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Description

Field of the Invention

[0001] The present invention relates to methods for in vifro genotyping of type 2 diabetes (T2D) associated genetic
variations and to methods for assessment of T2D risk, prevention, management, and treatment selection, including one
or more of; assessment of genetic risk for T2D, and interventions for supporting diabetes prevention, delay and man-
agement, such as mobile individual casual games for reinforcing effective eating habits, virtual longitudinal interactive
games, and casual games with real-life behavior assessment, social media networks, and education systems.

Background to the Invention

[0002] The global epidemic of Type 2 diabetes (T2D) is a major public health problem, as this disease is the fifth
leading cause of death worldwide and a leading cause of morbidity, premature coronary heart disease, stroke, peripheral
vascular disease, renal failure, and amputation [1]. The number of individuals living with diabetes worldwide is predicted
to increase from 366 million in 2011 to 552 million by 2030 [2].

[0003] T2Disanon-insulin-dependentdiabetesthatis characterized by hyperglycemiaduetoimpairedinsulin secretion
and insulin resistance in target tissues. T2D is typically diagnosed after age 40 years and is caused by the combined
action of genetic susceptibility and environmental factors. T2D is associated with obesity, anditis also a polygenicdisease.
[0004] Genome-wide association studies (GWAS) for typical T2D forms have identified more than 70 distinct genetic
loci carrying common variants that are associated with modest differences in the prevalence of the disease [3, 4, 5].
Because these common variants explain a small fraction of the estimated heritability, it is hypothesized that low-frequency
or rare variants of strong effects, not captured by genome-wide association studies but amenable to sequencing ap-
proaches, contribute in a meaningful proportion to the genetic architecture ofthe disease. To date, low-frequency variants
with near-complete penetrance have not been found in whole-exome sequencing studies of type 2 diabetes, [6, 7]
although a recent whole-genome sequencing study found rare variants associated with type 2 diabetes prevalence in
an Icelandic population [8].

[0005] As the prevalence of type 2 diabetes in Mexican and Latin American populations is roughly twice that of U.S.
non-Hispanic whites, [2, 10] there is an unmet medical need to define the genetic factors that predispose Mexicans and
Latin Americans to this disease in order to facilitate intervention and preventive measures. Also needed are methods of
treatment selection and treatment regimen optimization specific for Mexican and Latin American populations.

[0006] In addition, to prevent onset or complications of diabetes, individuals must manage their diet, exercise, and
treatment regimens. Current diabetes management strategies focus on education to drive behavioral change. Diabetes
Self-Management Education (DSME) is a technique that involves the diabetic learning the skills needed to manage
his/her diabetes and control his/her blood sugar level daily. DSME is a preventive care solution that can help manage
diabetes-related complications and reduce overall health costs. Existing diabetes management strategies recognize the
need for regular contact, community support, encouragement, and regular monitoring. Most efforts support preventive
care with weekly, monthly, or even less frequent contact because frequent contact requires the time of expensive medical
professionals. Other methods of controlling diabetes include medication, community health programs, and Internet-
based programs to help people manage diabetes.

[0007] Nevertheless, there is a serious problem with DSME. As a group, diabetics do not adhere well to regimented
programs. Furthermore, methods that have proven to be effective in increasing patient adherence to diabetes manage-
ment programs do not reach all patients. In fact, existing programs achieve effective self-management (defined as an
HbAIC (glycosylated hemoglobin) level of 6.5 mmol/L) in only 10-15% of diabetics. Thus, the majority of diabetics do
not adequately adhere to diabetes management programs or fail at selmanagement. Existing programs do not fully
meet the needs of these patients; therefore, additional tools and methods to encourage effective self-management are
needed.

[0008] The SIGMA Type 2 Diabetes Consortium, Nature (2014) 506:97-101 discloses SNPs associated with type 2
diabetes in Mexicans.

Summary of the Invention

[0009] Broadly, the present inventors have found that certain combinations of polymorphisms, particularly single nu-
cleotide polymorphisms (SNPs), are associated with prediction of type 2 diabetes (T2D) risk and treatment response.
Further, combinations of SNPs selected for particular suitability to Mexican and Latin American populations, among
others, have been identified herein. Further, the SNPs selected for analysis include variations associated to a diversity
of ancestral lineage, such diversity being prevalent in the Mexican population. For example, the Mexican population is
ethnically diverse, comprising individuals of Mestizo, European descent, Asian Mexican, Afro-Mexican and Indigenous
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peoples of Mexico. Tools and associated systems have been developed for use in methods as described, including for
the prediction of T2D susceptibility, treatment selection, management and in some cases prevention of T2D.

[0010] Accordingly, the present invention provides a method of assessing type 2 diabetes susceptibility in a human
subject, the method comprising determining in a sample the identity of at least one allele at each of the following single
nucleotide polymorphism (SNP) :

SLC16A11 - rs75493593;
HNF1A - rs483353044, (HNF1A E508K);
TCF7L2 - rs7903146;
CDKNZ2A/B - rs10811661;
CDKAL1 - rs7756992;
SLC30A8 -rs3802177;
IGF2BP2 - rs4402960;
FTO - rs9936385;
PPARG - rs1801282;
HHEX/IDE - rs1111875;
ADCYS5 - rs11717195;
JAZF1 - rs849135;

WSF1 - rs4458523;
INS-IGF2 - rs149483638;
KCNQ1 - rs2237897; and
KCNJ11 - rs5219,

[0011] The SNPs may be as disclosed in the NCBI dbSNP, Homo sapiens genome build 37.
[0012] Described is a methodthat comprises determiningthe identity of atleast one allele at each ofthe following SNPs:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
KCNQ1 - rs2237897; and
TCF7L2 - rs7903146.

The four SNPs rs75493593, rs483353044, rs2237897, and rs7903146 represent a compact and efficient SNP set for
prediction of T2D susceptibility and sulfonyl therapy response well-adapted to use in an ethnically diverse population,
such as a Mexican population. SLC16A11 - rs75493593 SLC16A11 has been found to be associated with risk of T2D
is Mexican and Latin American individuals. The risk haplotype is present at ~50% frequency in Native American samples
and ~10% in east Asian, butis rare in European and African samples. KCNQ1 (including rs2237897) has been implicated
as a T2D susceptibility gene in populations of Korean, Chinese and European ancestry as well as in two independent
Japanese populations. TCF7L2 - rs7903146 has been implicated as a T2D susceptibility gene in populations of European
ancestry. As reported herein, preliminary studies indicate that HNF1A - rs483353044 (E508K) is implicated not only as
a T2D susceptibility in a Latin American population, but also predicts great hypoglycaemic response to sulfonylurea
drugs, such as glipizide among those carrying the E508K variant. Therefore, the combination of the four SNPs
rs75493593, rs483353044, rs2237897, and rs7903146 on the SNP genotyping tool as described, advantageously pro-
vides useful T2D susceptibility and treatment response information across a wide and ethnically diverse population of
subjects.

[0013] Alsodescribed is a method that comprises determining the identity of at least one allele at each of the following
SNPs:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
KCNQ1 - rs2237897,
TCF7L2 - rs79031486;
FTO - rs9936385; and
PPARG - rs1801282.

[0014] Also described is a method that comprises determining the identity of at least one allele at each of the following
SNPs:

SLC16A11 - rs75493593;
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HNF1A - rs483353044;
TCF7L2 - rs7903146;
CDKNZ2A/B - rs10811661;
CDKAL1 - rs7756992;
SLC30A8 -rs3802177;
IGF2BP2 - rs4402960;
FTO - rs9936385;
PPARG - rs1801282;
HHEX/IDE - rs1111875;
ADCYS5 - rs11717195;
JAZF1 - rs849135;

WSF1 - rs4458523;
INS-IGF2 - rs149483638;
KCNQ1 - rs2237897; and
KCNJ11 - rs5219.

[0015] The described allele determination is carried out at not more than 50, 40, 30, 25, 20, 19, 18, 17 or not more
than 16 SNP positions.

[0016] In some cases in accordance with the invention presence of one or more of the following risk alleles (i.e.
heterozygous or homozygous risk allele) indicates that the subject has greater susceptibility to type 2 diabetes:

T at rs75493593 in SLC16A11;
A at rs483353044 in HNF1A;

T at rs7903146 in TCF7L2;

T at rs10811661 in CDKN2A/B,;
G at rs7756992 in CDKALA1;

G at rs3802177 in SLC30AS;

T at rs4402960 IGF2BP2;

C at rs9936385 in FTO;

C atrs1801282 in PPARG;

C atrs1111875 in HHEX/IDE;
T atrs11717195 in ADCY5;

G at rs849135 in JAZF1,

G at rs4458523 in WSF1;

C at rs149483638 in INS-IGF2;
C at rs2237897 in KCNQ1; and
T at rs5219 in KCNJ11.

[0017] In some cases in accordance with the invention the method comprises determining the identity of both alleles
at each SNP thereby obtaining the genotype of the subject at each SNP.

[0018] In some cases in accordance with the invention the subject is determined to be heterozygous or to be ho-
mozygous for the risk allele at at least one of said SNPs. In the case where the subject is found to have one or more
risk alleles the subject may be classified as being at greater risk of type 2 diabetes in comparison with a subject having
none of said risk alleles or having fewer of said risk alleles.

[0019] In some cases in accordance with the invention the method comprises assaying a DNA-containing sample that
has previously been obtained from said subject. In particular, the sample may be selected from the group consisting of:
blood, hair, skin, amniotic fluid, buccal swab, saliva, and faeces. A particularly preferred sample is whole blood, from
which has been isolated genomic DNA.

[0020] In some cases in accordance with the invention the method comprises isolating and/or amplifying genomic
DNA from said subject.

[0021] In some cases in accordance with the invention determining the identity of said at least one allele at each SNP
comprises: probe hybridization, real time PCR, array analysis, bead analysis, primer extension, restriction analysis and/or
DNA sequencing.

In some cases the method employs a plurality of oligonucleotide probes, which plurality includes a pair of allele-specific
oligonucleotide probes for each SNP, said allele-specific oligonucleotide probes each spanning the polymorphic position
as setforthinthe context sequence column of Table 2. Generally such oligonucleotides will be oflength 10-50 nucleotides,
preferably 12-20 nucleotides, and more preferably 13-18 nucleotides. The skilled person is readily able to design probes
that span the SNPs, e.g. making use of the sequence context shown in Table 2. Typically an oligonucleotide probe will
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comprise of consist of a contiguous sequence of the above-mentioned lengths of the sequence context shown in Table
2 with the polymorphic position typically being located at a central position in each of the allele-specific probes, or its
reverse complement or which hybridizes thereto (e.g. under conditions of high stringencyy).

In some cases determining the identity of said at least one allele at each SNP comprises TagMan® SNP genotyping.
In particular, the method may employ TagMan® OpenArray® SNP genotyping.

In some cases determining the identity of said at least one allele at each SNP comprises the use of a platform based in
an integrated fluidic circuits (IFCs) system, for genotyping. Such platforms are available from, e.g., Fluidigm. In certain
cases the platform is a Dynamic Array IFC Genotyping Platform.

[0022] In some cases in accordance with the invention the method comprises determing the number of and identity
of SNP risk alleles, and wherein the method further comprises computing a type 2 diabetes risk score for said subject.
In some cases the method comprises inputting the SNP risk allele determinations into a probability function to compute
said risk score.

[0023] In some cases in accordance with disclosure said SNPs include the E508K polymorphism in HNF1A, and the
presence of at least one A allele at said E508K polymorphism, rs483353044, indicates that the subject will have a greater
hypoglycaemic response to antidiabetic therapy with a sulfonylurea as compared with a biguanide. In particular, the
sulfonylurea may be Glipizide, Gliclazide, Glibenclamide, Glyburide (Micronase), Glibornuride, Gliquidone, Glisoxepide,
Glyclopyramide, Glimepiride (Amaryl), Carbutamide, Acetohexamide, Chlorpropamide or Tolbutamide. Preferably, the
sulfonylurea is Glipizide.

[0024] In some cases the described method is a method of treatment or treatment selection, and further comprises
administering, or recommending administration of, sulfonylurea therapy to a type 2 diabetic subject who carries at least
one A allele of the E508K polymorphism in HNF1A. In particular, the sulfonylurea may be glipizide.

[0025] In some cases in accordance with the invention the subject is of Mexican or Latino American origin or ancestry.
In some cases the subject is of European, East Asian, African or Indigenous Mexican origin or ancestry.

[0026] In some cases in accordance with the invention the subject has at least one first degree relative who has, or
has previously been diagnosed with, type 2 diabetes.

[0027] In some cases in accordance with the invention the subject has one or more clinical risk factors for type 2
diabetes selected from: body mass index > 30, waist circumference > 80 cm for female or > 94 cm for male, age > 40,
impaired glucose regulation, raised fasting blood glucose, and insulin resistance.

[0028] In some cases in accordance with the invention the subject is determined to carry one or more of said risk
alleles at one or more (e.g. 1,2, 3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15 or 16) of said SNPs and therefore to be at
greater risk of type 2 diabetes, the method further comprising an intervention selected from the group consisting of:

making a video game electronically accessible to the subject, said video game having predefined game objectives
selected to reinforce healthy eating habits that avoid or minimize consumption of diabetogenic food and drink and/or
to reinforce exercise habits;

making a movement activity monitor available to the subject, said movement activity monitor being capable of
recording and/or reporting movement activity data on the subject to a display interface that presents the movement
activity data or a summary or score derived from said data;

making a calorific counter device available to the subject, said device being capable of recording and/or reporting
dietary nutritional data on the food and/or drink consumed by the subject; and

making a social network available to the subject, said network having type 2 diabetes self-management advice, a
plurality of diabetic network participants and a reward system that encourages healthy eating and/or exercise.

[0029] In some cases the video game comprises a player character presented with food and/or drink choices, wherein
the game rewards selection of healthy food and/or drink by the player character.

[0030] In some cases the movement activity monitor comprises a pedometer that communicates or can be configured
to communicate to a computer or mobile electronic device (e.g. a mobile telephone such as a smart phone).

[0031] Insome casesthe calorific counter device comprises a mobile electronic device (e.g. a mobile telephone running
an application for tracking calorie intake) programmed to receive information on dietary intake of the subject and to
display calorific values corresponding the dietary intake.

[0032] In some embodiments, the subject is classified into one of the following three risk categories according to the
fold-change (FC) value:

low risk; FC between 0 and 1.00

moderate risk: FC between 1.01 and 1.5;
intermediate risk: FC between 1.51 and 2.0; and
high risk: FC greater than 2.0.
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[0033] In particular, the fold-change value for the subject may be calculated by assigning a risk score for each SNP,
wherein the fold-change value is given by multiplying the risk scores of each of the SNPs together. Thus, for example,
presence of a risk allele may be assigned a risk score of greater than 1, while presence of a non-risk allele may be
assigned a risk score of 1. In particular, for each SNP the risk score may be assigned as follows:

the absence of risk marker, i.e. homozygous non-risk allele genotype, at the SNP is assigned a value of 1,

the presence of a single risk marker, i.e. heterozygous genotype, at the SNP is assigned a value equal to the odds
ratio (OR) for the risk allele at that SNP,

the presence of two risk markers, i.e. homozygous risk allele genotype is assigned a value equal to the square of
the odds ratio (OR)2.

[0034] In some cases, the fold-change value is derived by multiplying the risk scores for each SNP together and then
dividing by the mean odds ratio (OR) for a control group, i.e. a group of patients previously determined not to have T2D.
[0035] In some cases, the OR for the risk allele at each SNP is as follows:

T at rs75493593 in SLC16A11 =1.29 = 0.05;
A at rs483353044 in HNF1A = 5.48 = 0.05;

T at rs7903146 in TCF7L2 = 1.37 * 0.05;

T at rs10811661 in CDKN2A/B = 1.08 = 0.05;
G at rs7756992 in CDKAL1 = 1.05 = 0.05;

G at rs3802177 in SLC30A8 = 1.12 = 0.05;

T at rs4402960 IGF2BP2 = 1.12 = 0.05;

C at rs9936385 in FTO =1.17 = 0.05;

C atrs1801282 in PPARG = 1.1 = 0.05;

C atrs1111875 in HHEX/IDE = 1.06 * 0.05;
T atrs11717195 in ADCY5 =1.14 = 0.05;

G at rs849135 in JAZF1 =1.16 = 0.05;

G at rs4458523 in WSF1 =1.13 = 0.05;

C at rs149483638 in INS-IGF2 =1.28 + 0.05;
C at rs2237897 in KCNQ1 = 1.31 = 0.05; and
T at rs5219 in KCNJ11 =1.08 = 0.05.

In particular, the OR may be as set forth in Table 3.

[0036] Furtherdescribed is agenotyping tool for use in a method ofthe first aspect of the invention, said tool comprising
an array having a plurality of oligonucleotide probe pairs, each of said probe pairs comprising a first probe specific for
a first allele of a single nucleotide polymorphism (SNP) and a second probe specific for a second allele of the SNP,
wherein said plurality of oligonucleotide probe pairs comprises probe pairs that interrogate at least three SNPs selected
from the group consisting of:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
TCF7L2 - rs7903146;
CDKNZ2A/B - rs10811661;
CDKAL1 - rs7756992;
SLC30A8 -rs3802177;
IGF2BP2 - rs4402960;
FTO - rs9936385;
PPARG - rs1801282;
HHEX/IDE - rs1111875;
ADCYS5 - rs11717195;
JAZF1 - rs849135;

WSF1 - rs4458523;
INS-IGF2 - rs149483638;
KCNQ1 - rs2237897; and
KCNJ11 - rs5219,

and/or an SNP in linkage disequilibrium with any one of said SNPs at r2>0.8,12> 0.9, 12> 0.95, 2> 0.990rr2=1.0.
In somes cases the oligonucleotide probes of the array that interrogate SNPs selected from: rs75493593; rs483353044;
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rs7903146;rs10811661;rs7756992;rs3802177;rs4402960; rs9936385;rs1801282;rs1111875;rs11717195;rs849135;
rs4458523; rs149483638; rs2237897; and rs5219, make up at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, at least 99% of the total number of nucleic acid probes in the array, or essentially all of the
nucleic acid probes in the array. In this way the genotyping tool is enriched for probes that interrogate SNPs informative
for type 2 diabetes risk prediction in Mexican and Latino American populations. By avoiding a high proportion of probes
that interrogate other SNPs (e.g. as is typically seen in large-scale SNP microarrays), the genotyping tool as described
may provide a more efficient tool for assessment of type 2 diabetes risk prediction whereby use of unnecessary probes
and other reagents is minimized.

[0037] In some cases said plurality of oligonucleotide probe pairs comprises probe pairs that interrogate at least:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
KCNQ1 - rs2237897; and
TCF7L2 - rs7903146.

In some cases said plurality of oligonucleotide probe pairs comprises probe pairs that interrogate at least:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
KCNQ1 - rs2237897,
TCF7L2 - rs79031486;
FTO - rs9936385; and
PPARG - rs1801282.

[0038] In some cases said plurality of oligonucleotide probe pairs comprises probe pairs that interrogate at least:

SLC16A11 - rs75493593;
HNF1A - rs483353044;
TCF7L2 - rs7903146;
CDKNZ2A/B - rs10811661;
CDKAL1 - rs7756992;
SLC30A8 -rs3802177;
IGF2BP2 - rs4402960;
FTO - rs9936385;
PPARG - rs1801282;
HHEX/IDE - rs1111875;
ADCYS5 - rs11717195;
JAZF1 - rs849135;

WSF1 - rs4458523;
INS-IGF2 - rs149483638;
KCNQ1 - rs2237897; and
KCNJ11 - rs5219.

[0039] Insome cases the total number of different SNPs for which allele-specific probes are provided does not exceed
50, 40, 30, 25, 20,19, 18,17 or 16.

[0040] In some cases the allele-specific oligonucleotide probes are each covalently attached to a fluorophore, to a
quencher and/or to a minor groove binding domain (MGB). Preferably, each member of an allele-specific probe pair is
conjugated to a different fluorophore enabling specific detection of the probe pair members by fluorescence wavelength.
[0041] In some cases the nucleotide sequence of each of the allele-specific probes is:

(i) a contiguous nucleotide sequence of 10-25, preferably 13-18 nucleotides, of the sequence context set forth for
each SNP in Table 2, wherein the probe sequence spans the polymorphic position; or
(iiy the complement of (i).

In some cases the array further comprises a primer pair for each said SNPs, said primer pair for each SNP comprising
an oligonucleotide primer that hybridizes to a target sequence upstream of the SNP and an oligonucleotide primer that
hybridizes to a target sequence downstream of the SNP.

[0042] In some cases the tool further comprises one or more reagents for amplification of DNA comprising said SNPs
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and/or for detection of said allele-specific probes. In particular, the tool reagents may include Taq DNA polymerase.
[0043] In some cases the array comprises an OpenArray® of between 1000 and 10000 array positions. For example,
the array may comprise 3072 through-holes, each acting as a nanoliter-scale reactor (e.g. 33 nL) .

[0044] Preferably, the tool is in the form of a TagMan® OpenArray® SNP genotyping platform or an integrated fluidic
circuits (IFC) genotyping platform.

[0045] Also described is a type 2 diabetes risk assessment system for use in a method of the first aspect of the
invention, the system comprising a genotyping tool as described and a computer programmed to compute a type 2
diabetes risk score from the genotype data of the subject at each of at least three SNPs selected from the SNPs set
forth in Table 1 and/or Table 2.

In some cases the computer computes the risk score from the genotype data by applying a weighting or coefficient to
each SNP risk allele found to be present such that the contribution of to the risk score is proportional to that SNP's
contribution to type 2 diabetes risk, e.g. a weighting commensurate with an odds ratio for the association of the SNP to
type 2 diabetes, as set forth in Table 1.

Brief Description of the Drawings

[0046]

Figure 1 shows allelic discrimination plots for each of 16 SNPs employed in the DIABETESpredict SNP genotyping
array. The SNPs genotyped are (clockwise from top-left): A) SLC16A11, INS-IGF2, KCNJ11, HHEX/IDE; B) HNF1A,
WFS1, TCF7L2, KCNQ1; C) FTO, CDKN2A/B, ADCY5, CDKAL1; and D) PPARG, IGFBP2, SLC30A8, JAZF1.

Figure 2 shows a flow-chart decision tree indicating the application of the the DIABETESpredict tool to determine
type 2 diabetes genetic risk and therefore the appropriate level of intervention, including diabetes management self
care.

Figure 3 shows A) a receiver operating characteristic (ROC) curve in which susceptibility (y-axis) is plotted against
1-specificity (x-axis) for FC1 (blue curve) and FC2 (green curve). A reference line is shown in yellow. The diagonal
segments are produced by the draws. B) Area under the curve (AUC) is determined for FC1 and FC2. C) the FC1
risk classifications are shown 0.5, 0.51-1.0 (lower than population mean), 1.01-1.5 low risk, 1.51-2.0 medium risk
and >2.0 high risk.

Figure 4 shows a genetic risk spectrum low (<1), moderate (1-1.5), intermediate (1.5-2) and high (>2). An example
score "Your score" is depicted by the arrow head pointing to the high genetic risk region on the right hand side of

the genetic risk spectrum.

Detailed Description

Single nucleotide polymorphisms (SNPs)

[0047] SNPs are identified herein using the rs identifier numbers in accordance with the NCBI dbSNP database, which
is publically available at: http://www.ncbi.nim.nih.gov/projects/SNP/ . As used herein, rs numbers refer to the dbSNP
Homo sapiens build 37.1 available from 2 February 2010.

Linkage disequilibrium (LD)

[0048] In some aspects of the disclosure, SNPs in linkage disequilibrium with the SNPs associated with the invention
are useful for obtaining similar results. As used herein, linkage disequilibrium refers to the non-random association of
SNPs at two or more loci. Techniques for the measurement of linkage disequilibrium are known in the art. As two SNPs
are in linkage disequilibrium if they are inherited together, the information they provide is correlated to a certain extent.
SNPs in linkage disequilibrium with the SNPs included in the models can be obtained from databases such as HapMap
or other related databases, from experimental setups run in laboratories or from computer-aided in-silico experiments.
Determining the genotype of a subject at a position of SNP as specified herein, e.g. as specified by NCBI dbSNP rs
identifier, may comprise directly genotyping, e.g. by determining the identity of the nucleotide of each allele at the locus
of SNP, and/or indirectly genotyping, e.g. by determining the identity of each allele at one or more loci that are in linkage
disequilibrium with the SNP in question and which allow one to infer the identity of each allele at the locus of SNP in
question with a substantial degree of confidence. In some cases, indirect genotyping may comprise determining the
identity of each allele at one or more loci that are in sufficiently high linkage disequilibrium with the SNP in question so
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as to allow one to infer the identity of each allele at the locus of SNP in question with a probability of at least 90%, at
least 95% or at least 99% certainty.

[0049] As will be appreciated by the reader, in some cases one or more polymorphisms or alterations in linkage
disequilibrium with a polymorphism or alteration disclosed herein may find use the methods as described.

[0050] Linkage disequilibrium (LD) is a phenomenon in genetics whereby two or more mutations or polymorphisms
are in such close genetic proximity that they are co-inherited. This means that in genotyping, detection of one polymor-
phism as present infers the presence of the other. Thus, a polymorphism or alteration in such linkage disequilibrium acts
as asurrogate markerfora polymorphism or alteration as disclosed herein. Preferably, reference herein to a polymorphism
or alteration in linkage disequilibrium with another means that r2 > 0.8, preferably r2 > 0.9, more preferably r2 > 0.95 or
even r2 > 0.99. In particularly preferred embodiments, an SNP is considered to be in LD with an SNP set forth in Table
1 if it exhibits 2 = 1.0 and D’ = 1.0.

[0051] As used herein, LD is preferably determined in a Mexican or Latino American population.

[0052] Inoneexample,the HNF1A E508K SNP (rs483353044) is believed to be in strong LD withthe SNP rs143592417
(which encodes Q511R), such that rs143592417 may in some cases be used, as a proxy SNP for rs483353044.

Genotyping Assays

[0053] Aspects of the invention relate to determining the presence of SNPs through obtaining a patient DNA sample
and evaluating the patient sample for the presence of the SNPs referred to in the claims. It should be appreciated that
a patient DNA sample can be extracted, and a SNP can be detected in the sample, through any means known to one
of ordinary skill in art. Some non-limiting examples of known techniques include detection via restriction fragment length
polymorphism (RFLP) analysis, planar microarrays, bead arrays, sequencing, single strand conformation polymorphism
analysis (8SCP), chemical cleavage of mismatch (CCM), and denaturing high performance liquid chromatography (DH-
PLC).

[0054] In some embodiments, a SNP is detected through PCR amplification and sequencing of the DNA region com-
prising the SNP. In some embodiments SNPs are detected using microarrays. Microarrays for detection of genetic
polymorphisms, changes or mutations (in general, genetic variations) such as a SNP in a DNA sequence, comprise a
solid surface, typically glass, on which a high number of genetic sequences are deposited (the probes), complementary
to the genetic variations to be studied. Using standard robotic printers to apply probes to the array a high density of
individual probe features can be obtained, for example probe densities of 600 features per cm?2 or more can be typically
achieved. The positioning of probes on an array is precisely controlled by the printing device (robot, inkjet printer,
photolithographic mask etc) and probes are aligned in a grid. The organisation of probes on the array facilitates the
subsequent identification of specific probe-target interactions. Additionally it is common, but not necessary, to divide the
array features into smallersectors, also grid-shaped, that are subsequently referred to as sub-arrays. Sub-arrays typically
comprise 32 individual probe features although lower (e.g. 16) or higher (e.g. 64 or more) features can comprise each
subarray.

[0055] In some embodiments, detection of genetic variation such as the presence of a SNP involves hybridization to
sequences which specifically recognize the normal and the risk allele in a fragment of DNA derived from a test sample.
Typically, the fragment has been amplified, e.g. by using the polymerase chain reaction (PCR), and labelled e.g. with a
fluorescent molecule. A laser can be used to detect bound labelled fragments on the chip and thus an individual who is
homozygous forthe normal allele can be specifically distinguished from heterozygous individuals (in the case of autosomal
dominant conditions then these individuals are referred to as carriers) or those who are homozygous for the risk allele.
In some embodiments, the amplification reaction and/or extension reaction is carried out on the microarray or bead itself.
[0056] Insome embodiments, methods described herein may involve hybridization. For differential hybridization based
methods there are a number of methods for analysing hybridization data for genotyping:

Increase in hybridization level: The hybridization levels of probes complementary to the normal and mutant alleles are
compared.

[0057] Decrease in hybridization level: Differences in the sequence between a control sample and a test sample can
be identified by a decrease in the hybridization level of the totally complementary oligonucleotides with a reference
sequence. A loss approximating 100% is produced in mutant homozygous individuals while there is only an approximately
50% loss in heterozygotes. In Microarrays for examining all the bases of a sequence of "n" nucleotides ("oligonucleotide")
of length in both strands, a minimum of "2n" oligonucleotides that overlap with the previous oligonucleotide in all the
sequence except in the nucleotide are necessary. Typically the size of the oligonucleotides is about 25 nucleotides.
However it should be appreciated that the oligonucleotide can be any length that is appropriate as would be understood
by one of ordinary skill in the art. In particular, the use of a minor groove binding domain (MBD) permits shorter probe
sequences while retaining high discrimination between the perfect match and the mismatch. The increased number of
oligonucleotides used to reconstruct the sequence reduces errors derived from fluctuation of the hybridization level.
However, the exact change in sequence cannot be identified with this method; in some embodiments this method is
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combined with sequencing to identify the mutation.

[00568] Where amplification or extension is carried out on the microarray or bead itself, three methods are presented
by way of example:

In the Minisequencing strategy, a mutation specific primer is fixed on the slide and after an extension reaction with
fluorescent dideoxynucleotides, the image of the Microarray is captured with a scanner.

[0059] In the Primer extension strategy, two oligonucleotides are designed for detection of the wild type and mutant
sequences respectively. The extension reaction is subsequently carried out with one fluorescently labelled nucleotide
and the remaining nucleotides unlabelled. In either case the starting material can be either an RNA sample or a DNA
product amplified by PCR.

[0060] In the Tag arrays strategy, an extension reaction is carried out in solution with specific primers, which carry a
determined 5’ sequence or "tag". The use of Microarrays with oligonucleotides complementary to these sequences or
"tags" allows the capture of the resultant products of the extension. Examples of this include the high density Microarray
"Flex-flex" (Affymetrix).

[0061] Forcost-effective genetic diagnosis, in some embodiments, the need for amplification and purification reactions
presents disadvantages for the on-chip or on-bead extension/amplification methods compared to the differential hybrid-
ization based methods. However the techniques may still be used to detect and diagnose conditions according to the
invention.

[0062] Typically, Microarray or bead analysis is carried out using differential hybridization techniques. However, dif-
ferential hybridization does not produce as high specificity or sensitivity as methods associated with amplification on
glass slides. For this reason the development of mathematical algorithms, which increase specificity and sensitivity of
the hybridization methodology, are needed (Cutler DJ, Zwick ME, Carrasquillo MN, Yohn CT, Tobi KP, Kashuk C,
Mathews DJ, Shah N, Eichler EE, Warrington JA, Chakravarti A. Genome Research; 11 :1913-1925 (2001). Methods
of genotyping using microarrays and beads are known in the art.

[0063] The genotyping platform for use in the methods of the present invention may be based on the TagMan®
OpenArray® SNP Genotyping system available from Life Technologies. Further details of the TagMan® genotyping
system and OpenArray® format are available from the Life Technologies, Applied Biosystems, webpage, e.g., the
TagMan® OpenArray® Genotyping Getting Started Guide, © 2010 Life Technologies Corporation.

[0064] Alternatively or additionally, the genotyping platform for use in the methods of the present invention may be
based on the Dynamic Array IFCs Genotyping System from Fluidigm. Further details of the Dynamic Array IFCs Gen-
otyping System are available from Fluidigm webpage.

Examples

Example 1 - Selection of 16 Single nucleotide polymorphisms (SNPs) for a Type 2 Diabetes Genetic Prediction
Tool in Mexican (and Latino) Populations

[0065] SNPs were prioritized from the largest meta-analyses of extant genome-wide association studies (GWAS)
performed in European and other populations, under the assumptions that: (1) their effects in other populations were
generalizable and (2) the largest sample sizes available provided the most robust estimates of the true effect size. The
SIGMA1 GWAS dataset was used to ensure that the proposed SNPs have consistent effects in the Mexican population.
Consideration was made of allele frequencies in Mexicans, to maximize the predictive power of a SNP at the population
level (effect size X allele frequency). To maximize flexibility and minimize cost, a single array of 16 SNPs was chosen.
It was decided that the array would not include ancestry informative markers.

SNPs were ranked by their odds ratio in the largest dataset available (Morris et al., Large-scale association analysis
provides insights into the genetic architecture and pathophysiology of type 2 diabetes. Nature Genetics (2012)
44:981-990), followed by their P value for association in that GWAS dataset. They were aligned to the same SNPs or
to proxies at the same loci in the other two GWAS datasets. Concordance was sought with the transethnic data set from
the DIAGRAM Consortium (DIAGRAM Consortium. Genome-wide trans-ancestry meta-analysis provides insight into
the genetic architecture of type 2 diabetes susceptibility. Nature Genetics (2014) 46:234-244).

A low frequency variant in HNF1A (¢.1522G>A[p.E508K]) has been reported to be associated with type 2 diabetes in a
Latino population (The SIGMA Type 2 Diabetes Consortium, JAMA, 2014; 311(22), pp. 2305-2314).

[0066] SNPs were rejected if they had allele frequencies <8% in Mexicans (with the exception of HNF1A E508K), or
a divergent direction of effect in the SIGMA GWAS (The SIGMA Consortium; Sequence variants in SLC16A11 are a
common risk factor for type 2 diabetes in Mexico. Nature (2014) 506:97-101); conversely, they were promoted if they
had a P <0.003 (liability model without BMI adjustment) with a constant odds ratio in SIGMA (The SIGMA Consortium,
Nature (2014) 506:97-101).

[0067] This list was modified based on the following additional criteria: (1) where the SNP assayed in prior publications
was in strong linkage disequilibrium with another SNP, for which it served as a near-perfect proxy, the SNP that coded
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for an amino acid change or which had slightly stronger effects in Mexicans was selected instead (e.g., SLC30A8,
KCNJ11, JAZF1).

[0068] A variant recently discovered by SIGMA, located in a putative splice site for a highly relevant candidate gene
(INS-IGF2), which has a substantial effect in Mexican populations, was also included.

[0069] At KCNQT, the SNP associated with T2D in East Asians and Mexicans was chosen instead of the European
SNP because the European SNP was not a good proxy for the East Asian/Mexican SNP.

[0070] A consensus list of SNPs was generated (Table 1). Blue font denotes odds ratios and P values obtained for a
proxy of the same SNP/locus in SIGMA. Position is indicated according to Build 36 unless otherwise specified.

[0071] Table 2 shows targetgenes, SNP rs identifiers, chromosome and nucleotide location (build 37) and SNP context
sequence for each of the 16 SNPs.

12
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Table 2 SNP Context Sequence

Target rs ID Location (b. | SNP Context Sequence SEQ

37) ID
NO:

TCF7L2 rs7903146 ch. 10: TAGAGAGCTAAGCACTTTTTAGATAI[C/T] 1
114758349 | TATATAATTTAATTGCCGTATGAGG

- rs10811661 ch. 9: CAGCTCACCTCCAGCTTTAGTTTTCIC/T] 2
22134094 CATGACAGTAAGTCTATTACCCTCC

CDKALA1 rs7756992 ch. 6: ATATTCCCCCCTGTATTTTAGTTTT[A/G] 3
20679709 GATCTACAGTTATGTAGCAATGAGC

SLC30A8 rs3802177 ch. 8: TAAGGAACCAAAGGAAGAAATTCATIA/G] 4
118185025 | TCATGGTGCAATGCACATTTTATCT

IGF2BP2 rs4402960 ch. 3: AGTAAGGTAGGATGGACAGTAGATTIG/T] 5
185511687 | AAGATACTGATTGTGTTTGCAAACA

FTO rs9936385 ch. 16: CATATGAAGAGGGATTTTTTTGCCT[C/T] 6
53819169 CTTGGTTCACTGCATATTCCCAGTA

- rs1111875 ch. 10: GACCCTGAGTGCAGGTTCAGACGTCIC/T] 7
94462882 AGAGGAAATGACTTGATGGTACGGA

ADCY5 rs11717195 ch. 3: TTGAACAGGGCTTTATGTCCGAGGA[C/T] 8
123082398 | GATTATAAAATTTAACAATTAGGAG

JAZF1 rs849135 ch. 7: ACCACTGCTCTATAAGCAAGAGTACIA/G] 9
28196413 TCACCAAGAAATTTAAATTCAGATC

KCNQ1 rs2237897 ch. 11: TCAGTGGTGCCCAGGGAGCTGGGGAIC/T] 10
2858546 GAGGGGCCTCATCCTTCCCCTGAGC

KCNJ11 rs5219 ch. 11: CGCTGGCGGGCACGGTACCTGGGCTIC/T] 11
17409572 GGCAGGGTCCTCTGCCAGGCGTGTC

HNF1 rs483353044 | ch. 12: GCCAGCCCTCTACAGCCACAAGCCC[G/A] 12
121437101 AGGTGGCCCAGTACACCCACACGGG

WFS1 rs4458523 ch. 4: AATTTCTTTCCTGACCTCACAGCCA[G/T] 13
6289986 ATTGTACTTTAAAGTTCCTCCCACA

SLC16A11 rs75493593 ch. 17: GGAAGCAGCTCCCCCGTCTCTGGGG[G/T] 14
6945087 AGGCGTGGCTGGAGGGGAGGCTGGA

INS-IGF2 rs149483638 | ch. 11: TTTGGGGGTCTGGGGAAACCATCTCIC/T] 15
2161530 TGGAGAGTTTGAACGATGTAAGAAA

PPARG rs1801282 ch. 3: AACTCTGGGAGATTCTCCTATTGACI[C/G] 16
12393125 CAGAAAGCGATTCCTTCACTGATAC

[0072] The TagMan® OpenArray® genotyping system (Life Technologies Corp., Calsbad, California) can be employed
as a high-throughput platform for genotyping subject-derived DNA samples at each of the 16 SNPs identified in Table 1.
[0073] For each SNP, two allele-specific probes were provided. Each of the allele-specific probes is conjugated to a
fluorescent dye, a quencher and a minor groove binding (MGB) domain. The fluorescent reporter dyes are chosen so
that the probe specific for the risk allele is distinguishable from the probe specific for the non-risk allele at the SNP in
question. For example, the fluorophores VIC and 6-FAM were employed and were covalently attached to the 5’ end of
the respective allele-specific probe. Nearthe 3' end ofthe allele-specific probe, a non-fluorescent quencherwas attached.
The MGB increases the melting temperature (Tm) of the probes providing great separation between matched and
mismatched probes and thereby increasing genotyping accuracy. Also provided are forward and reverse primers that
flank the SNP of interest.

[0074] Pre-designed primers and allele-specific probes are commercially available for the TagMan® genotyping sys-
tem. For example, TaqgMan genotyping reagents for rs7903146 in TCF7L2 are available from Life Technologies under
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the product code C_29347861_10.

[0075] Further details of the TagMan® genotyping system and OpenArray® format are available from the Life Tech-
nologies, Applied Biosystems, webpage, e.g., the TagMan® OpenArray® Genotyping Getting Started Guide, © 2010
Life Technologies Corporation.

[0076] The 3072 through-hole OpenArray® format was chosen, each through-hole acting as a 33 nL reactor. This
plate format allows examination of 144 samples against the 16 unique SNPs per plate.

[0077] Genotyping results shown in Figure 1. Each of homozygous allele 1, heterozygous and homozygous allele 2
is distinguished demonstrating that the TagMan® OpenArray® SNP Genotyping plaform is able to discriminate the
different possible genotypes at each of the 16 SNP targets.

Example 2 - Study to Determine the Genetics of Acute Glipizide and Metformin Response in Humans with the
HNF1A E508K Variant

[0078] As described in The SIGMA Type 2 Diabetes Consortium, JAMA, 2014; 311(22), pp. 2305-2314, a mutation
in HNF1A was identified, which is present in 2% of people with diabetes studied in Mexico. This mutation is located in
exon 8 (E508K), which causes a partial defect in the function of the protein. This finding is consistent with that has been
observed in other described mutations of exon 8; and is associated with late-onset diabetes. The initial clinical and
biochemical characterization of subjects with the HNF1A E508K mutation showed that carriers of the variant have a
clinical profiles indistinguishable from those of patients with Type 2 Diabetes. Pharmacogenetic studies are required to
demonstrate that the carriers with the E508K variant selectively respond to sulfonylureas. Testing of this hypothesis has
practical implications because it would be possible to propose a simple and inexpensive genetic test that helps clinicians
select the appropriate pharmacological treatment in a significant number of cases.

Hypothesis

[0079] Individuals with the risk allele E508K of HNF1 alpha will have a greater hypoglycemic response to glipizide and
a similar response to those of metformin compared to the control subjects matched up by age and gender.

Description of the ongoing study

[0080] Acute and medium-term response to glipizide in patients with and without the E508K variant of HNF1A will be
measured. The study will consist of two phases. Patients will be invited to participate in both, but the research subject
will have the freedom to choose only one of the stages of the study.

Stage 1
Open study of a single dose of glipizide (5 mg) in patients with and without the E508K variant of HNF1A

[0081] Main Objective: To compare the change in glucose between carriers and noncarriers after a single oral admin-
istration of 5 mg of glipizide.

Secondary objectives are; (1) to compare the change of the plasma insulin concentration between carriers and non-
carriers after a single oral administration of 5 mg of glipizide and (2) to compare the number of patients suffering from
symptomatic hypoglycemia between carriers and non-carriers after a single oral administration of 5 mg of glipizide.

Study Design

[0082] This will be a single center, open study. Approximately 100 eligible subjects with type 2 diabetes in Mexico will
be included in the study in two groups. In the first group, 50 patients carrying the p.E508K mutation in HNF1A will be
included ("carriers"). Patients will be recruited from existing databases in which they have already been genotyped as
carriers of HNF1A p.ES08K. In the second group, 50 patients will be invited that do not present the mutation in HNF1A
p.E508K ("noncarriers"). The inclusion of non-carrier group will begin after the carrier group completes the study proce-
dures, in orderto select the controls taking into account case characteristics of sex, BMI, age, and age of diabetes onset.
Patients in the group of non-carriers can be identified from the same database or other sources. An additional group of
25 patients with MODY3 loss of function in HNF1A will be recruited from Norway and will serve as a positive control for
the experimental condition (an increased sensitivity to sulfonylurea). Patients will be eligible for the study if they have:
(1) Type 2 Diabetes; (2) treat themselves with less than two oral antidiabetic agents; (3) can safely undergo a 7-day
washout of antidiabetic drugs; (4) have HbAIc <7.5%; and (5) do not have an allergy or intolerance to glipizide or other
medications with homology to sulfonylureas.
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[0083] Eligible patients will discontinue antidiabetic therapy and initiate a washout period of 7 days, during which they
will be monitored for hyperglycemia requiring re-initiation of antidiabetic therapy. If the fasting blood glucose is > 250
mg/dl (13.9 mmol / 1) during the washout period, the patient should contact the study center within 24 hours, and the
investigator will determine whether the participant must try to improve diet and exercise to maintain glycemic control or
if the participant has to end their participation in the study and restart treatment. The patient will be excluded from further
participation if more than 2 blood glucose values in consecutive fasting are >250 mg/dl. Patients who do not receive the
drug treatment for hyperglycemia will skip the washout period and will start the study treatment.

[0084] Patients will be admitted to the clinical research center after fasting for 8 hours. An intravenous angiocatheter
20g or 22g will be inserted for blood draws at multiple time points. Samples will be obtained during fasting periods.
Patients with a fasting blood glucose (based on the assessment made using a glucometer) of > 80 mg/dl will receive
glipizide 5 mg orally. Subjects with blood glucose <80 mg/dl will not receive the dose of glipizide.

The concentrations of glucose, insulin and other hormones (GLP1) and metabolites will be measured at 15, 30, 60, 90,
120, 180, and 240 minutes after administration of 5 mg of glipizide.

In the event of developing symptoms of hypoglycemia, blood glucose will be measured immediately. The patient will
receive hypoglycemia intervention by ingesting carbohydrates if blood glucose is <50 mg/dL with or without symptoms
of hypoglycemia, or if blood glucose is < 70 with symptoms of hypoglycemia. All patients will be given a meal high in
carbohydrates and fat at the end of the study visit. The visit will end when: 1) the patient completes an observation period
of 240 minutes or has been intervened due to hypoglycemia and 2) the value of blood glucose 30 minutes after meal
completion of the study is > 80 mg/dl. Participants will be instructed to eat more carbohydrates, if blood glucose values
< 80 mg/dl. After completion of the study protocol, patients will be advised to resume their antidiabetic therapy.

Statistical Methods

[0085] The primary objective is to compare the glucose response between carriers and noncarriers after administration
of glipizide. The primary endpoint will be the delta of the glucose concentration during the test. Secondary endpoints
will be the lesser of glucose (with or without adjustment for baseline glucose) and the area under the glucose curve
during curve (adjusted for baseline glucose). Other secondary endpoints include the change in the concentration of
insulin and the number of patients suffering from symptomatic hypoglycemia. The insulin peak value (adjusted for basal
insulin) to serve as the final evaluator of the effect of insulin secretion. We assume a 18 mg/dl (1 mmol/L) difference in
glucose delta between carriers and non-carriers, a standard deviation of 27 mg / dl (1.5 mmol/L), and alpha = 0.05.
Therefore, we have a power of 85% with 41 subjects in each group. Fifty patients will be enrolled in each group to ensure
a sufficient number of evaluable subjects.

Stage 2

An Open Study to Compare the Effect of 12 Week Treatment with Glipizide or Metformin on HbAlc in carriers of HNF1A
variant assay p.E508K

[0086] Main Objective: To compare the decrease in HbAlc levels between carriers and non-carriers of the mutation
p.E508K HNF 1A after 12 weeks of treatment with glipizide or metformin.

Secondary objectives are to compare the following variables between treatment groups and between carriers and non-
carriers: fasting blood glucose, postprandial blood glucose and insulin, fructosamine, number of symptomatic hypogly-
cemias, adverse effects and cases that did not tolerate the maximum dose given.

Study Design

[0087] This is a single center, open study, parallel group, randomized, 12-week study, aimed at comparing the effect
of glipizide and metformin among carriers of the p.E508K HNF1A mutation. Approximately 100 patients with this mutation
in HNF1A p.E508K will be enrolled ("carriers"). Patients will be recruited from existing databases of persons already
genotyped as carriers of p.E508K HNF1A.

[0088] Patients will be eligible for the study if they: (1) have Type 2 Diabetes; (2) are treated by less than two oral
antidiabetic agents; (3) can safely undergo a wash of 6 weeks of antidiabetic drugs; (3) have HbAlc between 7-10%; (4)
have estimated glomerular filtration rate greater than 60 ml/min/1.73m2 and have AST and ALT < 2.5 times higher than
normal limit; (5) no allergy or intolerance to glipizide, metformin or other medications with homology to sulfonylureas.
[0089] Eligible patients will suspend their antidiabetic therapy and have a washout period of 6 weeks, during which
they will be monitored in a timely manner to detect the presence of hyperglycemia requiring re-initiation of antidiabetic
therapy. All patients will be given a diet and exercise plan at the begining of the washout period. Patients will be instructed
to measure their capillary fasting plasma glucose. If blood glucose is > 250 mg/dl (13.9 mmol/l) during the washout
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period, the patient should contact the study center within 24 hours, and the investigator will determine if the participant
should begin treatment with a pharmacological inhibitor of DPP-IV for glucose control. The patient will be excluded from
further participation if, after starting therapy with DPP-IV, they have more than 2 blood glucose values at consecutive
fasting =250 mg / dl during the washout period. Patients with blood glucose > 250 mg/dl (13.2 mmol/L) and symptoms
of hyperglycemia will resume their prior antidiabetic treatment in accordance with the standard of care. Patients who do
not receive drug treatment for hyperglycemia will skip the washout period and will start the study treatment.

[0090] Atthe conclusion ofthe washout period, 100 patients will be drawn for a period of (1:1) treatment with metformin
and glipizide. Participants will be stratified into four groups based on the initial value of HbAlc in the washout period
(7.0-9.0% or 9.1-10.5%) and based on treatment status at the beginning of the period of primary treatment (untreated
vs treated with DPP-IV). If the patient is taking a DPP-IV at randomization, this medicine may continue throughout the
period of primary treatment.

[0091] Before receiving the first dose of treatment, all patients will be referred to the research center after 8 hours
fasting (treatment day 1). An intravenous angiocatheter 20g or 22g will be inserted for blood draws at multiple time
points. Samples to be obtained during fasting. Patients willundergo a test to gauge mixed meal tolerance, to be completed
15 minutes after starting the meal. Blood glucose, insulin, and the sample for further investigative measures will be
assessed at 15, 30, 60, 90, 120, 180, and 240 minutes after starting the meal. At the end of the observation period of
240 minutes, patients will receive a diet high in carbohydrates and fat. The first dose of study medication will be admin-
istered at the research center. Patients will receive glipizide (5 mg, orally) or metformin (500 mg orally). Patients will
have an assessment of capillary glucose 1 hour after the high carbohydrates and fat meal; and will be discharged if their
blood glucose is above 80 mg/dl.

[0092] Patients willthen begin the outpatient phase ofthe study treatment on Day 2. For patients randomized to receive
metformin, they will initiate a dose of 500 mg twice daily for 1 week, then 500 mg every morning and 500 mg every night
for one week, and then 1 g twice daily for the remaining 10 weeks. Patients will begin taking glipizide at 5 mg twice daily
for 1 week, followed by 10 mg twice a day for 1 week, and 20 mg twice daily for the remaining 10 weeks. The treatment
dose will be reduced to half if there are more than 2 episodes of symptomatic hypoglycemia or any other side effects
related to the study drugs administered. Patients will be asked to measure their fasting capillary blood glucose at least
two days a week.

[0093] Patients will return to the clinic after 6 weeks and 12 weeks of treatment for a blood sample to be taken under
fasting conditions and review of medication compliance and tolerance. Patients with more than 2 values in consecutive
blood glucose fasting =250 mg / dl or severe signs and symptoms of hyperglycemia during the main treatment will begin
additional antidiabetic therapy. Therapies other than metformin or sulfonylureas during the main treatment for the control
of severe hyperglycemia agents will be allowed.

After 12 weeks of treatment a test of mixed meal will be performed, similarto the one conducted at the beginning of the
treatment. Intravenous angiocatheter 20g or 22g will be placed for blood draws at multiple time points, with samples to
be obtained during fasting. Patients will undergo a test of mixed meal tolerance, to be completed 15 minutes after starting
the meal. They will take the appropriate dose assigned at the beginning of the test treatment. Blood glucose, insulin,
and the sample for further investigative measures will be assessed at 15, 30, 60, 90, 120, 180, and 240 minutes after
starting the meal. At the end of the observation period of 240 min, patients will receive a diet high in carbohydrates and
fat. After completion of the study protocol, patients will resume using the antidiabetic therapy prior to study.

Statistical Methods

[0094] The primary objective will be to compare the reduction in HbAlc at 12 weeks of glipizide or metformin. The
reduction in HbAlc at week 12 will be compared between baseline glipizide and metformin using analysis of covariance
(ANCOVA), adjusted for stratification factors at randomization (state at the start of the treatment period, and HbAIc main
treatment). The analysis with respect to the primary endpoint will be conducted focusing on an intention to treat approach
and one that includes only those cases who completed the study. The secondary objective is to compare the changes
in fasting glucose, changes in post-prandial glucose and insulin, fructosamine change, weight, rates of hypoglycemia,
general safety, and the number of patients not achieving dose maximum treatment. These criteria will be exploratory
and not adjusted for multiplicity.

[0095] Forthe primary endpoint, a reduction in HbAlc 0f-0.66% is assumed in the glipizide group vs. metformin group,
a standard deviation of 1.1%, and o = 0.05. Therefore, the power of the study is 80% with 45 subjects in each group.
Fifty patients will be enrolled in each group to ensure a sufficient number of evaluable subjects.

Potential Benefits of the Study

[0096] If the study obtains positive results, the study will justify studies with long-term monitoring that measure clinical
outcomes. The ultimate goal is to integrate the results from these genetic studies into clinical applications.
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Justification of Study Drugs

[0097] Glipizide was selected because it has a high oral absorption rate, it starts acting within 30 minutes and its life
is short (2-8 hours). The proposed dose (5 mg) is usually the starting dose used in patients with Type 2 Diabetes. The
risk of inducing severe hypoglycemia is low (0.19-2.5 episodes per 1000 patient-years). Metformin is the only biguanide
available. It is the basis of the pharmacological treatment of diabetes. The proposed dose is associated with a low rate
of gastrointestinal adverse events. The drugs will be provided to participants at no cost.

Laboratory Procedures

[0098] Commercial reagents will be used for the measurement of glucose, insulin, C-peptide, creatinine and GLP1.
A pregnancy test will be administered to women who are within their reproductive age using the first morning urine.

Potential risks and discomforts:

[0099] No vulnerable populations, pregnhant women or patients with conditions considered contraindications to the use
of study drugs (such as liver failure and renal failure (<60 ml/min/1.73 m2) will be included.

[0100] Expected discomfort is hypoglycemia symptoms caused by venipuncture, gastrointestinal effects (diarrhea and
flatulence) caused by metformin and stress to participate in a research study or the knowledge of the existence of
abnormalities in carbohydrate metabolism. To reduce the risk of severe hypoglycemia repeated capillary glucose meas-
urements will be taken and the protocol in place reduces exposure of patients to medicines if their blood sugar is
considered to be at risk (see previous paragraphs). Resources required to treat hypoglycemia by administering glucose
orally or intravenously will be available. The total blood volume at visit 1 is 167 ml and 118 ml at visit 2. The samples
will be obtained by trained personnel. The expected discomforts are skin lesions, bruising and pain. Metformin can cause
bloating or diarrhea. If diarrhea is intolerable, the patient will be excluded from the study.

[0101] Preliminary results from the study that have been gathered to date indicate that the E508K HNF1A variant is
indeed associated with greater response to Glipizide. Statistical analysis of the results is ongoing.

Example 3 - Interventions for the Management of Diabetes
Creation of a basic mobile individual casual game for reinforcing effective eating habits and awareness

[0102] The game would be developed for the Android platform using a touch-based interface. The instructional goal
would be to reinforce the benefits of eating the right types of foods. A key intent would be to develop a gameplay style
that is "addictive" to encourage long-term gameplay.

[0103] Potential Game Style: Forward-scroller (e.g., Minion Rush) or Side-scroller (e.g., Super Mario Bros), where
collecting "good" food makes you stronger and "bad" food makes you weaker. Simple actions (e.g., jump with a slide
up of your finger). Perhaps have a special "super food" that lets you power-up and counter the negative effect of a bad
food. Reinforce concepts related to blood sugar via meters that go up and down over time or changes in the character’s
visible appearance. Reinforce the negative aspects of certain key bad foods via related monsters/etc. that are overcome
as part ofthe game. To a limited degree, food options and bonuses offered in the gameplay can be chosen by the player
based on selecting from available options (e.g., by selecting certain levels of the game to play - e.g., play a "high carb"
level - or via selection of an "eating profile"). These options would be pre-determined to reflect typical and desired eating
habits/foods in the target population. Players may choose based on what they like to eat or have eaten recently, or
simply explore the impact of different preferences. These would not be "self-report" quality, but would be designed to
educate/reinforce the pros and cons of different choices (e.g., choosing a high sugar/carb diet may allow them to go
faster in the game but make few bonus options offered in the game and make it harder to make it all the way through
the level).

Creation of a virtual longitudinal interaction game

[0104] This involves the creation of an electronic "friend" that the player takes care of and can come to identify with.
The game would likely be developed for the personal computer to enable interrupts to the individual's normal activities
(it is hard for one process to interrupt another on android, though it can send simple notifications). The instructional goal
would be to reinforce the long-term effects of good or bad eating. An assessment goal would be to collect some self-
report information on their eating habits and diabetes knowledge. A key intent would be to develop an interaction that
the player would want to engage with in brief stints over a long period of time.

Potential Game Style: A virtual creature friend semi-randomly "pops up" on the player's device begging to be fed. From
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example, this friend could be an alien, weird monster, lego-type character, a virtual human, etc. (Not an animal since
that would send mixed messages and have kids feeding their real pets human food that may be bad for them). The
choice of avatarwould be made from a set of pre-determined options. When the friend pops up, the player has to choose
some foods to give it. In one design approach, we use this action as an opportunity to collect data on what the kids have
been eating recently. In other words, the virtual friend is a copycat and always wants to eat what the child did. When
fed well, it is "happy". In this mood, it may occasionally pop-up with a diabetes-related question (e.g., the friend asks "is
this good for me to eat" or "how come | can’'t do xxx"?), or because it wants to play/get attention (e.g., to be petted). If
fed badly (especially repeatedly overtime), it gets sad (e.g., whimpers) and doesn’t want to play (i.e., even if requested
by the player - the player must now act to rectify the situation by feeding them well). We can reinforce awareness of
certain negative behaviors in the actions of the friend. For instance, always wanting "more" of something sweet and
encouraging the child to tell the friend no, it's bad for you.

Creation of a casual game with real-life behavior assessment

[0105] This involves involves creating a game with a supporting framework to enable capture and analysis of what a
player is actually eating in real-life. Uses a "pay-to-play" concept where players must take pictures of their food and
upload them in order to unlock capabilities/progress further in the game. To avoid issues with automated image analysis,
we leverage crowd-sourcing via a service such as Amazon's Mechanical Turk. On a regular, frequent basis, the player
needs to upload a picture they have taken with their device of their food (e.g., their breakfast). The crowd members
assess the image against a set of diabetes-healthy-eating guidelines and provide a rating for the meal (Multiple crowd
members can be used for each image to provide redundancy and improve the reliability of the measure). Once they
have taken a picture, they play a casual game. At a later time - once the picture has been analyzed - they gain bonus
capabilities in the game ifthey have been eating well (or perhaps encounter increased chances of difficulties if they have
been eating poorly). Game uses a client-server architecture to keep track of player's data and behaviors.

Potential Game Style: The gameplay would be similar to the Option 2 game. The eating options and bonuses available
in the game would be generated based on the pictures taken by the player.

System Elements: A number of back-end elements would be developed to support the data collection and assessment.
The system would involve multiple game-server interactions, with the server providing data that influences the game,
as well as collecting self-reports and other data generated by the game.

Creation of a casual game with real-life behavior assessment and social status

[0106] This encompasses the game approaches described above with the addition of graphical user interface (GUI)
elements that enable players to improve the capabilities of their avatar in the game and basic social networking to provide
a high-level means of interaction among players, such as via social sharing/localized leaderboard/shared rating capa-
bilities. It does not provide a multi-player game capability, but may allow players to share avatars and eating profiles.
Sharing between parents and kids via linked accounts will enable families to provide multiple data points on their eating
habits and share awareness of diabetes issues.

Interaction Elements: We will explore multiple methods of sharing among players to encourage an excitement towards
eating in a healthier manner. Methods may include: Rating systems for favorite meals, regional competitions for best
eating habits (e.g., highest rated meal picture), pair-wise matching for enhanced collaborative learning and perhaps
even rescue operations where players can swoop in to help a player figure out how to bring their unhappy/sick avatar
back to full health. The level of effort includes multiple rounds of design and multiple development and deployment
iterations to ensure the methods used have appeal and are effective at encouraging long-term participation. We will
explore fun visual displays of progress, such as "you are what you eat" visualizations that use caricature to highlight
poor eating habits.

System Elements: This effort would involve the creation of a rich set of interactions among players outside the game.
For privacy and security reasons, chat capabilities are not anticipated. However, sharing of basic player "handles"/nick-
names and rough geographical area are anticipated. No self-taken images will be posted without vetting by a moderator
to ensure appropriateness and privacy.

Example 4 - Genetic Score Calculation for the System DIABETESpredict

[0107] A theoretical model based on cases and controls to calculate a score for DIABETES predict, that includes 16
genetic markers, was constructed.

[0108] On the basis that the prevalence of type 2 diabetes mellitus (DM2) in Mexico (17%), 170 cases of DM2 and
830 controls were included in the model. On the basis of the frequency of the risk allele and odds ratio (OR) the expected
frequency of risk alleles in cases (a) and in controls (c) was calculated, as well as the expected frequency of the non-
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risk allele cases (b) and in controls (d), for each of the markers included in the chip "DIABETESpredict." Considering
that the markers are distributed in the population according to the Hardy-Weinberg law, the frequency of homozygous
and heterozygous genotypes was calculated on the basis of the allele frequency and according to the following formula:

(a + b)? = a? + 2ab + Dbe.

[0109] An algorithm was built that assigns risk genotypes to the number of cases and controls, selected at random,
according to the previously calculated frequency for each genetic marker. This algorithm was constructed using the
programs Access / Visual Basic. When a risk marker is positive in an individual (Case or Control) the OR forthat marker
is assigned if heterozygous and OR?Z if homozygous. When the genotype is negative for the risk allele a value of 1 is
assigned. For each case and control the combined OR is calculated by multiplying the ORs for each of the 16 markers
explored. Finally, the "fold change" is calculated (FC) by dividing the combined OR for each case and control by the
median OR value of the controls group. With all the FCs a receiver operating characteristic (ROC) curve is generated,
and the area under the curve (AUC) is calculated; the best sensitivity and specificity of the system is calculated.
[0110] Based on the data it was decided to set the cut point between positives and negatives at FC = 1. Individuals
with a FC < 1 have a risk that is equal to or less than median risk of the general population. Individuals with a FC> 1
have a risk that is higher than the population median and we divide them into 3 groups:

Low risk: FC between 1.01 and 1.5
Intermediate risk: FC between 1.51 and 2.0
High risk: FC> 2.0

[0111] The following values for sensitivity, specificity, positive predictive value (VPP) and negative predictive value
(VPN) were determined for each tertile:

FC Sensibilidad  Especificidad VPP VPN

>1 71.8 513 232 899
>1.5 359 82.3 293 862
>2 253 925 410 8538

Table 3: Values for OR, RAF, a, b, ¢ and d for 16 SNPs
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Patentkrav

1. Fremgangsmade til vurdering af disposition for type 2-diabetes hos et men-
neskeligt individ, hvilken fremgangsmade omfatter i en preve at bestemme
identiteten af mindst en allel ved hver af falgende enkeltnukleotidpolymorfier
(SNP'er) :

SLC16A11 - rs75493593;

HNF1A - rs483353044;

TCF7L2 - rs7903146;

CDKN2A/B - rs10811661;

CDKAL1 - rs7756992;

SLC30A8 - rs3802177;

IGF2BP2 - rs4402960;

FTO - rs9936385;

PPARG - rs1801282;

HHEX/IDE - rs1111875;

ADCY5 -rs11717195;

JAZF1 - rs849135;

WSF1 - rs4458523;

INS-IGF2 - rs149483638;

KCNQ1 - rs2237897; og

KCNJ11 - rs5219.

2. Fremgangsmade ifelge krav 1, hvor tilstedevaerelsen af en eller flere af fal-
gende risikoalleler tyder pa, at individet har starre disposition for type 2-diabe-
tes.

T ved rs75493593 i SLC16A11;

A ved rs483353044 i HNF1A;

T ved rs7903146 i TCF7L2;

T ved rs10811661 i CDKN2A/B;

G ved rs7756992 i CDKALAT,;

G ved rs3802177 i SLC30AS;

T ved rs4402960 IGF2BP2;

C ved rs9936385i FTO;
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C ved rs1801282 i PPARG,

C ved rs1111875 i HHEX/IDE;
T ved rs11717195 i ADCYS5;

G ved rs849135 i JAZF1,

G ved rs4458523 i WSF1;

C ved rs149483638 i INS-IGF2;
C ved rs2237897 i KCNQ1; og
T ved rs5219 i KCNJ11.

3. Fremgangsmade ifglge et hvilket som helst af de foregédende krav, hvor
fremgangsmaden omfatter at bestemme antallet af og identiteten af SNP-risi-
koalleler, og hvor fremgangsmaden endvidere omfatter at beregne en type 2-
diabetes-risikoscore for individet.

4. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor in-
dividet har en eller flere kliniske risikofaktorer for type 2-diabetes udvalgt
blandt: kropsmasseindeks > 30, taliemal > 80 cm for kvinder eller > 94 cm for
maend, alder > 40, nedsat glukoseregulering, forhgjet fasteblodglukose og in-
sulinresistens.

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor det
bestemmes, at individet baerer en eller flere af risikoallelerne ved en eller flere
af SNP'erne og derfor er har starre risiko for type 2-diabetes, hvor fremgangs-
maden endvidere omfatter en intervention udvalgt fra gruppen bestende af:
at gere et videospil elektronisk tilgeengeligt for individet, hvor videospillet har
foruddefinerede spilmal, der er udvalgt til at forstaerke sunde spisevaner, med
undgaelse eller minimering af forbrug af diabetogene fadevarer og drikkevarer,
og/eller forstaerke motionsvaner,

at gare en beveegelsesaktivitetsmonitor tilgaengelig for individet, hvor bevae-
gelsesaktivitetsmonitoren kan registrere og/eller rapportere bevaegelsesaktivi-
tetsdata om individet til en visningsgraenseflade, der preesenterer bevaegelses-
aktivitetsdataene eller en sammenfatning eller score, der er udledt fra dataene;
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at gere en kalorietaellerindretning tilgaengelig for individet, hvor indretningen
kan registrere og/eller rapportere kosternaringsdata om de af individet indta-
gede fe@devarer og/eller drikkevarer; og

at gere et socialt netveerk tilgaengeligt for individet, hvor netvaerket har radgiv-
ning om selvforvaltning af type 2-diabetes, en flerhed af diabetiske netveerks-
deltagere og et belsnningssystem, der opmuntrer til at spise sundt og/eller
motionere.

6. Fremgangsmade ifelge krav 5, hvor videospillet omfatter en spillerkarakter,
der preesenteres for valg af fadevarer og/eller drikkevarer, hvor spillet belenner
spillerkarakterens valg af sunde fgdevarer og/eller drikkevarer.

7. Fremgangsmade ifalge krav 5, hvor bevaegelsesaktivitetsmonitoren omfat-
ter et pedometer, der kommunikerer eller kan konfigureres til at kommunikere
med en computer eller mobil elektronisk indretning.

8. Fremgangsmade ifelge krav 5, hvor kalorietaellerindretningen omfatter en
mobil elektronisk indretning, der er programmeret til at modtage information
om individets kost og til at vise kalorievaerdier svarende til kosten.

9. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor in-
dividet anbringes i en af falgende tre risikokategorier i henhold til foldaendring
(FC)-veerdien:

lav risiko: FC mellem 0 og 1,00

moderat risiko: FC mellem 1,01 og 1,5;

mellemrisiko: FC mellem 1,51 og 2,0; og

hej risiko: FC starre end 2,0.

10. Fremgangsmade ifalge krav 9, hvor foldeendring-veerdien for individet be-
regnes ved at tildele en risikoscore for hver SNP, hvor foldeendring-veerdien
gives ved at multiplicere risikoscorerne af hver af SNP'erne sammen, og hvor
risikoscoren for hver SNP tildeles som falger:

fravaeret af risikomarker, dvs. homozygot ikke-risiko-allel-genotype, ved
SNP'en tildeles en veerdi pa 1,
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tilstedevaerelsen af en enkelt risikomarker, dvs. heterozygot genotype, ved
SNP'en tildeles en veerdi, der er lig med odds-forholdet (OR) for risiko-allelen

ved den SNP,

tilstedeveerelsen af to risikomarkarer, dvs. homozygot risikoallel-genotype, til-
deles en veerdi, der er lig med kvadratet af odds-forholdet (OR)a.

11. Fremgangsmade ifelge krav 10, hvor OR'et for risikoallelen ved hver SNP

er som fglger:

T ved rs75493593 i SLC16A11 = 1,29 £ 0,05;
A ved rs483353044 i HNF1A = 5,48 £ 0,05;

T ved rs7903146 i1 TCF7L2 = 1,37 £ 0,05;

T ved rs10811661 i CDKN2A/B = 1,08 £ 0,05;
G ved rs7756992 i CDKAL1 = 1,05+ 0,05;

G ved rs3802177 i SLC30A8 = 1,12 £ 0,05;

T ved rs4402960 IGF2BP2 = 1,12 £ 0,05;

C ved rs9936385i FTO = 1,17 £ 0,05;

C vedrs1801282 i PPARG = 1,1 £ 0,05;

C vedrs1111875i HHEX/IDE = 1,06 £ 0,05;
T ved rs11717195i ADCY5 = 1,14 £ 0,05;

G ved rs849135 i1 JAZF1=1,16 £ 0,05;

G ved rs4458523 i WSF1 = 1,13 £ 0,05;

C ved rs149483638 i INS-IGF2 = 1,28 £ 0,05;
C ved rs2237897 i KCNQ1 = 1,31 £ 0,05; og
T ved rs5219 i KCNJ11 = 1,08 £ 0,05.
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Area under the curve

95% 95%
Confidence | Confidence
Interval Interval
Result of Lower Higher
comparison| Area |standard error (a)| asymptotic (b) | limit limit
FC1 0.666 0.023 0 0.62 0.711
FC2 652 024 .000 605 700

In the results from comparison, FC1 and FC2, there is at least one match between real
positive group and real negative group.

a. According non-parametric assumption

b. Null hypothesis: true area =0.5

FIG. 3B
FC1
. , 0.5
Risk is lower than population mean 05110
low 1.01-1.5
Risk is higher than medium 151-2.0
population mean , —
high >2.0

FIG. 3C
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