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Human recessive genetic diseases are individually quite rare, but
together are a major medical burden that cause significant morbidity
and mortality. 20-30% of all infant deaths and 11% of pediatric
hospital admissions are related to genetic disorders. In collaboration
with the Beyond Batten Disease Foundation, NCGR is developing a
carrier screening test for 448 autosomal recessive (AR) and X-linked
recessive (XLR) disorders caused by tens of thousands of mutations.
The screening test will utilize target enrichment of genes, multiplexed
deep sequencing, and automated bioinformatic analysis to indentify
carrier status for the 448 selected disorders. To identify the
appropriate target enrichment technology for the test, a total of 24
samples from carriers of 17 autosomal recessive diseases and 1 X-
linked recessive disease were enriched for 437 genes using Agilent
SureSelect™ and RainDance RainStorm™ enrichment techniques
and subjected to multiplexed deep sequencing using the Illumina®
GA lIx. The 24 samples contained 42 previously characterized
mutations including 18 SNPs, 12 short in/dels, and 7 gross deletions
impacting both coding and splicing elements. The two enrichment
techniques were evaluated for percent of sequencing reads on target,
fold enrichment, mutation detection, required sequencing to achieve
20x coverage at >99% of targeted regions, and sensitivity and
specificity of variant detection. Additionally, lllumina® GA IlIx and Life
Technologies SOLID™ 3 sequencing were evaluated for
heterozygosity detection in 6 samples enriched for target loci with
Agilent SureSelect™. The carrier screening test will be available in
early 2010 and cost less than $1,000.

Introduction

® Rare or orphan diseases (prevalence <1/1500 individuals) are
estimated to account for 20-30% of all infant deaths and 11% of
pediatric hospital admissions.

® Online Mendelian Inheritance in Man (OMIM) lists 4,250 genetic
disorders and 2,045 suspected genetic disorders.

® While tests are available for individual orphan diseases,
development of a carrier screen for hundreds of disorders
simultaneously would be extremely beneficial.

® \We are currently developing a carrier screening test that can
simultaneously screen for mutations that cause 448 XLR and
AR disorders.

® 7,717 genomic regions comprising 1,978,041 bp were
submitted to Agilent eArray and RainDance for bait and primer
design, respectively.

® Genomic DNA from carriers of 17 autosomal recessive
diseases and 1 X-linked recessive disease was obtained from
Coriell Cell Repository and was enriched for 437 genes using
custom designed Agilent SureSelect™ and RainDance
RainStorm™ assays.

® Samples were 12-plexed and sequenced on 7 lanes of lllumina
GA lIx flowcell with a read length of 50 bp.

® Coverage data, enrichment stats, and detection of known
mutations were completed with the Alpheus® Sequence
Variant Detection pipeline for all 24 samples.

Methods (Continued)

® To compare sequencing platforms, 6 additional genomic
samples from Coriell were enriched with the custom designed
Agilent SureSelect kit and sequenced with lllumina® GA IIx and
Life Technologies SOLID™ 3 platforms.

® All SNPs in the targeted region were identified. If the number
of reads calling a SNP was between 15-85% of the total
number of reads the variant was described as heterozygous.
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Figure 1. Comparison of the workflow for Agilent SureSelect™ and
RainDance Rainstorm™ multiplex enrichment and sequencing.

In Silico Design

Regions Nucleotides Regions %
Submitted Submitted Designed For  successful Notes
Agilent 7,717 1,978,041 7,616 98.69 29,891 RNA baits (120mer)
29,262 primer pairs,
9,824 amplicons
RainDance 7,717 1,978,041 7,646 99.08 5,337,010 total amplicon bases

Table 1. Summary of In Silico design results for 7,717 genomic regions
(1,978,041 bp) of target submitted.

Target Enrichment

Agilent

RainDance

Figure 2. Average coverage depth of exons. Number of reads covering each
nucleotide from target (representative graphs from one sample).
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Table 2. Enrichment statistics of 24 samples enriched with RainDance
RainStorm™ or Agilent SureSelect™ and sequenced using an Illumina GA IIx.

Heterozygous Variant Detection

SamplelD Mutation  Type  Chr St  Stop  Allele Gene Disease RainDance % SureSelect %
NAIS6GS CDED1S2  deletion 7 116986881 116986884 PR Cysticibrosis 03 6% 292 5%
NAISS03 CDESD142  deletion 7 116986881 116986884 cFTR Cystc fbrosis opa a1 3%
NAZ0379 CM9B1625 substitution 1 40330766 40330766t  PPTL  Neuronal Ceroid Upofuscinoses1  21/42  SO0%  21/a8  as%
NA2037 CM9S0S75 substiwtion 1 40329657 40329657 a  PPTL  NeuronalCeroid Upofuscoses1  33/68  49%  49/5 5%
NA0382 CD972140  deletion 16 28406313 28408314 N3 Neuronal Ceroid Lipofuscinoses 3 22/50  44%  8/19  42%
NA20383 CMOO3663 substiution 16 28401322 28401322 a  CIN3  NeuronalCeroid Upofuscnoses3  64/119 5% 1121  52%
NAQSSTS  CMBS0061 substitution 15 70429913 70429913t HEXA Tay-Sachs disease. 375 w1558 5%
NAQ7AZ6  CIBA0DIS  insertion 11 5204480 520481t HES Thalassaemia beta S s
NATIIO  CMS10294 substitution 12 101758382 101758382 ¢ PAM Phenylketonuria s 4% 1950 3%
NA277  CDS00275  deletion 116986879 116986882 cFTR Cystic fbrosis w5 a3 1%
NAIIS91  CDBI0LA2  deletion 116986881 116986884 cFTR Cystc fbrosis w52 4% 1426 s
NA13591  CM300043  substitution 116958265 116958265 cFIR Cystic fbrosis /5 0% aemL 7%
NAT3591  CM9S0819  substitution 11778965 11778965 MTHER Homocystinuria 600 6% 275 S0%

NAT6OB1
NAT60B1

PPTI  Neuronal Ceroid Lipofuscinoses 1 20/35  57%  36/70  51%

CMs81627  substitution 40330430 40330430 PPTL  Neuonal Cerold Lipofuscinoses 1 6/20  30%  24/58  41%

7
7
7
1

CM9B1629 substitution 1 40327754 40327754
1
1
n

NATB1S3  CM910355  substitution 6372000 6372010 SmPD1 Niemann-Pick disease ss/0s s /el 3%
NATG193  CDO0SS4  deletion 635 6372348 SmPD1 Niemann-Pick disease .51 T 1% 4w
NATS193  CMBB0036 substitution 1 153472258 153472258 ¢ GBA Gaucher disease 1 /6 % 3s 2%

NAGDG4S CM890022 substitution 19 46622327 46622327 3  BCKDHA

BCKDHA

Maple syrup urine disease ayss 4% 1536 am

NAGDGSS  CDO4I612  deletion 19 46620380 46620388 Maple syrup urine disease 260 % /6 s

NAOIS3S CM940801 substiution 17 75701316 75701316 a  GAA  Glycogen storage disease 2 138 3% e 5%
NAO2013  CDOGOGO4  deletion 12 100671378 100671380 GNPTAE Mucolipidosis I a3 3%
NAOZO7S  CIS62241  insertion 1 234060222 234060223 ¢ LYST Chediak-igashi syndrome 22 sTe /s 30%
NAGS25 CM870001 substitwtion 20 42682446 42682046 3  ADA  Adenosinedeaminasedeficency  21/S8 3%  21/39 5%
NAOIS3S CM930288 substiution 17 75706665 7STOGES t  GAA  Glycogen storage disease 2 /92 son 1737 4%

6% as%

Table 3. Number and percent of reads from Alpheus® Sequence Variant
Detection pipeline that have variant or wild type sequence at known
heterozygous variant position.

Homozygous Variant Detection

SamplelD Mutation  Type  Chr  Stat  Stop _ Allele Gene Disease RainDance % Sureselect %
NATSSST CMOG0S27 substitution 6 26199158 26199158 g HEE Haemochromatosis 18/148 100% 959 9%
NAG20S7 CMOI00I1 substitution & 178596912 17859612 g AGA Aspartylglucosaminuria wis o 66 100%
NAGZ0S7 CMO10010 substitution 4 178596918 178596918t AGA Aspartylglucosaminuria /e 100% 66 100%

oa% 100%

Table 4. Number and percent of reads from Alpheus® Sequence Variant
Detection pipeline that have variant or wild type sequence at known
homozygous variant position.

lllumina vs SOLID Sequencing of SureSelect Enriched Samples

Uniquely %
aligning  unique T bp on Enrich-

Aligning otal % Median
reads Aligning bp depth bp on target target ment CO C20 C100 coverage coverage

Totalreads  reads

Hlumina

Mean 21026628 19,395,241 18469440 95 969,762,050 532 167,116200 17 271 2 85 34 79 8 101
Median 19711735 13,196,032 17,316,638 95 909,846,575 499 158207553 17 271 2 8 34 76 80 6
SD 7119537 6515714 6197492 0 325785707 180 50917693 1 8 0 4 16 2 2 31
ov 34 34 34 0 3 34 20 3 3 164 47 3 30 20
soLiD
Mean 9925333 9925333 8261210 83 496266658 251 103980819 21 327 6 73 13
Median 9,952,035 9952035 8321032 83 497601725 252 105042528 21 330 5 73 13 5

531615 531615 436331 0 26580747 13 6334123 1 8 0 1 3 3 3 4
ov 5 5 5 0 5 5 6 6 6 2 2 2 & 6 6

Table 5. . Enrichment statistics of 6 samples enriched with Agilent
SureSelect custom designed kit and sequenced 6-plex using an lllumina GA
lIx and Life Technologies SOLID™ 3.
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SNP Detection & Zygosity Calls
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Figure 3.SNP detection and zygosity calls from Illumina and SOLID
sequencing.

® Both Agilent eArray and RainDance bioinformatic
tools were able to design baits or primers for ~99% of
targeted regions.

® An average of 30% & 23% of sequenced base pairs
were on the target region for RainDance & Agilent
resulting in an average fold enrichment of 462 and
360, respectively.

® The Alpheus® Sequence Variant Detection
pipeline was able to correctly identify
heterozygous and homozygous SNPs & in/dels
and call carrier status.

® |llumina and SOLiD™ sequencing of
SureSelect™ enriched samples had high
concordance in variant and zygosity calls.

Conclusions

Carrier status of rare recessive disorders can be
accurately identified by target enrichment of
approximately 2Mb of genomic loci with either
Agilent SureSelect or RainDance RainStorm™
technologies followed by lllumina GA lIx or
SOLiD™ 3 next-generation sequencing using the
Alpheus® Sequence Variant Detection pipeline.
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