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(57) ABSTRACT 

A method for detecting one or more HLA sequence types is 
described that comprises the steps of amplifying a plurality 
of first amplicons from a double stranded nucleic acid sample, 
wherein the first amplicons are amplified with a plurality of 
pairs of nucleic acid primers that define exons 2 and 3 of both 
Strands of HLA loci from the group consisting of HLA-A. 
HLA-B, and HLA-C; amplifying the first amplicons to pro 
duce a plurality of populations of second amplicons, wherein 
each population of second amplicons is clonally amplified 
from one of the first amplicons; sequencing the plurality of 
populations of second amplicons to generate a nucleic acid 
sequence composition for each of the plurality of second 
amplicons; and detecting variation in the sequence composi 
tion from one or more of the second amplicons for one or 
more of the HLA loci. 
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FIGURE 3 
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SYSTEMAND METHOD FOR DETECTION 
OF HLAVARANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to and claims priority 
from U.S. Provisional Patent Application Ser. No. 61/169, 
465, titled “System and Method for Detection of HLA Vari 
ants, filed Apr. 15, 2009 which is hereby incorporated by 
reference herein in its entirety for all purposes. This applica 
tion is also a Continuation in Part of and claims priority from 
U.S. patent application Ser. No. 12/245,666, titled “High 
Resolution, High Throughput HLA Genotyping by Clonal 
Sequencing, filed Oct. 3, 2008 which is hereby incorporated 
by reference herein in its entirety for all purposes. 

FIELD OF THE INVENTION 

0002 The invention provides methods, reagents and sys 
tems for detecting and analyzing sequence variants associ 
ated with HLA class I and class II loci. The variants may 
include single nucleotide polymorphisms (SNPs), polymor 
phic sequence motifs (i.e. complex polymorphisms involving 
adjacent nucleotides), insertion/deletion variation (referred 
to as “indels') and other types of polymorphism or variation 
known to those of ordinary skill in the related art that can 
occur in a population of target polynucleotides. The invention 
also relates to a method of investigating by massively parallel 
sequencing nucleic acids replicated by polymerase chain 
reaction (PCR), for the identification of mutations and poly 
morphisms of both known and unknown sequences. The 
invention involves using nucleic acid primers specifically 
designed to amplify a particular region and/or a series of 
overlapping regions of HLA DNA associated with a particu 
lar HLA characteristic or function. Also, the target sites for 
the primers were selected in part due to a low level of poly 
morphism enabling consistent amplification of the nucleic 
acids in a target HLA nucleic acid population which are 
Suspected of containing variants to generate individual ampli 
cons. Thousands of individual HLA amplicons are sequenced 
in a massively parallel, efficient, and cost effective manner to 
generate a distribution of the sequence variants found in the 
populations of amplicons that enables greater sensitivity of 
detection over previously employed methods. 

BACKGROUND OF THE INVENTION 

0003. The Human Leukocyte Antigen (generally referred 
to as HLA) class I and class II loci are the most polymorphic 
genes in the human genome, with a complex pattern of patch 
work polymorphism (i.e. Variants) localized primarily inexon 
2 for the class II genes and exons 2 and 3 for the class I genes. 
For the current HLA typing methods, allele level resolution of 
HLA alleles, which is clinically important for hematopoietic 
stem cell transplantation, is technically challenging. Several 
large scale studies have demonstrated that precise, allele level 
HLA matching between donor and patient significantly 
improves overall transplant Survival by reducing the inci 
dence and severity of both acute and chronic graft versus host 
disease and improving the rates of Successful engraftment. 
When, for example, 8 of 8 of the most significant HLA loci are 
matched vs. 6 of 8, survival after transplant was enhanced by 
60% after 12 months. 
0004. It is current practice to maintain bone marrow donor 
registries in which millions of potential donors are HLA 

Oct. 14, 2010 

typed at low-medium resolution for the A, B, and, in many 
cases the DRB1 loci. Multiple potentially matched unrelated 
donors are selected, based on this initial typing, and then 
typed at the allele level resolution at these and additional loci 
to identify the donor best matched to the recipient. 
0005 Previously, the highest resolution HLA typing of 
variants has been obtained with fluorescent, Sanger-based 
DNA sequencing using capillary electrophoresis. However, 
ambiguities in the HLA typing data can persist due to multiple 
polymorphisms between alleles and the resultant phase ambi 
guities when both alleles are amplified and sequenced 
together. Resolving these ambiguities requires time-consum 
ing approaches such as amplifying and then analyzing the two 
alleles separately. 
0006. Therefore, efficient detection of variation through 
improved sequencing methods enabled to generate sequence 
information in parallel from millions of DNA molecules is 
highly desirable. The clonal sequencing property of this sys 
tem means that the allelic variants can be sequenced sepa 
rately, thus allowing the setting of phase of linked polymor 
phisms in the amplicon. Further, embodiments of improved 
sequencing methods include target specific high throughput 
sequencing techniques which have read lengths of about 250 
nucleotides, about 400 nucleotides, or >400 nucleotides that 
enable complete sequence coverage of important HLA 
regions. For example, the target specific high throughput 
sequencing technologies employing HLA specific primers of 
the presently described invention are capable of setting the 
phase of the linked polymorphisms within an exon and make 
possible the unambiguous determination of the sequence of 
each HLA allele. 

SUMMARY OF THE INVENTION 

0007 Embodiments of the invention relate to the determi 
nation of the sequence of nucleic acids. More particularly, 
embodiments of the invention relate to methods and systems 
for correcting errors in data obtained during the sequencing of 
nucleic acids by SBS. 
0008. A method for detecting one or more HLA sequence 
types is described that comprises the steps of amplifying a 
plurality of first amplicons from a double stranded nucleic 
acid sample, wherein the first amplicons are amplified with a 
plurality of pairs of nucleic acid primers that define exons 2 
and 3 of both strands of HLA loci selected from the group 
consisting of HLA-A. HLA-B, and HLA-C: amplifying the 
first amplicons to produce a plurality of populations of second 
amplicons, wherein each population of second amplicons is 
clonally amplified from one of the first amplicons; sequenc 
ing the plurality of populations of second amplicons to gen 
erate a nucleic acid sequence composition for each of the 
plurality of second amplicons; and detecting variation in the 
sequence composition from one or more of the second ampli 
cons for one or more of the HLA loci. 
0009. Additionally, a method for detecting one or more 
HLA sequence types is described that comprises the steps of 
amplifying a plurality of first amplicons from a double 
Stranded nucleic acid sample, wherein the first amplicons are 
amplified with a plurality of pairs of nucleic acid primers that 
define exon 2 of both strands of HLA loci selected from the 
group consisting of DRB1, DQA1, DQB1, DPA1, DPB1; 
amplifying the first amplicons to produce a plurality of popu 
lations of second amplicons, wherein each population of sec 
ond amplicons is clonally amplified from one of the first 
amplicons; sequencing the plurality of populations of second 
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amplicons to generate a nucleic acid sequence composition 
for each of the plurality of second amplicons; and detecting 
variation in the sequence composition from one or more of the 
second amplicons for one or more of the HLA loci. 
0010 Also, an embodiment of a kit for detecting the one or 
more HLA types is described that comprises the pairs of 
nucleic acid primers employed to amplify the first amplicons 
of the embodiment of the methods described above. 
0011. The above embodiments and implementations are 
not necessarily inclusive or exclusive of each other and may 
be combined in any manner that is non-conflicting and oth 
erwise possible, whether they are presented in association 
with a same, or a different, embodiment or implementation. 
The description of one embodiment or implementation is not 
intended to be limiting with respect to other embodiments 
and/or implementations. Also, any one or more function, step, 
operation, or technique described elsewhere in this specifica 
tion may, in alternative implementations, be combined with 
any one or more function, step, operation, or technique 
described in the summary. Thus, the above embodiment and 
implementations are illustrative rather than limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The above and further features will be more clearly 
appreciated from the following detailed description when 
taken in conjunction with the accompanying drawings. In the 
drawings, like reference numerals indicate like structures, 
elements, or method steps and the leftmost digit of a reference 
numeral indicates the number of the figure in which the ref 
erences element first appears (for example, element 160 
appears first in FIG. 1). All of these conventions, however, are 
intended to be typical or illustrative, rather than limiting. 
0013 FIG. 1 is a functional block diagram of one embodi 
ment of a sequencing instrument under computer control and 
a reaction Substrate; 
0014 FIG. 2 is a simplified graphical representation of the 
relationship between the first amplicons to the HLA-A, B, 
and C genomic regions (exon and intron structure); 
0015 FIG.3 is a simplified graphical representation of the 
relationship between the first amplicons to the DPA1, DPB1, 
and DQA1 HLA regions; and 
0016 FIG. 4 is a simplified graphical representation of the 
relationship between the first amplicons to the DQB1, and 
DRB1 HLA regions. 

DETAILED DESCRIPTION OF THE INVENTION 

0017. As will be described in greater detail below, 
embodiments of the presently described invention include 
systems and methods for designing primer species specific to 
HLA variants, and using those primers for highly sensitive 
detection of sequence variants. 
0018 a. General 
0019. The term “flowgram’ generally refers to a graphical 
representation of sequence data generated by SBS methods, 
particularly pyrophosphate based sequencing methods (also 
referred to as "pyrosequencing’) and may be referred to more 
specifically as a pyrogram'. 
0020. The term “read” or “sequence read” as used herein 
generally refers to the entire sequence data obtained from, a 
single nucleic acid template molecule or a population of a 
plurality of substantially identical copies of the template 
nucleic acid molecule. 
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0021. The terms “run” or “sequencing run as used herein 
generally refer to a series of sequencing reactions performed 
in a sequencing operation of one or more template nucleic 
acid molecules. 
0022. The term “flow” as used herein generally refers to a 
serial or iterative cycle of addition of solution to an environ 
ment comprising a template nucleic acid molecule, where the 
Solution may include a nucleotide species for addition to a 
nascent molecule or other reagent, such as buffers or enzymes 
that may be employed in a sequencing reaction or to reduce 
carryover or noise effects from previous flow cycles of nucle 
otide species. 
0023 The term “flow cycle” as used herein generally 
refers to a sequential series of flows where a nucleotide spe 
cies is flowed once during the cycle (i.e. a flow cycle may 
include a sequential addition in the order of T, A, C, G nucle 
otide species, although other sequence combinations are also 
considered part of the definition). Typically, the flow cycle is 
a repeating cycle having the same sequence of flows from 
cycle to cycle. 
0024. The term “read length' as used herein generally 
refers to an upper limit of the length of a template molecule 
that may be reliably sequenced. There are numerous factors 
that contribute to the read length of a system and/or process 
including, but not limited to the degree of GC content in a 
template nucleic acid molecule. 
(0025. The term “test fragment” or “TF as used herein 
generally refers to a nucleic acid element of known sequence 
composition that may be employed for quality control, cali 
bration, or other related purposes. 
0026. The term “primeras used herein generally refers to 
an oligonucleotide that acts as a point of initiation of DNA 
synthesis under conditions in which synthesis of a primer 
extension product complementary to a nucleic acid strand is 
induced in an appropriate buffer at a Suitable temperature. A 
primer is preferably a single Stranded oligodeoxyribonucle 
otide. 
0027. A "nascent molecule' generally refers to a DNA 
strand which is being extended by the template-dependent 
DNA polymerase by incorporation of nucleotide species 
which are complementary to the corresponding nucleotide 
species in the template molecule. 
0028. The terms “template nucleic acid, “template mol 
ecule', “target nucleic acid', or “target molecule' generally 
refer to a nucleic acid molecule that is the subject of a 
sequencing reaction from which sequence data or informa 
tion is generated. 
0029. The term “nucleotide species” as used herein gen 
erally refers to the identity of a nucleic acid monomer includ 
ing purines (Adenine, Guanine) and pyrimidines (Cytosine, 
Uracil, Thymine) typically incorporated into a nascent 
nucleic acid molecule. 
0030 The term “monomer repeat' or “homopolymers’ as 
used herein generally refers to two or more sequence posi 
tions comprising the same nucleotide species (i.e. a repeated 
nucleotide species). 
0031. The term “homogeneous extension' as used herein, 
generally refers to the relationship or phase of an extension 
reaction where each member of a population of Substantially 
identical template molecules is homogenously performing 
the same extension step in the reaction. 
0032. The term “completion efficiency” as used herein 
generally refers to the percentage of nascent molecules that 
are properly extended during a given flow. 
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0033. The term “incomplete extension rate' as used herein 
generally refers to the ratio of the number of nascent mol 
ecules that fail to be properly extended over the number of all 
nascent molecules. 

0034. The term “genomic library” or “shotgun library’ as 
used herein generally refers to a collection of molecules 
derived from and/or representing an entire genome (i.e. all 
regions of a genome) of an organism or individual. 
0035. The term “amplicon' as used herein generally refers 
to selected amplification products, such as those produced 
from Polymerase Chain Reaction or Ligase Chain Reaction 
techniques. 
0036. The term “variant” or “allele" as used herein gener 
ally refers to one of a plurality of species each encoding a 
similar sequence composition, but with a degree of distinc 
tion from each other. The distinction may include any type of 
genetic variation known to those of ordinary skill in the 
related art, that include, but are not limited to, polymorphisms 
Such as single nucleotide polymorphisms (SNPs), insertions 
or deletions (the combination of insertion/deletion events are 
also referred to as “indels'), differences in the number of 
repeated sequences (also referred to as tandem repeats), and 
structural variations. 

0037. The term “allele frequency” or “allelic frequency” 
as used herein generally refers to the proportion of all variants 
in a population that is comprised of a particular variant. 
0038. The term “key sequence' or “key element as used 
herein generally refers to a nucleic acid sequence element 
(typically of about 4 sequence positions, i.e., TGAC or other 
combination of nucleotide species) associated with a tem 
plate nucleic acid molecule in a known location (i.e., typically 
included in a ligated adaptor element) comprising known 
sequence composition that is employed as a quality control 
reference for sequence data generated from template mol 
ecules. The sequence data passes the quality control if it 
includes the known sequence composition associated with a 
Key element in the correct location. 
0039. The term “keypass” or “keypass well as used 
herein generally refers to the sequencing of a full length 
nucleic acid test sequence of known sequence composition 
(i.e., a “test fragment” or “TF as referred to above) in a 
reaction well, where the accuracy of the sequence derived 
from keypass test sequence is compared to the known 
sequence composition and used to measure of the accuracy of 
the sequencing and for quality control. In typical embodi 
ments, a proportion of the total number of wells in a sequenc 
ing run will be keypass wells which may, in some embodi 
ments, be regionally distributed. 
0040. The term “blunt end as used herein is interpreted 
consistently with the understanding of one of ordinary skill in 
the related art, and generally refers to a linear double stranded 
nucleic acid molecule having an end that terminates with a 
pair of complementary nucleotide base species, where a pair 
of bluntends is typically compatible for ligation to each other. 
0041. The term “sticky end or “overhang' as used herein 

is interpreted consistently with the understanding of one of 
ordinary skill in the related art, and generally refers to a linear 
double Stranded nucleic acid molecule having one or more 
unpaired nucleotide species at the end of one strand of the 
molecule, where the unpaired nucleotidespecies may existon 
either strand and include a single base position or a plurality 
of base positions (also sometimes referred to as “cohesive 
end'). 
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0042. The term “bead' or “bead substrate' as used herein 
generally refers to any type of bead of any convenient size and 
fabricated from any number of known materials such as cel 
lulose, cellulose derivatives, acrylic resins, glass, silica gels, 
polystyrene, gelatin, polyvinyl pyrrolidone, co-polymers of 
vinyl and acrylamide, polystyrene cross-linked with divinyl 
benzene or the like (as described, e.g., in Merrifield, Bio 
chemistry 1964, 3, 1385-1390), polyacrylamides, latex gels, 
polystyrene, dextran, rubber, silicon, plastics, nitrocellulose, 
natural sponges, silica gels, control pore glass, metals, cross 
linked dextrans (e.g., SephadeXTM) agarose gel 
(SepharoseTM), and other solid phase bead supports known to 
those of skill in the art. 

0043. Some exemplary embodiments of systems and 
methods associated with Sample preparation and processing, 
generation of sequence data, and analysis of sequence data 
are generally described below, some or all of which are ame 
nable for use with embodiments of the presently described 
invention. In particular, the exemplary embodiments of sys 
tems and methods for preparation of template nucleic acid 
molecules, amplification of template molecules, generating 
target specific amplicons and/or genomic libraries, sequenc 
ing methods and instrumentation, and computer systems are 
described. 

0044. In typical embodiments, the nucleic acid molecules 
derived from an experimental or diagnostic sample must be 
prepared and processed from its raw form into template mol 
ecules amenable for high throughput sequencing. The pro 
cessing methods may vary from application to application, 
resulting in template molecules comprising various charac 
teristics. For example, in some embodiments of high through 
put sequencing, it is preferable to generate template mol 
ecules with a sequence or read length that is at least the length 
a particular sequencing method can accurately produce 
sequence data for. In the present example, the length may 
include a range of about 25-30 base pairs, about 50-100 base 
pairs, about 200-300 base pairs, about 350-500 base pairs, 
greater than 500 base pairs, or other length amenable for a 
particular sequencing application. In some embodiments, 
nucleic acids from a sample, Such as a genomic sample, are 
fragmented using a number of methods known to those of 
ordinary skill in the art. In preferred embodiments, methods 
that randomly fragment (i.e. do not select for specific 
sequences or regions) nucleic acids and may include what is 
referred to as nebulization or sonication methods. It will, 
however, be appreciated that other methods of fragmentation, 
Such as digestion using restriction endonucleases, may be 
employed for fragmentation purposes. Also in the present 
example, some processing methods may employ size selec 
tion methods known in the art to selectively isolate nucleic 
acid fragments of the desired length. 
0045 Also, it is preferable in some embodiments to asso 
ciate additional functional elements with each template 
nucleic acid molecule. The elements may be employed for a 
variety of functions including, but not limited to, primer 
sequences for amplification and/or sequencing methods, 
quality control elements (i.e. Such as Key elements or other 
type of quality control element), unique identifiers (also 
referred to as a multiplex identifier or “MID) that encode 
various associations such as with a sample of origin or patient, 
or other functional element. 

0046 For example, some embodiments of the described 
invention comprise associating one or more embodiments of 
an MID element having a known and identifiable sequence 

NEOGENOMICS EX.1057.008



US 2010/0261189 A1 

composition with a sample, and coupling the embodiments of 
MID element with template nucleic acid molecules from the 
associated samples. The MID coupled template nucleic acid 
molecules from a number of different samples are pooled into 
a single “Multiplexed sample or composition that can then 
be efficiently processed to produce sequence data for each 
MID coupled template nucleic acid molecule. The sequence 
data for each template nucleic acid is de-convoluted to iden 
tify the sequence composition of coupled MID elements and 
association with sample of origin identified. In the present 
example, a multiplexed composition may include represen 
tatives from about 384 samples, about 96 samples, about 50 
samples, about 20 samples, about 16 samples, about 10 
samples, or other number of samples. Each sample may be 
associated with a different experimental condition, treatment, 
species, or individual in a research context. Similarly, each 
sample may be associated with a different tissue, cell, indi 
vidual, condition, or treatment in a diagnostic context. Those 
of ordinary skill in the related art will appreciate that the 
numbers of samples listed above are for the purposes of 
example and thus should not be considered limiting. 
0047. In preferred embodiments, the sequence composi 
tion of each MID element is easily identifiable and resistant to 
introduced error from sequencing processes. Some embodi 
ments of MID element comprise a unique sequence compo 
sition of nucleic acid species that has minimal sequence simi 
larity to a naturally occurring sequence. Alternatively, 
embodiments of a MID element may include some degree of 
sequence similarity to naturally occurring sequence. 
0048 Also, in preferred embodiments the position of each 
MID element is known relative to some feature of the tem 
plate nucleic acid molecule and/or adaptor elements coupled 
to the template molecule. Having a known position of each 
MID is useful for finding the MID element in sequence data 
and interpretation of the MID sequence composition for pos 
sible errors and Subsequent association with the sample of 
origin. For example, Some features useful as anchors for 
positional relationship to MID elements may include, but are 
not limited to, the length of the template molecule (i.e. the 
MID element is known to be so many sequence positions 
from the 5' or 3' end), recognizable sequence markers such as 
a Key element and/or one or more primer elements positioned 
adjacent to a MID element. In the present example, the Key 
and primer elements generally comprise a known sequence 
composition that typically does not vary from sample to 
sample in the multiplex composition and may be employed as 
positional references for searching for the MID element. An 
analysis algorithm implemented by application 135 may be 
executed on computer 130 to analyze generated sequence 
data for each MID coupled template to identify the more 
easily recognizable Key and/or primer elements, and extrapo 
late from those positions to identify a sequence region pre 
sumed to include the sequence of the MID element. Applica 
tion 135 may then process the sequence composition of the 
presumed region and possibly some distance away in the 
flanking regions to positively identify the MID element and 
its sequence composition. 
0049. Some or all of the described functional elements 
may be combined into adaptor elements that are coupled to 
nucleotide sequences in certain processing steps. For 
example, some embodiments may associate priming 
sequence elements or regions comprising complementary 
sequence composition to primer sequences employed for 
amplification and/or sequencing. Further, the same elements 
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may be employed for what may be referred to as “strand 
selection' and immobilization of nucleic acid molecules to a 
Solid phase Substrate. In some embodiments, two sets of 
priming sequence regions (hereafter referred to as priming 
sequence A, and priming sequence B) may be employed for 
Strand selection, where only single strands having one copy of 
priming sequence A and one copy of priming sequence B is 
selected and included as the prepared sample. In alternative 
embodiments, design characteristics of the adaptor elements 
eliminate the need for Strand selection. The same priming 
sequence regions may be employed in methods for amplifi 
cation and immobilization where, for instance, priming 
sequence B may be immobilized upon a solid Substrate and 
amplified products are extended therefrom. 
0050 Additional examples of sample processing for frag 
mentation, strand selection, and addition of functional ele 
ments and adaptors are described in U.S. patent application 
Ser. No. 10/767,894, titled “Method for preparing single 
stranded DNA libraries', filed Jan. 28, 2004; U.S. patent 
application Ser. No. 12/156.242, titled “System and Method 
for Identification of Individual Samples from a Multiplex 
Mixture', filed May 29, 2008; and U.S. patent application 
Ser. No. 12/380,139, titled “System and Method for Improved 
Processing of Nucleic Acids for Production of Sequencable 
Libraries”, filed Feb. 23, 2009, each of which is hereby incor 
porated by reference herein in its entirety for all purposes. 
0051 Various examples of systems and methods for per 
forming amplification of template nucleic acid molecules to 
generate populations of Substantially identical copies are 
described. It will be apparent to those of ordinary skill that it 
is desirable in some embodiments of SBS to generate many 
copies of each nucleic acid element to generate a stronger 
signal when one or more nucleotide species is incorporated 
into each nascent molecule associated with a copy of the 
template molecule. There are many techniques known in the 
art for generating copies of nucleic acid molecules such as, 
for instance, amplification using what are referred to as bac 
terial vectors, “Rolling Circle' amplification (described in 
U.S. Pat. Nos. 6,274,320 and 7.211,390, incorporated by 
reference above) and Polymerase Chain Reaction (PCR) 
methods, each of the techniques are applicable for use with 
the presently described invention. One PCR technique that is 
particularly amenable to high throughput applications 
include what are referred to as emulsion PCR methods (also 
referred to as emPCRTM methods). 
0.052 Typical embodiments of emulsion PCR methods 
include creating a stable emulsion of two immiscible Sub 
stances creating aqueous droplets within which reactions may 
occur. In particular, the aqueous droplets of an emulsion 
amenable for use in PCR methods may include a first fluid, 
Such as a water based fluid Suspended or dispersed as droplets 
(also referred to as a discontinuous phase) within another 
fluid, such as a hydrophobic fluid (also referred to as a con 
tinuous phase) that typically includes some type of oil. 
Examples of oil that may be employed include, but are not 
limited to, mineral oils, silicone based oils, or fluorinated oils. 
0053. Further, some emulsion embodiments may employ 
surfactants that act to stabilize the emulsion, which may be 
particularly useful for specific processing methods such as 
PCR. Some embodiments of surfactant may include one or 
more of a silicone or fluorinated Surfactant. For example, one 
or more non-ionic Surfactants may be employed that include, 
but are not limited to, sorbitan monooleate (also referred to as 
SpanTM 80), polyoxyethylenesorbitsan monooleate (also 
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referred to as TweenTM 80), or in some preferred embodi 
ments, dimethicone copolyol (also referred to as Abil(R) 
EM90), polysiloxane, polyalkyl polyether copolymer, polyg 
lycerol esters, poloxamers, and PVP/hexadecane copolymers 
(also referred to as Unimer U-151), or in more preferred 
embodiments, a high molecular weight silicone polyether in 
cyclopentasiloxane (also referred to as DC 5225C available 
from Dow Corning). 
0054 The droplets of an emulsion may also be referred to 
as compartments, microcapsules, microreactors, microenvi 
ronments, or other name commonly used in the related art. 
The aqueous droplets may range in size depending on the 
composition of the emulsion components or composition, 
contents contained therein, and formation technique 
employed. The described emulsions create the microenviron 
ments within which chemical reactions, such as PCR, may be 
performed. For example, template nucleic acids and all 
reagents necessary to perform a desired PCR reaction may be 
encapsulated and chemically isolated in the droplets of an 
emulsion. Additional Surfactants or other stabilizing agent 
may be employed in Some embodiments to promote addi 
tional stability of the droplets as described above. Thermocy 
cling operations typical of PCR methods may be executed 
using the droplets to amplify an encapsulated nucleic acid 
template resulting in the generation of a population compris 
ing many Substantially identical copies of the template 
nucleic acid. In some embodiments, the population within the 
droplet may be referred to as a “clonally isolated”, “compart 
mentalized”, “sequestered”, “encapsulated”, or “localized” 
population. Also in the present example, Some or all of the 
described droplets may further encapsulate a solid substrate 
Such as a bead for attachment of template and amplified 
copies of the template, amplified copies complementary to 
the template, or combination thereof. Further, the solid sub 
strate may be enabled for attachment of other type of nucleic 
acids, reagents, labels, or other molecules of interest. 
0055 Embodiments of an emulsion useful with the pres 
ently described invention may include a very high density of 
droplets or microcapsules enabling the described chemical 
reactions to be performed in a massively parallel way. Addi 
tional examples of emulsions employed for amplification and 
their uses for sequencing applications are described in U.S. 
Pat. Nos. 7,638,276; 7,622,280; and U.S. patent application 
Ser. Nos. 10/767,899; and 11/045,678, each of which is 
hereby incorporated by reference herein in its entirety for all 
purposes. 

0056. Also embodiments sometimes referred to as Ultra 
Deep Sequencing, generate target specific amplicons for 
sequencing may be employed with the presently described 
invention that include using sets of specific nucleic acid prim 
ers to amplify a selected target region or regions from a 
sample comprising the target nucleic acid. Further, the 
sample may include a population of nucleic acid molecules 
that are known or Suspected to contain sequence variants 
comprising sequence composition associated with a research 
or diagnostic utility where the primers may be employed to 
amplify and provide insight into the distribution of sequence 
variants in the sample. For example, a method for identifying 
a sequence variant by specific amplification and sequencing 
of multiple alleles in a nucleic acid sample may be performed. 
The nucleic acid is first subjected to amplification by a pair of 
PCR primers designed to amplify a region Surrounding the 
region of interest or segment common to the nucleic acid 
population. Each of the products of the PCR reaction (first 
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amplicons) is Subsequently further amplified individually in 
separate reaction vessels such as an emulsion based vessel 
described above. The resulting amplicons (referred to herein 
as second amplicons), each derived from one member of the 
first population of amplicons, are sequenced and the collec 
tion of sequences are used to determine an allelic frequency of 
one or more variants present. Importantly, the method does 
not require previous knowledge of the variants present and 
can typically identify variants present at <1% frequency in the 
population of nucleic acid molecules. 
0057. Some advantages of the described target specific 
amplification and sequencing methods include a higher level 
of sensitivity than previously achieved. Further, embodi 
ments that employ high throughput sequencing instrumenta 
tion, such as for instance embodiments that employ what is 
referred to as a Pico TiterPlateR) array (also sometimes 
referred to as a PTPTM plate or array) of wells provided by 454 
Life Sciences Corporation, the described methods can be 
employed to generate sequence composition for over 100, 
000, over 300,000, over 500,000, or over 1,000,000 nucleic 
acid regions per run or experiment and may depend, at least in 
part, on user preferences such as lane configurations enabled 
by the use of gaskets, etc. Also, the described methods pro 
vide a sensitivity of detection of low abundance alleles which 
may represent 1% or less of the allelic variants. Another 
advantage of the methods includes generating data compris 
ing the sequence of the analyzed region. Importantly, it is not 
necessary to have prior knowledge of the sequence of the 
locus being analyzed. 
0.058 Additional examples of target specific amplicons 
for sequencing are described in U.S. patent application Ser. 
No. 1 1/104,781, titled “Methods for determining sequence 
variants using ultra-deep sequencing, filed Apr. 12, 2005; 
PCT Patent Application Serial No. US 2008/003424, titled 
“System and Method for Detection of HIV Drug Resistant 
Variants, filed Mar. 14, 2008; and U.S. patent application 
Ser. No. 12/456,528, titled “System and Method for Detec 
tion of HIV Tropism Variants', filed Jun. 17, 2009, each of 
which is hereby incorporated by reference herein in its 
entirety for all purposes. 
0059. Further, embodiments of sequencing may include 
Sanger type techniques, techniques generally referred to as 
Sequencing by Hybridization (SBH), Sequencing by Liga 
tion (SBL), or Sequencing by Incorporation (SBI) tech 
niques. Further, the sequencing techniques may include what 
is referred to as polony sequencing techniques; nanopore, 
waveguide and other single molecule detection techniques; or 
reversible terminator techniques. As described above, a pre 
ferred technique may include Sequencing by Synthesis meth 
ods. For example, Some SBS embodiments sequence popu 
lations of Substantially identical copies of a nucleic acid 
template and typically employ one or more oligonucleotide 
primers designed to anneal to a predetermined, complemen 
tary position of the sample template molecule or one or more 
adaptors attached to the template molecule. The primer/tem 
plate complex is presented with a nucleotide species in the 
presence of a nucleic acid polymerase enzyme. If the nucle 
otide species is complementary to the nucleic acid species 
corresponding to a sequence position on the sample template 
molecule that is directly adjacent to the 3' end of the oligo 
nucleotide primer, then the polymerase will extend the primer 
with the nucleotide species. Alternatively, in some embodi 
ments the primer/template complex is presented with a plu 
rality of nucleotide species of interest (typically A, G, C, and 
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T) at once, and the nucleotide species that is complementary 
at the corresponding sequence position on the sample tem 
plate molecule directly adjacent to the 3' end of the oligo 
nucleotide primer is incorporated. In either of the described 
embodiments, the nucleotide species may be chemically 
blocked (such as at the 3'-O position) to prevent further exten 
sion, and need to be deblocked prior to the next round of 
synthesis. It will also be appreciated that the process of add 
ing a nucleotide species to the end of a nascent molecule is 
substantially the same as that described above for addition to 
the end of a primer. 
0060. As described above, incorporation of the nucleotide 
species can be detected by a variety of methods known in the 
art, e.g. by detecting the release of pyrophosphate (PPi) (ex 
amples described in U.S. Pat. Nos. 6,210,891; 6,258,568; and 
6.828, 100, each of which is hereby incorporated by reference 
herein in its entirety for all purposes), or via detectable labels 
bound to the nucleotides. Some examples of detectable labels 
include but are not limited to mass tags and fluorescent or 
chemiluminescent labels. In typical embodiments, unincor 
porated nucleotides are removed, for example by washing. 
Further, in some embodiments the unincorporated nucle 
otides may be subjected to enzymatic degradation Such as, for 
instance, degradation using the apyrase or pyrophosphatase 
enzymes as described in U.S. patent application Ser. Nos. 
12/215,455, titled “System and Method for Adaptive Reagent 
Control in Nucleic Acid Sequencing, filed Jun. 27, 2008; and 
12/322.284, titled “System and Method for Improved Signal 
Detection in Nucleic Acid Sequencing, filed Jan. 29, 2009: 
each of which is hereby incorporated by reference herein in its 
entirety for all purposes. 
0061. In the embodiments where detectable labels are 
used, they will typically have to be inactivated (e.g. by chemi 
cal cleavage or photobleaching) prior to the following cycle 
of synthesis. The next sequence position in the template/ 
polymerase complex can then be queried with another nucle 
otide species, or a plurality of nucleotide species of interest, 
as described above. Repeated cycles of nucleotide addition, 
extension, signal acquisition, and washing result in a deter 
mination of the nucleotide sequence of the template strand. 
Continuing with the present example, a large number or 
population of substantially identical template molecules (e.g. 
10, 10, 10, 10° or 107 molecules) are typically analyzed 
simultaneously in any one sequencing reaction, in order to 
achieve a signal which is strong enough for reliable detection. 
0062. In addition, it may be advantageous in some 
embodiments to improve the read length capabilities and 
qualities of a sequencing process by employing what may be 
referred to as a “paired-end' sequencing strategy. For 
example, some embodiments of sequencing method have 
limitations on the total length of molecule from which a high 
quality and reliable read may be generated. In other words, 
the total number of sequence positions for a reliable read 
length may not exceed 25, 50, 100, or 500 bases depending on 
the sequencing embodiment employed. A paired-end 
sequencing strategy extends reliable read length by sepa 
rately sequencing each end of a molecule (sometimes referred 
to as a “tag” end) that comprise a fragment of an original 
template nucleic acid molecule at each end joined in the 
center by a linker sequence. The original positional relation 
ship of the template fragments is known and thus the data 
from the sequence reads may be re-combined into a single 
read having a longer high quality read length. Further 
examples of paired-end sequencing embodiments are 
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described in U.S. Pat. No. 7,601499, titled “Paired end 
sequencing; and in U.S. patent application Ser. No. 12/322. 
119, titled “Paired end sequencing, filed Jan. 28, 2009, each 
of which is hereby incorporated by reference herein in its 
entirety for all purposes. 
0063 Some examples of SBS apparatus may implement 
some or all of the methods described above and may include 
one or more of a detection device Such as a charge coupled 
device (i.e., CCD camera) or a confocal type architecture, a 
microfluidics chamber or flow cell, a reaction substrate, and/ 
or a pump and flow valves. Taking the example of pyrophos 
phate based sequencing, embodiments of an apparatus may 
employ a chemiluminescent detection strategy that produces 
an inherently low level of background noise. 
0064. In some embodiments, the reaction substrate for 
sequencing may include what is referred to as a PTPTM array 
available from 454 Life Sciences Corporation, as described 
above, formed from a fiber optics faceplate that is acid-etched 
to yield hundreds of thousands or more of very small wells 
each enabled to hold a population of substantially identical 
template molecules (i.e., Some preferred embodiments com 
prise about 3.3 million wells on a 70x75 mm PTPTM array at 
a 35 um well to well pitch). In some embodiments, each 
population of Substantially identical template molecule may 
be disposed upon a Solid Substrate, such as a bead, each of 
which may be disposed in one of said wells. For example, an 
apparatus may include a reagent delivery element for provid 
ing fluid reagents to the PTP plate holders, as well as a CCD 
type detection device enabled to collect photons of light emit 
ted from each well on the PTP plate. An example of reaction 
Substrates comprising characteristics for improved signal rec 
ognition is described in U.S. Pat. No. 7,682,816, titled 
THIN-FILM COATED MICROWELL ARRAYS AND 
METHODS OF MAKING SAME, filed Aug. 30, 2005, 
which is hereby incorporated by reference herein in its 
entirety for all purposes. Further examples of apparatus and 
methods for performing SBS type sequencing and pyrophos 
phate sequencing are described in U.S. Pat. Nos. 7.323,305 
and 7.682,816, both of which are incorporated by reference 
above. 
0065. In addition, systems and methods may be employed 
that automate one or more sample preparation processes, such 
as the emPCRTM process described above. For example, auto 
mated systems may be employed to provide an efficient solu 
tion for generating an emulsion for emPCR processing, per 
forming PCR Thermocycling operations, and enriching for 
Successfully prepared populations of nucleic acid molecules 
for sequencing. Examples of automated Sample preparation 
systems are described in U.S. patent application Ser. No. 
11/045,678, titled “Nucleic acid amplification with continu 
ous flow emulsion', filed Jan. 28, 2005, which is hereby 
incorporated by reference herein in its entirety for all pur 
poses. 

0066. Also, the systems and methods of the presently 
described embodiments of the invention may include imple 
mentation of Some design, analysis, or other operation using 
a computer readable medium stored for execution on a com 
puter system. For example, several embodiments are 
described in detail below to process detected signals and/or 
analyze data generated using SBS systems and methods 
where the processing and analysis embodiments are imple 
mentable on computer systems. 
0067. An exemplary embodiment of a computer system 
for use with the presently described invention may include 
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any type of computer platform Such as a workstation, a per 
Sonal computer, a server, or any other present or future com 
puter. It will, however, be appreciated by one of ordinary skill 
in the art that the aforementioned computer platforms as 
described herein are specifically configured to perform the 
specialized operations of the described invention and are not 
considered general purpose computers. Computers typically 
include known components, such as a processor, an operating 
system, system memory, memory storage devices, input-out 
put controllers, input-output devices, and display devices. It 
will also be understood by those of ordinary skill in the 
relevant art that there are many possible configurations and 
components of a computer and may also include cache 
memory, a data backup unit, and many other devices. 
0068 Display devices may include display devices that 
provide visual information, this information typically may be 
logically and/or physically organized as an array of pixels. An 
interface controller may also be included that may comprise 
any of a variety of known or future software programs for 
providing input and output interfaces. For example, interfaces 
may include what are generally referred to as “Graphical User 
Interfaces” (often referred to as GUIs) that provides one or 
more graphical representations to a user. Interfaces are typi 
cally enabled to accept user inputs using means of selection or 
input known to those of ordinary skill in the related art. 
0069. In the same or alternative embodiments, applica 
tions on a computer may employ an interface that includes 
what are referred to as “command line interfaces” (often 
referred to as CLI's). CLI's typically provide a text based 
interaction between an application and a user. Typically, com 
mand line interfaces present output and receive input as lines 
of text through display devices. For example, Some imple 
mentations may include what are referred to as a “shell' such 
as Unix Shells known to those of ordinary skill in the related 
art, or Microsoft Windows Powershell that employs object 
oriented type programming architectures Such as the 
Microsoft .NET framework. 
0070 Those of ordinary skill in the related art will appre 
ciate that interfaces may include one or more GUIs, CLI's or 
a combination thereof. 
0071. A processor may include a commercially available 
processor such as a Celeron(R), CoreTM, or Pentium(R) proces 
sor made by Intel Corporation, a SPARC(R) processor made by 
Sun Microsystems, an AthlonTM, SempronTM, PhenomTM, or 
OpteronTM processor made by AMD corporation, or it may be 
one of other processors that are or will become available. 
Some embodiments of a processor may include what is 
referred to as Multi-core processor and/or be enabled to 
employ parallel processing technology in a single or multi 
core configuration. For example, a multi-core architecture 
typically comprises two or more processor'execution cores'. 
In the present example, each execution core may perform as 
an independent processor that enables parallel execution of 
multiple threads. In addition, those of ordinary skill in the 
related will appreciate that a processor may be configured in 
what is generally referred to as 32 or 64bit architectures, or 
other architectural configurations now known or that may be 
developed in the future. 
0072 A processor typically executes an operating system, 
which may be, for example, a Windows(R)-type operating 
system (such as Windows(R XP, Windows Vista R, or Win 
dows(R 7) from the Microsoft Corporation; the Mac OS X 
operating system from Apple Computer Corp. (Such as Mac 
OS X v10.6 “Snow Leopard' operating systems); a Unix(R) or 
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Linux-type operating system available from many vendors or 
what is referred to as an open Source; another or a future 
operating system; or some combination thereof. An operating 
system interfaces with firmware and hardware in a well 
known manner, and facilitates the processor in coordinating 
and executing the functions of various computer programs 
that may be written in a variety of programming languages. 
An operating system, typically in cooperation with a proces 
Sor, coordinates and executes functions of the other compo 
nents of a computer. An operating system also provides 
scheduling, input-output control, file and data management, 
memory management, and communication control and 
related services, all in accordance with known techniques. 
0073 System memory may include any of a variety of 
known or future memory storage devices. Examples include 
any commonly available random access memory (RAM), 
magnetic medium, Such as a resident hard disk or tape, an 
optical medium such as a read and write compact disc, or 
other memory storage device. Memory storage devices may 
include any of a variety of known or future devices, including 
a compact disk drive, a tape drive, a removable hard disk 
drive, USB or flash drive, or a diskette drive. Such types of 
memory storage devices typically read from, and/or write to, 
a program storage medium (not shown) Such as, respectively, 
a compact disk, magnetic tape, removable hard disk, USB or 
flash drive, or floppy diskette. Any of these program Storage 
media, or others now in use or that may later be developed, 
may be considered a computer program product. As will be 
appreciated, these program storage media typically store a 
computer Software program and/or data. Computer Software 
programs, also called computer control logic, typically are 
stored in System memory and/or the program storage device 
used in conjunction with memory storage device. 
0074. In some embodiments, a computer program product 
is described comprising a computer usable medium having 
control logic (computer software program, including pro 
gram code) stored therein. The control logic, when executed 
by a processor, causes the processor to perform functions 
described herein. In other embodiments, some functions are 
implemented primarily in hardware using, for example, a 
hardware state machine. Implementation of the hardware 
state machine so as to perform the functions described herein 
will be apparent to those skilled in the relevant arts. 
0075 Input-output controllers could include any of a vari 
ety of known devices for accepting and processing informa 
tion from a user, whether a human or a machine, whether local 
or remote. Such devices include, for example, modem cards, 
wireless cards, network interface cards, Sound cards, or other 
types of controllers for any of a variety of known input 
devices. Output controllers could include controllers for any 
of a variety of known display devices for presenting informa 
tion to a user, whether a humanora machine, whether local or 
remote. In the presently described embodiment, the func 
tional elements of a computer communicate with each other 
via a system bus. Some embodiments of a computer may 
communicate with some functional elements using network 
or other types of remote communications. 
0076. As will be evident to those skilled in the relevant art, 
an instrument control and/or a data processing application, if 
implemented in Software, may be loaded into and executed 
from system memory and/or a memory storage device. All or 
portions of the instrument control and/or data processing 
applications may also reside in a read-only memory or similar 
device of the memory storage device, such devices not requir 
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ing that the instrument control and/or data processing appli 
cations first be loaded through input-output controllers. It will 
be understood by those skilled in the relevant art that the 
instrument control and/or data processing applications, or 
portions of it, may be loaded by a processor in a known 
manner into system memory, or cache memory, or both, as 
advantageous for execution. 
0077 Also, a computer may include one or more library 

files, experiment data files, and an internet client stored in 
system memory. For example, experiment data could include 
data related to one or more experiments or assays such as 
detected signal values, or other values associated with one or 
more SBS experiments or processes. Additionally, an internet 
client may include an application enabled to accesses a 
remote service on another computer using a network and may 
for instance comprise what are generally referred to as “Web 
Browsers’. In the present example, Some commonly 
employed web browsers include Microsoft(R) Internet 
Explorer 8 available from Microsoft Corporation, Mozilla 
Firefox.R. 3.6 from the Mozilla Corporation, Safari 4 from 
Apple Computer Corp., Google Chrome from the GoogleTM 
Corporation, or other type of web browser currently known in 
the art or to be developed in the future. Also, in the same or 
other embodiments an internet client may include, or could be 
an element of specialized software applications enabled to 
access remote information via a network Such as a data pro 
cessing application for biological applications. 
0078. A network may include one or more of the many 
various types of networks well known to those of ordinary 
skill in the art. For example, a network may include a local or 
wide area network that employs what is commonly referred to 
as a TCP/IP protocol suite to communicate. A network may 
include a network comprising a worldwide system of inter 
connected computer networks that is commonly referred to as 
the internet, or could also include various intranet architec 
tures. Those of ordinary skill in the related arts will also 
appreciate that some users in networked environments may 
prefer to employ what are generally referred to as “firewalls' 
(also sometimes referred to as Packet Filters, or Border Pro 
tection Devices) to control information traffic to and from 
hardware and/or software systems. For example, firewalls 
may comprise hardware or Software elements or some com 
bination thereofandare typically designed to enforce security 
policies put in place by users, such as for instance network 
administrators, etc. 
0079 b. Embodiments of the Presently Described Inven 
tion 

0080. As described above, embodiments of the invention 
relate to methods of identifying or diagnosing a number of 
sequence variants associated with HLA (e.g., allelic variants, 
single nucleotide polymorphism variants, indel variants) by 
the identification of specific DNA. Examples of HLA alleles 
are described in Mason and Parham (1998) Tissue Antigens 
51: 417-66, which lists HLA-A. HLA-B, and HLA-C alleles 
and Marsh et al. (1992) Hum. Immunol. 35:1, which list HLA 
class II alleles for DRA, DRB, DQA1, DQB1, DPA1, and 
DPB1. 

0081 Typically, one or more instrument elements may be 
employed that automate one or more process steps. For 
example, embodiments of a sequencing method may be 
executed using instrumentation to automate and carry out 
some or all process steps. FIG. 1 provides an illustrative 
example of sequencing instrument 100 that for sequencing 
processes requiring capture of optical signals typically com 
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prise an optic Subsystem and a fluidic Subsystem for execu 
tion of sequencing reactions and data capture that occur on 
reaction substrate 105. It will, however, be appreciated that 
for sequencing processes requiring other modes of data cap 
ture (i.e. PH, temperature, electrochemical, etc.) a Subsystem 
for the mode of data capture may be employed which are 
known to those of ordinary skill in the related art. 
I0082 Embodiments of sequencing instrument 100 
employed to execute sequencing processes may include vari 
ous fluidic components in the fluidic Subsystem, various opti 
cal components in the optic Subsystem, as well as additional 
components not illustrated in FIG. 1 that may include micro 
processor and/or microcontroller components for local con 
trol of some functions. In some embodiments samples may be 
optionally prepared for sequencing in an automated or par 
tially automated fashion using sample preparation instrument 
180 configured to perform some or all of the necessary prepa 
ration for sequencing using instrument 100. Further, as illus 
trated in FIG. 1 sequencing instrument 100 may be opera 
tively linked to one or more external computer components 
Such as computer 130 that may for instance execute system 
software or firmware such as application 135 that may pro 
vide instructional control of one or more of the instruments 
Such as sequencing instrument 100 or sample preparation 
instrument 180, and/or data analysis functions. Computer 130 
may be additionally operatively connected to other computers 
or servers via network 150 that may enable remote operation 
of instrument systems and the export of large amounts of data 
to systems capable of storage and processing. In the present 
example, sequencing instrument 100 and/or computer 130 
may include some or all of the components and characteris 
tics of the embodiments generally described above. 
I0083. In general, embodiments of the invention include a 
two stage PCR technique (i.e. producing first and second 
amplicons as described above) targeted to specific regions of 
HLA, coupled with a sequencing technique that produces 
sequence information from thousands of nucleic acid mol 
ecules in parallel which enables identification of the fre 
quency of occurrence of HLA types present, even those types 
occurring at a very low frequency in a sample. It will be 
appreciated that in typical HLA typing embodiments the 
HLA type for an individual would be completely homozy 
gous where the type would be detected at about a 100% 
frequency or completely heterozygous where each type 
would be detected at about 50% frequency. However, 
embodiments of the invention can detect HLA types present 
in a sample containing HLA in non-stoichiometric allele 
amounts, such as, for example, HLA types present at greater 
than 50%, less than 50%, less than 25%, less than 10%, less 
than 5% or less than 1%. For example, for a sample derived 
from a single individual using specific amplification one 
would expect to detect 100% or 50% (in a heterozygote) of an 
HLA allele. However one might detect, for example, 5% or 
10%, in a complex mixture derived from more than one 
individual. Such as a forensics specimen with multiple con 
tributors (blood from suspect and victim) or in a blood sample 
monitoring engraftment following a bone marrow transplant 
(mixture of donor and recipient) or in the SCIDS example 
with 1-2% maternal cells. The described embodiments enable 
Such identification in a rapid, reliable, and cost effective man 

. 

0084. In the described embodiments the second round of 
amplification typically occurs using the emulsion based PCR 
amplification strategy described above that results in the 
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immobilized clonal population of “second amplicons on a 
bead substrate that effectively sequesters the second ampli 
cons preventing diffusion when the emulsion is broken. Typi 
cally, thousands of the second amplicons are then sequenced 
in parallel as described elsewhere in this specification. For 
example, beads with immobilized populations of second 
amplicons may be loaded onto reaction substrate 105 and 
processed using sequencing instrument 100 which generates 
>1000 clonal reads from each sample and outputs the 
sequence data to computer 130 for processing. Computer 130 
executes specialized software (such as for instance applica 
tion 135) to identify the HLA type(s) for the loci on interest 
present in the sample. 
0085. As described above, sequencing many nucleic acid 
templates in parallel provides the sensitivity for the presently 
described invention as described above. For example, based 
on binomial statistics the lower limit of detection (i.e., one 
event) for a fully loaded 60 mmx60 mm Pico TiterPlate 
(2x10' high quality bases, comprised of 200,000x100 base 
reads) with 95% confidence, is for a population with allelic 
frequency of at least 0.002%, and with 99% confidence for a 
population with allelic frequency of at least 0.003% (it will 
also be appreciated that a 70x75 mm Pico TiterPlate could be 
employed as described above, which allows for an even 
greater number of reads and thus increased sensitivity). For 
comparison, SNP detection via pyrophosphate based 
sequencing has reported detection of separate allelic states on 
a tetraploid genome, so long as the least frequent allele is 
present in 10% or more of the population (Rickert et al., 2002 
BioTechniques. 32:592-603). Conventional fluorescent DNA 
sequencing is even less sensitive, experiencing trouble 
resolving 50/50 (i.e., 50%) heterozygote alleles (Ahmadianet 
al., 2000 Anal. BioChem. 280:103-110). 
I0086 For the purposes of example, Table 1 shows the 
probability of detecting Zero, or one or more, events, based on 
the incidence of SNP's in the total population, for a given 
number N (=100) of sequenced amplicons. “*” indicates a 
probability of 3.7% of failing to detect at least one event when 
the incidence is 5.0%; similarly, “*” reveals a probability of 
0.6% of failing to detect one or more events when the inci 
dence is 7%. 

0087. The table thus indicates that the confidence level to 
detect a SNP present at the 5% level is 95% or better and, 
similarly, the confidence of detecting a SNP present at the 7% 
level is 99% or better. 

TABLE 1. 

Prob. of 
Incidence at least 1 event Prob. of no event 

(%) (N = 100) (N = 100) 

1 O.264 O.736 
2 0.597 O403 
3 O.805 O.195 
4 O.913 O.O87 
5 O.963 O.O37% 
6 O.98S O.O15 
7 O994 O.OO6** 
8 O.998 O.OO2 
9 O.999 O.OO1 
10 1.OOO O.OOO 

0088 Naturally, multiplex analysis is of greater applica 
bility than depth of detection and Table 2 displays the number 
of SNPs that can be screened simultaneously on a single 
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Pico TiterPlate array, with the minimum allelic frequencies 
detectable at 95% and 99% confidence. 

TABLE 2 

Minimum Minimum 
frequency frequency 
of SNP of SNP 

in population in population 
detectable detectable 

SNP Number of with 95% with 99% 
Classes Reads confidence confidence 

1 2OOOOO O.OO2% O.OO3% 
2 1OOOOO O.OO5% O.OO7% 
5 4OOOO O.O14% O.O18% 
10 2OOOO O.O28% O.O.37% 
50 4000 O.14% O.18% 
1OO 2OOO O.28% O.37% 
2OO 1OOO 0.55% O.74% 
500 400 1.39% 1.85% 
1OOO 2OO 2.76% 3.64% 

I0089 Embodiments of the described invention provide 
methods of HLA genotyping based the discovery that a mul 
tiplex, parallel clonal sequencing analysis can be used to 
genotype at least 3, typically at least 6, and preferably at least 
8 HLA loci in multiple individuals at the same time. The 
sequencing platforms described herein clonally propagate in 
parallel millions of single DNA molecules which are then 
also sequenced in parallel. It will be appreciated that the read 
lengths obtainable by the described sequencing platforms 
(i.e. GS FLX or GS Junior sequencing platforms available 
from 454 Life Sciences Corporation) are typically >500 
nucleotides. These clonal read lengths make possible setting 
the phase of the linked polymorphisms within an exon and 
thus the unambiguous determination of the sequence of each 
HLA allele. It is important to note that the described sequenc 
ing technologies with read lengths of 500 bases or more 
enable the acquisition of the complete sequence composition 
for the loci of interest as a single read in both directions. For 
example, each strand of the double stranded DNA for the 
region comprising one or more loci may be simultaneously 
sequenced in the 5'-3' direction producing a complete read 
across said loci enabling unambiguous HLA typing. Thus a 
higher level of confidence is achieved due to the fact that each 
nucleotide position in the loci of interest has been interro 
gated and reviewed in both the forward and reverse directions. 
0090. In the described invention, the system is sufficiently 
high throughput to enable a complete, 8-locus HLA typing for 
multiple individuals, e.g., 24, 48, or more subjects, in a single 
sequencing run using a next-generation sequencing platform 
as described herein. The highly multiplexed amplicon 
sequencing of the described embodiments employ sample 
specific internal sequence tags (i.e. MIDs as described above) 
in the primers that allow pooling of samples yet maintain the 
ability to assign sequences to a specific individual. In the 
described embodiments, the HLA genotypes for at least eight 
loci (HLA-A, B, C, DRB1, DQA1, DQB1, DPA1, DPB1), as 
well as for DRB3, 4, and 5 can be obtained from the data 
generated by sequencing. This HLA sequencing system can 
also detect chimeric mixtures, e.g., the detection of the rare 
non-transmitted maternal allele present in the blood of SCID 
patients as referenced above. For example, those of ordinary 
skill in the related art appreciate that SCID (also sometimes 
referred to as “Bubble Boy Disease') can include the pres 
ence of a third allele in cells of maternal origin in circulation 
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within an individual. The individuals containing cells with the 
non-transmitted maternal alleles (i.e. maternal cells) are 
sometimes referred to as “Micro Chimeras' and the maternal 
cells typically occur at a very low frequency (i.e. ~1-2%) yet 
have a profound effect upon the individual who often lacks a 
functional immune system. 
0091 Those of ordinary skill in the related art appreciate 
that the human leukocyte antigen system (HLA) complex 
spans approximately 3.5 million base pairs on the short arm of 
chromosome 6. The major regions are the class I and class II 
regions. The major Class I antigens are HLA-A. HLA-B, and 
HLA-C and the major Class II antigens are HLA-DP. HLA 
DQ and HLA-DR. The HLA-DP. HLA-DQ and HLA-DR 
loci encode the C. and B chains of the HLA-DR, DP and DQ 
antigens. The HLA genes are among the most polymorphic 
genes in the genome. Polymorphisms that are expressed in the 
HLA antigen (and therefore of great interest for typing for 
transplantation) are localized primarily in exon 2 for the class 
II genes and exons 2 and 3 for the class I genes. In the 
presently described embodiments, the read lengths attainable 
employing the HLA primers and sequencing system 
described herein enable complete sequencing through the 
HLA regions important for accurate typing including exon 2 
and exon 3. For example, those of ordinary skill in the related 
art will appreciate that in most individuals HLA 
A*01010101 typically comprises about 73 sequence posi 
tions in exon 1, about 130 sequence positions in intron 1. 
about 270 sequence positions in exon 2, about 241 sequence 
positions in intron 2, about 276 sequence positions in exon 3. 
about 578 sequence positions in intron 3, about 276 sequence 
positions in exon 4, about 102 sequence positions in intron 4. 
about 117 sequence positions in exon 5, about 442 sequence 
positions in intron 5, about 33 sequence positions in exon 6. 
about 142 sequence positions in intron 6, about 48 sequence 
positions in exon 7, about 169 sequence positions in intron 7. 
and about 5 sequence positions in exon 8. 
0092. In embodiments of the described invention, the 
genotype of an HLA gene as described herein refers to deter 
mining the variations in HLA type (which include various 
polymorphisms) present in the HLA loci. For HLA-A, the 
variants present in exon 2 and exon 3 are determined by 
sequencing the products of first amplicons generated by PCR 
from an individual. In typical embodiments, the sequence of 
exon 4 is also determined. Exon 2, exon 3, and exon 4, or 
regions thereof that comprise the allelic determinants, are 
each amplified in individual PCR reactions to obtain first 
amplicons. Similarly, first amplicons are obtained for exon 2 
and exon3, and in some embodiments, exon 4, for the HLA-B 
and HLA-C alleles for an individual. For genotyping HLA 
class II alleles, first amplicons are obtained for exon 2 of 
DRB1, DPB1, DPA1, DQA1 and exons 2 and 3 of DQB1. 
Each exon can be sequenced completely by sequencing the 
products of first amplicons generated from both Strands with 
sufficient overlap between the reads from either end that 
specific HLA alleles can be unambiguously assigned. 
0093 FIGS. 2-4 provide a simplified graphical example of 
the relationship between the first amplicons generated in 
embodiments of the invention to the respective HLA region. 
For instance, FIG. 2 illustrates first amplicon 203 that spans a 
region comprising exon 1, intron 1, and exon 2; first amplicon 
205 that spans a region comprising exon 3; and first amplicon 
207 that spans a region comprising exon 4, intron 4, and exon 
5 of the HLA-A allele using HLA specific forward primer 250 
and reverse primer 260. FIG. 2, also illustrates similar rela 
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tionships for first amplicons 213, 215, and 217 of the HLA-B 
allele; and first amplicons 223, 225, and 227 of the HLA-C 
allele with an additional first amplicon 229 that spans a region 
comprising exon 6, intron 6, and exon 7. Similarly, FIG. 3 
illustrates first amplicons303,313, and 323 that span a region 
comprising exon 2 of the DPA1, DPB1, and DQA1 alleles 
respectively; and FIG. 4 illustrates first amplicons 403, and 
413 that span a region comprising exon 2 of the DQB1, and 
DRB1 alleles with the addition of first amplicon 405 that 
spans a region comprising exon 3 of the DRB1 allele. It will 
be appreciated that the graphical representations provided in 
FIGS. 2-4 are for the purposes of illustration and should not 
be considered limiting. 
0094. Each sample from an individual is amplified at one 
or more loci individually using primers that target the loci of 
interest that typically include a polymorphic region of one or 
more exons of interest. The primers employed in the ampli 
fication reaction may include additional sequence element 
Such as adapter sequences for emulsion PCR and an identi 
fying MID sequence element that serves as a marker for the 
DNA from a single individual. 
0.095 The invention employs amplification primers that 
amplify the loci of interest of the HLA genes. Typically, the 
primers are designed to ensure that the entire polymorphic 
portion of an exon is obtained. 
0096. In the described embodiments, primer sequences for 
the multiplex amplification of the invention are incorporated 
into adaptors that include sequence elements that can be used 
to facilitate the clonal sequencing and the analysis. The adap 
tors of some or all of the described embodiments therefore 
include the following components: a general adaptor element, 
a unique identification (i.e. MID) tag and a primer sequence 
that hybridizes to an HLA gene of interest to use in an ampli 
fication reaction to obtain a first HLA amplicon. For example, 
a schematic representation of an adaptor may include: 

General Adapter Sequence+MID Sequence+Target 
specific Sequence 

0097. The general adaptor elements of the described 
embodiments may comprise various sequence elements and 
are typically present at the 5' end of the adaptors. For 
example, the general adapter regions may comprise 
sequences that serve as the site of annealing of primers for the 
sequencing reaction and also correspond to sequences present 
on beads, or a solid Surface, so that the first amplicon can be 
annealed to the surface for emulsion PCR. The forward 
primer for amplifying an HLA exon includes an adapter 
sequence at the 5' end, referred to hereas the adapter region A. 
The reverse primer comprises a region that contains an 
adapter sequence at the 5' end, referred to here as adapter 
region B. As noted, the sequences present in the adaptor 
region and their complements allow for annealing of the first 
amplicons to beads for emulsion PCR as well as the popula 
tions of second amplicons which result from the emPCR 
process. Optionally, the adaptor may further include a unique 
discriminating key sequence comprised of a non-repeating 
nucleotide sequence (i.e., ACGT, CAGT, etc.). This key 
sequence is typically incorporated to bioinformatically dis 
tinguish the sequenced populations of second amplicons for 
HLA genotyping from control sequences that are included in 
the reaction. 
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0098. In the described embodiments the general adaptor 
sequence may include the following sequences: 

Forward A.: 
GCCTCCCTCGCGCCATCCGACTCAG; (SEQ ID NO: 1) 

Rewerse B : 
GCCTTGCCAGCCCGCGCAGTCTCAG (SEQ ID NO: 2) 
OR 

Forward A.: 

CGTATCGCCTCCCTCGCGCCATCAG; (SEQ ID NO : 3) 

Rewerse B : 
CTATGCGCCTTGCCAGCCCGCTCAG (SEQ ID NO : 4) 

0099. It will be appreciated that the described invention is 
not limited to the exact composition of the general adaptor 
sequences described above and that different sequence com 
positions may be used. 
0100 PCR primers for use in the described embodiments 
of HLA genotyping method further comprise MID sequence 
elements as described above. These MID sequence elements 
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are used to bioinformatically distinguish the sequenced HLA 
second amplicons from each individual tested. In the 
described embodiments, HLA regions of interest are ampli 
fied from a nucleic acid sample from a Subject to be geno 
typed. For example, the HLA exons, or regions of the exons, 
comprising the variants that act as allelic determinants are 
individually amplified. The first amplicons obtained from the 
subject are marked with the same MID sequence element 
associating the first amplicons with the Subject. In the present 
example, the MID sequence element is included in the adap 
tors that are used to amplify each first amplicon for that 
Subject as well as Subsequent amplification producing the 
populations of second amplicons. Accordingly, the MID 
sequence elements are also sequenced in the sequencing reac 
tion and the sequence composition of each first amplicon (i.e. 
via sequencing of the respective population of second ampli 
cons) are bioinformatically deconvoluted to associate the 
sequence composition, and variants contained therein, with 
the subject. 
0101 Table 3 provides examples of MID sequence ele 
ment useable with embodiments of the described invention. 

TABLE 3 

MID Seculences 

5 BP 10 BP SEQ SEQ SEQ SEQ 
4 BP MIDS MIDS ID ID ID ID 
MID is is "T s' C 5. "A 5 G T NO is C NO : 5. A NO : 5. G NO : 

TCAG TCAGC TCAGA TCAGC TCAGA ACGCTCGACA 5 ACGAGTGCGT 17 ACGAGTGCGT 17 ACGAGTGCGT 17 

TCAT, TCATC. TCATG TCATG TCATC AGACGCACTC 6 ACGCTCGACA 5 AGACGCACTC 6 ACGCTCGACA 5 

TCTC. TCTCA TCTCT TCTCT TCTCA AGCACTGTAG 7 AGCACTGTAG 7 AGCACTGTAG 7 AGACGCACTC 6 

TCTG TCTGC TCTGA TCTGC TCTGA, ATCAGACACG 8 ATCAGACACG 8 ATCAGACACG 8 CGTGTCTCTA 1 O 

TGAT TGATC TGATG TGATG TGATC ATATCGCGAG 9 ATATCGCGAG 9 ATATCGCGAG 9 CTCGCGTGTC 11 

TGAG. TGAGC TGAGA TGAGC TGAGA CGTGTCTCTA 10 CGTGTCTCTA 10 CTCGCGTGTC 11 TAGTATCAGC 12 

TGCT TGCTC TGCTG TGCTG TGCTC CTCGCGTGTC 11. TCTCTATGCG 13 TAGTATCAGC 12 TGATACGTCT 18 

TGCA TGCAG TGCAT TGCAG TGCAT TAGTATCAGC 12 TGATACGTCT 18 TCTCTATGCG 13 TACTGAGCTA 14 

CAGA CAGAG. CAGAT CAGAG. CAGAT TCTCTATGCG 13 TACTGAGCTA 14 TGATACGTCT 18 CGAGAGATAC 16 

CAGC CAGCA CAGCT CAGCT CAGCA. TACTGAGCTA 14 CATAGTAGTG 15 CATAGTAGTG 15 CATAGTAGTA 20 

CATC CATCA CATCT CATCT CATCA CATAGTAGTG 15 CGTGTCTCTG 1.9 CGAGAGATAC 16 ACGAGTGCGA 21 

CATG CATGC CATGA CATGC CATGA CGAGAGATAC 16 CATAGTAGTA. 20 CGTGTCTCTG 1.9 CATAGTAGTC 22 

C.T.C.T CTCTC CTCTG CTCTG CTCTC 

CTCA CTCAG CTCAT CTCAG CTCAT 

CTGA CTGAG. CTGAT. CTGAG. CTGAT 

CTGC CTGCA CTGCT. CTGCT. CTGCA 

ATCA ATCAG ATCAT, ATCAG ATCAT 

ATCT ATCTC ATCTG ATCTG ATCTC 

ATGA, ATGAG ATGAT ATGAG ATGAT 

ATGC ATGCA ATGCT ATGCT ATGCA 

AGCA AGCAG AGCAT AGCAG. AGCAT 
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TABLE 3 - continued 

MID Seculences 

5 BP 10 BP SEQ 
4 BP MIDS MIDS ID 
MID is is 'T is C is "A is G is "T NO is C 

AGCT AGCTC AGCTG AGCTG AGCTC 

AGAT AGATC AGATG AGATG. AGATC 

AGAG. AGAGC AGAGA AGAGC AGAGA 

0102. In embodiments of the described invention the MID 
sequences can be designed taking into account certain param 
eters which may include Some or all of the parameters 
described above. For example, in designing a 4-residue MID 
tag, it is desirable to choose 4 bases that take into account the 
flow cycle of the nucleotides in the sequencing reaction. In the 
present example, if the nucleotides are added in the order T, A, 
C, and G, it is typically desirable to design the MID sequence 
such that a nucleotide that is positive (i.e. nucleotide in the 
flow is complementary to the next nucleotide in MID 
sequence) is followed by a residue that would be negative (i.e. 
nucleotide in the flow is non-complementary to the next 
nucleotide in MID sequence). Accordingly, in this example, if 
an MID sequence begins with an 'A' nucleotide such that the 
nucleotide incorporated in the sequencing reaction is T, the 
second nucleotide in the tag sequence would be a nucleotide 
such that A would not be incorporated. In addition, it is 
desirable to avoid forming homopolymers, either within the 
MID sequence or through creating them based on the last 
nucleotide of the adapter region or the first nucleotide of the 
HLA-specific primer region of the adaptor. 
0103) The target-specific sequence (also referred to herein 
as HLApriming region, HLA binding region, or HLA hybrid 
izing region) of the described adaptors is the region of the 
primer that hybridizes to the HLA sequence of interest to 
amplify the desired locus that may include an exon, combi 
nation of two exons and intervening intron sequence, or in 
Some embodiments, a limited region of the exon. Typically, 
the HLA priming region of the adaptor hybridizes to intronic 
sequence adjacent to the exon to be amplified in order to 

HLA-A. 

SEQ SEQ SEQ 
ID ID ID 
NO: SA NO : 5. G NO : 

obtain the entire exon sequence. The HLA primer sequences 
are preferably selected to selectively amplify the HLA exon 
of interest, although in Some embodiments, a primer pair may 
also amplify a highly similar region of a related region of 
HLA gene. For example, the primers for exon 2 of DRB1 
described in the example section below also amplify the 
DRB3, DRB4, and DRB5 loci (i.e. they are “generic' to those 
loci). The primer sequences are selected Such that the exon is 
amplified with Sufficient specificity to allow unambiguous 
determination of the HLA genotype from the sequence. 
0104 Consensus sequences of HLA genes and alleles are 
known and available through various databases, including 
GenBank and other gene databases and have been published 
(see e.g., Mason and Parham (1998) Tissue Antigens 51: 
417-66, listing HLA-A. HLA-B, and HLA-C alleles; Marsh 
et al. (1992) Hum. Immunol. 35:1, listing HLA Class II alle 
les-DRA, DRB, DQA1, DQB1, DPA1, and DPB1). 
0105. The PCR primers were designed based on principles 
known in the art. Strategies for primer design may be found 
throughout the scientific literature, for example, in Rubin, E. 
and A. A. Levy, Nucleic Acids Res, 1996.24 (18): p. 3538-45: 
and Bucket al., Biotechniques, 1999.27 (3): p. 528-36. For 
example, the HLA-specific primer is typically about 20 
nucleotides or greater, e.g., 20 to 35 nucleotides in length. 
Other parameters that are considered are G/C content, design 
considerations to avoid internal secondary structure, and pre 
vent the formation of primer dimers, as well as melting tem 
peratures (Tm). 
0106 Examples of HLA target specific primers for use in 
embodiments of the invention are provided in Table 4. 

TABLE 4. 

HLA Target Specific Primer Sequences 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

HLA-A. 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

Exon 

5 

SEQ ID No: 

23 GAAACGGCCTCTGTGGGGAGAAGCAA 

24 GGTGGATCTCGGACCCGGAGACTGT 

25 GACTGGGCTGACCGTGGGGT 

26 CCCCTGGTACCVGTGCGCTGCA 

27 GACTGGGCTGACCKYGGGGT 

28 GAGGGTGATATTCTAGTGTTGGTCCCAA 

29 TGCCTGAATGWTCTGACTCTTCCCGTMAGA 

3 O TGACCCTGCTAAAGGTCTCCAGAG 

3 O TGACCCTGCTAAAGGTCTCCAGAG 

31 CTGGGTTCTGTGCTCYCTTCCCCAT 

32 CTCCAGAGAGGCTCCTGCTTTCCSTA 
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HLA Adaptors 

Locus Name Sequence 

C1-2 5 FHLAC1- TTCTAGAGAAGCCAATCAGCGTCT 
2TV31 

C1-2 3' RHLAC1-2TW1 GGTCGAGGGTCTGGGCGGGTT 

C1-2 3' RHLAC1-2TW2 CGAGGGTCTGGGCGGGTT 

C1-2 3' RHLAC1- CCGGGCYGGGGTCACTCAC 
2TV31 

C3 5 FHLAC3TW1 CGCCCAGACCCTCGACCGGA 

C3 5 FHLAC3TW2 CCCAGACCCTCGACCGGA 

C3 3' RHLAC3TV4. 1 GAGAGAAAGGTCAGCAGCCTGACCACA 

C3 3' RHLAC3TV51 AAAGGTCAGCAGCCTGACCACA 

C3 5' FHLAC3TV31 CCTCGACCGGAGAGAGCCCYAGT 

C3 5' FHLAC3TV41 CGACCGGAGAGAGCCCYAGT 

C4-5 5." FHLAC4-STW1. TCCATTCTCAGGATGGTCACATGGGC 

C4-5 5." FHLAC4-STW2 ATTCTCAGGATGGTCACATGGGC 

C4-5 3 RHLAC4-STW1 GGGCACACTTCTACCTGGGGCTTGAAACT 

C4-5 3 RHLAC4-STW2 CACACTTCTACCTGGGGCTTGAAACT 

C4-5 3 RHLAC4-STW3 CACACAGGGTCCCAGGCTGGGA 

C4-5 3 RHLAC4-STV4 ACAGGGTCCCAGGCTGGGA 

C6-7 is FHLAC6-7TV1 ACTTCTCTTGGGTCCAAGACTAGGAGGTTCCC 

C6-7 5 FHLAC6-7TW2 TGGGTCCAAGACTAGGAGGTTCCC 

C6-7 3' RHIAC 6 - 7TW1 CCCACCCCCGACCACTTCAGCT 

C6-7 3' RHIAC 6 - 7TV2 CACCCCCGACCACTTCAGCT 

C6-7 3 RHLAC6-7TW3 GAAACGTCCCAATCAAAGRATCCCCATTA 

C6-7 3 RHLAC6-7TW4 CGTCCCAATCAAAGRATCCCCATTA 

DPA1 5 PM1272 GACCACTTGCATATTCAAACTGA 

DPA1 3 PM1274 GGCTACAGAGGAAGAGGCAAAGATA 

DPA1 5 PM1273 GACCACTTGCATATTCAAACTGACA 

DPA1 3 PMO59 GGCTACAGAGGAAGAGGCAAAGATAGG 

DRB1 5 PM1283 GTTTCCAGAGAAGCCAATCAGTGTCGT 

DRB1 5 PM1284 CGGATGCTTTGTGGACCCGCA 

DRB1 5 PM1285 GGATGCTTTGTGGACCCGCA 

DRB1 3 PM1286 GGATAGAGAGGATTCTGAATGCTCACAGAT 

DRB1 3 PM1287 GGATAGAGAGGATTCTGAATGCTCACAGA 

0108 Those of ordinary skill in the art will appreciate that 
Some variability of sequence composition for primer sets 
exist and that 90% or greater homology to the disclosed 
primer sequences are considered within the scope of the pres 
ently described invention. For example, the target regions for 
the sets of primers may be slightly shifted and thus some 

SEQ Id. No: 

99 

OO 

O2 

OS 

21 

22 

23 

24 

69 

25 

26 

27 

28 

difference in primer sequence composition is expected. Also, 
refinements to the consensus sequence may be made or new 
sequence degeneracy at certain positions may be discovered 
resulting in a slight difference of sequence composition in the 
target region, and similarly some variation in primer sequence 
composition is expected. 
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0109 The template nucleic acid used to amplify the HLA 
first amplicon of interest is typically from genomic DNA 
isolated from a Subject to be genotyped. In the current 
method, more than one Subject is HLA genotyped in parallel 
reactions. In the current invention, at least 12 Subjects, and 
typically at least 16, 20, 24, 30, 36, or 48 subjects are HLA 
genotyped. The HLA amplicons may be obtained using any 
type of amplification reaction. In the described embodiments, 
first amplicons are typically made by PCR using HLA primer 
pairs as described herein, where it is typically desirable to use 
a polymerase with a low error rate, e.g., such as a high-fidelity 
Taq polymerase (Roche Diagnostics). 
0110. The PCR conditions can be optimized to determine 
suitable conditions for obtaining first HLA amplicons from a 
subject. Each first HLA amplicon may be individually ampli 
fied in separate PCR reactions. In some embodiments, the 
first HLA amplicons for a subject may be obtained in one or 
more multiplex reactions that comprise primer pairs to 
amplify individual amplicons. 
0111. In the described embodiments, populations of HLA 
second amplicons are amplified and immobilized on beads 
via an emulsion PCR process as described above. For 
example, the first HLA amplicons are, preferably, individu 
ally compartmentalized within an aqueous droplet of a water 
in oil emulsion and attached to a single bead compartmental 
ized within the droplet by annealing a bead bound primer to 
the first amplicon, via a complementary primer element in the 
adaptor region. The bead comprises a large number of the 
primer species complementary to the primer element in the 
adapter portion. In the present example, the discrete aqueous 
phase microdroplets, are approximately 60 to 200 um in 
diameter, enclosed by a thermostable oil phase where the 
emulsion droplets are formed such that on average, the emul 
sion comprises only one target nucleic acid and one bead. 
Each microdroplet contains, preferably, amplification reac 
tion Solution (i.e., the reagents necessary for nucleic acid 
amplification, such as polymerase, salts, and appropriate 
primers, e.g., corresponding to the adaptor region). 
0112. In the described embodiments, emulsion PCR is 
typically performed with two populations of beads, as the first 
HLA amplicons are sequenced in both directions. In one 
population of beads, a first primer complementary to the 
“reverse' primer element in the adapter sequence (i.e. the “B” 
adaptor) is attached to a bead. In the second population of 
beads, a second primer complementary to the “forward 
primer element in the adapter sequence (i.e. the 'A' adaptor) 
is attached to a bead. Thus, a primer for use in the emulsion 
amplification reaction typically has the sequence of the 
adapter region, without additional sequences such as "key 
sequences. In some embodiments, the emulsion amplification 
reaction may be performed with asymmetric primer concen 
trations in the aqueous solution (i.e. typically the primer 
species immobilized on the bead will have the lower concen 
tration in solution). For example, the PCR primers may be 
present in an 8:1 or 16:1 ratio (i.e., 8 or 16 of one primer to 1 
of the second primer) to perform asymmetric PCR. However 
it will be appreciated that the asymmetric primer concentra 
tions may not be necessary and equal primer concentrations 
may instead be employed in the aqueous solution, or in some 
preferred embodiments the primer species immobilized on 
the bead will not be present in the aqueous solution (i.e. the B 
primer species is immobilized and the Aprimer species is in 
Solution). 
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0113. Following emulsion PCR amplification, the beads 
that have the singled-stranded second HLA amplicon tem 
plate are isolated, e.g., via a moiety Such as a biotin that is 
present on an amplification primer during the emulsion PCR, 
and the template is sequenced using DNA sequencing tech 
nology described elsewhere in this specification. For 
example, clonal second amplicons are sequenced using a 
sequencing primer (e.g., primer A or primer B) and adding 
four different dNTPs or ddNTPs subjected to a polymerase 
reaction. As each dNTP or ddNTP is added to the primer 
extension product, a pyrophosphate molecule is released. 
Pyrophosphate release can be detected enzymatically, Such 
as, by the generation of light in a luciferase-luciferin reaction. 
Additionally, a nucleotide degrading enzyme. Such as apy 
rase, can be present during the reaction in order to degrade 
unincorporated nucleotides. In other embodiments, the reac 
tion can be carried out in the presence of a sequencing primer, 
polymerase, a nucleotide degrading enzyme, deoxynucle 
otide triphosphates, and a pyrophosphate detection system 
comprising ATP Sulfurylase and luciferase. 
0114. Once the sequencing data is obtained for the 
sequence of the individual DNA molecules, the unambiguous 
HLA sequence can be determined by comparing these 
sequence files to an HLA sequence database for the known 
HLA alleles. The read lengths achieved by the 454 Sequenc 
ing system (454 Life Sciences Corporation) (typically at least 
500 bp) are sufficient to enable unambiguous determination 
of the sequence composition of each exon. The assignment of 
genotypes at each locus based on the exon sequence data files 
can be performed by application 135. For example, applica 
tion 135 may include a software application developed by 
Conexio Genomics. An important aspect of the software is the 
ability to filter out related sequence reads (pseudogenes and 
other unwanted HLA genes) that were co-amplified by the 
primers along with the target sequence. In the same or alter 
native examples, application 135 may include the Amplicon 
Variant Analyzer software application (generally referred to 
as the AVA software) (454 Life Sciences Corporation) that 
compares the sequence composition generated from each first 
amplicon against a consensus sequence and identifies all 
variation that deviates from the consensus. In some embodi 
ments, the AVA software may be additionally enabled to 
associate variants (or combinations of variation) with varia 
tion known type (i.e. HLA type) or variation known to confer 
a phenotype associated with a disease, condition, resistance, 
etc. Alternatively, the AVA software may be employed for 
pre-processing the sequence data where the pre-procesed data 
may subsequently be uploaded into the Conexio software for 
further processing. 
0.115. Further, embodiments of the described invention 
include packaging some or all of the compositions and 
reagents described herein into kits. A kit of the described 
embodiments typically comprises multiple adaptor pairs as 
described herein that are suitable for amplifying the regions 
of interest in an HLA allele. The adaptor pairs comprise a 
forward primer comprising a general adapter region, an MID 
tag and an HLA primer region; and a reverse primer that 
comprises a general adapter region, an MID tag, and an HLA 
primer region. It will, however, be appreciated that only one 
MID tag may be necessary depending on the number of 
sample associations necessary. The kits of the described 
embodiments often comprise primer pairs to amplify first 
amplicons for determining the genotype of multiple Subjects 
for at least HLA-A, HLA-B, and DRB1. Often, a kit of the 
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described embodiments comprise sufficient HLA primer 
pairs to determine the genotype of HLA-A. HLA-B, HLA-C, 
DRB1, DQA1, DQB1, DPA1, and DPB1 genes for multiple 
individuals, e.g., 12 or more individuals. 
0116. In some embodiments, a kit can additionally com 
prise one or more populations of beads that have a primer 
attached that corresponds to an adapter region that can be 
used in emulsion PCR. In some embodiments, a kit can com 
prise one or more reaction compartments comprising 
reagents suitable for performing a reaction selected at the 
discretion of a practitioner. For example, in Some embodi 
ments, a kit can comprise one or more reaction compartments 
comprising one more sequencing reagents. 
0117 The various components included in the kit are typi 
cally contained in separate containers, however, in some 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 128 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 

SEO ID NO 1 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

oligonucleotide 

&4 OOs, SEQUENCE: 1 

gcc toccitcq cqccatc.cga ct cag 

SEO ID NO 2 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

oligonucleotide 

<4 OOs SEQUENCE: 2 

gccttgc.cag ccc.gc.gcagt ct cag 

SEO ID NO 3 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

oligonucleotide 

<4 OOs SEQUENCE: 3 

cgitat cqcct coctogcgcc at cag 

SEO ID NO 4 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

oligonucleotide 

<4 OOs SEQUENCE: 4 

Ctatgcgc.ct tccagc.ccg ct cag 

17 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

Oct. 14, 2010 

embodiments one or more of the components can be present 
in the same container. Additionally, kits can comprise any 
combination of the compositions and reagents described 
herein. In some embodiments, kits can comprise additional 
reagents that may be necessary or optional for performing the 
disclosed methods. Such reagents include, but are not limited 
to, buffers, control polynucleotides, and the like. 
0118. Having described various embodiments and imple 
mentations, it should be apparent to those skilled in the rel 
evant art that the foregoing is illustrative only and not limit 
ing, having been presented by way of example only. Many 
other schemes for distributing functions among the various 
functional elements of the illustrated embodiment are pos 
sible. The functions of any element may be carried out in 
various ways in alternative embodiments. 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 

Synthetic 

25 
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- Continued 

SEO ID NO 5 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 5 

acgcticga.ca 

SEQ ID NO 6 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 6 

agacgc actic 

SEO ID NO 7 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 7 

agcactgtag 

SEQ ID NO 8 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 8 

at Cagacacg 

SEO ID NO 9 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 9 

at atcgcgag 

SEQ ID NO 10 
LENGTH: 10 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 1.O 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 
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- Continued 

cgtgtcticta 

<210s, SEQ ID NO 11 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 11 

Ctcgcgtgtc. 

<210s, SEQ ID NO 12 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 12 

tagtat cago 

<210s, SEQ ID NO 13 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 13 

tctic tatgcg 

<210s, SEQ ID NO 14 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 14 

tactgagcta 

<210s, SEQ ID NO 15 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 15 

Catagtagt 

<210s, SEQ ID NO 16 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 
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<4 OOs, SEQUENCE: 16 

cgagagatac 

<210s, SEQ ID NO 17 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 17 

acgagtgcgt. 

<210s, SEQ ID NO 18 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 18 

tgatacgt.ct 

<210s, SEQ ID NO 19 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 19 

cgtgtctctg 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 2O 

catagtagta 

<210s, SEQ ID NO 21 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 21 

acgagtgcga 

<210s, SEQ ID NO 22 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 

10 

Synthetic 
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oligonucleotide 

SEQUENCE: 22 

catagtag to 

SEQ ID NO 23 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 23 

gaaacggcct Ctgtggggag aagcaa. 

SEQ ID NO 24 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 24 

ggtggat.ct c gaccc.ggag actgt 

SEO ID NO 25 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 25 

gactgggctg accgtggggt 

SEQ ID NO 26 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 26 

CCCCtgg tac cwgtgcgctg. Ca 

SEO ID NO 27 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 27 

gactgggctg acckyggggt 

SEQ ID NO 28 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 

10 

Synthetic 

26 

Synthetic 

25 

Synthetic 

Synthetic 

22 

Synthetic 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 28 

gagggtgata ttctagtgtt ggit cocaia 

<210s, SEQ ID NO 29 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 29 

tgcc togaatg witctgactict tcc.cgtmaga 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 30 

tgaccctgct aaaggit ct co agag 

<210s, SEQ ID NO 31 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 31 

ctgggttctg togct cycttic cc cat 

<210s, SEQ ID NO 32 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 32 

citccagagag gct cotgctt tocsta 

<210s, SEQ ID NO 33 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 33 

agagct C9gg aggagcgaggggaccScag 

<210s, SEQ ID NO 34 
&211s LENGTH: 27 

Synthetic 

28 

Synthetic 

3 O 

Synthetic 

24 

Synthetic 

25 

Synthetic 

26 

Synthetic 

29 
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- Continued 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 34 

actic gaggcc ticgctctggt ttagta 

<210s, SEQ ID NO 35 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 35 

cggtC9aggg tytgggc 

<210s, SEQ ID NO 36 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

< 4 OO > SEQUENCE: 36 

agagct cqgg C cagggtctic aca 

<210s, SEQ ID NO 37 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 37 

actic gaggga ggc catcc cc ggc gacct at 

<210s, SEQ ID NO 38 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 38 

cc.cggttt catttitcagttg agg 

<210s, SEQ ID NO 39 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 39 

gcqcct gaat tittctgactic titcc.ca 

Synthetic 

27 

Synthetic 

17 

Synthetic 

23 

Synthetic 

3 O 

Synthetic 

23 

Synthetic 

26 
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<210s, SEQ ID NO 4 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 4 O 

ggct cotgct titc cct gaga a 

<210s, SEQ ID NO 41 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 41 

Ctggtcacat gggtggtc.c 

<210s, SEQ ID NO 42 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 42 

agatatgacc cct catcc c 

<210s, SEQ ID NO 43 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 43 

agtcgacgaa dcggcctctg. Sgga 

<210s, SEQ ID NO 44 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 44 

actic gagggg cygggg.tcac tdac 

<210s, SEQ ID NO 45 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 45 

acgt.cgacgg gcc aggkt ct caca 

Synthetic 

21 

Synthetic 

19 

Synthetic 

19 

Synthetic 

24 

Synthetic 

24 

Synthetic 

24 
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<210s, SEQ ID NO 46 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 46 

acct Caggit cagcagcctg accaca 

<210s, SEQ ID NO 47 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 47 

citcc cc actg ccc ctdgtac 

<210s, SEQ ID NO 48 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 48 

caaagtgtct gaattittctg actict tcc c 

<210s, SEQ ID NO 49 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 49 

tgaagggctic Cagaaggact t 

<210s, SEQ ID NO 50 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 50 

tgaagggctic Caggactt 

<210s, SEQ ID NO 51 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 51 

Synthetic 

26 

Synthetic 

Synthetic 

29 

Synthetic 

21 

Synthetic 

18 

Synthetic 
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gtgtc.gcaag agagatroaa agtgt 

<210s, SEQ ID NO 52 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 52 

gaggrgalagg taggggcc 

<210s, SEQ ID NO 53 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 53 

gctgcaggag agtggcgc.ct C cqct cat 

<210s, SEQ ID NO 54 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 54 

cggat.ccggc ccaaag.ccct cactic 

<210s, SEQ ID NO 55 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 55 

gttt citty catcattttgtg tattalaggt 

<210s, SEQ ID NO 56 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 56 

cggtagagtt gtagcgttta 

<210s, SEQ ID NO 57 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

25 

Synthetic 

19 

Synthetic 

28 

Synthetic 

25 

Synthetic 

29 

Synthetic 

Synthetic 
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<4 OO > SEQUENCE: 57 

gtcagtttct tycatcattt tdtgt attaa got 

<210s, SEQ ID NO 58 
&211s LENGTH: 34 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 58 

gaaagt cagt ttctitycatc attttgttgta ttaa 

<210s, SEQ ID NO 59 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 59 

c catga saag atctggggac ct ct 

<210 SEQ ID NO 6 O 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 60 

aggat.ccc.cg cagaggattt C9tgtacca 

<210s, SEQ ID NO 61 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 61 

t cct gcagga cqct cacctic ticcgctgca 

<210s, SEQ ID NO 62 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 62 

tggagcc.cac agtgac catc. tcc 

<210s, SEQ ID NO 63 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

33 

Synthetic 

34 

Synthetic 

24 

Synthetic 

29 

Synthetic 

29 

Synthetic 

23 
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- Continued 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 63 

gctggggtgc ticcacgtggC a 

SEQ ID NO 64 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 64 

agtgacat ca gggataagag atgggaa 

SEO ID NO 65 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 65 

ccggat.cctt cqtgtc.ccca cagcacg 

SEQ ID NO 66 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 66 

ccgaattic cq ctgcactgtg aagct citc 

SEO ID NO 67 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 67 

ccggat.cctt cqtgtc.ccca cag 

SEQ ID NO 68 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 68 

gatt Ctraat gct cacagat ggcg 

SEO ID NO 69 
LENGTH: 27 
TYPE: DNA 

Synthetic 

21 

Synthetic 

27 

Synthetic 

27 

Synthetic 

28 

Synthetic 

23 

Synthetic 

24 
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ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 69 

gttt CC agag aagccalatca gtgtcgt. 

SEO ID NO 7 O 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 7 O 

taaagt cc.gc acgcacccac cq 

SEO ID NO 71 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 71 

Cttggaac cc ticagtgagac aagaaat 

SEO ID NO 72 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 72 

ttggalacc ct cagtgaga.ca agaaat 

SEO ID NO 73 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 73 

Ctggggcttg galaccCtcag ta 

SEO ID NO 74 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 74 

ggttctgtgc ticyctt cocc at 

SEO ID NO 75 

Synthetic 

27 

Synthetic 

22 

Synthetic 

27 

Synthetic 

26 

Synthetic 

23 

Synthetic 

22 
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- Continued 

&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 75 

ggalacc ct ca gtgaga caag aaat 

<210s, SEQ ID NO 76 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 76 

gggcttggaa ccct cagtga 

<210s, SEQ ID NO 77 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 77 

gcacccaccc ggacticagar tot cot 

<210s, SEQ ID NO 78 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 78 

ccacccggac toagart ct c ct 

<210s, SEQ ID NO 79 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 79 

ccgggc.cggg gtcact cac 

<210s, SEQ ID NO 8O 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 80 

gggc.cggggt cact cac 

Synthetic 

24 

Synthetic 

Synthetic 

26 

Synthetic 

22 

Synthetic 

19 

Synthetic 

17 
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SEQ ID NO 81 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 81 

cc.cgcgggga ttittggcctic 

SEQ ID NO 82 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 82 

cgcggggatt ttggcctic 

SEQ ID NO 83 
LENGTH: 28 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 83 

cgcgtttacc cqgttt catt ttcagttg 

SEQ ID NO 84 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 84 

cgtttacccg gttt catttt cagttg 

SEO ID NO 85 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 85 

cc.cggttt catttitcagttg aggycaa 

SEQ ID NO 86 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 86 

Synthetic 

Synthetic 

18 

Synthetic 

28 

Synthetic 

26 

Synthetic 

27 

Synthetic 
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ggttt cattt t cagttgagg yoaa 

SEO ID NO 87 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 87 

ggagatgggg aaggct cocc act 

SEO ID NO 88 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 88 

atggggaagg Ctc.cccact 

SEO ID NO 89 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 89 

aggggg.ccct cagaggaaac t 

SEO ID NO 9 O 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 9 O 

gtttaggcca aaatc.ccc.gc gg 

SEQ ID NO 91 
LENGTH: 29 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 91 

aaag.cgc.ctgaattittctga citct tcc.ca 

SEQ ID NO 92 
LENGTH: 25 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

24 

Synthetic 

23 

Synthetic 

19 

Synthetic 

21 

Synthetic 

22 

Synthetic 

29 

Synthetic 

Oct. 14, 2010 

NEOGENOMICS EX.1057.037



US 2010/0261189 A1 
33 

- Continued 

<4 OOs, SEQUENCE: 92 

cgc.ctgaatt ttctgactict tcc.ca 

<210s, SEQ ID NO 93 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 93 

gctgct tcc.c agtaatgagg caggga 

<210s, SEQ ID NO 94 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 94 

gctt CC cagt aatgaggcag gga 

<210s, SEQ ID NO 95 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 95 

tgcgittagcc cctgtgtgsa to 

<210s, SEQ ID NO 96 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 96 

cgittagcc cc ttgttgsatg C 

<210s, SEQ ID NO 97 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 97 

cgggttctag agaa.gc.caat cagcgt.ct 

<210s, SEQ ID NO 98 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

25 

Synthetic 

26 

Synthetic 

23 

Synthetic 

23 

Synthetic 

21 

Synthetic 

28 

Synthetic 
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primer 

<4 OOs, SEQUENCE: 98 

ggttctagag aagccalatca gcgt.ct 

<210s, SEQ ID NO 99 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 99 

ttctagagaa gccaat cago gttct 

<210s, SEQ ID NO 100 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 1.OO 

ggtcgagggit Ctgggcgggt t 

<210s, SEQ ID NO 101 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 101 

cgaggg.tctg gg.cgggtt 

<210s, SEQ ID NO 102 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 102 

ccgggcyggg gtcact cac 

<210s, SEQ ID NO 103 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 103 

cgcc.ca.gacc Ctcgaccgga 

<210s, SEQ ID NO 104 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

26 

Synthetic 

24 

Synthetic 

21 

Synthetic 

18 

Synthetic 

19 

Synthetic 
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FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 104 

Cccagacic ct caccgga 

SEO ID NO 105 
LENGTH: 27 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 105 

gagagaaagg to agcago: ct gaccaca 

SEQ ID NO 106 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 106 

aaaggt cago aggctgacca Ca 

SEO ID NO 107 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 107 

Ccticga.ccgg agagagcc cy agt 

SEQ ID NO 108 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 108 

cgaccggaga gagcc cyagt 

SEQ ID NO 109 
LENGTH: 26 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
primer 

SEQUENCE: 109 

tccattctica ggatggtcac atgggc 

SEQ ID NO 110 
LENGTH: 23 

Synthetic 

18 

Synthetic 

27 

Synthetic 

22 

Synthetic 

23 

Synthetic 

Synthetic 

26 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 110 

attcticagga tiggtcacatg ggc 

<210s, SEQ ID NO 111 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 111 

gggcac actt Ctacctgggg Cttgaaact 

<210s, SEQ ID NO 112 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

< 4 OO > SEQUENCE: 112 

cacactitcta cct gggg.ctt gaaact 

<210s, SEQ ID NO 113 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 113 

Cacacagggit CCC aggctgg ga 

<210s, SEQ ID NO 114 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 114 

acagggtc.cc aggctggga 

<210s, SEQ ID NO 115 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 115 

acttct Cttg ggtc.calagac taggaggttc cc 

Synthetic 

23 

Synthetic 

29 

Synthetic 

26 

Synthetic 

22 

Synthetic 

19 

Synthetic 

32 
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<210s, SEQ ID NO 116 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 116 

tgggtcCaag act aggaggt t c cc 

<210s, SEQ ID NO 117 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 117 

cccaccc.ccg accactitcag ct 

<210s, SEQ ID NO 118 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 118 

caccc.ccgac cactitcagct 

<210s, SEQ ID NO 119 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 119 

gaaacgt.ccc aatcaaagra ticc cc atta 

<210s, SEQ ID NO 120 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 120 

cgt.cccaatc aaagratic cc catta 

<210s, SEQ ID NO 121 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 121 

gaccacttgc at attcaaac toga 

Synthetic 

24 

Synthetic 

22 

Synthetic 

Synthetic 

29 

Synthetic 

25 

Synthetic 

23 
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<210s, SEQ ID NO 122 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 122 

ggct acagag galagaggcaa agata 

<210s, SEQ ID NO 123 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 123 

gaccacttgc at attcaaac togaca 

<210s, SEQ ID NO 124 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 124 

ggct acagag galagaggcaa agatagg 

<210s, SEQ ID NO 125 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 125 

cggatgctitt gtggaccc.gc a 

<210s, SEQ ID NO 126 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 126 

ggatgctttgttggaccc.gca 

<210s, SEQ ID NO 127 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 127 

Synthetic 

25 

Synthetic 

25 

Synthetic 

27 

Synthetic 

21 

Synthetic 

Synthetic 
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ggatagagag gattctgaat gct cacagat 

<210s, SEQ ID NO 128 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

3 O 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<4 OOs, SEQUENCE: 128 

ggatagagag gattctgaat gct cacaga 

What is claimed is: 
1. A method for detecting one or more HLA sequence 

variants, comprising the steps of 
(a) amplifying a plurality of first amplicons from a double 

stranded nucleic acid sample, wherein the first ampli 
cons are amplified with a plurality of pairs of nucleic 
acid primers that define exons 2 and 3 of both strands of 
HLA loci selected from the group consisting of HLA-A. 
HLA-B, and HLA-C, 

(b) amplifying the first amplicons to produce a plurality of 
populations of second amplicons, wherein each popula 
tion of second amplicons is clonally amplified from one 
of the first amplicons; 

(c) sequencing the plurality of populations of second 
amplicons to generate a nucleic acid sequence compo 
sition for each of the plurality of second amplicons; and 

(d) detecting variation in the sequence composition from 
one or more of the second amplicons for one or more of 
the HLA loci. 

2. The method of claim 1, wherein: 
the pairs of nucleic acid primers comprise sequence com 

position selected from a plurality of primers listed in 
Tables 4 and 5. 

3. The method of claim 1, wherein: 
the plurality of pairs of nucleic acid primers define exons 1, 

4, and 5 of the HLA loci. 
4. The method of claim 3, wherein: 
the first amplicons comprise an amplicon comprising 

sequence composition of exon 1, intron 1, and exon 2 of 
the HLA loci. 

5. The method of claim 3, wherein: 
the first amplicons comprise an amplicon comprising 

sequence composition of exon 3 of the HLA loci. 
6. The method of claim 3, wherein: 
the first amplicons comprise an amplicon comprising 

sequence composition of exon 4, intron 4, and exon 5 of 
the HLA loci. 

7. The method of claim 1, wherein: 
the plurality of pairs of nucleic acid primers define exons 6. 

and 7 of the HLA-C locus. 

8. The method of claim 7, wherein: 
the first amplicons comprise an amplicon comprising 

sequence composition of exon 6, intron 6, and exon 7 of 
the HLA-C locus. 

29 

9. The method of claim 1, wherein: 
the plurality of pairs of nucleic acid primers for the HLA-A 

locus enable the sequencing of one or more exons in a 
forward and a reverse direction. 

10. The method of claim 1, wherein: 
the plurality of pairs of nucleic acid primers for the HLA-B 

locus enable the sequencing of one or more exons in a 
forward and a reverse direction. 

11. The method of claim 1, wherein: 
the plurality of pairs of nucleic acid primers for the HLA-C 

enable the sequencing of one or more exons in a forward 
and a reverse direction. 

12. The method of claim 1, further comprising: 
a plurality of adaptors each comprising an individual 

primer from the pairs of the nucleic acid primers. 
13. The method of claim 12, wherein: 
one or more of the plurality of adaptors comprise an MID 

identifier. 
14. The method of claim 13, wherein: 
the MID identifier enables pooling of the first amplicons 

derived from a plurality of the nucleic acid samples, 
wherein the populations of the second amplicons ampli 
fied from the pooled first amplicons are sequenced in 
parallel. 

15. The method of claim 12, wherein: 
the plurality of adaptors comprise a general adaptor ele 

ment and a key element. 
16. The method of claim 1, wherein: 
each population of second amplicons is immobilized on a 

bead substrate. 
17. The method of claim 1, wherein: 
the populations of second amplicons are clonally amplified 

using an emulsion PCR process. 
18. The method of claim 1, wherein: 
the plurality of populations of second amplicons are 

sequenced in parallel. 
19. The method of claim 1 further comprising the step of: 
(e) associating the variation with an HLA type. 
20. The method of claim 19 wherein: 

the association of variation and HLA type is known. 
21. A method for detecting one or more HLA sequence 

variants, comprising the steps of 
(a) amplifying a plurality of first amplicons from a double 

stranded nucleic acid sample, wherein the first ampli 
cons are amplified with a plurality of pairs of nucleic 
acid primers that define exon 2 of both strands of HLA 
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loci selected from the group consisting of DRB1, 
DQA1, DQB1, DPA1, DPB1; 

(b) amplifying the first amplicons to produce a plurality of 
populations of second amplicons, wherein each popula 
tion of second amplicons is clonally amplified from one 
of the first amplicons; 

(c) sequencing the plurality of populations of second 
amplicons to generate a nucleic acid sequence compo 
sition for each of the plurality of second amplicons; and 

(d) detecting variation in the sequence composition from 
one or more of the second amplicons for one or more of 
the HLA loci. 

22. The method of claim 21, wherein: 
the pairs of nucleic acid primers comprise sequence com 

position selected from a plurality of primers listed in 
Tables 4 and 5. 

23. The method of claim 21, wherein: 
the plurality of pairs of nucleic acid primers for the DRB1 

locus are generic and further enable amplification of loci 
are selected from the group consisting of DRB3, DRB4, 
and DRB5 loci. 

24. The method of claim 23, wherein: 
the plurality of pairs of nucleic acid primers for the DRB1, 

3, 4, and 5 loci enable the of the sequencing of exon 2 in 
a forward and a reverse direction. 

25. The method of claim 21, wherein: 
the plurality of pairs of nucleic acid primers for the DQA1 

locus enable the sequencing of exon 2 in a forward and 
a reverse direction. 

26. The method of claim 21, wherein: 
the plurality of pairs of nucleic acid primers for the DQB1 

locus enable the sequencing of exon 2 and exon 3 in a 
forward and a reverse direction. 

27. The method of claim 21, wherein: 
the plurality of pairs of nucleic acid primers for the DPA1 

locus enable the sequencing of exon 2 in a forward and 
a reverse direction. 

40 
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28. The method of claim 21, wherein: 
the plurality of pairs of nucleic acid primers for the DPB1 

locus enable the sequencing of exon 2 in a forward and 
a reverse direction. 

29. The method of claim 21, further comprising: 
a plurality of adaptors each comprising an individual 

primer from the pairs of the nucleic acid primers. 
30. The method of claim 29, wherein: 
one or more of the plurality of adaptors comprise an MID 

identifier. 
31. The method of claim 30, wherein: 
the MID identifier enables pooling of the first amplicons 

derived from a plurality of the nucleic acid samples, 
wherein the populations of the second amplicons ampli 
fied from the pooled first amplicons are sequenced in 
parallel. 

32. The method of claim 29, wherein: 
the plurality of adaptors comprise a general adaptor ele 

ment and a key element. 
33. The method of claim 21, wherein: 
each population of second amplicons is immobilized on a 

bead substrate. 
34. The method of claim 21, wherein: 
the populations of second amplicons are clonally amplified 

using an emulsion PCR process. 
35. The method of claim 21, wherein: 
the plurality of populations of second amplicons are 

sequenced in parallel. 
36. The method of claim 21 further comprising the step of: 
(e) associating the variation with an HLA type. 
37. The method of claim 36 wherein: 
the association of variation and HLA type is known. 
38. Akit for detecting one or more HLA sequence variants, 

comprising: 
a plurality of the pairs of nucleic acid primers employed to 

amplify the first amplicons of claim 1. 
39. Akit for detecting one or more HLA sequence variants, 

comprising: 
a plurality of the pairs of nucleic acid primers employed to 

amplify the first amplicons of claim 21. 
c c c c c 
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