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Abstract
The Type I Diabetes Genetics Consortium (T1DGC) Rapid Response Workshop was established to
evaluate published candidate gene associations in a large collection of affected sib-pair (ASP)
families. We report on our quality control (QC) and preliminary family-based association analyses.
A random sample of blind duplicates was analyzed for QC. Quality checks, including examination
of plate-panel yield, marker yield, Hardy–Weinberg equilibrium, mismatch error rate, Mendelian
error rate, and allele distribution across plates, were performed. Genotypes from 2324 families within
nine cohorts were obtained from a panel of 21 candidate genes, including 384 single-nucleotide
polymorphisms on two genotyping platforms performed at the Broad Institute Center for Genotyping
and Analysis (Cambridge, MA, USA). The T1DGC Rapid Response project, following rigorous QC
procedures, resulted in a 2297 family, 9688 genotyped individual database on a single-candidate
gene panel. The available data include 9005 individuals with genotype data from both platforms and
683 individuals genotyped (276 in Illumina; 407 in Sequenom) on only one platform.
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Introduction
The Type I Diabetes Genetics Consortium (T1DGC; http://www.t1dgc.org) is an international
effort to identify genes that determine an individual’s risk of type I diabetes (T1D). The creation
of a resource base of well-characterized affected sib-pair (ASP) families and other collections
has been implemented that will facilitate the localization and characterization of T1D genes
that determine disease risk. The aim of the T1DGC Rapid Response project was to explore
candidate genes previously reported to be associated with T1D (for example INS,1 CTLA4,2
PTPN22,3 SUMO44). Confirmation of candidate genes for T1D has been difficult for some but
not for others. Although many of the initial studies were underpowered, some genes appeared
to exhibit their association only in certain populations or ethnic groups.
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In the T1DGC Rapid Response experiment, a series of candidate genes were chosen for
evaluation in a large collection of Caucasian ASP families. The candidate genes had been
published earlier with identified polymorphisms that suggested association and may (or may
not) have been replicated in other studies. In a separate component of the project, candidate
genes that emerged from recent genome-wide association scans for T1D, type II diabetes, and
other autoimmune diseases were included for follow-up. This report provides the background
of the quality control (QC) procedures in the first Rapid Response experiment, whose
objectives were to (1) establish evidence of replication of published candidate genes and (2)
test hypotheses of population heterogeneity, the impact of stratification, potential genetic
interaction on risk, and other modifying factors on T1D risk.

Results
The T1DGC Rapid Response project had three data-set releases. The second and third data-
set releases resulted in modified, updated, and more complete versions of the earlier Rapid
Response data. The main modifications for each release were incorporation of re-called
markers and resolution of problematic families. As major histocompatibility complex (MHC)
fine mapping and genome-wide linkage scans were being performed on the same families,
these additional data provided more specific relationship information to help resolve pedigree
structure problems. All datasets were securely maintained in the T1DGC web site
(http://www.t1dgc.org) with password-protected access. These and other T1DGC datasets are
now available (https://www.t1dgc.org/views/vw_databases.cfm).

The initial data release (2007.03.RR) consisted of 2317 families from 9 cohorts with genotype
data on 21 candidate genes as well as a set of DNA fingerprinting markers. For this release,
seven families were removed because of high levels of Mendelian inconsistencies. In addition,
135 individuals had either a pedigree change (that is classified new parent, sample switch, or
gender reclassification) or were considered unrelated to other family members. The number of
single-nucleotide polymorphisms (SNPs) genotyped per candidate gene ranged from 1 to 66.
There were 357 SNPs released that were genotyped using the Illumina GoldenGate assay and
375 SNPs that were genotyped using the Sequenom platform; 334 SNPs were common to the
two platforms. The Sequenom genotyping resulted in a slightly higher number of
inconsistencies within families. Two SNPs were eliminated in the Illumina panel, as they
resulted in problems in >20% of the families. Four SNPs were set to missing in the Sequenom
panel that resulted in problems in >10% of the families. In addition, eight SNPs genotyped
with the Illumina assay and two SNPs genotyped with the Sequenom assay were missing
because of <80% call rate.

The second data release (2007.12.RR) were generated on 2297 families from 9 cohorts on 21
candidate genes and included DNA fingerprinting markers and re-genotyped data for seven
SNPs on the Sequenom platform. These seven SNPs (INS rs1003483; PTPN22 rs1746860;
IL13 rs1881457; IL12B rs2569253; IL4R rs3024613; IL2RA rs4147359; VDR rs7975232) had
their data re-scored based on significant deviation from Hardy–Weinberg equilibrium
assumptions. It was also determined that these seven SNPs had a low genotyping concordance
compared with that observed on the Illumina panel. Thus, these SNPs were determined to have
erroneously scored genotypes. The repeated scoring resulted in releasing 377 markers on the
Sequenom platform and increasing the number to 336 SNPs that were scored on both platforms.

Earlier, the datasets that were released included all SNPs (regardless of genotyping status),
three families whose Mendelian inconsistencies were resolved, elimination of one member
from a pair of monozygotic twins, and removal of 23 duplicate families. This dataset
incorporated 137 individuals who had either a pedigree change (that is classified new parent,
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sample switch, or gender reclassification), were members of a family who were determined to
be unrelated, or were a duplicate sample and, therefore, had their genotype dataset to ‘missing.’

The third and final data release (2008.07.RR) consisted of 2297 families from 9 cohorts with
genotype data on 21 candidate genes and a set of DNA fingerprinting markers (Table 1). For
this release, the raw genotype data generated from the Sequenom platform were scored using
the new Typer 4.0 software. A comparison of scoring 10 SNPs that were considered ‘poor
performing’ markers and a second comparison of 20 SNPs using Typer 4.0 software suggested
that well-called SNPs remained so, whereas poorly called SNPs improved when scored with
the Typer 4.0 software. The Sequenom assay for TCF7 rs5742913 was originally designed to
detect C and T alleles in dbSNP using ss65832708
(http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs=5742913). This assay resulted in the SNP
appearing monomorphic for the C allele; however, earlier data5,6 reported that the correct
alleles are C and A (not T) as defined by ss93257904. By virtue of the Sequenom iPLEX
chemistry use of four mass-distinct chain-terminating nucleotides, a re-definition by the Typer
4.0 software to identify and measure the mass peak corresponding to the A-extended primer
(earlier attempting to detect the absent T-extended primer) permitted the accurate re-call of
genotypes. To provide consistent data, all SNPs in the Sequenom dataset were recalled using
Typer 4.0 software. These data were then subjected to standard QC procedures. The Illumina
data were unchanged from the earlier release (2007.12.RR).

Discussion
The T1DGC Rapid Response project resulted in a dataset containing 9688 individuals from
2297 ASP families with family members genotyped for 21 T1D candidate genes on two
genotype platforms. Five of the candidate genes were ‘fully investigated,’ in that the structure
of the gene was evaluated using tagging SNPs. Sixteen of the genes were subjected to
genotyping using only the reported SNPs that exhibited the strongest association with T1D
(for more detail, see Julier et al.,7 this volume). In this dataset, there are 9005 individuals with
genotype data derived from both platforms. There are 683 individuals genotyped only on one
platform (276 in Illumina; 407 in Sequenom).

There are two important aspects of the Rapid Response project. The first was that a majority
of the families were included in a genome-wide linkage scan panel (6000 SNPs).8,9 Second,
all families were included in the MHC Fine Mapping project.10 As a result of the additional
genetic information, the T1DGC Coordinating Center was able to better resolve QC issues
(such as questionable family structure) within the Rapid Response dataset. The T1DGC Rapid
Response project permitted the creation of a valuable resource of well-characterized families
from multiple geographic sites that showed the localization and characterization of T1D genes.

Materials and methods
Genotyping

The T1DGC Molecular Technology Subcommittee established a list of genes for investigation
at the Rapid Response Laboratory (Broad Institute of Harvard/Massachusetts Institute of
Technology). An initial set of published candidate genes and associated SNPs was selected,
based on a literature search. Two lists of candidate genes were constructed for consideration
in the experiment. List 1 included those genes (INS, PTPN22, CTLA4, IL2R/CD25, and
SUMO4) that had been confirmed or replicated, excluding those in the MHC. List 2 included
those genes (IL12B, IL4R, IL4, IL13, OAS1, VDR, SDF1, PAX4, FOXP3, IRS1, TCF7, IFIH1,
EFHB, CAPSL, Q7Z4C4(5Q), and CEACAM21) that had not been replicated earlier.
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From the initial set of candidate genes, a panel of 384 SNPs was identified using the ‘Tagger’
algorithm11 such that all observed SNPs in HapMap-CEU with minor allele frequency >3%
were captured with a perfect proxy (r2 = 1) for genes on List 1, or with a tagging SNP at
r2≥0.8 for genes on List 2. SNPs were preferentially chosen with high-design scores for the
Illumina GoldenGate assay.

The panel of 384 SNPs was genotyped on two platforms, using the Illumina GoldenGate assay
and the Sequenom MALDI-TOF assay. A preliminary round of design and assay testing using
the HapMap CEU sample panel was performed on both platforms. For genotyping using the
Sequenom platform, 19 SNPs were not included because of an inability to design robust assays.
The 19 excluded SNPs were replaced with 16 SNPs potentially useful for sample tracking for
Affymetrix whole-genome genotyping. The 381 SNPs genotyped using the Sequenom iPLEX
technology were distributed among 20 iPLEX pools (13–21 SNPs/pool; median pool size 19).
The SNPs were part of 21 candidate genes: 5 fully investigated (158 SNPs) and 16 replicated
(226 SNPs). The number of SNPs genotyped for each gene ranged from 1 to 69 SNPs. Four
genes contained a single SNP; 3 genes contained 5–6 SNPs; 7 genes contained 10–16 SNPs;
4 genes contained 21–28 SNPs; 3 genes contained 37–42 SNPs; and one gene contained 69
SNPs.

In the Illumina assay, 367 SNPs were adequately genotyped, whereas the remaining 17 SNPs
could not be accurately called and were considered ‘missing.’ For the Sequenom assay, all 381
SNPs were genotyped. For the genotyped SNPs, 8 in the Illumina panel and 2 in the Sequenom
panel had <80% call rate and were set to ‘missing.’ Using strand information, genotypes were
examined and calls were adjusted on the Sequenom panel to reflect the strand order of the
Illumina panel. This procedure required ‘flipping’ genotype calls.

For the original release of the Rapid Response data, the Sequenom platform used Typer 3.0
software (http://www.sequenom.com (software no longer available)) to call genotypes. The
Sequenom genotype data were later re-called using Typer 4.0 software
(http://sequenom.com/Genetic-Analysis/Applications/iPLEX-Genotyping/iPLEX-
Literature). This version of the Sequenom genotype calling software allows the simultaneous
viewing and consistent clustering of multiple production plates of data, ensuring that genotype
class definitions are stable across plates. (For a complete list of SNPs, see Appendix A)

Samples
DNA samples from members of 2324 ASP families obtained from nine cohorts were used for
genotyping. The families selected consisted primarily of nuclear families with an ASP with
T1D. A total of 9982 DNA samples were shipped. A total of 9985 samples were used in the
genotyping on both platforms: 9982 production samples (including 339 QC duplicate samples)
and 3 CEPH control samples. For the Illumina platform, 9479 of the production samples and
322 QC samples genotyped with >90% call rate on 367 SNPs. For the Sequenom platform,
9581 production samples and 315 QC samples genotyped at >90% call rate on 380 SNPs.

The initial QC procedure of the Coordinating Center consisted of reviewing the failed status
of the SNPs and samples, based on reports from the genotyping facility. Using the production
and duplicate QC samples, concordance rates were generated between the pairs. This rate was
based on both samples having a called genotype for a given SNP. The total number of
concordant SNPs was divided by the total number of SNPs where both samples had a called
genotyped. ‘Missingness’ was also examined between the two samples. Samples that were
discordant (that is concordance rate <96%) were reviewed within families to identify the
sample with Mendelian consistency. For concordant samples, the sample that had the greatest
number of called genotypes was preserved for analysis. If a production sample or QC sample
failed genotyping, the sample that passed evaluation was preserved for analysis.
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Genotypes from each of the two marker panels (Illumina and Sequenom) were reviewed
initially as separate datasets. The results of each QC procedure were then compared across
both analyses to detect similar (or different) problems. In each genotyping platform, there were
339 QC samples. In both panels, two (different) samples failed for both the production and QC
genotyping. For the Illumina panel, nine samples failed the production sample but passed for
the QC sample. For the Sequenom panel, 16 samples failed QC genotyping but passed for the
production sample. Four failed samples were common to the two platforms. For the Illumina
panel, 15 samples failed QC genotyping but passed the production sample. For the Sequenom
panel, 21 samples failed QC genotyping but passed for the production sample.

The overall concordance rate in the Illumina platform between the production sample and QC
sample was 98.6%. There were 10 samples with concordance <96%. Only one of these 10
samples had >80% of total SNPs genotyped. In the Sequenom platform, there were seven
samples with concordance rate <96%. Three of these samples had >80% of total SNPs
genotyped. Once the production and QC sample concordance and comparison estimates were
made, family structures and genotypic data were used to check for Mendelian inconsistency,
relationship misclassification, and existence of duplicate samples.

Families were examined for Mendelian inconsistencies to detect relationship misclassification
using the Ped-Check12 software. After summarizing PedCheck results, the Coordinating Center
enumerated ‘Mendelian Inconsistency Errors’ (MIE) within each family. If the total number
of inconsistencies was >2% of the total number of SNPs, the family was considered to be
problematic and individually reviewed. From these in-depth reviews, pedigrees were re-
arranged, restructured, or individuals coded as missing all SNP genotypes. Results from both
genotyping datasets were reviewed. As part of this QC procedure, individual SNPs were
independently checked for excess MIE. If an SNP had MIE in >20% of families, the SNP was
considered to be problematic and the entire set of SNP genotypes was coded as missing. SNPs
with MIE counts of 10–20% were reviewed on an individual basis. To aid in detection of family
structure problems for the MHC data, we used the PREST13 results from the T1DGC genome-
wide linkage scans.6,8

The Coordinating Center reviewed pairwise comparisons within families and between families
to detect potential duplicate samples. The identical by state (IBS) statistics for pairwise
individuals were obtained using Graphical Relationship Representation software.14 For pairs
of relatives that had IBS > 1.98, the data were reviewed to determine whether they were within
families (that is twins or duplicate samples) or between families (that is same person belonging
to two distinct families, multiple individuals common between two distinct families, or
duplicate sample between families). In combination with the IBS information, MIE results
were used to determine whether a sample switch or a duplicate sample had occurred. The
Coordinating Center examined individuals and families across all genotyping datasets released
earlier. Using these data, the Coordinating Center decided whether there were sample switches,
relatedness issues, gender discrepancies, or duplicate samples (that is within families, across
families, or twins). After all issues were resolved, datasets were assembled for final MIE checks
and families were re-examined. Families that continued to exhibit high-MIE rates were
removed from the dataset. The remaining families were deemed to have random MIE. A family
that was deemed problematic and a reasonable solution was not available was completely
removed from the analysis dataset. Once families were considered ‘clean,’ the family was
included the final analysis data file (Table 2).

Summary
The Coordinating Center for the T1DGC performed QC and initial family-based association
analyses on data from two genotyping platforms (Illumina Golden Gate and Sequenom iPLEX)
for the T1DGC Rapid Response project. A random sample of blind duplicates was evaluated
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for QC. DNA samples collected from participants were shipped to the genotyping laboratory
from several T1DGC DNA Repository sites. Quality checks, including examination of plate-
panel yield, marker yield, Hardy–Weinberg equilibrium, mismatch error rate, Mendelian error
rate, and allele distribution across plates, were performed. Genotypes from 2324 families
within nine cohorts were genotyped for 21 candidate genes (384 SNPs). The final data consisted
of genotypes from 2297 families (9688 individuals) that enabled robust estimation of candidate
gene effects on T1D risk.
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