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ABSTRACT OF THE THESIS

Search for an Association between Single Nucleotide

Polymorphisms oNPY2R and Metabolic Syndrome Traits

by

Karthika Balasubramanian
Master of Science in Biology
University of California, San Diego, 2010
Professor Daniel T. O’Connor, Chair

Professor Gen-Sheng Feng, Co-Chair

Metabolic syndrome, which characterizes an individual’s risk for
cardiovascular disease and type Il diabetes mellitus, can be chaexttaririsk
factors such as obesity and hypertension. These risk factors are predittats ke
body mass index (BMI) and both systolic and diastolic blood pressure (SBP & DBP).
Single nucleotide polymorphisms in the gene coding for the type 2 neuropeptide
receptor NPY2R) may affect BMI, SBP, and DBP since NPY2R and its ligand,
peptide YY (PYY) are involved in the suppression of appetite. 703 individuals of
Caucasian, Hispanic, and African-American biogeographical ancesteygenotyped

for three candidate SNPs, rs6851222 (G-1606A), rs6857715 (C-599T), and rs1047214

vii



(T+5895C), in theNPY2R promoter and open reading frame. No significant
associations were found between these SNPs and BMI, SBP, and DBP (p>0.05).
However, significant associations were found between haplotypes of theser8NPs a
these metabolic syndrome traits. In the aforementioned order of SNPs, haplofype GT
demonstrated a pleiotropic, positive directional effect on these three tislits (B
p=0.000375, SBP: p=0.0187, and DBP: p=0.0318). Further study of this gene locus
will help determine the relationship between these SNPs and the metabolic syndrom

traits of body mass index, systolic blood pressure, and diastolic blood pressure.
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Introduction

Metabolic syndrome is characterized by a series of risk factorsahiaitzite
to both cardiovascular disease and type Il diabetes mélligsecifically, these risk
factors are known as metabolic risk factors. Each metabolic risk fadtather
defined by metabolic syndrome traits that contribute to the progression of the
metabolic risk factdf. Examples of the metabolic risk factors include hypertension,
obesity, atherosclerosis, and dyslipidaémiGome examples of the underlying risk
factors include measurements of waist circumference, body mass index, blood
pressure, triglycerides, high-density lipoproteins, and blood glucose'fevels
Additionally, metabolic syndrome is also affected by other factorsrbltde genetic
and racial factors, aging, and endocrine disofflefdl of these conditions contribute
to the progression of metabolic syndrome, and the metabolic syndrome traits may be
affected by polymorphisms in tidPY2R gene.

The type 2 human neuropeptide Y receptor (Y2) is coded by theNjBfaR.
This gene is 8.5 kilo base pairs long, and it is located on the short arm of chromosome
4 (4931}. The actual receptor produced by this gene is 381 amino acids long with a
mass of 42 kDa. Additionally, the Y2 receptor possesses 7-transmembrane domains
that are characteristic of G-Protein coupled recefftofeese type two neuropeptide
Y receptors are most commonly found on neuropeptide Y neurons in the
hypothalamus as well as other regions of the brain, like the hippocathpus
Neuropeptide Y (NPY), peptide YY (PYY), and pancreatic polypeptide (PP)lare a

known agonists of the neuropeptide Y2 receptor, but PYY preferentially binds to



NPY2R*%. All of these ligands are 36 amino acids long, possess a conserved tertiary
structure, the pancreatic polypeptide (PP) fold, and are members of thepptidype
family of neuronal hormonés®.

The primary agonist of NPY2R, PYY, is named after the tyrosine residues
found at both the C-terminus and the N-terminus of the full-length peptide molecule.
The Y represents the single-letter amino acid code for tyr3$h& PYY is
predominantly found circulating throughout the human body in two forms, the full
length, 36 amino acid neurochemical and a truncated, 33 amino acid neurochemical.
PYY is released into circulation from the gut after the consumption of meals like
lunch and dinnér**2 Enteroendocrine L cells in the gut sense food and induce the
production and release of PYY into circulafidff When this peptide binds to
NPY2R, appetite is suppressed by increasing satiety in humans as wiké#ras ot
organisms, like dogs, mice and fi&f*?> Knockouts of PYY in mice results in an
increase in weight gain due to uncontrolled consumption of food after both feeding
and fasting. Similarly, knocking oulNPY2R in mice also results in uninhibited
consumption of footf’. Both PYY and NPY2R together are involved in regulating the
ingestion of food, and the absence of this ligand and its receptor result in increased
weight gain and obesity.

Since knockouts of PYY and its receptor, NPY2R, alter the physiological
control of appetite, single nucleotide polymorphisms in the genes coding for PYY and
NPY2R may yield similar results. In humans, SNPs in the PYY gene ardcagtiyf

associated with body mass index and other metabolic syndrom& ttaigands to



reason that SNPs in tiNPY2R gene may also be associated with metabolic syndrome
traits like body mass index and systolic blood pressure. This study aims toideterm

if variants inNPY2R and its 5’ flanking regions are associated with the metabolic
syndrome traits of body mass index and systolic blood pressure.

In NPY2R, several rare genetic variations have been found in the promoter, 5’
untranslated region, and the open reading frame of the gene. Resequencing of this
gene in 80 individuals of Caucasian, African-American, Hispanic, and Asian
biogeographic ancestry yielded the presence of 10 common variants with a minor
allele frequency greater than 5% and 11 rare variants with a minor allele frequenc
less than 5% (See Table 1 and Figure 1). Three candidate SNPs, rs6851222,
rs6857715, and rs1047214, were chosen for genotyping based on their linkage
disequilibrium with other common variants. Both rs6851222 and rs6857715 are found
in the promoter region of the gene, and rs1047214 is found in the open reading frame
of the second exon.

With rs6851222, the two variants of this SNP are A, the minor allele, and G,
the major allele. This SNP may disrupt the binding of the transcription factor, Spi-B
which is a member of the ETS family of transcription factors. This family of
transcription factors is involved in effecting the gene expression of malogiual
processes like cellular growth and lymphoid developtfiefihese transcription
factors bind to a conserved purine rich binding motif with a GGA seqtiembieh is
altered by this SNP. Spi-B is specifically involved in the development of mature

cell lymphocytes and germinal center formaffofurther study of the effects of this



SNP will yield a greater understanding of the way in which the alteneschiption
factor binding motif affects the expressionNHY2R.

In addition to rs6851222, SNP rs6857715, which is also located in the
promoter region of the gene, was genotyped. The major allele for this SIN®, \aad
the minor allele was T. In contrast to both of the promoter SNPs, rs1047214 is located
in the open reading frame of exon 2. This SNP causes a silent mutation in codon 125
of the receptor changing an isoleucine into another isoleucine. However, previous
studies have found associations between this SNP and metabolic syndrome traits, so
further investigation of this genetic variant will increase the understaoélihg role

of this SNP in the development of metabolic syndrome.



Materialsand Methods
Subjects Genotyped

Resequencing of tidPY2R gene was completed using the DNA of 80
individuals of the Caucasian, Hispanic, African-American, and Asian biogeographi
ancestries. These individuals resided in urban areas of Southern California. All
phenotypic data was self-reported by these individlals

SNP genotyping was completed using samples from the UCSD Twin cohort.
This cohort consists of 569 DNA samples from twins, siblings and pedigrees. The
twins are both monozygotic twins and dizygotic twins. In many pairs of the
monozygotic twins, the DNA of only one twin was available to genotype. Therefore
the genotype of the available twin’s DNA was duplicated for the second twin in the
pair. This brought the total sample size of individuals in the association study to
n=703. The pedigrees are classified as siblings of twins and are membersavhéhe
families as the twins. The siblings belong to completely different fasifitom the
families of the twins.

These twins, siblings and pedigrees belong to three different biogeographic
ancestries: Caucasian, Hispanic and African-American. A total of 146 nygotazy
twin and 81 dizygotic twins were genotyped. Amongst the monozygotic twins, 123
pairs were Caucasian, 16 pairs were Hispanic, and 7 pairs were Africaimzé&me
Amongst the dizygotic twins, 64 pairs were Caucasian, 9 pairs were Hispanic, and 8
pairs were African-American. Between both the monozygotic and dizygotic twin

pairs, 92 males and 304 females were Caucasian, 17 males and 33 females were



Hispanic, and 11 males and 19 females were African-American. The zygosigy of t
twin pairs was self-reported and confirmed by sequencing. All subjectsrjaxmaed,
written consent; the protocol was approved by the UnivestiBalifornia at San
Diego Human Research Protection Program
SNP Genotyping

In order to determine whether an association exists between the SNPs of
NPY2R and the metabolic syndrome traits of blood pressure and body mass index,
three SNPs were genotyped using Real-Time Polymerase Chain Regctpplied
Biosystems. The three SNPs that were genotyped contain the followingkeers:
rs6851222, rs6857715, and rs1047214. Rs6851222 and rs6857715 are located in the
promoter region of the gene, and rs1047214 is located in the coding region of the
gene.

The PCR for each of these SNPs was carried out in a microamp optical 384-
well reaction plate which prevents well-to-well fluorescent contanoinal he
following protocol was used to genotype each of the above-mentioned SNPs using
Real-Time PCR. Each well contained one microliter of human DNA. The DNA was
dispensed into the well and dried down at the bottom of each well over night. After the
DNA was dried, the following reagents were added to each well: 2.5 pL of Tagman
Genotyping Master Mix, 0.25 pL of the SNP Genotyping Assay Mix and 2.25 pL of
RNase free water. The main component of the Tagman master mix is the AgnpliT
Gold DNA Polymerase, which is inactive at room temperature and activated only at

the high temperatures that are ideal for thermal cycling.



Each SNP was genotyped using a different assay with a different set afdforwa
and reverse primers. The forward primer for rs6851222 was
ACAAACAAAACAAAACAAAACAAAAACAACTACT and the reverse primer
was ACCTAGAAACAAAGGTAAACAGAAATGGAA. The forward primer for
rs6857715 was AGGATCTGAACTCGCTTTACCTTCT and the reverse primer was
GTTTGGAGCACAGGGACCGCCCAGC. The forward primer for rs1047214 was
GGGAGTATTCGCTGATTGAGATCAT and the reverse primer was
CCGGACTTTGAGATTGTGGCCTGTA.

For each plate that underwent Real-Time PCR, the following thermal cycling
conditions were utilized. The samples were first incubated at 95 °C for 10 minutes in
order to activate the AmpliTaq Gold enzyme. Next, the DNA was denatured at 92 °C
for 15 seconds. Lastly, annealing and extending of the DNA took place at 60 °C for 90
seconds. The denaturing, annealing, and extending of the DNA was repeateds39 time
for a total of 40 cycles of PCR. The genotyping of the SNPs was completed ¢y usin
the ABI 9700HT Thermal Cycler at the Salk Institute’s microarray taiity.

Analysis of SNP Genotyping Data

After the thermal cycling of the DNA was completed, the genotype of each
individual was determined using the SDS 2.0 software by Applied Biosystems. By
utilizing the allelic discrimination function, the genotype of each individual was
automatically called based on the fluorescence levels of the VIC and Rfdvtae
dyes (See Figure 2). For rs6851222, VIC represented the minor allele, AAlsihd F

represented the major allele, G. For rs6857715, VIC represented the magoiGillel



and FAM represented the minor allele, T. For rs1047214, VIC represented the minor
allele, C, and FAM represented the major allele, T.

In order to verify that the genotypes were accurately assigned to each,sample
the amplification curves of each sample were analyzed. The genotypegtdstmt
were homozygous for the minor allele for each SNP were confirmed by a strong
binding of the VIC probe to the DNA samples (See Figure 3). The genotypes of the
heterozygous individuals showed both a moderate binding to both the FAM and VIC
probes with a slightly stronger binding to the FAM probe (See Figure 4). Sathpl
were identified as homozygous for the major allele were represented by@ str
binding of the FAM probe to the DNA with a very weak affinity to the VIC probe (See
Figure 5). In this way the accuracy of the automatic assignment oéiio¢yges to
the samples was confirmed.

Statistical Analysis of Genotyping Data

After the genotype of each sample was determined, this data wascslatisti
analyzed to determine the allelic frequencies of each SNP based on biogeagjraphic
ancestry; the dependence of the SNP genotypes on biogeographical atieestry;
genotype frequencies of the SNPs based on biogeographical ancestry; the phenotypic
association between the SNPs and metabolic syndrome traits; and the haplotype
association of these SNPs with metabolic syndrome traits. The aliglefees and
dependence of the genotypes of biogeographical ancestry were determined using

Microsoft excel; the SNP Genotype frequencies were calculated usitigfi&al



Analysis System (SAS) software, and the phenotypic and haplotype associaiens w
calculated using the R Project for Statistical Computing.

The allelic frequencies of each of these SNPs based on biogeographical
ancestry were determined using a Microsoft Excel macro by Chris Caplecifisfor
calculating Hardy-Weinberg equilibrium. The raw, diploid genotype data wagedput
into the macro, which subsequently calculated the frequency of each alleé tee
significance of these alleles. P-values greater than 0.05 indicateletlzaietic
frequencies were in Hardy-Weinberg Equilibrium.

The dependence of the genotypes on biogeographical ancestry was determined
using the chi-square test for independence in Microsoft Excel. The observed and
expected frequencies of the three genotypes for each SNP (homozygttesnajor
allele, heterozygotes, and homozygotes for the minor allele) and the three
biogeographic ancestries were compared in a 3 x 3 contingency table. Usthg the
square function in Microsoft Excel, the independence of the genotypes and
biogeographic ancestries was determined. P-values greater than 0.0 dhthatathe
two factors were independent.

The frequencies of the genotypes for each of the SNPs were determined using
the phenotypic data for biogeographic ancestry and the raw genotypiitg.réhis
data was compared in SAS, and the genotype frequencies for Caucasians, Hispanics
and African-Americans were determined.

The phenotypic associations with BMI, SBP, and DBP were determined using

one-way analysis of variance (ANOVA) the R Statistical Project. Inrdodaccount
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for variation due to sex, age, and biogeographic ancestry, these three faceors w
included in the analysis as covariates. Additionally, the phenotypic data fQrIBWw|,

and DBP were transformed using a natural log in order to normalize any skewed or
pointed data. Since the samples genotyped included monozygotic twins, which possess
duplicate genotypes, the one-way ANOVA was run using the generalireadtasy

equations (GEE) function. This adjusted the data for the duplicate genotypaoteat

from monozygotic twins. Significant associations with BMI, SBP and DBP were
determined by p-values less than 0.05.

Lastly, the haplotype associations were determined using haplo.gim, iafunct
for determining linear regression based on the generalized linear modeRn the
Statistical Project. Linear regression models using the haplotyples exlependent
variable and the metabolic syndrome traits as dependent variables weestegehg
comparing each haplotype to the haplotype present most frequently in the population
of samples genotyped. Again, sex, age, and biogeographic ancestry were used as
covariates in this analysis. Significant regression coefficients detegmined p-
values less than 0.05.

The determination of genotype frequencies based on biogeographic ancestry,
the determination of phenotypic associations with the metabolic syndromsearalt
the determination of the haplotype associations with BMI, SBP, and DBP were all

completed by Dr. Pei-An Betty Shih, PhD.



Results
SNP Allelesarein Hardy-Weinberg Equilibrium

Genotyping of the three SNPs, rs6851222, rs6857715, and rs1047214 yielded
the incidence of the three diploid genotypes produced by each of these genetic
variants. Polymorphisms in rs6851222 produced the three genotypes of AA, AG, and
GG. Both the minor allele, A, and the major allele, G, exist in Hardy-Wejnbe
equilibrium for each of the biogeographic ancestries tested. Amongst @ascise
frequency of the minor allele, A, is 31%, and the frequency of the major allele, G, is
69%. Amongst Hispanics, the frequency of the minor allele, A, is 39%, and the
frequency of the major allele, G, is 61%. Lastly, amongst African-Anresjdhe
frequency of the minor allele, A, is 16%, and the frequency of the major alleke, G, i
84%. All of these allele frequencies are maintaining Hardy-Weinberglaguih with
p>0.05. (See Table 2)

In comparison to SNP rs6851222, rs6857715 produces the diploid genotypes
of CC, CT, and TT. Based on the Caucasian reference group, the major allele in this
population in the C allele, and the minor allele is the T allele. Amongst Cangasia
the frequency of the major allele, C, is 59%, and the frequency of the minor allele, T,
is 41%. Amongst Hispanics, the frequency of the major allele, C, is 55%, and the
frequency of the minor allele, T, is 45%. When the incidence of this SNP was
examined amongst African-American, the major and minor allele changed. For
African-Americans, the minor allele of this SNP is C, and the major aldleThe

frequency of the minor allele, C, is 32%, and the frequency of the major allele, T, is

11
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68%. The best explanation for this deviation from the reference group, the @asgcasi
is that genetic drift has led to a higher prevalence of the T allele abhinigan-
Americans. All of these allele frequencies are in Hardy-Weinbergileguih with
p>0.05 (See Table 2).

Lastly, the allele frequencies of SNP rs1047214 were determined from the
diploid genotypes of CC, CT, and TT. Using Caucasians as the reference group, C was
designated the minor allele, and T was designated the major allele. Amongst
Caucasians, the frequency of the minor allele, C, is 44%, and the frequency of the
major allele, T, is 56%. Similar to the frequency of rs6857715 amongst African-
Americans, there is a change in the minor and major allele within the Hispanic
population. The major allele is C, and the minor allele is T for individuals of this
biogeographic ancestry. Amongst Hispanics, the frequency of the majet @l is
61%, and the frequency of the minor allele, T, is 39%. Lastly, amongst African-
Americans, the frequency of the minor allele, C, is 9%, and the frequency o&jibre m
allele, T, is 91%. Although there is a change in the designation of the major and minor
alleles for Hispanic individuals, the allele frequencies for each biogdugrapcestry
are all in Hardy-Weinberg equilibrium with p>0.05 (See Table 2).

SNP Genotypes Dependent on Biogeographic Ancestry

In order to determine if the frequencies of these three SNPs, rs6851222,
rs6857715, and rs1047214, are independent of biogeographic ancestry, the chi-square
test for independence was conducted. Comparisons of the observed frequencies and

the expected frequencies of the genotypes AA, AG, and GG, which represent SNP
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rs6851222, amongst individuals of Caucasian, Hispanic, and African-American origin
demonstrated that these genotypes are dependent of biogeographic ancestry
(p=0.001276) (See Table 3). Comparisons of the genotypes CC, CT, and TT, which
represent SNP rs6857715, amongst individuals of the above-mentioned biogeographic
ancestries, also showed that variants of this SNP are dependent on biogeographic
ancestry (p=4.83 x 10 (See Table 4). Lastly, the genotypes of rs1047214, CC, CT,
and TT, are all affected by biogeographic ancestry as well (p=6.332"x(8&e
Table 5). The chi-square analysis confirms that biogeographic ancestrgatdagbute
to the genotype of an individual.
Freguency of the SNPs Present in the Population

Since the alleles of each SNP are present in Hardy-Weinberg equildgonidim
the chi-square analysis demonstrated that the genotypes of each SNfeadedeon
the biogeographic ancestry of the individual genotyped, the frequency of each of these
genotypes based on biogeographic ancestry can be deduced. Looking at SNP
rs6851222 and only Caucasians, 11.5% of the subjects were homozygous for the
minor allele, AA, 39.96% of the subjects were heterozygous for the minor allele, AG,
and 48.54% of the subjects were homozygous for the major allele, GG. Amongst
Hispanics, 15.66% of the subjects were homozygous for the minor allele, AA, 45.78%
of the subjects were heterozygous for the minor allele, AG, and 38.55% of the subjects
were homozygous for the major allele, GG. Lastly, amongst African-Aares)
1.41% of the subjects were homozygous for the minor allele, AA, 29.58% of the

subjects were heterozygous for the minor allele, AG, and 69.01% of the subjects were
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homozygous for major allele, GG. All of these genotypic frequencies agredwith t
Hardy-Weinberg frequencies of the A and G alleles calculated aboveafiuncthat
the distribution of genotypes varies by biogeographic ancestry (See Table 6)

Next, the distribution of the genotypes of the second promoter SNP,
rs6857715, also represented the Hardy-Weinberg frequencies of the nedgo€Cadind
the minor allele T for each biogeographic ancestry. Amongst Caucasiangetbaae
group, 35.41% of the subjects were homozygous for the major allele, CC, 47.52% of
the subjects were heterozygous for the major allele, CT, and 17.06% of the subjects
were homozygous for the minor allele, TT. Amongst Hispanics, 29.41% of the
subjects were homozygous for the major allele, CC, 50.59% of the subjects were
heterozygous for the major allele, CT, and 20.00% of the subjects were homozygous
for the minor allele, TT. As was seen in the allele frequencies, amofrgstrA
Americans, there is a change in the minor and major allele. For individuals of this
biogeographic ancestry, the minor allele is C, and the major allele is T. 5.9&0 of
subjects were homozygous for the minor allele, CC, 52.24% of the subjects were
heterozygous for the minor allele, CT, and 41.79% of the subjects were homozygous
for the major allele, TT. Although the minor and major allele deviates fronothia¢
reference group amongst African-Americans, these values still agrethe allelic
frequencies deduced above (See Table 7).

Finally, the frequency of the genotypes CC, CT, and TT were deduced for the
SNP in the open reading frame of the gene, rs1047214. Amongst the reference group,

Caucasians, the minor allele was C, and the major allele was T. 19.13% of thessubject
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were homozygous for the minor allele, CC, 50.46% of the subjects were heterozygous
for the minor allele, CT, and 30.42% of the subjects were homozygous for the major
allele, TT. Like the change in minor allele and major allele seen abov&NRh
rs6857715, the major allele changes to C and the minor allele changes to T amongst
Hispanic individuals. 37.35% of the subjects were homozygous for the major allele,
CC, 48.19% of the subjects were heterozygous for the major allele, CT, and 14.46% of
the subjects were homozygous for the minor allele, TT. This data agrees with the
Hardy-Weinberg allelic frequency calculated above. Lastly, ani@fgsan-
Americans, 0% of the subjects were homozygous for the minor allele, CC, 18.31% of
the subjects were heterozygous for the minor allele, CT, and 81.69% of the subjects
were homozygous for the major allele, TT (See Table 8). These genotypic
distributions confirm that the allelic frequencies of each SNP are trudainithé
genotypes vary by biogeographic ancestry (See Figure 6).
Phenotypic Association between SNPs and Metabolic Syndrome Traits

Once the distribution of the genotypes for each of the three SNPs were
verified, the data was then statistically analyzed for a phenotypic assoavith the
metabolic syndrome traits of body mass index (BMI), systolic blood pressuirg (SB
and diastolic blood pressure (DBP). All of the phenotypic data for the metabolic
syndrome traits were normalized using a natural logarithmic function and then
analyzed using one-way analysis of variance. This analysis includedlzdl ehmples

genotyped, so the analysis was adjusted for gene interactions based on sex, age, and
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biogeographic ancestry. The following results were used to adjust theSB¥®| and
DBP for variation due to biogeographic ancestry.

A total of 504 Caucasian individuals, 82 Hispanic individuals, and 81 African-
American individuals were all genotyped. The average body mass index for each of
these biogeographic ancestral groups in the above order was 25.f4%&gita
kg/m?, and 29.95 kg/f A difference in these values does exist, so the adjustment for
race in the ANOVA analysis accounts for this variation. The average sydtubid
pressure for each biogeographic ancestral group in the above order was 130.15 mmHg,
128.97 mmHg, and 140.95 mmHg. The value for SBP amongst African-Americans is
much higher than the SBP for both Caucasians and Hispanics, which could have an
effect on the ANOVA analysis. Lastly, the average diastolic blood peefsueach of
the biogeographical ancestral groups was 70.65 mmHg, 70.54 mmHg, and 77.28
mmHg. Again, the DBP for African-American individuals was nearly tengyer
higher than the DBP for Caucasians and Hispanics, so the ANOVA analysis was
adjusted to account for this variation.

Next, each SNP was analyzed for an association with each of the above
mentioned metabolic syndrome traits. The first trait examined was thgyawsstolic
blood pressure. The average SBP was compared for the individuals with each of the
three distinct genotypes, and the following results were obtained.

For SNP rs6851222, the average systolic blood pressure for individuals
homozygous for the minor allele, AA, was 135.12 mmHg with a standard error of

1.02. The average SBP for individuals heterozygous for the minor allele, AG, was
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134.29 mmHg with a standard error of 1.01. Lastly, the average SBP for individuals
homozygous for the major allele, GG, was 134.03 mmHg with a standard error 1.01.
Based on one-way ANOVA analysis of this data, the variances of the sydtalct
pressure for each genotype occur at equal frequencies (p=0.9004) (Se@)Table
Therefore, no significant association between rs6851222 and systolic blood pressure
was found.

For the second promoter SNP, rs6857715, the average systolic blood pressure
for individuals homozygous for the minor allele, CC, was 134.13 mmHg with a
standard error of 1.01. The average SBP for individuals heterozygous for the minor
allele, CT, was 134.26 mmHg with a standard error of 1.01. Lastly, the average SBP
for individuals homozygous for the major allele, TT, was 134.14 mmHg with a
standard error of 1.01. The one-way ANOVA analysis of the data demonstrated that
the average systolic blood pressure was equal for each genotype (p=0.99&8)nomdic
that no association exists between rs6857715 and systolic blood pressure (See Table
10).

For the third and last SNP, rs1047214, the average systolic blood pressure for
individuals homozygous for the minor allele, CC, was 134.63 mmHg with a standard
error of 1.01. The average SBP for individuals heterozygous for the minor allele, CT
was 133.67 mmHg with a standard error of 1.01. Lastly, for individuals homozygous
for the major allele, TT, the average SBP was 134.50 mmHg with a standard error of

1.01. The ANOVA analysis yielded the results that the average systolic blood @ressur



18

was equal for each genotype (p=0.7615) (See Table 11). Overall, no significant
associations were found between rs1047214 and systolic blood pressure.

In addition to studying possible associations between the SNPs and systolic
blood pressure, the association between these SNPs and body mass index was also
studied. For the first promoter SNP, rs6851222, the average BMI for individuals
homozygous for the minor allele, AA, was 26.77 Kgimith a standard error of 1.03.

For individuals heterozygous for the minor allele, AG, the average BMI was 26.86
kg/m? and the standard error was 1.02. Lastly, the average BMI for individuals
homozygous for the major allele, GG, was 27.42 Kgfith a standard error of 1.02.
Based on the ANOVA analysis of the genotyping data, the average body mass index
was equal for all three of the genotypes (p=0.4891) (See Table 9). All in all, no
significant association was found between the promoter SNP rs6851222 and body
mass index.

Next, for the second promoter SNP, rs6857715, the average normalized BMI
for individuals homozygous for the minor allele, CC, was 27.77 kwfith a standard
error of 1.02. For individuals heterozygous for the minor allele, CT, the average BM
was 27.05 kg/fwith a standard error of 1.02. Lastly, for individuals homozygous for
the major allele, TT, the average BMI was 26.88, and the standard error was 1.02
The ANOVA analysis of the data showed that the variances and subsequently the
average body mass indexes for these three genotypes are the same (p=0.8716) (Se
Table 10). Altogether, no significant association was found between this SNP and

body mass index.



19

Finally, for the third SNP, rs1047214, the average normalized BMI for
individuals homozygous for the minor allele, CC, was 26.97 kg/ith a standard
error of 1.02. For individuals heterozygous for the minor allele, CT, the average BM
was 26.82 kg/fwith a standard error of 1.02. Lastly, for individuals homozygous for
the major allele, TT, the average BMI was 27.54 with a standard error of 1.02. The
ANOVA analysis of the phenotypic data demonstrated that the average baly mas
indexes were equal for all three genotypes (p=0.4836) (See Table 11). Overall, no
association was found between SNP rs1047214 and body mass index.

ANOVA analysis was also completed in order to determine if an associati
exists between these SNPs and diastolic blood pressure. No statisticafigasig
association was found between rs6851222 (p=0.25), rs6857715 (p=0.978), and
rs1047214 (p=0.727) and diastolic blood pressure (data not shown). Overall, no
phenotypic association was found between these three SNPs and the metabolic
syndrome traits of body mass index, systolic blood pressure and diastolic blood
pressure.

Haplotype Association with Metabolic Syndrome Traits

In addition to studying the phenotypic association between these SNPs, and
metabolic syndrome traits, the association between haplotyp#3Y@R SNPs and
the metabolic syndrome traits was also studied. A haplotype is a set o tibdlare
inherited together on one chromosome of an individual’s diploid set of genetic
material. First, eight haplotypes for these three SNPs exist, but onlypdotyipes are

present at a recordable frequency. Each haplotype represents the three observed
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polymorphisms in the following order: rs6851222, rs6857715, and rs1047214. The
haplotype most prevalent in the population of samples genotyped is GCC, which was
present in 31.23% of the samples. The next most frequent haplotype was GCT, which
was present amongst 24.89% of the samples. ATT was the next most frequent
haplotype with a prevalence of 20.78%. GTT was the fourth most frequent haplotype,
and 11.08% of the samples possessed this haplotype. Haplotype ATC was present with
a frequency of 9.38%, and haplotype GTC was present with a frequency of 2.32%.
Lastly, the two least frequent haplotypes were ACC and ACT with a combined
frequency of 0.31%. These frequencies represent the prevalence of each haplotype
amongst all of the samples for all three biogeographical ancestries eahiBee

Figure 7 and Table 12).

Next, each of these haplotypes was analyzed for an association with the
metabolic syndrome trait of body mass index. Analysis of this data using the
generalized linear model compares each of the haplotypes to the mosttfreque
haplotype, GCC. This results in linear regression models for each of the haplotype
except for the haplotype present most frequently in the population. For each of the
subsequent haplotypes, the following regression coefficients were found. Haplotype
GCT was marginally associated with BMI with a positive coefficienegfession,
0.02904, and p=0.0481. No association was found between haplotype ATT and BMI
based on the coefficient of regression -0.00235 and p=0.8710. Haplotype GTT was
significantly associated with BMI with the coefficient of regression 0.05885 a

p=0.000375. Haplotype ATC was not significantly associated with BMI based on the
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coefficient of regression 0.03011 and p=0.1700. Haplotype GTC was not associated
with BMI based on the coefficient of regression -0.02463 and p=0.5220. Lastly the
two rare haplotypes, ACC and ACT, were significantly associated withvBt the
coefficient of regression 0.51201 and p=0.00000004. This study demonstrates that
four haplotypes, GCT, GTT, ACC, and ACT are all associated with body mass index
(See Table 13).

In addition to analyzing the haplotype association with body mass index, the
haplotype association with systolic blood pressure was also studied. In order to
determine if an association exists between these haplotypes and systolic blood
pressure, this data was also analyzed using the generalized linear modakth-of
the subsequent haplotypes, the following regression coefficients were found.
Haplotype GCT was not significantly associated with SBP with theicteff of
regression, 0.009235, and p=0.0807. No association was found between haplotype
ATT and SBP based on the coefficient of regression 0.008855 and p=0.4050.
Haplotype GTT was marginally associated with SBP with the coeffioiertgression
0.009668 and p=0.0187. Haplotype ATC was not significantly associated with SBP
based on the coefficient of regression 0.014456 and p=0.9510. Haplotype GTC was
not associated with SBP based on the coefficient of regression 0.025308 and
p=0.2110. Lastly the two rare haplotypes, ACC and ACT, were significantly
associated with SBP with the coefficient of regression 0.070706 and p=0.00967. This
study demonstrates that three haplotypes, GTT, ACC, and ACT, are all as$ociat

with systolic blood pressure (See Table 14).
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Lastly, the haplotype association with the metabolic syndrome trait déastoli
blood pressure was also examined. This haplotype data was also analyzeldeusing t
generalized linear model. For each of the subsequent haplotypes, the following
regression coefficients were found. Haplotype GCT was not significasglyciated
with DBP with the coefficient of regression, -0.00571, and p=0.6020. No association
was found between haplotype ATT and DBP based on the coefficient of regression
0.00862 and p=0.4190. Haplotype GTT was marginally associated with DBP with the
coefficient of regression 0.02528 and p=0.0318. Haplotype ATC was not significantly
associated with DBP based on the coefficient of regression -0.00918 and p=0.5890.
Haplotype GTC was significantly associated with DBP based on thicoerf of
regression -0.09739 and p=0.000632. Lastly the two rare haplotypes, ACC and ACT,
were not associated with DBP with the coefficient of regression 0.14098 and p=0.121.
This study demonstrates that two haplotypes, GTT and GTC, are all assodthte

diastolic blood pressure (See Table 15).



Discussion
SNP Allelesarein Hardy-Weinberg Equilibrium

In genetics, determining whether alleles are in Hardy-Weinberg lequrii is
an important step necessary for the completion of statistical analysisaiy/gieg
data. Knowing that alleles exist in Hardy-Weinberg equilibrium ensureghihaata
collected is accurate. In this study, the alleles of each of the SNPs, rs6851222,
rs6857715, and rs1047214, tested positive for Hardy-Weinberg equilibrium with
p>0.05 for each biogeographic ancestry. This verifies that genotyping data can be
accurately analyzed for phenotypic and haplotypic associations with thiealieta
syndrome traits of body mass index, systolic blood pressure, and diastolic blood
pressure.
SNP Genotypes Dependent on Biogeographic Ancestry

Similar to the tests for Hardy-Weinberg equilibrium, the chi-squardaest
independence must be completed in order to determine if the biogeographic ancestry
of an individual may alter the results of a phenotypic and haplotypic association study
Since the genotypes of each SNP were dependent on the biogeographic ancestry of the
individuals genotyped, this variability must be accounted for during statistigigisas
that combine the data of all three biogeographic races. When the one-wajsasfalys
variance was used to determine if an association exists between the SNPs and
metabolic syndrome traits, the data was adjusted for the biogeographicyaroestr
this way, the dependence of the genotypes on race does not alter the results of the

phenotypic association study.

23
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Freguency of the SNPs Present in the Population

Based on the statistical analysis of the frequencies of the single mleleot
polymorphisms oNPY2R in both the promoter and exon region of the gene, the
prevalence of each diploid genotype for each SNP was determined. For thegpromot
SNP rs6851222, amongst the entire sample size of n=702 individuals, the majority of
the subjects were homozygous for the major allele, GG, which confirms théatedc
frequency of the major allele by Hardy-Weinberg. When this SNPaieed based
on race, the majority of both Caucasians and African-Americans are homozggous f
the major allele, but the majority of Hispanics possess the heterozygous genotype
This can be attributed to the overall higher frequency of the minor alleleggtnon
Hispanics in comparison to the lower frequencies discovered in both Caucasians and
African-Americans. Since all of the genotypes are dependent on the biqgaogra
these results are consistent with the results of the chi-square test fonohelegpe

While the pattern of inheritance of SNP rs6851222 was similar for the three
biogeographic ancestral groups studied, the genotype frequency of SNP rs6857715
varied amongst Caucasians, Hispanics and African-Americans. In jehera
heterozygous genotype was the most prevalent in the population of samples
genotyped, but the allele frequencies did vary between these biogeograptesatad
groups. Between both Caucasians and Hispanics, the major allele for this SKP wa
and the minor allele was T. However, the major allele was T, and the minomalkele
C for African-Americans. This demonstrated that different genotype fnecgeewill

be observed for individuals of varying biogeographic ancestry.
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When the genotyping data for SNP rs1047214 was analyzed, an effect similar
to the genotype distribution of rs6857715 was observed as well. Overall the majority
of the subjects were heterozygous for the two alleles, but the biogeograplsicaince
data showed that Caucasians, Hispanics, and African-Americans all idhieese
alleles in different ways. Amongst both Caucasians and African-Amestitiae major
allele was the T allele, and the minor allele was the C allele. Howfevétispanics,
the major allele was C, and the minor allele was T. This difference in minor gmd ma
allele can be attributed to the dependence of the genotypes on biogeographical
ancestry. In addition to the changes in the minor and major alleles, variatibes in t
most frequent genotype for Caucasians, Hispanics and African-Ameexigted as
well. While both the majority of Caucasians and Hispanics were heterozygous f
these two alleles, the majority of the African-Americans were homozygotisef
major allele. This coincides with the very low allele frequency of the naithele, C.

This very low allele frequency is valid for this group of individuals because the
Hardy-Weinberg equilibrium confirms that the data is accurate. Altihegevariation
existed amongst the frequency of the genotypes for rs1047214 because the genotypes
are dependent of biogeographical ancestry.

Although the chi-square test for independence indicates that the genotypes of
the test subjects are dependent on biogeographic ancestry, the differenc&NR the
frequencies can also be attributed to the relatedness of the samples téstettheAl
samples genotyped originated from families of monozygotic twins, dizygahs,t

siblings, and pedigrees. Since all of these individuals are related, the nekdées
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biased towards the familial inheritance of the alleles. To better ¢baracthe
frequency of these polymorphisms in humans, a more diverse range of unrelated
samples should be genotyped. This will help determine the true frequencies of these
SNPs amongst individuals of varying biogeographical ancestries.
Phenotypic Association between SNPs and Metabolic Syndrome Traits

After determining the frequency of thedEBY2R polymorphisms based on
biogeographical ancestry, statistical analysis of the genotyping dataamnpleted in
order to determine if a phenotypic association. The one-way analysis of variance
indicated that no significant association exists between these three &NfRs a
metabolic syndrome traits of body mass index, systolic blood pressure, anddiastoli
blood pressure. This result agrees with prior association studies that exémeine
relationship between polymorphic regiond\#Y2R and obesity, a metabolic
syndrome risk factor. In this study, $WPY2R SNPs, including the coding region SNP
rs1047214, were genotyped in white Danish subjects. This research yielded tise resul
that this SNP specifically was not associated with metabolic syndraitgelilke body
mass index and waist circumfereficédditionally, in another research study, the
relationship between rs1047214 and the early onset of obesity in Germans was
examined. This research also demonstrated that no association existed biesvee
exon SNP and obesity when the body mass index of parents and their obese offspring
were studietf. Both of these previous studies confirm the results found in this study
that no associations were found between these three SNP¥2R and body mass

index, systolic blood pressure, and diastolic blood pressure.
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Haplotype Frequency

Although no phenotypic association was found between the Niié2R SNPs
and the metabolic syndrome traits, several significant associations bdtagetypes
of these three SNPs and body mass index, systolic blood pressure, and diastolic blood
pressure were found. By using the generalized linear model for lineassem,
analysis of the phenotypic data demonstrated that four haplotypes were sigwificant
associated with BMI. The second most frequent haplotype, GCT, was marginally
associated with BMI, and it induces a directional effect on this trait. BMI does
increase with an increased incidence of haplotype GCT. Haplotype GTT amabthe t
rare haplotypes, ACC and ACT, were all significantly associatedBdith and
individuals with this haplotype do possess higher body mass indexes. Both of the rare
haplotypes are very strongly associated with BMI, but since they appear so
infrequently and amongst very few individuals, it is very difficult measurefteete
of this haplotype. Overall, four haplotypes were associated with the metabolic
syndrome trait of body mass index.

Next, the relationship between these haplotypes and systolic blood pressure
was examined as well. Results very similar to the BMI associationsfouaré with
SBP as well. Three haplotypes were associated with SBP, and theseenare tthre
haplotypes, ACC and ACT, and haplotype GTT. All three of these haplotypes were
correlated with an increase in systolic blood pressure as well. Again, the same

drawback arises with the rare haplotypes. Although they are very signific
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associated with SBP, their recordable frequency is so low that it isudtitio measure
the effect of these haplotypes.

Lastly, analysis was completed in order to determine if an associatgis exi
between these haplotypes and diastolic blood pressure. Two haplotypes, GTC and
GTT, were both marginally associated with DBP. The association betwee@l C
DBP is very interesting because this haplotype does not predict an increastoiicdia
blood pressure but rather a decrease in DBP. However, haplotype GTT is edrrelat
with an increase in DBP. Not only does GTT predict an increase in DBP, but it also
predicts an increase in BMI and SBP. This demonstrates that haplotype GTT has a
pleiotropic effect on these traits. Pleiotropy is defined by the ability ofjene to
affect multiple traits. Further study of these haplotypes may demansteabiological
mechanism responsible for this pleiotropic effect.

Future Studies

Since no phenotypic association was found between WiR¥g2R SNPs and
metabolic syndrome traits but an association was found between these traits and the
haplotypes of these three polymorphisms, a study of the gene expressioNPY2fe
gene may clarify the relationship between these SNPs and the metabolansyndr
traits. It is possible that another SNP in the region encompassed by theangnifi
haplotypes may be responsible for the haplotype associations, or another biological
process is responsible for these increases in BMI, SBP and DBP.

Also, in the past, significant associations have been found between these SNPs

and BMI, so it would stand to reason these SNPs do alter the gene expression of
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NPY2R. Previously, a marginal association was found between SNPs rs6857115 and
rs1047214 and obesity in males and females of the Pima Indians, and a significant
association existed between rs1047214 and obesity in males specifically. The
individuals studied were extremely obese and their body mass indexes wereetbmpar
to each of the SNPs to determine if an association &istss study looked at two of

the candidate SNPs that were genotyped in this study, and significant @&®sscia

were found between the SNPs and the metabolic syndrome traits. Also, anatier st
found a significant association between /2R SNP rs1047214 and the waist-to-

hip ratios of severely obese children, and indicator of of8sByth of these studies
have demonstrated that an association does exist belNR@R SNPs and metabolic
syndrome traits like body mass index and waist-to-hip ratios.

Since these SNPs may alter gene expression, this may be effecteghttire
disruption of the Spi-B transcription factor binding motif. Since SPi-B binds to the
conserved purine-rich binding motif of GGA, which is altered at the second G by
rs6851222, expression BNPY2R may be affected. In order to determine if this
actually occurs, a luciferase promoter reporter assay will be used sonadlae level
of NPY2R expression with the polymorphic SNPs. A 2,190 kilo base pair amplicon
will be used to measure the gene expression since this fragment of DNA will
encompass the entire region containing the common and rare SNPIRYZie
promoter and the 5’ untranslated region. This experiment will truly help unravel the

puzzle ofNPY2R and its role in development of metabolic syndrome.
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Human NPY2R locus:
Systematic polymorphism discovery in n=160 chromosomes
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Figure 1. NPY2R resequencing strategy and identified variants. Sequences
conserved between mouse and huBN2R were visualized with VISTA
<http://genome.lbl.gov/vista/index.shtml>. Locations of common (minor allele
frequency >5%) and rare SNPs are indicated. Positions are numbered upstream or
downstream of the CAP site. Solid blocks: Open Reading Frame. Hatched blocks:
UTRs.SNPs selected for genotyping are boxed in red.
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Figure 2. Deter mination of SNP Genotypes based on Allelic Discrimination. In

this diagram, the genotypes subjects are determined for SNP rs1047214. The minor
allele, C, is represented by allele Y, and the major allele, T, is reprddmnallele X.

Blue marks represent individuals homozygous for the minor allele, green marks
represent individuals heterozygous for the minor allele, and red marks represent
individuals homozygous for the major allele, T. Genotypes were determined based on
fluorescence levels of reporters representing each allele. Genbdy$dPs

rs6851222 and rs6857715 were also determined using the allelic discrimination
function in the SDS 2.0 software.
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Figure 3. A. Multicomponent Plot of Fluorescence L evels of Reporter Dyesfor
Genotypes Homozygous for the Minor Allele. 3B. Amplification Plot of

Genotypes Homozygous for the Minor Allele. (A) Genotypes determined using the
allelic discrimination function are confirmed by checking the fluoresclavets in

the multicomponent plot. Samples homozygous for the minor allele will show high
fluorescence levels of DNA binding to the VIC probe. (B) The multicomponent plot
demonstrates the level of amplification of PCR product in comparison to the number
of cycles completed. The Rn values are the fluorescence levels of therrdpeste
normalized based on the passive reference fluorescence level. Thecatuhifplot

also verifies that the assigned genotype is true.
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Figure4. A. Multicomponent Plot of Fluorescence L evels of Reporter Dyesfor
Genotypes Heter ozygous for the Minor Allele. 3B. Amplification Plot of

Genotypes Heter ozygous for the Minor Allele. (A) Genotypes determined using the
allelic discrimination function are confirmed by checking the fluoresclveds in

the multicomponent plot. Samples heterozygous for the minor allele will show high
fluorescence levels of both VIC and FAM due to the DNA binding to both the VIC
and FAM probe. (B) The multicomponent plot demonstrates the level of amptificati
of PCR product in comparison to the number of cycles completed. The Rn values are
the fluorescence levels of the reporter dyes normalized based on the passweeefer
fluorescence level. This plot demonstrates that there is almost equédicatiph of

DNA bound to both the VIC and FAM probes.
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Figure 5. A. Multicomponent Plot of Fluorescence L evels of Reporter Dyesfor
Genotypes Homozygous for the Major Allele. 3B. Amplification Plot of

Genotypes Homozygous for the Major Allele. (A) Genotypes determined using the
allelic discrimination function are confirmed by checking the fluoresclavets in

the multicomponent plot. Samples homozygous for the major allele will show high
fluorescence levels FAM due to the DNA binding to the FAM probe. (B) The
multicomponent plot demonstrates the level of amplification of PCR product in
comparison to the number of cycles completed. The Rn values are the fluorescence
levels of the reporter dyes normalized based on the passive reference fuzeesce
level. This plot demonstrates that there are higher levels of fluorescetieeFAM
probe, indicating increased amounts of amplified DNA.
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Genotypic Frequencies of NPY2R Polymorphisms
Based on Biogeographic Ancestry

50

20 —

70 —
GO —

B Caucasian

Percent of Individuals

B Hispanic

African-American

rs6851222 rs6857715 rs1047214

Genotypes

Figure 6. Genotypic Frequencies of NPY2R Polymor phisms Based on

Biogeographic Ancestry. The frequency of the two promoter SNPs, rs6851222 and
rs6857715, and the exon SNP, rs1047214, based on biogeographic ancestry are shown
above. With respect to rs6851222, the major allele was G, and the minor allele A for

all three biogeographic ancestries. With respect to rs6857715, the mnelpmals C ,

and the minor allele was T for Caucasians and Hispanics. The major akele arad

the minor allele was C for African-Americans. With respect to rs1047214, tjloe ma

allele was T, and the minor allele was C for Caucasians and Africanidemer The

major allele was C, and the minor allele was T for Hispanics.
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Haplotype Frequency Across NPY2R in the Population
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Figure 7. Haplotype Frequency Across NPY2R in the Population. In this figure,

the frequency of each of the eight haplotypes produced from theNBM2R SNPs is
depicted above. The alleles in the haplotypes represent the SNPs in the following
order: rs6851222, rs6857715, and rs1047214. The two rare haplotypes with a
frequency <0.5% are clustered together. The most frequent haplotype is1@iGe a
least frequent haplotypes are ACC and ACT.
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Table 1. NPY2R Polymor phism Discovery in 80 Individuals of 4 Biogeogr aphical
Ancestries. 21 NPY2R SNPs were discovered in 80 individuals of the Caucasian,
African-American, Hispanic, and Asian biogeographic ancestries. The 10 common
SNPs are bolded and the 11 rare SNPs are unbolded. Common SNPs have a minor
allele frequency greater than 5%. SNPs were found in the promoter region of the gene
the 5’ untranslated region, and the open reading frame. Amino acid changes for SNPs
in the coding region of the gene are listed below.

Minor allele frequency
A;T\:;zf Alleles SNP position RefSNP number Ch‘:‘:ge White | Black |Hispanic | Asian| All

n=22n=26| n=16 [n=16|n=80
1 MG -1637, promaoter rsb 7869523 naone - - - - 0018
2 B -160B, promaoter rshB5 1222 naone 025 | 016 0.25 047 | 0.270
3 TiC -1449, promaoter rs10212938 nane - - - - 0.029
4 T -1324, promater rs360352070 nahe 025 | 0.2¢ 0.25 047 | 0.290
5 Gt -1192, promater rs33977152 naone 011 1] 012 0.18 | 0.040
6 -IGA -810, promater rs35887718 nanhe 045 | 0.12 0.38 0.25 | 0287
7 -(BGAG -807, promater rs34874488 nong - - - - 0.017
8 AT - 737, promoter rs 129073596 naone 012 | 0.08 022 0.2 | 0140
9 MG -A27, promater rsGB57530 nanhe 028 | OBS 041 047 | 0470
10 CiT -595, promoter rsBEE7V145 none 029 | 036 0.41 047 | 0470
11 Cra -314, promater IA, none - - - - 0.011
12 CiG -265, promater [Ny none - - - - 0.018
13 CiT -257 promater rs7 3855386 nong - - - - 0.018
14 MG -224 promoter rs2234758 none 0.24 0.2 0.33 0.53 | 0.310
15 Gra -220, promater I4A, none - - - - 0.047
16 GiC -186, promater T4A, none - - - - 0.005
17 CiT +85, exonl (8'UTH) A nong - - - - 0.008
18 CT [ +324 exonl (8'UTR) | rs72072775 nahe - - - - 0.028
19 TiC +5468 exon 2 rs2342674 L-53-L - - - - 0017
20 TiC +5895, exon 2 rs1047214 951 | 048 | 0.12 0.34 0.07 | 0250
21 TiC +G242 exon 2 rs28804145 1-312-1| 0.5 0.33 043 0.13 | 0.360

Table 2. Allele Frequencies of SNPs rs6851222, rs6857715, and rs1047214. The
allele frequencies for each of the three SNPs genotyped are listedibehis table
based on biogeographical ancestry. The results of tests for Hardy-Weinberg
equilibrium are represented by the p-values of the last columns. All SiPfex
Hardy-Weinberg equilibrium for each biogeographical ancestry.

I s6851222 rs6857715 rsl047214
Al G P-value C| T| P-value d T P-valye

Caucasian 0.310.69] 0.085 | 0.590.4)] 0.701 | 0.440.56| 0.604

Hispanic 0.390.61] 0.759 | 0.530.45 0.848 | 0.610.39] 0.876

African-American (0.140.84 0.451 ([ 0.330.6§ 0.104 | 0.090.91| 0.396
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Table 3. Observed Genotype Frequenciesfor SNP rs6851222 based on

Biogeographic Ancestry. These observed frequencies were compared to the expected
frequencies of each genotype in a chi-square test for independence. Thednghcat
value demonstrates that this SNP is dependent on biogeographic ancestry since
p<0.05.

AA AG GG Total
Caucasian 63 219 266 548
Hispanic 13 38 32 83
African-American 1 21 49 71
Total 77 278 347 702
P-value 0.001276

Table 4. Observed Genotype Frequenciesfor SNP rs6857715 based on

Biogeographic Ancestry. These observed frequencies were compared to the expected
frequencies of each genotype in a chi-square test for independence. Thednghcat
value demonstrates that this SNP is dependent on biogeographic ancestry since
p<0.05.

CcC CT TT Total
Caucasian 193 259 93 545
Hispanic 25 43 17 85
African-American 4 35 28 67
Total 222 337 138 697
P-value 4.183 x 10

Table5. Observed Genotype Frequencies for SNP 1047214 based on

Biogeographic Ancestry. These observed frequencies were compared to the expected
frequencies of each genotype in a chi-square test for independence. Thednghlcat
value demonstrates that this SNP is dependent on biogeographic ancestry since
p<0.05.

CC CT TT Total
Caucasian 105 277 167 549
Hispanic 31 40 12 83
African-American 0 13 58 71
Total 136 330 237 703

P-value 6.332 x 10
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Table 6. Frequency of SNP rs6851222 Amongst Caucasians, Hispanics and
African-Americans. This table provides the number of individuals that were
homozygous for the minor allele, AA, heterozygous for the minor allele, AG, and
homozygous for the major allele, GG, based on biogeographic ancestry.

Genotype Caucasian Hispanic African- Total
American
No. % No. % No. % No. %
AA 63 11.50 13 15.66 1 1.41 77 10.97
AG 219 | 39.96 38 45.78 21 29.58 278 39.60
GG 266 | 48.54 32 38.55 49 69.01 347 49.43

Table 7. Frequency of SNP rs6857715 Amongst Caucasians, Hispanics, and
African-Americans. The above table provides the number of individuals that were
homozygous for the minor allele, CC, heterozygous for the minor allele, CT, and
homozygous for the major allele, TT, based on biogeographic ancestry.

Genotype Caucasian Hispanic African- Total
American
No. % No. % No. % No.
CC 193 | 3541 25 29.41 4 5.97 222 31.85
CT 259 | 47.52 43 50.59 35 52.24 337 46.94
TT 93 17.06 17 20.00 28 41.79 138 33.71

Table 8. Frequency of SNP rs1047214 Amongst Caucasians, Hispanics, and
African-Americans. The above table provides the number of individuals that were
homozygous for the minor allele, CC, heterozygous for the minor allele, CT, and
homozygous for the major allele, TT, based on biogeographic ancestry.

Genotype Caucasian Hispanic African- Total
American
No. % No. % No. % No.
CC 105 | 19.13 31 37.35 0 0.00 136 19.35
CT 277 | 50.46 40 48.19 13 18.31 330 46.94
TT 167 | 3042 12 14.46 58 81.69 237 33.71
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Table 9. Average Body Mass Index and Systolic Blood Pressurefor SNP

rs6851222. The average systolic blood pressure and body mass indexes with standard
errors are presented in this table. No significant association was founeébehge
rs6851222 and both body mass index and systolic blood pressure.

Genotype Systolic Blood Pressure Body Mass Index
M ean Standard M ean Standard
Error Error
AA 135.12 1.02 26.77 1.03
AG 134.29 1.01 26.86 1.02
GG 134.03 1.01 27.42 1.02
P-Value 0.9004 0.4891

Table 10. Average Body Mass Index and Systolic Blood Pressurefor SNP

rs6857715. The average systolic blood pressure and body mass indexes with standard

errors are presented in this table. No significant association was fourekhetve
rs6857715 and both body mass index and systolic blood pressure.

Genotype Systolic Blood Pressure Body Mass | ndex
Mean Standard Mean Standard
Error Error
CC 134.13 1.01 27.77 1.02
CT 134.26 1.01 27.05 1.02
TT 134.14 1.01 26.88 1.02
P-Value 0.9930 0.3716

Table 11. Average Body Mass Index and Systolic Blood Pressurefor SNP

rsl047214. The average systolic blood pressure and body mass indexes with standard

errors are presented in this table. No significant association was fourekhetve
rs1047214 and both body mass index and systolic blood pressure.

Genotype Systolic Blood Pressure Body Mass Index
M ean Standard M ean Standard
Error Error
CcC 134.63 1.01 26.97 1.02
CT 133.67 1.01 26.82 1.02
TT 134.50 1.01 27.54 1.02
P-Value 0.7615 0.4836
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Table 12.Frequency of NPY2R Haplotypes. The following haplotypes were derived

from the three SNPs genotyped. The order of the three alleles represarNeain

the following order: rs6851222, rs6857715, and rs1047214. The fractional and percent
frequencies are listed below. The Haplotypes are ordered from the éepsrit

haplotype to the most frequent haplotype. ACC and ACT represent the two rarest
haplotypes, which were present at very low frequencies.

Haplotype Frequency Per cent
ACC & ACT 0.00317 0.31
GTC 0.02321 2.32
ATC 0.09383 9.38
GTT 0.11089 11.08
ATT 0.20779 20.78
GCT 0.24886 24.89
GCC 0.31226 31.23

Table 13. Linear Regression Resultsfor Haplotype Association Study with Body
Mass Index. Each haplotype was analyzed for an association with body mass index
based on the generalized linear model. The coefficient of regression, dtandar
and p-value for each haplotype is listed in the above table. GCT, GTT, ACC, and ACT
all were associated with body mass index.

Coefficient of Sandard

Haplotype Frequency Regression Error P-value

ATC 9.38 0.03011 0.021894 0.1700
ATT 20.78 -0.00235 0.014458 0.8710
GCT 24.89 0.02904 0.014671 0.0481
GTC 2.32 -0.02463 0.038408 0.5220
GTT 11.08 0.05835 0.016332 0.00037500
ACC & ACT 0.31 0.51201 0.092454 0.0000000#4

Table 14. Linear Regression Resultsfor Haplotype Association Study with

Systolic Blood Pressure. Each haplotype was analyzed for an association with
systolic blood pressure based on the generalized linear model. The coefficie
regression, standard error, and p-value for each haplotype is listed in the albmve ta
GTT, ACC, and ACT all were associated with systolic blood pressure.

Coefficient of Sandard

Haplotype Frequency Regression Error P-value
ATC 9.38 0.014456 -0.0612 0.9510
ATT 20.78 0.008855 0.8341 0.4050
GCT 24.89 0.009235 1.7492 0.0807
GTC 2.32 0.025308 1.2529 0.2110
GTT 11.08 0.009668 2.3578 0.0187
ACC & ACT 0.31 0.070706 2.5949 0.00967
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Table 15. Linear Regression Resultsfor Haplotype Association Study with
Diastolic Blood Pressure. Each haplotype was analyzed for an association with
diastolic blood pressure based on the generalized linear model. The coefficie

regression, standard error, and p-value for each haplotype is listed in the altmve ta

GTT, ACC, and ACT all were associated with diastolic blood pressure.

Coefficient of Sandard
Haplotype Frequency Regression Error P-value
ATC 9.38 -0.00918 0.01699 0.5890
ATT 20.78 0.00862 0.010654 0.4190
GCT 24.89 -0.00571 0.010961 0.6020
GTC 2.32 -0.09739 0.02836 0.000632
GTT 11.08 0.02528 0.011747 0.0318
ACC & ACT 0.31 0.14098 0.09079 0.121
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