M. & Habener, J.F. J Biol
Chem 281, 28858-64 (2006)). CDKALl might play a role
in the inhibition of CDK5/p35 in pancreatic beta cells
similar to that of CDK5RAP1 in neuronal tissue.
Reduced expression of CDKALl or reduced inhibitory
function thus could lead to an impaired response to
glucotoxicity. The present data shows that CDKALl is
expressed in the rat pancreatic beta cell line INS-I
(Figure 6). Based on the predicted function of CDKALl
and known function of SLC30A8 we would expect both
rs7756992 and rsl3266634 to affect insulin secretion.
To evaluate the effects of the two SNPs on insulin
secretion we analyzed the effect of genotype status on
corrected insulin response (CIR) in a set of
individuals from the Inter99 study (part of Denmark B)
that had undergone an oral glucose tolerance test
(OGTT). For rs7756992, we demonstrated that the
homozygote carriers of the risk allele had an
estimated 24% less CIR than the heterozygote carriers
or non-carriers (P < 0.00001, Fig. 7). This
observation is consistent with the variant's nearly
recessive mode of inheritance with respect to disease
risk. Furthermore, the effect observed on CIR is
present in both males and females (Figure 8) and in
T2D patients as well as controls, and adjusting for
BMI status did not affect the results (Table 21). The
effect of rsl3266634 on insulin responsewas smaller
but significant and for this risk variant the
reduction in CIR was consistent with an additive
effect. No effect on insulin sensitivity was observed
for either variant (Table 21). The identification of
CDKALl as a susceptibility gene for T2D adds a new
piece to the puzzle of how genetic factors may
predispose to T2D. Although the function of this gene
remains to be elucidated we have shown that it is
expressed in pancreatic beta cells and that a variant
within the gene is correlated with insulin secretion.
The similarity to CDK5RAP1 further indicates that
CDKALl may facilitate insulin production under
glucotoxic conditions through interaction with CDK5.
In conclusion, we have identified a variant in the
CDKALl gene that in a nearly recessive manner blunts
the insulin response and predisposes to T2D. The
present invention has identified seven single markers
and seven two marker haplotypes in a region on
chromosome 10q23.33 to be associated with Type 2
diabetes (Table 1). Most of those markers are also
associated to diabetes with elevated RR values when
obese patients are analyzed separately (Table 5).
These markers are located within one LD block between
positions 94192885and 94490091 (NCBI Build 35),
corresponding to the genomic segment bridged by
markers rs2798253 and rslll87152 (Figure 2). This LD
block contains three genes, Insulin-degrading enzyme
(IDE) (NM_004969), Kinesin family member 11 (KIFIl)
(NM_004523) and Homeobox, hematopoietically expressed
(HHEX) (NM_002729). IDE may belong to a protease
family responsible for intercellular peptide
signaling. Though its role in the cellular processing
of insulin has not yet been defined, insulindegrading
enzyme is thought to be involved in the termination of
the insulin response (Fakhrai-Rad et al, Human
Molecular Genetics 9:2149-2158, 2000). Genetic
analysis of the diabetic GK rat has revealed 2 amino
acid substitutions in the IDE gene (H18R and A890V) in
the GK allele which reduced insulin-degrading activity
by 31% in transfected cells. However, when the H18R
and A890V variants were studied separately, no effects
were observed, suggesting a synergistic effect of the
2 variants on insulin degradation. No 



effect on insulin degradation was observed in cell
lysates, suggesting that the effect may be coupled to
receptor-mediated internalization of insulin. Congenic
rats with the IDE GK allele displayed postprandial
hyperglycemia, reduced lipogenesis in fat cells,
blunted insulin-stimulated glucose transmembrane
uptake, and reduced insulin degradation in isolated
muscle. Analysis of additional rat strains
demonstrated that the dysfunctional IDE allele was
unique to GK rats. The authors concluded that IDE
plays an important role in the diabetic phenotype in
GK rats. IDE has been studied as a candidate gene for
Type 2 diabetes in humans with inconsistent results.
Two large studies have recently analyzed the
association of IDE to Type 2 diabetes by mutation
screening and haplotype analysis using tagging SNPs
over the gene (Groves et al, Diabetes 52:1300-1305,
2003; Florez etal, Diabetes 55:128-135, 2006). Both
studies conclude that common variants in IDE are
unlikely to confer significant risk of Type 2
diabetes. These studies did however, not include the
whole LD block as defined in figure 2 and at least
some of the markers identified in our study as
associated with Type 2 diabetes are outside the
regions analyzed in those previous studies. Based on
the results reported here, markers in LD with IDE are
associated with Type 2 diabetes, providing genetic
evidence for the role of IDE in the etiology of Type 2
diabetes. KIFIl encodes a motor protein that belongs
to the kinesin-like protein family. Members of this
protein family are known to be involved in various
kinds of spindle dynamics. The function of this gene
product includes chromosome positioning, centrosome
separation and establishing a bipolar spindle during
cell mitosis. This gene is not a good functional
candidate for diabetes but has to be considered as a
positional candidate due to its location within the
associated LD block. HHEX encodes a member of the
homeobox family of transcription factors, many of
which are involved in developmental processes.
Expression in specific hematopoietic lineages suggests
that this protein may play a role in hematopoietic
differentiation. HHEX is essential for pancreatic
development; in HHEX negative mouse embryos there is a
complete failure in ventral pancreatic specification
(Bort et al, Development 131, 797- 806, 2004). Other
transcription factors involved in pancreatic
development include the MODY genes as well as other
factors that have been implicated in late onset
diabetes. HHEX is also an essential effector of Wnt
antagonist for heart induction (Foley and Mercola,
GENES & DEVELOPMENT 19:387-396, 2005). This puts HHEX
in the same pathway as the recently established Type 2
diabetes gene TCF7L2 and together these data make HHEX
a functional as well as positional candidate for Type
2 diabetes. The association of rs2497304, rs947591,
rsl0882091 and rs7914814 to Type 2 diabetes was
verified in a Danish Type 2 diabetes case - control
cohort and also in a US Caucasian cohort Type 2
diabetes cohort from the PENN CATH study (Table 8).
When the two cohorts are combined the association of
rs947591 reaches significance at the 0.05 level, with
a risk of 1.1 in the combined cohort. When all the
cohorts are combined the risk is 1.15 for the rs947591
marker. These results indicate that variants within
the LD block on Chromosome 10 that includes IDE and
HHEX are susceptibility variants for Type 2 diabetes.
Five single markers and two marker haplotypes in a
region of chromosome 17q24.3 were furthermore found to
be associated with Type 2 diabetes in non-obese
patients (Table 3). Some of these markers show the
strongest association reported in 



Table 3 and association to this region was also
observed when all diabetics were analyzed (Table 1).
These markers are located within two adjacent LD
blocks located betweenpositions 66037656 and 66163076
(NCBI Build 35) on chromosome 17, between markers
rsll077501 and rs4793497 (Figure 3). The association
is significant at the genome-wide level. No known
genes are located within these LD blocks. However, it
is possible that variants in this region affect genes
in neighboring regions including KCNJ2 and KCNJ16.
Alternatively these variants may affect unknown genes
within these LD blocks. Further evidence for the
association of rs7756992, and correlated markers
within the LD block C06 that contains the 5' end
including exons 1-5 of the CDKALlgene (NM_017774) on
chromosome 6p22.3, with Type 2 diabetes has come from
additional association studies. Two equivalent
markers, rs7754840 and rsl0946398, highly correlated
with rs7756992 (r2 0,68; D' 0,95) were shown to be
significantly associated with Type I I diabetes in
three large studies (Saxena, R et al. Science 2007;
316: 1331-6; Zeggini, E et al. Science 2007;316:
1336-41; Scott, U et al. Science 2007;316: 1341-5).
These studies thus further support the involvement of
the CDKAL gene in Type 2 diabetes. Association of
rsl0882091 and correlated markers on chromosome
10q23.33 with Type I I diabetes is also supported by
recent publications. A highly correlated marker,
rsllll875 (r2 0,51; D' = 1) was found to be
significantly associated with Type I I diabetes in
four large studies (Sladek, R et al. Nature. 2007;
445:828-30; Saxena, R et al. Science 2007;316: 1331-6;
Zeggini, E et al. Science 2007;316: 1336-41; Scott, U
et al. Science 2007;316: 1341-5). Thus, recent studies
provide additional support to the discoveries by the
present inventors that markers in the LD Block ClO
region as described herein are risk factors for Type 2
diabetes. The genomic sequence within populations is
not identical when individuals are compared. Rather,
the genome exhibits sequence variability between
individuals at many locations in the genome. Such
variations in sequence are commonly referred to as
polymorphisms, and there are many such sites within
each genome For example, the human genome exhibits
sequence variations which occur on average every 500
base pairs. The most common sequence variant consists
of base variations at a single base position in the
genome, and such sequence variants, or polymorphisms,
are commonly called Single Nucleotide Polymorphisms
("SNPs"). These SNPs are believed to have occurred in
a single mutational event, and therefore there are
usually two possible alleles possible at each SNP
site; the original allele and the mutated allele. Due
to natural genetic drift and possibly also selective
pressure, the original mutation has resulted in a
polymorphism characterized by a particular frequency
of its alleles in any given population. Many other
types of sequence variants are found in the human
genome, including microsatellites, insertions,
deletions, inversions and copy number variations. A
polymorphic microsatellite has multiple small repeats
of bases (such as CA repeats, TG onthe complimentary
strand) at a particular site in which the number of
repeat lengths varies in the general population. In
general terms, each version of the sequence with
respect to the polymorphic site represents a specific
allele of the polymorphic site. These sequence
variants can all be referred to as polymorphisms,
occurring at specific polymorphic sites characteristic
of the sequence variant in question. In general terms,
polymorphisms can comprise any number of specific
alleles. Thus in one embodiment of the invention, the
polymorphism is characterized by the presence of two
or more alleles in any given population. In another
embodiment, the polymorphism is characterized by the 



presence of three or more alleles. In other
embodiments, the polymorphism is characterized by four
or more alleles, five or more alleles, six or more
alleles, seven or more alleles, nine or more alleles,
or ten or more alleles. All such polymorphisms can be
utilized in the methods and kits of the present
invention, and are thus within the scope of the
invention. I n some instances, reference is made to
different alleles at a polymorphic site without
choosing a reference allele. Alternatively, a
reference sequence can be referred to for a particular
polymorphic site. The reference allele is sometimes
referred to as the "wild-type" allele and it usually
is chosen as either the first sequenced allele or as
the allele from a "non-affected" individual (e.g., an
individual that does not display a trait or disease
phenotype). Alleles for SNP markers as referred to
herein refer to the bases A, C, G or T as they occur
at the polymorphic site in the SNP assay employed. The
allele codes for SNPs used herein are as follows: 1 =
A, 2 =C, 3 =G, 4 =T. The person skilled in the art
will however realise that by assaying or reading the
opposite DNA strand, the complementary allele can in
each case be measured. Thus, for a polymorphic site
(polymorphic marker) characterized by an A/G
polymorphism, the assay employed may be designed to
specifically detect the presence of one or both of the
two bases possible, i.e. A and G. Alternatively, by
designing an assay that is designed to detect the
opposite strand on the DNA template, the presence of
the complementary bases T and C can be measured.
Quantitatively (for example, in terms of relative
risk), identical results would be obtained from
measurement of either DNA strand (+ strand or -
strand). Typically, a reference sequence is referred
to for a particular sequence. Alleles that differ from
the reference are sometimes referred to as "variant"
alleles. A variant sequence, as used herein, refers to
a sequence that differs from the reference sequence
but is otherwise substantially similar. Alleles at the
polymorphic genetic markers described herein are
variants. Additional variants can include changes that
affect a polypeptide. Sequence differences, when
compared to a reference nucleotide sequence, can
include the insertion or deletion of a single
nucleotide, or of more than one nucleotide, resulting
in a frame shift; the change of at least one
nucleotide, resulting in achange in the encoded amino
acid; the change of at least one nucleotide, resulting
in the generation of a premature stop codon; the
deletion of several nucleotides, resulting in a
deletion of one or more amino acids encoded by the
nucleotides; the insertion of one or several
nucleotides, such as by unequal recombination or gene
conversion, resulting in an interruption of the coding
sequence of a reading frame; duplication of all or a
part of a sequence; transposition; or a rearrangement
of a nucleotide sequence,. Such sequence changes can
alter the polypeptide encoded by the nucleic acid. For
example, if the change in the nucleic acid sequence
causes a frame shift, the frame shift can result in a
change in the encoded amino acids, and/or can result
in the generation of a premature stop codon, causing
generation of a truncated polypeptide. Alternatively,
a polymorphism associated with a disease or trait can
be a synonymous change in one or more nucleotides
{i.e., a change that does not result in a change in
the amino acid sequence). Such a polymorphism can, for
example, alter splice sites, affect the stability or
transport of mRNA, or otherwise affect the
transcription or translation of an encoded
polypeptide. It can also alter DNA to increase the
possibility that structural changes, such as 



amplifications or deletions, occur at the somatic
level. The polypeptide encoded by the reference
nucleotide sequence is the "reference" polypeptide
with a particular reference amino acid sequence, and
polypeptides encoded by variant alleles are referred
to as "variant" polypeptides with variant amino acid
sequences. A haplotype refers to a segment of DNA that
is characterized by a specific combination of alleles
arranged along the segment. For diploid organisms such
as humans, a haplotype comprises one member of the
pair of alleles for each polymorphic marker or locus .
In a certain embodiment, the haplotype can comprise
two or more alleles, three or more alleles, four or
more alleles, or five or more alleles, each allele
corresponding to a specific polymorphic marker along
the segment. Haplotypes can comprise a combination of
various polymorphic markers, e.g., SNPs and
microsatellites, having particular alleles at the
polymorphic sites. The haplotypes thus comprise a
combination of alleles at various genetic markers.
Detecting specific polymorphic markers and/or
haplotypes can be accomplished by methods known in the
art for detecting sequences at polymorphic sites. For
example, standard techniques for genotyping for the
presence of SNPs and/or microsatellite markers can be
used, such as fluorescence-based techniques (Chen, X.
et al., Genome Res. 9(5): 492-98 (1999)), utilizing
PCR, LCR, Nested PCR and other techniques for nucleic
acid amplification. Specific methodologies available
for SNP genotyping include, but are not limited to,
TaqMan genotyping assays and SNPIex platforms (Applied
Biosystems), mass spectrometry {e.g., MassARRAY system
from Sequenom), minisequencing methods, real-time PCR,
Bio-Plex system (BioRad), CEQ and SNPstream systems
(Beckman), Molecular Inversion Probe array technology
{e.g., Affymetrix GeneChip), BeadArray Technologies
(e.g., Illumina GoldenGate and Infinium assays)
andCentaurus assay (Nanogen). By these or other
methods available to the person skilled in the art,
one or more alleles at polymorphic markers, including
microsatellites, SNPs or other types of polymorphic
markers, can be identified. In certain methods
described herein, an individual who is at an
increased. susceptibility (i.e., increased risk) for
Type 2 diabetes, is an individual in whom at least one
specific allele at one or more polymorphic marker or
haplotype conferring increased susceptibility for Type
2 diabetes is identified (i.e., at-risk marker alleles
or haplotypes). In one aspect, the at-risk marker or
haplotype is one that confers a significant increased
risk (or susceptibility) of Type 2 diabetes. In one
embodiment, significance associated with a marker or
haplotype is measured by a relative risk (RR). I n
another embodiment, significance associated with a
marker or haplotype is measured by an odds ratio (OR).
I n a further embodiment, the significance is measured
by a percentage. I n one embodiment, a significant
increased risk is measured as a risk (relative risk
and/or odds ratio) of at least 1.2, including but not
limited to: at least 1.2, at least 1.3, at least 1.4,
at least 1.5, at least 1.6, at least 1.7, 1.8, at
least 1.9, at least 2.0, at least 2.5, at least 3.0,
at least 4.0, and at least 5.0. I n a particular
embodiment, a risk (relative risk and/or odds ratio)
of at least 1.2 is significant. In another particular
embodiment, a risk of at least 1.3 is significant. In
yet another embodiment, a risk of at least 1.4 is
significant. I n a further embodiment, a relative risk
of at least about 1.5 is significant. In another
further embodiment, a significant increase in risk is
at least about 1.7 is significant. However, other
cutoffs are also contemplated, e.g. at least 1.15,
1.25, 1.35, and so on, 



and such cutoffs are also within scope of the present
invention. In other embodiments, a significant
increase in risk is at least about 20%, including but
not limited to about 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%,
150%, 200%, 300%, and 500%. In one particular
embodiment, a significant increase in risk is at least
20%. I n other embodiments, a significant increase in
risk is at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%
and at least 100%. Other cutoffs or ranges as deemed
suitable by the person skilled in the art to
characterize the invention are however also
contemplated, and those are also within scope of the
present invention. An at-risk polymorphic marker or
haplotype of the present invention is one where at
least one allele of at least one marker or haplotype
is more frequently present in an individual at risk
for the disease or trait (affected), compared to the
frequency of its presence in a comparison group
(control), and wherein the presence of the marker or
haplotype is indicative of susceptibility to the
disease or trait. The control group may in one
embodiment be a population sample, i.e. a random
sample from the general population. In another
embodiment, the control group is represented by a
group of individuals who are disease-free. Such
disease-free control may in one embodiment be
characterized by the absence of one or more specific
disease-associated symptoms. I nanother embodiment,
the disease-free control group is characterized by the
absence of one or more disease-specific risk factors.
Such risk factors are in one embodiment at least one
environmental risk factor. Representative
environmental factors are natural products, minerals
or other chemicals which are known to affect, or
contemplated to affect, the risk of developing the
specific disease or trait. Other environmental risk
factors are risk factors related to lifestyle,
including but not limited to food and drink habits,
geographical location of main habitat, and
occupational risk factors. In another embodiment, the
risk factors are at least one genetic risk factor. As
an example of a simple test for correlation would be a
Fisher-exact test on a two by two table. Given a
cohort of chromosomes, the two by two table is
constructed out of the number of chromosomes that
include both of the markers or haplotg pes, one of the
markers or haplotypes but not the other and neither of
the markers or haplotypes. In other embodiments of the
invention, an individual who is at a decreased
susceptibility (i.e., at a decreased risk) for Type 2
diabetes is an individual in whom at least one
specific allele at one or more polymorphic marker or
haplotype conferring decreased susceptibility for Type
2 diabetes is identified. The marker alleles and/or
haplotypes conferring decreased risk are also said to
be protective. In one aspect, the protective marker or
haplotype is one that confers a significant decreased
risk (or susceptibility) of the disease or trait. In
another embodiment, the absence of an at-risk allele
in a nucleic acid sample from the individual is also
indicative of a protection against disease, by virtue
of the absence of at-risk alleles. In one embodiment,
significant decreased risk is measured as a relative
risk of less than 0.9, including but not limited to
less than 0.9, less than 0.8, less than 0.7, less than
0.6, less than 0.5, less than 0.4, less than 0.3, less
than 0.2 and less than 0.1. In one particular
embodiment, significant decreased risk is less than
0.7. In another embodiment, significant decreased risk
is less than 0.5. In yet another embodiment,
significant decreased risk is less than 0.3. In
another embodiment, the decrease in risk (or
susceptibility) is at least 20%, including but not
limited to at least 25%, at least 30%, at 



least 35%, at least 40%, at least 45%, at least 50%,
at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95% and at least 98%. In one
particular embodiment, a significant decrease in risk
is at least about 30%. In another embodiment, a
significant decrease in risk is at least about 50%. In
another embodiment, the decrease in risk is at least
about 70%. Other cutoffs or ranges as deemed suitable
by the person skilled in the art to characterize the
invention are however also contemplated, and those are
also within scope of the present invention. The person
skilled in the art will appreciate that for markers
with two alleles present in the population being
studied (such as SNPs), and wherein one allele is
found in increased frequency in a group of individuals
with a trait or disease in the population, compared
with controls, the other allele of the marker will be
found in decreased frequency in the group
ofindividuals with the trait or disease, compared with
controls. In such a case, one allele of the marker
(the one found in increased frequency in individuals
with the trait or disease) will be the at-risk allele,
while the other allele will be a protective allele.
Linkage Disequilibrium The natural phenomenon of
recombination, which occurs on average once for each
chromosomal pair during each meiotic event, represents
one way in which nature provides variations in
sequence (and biological function by consequence). It
has been discovered that recombination does not occur
randombly in the genome; rather, there are large
variations in the frequency of recombination rates,
resulting in small regions of high recombination
frequency (also called recombination hotspots) and
larger regions of low recombination frequency, which
are commonly referred to as Linkage Disequilibrium
(LD) blocks (Myers, S. et al., Biochem Soc Trans
34:526-530 (2006); Jeffreys, AJ., et al., Nature Genet
29:217-222 (2001); May, C.A., et al., Nature Genet
31:272-275(2002)). Linkage Disequilibrium (LD) refers
to a non-random assortment of two genetic elements.
For example, if a particular genetic element (e.g., an
allele of a polymorphic marker, or a haplotype) occurs
in a population at a frequency of 0.50 (50%) and
another element occurs at a frequency of 0.50 (50%),
then the predicted occurrance of a person's having
both elements is 0.25 (25%), assuming a random
distribution of the elements. However, if it is
discovered that the two elements occur together at a
frequency higher than 0.25, then the elements are said
to be in linkage disequilibrium, since they tend to be
inherited together at a higher rate than what their
independent frequencies of occurrence {e.g., allele or
haplotype frequencies) would predict. Roughly
speaking, LD is generally correlated with the
frequency of recombination events between the two
elements. Allele or haplotype frequencies can be
determined in a population by genotyping individuals
in a population and determining the frequency of the
occurence of each allele or haplotype in the
population. For populations of diploids, e.g., human
populations, individuals will typically have two
alleles for each genetic element (e.g., a marker,
haplotype or gene). Many different measures have been
proposed for assessing the strength of linkage
disequilibrium (LD). Most capture the strength of
association between pairs of biallelic sites. Two
important pairwise measures of LD are r2 (sometimes
denoted D2) and |D'|. Both measures range from 0 (no
disequilibrium) to 1 ('complete' disequilibrium), but
their interpretation is slightly different. |D'| is
defined in such a way that it is equal to 1 if just
two or three of the possible haplotypes are present,
and it is < 1 if all four possible 



haplotypes are present. Therefore, a value of |D'|
that is < 1 indicates that historical recombination
may have occurred between two sites (recurrent
mutation can also cause|D'| to be <1, but for single
nucleotide polymorphisms (SNPs) this is usually
regarded as being less likely than recombination). The
measure r2 represents the statistical correlation
between two sites, and takes the value of 1 if only
two haplotypes are present. The r2 measure is arguably
the most relevant measure for association mapping,
because there is a simple inverse relationship between
r2 and the sample size required to detect association
between susceptibility loci and SNPs. These measures
are defined for pairs of sites, but for some
applications a determination of how strong LD is
across an entire region that contains many polymorphic
sites might be desirable (e.g., testing whether the
strength of LD differs significantly among loci or
across populations, or whether there is more or less
LD in a region than predicted under a particular
model). Measuring LD across a region is not
straightforward, but one approach is to use the
measure r, which was developed in population genetics.
Roughly speaking, r measures how much recombination
would be required under a particular population model
to generate the LD that is seen in the data. This type
of method can potentially also provide a statistically
rigorous approach to the problem of determining
whether LD data provide evidence for the presence of
recombination hotspots. For the methods, kits,
procedures, media and apparati described herein, a
significant r2 value can be at least 0.05, such as at
least 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5,
0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.91,
0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99 or 1.0.
I n one preferred embodiment, the significant r2 value
can be at least 0.2. Alternatively, linkage
disequilibrium as described herein, refers to linkage
disequilibrium characterized by values of |D'| of at
least 0.2, such as 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.85,
0.9, 0.95, 0.96, 0.97, 0.98, 0.99. Thus, linkage
disequilibrium represents a correlation between
alleles of distinct markers. It is measured by
correlation coefficient or |D'| (r2 up to 1.0 and |D'|
up to 1.0). In certain embodiments, linkage
disequilibrium is defined in terms of values for both
the r2 and |D'| measures. In one such embodiment, a
significant linkage disequilibrium is defined as r2 >
0.1 and |D'| >0.8. I n another embodiment, a
significant linkage disequilibrium is defined as r2 >
0.2 and |D'| >0.9. Other combinations and permutations
of values of r2 and |D'|for determining linkage
disequilibrium are also possible, and within the scope
of the invention. Linkage disequilibrium can be
determined in a single human population, as defined
herein, or it can be determined in a collection of
samples comprising individuals from more than one
human population. I n one embodiment of the invention,
LD is determined in a sample from one or more of the
HapMap populations (Caucasian, african, Japanese,
Chinese), as defined (http://www.hapmap.org). In one
such embodiment, LD is determined in the CEU
population of the HapMap samples. In another
embodiment, LD is determined in the YRI population. In
yet another embodiment, LD is determined in samples
from the Icelandic population.If all polymorphisms in
the genome were identical at the population level,
then every single one of them would need to be
investigated in association studies. However, due to
linkage disequilibrium between polymorphisms, tightly
linked polymorphisms are strongly correlated, which
reduces the number of polymorphisms that need to be
investigated in an association study to observe a
significant association. Another consequence of LD is
that many polymorphisms may give an association signal
due to the 



fact that these polymorphisms are strongly correlated.
Genomic LD maps have been generated across the genome,
and such LD maps have been proposed to serve as
framework for mapping disease-genes (Risch, N. &
Merkiangas, K, Science 273: 1516-1517 (1996);
Maniatis, N., et al., Proc Natl Acad Sci USA
99:2228-2233 (2002); Reich, DE et al, Nature 411:
199-204 (2001)). It is now established that many
portions of the human genome can be broken into series
of discrete haplotype blocks containing a few common
haplotypes; for these blocks, linkage disequilibrium
data provides little evidence indicating recombination
(see, e.g., Wall., J.D. and Pritchard, J.K., Nature
Reviews Genetics 4:587-597 (2003); Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Patil, N. et al.,
Science 294: 1719-1723 (2001); Dawson, E. et al.,
Nature 4..8:544-548 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003)). There are two main
methods for defining these haplotype blocks: blocks
can be defined as regions of DNA that have limited
haplotype diversity (see, e.g., Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Patil, N. et al.,
Science 294: 1719-1723 (2001); Dawson, E. et al.,
Nature 418:544-548 (2002); Zhang, K. et al., Proc.
Natl. Acad. Sci. USA 99:7335-7339 (2002)), or as
regions between transition zones having extensive
historical recombination, identified using linkage
disequilibrium (see, e.g., Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003); Wang, N. et al., Am.
J. Hum. Genet. 71 : 1227-1234 (2002); Stumpf, M.P.,
and Goldstein, D.B., Curr. Biol. 13:1-8 (2003)). More
recently, a fine-scale map of recombination rates and
corresponding hotspots across the human genome has
been generated (Myers, S., et al., Science
310:321-32324 (2005); Myers, S. et al., Biochem Soc
Trans 34:526530 (2006)). The map reveals the enormous
variation in recombination across the genome, with
recombination rates as high as 10-60 cM/Mb in
hotspots, while closer to 0 in intervening regions,
which thus represent regions of limited haplotype
diversity and high LD. The map can therefore be used
to define haplotype blocks/LD blocks as regions
flanked by recombination hotspots. As used herein, the
terms "haplotype block" or "LD block" includes blocks
defined by any of the above described characteristics,
or other alternative methods used by the person
skilled in the art to define such regions.Haplotype
blocks can be used to map associations between
phenotype and haplotype status, using single markers
or haplotypes comprising a plurality of markers. The
main haplotypes can be identified in each haplotype
block, and then a set of "tagging" SNPs or markers
(the smallest set of SNPs or markers needed to
distinguish among the haplotypes) can then be
identified. These tagging SNPs or markers can then be
used in assessment of samples from groups of
individuals, in order to identify association between
phenotype and haplotype. If desired, neighboring
haplotype blocks can be assessed concurrently, as
there may also exist linkage disequilibrium among the
haplotype blocks. I t has thus become apparent that
for any given observed association to a polymorphic
marker in the genome, it is likely that additional
markers in the genome also show association. This is a
natural consequence of the uneven distribution of LD
across the genome, as observed by the large variation
in recombination rates. The markers used to detect
association thus in a sense represent "tags" for a
genomic region (i.e., a haplotype block or LD block)
that is associating with a given disease or trait, and
as such 



are useful for use in the methods and kits of the
present invention. One or more causative (functional)
variants or mutations may reside within the region
found to be associating to the disease or trait. Such
variants may confer a higher relative risk (RR) or
odds ratio (OR) than observed for the tagging markers
used to detect the association. The present invention
thus refers to the markers used for detecting
association to the disease, as described herein, as
well as markers in linkage disequilibrium with the
markers. Thus, in certain embodiments of the
invention, markers that are in LD with the markers
and/or haplotypes of the invention, as described
herein, may be used as surrogate markers. The
surrogate markers have in one embodiment relative risk
(RR) and/or odds ratio (OR) values smaller than for
the markers or haplotypes initially found to be
associating with the disease, as described herein. In
other embodiments, the surrogate markers have RR or OR
values greater than those initially determined for the
markers initially found to be associating with the
disease, as described herein. An example of such an
embodiment would be a rare, or relatively rare (< 10%
allelic population frequency) variant in LD with a
more common variant (> 10% population frequency)
initially found to be associating with the disease,
such as the variants described herein. Identifying and
using such markers for detecting the association
discovered by the inventors as described herein can be
performed by routine methods well known to the person
skilled in the art, and are therefore within the scope
of the present invention. It is possible that certain
polymorphic markers in linkage disequilibrium witht
the markers shown herein to be associated with Type 2
diabetes are located outside the physical boundaries
of the LD block as defined. This is a consequence of
the historical recombination rates in the region in
question, which may have led to a region of strong LD
(the LD block), with residual markers outside the
block in LD with markers within theblock. Such markers
are also within scope of the present invention, as
they are equally useful for practicing the invention
by virtue of their genetic relationship with the
markers shown herein to be associated with Type 2
diabetes. Examples are shown in Table 22 (rsl7234378;
SEQ ID NO:44), Table 23 (rs7086285; SEQ ID NO:43) and
Table 24 (rs9890889; SEQ ID NO:31; rs2009802; SEQ ID
NO:38; rsl7718938; SEQ ID NO:39; , rs2109050; SEQ ID
NO:41; rsl962801; SEQ ID NO:42. Determination of
haplotype frequency The frequencies of haplotypes in
patient and control groups can be estimated using an
expectation-maximization algorithm (Dempster A. et
al., J. R. Stat. Soc. B, 39: 1- 38 (1977)). An
implementation of this algorithm that can handle
missing genotypes and uncertainty with the phase can
be used. Under the null hypothesis, the patients and
the controls are assumed to have identical
frequencies. Using a likelihood approach, an
alternative hypothesis is tested, where a candidate
at-risk-haplotype, which can include the markers
described herein, is allowed to have a higher
frequency in patients than controls, while the ratios
of the frequencies of other haplotypes are assumed to
be the same in both groups. Likelihoods are maximized
separately under both hypotheses and a corresponding
1-df likelihood ratio statistic is used to evaluate
the statistical significance. To look for at-risk and
protective markers and haplotypes within a region of
interest, for example, association of all possible
combinations of genotyped markers is studied, provided
those markers span a practical region. The combined
patient and 



control groups can be randomly divided into two sets,
equal in size to the original group of patients and
controls. The marker and haplotype analysis is then
repeated and the most significant p-value registered
is determined. This randomization scheme can be
repeated, for example, over 100 times to construct an
empirical distribution of p-values. In a preferred
embodiment, a p-value of <0.05 is indicative of a
significant marker and/or haplotype association.
Haplotype Analysis One general approach to haplotype
analysis involves using likelihood-based inference
applied to NEsted MOdels (Gretarsdottir S., et al.,
Nat. Genet. 35: 131-38 (2003)). The method is
implemented in the program NEMO, which allows for many
polymorphic markers, SNPs and microsatellites. The
method and software are specifically designed for
case-control studies where the purpose is to identify
haplotype groups that confer different risks. It is
also a tool for studying LD structures. In NEMO,
maximumlikelihood estimates, likelihood ratios and
p-values are calculated directly, with the aid of the
EM algorithm, for the observed data treating it as a
missing-data problem. Even though likelihood ratio
tests based on likelihoods computed directly for the
observed data, which have captured the information
loss due to uncertainty in phase and missing
genotypes, can be relied on to give valid p-values, it
would still be of interest to know how much
information had been lost due to the information being
incomplete. The information measure for haplotype
analysis is described in Nicolae and Kong (Technical
Report 537, Department of Statistics, University of
Statistics, University of Chicago; Biometrics, 60(2):
368-75 (2004)) as a natural extension of information
measures defined for linkage analysis, and is
implemented in NEMO. For single marker association to
a disease or trait (e.g., Type 2 diabetes), the Fisher
exact test can be used to calculate two-sided p-values
for each individual allele. Usually, all p-values are
presented unadjusted for multiple comparisons unless
specifically indicated. The presented frequencies (for
microsatellites, SNPs and haplotypes) are allelic
frequencies as opposed to carrier frequencies. To
minimize any bias due the relatedness of the patients
who were recruited as families for the linkage
analysis, first and seconddegree relatives can be
eliminated from the patient list. Furthermore, the
test can be repeated for association correcting for
any remaining relatedness among the patients, by
extending a variance adjustment procedure described in
Risch, N. & Teng, J. (Genome Res., 8:1273-1288
(1998)), DNA pooling (ibid) for sibships so that it
can be applied to general familial relationships, and
present both adjusted and unadjusted p-values for
comparison. The differences are in general very small
as expected. To assess the significance of
single-marker association corrected for multiple
testing we can carry out a randomization test using
the same genotype data. Cohorts of patients and
controls can be randomized and the association
analysis redone multiple times (e.g., up to 500,000
times) and the p-value is the fraction of replications
that produced a p-value for some marker allele that is
lower than or equal to the p-value we observed using
the original patient and control cohorts. For both
single-marker and haplotype analyses, relative risk
(RR) and the population attributable risk (PAR) can be
calculated assuming a multiplicative model (haplotype
relative risk model) (Terwilliger, J.D. & Ott, J.,
Hum. Hered. 42:337-46 (1992) and FaIk, CT. &
Rubinstein, P, Ann. Hum. Genet. 51 (Pt 3) -.227-33
(1987)), i.e., that the 



risks of the two alleles/haplotypes a person carries
multiply. For example, if RR is the risk of A relative
to a, then the risk of a person homozygote AA will be
RR times that of a heterozygote Aa and RR2 times that
of a homozygote aa. The multiplicative model has a
nice property that simplifies analysis and
computations - haplotypes are independent, i.e., in
Hardy-Weinberg equilibrium, within the affected
population as well as within the control population.
As a consequence, haplotype counts of the affecteds
and controlseach have multinomial distributions, but
with different haplotype frequencies under the
alternative hypothesis. Specifically, for two
haplotypes, h, and hJ psk(/7,)/risk( ) = (fi/Pi)/{f j
/Pj ), where fan  p denote, respectively, frequencies
in the affected population and in the control
population. While there is some power loss if the true
model is not multiplicative, the loss tends to be mild
except for extreme cases. Most importantly, pvalues
are always valid since they are computed with respect
to null hypothesis. Risk assessment and Diagnostics As
described herein, certain polymorphic markers and
haplotypes comprising such markers are found to be
useful for risk assessment of Type 2 diabetes. Risk
assessment can involve the use of the markers for
diagnosing a susceptibility to Type 2 diabetes.
Particular alleles of polymorphic markers are found
more frequently in individuals with Type 2 diabetes,
than in individuals without diagnosis of Type 2
diabetes. Therefore, these marker alleles have
predictive value for detecting Type 2 diabetes, or a
susceptibility to Type 2 diabetes, in an individual.
Tagging markers within haplotype blocks or LD blocks
comprising at-risk markers, such as the markers of the
present invention, can be used as surrogates for other
markers and/or haplotypes within the haplotype block
or LD block. Markers with values of r 2 equal to 1 are
perfect surrogates for the at-risk variants, i.e.
genotypes for one marker perfectly predicts genotypes
for the other. Markers with smaller values of r2 than
1 can also be surrogates for the at-risk variant, or
alternatively represent variants with relative risk
values as high as or possibly even higher than the
at-risk variant. The at-risk variant identified may
not be the functional variant itself, but is in this
instance in linkage disequilibrium with the true
functional variant. The present invention encompasses
the assessment of such surrogate markers for the
markers as disclosed herein. Such markers are
annotated, mapped and listed in public databases
(e.g., dbSNP), as well known to the skilled person, or
can alternatively be readily identified by sequencing
the region or a part of the region identified by the
markers of the present invention in a group of
individuals, and identify polymorphisms in the
resulting group of sequences. As a consequence, the
person skilled in the art can readily and without
undue experimentation genotype surrogate markers in
linkage disequilibrium with the markers and/or
haplotypes as described herein. The tagging or
surrogate markers in LD with the at-risk variants
detected, also have predictive value for detecting
association to Type 2 diabetes, or a susceptibility to
Type 2 diabetes, in an individual. The markers and
haplotypes as described herein, e.g., the markers
presented in Tables 1 - 24, may be useful for risk
assessment and diagnostic purposes for, either alone
or in combination. The markers and haplotypes can also
be combined with other markersconferring increased
risk for Type 2 diabetes. Even in cases where the
increase in risk by individual markers is relatively
modest, i.e. on the order of 10-30%, the association
may have significant implications. Thus, relatively
common variants may have significant contribution to
the overall risk (Population Attributable Risk is
high), or combination of 



markers can be used to define groups of individual
who, based on the combined risk of the markers, is at
significant combined risk of developing the disease.
The markers described herein to be associated with
Type 2 diabetes can therefore be combined with other
polymorphic markers or haplotypes reported or found to
be associated with Type 2 diabetes, so as to obtain an
overall risk of the disease based on a plurality of
genetic markers. In one such embodiment, the
polymorphic markers or haplotypes described herein are
assessed together with information about markers
within the TCF7L2 gene. Association of variants within
this gene is well established (Grant S.F., et al., Nat
Genet. - 38:320-3 (2006)) and has been replicated in a
large number of populations (Florez, J.C , Curr Opin
Clin Nutr Metabol Care 10:391-396 (2007). The marker
rs7903146 within the TCF7L2 gene, or other markers in
LD with the marker (e.g., rsl2255372) can be used to
determine the genetic risk conferred by the at-risk
variant in the gene (OR about 1.44). Markers in other
genes have recently been implicated in the etiology of
Type 2 diabetes as risk factors, including PPARG
(rsl801282), KCNJIl (rs5215), TCF2 (rs4430796), WFSl
(rsl0010131), CDKN2A-2B (rslO81161), IGF2BP2
(rs4402960) and FTO (rs805136) (Frayling, T.M. Nature
Reviews Genetics 8:657-662 (2007).. These markers, or
markers in linkage disequilibrium therewith can
likewise also be used in methods combining
determination of the presence or absence of at-risk
variants for Type 2 diabetes with the variants
reported herein, so as to obtain an overall risk
assessment of Type 2 diabetes. Thus, in one embodiment
of the invention, a plurality of variants (genetic
markers and/or biomarkers and/or haplotypes) is used
for overall risk assessment. These variants are in one
embodiment selected from the variants as disclosed
herein. Other embodiments include the use of the
variants of the present invention in combination with
other variants known to be useful for diagnosing a
susceptibility to Type 2 diabetes. In such
embodiments, the genotype status of a plurality of
markers and/or haplotypes is determined in an
individual, and the status of the individual compared
with the population frequency of the associated
variants, or the frequency of the variants in
clinically healthy subjects, such as age-matched and
sex-matched subjects. Methods known in the art, such
as multivariate analyses or joint risk analyses, may
subsequently be used to determine the overall risk
conferred based on the genotype status at the multiple
loci. Assessment of risk based on such analysis may
subsequently be used in the methods and kits of the
invention, as described herein.As described in the
above, the haplotype block structure of the human
genome has the effect that a large number of variants
(markers and/or haplotypes) in linkage disequilibrium
with the variant originally associated with a disease
or trait may be used as surrogate markers for
assessing association to the disease or trait. The
number of such surrogate markers will depend on
factors such as the historical recombination rate in
the region, the mutational frequency in the region
(i.e., the number of polymorphic sites or markers in
the region), and the extent of LD (size of the LD
block) in the region. These markers are usually
located within the physical boundaries of the LD block
or haplotype block in question as defined using the
methods described herein, or by other methods known to
the person skilled in the art. However, sometimes
marker and haplotype association is found to extend
beyond the physical boundaries of the haplotype block
as 



defined. Such markers and/or haplotypes may in those
cases be also used as surrogate markers and/or
haplotypes for the markers and/or haplotypes
physically residing within the haplotype block as
defined. As a consequence, markers and haplotypes in
LD (typically characterized by r2 greater than 0.1,
such as r2 greater than 0.2, including r2 greater than
0.3, also including r2 greater than 0.4) with the
markers and haplotypes of the present invention are
also within the scope of the invention, even if they
are physically located beyond the boundaries of the
haplotype block as defined. This includes markers that
are described herein (e.g., markers listed in Tables
22, 23 and 24), but may also include other markers
that are in linkage disequilibrium {e.g.,
characterized by r2 greater than 0.2 and/or |D'| >
0.8) with one or more of the markers listed in Tables
22, 23 and 24. For the SNP markers described herein,
the opposite allele to the allele found to be in
excess in patients (at-risk allele) is found in
decreased frequency in Type 2 diabetes. These markers
and haplotypes in LD and/or comprising such markers,
are thus protective for Type 2 diabetes, i.e. they
confer a decreased risk or susceptibility of
individuals carrying these markers and/or haplotypes
developing Type 2 diabetes. Alternatively speaking,
the absence of at-risk alleles of at-risk variants
implies the presence of the alternate allele for
biallelic markers such as SNPs. Thus, the absence of
at-risk variants as described herein is indicative of
a protection against Type 2 diabetes. As described
herein, haplotypes comprising a combination of genetic
markers, e.g., SNPs and microsatellites, can be useful
for risk assessment. Detecting haplotypes can be
accomplished by methods known in the art and/or
described herein for detecting sequences at
polymorphic sites. Furthermore, correlation between
certain haplotypes or sets of markers and disease
phenotype can be verified using standard techniques. A
representative example of a simple test for
correlation would be a Fisher-exact test on a two by
two table.In specific embodiments, a marker or
haplotype found to be associated with Type 2 diabetes,
is one in which a marker or haplotype is more
frequently present in an individual at risk for Type 2
diabetes (e.g., an affected person), compared to the
frequency of its presence in a healthy individual
(control) or in a randomly selected individual from
the population (population control), wherein the
presence of the marker allele or haplotype is
indicative of Type 2 diabetes or a susceptibility to
Type 2 diabetes. In other embodiments, at-risk markers
in linkage disequilibrium with one or more markers
found to be associated with Type 2 diabetes are
tagging markers that are more frequently present in an
individual at risk for Type 2 diabetes (e.g., affected
individuals), compared to the frequency of their
presence in controls, wherein the presence of the
tagging markers is indicative of increased
susceptibility to Type 2 diabetes. In a further
embodiment, at-risk markers alleles (i.e. conferring
increased susceptibility) in linkage disequilibrium
with one or more markers found to be associated with
Type 2 diabetes are markers comprising one or more
allele that is more frequently present in an
individual at risk for Type 2 diabetes, compared to
the frequency of their presence in controls, wherein
the presence of the markers is indicative of increased
susceptibility to Type 2 diabetes. Study population In
a general sense, the methods and kits of the invention
can be utilized from samples containing genomic DNA
from any source, i.e. any individual. In preferred 



embodiments, the individual is a human individual. The
individual can be an adult, child, or fetus. The
present invention also provides for assessing markers
and/or haplotypes in individuals who are members of a
target population. Such a target population is in one
embodiment a population or group of individuals at
risk of developing the disease, based on other genetic
factors, biomarkers, biophysical parameters (e.g.,
weight, BMD, blood pressure), or general health and/or
lifestyle parameters (e.g., history of disease or
related diseases, previous diagnosis of disease,
family history of disease). The invention provides for
embodiments that include individuals from specific age
subgroups, such as those over the age of 40, over age
of 45, or over age of 50, 55, 60, 65, 70, 75, 80, or
85. Other embodiments of the invention pertain to
other age groups, such as individuals aged less than
85, such as less than age 80, less than age 75, or
less than age 70, 65, 60, 55, 50, 45, 40, 35, or age
30. Other embodiments relate to individuals with age
at onset of the disease in any of the age ranges
described in the above. It is also contemplated that a
range of ages may be relevant in certain embodiments,
such as age at onset at more than age 45 but less than
age 60. Other age ranges are however also
contemplated, including all age ranges bracketed by
the agevalues listed in the above. The invention
furthermore relates to individuals of either gender,
males or females. The Icelandic population is a
Caucasian population of Northern European ancestry. A
large number of studies reporting results of genetic
linkage and association in the Icelandic population
have been published in the last few years. Many of
those studies show replication of variants, originally
identified in the Icelandic population as being
associating with a particular disease, in other
populations (Stacey, S.N., et al., Nat Genet. May 27
2007 (Epub ahead of print; Helgadottir, A., et al.,
Science 316: 1491-93 (2007); Steinthorsdottir, V., et
al., Nat Genet. 39:770-75 (2007); Gudmundsson, J., et
al., Nat Genet. 39:631-37 (2007); Amundadottir, LT.,
et al., Nat Genet. 38:652-58 (2006); Grant, S.F., et
al., Nat Genet. 38:320-23 (2006)). Thus, genetic
findings in the Icelandic population have in general
been replicated in other populations, including
populations from Africa and Asia. The variants
described herein to be associated to the CDKAL gene,
in particular the LD Block C06 (SEQ ID NO: 1) have
been replicated in several populations of European,
American, and Chinese (Hong Kong) origin. This
supports the belief that these variants (rs7756992 and
markers in linkage disequilibrium therewith) are
at-risk variants for Type 2 diabetes in most
populations. Particular embodiments comprising
individual human populations are thus also
contemplated and within the scope of the present
invention. Such embodiments relate to human subjects
that are from one or more human population including,
but not limited to, Caucasian populations, European
populations, American populations, Eurasian
populations, Asian populations, Central/South Asian
populations, East Asian populations, Middle Eastern
populations, African populations, Hispanic
populations, and Oceanian populations. European
populations include, but are not limited to, Swedish,
Norwegian, Finnish, Russian, Danish, Icelandic, Irish,
Kelt, English, Scottish, Dutch, Belgian, French,
German, Spanish, Portuguese, Italian, Polish,
Bulgarian, Slavic, Serbian, Bosnian, Czech, Greek and
Turkish populations. The invention furthermore in
other embodiments can be practiced in specific human
populations that include Bantu, Mandenk, Yoruba, San,
Mbuti Pygmy, Orcadian, Adygei, Russian, Sardinian,
Tuscan, Mozabite, Bedouin, Druze, 



Palestinian, Balochi, Brahui, Makrani, Sindhi, Pathan,
Burusho, Hazara, Uygur, Kalash, Han, Dai, Daur,
Hezhen, Lahu, Miao, Oroqen, She, Tujia, Tu, Xibo, Yi,
Mongolan, Naxi, Cambodian, Japanese, Yakut,
Melanesian, Papuan, Karitianan, Surui, Columbian, Maya
and Pima. In one preferred embodiment, the invention
relates to populations that include black African
ancestry such as populations comprising persons of
African descent or lineage. Black African ancestry may
be determined by self reporting as African- Americans,
Afro-Americans, Black Americans, being a member of the
black race or being a member of the negro race. For
example, African Americans or Black Americans arethose
persons living in North America and having origins in
any of the black racial groups of Africa. In another
example, self-reported persons of black African
ancestry may have at least one parent of black African
ancestry or at least one grandparent of black African
ancestry. The racial contribution in individual
subjects may also be determined by genetic analysis.
Genetic analysis of ancestry may be carried out using
unlinked microsatellite markers such as those set out
in Smith et al. {Am J Hum Genet 74, 1001-13 (2004)).
In certain embodiments, the invention relates to
markers and/or haplotypes identified in specific
populations, as described in the above. The person
skilled in the art will appreciate that measures of
linkage disequilibrium (LD) may give different results
when applied to different populations. This is due to
different population history of different human
populations as well as differential selective
pressures that may have led to differences in LD in
specific genomic regions. It is also well known to the
person skilled in the art that certain markers, e.g.
SNP markers, have different population frequency in
different populations, or are polymorphic in one
population but not in another. The person skilled in
the art will however apply the methods available and
as thought herein to practice the present invention in
any given human population. This may include
assessment of polymorphic markers in the LD region of
the present invention, so as to identify those markers
that give strongest association within the specific
population. Thus, the at-risk variants of the present
invention may reside on different haplotype background
and in different frequencies in various human
populations. However, utilizing methods known in the
art and the markers of the present invention, the
invention can be practiced in any given human
population. Utility of Genetic Testing The knowledge
about a genetic variant that confers a risk of
developing Type 2 diabetes offers the opportunity to
apply a genetic test to distinguish between
individuals with increased risk of developing the
disease (i.e. carriers of the at-risk variant) and
those with decreased risk of developing the disease
(i.e. carriers of the protective variant). The core
values of genetic testing, for individuals belonging
to both of the above mentioned groups, are the
possibilities of being able to diagnose the disease at
an early stage and provide information to the
clinician about prognosis/aggressiveness of the
disease in order to be able to apply the most
appropriate treatment. For example, the application of
a genetic test for Type 2 diabetes can identify high
risk individuals among people with impaired fasting
glucose (IFG) or impaired glucose tolerance (IGT). It
is well established that while around a third of
people who are found tohave IFG/IGT develop Type 2
diabetes, glucose levels return to normal for an equal
proportion of individuals. Identification of
individuals within this group that are carriers of 



genetic risk variants will allow targeting of those
individuals by preventive measures. For example, these
individuals may benefit from a closer monitoring of
blood glucose levels to aid in early diagnosis. They
may also need more stringent lifestyle intervention
advice since individuals with certain genetic risk
factors develop Type 2 diabetes at lower BMI levels
than those without those factors. Individuals with a
family history of Type 2 diabetes and carriers of
at-risk variants may benefit from genetic testing
since the knowledge of the presence of a genetic risk
factor, or evidence for increased risk of being a
carrier of one or more risk factors, may provide
increased incentive for implementing a healthier
lifestyle. Furthermore, closer monitoring of glucose
levels should be advised for such individuals,
facilitating early diagnosis and/or preventative
treatment. Genetic testing of Type 2 diabetes patients
may furthermore give valuable information about the
primary cause of the disease and can aid the clinician
in selecting the best treatment options and medication
for each individual. For instance, patients with
genetic risk factors for reduced insulin secretion may
be likely to benefit from medication increasing
insulin secretion while increasing insulin sensitivity
in those individuals may be less effective. METHODS OF
THE INVENTION Methods for risk assessment of Type 2
diabetes are described herein and are encompassed by
the invention. The invention also encompasses methods
of assessing an individual for probability of response
to a therapeutic agent for Type 2 diabetes, as well as
methods for predicting the effectiveness of a
therapeutic agent for Type 2 diabetes. Kits for
assaying a sample from a subject to detect
susceptibility to Type 2 diabetes are also encompassed
by the invention. DIAGNOSTIC AND SCREENING ASSAYS OF
THE INVENTION In certain embodiments, the present
invention pertains to methods of assessing risk or
diagnosing, or aiding in risk assessment or diagnosis
of, Type 2 diabetes or a susceptibility to Type 2
diabetes, by detecting particular alleles at genetic
markers that appear more frequently in Type 2 diabetes
subjects or subjects who are susceptible to Type 2
diabetes. In a particular embodiment, the invention is
a method of assessing susceptibility to Type 2
diabetes by detecting at least one allele of at least
onepolymorphic marker (e.g., the markers described
herein). The present invention describes methods
whereby detection of particular alleles of particular
markers or haplotypes is indicative of a
susceptibility to Type 2 diabetes. Such prognostic or
predictive assays can also be used to determine
prophylactic treatment of a subject prior to the onset
of symptoms of Type 2 diabetes. The present invention
pertains in some embodiments to methods of clinical
applications of diagnosis, e.g., diagnosis performed
by a medical professional, which may include an
assessment or determination of genetic risk variants.
I n other embodiments, the invention pertains to
methods of risk assessment (or diagnosis) performed by
a layman. Recent technological advances in genotyping
technologies, including highthroughput genotyping of
SNP markers, such as Molecular Inversion Probe array
technology (e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium
assays) have made it possible for individuals to have
their own genome assessed for up to one million SNPs.
The resulting genotype information, made 



available to the individual can be compared to
information from the public literature about disease
or trait risk associated with various SNPs. The
diagnostic application of diseaseassociated alleles as
described herein, can thus be performed either by a
health professional based on results of a clinical
test or by a layman, including an individual providing
service for performing an whole-genome assessment of
SNPs. In other words, the diagnosis or assessment of a
susceptibility based on genetic risk can be made by
health professionals, genetic counselors, genotype
services providers or by the layman, based on
information about his/her genotype and publications on
various risk factors. In the present context, the term
"diagnosing", and "diagnose a susceptibility", is
meant to refer to any available diagnostic method,
including those mentioned above. In addition, in
certain other embodiments, the present invention
pertains to methods of diagnosing, or aiding in the
diagnosis of, a decreased susceptibility to Type 2
diabetes, by detecting particular genetic marker
alleles or haplotypes that appear less frequently in
Type 2 diabetes patients than in individual not
diagnosed with Type 2 diabetes or in the general
population. As described and exemplified herein,
particular marker alleles or haplotypes (e.g. the
markers and haplotypes as listed in Tables 1-24, e.g.,
the markers and haplotypes as listed in Tables 1-6 and
Tables 9-12, and markers in linkage disequilibrium
therewith) are associated with Type 2 diabetes. I n
one embodiment, the marker allele or haplotype is one
that confers a significant risk or susceptibility to
Type 2 diabetes. In another embodiment, the invention
relates to a method of diagnosing a susceptibility to
Type 2 diabetes in a human individual, the method
comprising determining the presence or absence of at
least one allele of at least one polymorphic marker in
a nucleic acid sample obtained from the individual,
wherein the at least one polymorphic marker is
selectedfrom the group consisting of the polymorphic
markers listed in Table 9, Table 10, Table 11, and
Table 12, and markers in linkage disequilibrium
(defined as r2 > 0.2) therewith. In another
embodiment, the invention pertains to methods of
diagnosing or assessing a susceptibility to Type 2
diabetes in a human individual, by screening for at
least one marker allele or haplotype as listed in
Tables 1-6 and 9 - 12, or markers in linkage
disequilibrium therewith. In another embodiment, the
marker allele or haplotype is more frequently present
in a subject having, or who is susceptible to, Type 2
diabetes (affected), as compared to the frequency of
its presence in a healthy subject (control, such as
population controls). In certain embodiments, the
significance of association of the at least one marker
allele or haplotype is characterized by a p value <
0.05. I n other embodiments, the significance of
association is characterized by smaller p-values, such
as < 0.01, <0.001, <0.0001, <0. 00001, <0. 000001, <0.
0000001, <0. 00000001 or <0. 000000001. I n these
embodiments, the presence of the at least one marker
allele or haplotype is indicative of a susceptibility
to Type 2 diabetes. These diagnostic methods involve
detecting the presence or absence of at least one
marker allele or haplotype that is associated with
Type 2 diabetes. The haplotypes described herein
include combinations of alleles at various genetic
markers (e.g., SNPs, microsatellites). The detection
of the particular genetic marker alleles that make up
the particular haplotypes can be performed by a
variety of methods described herein and/or known in
the art. For example, genetic markers can be detected
at the nucleic acid level (e.g., by direct nucleotide
sequencing or 



by other means known to the skilled in the art) or at
the amino acid level if the genetic marker affects the
coding sequence of a protein encoded by a Type 2
diabetes -associated nucleic acid (e.g., by protein
sequencing or by immunoassays using antibodies that
recognize such a protein). The marker alleles or
haplotypes of the present invention correspond to
fragments of a genomic DNA sequence associated with
Type 2 diabetes. Such fragments encompass the DNA
sequence of the polymorphic marker or haplotype in
question, but may also include DNA segments in strong
LD (linkage disequilibrium) with the marker or
haplotype (e.g., as determined by a value of greater
than 0.2 and/or |D'| > 0.8). I n one embodiment,
diagnosis or assessment of a susceptibility to Type 2
diabetes can be accomplished using hybridization
methods, such as Southern analysis, Northern analysis,
and/or in situ hybridizations (see Current Protocols
in Molecular Biology, Ausubel, F. et a/., eds., John
Wiley & Sons, including all supplements). The presence
of a specific marker allele can be indicated by
sequence-specific hybridization of a nucleic acid
probe specific for the particular allele. The presence
of more than specific marker allele or a specific
haplotype can be indicated by using several
sequence-specific nucleic acid probes, each being
specific for a particular allele. In one embodiment, a
haplotype can be indicated by a single nucleic acid
probe that is specific for the specific haplotype
(i.e.,hybridizes specifically to a DNA strand
comprising the specific marker alleles characteristic
of the haplotype). A sequence-specific probe can be
directed to hybridize to genomic DNA, RNA, or cDNA. A
"nucleic acid probe", as used-tierein, can be a DNA
probe or an RNA probe that hybridizes to a
complementary sequence. One of skill in the art would
know how to design such a probe so that sequence
specific hybridization will occur only if a particular
allele is present in a genomic sequence from a test
sample. To diagnose a susceptibility to Type 2
diabetes, a hybridization sample is formed by
contacting the test sample containing an Type 2
diabetes -associated nucleic acid, such as a genomic
DNA sample, with at least one nucleic acid probe. A
non-limiting example of a probe for detecting mRNA or
genomic DNA is a labeled nucleic acid probe that is
capable of hybridizing to mRNA or genomic DNA
sequences described herein. The nucleic acid probe can
be, for example, a full-length nucleic acid molecule,
or a portion thereof, such as an oligonucleotide of at
least 15, 30, 50, 100, 250 or 500 nucleotides in
length that is sufficient to specifically hybridize
under stringent conditions to appropriate mRNA or
genomic DNA. For example, the nucleic acid probe can
comprise all or a portion of the nucleotide sequence
of LD Block C06 (SEQ ID NO: 1), LD Block ClO (SEQ ID
NO:2) (e.g., the nucleotide sequence encoding the IDE,
KIFIl and/or the HHEX genes), LD Block C17 (SEQ ID
NO:3) or the CDKALl gene, or the SLC30A8 gene, as
described herein, optionally comprising at least one
allele of a marker described herein, or at least one
haplotype described herein, or the probe can be the
complementary sequence of such a sequence. I n a
particular embodiment, the nucleic acid probe is a
portion of the nucleotide sequence of LD Block C06
(SEQ ID NO: 1), LD Block ClO (SEQ ID NO:2) {e.g., the
nucleotide sequence encoding the IDE, KIFIl and/or the
HHEX genes), LD Block C17 (SEQ ID NO:3) or the CDKALl
gene, or the SLC30A8 gene as described herein,
optionally comprising at least one allele of a marker
described herein , or at least one allele contained in
the haplotypes described herein, or the probe can be
the complementary sequence of such a sequence. Other
suitable probes for use in the diagnostic assays of
the invention are 



described herein. Hybridization can be performed by
methods well known to the person skilled in the art
(see, e.g., Current Protocols in Molecular Biology,
Ausubel, F. et al., eds., John Wiley & Sons, including
all supplements). In one embodiment, hybridization
refers to specific hybridization, i.e., hybridization
with no mismatches (exact hybridization). I n one
embodiment, the hybridization conditions for specific
hybridization are high stringency. Specific
hybridization, if present, is detected using standard
methods. If specific hybridization occurs between the
nucleic acid probe and the nucleic acid in the test
sample, then the sample contains the allele that is
complementary to the nucleotide that is present in the
nucleic acid probe. The process can be repeated for
any markers of the present invention, or markers that
make up a haplotype of the present invention, or
multiple probes can be used concurrently to detect
more than one marker alleles at atime. It is also
possible to design a single probe containing more than
one marker alleles of a particular haplotype (e.g., a
probe containing alleles complementary to 2, 3, 4, 5
or all of the markers that make up a particular
haplotype). Detection of the particular markers of the
haplotype in the sample is indicative that the source
of the sample has the particular haplotype (e.g., a
haplotype) and therefore is susceptible to DISEASE. In
one preferred embodiment, a method utilizing a
detection oligonucleotide probe comprising a
fluorescent moiety or group at its 3' terminus and a
quencher at its 5' terminus, and an enhancer
oligonucleotide, is employed, as described by Kutyavin
et al. (Nucleic Acid Res. 34:el28 (2006)). The
fluorescent moiety can be Gig Harbor Green or Yakima
Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a short
nucleotide sequence that includes the SNP polymorphism
to be detected. Preferably, the SNP is anywhere from
the terminal residue to -6 residues from the 3' end of
the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA
template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by
measuring the fluorescence of the released fluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. In one embodiment, the probe is from
5-100 nucleotides in length. I n another embodiment,
the probe is from 10-50 nucleotides in length, and in
another embodiment, the probe is from 12-30
nucleotides in length. Other lengths of the probe are
possible and within scope of the skill of the average
person skilled in the art. In a preferred embodiment,
the DNA template containing the SNP polymorphism is
amplified by Polymerase Chain Reaction (PCR) prior to
detection. In such an embodiment, the amplified DNA
serves as the template for the detection probe and the
enhancer probe. Certain embodiments of the detection
probe, the enhancer probe, and/or the primers used for
amplification of the template by PCR include the use
of modified bases, including modified A and modified
G. The use of modified bases can be useful for
adjusting the melting temperature of the nucleotide
molecule (probe and/or primer) to 



the template DNA, for example for increasing the
melting temperature in regions containing a low
percentage of G or C bases, in which modified A with
the capability of forming three hydrogen bonds to its
complementary T can be used, or for decreasing the
melting temperature in regions containing a high
percentage of G or C bases, for example by using
modified G bases that form only two hydrogen bonds to
their complementary Cbase in a double stranded DNA
molecule. In a preferred embodiment, modified bases
are used in the design of the detection nucleotide
probe. Any modified base known to the skilled person
can be selected in these methods, and the selection of
suitable bases is well within the scope of the skilled
person based on the teachings herein and known bases
available from commercial sources as known to the
skilled person. In another hybridization method,
Northern analysis (see Current Protocols in Molecular
Biology, Ausubel, F. et al., eds., John Wiley & Sons,
supra) is used to identify the presence of a
polymorphism associated with Type 2 diabetes. For
Northern analysis, a test sample of RNA is obtained
from the subject by appropriate means. As described
herein, specific hybridization of a nucleic acid probe
to RNA from the subject is indicative of a particular
allele complementary to the probe. For representative
examples of use of nucleic acid probes, see, for
example, U.S. Patent Nos. 5,288,611 and 4,851,330.
Additionally, or alternatively, a peptide nucleic acid
(PNA) probe can be used in addition to, or instead of,
a nucleic acid probe in the hybridization methods
described herein. A PNA is a DNA mimic having a
peptide-like, inorganic backbone, such as N-(2-
aminoethyl)glycine units, with an organic base (A, G,
C, T or U) attached to the glycine nitrogen via a
methylene carbonyl linker (see, for example, Nielsen,
P., et al., Bioconjug. Chem. 5:3-7 (1994)). The PNA
probe can be designed to specifically hybridize to a
molecule in a sample suspected of containing one or
more of the marker alleles or haplotypes that are
associated with Type 2 diabetes. Hybridization of the
PNA probe is thus diagnostic for Type 2 diabetes or a
susceptibility to Type 2 diabetes. I n one embodiment
of the methods of the invention, diagnosis of Type 2
diabetes or a susceptibility to Type 2 diabetes is
accomplished through enzymatic amplification of a
nucleic acid from the subject. For example, a test
sample containing genomic DNA can be obtained from the
subject and the polymerase chain reaction (PCR) can be
used to amplify a fragment comprising one ore more
markers or haplotypes of the present invention found
to be associated with Type 2 diabetes. As described
herein, identification of a particular marker allele
or haplotype associated with Type 2 diabetes can be
accomplished using a variety of methods (e.g.,
sequence analysis, analysis by restriction digestion,
specific hybridization, single stranded conformation
polymorphism assays (SSCP), electrophoretic analysis,
etc.). In another embodiment, diagnosis is
accomplished by expression analysis using quantitative
PCR (kinetic thermal cycling). This technique can, for
example, utilize commercially available technologies,
such as TaqMan(r) (Applied Biosystems, Foster City,
CA), to allow the identification of polymorphisms and
haplotypes. The technique can assess the presence of
an alteration in the expression or composition of a
polypeptide or splicing variant(s) that is encoded by
a Type 2 diabetes-associated nucleic acid. Further,
the expression of the variant(s) can be quantified as
physically or functionally different.In another
embodiment of the methods of the invention, analysis
by restriction digestion can be used to detect a
particular allele if the allele results in the
creation or elimination of a restriction site relative
to a reference sequence. A test sample containing 



genomic DNA is obtained from the subject. PCR can be
used to amplify particular regions that are associated
with Type 2 diabetes (e.g. the polymorphic markers and
haplotypes of Tables 1-21, e.g., the polymorphic
markers and haplotypes of Tables 1-6 and Tables 9- 12,
and markers in linkage disequilibrium therewith)
nucleic acid in the test sample from the test subject.
Restriction fragment length polymorphism (RFLP)
analysis can be conducted, e.g., as described in
Current Protocols in Molecular Biology, supra. The
digestion pattern of the relevant DNA fragment
indicates the presence or absence of the particular
allele in the sample. Sequence analysis can also be
used to detect specific alleles at polymorphic sites
associated with Type 2 diabetes (e.g. the polymorphic
markers and haplotypes of Tables 1-24, e.g., the
polymorphic markers and haplotypes of Tables 1-6 and
Tables 9-12, and markers in linkage disequilibrium
therewithe, e.g., the markers set forth in Tables 22,
23 and 24). Therefore, in one embodiment,
determination of the presence or absence of a
particular marker alleles or haplotypes comprises
sequence analysis. For example, a test sample of DNA
or RNA can be obtained from the test subject. PCR or
other appropriate methods can be used to amplify a
portion of a Type 2 diabetes-associated nucleic acid,
and the presence of a specific allele can then be
detected directly by sequencing the polymorphic site
(or multiple polymorphic sites) of the genomic DNA in
the sample. Allele-specific oligonucleotides can also
be used to detect the presence of a particular allele
at a Type 2 diabetes-associated nucleic acid (e.g. the
polymorphic markers and haplotypes of Tables 1-21,
e.g., the polymorphic markers and haplotypes of Tables
1-6 and Tables 9-12, and markers in linkage
disequilibrium therewith), through the use of dot-blot
hybridization of amplified oligonucleotides with
allele-specific oligonucleotide (ASO) probes (see, for
example, Saiki, R. et al., Nature, 324: 163-166
(1986)). An "allele-specific oligonucleotide" (also
referred to herein as an "allele-specific
oligonucleotide probe") is an oligonucleotide of
approximately 10-50 base pairs or approximately 15-30
base pairs, that specifically hybridizes to a Type 2
diabetesassociated nucleic acid, and which contains a
specific allele at a polymorphic site (e.g., a
polymorphism described herein). An allele-specific
oligonucleotide probe that is specific for one or more
particular a Type 2 diabetes-associated nucleic acid
can be prepared using standard methods (see, e.g.,
Current Protocols in Molecular Biology, supra). PCR
can be used to amplify the desired region a Type 2
diabetes-associated nucleic acid. The DNA containing
the amplified region can be dot-blotted using standard
methods (see, e.g., Current Protocols in Molecular
Biology, supra), and the blot can be contacted with
the oligonucleotide probe. The presence of specific
hybridization of the probe to the amplified region can
then be detected. Specific hybridization of an
allele-specificoligonucleotide probe to DNA from the
subject is indicative of a specific allele at a
polymorphic site associated with Type 2 diabetes (see,
e.g., Gibbs, R. et al., Nucleic Acids Res.,
17:2437-2448 (1989) and WO 93/22456). I n another
embodiment, arrays of oligonucleotide probes that are
complementary to target nucleic acid sequence segments
from a subject, can be used to identify polymorphisms
in a Type 2 diabetes-associated nucleic acid (e.g. the
polymorphic markers and haplotypes of Tables 1-24,
e.g. the polymorphic markers and haplotypes of Tables
1-6 and Tables 9-12, and markers in linkage
disequilibrium therewith). For example, an
oligonucleotide array can be used. Oligonucleotide
arrays typically comprise 



a plurality of different oligonucleotide probes that
are coupled to a surface of a substrate in different
known locations. These oligonucleotide arrays, also
described as "Genechips(tm)," have been generally
described in the art (see, e.g., U.S. Patent No.
5,143,854, PCT Patent Publication Nos. WO 90/15070 and
92/10092). These arrays can generally be produced
using mechanical synthesis methods or light directed
synthesis methods that incorporate a combination of
photolithographic methods and solid phase
oligonucleotide synthesis methods (Fodor, S. et al.,
Science, 251:767-773 (1991); Pirrung e a/., U.S.
Patent No. 5,143,854 (see also published PCT
Application No. WO 90/15070); and Fodor. S. et al.,
published PCT Application No. WO 92/10092 and U.S.
Patent No. 5,424,186, the entire teachings of each of
which are incorporated by reference herein).
Techniques for the synthesis of these arrays using
mechanical synthesis methods are described in, e.g.,
U.S. Patent No. 5,384,261; the entire teachings of
which are incorporated by reference herein. In another
example, linear arrays can be utilized. Additional
descriptions of use of oligonucleotide arrays for
detection of polymorphisms can be found, for example,
in U.S. Patent Nos. 5,858,659 and 5,837,832, the
entire teachings of both of which are incorporated by
reference herein. Other methods of nucleic acid
analysis can be used to detect a particular allele at
a polymorphic site associated with Type 2 diabetes
(e.g. the polymorphic markers and haplotypes of Tables
1-24, e.g. the polymorphic markers and haplotypes of
Tables 1-6 and Tables 9-12, and markers in linkage
disequilibrium therewith). Representative methods
include, for example, direct manual sequencing (Church
and Gilbert, Proc. Natl. Acad. Sci. USA, 81 :
1991-1995 (1988); Sanger, F., et al., Proc. Natl.
Acad. Sci. USA, 74:5463-5467 (1977); Beavis, et al.,
U.S. Patent No. 5,288,644); automated fluorescent
sequencing; singlestranded conformation polymorphism
assays (SSCP); clamped denaturing gel electrophoresis
(CDGE); denaturing gradient gel electrophoresis (DGGE)
(Sheffield, V., et al., Proc. Natl. Acad. Sci. USA,
86:232-236 (1989)), mobility shift analysis (Orita,
M., et al., Proc. Natl. Acad. Sci. USA, 86:2766-2770
(1989)), restriction enzyme analysis (Flavell, R., et
al., Cell, 15:25-41 (1978); Geever, R., et al., Proc.
Natl. Acad. Sci. USA, 78:5081-5085 (1981));
heteroduplex analysis; chemical mismatch cleavage
(CMC) (Cotton, R., et al., Proc. Natl. Acad. Sci. USA,
85:4397-4401 (1985)); RNase protectionassays (Myers,
R., et al., Science, 250: 1242-1246 (1985); use of
polypeptides that recognize nucleotide mismatches,
such as E. coli mutS protein; and allele-specific PCR.
I n another embodiment of the invention, diagnosis of
Type 2 diabetes or a susceptibility to Type 2 diabetes
can be made by examining expression and/or composition
of a polypeptide encoded by Type 2 diabetes-associated
nucleic acid in those instances where the genetic
marker(s) or haplotype(s) of the present invention
result in a change in the composition or expression of
the polypeptide. Thus, diagnosis of a susceptibility
to Type 2 diabetes can be made by examining expression
and/or composition of one of these polypeptides, or
another polypeptide encoded by a Type 2
diabetes-associated nucleic acid, in those instances
where the genetic marker or haplotype of the present
invention results in a change in the composition or
expression of the polypeptide. The haplotypes and
markers of the present invention that show association
to Type 2 diabetes may play a role through their
effect on one or more of these nearby genes. Possible
mechanisms affecting these genes include, e.g.,
effects on transcription, effects on RNA splicing,
alterations in relative amounts of alternative splice 



forms of mRNA, effects on RNA stability, effects on
transport from the nucleus to cytoplasm, and effects
on the efficiency and accuracy of translation. A
variety of methods can be used to make such a
detection, including enzyme linked immunosorbent
assays (ELISA), Western blots, immunoprecipitation and
immunofluorescence. A test sample from a subject is
assessed for the presence of an alteration in the
expression and/or an alteration in composition of the
polypeptide encoded by a Type 2 diabetes-associated
nucleic acid. An alteration in expression of a
polypeptide encoded by a Type 2 diabetes-associated
nucleic acid can be, for example, an alteration in the
quantitative polypeptide expression (i.e., the amount
of polypeptide produced). An alteration in the
composition of a polypeptide encoded by a Type 2
diabetes-associated nucleic acid is an alteration in
the qualitative polypeptide expression (e.g.,
expression of a mutant polypeptide or of a different
splicing variant). I n one embodiment, diagnosis of a
susceptibility to Type 2 diabetes is made by detecting
a particular splicing variant encoded by a Type 2
diabetes-associated nucleic acid, or a particular
pattern of splicing variants. Both such alterations
(quantitative and qualitative) can also be present. An
"alteration" in the polypeptide expression or
composition, as used herein, refers to an alteration
in expression or composition in a test sample, as
compared to the expression or composition of
polypeptide encoded by a Type 2 diabetes-associated
nucleic acid in a control sample. A control sample is
a sample that corresponds to the test sample (e.g., is
from the same type of cells), and is from a subject
who is not affected by, and/or who does not have a
susceptibility to, Type 2 diabetes (e.g., a subject
that does not possess a marker allele or haplotype as
described herein). Similarly, the presence of one or
moredifferent splicing variants in the test sample, or
the presence of significantly different amounts of
different splicing variants in the test sample, as
compared with the control sample, can be indicative of
a susceptibility to Type 2 diabetes. An alteration in
the expression or composition of the polypeptide in
the test sample, as compared with the control sample,
can be indicative of a specific allele in the instance
where the allele alters a splice site relative to the
reference in the control sample. Various means of
examining expression or composition of a polypeptide
encoded by a Type 2 diabetes-associated nucleic acid
can be used, including spectroscopy, colorimetry,
electrophoresis, isoelectric focusing, and
immunoassays (e.g., David et al., U.S. Pat. No.
4,376,110) such as immunoblotting (see, e.g., Current
Protocols in Molecular Biology, particularly chapter
10, supra). For example, in one embodiment, an
antibody (e.g., an antibody with a detectable label)
that is capable of binding to a polypeptide encoded by
a Type 2 diabetes-associated nucleic acid can be used.
Antibodies can be polyclonal or monoclonal. An intact
antibody, or a fragment thereof (e.g., Fv, Fab, Fab',
F(ab')2) can be used. The term "labeled", with regard
to the probe or antibody, is intended to encompass
direct labeling of the probe or antibody by coupling
(i.e., physically linking) a detectable substance to
the probe or antibody, as well as indirect labeling of
the probe or antibody by reactivity with another
reagent that is directly labeled. Examples of indirect
labeling include detection of a primary antibody using
a labeled secondary antibody (e.g., a
fluorescently-labeled secondary antibody) and
end-labeling of a DNA probe with biotin such that it
can be detected with fluorescently-labeled
streptavidin. 



In one embodiment of this method, the level or amount
of polypeptide encoded by a Type 2 diabetes-associated
nucleic acid in a test sample is compared with the
level or amount of the polypeptide encoded by a Type 2
diabetes-associated nucleic acid in a control sample.
A level or amount of the polypeptide in the test
sample that is higher or lower than the level or
amount of the polypeptide in the control sample, such
that the difference is statistically significant, is
indicative of an alteration in the expression of the
polypeptide encoded by the Type 2 diabetes-associated
nucleic acid, and is diagnostic for a particular
allele or haplotype responsible for causing the
difference in expression. Alternatively, the
composition of the polypeptide encoded by a Type 2
diabetes-associated nucleic acid in a test sample is
compared with the composition of the polypeptide
encoded by a Type 2 diabetes-associated nucleic acid
in a control sample. In another embodiment, both the
level or amount and the composition of the polypeptide
can be assessed in the test sample and in the control
sample. In another embodiment, the diagnosis of a
susceptibility to Type 2 diabetes is made by detecting
at least one Type 2 diabetes-associated marker allele
or haplotype (e.g., associated alleles or haplotypes
of the markers listed in Tables 1-21, such as
Tables1-6 and Tables 9-12), in combination with an
additional protein-based, RNA-based or DIMA-based
assay. The methods of the invention can also be used
in combination with an analysis of a subject's family
history and risk factors (e.g., environmental risk
factors, lifestyle risk factors). Kits Kits useful in
the methods of the invention comprise components
useful in any of the methods described herein,
including for example, primers for nucleic acid
amplification, hybridization probes, restriction
enzymes (e.g., for RFLP analysis), allelespecific
oligonucleotides, antibodies that bind to an altered
polypeptide encoded by a nucleic acid of the invention
as described herein (e.g., a genomic segment
comprising at least one polymorphic marker and/or
haplotype of the present invention) or to a nonaltered
(native) polypeptide encoded by a nucleic acid of the
invention as described herein, means for amplification
of a nucleic acid associated with Type 2 diabetes,
means for analyzing the nucleic acid sequence of a
nucleic acid associated with Type 2 diabetes, means
for analyzing the amino acid sequence of a polypeptide
encoded by a nucleic acid associated with Type 2
diabetes (e.g., the Type 2 diabetes protein encoded by
the Type 2 diabetes gene), etc. The kits can for
example include necessary buffers, nucleic acid
primers for amplifying nucleic acids of the invention
(e.g., a nucleic acid segment comprising one or more
of the polymorphic markers as described herein), and
reagents for allele-specific detection of the
fragments amplified using such primers and necessary
enzymes (e.g., DNA polymerase). Additionally, kits can
provide reagents for assays to be used in combination
with the methods of the present invention, e.g.,
reagents for use with other Type 2 diabetes diagnostic
assays. In one embodiment, the invention is a kit for
assaying a sample from a subject to detect the
presence of Type 2 diabetes, symptoms associated with
Type 2 diabetes, or a susceptibility to Type 2
diabetes in a subject, wherein the kit comprises
reagents necessary for selectively detecting at least
one allele of at least one polymorphism of the present
invention in the genome of the individual. In a
particular embodiment, the reagents comprise at least
one contiguous oligonucleotide that hybridizes to a
fragment of 



the genome of the individual comprising at least one
polymorphism of the present invention. I n another
embodiment, the reagents comprise at least one pair of
oligonucleotides that hybridize to opposite strands of
a genomic segment obtained from a subject, wherein
each oligonucleotide primer pair is designed to
selectively amplify a fragment of the genome of the
individual that includes at least one polymorphism,
wherein the polymorphism is selected from the group
consisting of the polymorphisms as listed in Tables
1-6 and 9-12, and polymorphic markers in linkage
disequilibriumtherewith {e.g., the markers set forth
in Tables 22, 23 and 24). I n yet another embodiment
the fragment is at least 20 base pairs in size. Such
oligonucleotides or nucleic acids (e.g.,
oligonucleotide primers) can be designed using
portions of the nucleic acid sequence flanking
polymorphisms (e.g., SNPs or microsatellites) that are
indicative of Type 2 diabetes. In another embodiment,
the kit comprises one or more labeled nucleic acids
capable of allele-specific detection of one or more
specific polymorphic markers or haplotypes associated
with Type 2 diabetes, and reagents for detection of
the label. Suitable labels include, e.g., a
radioisotope, a fluorescent label, an enzyme label, an
enzyme co-factor label, a magnetic label, a spin
label, an epitope label. I n particular embodiments,
the polymorphic marker or haplotype to be detected by
the reagents of the kit comprises one or more markers,
two or more markers, three or more markers, four or
more markers or five or more markers selected from the
group consisting of the markers set forth in Tables
9-12. I n another embodiment, the marker or haplotype
to be detected comprises the markers set forth in
Tables 22-24. In another embodiment, the marker or
haplotype to be detected comprises markers rs2497304
(SEQ ID NO: 16), rs947591 (SEQ ID NO:30), rsl0882091
(SEQ ID NO:4), rs7914814 (SEQ ID NO:24), rs6583830
(SEQ ID NO:20), rs2421943 (SEQ ID NO: 15), rs6583826
(SEQ ID NO: 19), rs7752906 (SEQ ID NO:32), rsl569699
(SEQ ID NO:6), rs7756992 (SEQ ID NO:21), rs9350271
(SEQ ID NO:33), rs9356744 (SEQ ID NO:34), rs9368222
(SEQ ID NO:35), rsl0440833 (SEQ ID NO:36), rs6931514
(SEQ ID NO:37), rsl860316 (SEQ ID NO:10), rsl981647
(SEQ ID NO: 11), rsl843622 (SEQ ID NO:9), rs2191113
(SEQ ID NO: 13), and rs9890889 (SEQ ID NO:31), and
markers in linkage disequilibrium therewith. In one
such embodiment, linkage disequilibrium is defined by
values of r2 greater than 0.2. I n one preferred
embodiment, the kit for detecting the markers of the
invention comprises a detection oligonucleotide probe,
that hybridizes to a segment of template DNA
containing a SNP polymorphisms to be detected, an
enhancer oligonucleotide probe and an endonuclease. As
explained in the above, the detection oligonucleotide
probe comprises a fluorescent moiety or group at its
3' terminus and a quencher at its 5' terminus, and an
enhancer oligonucleotide, is employed, as described by
Kutyavin et al. (Nucleic Acid Res. 34:el28 (2006)).
The fluorescent moiety can be Gig Harbor Green or
Yakima Yellow, or other suitable fluorescent moieties.
The detection probe is designed to hybridize to a
short nucleotide sequence that includes the SNP
polymorphism to be detected. Preferably, the SNP is
anywhere from the terminal residue to -6 residues from
the 3' end of the detection probe. The enhancer is a
short oligonucleotide probe which hybridizes to the
DNA template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a 



synthetic abasic site that is recognized by an
endonuclease, such as Endonuclease IV.The enzyme
cleaves the dye off the fully complementary detection
probe, but cannot cleave a detection probe containing
a mismatch. Thus, by measuring the fluorescence of the
released fluorescent moiety, assessment of the
presence of a particular allele defined by nucleotide
sequence of the detection probe can be performed. The
detection probe can be of any suitable size, although
preferably the probe is relatively short. In one
embodiment, the probe is from 5-100 nucleotides in
length. In another embodiment, the probe is from 10-50
nucleotides in length, and in another embodiment, the
probe is from 12-30 nucleotides in length. Other
lengths of the probe are possible and within scope of
the skill of the average person skilled in the art. In
a preferred embodiment, the DNA template containing
the SNP polymorphism is amplified by Polymerase Chain
Reaction (PCR) prior to detection, and primers for
such amplification are included in the reagent kit. In
such an embodiment, the amplified DNA serves as the
template for the detection probe and the enhancer
probe. Certain embodiments of the detection probe, the
enhancer probe, and/or the primers used for
amplification of the template by PCR include the use
of modified bases, including modified A and modified
G. The use of modified bases can be useful for
adjusting the melting temperature of the nucleotide
molecule (probe and/or primer) to the template DNA,
for example for increasing the melting temperature in
regions containing a low percentage of G or C bases,
in which modified A with the capability of forming
three hydrogen bonds to its complementary T can be
used, or for decreasing the melting temperature in
regions containing a high percentage of G or C bases,
for example by using modified G bases that form only
two hydrogen bonds to their complementary C base in a
double stranded DNA molecule. In a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
within the scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person. I n
one such embodiments, the presence of the marker or
haplotype is indicative of a susceptibility (increased
susceptibility or decreased susceptibility) to Type 2
diabetes. In another embodiment, the presence of the
marker or haplotype is indicative of response to a
Type 2 diabetes therapeutic agent. In another
embodiment, the presence of the marker or haplotype is
indicative of prognosis of Type 2 diabetes. In yet
another embodiment, the presence of the marker or
haplotype is indicative of progress of treatment of
Type 2 diabetes. Such treatment may include
intervention by surgery, medication or by other means
(e.g., lifestyle changes).Therapeutic agents for Type
2 diabetes Currently available Type 2 diabetes
medication (apart from insulin) falls into six main
classes of drugs: sulfonylureas, meglitinides,
biguanides, thiazolidinediones, alphaglucosidase
inhibitors and a new class of drugs called DPP-4
inhibitors. These classes of drugs work in different
ways to lower blood glucose levels. 1. Sulfonylureas.
Sulfonylureas stimulate the beta cells of the pancreas
to release more insulin. 2. Meglitinides. Meglitinides
are drugs that also stimulate the beta cells to
release insulin. 3. Biguanides. Biguanides lower blood
glucose levels primarily by decreasing the amount 



of glucose produced by the liver. Metformin also helps
to lower blood glucose levels by making muscle tissue
more sensitive to insulin so glucose can be absorbed.
4. Thiazolidinediones. These drugs help insulin work
better in the muscle and fat and also reduce glucose
production in the liver. 5. Alpha-glucosidase
inhibitors. These drugs help the body to lower blood
glucose levels by blocking the breakdown of starches,
such as bread, potatoes, and pasta in the intestine.
They also slow the breakdown of some sugars, such as
table sugar. Their action slows the rise in blood
glucose levels after a meal. They should be taken with
the first bite of a meal. 6: DPP-4 Inhibitors. A new
class of medications called DPP-4 inhibitors help
improve AlC without causing hypoglycemia. They work by
preventing the breakdown of a naturally occurring
compound in the body, GLP-I. GLP-I reduces blood
glucose levels in the body, but is broken down very
quickly so it does not work well when injected as a
drug itself. By interfering in the process that breaks
down GLP-I, DPP-4 inhibitors allow it to remain active
in the body longer, lowering blood glucose levels only
when they are elevated. Examples of available drugs in
these classes are listed in Agent Table 1. A ent Table
1.Additionally, a combination therapy comprising
Biguanide and Sulphonylureas has bee used for
treatment of Type 2 diabetes. Additional Type 2
diabetes drugs are listed Agent Table 2. Agent Table
2WIND SYSTEM FOR CONVERTING ENERGY BY TRANSLATING CN A
RAIL MODULES OBNSGED BY KITES AND PROCESS FOR
PRODUCING ELECTRIC ENERGY THROUGH SUCH SYSTEM The
present invention refers to a wind system for
converting energy by translating on a rail modules
dragged by kites. The present invention further refers
to a process for producing electric energy through
such system. In the past, the problem of producing
electricity at low cost by exploiting renewable energy
sources has already been dealt with/ in particular, in
some prior patents mentioned below, processes for
converting wind energy have been proposed, together
with several devices that subtract wind energy to the
wind through power wing profiles (generically
designated with the term "kite") . In particular, US
4.124.182 discloses a device equipped with "parakites"
(or "modified parachutes") to capture wind energy and
convert it into the rotary motion of a shaft that
actuates a generator. This device is characterised by
a pair of "trains of parakites" in which the kites are
arranged in series. Each train is equipped with a
power rope. Such cables are long enough to allow the
trains of parakites to reach heights at which stronger
and more uniform winds blow with respect to those that
blow at earth surface level. Every train is
constrained through the corresponding power rope to a
drum or a winch whose rotation direction can be
alternated so that it winds again the ropes or allow
unwinding theropes due to the wind current traction.
Every train of parakites is equipped with a second
rope, called "cap-type", connected to each train kite
and through which it is possible to selectively
collapse the parakites to facilitate the rewinding
procedure. Through a reducer, the 



rotary motion of each winch is transferred to a
generator that, when actuated, produces electricity.
There is a single system of pulleys that, through
clutches and gears, makes a train of parakites
recovered while the other one ascends. The captured
wind energy is therefore converted into mechanical
energy that in part is immediately spent for
recovering the train of parakites whose cap has been
closed, and in part is converted into electric energy.
Through an aerostatic balloon constraint to each train
and inflated and deflated upon every operating cycle,
the parakite are kept at a desired height and the caps
have a fixed orientation. Chinese patent CN 1.052.723
discloses a current wind generator equipped with a
pair of kites through which the traction exerted by
the wind currents is converted, through
high-resistance ropes, into the rotation of a drum
placed at ground level. The winch actuates a hydraulic
motor through which the current production occurs.
British patent GB 2 .317 .422 discloses a device
equipped with a plurality of kites that, due to the
wind action effect, rotate a vertical shaft connected
to a generator for producing current. The kites are
pushed by the wind performing a circular path in the
horizontal plane. Every kite is equipped with a device
able to modify the wind attack angle in order to
guarantee flight continuity. U.S. patent US 6.072.245
discloses a device for exploiting windenergy composed
of a multitude of kites connected to ropes forming a
ring. The kites are driven in order to alternate an
ascending path to a descending one, determining a
rotary motion of the ring always along the same
direction. Every kite is connected to a power for
transmitting mechanical energy and to a system of
driving ropes for adjusting the wind attack angle of
each kite. The power rope determines the rotation of
pulleys through which the electricity production
occurs. The driving ropes are used for making each
kite assume a position that, in the ascending path,
allows the kite to be dragged upwards by the wind, and
a second position in the descending path so that the
kite is subjected to a lower wind thrust. U.S. patent
US 6.254.034 discloses a device equipped with a kite
("tethered aircraft") pushed by the wind currents at a
controlled height, in order to exploit the wind
energy. The kite is connected through a rope to a
winch that actuates a generator for producing electric
energy. On board the kite, a driving system is
assembled, that detects and modifies the wind attack
angle and modifies the intercepted wind front area.
Such system is controlled from ground by an operator,
that reads on a display data transmitted by suitable
sensors, or automatically through a remote control
system. The kite is driven in order to downwind ascend
with a high attack angle. After having ended the
ascension, the attack angle is reduced and the kite
glides in order to bring itself upwind. The kite is
recovered, again glides downwind and the cycle is
repeated. Dutch patent NL1017171C discloses a device
similar to the previous 



above described one in which however the manual
driving mode is notprovided, and in which the kite
recovery occurs by slanting the kite as a flag, in
order to minimise the wind thrust when rewinding the
ropes. U.S. patent US 6.523.781 discloses a device
composed of a kite ("airfoil kite") through which the
wind energy is captured, having an inlet edge, an
outlet edge and two side edges. Such kite is driven
through a mechanism supported by the kite itself. This
device is equipped with ropes connected to the kite
edges and the kite is driven by modifying, through
these ropes, the pitch angle. The driving mechanism is
supplied by electric cables placed inside a power rope
that connects the kite to a winch that actuates a
generator for producing electricity. The kite ascends
pushed by the wind exploiting the lift force and
describing an almost perpendicular path to the wind
speed direction. After having ended the ascension, the
kite is recovered and afterwards driven in order to
capture again the wind. U.S. patent application
US2005046197 discloses a device equipped with a kite
for exploiting the wind energy that generates
electricity by actuating, by means of ropes, a winch
connected to a generator. The kite is driven by means
of additional ropes through which the wind attack
angle is modified. The kite ascends with a high attack
angle. After having ended the ascension, the attack
angle is minimised and the kite is recovered in order
to start the cycle again. Italian patent application
TO2006A000491 of the same Applicant of the present
Application discloses a wind system for converting
energy comprising at least one kite that can be driven
from the ground immersed in at least one wind current
and a wind turbine with vertical axis placedat ground
level, such wind turbine being equipped with at least
one arm connected through two ropes to the kite, such
kite being adapted to be driven by the turbine in
order to rotate the arm and perform the conversion of
wind energy into electric energy through at least one
generator/motor system operating as generator
cooperating with the turbine, the ropes being adapted
both to transmit mechanical energy from and to the
kites and to check the kite flight trajectory. In such
wind system with arms and rotating shaft, the
production of electric energy occurs by exploiting the
twisting moment generated on the turbine arms by the
kites and driving of the kites occurs only by means of
ropes. Moreover, in such wind system with arms and
rotating shaft, the components arranged for storing
the ropes and driving the kites are in the turbine
centre and therefore far away from the point in which
the ropes go away from the ground towards the kites.
Finally, in such wind system with arms and rotating
shaft, the kite recovering pipes are fixed. Anyway, as
can be noted by analysing the existing prior art,
known wind systems equipped with kites have in general
the following common characteristics : - the kites are
equipped both with power ropes and with driving ropes:
this means that the rope load through which the
electricity production 



occurs is not transmitted to the kite driving
mechanisms, but to other wind system components,
through ropes suitably employed for performing this
function. The lack of use of power ropes for driving
the kites makes the wind system structure complicate,
with all related disadvantages; - the kites are driven
by mechanisms directly installed on the kites
orthrough auxiliary (driving) ropes. Unwinding and
rewinding of these ropes occur by means of winches
exclusively used for such purpose, placed at ground
level or suspended from the ground (namely supported
by the kites themselves) . In case of use of driving
ropes, placement of winches at ground level allows not
to consume part of the energy subtracted from the wind
currents to support the driving mechanisms weight; -
the kites are driven in order to generate electricity
when ascending by exploiting the drag force (namely
the wind thrust component parallel to the wind speed)
. Such step is followed by the recovery of kites by
placing the kites as flags, in order to minimise the
braking effect. In a limited number of wind systems,
it has been devised to exploit the lift force (namely
the wind thrust component perpendicular to the wind
speed) in addition to the drag force in order to make
the kites climb. The advantage deriving form the use
of this latter driving mode with respect to the
previous one consists in that, in order to produce
electricity, not only the kite resistance but also the
kite lift is exploited. Anyway, in both modes, the
intermit tence-type operating cycle (an ascending step
alternated with a recovery step) implied that the
dragging effect of the kites through which the
production of electricity occurs, is present only
during half of the path described by the kites (in
fact, it is absent during the recovery) ; - the energy
conversion occurs by imposing, through the power
ropes, the rotation of winches connected to
generators, possibly by interposing reducers. This
does not allow producing energy with continuity during
an operating cycle, since the kite recovery occurs by
actuating such winchesthrough motors. In such a way,
an electricity generation interruption occurs and a
consumption of the previously produced energy. The
continuous current delivery to external users is made
possible by using accumulators; - attention has been
focused exclusively on the production of electricity
through a cyclic process. The choice of the path that
the kites must describe when flying in order to
maximise the rate of converted energy is almost
completely neglected; - the problems related to the
control system of a kite or of a train composed of
many kites connected in series are dealt with in
detail in an extremely reduced number of projects and
researches. This is also due to the fact that current
researches are mainly focused on the increase of
productivity of already existing systems instead of on
the development of new energy producing systems. In
order to partially solve the above problems, European
Patent Application EP 1 672 214 in the name of Sequoia
Automation S.r.l. instead discloses a system for
converting kinetic energy of wind currents into 



electric energy through the predictive and adaptive
check of the flight of kites connected to a "carousel
"-type system using a vertical axis turbine. Object of
the present invention is solving the above prior art
problems by providing a wind system for converting
energy by translating on a rail modules dragged by
kites that is different from the current state of the
art in particular due to the modes with which the
kites are driven, the path travelled by such kites
when flying in order to maximise the rate of converted
energy and the wind system architecture, in which each
module is connected through at least one rope to a
train of kitesthat, pushed by the wind and suitably
driven, generates at module level, a traction due to
which the module translated on at least one rail that
performs a closed path and through a generating system
cooperating with module and rail generates electric
energy. Another object of the present invention is
providing a wind system for converting energy by
translating on rail modules dragged by kites in which
the kites are driven by a smart control system that
takes the kites to perform when flying an optimum path
in order to optimise the wind energy that can be
subtracted from the wind. Another object of the
present invention is providing a wind system for
converting energy by translating on rail modules
dragged by kites in which the kites composing the wind
system of the present invention are driven through the
same ropes through which energy is transferred to the
wind system modules. Moreover, an object of the
present invention is providing a wind system for
converting energy by translating on rail modules
dragged by kites in which the kites are driven by a
smart control system that actuates motors connected to
winches, possibly by interposing reducers, placed next
to the ground and integral with the wind system
modules, such winches operating both in driving the
kites by unwinding and rewinding the ropes wound
around them, and in supporting the ropes load for
converting energy. Another object of the present
invention is providing a wind system for converting
energy by translating on rail modules dragged by kites
in which the kites are driven in order to allow
converting the wind energy bymainly exploiting the
lift force and in order to perform a path during which
the dragging effect is present almost for the whole
length of the operating cycle. A further object of the
present invention is providing a wind system for
converting energy by translating on rail modules
dragged by kites in which the energy conversion occurs
through generators actuated not by the rotation of
winches, but by the translation of the wind system
modules. Another object of the present invention is
providing a wind system for converting energy by
translating on rail modules dragged by kites
comprising a ring guide with at least one module that
translates on at least one rail, and that converts
energy by exploiting the translation of modules due to
the dragging effect by the kites connected to said
modules. 



Another object of the present invention is providing a
wind system for converting energy by translating on
rail modules dragged by kites in which the kites
composing the system can be also driven through
spoilers placed on board the same kites, creating
turbulences that give rise to pressure gradients.
Another object of the present invention is providing a
wind system for converting energy by translating on
rail modules dragged by kites in which the components
provided for storing the ropes and driving the train
of kites are on board of each module, next to the kite
recovering systems. Moreover, an object of the present
invention is providing a wind system for converting
energy by translating on rail modules dragged by kites
in which the kite recovering systems have an end part
adapted to be oriented, with the chance of rotating
both in the horizontal and in thevertical planes.
Another object of the present invention is providing a
process for producing electric energy through a wind
system according to the present invention that is more
efficiently actuated with respect to what has been
proposed by the prior art. The above and other objects
and advantages of the invention, as will result from
the following description, are obtained with a wind
system for converting energy by translating on rail
modules dragged by kites as claimed in claim 1 .
Moreover, the above and other objects and advantages
of the invention are obtained with a process for
producing electric energy through a system according
to the present invention as claimed in claim 197.
Preferred embodiments and non-trivial variations of
the present invention are the subject matter of the
dependent claims. The present invention will be better
described by some preferred embodiments thereof,
provided as a non-limiting example, with reference to
the enclosed drawings, in which: - FIG. 1 shows a
perspective view of a preferred embodiment of the wind
system according to the present invention; - FIG. 2
shows an enlarged perspective view of a preferred
embodiment of a component of the wind system of FIG. 1
; - FIG. 3 shows an enlarged perspective view of a
preferred embodiment of another component of the wind
system of FIG. 1 ; - FIG. 4 shows another perspective
view of the component of FIG. 3 ;- FIG. 5 shows an
enlarged perspective view of the wind system of FIG. 1
; - FIG. 6 shows another enlarged perspective view of
the wind system of FIG. 1 ; - FIG. 7 shows an enlarged
perspective view of a preferred embodiment of another
component of the wind system of FIG. 1 ; - FIG. 8
shows an enlarged perspective view of a preferred
embodiment of another component of the wind system of
FIG. 1 ; - FIG. 9 shows an enlarged perspective view
of the component of FIG. 8 ; 



- FIG. 10 shows a perspective view of a preferred
variation of the wind system according to the present
invention; - FIG. 11 shows an enlarged perspective
view of the wind system of FIG. 10; - FIG. 12 shows an
enlarged perspective view of a preferred embodiment of
a component of the wind system of FIG. 10; - FIG. 13
shows another perspective view of the component of
FIG. 12; - FIG. 14 shows an enlarged perspective view
of a preferred embodiment of another component of the
wind system of FIG. 10; - FIG. 15 shows an enlarged
perspective view of a preferred embodiment of another
component of the wind systems of FIG. 1 and 10; - FIG.
16 shows an enlarged perspective view of a preferred
embodiment of other components of the wind systems of
FIG. 1 and 10; - FIG. 17 shows another enlarged
perspective view of the components of FIG. 16; - FIG.
18 shows a schematic view of another preferred
variation of the wind system according to the present
invention in two of its operatingsteps ; - FIG. 19
shows an enlarged schematic view of the system of FIG.
18; - FIG. 20 shows a schematic, front sectional view
of a preferred embodiment of a component of the wind
system of FIG. 18 in two of its operating steps; -
FIG. 21 shows a schematic view of the system according
to the present invention in some of its operating
steps; - FIG. 22 shows a schematic view of a
stationary aerodynamic surface immersed in a wind
current and the related forces generated thereby; and
- FIG. 23 shows a schematic view of an aerodynamic
surface free of moving along the direction
perpendicular to wind speed and the related forces
generated thereby. As can be seen in more detail in
the following description, in general the wind system
according to the present invention comprises at least
one module adapted to translate along a rail,
preferably made in order to compose a ring-type closed
circuit, under the thrust of at least one power kite
immersed into a wind current to which it is connected
through at least one rope, such module behaving like
an autonomous generator that converts into electric
current the wind energy captured at troposphere level
(that extends up to approximately 15 km from the earth
surface) . In particular, next to each module, the
energy is subtracted from the wind through a train of
kites connected in series, driven by means of
servo-assisted winches autonomously controlled by a
smart control system. With reference to the Figures,
it is possible to note that the windsystem 1 for
converting energy according to the present invention
comprises at least one power wing profile 2 (herein
below also briefly designated by the term "kite")
immersed in at least one wind current W and connected
through at least one rope 4 to at least one module 5
for 



generating electricity, placed next to the ground and
adapted to translate along at least one rail 6 or 7 .
The kites 2 are driven in order to drag the modules 5
to which they are connected and allow converting wind
energy into electric energy through at least one
generating system, comprising at least one generator
/motor 20 and/or 21 described below, for each module 5
. The ropes 4 are adapted both to transmit mechanical
energy from and to the kites 2 for dragging the
modules 5 , and to control the flight trajectory of
the kites 2 themselves. Herein below, a preferred
embodiment of the wind system 1 according to the
present invention will be described. With reference to
each component of the wind system 1 , moreover a
series of alternative characteristics and
functionalities will be included that, without
impairing the performance that can be reached, highly
reduce cost and sizing of the whole system 1 . For
such purpose, computer-aided multicriteria decision
techniques can help define optimum paths to reach the
best structural architectures, as well as the control
techniques whose objective is optimising the device
operation and productivity. Design alternatives are of
a continuous or discrete type. Continuous functions
can be easily explored by relating the benefits that
can be obtained by changing attributes such as cost,
weight, resistance, lengths, angles applied to a
solution. Discrete alternatives have to be listed
andherein below, with reference to each component of
the wind system 1 , their major characteristics are
described. The wind system 1 of the present invention
therefore comprises kites 2 made, for example, by
weaving fibres commonly used for manufacturing
specific sails for certain sports activities, such as
for example surf and kart. Due to recent aerodynamics
studies, kites 2 are available on the market that are
able to satisfy certain needs in terms of control and
drivability. By suitably driving a kite 2 , it is
possible to modulate the energy transfer from wind:
this is fundamental since the kites 2 must be driven
so that the traction exerted by means of the wind
currents W is maximum and at the same time does not
impair the travel of modules 5 on rails 6 . The kites
2 must therefore be driven in order to produce a
traction that translates the modules 5 on the rails 6
always along the same direction. Such result is
reached by suitably modulating the energy transfer
from the wind, as will be seen afterwards in more
detail. When the kites 2 when flying tend to rise at
their operating speed, the aerodynamic resistance of
ropes 4 connected to the system 1 base implies a
chain-type distortion that modifies the attack angle
of the kites 2 , making them assume a gliding position
with increased efficiency. By adjusting the attack
angle of the kites 2 in order to show them slightly
pulled up or flapped, an intrinsically feedback-type
system is obtained that settles the apparent speed of
kites 2 . The power that a kite 2 is able to subtract
from wind is function both of the aerodynamic
efficiency of the kite 2 and of its area. In 



particular, such power increases with the square of
the aerodynamicefficiency and linearly with the area.
In order to locate the optimum solution that maximises
the power that a kite 2 is able to subtract to wind,
it is therefore possible to intervene on those two
factors. A kite efficiency depends on the kite shape.
The choice of an optimum shape is therefore a decisive
contribution for obtaining great aerodynamic
efficiencies. Such optimum shape must however be kept
also when the kite 2 is subjected to stresses of drag
and lift forces (as better explained below) . For such
purpose, it is possible to use semi rigid kites 2 .
Differently from the completely flexible kites 2 , the
semi rigid kites 2 are equipped, for example, with an
extremely light frame, due to which the kites 2 can
assume, for example, a similar shape to rigid glider
wings. The kites 2 can, for example, be structured as
lozenges made of polymers. The use of semi-rigidity
ensures a great improvement of performance, not only
due to a better aerodynamic efficiency, but also due
to a better driving easiness. In particular, rigidity
can be asymmetric with respect to the two kite 2 sizes
in order to guarantee a side flexibility useful for
recovering the kite 2 in a corresponding recovering
system 8 described below. In order to maximise the
power that the wind system 1 of the present invention
must be able to subtract from wind W , it is
preferable to use, for each module 5 , many kites 2
mutually connected in series to form a train 3 of
kites 2 , in order to sum the pull on ropes 4 . In
such a way, the wind front area W that each module 5
is able to intercept is greater. This results in an
increase of the dragging effect that translates the
module 5 and consequently in an increase of the
electric energy that canbe generated at every
operating cycle. Every train 3 of kites 2 is connected
to module 5 through a single system of ropes 4 :
consequently, the operating principle of the wind
system 1 does not depend on the number of kites 2
connected in series in a train 3 . Such a multi-layer
configuration not only increases the intercepted wind
front area W , but, if made as a single object or a
suitably aggregated object, also provides the chance
of improving the aerodynamic efficiency. The ropes 4
can in fact be integrated into the "walls" of the
kites 2 (not shown in the Figures) or the walls
themselves of the kites 2_can be the connecting
element between kites 2 (not shown in the Figures) ,
in turn exposing an airfoil section and keeping the
assembly geometrically stable. This allows removing
the ropes 4 (and therefore the drag opposed by them)
in the maximum system speed area. In order to obtain
this result, the kites 2 can assume an arc shape in
which the end walls extend to connect to the other
kites 2 , or shapes that tend to approximate plane
wings with one or two connecting walls. Herein below,
for completeness, reference will be made to the case
in which the wind system 1 has a train 3 of kites 2
for each module 5 . The number of overlapped kites 2
can arbitrarily increase. Moreover, by keeping the
global area constant, upon increasing the number of
kites 2 



composing a single train 3 , the kite size decreases.
This makes kite recovery and expulsion manoeuvres
easier, as will be seen afterwards in more detail. An
embodiment of the wind system 1 according to the
present invention provides that the kites 2 belonging
to the same train 3 not all have the same sizes. The
kites 2 in the top part of the train 3 havedimensional
relationships and relative aerodynamic efficiencies
different with respect to the kites 2 in the bottom
part. The kites 2 nearest to the module 5 are thereby
characterised by a larger area and the kite sizes
decrease by proceeding towards the upper end of the
train 3 . This configuration is adopted because the
farther away a kite 2 is from the module 5 to which it
is constrained through the rope 4 , the greater its
speed during its flight. Therefore, by proceeding from
the lower end to the upper end of a train 3 of kites 2
, it is possible to compensate the flight speed
increase of the kites 2 by progressively reducing
their surface. In such a way, the power subtracted
from the wind W is the same for each kite 2 of the
same train 3 . The wind system 1 according to the
present invention comprises traction ropes 4 adapted
to transmit forces from and to the kites 2 and used
for dragging the modules 5 for converting energy and
for checking the flight trajectory of the kites 2
themselves. The traction ropes 4 are an element that
must be accurately sized since a possible oversizing
would unavoidably bring about an increase of their
aerodynamic resistance. An embodiment of the wind
system 1 according to the present invention provides
that the ropes 4 have a variable section (not shown in
the Figures) . In particular, the rope section, next
to the modules 5 of the wind system 1 (namely the
sections of ropes 4 subjected to continuous power
manoeuvres and in contact with systems adapted to
perform such manoeuvres and described below) have a
greater size with respect to the section of the ropes
4 next to the trains 3 of kites 2 . This allows
obtaining a greater wear resistance. The size
variation of a section couldbe continuous or stepped
with offsets. In order to further reduce the drag of
sections of ropes 4 subjected to greater speeds
(namely the lengths of rope 4 next to the trains 3 of
kites 2 ), the section of the ropes 4 next to these
lengths can, for example, be aerodynamically modelled
according to a kite that generates a slight asymmetric
lift, avoiding turbulences and oscillating phenomena.
Such result can be obtained, for exarrple, by coating
the ropes 4 with a star-section extruded sheath (not
shown in the Figures) : in this way, the star
projections of the sheath are deflected by wind W till
a kite approximation is realised. In case of
oscillating engagement, the projections generate a
mutual friction in order to absorb stationary energy,
thereby dampening the oscillation. The wind system 1
according to the present invention further comprises
at least one module 5 that translates on at least one
rail 6 , for example by means of wheels 16, 17 or by
magnetic levitation, adapted to drive the kites 2 and
to convert wind current energy into electric energy.
The modules 5 are placed next to the ground and each
module 5 is 



connected to a train 3 of kites 2 through at least one
rope 4 adapted to transmit forces from and to the
kites 2 and used for dragging the module 5 for
converting energy and for controlling the flight
trajectory of the kites 2 themselves. With reference
to the Figures, it is possible to note that every
module 5 of the wind system 1 comprises at least one
trolley 11 through which the module 5 translates at
least on the rail 6 . The shape of the trolleys 11 of
the modules 5 of the wind system 1 is preferably
aerodynamically modelled, in order to minimise the
resistance opposed toair when operating the wind
system 1 . Each module 5 is equipped with all
necessary components for the automatic driving of the
kites 2 and for generating electric energy. The
conversion of mechanical energy into electric ,energy
occurs, for example, through generators 20 and/or 21
directly connected to wheels 16 and 18 rotated due to
the effect of the drag of the modules 5 on the rail 6
composing the electric generating system. As an
alternative to the actuation of the generators 20
and/or 21 by means of wheels 16, the conversion of
mechanical energy into electric energy can occur by
reversibly employing linear magnetic motors (not shown
in the Figure) . Every module 5 therefore appears as a
generator able to deliver power independently from the
other modules 5 . The wind system 1 of the present
invention further comprises a smart control system
operating on each module 5 and through which the
flight of the kites 2 is automatically controlled, and
a supply system cooperating with such smart control
system to manage accumulation and delivery of electric
energy produced by generators 20 and/or 21 during the
module 5 translation along the rail 6 under the effect
of dragging by the kites 2 to which it is connected
through the ropes 4 . For every module 5 , the smart
control system drives the train 3 of kites 2 in order
to exploit the dragging effect in order to make the
module 5 move on a closed path. In particular, the
smart control system cooperates with a set of sensors
with autonomous supply placed on kites 2 that send
information, preferably in wireless mode, to ground
components of the smart system. The smart control
system integrates these informationwith other
information coming from a set of ground sensors (for
example the value of the ropes 4 load determined by
reading the pairs of motors 28 mentioned below in more
detail) and perform a processing to automatically
drive the kites 2 when the wind system 1 operates. As
regards driving of the kites 2 , the wind system 1
according to the present invention provides for two
modes. The first mode consists in using the power
ropes as driving ropes. Each train 3 of kites 2 is
therefore connected to the corresponding module 5
through a pair of ropes 4 . Such ropes 4 firstly allow
dragging the module 5 (and therefore generating
electric energy) due to the transmission of the
mechanical energy subtracted from the wind currents W
. The same ropes 4 are further unwound and rewound on
suitable winches 24 



and 25 in order to drive the train 3 of kites 2 . The
second driving mode consists in using spoilers (not
shown in the Figures) placed on board the kites 2 .
Through such spoilers it is possible to create
turbulences that give rise to pressure gradients
through which the kites 2 are driven. The above
spoilers can be actuated, for example, through
piezoelectric systems, shape-memory polymers and/or
fibres of shape-memory metal alloys, whose distortions
are actively checked. Such system has an autonomous
supply or can be supplied through cables (not shown)
that from the module 5 reach the kites 2 . The
controls for actuating the spoilers are preferably
sent in wireless mode by the smart control system. By
using the spoilers, it is possible to drive the kites
2 without necessarily having to employ the ropes 4 .
In such case, namely, the system that takes care of
manoeuvring the kites 2 is on board them anda train 3
of kites 2 can be connected to the corresponding
module 5 by means of a single rope 4 , exclusively
used for transmitting the load and allowing to drag
the module 5 . Driving of the kites 2 can also occur
by adopting both abovedescribed modes. Summarising, in
order to drive and obtain traction from the kites 2 ,
there are different approaches whether there are one
or more driving ropes 4 . The single rope 4 demands
the chance of performing manoeuvres to actuating
systems on board the kites 2 , being limited to
transmit the traction; two ropes 4 instead overlap the
driving function to the traction function. By
increasing the number of ropes 4 , it is further
possible to add driving functions as correction of the
attack angle of the kite 2 , safety functions and
quick spilling functions. Therefore, in case of
driving through the ropes 4 (with or without the
support of spoilers) , every train 3 of kites 2 must
be connected to the corresponding module 5 through a
pair of ropes 4 . In case of driving exclusively
through spoilers, instead, there is a single rope 4
that operates as connecting element between the train
3 of kites 2 and the module 5 . In such case,
therefore, the number of module 5 components that
drive or store the ropes 4 is reduced, greatly
simplifying the wind system 1 structure. Herein below,
reference will simply be made to the case in which, in
the wind system 1 according to the present invention,
driving of the kites 2 occurs by means of a pair of
ropes 4. For each component of the wind system 1
analysed in detail below, anyway there will be pointed
out simplifications that it is possible to introduce
in case of use of asingle rope 4 for dragging each
module 5 . Even if limiting the number of ropes 4 is
advantageous from an aerodynamic point of view, the
solution with two ropes 4 , in addition to mere
driving and traction, also provides the chance of
performing emergency manoeuvres. The directional
driving is typically obtained with a limited
differential variation of the length of the due ropes
4 , but is the differential variation of the due ropes
4 exceeds the wing opening of the kites 2 , there
occurs a situation in which the lift, defined herein 



below as "wing sideslip", is cancelled. Under this
condition, should the need occur of a quick return, it
is possible to quickly rewind the ropes 4 without
wasting energy. During such quick descent, due to the
effect of the wing sideslip, there is however the risk
of spinning of the kite 2 with substantial loss of
control. In order to prevent such loss of control, it
is possible to provide the kites 2 with aerodynamic
devices and arrangements that allow easily stopping
the quick descent once having reached the desired
height and correctly restore the regular and
productive flight condition. In the wing sideslip
steps, the side edge of a kite 2 becomes attack edge
and houses both the position tracing instruments in
the three-dimensional space and an actuating and
stabilising system of the sideslip manoeuvre (not
shown in the Figures) . Said actuating and stabilising
system is, for example, characterised by directional
sponsons and spoilers controlled by the smart control
system. Under regular flight conditions, the
directional sponsons are transverse to the thrust
direction and are flexed disappearing in order not to
modify the kite 2 efficiency. When wing sideslip, the
directionalsponsons are lifted, actuated by the flow
that appears in the right direction. The directional
sponsons therefore concur in re-balancing the
penetration of the kite 2 when it is improperly used
in the wing sideslip passively improving the manoeuvre
stability. A further stabilisation arrangement is
actively obtained with the spoilers /spoiler (already
previously mentioned) suitably placed and
geometrically actuated by a logic that uses directly,
or through the ground control, information of flight
tracing sensors, in order to counterbalance the trend
to spinning. The actuating and stabilising system of
the sideslip manoeuvre allows immediate height
corrections /reductions of the kite 2 when descending
and, once having reached the required height or
elongation of the ropes 4 , restoring the lift by
returning to a differential length of the ropes 4
compatible with the normal flight. In the wind system
1 according to the present invention, the application
of the actuating and stabilising system of the
sideslip manoeuvre mainly consists in the quick and
controlled disengagement of an area in the aerial
space. The wind system 1 according to the present
invention further comprises at least one recovering
system 8 for the kites 2 : in the following
description, the wind system 1 will be described
according to two preferred embodiments, provided as a
non-limiting example: such embodiments are mostly
distinguished due to the modes in which the recovering
systems 8 of the kites 2 are supported. According to a
first embodiment, the wind system 1 of the present
invention comprises at least one module 5 comprising a
single trolley 11next to which both energy converting
generators 20 and/or 21 and system components for
driving the kites 2 are placed. With reference to FIG.
5 to 9 , it is possible to note that the recovering
systems 8 are constrained to the modules 5 of the wind
system 1 next to an end. The weight of the 



O recovering systems 8 is supported through a
stretched flexible structure 12 composed of tie-rods
14 constrained in an end thereof to the recovering
systems 8 and in another end thereof to a vertical
structure 13, for example a trellis, with which each
module 5 is equipped. The stretched flexible structure
12 further connects each module 5 of the wind system 1
with at least two, possibly adjacent modules 5 . By
mutually connecting the different modules 5 , should
the dragging effect lack on a module 5 , such module 5
would be dragged by the other modules 5 of the wind
system 1 for which the dragging effect is present.
This allows avoiding (or possibly delaying) the
actuation of the generators 20 and/or 21 used for
producing electricity as motors, to allow advancing
the module 5 and described in more detail below.
According to such embodiment, the recovering systems 8
can also be equipped, for example, with cushioned
wheels 17 through which they rest onto secondary rails
7 . In such a way, the weight of the recovering
systems 8 is not completely supported by the system of
tie-rods 14 but is partly discharged to the ground. An
embodiment of the whole wind system 1 with flexible
structural stretched techniques that accurately joins
elements working in compression with systems of
traction ropes, divides and dilutes forces and
transients of each train 3 of kites 2 on the whole
wind system 1 , introducing acooperation between the
single modules 5 and reducing the need of overs
izings. The form that the stretched flexible structure
12 can assume as a whole is the subject of a careful
simulation analysis, but the types are composed as a
trend of triangular sections developed by following a
cylindrical symmetry, ideally similar to a straw hat
or a cup (not shown in the Figures) . Among the
stresses that the stretched flexible structure 12 must
support, there is the traction component of the kites
2 in a tangential direction, the one that actually
produces energy. As previously stated, the stretched
flexible structure 12 must however also support the
weight of the recovering systems 8 , a particularly
severe component above all when there are no secondary
rails 7 and under the stop situation of the wind
system 1 (when the systems 8 are not supported or
enlightened by the vertical component of the pull of
the kites 2 ) . Under this condition, all the system 8
weight is statically supported by the stretched
flexible structure 12 whose geometric configuration
comprises a ring (not shown in the Figures) that
follows the closed path of the wind system 1 . Such
ring can follow interlaced behaviours with respect to
the various modules 5 . A second embodiment of the
wind system 1 according to the present invention
comprises at least one module 5 equipped with at least
two trolleys 11 that travel on parallel rails 6
placed, for example, at different heights. With
reference to FIG. 10 to 14, it is possible to note 



that, according to such embodiment, for each module 5
the recovering system 8 is constrained to the two
trolleys 11. A trolley 11 is placednext to the end of
the recovering system 8 from which the ropes 4 go out
towards the kites 2 , and is equipped with the
generators 20 and/or 21 through which the energy
conversion occurs. Another trolley 11 is placed next
to the other end of the recovering system 8 and is
equipped with the other components that take care of
driving the kites 2 and storing the ropes 4 . A s
stated also for the previous embodiment, the
recovering systems 8 can also be equipped, for
example, with cushioned wheels 17 through which they
rest on secondary intermediate rails 7 that contribute
to the support of the recovering system 8 (not shown
in the Figures) . It is possible to provide both
trolleys 11 with a module 5 of the generators 20
and/or 21 for producing electricity. Herein below,
reference will be made to the case in which, for every
module 5 , the generators 20 and/or 21 are placed on a
single trolley 11, according to what has been
previously stated. Placing the rails 6 on which the
trolleys 11 travel at different heights allows
slanting the recovering systems 8 with respect to the
ground towards the train 3 of kites 2 , in order to
provide less resistance to the ropes 4 when the wind
system 1 operates. Also this embodiment provides for a
stretched flexible structure 12 to connect each module
5 of the wind system 1 with at least the two adjacent
modules 5 . By mutually connecting the different
modules 5 , should the dragging effect lack on a
module 5 , such module 5 would be dragged by the other
modules 5 of the wind system 1 for which the dragging
effect is present. In both above-described
embodiments, the recovering system 8 of the kites 2 is
integrated by a system for recovering and expelling
(not shown in the Figures) them. The pair of ropes 4
connected to the train 3 ofkites 2 crosses the
recovering system 8 and goes on a transmission system
equipped with at least one system for absorbing the
force peaks (not shown in the Figures) of the ropes 4
and with at least one system for providing friction
(not shown in the Figures) to the ropes 4 , which
drives the ropes 4 towards a winding and unwinding
system 22 comprising at least one pair of four winches
24 to drive the train 3 of kites 2 , and a storing
system 23 of the ropes 4 composed of at least one pair
of winches 25. Each winch 25 of the storing systems 23
is equipped with a driving module 26 that compels the
rope 4 to be orderly wound onto its respective winch
25. The ropes 4 are then the connecting and
force-transmitting element between kites 2 and modules
5 of the wind system 1 . When a train 3 of kites 2 is
lifted by the wind W , a dragging effect is generated,
that creates the module 5 translation and,
consequently, the conversion of wind energy into
electric energy through the generators 20 and/or 21.
Obviously, length and diameter of each rope 4 depend
on wind conditions and safety in which one has to
operate. The wind system 1 according to the present
invention further comprises at least one rail 6 on
which the modules 5 translate dragged by kites 2 . As
previously stated, the modules 5 of the wind system 1
can 



translate on many rails 6 and 7 , in order to
distribute the weight of the recovering systems 8 of
the kites 2 . The rails 6 and 7 preferably describe a
closed path. The simplex path is circular, but it is
suitable to choose the path in order to optimise the
exploitation of the wind energy. For example,
supposing to realise the wind system 1 in an area in
which wind W mainly blows alongone direction, it is
convenient to make the modules 5 of the wind system 1
describe an elliptical path, with its major axis
perpendicular to the direction along which wind W
blows. Such choice is dictated by the fact that the
traction of the modules 5 of the wind system 1 by the
kites 2 occurs by exploiting the force lift component
that is generated when the wind currents meet the
kites 2 , as better specified below. If the rails 6
and 7 describe a closed path, the modules 5 of the
wind system 1 are subjected to a centrifugal radial
force due to the motion of the modules 5 and to the
radial component of the pull of the train 3 of kites 2
. In order to counteract such force, it can be
convenient to suitably slant the rails 6 of the wind
system 1 (not shown in the Figures) . Slanting of the
rail 6 can be easily deduced and sized by decomposing
the forces that operate on the wheels 16 of the
modules 5 . Obviously, if the wind system 1 modules 5
translate on many rails 6 and 7 , such rails 6 and 7
must be parallel and concentric. Preferably, the rails
6 and 7 are not placed on the ground, but are kept
lifted by means of pillars. By keeping the modules 5
at a suitable height, there is no risk of sliding the
kites 2 on the ground if the kites 2 accidentally
precipitate. The structures supporting the rails 6 and
7 must have a big inertia, in order to ensure a high
stability and satisfy the geometric accuracy
requirement required by the trolleys 11 of the wind
system 1 . As previously stated, if the wind system 1
has many rails 6 and 7 , it is convenient to place the
rails 6 at different heights in order to keep the
recovering systems 8 slanted with respect to the
ground, towardsthe trains 3 of kites 2 . This reduces
the resistance opposed to the ropes 4 by the
recovering systems 8 when the wind system 1 operates.
The rails 6 and 7 with which the wind system 1 is
equipped can be divided into two categories. It is
possible to locate main rails 6 and secondary rails 7
. The main rails 6 are the rails on which the trolleys
11 of the modules 5 of the wind system 1 translate.
The secondary rails 7 are the guides on which the
cushioned wheels 17 translate and contribute to
support the weight of the recovering systems 8 of the
kites 2 . The rails 6 and 7 of the wind system 1 of
the present invention can be classic or magnetic,
depending on the fact that the modules 5 of the wind
system 1 exclusively travel by means of wheels 16, 17
or through magnetic levitation. In particular,
secondary rails 7 are preferably of the classic type
while main rails 6 can also be magnetic. Classic main
rails 6 have such a shape that they "embrace" the
lower part of the trolleys 11 that travel thereon. As
will be better described 



below, the trolleys 11 of the modules 5 of the wind
system 1 that travel on classic rails 6 are equipped
with three groups of wheels 16. By focusing the
attention on a single module 5 , a group of wheels 16
must support the majority of the weight of the module
5 along the vertical direction; the other two groups
of wheels 16 contribute to prevent the module 5 from
overturning due to the centrifugal force effect.
Classic main rails 6 are realised in order to allow
the wheels 16 to roll on two horizontal planes (a
lower plane and an upper plane) and on a vertical
plane. For such purpose, the section of the rails 6
assumes, for example, the appearance of two facing
"Cs" next to its concave part, as shown inparticular
in FIG. 12. Such configuration instead is not
necessary next to the secondary rails 7 if they are
exclusively of the classic type, whose function
consists only in contributing to support the
recovering systems 8 of the kites 2 . The cushioned
wheels 17 in fact roll on a single plane and the rails
7 appear as common guides. As an alternative to the
double-"C" configuration, it is also possible to make
classic main rails 6 that have, for example, a
rectangular section, for example, and instead arrange
the groups of wheels 16 of the trolleys 11 of the
modules 5 of the wind system 1 in such a way as to
embrace the rail 6 (not shown in the Figures) .
Another alternative embodiment finally consists in
performing a high-low sense reversal of the rail 6
with respect to the wheels 16, namely have the wheels
integral with the ground and the rail dragged by the
kites 2 , in order to house on the fixed part all
alternators keyed on the wheels (not shown in the
Figures) . The advantage offered by such embodiment
resides in the simple electric connection without
needing manifold or sliding contacts. In case of use
of classic main rails 6 , as better described below,
the energy conversion can occur, for example, through
generators 20 directly actuated by the rotation of the
wheels 16. However, in case of delivery of high powers
by each module 5 , the classic rails 6 could not be
suitable for allowing the actuation of the generators
20 by rotating the wheels 16. The torque to be
transmitted to generators 20 could in fact be too high
to be generated by simply exploiting the rolling
friction between rail 6 and wheels 16, and the rolling
resistance could be such as to implysliding of the
wheels 16 on the rail 6 . In such case, having anyway
to generate current without recurring to linear motors
used reversibly, to avoid dissipations and allow
converting mechanical energy into electric energy, it
is possible to provide the classic rail 6 with at
least one rack 15 on which at least one toothed wheel
18 meshes and directly actuates a generator 21. A s
better described below, in such case, the wheels 16 of
the trolleys 11 mainly perform a supporting function.
The rack 15 is placed on the classic rail 6 in order
to have its toothed surface perpendicular to the
surface of the rail 6 and oriented towards the centre
of the closed path described by the rails 6 . The
toothed wheel 18 that meshes with and rotates on the
rack 15 is horizontally placed and, 



due to this configuration, opposes the centrifugal
force. The centrifugal force to which each module 5 is
subjected is then exploited (and at the same time
contrasted) to guarantee a good unwinding of the
toothed wheel 18 on the rack 15. Should the magnetic
levitation be used, the main rails 6 are equipped with
electromagnets and are made in order to allow magnetic
suspension and/or energy conversion through linear
motors reversibly used for generating electricity, as
better described below. As regards magnetic
levitation, remember that currently three technologies
can be adopted: - electromagnetic suspension:
levitation is obtained by using conventional
electromagnets (possibly cooled at their
super-conduction point) placed at the end of a pair of
structures of the trolley 11 that are wound onto the
sides and lower part of the rail 6 . The magnets are
attracted towards he rail 6 and in such a way they
support the trolley 11;- electro-dynamic suspension:
levitation is obtained by using electromagnets cooled
at their super-conduction point placed on trolley 11.
Next to the side walls of the rail 6 , there are
"eighf-shaped windings in which the magnetic field
generated by semiconductor windings placed on the
trolley 11 induces currents due to the effect of which
opposite magnetic poles are created next to each half
of the "eight". Magnetic poles at a higher level
attract the magnetic field of the semiconductors of
the trolley 11, magnetic poles at lower level repel
them. Such combination of attraction and repulsion
allows the trolley 11 to levitate; suspension through
permanent magnets: levitation is obtained by placing
permanent magnets on the trolley 11 and unsupplied
electromagnets on the rail 6 . When the trolley is in
motion, the permanent magnets induce in rail 6
electromagnets currents that generate a repelling
magnetic field with respect to the one produced by
permanent magnets . Such repulsion makes the trolley
11 levitate. In the wind system 1 according to the
present invention, in case of use of magnetic
levitation, the used technology is preferably the one
that provides for the magnetic suspension through
permanent magnets that can be summed with the flow
generated by superconductor solenoids. The
configuration of magnets and electromagnets on the
rail 6 and on the trolleys 11 of the modules 5 , and
the principle through which magnetic levitation is
obtained, will be described in detail below, together
with the modes with which energy conversion, and
therefore current production, is obtained.A s can be
better stated below, even in case of use of magnetic
levitation, it is advisable to provide the trolleys 11
of the modules 5 of the wind system 1 , with wheels 16
that contribute to keep the air gap between the
magnets of the modules 5 and the rails 6 . The wheels
16, that are exclusively used for keeping the air gap,
are, for example, similar to the three groups of
wheels 16 of the trolleys 11 that travel on classic
main rails 6 , mentioned previously. In case of use of
magnetic levitation, 



the main rail 6 can therefore be a combination between
an above-described classic rail (with double "C"
configuration or with an alternative configuration)
and a magnetic rail. Every module 5 of the wind system
1 is therefore equipped with at least one trolley 11
through which the module 5 translates on at least one
rail 6 . In particular, as already stated previously,
the modules 5 can be equipped with a single trolley 11
on which both generators 20 and/or 21 and components
for driving the kites 2 and storing the ropes 4 , are
placed. A second embodiment consists in providing each
module 5 with two trolleys 11: one at a higher height
equipped with components that perform the energy
conversion and one at a lower height on which winches
24 and 25 are placed, on which ropes 4 are wound. The
modes with which a trolley 11 can travel on a rail
6are preferably two: - in case of use of a classic
rail 6 , the trolley 11 translates on the rail 6 by
means of smooth wheels 16 and 17; - in case of use of
magnetic rail 6 , the trolley 11 translates on the
rail 6 by means of permanent magnets and/or
electromagnets, exploiting themagnetic levitation
principle. If a trolley 11 translates on a rail 6 by
means of wheels 16, such wheels 16 are interfaced to
the remaining part of the module 5 of the wind system
1 , for example through springs coupled in parallel
with dampeners. The module 5 is therefore shock-
absorbed. As already previously states, it is possible
to divide the wheels 16 with which the trolley 11 is
equipped, with a module 5 into three groups. The
wheels 16 belonging to different groups are mutually
placed perpendicular, with a "T"-shaped configuration.
In particular, supposing that the rails 6 lay on a
horizontal plane, there are: - wheels 16 rolling on a
horizontal plane, that support the majority of the
trolley 11 weight; - wheels 16 rolling on a vertical
plane, that counteract the radial force to which the
trolley 11 is subjected; - wheels 16 rolling on a
horizontal plane, that prevent the trolley 11 from
overturning. Due to the presence of this system of
wheels 16, a trolley 11 is kept in the bed of the rail
6 , preventing any change of derailing. Such result is
obtain by conferring a suitable shape to the classic
rail 6 . In particular, as previously stated, it is
possible to make the rail 6 so that is assumes a
double-C"C section, so that the rail 6 "embraces" the
lower part of the trolley 11. Alternatively, it is
possible to use a common rail, for example with a
rectangular section, and arrange the wheels 16 on the
trolley 11 so that the same wheels 16 embrace the rail
6 (not shown in the Figures) .Independently from the
adopted embodiment, the single wheels 16 are not
directly constrained to the flatbed of the trolley 11
but are joined in trolleys 19 in turn constrained to
the above flatbed. Such solution, 



also adopted in railway transports, confer more
stability to the system. In case of use of magnetic
rail 6 , the air gap between magnets of the module 5
and electromagnets of the rail 6 is extremely reduced
and there is a high risk that module 5 and rail 6 come
in contact. This is due both to the high mass of the
modules 5 of the wind system 1 of the present
invention, and to the type and amount of stresses to
which such modules 5 are subjected. To guarantee
keeping the air gap, it is advisable to provide the
magnetic levitation trolleys 11 also with wheels 16
that exclusively perform a support function of the
module 5 , without concurring in generating electric
energy. Such wheels 16 can, for example, be identical
to those with which a trolley 11 translates on a
classic rail 6 . As previously stated, in case of use
of magnetic levitation, the rail 6 on which the
modules 5 translate, can therefore be a combination
between a classic rail and a magnetic rail. In
addition to keeping the air gap, the use of supporting
wheels 16 can anyway be necessary in case of use of a
suspension for permanent magnets as magnetic
suspension technology. By adopting this technology,
the repelling magnetic field could in fact be
generated only under motion conditions and therefore,
under such hypothesis, levitation with an unmoving
module 5 would not be possible. The presence of the
supporting wheels 16 ensures that, even when there is
no levitation, modules 5 and rail 6 do not come in
contact. Conditions for a possible forced movementof
the module 5 without a magnetic suspension are further
better. The recovering systems 8 are the components of
the modules 5 of the wind system 1 used for recovering
the kites 2 at rest. The wind system 1 is equipped
with one recovering system 8 for each module 5 . The
recovering system is preferably made as at least one
cylindrical pipe aimed to house therein a whole train
3 of kites 2 . For 'this reason, the recovering
systems 8 are among the most encumbrant and heavier
components of the wind system 1 . The recovering
systems 8 could be designed in order to
gravitationally react, with their own weight, against
the vertical traction component of the kites 2 .
Though the vertical pull component of the kites 2
gives a contribution to supporting the weight of the
recovering systems 8 , it is advisable to design the
modules 5 of the wind system 1 in order to prevent
that the weight of the recovering systems 8 makes the
modules 5 overturn. This is made necessary also by the
fact that the vertical pull component of the kites 2
is present only when the wind system 1 operates. When
the wind system 1 is at rest, instead, the whole
weight of the recovering systems 8 rests on the rails
6 . In case of use of a single trolley 11 for each
module 5 , the recovering system 8 is constrained to
the trolley 11 next to the end from which the ropes 4
enter proceeding towards the kites 2 . To avoid that
the recovering system 8 makes the module 5 overturn,
the weight of such system 8 is therefore supported
through the stretched flexible structure 12 and
possibly the cushioned wheels 17 connected to the
recovering system 8 that 



travel on secondary rails 7 . If the modules 5 of the
wind system 1 are equipped with two trolleys11 for
each module 5 , the recovering system 8 is constrained
to such trolleys 11 next to the end. The most internal
rail 6 is therefore placed at a lower height so that
the recovering system 8 is suitably slanted, to
minimise the resistance opposed to the ropes when the
wind system 1 operates. In particular, the recovering
systems 8 are slanted with respect to the horizontal
plane upwards (as shown in particular in FIG. 6 and
11) . Such slanting is realised also in case of use of
a single trolley 11 for each module 5 , for example by
placing at decreasing heights the secondary rails 7 on
which the cushioned wheels 17 supporting the
recovering system 8 travel. Independently from the use
of one or two trolleys 11 for each module 5 , the end
part 10 of the recovering systems 8 is realised in
order to be able to be oriented both in the horizontal
plane and in the vertical plane. This allows
facilitating the recovery and expelling operations of
the kites 2 and partially absorbing the force
transients. In particular, by increasing the slanting
of the end part 10 of the recovering systems 8 with
respect to the horizontal plane during the expelling
operation of the kites 2 , it is possible to place the
upper end of the systems 8 at a height that greatly
modifies, by elongating it, the necessary time for the
kites 2 to settle when flying, the kites 2 starting
from a higher height. During the kites 2 recovering
operations, the end part 10 of the recovering system 8
is aligned to the remaining part of the system 8 , in
order to facilitate executing such operation. The
capability of the end part 10 of a recovering system 8
to be oriented is obtained, for example, by making at
least one articulatedjoint 9 next to the upper end of
the system 8 and driving the end part 10 over the
articulated joint 9 through a system of three ropes 31
each constrained to at least one hydraulic cylinder 32
hinged to the recovering system 8 next to the
articulated joint 9 . These hydraulic cylinders 32 are
actuated by a hydraulic system driven by the smart
control system. As alternative to the hydraulic
cylinders 32 it is possible to use linear
electromechanical modules (not shown in the Figures) .
If the modules 5 of the wind system 1 are equipped
with two trolleys 11 for each module 5 , the trolley
11 next to the outlet edge of the recovering system 8
is constrained to the part that is not able to be
oriented of the system 8 , upstream of the articulated
joint 9 . If the wind system 1 according to the
present invention is equipped with a single trolley 11
for each module 5 , a possible embodiment of the wind
system 1 (not shown in the Figures) provides that it
is not necessarily only the end part 10 of the
recovering systems 8 to be able to be oriented. The
articulated joint 9 that allows orienting can be
placed in any point of the recovering system 8 or in
the system 8 origin, making the whole system 8 able to
be oriented. Also in this embodiment, the end part 10
of the recovering systems 8 can be driven, for
example, through a 



system with ropes and hydraulic cylinders. If it is
the whole recovering system 8 to be able to be
oriented, the manoeuvre can occur through the
stretched flexible structure 12 that supports it. In
order to facilitate passing the train 3 of kites 2
during their recovery and launch, the outlet edge of
the recovering systems 8 is preferably dome-shaped
and, next to such outlet edge, the end part 10 ofthe
recovering systems 8 has an increasing section
proceeding towards the outlet edge. The function of
preserving the kites 2 imposes that the recess of the
recovering systems 8 is accessible to operators for
performing possible maintenances. The shape of the
recovering systems 8 can be merely cylindrical, but,
if evaluations about aerodynamic rotation resistance
and structural resistance should suggest a different
approach, the recovering systems 8 could be made with
a trellis structure (not shown in the Figures) where
accessibility and containment of kites 2 are obtained
through a network for padding the trellis walls. The
minimum trellis section is triangular, keeping an
adequate space for preserving the kites 2 and passing
the ropes 4 . The particular entanglement of the
padding network avoids possible jamming when sliding
the train 3 of kites 2 during expulsion and recovery
steps . Inside each system 8 , a system is placed by
means of which expulsion and recovery of kites 2
occur, together with accompanying the ropes 4 . The
system 2 for recovering and expelling the kites 2 is a
component of the module 5 of the wind system 1 placed
inside the recovering system 8 and through which
recovery and launch of the kites 2 occur, respectively
when the wind system 1 is stopped and started. The
wind system 1 according to the present invention can
be equipped, for example, with the same recovery and
expulsion systems with which the wind system with arms
and rotating shaft is equipped, disclosed in
previously-mentioned Italian patent application n .
TO2006A000491, towhich reference can be made for a
more detail explanation. Synthetically, each of these
recovery and expulsion systems is equipped with a
trolley that translates on two rails that compel it to
translate inside the corresponding recovering system 8
and in parallel with the axis of such system 8 . A
pair of systems of output pulleys 35 of the ropes 4
are assembled on the trolley. In case of use of a
single rope 4 as interconnection member between the
module 5 of the wind system 1 and the train 3 of kites
2 , there is a single system of output pulleys 35 of
the rope 4 assembled on said trolley. Upon recovering
the train 3 of kites 2 , when the kites 2 are next to
the recovering system 8 , the kites 2 are arranged in
parallel with the axis of the recovering system 8
(through the pair of ropes 4 and/or the spoilers) in
order to facilitate entry in such system 8 . Making
launch and recovery of the kites 2 easier can be
obtained with jets of compressed air suitably blown
for expelling and handling the 



kites 2 without needing contacts. The devices for
obtaining this artificial wind thrusts (not shown in
the Figures) can be arranged on the length of the
recovering systems 8 and in the end part 10. The
manoeuvres are generated through numerous blowing
points whose geometric position must enable quite a
number of degrees of freedom, and are driven by the
smart control system in order to realise an accurate
and agile handling device . The same artificial wind
thrust devices can help recovering the train 3 of
kites 2 . Through these devices in fact it is possible
to create artificial air flows with which the
drivability of the kites 2 isguaranteed when said
kites 2 are next to the recovering systems 8 . The
launch of the kites 2 requires at least the presence
of a slight breeze at ground level. In case of scarce
wind at low heights, the motors 20 mentioned below are
actuated in order to start the modules 5 of the wind
system 1 in order to artificially create the breeze
that allows the kites 2 to ascend. The wind system 1
is equipped with a recovery and expulsion system of
the kites 2 next to each module 5 . An alternative
solution as regards the recovery of the kites 2
consists in placing the recovering systems 8 on the
ground instead of on board the modules 5 of the wind
system 1 . Such solution implies great advantages.
First of all, every module 5 of the wind system 1 is
equipped with a single trolley 11 (since the external
one adapted to support the recovering system 8 is not
necessary any more) and the wind system 1 will
therefore have a single rail 6 . Another advantage
consists in that the inertia of each module 5 is
highly reduced with respect to the solution with
recovering systems 8 integral with modules 5 and
therefore the energy to be spent upon starting the
wind system 1 is lower. Finally, the aerodynamics of
the trolleys of the wind system 1 is better, since the
aerodynamic friction due to the recovering systems 8
is not present any more. This allows increasing the
energy conversion efficiency with the same wind energy
captured by the kites 2 . The recovering systems 8 on
the ground can be, for example, containers with a
hinged cover placed next to the ground. Said
containers have a shape adapted to house at least one
train 3 of kites 2 . In thehorizontal plane the
recovering systems 8 are radially arranged and can be
placed inside and outside the closed path located by
the rail 6 . As regards slanting of the recovering
systems 8 with respect to the ground, during the kites
2 recovery and takeoff operations, the recovering
systems 8 are slanted upwards (in order to facilitate
such operations) , while during the remaining period
of time, the recovering systems 8 are arranged almost
horizontally. In particular, each recovering system 8
is able to perform two movements: a
rotation-translation movement and a housing movement .
The rotation-translation movement consists in lifting
the recovering system 8 by suitably slanting it
upwards. Each recovering system 8 is 



handled through laterally-arranged linear actuators 37
. Such actuators 37 are arranged on the two sides of
the recovering system 8 and are hinged both on the
ground and to structures that can be schematised
through rods 36 in turn hinged next to the ground end
and to a box 38 of the recovering system 8 (as shown
in FIG. 18 and 19) . By actuating the actuators 37, it
is possible to lift and slant the recovering system 8
taking the nearest end to the rail 6 at the same
height at which said rail 6 is, and taking the other
end to a higher height. The linear actuators 37 are,
for example, hydraulic cylinders actuated by a
hydraulic system driven by the smart control system.
As alternative to hydraulic cylinders, it is possible
to use electromechanical linear modules. The
rotation-translation movement occurs when starting and
stopping the wind system 1 in order to respectively
facilitate the takeoff and recovery operations of
kites 2 . The housing movement consists in opening the
recovering system 8 sothat such system 8 becomes a
platform suitable to house at least one train 3 of
kites 2 . A s already previously stated, the
recovering systems 8 on the ground can be, for
example, containers with hinged cover and therefore
has a different structure with respect to the solution
with recovering systems 8 on board the modules 5 of
the wind system 1 . Firstly, since the recovering
system 8 has to be opened like a platform, the best
shape to be conferred to such recovering systems 8 is
not any more the one of a cylindrical pipe. Moreover,
the ground recovering systems have not the end part 10
able to be oriented any more and inside them there is
not the trolley of the recovery and expulsion system.
Each recovering system 8 is longitudinally sectioned
in order to be composed, for example, of three parts
38 and 39. As shown in particular in FIG. 20, two
parts 39 compose the cover of the recovering system 8
able to be opened, the third part 38 is the box of the
container of the recovering system 8 . The box 38 of
the recovering system 8 is arranged with upwards
oriented concavity and the other two parts 39 are
hinged thereto 38 in order to create a structure that
is able to be opened and closed, making the recovering
system 8 assume the appearance of a platform. Opening
of the containers 8 as a platform occurs upon starting
and stopping the wind system 1 , namely respectively
in order to takeoff and recover the kites 2 . After
having ended takeoff or recovery operations, the
recovering systems 8 are closed again. Like the
rotation-translation movement, also the housing
movement occurs, for example, through linear actuators
(not shown in the Figures) . Such actuators can be
hydraulic cylinders actuated by a hydraulic system(or
linear electromechanical modules) driven by the smart
control system. With reference again to the wind
system 1 version in which the recovering systems 8 are
placed on the ground, two solutions can be adopted.
The first solution consists in providing the wind
system 1 with two recovering systems 8 for each module
5 (and therefore for each train 3 of kites 2 ) ; the
second solution consists in using a lower number of
recovering systems 8 than the number of modules 5 of
the wind system 1 . 



If the wind system 1 is equipped with two recovering
systems 8 for each module 5 , every train 3 of kites 2
has two containers available in which it can be
recovered: one placed inside the closed path described
by rail 6 , the other placed outside such path. By
adopting this solution, a train 3 of kites 3 can be
recovered in a recovering system 8 or in the other
according to what wind W allows. If instead the wind
system 1 is equipped with a number of recovering
systems 8 lower than the number of modules 5 , the
recovering systems 8 can be placed indifferently
inside or outside the closed path described by the
rail 6 and each recovering system 8 is aimed to house
more that one train 3 of kites 2 . For this reason, in
such case, the ropes 4 for driving the kites 2 are
equipped with an automatic coupling and uncoupling
system (not shown in the Figures) through which the
ropes 4 can be reversibly coupled and uncoupled
with/from the trains 3 of kites 2 . Due to such
automatic system, a train 3 of kites 2 is recovered
only when it is next to a recovering system 8 and wind
conditions are favourable. When the recovery ends, the
ropes 4 that connect a module 5 to the corresponding
train 3 of kites 2 are uncoupled from the train 3 of
kites 2 in order to allowadvancing the modules 5 and
recovering the train 3 of kites 2 of the following
module 5 . Similarly, through the same automatic
coupling and uncoupling system, the ropes 4 are
coupled again to the train 3 of kites 2 upon starting
the wind system 1 , upon the kites 2 takeoff.
Obviously, the automatic system for coupling and
uncoupling the ropes 4 is superfluous if the wind
system 1 is equipped with two recovering systems 8 for
every module 5 since, in such case, every trolley 11
of the wind system 1 remains constrained to the
corresponding train 3 of kites 2 even with a wind
system 1 at rest. To allow a recovering system 8 to
house many trains 3 of kites 2 , it is further
necessary to provide each recovering system 8 with an
automatic storing system (not shown in the Figures)
through which it is possible to recover or takeoff in
succession many trains 3 of kites 2 and orderly
arrange the trains 3 of kites 2 inside the recovering
system 8 . Such automatic storing system is composed,
for example, of translating shelves handled by belts
and is driven by the smart control system. The shelves
translate remaining parallel and describing a closed
path in order to allow a quick succession of landing,
storage and takeoff operations of the trains 3 of
kites 2 . Similarly to the solution characterised by
placing the recovering systems 8 on board the modules
5 of the wind system 1 , making the takeoff and
recovery of kites 2 easier can be obtained with jets
of compressed air suitably blown to expel and handle
the kites 2 without needing contacts. The devices for
obtaining this artificial wind thrust are arranged on
the length of the recovering systems 8 and the
manoeuvres are controlled by the smart control system
in order to realise an accurate and agilehandling
device. The same artificial wind thrust devices can
help recovering the train 3 of kites 2 . Through these
devices, it is in fact possible to create artificial
air flows with which the drivability of 



kites 2 is guaranteed when kites 2 are next to the
recovering systems 8 . In case of ground recovering
systems 8 , it is possible to place a disappearing
guiding system (not shown in the Figures) next to the
end of the recovering system 8 through which the train
3 of kites 2 passes to be able to be rested onto the
platform. Such disappearing guiding system must
facilitate the landing of the train 3 of kites 2 onto
the recovering system 8 and is composed, for example,
of a pair of rods placed on the sides of the
recovering system 8 and in front of it. The rods are
lifted almost in a vertical position in the instants
preceding the landing step in order to contain the
possible flagging of the train 3 of kites 2 and
address it towards the recovering system 8 opened as a
platform. Also such disappearing guiding system is
driven by the smart control system. Summarising, by
placing the recovering systems 8 of the kites 2 on the
ground, assuming that the wind system 1 is equipped
with two recovering systems 8 for each train 3 of
kites 2 , the kites 2 recovery operation occurs in the
following way: - the ropes 4 connecting the train 3 of
kites 2 to the trolleys 11 of the wind system 1 are
rewound in order to take the trains 3 of kites 2 next
to the trolley 11; - the disappearing guiding systems
are actuated and, through the rotation-translation and
housing movements, the recovering systems 8 are
lifted, upwards slanted and opened as a platform;- the
stroke of the modules 5 of the wind system 1 is
stopped and, through the help of artificial wind
thrust devices, the trains 3 of kites 2 are
simultaneously rested onto the corresponding
platforms, inside or outside the closed path described
by rail 6 ; and - the recovering systems 8 are closed
again and made rotate-translate in order to be
arranged next to the ground. If each recovering system
8 is aimed to house many trains 3 of kites 2 , the
recovery operation does not occur simultaneously for
all trains 3 of kites 2 . The wind system stroke is
stopped in order to allow landing a number of trains 3
of kites 2 equal to the number of recovering systems 8
. Now, through the automatic coupling and uncoupling
system, the ropes 4 are uncoupled from the landed
trains 3 of kites 2 and the automatic storing systems
recover the trains 3 of kites 2 making available free
flatbeds for landing the other kites 2 . The wind
system 1 starts again and the modules 5 uncoupled from
the trains 3 of kites 2 go on travelling on the rail 6
in order to allow recovering the trains 3 of kites 2
of following modules 5 . After all trains 3 of kites 2
have been recovered in corresponding containers, the
recovering systems 8 are closed again and lowered in
order to be arranged next to the ground. The kites
takeoff occurs through the same sequence of
operations, but performed in a reverse order. With
reference again to the case in which each recovering
system 8 is aimed to house a single train 3 of kites 2
, the recovering systems 8 are lifted, upwards slanted
and opened as a 



platform. The artificial wind thrust devices are then
actuated in order to expel the trains 3 of kites 2 ,
and the modules 5 of the wind system 1advance on the
rail 6 due to the motors 20 controlled by the smart
control system, generating at the level of the trains
3 of kites 2 a slight breeze that allows the kites 2
to ascend. If instead each recovering system 8 is
aimed to house many trains 3 of kites 2 , similarly to
the landing step, also the takeoff step occurs
simultaneously for all trains 3 of kites 2 . In this
case, after the recovering systems 8 are lifted,
upwards slanted and opened as a platform, through the
automatic coupling and uncoupling system, the ropes 4
are coupled with the trains 3 of kites 2 that must
takeoff. After the kites 2 takeoff, the modules 5
coupled with the trains 3 of kites 2 advance on the
rail 6 in order to allow coupling the trains 3 of
kites 2 by the following modules 5 . After all the
trains 3 of kites 2 have made their takeoff, the
recovering systems 8 are closed again and lowered in
order to be arranged next to the ground. The wind
system 1 according to the present invention further
comprises at least one transmission system. The
transmission systems are the components of the modules
5 of the wind system 1 that drive the ropes 4 between
kites 2 and systems 22 for winding and unwinding the
ropes 4. The transmission systems are composed of
pulleys assembled on the modules 5 of the wind system
1 . Each module 5 of the wind system 1 is equipped
with a transmission system in which there are
preferably two rows of pulleys, one for each of the
two ropes 4 with which the kites 2 are driven. In case
of use of a single rope 4 as interconnection member
between module 5 of wind system 1 and kites 2 , each
module 5 is equipped with a single row of pulleys.The
pulleys present in each transmission system can be
divided into four categories: - the pulleys 35
assembled on the trolley of the recovery and expulsion
system of the kites 2 ; - the fixed pulleys 33
directly constrained to the module 5 of the wind
system 1 ; - the pulleys being part of the systems for
absorbing the force peaks of the ropes 4 mentioned
below; - the pulleys being part of the system for
frictioning the ropes 4 mentioned below/ - the pulleys
34 assembled on sliders of the driving modules 26 of
the ropes 4 (one for each slider 27) . In case of use
of two trolleys 11 for each module 5 of the wind
system 1 , excluding the pulleys with which the
recovery and expulsion system of the kites 2 is
equipped, the other pulleys 33 are placed on the
trolley 11 of the module 5 that is at a lower height.
The global number of pulleys composing a transmission
system depends, obviously, on the trolley 11 sizes.
The wind system 1 according to the present invention
further 



comprises at least one system for absorbing the force
peaks of the ropes 4 (not shown) . The systems for
absorbing the force peaks of the ropes 4 are the
components of the wind system 1 that compensate the
sudden load variations of a small entity that the
ropes 4 do not succeed in absorbing. The systems for
absorbing the force peaks are placed between the
systems 22for winding and unwinding the ropes 4 and
the recovering system 8 . The wind system 1 according
to the present invention can be equipped, for example,
with the system for absorbing the force peaks
disclosed in previously-mentioned Italian patent
application n . TO2006A000491, to which reference can
be made for a more detailed explanation .
Synthetically, each system for absorbing the force
peaks is composed of a pulley connected to a dampened
counterweight lifted from the ground and able to
vertically translate, constrained by a suitable guide.
On the pulley a rope 4 is wound, with which a train 3
of kites 2 is driven so that it is the rope 4 tension
that keeps the counterweight lifted. Each module 5 of
the wind system 1 of the present invention should be
equipped with at least one system for absorbing the
force peaks for each traction rope 4 with which the
kites 2 driving occurs. The wind system 1 according to
the present invention further comprises at least one
system for fractioning the ropes 4 (not shown) . The
systems for frictioning the ropes 4 are the components
of the wind system 1 that block the ropes 4 when there
is no load and contribute to compensate the sudden
load variations of a small entity that the ropes 4 are
not able to absorb. The systems for frictioning are
placed between the systems 22 for winding and
unwinding the ropes 4 and the recovering system 8 .
The systems for fractioning, of which the wind system
1 according to the present invention is composed,
comprise, for example, a pulley constrained to a
linear guide. In parallel to the translation
directionimposed by the linear guide, a dampened
spring is placed, that is constrained next to an end
to the pulley and next to another end to the trolley
11. On the pulley a rope 4 is wound, with which a
train 3 of kites 2 is driven so that, due to the rope
4 tension, the spring is compressed. When a sudden
load increase occurs on the rope 4 , such load
increase is partially attenuated by the spring
compression. The main function performed by such
system for frictioning however consists in blocking
the rope 4 when there is no load. The spring can in
fact be preloaded so that, when there is no load on
the rope 4 , the rope 4 itself is compressed by the
spring between the frictioning system pulled and a
second pulley. Each module 5 of the wind system 1 of
the present invention must be equipped with at least
one frictioning system for each traction rope 4 with
which the kites 2 driving occurs. The wind system 1
according to the present invention further comprises
at least one winding and unwinding system 22 of the
ropes 4 (not 



shown) . The systems 22 for winding and unwinding the
ropes 4 are the components of the module 5 of the wind
system 1 placed between the systems for frictioning
(or the systems for absorbing the force peaks) and the
storing systems 23 of the ropes 4 mentioned below. The
wind system 1 according to the present invention can
be equipped, for example, with the same systems 22 for
winding and unwinding the ropes 4 disclosed in
previously-mentioned Italian patent application n .
TO2006A000491, and to which reference must be made for
a more detailed explanation.Synthetically, every
module 5 of the wind system 1 is equipped with a
winding and unwinding system 22 comprising two pairs
of four winches 24 around which the pair of ropes 4 of
the corresponding train 3 of kites 2 are wound. Each
rope 4 exiting the frictioning system is wound around
the four corresponding winches 24 of the winding and
unwinding system 22, after which it proceeds towards
the storing system 23. The systems for winding and
unwinding 22 are those that support the whole ropes 4
pull. The four winches 24 around which each rope is
wound are arranged on two levels (two at a higher
level and two at a lower level) and have parallel
rotation axes. Every rope 4 on average is wound on
each of these winches 24 for about three quarters of a
circumference. Since there are four winches 24 for
every rope 4 , the global winding of a rope 4 on the
winches 24 of the present system is equivalent to
three complete windings of the rope 4 on a single
winch. The four winches 24 on which the same rope 4 is
wound are connected, for example through gears, to a
motor 28 (by possibly interposing a reducer) whose
actuation is regulated by the smart control system. It
is by means of these winches 24 that the kites 2
driving occurs. An alternative solution (not shown in
the Figures) consists in using a motor for each winch
24 . To simplify, herein below reference will be made
to the case in which the systems for winding and
unwinding 22 of the ropes 4 are equipped with a single
motor 28 for every four winches 24 on which a single
rope 4 is wound. Friction between each winch 24 and
rope 4 can be increased by suitably shaping the
surface of the winches 24 in order to house the rope 4
increasing the contact surface between rope 4 and
winch 24 .Always focusing the attention on a single
rope 4 , it is possible to differentiate the roughness
of the surface of the four winches 24 in order to
progressively increase the friction between rope 4 and
winch 24 proceeding towards the storing systems 23. In
case of use of a single rope 4 as interconnection
member between module 5 of wind system 1 and kites 2 ,
the winding and unwinding system 22 of the ropes 4 is
equipped with four winches 24 only. This reduces the
encumbrance of the winding and unwinding system 22 of
the ropes 4 and the inertia of the module 5 of the
wind system 1 , with a lower energy consumption upon
starting the system. It must be remembered that the
distinction between driving system 22 



and storing system 23 for the ropes 4 is made
necessary by the great length of the sections of rope
4 connected to the kites 2 . Should in fact be a
single winch for each rope 4 (thereby operating both
as driving system and as storing system) , the rope 4
would be completely wound around the winch drum,
forming many layers and at the same time supporting
great loads. Such situation must be avoided since
frictions that would be created due to sliding between
the different rope 4 windings, would wear the rope 4
at such extent as to impair its mechanical properties.
As alternative to systems for winding and unwinding 22
of the ropes 4 of the "four winches" type, it is
possible to use, for example, a single winch for each
rope 4 . In such case, the rope 4 is wound around such
winch by performing only a limited number of
revolutions (a number such that there is a single
layer of windings) after which it proceeds towards the
storing system 23. A second alternative consists in
using devices equippedwith a pair of faced tracks
within which the rope 4 is inserted. Both alternative
solutions to the above-described winding and unwinding
system 22 of the ropes 4 are anyway disclosed in
Italian patent application n . TO2006A000491. The wind
system 1 according to the present invention further
comprises at least one storing system 23 of the ropes
4 (not shown) . The storing systems 23 of the ropes 4
are the components of the module 5 of the wind system
1 that take care of storing the ropes 4 of the kites 2
. The wind system 1 according to the present invention
is equipped, for example, with the same storing
systems 23 of the ropes 4 disclosed in
previously-mentioned Italian patent application n .
TO2006A000491, to which reference can be made for a
more detailed explanation. Synthetically, every module
5 of the wind system 1 is equipped with a storing
system 23 of the ropes 4 comprising a pair of winches
25 around which the pair of ropes 4 of the
corresponding train 3 of kites 2 are wound. These
winches 25 are connected, through a pair of reducers,
to a pair of motors 29 whose actuation is regulated by
the smart control system. Similarly to what has been
previously stated, in case of use of a single rope 4
as interconnection member between a module 5 of the
wind system 1 and the corresponding train 3 of kites 2
, the storing system 23 of the ropes 4 is equipped
with a single winch 25 connected, through a reducer,
to a single motor 29. This reduces the encumbrance of
the storing system 23 of the ropes A and the inertia
of the module 5 of the wind system 1 , with a lower
energy consumption upon starting the system.The
storing systems 23 do not also take care of driving
the kites 2 . In such a way, the tension of the ropes
4 wound around the winches 25 of the storing systems
23 is much lower than the tension that can be detected
in the sections of rope 4 wound on the winches 24 of
the winding and unwinding systems 22. Therefore, where
the ropes 4 load is greater, the number of windings on
the winches 24 is such that the ropes 4 are never
arranged on two or more layers. Vice versa, on the
winches 25 of the 



storing systems 23, the ropes 4 are wound on many
layers but the tension is minimum. The diameter of the
winches 25 composing the storing systems 23 is greater
than the diameter of the winches 24 of the winding and
unwinding systems 22, in order to minimise anyway the
amount of winding layers. The smart control system
therefore has also the purpose of synchronising the
rotation of the winches 24 and 25 of the winding and
unwinding system 22 of the ropes 4 and of the storing
system 23 around which the same rope 4 is wound. This
is fundamental for managing the load on the section of
rope 4 included between the two systems 22 and 23,
above all during the steps of starting and stopping
the wind system 1 . Since on the winches 25 of the
storing systems 23 of the ropes 4 the windings are on
many layers, next to each winch 25 it is necessary to
place a driving module 26 that forces the rope 4 to an
orderly winding on the winch 25 and prevents sliding
between rope 4 and flanks of the winch 25 .and between
the windings themselves. The driving modules 26 of the
ropes 4 are the components of the modules 5 of the
wind system 1 that force the ropes 4 to an orderly
winding on winches 25 of the storing systems 23 and
that prevent sliding between ropes 4 and flanks of
thewinches 25 and between ropes 4 themselves. The wind
system 1 according to the present invention is
equipped, for example, with the same driving modules
26 of the ropes 4 disclosed in previously-mentioned
Italian patent application n . TO2006A000491, to which
reference can be made for a more detailed explanation.
Synthetically, these driving modules 26 are composed
of a slider 27 constrained to a rail arranged in
parallel with the rotation axis of the winch 25 of the
corresponding storing system 23 of the ropes 4 . The
slider 27 is able to translate in the two directions
and a pulley 34 is assembled thereon. In particular,
such trolley 27 moves at every pitch of winch 25. In
the driving modules 26 of the ropes 4 , the
translation of the slider 27 occurs by means of an
electric motor 30 whose operation is regulated by the
smart control system that drives the kites 2 . In the
wind system 1 there is a driving module 26 of the
ropes 4 for every winch 25 of the storing systems 23.
As an alternative to the use of the driving modules 26
of the ropes 4 it is possible, for example, to place
each winch 25 of the storing systems 23 of the ropes 4
on a trolley that translates on a guide placed in
parallel with the rotation axis of the corresponding
winch 25. Sliding of the trolley occurs by means of an
electric motor whose operation is regulated by the
smart control system. Also such solution is disclosed
in Italian patent application n . TO2006A000491. By
adopting this solution, the driving module 26 of the
rope 4 is not necessary any more since it is the winch
25 itself that translates in order to guarantee an
orderly winding of the rope 4 .The modules 5 of the
wind system 1 are equipped with electric motors that
also operate as generators and with generators 20
and/or 21 that also operate as motors. 



The electric motors are those through which the
actuations of winches 24 and 25 and of the driving
modules 26 of the ropes 4 occur. In particular, for
each rope 4 the wind system 1 is equipped with three
electric motors: - a motor 28 responsible for rotating
the winches 24 of the winding and unwinding system 22
of the rope 4 ; - a motor 29 responsible for rotating
the winch 25 of the storing system 23 of the rope 4 ;
- a motor 30 responsible for translating the slider 27
of the driving module 26 of the rope 4 (or the trolley
on which the winch 25 of the storing system 23 of the
ropes 4 is assembled) . For moving the end part 10 of
the recovering systems 8 , every module 5 of the wind
system 1 is further equipped with a hydraulic system
that actuates the hydraulic cylinders 32 or with
linear electromechanical modules . Each of the motors
28, 29 and 30 could be interfaced with the
corresponding winch 24 and 25 or driving module 26 of
the ropes 4 through a reducer, for example of the
epicycloid type. Since these motors 28 and 29 can also
operate as generators, it is possible to produce
electricity through the motors 28 connected to winches
24 of the winding and unwinding system 22 of the ropes
4 , by exploiting the traction exerted by the kites 2
on said winches 24 . The electricmotors are controlled
by the smart control system and those corresponding
with the same rope 4 of the kites 2 must operate in
synchronism. In order to produce electricity by
exploiting the traction of the modules 5 of the wind
system 1 by the kites 2 , the solutions that can be
adopted are multiple and also depend on the mode with
which the modules 5 translate on the rails 6 . The
production of electricity can occur by means of
generators /motors 20 directly actuated by the
rotation of the wheels 16 through which the modules 5
of the wind system 1 travel on the classic rail 6 (or
actuated by the rotation of the wheels 16 of the
trolleys 11 used for energy conversion) . As
previously stated, the production of electricity can
also occur by means of generators 21 actuated by the
rotation of toothed wheels 18 that roll on at least
one rack 15 placed on the classic rail 6 on which the
modules 5 of the wind system 1 travel. The energy
production can finally occur by using reversible
magnetic linear motors, so that they operate as
generators. In railway transports with magnetic
levitation, the magnetic repulsion and attraction are
used not only for levitating a convoy but also as
means of locomotion. In particular, in order to move a
convoy and for braking it, in the magnetic levitation
transport a synchronous linear motor is used, that
operates as electric rotary motor in which the stator
has been opened and laid along the rail. Rotor and
stator do not produce a 



torsion moment, but a linear force. Such force is
produced by a series of magnets or solenoids that
generate a sliding magnetic field, whichinteracts with
electromagnets placed on the rail. The magnetic field
coming from the convoy induces, in rail
electromagnets, an electric current that operates by
repelling the inducing field. This generates a force
that pushes the convoy in an opposite direction to the
magnetic field sliding direction. The same principle
can be employed for magnetically converting into
electric energy the mechanical energy deriving from
the dragging effect of the kites 2 on the modules 5 of
the wind system 1 . In particular, the modules 5 of
the wind system 1 can be equipped with permanent
magnets (that therefore do not need to be supplied)
possibly helped by superconductor-type solenoids (that
require relatively few energy) and it is possible -to
place on the rail 6 metallic windings that operate as
electromagnets. Such windings are suitably arranged so
that the permanent magnets, when the modules 5
translate on the rail 6 , induce currents in these
electromagnets. Such induced currents partly generate
a magnetic field that is opposed to the inducing one,
determining the levitation of the modules 5 , and
partly are the fruit of the conversion of mechanical
energy into electric energy. In particular, the
modular composition of the permanent magnets and the
respective magnetic circuit faced on the rail 6 and on
the modules 5 takes to a continuous variation of
induced flow during the relative translation of the
modules 5 with respect to the rail 6 . These flow
variations in magnetic circuits are profitably coupled
with windings for collecting electric energy. These
windings can be interlocked to a power electronics
that change their absorption in a controllable and
quick way. In this way, the system becomes an actuator
that can interveneby modulating the forces in
transients dynamics. This characteristic allows
realising a virtual dampener that can absorb possible
fluctuating or oscillating energy excesses of the
sliders equipped with permanent magnets, in the normal
direction to the plane of the air gap. The permanent
magnets with which the modules 5 must be equipped can
be, for example, neodymium iron boron magnets. Such
magnets are the best candidate for obtaining a wide
enough air gap and intense magnetic flows. The maximum
capacity of the sliders equipped with permanent
magnets is function of the faced area and takes
advantage from the magnetic repulsion that changes
with the square of the distance. Summarising, the use
of magnetic levitation through permanent magnets
allows joining three functionalities in a single
subsystem: the suspension of the modules 5 with a low
friction (sliding of the modules 5 is therefore
extremely efficient and can occur without wearing
members) , electric generation (that occurs directly
in rail 6 ) and energy absorption of possible
oscillations and fluctuations of the sliders equipped
with permanent magnets under the thrust of the modules
5 (and therefore of the stretched flexible structure
12) . In order to prevent risks of drafting of the
sliders equipped with 



permanent magnets, the type of support connection has
two degrees of freedom as a ball-type articulation and
pushes in a barycenter area of the slider. In this
way, only stresses along the sliding direction are
transmitted, those transverse and those planar or
normal to the air gap plane. As regards the energy
conversion, there are four configurations thatit is
possible to adopt for the wind system 1 of the present
invention: - the modules 5 of the wind system 1 travel
on classic main rails 6 by means of wheels 16 and 17
whose rotation directly actuates generators 20 for
producing current. The wheels 16 connected to the
generators 20 are those on which the module 5 weight
rests. Such configuration can be adopted only if the
rolling friction of such wheels 16 is enough to
actuate the generators 20; - the modules 5 of the wind
system 1 travel on classic main rails 6 by means of
wheels 16 and 17 but the production of current occurs
mainly by actuating generators 21 connected to toothed
wheels 18 rolling on at least one rack 15. Even if in
such configuration the smooth wheels 16 mostly perform
a support function, they are anyway connected to
motors 11 that, as explained below, are actuated upon
starting the wind system 1 for starting-up the modules
5 . Such motors 11 can be used as generators when the
wind system 1 operates, exploiting the rolling
friction between smooth wheels 16 and classic rail 6 ;
- the modules 5 of the wind system 1 travel on rails 6
that are a combination between a classic rail and a
magnetic rail, by means of wheels 16 and 17 that
exclusively perform the support function. The
production of current occurs by using reversible
magnetic linear motors, so that they operate as
generators; - the modules 5 of the wind system 1
travel on rails 6 that are a combination between a
classic rail and a magnetic rail, by means of magnetic
levitation. The modules 5 are also equipped with
wheels 16 that ensure keeping the air gap. The
production of current occurs by usingreversible
magnetic linear motors, so that they operate as
generators. Of the four above-described
configurations, those that provide for the use of
reversible magnetic linear motors are those that
ensure the delivery of electric powers of a higher
order of magnitude. The devices that take care of
generating electricity, being rotary generators
/motors 20 or reversible linear motors, are used as
motors upon starting the wind system 1 , in order to
advance the modules 5 and generate a light breeze at
the end of the recovering systems 8 in order to favour
the kites 2 ascension. If the modules 5 of the wind
system 1 are not mutually connected through a
stretched flexible structure 12, another circumstance
in which the generators 20 are used as motors is when,
during the wind system 1 operation, the dragging
effect of the kites 2 is missing. In such case, the
module 5 of the wind system 1 initially goes on
advancing by inertia. If the smart control system does
not manage to restore the dragging effect shortly, the
generators 20 are actuated in 



order to operate as motors and the module 5 goes on
advancing without compelling the following module 5 to
slow-down its own travel. The smart control system is
the system through which the kites 2 are automatically
driven. The main task of this component consists in
driving the operation of the motors 28 and 29
connected to the winches 24 and 25 of the winding and
unwinding systems 22 and of the storing systems 23 of
the ropes 4 , and in controlling the system adapted to
drive the end part 10, adapted to be oriented, of the
recovering systems 8 of the kites 2 . Obviously, each
train 3 of kites 2 is driven independently from the
other ones, avoiding that flight interferences can
occur.The smart control system of the wind system 1
according to the present invention can preferably be
like the one disclosed in previouslymentioned Italian
patent application n . TO2006A000491, to which
reference must be made for a more detailed
explanation. Synthetically, the main functions
performed by the smart control system are the
following: - automatic control of the flight of kites
2 ; - self-calibration of the sensors as equipment of
kites 2 ; - prevention of collisions between kites 2
and other flying objects; - actuation of the driving
modules 26 of the ropes 4 o of the motors for
translating the winches 25 of the storing system 23; -
actuation of the motors; - compensation of the load
variations of the ropes 4 . The supply system
comprises all necessary components for accumulating
and delivering electric energy. In particular, the
wind system 1 is equipped with power supplies,
transformers and accumulators through which the
produced electricity is stored, current is delivered
to motors during the starting phase of the modules 5
of the wind system 1 and for recovering the kites 2 ,
supplying all electronic components and providing
electric power to external users. Even if the
operation of all electronic components of the wind
system 1 is controlled by the smart control system.
The present invention further refers to a process for
producing electric energy through a wind system 1 as
previously described. In general, the process of the
present invention, that integratesthe energy
conversion process from wind energy to electric energy
enacted through the wind system 1 of the present
invention, comprises four steps that are cyclically
repeated when the wind system operates. With reference
to a single module 5 of the wind system 1 and
hypothetically assuming that the direction along which
wind W blows is constant and that the rails 6 and 7
describe a circular path, during the first three steps
of the process according to the present invention, the
translation of the module 5 is due to the wind energy
subtracted from the wind W by means of the train 3 of
kites 2 connected to such module 5 . The smart control
system therefore drives the train 3 of kites 2 so that
the wind energy that it is possible to subtract to
wind is maximum, compatibly 



with the need of keeping the ropes 4 as much as
possible tangential to the rail 6 during the whole
step. In fact, the more tangential the ropes 4 are to
the rail 6 , the greater is the useful component of
the traction force as regards handling the module 5 .
The fact that the ropes 4 are kept tangential to the
rail 6 implies that the control system drives the
train 3 of kites 2 in order to mainly exploit the lift
force, namely the force component perpendicular to the
wind speed. In this way, the kites 2 advance going on
sweeping the wind front surface. The wind then
advances the kites 2 , tensioning the ropes 4
connected to the modules 5 of the wind system 1 : this
dragging effect determines the handling of the modules
5 and the production of electric energy by means of
generators 20 and/or 21 or of the reversible magnetic
linear motors. The fourth and last step of the process
according to the present invention instead occurs in
the downwind area. The smart control systemdrives the
train 3 of kites 2 in order to quickly cross such area
without producing any braking effect on the module 5
of the wind system 1 . In particular, not only the
smart control system drives the train 3 of kites 2 in
order to follow the translation of the module 5 , but
a dragging effect from the kites 2 is still present
(even if scarcely efficient) . If the modules 5 of the
wind system 1 are mutually connected through a system
of tie-rods 14, the modules 5 for which the dragging
effect is still present provide a contribution to the
advancement of the module 5 that is in this step of
the operating cycle. If instead the modules 5 are not
mutually connected through a system of tie-rods 14,
during such step the advancement of the examined
module 5 occurs above all by inertia. With particular
reference to FIG. 21 that shows a potential path
described by a kite 2 during a cycle of the process
according to the present invention and supposing that
the speed direction W of the wind and the translation
direction designated by arrow R of the modules 5 are
kept constant, focusing the attention on a single
module 5 of the wind system 1 , the four steps
composing the process according to the present
invention, respectively designated by dashed squares a
, b , c and d delimiting the various space areas in
which the kite 2 is, depending on the wind current
direction W in which it is immersed, are as follows: a
) during such step the kite 2 proceeds transversally
with respect to the wind direction W (square a in FIG.
21) . The wind then blows transverse with respect to
the advancement direction of the kite 1 . The length
of the unwound sections of rope 4 increases since the
kites 2 move away from the module 5 of the wind system
1 . Afterwards, such step proceeds similarly towhat is
disclosed in previously-mentioned Italian patent
application n . TO2006A000491, to which reference can
be made for more explanations; b ) during such step,
the kite 2 proceeds along the same direction W in
which the wind blows (square b in FIG. 21) . In such
step, the exploitation of the lift of the kite 1 is
summed to the resistance one. This makes the kite 2
speed greater than the wind speed W and, in order to
exploit the dragging effect, it is necessary to partly
rewind the ropes 4 . In spite of 



such recovery, even during this step, the energy
balance is positive. Afterwards, also for this step
the statements are valid that have been described in
previously-mentioned Italian patent application n .
TO2006A000491, to which reference can be made for more
explanations; c ) similarly to what occurs during the
above-cited first step a ) of transverse wind, in this
step the kite 2 is taken to transversally proceed with
respect to the wind direction W (square c in FIG. 21)
and the length of the unwound sections of rope 4
increases since the kites 2 move away from the module
5 of the wind system 1 . Afterwards, also for this
step the statements are valid that have been described
in previously-mentioned Italian patent application n .
TO2006A000491, to which reference can be made for more
explanations; d ) during this step, the kite 1
proceeds along an opposite direction with respect to
the wind one (square d in FIG. 21) . The smart control
system drives the kite 2 in order not to generate any
braking effect since it performs a sudden manoeuvre
defined as "azimuth jibe" that consists in a quick
transition between two transverses, during which the
kite 2 travels in air for a distance equal to at least
three times the affectedarc of circumference in the
time in which the module 5 of the wind system 1
travels along such arc. The kite 2 loses height
without opposing in any way the translation of the
module 5 . During such step, it is necessary to
recover, in relatively short times, a long section of
unwound rope 4 . At the end of the azimuth jibe, the
kite 2 is placed in order to be captured by the wind W
and proceeds transversally with respect to this latter
one. Also for this step the statements are valid that
have been described in previously-mentioned Italian
patent application n . TO2006A000491, to which
reference can be made for more explanations; and e )
cyclically repeat the previous steps for every
complete rotation of the module 5 along the rail 6 .
As can however be noted, contrary to what is disclosed
in Italian patent application n . TO2006A000491
related to the wind system with arms and rotating
shaft, in which there are systems for accumulating
energy with which the length of the unwound sections
of rope 4 is increased or reduced without rotating the
winches 24 and 25 of the winding and unwinding system
22 and of the storing systems 23 of the ropes 4 , in
the wind system 1 according to the present invention
the regulation of the unwound sections of rope 4
occurs by means of said winches 24 and 25. During the
whole operating cycle, the kites 2 are driven in order
to alternatively gain and lose height. This choice is
firstly dictated by a technical need since the modules
5 of the wind system 1 more slowly translate with
respect to the kites 2 . Secondly, the continuous
alternative situation between height gain and loss is
also extremely advantageous as regards optimising the
energy that can be subtracted fromthe wind. In fact,
by sweeping the wind front surface, the power that the
kites 2 are able to develop is greater. Moreover, with
respect to the wind system with arms and rotating 



shaft of Italian patent application n . TO2006A000491,
the wind system 1 according to the present invention
is improved in the following aspects: - while the wind
system with arms and rotating shaft is characterised
by a central guide and the production of electric
energy occurs by exploiting the twisting moment
generated on the arms of a turbine by kites, the wind
system of the present invention is characterised by a
ring-type guide, with at least one module that
translates on at least one rail, and energy conversion
occurs by exploiting dragging of the modules by the
kites; - while in the wind system with arms and
rotating shaft driving of the kites occurs exclusively
by means of ropes, in the wind system of the present
invention driving of the kites can be performed also
through spoilers or spoilers placed on board the same
kites. In particular, driving occurs by creating, by
means of spoilers, turbulences that give rise to
pressure gradients. Such driving mode integrates or
replaces the one provided by the wind system with arms
and rotating shaft; - while in the wind system with
arms and rotating shaft the components arranged for
storing the ropes and driving the kite are in the
turbine centre (and therefore far away from the point
in which the ropes move away from the ground towards
the kites) , in the wind system of the present
invention the storing systems for the ropes are on
board of each module, next to the recovering systems
of the kites. The absence of arms confers to the wind
system of the present invention a structure due to
which it ispossible to generate powers with much
higher orders of magnitude (for example, 1 GW) with
respect to power that can be obtained by the wind
system with arms and rotating shaft. In fact, the
removal of arms reduces the wind system inertia and
allows increasing the length of the path described by
the modules and consequently, with the same distance
between a module and the following one, the number of
modules with which the wind system is equipped; -
while in the wind system with arms and rotating shaft
the pipes for recovering the kites are fixed, in the
wind system of the present invention the kite
recovering systems have the end part able to be
oriented, with the chance of rotating both in the
horizontal plane and in the vertical plane. This
facilitates the kites recovering and launching
operations . As further proof of the high efficiency
demonstrated by the wind system and the process
according to the present invention, it is possible to
provide some considerations regarding the power that a
single kite 1 is able to subtract to the wind. For
such purpose, with particular reference to FIG. 22, it
is advisable firstly to underline the system
aerodynamics. It is known that, when a wind current
meets a stationary aerodynamic surface AS (in English
"airfoil"), such current generates two forces: the
drag force D parallel to direction W in which wind
blows and the lift force L perpendicular to such
direction W . In case of wind laminar flow, the wind
currents AF]_ 



passing above the aerodynamic surface AS are quicker
than the forces AF2 passing below it since they must
travel for a longer distance. Thisgenerates a pressure
decrease in the upper part of the kite and therefore a
pressure gradient that gives rise to the lift force L
. Instead, with reference to FIG. 23, suppose that the
kite AM can move along the lift force direction DT.
Due to the effect of such motion, the lower surface of
the airfoil section AM is slanted with respect to the
wind speed. In such case, lift force and drag force
are respectively perpendicular and parallel to the
relative wind speed with respect to the kite .
Designating with S]_ the force parallel to motion
direction and with S2 the force perpendicular to such
direction, the component of the lift force L parallel
to the motion direction has the same sense of the
translation of the airfoil section AM while the
parallel component of the drag force D has an opposite
sense. For this reason, as regards keeping the motion
in a perpendicular direction to wind currents, it is
advisable to slant the kite AM in order to obtain a
high ratio between the lift force component L along
the motion direction DT of the kite AM with respect to
the drag force component D . These considerations are
also valid for every single kite 2 of the wind system
1 . The smart control system in fact drives each kite
2 in order to keep the ratio between lift force and
drag force high during the steps characterised by a
high dragging effect by the wing kites 2 . In such a
way, the kites 2 oscillate sweeping the wind front and
generating power due to the ropes 4 pull.The power
generated b y a single kite 2 is computed b y
multiplying the specific wind power designated as
Specific Wind Power by the front wind area intercepted
by the kite (namely the kite area) A and by the Kite
Power Factor KPF, a performance coefficient that
depends on ratio Vk/Vw between kite speed V k and wind
speed Vw and on two coefficients K and Ki. Coefficient
K refers to drag, namely when the kite pulls the
ground constraint with forces and speeds along the
wind, while coefficient Ki refers to lift, namely when
the kite pulls the ground constraint by oscillating in
order to sweep the wind front surface. Due to the
lift, the kite speed is much higher than the wind
speed. The kite power is as higher as higher the lift
is with respect to the drag. A s an example, we can
suppose that V k/Vw = 10, K = 1.2 and Kd = 0.1. In
such case, KPF = 20 would b e obtained. Supposing the
air density p constant and equal to 1.225 kg/m 3, the
specific power generated by wind (Specific Wind Power)
would be: SpecificWindPower = - p V = 0.5 *1.225 *63 =
132.3 W/m2 The power that can be generated (KitePower)
by means o f the kite is expressed by the following
formula: KitePower = KPF *SpecificWindPower * A If,
for example, a kite were used with a surface of 18 m2
pushed at 



the speed of 60 m/s by a wind blowing at 6 m/s, the
power that it is possible to generate at rope level
would be 47628 W . Such power therefore would
correspond to the maximum power that the kite 2 is
able to generate.The value assumed by KPF anyway
depends on the kite 2 efficiency. It is possible to
make KPF assume values greater than 20. If, for
example, KPF assumed a value equal to 40, the maximum
power that can be obtained from a kite 2 with an area
of 18 m2 would be 95256 W .CLAIMS 1 . Wind system (1)
for converting energy, characterised in that it co
prises : at least one kite (2) adapted to be driven
from ground immersed in at least one wind current (W)
; at least one module (5) adapted to translate on at
least one rail (6; 7 ) placed next to ground, said
module (5) being connected through at least one rope
(4) to said kite (2), said kite (2) being adapted to
be driven by said module (5) in order to drag said
module (5) on said rail (6; 7 ) and perform said
conversion of wind energy into electric energy through
at least one generating system cooperating with said
module (5) and said rail (6; I ) 1 said rope (4) being
adapted both to transmit mechanical energy from and to
said kite (2) and to control a flight trajectory of
said kite (2) . 2 . Wind system (1) according to claim
1 , characterised in that said kites (2) are adapted
to be driven so that a traction exerted by said wind
current (W) is maximum and does not impair said
translation of said module (5) on said rail (6) . 3 .
Wind system (1) according to claim 1 , characterised
in that said kite (2) is adapted to. be driven in
order to produce a traction adapted to translate said
module (5) on said rail (6) always along the same
sense. 4 . Wind system according to claim 1 ,
characterised in that an attack angle of said kite (2)
with respect to said wind current (W) is such that
said kite (2) is pulled up or flapped.5 . Wind system
(1) according to claim 1 , characterised in that said
kite (2) is made of flexible material. 6 . Wind system
(1) according to claim 1 , characterised in that said
kite (2) is made of semi-rigid material. 7 . Wind
system (1) according to claim 6 , characterised in
that said kite (2) in semi-rigid material is equipped
with an enlightened frame. 8 . Wind system (1)
according to claim 6 , characterised in that said kite
(2) in semi-rigid material is shaped as rigid wings of
a glider. 9 . Wind system (1) according to claim 6 ,
characterised in that said kite (2) in semi-rigid
material is equipped with lozenges in polymers. 10.
Wind system (1) according to claim 6 , characterised
in that said semi-rigidity of said kite (2) is
asymmetric with respect to two sizes of said kite (2)
to keep a side flexibility. 11. Wind system (1)
according to claim 1 , characterised in that at least
two of said kites (2) are connected in series in a
multi-layer configuration to form a train (3)
connected through at least one of said 



ropes (4) to one of said modules (5) . 12. Wind system
(1) according to claim 11, characterised in that said
ropes (4) connecting said kites (2) in said train (3)
are integrated in walls of said kites (2) . 13. Wind
system (1) according to claim 11, characterised in
that said walls of said kites (2) of said train (3)
are a connecting element between said kites (2) . 14.
Wind system (1) according to claim 13, characterised
in that said walls have an airfoil section.15. Wind
system (1) according to claim 11, characterised in
that said kites (2) in said train (3) are shaped as an
arc in which said walls extend to be connected to said
other kites (2) . 16. Wind system (1) according to
claim 11, characterised in that said kites (2) in said
train (3) are shaped as a plane wing with one or two
of said connecting walls. 17. Wind system (1)
according to claim 11, characterised in that said
kites (2) in said train (3) have different sizes one
from the other. 18. Wind system (1) according to claim
17, characterised in that said kites (2) nearest to
said module (5) have a greater area and that sizes of
said kites (2) decrease when moving away from said
module (5) . 19. Wind system (1) according to claim 1
, characterised in that a section of said rope (4) is
variable. 20. Wind system (1) according to claim 19,
characterised in that said rope (4) has a smaller
section next to said kite (2) and a greater section
next to said module (5) . 21. Wind system (1)
according to claim 19, characterised in that a
variation of said section of said rope (4) is
continuous. 22. Wind system (1) according to claim 19,
characterised in that a variation of said section of
said rope (4) is in steps with offsets. 23. Wind
system (1) according to claim 1 , characterised in
that a section of a length of said rope nearest to
said kite (2) is aerodynamically modelled to provide
an asymmetric lift. 24. Wind system (1) according to
claim 23, characterised in that said rope (4) is
coated with an extruded sheath with a star-section.25.
Wind system (1) according to claim 1 , characterised
in that it comprises a smart control system adapted to
automatically control said kite (2) along said flight
trajectory. 26. Wind system (1) according to claim 25,
characterised in that it comprises a supply system
cooperating with said smart control system for
managing accumulation and delivery of said electric
energy. 27. Wind system (1) according to claim 25,
characterised in that said smart control system is
equipped with a set of sensors placed on said kite
(2). 28. Wind system (1) according to claim 27,
characterised in that said sensors placed on said kite
(2) have an autonomous supply. 29. Wind system (1)
according to claim 27, characterised in that said 



sensors placed on said kite (2) send information in
wireless mode to ground components of said smart
control system. 30. Wind system (1) according to claim
25, characterised in that said smart control system is
equipped with a set of ground sensors. 31. Wind system
(1) according to claim 1 , characterised in that said
kites (2) are equipped with an actuating and
stabilising system of a sideslip manoeuvre. 32. Wind
system (1) according to claim 31, characterised in
that said actuating and stabilising system comprises
at least one spoiler. 33. Wind system (1) according to
claim 32, characterised in that said spoiler is
actuated through systems with autonomous supply.34.
Wind system (1) according to claim 33, characterised
in that said spoiler is actuated through systems
supplied by means of at least one cable that from said
module (5) reaches said kite (2) . 35. Wind system (1)
according to claim 34, characterised in that said
systems that actuate said spoiler are piezoelectric.
36. Wind system (1) according to claim 34,
characterised in that said systems that actuate said
spoiler contain shape-memory polymers. 37. Wind system
(1) according to claim 34, characterised in that said
systems that actuate said spoiler contain fibres made
of metallic shapememory alloys. 38. Wind system (1)
according to claim 34, characterised in that said
systems that actuate said spoiler receive commands in
wireless mode from said smart control system. 39. Wind
system (1) according to claim 1 , characterised in
that said actuating and stabilising system of said
sideslip manoeuvre comprises at least one directional
sponson. 40. Wind system (1) according to claim 39,
characterised in that said directional sponsons are
transverse to a thrust direction of said wind current
(W) on said kite (2) and are flexed disappearing in
order not to modify an efficiency of said kite (2) .
41. Wind system (1) according to claim 39,
characterised in that during said sideslip manoeuvre
said directional sponsons are lifted, actuated by a
flow.42. Wind system (1) according to claim 1 ,
characterised in that said module (5) is equipped with
at least one trolley (11) to translate along said rail
(6; 7 ) . 43. Wind system according to claim 42,
characterised in that said trolley (11) has an
aerodynamic shape. 44. Wind system (1) according to
claim 42, characterised in that on said trolley (11)
components are arranged per driving said kite (2) and
storing said ropes (4) . 45. Wind system (1) according
to claim 42, characterised in that on said trolley
(11) components are arranged for converting energy.
46. Wind system (1) according to claim 1 ,
characterised in that said rails (6) are at different
heights. 



47. Wind system (1) according to claim 46,
characterised in that at least one of said rails (6, 7
) is placed at a lower height with respect to at least
one most external of said rails (6, 7 ) and at a
higher height with respect to at least one most
internal of said rails (6, 7 ) . 48. Wind system (1)
according to claim 42, characterised in that each of
said modules (5) is equipped with two of said trolleys
(11) that translate on said rails (6) placed at
different heights. 49. Wind system (1) according to
claim 44 or 48, characterised in that on said trolley
(11) that translates on said rail (6) placed at a
lower height said components for driving said kite (2)
and for storing said ropes (4) are arranged.50. Wind
system (1) according to claim 45 or 48, characterised
in that on said trolley (11) that translates on said
rail (6) placed at a higher height said components for
converting energy are arranged. 51. Wind system (1)
according to claim 1 , characterised in that it
comprises at least one recovering system (8) of said
kite (2) . 52. Wind system (1) according to claim 51,
characterised in that said recovering system (8) is
slanted with respect to ground. 53. Wind system (1)
according to claim 51, characterised in that said
recovering system (8) is constrained to said trolley
(11) next to at least one end. 54. Wind system (1)
according to claim 51, characterised in that said
recovering system (8) is constrained to said trolley
(11) that translates at a higher height next to an end
of said recovering system (8) from which said ropes
(4) go out towards said kite (2) . 55. Wind system (1)
according to claim 51, characterised in that said
recovering system (8) is constrained to said trolley
(11) that translates at a lower height next to an end
of said recovering system (8) in which said ropes (4)
go in towards said kite (2) . 56. Wind system (1)
according to claim 51, characterised in that said
recovering system (8) is equipped with cushioned
wheels (17) that translate on at least one rail (7) .
57. Wind system (1) according to claim 1 or 51,
characterised in that it comprises a stretched
flexible structure (12), said stretched flexible
structure (12) contributing to support a weight of
said recovering system (8) and mutually connecting at
least two of said modules (5) .58. Wind system (1)
according to claim 57, characterised in that said
stretched flexible structure (12) is equipped with a
vertical lattice-type structure (13) . 59. Wind system
(1) according to claim 57, characterised in that said
stretched flexible structure (12) is equipped with
tie-rods (14) constrained at an end to said recovering
system (8) and at another end to said vertical
lattice-type structure (13) . 60. Wind system (1)
according to claim 57, characterised in that said
stretched flexible structure (12) is equipped with
tie-rods (14) that mutually connect said modules (5) .



61. Wind system (1) according to claim 57,
characterised in that said stretched flexible
structure (12) is equipped with tie-rods (14) that
mutually connect said recovering systems (8) . 62.
Wind system (1) according to claim 57, characterised
in that said stretched flexible structure (12) has
triangular sections developed by following a cylinder
symmetry. 63. Wind system (1) according to claim 57,
characterised in that said stretched flexible
structure (12) comprises a ring that follows
interfaced behaviours with respect to said modules (5)
. 64. Wind system (1) according to claim 1 ,
characterised in that said rail (6) describes a closed
path. 65. Wind system (1) according to claim 64,
characterised in that said closed path is circular.
66. Wind system (1) according to claim 64,
characterised in that said closed path is
elliptical.67. Wind system (1) according to claim 66,
characterised in that said elliptical path has a major
axis perpendicular to a direction in which said wind
current (W) blows. 68. Wind system (1) according to
claim 1 , characterised in that said rails (6, 7 ) are
horizontal. 69. Wind system (1) according to claim 1 ,
characterised in that said rails (6, 7 ) are slanted
to counteract a radial centrifugal force due to said
translation of said module (5) and to a pull of said
kite (2) . 70. Wind system (1) according to claim 1 ,
characterised in that said rails (6, 7 ) are parallel.
71. Wind system (1) according to claim 1 ,
characterised in that said rails (6, 7 ) are
concentric. 72. Wind system (1) according to claim 1 ,
characterised in that said rails (6, 7 ) are lifted
from the ground by means of pillars. 73. Wind system
(1) according to claim 1 , characterised in that a
section of said rail (6) is shaped as two faced "Cs"
next to a concave part thereof. 74. Wind system (1)
according to claim 1 , characterised in that a section
of said rails (6, 7 ) is rectangular. 75. Wind system
(1) according to claim 1 or 42, characterised in that
said rail (6) is equipped with wheels on which said
trolley (11) of said module (5) translates. 76. Wind
system (1) according to claim 75, characterised in
that said wheels house alternators keyed-in on said
wheels for generating electricity.77. Wind system (1)
according to claim 1 , characterised in that said rail
(6) is equipped with at least one rack (15) . 78. Wind
system (1) according to claim 77, characterised in
that said rack (15) is arranged on said rail (6) with
a toothed surface perpendicular to a plane of said
rail (6) and oriented towards a centre of said closed
path described by said rail (6) . 



79. Wind system (1) according to claim 1 ,
characterised in that said rail (6) is equipped with
electromagnets to allow a magnetic levitation and/or
an energy conversion through linear motors that are
reversibly used. 80. Wind system (1) according to
claim 42, characterised in that said trolley (11)
translates on said rail (6) by means of wheels (16,
17) . 81. Wind system (1) according to claim 80,
characterised in that said wheels (16, 17) are smooth.
82. Wind system (1) according to claim 42,
characterised in that said trolley (11) translates on
said rail (6) by means of permanent magnets and/or
electromagnets, exploiting a magnetic levitation
principle. 83. Wind system (1) according to claim 82,
characterised in that said trolley (11) is equipped
with said wheels (16, 17) to support said trolley (11)
weight. 84. Wind system (1) according to claim 80 or
83, characterised in that said wheels (16, 17) are
interfaced with said module (5) through springs
coupled in parallel with dampeners. 85. Wind system
(1) according to claim 80 or 83, characterised in that
said wheels (16) are joined in trolleys (19) .86. Wind
system (1) according to claim 85, characterised in
that said trolleys (19) are constrained to said
trolley (11) . 87. Wind system (1) according to claim
85, characterised in that said wheels (16) of said
trolley (19) are arranged mutually perpendicular. 88.
Wind system (1) according to claim 85, characterised
in that at least one of said wheels (16) of said
trolley (19) rolls on a plane parallel to a plane of
said rail (6) to support said module (5) weight. 89.
Wind system (1) according to claim 85, characterised
in that at least one of said wheels (16) of said
trolley (19) rolls on a plane parallel to a plane of
said rail (6) in order to prevent said module (5) fro
overturning. 90. Wind system (1) according to claim
85, characterised in that at least one of said wheels
(16) of said trolley (19) rolls on a plane
perpendicular to a plane of said rail (6) to
counteract a radial force operating on said module (5)
. 91. Wind system (1) according to claim 73 or 85,
characterised in that said trolley (19) translates on
said rail (6) inside a concavity of one of said two
faced "Cs". 92. Wind system (1) according to claim 74
or 85, characterised in that said trolley (19)
translates on one of said rails (6) with said wheels
(16) that roll on three sides of said rectangular
section to embrace a side of said rail (6) oriented
inside or outside said closed path. 93. Wind system
(1) according to claim 51, characterised in that said
recovering system (8) comprises at least one
cylindrical pipe.94. Wind system (1) according to
claim 51, characterised in that said recovering system
(8) is made of a trellis-type structure. 95. Wind
system (1) according to claim 94 characterised in that
said 



trellis-type structure is equipped with at least one
padding net for containing said kite (2) . 96. Wind
system (1) according to claim 94, characterised in
that a section of said trellis-type structure is
triangular. 97. Wind system (1) according to claim 95,
characterised in that said padding net is equipped
with an entanglement adapted to avoid jamming in a
sliding of said kite (2) . 98. Wind system (1)
according to claim 51, characterised in that at least
one recess of said recovering system (8) is accessible
for performing maintenance operations. 99. Wind system
(1) according to claim 51, characterised in that said
recovering system (8) gravitationally reacts with its
own weight to a vertical traction component of said
kite (2) . 100. Wind system (1) according to claim 51,
characterised in that said recovering system (8) is
equipped with at least one articulated joint (9) in
order to be partly or completely able to be oriented.
101. Wind system (1) according to claim 100,
characterised in that an end part (10) able to be
oriented of said recovering system (8) is driven
through a system composed of at least three ropes (31)
. 102. Wind system (1) according to claim 101,
characterised in that each one of said ropes (31) is
constrained to at least one hydraulic cylinder
(32).103. Wind system (1) according to claim 102,
characterised in that said hydraulic cylinder (32) is
hinged to said recovering system (8) next to said
articulated joint (9) . 104. Wind system (1) according
to claim 25 or 102, characterised in that said
hydraulic cylinder (32) is actuated by a hydraulic
system controlled by said smart control system. 105.
Wind system (1) according to claim 101, characterised
in that said end part (10) able to be oriented is
driven through linear electromechanical modules . 106.
Wind system (1) according to claim 105, characterised
in that said linear electromechanical modules are
controlled by said smart control system. 107. Wind
system (1) according to claim 101, characterised in
that the end part (10) able to be oriented is driven
through said stretched flexible structure (12) . 108.
Wind system (1) according to claim 51, characterised
in that said recovering system (8) is equipped with a
rounded outlet edge. 109. Wind system (1) according to
claim 101, characterised in that said end part (10)
has an increasing section proceeding towards an outlet
edge. 110. Wind system (1) according to claim 51,
characterised in that said recovering system (8) is
placed on the ground. 111. Wind system (1) according
to claim 110, characterised in that said recovering
system (8) comprises at least one container with
hinged cover.112. Wind system (1) according to claim
111, characterised in that said 



container has a shape suitable for housing at least
one of said trains (3) of said kites (2) . 113. Wind
system (1) according to claim 110, characterised in
that said recovering system (8) is arranged radially.
114. Wind system (1) according to claim 110,
characterised in that said recovering system (8) is
arranged inside said closed path. 115. Wind system (1)
according to claim 110, characterised in that said
recovering system (8) is arranged outside said closed
path. 116. Wind system (1) according to claim 110,
characterised in that said recovering system (8) is
upwards slanted during recovery and takeoff operations
of said kite (2) . 117. Wind system (1) according to
claim 110, characterised in that said recovering
system (8) is arranged horizontally next to the ground
when there are no recovery and takeoff operations of
said kite (2) . 118. Wind system (1) according to
claim 110, characterised in that said recovering
system is handled by means of at least one linear
actuator (37). 119. Wind system (1) according to claim
118, characterised in that said linear actuators (37)
are arranged on the two sides of said recovering
system (8) . 120. Wind system (1) according to claim
110, characterised in that said recovering system (8)
is constrained to the ground by means of rods (36)
.121. Wind system (1) according to claim 120,
characterised in that said rods (36) next to their
ends are hinged to the ground and to said recovering
system (8) . 122. Wind system (1) according to claim
120, characterised in that said linear actuators (37)
are hinged both to the ground and to said rods (36) .
123. Wind system according to claim 120, characterised
in that said rods (36) and said linear actuators (37)
are mutually constrained so that, by actuating said
linear actuators (37) , an end of said recovering
system (8) nearest to said rail (6) is lifted at a
same height at which said rail (6) is and an end of
said recovering system (8) farthest from said rail (6)
is lifted at a higher height than the one at which
said rail (6) is. 124. Wind system (1) according to
claim 111, characterised in that said container with
hinged cover is adapted to be opened as a platform.
125. Wind system (1) according to claim 111,
characterised in that each one of said containers with
hinged cover is longitudinally sectioned to be
composed of at least two parts (38, 39) . 126. Wind
system (1) according to claim 125, characterised in
that at least said part (38) is a box of said
container. 127. Wind system (1) according to claim
126, characterised in that said box (38) is arranged
with its concavity oriented upwards. 128. Wind system
(1) according to claim 125, characterised in that at
least said part (39) composes a cover of said
container. 129. Wind system (1) according to claim
124, characterised in that said 



container with hinged cover is adapted to be opened as
a platform through at least one linear actuator.130.
Wind system (1) according to claim 124, characterised
in that said linear actuators are controlled by said
smart control system. 131. Wind system (1) according
to claim 124, characterised in that said linear
actuators are hydraulic cylinders actuated by a
hydraulic system. 132. Wind system (1) according to
claim 131, characterised in that said linear actuators
are linear electromechanical modules. 133. Wind system
(1) according to claim 1 , characterised in that said
ropes (4) are equipped with an automatic connection
and disconnection system through which said ropes (4)
can be reversibly connected and disconnected to and
from said kite (2) . 134. Wind system according to
claim 111, characterised in that said recovering
system (8) comprises at least one automatic storage
system adapted to recover and takeoff in succession
said trains (3) of said kites (2) and orderly arrange
said trains (3) of said wing kites (2) inside said
container with hinged cover. 135. Wind system (1)
according to claim 134, characterised in that said
automatic storage system is controlled by said smart
control system. 136. Wind system (1) according to
claim 134, characterised in that said automatic
storage system is equipped with translating shelves
handled by belts. 137. Wind system (1) according to
claim 136, characterised in that said shelves
translate by keeping themselves parallel and describe
a closed path. 138. Wind system (1) according to claim
124, characterised in that said recovering system (8)
comprises at least one disappearing guiding systemto
facilitate landing of said kites (2) onto said
container with hinged cover opened as a platform. 139.
Wind system (1) according to claim 138, characterised
in that said disappearing guiding system is placed
next to said container with hinged cover . 140. Wind
system (1) according to claim 138, characterised in
that said disappearing guiding system is composed of
at least one pair of rods placed on the sides of said
container with hinged cover. 141. Wind system (1)
according to claim 138, characterised in that said
disappearing guiding system is controlled by said
smart control system. 142. Wind system (1) according
to claim 1 , characterised in that it comprises for
each of said modules (5) a recovery and expulsion
system for said kite (2) . 143. Wind system (1)
according to claim 142, characterised in that said
recovery and expulsion system is placed inside said
recovering system (8) . 144. Wind system (1) according
to claim 143, characterised in that said recovery and
expulsion system comprises at least one trolley
sliding along at least two rails inside said
recovering system (8) . 145. Wind system (1) according
to claim 143, characterised in that said 



recovery and expulsion system is equipped with at
least one artificial wind thrust device. 146. Wind
system (1) according to claim 145, characterised in
that a plurality of said artificial wind thrust
devices are arranged along the length of said
recovering system (8) .147. Wind system (1) according
to claim 145, characterised in that said artificial
wind thrust devices are controlled by said smart
control system. 148. Wind system (1) according to
claim 1 , characterised in that it comprises for each
of said modules (5) a system for absorbing the force
peaks of said ropes (4) . 149. Wind system (1)
according to claim 148, characterised in that said
system for absorbing the force peaks is equipped with
at least one dampened counterweight lifted from the
ground and vertically translating. 150. Wind system
(1) according to claim 149, characterised in that said
counterweight is lifted from the ground due to the
effect of a tension of said rope (4) . 151. Wind
system (1) according to claim 1 , characterised in
that it comprises for each of said modules (5) a
system for frictioning said ropes (4). 152. Wind
system (1) according to claim 151, characterised in
that said frictioning system is equipped with at least
one pulley constrained to a linear guide and at least
one spring constrained next to an end to said pulley
and next to another end to said trolley (11) . 153.
Wind system (1) according to claim 152, characterised
in that said spring is compressed due to said tension
of said rope (4) . 154. Wind system (1) according to
claim 1 , characterised in that it comprises for each
of said modules (5) a winding and unwinding system
(22) of said rope (4) .155. Wind system (1) according
to claim 154, characterised in that said winding and
unwinding system (22) comprises at least four first
Winches (24) for each of said ropes (4) arranged on
two levels and having parallel rotation axes, said
first winches (24) being connected to at least one
first electric motor (28) controlled by said smart
control system. 156. Wind system (1) according to
claim 155, characterised in that said first electric
motor (28) is also an electric generator. 157. Wind
system (1) according to claim 155, characterised in
that said first winches (24) are connected to said
first electric motor (28) through gears and by
interposing at least one epicycloid-type reducer. 158.
Wind system (1) according to claim 155, characterised
in that each of said first winches (24) is connected
to one of said first electric motors (28) by
interposing at least one epicycloid-type reducer. 159.
Wind system according to claim 155, characterised in
that around each of said first winches (24) said rope
(4) is wound for three quarters of circumference. 160.
Wind system according to claim 155, characterised in
that a surface 



of said first winches (24) is shaped to house said
rope (4) and increase a contact surface . 161. Wind
system according to claim 155, characterised in that
said first winches (24) have different surface
roughness. 162. Wind system according to claim 154,
characterised in that said winding and unwinding
system (22) comprises a winch for each of said ropes
(4), around said winch said rope (4) being wound and
performing a limited number of revolutions, such that
there is a single layer of windings.163. Wind system
according to claim 154, characterised in that said
winding and unwinding system (22) comprises for each
of said ropes (4) at least two pairs of faced tracks
pushed by pistons, inside each one of which said rope
(4) is inserted. 164. Wind system according to claim 1
, characterised in that it comprises for each of said
modules (5) a storing system (23) for said rope (4) .
165. Wind system according to claim 164, characterised
in that said storing system (23) comprises at least
one second winch (25) for each of said ropes (4), on
each one of said second winches (25) said rope (4) is
wound or unwound, said second winch (25) being
connected to a second electric motor (29) controlled
by said smart control system. 166. Wind system
according to claim 165, characterised in that said
second winch (25) is connected to said second electric
motor (29) by interposing at least one epicycloid-type
reducer. 167. Wind system (1) according to claim 165,
characterised in that said second winch (25) is
equipped with at least one driving module (26) adapted
to compel said rope (2) to perform an orderly winding
on said second winch (25) . 168. Wind system (1)
according to claim 165, characterised in that said
second winch (25) is assembled on a trolley sliding
along a rail in parallel with a rotation axis of said
winch (25) . 169. Wind system (1) according to claim
168, characterised in that a sliding of said trolley
along said rail is controlled by a sliding mechanism
together with a rotation of said second winch (25)
.170. Wind system (1) according to claim 169,
characterised in that said sliding mechanism is
actuated by a third electric motor controlled by said
smart control system. 171. Wind system (1) according
to claim 170, characterised in that said sliding
mechanism is connected to said third electric motor by
interposing at least one epicycloid-type reducer. 172.
Wind system (1) according to claim 1 , characterised
in that it comprises for each of said modules (5) at
least one transmission system adapted to guide said
ropes (2) towards said kite (2) . 173. Wind system (1)
according to claim 172, characterised in that said
transmission system comprises: at least one pulley
(35) assembled on said trolley of said recovery and
expulsion system of said kite (2) ; at least one fixed
pulley (33) directly constrained to said module 



(5); at least one pulley for each of said systems for
absorbing the force peaks of said ropes (4); at least
one pulley for each of said systems for frictioning
said ropes (4) ; and at least one pulley (34)
assembled on sliders (27) of said driving modules (26)
of said ropes (4) . 174. Wind system (1) according to
claim 173, characterised in that said slider (27)
slides along a rail in parallel with a rotation axis
of said winch (25) of said storing system (23) .175.
Wind system (1) according to claim 174, characterised
in that a sliding of said slider (27) along said rail
is controlled by a sliding mechanism together with a
rotation of said winch (25) . 176. Wind system (1)
according to claim 175, characterised in that said
sliding mechanism is actuated by a fourth electric
motor controlled by said smart control system. 177.
Wind system (1) according to claims 25, characterised
in that said system for generating electricity also
operates as motor, said generating system being
actuated by a translation of said module (5) on said
rail (6) when it operates as generator and being
controlled by said smart control system when it
operates as motor. 178. Wind system (1) according to
claim 1 , characterised in that for each of said
modules (5) said generating system comprises at least
one generator/motor (20) directly actuated by a
rotation of at least one of said wheels (16) of said
trolley (11) of said module (5) . 179. Wind system (1)
according to claim 1 , characterised in that it
comprises for each of said modules (5) at least one
toothed wheel (18) that meshes with and rolls on said
rack (15) of said rail (6) . 180. Wind system (1)
according to claim 179, characterised in that for each
of said modules (5) said generating system comprises
at least one generator /motor (21) directly actuated
by a rotation of at least one of said toothed wheels
(18) of said rack (15) . 181. Wind system (1)
according to claim 177, characterised in that for each
of said modules (5) said generating system comprises
at least one reversible magnetic linear motor adapted
to operate also as generator.182. Wind system (1)
according to claim 1 , characterised in that each of
said modules (5) is equipped with permanent magnets,
said permanent magnets inducing currents in said
electromagnets with which said rail (6) is equipped so
that said currents partly generate a magnetic field
that is opposed to the inducing one making said module
(5) levitate. 183. Wind system (1) according to claim
182, characterised in that said permanent magnets are
helped by superconductor solenoids. 184. Wind system
(1) according to claim 1 , characterised in that a
modular composition of said permanent magnets and of
respective electromagnets faced on said rail (6) and
on said module (5) brings about a continuous variation
of induced flows during a relative translation of 



said module (5) with respect to said rail (6) . 185.
Wind system (1) according to claim 184, characterised
in that said flow variations in said electromagnets
are coupled with electric energy collecting windings.
186. Wind system (1) according to claim 184,
characterised in that said electric energy collecting
windings are controlled by a power electronics. 187.
Wind system (1) according to claim 183, characterised
in that said permanent magnets are neodymium iron
boron magnets. 188. Wind system (1) according to claim
183, characterised in that a connection of said
permanent magnets to said trolley (11) has two degrees
of freedom like a ball-type articulation. 189. Wind
system (1) according to claim 183, characterised in
that a connection of said permanent magnets to said
trolley (11) is in a barycenter area of said permanent
magnets.190. Wind system (1) according to claim 1 ,
characterised in that said smart control system
operates on said first and second winches (24, 25) of
said winding and unwinding system (22) of said ropes
(4) and of said storing system (23) of said ropes (2)
for guiding said kite (2) along said flight
trajectory. 191. Wind system (1) according to claim
25, characterised in that said smart control system
comprises a self-calibration subsystem for said set of
sensors of said kite (2) . 192. Wind system (1)
according to claim 25, characterised in that said
smart control system comprises a collision-preventing
subsystem between said kite (2) and flying objects.
193. Wind system (1) according to claim 25,
characterised in that said smart control system
comprises a compensating subsystem for load variations
of said ropes (4) . 194. Wind system (1) according to
claim 26, characterised in that said supply system
comprises at least one power supply. 195. Wind system
(1) according to claim 26, characterised in that said
supply system comprises at least one transformer. 196.
Wind system (1) according to claim 26, characterised
in that said supply system comprises at least one
accumulator. 197. Process for producing electric
energy through a wind system (1) according to claim 1
, characterised in that it comprises, for each one of
said kites (2), the steps of: a ) governing said
flight trajectory of said kite (2) so that said kite
(2) proceeds transversally with respect to a direction
of said windcurrent (W) , said kite (2) tensioning
said ropes (4) connected to said module (5) of said
wind system (1), translating said module (5) on said
rails (6) due to a dragging effect and going away from
said module (5) by unwinding said ropes (4) through
said first winches (24) by means of said first
electric motors (28) ; b ) governing said flight
trajectory of said kite (2) so that said kite (2)
proceeds along a same direction of said wind current
(W) , said kite 



(2) tensioning said ropes (4) connected to said module
(5) of said wind system (1), translating said module
(5) on said rails (6) due to a dragging effect and
approaching said kite (2) to said module (5) by
rewinding said ropes (4) through said first winches
(24) by means of said first electric motors (28) ; c )
governing said flight trajectory of said kite (2) so
that said kite (2) proceeds transversally with respect
to said direction of said wind current (W) , said kite
(2) tensioning said ropes (4) connected to said module
(5) of said wind system (1), travelling said module
(5) on said rails (6) due to a dragging effect and
moving away said kite (2) from said module (5) by
unwinding said ropes (4) through said first winches
(24) by means of said first electric motors (28) ; d )
governing said flight trajectory of said kite (2) so
that said kite (2) proceeds in an opposite direction
with respect to the direction of said wind current (W)
without generating any braking effect for said
translation of said module (5) of said wind system (1)
by rewinding said ropes (4) through said first winches
(24) by means of said first electric motors (28) ;
ande ) repeating the previous steps. 198. Process
according to claim 197, characterised in that said
steps a ) and/or b ) and/or c ) and/or d ) and/or e )
occur automatically through said smart control system.
199. Process for producing electric energy through a
wind system (1) according to claim 1 , characterised
in that said first motors (28) have also functions of
generators, producing electricity through a rotation
of said first winches (24) . 


