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(57) ABSTRACT 

Aspects of the invention relates to methods and compositions 
that are useful to reduce bias and increase the reproducibility 
of multiplex analysis of genetic loci. In some configurations, 
predetermined preparative steps and/or nucleic acid sequence 
analysis techniques are used in multiplex analyses for a plu 
rality of genetic loci in a plurality of samples. 
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Figure 1 
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Figure 2 

Staggered probe layout 
(coverage factor = 3) 

Varying length targetfsuper-target captured by a single 
MP; all MPs capture at least the ful target, and some 
capture additional flanking sequence shown in gray so 
that rinultiple, different targeting arris are used to 
capture each target 

EE 
50 bp target captured by a set of 3 probes: flanking sequence 
captured by some probes shown in gray. Each basepair in the 

target regio is captured in 3 sub-targets - a single such 
position is highlighted with a vertical rectangle 
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Figure 3 

Alternating staggered probe layout 
(coverage factor = 3) 

varying length target/super-target captured by a single 
Mt P; all f{Ps capture at least the full target, and Sorne 
capture additional flanking sequence (shown in gray) so 
that multiplc, different targeting arms are used to 
capture each target 

50 bp target captured by a set of 3 probes; flanking sequence 
captured by some probes shown in gray. Each basepair in the 

target region is captured in 3 sub-targets - a single such 
position is highlighted with a vertical rectarge 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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Figure 8 
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Figure 9 
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Figure 10 
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FIGURE 11 A 
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FIGURE B 
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FIGURE IC 
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FIGURE 3 
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METHODS AND COMPOSITIONS FOR 
EVALUATING GENETIC MARKERS 

RELATED APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. provisional application Ser. No. 61/174,470, 
filed Apr. 30, 2009, U.S. provisional application Ser. No. 
61/178,923, filed May 15, 2009, U.S. provisional application 
Ser. No. 61/179,358, filed May 18, 2009, and U.S. provisional 
application Ser. No. 61/182,089, filed May 28, 2009, the 
entire contents of each of which are incorporated to herein by 
reference. 

FIELD OF INVENTION 

0002 The invention relates to methods and compositions 
for determining genotypes in patient samples. 

BACKGROUND OF THE INVENTION 

0003 Information about the genotype of a subject is 
becoming more important and relevant for a range of health 
care decisions as the genetic basis for many diseases, disor 
ders, and physiological characteristics is further elucidated. 
Medical advice is increasingly personalized, with individual 
decisions and recommendations being based on specific 
genetic information. Information about the type and number 
of alleles at one or more genetic loci impacts disease risk, 
prognosis, therapeutic options, and genetic counseling 
amongst other healthcare considerations. 
0004 For cost-effective and reliable medical and repro 
ductive counseling on a large scale, it is important to be able 
correctly and unambiguously identify the allelic status for 
many different genetic loci in many Subjects. 
0005 Numerous technologies have been developed for 
detecting and analyzing nucleic acid sequences from biologi 
cal samples. These technologies can be used to genotype 
Subjects and determine the allelic status of any locus of inter 
est. However, they are not sufficiently robust and cost-effec 
tive to be scaled up for reliable high throughput analysis of 
many genetic loci in large numbers of patients. The frequency 
of incorrect or ambiguous calls is too high for current tech 
nology to manage large numbers of patient samples without 
involving expensive and time-consuming steps to resolve 
uncertainties and provide confidence in the information out 
put. 

SUMMARY OF THE INVENTION 

0006 Aspects of the invention relate to preparative and 
analytical methods and compositions for evaluating geno 
types, and in particular, for determining the allelic identity (or 
identities in a diploid organism) of one or more genetic loci in 
a subject. 
0007 Aspects of the invention are based, in part, on the 
identification of different sources of ambiguity and error in 
genetic analyses, and, in part, on the identification of one or 
more approaches to avoid, reduce, recognize, and/or resolve 
these errors and ambiguities at different stages in a genetic 
analysis. 
0008 According to aspects of the invention, certain types 
of genetic information can be under-represented or over 
represented in a genetic analysis due to a combination of 
stochastic variation and systematic bias in any of the prepara 
tive stages (e.g., capture, amplification, etc.), determining 
stages (e.g., allele-specific detection, sequencing, etc.), data 

Jun. 28, 2012 

interpretation stages (e.g., determining whether the assay 
information is Sufficient to identify a Subject as homozygous 
or heterozygous), and/or other stages. 
0009. According to aspects of the invention, error or ambi 
guity may be apparent in a genetic analysis, but not readily 
resolved without running additional samples or more expen 
sive assays (e.g., array-based assays may report no-calls due 
to noisy/low signal). According to further aspects of the 
invention, error or ambiguity may not be accounted for in a 
genetic analysis and incorrect base calls may be made even 
when the evidence for them is limited and/or not statistically 
significant (e.g., next-generation sequencing technologies 
may report base calls even if the evidence for them is not 
statistically significant). According to further aspects of the 
invention error or ambiguity may be problematic for a multi 
step genetic analysis because it is apparent but not readily 
resolved in one or more steps of the analysis and not apparent 
or accounted for in other steps of the analysis. 
0010. In some embodiments, sources of error and ambi 
guity in one or more steps can be addressed by capturing 
and/or interrogating each target locus of interest with one or 
more sets of overlapping probes that are designed to over 
come any systematic bias or stochastic effects that may 
impact the complexity and/or fidelity of the genetic informa 
tion that is generated. 
0011. In some embodiments, sources of error and ambi 
guity in one or more steps can be addressed by capturing 
and/or interrogating each target locus of interest with at least 
one set of probes, wherein different probes are labeled with 
different identifiers that can be used to track the assay reac 
tions and determine whether certain types of genetic infor 
mation are under-represented or over-represented in the infor 
mation that is generated. 
0012. In some embodiments, errors and ambiguities asso 
ciated with the analysis of regions containing large numbers 
of sequence repeats are addressed by Systematically analyZ 
ing frequencies of certain nucleic acids at particular stages in 
an assay (e.g., at a to capture, sequencing, or detection stage). 
It should be appreciated that Such techniques may be particu 
larly useful in the context of a standardized protocol that is 
designed to allow many different loci to be evaluated in par 
allel without requiring different assay procedures for each 
locus. In some embodiments, the use of a single detection 
modality (e.g., sequencing) to assay multiple types of genetic 
lesions (e.g., point mutations, insertions/deletions, length 
polymorphisms) is advantageous in the clinical setting. In 
some embodiments of the invention, methods are provided 
that facilitate the use of multiple sample preparation steps in 
parallel, coupled with multiple analytical processes follow 
ing sequence detection. Thus, in some embodiments of the 
invention, an improved workflow is provided that reduces 
error and uncertainty when simultaneously assaying different 
types of genetic lesions across multiple loci in multiple 
patients. 
0013. In some embodiments, aspects of the invention pro 
vide methods for overcoming preparative and/or analytical 
bias by combining two or more techniques, each having a 
different bias (e.g., a known bias towards under-representa 
tion or over-representation of one or more types of 
sequences), and using the resulting data to determine a 
genetic call for a Subject with greater confidence. 
0014. It should be appreciated that in some embodiments, 
aspects of the invention relate to multiplex diagnostic meth 
ods. In some embodiments, multiplex diagnostic methods 
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comprise capturing a plurality of genetic loci in parallel (e.g., 
one or more genetic loci from Table 1). In some embodi 
ments, the genetic loci possess one or more polymorphisms 
(e.g., one or more polymorphisms from Table 2) the geno 
types of which correspond to disease causing alleles. Accord 
ingly, in some embodiments, the disclosure provides methods 
for assessing multiple heritable disorders in parallel. In some 
embodiments, methods are provided for diagnosing multiple 
heritable disorders in parallel at a pre-implantation, prenatal, 
perinatal, or postnatal stage. In some embodiments, the dis 
closure provides methods for analyzing multiple genetic loci 
(e.g., a plurality of target nucleic acids selected from Table 1) 
from a patient sample, such as a blood, pre-implantation 
embryo, chorionic Villus or amniotic fluid sample, or other 
sample (e.g., other biological fluid or tissue sample such as a 
biopsy sample) as aspects of the invention are not limited in 
this respect. 
0015. Other samples may include tumor tissue or circulat 
ing tumor cells. In some embodiments, a patient sample (e.g., 
a tumor tissue or cell sample) is mosaic for one or more 
mutations of interest, and thus, may require higher sensitivity 
than is needed for a germline mutation analysis. In some 
embodiments, a sample comprises cells from a non-host 
organism (e.g., bacterial or viral infections in a human Sub 
ject) or a sample for environmental monitoring (e.g., bacte 
rial, viral, fungal composition of a soil, water, or air sample). 
0016. Accordingly, in some embodiments, aspects of the 
methods disclosed herein relate to genotyping a polymor 
phism of a target nucleic acid. In some embodiments, the 
genotyping may comprise determining that one or more alle 
les of the target nucleic acid are heterozygous or homozy 
gous. In further embodiments, the genotyping may comprise 
determining the sequence of a polymorphism and comparing 
that sequence to a control sequence that is indicative of a 
disease risk. In some embodiments, the polymorphism is 
selected from a locus in Table 1 or Table 2. However, it should 
be appreciated that any locus associated with a disease or 
condition of interest may be used. 
0.017. In some embodiments, a diagnosis, prognosis, or 
disease risk assessment is provided to a subject based on a 
genotype determined for that Subject at one or more genetic 
loci (e.g., based on the analysis of a biological sample 
obtained from that Subject). In some embodiments, an assess 
ment is provided to a couple, based on their respective geno 
types at one or more genetic loci, of the risk of their having 
one or more children having a genotype associated with a 
disease or condition (e.g., a homozygous or heterozygous 
genotype associated with a disease or condition). In some 
embodiments, a subject or a couple may seek genetic or 
reproductive counseling in connection with a genotype deter 
mined according to embodiments of the invention. In some 
embodiments, genetic information from a tumor or circulat 
ing tumor cells is used to determine prognosis and guide 
selection of appropriate drugS/treatments. 
0018. It should be appreciated that any of the methods or 
compositions described herein may be used in combination 
with any of the medical evaluations associated with one or 
more genetic loci as described herein. 
0019. In some embodiments, aspects of the invention pro 
vide effective methods for overcoming challenges associated 
with Systematic errors (bias) and/or stochastic effects in mul 
tiplex genomic capture and/or analysis (including sequencing 
analysis). In some embodiments, aspects of the invention are 
useful to avoid, reduce and/or account for variability in one or 
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more sampling and/or analytical steps. For example, in some 
embodiments, variability in target nucleic acid representation 
and unequal sampling of heterozygous alleles in pools of 
captured target nucleic acids can be overcome. 
0020. Accordingly, in some embodiments, the disclosure 
provides methods that reduce variability in the detection of 
target nucleic acids in multiplex capture methods. In other 
embodiments, methods improve allelic representation in a 
capture pool and, thus, improve variant detection outcomes. 
In certain embodiments, the disclosure provides preparative 
methods for capturing target nucleic acids (e.g., genetic loci) 
that involve the use of different sets of multiple probes (e.g., 
molecular inversion probes MIPs) that capture overlapping 
regions of a target nucleic acid to achieve a more uniform 
representation of the target nucleic acids in a capture pool 
compared with methods of the prior art. In other embodi 
ments, methods reduce bias, or the risk of bias, associated 
with large scale parallel capture of genetic loci, e.g., for 
diagnostic purposes. In other embodiments, methods are pro 
vided for increasing reproducibility (e.g., by reducing the 
effect of polymorphisms on target nucleic acid capture) in the 
detection of a plurality of genetic loci in parallel. In further 
embodiments, methods are provided for reducing the effect of 
probe synthesis and/or probe amplification variability on the 
analysis of a plurality of genetic loci in parallel. 
0021 According to Some aspects, methods of analyzing a 
plurality of genetic loci are provided. In some embodiments, 
the methods comprise contacting each of a plurality of target 
nucleic acids with a probe set, wherein each probe set com 
prises a plurality of different probes, each probe having a 
central region flanked by a 5' region and a 3' region that are 
complementary to nucleic acids flanking the same Strand of 
one of a plurality of Subregions of the target nucleic acid, 
wherein the subregions of the target nucleic acid are different, 
and wherein each Subregion overlaps with at least one other 
Subregion, isolating a plurality of nucleic acids each having a 
nucleic acid sequence of a different Subregion for each of the 
plurality of target nucleic acids, and analyzing the isolated 
nucleic acids. 

0022. In other embodiments, methods comprise contact 
ing each of a plurality of target nucleic acids with a probe set, 
wherein each probe set comprises a plurality of different 
probes, each probe having a central region flanked by a 5' 
region and a 3' region that are complementary to nucleic acids 
flanking the same Strand of one of a plurality of subregions of 
the target nucleic acid, wherein the Subregions of the target 
nucleic acid are different, and wherein a portion of the 5' 
region and a portion of the 3' region of a probe have, respec 
tively, the sequence of the 5' region and the sequence of the 3' 
region of a different probe, isolating a plurality of nucleic 
acids each having a nucleic acid sequence of a different Sub 
region for each of the plurality of target nucleic acids, and 
analyzing the isolated nucleic acids. 
0023 Aspects of the disclosure are based, in part, on the 
discovery of methods for overcoming problems associated 
with systematic and random errors (bias) in genome capture, 
amplification and sequencing methods, namely high variabil 
ity in the capture and amplification of nucleic acids and dis 
proportionate representation of heterozygous alleles in 
sequencing libraries. Accordingly, in Some embodiments, the 
disclosure provides methods that reduce errors associated 
with the variability in the capture and amplification of nucleic 
acids. In other embodiments, the methods improve allelic 
representation in sequencing libraries and, thus, improve 
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variant detection outcomes. In certain embodiments, the dis 
closure provides preparative methods for capturing target 
nucleic acids (e.g., genetic loci) that involve the use of differ 
entiator tag sequences to uniquely tag individual nucleic acid 
molecules. In some embodiments, the differentiator tag 
sequence permit the detection of bias based on the occurrence 
of combinations of differentiator tag and target sequences 
observed in a sequencing reaction. In other embodiments, the 
methods reduce errors caused by bias, or the risk of bias, 
associated with the capture, amplification and sequencing of 
genetic loci, e.g., for diagnostic purposes. 
0024 Aspects of the invention relate to providing 
sequence tags (referred to as differentiator tags) that are use 
ful to determine whether target nucleic acid sequences iden 
tified in an assay are from independently isolated target 
nucleic acids or from multiple copies of the same target 
nucleic acid molecule (e.g., due to bias in a preparative step, 
for example, amplification). This information can be used to 
help analyze a threshold number of independently isolated 
target nucleic acids from a biological sample in order to 
obtain sequence information that is reliable and can be used to 
make a genotype conclusion (e.g., call) with a desired degree 
of confidence. This information also can be used to detect bias 
in one or more nucleic acid preparative steps. 
0025. In some embodiments, the methods disclosed herein 
are useful for any application where reduction of bias, e.g., 
associated with genomic isolation, amplification, sequenc 
ing, is important. For example, detection of cancer mutations 
in a heterogeneous tissue sample, detection of mutations in 
maternally-circulating fetal DNA, and detection of mutations 
in cells isolated during a preimplantation genetic diagnostic 
procedure. 
0026. Accordingly, in some aspects, methods of genotyp 
ing a Subject are provided. In some embodiments, the meth 
ods comprise determining the sequence of at least a threshold 
number of independently isolated nucleic acids, wherein the 
sequence of each isolated nucleic acid comprises a target 
nucleic acid sequence and a differentiator tag sequence, 
wherein the threshold number is a number of unique combi 
nations of target nucleic acid and differentiator tag sequences, 
wherein the isolated nucleic acids are identified as indepen 
dently isolated if they comprise unique combinations of target 
nucleic acid and differentiator tag sequences, and wherein the 
target nucleic acid sequence is the sequence of a genomic 
locus of a Subject. 
0027. In some embodiments, the isolated nucleic acids are 
products of a circularization selection-based preparative 
method, e.g., molecular inversion probe capture products. In 
other embodiments, the isolated nucleic acids are products of 
an amplification-based preparative methods. In other 
embodiments, the isolated nucleic acids are products of 
hybridization-based preparative methods. 
0028 Circularization selection-based preparative meth 
ods selectively convert regions of interest (target nucleic 
acids) into a covalently-closed circular molecule which is 
then isolated typically by removal (usually enzymatic, e.g. 
with exonuclease) of any non-circularized linear nucleic acid. 
Oligonucleotide probes (e.g., molecular inversion probes) are 
designed which have ends that flank the region of interest 
(target nucleic acid) and, optionally, primer sites, e.g., 
sequencing primer sites. The probes are allowed to hybridize 
to the genomic target, and enzymes are used to first (option 
ally) fill in any gap between probe ends and second ligate the 
probe closed. Following circularization, any remaining (non 
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target) linear nucleic acid is typically removed, resulting in 
isolation (capture) of target nucleic acid. Circularization 
selection-based preparative methods include molecular 
inversion probe capture reactions and selector capture reac 
tions. In some embodiments, molecular inversion probe cap 
ture of a target nucleic acid is indicative of the presence of a 
polymorphism in the target nucleic acid. 
0029. In amplification-based (e.g., PCR-based or LCR 
based, etc.) preparative methods, genomic loci (target nucleic 
acids) are isolated directly by means of a polymerase chain 
reaction or ligase chain reaction (or other amplification 
method) that selectively amplifies each locus using one or 
more oligonucleotide primers. It is to be understood that 
primers will be sufficiently complementary to the target 
sequence to hybridize with and prime amplification of the 
target nucleic acid. Any one of a variety of art known methods 
may be utilized for primer design and synthesis. One or more 
of the primers may be perfectly complementary to the target 
sequence. Degenerate primers may also be used. Primers may 
also include additional nucleic acids that are not complemen 
tary to target sequences but that facilitate downstream appli 
cations, including for example restriction sites and differen 
tiator tag sequences. Amplification-based methods include 
amplification of a single target nucleic acid and multiplex 
amplification (amplification of multiple target nucleic acids 
in parallel). 
0030 Hybridization-based preparative methods involve 
selectively immobilizing target nucleic acids for further 
manipulation. It is to be understood that one or more oligo 
nucleotides (immobilization oligonucleotides), which com 
prise differentiator tag sequences, and which may be from 15 
to 170 nucleotides in length, are used which hybridize along 
the length of a target region of a genetic locus to immobilize 
it. In some embodiments, immobilization oligonucleotides, 
are either immobilized before hybridization is performed 
(e.g., Roche/Nimblegen sequence capture), or are prepared 
Such that they include a moiety (e.g. biotin) which can be used 
to selectively immobilize the target nucleic acid after hybrid 
ization by binding to e.g., Streptavidin-coated microbeads 
(e.g. Agilent SureSelect). 
0031. It should be appreciated that any of the circulariza 
tion, amplification, and/or hybridization based methods 
described herein may be used in connection with one or more 
of the tiling/staggering, tagging, size-detection, and/or sensi 
tivity enhancing algorithms described herein. 
0032. In some embodiments, the methods disclosed herein 
comprise determining the sequence of molecular inversion 
probe capture products, each comprising a molecular inver 
sion probe and a target nucleic acid, wherein the sequence of 
the molecular inversion probe comprises a differentiator tag 
sequence and, optionally, a primer sequence, and wherein the 
target nucleic acid is a captured genomic locus of a Subject, 
and genotyping the Subject at the captured genomic locus 
based on the sequence of at least a threshold number of unique 
combinations of target nucleic acid and differentiator tag 
sequences of molecular inversion probe capture products. 
0033. In some embodiments, the methods disclosed herein 
comprise obtaining molecular inversion probe capture prod 
ucts, each comprising a molecular inversion probe and a 
target nucleic acid, wherein the sequence of the molecular 
inversion probe comprises a differentiator tag sequence and, 
optionally, a primer sequence, wherein the target nucleic acid 
is a captured genomic locus of the Subject, amplifying the 
molecular inversion probe capture products, and genotyping 
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the Subject by determining, for each target nucleic acid, the 
sequence of at least a threshold number of unique combina 
tions of target nucleic acid and differentiator tag sequence of 
molecular inversion probe capture products. In certain 
embodiments, obtaining comprises capturing target nucleic 
acids from a genomic sample of the Subject with molecular 
inversion probes, each comprising a unique differentiator tag 
sequence. In specific embodiments, capturing is performed 
under conditions wherein the likelihood of obtaining two or 
more molecular inversion probe capture products with iden 
tical combinations of target and differentiator tag sequences 
is equal to or less than a predetermined value, optionally 
wherein the predetermined value is about 0.05. 
0034. In one embodiment, the threshold number for a spe 

cific target nucleic acid sequence is selected based on a 
desired Statistical confidence for the genotype. In some 
embodiments, the methods further comprising determining a 
statistical confidence for the genotype based on the number of 
unique combinations of target nucleic acid and differentiator 
tag Sequences. 
0035. According to Some aspects, methods of analyzing a 
plurality of genetic loci are provided. In some embodiments, 
the methods comprise obtaining a plurality of molecular 
inversion probe capture products each comprising a molecu 
lar inversion probe and a target nucleic acid, wherein the 
sequence of the molecular inversion probe comprises a dif 
ferentiator tag sequence and, optionally, a primer sequence 
(e.g., a sequence that is complementary to the sequence of a 
nucleic acid that is used as a primer for sequencing or other 
extension reaction), amplifying the plurality of molecular 
inversion probe capture products, determining numbers of 
occurrence of combinations of target nucleic acid and differ 
entiator tag sequence of molecular inversion probe capture 
products in the amplified plurality, and if the number of 
occurrence of a specific combination of target nucleic acid 
sequence and differentiator tag sequence exceeds a predeter 
mined value, detecting bias in the amplification of the 
molecular inversion probe comprising the specific combina 
tion. In some embodiments, the methods further comprise 
genotyping target sequences in the plurality, wherein the 
genotyping comprises correcting for bias, if detected. 
0036. In some embodiments, the target nucleic acid is a 
gene (or portion thereof) selected from Table 1. In some 
embodiments, the genotyping comprises determining the 
sequence of a target nucleic acid (e.g., a polymorphic 
sequence) at one or more (both) alleles of a genome (a diploid 
genome) of a Subject. In certain embodiments, the genotyping 
comprises determining the sequence of a target nucleic acid at 
both alleles of a diploid genome of a subject, wherein in the 
target nucleic acid comprises, or consists of a sequence of 
Table 1, Table 2, or other locus of interest. 
0037. In some embodiments, aspects of the invention pro 
vide methods and compositions for identifying nucleic acid 
insertions or deletions in genomic regions of interest without 
determining the nucleotide sequences of these regions. 
Aspects of the invention are particularly useful for detecting 
nucleic acid insertions or deletions in genomic regions con 
taining nucleic acid sequence repeats (e.g., di- or tri-nucle 
otide repeats). However, the invention is not limited to ana 
lyzing nucleic acid repeats and may be used to detect 
insertions or deletions in any target nucleic acid of interest. 
Aspects of the invention are particularly useful for analyzing 
multiple loci in a multiplex assay. 
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0038. In some embodiments, aspects of the invention 
relate to determining whetheranamount of target nucleic acid 
that is captured in a genomic capture assay is higher or lower 
than expected. In some embodiments, a statistically signifi 
cant deviation from an expected amount (e.g., higher or 
lower) is indicative of the presence of a nucleic acid insertion 
ordeletion in the genomic region of interest. In some embodi 
ments, the amount is a number of nucleic acid molecules that 
are captured. In some embodiments, the amount is a number 
of independently captured nucleic acid molecules in a 
sample. It should be appreciated that the captured nucleic 
acids may be literally captured from a sample, or their 
sequences may be captured without actually capturing the 
original nucleic acids in the sample. For example, nucleic 
acid sequences may be captured in an assay that involves a 
template-based extension of nucleic acids having the region 
of interest, in the sample. 
0039. Aspects of the invention are based on the recogni 
tion that the efficiency of certain capture techniques is 
affected by the length of the nucleic acid being captured. 
Accordingly, an increase or decrease in the length of a target 
nucleic acid (e.g., due to an insertion or deletion of a repeated 
sequence) can alter the capture efficiency of that nucleic acid. 
In some embodiments, a difference in the capture efficiency 
(e.g., a statistically significant difference in the capture effi 
ciency) of a target nucleic acid is indicative of an insertion or 
deletion in the target nucleic acid. It should be appreciated 
that the capture efficiency for a target nucleic acid may be 
evaluated based on an amount of captured nucleic acid (e.g., 
number of captured nucleic acid molecules) relative to a 
control amount (e.g., based on an amount of control nucleic 
acid that is captured). However, the invention is not limited in 
this respect and other techniques for evaluating capture effi 
ciency also may be used. 
0040. According to aspects of the invention, evaluating the 
capture efficiency as opposed to determining the sequence of 
the entire repeat region reduces errors associated with 
sequencing through repeat regions. Repeat sequences often 
give rise to Stutters or skips in sequencing reactions that make 
it very difficult to accurately determine the number of repeats 
in a target region without running multiple sequencing reac 
tions under different conditions and carefully analyzing the 
results. Such procedures are cumbersome and not readily 
Scalable in a manner that is consistent with high throughput 
analyses of target nucleic acids. In some embodiments, repeat 
regions may be longer than the length of the individual 
sequence read, making length determination on the basis of a 
single read impossible. For example, when using next-gen 
eration sequencing the repeat regions may be longer than the 
length of the individual sequence read, making length deter 
mination on the basis of a single read impossible. Accord 
ingly, aspects of the invention are useful to increase the sen 
sitivity of detecting insertions or deletions in target regions, 
particularly target regions containing repeated sequences. 
0041. In some embodiments, aspects of the invention 
relate to capturing genomic nucleic acid sequences using a 
molecular inversion probe (e.g., MIP or Padlock probe) tech 
nique, and determining whether the amount (e.g., number) of 
captured sequences is higher or lower than expected. In some 
embodiments, the amount (e.g., number) of captured 
sequences is compared to an amount (e.g., number) of 
sequences captured in a control assay. The control assay may 
involve analyzing a control sample that contains a nucleic 
acid from the same genetic locus having a known sequence 
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length (e.g., a known number of nucleic acid repeats). How 
ever, a control may involve analyzing a second (e.g., differ 
ent) genetic locus that is not expected to contain any inser 
tions or deletions. The second genetic locus may be analyzed 
in the same sample as the locus being interrogated or in a 
different sample where its length has been previously deter 
mined. The second genetic locus may be a locus that is not 
characterized by the presence of nucleic acid repeats (and 
thus not expected to contain insertions or deletions of the 
repeat sequence). 
0042. In some embodiments, a target nucleic acid region 
that is being evaluated may be determined by the identity of 
the targeting arms of a probe that is designed to capture the 
target region (or sequence thereof). For example, the targeting 
arms of a MIP probe may be designed to be complementary 
(e.g., Sufficiently complementary for selective hybridization 
and/or polymerase extension and/or ligation) to genomic 
regions flanking a target region Suspected of containing an 
insertion or deletion. It should be appreciated that two target 
ing arms may be designed to be complementary (e.g., Suffi 
ciently complementary for selective hybridization and/or 
polymerase extension and/or ligation) to the two flanking 
regions that are immediately adjacent (e.g., immediately 5' 
and 3", respectively) to a region of a sequence repeat on one 
Strand of a genomic nucleic acid. However, one or both tar 
geting arms may be designed to hybridize several bases (e.g., 
1–5, 5-10, 10-25, 25-50, or more) upstream or downstream 
from the repeat region in Such a way that the captured 
sequence includes a region of unique genomic sequence that 
on one or both sides of the repeat region. This unique region 
can then be used to identify the captured target (e.g., based on 
sequence or hybridization information). 
0043. In some embodiments, two or more (e.g., 2, 3, 4, 5, 
6, 7, 8, 9, 10 or more) different loci may be interrogated in 
parallel in a single assay (e.g., in a multiplex assay). In some 
embodiments, the ratio of captured nucleic acids for each 
locus may be used to determine whether a nucleic acid inser 
tion ordeletion is present in one locus relative to the other. For 
example, the ratio may be compared to a control ratio that is 
representative of the two loci when neither one has an inser 
tion or deletion relative to control sequences (e.g., sequences 
that are normal or known to be associated with healthy phe 
notypes for those loci). However, the amount of captured 
nucleic acids may be compared to any Suitable control as 
discussed herein. 
0044) The locus of a captured sequence may be identified 
by determiningaportion of unique sequence 5' and/or 3' to the 
repeat region in the target nucleic acid Suspected of contain 
ing a deletion or insertion. This does not require sequencing 
the captured repeat region itself. However, some or all of the 
repeat region also could be sequenced as aspects of the inven 
tion are not limited in this respect. 
0045 Aspects of the invention may be combined with one 
or more sequence-based assays (e.g., SNP detection assays), 
for example in a multiplex format, to determine the genotype 
of one or more regions of a subject. 
0046. In some embodiments, methods of detecting a poly 
morphism in a nucleic acid in a biological sample are pro 
vided. In some embodiments, the methods comprise evaluat 
ing the efficiency of capture at one or more loci and 
determining whether one or both alleles at that locus contain 
an insertion or deletion relative to a control locus (e.g., a locus 
indicative of a length of repeat sequence that is associated 
with a healthy phenotype). 
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0047 Accordingly, aspects of the invention relate to meth 
ods for determining whether a target nucleic acid has an 
abnormal length by evaluating the capture efficiency of a 
target nucleic acid in a biological sample from a Subject, 
wherein a capture efficiency that is different from a reference 
capture efficiency is indicative of the presence, in the biologi 
cal sample, of a target nucleic acid having an abnormal 
length. It should be appreciated that the term “abnormal” is a 
relative term based on a comparison to a “normal length. In 
Some embodiments, a normal length is a length that is asso 
ciated with a normal (e.g., healthy or non-carrier phenotype). 
Accordingly, an abnormal length is a length that is either 
shorter or longer than the normal length. In some embodi 
ments, the presence of an abnormal length is indicative of an 
increased risk that the locus is associated with a disease or a 
disease carrier phenotype. In some embodiments, the abnor 
mal length is indicative that the Subject is either has a disease 
or condition or is a carrier of a disease or condition (e.g., 
associated with the locus). However, it should be appreciated 
that the description of embodiments relating to detecting the 
presence of an abnormal length also support detecting the 
presence of a length that is different from an expected or 
control length. 
0048. In some embodiments, aspects of the invention 
relate to estimating the length of a target nucleic acid (e.g., of 
a sub-target region within a target nucleic acid). In some 
embodiments, aspects of the invention relate to methods for 
estimating the length of a target nucleic acid by contacting the 
target nucleic acid with a plurality of detection probes under 
conditions that permit hybridization of the detection probes to 
the target nucleic acid, wherein each detection probe is a 
polynucleotide that comprises a first arm that hybridizes to a 
first region of the target nucleic acid and a second arm that 
hybridizes to a second region of the target nucleic acid, 
wherein the first and second regions are on a common strand 
of the target nucleic acid, and wherein the nucleotide 
sequence of the target between the 5' end of the first region 
and the 3' end of the second region is the nucleotide sequence 
of a sub-target nucleic acid; and capturing a plurality of 
sub-target nucleic acids that are hybridized with the plurality 
of detection probes; and measuring the frequency of occur 
rence of a sub-target nucleic acid in the plurality of sub-target 
nucleic acids, wherein the frequency of occurrence of the 
Sub-target nucleic acid in the plurality of Sub-target nucleic 
acids is indicative of the length of the Sub-target nucleic acid. 
It should be appreciated that methods for estimating a nucleic 
acid length may involve comparing a capture efficiency for a 
target nucleic acid region to two or more reference efficien 
cies for known nucleic acid lengths in order to determine 
whether the target nucleic acid region is Smaller, intermedi 
ate, or larger in size than the known control lengths. In some 
embodiments, a series of nucleic acids of known different 
lengths may be used to provide a calibration curve for evalu 
ating the length of a target nucleic acid region of interest. 
0049. In some embodiments, the capture efficiency of a 
target region Suspected of having a deletion or insertion is 
determined by comparing the capture efficiency to a reference 
indicative of a normal capture efficiency. In some embodi 
ments, the capture efficiency is lower than the reference cap 
ture efficiency. In some embodiments, the subject is identified 
as having an insertion in the target region. In some embodi 
ments, the capture efficiency is higher than the reference 
capture efficiency. In some embodiments, the Subject is iden 
tified as having a deletion in the target region. In some 
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embodiments, the Subject is identified as being heterozygous 
for the insertion. In some embodiments, the Subject is iden 
tified as being heterozygous for the deletion. 
0050. In some embodiments of any of the methods 
described herein (e.g., tiling/staggering, tagging, size-detec 
tion, and/or sensitivity enhancement) aspects of the invention 
relate to capturing a sub-target nucleic acid (or a sequence of 
a sub-target nucleic acid). In some embodiments, a molecular 
inversion probe technique is used. In some embodiments, a 
molecular inversion probe is a single linear Strand of nucleic 
acid that comprises a first targeting arm at its 5' end and a 
second targeting arm at its 3' end, wherein the first targeting 
arm is capable of specifically hybridizing to a first region 
flanking one end of the Sub-target nucleic acid, and wherein 
the second targeting arm is capable of specifically hybridizing 
to a second region flanking the other end of the Sub-target 
nucleic acid on the same strand of the target nucleic acid. In 
Some embodiments, the first and second targeting arms are 
between about 10 and about 100 nucleotides long. In some 
embodiments, the first and second targeting arms are about 
10-20, 20-30, 30-40, or 40-50 nucleotides long. In some 
embodiments, the first and second targeting arms are about 20 
nucleotides long. In some embodiments, the first and second 
targeting arms have the same length. In some embodiments, 
the first and second targeting arms have different lengths. In 
Some embodiments, each pair of first and second targeting 
arms in a set of probes has the same length. Accordingly, if 
one of the targeting arms is longer, the other one is corre 
spondingly shorter. This allows for a quality control step in 
Some embodiments to confirm that all captured probeftarget 
sequence products have the same length after a multiplexed 
plurality of capture reactions. In some embodiments, a set of 
probes may be designed to have the same length if the inter 
vening region is varied to accommodate any differences in the 
length of either one or both of the first and second targeting 
aS. 

0051. In some embodiments, the hybridization Tms of the 
first and second targeting arms are similar. In some embodi 
ments, the hybridization Tms of the first and second targeting 
arms are within 2-5°C. of each other. In some embodiments, 
the hybridization Tms of the first and second targeting arms 
are identical. In some embodiments, the hybridization Tms of 
the first and second targeting arms are close to empirically 
determined optima but not necessarily identical. 
0052. In some embodiments, the first and second targeting 
arms of a molecular inversion probe have different Tms. For 
example, the Tm of the first targeting arm (at the 5' end of the 
molecular inversion probe) may be higher than the Tm of the 
second targeting arm (at the 3' end of the molecular inversion 
probe). According to aspects of the invention, and without 
wishing to be bound by theory, a relatively high Tm for the 
first targeting arm may help avoid or prevent the first targeting 
arm from being displaced after hybridization by the extension 
product of the 3' end of the second targeting arm. It should be 
appreciated that a reference to the Tm of a targeting arm as 
used herein relates to the Tm of hybridization of the targeting 
arm to a nucleic acid having the complementary sequence 
(e.g., the region of the target nucleic acid that has a sequence 
that is complementary to the sequence of the targeting arm). 
It also should be appreciated that the Tms of the targeting 
arms described herein may be calculated using any appropri 
ate method. For example, in some embodiments an experi 
mental method (e.g., a gel shift assay, a hybridization assay, a 
melting curve analysis, for example in a PCR machine with a 
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SYBR dye by stepping through a temperature ramp while 
monitoring signal level from an intercalating dye, for 
example, bound to a double-stranded DNA, etc.) may be used 
to determine one or more Tms empirically. In some embodi 
ments, an optimal Tm may be determined by evaluating the 
number of products formed (e.g., for each of a plurality of 
MIP probes), and determining the optimal Tm as the center 
point in a histogram of Tm for all targeting arms. In some 
embodiments, a predictive algorithm may be used to deter 
mine a Tm theoretically. In some embodiments, a relatively 
simple predictive algorithm may be used based on the number 
of G/C and A/T base pairs when the sequence is hybridized to 
its target and/or the length of the hybridized product (e.g., for 
example, 64.9+41*(G+C-16.4)/(A+T+G+C), see for 
example, Wallace, R. B., Shaffer, J., Murphy, R. F., Bonner, J., 
Hirose, T., and Itakura, K. (1979) Nucleic Acids Res 6:3543 
3557). In some embodiments, a more complex algorithm may 
be used to account for the effects of base stacking entropy and 
enthalpy, ion concentration, and primer concentration (see, 
for example, SantaLucia J (1998), Proc Natl Acad Sci USA, 
95:1460-5). In some embodiments an algorithm may use 
modified parameters (e.g., nearest-neighbor parameters for 
basepair entropy/enthalpy values). It should be appreciated 
that any suitable algorithm may be used as aspects of the 
invention are not limited in this respect. However, it also 
should be appreciated that different methodologies may 
results in different calculated or predicted Tms for the same 
sequences. Accordingly, in Some embodiments, the same 
empirical and/or theoretical method is used to determine the 
Tms of different sequences for a set of probes to avoid a 
negative impact of any systematic difference in the Tm deter 
mination or prediction when designing a set of probes with 
predetermined similarities or differences for different Tms. 
0053. In some embodiments, the Tm of the first targeting 
arm may be about 1°C., about 2°C., about 3°C., about 4°C., 
about 5°C., or more than about 5°C. higher than the Tm of the 
second targeting arm. In some embodiments, each probe in a 
plurality of probes (e.g., each probe in a set of 5-10, each 
probe in a set of at least 10, each probe in a set of 10-50, each 
probe in a set of 50-100, each probe in a set of 100-500, each 
probe in a set of 500-1,000, each probe in a set of 1,000-1,500, 
each probe in a set of 1,500-2,000, each probe in a set of 
2,000-3,000, 3,000-5,000, 5,000-10,000 or each probe in a set 
of at least 5,000 different probes) has a unique first targeting 
arm (e.g., they all have different sequences) and a unique 
second targeting arm (e.g., they all have different sequences). 
In some embodiments, for at least 10% of the probes (e.g., at 
least 25%, 25%-50%, 50%-7.5%, 75%-90%, 90%-95% or 
over 95%, or all of the probes) the first targeting arm has a Tm 
for its complementary sequence that is higher (e.g., about 1° 
C., about 2°C., about 3°C., about 4°C., about 5°C., or more 
than about 5°C. higher) than the Tm of the second targeting 
arm for its complementary sequence. In some embodiments, 
each of the first targeting arms have similar or identical Tms 
for their respective complementary sequences and each of the 
second targeting arms have similar or identical Tms for their 
respective complementary sequences (and the first targeting 
arms have higher Tms than the second targeting arms). For 
example, in Some embodiments, the Tm of the first arm(s) 
may be about 58° C. and the Tm of the second arm(s) may be 
about 56°C. In some embodiments, the Tm of the first arm(s) 
may be about 68°C., and the Tm of the second arm(s) may be 
about 65° C. It should be appreciated that in some embodi 
ments the similarity (e.g., within a range of 1°C., 2°C., 3°C., 
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4°C. 5°C.) or identity of the Tms for the different targeting 
arms should be based either on empirical data for each arm or 
based on the same predictive algorithm for each arm (e.g., 
Wallace, R. B., Shaffer, J., Murphy, R. F., Bonner, J., Hirose, 
T., and Itakura, K. (1979) Nucleic Acids Res 6:3543-3557, 
SantaLucia J (1998), Proc Natl AcadSci USA,95:1460-5, or 
other algorithm). 
0054. In some embodiments, the Tm of the first targeting 
arm of a molecular inversion probe (at the 5' end of the 
molecular inversion probe) is selected to be sufficiently stable 
to prevent displacement of the first targeting arm from its 
complementary sequence on a target nucleic acid. In some 
embodiments, the Tm of the first targeting arm is 50–55°C., at 
least 55° C., 55-60° C., at least 60° C., 60-65° C., at least 65° 
C., at least 70° C., at least 75° C., or at least 80° C. As 
discussed above, it should be appreciated that the for a par 
ticular targeting arm may be determined empirically or theo 
retically. Different theoretical models may be used to deter 
mine a Tm and it should be appreciated that the predicted Tm 
for a particular sequence may be different depending on the 
algorithm used for the prediction. In some embodiments, 
each probe in a plurality of probes (e.g., each probe in a set of 
5-10, each probe in a set of at least 10, each probe in a set of 
10-50, each probe in a set of 50-100, each probe in a set of 
100-500, or each probe in a set of at least 500 different probes) 
has a different first targeting arm (e.g., different sequences) 
but each different first targeting arm has a similar or identical 
Tm for its complementary sequence on a target nucleic acid. 
It should be appreciated that in some embodiments the simi 
larity (e.g., within a range of 1 C, 2 C, 3 C, 4 C, 5C) or identity 
of the Tms for the different targeting arms should be based 
either on empirical data for each arm or based on the same 
predictive algorithm for each arm (e.g., Wallace, R. B., Shaf 
fer, J., Murphy, R. F., Bonner, J., Hirose, T., and Itakura, K. 
(1979) Nucleic Acids Res 6:3543-3557, SantaLucia J (1998), 
Proc Natl AcadSci USA,95:1460-5, or other algorithm). 
0055. In some embodiments, the sub-target nucleic acid 
contains a nucleic acid repeat. In some embodiments, the 
nucleic acid repeat is a dinucleotide or trinucleotide repeat. In 
Some embodiments, the Sub-target nucleic acid contains 
10-100 copies of the nucleic acid repeat in the absence of an 
abnormal increase or decrease in nucleic acid repeats. In 
Some embodiments, the Sub-target nucleic acid is a region of 
the Fragile-X locus that contains a nucleic acid repeat. In 
Some embodiments, one or both targeting arms hybridize to a 
region on the target nucleic acid that is immediately adjacent 
to a region of nucleic acid repeats. In some embodiments, one 
or both targeting arms hybridize to a region on the target 
nucleic acid that is separated from a region of nucleic acid 
repeats by a region that does not contain any nucleic acid 
repeats. In some embodiments, the molecular inversion probe 
further comprises a primer-binding region that can be used to 
sequence the captured sub-target nucleic acid and optionally 
the first and/or second targeting arm. 
0056. In some embodiments, aspects of the invention 
relate to evaluating the length of a plurality of different target 
nucleic acids in a biological sample. In some embodiments, 
the plurality of target nucleic acids are analyzed using a 
plurality of different molecular inversion probes. In some 
embodiments, each different molecular inversion probe com 
prises a different pair of first and second targeting arms at 
each of the 3' and 5' ends. In some embodiments, each differ 
ent molecular inversion probe comprises the same primer 
binding sequence. 
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0057. In some embodiments, aspects of the invention 
relate to analyzing nucleic acid from a biological sample 
obtained from a subject. In some embodiments, the biological 
sample is a blood sample. In some embodiments, the biologi 
cal sample is a tissue sample, specific cell population, tumor 
sample, circulating tumor cells, or environmental sample. In 
Some embodiments, the biological sample is a single cell. In 
Some embodiments, nucleic acids are analyzed in biological 
samples obtained from a plurality of different subjects. In 
Some embodiments, nucleic acids from a biological sample 
are analyzed in multiplex reactions. It should be appreciated 
that a biological sample contains a plurality of copies of a 
genome derived from a plurality of cells in the sample. 
Accordingly, a sample may contain a plurality of independent 
copies of a target nucleic acid region of interest, the capture 
efficiency of which can be used to evaluate its size as 
described herein. 

0058. In some embodiments, aspects of the invention 
relate to evaluating a nucleic acid capture efficiency by deter 
mining an amount of target nucleic acid that is captured (e.g., 
an amount of sub-target nucleic acid sequences that are cap 
tured). In some embodiments, the amount of target nucleic 
acid that is captured is determined by determining a number 
of independently captured target nucleic acid molecules (e.g., 
the amount of independently captured molecules that have the 
sequence of the Sub-target region). In some embodiments, the 
amount of target nucleic acid that is captured is compared to 
a reference amount of captured nucleic acid. In some embodi 
ments, the reference amount is determined by determining a 
number of independently captured molecules of a reference 
nucleic acid. In some embodiments, the reference nucleic 
acid is a nucleic acid of a different locus in the biological 
sample that is not suspected of containing a deletion or inser 
tion. In some embodiments, the reference nucleic acid is a 
nucleic acid of known size and amount that is added to the 
capture reaction. As described herein, a number of indepen 
dently captured nucleic acid sequences can be determined by 
contacting a nucleic acid sample with a preparation of a probe 
(e.g., a MIP probe as described herein). It should be appreci 
ated that the preparation may comprise a plurality of copies of 
the same probe and accordingly a plurality of independent 
copies of the target region may be captured by different probe 
molecules. The number of probe molecules that actually cap 
ture a sequence can be evaluated by determining an amount or 
number of captured molecules using any suitable technique. 
This number is a reflection of both the number of target 
molecules in the sample and the efficiency of capture of those 
target molecules, which in turn is related to the size of the 
target molecules as described herein. Accordingly, the cap 
ture efficiency can be evaluated by controlling for the abun 
dance of the target nucleic acid, for example by comparing the 
number or amount of captured target molecules to an appro 
priate control (e.g., a known size and amount of control 
nucleic acid, or a different locus that should be present in the 
same amount in the biological sample and is not expected to 
contain any insertions or deletions). It should be appreciated 
that other factors may affect the capture efficiency of a par 
ticular target nucleic acid region (e.g., the sequence of the 
region, the GC content, the presence of secondary structures, 
etc.). However, these factors also can be accounted for by 
using appropriate controls (e.g., known sequences having 
similar properties, the same sequences, other genomic 
sequences expected to be present in the biological sample at 
the same frequency, etc., or any combination thereof). 
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0059. In some embodiments, aspects of the invention 
relate to identifying a subject as having an insertion or dele 
tion in one or more alleles of a genetic locus if the capture 
efficiency for that genetic locus is statistically significantly 
different than a reference capture efficiency. 
0060. It should be appreciated that hybridization condi 
tions used for any of the capture techniques described herein 
(e.g., MIP capture techniques) can be based on known hybrid 
ization buffers and conditions. 

0061. In some embodiments, the methods disclosed herein 
are useful for any application where the detection of deletions 
or insertions is important. 
0062. In some embodiments, aspects of the invention 
relate to basing a nucleic acid sequence analysis on results 
from two or more different nucleic acid preparatory tech 
niques that have different systematic biases in the types of 
nucleic acids that they sample. According to the invention, 
different techniques have different sequence biases that are 
systematic and not simply due to stochastic effects during 
nucleic acid capture or amplification. Accordingly, the degree 
of oversampling required to overcome variations in nucleic 
acid preparation needs to be sufficient to overcome the biases 
(e.g., an oversampling of 2-5 fold, 5-10 fold, 5-15 fold, 15-20 
fold, 20-30 fold, 30-50 fold, or intermediate to higher fold). 
0063. According to some embodiments, different tech 
niques have different characteristic or systematic biases. For 
example, one technique may bias a sample analysis towards 
one particular allele at a genetic locus of interest, whereas a 
different technique would bias the sample analysis towards a 
different allele at the same locus. Accordingly, the same 
sample may be identified as being different depending on the 
type of technique that is used to prepare nucleic acid for 
sequence analysis. This effectively represents a sensitivity 
limitation, because each technique has different relative sen 
sitivities for polymorphic sequences of interest. 
0064. According to aspects of the invention, the sensitivity 
of a nucleic acid analysis can be increased by combining the 
sequences from different nucleic acid preparative steps and 
using the combined sequence information for a diagnostic 
assay (e.g., for a making a call as to whether a subject is 
homozygous or heterozygous at a genetic locus of interest). 
0065. In some embodiments, the invention provides a 
method of increasing the sensitivity of a nucleic acid detec 
tion assay by obtaining a first preparation of a target to nucleic 
acid using a first preparative method on a biological sample, 
obtaining a second preparation of a target nucleic acid using 
a second preparative method on the biological sample, assay 
ing the sequences obtained in both first and second nucleic 
acid preparations, and using the sequence information from 
both first and second nucleic acid preparations to determine 
the genotype of the target nucleic acid in the biological 
sample, wherein the first and second preparative methods 
have different systematic sequence biases. In some embodi 
ments, the first and second nucleic acid preparations are com 
bined prior to performing a sequence assay. In some embodi 
ments, separate sequence assays are performed on the first 
and second nucleic acid preparations and the sequence infor 
mation from both assays are combined to determine the geno 
type of the target nucleic acid in the biological sample. In 
Some embodiments, the first preparative method is an ampli 
fication-based, a hybridization-based, or a circular probe 
based preparative method. In some embodiments, the second 
method is an amplification-based, a hybridization-based, or a 
circular probe-based preparative method. In some embodi 
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ments, the first and second methods are of different types 
(e.g., only one of them is an amplification-based, a hybrid 
ization-based, or a circular probe-based preparative method, 
and the other one is one or the other two types of method). 
Accordingly, in Some embodiments the second preparative 
method is an amplification-based, a hybridization-based, or a 
circular probe-based preparative method, provided that the 
second method is different from the first method. However, in 
Some embodiments, both methods may be of the same type, 
provided they are different methods (e.g., both are amplifica 
tion based or hybridization-based, but are different types of 
amplification or hybridization methods, e.g., with different 
relative biases). 
0066. In amplification-based (e.g., PCR-based or LCR 
based, etc.) preparative methods, genomic loci (target nucleic 
acids) are isolated directly by means of a polymerase chain 
reaction or ligase chain reaction (or other amplification 
method) that selectively amplifies each locus using a pair of 
oligonucleotide primers. It is to be understood that primers 
will be sufficiently complementary to the target sequence to 
hybridize with and prime amplification of the target nucleic 
acid. Any one of a variety of art known methods may be 
utilized for primer design and synthesis. One or both of the 
primers may be perfectly complementary to the target 
sequence. Degenerate primers may also be used. Primers may 
also include additional nucleic acids that are not complemen 
tary to target sequences but that facilitate downstream appli 
cations, including for example restriction sites and identifier 
sequences (e.g., Source sequences). PCR based methods may 
include amplification of a single target nucleic acid and mul 
tiplex amplification (amplification of multiple target nucleic 
acids in parallel). 
0067. Hybridization-based preparative may methods 
involve selectively immobilizing target nucleic acids for fur 
ther manipulation. It is to be understood that one or more 
oligonucleotides (immobilization oligonucleotides), which 
in some embodiments may be from 10 to 200 nucleotides in 
length, are used which hybridize along the length of a target 
region of a genetic locus to immobilize it. In some embodi 
ments, immobilization oligonucleotides are either immobi 
lized before hybridization is performed (e.g., Roche/Nimble 
gen sequence capture), or are prepared such that they 
include a moiety (e.g., biotin) which can be used to selectively 
immobilize the target nucleic acid after hybridization by 
binding to e.g., Streptavidin-coated microbeads (e.g., Agilent 
'SureSelect). 
0068 Circularization selection-based preparative meth 
ods selectively convert each region of interest into a 
covalently-closed circular molecule which is then isolated by 
removal (usually enzymatic, e.g., with exonuclease) of any 
non-circularized linear nucleic acid. Oligonucleotide probes 
are designed which have ends that flank the region of interest. 
The probes are allowed to hybridize to the genomic target, 
and enzymes are used to first (optionally) fill in any gap 
between probe ends and second ligate the probe closed. In 
Some embodiments, following circularization, any remaining 
(non-target) linear nucleic acid can be removed, resulting in 
isolation (capture) of target nucleic acid. Circularization 
selection-based preparative methods include molecular 
inversion probe capture reactions and selector capture reac 
tions. However, other techniques may be used as aspects of 
the invention are not limited in this respect. In some embodi 
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ments, molecular inversion probe capture of a target nucleic 
acid is indicative of the presence of a polymorphism in the 
target nucleic acid. 
0069. A variety of methods may be used to evaluate and 
compare bias profiles of each preparative technique. Next 
generation sequencing may be used to quantitatively measure 
the abundance of each isolated target nucleic acid obtained 
from a certain preparative method. This abundance may be 
compared to a control abundance value (e.g., a known starting 
abundance of the target nucleic acid) and/or with an abun 
dance determined through the use of an alternative prepara 
tive method. For example, a set of target nucleic acids may be 
isolated by one or more of the three preparative methods; the 
target nucleic acid may be observed X times using the ampli 
fication technique, y times using the hybridization enrich 
ment technique, and Z times using the circularization selec 
tion technique. A pairwise correlation coefficient may be 
computed between each abundance value (e.g., Xandy, X and 
Z, and y and Z) to assess bias in nucleic acid isolation between 
pairs of preparative methods. Since the mechanisms of isola 
tion are different in each approach, the abundances will usu 
ally be different and largely uncorrelated with each other. 
0070. In some embodiments, the invention provides a 
method of obtaining a nucleic acid preparation that is repre 
sentative of a target nucleic acid in a biological sample by 
obtaining a first preparation of a target nucleic acid using a 
first preparative method on a biological sample, obtaining a 
second preparation of a target nucleic acid using a second 
preparative method on the biological sample, and combining 
the first and second nucleic acid preparations to obtain a 
combined preparation that is representative of the target 
nucleic acid in the biological sample. 
0071. In some embodiments of any of the methods 
described herein, a third preparation of the target nucleic acid 
is obtained using a third preparative method that is different 
from the first and second preparative methods, wherein the 
first, second, and third preparative methods all have different 
systematic sequence biases. In some embodiments of any of 
the methods described herein, the different preparative meth 
ods are used for a plurality of different loci in the biological 
sample to increase the sensitivity of a multiplex nucleic acid 
analysis. In some embodiments, the target nucleic acid has a 
sequence of a gene selected from Table 1. 
0072 However, it should be appreciated that a genotyping 
method of the invention may include several steps, each of 
which independently may involve one or more different pre 
parative techniques described herein. In some embodiments, 
a nucleic acid preparation may be obtained using one or more 
(e.g.,2,3,4, 5, or more) different techniques described herein 
(e.g., amplification, hybridization capture, circular probe 
capture, etc., or any combination thereof) and the nucleic acid 
preparation may be analyzed using one or more different 
techniques (e.g., amplification, hybridization capture, circu 
lar probe capture, etc., or any combination thereof) that are 
selected independently of the techniques used for the initial 
preparation. 
0073. In some embodiments, aspects of the invention also 
provide compositions, kits, devices, and analytical methods 
for increasing the sensitivity of nucleic acid assays. Aspects 
of the invention are particularly useful for increasing the 
confidence level of genotyping analyses. However, aspects of 
the invention may be used in the context of any suitable 
nucleic acid analysis, for example, but not limited to, a 

Jun. 28, 2012 

nucleic acid analysis that is designed to determine whether 
more than one sequence variant is present in a sample. 
0074. In some embodiments, aspects of the invention 
relate to a plurality of nucleic acid probes (e.g., 10-50, 
50-100, 100-250, 250-500, 500-1,000, 1,000-2,000, 2,000-5, 
000, 5,000-7,500, 7,500-10,000, or lower, higher, or interme 
diate number of different probes). In some embodiments, 
each probe or each of a subset of probes (e.g., 10-25%. 
25-50%, 50-75%, 75-90%, or 90-99%) has a different first 
targeting arm. In some embodiments, each probe or each 
probe of a subset of probes (e.g., 10-25%, 25-50%, 50-75%, 
75-90%, or 90-99%) has a different second targeting arm. In 
Some embodiments, the first and second targeting arms are 
separated by the same intervening sequence. In some embodi 
ments, the first and second targeting arms are complementary 
to target nucleic acid sequences that are separated by the same 
or a similar length (e.g., number of nucleic acids, for example, 
0-25, 25-50, 50-100, 100-250, 250-500, 500-1,000, 1,000-2, 
500 or longer or intermediate number of nucleotides) on their 
respective target nucleic acids (e.g., genomic loci). In some 
embodiments, each probe or a subset of probes (e.g., 10-25%. 
25-50%, 50-75%, 75-90%, or 90-99%) includes a first primer 
binding sequence. In some embodiments, the primer binding 
sequence is the same (e.g., it can be used to prime sequencing 
or other extension reaction). In some embodiments, each 
probe or a subset of probes (e.g., 10-25%, 25-50%, 50-75%, 
75-90%, or 90-99%) includes a unique identifier sequence tag 
(e.g., that is predetermined and can be used to distinguish 
each probe). 
0075. In some embodiments, the methods disclosed herein 
are useful for any application where sensitivity is important. 
For example, detection of cancer mutations in a heterogenous 
tissue sample, detection of mutations in maternally-circulat 
ing fetal DNA, and detection of mutations in cells isolated 
during a preimplantation genetic diagnostic procedure. 
0076 According to some aspects of the invention, meth 
ods of detecting a polymorphism in a nucleic acid in a bio 
logical sample are provided. In some embodiments, the meth 
ods comprise obtaining a nucleic acid preparation using a 
preparative method (e.g., any of the preparative methods dis 
closed herein) on a biological sample, and performing a 
molecular inversion probe capture reaction on the nucleic 
acid preparation, wherein a molecular inversion probe cap 
ture (e.g., using a mutation-detection MIP) of a target nucleic 
acid of the nucleic acid preparation is indicative of the pres 
ence of a mutation (polymorphism) in the target nucleic acid, 
optionally wherein the polymorphism is selected from Table 
2 

0077 According to some aspects of the invention, meth 
ods of genotyping a nucleic acid in a biological sample are 
provided. In some embodiments, the methods comprise 
obtaining a nucleic acid preparation using a preparative 
method on a biological sample, sequencing a target nucleic 
acid of the nucleic acid preparation, and performing a 
molecular inversion probe capture reaction on the biological 
sample, wherein a molecular inversion probe capture of the 
target nucleic acid in the biological sample is indicative of the 
presence of a polymorphism in the target nucleic acid, geno 
typing the target nucleic acid based on the results of the 
sequencing and the capture reaction. 
0078. In some embodiments of the methods disclosed 
herein, the target nucleic acid has a sequence of a gene 
selected from Table 1. 



US 2012/01 65202 A1 

0079. It should be appreciated that any one or more 
embodiments described herein may be used for evaluating 
multiple genetic markers in parallel. Accordingly, in some 
embodiments, aspects of the invention relate to determining 
the presence of one or more markers (e.g., one or more alleles) 
at multiple different genetic loci in parallel. Accordingly, the 
risk or presence of multiple heritable disorders may be evalu 
ated in parallel. In some embodiments, the risk of having 
offspring with one or more heritable disorders may be evalu 
ated. In some embodiments, an evaluation may be performed 
on a biological sample of a parent or a child (e.g., at a pre 
implantation, prenatal, perinatal, or postnatal stage). In some 
embodiments, the disclosure provides methods for analyzing 
multiple genetic loci (e.g., a plurality of target nucleic acids 
selected from Table 1 or 2) from a patient sample, such as a 
blood, pre-implantation embryo, chorionic Villus or amniotic 
fluid sample. A patient or subject may be a human. However, 
aspects of the invention are not limited to humans and may be 
applied to other species (e.g., mammals, birds, reptiles, other 
vertebrates or invertebrates) as aspects of the invention are not 
limited in this respect. A subject or patient may be male or 
female. In some embodiments, in connection with reproduc 
tive genetic counseling, samples from a male and female 
member of a couple may be analyzed. In some embodiments, 
for example, in connection with an animal breeding program, 
samples from a plurality of male and female Subjects may be 
analyzed to determine compatible or optimal breeding part 
ners or strategies for particular traits or to avoid one or more 
diseases or conditions. Accordingly, reproductive risks may 
be determined and/or reproductive recommendations may be 
provided based on information derived from one or more 
embodiments of the invention. 
0080 However, it should be appreciated that aspects of the 
invention may be used in connection with any medical evalu 
ation where the presence of one or more alleles at a genetic 
locus of interest is relevant to a medical determination (e.g., 
risk or detection of disease, disease prognosis, therapy selec 
tion, therapy monitoring, etc.). Further aspects of the inven 
tion may be used in connection with detection, in tumor tissue 
or circulating tumor cells, of mutations in cellular pathways 
that cause cancer or predict efficacy of treatment regimens, or 
with detection and identification of pathogenic organisms in 
the environment or a sample obtained from a subject, e.g., a 
human Subject. 
0081. These and other aspects of the invention are 
described in more detail in the following description and 
non-limiting examples and drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0082 FIG. 1 illustrates a non-limiting embodiment of a 
tiled probe layout; 
0083 FIG. 2 illustrates a non-limiting embodiment of a 
staggered probe layout; 
0084 FIG. 3 illustrates a non-limiting embodiment of an 
alternating staggered probe layout; 
0085 FIGS. 4A, B, and C depict various non-limiting 
methods for combining differentiator tag sequence and target 
sequences (NNNN depicts a differentiator tag sequence); 
I0086 FIG. 5 depicts a non-limiting method for genotyp 
ing based on target and differentiator tag sequences; 
0087 FIG. 6 depicts non-limiting results of a simulation of 
a MIP capture reaction; 
0088 FIG. 7 depicts a non-limiting graph of sequencing 
coverage; 
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I0089 FIG. 8 illustrates that shorter sequences are captured 
with higher efficiency that longer sequences using MIPs; to 
FIG. 9 illustrates a non-limiting scheme of padlock (MIP) 
capture of a region that includes both repetitive regions (thick 
wavy line) and the adjacent unique sequence (thick strait 
line); 
0090 FIG. 10 illustrates a non-limiting hypothetical rela 
tionship between target gap size and the relative number of 
reads of the repetitive region; 
(0091 FIG. 11A depicts MIP capture of FMR1 repeat 
regions from a diploid genome; 
0092 FIG. 11B depicts preparative methods for biallelic 
resolution of FMR1 repeat region lengths in a diploid genome 
using MIP capture probes and unique differentiator tags; 
(0093 FIG. 11C depicts an analysis of FMR1 repeat region 
lengths in a diploid genome; 
0094 FIG. 12 is a schematic of an embodiment of an 
algorithm of the invention; 
0.095 FIG. 13 illustrates a non-limiting example of a graph 
of per-target abundance with MIP capture; and, 
0096 FIG. 14 shows a non-limiting a graph of correlation 
between two MIP capture reactions. 

DETAILED DESCRIPTION 

0097 Aspects of the invention relate to preparative and 
analytical methods and compositions for evaluating geno 
types, and in particular, for determining the allelic identity (or 
identities in a diploid organism) of one or more genetic loci in 
a subject. Aspects of the invention are based, in part, on the 
identification of different sources of ambiguity and error in 
genetic analyses, and, in part, on the identification of one or 
more approaches to avoid, reduce, recognize, and/or resolve 
these errors and ambiguities at different stages in a genetic 
analysis. Aspects of the invention relate to methods and com 
positions for addressing bias and/or stochastic variation asso 
ciated with one or more preparative and/or analytical steps of 
a nucleic acid evaluation technology. In some embodiments, 
preparative methods can be adapted to avoid or reduce the risk 
of bias skewing the results of a genetic analysis. In some 
embodiments, analytical methods can be adapted to recog 
nize and correct for data variations that may give rise to 
misinterpretation (e.g., incorrect calls such as homozygous 
when the Subject is actually heterozygous or heterozygous 
when the subject is actually homozygous). Methods of the 
invention may be used for any type of mutation, for example 
a single base change (e.g., insertion, deletion, transversion or 
transition, etc.), a multiple base insertion, deletion, duplica 
tion, inversion, and/or any other change or combination 
thereof. 
0098. In some embodiments, additional or alternative 
techniques may be used to address loci characterized by mul 
tiple repeats of a core sequence where the length of the repeat 
is longer than a typical sequencing read thereby making it 
difficult to determine whether a deletion or duplication of one 
or more core sequence units has occurred based solely on a 
sequence read. 
0099. In some embodiments, increased confidence in an 
assay result may be obtained by i) selecting two or more 
different preparative and/or analytical techniques that have 
different biases (e.g., known to have different biases), ii) 
evaluating a patient sample using the two or more different 
techniques, iii) comparing the results from the two or more 
different techniques, and/or iv) determining whether the 
results are consistent for the two or more different techniques. 
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In some embodiments, if determining in step (iv) indicates 
that the results are consistent (e.g., the same) then increased 
confidence in the assay result is obtained. In other embodi 
ments, if determining in step (iv) indicates that the results are 
inconsistent (e.g., that the results are ambiguous) then one or 
more additional preparative and/or analytical techniques, 
which have a different bias (e.g., known to have a different 
bias) compared with the two or more different preparative 
and/or analytical techniques selected in step (i), are used to 
evaluate the patient sample, and the results of the one or more 
additional preparative and/or analytical techniques are com 
pared with the results from step (ii) to resolve the inconsis 
tency. 
0100. In some embodiments, two or more independent 
samples may be obtained from a subject and independently 
analyzed. In some embodiments, two or more independent 
samples are obtained at approximately the same time point. In 
Some embodiments, two or more independent samples are 
obtained at multiple different time points. In some embodi 
ments, the use of two or more independent sample facilitates 
the elimination, normalization, and/or quantification of sto 
chastic measurement noise. It is to be appreciated that two or 
more independent samples may be obtained in connection 
with any of the methods disclosed herein, including, for 
example, methods for pathogen profiling in a human or other 
animal Subjects, monitoring tumor progression/regression, 
analyzing circulating tumor cells, analyzing fetal cells in 
maternal circulation, and analyzing/monitoring/profiling of 
environmental pathogens. 
0101. In some embodiments, one or more of the tech 
niques described herein may be combined in a single assay 
protocol for evaluating multiple patient samples in parallel. 
0102. It should be appreciated that aspects of the invention 
may be useful for high throughput, cost-effective, yet reliable, 
genotyping of multiple patient samples (e.g., in parallel, for 
example in multiplex reactions). In some embodiments, 
aspects of the invention are useful to reduce the error fre 
quency in a multiplex analysis. Certain embodiments may be 
particularly useful where multiple reactions (e.g., multiple 
loci and/or multiple patient samples) are being processed. For 
example, 10-25, 25-50, 50-75, 75-100 or more loci may be 
evaluated for each subject out of any number of subject 
samples that may be processed in parallel (e.g., 1-25, 25-50, 
50-100, 100-500, 500-1,000, 1,000-2,500, 2,500-5,000 or 
more or intermediate numbers of patient samples). It should 
be appreciated that different embodiments of the invention 
may involve conducting two or more target capture reactions 
and/or two or more patient sample analyses in parallel in a 
single multiplex reaction. For example, in some embodiments 
a plurality of capture reactions (e.g., using different capture 
probes for different target loci) may be performed in a single 
multiplex reaction on a single patient sample. In some 
embodiments, a plurality of captured nucleic acids from each 
one of a plurality of patient samples may be combined in a 
single multiplex analysis reaction. In some embodiments, 
samples from different Subjects are tagged with Subject-spe 
cific (e.g., patient-specific) tags (e.g., unique sequence tags) 
so that the information from each product can be assigned to 
an identified subject. In some embodiments, each of the dif 
ferent capture probes used for each patient sample have a 
common patient-specific tag. In some embodiments, the cap 
ture probes do not have patient-specific tags, but the captured 
products from each Subject may be amplified using one or a 
pair of amplification primers that are labeled with a patient 
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specific tag. Other techniques for associating a patient-spe 
cific tag with the captured product from a single patient 
sample may be used as aspects of the invention are not limited 
in this respect. It should be appreciated that patient-specific 
tags as used herein may refer to unique tags that are assigned 
to identified patients in a particular assay. The same tags may 
be used in a separate multiplex analysis with a different set of 
patient samples (e.g., from different patients) each of which is 
assigned one of the tags. In some embodiments, different sets 
of unique tags may be used in sequential (e.g., alternating) 
multiplex reactions in order to reduce the risk of contamina 
tion from one assay to the next and allow contamination to be 
detected on the basis of the presence of tags that are not 
expected to be present in a particular assay. 
0103 Embodiments of the invention may be used for any 
of a number of different settings: reproductive settings, dis 
ease screening, identifying Subjects having cancer, identify 
ing Subjects having increased risk for a disease, stratifying a 
population of Subjects according to one or more of a number 
of factors, for example responsiveness to a particular drug, 
lack or not of an adverse reaction (or risk therefore) to a 
particular drug, and/or providing information for medical 
records (e.g., homozygosity, heterozygosity at one or more 
loci). It should be appreciated that the invention is not limited 
to genomic analysis of patient samples. For example, aspects 
of the invention may be useful for high throughput genetic 
analysis of environment samples to detect pathogens. 
0104. In some embodiments, the methods disclosed herein 
are useful for diagnosis of one or more heritable disorders. In 
Some embodiments, a heritable disorder that may be diag 
nosed with the methods disclosed herein is a genetic disorder 
that is prevalent in the Ashkenazi Jewish population. In some 
embodiments, the heritable disorders are selected from: 
21-Hydroxylase-Defiocient Congenital Adrenal Hyperpla 
sia; ABCC8-Related Hyperinsulinism: Alpha-Thalassemia, 
includes Constant Spring, & MR associated; Arylsulfatase A 
Deficiency-Metyachromatic Leukodystrophy; Biotimidase 
Deficiency-Holocarboxylase Synthetase Deficiency; 
Bloom's Syndrome; Canavan Disease; CFTR-Related Disor 
ders-cystic fibrosis; Citrullinemia Type I: Combined MMA & 
Homocystinuria-dbloc; Dystrophinopathies (DMD & BMD); 
Familial Dysautonomia; Fanconi Anemia-FANCC: Galac 
tosemia-Cassical: Galactokinase Defiency & Galactose 
Epimerase Deficiency; Gaucher Disease; GJB2-Related 
DFNB 1 Nonsyndromic Hearing Loss and Deafness; Glutaric 
acidemia Type 1; Hemoglobinopathies beta-chain disorders; 
Glycogen Storage DiseaseType 1A: Maple Syrup Urine Dis 
ease; Types 1A, 1B, 2, 3; Medium Chain Acyl-Coenzyme A: 
Dehydrogenase Deficiency-MCADD; Methylmalonic Aci 
demia; Mucolipidosis IV: Nemaline Myopathy; Nieman-Pick 
Type A-Acid Sphingomyelinase Deficiency: Non-Ketotic 
Hyperglycinemia-Glycine Encephalopathy: Ornithine Tran 
scarbamylase Deficiency; PKU Phenylalanine Hydroxylase 
Deficiency; Propionic Acidemia; Short Chain Acyl-CoA 
Dehydrogenase Deficiency-SCADD. Smith-Lemli-Opitz 
Syndrome: Spinal Muscular Atrophy (SMN1)-SMA: Tay 
Sachs-HexA Deficiency; Usher Synbdrome-Type I (Type IB, 
Type IC, Type ID. Type IF. Type IG); X-Linked Mental Retar 
dation ARX-Related Disorders; X-Linked Mental Retarda 
tion with Cerebellar Cypoplasia and sistinctive Facial 
Appearance: X-Linked Mental Retardation; includes 9, 21. 
30, 46, 58, 63, 88, 89: X-linked mental retardation: FM1 
Related Disorders-FRXA, Fragile X MR: X-linked SMR: 
Renpenning Syndrome 1, Zellweger Spectrum disorders— 
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Peroxisomal Bifunctional Enzyme Deficiencies including 
Zellweger, NALD, and/or infantile Refsums. However, all of 
these, Subsets of these, other genes, or combinations thereof 
may be used. 
0105. According to some aspects, the disclosure relates to 
multiplex diagnostic methods. In some embodiments, multi 
plex diagnostic methods comprise capturing a plurality of 
genetic loci in parallel (e.g., a genetic locus of Table 1). In 
Some embodiments, genetic loci possess one or more poly 
morphisms (e.g., a polymorphism of Table 2) the genotypes 
of which correspond to disease causing alleles. Accordingly, 
in some embodiments, the disclosure provides methods for 
assessing multiple heritable disorders in parallel. 
0106. In some embodiments, methods are provided for 
diagnosing multiple heritable disorders in parallel at a pre 
implantation, prenatal, perinatal, or postnatal stage. In some 
embodiments, the disclosure provides methods for analyzing 
multiple genetic loci (e.g., a plurality of target nucleic acids 
selected from Table 1) from a patient sample, such as a blood, 
pre-implantation embryo, chorionic Villus or amniotic fluid 
sample. A patient or Subject may be a human. However, 
aspects of the invention are not limited to humans and may be 
applied to other species (e.g., mammals, birds, reptiles, other 
vertebrates or invertebrates) as aspects of the invention are not 
limited in this respect. A subject or patient may be male or 
female. In some embodiments, in connection with reproduc 
tive genetic counseling, samples from a male and female 
member of a couple may be analyzed. In some embodiments, 
for example, in connection with an animal breeding program, 
samples from a plurality of male and female Subjects may be 
analyzed to determine compatible or optimal breeding part 
ners or strategies for particular traits or to avoid one or more 
diseases or conditions. 
0107 However, it should be appreciated that any other 
diseases may be studied and/or risk factors for diseases or 
disorders including, but not limited to allergies, responsive 
ness to treatment, cancer tumor profiling for treatment and 
prognosis, monitoring and identification of patient infections, 
and monitoring of environmental pathogens. 
0108 1. Reducing Representational Bias in Multiplex 
Amplification Reactions: 
0109. In some embodiments, aspects of the invention 
relate to methods that reduce bias and increase reproducibil 
ity in multiplex detection of genetic loci, e.g., for diagnostic 
purposes. 
0110 Molecular inversion probe technology is used to 
detect or amplify particular nucleic acid sequences in poten 
tially complex mixtures. Use of molecular inversion probes 
has been demonstrated for detection of single nucleotide 
polymorphisms (Hardenbol et al. 2005 Genome Res 15:269 
75) and for preparative amplification of large sets of exons 
(Porreca et al. 2007 Nat Methods 4:931-6, Krishnakumar et 
al. 2008 Proc Natl AcadSci USA 105:9296-301). One of the 
main benefits of the method is in its capacity for a high degree 
of multiplexing, because generally thousands of targets may 
be captured in a single reaction containing thousands of 
probes. However, challenges associated with, for example, 
amplification efficiency (See, e.g., Turner E. H. et al., Nat. 
Methods. 2009 Apr. 6:1-2.) have limited the practical utility 
of the method in research and diagnostic settings. 
0111 Aspects of the disclosure are based, in part, on the 
discovery of effective methods for overcoming challenges 
associated with systematic errors (bias) in multiplex genomic 
capture and sequencing methods, namely high variability in 
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target nucleic acid representation and unequal sampling of 
heterozygous alleles in pools of captured target nucleic acids 
(e.g., isolated from a biological sample). Accordingly, in 
Some embodiments, the disclosure provides methods that 
reduce variability in the detection of target nucleic acids in 
multiplex capture methods. In other embodiments, methods 
improve allelic representation in a capture pool and, thus, 
improve variant detection outcomes. In certain embodiments, 
the disclosure provides preparative methods for capturing 
target nucleic acids (e.g., genetic loci) that involve the use of 
different sets of multiple probes (e.g., molecular inversion 
probes MIPs) that capture overlapping regions of a target 
nucleic acid to achieve a more uniform representation of the 
target nucleic acids in a capture pool compared with methods 
of the prior art. In other embodiments, methods reduce bias, 
or the risk of bias, associated with large scale parallel capture 
of genetic loci, e.g., for diagnostic purposes. In other embodi 
ments, methods are provided for increasing reproducibility 
(e.g., by reducing the effect of polymorphisms on target 
nucleic acid capture) in the detection of a plurality of genetic 
loci in parallel. In further embodiments, methods are pro 
vided for reducing the effect of probe synthesis and/or probe 
amplification variability on the analysis of a plurality of 
genetic loci in parallel. 
0112. In some aspects, the disclosure provides probe sets 
that comprise a plurality of different probes. As used herein, 
a probe' is a nucleic acid having a central region flanked by 
a 5' region and a 3' region that are complementary to nucleic 
acids flanking the same strand of a target nucleic acid or 
Subregion thereof. An exemplary probe is a molecular inver 
sion probe (MIP). A target nucleic acid may be a genetic 
locus. Exemplary genetic loci are disclosed herein in Table 1 
(RefSeqGene Column). 
0113. While probes have been typically designed to meet 
certain constraints (e.g. melting temperature, G/C content, 
etc.) known to partially affect capture/amplification effi 
ciency (Balletal (2009) Nat Biotech 27:361-8 AND Deng et 
al (2009) Nat Biotech 27:353–60), a set of constraints which 
is Sufficient to ensure either largely uniform or highly repro 
ducible capture/amplification efficiency has not previously 
been achieved. As disclosed herein, uniformity and reproduc 
ibility can be increased by designing multiple probes per 
target, such that each base in the target is captured by more 
than one probe. In some embodiments, the disclosure pro 
vides multiple MIPs per target to be captured, where each 
MIP in a set designed for a given target nucleic acid has a 
central region and a 5' region and 3' region (targeting arms) 
which hybridize to (at least partially) different nucleic acids 
in the target nucleic acid (immediately flanking a Subregion of 
the target nucleic acid). Thus, differences in efficiency 
between different targeting arms and fill-in sequences may be 
averaged across multiple MIPs for a single target, which 
results in more uniform and reproducible capture efficiency. 
0114. In some embodiments, the methods involve design 
ing a single probe for each target (a target can be as Small as 
a single base or as large as a kilobase or more of contiguous 
sequence). 
0.115. It may be preferable, in some cases, to design probes 
to capture molecules (e.g., target nucleic acids or Subregions 
thereof) having lengths in the range of 1-200 bp (as used 
herein, a by refers to a base pair on a double-stranded nucleic 
acid—however, where lengths are indicated in bps, it should 
be appreciated that single-stranded nucleic acids having the 
same number of bases, as opposed to base pairs, in length also 
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are contemplated by the invention). However, probe design is 
not so limited. For example, probes can be designed to cap 
ture targets having lengths in the range of up to 10, 20, 30, 40, 
50, 60, 70, 80,90, 100, 200,300, 400, 500, 1000, or more bps, 
in Some cases. 
0116. It is to be appreciated that the length of a capture 
molecule (e.g., a target nucleic acid or Subregion thereof) is 
selected based upon multiple considerations. For example, 
where analysis of a target involves sequencing, e.g., with a 
next-generation sequencer, the target length should typically 
match the sequencing read-length so that shotgun library 
construction is not necessary. However, it should be appreci 
ated that captured nucleic acids may be sequenced using any 
Suitable sequencing technique as aspects of the invention are 
not limited in this respect. 
0117. It is also to be appreciated that some target nucleic 
acids are too large to be captured with one probe. Conse 
quently, it may be necessary to capture multiple Subregions of 
a target nucleic acid in order to analyze the full target. 
0118. In some embodiments, a subregion of a target 
nucleic acid is at least 1 bp. In other embodiments, a Subre 
gion of a target nucleic acid is at least 10, 20, 30, 40, 50, 60. 
70, 80,90, 100, 200,300, 400, 500, 600, 700, 800, 900, 1000 
bp or more. In other embodiments, a Subregion of a target 
nucleic acid has a length that is up to 10%, 20%, 30%, 40%, 
50%. 60%, 70%, 80%, 90%. 95%, or more percent of a target 
nucleic acid length. 
0119 The skilled artisan will also appreciate that consid 
eration is made, in the design of MIPs, for the relationship 
between probe length and target length. In some embodi 
ments, MIPs are designed such that they are several hundred 
basepairs (e.g., up to 100, 200, 300, 400, 500, 600, 700, 800, 
900, 1000 bp or more) longer than corresponding target (e.g., 
Subregion of a target nucleic acid, target nucleic acid). 
0120 In some embodiments, lengths of subregions of a 
target nucleic acid may differ. For example, if a target nucleic 
acid contains regions for which probe hybridization is not 
possible or inefficient, it may be necessary to use probes that 
capture Subregions of one or more different lengths in order to 
avoid hybridization with problematic nucleic acids and cap 
ture nucleic acids that encompass a complete target nucleic 
acid. 
0121 Aspects of the invention involve using multiple 
probes, e.g., MIPs, to amplify each target nucleic acid. In 
Some embodiments, the set of probes for a given target can be 
designed to tile across the target, capturing the target as a 
series of shorter Sub-targets. In some embodiments, where a 
set of probes for a given target is designed to tile across the 
target, some probes in the set capture flanking non-target 
sequence). Alternately, the set can be designed to stagger the 
exact positions of the hybridization regions flanking the tar 
get, capturing the full target (and in some cases capturing 
flanking non-target sequence) with multiple probes having 
different targeting arms, obviating the need for tiling. The 
particular approach chosen will depend on the nature of the 
target set. For example, if Small regions are to be captured, a 
staggered-end approach might be appropriate, whereas if 
longer regions are desired, tiling might be chosen. In all cases, 
the amount of bias-tolerance for probes targeting pathologi 
cal loci can be adjusted (dialed in) by changing the number 
of different MIPs used to capture a given molecule. 
0122. In some embodiments, the coverage factor, or 
number of probes used to capture a basepair in a molecule, is 
an important parameter to specify. Different numbers of 
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probes per target are indicated depending on whether one is 
using the tiling approach (see, e.g., FIG. 1) or one of the 
staggered approaches (see, e.g., FIG. 2 or 3). 
I0123 FIG. 1 illustrates a non-limiting embodiment of a 
tiled probe layout showing ten captured Sub-targets tiled 
across a single target. Each position in the target is covered by 
three sub-targets such that MIP performance per base pair is 
averaged across three probes. 
0.124 FIG. 2 illustrates a non-limiting embodiment of a 
staggered probe layout showing the targets captured by a set 
of three MIPs. Each MIP captures the full target, shown in 
black, plus (in Some cases) additional extra-target sequence, 
shown ingray, Such that the targeting arms of each MIPfall on 
different sequence. Each position in the target is covered by 
three sub-targets such that MIP performance per basepair is 
averaged across three probes. Targeting arms land immedi 
ately adjacent to the black or gray regions shown. It should be 
appreciated that in some embodiments, the targeting arms 
(not shown) can be designed so that they do not overlap with 
each other. 
0.125 FIG. 3 illustrates a non-limiting embodiment of an 
alternating staggered probe layout showing the targets cap 
tured by a set of three MIPs. Each MIP captures the full target, 
shown in black, plus (in some cases) additional extra-target 
sequence, shown in gray, Such that the targeting arms of each 
MIP fall on different sequence. Each position in the target is 
covered by three sub-targets such that MIP performance per 
basepair is averaged across three probes. Targeting arms land 
immediately adjacent to the black or gray regions shown. 
I0126. It should be appreciated that for any of the layouts, 
the targeting arms on adjacent tiled or staggered probes may 
be designed to either overlap, not overlap, or overlap for only 
a subset of the probes. 
I0127. In certain embodiments for any of the layouts, a 
coverage factor of about 3 to to about 10 is used. However, the 
methods are not so limited and coverage factors of up to 2, 3, 
4, 5, 6, 7, 8, 9, 10, 20 or more may be used. It is to be 
appreciated that the coverage factor selected may depend the 
probe layout being employed. For example, in the tiling 
approach, for a desired coverage factor, the number of probes 
per target is typically a function of target length, Sub-target 
length, and spacing between adjacent Sub-target start loca 
tions (step size). For example, for a desired coverage factor of 
3, a 200 bp target with a start-site separation of 20 bp and 
sub-target length of 60 bp may be encompassed with 12 MIPs 
(FIG. 1). Thus, a specific coverage factor may be achieved by 
varying the number of probes per target nucleic acid and the 
length of the molecules captured. In the staggered approach, 
a fixed-length target nucleic acid is captured as several Sub 
regions or as Super-targets, which are molecules comprising 
the target nucleic acid and additional flanking nucleic acids, 
which may be of varying lengths. For example, a target of 50 
bp can be captured at a coverage factor of 3 with 3 probes in 
either a staggered (FIG. 2) or alternating staggered con 
figuration (FIG. 3). 
I0128. The coverage factor will be driven by the extent to 
which detection bias is tolerable. In some cases, where the 
bias tolerance is Small, it may be desirable to target more 
Subregions of target nucleic acid with, perhaps, higher cov 
erage factors. In some embodiments, the coverage factor is up 
to 2, 3, 4, 5, 6, 7, 8, 9, 10 or more. 
I0129. In some embodiments, when a tiled probe layout is 
used, when the target length is greater than 1 bp and when a 
step size (distance between the 5'-end of a target and the 5' end 



US 2012/01 65202 A1 

of its adjacent target) is less than the length of a target or 
subregion thereof, it is possible to compute probe number for 
a particular target based on target length (T), Sub-target length 
(S), and coverage factor (C), such that probe number-T/(S/ 
C)+(C-1). 
0130. In some aspects, the disclosure provides methods to 
increase the uniformity of amplification efficiency when mul 
tiple molecules are amplified in parallel; methods to increase 
the reproducibility of amplification efficiency; methods to 
reduce the contribution of targeting probe variability to 
amplification efficiency; methods to reduce the effect on a 
given target nucleic acid of polymorphisms in probe hybrid 
ization regions; and/or methods to simplify downstream 
workflows when multiplex amplification by MIPs is used as a 
preparative step for analysis by nucleic acid sequencing. 
0131 Polymorphisms in the target nucleic acid under the 
regions flanking a target can interfere with hybridization, 
polymerase fill-in, and/or ligation. Furthermore, this may 
occur for only one allele, resulting in allelic drop-out, which 
ultimately decreases downstream sequencing accuracy. In 
Some embodiments, using a set of MIPs having multiple 
hybridization sites for the capture of any given target, the 
probability of loss from polymorphism is substantially 
decreased because not all targeting arms in the set of MIPs 
will cover the location of the mutation. 
0132) Probes for MIP capture reactions may be synthe 
sized on programmable microarrays because of the large 
number of sequences required. Because of the low synthesis 
yields of these methods, a subsequent amplification step is 
required to produce sufficient probe for the MIPamplification 
reaction. The combination of multiplex oligonucleotide Syn 
thesis and pooled amplification results in uneven synthesis 
error rates and representational biases. By synthesizing mul 
tiple probes for each target, variation from these sources may 
be averaged out because not all probes for a given target will 
have the same error rates and biases. 
0133) Multiplex amplification strategies disclosed herein 
may be used analytically, as in detection of SNPs, or prepara 
tively, often for next-generation sequencing or other sequenc 
ing techniques. In the preparative setting, the output of an 
amplification reaction is generally the input to a shotgun 
library protocol, which then becomes the input to the 
sequencing platform. The shotgun library is necessary in part 
because next-generation sequencing yields reads signifi 
cantly shorter than amplicons such as exons. In addition to the 
bias-reduction afforded by the multi-tiled approach described 
here, tiling also obviates the need for shotgun library prepa 
ration. Since the length of the capture molecule can be speci 
fied when the probes, e.g., MIPs, are designed, it can be 
chosen to match the readlength of the sequencer. In this way, 
reads can walk across an exon by virtue of the start position 
of each capture molecule in the probe set for that exon. 
0134 2. Reducing Analytical Errors Associated with Bias 
in Nucleic Acid Preparations: 
0135) In some embodiments, aspects of the invention 
relate to preparative steps in DNA sequencing-related tech 
nologies that reduce bias and increase the reliability and 
accuracy of downstream quantitative applications. 
0136. There are currently many genomics assays that uti 
lize next-generation (polony-based) sequencing to generate 
data, including genome resequencing, RNA-Seq for gene 
expression, bisulphite sequencing for methylation, and 
Immune-Seq, among others. In order to make quantitative 
measurements (including genotype calling), these methods 
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utilize the counts of sequencing reads of a given genomic 
locus as a proxy for the representation of that sequence in the 
original sample of nucleic acids. The majority of these tech 
niques require a preparative step to construct a high-complex 
ity library of DNA molecules that is representative of a 
sample of interest. This may include chemical or biochemical 
treatment of the DNA (e.g., bisulphite treatment), capture of 
a specific Subset of the genome (e.g., padlock probe capture, 
Solution hybridization), and a variety of amplification tech 
niques (e.g., polymerase chain reaction, whole genome 
amplification, rolling circle amplification). 
0.137 Systematic and random errors are common prob 
lems associated with genome amplification and sequencing 
library construction techniques. For example, genomic 
sequencing library may contain an over- or under-represen 
tation of particular sequences from a source genome as a 
result of errors (bias) in the library construction process. Such 
bias can be particularly problematic when it results in target 
sequences from a genome being absent or undetectable in the 
sequencing libraries. For example, an under-representation of 
particular allelic sequences (e.g., heterozygotic alleles) from 
a genome in a sequencing library can result in an apparent 
homozygous representation in a sequencing library. As most 
downstream sequencing library quantification techniques 
depend on stochastic counting processes, these problems 
have typically been addressed by sampling enough (over 
sampling) to obtain a minimum number of observations nec 
essary to make statistically significant decisions. However, 
the strategy of oversampling is generally limited to elimina 
tion of low-count Poisson noise, and the approach wastes 
resources and increases the expense required to perform Such 
experiments. Moreover, oversampling can result in a reduced 
statistical confidence in certain conclusions (e.g., diagnostic 
calls) based on the data. Accordingly, new approaches are 
needed for overcoming bias in sequencing library preparatory 
methods. 

0.138 Aspects of the disclosure are based, in part, on the 
discovery of methods for overcoming problems associated 
with systematic and random errors (bias) in genome capture, 
amplification and sequencing methods, namely high variabil 
ity in the capture and amplification of nucleic acids and dis 
proportionate representation of heterozygous alleles in 
sequencing libraries. Accordingly, in Some embodiments, the 
disclosure provides methods that reduce variability in the 
capture and amplification of nucleic acids. In other embodi 
ments, the methods improve allelic representation in 
sequencing libraries and, thus, improve variant detection out 
comes. In certain embodiments, the disclosure provides pre 
parative methods for capturing target nucleic acids (e.g., 
genetic loci) that involve the use of differentiator tag 
sequences to uniquely tag individual nucleic acid molecules. 
In some embodiments, the differentiator tag sequence permits 
the detection of bias based on the frequency with which pairs 
of differentiator tag and target sequences are observed in a 
sequencing reaction. In other embodiments, the methods 
reduce errors caused by bias, or the risk of bias, associated 
with the capture, amplification and sequencing of genetic 
loci, e.g., for diagnostic purposes. 
0.139. Aspects of the invention relate to associating unique 
sequence tags (referred to as differentiator tag sequences) 
with individual target molecules that are independently cap 
tured and/or analyzed (e.g., prior to amplification or other 
process that may introduce bias). These tags are useful to 
distinguish independent target molecules from each other 
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thereby allowing an analysis to be based on a known number 
of individual target molecules. For example, if each of a 
plurality of target molecule sequences obtained in an assay is 
associated with a different differentiator tag, then the target 
sequences can be considered to be independent of each other 
and a genotype likelihood can be determined based on this 
information. In contrast, if each of the plurality of target 
molecule sequences obtained in the assay is associated with 
the same differentiator tag, then they probably all originated 
from the same target molecule due to over-representation 
(e.g., due to biased amplification) of this target molecule in 
the assay. This provides less information than the situation 
where each nucleic acid was associated with a different dif 
ferentiator tag. In some embodiments, a threshold number of 
independently isolated molecules (e.g., unique combinations 
of differentiator tag and target sequences) is analyzed to 
determine the genotype of a subject. 
0140. In some embodiments, the invention relates to com 
positions comprising pools (libraries) of preparative nucleic 
acids that each comprise "differentiator tag sequences' for 
detecting and reducing the effects of bias, and for genotyping 
target nucleic acid sequences. As used herein, a “differentia 
tortag sequence' is a sequence of a nucleic acid (a preparative 
nucleic acid), which in the context of a plurality of different 
isolated nucleic acids, identifies a unique, independently iso 
lated nucleic acid. Typically, differentiator tag sequences are 
used to identify the origin of a target nucleic acid at one or 
more stages of a nucleic acid preparative method. For 
example, in the context of a multiplex nucleic acid capture 
reaction, differentiator tag sequences provide a basis for dif 
ferentiating between multiple independent, target nucleic 
acid capture events. Also, in the context of a multiplex nucleic 
acid amplification reaction, differentiator tag sequences pro 
vide a basis for differentiating between multiple independent, 
primary amplicons of a target nucleic acid, for example. Thus, 
combinations of target nucleic acid and differentiator tag 
sequence (target:differentiator tag sequences) of an isolated 
nucleic acid of a preparative method provide a basis for iden 
tifying unique, independently isolated target nucleic acids. 
FIG. 4A-C depict various non-limiting examples of methods 
for combining differentiator tag sequence and target 
Sequences. 

0141. It will be apparent to the skilled artisan that differ 
entiator tags may be synthesized using any one of a number of 
different methods known in the art. For example, differentia 
tor tags may be synthesized by random nucleotide addition. 
Differentiator tag sequences are typically of a predefined 
length, which is selected to control the likelihood of produc 
ing unique target:differentiator tag sequences in a preparative 
reaction (e.g., amplification-based reaction, a circularization 
selection-based reaction, e.g., a MIP reaction). Differentiator 
tag sequences may be, up to 5, up to 6, up to 7 up to 8, up to 
9, up to 10, up to 11, up to 12, up to 13, up to 14, up to 15, up 
to 16, up to 17, up to 18, up to 19, up to 20, up to 21, up to 22, 
up to 23, up to 24, up to 25, or more nucleotides in length. For 
purposes of genotyping, isolated nucleic acids are identified 
as independently isolated if they comprise unique combina 
tions of target nucleic acid and differentiator tag sequences, 
and observance of threshold numbers of unique combinations 
of target nucleic acid and differentiator tag sequences provide 
a certain statistical confidence in the genotype. 
0142. During a library preparation process, each nucleic 
acid molecule may be tagged with a unique differentiator tag 
sequence in a configuration that permits the differentiator tag 
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sequence to be sequenced along with the target nucleic acid 
sequence of interest (the nucleic acid sequence for which the 
library is being prepared, e.g., a polymorphic sequence). The 
incorporation of the nucleic acid comprising a differentiator 
tag sequence at a particular step allows the detection and 
correction of biases in Subsequent steps of the protocol. 
0.143 A large library of unique differentiator tag 
sequences may be created by using degenerate, random-se 
quence polynucleotides of defined length. The differentiator 
tag sequences of the polynucleotides may be read at the final 
stage of the sequencing. The observations of the differentiator 
tag sequences may be used to detect and correct biases in the 
final sequencing read-out of the library. For example, the total 
possible number of differentiator tag sequences, which may 
be produced, e.g., randomly, is 4', where N is the length of the 
differentiator tag sequence. Thus, it is to be understood that 
the length of the differentiator tag sequence may be adjusted 
such that the size of the population of MIPs having unique 
differentiator tag sequences is Sufficient to produce a library 
of MIP capture products in which identical independent com 
binations of target nucleic acid and differentiator tag 
sequence are rare. As used herein combinations of target 
nucleic acid and differentiator tag sequences, may also be 
referred to as “target:differentiator tag sequences'. 
0144. In the final readout of a sequencing process, each 
read may have an additional unique differentiator tag 
sequence. In some embodiments, when differentiator tag 
sequences are distributed randomly in a library, all the unique 
differentiator tag sequences will be observed about an equal 
number of times. Accordingly, the number of occurrences of 
a differentiator tag sequence may follow a Poisson distribu 
tion. 
0145. In some embodiments, overrepresentation of target: 
differentiator tag sequences in a pool of preparative nucleic 
acids (e.g., amplified MIP capture products) is indicative of 
bias in the preparative process (e.g., bias in the amplification 
process). For example, target:differentiator tag sequence 
combinations that are statistically overrepresented are indica 
tive of bias in the protocol at one or more steps between the 
incorporation of the differentiator tag sequences into MIPs 
and the actual sequencing of the MIP capture products. 
0146 The number of reads of a given target:differentiator 
tag sequence may be indicative (may serve as a proxy) of the 
amount of that target sequence present in the originating 
sample. In some embodiments, the numbers of occurrence of 
sequences in the originating sample is the quantity of interest. 
For example, using the methods disclosed herein, the occur 
rence of differentiator tag sequences in a pool of MIPs may be 
predetermined (e.g., may be the same for all differentiator tag 
sequences). Accordingly, changes in the occurrence of differ 
entiator tag sequences after amplification and sequencing 
may be indicative of bias in the protocol. Bias may be cor 
rected to provide an accurate representation of the composi 
tion of the original MIP pool, e.g., for diagnostic purposes. 
0147 According to some aspects, a library of preparative 
nucleic acid molecules (e.g., MIPs, each nucleic acid in the 
library having a unique differentiator tag sequence, may be 
constructed Such that the number of nucleic acid molecules in 
the library is significantly larger than the number prospective 
target nucleic acid molecules to be captured using the library. 
This ensures that products of the preparative methods include 
only unique target:differentiator tag sequence; e.g., in a MIP 
reaction the capture step would undersample the total popu 
lation of unique differentiator tag sequences in the MIP 
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library. For example, an experiment utilizing lug of genomic 
DNA will contain about ~150,000 copies of a diploid 
genome. For a MIP library, each MIP in the library compris 
ing a randomly produced 12-mer differentiator tag sequence 
(~1.6 million possible unique differentiator tag sequences), 
there would be more than 100 unique differentiator tag 
sequences per genomic copy. For a MIP library, each MIP in 
the library comprising a randomly produced 15-mer differ 
entiator tag sequence (~1 billion possible unique differentia 
tor tag sequences), there would be more than 7000 unique 
differentiator tag sequences per genomic copy. Therefore, the 
probability of the same differentiator tag sequence being 
incorporated multiple times is incredibly small. Thus, it is to 
be appreciated that the length of the differentiator tag 
sequence is to be selected based on the amount of target 
sequence in a MIP capture reaction and the desired probabil 
ity for having multiple, independent occurrences of target: 
differentiator tag sequence combinations. 
0148 FIG. 5 depicts a non-limiting method for genotyp 
ing based on target and differentiator tag sequences. Sequenc 
ing reads of target and differentiator tags sequences are col 
lapsed to make diploid genotype calls. FIG. 6 depicts non 
limiting results of a simulation of a MIP capture reaction in 
which MIP probes, each having a differentiator tag sequence 
of 15 nucleotides, are combined with 10000 target sequence 
copies (e.g., genome equivalents). In this simulated reaction, 
the probability of capturing one or more copies of a target 
sequence having the same differentiator tag sequence is 0.05. 
The Y axis reflects the number of observations. The X axis 
reflects the number of independent occurrences of target: 
differentiator tag combinations. FIG.7 depicts a non-limiting 
graph of sequencing coverage, which can help ensure that 
alleles are sampled to sufficient depth (e.g., either 10x or 20x 
minimum sampling per allele, assuming 1000 targets). In this 
non-limiting example, the X axis is total per-target coverage 
required, and the Y axis is the probability that a given total 
coverage will result in at least 10x or 20x coverage for each 
allele. 

014.9 The skilled artisan will appreciate that as part of a 
MIP library preparation process, adapters may be ligated onto 
the ends of the molecules of interest. Adapters often contain 
PCR primer sites (for amplification or emulsion PCR) and/or 
sequencing primer sites. In addition, barcodes may be 
included, for example, to uniquely identify individual 
samples (e.g., patient samples) that may be mixed together. 
(See, e.g., USPTOPublication Number US 2007/0020640A1 
(McCloskey et al.) 
0150. The actual incorporation of the random differentia 
tortag sequences can be performed through various methods 
known in the art. For example, nucleic acids comprising 
differentiator tag sequences may be incorporated by ligation. 
This is a flexible method, because molecules having differ 
entiator tag sequence can be ligated to any blunt-ended 
nucleic acids. The sequencing primers must be incorporated 
subsequently such that they sequence both the differentiator 
tag sequence and the target sequence. Alternatively, the 
sequencing adaptors can be synthesized with the random 
differentiator tag sequences at their 3' end (as degenerate 
bases), so that only one ligation must be performed. Another 
method is to incorporate the differentiator tag sequence into a 
PCR primer, such that the primer structure is arranged with 
the common adaptor sequence followed by the random dif 
ferentiator tag sequence followed by the PCR priming 
sequence (in 5' to 3' order). A differentiator tag sequence and 
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adaptor sequence (which may contain the sequencing primer 
site) are incorporated as tags. Another method to incorporate 
the differentiator tag sequences is to synthesize them into a 
padlock probe prior to performing a gene capture reaction. 
The differentiator tag sequence is incorporated 3' to the tar 
geting arm but 5' to the amplification primer that will be used 
downstream in the protocol. Another method to incorporate 
the differentiator tag sequences is as a tag on a gene-specific 
or poly-dT reverse-transcription primer. This allows the dif 
ferentiator tag sequence to be incorporated directly at the 
cDNA level. 

0151. In some embodiments, at the incorporation step, the 
distribution of differentiator tag sequences can be assumed to 
be uniform. In this case, bias in any part of the protocol would 
change the uniformity of this distribution, which can be 
observed after sequencing. This allows the differentiator tag 
sequence to be used in any preparative process where the 
ultimate output is sequencing of many molecules in parallel. 
0152. Differentiator tag sequences may be incorporated 
into probes (e.g., MIPs) of a plurality when they are synthe 
sized on-chip in parallel. Such that degeneracy of the incor 
porated nucleotides is Sufficient to ensure near-uniform dis 
tribution in the plurality of probes. It is to be appreciated that 
amplification of a pool of unique differentiator tag sequences 
may itself introduce bias in the initial pool. However, in most 
practical cases, the scale of synthesis (e.g., by column syn 
thesis, chip based synthesis, etc.) is large enough that ampli 
fication of an initial pool of differentiator tag sequences is not 
necessary. By avoiding amplification or selection steps on the 
pool of unique differentiator tag sequences, potential bias 
may be minimized. 
0153. One example of the use of the differentiator tag 
sequences is in genome re-sequencing. Considering that the 
raw accuracy of most next-generation sequencing instru 
ments is relatively low, it is crucial to oversample the genomic 
loci of interest. Furthermore, since there are two alleles at 
every locus, it is important to sample enough to ensure that 
both alleles have been observed a sufficient number of times 
to determine with a sufficient degree of statistical confidence 
whether the sample is homozygous or heterozygous. Indeed, 
the sequencing is performed to sample the composition of 
molecules in the originating sample. However, after multiple 
reads have been collected for a given locus, it is possible that 
due to bias (e.g., caused by PCR amplification steps), a large 
fraction of the reads are derived from a single originating 
molecule. This would skew the population of target 
sequences observed, and would affect the outcome of the 
genotype call. For example, it is possible that a locus that is 
heterozygous is called as homozygous, because there are only 
a few observations of the second allele out of many observa 
tions of that locus. However, if information is available on 
differentiator tag sequences, this situation could be averted, 
because the over-represented allele would be seen to also 
have an over-represented differentiator tag sequence (i.e., the 
sequences with the overrepresented differentiator tag 
sequence all originated from the same single molecule). 
Therefore, the sequences and corresponding distribution of 
differentiator tag sequences can be used as an additional input 
to the genotype-calling algorithm to significantly improve the 
accuracy and confidence of the genotype calls. 
0154) In some aspects, the disclosure provides methods 
for analyzing a plurality of to target sequences which are 
genetic loci or portions of genetic loci (e.g., a genetic locus of 
Table 1). The genetic loci may be analyzed by sequencing to 
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obtain a genotype at one or more polymorphisms (e.g., 
SNPs). Exemplary polymorphisms are disclosed in Table 2. 
The skilled artisan will appreciate that other polymorphisms 
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are known in the art and may be identified, for example, by 
querying the Entrez Single Nucleotide Polymorphism data 
base, for example, by searching with a GeneID from Table 1. 

Target Nucleic Acids 

Gene 
l8le 

CYP21A2 

ABCC8 

ATRX 

ARSA 

PSAP 

BTD 
HLCS 

BLM 

ASPA 

CFTR 

ASS1 

MMACHC 

IKBKAP 

FANCC 

GALK1 
GALT 

GALE 

GBA 

GCDH 

Gene 
ID 

1589 

6833 

S46 

410 

S660 

686 
3141 

641 

443 

1080 

445 

25974 

85.18 

2176 

2S84 
2592 

2629 

2639 

2.538 

Description 

cytochrome P450, 
family 21, Subfamily A, 
polypeptide 2 

ATP-binding cassette, 
Sub-family C 
(CFTR/MRP), 
member 8 
alpha 
halassemiamental 

retardation syndrome 
X-linked (RAD54 
homolog, S. cerevisiae) 
arylsulfatase A 

Prosaposin 

Biotinidase 
holocarboxylase 
synthetase (biotin 
(proprionyl-Coenzyme 
A-carboxylase (ATP 
hydrolysing)) ligase) 
Bloom syndrome, 
RecQ helicase-like 

aspartoacylase 
(Canavan disease) 
cystic fibrosis 
transmembrane 
conductance regulator 
(ATP-binding cassette 
Sub-family C, 
member 7) 
argininosuccinate 
synthetase 1 
methylmalonic aciduria 
(cobalamin deficiency) 
cb1C type, with 
homocystinuria 
inhibitor of kappa light 
polypeptide gene 
enhancer in B-cells, 
kinase complex 
associated protein 
Fanconi anemia, 
complementation 
group C 
galactokinase 1 
galactose-1-phosphate 
uridylyltransferase 
UDP-galactose-4- 
epimcrase 
glucosidase, beta; acid 
(includes 
glucosylceramidase) 
gap junction protein, 
beta 2, 26 kDa 

glutaryl-Cocnzyme A 
dehydrogenase 
glucose-6-phosphatase, 
catalytic Subunit 

Gene aliases 

GLBA; SAP1; FLJOO245; 
MGC110993; PSAP 
BTD 
HCS; HLCS 

BS; RECQ2; RECQL2: 
RECQL3: MGC126616: 
MGC131618; 
MGC131620; BLM 
ASP:ACY2: ASPA 

ASS: CTLN1; ASS1 

FA3; FAC; FACC: 
FLJ14675; FANCC 

GK1; GALK; GALK1 
GALT 

OMIM 

2O1910 

600509 

6O7574. 

1768O1 

609019 
609018 

60461 O 

6.03470 

609831 

603722 

227645 

6O4313 
606999 

606953 

6.06463 

121011 

2322OO 

RefSeqGene 

NG 008337.1 

NG OO8867.1 

NG OO8838.1 

NG OO9260.1 

NG OO8835.1 

NG O08019.1 
NC OOOO21.7 

NG OO7272.1 

NG OO8399.1 

NC OOOOO7.12 

NG 011542.1 

NC OOOOO1.9 

NG OO8788.1 

NG O11707. 

NG O08079. 
NC OOOOO9.10 

NG OO7068. 

NG OO9783. 

NG O08358. 

NG OO9292. 

NG 011808. 

Chromosome 
map position 

6p21.3 

11p 15.1 

Xq13.1- 
q21.1 

22q13.31 
qter; 
22q13.33 
10q21 
q22 
3p25 
21q22.1; 
21q22.13 

15q26.1 

17pter-P13 

1p34.1 

9p 13.2 
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TABLE 1-continued 

20 

Target Nucleic Acids 

Jun. 28, 2012 

Gene Gene 
l8le ID Description Gene aliases 

PXMP3 5828 peroxisomal membrane PAF1; PEX2: PMP3; 
protein 3, 35 kDa PAF-1 PMP35; RNF72; 

PXMP3 
PEX6 5190 peroxisomal biogenesis PAF2: PAF-2: PXAAA1; 

actor 6 PEX6 
PEX10 5192 peroxisomal biogenesis NALD; RNF69; 

actor 10 MGC1998; PEX10 
PEX12 5.193 peroxisomal biogenesis PAF-3: PEX12 

actor 12 
PEX5 5830 peroxisomal biogenesis PXR1; PTS1R; PTS1-BP: 

actor 5 FLJ50634; FLJ50721; 
FLJS1948; PEX5 

PEX26 55670 peroxisomal biogenesis FLJ20695; PEX26M1T: 
actor 26 Pex26pM1T: PEX26 

O155 The mutations listed in Table 2 are documented 
polymorphisms in several disease-associated genes (CFTR is 
mutated in cystic fibrosis, GBA is mutated in Gaucher dis 
ease, ASPA is mutated in Canavan disease, HEXA is mutated 
in Tay Sachs disease). The polymorphisms are of several 
types: insertion/deletion polymorphisms which will cause 

Chromosome 
OMIM RefSeqGene map position 

170993 NG 008371.1 8q21.1 

601498 NG 008370.1 6p21.1 

602859 NG 008342.1 1p36.32 

601758 NG O08447.1 17q12 

600414 NG O08448.1 12p13.31 

608666 NG 008339.1 22q11.21 

frameshifts (and thus generally interrupt protein function) 
unless the insertion/deletion length is a multiple of 3 bp, and 
Substitutions which can alter the amino acid sequence of the 
protein and in Some cases cause complete inactivation by 
introduction of a stop codon. 

TABLE 2 

Non-limiting examples of polymorphisms 

Gene SEQ ID 
ale GeneDSNP ID Mutation NO : 

CFTR O8 O rs635OO 661 TCACAT CACCAAGTTAAAAAAAAAAAAAGG 1. 
GGGCGGGGGGGCAGAATGAAAATT 

CFTR O8 O rs631 O776 O AAACAAGGATGAATTAAGTTTTTTTT-AT 2 
AAAAAAGAAACATTTGGTAAGGGGA 

CFTR O8 O rs624 69443 ATCACCAAGTTAAAAAAAAAAAAGGGA/GC 3 
GGGGGGGCAGAATGAAAATTGCAT 

CFTR O8 O rs624 69.442 CTATTGAACCAGAACCAAACAGGAATAAGIC 4. 
CATAGCATTTTGTAAACTAAACTG 

CFTR O8 O rs624 694.41 CAGGAGTTCAAGACCAGCCTACTAAAAACC 5 
ACACACACACACACACACACACAC 

CFTR O8 O rs624 69439 GATTAAATAATAGTGTTTATGTACCCC/GGC 6 
TTATAGGAGAAGAGGGTGTGTGT 

CFTR O8 O rs624 69438 ATTGTTATCTTTTCATATAAGGTAACA/TGA 7 
GGCCCAGAGAGATTAAATAACAT 

CFTR O8 O rs624 69.437 TAATTTTAATTAAGTAAATTTAATTGA/GTA 8 
GATAAATAAG TAGATAAAAAATA 

CFTR O8 O rs624 69436 GTATAAAAAAAAAAAAAAAAAAAGTTA/TG 9 
AATGTTTTCTTGCATTCAGAGCCT 

CFTR O8 O rs624 69435 ATACTAAAAATTTAAAGTTCTCTTGCA/GAT 1O 
ATATTTTCTTAATATCTTACATC 

CFTR O8 O rs624 69.434 TGCTGGGATTACAGGCGTGAGCCACCA/GC 11 
GCCTGGCCTGATGGGACATATTTT 

CFTR O8 O rs62469 433 CTACAATATAAGTATAGTATTGCAAAA/CCC 12 
ATCAGGAAGGGTGTTAACTATTT 
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TABLE 2 - continued 
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Non-limiting examples of polymorphisms 

Gene 
ale GeneDSNP ID Mutation 

HEXA 3 O 73 rs34O93438 GGACCCCTGAAAGGCACAAGACACCC-AT 
TTCAGGTTCACACTTCCTGAAAGCT 

HEXA 3 O 73 rs34 O85965 CCACCAATCACCAGAGCCTTCTGCTCA/G 
GGTACCTGAGGGAAAACAAGCAA 

HEXA 3 O 73 rs34 OO 49 O7 AAAGACTGAAAAAACATTCATAACTA-AT 
TTTTCTTGTTATCCTCGGAAATGTC 

HEXA 3 O 73 rs28942O72 TATCTTCATCTTGGAGGAGATGAGGTC/T 
TTTCACCTGCTGGAAGTCCAACC 

HEXA 3073 rs28942O71 TTGCCTATGAACGTTTGTCACACTTCC/T 
GTGAGTTGCTGAGGCGAGGTGT 

HEXA 3073 rs2894.1771 GCTTGCTGTTGGATACATCTCGCCATIC/T 
CTGCCACTCTCTAGCATCCTGGA 

HEXA 3073 rs2894.1770 CCGGGGCTTGCTGTTGGATACATCTCG/T 
ATTACCTGCCACTCTCTAGCATC 

0156 3. Nucleic Acid Target Length Evaluation: 
0157. In some embodiments, aspects of the invention 
relate to methods for detecting nucleic acid deletions or inser 
tions in regions containing nucleic acid sequence repeats. 
0158 Genomic regions that contain nucleic acid sequence 
repeats are often the site of genetic instability due to the 
amplification or contraction of the number of sequence 
repeats (e.g., the insertion or deletion of one or more units of 
the repeated sequence). Instability in the length of genomic 
regions that contain high numbers of repeat sequences has 
been associated with a number of hereditary and non heredi 
tary diseases and conditions. 
0159 For example, “Fragile X syndrome, or Martin-Bell 
syndrome, is a genetic syndrome which results in a spectrum 
of characteristic physical, intellectual, emotional and behav 
ioral features which range from severe to mild in manifesta 
tion. The syndrome is associated with the expansion of a 
single trinucleotide gene sequence (CGG) on the X chromo 
some, and results in a failure to express the FMR-1 protein 
which is required for normal neural development. There are 
four generally accepted forms of Fragile X syndrome which 
relate to the length of the repeated CGG sequence: Normal 
(29-31 CGG repeats), Premutation (55-200 CGG repeats), 
Full Mutation (more than 200 CGG repeats), and Intermedi 
ate or Gray Zone Alleles (40-60 repeats).” 
0160 Other examples include cancer, which has been 
associated with microsatellite instability (MSI) involving an 
increase or decrease in the genomic copy number of nucleic 
acid repeats at one or more microsatellite loci (e.g., BAT-25 
and/or BAT-26). The are currently many sequencing-based 
assays for determining the number of nucleic acid sequence 
repeats at a particular locus and identifying the presence of 
nucleic acid insertions or deletions. However, Such tech 
niques are not useful in a high throughput multiplex analysis 
where the entire length of a region may not be sequenced. 
0161 In contrast, in some embodiments, aspects of the 
invention relate to detecting the presence of an insertion or 
deletion at a genomic locus without requiring the locus to be 
sequenced (or without requiring the entire locus to be 

SEO ID 
NO : 

74 

GG 7s 

76 

GA 77 

GCT 78 

AC 79 

CC 8O 

sequenced). Aspects of the invention are particularly useful 
for detecting an insertion or deletion in a nucleic acid region 
that contains high levels of sequence repeats. The presence of 
sequence repeats at a genetic locus is often associated with 
relatively high levels of polymorphism in a population due to 
insertions or deletions of one or more of the sequence repeats 
at the locus. The polymorphisms can be associated with dis 
eases or predisposition to diseases (e.g., certain polymorphic 
alleles are recessive alleles associated with a disease or con 
dition). However, the presence of sequence repeats often 
complicates the analysis of a genetic locus and increases the 
risk of errors when using sequencing techniques to determine 
the precise sequence and number of repeats at that locus. 
0162. In some embodiments, aspects of the invention 
relate to determining the size of a genetic locus by evaluating 
the capture frequency of a portion of that locus Suspected of 
containing an insertion or deletion (e.g., due to the presence 
of sequence repeats) using a nucleic acid capture technique 
(e.g., a nucleic acid sequence capture technique based on 
molecular inversion probe technology). According to aspects 
of the invention, a statistically significant difference in cap 
ture efficiency for a genetic locus of interest in different 
biological samples (e.g., from different Subjects) is indicative 
of different relative lengths in those samples. It should be 
appreciated that the length differences may be at one or both 
alleles of the genetic locus. Accordingly, aspects of the inven 
tion may be used to identify polymorphisms regardless of 
whether biological samples being interrogated at heterozy 
gous or homozygous for the polymorphisms. According to 
aspects of the invention, Subjects that contain one or more loci 
with an insertion or deletion can be identified by analyzing 
capture efficiencies for nucleic acids obtained from one or 
more biological samples using appropriate controls (e.g., 
capture efficiencies for known nucleic acid sizes, capture 
efficiencies for other regions that are not suspected of con 
taining an insertion or deletion in the biological sample(s), or 
predetermined reference capture efficiencies, or any combi 
nation thereof. However, it should be appreciated that aspects 
of the invention are not limited by the nature or presence of 
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the control. In some embodiments, if a statistically significant 
variation in capture efficiency is detected, a subject may be 
identified as being at risk for a disease or condition associated 
with insertions or deletions at that genetic locus. In some 
embodiments, the Subject may be analyzed in greater detail in 
order to determine the precise nature of the insertion or dele 
tion and whether the Subject is heterozygous or homozygous 
for one or more insertions or deletions. For example, gel 
electrophoresis of an amplification (e.g., PCR) product of the 
locus, or Southern blotting, or any combination thereof can be 
used as an orthogonal approach to verify the length of the 
locus. In some embodiments, a more exhaustive and detailed 
sequence analysis of the locus can be performed to identify 
the number and types of insertions and deletions. However, 
other techniques may be used to further analyze a locus iden 
tified as having an abnormal length according to aspects of the 
invention. 
0163 Accordingly, aspects of the invention relate to 
detecting abnormal nucleic acid lengths in genomic regions 
of interest. In some embodiments, the invention aims to esti 
mate the size of genomic regions that are hard to be accessed, 
such as repetitive elements. However, it should be appreciated 
that methods of the invention do not require that the precise 
length be estimated. In some embodiments, it is sufficient to 
determine that one or more alleles with abnormal lengths are 
present at a locus of interest (e.g., based on the detection of 
abnormal capture efficiencies). 
0164. In a non-limiting example, fragile X can be used to 
illustrate aspects of the invention where the size of trinucle 
otide repeats (genotype) is linked to a symptom (phenotype). 
However, it should be appreciated that fragile X is a non 
limiting example and similar analyses may be performed for 
other genetic loci (e.g., independently or simultaneously in 
multiplex analyses). 
0.165. Use of molecular inversion probes (MIPs) has been 
demonstrated for detection of single nucleotide polymor 
phisms (Hardenbol et al. 2005 Genome Res 15:269-75) and 
for preparative amplification of large sets of exons (Porreca et 
al. 2007 Nat Methods 4:931-6, Krishnakumaretal. 2008 Proc 
Natl AcadSci USA 105:9296-301). In both cases, oligonucle 
otide probes are designed which have ends (targeting arms) 
that hybridize up-stream and down-stream of the locus that is 
to be amplified. In some embodiments, aspects of the inven 
tion are based on the recognition that the effect of length on 
probe capturing efficiency can be used in the context of an 
assay (e.g., a high throughput and/or multiplex assay) to allow 
the length of sequences to be determined without requiring 
sequencing of the entire region being evaluated. This is par 
ticularly useful for repeat regions that are prone to changes in 
size. As illustrated in FIG. 8, which is reproduced from Deng 
et al., Nature Biotech. 27:353-60, (see Supplemental FIG. 1G 
of Deng et al...) illustrates that shorter sequences are captured 
with higher efficiency that longer sequences using MIPs. The 
statistical package Rand its effects module were used for this 
analysis. A linear model was used, and each individual factor 
was assumed to be independent. The dashed lines represent a 
95% confidence interval. Shorter target sequences were cap 
tured with higher efficiency than long target sequences (p<2x 
10'). However, the use of this differential capture efficiency 
for systematic sequence length analysis was not previously 
recognized. 
0166 In some embodiments, following probe hybridiza 

tion, polymerase fill-in and ligation reactions are performed 
to convert the hybridized probe to a covalently-closed, circu 
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lar molecule containing the desired target. PCR or rolling 
circle amplification plus exonuclease digestion of non-circu 
larized material is performed to isolate and amplify the cir 
cular targets from the starting nucleic acid pool. Since one of 
the main benefits of the method is the potential for a high 
degree of multiplexing, generally thousands of targets are 
captured in a single reaction containing thousands of probes. 
0.167 According to aspects of the invention, repetitive 
regions are surrounded by non-repetitive unique sequences, 
which can be used to amplify the repeat-containing regions 
using, for example, PCR or padlock (MIP)-based method. 
0.168. In addition to the repetitive regions, a probe (e.g., a 
MIP or padlock probe) can be designed to include at least a 
sequence that is Sufficient to be uniquely identified in the 
genome (or target pool). After the probe is circularized and 
amplified, the amplicon can be end-sequenced so that the 
unique sequence can be identified and served as the “repre 
sentative' of the repetitive region as illustrated in FIG.9. FIG. 
9 illustrates a non-limiting scheme of padlock (MIP) capture 
of a region that includes both repetitive regions (thick wavy 
line) and the adjacent unique sequence (thick strait line). The 
regions of the probe are indicated with the targeting arms 
shown as regions “1” and '3. An intervening region that may 
be, or include, a sequencing primer binding site is shown as 
“2. After the padlock is circularized and amplified, it can be 
end-sequenced to obtain the sequence of the unique sequence, 
which represents the repetitive region of interest. Although 
capturing efficiency is overall negatively correlated with tar 
get length, different probe sequences may have unique fea 
tures. Therefore, multiple probes could be designed and 
tested so that an optimal one is chosen to be sensitive enough 
to differentiate repetitive sizes of roughly 0-150 bp, 150-600 
bp, and beyond, which represent normal, premutation and full 
mutation of fragile X syndrome, respectively. However, it 
should be appreciated that other probe sizes and sequences 
can be designed, and optionally optimized, to distinguish a 
range of repeat region size differences (e.g., length differ 
ences of about 3-30 bases, about 30-60 bases, about 60-90 
bases, about 90-120 bases, about 120-150 bases, about 150 
300 bases, about 300-600 bases, about 600-900 bases, or any 
intermediate or longer length difference). It should be appre 
ciated that a length difference may be an increase in size or a 
decrease in size. 

(0169. In some embodiments, an initial determination of an 
unexpected capture frequency is indicative of the presence of 
size difference. In some embodiments, an increase in capture 
frequency is indicative of a deletion. In some embodiments, a 
decrease in capture frequency is indicative of an insertion. 
However, it should be appreciated that depending on specific 
sequence parameters and the relative sizes of the capture 
probes, the target region, and the deletions or insertions, a 
change in capture frequency can be associated with either an 
increase or decrease in target region length. In some embodi 
ments, the precise nature of the change can be determined 
using one or more additional techniques as described herein. 
0170 Accordingly, in some aspects a MIP probe includes 
a linear nucleic acid strand that contains two hybridization 
sequences or targeting arms, one at each end of the linear 
probe, wherein each of the hybridization sequences is 
complementary to a separate sequence on a the same strand of 
a target nucleic acid, and wherein these sequences on the 
target nucleic acid flank the two ends of the target nucleic acid 
sequence of interest. It should be appreciated that upon 
hybridization, the two ends of the probe are inverted with 
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respect to each other in the sense that both 5' and 3' ends of the 
probe hybridize to the same strand to separate regions flank 
ing the target region (as illustrated in FIG.9 for example). 
0171 In some embodiments, the hybridization sequences 
are between about 10-100 nucleotides long, for example 
between about 10-30, about 30-60, about 60-90, or about 20, 
about 30, about 40, or about 50 nucleotides long. However, 
other lengths may be used depending on the application. In 
Some embodiments, the hybridization Tms of both targeting 
arms of a probe are designed or selected to be similar. In some 
embodiments, the hybridization Tms of the targeting arms of 
a plurality of probes designed to capture different target 
regions are selected or designed to be similar so that they can 
be used together in a multiplex reaction. Accordingly, a typi 
cal size of a MIP probe prior to fill-in is about 60-80 nucle 
otides long. However, other sizes can be used depending on 
the sizes of the targeting arms and any other sequences (e.g., 
primer binding or tag sequences) that are present in the MIP 
probe. In some embodiments, MIP probes are designed to 
avoid sequence-dependent secondary structures. In some 
embodiments, MIP probes are designed such that the target 
ing arms do not overlap with known polymorphic regions. In 
Some embodiments, targeting arms that can be used for cap 
turing the repeat region of the Fragile X locus can have the 
following sequences or complementary to these sequences 
depending on the strand that is captured. 

left: CTCCGTTTCGGTTTCACTTC (SEQ ID NO: 181) 

right: ATCTTCTCTTCAGCCCTGCT (SEQ ID NO: 182) 

0172 The typical captured size using these targeting arms 
is about 100 nucleotides in length (e.g., about 30 repeats of a 
tri-nucleotide repeat). 
0173. In some embodiments, the number of reads obtained 
for the “representative' of the repetitive region is not infor 
mative to estimate the target length because it is dependent on 
the total number of reads obtained. To overcome this, it is 
useful to include one or more probes that target other “con 
trol regions where no or minimal polymorphism exists 
among populations. Because of the systematic consistency of 
capturing efficiency (see, e.g., FIG. 9), the ratio of reads 
obtained for the repetitive “representative' to reads obtained 
for the control region(s) will be tuned using DNA with 
defined numbers of repeats. Ultimately, the ratio can serve as 
a measure of the repeat length as illustrated in FIG. 10. FIG. 
10 illustrates a non-limiting hypothetical relationship 
between target gap size and the relative number of reads of the 
repetitive region, which is measured by the ratio of the repeat 
“representative' reads vs. the “control region reads. The unit 
of y-axis is arbitrary. 
0.174. In some embodiments, to better tell targets with 
similar size range apart, the whole repetitive region can be 
sequenced by making a shotgun library (e.g., by making a 
shotgun library from a captured sequence, for example a 
sequence captured using a MIP probe). The longer the repeat 
is, the more short reads of repeats will be obtained. Therefore, 
the target length will contribute twice to the relative number 
of “repetitive' reads, which will gain better resolution of 
differentiating targets. In some embodiments, the expectation 
is that the number of reads from any given repeat will be a 
direct function of the number of repeats present. However, in 
Some embodiments, a Poisson sampling-induced spread may 
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need to be considered and in Some embodiments may be 
sufficiently large to limit the resolution. 
0.175 When a precise measurement of the length of both 
alleles from a diploid sample is desired, further manipulations 
may be required. This is because the capture efficiency mea 
sured will actually be the average efficiency of the two alleles. 
To effectively achieve separate measurements for each allele, 
barcodes (e.g., sequence tags) can be used that allow the 
efficiency of individual capture events (from individual 
genomic loci) to be followed. FIG. 11 A-C shows the 
approach. For a given locus, MIPs are synthesized to contain 
one of a large number differentiator tags in their backbone 
such that the probability of any two MIPs in a reaction having 
the same differentiator tag sequence is low. MIP capture is 
performed on the sample; the reaction will be biased for 
shorter target lengths, and therefore the reaction product will 
be comprised of more short circles than long circles. Each 
circle should bear a unique differentiator tag sequence. Then, 
linear RCA (IRCA) is performed on the circles. In the IRCA 
reaction, circles are converted into long, linear concatemers 
of themselves. The IRCA reaction for a given circle stops 
when the concatemer has reached a fixed length (based on 
the processivity/error rate of the polymerase). Concatemers 
derived from smaller circles will therefore contain more cop 
ies of the differentiator tag, and concatemers derived from 
larger circles will contain fewer copies of the differentiator 
tag. The number of each differentiator tag sequence is 
counted, for example, by next-generation sequencing. When 
number of occurrences is plotted against differentiator tag ID, 
the data will naturally cluster into two groups reflecting the 
lengths of the two alleles in the diploid sample. The allele 
lengths can therefore be read directly off this graph, after 
absolute length calibration using known standards. In some 
embodiments, a sequencing technique (e.g., a next-genera 
tion sequencing technique) is used to sequence part of one or 
more captured targets (e.g., or amplicons thereof) and the 
sequences are used to count the number of different barcodes 
that are present. Accordingly, in some embodiments, aspects 
of the invention relate to a highly-multiplexed qPCR reaction. 
0176) Other non-limiting examples of loci at which inser 
tions or deletions or repeat sequences may be associated with 
a disease or condition are provided in Tables 3 and 4. It should 
be appreciated that the presence of an abnormal length at any 
one or more of these loci may be evaluated according to 
aspects of the invention. In some embodiments, two or more 
of these loci or other loci may be evaluated in a single multi 
plex reaction using different probes designed to hybridize 
under the same reaction conditions to different target nucleic 
acid in a biological sample. 

TABLE 3 

Polyglutamine (Pol Diseases 

Normal 
Type Gene wildtype Pathogenic 

DRPLA ATN1 or 6-35 49-88 
(Dentatorubropallidoluysian DRPLA 
atrophy) 
HD (Huntington's disease) HTT 1O-35 35 

(Huntingtin) 
SBMA (Spinobulbar Androgen 9-36 38-62 
muscular atrophy or Kennedy receptor 
disease) on the X 

chromosome. 
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TABLE 3-continued 

Polyglutamine (Pol Diseases 

Normal 
Type Gene wildtype Pathogenic 

SCA1 (Spinocerebellar ataxia ATXN1 6-35 49-88 
Type 1) 
SCA2 (Spinocerebellar ataxia ATXN2 14-32 33-77 
Type 2) 
SCA3 (Spinocerebellar ataxia ATXN3 12-40 SS-86 
Type 3 or Machado-Joseph 
disease) 
SCA6 (Spinocerebellar ataxia CACNA1A 4-18 21-30 
Type 6) 
SCA7 (Spinocerebellar ataxia ATXN7 7-17 38-12O 
Type 7) 
SCA17 (Spinocerebellar TBP 25-42 47-63 
ataxia Type 17) 

TABLE 4 

Non-Polyglutamine Diseases 

Normal 
Type Gene Codon wildtype Pathogenic 

FRAXA FMR1, on the X- CGG 6-53 23O 
(Fragile X chromosome 
syndrome) 
FXTAS (Fragile FMR1, on the X- CGG 6-53 SS-200 
X-associated chromosome 
tremoriataxia 
syndrome) 
FRAXE AFF2 or FMR2, GCC 6-35 200+ 
(Fragile XE on the X 
mental chromosome 
retardation) 
FRDA FXN or X25, GAA 7-34 100+ 
(Friedreich's (frataxin) 
ataxia) 
DM (Myotonic DMPK CTG 5-37 SO 
dystrophy) 
SCA8 OSCA or SCA8 CTG 16-37 110-2SO 
(Spinocerebellar 
ataxia Type 8) 
SCA12 PPP2R2B or CAG 7-28 66-78 
(Spinocerebellar SCA12 On 
ataxia Type 12) 5' end 

0177. The following examples illustrate aspects and 
embodiments of the invention and are not intended to be 
limiting or restrictive. Many variations of the invention will 
become apparent to those skilled in the art upon review of this 
specification. The full scope of the invention should be deter 
mined by reference to the claims, along with their full scope 
of equivalents, and the specification, along with Such varia 
tions. 
0.178 4. Increasing Detection Sensitivity: 
0179. In some embodiments, aspects of the invention 
relate to methods for increasing the sensitivity of nucleic acid 
detection assays. 
0180. There are currently many genomic assays that uti 
lize next-generation (e.g., polony-based) sequencing togen 
erate data, including genome resequencing, RNA-Seq for 
gene expression, bisulphite sequencing for methylation, and 
Immune-Seq, among others. In order to make quantitative 
measurements (including genotype calling), these methods 
utilize the counts of sequencing reads of a given genomic 
locus as a proxy for the representation of that sequence in the 
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original sample of nucleic acids. The majority of these tech 
niques require a preparative step to construct a high-complex 
ity library of DNA molecules that is representative of a 
sample of interest. Current assays use one of several alterna 
tive nucleic acid preparative techniques (e.g., amplification, 
for example PCR-based amplification; sequence-specific 
capture, for example, using immobilized capture probes; or 
target capture into a circularized probe followed by a 
sequence analysis step. In order to reduce errors associated 
with the unpredictability (stochastic nature) of nucleic acid 
isolation and sequence analysis techniques, current methods 
to involve oversampling a target nucleic acid preparation in 
order to increase the likelihood that all sequences that are 
present in the original nucleic acid sample will be represented 
in the final sequence data. For example, a genomic sequenc 
ing library may contain an over- or under-representation of 
particular sequences from a source nucleic acid sample (e.g., 
genome preparation) as a result of stochastic variations in the 
library construction process. Such variations can be particu 
larly problematic when they result in target sequences from a 
genome being absent or undetectable in a sequencing library. 
For example, an under-representation of particular allelic 
sequences (e.g., heterozygotic alleles) from a genome in a 
sequencing library can result in an apparent homozygous 
representation in a sequencing library. 
0181. In contrast, aspects of the invention relate to basing 
a nucleic acid sequence analysis on results from two or more 
different nucleic acid preparatory techniques that have differ 
ent systematic biases in the types of nucleic acids that they 
sample rather than simply oversampling the target nucleic 
acid. According to some embodiments, different techniques 
have different sequence biases that are systematic and not 
simply due to stochastic effects during nucleic acid capture or 
amplification. Accordingly, in Some embodiments, the degree 
of oversampling required to overcome variations in nucleic 
acid preparation needs to be sufficient to overcome the biases. 
In some embodiments, the invention provides methods that 
reduce the need for oversampling by combining nucleic acid 
and/or sequence results obtained from two or more different 
nucleic acid preparative techniques that have different biases. 
0182. According to the invention, different techniques 
have different characteristic or systematic biases. For 
example, one technique may bias a sample analysis towards 
one particular allele at a genetic locus of interest, whereas a 
different technique would bias the sample analysis towards a 
different allele at the same locus. Accordingly, the same 
sample may be identified as being different depending on the 
type of technique that is used to prepare nucleic acid for 
sequence analysis. This effectively represents a sensitivity 
issue, because each technique has a different relative sensi 
tivities for polymorphic sequences of interest. 
0183. According to aspects of the invention, the sensitivity 
of a nucleic acid analysis can be increased by combining the 
sequences from different nucleic acid preparative steps and 
using the combined sequence information for a diagnostic 
assay (e.g., for a making a call as to whether a subject is 
homozygous or heterozygous at a genetic locus of interest). 
0.184 Currently, the ability of DNA sequencing to detect 
mutations is limited by the ability of the upstream sample 
isolation (e.g., by amplification, immobilization enrichment, 
circularization capture, etc.) methods to reliably isolate the 
locus of interest. If one wishes to make heterozygote base 
calls for a diploid genome (e.g. a human sample presented for 
molecular diagnostic sequencing), it is important in some 
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embodiments that the isolation method produces near- or 
perfectly-uniform amounts of the two alleles to be sequenced 
(at least sufficiently uniform to be “called unambiguously as 
a heterozygote or a homozygote for a locus of interest). 
0185. Sample preparative methods may fall into three 
classes: 1) single- or several-target amplification (e.g., uni 
plex PCR, multiplex PCR), 2) multi-target hybridization 
enrichment (e.g., Agilent SureSelect hybrid capture Gnirke 
et al 2009, Nature methods 27:182-9, Roche/Nimblegen 
sequence capture Hodges et al 2007, Nature genetics 
39:1522-7), and 3) multi-target circularization selection (e.g. 
molecular inversion probes or padlock probes, Porreca et al 
2007, Nature methods 4:931-6, Turner et al 2009, Nature 
methods 6:315-6, selectors Dahl etal 2005, Nucleic acids 
research 33:e71). Each of these methods can result in a pool 
of isolated product that does not adequately represent the 
input abundance distribution. For example, the two alleles at 
a heterozygous position can become skewed far from their 
input 50:50 ratio to something that results in a missed basecall 
during downstream sequencing. For example, if the ratio was 
skewed from 50:50 to 10:90, and the sample was sequenced to 
10x average coverage, there is a high probability that one of 
the two alleles would not be observed once in the tensequenc 
ing reads. This would reduce the sensitivity of the sequencing 
method by converting a heterozygous position to homozy 
gous (where potentially the mutant allele was the one not 
observed). In some embodiments, a skewed ratio is a particu 
lar issue that decreases the sensitivity of detecting mutations 
present in a heterogeneous tumor tissue. For example, if only 
10% of the cells analyzed in a heterogeneous sample har 
bored a heterozygous mutation, the mutation would be 
expected to be present in 5% of sequence reads, not 50%. In 
this scenario, the need for robust, sensitive detection may be 
even more acute. 

0186 The methods disclosed herein are based, in part, on 
the discovery that certain classes of isolation methods have 
different modes of bias. The disclosure provide methods for 
increasing the sensitivity of the downstream sequencing by 
using a combination of multiple isolation methods (e.g., one 
or more from at least two of the classes disclosed herein) for 
a sample. This is particularly important in molecular diagnos 
tics where high sensitivity is required to minimize the chances 
of missing a disease-associated mutation. For example, 
given a nominal false-negative error rate of 1x10 for 
sequencing following circularization selection, and a false 
negative error rate of 1x10 for sequencing following 
hybridization enrichment, one can achieve a final false-nega 
tive rate of 1x10 by performing both techniques on the 
sample (assuming failures in each method are fully indepen 
dent). For a recessive disease with carrier frequency of 0.1, 
caused by a single fully-penetrant mutant allele, the number 
of missed carrier diagnoses would decrease from 1000 per 
million patients tested to 1 per million patients tested. Fur 
thermore, if the testing was used in the context of prenatal 
carrier screening, the number of affected children born as a 
result of missing the carrier call in one parent would decrease 
from 25 per million to 25 per billion born. 
0187. Additionally, the disclosure provides combinations 
of preparative methods to effectively increase sequencing 
coverage in regions containing disease-associated alleles. 
Since heterozygote error rate is largely tied to both deviations 
from 50:50 allele representation, and in the case of next 
generation DNA sequencing deviations from average abun 
dance (such that less abundant isolated targets are more likely 

32 
Jun. 28, 2012 

to be undersampled at one or bothalleles), selectively increas 
ing coverage in these regions will also selectively increase 
sensitivity. Furthermore, MIPs that detect presence or 
absence of specific known disease-associated mutations can 
be used to increase sensitivity selectively. In some embodi 
ments, these MIPs would have a targeting arm whose 3'-most 
region is complementary to the expected mutation, and has a 
fill-in length of 0 or more bp. Thus, the MIP will form only if 
the mutation is present, and its presence will be detected by 
sequencing. 
0188 Additionally, algorithms disclosed herein may be 
used to determine base identity with varying levels of strin 
gency depending on whether the given position has any 
known disease-associated alleles. Stringency can be reduced 
in Such positions by decreasing the minimum number of 
observed mutant reads necessary to make a consensus base 
call. This will effectively increase sensitivity formutant allele 
detection at the cost of decreased specificity. 
(0189 An embodiment of the invention combines MIPs 
plus hybridization enrichment, plus optionally extra MIPs 
targeted to specific known, common disease-associated loci, 
e.g., to detect the presence of a polymorphism in a target 
nucleic acid. A non-limiting example is illustrated in FIG. 12 
that illustrates a schematic using MIPs plus hybridization 
enrichment, plus optionally extra MIPs targeted to specific 
known, common disease-associated loci, e.g., to detect the 
presence of a polymorphism in a target nucleic acid. 
(0190 FIGS. 13 and 14 illustrate different capture efficien 
cies for MIP-based captures. FIG. 13 shows a graph of per 
target abundance with MIP capture. In this graph, bias largely 
drives the heterozygote error rate, since targets which are less 
abundant here are less likely to be covered in sufficient depth 
during sequencing to adequately sample both alleles. This is 
from Turneretal 2009, Nature methods 6:315-6. Hybridiza 
tion enrichment results in a qualitatively similar abundance 
distribution, but the abundance of a given target is likely not 
correlated between the two methods. FIG. 14 shows a graph 
of correlation between two MIP capture reactions from Ballet 
all 2009, Nature biotechnology 27:361-8. Each point repre 
sents the target abundance in replicate 1 and replicate 2. 
Pearson correlation r=0.956. This indicates that MIP capture 
reproducibly biases targets to specific abundances. Hybrid 
ization enrichment is similarly correlated from one capture to 
the next. 

0191). According to aspects of the invention, such biases 
can be detected or overcome by Systematically combining 
different capture and/or analytical techniques in an assay that 
interrogates a plurality of loci in a plurality of Subject 
samples. 
0.192 Accordingly, it should be appreciated that in any of 
the embodiments described herein (e.g., tiling/staggering, 
tagging, size-detection, sensitivity enhancing algorithms, or 
any combination thereof), aspects of the invention involve 
preparing genomic nucleic acid and/or contacting them with 
one or more different probes (e.g., capture probes, hybridiza 
tion probes, MIPs, others etc.). In some embodiments, the 
amount of genomic nucleic acid used per Subject ranges from 
1 ng to 10 micrograms (e.g., 500 ng to 5 micrograms). How 
ever, higher or lower amounts (e.g., less than 1 ng, more than 
10 micrograms, 10-50 micrograms, 50-100 micrograms or 
more) may be used. In some embodiments, for each locus of 
interest, the amount of probe used per assay may be optimized 
for a particular application. In some embodiments, the ratio 
(molar ratio, for example measured as a concentration ratio) 
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of probe to genome equivalent (e.g., haploid or diploid 
genome equivalent, for example for each allele or for both 
alleles of a nucleic acid target or locus of interest) ranges from 
1/100, 1/10, 1/1, 10/1, 100/1, 1000/1. However, lower, higher, 
or intermediate ratios may be used. 
0193 In some embodiments, the amount of target nucleic 
acid and probe used for each reaction is normalized to avoid 
any observed differences being caused by differences in con 
centrations or ratios. In some embodiments, in order to nor 
malize genomic DNA and probe, the genomic DNA concen 
tration is read using a standard spectrophotometer or by 
fluorescence (e.g., using a fluorescent intercalating dye). The 
probe concentration may be determined experimentally or 
using information specified by the probe manufacturer. 
0194 Similarly, once a locus has been captured (e.g., on a 
MIP or other probe or in another form), it may be amplified 
and/or sequenced in a reaction involving one or more primers. 
The amount of primer added for each reaction can range from 
0.1 pmol to 1 nmol, 0.15 pmol to 1.5 nmol (for example 
around 1.5 pmol). However, other amounts (e.g., lower, 
higher, or intermediate amounts) may be used. 
0.195. In some embodiments, it should be appreciated that 
one or more intervening sequences (e.g., sequence between 
the first and second targeting arms on a MIP capture probe), 
identifier or tag sequences, or other probe sequences that are 
not designed to hybridize to a target sequence (e.g., a genomic 
target sequence) should be designed to avoid excessive 
complementarity (to avoid cross-hybridization) to target 
sequences or other sequences (e.g., other genomic sequences) 
that may be in a biological sample. For example, these 
sequences may be designed have a sufficient number of mis 
matches with any genomic sequence (e.g., at least 5, 10, 15, or 
more mismatches out of 30 bases) or as having a Tm (e.g., a 
mismatch Tm) that is lower (e.g., at least 5, 10, 15, 20, or more 
degrees C. lower) than the hybridization reaction tempera 
ture. 

0196. It should be appreciated that a targeting arm as used 
herein may be designed to hybridize (e.g., be complementary) 
to either strand of a genetic locus of interest if the nucleic acid 
being analyzed is DNA (e.g., genomic DNA). However, in the 
context of MIP probes, whichever strand is selected for one 
targeting arm will be used for the other one. However, in the 
context of RNA analysis, it should be appreciated that a 
targeting arm should be designed to hybridize to the tran 
scribed RNA. It also should be appreciated that MIP probes 
referred to herein as "capturing a target sequence are actu 
ally capturing it by template-based synthesis rather than by 
capturing the actual target molecule (other than for example 
in the initial stage when the arms hybridize to it or in the sense 
that the target molecule can remain bound to the extended 
MIP product until it is denatured or otherwise removed). 
0197) It should be appreciated that in some embodiments 
a targeting arm may include a sequence that is complemen 
tary to one allele or mutation (e.g., a SNP or other polymor 
phism, a mutation, etc.) so that the probe will preferentially 
hybridize (and capture) target nucleic acids having that allele 
or mutation. However, in many embodiments, each targeting 
arm is designed to hybridize (e.g., be complementary) to a 
sequence that is not polymorphic in the Subjects of a popula 
tion that is being evaluated. This allows target sequences to be 
captured and/or sequenced for all alleles and then the differ 
ences between Subjects (e.g., calls of heterozygous or 
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homozygous for one or more loci) can be based on the 
sequence information and/or the frequency as described 
herein. 

0.198. It should be appreciated that sequence tags (also 
referred to as barcodes) may be designed to be unique in that 
they do not appear at other positions within a probe or a family 
of probes and they also do not appear within the sequences 
being targeted. Thus they can be used to uniquely identify 
(e.g., by sequencing or hybridization properties) particular 
probes having other characteristics (e.g., for particular Sub 
jects and/or for particular loci). 
0199. It also should be appreciated that in some embodi 
ments probes or regions of probes or other nucleic acids are 
described herein as comprising or including certain 
sequences or sequence characteristics (e.g., length, other 
properties, etc.). However, it should be appreciated that in 
Some embodiments, any of the probes or regions of probes or 
other nucleic acids consist of those regions (e.g., arms, central 
regions, tags, primer sites, etc., or any combination thereof) 
of consist of those sequences or have sequences with charac 
teristics that consist of one or more characteristics (e.g., 
length, or other properties, etc.) as described herein in the 
context of any of the embodiments (e.g., for tiled or staggered 
probes, tagged probes, length detection, sensitivity enhanc 
ing algorithms or any combination thereof). 
0200. It should be appreciated that probes, primers, and 
other nucleic acids designed or used herein may be synthetic, 
natural, or a combination thereof. Accordingly, as used 
herein, the term “nucleic acid refers to multiple linked nucle 
otides (i.e., molecules comprising a Sugar (e.g., ribose or 
deoxyribose) linked to an exchangeable organic base, which 
is either a pyrimidine (e.g., cytosine (C), thymidine (T) or 
uracil (U)) or a purine (e.g., adenine (A) or guanine (G)). 
“Nucleic acid' and “nucleic acid molecule' may be used 
interchangeably and refer to oligoribonucleotides as well as 
oligodeoxyribonucleotides. The terms shall also include 
polynucleosides (i.e., a polynucleotide minus a phosphate) 
and any other organic base containing nucleic acid. The 
organic bases include adenine, uracil, guanine, thymine, 
cytosine and inosine. Unless otherwise stated, nucleic acids 
may be single or double stranded. The nucleic acid may be 
naturally or non-naturally occurring. Nucleic acids can be 
obtained from natural sources, or can be synthesized using a 
nucleic acid synthesizer (i.e., synthetic). Harvest and isola 
tion of nucleic acids are routinely performed in the art and 
Suitable methods can be found in standard molecular biology 
textbooks. (See, for example, Maniatis Handbook of 
Molecular Biology.) The nucleic acid may be DNA or RNA, 
such as genomic DNA, mitochondrial DNA, mRNA, cDNA, 
rRNA, miRNA, or a combination thereof. Non-naturally 
occurring nucleic acids Such as bacterial artificial chromo 
somes (BACs) and yeast artificial chromosomes (YACs) can 
also be used. 

0201 The invention also contemplates the use of nucleic 
acid derivatives. As will be described herein, the use of certain 
nucleic acid derivatives may increase the stability of the 
nucleic acids of the invention by preventing their digestion, 
particularly when they are exposed to biological samples that 
may contain nucleases. As used herein, a nucleic acid deriva 
tive is a non-naturally occurring nucleic acid or a unit thereof. 
Nucleic acid derivatives may contain non-naturally occurring 
elements such as non-naturally occurring nucleotides and 
non-naturally occurring backbone linkages. 
















