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ABSTRACT 

A method of measuring immunocompetence is described. 
This method provides a means for assessing the effects of 
diseases or conditions that compromise the immune system 
and of therapies aimed to reconstitute it. This method is based 
on quantifying T-cell diversity by calculating the number of 
diverse T-cell receptor (TCR) beta chain variable regions 
from blood cells. 
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METHOD OF MEASURING ADAPTIVE 
IMMUNITY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/220,344, filed on Jun. 25, 2009 and 
is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002 What is described is a method to measure the adap 
tive immunity of a patient by analyzing the diversity of T cell 
receptor genes or antibody genes using large Scale sequenc 
ing of nucleic acid extracted from adaptive immune system 
cells. 

BACKGROUND 

0003. Immunocompetence is the ability of the body to 
produce a normal immune response (i.e., antibody production 
and/or cell-mediated immunity) following exposure to a 
pathogen, which might be a live organism (such as a bacte 
rium or fungus), a virus, or specific antigenic components 
isolated from a pathogen and introduced in a vaccine. Immu 
nocompetence is the opposite of immunodeficiency or 
immuno-incompetent or immunocompromised. Several 
examples would be a newborn that does not yet have a fully 
functioning immune system but may have maternally trans 
mitted antibody (immunodeficient); a late stage AIDS patient 
with a failed or failing immune system (immuno-incompe 
tent); a transplant recipient taking medication so their body 
will not reject the donated organ (immunocompromised); 
age-related attenuation of T cell function in the elderly; or 
individuals exposed to radiation or chemotherapeutic drugs. 
There may be cases of overlap but these terms are all indica 
tors of a dysfunctional immune system. In reference to lym 
phocytes, immunocompetence means that a B cell or T cell is 
mature and can recognize antigens and allow a person to 
mount an immune response. 
0004 Immunocompetence depends on the ability of the 
adaptive immune system to mount an immune response spe 
cific for any potential foreign antigens, using the highly poly 
morphic receptors encoded by B cells (immunoglobulins, 
Igs) and T cells (T cell receptors, TCRs). 
0005 Igs expressed by B cells are proteins consisting of 
four polypeptide chains, two heavy chains (H chains) and two 
light chains (L chains), forming an HL structure. Each pair 
of H and L chains contains a hyperVariable domain, consist 
ing of a V and a V region, and a constant domain. The H 
chains of Igs are of several types, L. 8, Y, C, and B. The 
diversity of Igs within an individual is mainly determined by 
the hypervariable domain. The V domain of H chains is cre 
ated by the combinatorial joining of three types of germline 
gene segments, the V. D., and J segments. HyperVariable 
domain sequence diversity is further increased by indepen 
dent addition and deletion of nucleotides at the V-D, D 
Jr. and V-J junctions during the process of Ig gene rear 
rangement. In this respect, immunocompetence is reflected in 
the diversity of Igs. 
0006 TCRs expressed by C. BT cells are proteins consist 
ing of two transmembrane polypeptide chains (C. and B). 
expressed from the TCRA and TCRB genes, respectively. 
Similar TCR proteins are expressed in gamma-delta T cells, 
from the TCRD and TCRG loci. Each TCR peptide contains 
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variable complementarity determining regions (CDRS), as 
well as framework regions (FRS) and a constant region. The 
sequence diversity of C.f3 T cells is largely determined by the 
amino acid sequence of the third complementarity-determin 
ing region (CDR3) loops of the C. and B chain variable 
domains, which diversity is a result of recombination 
between variable (V), diversity (D), and joining (J) gene 
segments in the B chain locus, and between analogous V, and 
J. gene segments in the a chain locus, respectively. The 
existence of multiple Such gene segments in the TCRC. and B 
chain loci allows for a large number of distinct CDR3 
sequences to be encoded. CDR3 sequence diversity is further 
increased by independent addition and deletion of nucle 
otides at the V-D, D-J, and V-J junctions during the 
process of TCR gene rearrangement. In this respect, immu 
nocompetence is reflected in the diversity of TCRs. 
0007. There exists a long-felt need for methods of assess 
ing or measuring the adaptive immune system of patients in a 
variety of settings, whether immunocompetence in the immu 
nocompromised, or dysregulated adaptive immunity in 
autoimmune disease. A demand exists for methods of diag 
nosing a disease state or the effects of aging by assessing the 
immunocompetence of a patient. In the same way results of 
therapies that modify the immune system need to be moni 
tored by assessing the immunocompetence of the patient 
while undergoing the treatment. Conversely, a demand exists 
for methods to monitor the adaptive immune system in the 
context of autoimmune disease flares and remissions, in order 
to monitor response to therapy, or the need to initiate prophy 
lactic therapy pre-symptomatically. 

SUMMARY 

0008. One aspect of the invention is composition compris 
ing: 

0009 a multiplicity of V-segment primers, wherein 
each primer comprises a sequence that is complemen 
tary to a single functional V segment or a small family of 
V segments; and 

0.010 a multiplicity of J-segment primers, wherein each 
primer comprises a sequence that is complementary to a 
J segment; 

wherein the V segment and J-segment primers permit ampli 
fication of a TCRCDR3 region by a multiplex polymerase 
chain reaction (PCR) to produce a multiplicity of amplified 
DNA molecules sufficient to quantify the diversity of the TCR 
genes. One embodiment of the invention is the composition, 
wherein each V-segment primer comprises a sequence that is 
complementary to a single VB segment, and each J segment 
primer comprises a sequence that is complementary to a JB 
segment, and wherein V segment and J-segment primers per 
mit amplification of a TCRB CDR3 region. Another embodi 
ment is the composition, wherein each V-segment primer 
comprises a sequence that is complementary to a single func 
tional VC. segment, and each J segment primer comprises a 
sequence that is complementary to a JC. segment, and wherein 
V segment and J-segment primers permit amplification of a 
TCRC. CDR3 region. 
0011. Another embodiment of the invention is the compo 
sition, wherein the V segment primers hybridize with a con 
served segment, and have similar annealing strength. Another 
embodiment is wherein the V segment primer is anchored at 
position-43 in the VB segment relative to the recombination 
signal sequence (RSS). Another embodiment is wherein the 
multiplicity of V segment primers consist of at least 45 prim 
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ers specific to 45 differentVB genes. Another embodiment is 
wherein the V segment primers have sequences that are 
selected from the group consisting of SEQ ID NOS:1-45. 
Another embodiment is wherein the V segment primers have 
sequences that are selected from the group consisting of SEQ 
ID NOS:58-102. Another embodiment is wherein there is a V 
segment primer for each VB segment. 
0012 Another embodiment of the invention is the compo 
sition, wherein the J segment primers hybridize with a con 
served framework region element of the JB segment, and have 
similar annealing strength. The composition of claim 2, 
wherein the multiplicity of J segment primers consist of at 
least thirteen primers specific to thirteen different JB genes. 
Another embodiment is The composition of claim 2, wherein 
the J segment primers have sequences that are selected from 
the group consisting of SEQID NOS:46-57. Another embodi 
ment is wherein the J segment primers have sequences that are 
selected from the group consisting of SEQID NOS: 102-113. 
Another embodiment is wherein there is a J segment primer 
for each JB segment. Another embodiment is wherein all J 
segment primers anneal to the same conserved motif. 
0013 Another embodiment of the invention is the compo 
sition, wherein the amplified DNA molecule starts from said 
conserved motif and amplifies adequate sequence to diagnos 
tically identify the J segment and includes the CDR3 junction 
and extends into the V segment. Another embodiment is 
wherein the amplified JB gene segments each have a unique 
four base tag at positions +11 through +14 downstream of the 
RSS site. 
0014) Another aspect of the invention is the composition 
further comprising a set of sequencing oligonucleotides, 
wherein the sequencing oligonucleotides hybridize to a 
regions within the amplified DNA molecules. An embodi 
ment is wherein the sequencing oligonucleotides hybridize 
adjacent to a four base tag within the amplified JB gene 
segments at positions +11 through +14 downstream of the 
RSS site. Another embodiment is wherein the sequencing 
oligonucleotides are selected from the group consisting of 
SEG ID NOS:58-70. Another embodiment is wherein the 
V-segment or J-segment are selected to contain a sequence 
error-correction by merger of closely related sequences. 
Another embodiment is the composition, further comprising 
a universal C segment primer for generating cDNA from 
mRNA. 
0015. Another aspect of the invention is a composition 
comprising: 

0016 a multiplicity of V segment primers, wherein 
each V segment primer comprises a sequence that is 
complementary to a single functional V segment or a 
Small family of V segments; and 

0017 a multiplicity of J segment primers, wherein each 
J segment primer comprises a sequence that is comple 
mentary to a J segment; 

0018 wherein the V segment and J segment primers per 
mit amplification of the TCRG CDR3 region by a multiplex 
polymerase chain reaction (PCR) to produce a multiplicity of 
amplified DNA molecules sufficient to quantify the diversity 
of antibody heavy chain genes. 
0019. Another aspect of the invention is a composition 
comprising: 

0020 a multiplicity of V segment primers, wherein 
each V segment primer comprises a sequence that is 
complementary to a single functional V segment or a 
Small family of V segments; and 
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0021 a multiplicity of J segment primers, wherein each 
J segment primer comprises a sequence that is comple 
mentary to a J segment; 

0022 wherein the V segment and J segment primers per 
mit amplification of antibody heavy chain (IGH) CDR3 
region by a multiplex polymerase chain reaction (PCR) to 
produce a multiplicity of amplified DNA molecules sufficient 
to quantify the diversity of antibody heavy chain genes. 
0023. Another aspect of the invention is a composition 
comprising: 

0024 a multiplicity of V segment primers, wherein 
each V segment primer comprises a sequence that is 
complementary to a single functional V segment or a 
Small family of V segments; and 

0.025 multiplicity of J segment primers, wherein each J 
segment primer comprises a sequence that is comple 
mentary to a J segment; 

0026 wherein the V segment and J segment primers per 
mit amplification of antibody light chain (IGL) V, region by 
a multiplex polymerase chain reaction (PCR) to produce a 
multiplicity of amplified DNA molecules sufficient to quan 
tify the diversity of antibody light chain genes. 
0027. Another aspect of the invention is a method com 
prising: 

0028 selecting a multiplicity of V segment primers, 
wherein each V segment primer comprises a sequence 
that is complementary to a single functional V segment 
or a small family of V segments; and 

0029 selecting a multiplicity of J segment primers, 
wherein each J segment primer comprises a sequence 
that is complementary to a J segment; 

0030 combining the V segment and J segment primers 
with a sample of genomic DNA to permit amplification 
of a CDR3 region by a multiplex polymerase chain 
reaction (PCR) to produce a multiplicity of amplified 
DNA molecules sufficient to quantify the diversity of the 
TCR genes. 

0031. One embodiment of the invention is the method 
wherein each V segment primer comprises a sequence that is 
complementary to a single functional VB segment, and each J 
segment primer comprises a sequence that is complementary 
to a JB segment; and wherein combining the V segment and J 
segment primers with a sample of genomic DNA permits 
amplification of a TCR CDR3 region by a multiplex poly 
merase chain reaction (PCR) and produces a multiplicity of 
amplified DNA molecules. Another embodiment is wherein 
each V segment primer comprises a sequence that is comple 
mentary to a single functional VC. segment, and each J seg 
ment primer comprises a sequence that is complementary to a 
JC. segment; and wherein combining the V segment and J 
segment primers with a sample of genomic DNA permits 
amplification of a TCR CDR3 region by a multiplex poly 
merase chain reaction (PCR) and produces a multiplicity of 
amplified DNA molecules. 
0032. Another embodiment of the invention is the method 
further comprising a step of sequencing the amplified DNA 
molecules. Another embodiment is wherein the sequencing 
step utilizes a set of sequencing oligonucleotides, that hybrid 
ize to regions within the amplified DNA molecules. Another 
embodiment is the method, further comprising a step of cal 
culating the total diversity of TCRB CDR3 sequences among 
the amplified DNA molecules. Another embodiment is 
wherein the method shows that the total diversity of a normal 
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human subject is greater than 1*10 sequences, greater than 
2*10 sequences, or greater than 3*10 sequences. 
0033. Another aspect of the invention is a method of diag 
nosing immunodeficiency in a human patient, comprising 
measuring the diversity of TCR CDR3 sequences of the 
patient, and comparing the diversity of the Subject to the 
diversity obtained from a normal subject. An embodiment of 
the invention is the method, wherein measuring the diversity 
of TCR sequences comprises the steps of 

0034) selecting a multiplicity of V segment primers, 
wherein each V segment primer comprises a sequence 
that is complementary to a single functional V segment 
or a small family of V segments; and 

0035 selecting a multiplicity of J segment primers, 
wherein each J segment primer comprises a sequence 
that is complementary to a J segment; 

0036 combining the V segment and J segment primers 
with a sample of genomic DNA to permit amplification 
of a TCRCDR3 region by a multiplex polymerase chain 
reaction (PCR) to produce a multiplicity of amplified 
DNA molecules; 

0037 sequencing the amplified DNA molecules: 
0038 calculating the total diversity of TCR CDR3 
sequences among the amplified DNA molecules. 

0039. An embodiment of the invention is the method, 
wherein comparing the diversity is determined by calculating 
using the following equation: 

X, Fr. al-X. Evi, a -s?e'd-e "doo) O 

0040 wherein G(w) is the empirical distribution function 
of the parameters w, . . . . . n is the number of clonotypes 
sequenced exactly X times, and 

0041 Another embodiment of the invention is the method, 
wherein the diversity of at least two samples of genomic DNA 
are compared. Another embodiment is wherein one sample of 
genomic DNA is from a patient and the other sample is from 
a normal Subject. Another embodiment is wherein one sample 
of genomic DNA is from a patient before a therapeutic treat 
ment and the other sample is from the patient after treatment. 
Another embodiment is wherein the two samples of genomic 
DNA are from the same patient at different times during 
treatment. Another embodiment is wherein a disease is diag 
nosed based on the comparison of diversity among the 
samples of genomic DNA. Another embodiment is wherein 
the immunocompetence of a human patient is assessed by the 
comparison. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0042. The TCR and Ig genes can generate millions of 
distinct proteins via Somatic mutation. Because of this diver 
sity-generating mechanism, the hyperVariable complementa 
rity determining regions of these genes can encode sequences 
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that can interact with millions of ligands, and these regions 
are linked to a constant region that can transmit a signal to the 
cell indicating binding of the protein's cognate ligand. 
0043. The adaptive immune system employs several strat 
egies to generate a repertoire of T- and B-cell antigen recep 
tors with sufficient diversity to recognize the universe of 
potential pathogens. In C.f3 and Yö T cells, which primarily 
recognize peptide antigens presented by MHC molecules, 
most of this receptor diversity is contained within the third 
complementarity-determining region (CDR3) of the T cell 
receptor (TCR) C. and B chains (or Y and ö chains). Although 
it has been estimated that the adaptive immune system can 
generate up to 10" distinct TCRCBpairs, direct experimental 
assessment of TCRCDR3 diversity has not been possible. 
0044) What is described herein is a novel method of mea 
suring TCRCDR3 diversity that is based on single molecule 
DNA sequencing, and use this approach to sequence the 
CDR3 regions in millions of rearranged TCRB genes isolated 
from peripheral blood T cells of two healthy adults. 
0045. The ability of the adaptive immune system to mount 
an immune response specific for any of the vast number of 
potential foreign antigens to which an individual might be 
exposed relies on the highly polymorphic receptors encoded 
by B cells (immunoglobulins) and T cells (T cell receptors: 
TCRs). The TCRs expressed by C.f3 T cells, which primarily 
recognize peptide antigens presented by major histocompat 
ibility complex (MHC) class I and II molecules, are het 
erodimeric proteins consisting of two transmembrane 
polypeptide chains (C. and f), each containing one variable 
and one constant domain. The peptide specificity of CBT cells 
is in large part determined by the amino acid sequence 
encoded in the third complementarity-determining region 
(CDR3) loops of the C. and B chain variable domains. The 
CDR3 regions of the B and C. chains are formed by recombi 
nation between noncontiguous variable (V), diversity (D), 
and joining (JP) gene segments in the B chain locus, and 
between analogous V, and J, gene segments in the C. chain 
locus, respectively. The existence of multiple Such gene seg 
ments in the TCRC. and B chain loci allows for a large number 
of distinct CDR3 sequences to be encoded. CDR3 sequence 
diversity is further increased by template-independent addi 
tion and deletion of nucleotides at the V-D, D-J, and 
V-J junctions during the process of TCR gene rearrange 
ment. 

0046 Previous attempts to assess the diversity of receptors 
in the adult human CfBT cell repertoire relied on examining 
rearranged TCR C. and B chain genes expressed in Small, 
well-defined subsets of the repertoire, followed by extrapo 
lation of the diversity present in these subsets to the entire 
repertoire, to estimate approximately 10 unique TCRB chain 
CDR3 sequences perindividual, with 10-20% of these unique 
TCRB CDR3 sequences expressed by cells in the antigen 
experienced CD45RO" compartment. The accuracy and pre 
cision of this estimate is severely limited by the need to 
extrapolate the diversity observed in hundreds of sequences 
to the entire repertoire, and it is possible that the actual num 
ber of unique TCRB chain CDR3 sequences in the CfBT cell 
repertoire is significantly larger than 1x10'. 
0047 Recent advances in high-throughput DNA sequenc 
ing technology have made possible significantly deeper 
sequencing than capillary-based technologies. A complex 
library oftemplate molecules carrying universal PCRadapter 
sequences at each end is hybridized to a lawn of complemen 
tary oligonucleotides immobilized on a solid surface. Solid 
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phase PCR is utilized to amplify the hybridized library, result 
ing in millions oftemplate clusters on the Surface, each com 
prising multiple (~1,000) identical copies of a single DNA 
molecule from the original library. A 30-54 bp interval in the 
molecules in each cluster is sequenced using reversible dye 
termination chemistry, to permit simultaneous sequencing 
from genomic DNA of the rearranged TCRB chain CDR3 
regions carried in millions of T cells. This approach enables 
direct sequencing of a significant fraction of the uniquely 
rearranged TCRB CDR3 regions in populations of CBT cells, 
which thereby permits estimation of the relative frequency of 
each CDR3 sequence in the population. 
0048. Accurate estimation of the diversity ofTCRB CDR3 
sequences in the entire C. BT cell repertoire from the diversity 
measured in a finite sample of T cells requires an estimate of 
the number of CDR3 sequences present in the repertoire that 
were not observed in the sample. TCRB chain CDR3 diversity 
in the entire C. BT cell repertoire were estimated using direct 
measurements of the number of unique TCRB CDR3 
sequences observed in blood samples containing millions of 
CB T cells. The results herein identify a lower bound for 
TCRB CDR3 diversity in the CD4" and CD8" T cell compart 
ments that is several fold higher than previous estimates. In 
addition, the results herein demonstrate that there are at least 
1.5x10 unique TCRB CDR3 sequences in the CD45RO" 
compartment of antigen-experienced T-cells, a large propor 
tion of which are present at low relative frequency. The exist 
ence of such a diverse population of TCRB CDR3 sequences 
in antigen-experienced cells has not been previously demon 
strated. 

0049. The diverse pool of TCRB chains in each healthy 
individual is a sample from an estimated theoretical space of 
greater than 10' possible sequences. However, the realized 
set of rearranged of TCRs is not evenly sampled from this 
theoretical space. DifferentVB's and JB's are found with over 
a thousand-fold frequency difference. Additionally, the inser 
tion rates of nucleotides are strongly biased. This reduced 
space of realized TCRB sequences leads to the possibility of 
shared B chains between people. With the sequence data 
generated by the methods described herein, the in vivo J 
usage, V usage, mono- and di-nucleotide biases, and position 
dependent amino acid usage can be computed. These biases 
significantly narrow the size of the sequence space from 
which TCRB are selected, suggesting that different individu 
als share TCRB chains with identical amino acid sequences. 
Results herein show that many thousands of such identical 
sequences are shared pairwise between individual human 
genomes. 

0050. The assay technology uses two pools of primers to 
provide for a highly multiplexed PCR reaction. The “for 
ward'pool has a primer specific to eachV segment in the gene 
(several primers targeting a highly conserved region are used, 
to simultaneously capture many V segments). The “reverse' 
pool primers anneal to a conserved sequence in the joining 
(“J”) segment. The amplified segment pool includes adequate 
sequence to identify each J segment and also to allow for a 
J-segment-specific primer to anneal for resequencing. This 
enables direct observation of a large fraction of the somatic 
rearrangements present in an individual. This in turn enables 
rapid comparison of the TCR repertoire in individuals with an 
autoimmune disorder (or other target disease indication) 
against the TCR repertoire of controls. 
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0051. The adaptive immune system can in theory generate 
an enormous diversity of T cell receptor CDR3 sequences— 
far more than are likely to be expressed in any one individual 
at any one time. Previous attempts to measure what fraction of 
this theoretical diversity is actually utilized in the adult Of T 
cell repertoire, however, have not permitted accurate assess 
ment of the diversity. What is described herein is the devel 
opment of a novel approach to this question that is based on 
single molecule DNA sequencing and an analytic computa 
tional approach to estimation of repertoire diversity using 
diversity measurements in finite samples. The analysis dem 
onstrated that the number of unique TCRB CDR3 sequences 
in the adult repertoire significantly exceeds previous esti 
mates based on exhaustive capillary sequencing of small seg 
ments of the repertoire. The TCRB chain diversity in the 
CD45RO population (enriched for naive T cells) observed 
using the methods described herein is five-fold larger than 
previously reported. A major discovery is the number of 
unique TCRB CDR3 sequences expressed in antigen-experi 
enced CD45RO' T cells—the results herein show that this 
number is between 10 and 20 times larger than expected 
based on previous results of others. The frequency distribu 
tion of CDR3 sequences in CD45RO" cells suggests that the 
T cell repertoire contains a large number of clones with a 
Small clone size. 

0052. The results herein show that the realized set of 
TCRB chains are sampled non-uniformly from the huge 
potential space of sequences. In particular, the B chains 
sequences closer to germline (few insertions and deletions at 
the V-D and D-J boundaries) appear to be created at a rela 
tively high frequency. TCR sequences close to germ line are 
shared between different people because the germ line 
sequence for the V's, D's, and J’s are shared, modulo a small 
number of polymorphisms, among the human population. 
0053. The T cell receptors expressed by mature CfBT cells 
are heterodimers whose two constituent chains are generated 
by independent rearrangement events of the TCR C. and B 
chain variable loci. The C. chain has less diversity than the B 
chain, so a higher fraction of C.’s are shared between individu 
als, and hundreds of exact TCR O?3 receptors are shared 
between any pair of individuals. 

Cells 

0054 B cells and T cells can be obtained from a variety of 
tissue samples including marrow, thymus, lymph glands, 
peripheral tissues and blood, but peripheral blood is most 
easily accessed. Peripheral blood samples are obtained by 
phlebotomy from subjects. Peripheral blood mononuclear 
cells (PBMC) are isolated by techniques known to those of 
skill in the art, e.g., by Ficoll-Hypaque R density gradient 
separation. Preferably, whole PBMCs are used for analysis. 
The Band/or T lymphocytes, instead, may be flow sorted into 
multiple compartments for each subject: e.g. CD8" 
CD45RO" and CD4"CD45RO" using fluorescently 
labeled anti-human antibodies, e.g. CD4 FITC (clone 
M-T466, Miltenyi Biotec), CD8 PE (clone RPA-T8, BD Bio 
sciences), CD45RO ECD (clone UCHL-1, Beckman 
Coulter), and CD45RO APC (clone UCHL-1, BD Bio 
sciences). Staining of total PBMCs may be done with the 
appropriate combination of antibodies, followed by washing 
cells before analysis. Lymphocyte subsets can be isolated by 
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FACS sorting, e.g., by a BD FACSAriaTM cell-sorting system 
(BDBiosciences) and by analyzing results with FlowJo soft 
ware (Treestar Inc.), and also by conceptually similar meth 
ods involving specific antibodies immobilized to Surfaces or 
beads. 

Nucleic Acid Extraction 

0055 Total genomic DNA is extracted from cells, e.g., by 
using the QIAamp(R) DNA blood Mini Kit (QIAGENR). The 
approximate mass of a single haploid genome is 3 pg. Pref 
erably, at least 100,000 to 200,000 cells are used for analysis 
of diversity, i.e., about 0.6 to 1.2 g DNA from diploid T cells. 
Using PBMCs as a source, the number of T cells can be 
estimated to be about 30% of total cells. 

0056 Alternatively, total nucleic acid can be isolated from 
cells, including both genomic DNA and mRNA. If diversity is 
to be measured from mRNA in the nucleic acid extract, the 
mRNA must be converted to cDNA prior to measurement. 
This can readily be done by methods of one of ordinary skill. 

DNA Amplification 

0057. A multiplex PCR system is used to amplify rear 
ranged TCR loci from genomic DNA, preferably from a 
CDR3 region, more preferably from a TCRO, TCRY or TCRö 
CDR3 region, most preferably from a TCRB CDR3 region. 
0058. In general, a multiplex PCR system may use at least 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25, preferably 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, or 39, most 
preferably 40, 41, 42,43, 44, or 45 forward primers, in which 
each forward primer is specific to a sequence corresponding 
to one or more TRB V region segments shown in SEQ ID 
NOS:114-248; and at least 3, 4, 5, 6, or 7, preferably 8, 9, 10, 
11, 12 or 13 reverse primers, in which each reverse primer is 
specific to a sequence corresponding to one or more TRB J 
region segments shown in SEQID NOS:249-261. Most pref 
erably, there is a J segment primer for every J segment. 
0059 Preferably, the primers are designed not to cross an 
intron/exon boundary. The forward primers must preferably 
anneal to the V segments in a region of relatively strong 
sequence conservation between V segments so as to maxi 
mize the conservation of sequence among these primers. 
Accordingly, this minimizes the potential for differential 
annealing properties of each primer, and so that the amplified 
region between V and J primers contains sufficient TCRV 
sequence information to identify the specific V gene segment 
used. 
0060 Preferably, the J segment primers hybridize with a 
conserved element of the J segment, and have similar anneal 
ing strength. Most preferably, all J segment primers anneal to 
the same conserved framework region motif. The forward and 
reverse primers are both preferably modified at the 5' end with 
the universal forward primer sequence compatible with a 
DNA sequencer. 
0061 For example, a multiplex PCR system may use 45 
forward primers (Table 1), each specific to a functional TCR 
VB segment, and thirteen reverse primers (Table 2), each 
specific to a TCR J B segment. Xn and Yn correspond to 
polynucleotides of lengths in and m, respectively, which 
would be specific to the single molecule sequencing technol 
ogy being used to read out the assay. 
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TABLE 1. 

TCR-V8 Forward primer sequences 

SEQ 
TRBV gene ID 
segment (s) NO : Primer sequence: 

TRBW2 1 XTCAAATTTCACTCTGAAGATCCGGTCCACAA 

TRBW3 - 1 2 XGCTCACTTAAATCTICACATCAATTCCCTGG 

TRBW4 - 1 3 XCTTAAACCTTCACCTACACGCCCTGC 

TRBV 4 XCTTATTCCTTCACCTACACACCCTGC 

(4-2, 4-3) 

TRBW5-1 5 XGCTCTGAGATGAATGTGAGCACCTTG 

TRBW5-3 6 XGCTCTGAGATGAATGTGAGTGCCTTG 

CRBW (5-4, 7 XGCTCTGAGCTGAATGTGAACGCCTTG 
5-5, 5 - 6, 
5–7, 5-8) 

TRBW6-1 8 XTCGCTCAGGCTGGAGTCGGCTG 

TRBV 9 XGCTGGGGTTGGAGTCGGCTG 

(6–2, 6-3) 

TRBW6-4 O XCCCTCACGTTGGCGTCTGCTG 

TRBW6-5 1 XGCTCAGGCTGCTGTCGGCTG 

TRBW6-6 2 XCOGCTCAGGCTGGAGTTGGCTG 

TRBW6-7 3 XCCCCTCAAGCTGGAGTCAGCTG 

TRBW6-8 4 XCACTCAGGCTGGTGTCGGCTG 

TRBW6-9 5 XCGCTCAGGCTGGAGTCAGCTG 

TRBV7-1 6 XCCACTCTGAAGTTCCAGCGCACAC 

TRBV7-2 7 XCACTCTGACGATCCAGCGCACAC 

TRBV7-3 8 XCTCTACTCTGAAGATCCAGCGCACAG 

TRBW7-4 9 XCCACTCTGAAGATCCAGCGCACAG 

TRBW7- 6 2O XCACTCTGACGATCCAGCGCACAG 

TRBW 7-7 21 XCCACTCTGACGATTCAGCGCACAG 

TRBV7-8 22 XCCACTCTGAAGATCCAGCGCACAC 

TRBV7-9 23 XCACCTTGGAGATCCAGCGCACAG 

TRBV9 24 XGCACTCTGAACTAAACCTGAGCTCTCTG 

TRBW1O-1 2 XCCCCTCACTCTGGAGTCTGCTG 

TRBW1O-2 26 XCCCCCTCACTCTGGAGTCAGCTA 

TRBW1O-3 27 XCCTCCTCACTCTGGAGTCCGCTA 

TRBW (11-1, 28 XCCACTCTCAAGATCCAGCCTGCAG 
1-3) 

TRBW11-2 29 XCTCCACTCTCAAGATCCAGCCTGCAA 

TRBV (12-3, 3 O XCCACTCTGAAGATCCAGCCCTCAG 
2-4 12-5) 

TRBW13 31 XCATTCTGAACTGAACATGAGCTCCTTGG 

TRBW14 32 XCTACTCTGAAGGTGCAGCCTGCAG 
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TABLE 1 - continued 

TCR-V8 Forward primer sequences 

SEQ 
TRBV gene ID 
segment (s) NO : Primer sequence: 

TRBW15 33 XGATAACTTCCAATCCAGGAGGCCGAACA 

TRBW16 34 XCTGTAGCCTTGAGATCCAGGCTACGA 

TRBV 17 35 XCTTCCACGCTGAAGATCCATCCCG 

TRBW18 36 XGCATCCTGAGGATCCAGCAGGTAG 

TRBW19 37 XCCTCTCACTGTGACATCGGCCC 

TRBW2O-1 38 XCTTGTCCACTCTGACAGTGACCAGTG 

TRBW23-1 39 XCAGCCTGGCAATCCTGTCCTCAG 

TRBW24 - 1 4 OXCTCCCTGTCCCTAGAGTCTGCCAT 

TRBW25-1 41 XCCCTGACCCTGGAGTCTGCCA 

TRBV27 42 XCCCTGATCCTGGAGTCGCCCA 

TRBW28 43 XCTCCCTGATTCTGGAGTCCGCCA 

TRBW29 - 1 44 XCTAACATTCTCAACTCTGACTGTGAGCAACA 

TRBW3 O 45 XCGGCAGTTCATCCTGAGTTCTAAGAAGC 

TABLE 2 

TCR-JB Reverse Primer Sedulences 

SEQ 
TRBJ gene ID 
segment NO: Primer sequence: 

TRBJ1 - 1 46 YmTTACC TACAACTGTGAGTCTGGTGCCTTGTCCAAA 

TRBJ1-2 47 mACCTACAACGGTTAACCTGGTCCCCGAACCGAA 

TRBJ1-3 48 mACCTACAACAGTGAGCCAACTTCCCTCTCCAAA 

TRBJ1 - 4 49 YCCAAGACAGAGAGCTGGGTTCCACTGCCAAA. 
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TABLE 2 - continued 

TCR-JB Reverse Primer Sequences 

SEQ 
TRBJ gene ID 
segment NO: Primer sequence: 

TRBJ1-5 483 ACCTAGGATGGAGAGTCGAGTCCCATCACCAAA 

TRBJ1-6 OYmCTGTCACAGTGAGCCTGGTCCCGTTCCCAAA 

TRBJ2-1 51 YCGGTGAGCCGTGTCCCTGGCCCGAA 

TRBJ2-2 52 YCCAGTACGGTCAGCCTAGAGCCTTCTCCAAA 

TRBJ2-3 53 ACTGTCAGCCGGGTGCCTGGGCCAAA 

TRBJ2-4 54 YAGAGCCGGGTCCCGGCGCCGAA 

TRBJ2-5 55 YGGAGCCGCGTGCCTGGCCCGAA 

TRBJ2-6 56 GTCAGCCTGCTGCCGGCCCCGAA 

TRBJ2-7 57 GTGAGCCTGGTGCCCGGCCCGAA 

0062. The 45 forward PCR primers of Table 1 are comple 
mentary to each of the 48 functional Variable segments, and 
the thirteen reverse PCR primers of Table 2 are complemen 
tary to each of the functional joining (J) gene segments from 
the TRB locus (TRBJ). The TRB V region segments are 
identified in the Sequence Listing at SEQID NOS:114-248 
and the TRB J region segments are at SEQID NOS:249-261. 
The primers have been designed such that adequate informa 
tion is present within the amplified sequence to identify both 
the V and J genes uniquely (>40 base pairs of sequence 
upstream of theV gene recombination signal sequence (RSS), 
and >30 base pairs downstream of the J gene RSS). Alterna 
tive primers may be selected by one of ordinary skill from the 
V and J regions of the genes of each TCR subunit. 
0063. The forward primers are modified at the 5' end with 
the universal forward primer sequence compatible with the 
DNA sequencer (Xn of Table 1). Similarly, all of the reverse 
primers are modified with a universal reverse primer 
sequence (Ym of Table 2). One example of such universal 
primers is shown in Tables 3 and 4, for the Illumina GAII 
single-end read sequencing system. The 45 TCRVB forward 
primers anneal to the VB segments in a region of relatively 
strong sequence conservation between VB segments so as to 
maximize the conservation of sequence among these primers. 

TABLE 3 

TCR-VB Forward primer SeClelCSS 

SEQ 
TRBV gene ID 
segment (s) 

TRBW2 

TRBW3 - 1 

TRBW4 - 1 

TRBW (4-2, 4-3) 

TRBW5 - 1 

TRBW5-3 

NO: Primer sequence'k 

58 CAAGCAGAAGACGGCATACGAGCTCTCCGACTTCAAATTTCACTCTGAAGATCCGGTCCACAA 

59 CAAGCAGAAGACGGCATACGAGCTCTCCGACGCTCACTTAAATCTTCACATCAATTCCCTGG 

60 CAAGCAGAAGACGGCATACGAGCTCTCCGAICCTTAAACCTTCACCTACACGCCCTGC 

61 CAAGCAGAAGACGGCATACGAGCTCTCCGAICCTTATTCCTTCACCTACACACCCTGC 

62 CAAGCAGAAGACGGCATACGAGCTCTCCGACGCTCTGAGATGAATGTGAGCACCTTG 

63 CAAGCAGAAGACGGCATACGAGCTCTCCGACGCTCTGAGATGAATGTGAGTGCCTTG 
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TABLE 3 - continued 
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TCR-VB Forward primer sequences 

SEQ 
RBV gene ID 

segment (s) NO: Primer sequence: 

TRBW24 - 1 

TRBW25-1 

TRBV27 

TRBW28 

TRBW29 - 1 

TRBW3 O 

97 CAAGCAGAAGACGGCATACGAGCTCTCCGATCTCTCCCTGTCCCTAGAGTCTGCCAT 

98 CAAGCAGAAGACGGCATACGAGCTCTCCGATCTCCCTGACCCTGGAGTCTGCCA 

99 CAAGCAGAAGACGGCATACGAGCTCTCCGATCTCCCTGATCCTGGAGTCGCCCA 

10 OCAAGCAGAAGACGGCATACGAGCTCTCCGATCTCTCCCTGATTCTGGAGTCCGCCA 

101 CAAGCAGAAGACGGCATACGAGCTCTCCGATCTCTAACATTCTCAACTCTGACTGTGAGCAACA 

102 CAAGCAGAAGACGGCATACGAGCTCTCCGATCTCGGCAGTTCATCCTGAGTTCTAAGAAGC 

TABLE 4 

TCR-JB Reverse Primer Sequences 

TRBJ SEQ ID 
gene segment NO: Primer sequence: 

TRBJ1 - 1 O3 AATGAACGGCGACCACCGAGACTTACCTACAACTGTGAGTCTGGTGCCTTGTCCAAA 

TRBJ1-2 468 AATGAACGGCGACCACCGAGACTACCTACAACGGTTAACCTGGTCCCCGAACCGAA 

TRBJ1-3 O4 AATGAACGGCGACCACCGAGACTACCTACAACAGTGAGCCAACTTCCCTCTCCAAA 

TRBJ1 - 4 O5 AATGAACGGCGACCACCGAGATCTCCAAGACAGAGAGCTGGGTTCCACTGCCAAA 

TRBJ1-5 484 AATGAACGGCGACCACCGAGATCTACCTAGGATGGAGAGTCGAGTCCCAT CACCAAA. 

TRBJ1-6 O6 AATGAACGGCGACCACCGAGAICTCTGTCACAGTGAGCCTGGTCCCGTTCCCAAA 

TRBJ2-1 Of AATGAACGGCGACCACCGAGAICTCGGTGAGCCGTGTCCCTGGCCCGAA 

TRBJ2-2 O8 AATGAACGGCGACCACCGAGATCTCCAGTACGGTCAGCCTAGAGCCTTCTCCAAA 

TRBJ2-3 O9 AATGAACGGCGACCACCGAGACTACTGTCAGCCGGGTGCCTGGGCCAAA 

TRBJ2-4 10 AATGAACGGCGACCACCGAGATCTAGAGCCGGGTCCCGGCGCCGAA 

TRBJ2-5 11 AATGAACGGCGACCACCGAGATCGGAGCCGCGTGCCTGGCCCGAA 

TRBJ2-6 12 AATGAACGGCGACCACCGAGACGTCAGCCTGCTGCCGGCCCCGAA 

TRBJ2-7 13 AATGAACGGCGACCACCGAGACTGTGAGCCTGGTGCCCGGCCCGAA 

bold sequence indicates universal R. oligonucleotide for the sequence analysis 

0064. The total PCR product for a rearranged TCRB 
CDR3 region using this system is expected to be approxi 
mately 200 bp long. Genomic templates are PCR amplified 
using a pool of the 45TCRVBF primers (the “VF pool') and 
a pool of the twelve TCR J B R primers (the “JR pool”). For 
example, 50 ul PCR reactions may be used with 1.0 uMVF 
pool (22 nM for each unique TCRVB F primer), 1.0 uMJR 
pool (77 nM for each unique TCRBJR primer), 1x QIAGEN 
Multiple PCR master mix (QIAGEN part number 206145), 
10% Q-solution (QIAGEN), and 16 ng/ul g|DNA. 
0065. The IGH primer set was designed to try to accom 
modate the potential for somatic hypermutation within the 
rearranged IGH genes, as is observed after initial stimulation 
of naive B cells. Consequently all primers were designed to 

be slightly longer than normal, and to anchor the 3' ends of 
each primer into highly conserved sequences of three or more 
nucleotides that should be resistant to both functional and 
non-functional Somatic mutations. 

0066. The IGHJ reverse primers were designed to anchor 
the 3' end of each PCR primer on a highly conserved GGGG 
sequence motif within the IGHJ segments. These sequences 
are shown in Table 5. Underlined sequence are ten base pairs 
in from RSS that may be deleted. These were excluded from 
barcode design. Bold sequence is the reverse complement of 
the IGH J reverse PCR primers. Italicized sequence is the 
barcode for J identity (eight barcodes reveal six genes, and 
two alleles within genes). Further sequence within underlined 
segment may reveal additional allelic identities. 
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IgH J segment 

0067 

- 48 

- 48 

- 48 

- 50 

- 50 

- 63 

- 62 

- 63 

- 62 

- 53 

-51 

-51 

- 52 

J2P 01/1 - 61 

shown in Table 6. 

J3 12 

J6 1 

J6 2 

J6 34 

J2 1 

JS 1 

SEQ 
ID 
NO : 

421 

422 

423 

424 

425 

426 

427 

428 

429 
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GGGGCCAAGGAACCCTGGCACCGTCCCTCAG 

GGGGCCAAGGGACCCTGGCACCGTCCCTCAG 

GGGGCCAGGGAACCCTGGCACCGTCCCTCAG 

GGGGCCAAGGGACAATGGCACCGTCCCAG 

GGGGCCAAGGGACAATGGCACCGTCCCAG 

GGGGGCAAGGGACCACGGCACCGTCCCTCAG 

GGGGCCAAGGGACCACGGCACCGTCCCTCAG 

GGGGCAAAGGGACCACGGCACCGTCCCTCAG 

GGGGCAAAGGGACCACGGCACCGTCCCTCAG 

GGGGCCGTGGCACCCTGGTCACGTCCCTCAG 

GGGGCCAAGGAACCCTGGCACCGTCCCTCAG 

GGGGCCAGGGAACCCTGGCACCGTCCCTCAG 

GGGGCCAGGGCACCCTGGTCACCGTCCCTCAG 

TABL E 6 

sequence 

TGAGGAGACGGTGACCAGGGT CCT 

TGAGGAGACGGTGACCAGGGTCCCT 

TGAGGAGACGGTGACCAGGGT 

CTGAAGAGACGGTGACCATTG 

CTGAGGAGACGGTGACCGTGG 

CCC 

CCC 

CCC 

TGAGGAGACGGTGACCGTGGTCCCT 

CTGAGGAGACGGTGACCGTGG 

CTGAGGAGACAGTGACCAGGG 

CTGAGGAGACGGTGACCAGGG 

CCC 

TCC 

TABLE 5 

SEQ ID 
NO: Sequence 

452 ACTACTTTGACTACT 

453 GCTACTTTGACTACT 

454 ACTACTTTGACTACT 

45.5 TGATGCTTTTGATGTC 

456 TGATGCTTTTGATATC 

47 ATTACTACTACTACTACGGTATGGACGTC 

458 ATTACTACTACTACTACGGTATGGACGTC 

49 ATTACTACTACTACTACGGTATGGACGTC 

46O ATTACTACTACTACTACTACATGGACGTC 

461 CTACTGGTACTTCGATCTCT 

462 ACAACTGGTTCGACTCC 

463 ACAACTGGTTCGACCCC 

464 GCTGAATACTTCCAGCAC 

465 CTACAAGTGCTTGGAGCAC 

466 

467 

Sequences of the IGHJ reverse PCR primers are 

GGCCC 

GGCCC 

GGCCC 

TGGCCC 

TGCCCC 

GGCCC 

TTGCCC 

GCCACGGCCC 

TGGCCC 

IgH V 
segment 

SIGHW1 

SIGHW2 

GGGGCAGGGCAGCCCGGACACCGTCTCCCTGGGAACGTCAG 

AAAGGTGCTGGGGGTCCCCTGAACCCGACCCGCCCTGAGACCGCAGCCACATCA 

CTTGCGGTTGGACTTCCCAGCCGACAGTGGTGGTCTGGCTTCTGAGGGGTCA 

TABLE 6-continued 

SEQ 
IgH J ID 
segment NO: sequence 

>IGHJ5 2 43 O. CTGAGGAGACGGTGACCAGGGTTCCCTGGCCC 

>IGHJ11 431. CTGAGGAGACGGTGACCAGGGTGCCCTGGCCC 

0068 V primers were designed in a conserved in region of 
FR2 between the two conserved tryptophan (W) codons. 
0069. The primer sequences are anchored at the 3' end on 
a tryptophan codon for all IGHV families that conserve this 
codon. This allows for the last three nucleotides (tryptophan's 
TGG) to anchor on sequence that is expected to be resistant to 
Somatic hypermutation, providing a 3' anchor offive out of six 
nucleotides for each primer. The upstream sequence is 
extended further than normal, and includes degenerate nucle 
otides to allow for mismatches induced by hypermutation (or 
between closely relate IGHV families) without dramatically 
changing the annealing characteristics of the primer, as 
shown in Table 7. The sequences of the V gene segments are 
SEQID NOS:262-420. 

TABL E 7 

SEQ ID NO: sequence 

443 TGGGTGCACCAGGTCCANGNACAAGGGCTTGAGTGG 

444 TGGGTGCGACAGGCTCGNGNACAACGCCTTGAGTGG 
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TABLE 7-continued 

IgH V 
segment SEQ ID NO: sequence 

SIGHW3 445 TGGGTGCGCCAGATGCCNGNGAAAGGCCTGGAGTGG 

SIGHW4 446 TGGGTCCGCCAGSCYCCNGNGAAGGGGCTGGAGTGG 

IGHV5 44f TGGGTCCGCCAGGCTCCNGNAAAGGGGCTGGAGTGG 

SIGHW6 4 48 TGGGTCTGCCAGGCTCCNGNGAAGGGGCAGGAGTGG 

>IGHT 3.25p 449 TGTGTCCGCCAGGCTCCAGGGAATGGGCTGGAGTTGG 

>IGH8 3.54p 450 TCAGATTCCCAAGCTCCAGGGAAGGGGCTGGAGTGAG 

>GH9 3.63p 451. TGGGTCAATGAGACTCTAGGGAAGGGGCTGGAGGGAG 

0070 Thermal cycling conditions may follow methods of 
those skilled in the art. For example, using a PCR Express 
thermal cycler (Hybaid, Ashford, UK), the following cycling 
conditions may be used: 1 cycle at 95°C. for 15 minutes, 25 
to 40 cycles at 94° C. for 30 seconds, 59° C. for 30 seconds 
and 72° C. for 1 minute, followed by one cycle at 72°C. for 10 
minutes. 

Sequencing 
0071 Sequencing is achieved using a set of sequencing 
oligonucleotides that hybridize to a defined region within the 
amplified DNA molecules. 

Sequencing 
oligonucleotide SEQ ID NO : 

Jsed 1 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

Jsed 

1. 

1-2 

1-3 

0072 Preferably, the amplified J gene segments each have 
a unique four base tag at positions +11 through +14 down 
stream from the RSS site. Accordingly, the sequencing oligo 
nucleotides hybridize adjacent to a four base tag within the 
amplified JB gene segments at positions +11 through +14 
downstream of the RSS site. 

0073 For example, sequencing oligonucleotides for 
TCRB may be designed to anneal to a consensus nucleotide 
motif observed just downstream of this “tag”, so that the first 
four bases of a sequence read will uniquely identify the J 
segment (Table 8). 

TABLE 8 

Sequencing oligonucleotides 

Oligonucleotide sequence 

47 O ACAACTGTGAGTCTGGTGCCTTGTCCAAAGAAA 

471 ACAACGGTTAACCTGGTCCCCGAACCGAAGGTG 

472 ACAACAGTGAGCCAACTTCCCTCTCCAAAATAT 

473 AAGACAGAGAGCTGGGTTCCACTGCCAAAAAAC 

474 AGGATGGAGAGTCGAGTCCCATCACCAAAATGC 

47s GTCACAGTGAGCCTGGTCCCGTTCCCAAAGTGG 

476 AGCACGGTGAGCCGTGTCCCTGGCCCGAAGAAC 

477 AGTACGGTCAGCCTAGAGCCTTCTCCAAAAAAC 

478 AGCACTGTCAGCCGGGTGCCTGGGCCAAAATAC 

479 AGCACTGAGAGCCGGGTCCCGGCGCCGAAGTAC 

48O AGCACCAGGAGCCGCGTGCCTGGCCCGAAGTAC 

481 AGCACGGTCAGCCTGCTGCCGGCCCCGAAAGTC 

482 GTGACCGTGAGCCTGGTGCCCGGCCCGAAGTAC 



US 2010/0330571 A1 

0074 The information used to assign the J and V segment 
of a sequence read is entirely contained within the amplified 
sequence, and does not rely upon the identity of the PCR 
primers. These sequencing oligonucleotides were selected 
Such that promiscuous priming of a sequencing reaction for 
one J segment by an oligonucleotide specific to another J 
segment would generate sequence data starting at exactly the 
same nucleotide as sequence data from the correct sequenc 
ing oligonucleotide. In this way, promiscuous annealing of 
the sequencing oligonucleotides did not impact the quality of 
the sequence data generated. 
0075. The average length of the CDR3 region, defined as 
the nucleotides between the second conserved cysteine of the 
V segment and the conserved phenylalanine of the J segment, 
is 35+/-3, so sequences starting from the JB segment tag will 
nearly always capture the complete V-D-J junction in a 50 
base pair read. 
0076 TCR BJ gene segments are roughly 50 base pair in 
length. PCR primers that anneal and extend to mismatched 
sequences are referred to as promiscuous primers. The TCR 
JB Reverse PCR primers were designed to minimize overlap 
with the sequencing oligonucleotides to minimize promiscu 
ous priming in the context of multiplex PCR. The 13 TCRJB 
reverse primers are anchored at the 3' end on the consensus 
splice site motif, with minimal overlap of the sequencing 
primers. The TCRJB primers provide consistent annealing 
temperature using the sequencer program under default 
parameters. 
0077. For the sequencing reaction, the IGHJ sequencing 
primers extend three nucleotides across the conserved CAG 
sequences as shown in Table 9. 
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fication of CDR3 regions utilizing different VfB and JB gene 
segments. Each cycle of PCR amplification potentially intro 
duces a bias of average magnitude 1.5'-1.027. Thus, the 25 
cycles of PCR introduces a total bias of average magnitude 
1.027’’=1.95 in the inferred relative abundance of distinct 
CDR3 region sequences. 
0080 Sequenced reads were filtered for those including 
CDR3 sequences. Sequencer data processing involves a 
series of steps to remove errors in the primary sequence of 
each read, and to compress the data. A complexity filter 
removes approximately 20% of the sequences that are mis 
reads from the sequencer. Then, sequences were required to 
have a minimum of a six base match to both one of the thirteen 
TCRB J-regions and one of 54 V-regions. Applying the filter 
to the control lane containing phage sequence, on average 
only one sequence in 7-8 million passed these steps. Finally, 
a nearest neighbor algorithm was used to collapse the data 
into unique sequences by merging closely related sequences, 
in order to remove both PCR error and sequencing error. 
I0081 Analyzing the data, the ratio of sequences in the 
PCR product must be derived working backward from the 
sequence data before estimating the true distribution of 
clonotypes in the blood. For each sequence observed a given 
number of times in the data herein, the probability that that 
sequence was sampled from a particular size PCR pool is 
estimated. Because the CDR3 regions sequenced are sampled 
randomly from a massive pool of PCR products, the number 
of observations for each sequence are drawn from Poisson 
distributions. The Poisson parameters are quantized accord 
ing to the number of T cell genomes that provided the tem 
plate for PCR. A simple Poisson mixture model both esti 

TABLE 9 

IgH J 
segment SEQ ID NO: sequence 

>IGHJSEQ4 1 432 TGAGGAGACGGTGACCAGGGTTCCTTGGCCCCAG 

>IGHJSEQ4 3 433 TGAGGAGACGGTGACCAGGGTCCCTTGGCCCCAG 

>IGHJSEQ4 2 434 TGAGGAGACGGTGACCAGGGTTCCCTGGCCCCAG 

>IGHJSEQ3 12 435 CTGAAGAGACGGTGACCATTGTCCCTTGGCCCCAG 

>IGHJSEQ6 1 436 CTGAGGAGACGGTGACCGTGGTCCCTTGCCCCCAG 

>IGHJSEQ6 2 437 TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG 

>IGHJSEQ6 34 4.38 CTGAGGAGACGGTGACCGTGGTCCCTTTGCCCCAG 

>IGHJSEQ2 1 439 CTGAGGAGACAGTGACCAGGGTGCCACGGCCCCAG 

>IGHJSEQ5 1 4 4 O CTGAGGAGACGGTGACCAGGGTTCCTTGGCCCCAG 

>IGHJSEQ5 2 4 41 CTGAGGAGACGGTGACCAGGGTTCCCTGGCCCCAG 

>IGHJSEQ1 1 442 CTGAGGAGACGGTGACCAGGGTGCCCTGGCCCCAG 

Processing Sequence Data 

0078 For rapid analysis of sequencing results, an algo 
rithm can be developed by one of ordinary skill. A preferred 
method is as follows. 

0079. The use of a PCR step to amplify the TCRB CDR3 
regions prior to sequencing could potentially introduce a 
systematic bias in the inferred relative abundance of the 
sequences, due to differences in the efficiency of PCR ampli 

mates these parameters and places a pairwise probability for 
each sequence being drawn from each distribution. This is an 
expectation maximization method which reconstructs the 
abundances of each sequence that was drawn from the blood. 
I0082 To estimate diversity, the “unseen species' formula 
is employed. To apply this formula, unique adaptive immune 
receptors (e.g. TCRB) clonotypes takes the place of species. 
The mathematical solution provides that for a total number of 
TCRB “species' or clonotypes, S., a sequencing experiment 
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observes X copies of sequences. For all of the unobserved 
clonotypes, X equals 0, and each TCR clonotype is "cap 
tured in a blood draw according to a Poisson process with 
parameter. The number of T cell genomes sequenced in the 
first measurement 1, and in the second measurement. Since 
there are a large number of unique sequences, an integral will 
represent the sum. If G(O) is the empirical distribution func 
tion of the parameters w, . . . . W., and n is the number of 
clonotypes sequenced exactly X times, then the total number 
of clonotypes, i.e., the measurement of diversity E, is given by 
the following formula: 

0083. For a given experiment, where T cells are sampled 
from Some arbitrary Source (e.g. a blood draw), the formula is 
used to estimate the total diversity of species in the entire 
Source. The idea is that the sampled number of clonotypes at 
each size contains sufficient information to estimate the 
underlying distribution of clonotypes in the whole source. To 
derive the formula, the number of new species expected if the 
exact measurement was repeated was estimated. The limit of 
the formula as if repeating the measurements an infinite num 
ber of times. The result is the expect number of species in the 
total underlying source population. The value for A(t), the 
number of new clonotypes observed in a second measure 
ment, should be determined, preferably using the following 
equation: 

in which mSmt1 and mSmt2 are the number of clonotypes 
from measurement 1 and 2, respectively. Taylor expansion of 
1-e gives A(t)=E (x,)t-E(x,)t-E(x,)t-..., which can be 
approximated by replacing the expectations E(n) with the 
observed numbers in the first measurement. Using in the 
numbers observed in the first measurement, this formula pre 
dicts that 1.6*10 new unique sequences should be observed 
in the second measurement. The actual value of the second 
measurement was 1.8° 10' new TCRf8 sequences, which 
implies that the prediction provided a valid lower bound on 
total diversity. An Euler's transformation was used to regu 
larize A(t) to produce a lower bound for A(OO). 

Using a Measurement of Diversity to Diagnose Disease 

0084. The measurement of diversity can be used to diag 
nose disease or the effects of a treatment, as follows. T cell 
and/or B cell receptor repertoires can be measured at various 
time points, e.g., after hematopoietic stem cell transplant 
(HSCT) treatment for leukemia. Both the change in diversity 
and the overall diversity of TCRB repertoire can be utilized to 
measure immunocompetence. A standard for the expected 
rate of immune reconstitution after transplant can be utilized. 
The rate of change in diversity between any two time points 
may be used to actively modify treatment. The overall diver 
sity at a fixed time point is also an important measure, as this 
standard can be used to compare between different patients. 
In particular, the overall diversity is the measure that should 
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correlate with the clinical definition of immune reconstitu 
tion. This information may be used to modify prophylactic 
drug regiments of antibiotics, antivirals, and antifungals, e.g., 
after HSCT. 
0085. The assessment of immune reconstitution after allo 
geneic hematopoietic cell transplantation can be determined 
by measuring changes in diversity. These techniques will also 
enhance the analysis of how lymphocyte diversity declines 
with age, as measured by analysis of T cell responses to 
vaccination. Further, the methods of the invention provide a 
means to evaluate investigational therapeutic agents (e.g., 
Interleukin-7 (IL-7)) that have a direct effect on the genera 
tion, growth, and development of O?3T cells. Moreover, appli 
cation of these techniques to the study of thymic T cell popu 
lations will provide insight into the processes of both T cell 
receptor gene rearrangement as well as positive and negative 
selection of thymocytes. 
I0086 A newborn that does not yet have a fully functioning 
immune system but may have maternally transmitted anti 
body is immunodeficient. A newborn is Susceptible to a num 
ber of diseases until its immune system autonomously devel 
ops, and our measurement of the adaptive immune system 
may will likely prove useful with newborn patients. 
I0087 Lymphocyte diversity can be assessed in other states 
of congenital or acquired immunodeficiency. An AIDS 
patient with a failed or failing immune system can be moni 
tored to determine the stage of disease, and to measure a 
patient's response to therapies aimed to reconstitute immu 
nocompetence. 
I0088 Another application of the methods of the invention 
is to provide diagnostic measures for Solid organ transplant 
recipients taking medication so their body will not reject the 
donated organ. Generally, these patients are under immuno 
Suppressive therapies. Monitoring the immunocompetence of 
the host will assist before and after transplantation. 
I0089 Individuals exposed to radiation or chemotherapeu 
tic drugs are Subject to bone marrow transplantations or oth 
erwise require replenishment of T cell populations, along 
with associated immunocompetence. The methods of the 
invention provide a means for qualitatively and quantitatively 
assessing the bone marrow graft, or reconstitution of lympho 
cytes in the course of these treatments. 
0090. One manner of determining diversity is by compar 
ing at least two samples of genomic DNA, preferably in 
which one sample of genomic DNA is from a patient and the 
other sample is from a normal Subject, or alternatively, in 
which one sample of genomic DNA is from a patient before a 
therapeutic treatment and the other sample is from the patient 
after treatment, or in which the two samples of genomic DNA 
are from the same patient at different times during treatment. 
Another manner of diagnosis may be based on the compari 
Son of diversity among the samples of genomic DNA, e.g., in 
which the immunocompetence of a human patient is assessed 
by the comparison. 

Biomarkers 

0091 Shared TCR sequences between individuals repre 
sent a new class of potential biomarkers for a variety of 
diseases, including cancers, autoimmune diseases, and infec 
tious diseases. These are the public T cells that have been 
reported for multiple human diseases. TCRs are useful as 
biomarkers because T cells are a result of clonal expansion, 
by which the immune system amplifies these biomarkers 
through rapid cell division. Following amplification, the 
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TCRs are readily detected even if the target is small (e.g. an 
early stage tumor). TCRs are also useful as biomarkers 
because in many cases the T cells might additionally contrib 
ute to the disease causally and, therefore could constitute a 
drug target. T cells self interactions are thought to play a 
major role in several diseases associated with autoimmunity, 
e.g., multiple Sclerosis, Type I diabetes, and rheumatoid 
arthritis. 

EXAMPLES 

Example 1 
Sample Acquisition, PBMC Isolation, FACS Sorting 

and Genomic DNA Extraction 

0092 Peripheral blood samples from two healthy male 
donors aged 35 and 37 were obtained with written informed 
consent using forms approved by the Institutional Review 
Board of the Fred Hutchinson Cancer Research Center (FH 
CRC). Peripheral blood mononuclear cells (PBMC) were 
isolated by Ficoll-Hypaque R density gradient separation. 
The T-lymphocytes were flow sorted into four compartments 
for each subject: CD8"CD45RO" and CD4"CD45RO". 
For the characterization of lymphocytes the following conju 
gated anti-human antibodies were used: CD4 FITC (clone 
M-T466, Miltenyi Biotec), CD8 PE (clone RPA-T8, BD Bio 
sciences), CD45RO ECD (clone UCHL-1, Beckman 
Coulter), and CD45RO APC (clone UCHL-1, BD Bio 
sciences). Staining of total PBMCs was done with the appro 
priate combination of antibodies for 20 minutes at 4°C., and 
stained cells were washed once before analysis. Lymphocyte 
subsets were isolated by FACS sorting in the BDFACSAriaTM 
cell-sorting system (BD Biosciences). Data were analyzed 
with FlowJo software (Treestar Inc.). 
0093 Total genomic DNA was extracted from sorted cells 
using the QIAamp(R) DNA blood Mini Kit (QIAGENR). The 
approximate mass of a single haploid genome is 3 pg. In order 
to sample millions of rearranged TCRB in each T cell com 
partment, 6 to 27 micrograms oftemplate DNA were obtained 
from each compartment (see Table 10). 

TABLE 10 

CD8+f CD4SRO- CD8+f CD45RO-- CD4+CD45RO 

cells (x10) 9.9 6.3 6.3 
DNA (Ig) 27 13 19 
PCR cycles 25 25 30 
clusters (K/tile) 29.3 27 102.38 
VJ sequences 3.0 2.0 4.4 
(x10°) 
Cells 4.9 4.8 3.3 
DNA 12 13 6.6 
PCR cycles 30 30 30 
Clusters 116.3 121 119.5 
VJ sequences 3.2 3.7 4.0 
Cells NA NA NA 
DNA NA NA NA 
PCR cycles NA NA NA 
clusters NA NA NA 
VJ sequences NA NA NA 

Example 2 

Virtual T Cell Receptor B Chain Spectratyping 
0094 Virtual TCRB chain spectratyping was performed 
as follows. Complementary DNA was synthesized from RNA 
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extracted from Sorted T cell populations and used as template 
for multiplex PCR amplification of the rearranged TCR B 
chain CDR3 region. Each multiplex reaction contained a 
6-FAM-labeled antisense primer specific for the TCRB chain 
constant region, and two to five TCRB chain variable (TRBV) 
gene-specific sense primers. All 23 functional VB families 
were studied. PCR reactions were carried out on a Hybaid 
PCR Express thermal cycler (Hybaid, Ashford, UK) under 
the following cycling conditions: 1 cycle at 95° C. for 6 
minutes, 40 cycles at 94° C. for 30 seconds, 58° C. for 30 
seconds, and 72°C. for 40 seconds, followed by 1 cycle at 72° 
C. for 10 minutes. Each reaction contained cDNA template, 
500 uM dNTPs, 2 mM MgCl, and 1 unit of AmpliTaq Gold 
DNA polymerase (PerkinElmer) in AmpliTaq Gold buffer, in 
a final volume of 20 ul. After completion, an aliquot of the 
PCR product was diluted 1:50 and analyzed using a DNA 
analyzer. The output of the DNA analyzer was converted to a 
distribution of fluorescence intensity vs. length by compari 
son with the fluorescence intensity trace of a reference sample 
containing known size standards. 

Example 3 

Multiplex PCR Amplification of TCRB CDR3 
Regions 

0.095 The CDR3 junction region was defined operation 
ally, as follows. The junction begins with the second con 
served cysteine of the V-region and ends with the conserved 
phenylalanine of the J-region. Taking the reverse comple 
ments of the observed sequences and translating the flanking 
regions, the amino acids defining the junction boundaries 
were identified. The number of nucleotides between these 
boundaries determines the length and therefore the frame of 
the CDR3 region. In order to generate the template library for 
sequencing, a multiplex PCR system was selected to amplify 
rearranged TCRB loci from genomic DNA. The multiplex 
PCR system uses 45 forward primers (Table 3), each specific 
to a functional TCRVB segment, and thirteen reverse primers 
(Table 4), each specific to a TCR J B segment. The primers 

CD4+CD4SRO- Donor 

10 2 
25 
30 

118.3: 
4.2 

9 1 
19 
30 

124.6 
3.8 
O.O3 PCR Bias 
O.O15 aSSeSSnent 

25 - 15 
1423.8 

1.6 

were selected to provide that adequate information is present 
within the amplified sequence to identify both the V and J 
genes uniquely (>40 base pairs of sequence upstream of the V 
gene recombination signal sequence (RSS), and >30 base 
pairs downstream of the J gene RSS). 
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0096. The forward primers are modified at the 5' end with 
the universal forward primer sequence compatible with the 
Illumina GA2 cluster station solid-phase PCR. Similarly, all 
of the reverse primers are modified with the GA2 universal 
reverse primer sequence. The 3' end of each forward primer is 
anchored at position -43 in the VB segment, relative to the 
recombination signal sequence (RSS), thereby providing a 
unique VB tag sequence within the amplified region. The 
thirteen reverse primers specific to each JB segment are 
anchored in the 3' intron, with the 3' end of each primer 
crossing the intron/exonjunction. Thirteen sequencing prim 
ers complementary to the JB segments were designed that are 
complementary to the amplified portion of the JB segment, 
Such that the first few bases of sequence generated will cap 
ture the unique JB tag sequence. 
0097. On average J deletions were 4 bp+/-2.5 bp, which 
implies that J deletions greater than 10 nucleotides occur in 
less than 1% of sequences. The thirteen differentTCRJB gene 
segments each had a unique four base tag at positions +11 
through +14 downstream of the RSS site. Thus, sequencing 
oligonucleotides were designed to anneal to a consensus 
nucleotide motif observed just downstream of this “tag”, so 
that the first four bases of a sequence read will uniquely 
identify the J segment (Table 5). 
0098. The information used to assign the J and V segment 
of a sequence read is entirely contained within the amplified 
sequence, and does not rely upon the identity of the PCR 
primers. These sequencing oligonucleotides were selected 
such that promiscuous priming of a sequencing reaction for 
one J segment by an oligonucleotide specific to another J 
segment would generate sequence data starting at exactly the 
same nucleotide as sequence data from the correct sequenc 
ing oligonucleotide. In this way, promiscuous annealing of 
the sequencing oligonucleotides did not impact the quality of 
the sequence data generated. 
0099. The average length of the CDR3 region, defined 
following convention as the nucleotides between the second 
conserved cysteine of the V segment and the conserved phe 
nylalanine of the J segment, is 35+/-3, so sequences starting 
from the JB segment tag will nearly always capture the com 
plete VNDNJ junction in a 50 bp read. 
0100 TCR BJ gene segments are roughly 50 bp in length. 
PCR primers that anneal and extend to mismatched 
sequences are referred to as promiscuous primers. Because of 
the risk of promiscuous priming in the context of multiplex 
PCR, especially in the context of a gene family, the TCRJB 
Reverse PCR primers were designed to minimize overlap 
with the sequencing oligonucleotides. Thus, the 13 TCRJB 
reverse primers are anchored at the 3' end on the consensus 
splice site motif, with minimal overlap of the sequencing 
primers. The TCRJB primers were designed for a consistent 
annealing temperature (58 degrees in 50 mM salt) using the 
OligoCalc program under default parameters (http://www. 
basic.northwestern.edu/biotools/oligocalc.html). 
0101. The 45 TCRVB forward primers were designed to 
anneal to the VB segments in a region of relatively strong 
sequence conservation between VB segments, for two express 
purposes. First, maximizing the conservation of sequence 
among these primers minimizes the potential for differential 
annealing properties of each primer. Second, the primers 
were chosen such that the amplified region between V and J 
primers will contain sufficient TCRVB sequence information 
to identify the specific VB gene segment used. This obviates 
the risk of erroneous TCRVB gene segment assignment, in 
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the event of promiscuous priming by the TCRVB primers. 
TCRVB forward primers were designed for all known non 
pseudogenes in the TCRB locus. 
0102 The total PCR product for a successfully rearranged 
TCRB CDR3 region using this system is expected to be 
approximately 200 bp long. Genomic templates were PCR 
amplified using an equimolar pool of the 45 TCRVBF prim 
ers (the “VF pool') and an equimolar pool of the thirteen TCR 
JBR primers (the “JR pool). 50 ul PCR reactions were set up 
at 1.0 uMVF pool (22 nM for each unique TCRVBF primer), 
1.0 uMJR pool (77 nM for each unique TCRBJR primer), 1x 
QIAGEN Multiple PCR master mix (QIAGEN part number 
206145), 10% Q-solution (QIAGEN), and 16 ngful g|DNA. 
The following thermal cycling conditions were used in a PCR 
Express thermal cycler (Hybaid, Ashford, UK) under the 
following cycling conditions: 1 cycle at 95°C. for 15 minutes, 
25 to 40 cycles at 94° C. for 30 seconds, 59° C. for 30 seconds 
and 72° C. for 1 minute, followed by one cycle at 72°C. for 10 
minutes. 12-20 wells of PCR were performed for each library, 
in order to sample hundreds of thousands to millions of rear 
ranged TCRB CDR3 loci. 

Example 4 

Pre-Processing of Sequence Data 

0103 Sequencer data processing involves a series of steps 
to remove errors in the primary sequence of each read, and to 
compress the data. First, a complexity filter removes approxi 
mately 20% of the sequences which are misreads from the 
sequencer. Then, sequences were required to have a minimum 
of a six base match to both one of the thirteen J-regions and 
one of 54 V-regions. Applying the filter to the control lane 
containing phage sequence, on average only one sequence in 
7-8 million passed these steps without false positives. Finally, 
a nearest neighbor algorithm was used to collapse the data 
into unique sequences by merging closely related sequences, 
in order to remove both PCR error and sequencing error (see 
Table 10). 

Example 5 

Estimating Relative CDR3 Sequence Abundance in 
PCR Pools and Blood Samples 

0104. After collapsing the data, the underlying distribu 
tion of T-cell sequences in the blood reconstructing were 
derived from the sequence data. The procedure used three 
steps: 1) flow sorting T-cells drawn from peripheral blood, 2) 
PCR amplification, and 3) sequencing. Analyzing the data, 
the ratio of sequences in the PCR product must be derived 
working backward from the sequence data before estimating 
the true distribution of clonotypes in the blood. 
0105 For each sequence observed a given number of 
times in the data herein, the probability that that sequence was 
sampled from a particular size PCR pool is estimated. 
Because the CDR3 regions sequenced are sampled randomly 
from a massive pool of PCR products, the number of obser 
Vations for each sequence are drawn from Poisson distribu 
tions. The Poisson parameters are quantized according to the 
number of T cell genomes that provided the template for PCR. 
A simple Poisson mixture model both estimates these param 
eters and places a pairwise probability for each sequence 
being drawn from each distribution. This is an expectation 
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maximization method which reconstructs the abundances of 
each sequence that was drawn from the blood. 

Example 6 

Unseen Species Model for Estimation of True Diver 

0106. A mixture model can reconstruct the frequency of 
each TCRB CDR3 species drawn from the blood, but the 
larger question is how many unique CDR3 species were 
present in the donor? This is a fundamental question that 
needs to be answered as the available sample is limited in each 
donor, and will be more important in the future as these 
techniques are extrapolated to the smaller volumes of blood 
that can reasonably be drawn from patients undergoing treat 
ment. 

0107 The mathematical solution provides that for a total 
number of TCRB “species' or clonotypes, S., a sequencing 
experiment observes X copies of sequence S. For all of the 
unobserved clonotypes, X equals 0, and each TCR clonotype 
is "captured in a blood draw according to a Poisson process 
with parameter. The number of T cell genomes sequenced 
in the first measurement 1, and in the second measurement. 
Since there are a large number of unique sequences, an inte 
gral will represent the sum. If G(y) is the empirical distribu 
tion function of the parameters w, . . . . . and n is the 
number of clonotypes sequenced exactly X times, then 

0108. The value A(t) is the number of new clonotypes 
observed in the second sequencing experiment. 

I0109) Taylor expansion of 1-e gives A(t)=E(x,)t-E(x) 
t+E(x,)t-..., which can be approximated by replacing the 
expectations (E(n)) with the observed numbers in the first 
measurement. Using in the numbers observed in the first 
measurement, this formula predicts that 1.6*10 new unique 
sequences should be observed in the second measurement. 
The actual value of the second measurement was 1.8*10 new 
TCRB sequences, which implies that the prediction provided 
a valid lower bound on total diversity. An Euler's transforma 
tion was used to regularize A(t) to produce a lower bound for 
A(OO). 

Example 7 
Error Correction and Bias Assessment 

0110 Sequence error in the primary sequence data derives 
primarily from two sources: (1) nucleotide misincorporation 
that occurs during the amplification by PCR of TCRB CDR3 
template sequences, and (2) errors in base calls introduced 
during sequencing of the PCR-amplified library of CDR3 
sequences. The large quantity of data allows us to implement 
a straightforward error correcting code to correct most of the 
errors in the primary sequence data that are attributable to 
these two sources. After error correction, the number of 
unique, in-frame CDR3 sequences and the number of obser 
Vations of each unique sequence were tabulated for each of 
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the four flow-sorted T cell populations from the two donors. 
The relative frequency distribution of CDR3 sequences in the 
four flow cytometrically-defined populations demonstrated 
that antigen-experienced CD45RO populations contained 
significantly more unique CDR3 sequences with high relative 
frequency than the CD45RO populations. Frequency histo 
grams of TCRB CDR3 sequences observed in four differentT 
cell subsets distinguished by expression of CD4, CD8, and 
CD45RO and present in blood showed that ten unique 
sequences were each observed 200 times in the CD4" 
CD45RO" (antigen-experienced) T cell sample, which was 
more than twice as frequent as that observed in the CD4" 
CD45RO populations. 
0111. The use of a PCR step to amplify the TCRB CDR3 
regions prior to sequencing could potentially introduce a 
systematic bias in the inferred relative abundance of the 
sequences, due to differences in the efficiency of PCR ampli 
fication of CDR3 regions utilizing different VfB and JB gene 
segments. To estimate the magnitude of any Such bias, the 
TCRB CDR3 regions from a sample of approximately 30,000 
unique CD4"CD45RO' T lymphocyte genomes were ampli 
fied through 25 cycles of PCR, at which point the PCR prod 
uct was split in half. Half was set aside, and the other half of 
the PCR product was amplified for an additional 15 cycles of 
PCR, for a total of 40 cycles of amplification. The PCR 
products amplified through 25 and 40 cycles were then 
sequenced and compared. Over 95% of the 25 cycle 
sequences were also found in the 40-cycle sample: a linear 
correlation is observed when comparing the frequency of 
sequences between these samples. For sequences observed a 
given number of times in the 25 cycle lane, a combination of 
PCR bias and sampling variance accounts for the variance 
around the mean of the number of observations at 40 cycles. 
Conservatively attributing the mean variation about the line 
(1.5-fold) entirely to PCR bias, each cycle of PCR amplifica 
tion potentially introduces a bias of average magnitude 1.5" 
15=1.027. Thus, the 25 cycles of PCR introduces a total bias of 
average magnitude 1.027’’=1.95 in the inferred relative 
abundance of distinct CDR3 region sequences. 

Example 8 
JB Gene Segment Usage 

0112 The CDR3 region in each TCR B chain includes 
sequence derived from one of the thirteen Jegene segments. 
Analysis of the CDR3 sequences in the four different T cell 
populations from the two donors demonstrated that the frac 
tion of total sequences which incorporated sequences derived 
from the thirteen different Jegene segments varied more than 
20-fold. JB utilization among four differentT flow cytometri 
cally-defined T cells from a single donor is was relatively 
constant within a given donor. Moreover, the Jusage patterns 
observed in two donors, which were inferred from analysis of 
genomic DNA from T cells sequenced using the GA, are 
qualitatively similar to those observed in T cells from umbili 
cal cord blood and from healthy adult donors, both of which 
were inferred from analysis of cDNA from T cells sequenced 
using exhaustive capillary-based techniques. 

Example 9 
Nucleotide Insertion Bias 

0113. Much of the diversity at the CDR3 junctions in TCR 
C. and B chains is created by non-templated nucleotide inser 
tions by the enzyme Terminal Deoxynucloetidyl Transferase 
(TdT). However, in vivo, selection plays a significant role in 
shaping the TCR repertoire giving rise to unpredictability. 



US 2010/0330571 A1 

The TaT nucleotide insertion frequencies, independent of 
selection, were calculated using out of frame TCR sequences. 
These sequences are non-functional rearrangements that are 
carried on one allele in T cells where the second allele has a 
functional rearrangement. The mono-nucleotide insertion 
bias of TdT favors C and G (Table 11). 

TABLE 11 

Mono-nucleotide bias in out of frame data 

A. C G T 

Lane 1 O.24 O.294 O.247 O.216 
Lane 2 O.247 O.284 O.256 O.211 
Lane 3 O.25 0.27 O.268 O.209 
Lane 4 0.255 O.293 O.24 O.21 

0114. Similar nucleotide frequencies are observed in the 
in frame sequences (Table 12). 

TABLE 12 

Mono-nucleotide bias in in-frame data 

A. C G T 

Lane 1 O.21 O.285 0.275 O.228 
Lane 2 O.216 O.281 O.266 O.235 
Lane 3 O.222 O.266 O.288 O.221 
Lane 4 O.2O6 O.294 O.228 0.27 

0115 The N regions from the out of frame TCR sequences 
were used to measure the di-nucleotide bias. To isolate the 
marginal contribution of a di-nucleotide bias, the di-nucle 
otide frequencies was divided by the mononucleotide fre 
quencies of each of the two bases. The measure is 

f(n1n2) 
it ---. 

f(n1)f(n2) 

0116. The matrix form is found in Table 13. 

TABLE 13 

Di-nucleotide odd ratios for out of frame data 

A. C G T 

A. 1.198 O.938 O.945 O.919 
C O.988 1172 O.88 O.931 
G O.993 O.701 1.352 O.964 
T O.784 1.232 0.767 1.23 

0117 Many of the dinucleotides are under or over repre 
sented. As an example, the odds of finding a GG pair are very 
high. Since the codons GGN translate to glycine, many gly 
cines are expected in the CDR3 regions. 

Example 10 

Amino Acid Distributions in the CDR3 Regions 

0118. The distribution of amino acids in the CDR3 regions 
of TCRB chains are shaped by the germline sequences for V. 
D, and J regions, the insertion bias of TdT, and selection. The 
distribution of amino acids in this region for the four different 
T cell sub-compartments is very similar between different 
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cell Subtypes. Separating the sequences into B chains offixed 
length, a position dependent distribution among amino acids, 
which are grouped by the six chemical properties: Small, 
special, and large hydrophobic, neutral polar, acidic and 
basic. The distributions are virtually identical except for the 
CD8+ antigen experienced T cells, which have a higher pro 
portion of acidic bases, particularly at position 5. 
0119. Of particular interest is the comparison between 
CD8" and CD4 TCR sequences as they bind to peptides 
presented by class I and class IIHLA molecules, respectively. 
The CD8' antigen experienced T cells have a few positions 
with a higher proportion of acidic amino acids. This could be 
do binding with a basic residue found on HLA Class I mol 
ecules, but not on Class II. 

Example 11 

TCR B Chains with Identical Amino Acid Sequences 
Found in Different People 

0.120. The TCR B chain sequences were translated to 
amino acids and then compared pairwise between the two 
donors. Many thousands of exact sequence matches were 
observed. For example, comparing the CD4" CD45RO sub 
compartments, approximately 8,000 of the 250,000 unique 
amino acid sequences from donor 1 were exact matches to 
donor 2. Many of these matching sequences at the amino acid 
level have multiple nucleotide differences at third codon posi 
tions. Following the examplementioned above, 1,500/8,000 
identical amino acid matches had D5 nucleotide mismatches. 
Between any two T cell sub-types, 4-5% of the unique TCRB 
sequences were found to have identical amino acid matches. 
I0121 Two possibilities were examined: that 1) selection 
during TCR development is producing these common 
sequences and 2) the large bias in nucleotide insertion fre 
quency by TodT creates similar nucleotide sequences. The 
in-frame pairwise matches were compared to the out-of 
frame pairwise matches (see Examples 1-4, above). Chang 
ing frames preserved all of the features of the genetic code 
and so the same number of matches should be found if the 
sequence bias was responsible for the entire observation. 
However, almost twice as many in-frame matches as out-of 
frame matches were found, Suggesting that selection at the 
protein level is playing a significant role. 
0.122 To confirm this finding of thousands of identical 
TCRB chain amino acid sequences, two donors were com 
pared with respect to the CD8" CD62L" CD45RA" (naive 
like) TCRs from a third donor, a 44 year old CMV Caucasian 
female. Identical pairwise matches of many thousands of 
sequences at the amino acid level between the third donorand 
each of the original two donors were found. In contrast, 460 
sequences were shared between all three donors. The large 
variation in total number of unique sequences between the 
donors is a product of the starting material and variations in 
loading onto the sequencer, and is not representative of a 
variation in true diversity in the blood of the donors. 

Example 12 

Higher Frequency Clonotypes are Closer to Germ 
line 

I0123. The variation in copy number between different 
sequences within every T cell Sub-compartment ranged by a 
factor of over 10.000-fold. The only property that correlated 
with copy number was (the number of insertions plus the 
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number of deletions), which inversely correlated. Results of 
the analysis showed that deletions play a smaller role than 
insertions in the inverse correlation with copy number. 
0.124 Sequences with less insertions and deletions have 
receptor sequences closer to germline. One possibility for the 
increased number of sequences closer to germline is that they 
are the created multiple times during T cell development. 
Since germline sequences are shared between people, shared 
TCRB chains are likely created by TCRs with a small number 
of insertions and deletions. 

Example 13 
“Spectratype' Analysis of TCRB CDR3 Sequences 
by V. Gene Segment Utilization and CDR3 Length 

0.125 TCR diversity has commonly been assessed using 
the technique of TCR spectratyping, an RT-PCR-based tech 
nique that does not assess TCR CDR3 diversity at the 
sequence level, but rather evaluates the diversity of TCRC. or 
TCRB CDR3 lengths expressed as mRNA in subsets of O?3 T 
cells that use the same V, or V gene segment. The spec 
tratypes of polyclonal T cell populations with diverse reper 
toires of TCRCDR3 sequences, such as are seen in umbilical 
cord blood or in peripheral blood of healthy young adults 
typically contain CDR3 sequences of 8-10 different lengths 
that are multiples of three nucleotides, reflecting the selection 
for in-frame transcripts. Spectratyping also provides roughly 
quantitative information about the relative frequency of 
CDR3 sequences with each specific length. To assess whether 
direct sequencing of TCRB CDR3 regions from T cell 
genomic DNA using the sequencer could faithfully capture 
all of the CDR3 length diversity that is identified by spec 
tratyping, “virtual'TCRB spectratypes (see Examples above) 
were generated from the sequence data and compared with 
TCRB spectratypes generated using conventional PCR tech 
niques. The virtual spectratypes contained all of the CDR3 
length and relative frequency information present in the con 
ventional spectratypes. Direct TCRB CDR3 sequencing cap 
tures all of the TCR diversity information present in a con 
ventional spectratype. A comparison of standard TCRB 
spectratype data and calculated TCRB CDR3 length distribu 
tions for sequences utilizing representative TCR VB gene 
segments and present in CD4"CD45RO" cells from donor 1. 
Reducing the information contained in the sequence data to a 
frequency histogram of the unique CDR3 sequences with 
different lengths within each VB family readily reproduces all 
of the information contained in the spectratype data. In addi 
tion, the virtual spectratypes revealed the presence within 
each V family of rare CDR3 sequences with both very short 
and very long CDR3 lengths that were not detected by con 
ventional PCR-based spectratyping. 

Example 14 

Estimation of Total CDR3 Sequence Diversity 
0126. After error correction, the number of unique CDR3 
sequences observed in each lane of the sequencer flow cell 
routinely exceeded 1x10. Given that the PCR products 
sequenced in each lane were necessarily derived from a small 
fraction of the T cell genomes present in each of the two 
donors, the total number of unique TCRB CDR3 sequences in 
the entire T cell repertoire of each individual is likely to be far 
higher. Estimating the number of unique sequences in the 
entire repertoire, therefore, requires an estimate of the num 
ber of additional unique CDR3 sequences that exist in the 
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blood but were not observed in the sample. The estimation of 
total species diversity in a large, complex population using 
measurements of the species diversity present in a finite 
sample has historically been called the “unseen species prob 
lem” (see Examples above). The solution starts with deter 
mining the number of new species, or TCRB CDR3 
sequences, that are observed if the experiment is repeated, 
i.e., if the sequencing is repeated on an identical sample of 
peripheral blood T cells, e.g., an identically prepared library 
of TCRB CDR3 PCR products in a different lane of the 
sequencer flow cell and counting the number of new CDR3 
sequences. For CD8"CD45RO cells from donor 2, the pre 
dicted and observed number of new CDR3 sequences in a 
second lane are within 5% (see Examples above), Suggesting 
that this analytic solution can, in fact, be used to estimate the 
total number of unique TCRB CDR3 sequences in the entire 
repertoire. 
I0127. The resulting estimates of the total number of 
unique TCRB CDR3 sequences in the four flow cytometri 
cally-defined T cell compartments are shown in Table 14. 

TABLE 1.4 

TCR repertoire diversity 

Donor CD8 CD4 CD4SRO Diversity 

6.3 * 10 
124 * 106 
8.2 : 10 

1.28: 106 
3.97 * 106 
4.4 * 10 
9.7 * 105 
8.7 * 10 

1.03 * 106 
3.31 * 10° 

1 

-- 

-- 

Total T cell diversity 

-- 

-- 

Total T cell diversity 

I0128. Of note, the total TCRB diversity in these popula 
tions is between 3-4 million unique sequences in the periph 
eral blood. Surprisingly, the CD45RO", or antigen-experi 
enced, compartment constitutes approximately 1.5 million of 
these sequences. This is at least an order of magnitude larger 
than expected. This discrepancy is likely attributable to the 
large number of these sequences observed at low relative 
frequency, which could only be detected through deep 
sequencing. The estimated TCRB CDR3 repertoire sizes of 
each compartment in the two donors are within 20% of each 
other. 

0129. The results herein demonstrate that the realized 
TCRB receptor diversity is at least five-fold higher than pre 
vious estimates (~4*10° distinct CDR3 sequences), and, in 
particular, Suggest far greater TCRB diversity among 
CD45RO antigen-experienced Of T cells than has previ 
ously been reported (~1.5*10° distinct CDR3 sequences). 
However, bioinformatic analysis of the TCR sequence data 
shows strong biases in the mono- and di-nucleotide content, 
implying that the utilized TCR sequences are sampled from a 
distribution much smaller than the theoretical size. With the 
large diversity of TCRB chains in each person sampled from 
a severely constrict space of sequences, overlap of the TCR 
sequence pools can be expected between each person. In fact, 
the results showed about 5% of CD8" naive TCRB chains 
with exact amino acid matches are shared between each pair 
of three different individuals. As the TCRC. pool has been 
previously measured to be substantially smaller than the theo 
retical TCRB diversity, these results show that hundreds to 
thousands of truly public CBTCRs can be found. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS: 484 

<210s, SEQ ID NO 1 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 1 

ntcaaattitc actictdaaga t coggtocac aa 32 

<210s, SEQ ID NO 2 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 2 

ngct cactta aatctt caca totaatticcict gg 32 

<210s, SEQ ID NO 3 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV4-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 3 

inct taalacct tcacct acac gcc ctdc 27 

<210s, SEQ ID NO 4 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (4-2, 4-3) 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 4 

inct tatt cot to acct acac accctgc 27 

<210s, SEQ ID NO 5 
&211s LENGTH: 27 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 5 

ngct Ctgaga tigaatgtgag caccttg 27 

<210s, SEQ ID NO 6 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-3 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 6 

ngct Ctgaga tigaatgtgag tic cttg 27 

<210s, SEQ ID NO 7 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (5-4, 5-5, 5-6, 5–7, 5-8) 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OO > SEQUENCE: 7 

ngct Ctgagc tigaatgtgaa cqc cttg 27 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 8 

ntcgct Cagg Ctggagtcgg Ctg 23 

<210s, SEQ ID NO 9 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (6-2, 6-3) 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 
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<4 OOs, SEQUENCE: 9 

ngctggggtt gagtcggct g 21 

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

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-4 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 10 

inccct cacgt togt Ctgc tig 22 

<210s, SEQ ID NO 11 
&211s LENGTH: 21 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-5 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 11 

ngct Caggct gctgtcggct g 21 

<210s, SEQ ID NO 12 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 12 

incgcticaggc tiggagttggc tig 22 

<210s, SEQ ID NO 13 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-7 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 13 

inccc.ct Caag Ctggagticag Ctg 23 

<210s, SEQ ID NO 14 
&211s LENGTH: 22 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-8 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 14 

incacticaggc tiggtgtcggc tig 22 

<210s, SEQ ID NO 15 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-9 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 15 

incgcticaggc tiggagt cagc tig 22 

<210 SEQ ID NO 16 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 16 

inccactctgaagttccagcg cacac 25 

<210s, SEQ ID NO 17 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 17 

incactctgac gatccagogc acac 24 

<210s, SEQ ID NO 18 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-3 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 
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universal forward primer 

<4 OOs, SEQUENCE: 18 

inct c tact ct gaagat coag cqcacag 27 

<210s, SEQ ID NO 19 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-4 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 19 

inccact ctga agatccagcg cacag 25 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-6 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 2O 

incactctgac gatccagogc acag 24 

<210s, SEQ ID NO 21 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-7 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 21 

inccactctga cattcagcg cacag 25 

<210s, SEQ ID NO 22 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-8 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 22 

inccactctga agatccagcg cacac 25 

<210s, SEQ ID NO 23 
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&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 23 

incaccittgga gatccagogc acag 24 

<210s, SEQ ID NO 24 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV9 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 24 

ngcactctga actaaacctg agct citctg 29 

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

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 25 

inccc ct cact ctdgagtctg. citg 23 

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

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 26 

inccc cct cac totggagt ca gcta 24 

<210s, SEQ ID NO 27 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
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<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 
universal forward primer 

<4 OOs, SEQUENCE: 27 

incct cotcac totggagt cc gcta 24 

<210s, SEQ ID NO 28 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (11-1, 11-3) 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 28 

inccact ct ca agatccagcc togcag 25 

<210s, SEQ ID NO 29 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-2 
22 Os. FEATURE: 

<221 > NAME/KEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 29 

inct c cact ct caagat coag cct gcaa. 27 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (12-3, 12-4, 12-5) 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 30 

inccactctga agatccagcc ct cag 25 

<210s, SEQ ID NO 31 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV13 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 31 

ncattctgaa citgaacatga gct cottgg 29 
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<210s, SEQ ID NO 32 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 14 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 32 

inct actictga aggtgcagcc ticag 25 

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

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV15 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 33 

ngatalactitc caatcCagga ggc.cgaaca 29 

<210s, SEQ ID NO 34 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV16 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 34 

inctgtagcct tagat CCag gctacga 27 

<210s, SEQ ID NO 35 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV17 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 35 

inct tccacgc tigaagatcca toccg 25 

<210s, SEQ ID NO 36 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV18 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
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<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 36 

ngcatcCtgaggat.ccagca gg tag 25 

<210s, SEQ ID NO 37 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 19 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OO > SEQUENCE: 37 

incct ct cact gtgacatcgg ccc 23 

<210s, SEQ ID NO 38 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 38 

incttgtccac totgacagtg accagtg 27 

<210s, SEQ ID NO 39 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV23-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 39 

incagoctdgc aatcctgtcc ticag 24 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 25 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV24-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 4 O 

inct c cctdtc cctagagt cit gcc at 25 

Dec. 30, 2010 



US 2010/0330571 A1 Dec. 30, 2010 
27 

- Continued 

<210s, SEQ ID NO 41 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV25-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 41 

inccc.tgaccc tdgagt ctdc ca 22 

<210s, SEQ ID NO 42 
&211s LENGTH: 22 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV27 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 42 

inccc.tgat CC tdgagt cqCC Ca 22 

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

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV28 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 43 

inct c cctdat tctggagt cc gcca 24 

<210s, SEQ ID NO 44 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV29-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 44 

inctaac attc. tcaact ctda citgtgagcaa ca 32 

<210s, SEQ ID NO 45 
&211s LENGTH: 29 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 O 
22 Os. FEATURE: 
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<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal forward primer 

<4 OOs, SEQUENCE: 45 

incggcagttc atcctgagtt Ctaagaagc 29 

<210s, SEQ ID NO 46 
&211s LENGTH: 36 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 46 

nttacctaca actgtgagtic toggtgccttgtccaaa 36 

<210s, SEQ ID NO 47 
&211s LENGTH: 34 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 47 

nacctacaac ggittaacct g g tocc cqaac cqaa 34 

<210s, SEQ ID NO 48 
&211s LENGTH: 34 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-3 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 48 

nacctacaac agtgagccaa citt coct ct c caaa 34 

<210s, SEQ ID NO 49 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-4 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 49 

inccalagacag agagctgggit to cactgc.ca aa 32 
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<210s, SEQ ID NO 50 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-6 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 50 

inctgtcacag tdagcctggit ccc.gttcc.ca aa 32 

<210s, SEQ ID NO 51 
&211s LENGTH: 26 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-1 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 51 

incggtgagcc gtgtcc ctgg ccc.gaa 26 

<210s, SEQ ID NO 52 
&211s LENGTH: 32 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-2 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 52 

inccagtacgg toagcc taga gcc ttct c ca aa 32 

<210s, SEQ ID NO 53 
&211s LENGTH: 27 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-3 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 53 

nactgtcagc cgggtgcctg ggccaaa 27 

<210s, SEQ ID NO 54 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-4 
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22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 54 

nagagc.cggg toccggcgcc gaa 23 

<210s, SEQ ID NO 55 
&211s LENGTH: 23 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-5 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OO > SEQUENCE: 55 

ngga.gc.cgcg to ctggCCC gaa 23 

<210s, SEQ ID NO 56 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-6 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OOs, SEQUENCE: 56 

ngtcagcctg ctg.ccggCCC cqaa 24 

<210s, SEQ ID NO 57 
&211s LENGTH: 24 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-7 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: n is a, c, g, or t; 5 end modified with 

universal reverse primer 

<4 OO > SEQUENCE: 57 

ngtgagcctg gtgc.ccggcc cqaa 24 

<210s, SEQ ID NO 58 
&211s LENGTH: 65 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2 

<4 OOs, SEQUENCE: 58 

caag cagaag acggcatacg agct citt.ccg atc.ttcaaat titcactctga agat.ccggit c 6 O 

Cacala 65 
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<210s, SEQ ID NO 59 
&211s LENGTH: 65 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3-1 

<4 OO > SEQUENCE: 59 

caag cagaag acggcatacg agct citt.ccg atctgct cac ttaaatcttic acatcaattic 6 O 

Cctgg 65 

<210s, SEQ ID NO 60 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV4-1 

<4 OOs, SEQUENCE: 60 

caag cagaag acggcatacg agct citt.ccg atctottaaa cct tcacct a cacgc.cctgc 6 O 

<210s, SEQ ID NO 61 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (4-2, 4-3) 

<4 OOs, SEQUENCE: 61 

caag cagaag acggcatacg agct citt.ccg atctottatt cct tcacct a cacaccctgc 6 O 

<210s, SEQ ID NO 62 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-1 

<4 OOs, SEQUENCE: 62 

Caagcagaag acggcatacg agct Cttc.cg atctgctctg agatgaatgt gag caccittg 6 O 

<210s, SEQ ID NO 63 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-3 

<4 OOs, SEQUENCE: 63 

Caagcagaag acggcatacg agct Cttc.cg atctgctctg agatgaatgt gagtgccttg 6 O 

<210s, SEQ ID NO 64 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (5-4, 5-5, 5-6, 5–7, 5-8) 

<4 OOs, SEQUENCE: 64 

Caagcagaag acggcatacg agct Cttc.cg atctgctctg agctgaatgt gaacgc.cttg 6 O 

<210s, SEQ ID NO 65 
&211s LENGTH: 56 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-1 

<4 OOs, SEQUENCE: 65 

Caagcagaag acggcatacg agct Cttc.cg atctt.cgctic aggctggagt cqgctg 

<210s, SEQ ID NO 66 
&211s LENGTH: 54 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (6-2, 6-3) 

<4 OOs, SEQUENCE: 66 

Caagcagaag acggcatacg agct Cttc.cg atctgctggg gttggagtc.g. gctg 

<210s, SEQ ID NO 67 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-4 

<4 OO > SEQUENCE: 67 

Caagcagaag acggcatacg agct Cttc.cg atct c cct ca C9ttggcgtc. tctg 

<210s, SEQ ID NO 68 
&211s LENGTH: 54 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-5 

<4 OOs, SEQUENCE: 68 

Caagcagaag acggcatacg agct Cttc.cg atctgct cag gctgctgtcg gctg 

<210s, SEQ ID NO 69 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6 

<4 OOs, SEQUENCE: 69 

Caagcagaag acggcatacg agct Cttc.cg atct cqctica ggctggagtt ggctg 

<210s, SEQ ID NO 70 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-7 

<4 OO > SEQUENCE: 7 O 

Caagcagaag acggcatacg agct Cttc.cg atct c cc ctic aagctggagt cagctg 

<210s, SEQ ID NO 71 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-8 

56 

54 

55 

54 

55 

56 
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<4 OOs, SEQUENCE: 71 

Caagcagaag acggcatacg agct Cttc.cg atct cactica ggctggtgtc. g.gctg 

<210s, SEQ ID NO 72 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-9 

<4 OOs, SEQUENCE: 72 

Caagcagaag acggcatacg agct Cttc.cg atct cqctica ggctggagtic agctg 

<210s, SEQ ID NO 73 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-1 

<4 OO > SEQUENCE: 73 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic taagttcca gcgcacac 

<210s, SEQ ID NO 74 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-2 

<4 OOs, SEQUENCE: 74 

Caagcagaag acggcatacg agct Cttc.cg atct cactict gacgatc.ca.g. c9cacac 

<210s, SEQ ID NO 75 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-3 

<4 OO > SEQUENCE: 75 

Caagcagaag acggcatacg agct Cttc.cg atct ct ctac totgaagat C Cagcgcacag 

<210s, SEQ ID NO 76 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-4 

<4 OO > SEQUENCE: 76 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic talagat.cca gcgcacag 

<210s, SEQ ID NO 77 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-6 

<4 OO > SEQUENCE: 77 

Caagcagaag acggcatacg agct Cttc.cg atct cactict gacgatc.ca.g. c9cacag 

55 

55 

58 

6 O 

58 
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<210s, SEQ ID NO 78 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-7 

<4 OO > SEQUENCE: 78 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic tacgattica gcgcacag 

<210s, SEQ ID NO 79 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-8 

<4 OO > SEQUENCE: 79 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic talagat.cca gcgcacac 

<210s, SEQ ID NO 8O 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 

<4 OOs, SEQUENCE: 80 

Caagcagaag acggcatacg agct Cttc.cg atct caccitt ggagatc.ca.g. c9cacag 

<210s, SEQ ID NO 81 
&211s LENGTH: 62 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV9 

<4 OOs, SEQUENCE: 81 

caag cagaag acggcatacg agct citt.ccg atctgcactic togalactaaac ctdagct ct c 

tg 

<210s, SEQ ID NO 82 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-1 

<4 OOs, SEQUENCE: 82 

Caagcagaag acggcatacg agct Cttc.cg atct c cc ctic act ctggagt Ctgctg 

<210s, SEQ ID NO 83 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-2 

<4 OOs, SEQUENCE: 83 

caag cagaag acggcatacg agct citt.ccg atc tocc cct cactctggag toagcta 

58 

58 

6 O 

62 

56 

f 
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<210s, SEQ ID NO 84 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3 

<4 OOs, SEQUENCE: 84 

caag cagaag acggcatacg agct citt.ccg atcto ct cott cactctggag to cqcta 

<210s, SEQ ID NO 85 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (11-1, 11-3) 

<4 OOs, SEQUENCE: 85 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic ticaagat.cca gcctgcag 

<210s, SEQ ID NO 86 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-2 

<4 OOs, SEQUENCE: 86 

caag cagaag acggcatacg agct citt.ccg atctgtc. cac tot caagat c cagcc tigcaa. 

<210s, SEQ ID NO 87 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV (12-3, 12-4, 12-5) 

<4 OO > SEQUENCE: 87 

Caagcagaag acggcatacg agct Cttc.cg atct c cactic talagat.cca gcc ct cag 

<210s, SEQ ID NO 88 
&211s LENGTH: 62 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV13 

<4 OOs, SEQUENCE: 88 

caag cagaag acggcatacg agct citt.ccg atcto attct gaactgaaca tdagctic citt 

99 

<210s, SEQ ID NO 89 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 14 

<4 OOs, SEQUENCE: 89 

Caagcagaag acggcatacg agct Cttc.cg atct c tactic talaggtgca gcctgcag 

<210s, SEQ ID NO 90 
&211s LENGTH: 62 

58 

6 O 

58 

6 O 

62 

58 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV15 

<4 OOs, SEQUENCE: 90 

Caagcagaag acggcatacg agct Cttc.cg atctgataac ttic caatcca ggaggc.cgaa 

Ca 

<210s, SEQ ID NO 91 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV16 

<4 OOs, SEQUENCE: 91 

Caagcagaag acggcatacg agct Cttc.cg atct ctgtag ccttgagat C Caggctacga 

<210s, SEQ ID NO 92 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV17 

<4 OOs, SEQUENCE: 92 

caag cagaag acggcatacg agct citt.ccg atctgttcca cqctgaagat coat cocq 

<210s, SEQ ID NO 93 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV18 

<4 OOs, SEQUENCE: 93 

Caagcagaag acggcatacg agct Cttc.cg atctgcatcc taggat.cca gCagg tag 

<210s, SEQ ID NO 94 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 19 

<4 OOs, SEQUENCE: 94 

caag cagaag acggcatacg agct citt.ccg atcto ct citc actgttgacat cqgcc c 

<210s, SEQ ID NO 95 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1 

<4 OO > SEQUENCE: 95 

Caagcagaag acggcatacg agct Cttc.cg atct cttgtc. cactctgaca gtgaccagtg 

<210s, SEQ ID NO 96 
&211s LENGTH: 57 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

6 O 

62 

6 O 

58 

58 

56 

6 O 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic DNA: TRBV23-1 

<4 OOs, SEQUENCE: 96 

Caagcagaag acggcatacg agct Cttc.cg atct cagcct ggcaatcctg. tcct cag 

<210s, SEQ ID NO 97 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV24-1 

<4 OO > SEQUENCE: 97 

caag cagaag acggcatacg agct citt.ccg atctgtc. cct gtc.cc tagag totgc cat 

<210s, SEQ ID NO 98 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV25-1 

<4 OOs, SEQUENCE: 98 

Caagcagaag acggcatacg agct Cttc.cg atct c cctga CCCtggagtic tecca 

<210 SEQ ID NO 99 
&211s LENGTH: 55 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV27 

<4 OOs, SEQUENCE: 99 

Caagcagaag acggcatacg agct Cttc.cg atct c cctga t cctggagtic gcc.ca 

<210s, SEQ ID NO 100 
&211s LENGTH: 57 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV28 

<4 OOs, SEQUENCE: 1.OO 

Caagcagaag acggcatacg agct Cttc.cg atct ct c cct gattctggag ticcgc.ca 

<210s, SEQ ID NO 101 
&211s LENGTH: 65 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV29-1 

<4 OOs, SEQUENCE: 101 

caag cagaag acggcatacg agct citt.ccg atctotalaca ttct caactic tdactgtgag 

Caa.ca 

<210s, SEQ ID NO 102 
&211s LENGTH: 62 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 O 

f 

58 

55 

55 

6 O 

65 
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<4 OOs, SEQUENCE: 102 

Caagcagaag acggcatacg agct Cttc.cg atct cqgcag titcatCctga gttctaagaa 

<210s, SEQ ID NO 103 
&211s LENGTH: 60 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-1 

<4 OOs, SEQUENCE: 103 

aatgatacgg cqaccaccga gat citttacc tacaactgtgagtctggtgc cittgtccaaa 

<210s, SEQ ID NO 104 
&211s LENGTH: 58 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-3 

<4 OOs, SEQUENCE: 104 

aatgatacgg cqaccaccga gatctaccta caa.ca.gtgag ccaact tcc c tict coaaa 

<210 SEQ ID NO 105 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-4 

<4 OOs, SEQUENCE: 105 

aatgatacgg caccaccga gat ct coaag acagaga.gct gggttcc act gccaaa 

<210s, SEQ ID NO 106 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ1-6 

<4 OOs, SEQUENCE: 106 

aatgatacgg caccaccga gat ct ctgtc. acagtgagcc tigtc.ccgtt CCC aaa. 

<210s, SEQ ID NO 107 
&211s LENGTH: 50 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-1 

<4 OOs, SEQUENCE: 107 

aatgatacgg caccaccga gat ct cqgtg agc.cgtgtcc ctggc.ccgaa 

<210s, SEQ ID NO 108 
&211s LENGTH: 56 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-2 

<4 OOs, SEQUENCE: 108 

6 O 

62 

6 O 

58 

56 

56 

SO 
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aatgatacgg caccaccga gat ct coagt acggt cagoc tagagcctt C to Caaa 56 

<210s, SEQ ID NO 109 
&211s LENGTH: 51 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-3 

<4 OOs, SEQUENCE: 109 

aatgatacgg caccaccga gat ct actgt cagc.cgggtg cctgggccala a 51 

<210s, SEQ ID NO 110 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-4 

<4 OOs, SEQUENCE: 110 

aatgatacgg caccaccga gatctagagc cgggit cocgg cqc.cgaa 47 

<210s, SEQ ID NO 111 
&211s LENGTH: 47 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-5 

<4 OOs, SEQUENCE: 111 

aatgatacgg caccaccga gatctggagc cgcgt.gc.ctg gcc.cgaa 47 

<210s, SEQ ID NO 112 
&211s LENGTH: 48 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-6 

<4 OOs, SEQUENCE: 112 

aatgatacgg caccaccga gatctgtcag cct gctg.ccg gcc.ccgaa 48 

<210s, SEQ ID NO 113 
&211s LENGTH: 48 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBJ2-7 

<4 OOs, SEQUENCE: 113 

aatgatacgg caccaccga gatctgtgag cctggtgc.cc ggc.ccgaa 48 

<210s, SEQ ID NO 114 
&211s LENGTH: 284 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1* O1 

<4 OOs, SEQUENCE: 114 

gatactggaa ttacccagac accaaaatac Ctggt cacag caatggggag taaaaggaca 6 O 

atgaaacgtg agcatctggg acatgatt Ct atgtattggit acagacagala agctaagaaa 12 O 
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t ccctggagt to atgttitta ctacaactgt aaggaattica ttgaaaacaa gactgtgc.ca 18O 

aat cact tca cacctgaatg ccctgacago tot cqctitat acctt catgt gigt cqcactg 24 O 

Cagcaagaag act cagctgc gitat citctgc accagcagoc alaga 284 

<210s, SEQ ID NO 115 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2* O1 

<4 OOs, SEQUENCE: 115 

gaacctgaag ticacccagac toccagc.cat Caggit cacac agatgggaca ggaagtgat C 6 O 

ttgcgctgtg tocc catc to taat cactta tacttictatt ggtacagaca aatcttgggg 12 O 

cagaaagt cq agtttctggt titcCtttitat aataatgaaa tot cagagaa gtctgaaata 18O 

titcgatgatc aattct cagt togaaaggcct gatggat caa attt cactict gaagat.ccgg 24 O 

tccacaaagc tiggaggactic agc catgitac ttctgtgcca gcagtgaagc 29 O 

<210s, SEQ ID NO 116 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2* O3 

<4 OOs, SEQUENCE: 116 

gaacctgaag ticacccagac toccagc.cat Caggit cacac agatgggaca ggaagtgat C 6 O 

ttgcgctgtg tocc catc to taat cactta tacttictatt ggtacagaca aatcttgggg 12 O 

cagaaagt cq agtttctggt titcCtttitat aataatgaaa tot cagagaa gtctgaaata 18O 

titcgatgatc aattct cagt tagaggcct gatggat caa attt cactict galagat.ccgg 24 O 

tccacaaagc tiggaggactic agc catgitac ttctgtgcca gcagtgaa 288 

<210s, SEQ ID NO 117 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3-1* O1 

<4 OOs, SEQUENCE: 117 

gacacagctg titt Cocagac tocaaaatac Ctggt cacac agatgggaala cacalagtoc 6 O 

attaaatgtgaacaaaatct gggc.catgat actatgtatt ggtataaac a ggactictaag 12 O 

aaatttctga agataatgtt tagctacaat aataaggagc ticattataaa tdaaacagtt 18O 

c caaatcgct tct caccitaa atcto cagac aaa.gct cact taaatct tca catcaatticc 24 O 

Ctggagcttg gtgactictgc tigtgt atttic ttgc.ca.gca gccaaga 287 

<210s, SEQ ID NO 118 
&211s LENGTH: 279 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3-1* O2 

<4 OOs, SEQUENCE: 118 
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gacacagctg titt Cocagac tocaaaatac Ctggt cacac agatgggaala cacalagtoc 6 O 

attaaatgtgaacaaaatct gggc.catgat actatgtatt ggtataaac a ggactictaag 12 O 

aaatttctga agataatgtt tagctacaat aacaaggaga t cattataaa tdaaacagtt 18O 

c caaatcgat t ct caccitaa atcto cagac aaa.gctaaat taaatct tca catcaatticc 24 O 

Ctggagcttg gtgactictgc tigtgt atttic ttgc.ca.gc 279 

<210s, SEQ ID NO 119 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 - 2 k O1 

<4 OOs, SEQUENCE: 119 

gacacagc.cg titt Cocagac tocaaaatac Ctggt cacac agatgggaala aaaggagtict 6 O 

cittaaatgag aacaaaatct gggccataat gctatgtatt ggtataaac a ggactictaag 12 O 

aaatttctga agacaatgtt tat ctacagt aacaaggagc caattittaaa tdaaacagtt 18O 

c caaatcgct tct cacct ga citctic cagac aaa.gct catt taaatct tca catcaatticc 24 O 

Ctggagcttg gtgactictgc tigtgt atttic ttgc.ca.gca gccaaga 287 

<210 SEQ ID NO 12O 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 - 2 k O2 

<4 OOs, SEQUENCE: 120 

gacacagc.cg titt Cocagac tocaaaatac Ctggt cacac agatgggaala aaaggagtict 6 O 

cittaaatgag aacaaaatct gggccataat gctatgtatt ggtataaac a ggactictaag 12 O 

aaatttctga agacaatgtt tat ctacagt aacaaggagc caattittaaa tdaaacagtt 18O 

c caaatcgct tct cacct ga citctic cagac aaagttcatt taaatct tca catcaatticc 24 O 

Ctggagcttg gtgactictgc tigtgt atttic ttgc.ca.gca gccaaga 287 

<210s, SEQ ID NO 121 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 - 2 k o3 

<4 OOs, SEQUENCE: 121 

gacacagc.cg titt Cocagac tocaaaatac Ctggt cacac agacgggaala aaaggagtict 6 O 

cittaaatgag aacaaaatct gggccataat gctatgtatt ggtataaac a ggactictaag 12 O 

aaatttctga agacaatgtt tat ctacagt aacaaggagc caattittaaa tdaaacagtt 18O 

c caaatcgct tct cacct ga citctic cagac aaagttcatt taaatct tca catcaatticc 24 O 

Ctggagcttg gtgactictgc tigtgt atttic ttgc.ca.gca gccaa 285 

<210s, SEQ ID NO 122 
&211s LENGTH: 287 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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<210s, SEQ ID NO 130 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-1* O1 

<4 OOs, SEQUENCE: 130 

aaggctggag ticactcaaac to Caagat at Ctgat caaaa cagaggaca gcaagtgaca 6 O 

Ctgagctgct CCC ctatcto tdgCatagg agtgt at CCt ggtaccalaca gacccCagga 12 O 

cagggc ctitc agttcc tictt togaatactitc agtgagacac agagaaacaa aggaaacttic 18O 

Cctggt cat t ct cagggcg C cagttct ct aact ct cqct Ctgagatgala totgagc acc 24 O 

ttggagctgg gggacticgc cct ttatctt togc.ca.gca gCttgg 286 

<210s, SEQ ID NO 131 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-1* O2 

<4 OOs, SEQUENCE: 131 

agggctgggg. tcactcaaac to Caagacat Ctgat caaaa cagaggaca gcaagtgaca 6 O 

Ctgggctgct CCC ctatcto tdgCatagg agtgt at CCt ggtaccalaca gaccctagga 12 O 

cagggc ctitc agttcc tictt togaatactitc agtgagacac agagaaacaa aggaaacttic 18O 

Cttggt cat t ct cagggcg C cagttct ct aact ct cqct Ctgagatgala totgagc acc 24 O 

ttggagctgg gggacticgc cct ttatctt togc.ca.gcg Cttgc 285 

<210s, SEQ ID NO 132 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-3* O1 

<4 OOs, SEQUENCE: 132 

gaggctggag ticacccaaag ticc cacacac Ctgat caaaa cagaggaca gcaagtgact 6 O 

Ctgagatgct ct cctatcto tdgCacagc agtgttgtc.ct ggtaccalaca ggcc.ccgggt 12 O 

Caggggcc cc agtttatctt taatatgct aatgagttaa ggagat Caga aggaaacttic 18O 

Cctaatcgat t ct cagggcg C cagttcCat gactgttgct Ctgagatgala totgagtgcc 24 O 

ttggagctgg gggacticgc cct gtatic to ttgc.ca.gala gCttgg 286 

<210s, SEQ ID NO 133 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-3* O2 

<4 OOs, SEQUENCE: 133 

gaggctggag ticacccaaag ticc cacacac Ctgat caaaa cagaggaca gcaagtgact 6 O 

Ctgagatgct ct cctatcto tdgCacagc agtgttgtc.ct ggtaccalaca ggcc.ccgggt 12 O 

Caggggcc cc agtttatctt taatatgct aatgagttaa ggagat Caga aggaaacttic 18O 
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Cctaatcgat t ct cagggcg C cagttcCat gactattgct Ctgagatgala totgagtgcc 24 O 

ttggagctgg gggacticgc cct gtatic to ttgc.ca.gala gCttgg 286 

<210s, SEQ ID NO 134 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-4* O1 

<4 OOs, SEQUENCE: 134 

gagactggag ticacccaaag ticc cacacac Ctgat caaaa cagaggaca gcaagtgact 6 O 

Ctgagatgct Cttcticagtic tiggcacaac actgttgtc.ct ggtaccalaca ggCCCtgggt 12 O 

Caggggcc cc agtttatctt t cagtatt at agggaggaag agaatggcag aggaaacttic 18O 

cctic ctagat t ct caggit ct c cagttcc ct aattatagot ctdagctgaa tdtgaacgc.c 24 O 

ttggagctgg acgacticgc cct gtatic to ttgc.ca.gca gCttgg 286 

<210s, SEQ ID NO 135 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-4* O2 

<4 OOs, SEQUENCE: 135 

gagactggag ticacccaaag ticc cacacac Ctgat caaaa cagaggaca gcaagtgact 6 O 

Ctgagatgct Cttcticagtic tiggcacaac actgttgtc.ct ggtaccalaca ggCCCtgggt 12 O 

Caggggcc cc agtttatctt t cagtatt at agggaggaag agaatggcag aggaaacttic 18O 

cctic ctagat t ct caggit ct c cagttcc ct aattata act citgagctgaa tdtgaacgc.c 24 O 

ttggagctgg acgacticgc cct gtatic to ttgc.ca.gca gC 282 

<210s, SEQ ID NO 136 
&211s LENGTH: 234 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-4* O3 

<4 OOs, SEQUENCE: 136 

Cagcaa.gtga cactgagatg Ctcttcticag tictgggcaca acactgttgtc. Ctggtaccala 6 O 

Caggcc ctgg gtcaggggcc C cagtttatc titt cagtatt at agggagga agagaatggc 12 O 

agaggaaact tcc ctic ctag attct caggit citccagttcc ctaattatag citctgagctg 18O 

aatgtgaacg ccttggagct ggacgactic gcc ctgt atc. tctgtgc.cag cagc 234 

<210s, SEQ ID NO 137 
&211s LENGTH: 192 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV5-4* 04 

<4 OOs, SEQUENCE: 137 

actgttgtc.ct ggtaccaa.ca ggc cctgggt caggggg.ccc agttt at Ctt tdagt attat 6 O 

agggaggaag agaatggcag aggaalactico Cct cotagat t ct caggtot C cagttcCct 12 O 
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ctgagatgct citcctaagtic 

Caggggcc cc agtttatctt 

cctgat cqat t ct caggit ca 

ttgttgctgg gggacticgc 

<210s, SEQ ID NO 142 
&211s LENGTH: 286 
&212s. TYPE: DNA 

tgggcatgac 

t cagtatt at 

c cagttcc ct 

c ct citatic to 

actgtgtc.ct 

gaggaggaag 

aactatagot 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 142 

gacgctggag ticacccaaag 

ctgagatgct citccitat citc 

Caggggcc cc agtttatctt 

cctgat caat t ct caggit ca 

ttgttgctag gggacticgc 

<210s, SEQ ID NO 143 
&211s LENGTH: 286 
&212s. TYPE: DNA 

toccacacac 

tgggcacacc 

t cagtatt at 

c cagttcc ct 

c ct citatic to 

citgat caaaa 

agtgtgtc.ct 

gagaaagaag 

aactatagot 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 143 

gaggctggag ticacacaaag 

ctgagatgct citccitat citc 

ctgggcct co agttcc tic ct 

cctic ctagat titt caggit cq 

ttggagctgg aggacticgc 

<210s, SEQ ID NO 144 
&211s LENGTH: 238 
&212s. TYPE: DNA 

toccacacac 

tgggcacacc 

ttgg tatgac 

c cagttcc ct 

cctgtatic to 

citgat caaaa 

agtgtgtact 

gagggtgaag 

aattatagot 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 144 

aggacagcaa gcgactictga 

cCaacaggcc ctgggtctgg 

aaacagagga aacttic cct c 

gctgaatgtgaacgc.cttgg 

<210s, SEQ ID NO 145 
&211s LENGTH: 287 
&212s. TYPE: DNA 

gatgct ct co 

gcc to cagct 

ctagattitt c 

agctggagga 

tat citctggg 

cct cotttgg 

aggtogc.cag 

Ctcggcc ctg 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 145 

47 

- Continued 

ggtaccalaca 

agagacagag 

Ctgagctgaa 

gCttgg 

Synthetic DNA: TRBV5-7* O1 

cgagaggaca 

cgtaccalaca 

agagaggaag 

Ctgagctgaa 

gCttgg 

Synthetic DNA: TRBV5-8:kol 

cgagaggaca 

ggtaccalaca 

agagaaa.ca.g 

Ctgagctgaa 

gCttgg 

Synthetic DNA: TRBV5-8* O2 

Cacaccagtg 

tatgacgagg 

t to cotta att 

tat citctgtg 

Synthetic DNA: TRBV6-1* O1 

ggCCCtgggt 

aggcaacttic 

gcacgtgact 

ggCCCtgggt 

aggaaacttic 

gcaa.gcgact 

ggCCCtgggt 

aggaaacttic 

tgtactggta 

gtgaa.gaga.g 

atagotctga 

Ccagcagc 

12 O 

18O 

24 O 

286 

6 O 

12 O 

18O 

24 O 

286 

6 O 

12 O 

18O 

24 O 

286 

6 O 

12 O 

18O 

238 

Dec. 30, 2010 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-4* O2 

<4 OOs, SEQUENCE: 149 

actgctggga t cacccaggc accala catct Cagat.cctgg cagcaggacg gag catgaca 6 O 

Ctgagatgta CCC aggat at gagaCataat gcc atgtact ggtatagaca agatctagga 12 O 

Ctggggctaa ggct catcca ttatt caaat actgcaggta C cactggcaa aggagaagtic 18O 

cctgatggitt at agtgtc.t.c cagagcaaac acagatgatt tocc cct cac gttggcgt.ct 24 O 

gctgtaccct ct caga catc tdtgtact tc tdtgc.ca.gca gtgactic 287 

<210s, SEQ ID NO 150 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-5* O1 

<4 OOs, SEQUENCE: 150 

aatgctggtg tcactic agaC cccaaaattic Caggit cotga agaCaggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccatgaa tacatgtc.ct ggitat caca agaccCaggc 12 O 

atggggctgaggctgattica ttact cagtt ggtgctggta t cactgacca aggagaagtic 18O 

cc caatggct acaatgtc.t.c cagat caacc acagaggatt toccgct cag gotgctgtcg 24 O 

gctgct coct cocaga catc tdtgtact tc tdtgc.ca.gca gttactic 287 

<210s, SEQ ID NO 151 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6* O1 

<4 OOs, SEQUENCE: 151 

aatgctggtg tcactic agaC cccaaaattic cycatcCtga agataggaca gag catgaca 6 O 

Ctgcagtgta CCC aggat at galaccataac tacatgtact ggitat caca agaccCaggc 12 O 

atggggctga agctgattta t tatt cagtt ggtgctggta t cactgataa aggagaagtic 18O 

ccgaatggct acaacgt.ctic Cagat calacc acagaggatt toccgct cag gctggagttg 24 O 

gctgct coct cocaga catc tdtgtact tc tdtgc.ca.gca gttactic 287 

<210s, SEQ ID NO 152 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6* O2 

<4 OOs, SEQUENCE: 152 

aatgctggtg tcactic agaC cccaaaattic cycatcCtga agataggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccataac tacatgtact ggitat caca agaccCaggc 12 O 

atggggctga agctgattta t tatt cagtt ggtgctggta t cactgacaa aggagaagtic 18O 

ccgaatggct acaacgt.ctic Cagat calacc acagaggatt toccgct cag gctggagttg 24 O 

gctgct coct cocaga catc tdtgtact tc tdtgc.ca.gca git 282 



US 2010/0330571 A1 Dec. 30, 2010 
50 

- Continued 

<210s, SEQ ID NO 153 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6* O3 

<4 OOs, SEQUENCE: 153 

aatgctggtg tcactic agaC cccaaaattic cycatcCtga agataggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccataac tacatgtact ggitat caca agaccCaggc 12 O 

atggggctga agctgattta t tatt cagtt ggtgctggta t cactgataa aggagaagtic 18O 

ccgaatggct acaacgt.ctic Cagat calacc acagaggatt toccgct cag gctggagttg 24 O 

gctgct coct cocaga catc tdtgtact tc tdtgc.ca.gca git 282 

<210s, SEQ ID NO 154 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6* 04 

<4 OOs, SEQUENCE: 154 

aatgctggtg tcactic agaC cccaaaattic cycatcCtga agataggaca gag catgaca 6 O 

Ctgcagtgta CCC aggat at galaccatgaa tacatgtact ggitat caca agaccCaggc 12 O 

atggggctga agctgattta t tatt cagtt ggtgctggta t cactgataa aggagaagtic 18O 

ccgaatggct acaatgtctic Cagat calacc acagaggatt toccgct cag gctggagttg 24 O 

gctgct coct cocaga catc tdtgtact tc tdtgc.ca.gca gtcga 285 

<210s, SEQ ID NO 155 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-6* O5 

<4 OO > SEQUENCE: 155 

aatgctggtg tcactic agaC cccaaaattic cycatcCtga agataggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccataac tacatgtact ggitat caca agaccCaggc 12 O 

atggggctga agctgattta t tatt cagtt ggtgctggta t cactgacaa aggagaagtic 18O 

ccgaatggct acaacgt.ctic Cagat calacc acagaggatt toccgct cag gctggagttg 24 O 

gctgctgcct cocaga catc tdtgtact tc tdtgc.ca.gca gc 282 

<210s, SEQ ID NO 156 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-7* O1 

<4 OOs, SEQUENCE: 156 

aatgctggtg tcactic agaC cccaaaattic cacgtCctga agaCaggaca gag catgact 6 O 

Ctgctgttgttg CCC aggat at galaccatgaa tacatgitatic ggitat caca agaccCaggc 12 O 

aaggggctgaggctgattta Ctact cagtt gctgctgctic ticactgacaa aggagaagtt 18O 

cc caatggct acaatgtc.t.c cagat caaac acagaggatt tocc cct caa gotggagtca 24 O 
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gctgct coct ct cagactitc tdttt actitc tdtgc.ca.gca gttactic 287 

<210s, SEQ ID NO 157 
&211s LENGTH: 284 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-8:kol 

<4 OO > SEQUENCE: 157 

aatgctggtg tcactic agaC cccaaaattic cacatcctga agaCaggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccatgga tacatgtc.ct ggitat caca agaccCaggc 12 O 

atggggctga gactgattta Ctact cagct gctgctggta Ctactgacaa agaagtc.ccc 18O 

aatggctaca atgtct ctag attaalacaca gaggattitcc cactic aggct ggtgtcggct 24 O 

gctic cct coc agacatctgt gtacttgttgt gcc agcagtt actic 284 

<210s, SEQ ID NO 158 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV6-9 * O1 

<4 OOs, SEQUENCE: 158 

aatgctggtg tcactic agaC cccaaaattic cacatcctga agaCaggaca gag catgaca 6 O 

Ctgcagtgtg CCC aggat at galaccatgga tacttgtc.ct ggitat caca agaccCaggc 12 O 

atggggctgaggcgcatt cattact cagtt gctgctggta t cactgacaa aggagaagtic 18O 

cc.cgatggct acaatgitatic Cagat caaac acagaggatt toccgct cag gctggagtica 24 O 

gctgct coct cocaga catc togtatact tc tdtgc.ca.gca gttatt c 287 

<210s, SEQ ID NO 159 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-1* O1 

<4 OOs, SEQUENCE: 159 

ggtgctggag tict Cocagtic cct gagacac alaggtagcaa agaagggaaa ggatgtagct 6 O 

Ctcagatatg atccalatttic aggtoataat gcc ctittatt ggit accgaca gag cctgggg 12 O 

Cagggcctgg agtttic caat ttact tccaa ggcaaggatg cagcagacaa atcggggctt 18O 

cc.ccgtgatc ggttct Ctgc acagaggit ct gagggat.cca tot coactict gaagttc.ca.g 24 O 

cgcacacagc agggggactt ggctgttgt at Ctctgtgcca gcagcticago 29 O 

<210s, SEQ ID NO 160 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-2* O1 

<4 OOs, SEQUENCE: 160 

ggagctggag tict Cocagtic ccc.cagtaac alaggt cacag agaagggaaa ggatgtagag 6 O 

Ctcaggtgtg atccalatttic aggtoatact gcc ctitt act ggit accgaca gag cctgggg 12 O 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-6* O1 

<4 OOs, SEQUENCE: 172 

ggtgctggag tict Cocagtic ticcCagg tac aaagt cacaa agaggggaca ggatgtagct 6 O 

Ctcaggtgtg atccalatttic gggtcatgta t cc ctittatt ggit accgaca ggCCCtgggg 12 O 

Cagggcc.cag agtttctgac ttact tca at tatgaag.ccc aacaaga caa at Cagggctg 18O 

Cccalatgatc ggttct Ctgc agagaggcct gagggat.cca tot coactict gacgatc.ca.g 24 O 

cgcacagagc agcgggactic ggc catgitat cqctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 173 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-6* O2 

<4 OOs, SEQUENCE: 173 

ggtgctggag tict Cocagtic ticcCagg tac aaagt cacaa agaggggaca ggatgtagct 6 O 

Ctcaggtgtg atcCaatcto gggtcatgta t cc ctittatt ggit accgaca ggCCCtgggg 12 O 

Cagggcc.cag agtttctgac ttact tca at tatgaag.ccc aacaaga caa at Cagggctg 18O 

Cccalatgatc ggttct Ctgc agagaggcct gagggat.cca tot coactict gacgatc.ca.g 24 O 

cgcacagagc agcgggactic ggc catgitat cqctgtgcca gcagc 285 

<210s, SEQ ID NO 174 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-7* O1 

<4 OOs, SEQUENCE: 174 

ggtgctggag tict Cocagtic ticcCagg tac aaagt cacaa agaggggaca ggatgta act 6 O 

Ctcaggtgtg atccalatttic gag to atgca acc ctittatt ggt at Caac a ggCCCtgggg 12 O 

Cagggcc.cag agtttctgac ttact tca at tatgaagctic alaccagacaa at Cagggctg 18O 

cc.ca.gtgatc ggttct Ctgc agagaggcct gagggat.cca tot coactict gacgatt cag 24 O 

cgcacagagc agcgggactic agc catgitat cqctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 175 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-7* O2 

<4 OO > SEQUENCE: 175 

ggtgctggag tict Cocagtic ticcCagg tac aaagt cacaa agaggggaca ggatgta act 6 O 

Ctcaggtgtg atccalatttic gag to atgta acc ctittatt ggt at Caac a ggCCCtgggg 12 O 

Cagggcc.cag agtttctgac ttact tca at tatgaagctic alaccagacaa at Cagggctg 18O 

cc.ca.gtgatc ggttct Ctgc agagaggcct gagggat.cca tot coactict gacgatt cag 24 O 

cgcacagagc agcgggactic agc catgitat cqctgtgcca gcagc 285 
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<210s, SEQ ID NO 176 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-8 kol 

<4 OOs, SEQUENCE: 176 

ggtgctggag tict Cocagtic ccctaggtac aaagt cqcaa agagaggaca ggatgtagct 6 O 

Ctcaggtgtg atccalatttic gggtcatgta t cc ctitttitt ggtaccalaca ggCCCtgggg 12 O 

Caggggc.cag agtttctgac ttattitccag aatgaagctic alactagacaa atcggggctg 18O 

cc.ca.gtgatc gct tctttgc agaaaggcct gagggat.ccg tct coactict galagatc.ca.g 24 O 

cgcacacagc aggaggactic cqc.cgtgt at Ctctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 177 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-8* O2 

<4 OO > SEQUENCE: 177 

ggtgctggag tict Cocagtic ccctaggtac aaagt cqcaa agagaggaca ggatgtagct 6 O 

Ctcaggtgtg atccalatttic gggtcatgta t cc ctitttitt ggtaccalaca ggCCCtgggg 12 O 

Caggggc.cag agtttctgac ttattitccag aatgaagctic alactagacaa atcggggctg 18O 

cc.ca.gtgatc gct tctttgc agaaaggcct gagggat.ccg tct coactict galagatc.ca.g 24 O 

cgcacacaga aggaggactic cqc.cgtgt at Ctctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 178 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-8* O3 

<4 OOs, SEQUENCE: 178 

ggtgctggag tict Cocagtic ccctaggtac aaagt cqcaa agagaggaca ggatgtagct 6 O 

Ctcaggtgtg atccalatttic gggtcatgta t cc ctitttitt ggtaccalaca ggCCCtcggg 12 O 

Caggggc.cag agtttctgac ttattitccag aatgaagctic alactagacaa atcggggctg 18O 

cc.ca.gtgatc gct tctttgc agaaaggcct gagggat.ccg tct coactict galagatc.ca.g 24 O 

cgcacacagc aggaggactic cqc.cgtgt at Ctctgtgcca gcagc.cga 288 

<210s, SEQ ID NO 179 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * o5 

<4 OO > SEQUENCE: 179 

gatactggag tict Cocagaa ccc.ca.gacac aagat cacaa agaggggaca gaatgta act 6 O 

ttcaggtgtg atccalatttic talacacaac cqc ctittatt ggit accgaca gaccctgggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic alactagaaaa at Caaggctg 18O 



US 2010/0330571 A1 Dec. 30, 2010 
57 

- Continued 

Ctcagtgatc ggttct Ctgc agagaggcct aagggat.ctic tict coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcaccaaa 288 

<210s, SEQ ID NO 18O 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 ko6 

<4 OOs, SEQUENCE: 18O 

gatactggag tict Cocagaa ccc.ca.gacac aagat cacaa agaggggaca gaatgta act 6 O 

ttcaggtgtg atccalatttic talacacaac cqc ctittatt ggit accgaca gaccctgggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic alactagaaaa at Caaggctg 18O 

Ctcagtgatc ggttct Ctgc agagaggcct aagggat.ctic titt coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcacgttg 288 

<210s, SEQ ID NO 181 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * 03 

<4 OOs, SEQUENCE: 181 

gatactggag tict Cocagga CCC cagacac aagat cacaa agaggggaca gaatgta act 6 O 

ttcaggtgtg atccalatttic talacacaac cqc ctittatt ggit accgaca gaccctgggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic alactagaaaa at Caaggctg 18O 

Ctcagtgatc ggttct Ctgc agagaggcct aagggat.ctt tot coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcagc 285 

<210s, SEQ ID NO 182 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * O1 

<4 OOs, SEQUENCE: 182 

gatactggag tict Cocagaa ccc.ca.gacac aagat cacaa agaggggaca gaatgta act 6 O 

ttcaggtgtg atccalatttic talacacaac cqc ctittatt ggit accgaca gaccctgggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic alactagaaaa at Caaggctg 18O 

Ctcagtgatc ggttct Ctgc agagaggcct aagggat.ctt tot coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 183 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * O2 

<4 OOs, SEQUENCE: 183 

gatactggag tict Cocagaa ccc.ca.gacac alacat cacaa agaggggaca gaatgta act 6 O 
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ttcaggtgtg atccalatttic talacacaac cqc ctittatt ggit accgaca gaccctgggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic alactagaaaa at Caaggctg 18O 

Ctcagtgatc ggttct Ctgc agagaggcct aagggat.ctt tot coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcagctta 288 

<210s, SEQ ID NO 184 
&211s LENGTH: 2O7 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * O7 

<4 OOs, SEQUENCE: 184 

caca accgcc titt attggta C cacagacic ctgggggagg gcc.ca.gagtt totgacttac 6 O 

titcCagaatgaagctcaact agaaaaatca aggctgctica gtgat cq9tt Ctctgcagag 12 O 

aggcctaagg gat Ctttctic caccttggag atc.ca.gc.gca cagaggaggg ggacticgc.c 18O 

atgitat ct ct gtgc.ca.gcag cagcagt 2O7 

<210s, SEQ ID NO 185 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV7-9 * 04 

<4 OOs, SEQUENCE: 185 

at atctggag tict Cocacaa ccc.ca.gacac aagat cacaa agaggggaca gaatgtaact 6 O 

ttcaggtgtg atccaatttic togalacacaac cqc ctittatt ggtaccgaca gaaccctggg 12 O 

Cagggcc.cag agtttctgac ttact tccag aatgaagctic aactggaaaa at Cagggctg 18O 

Ctcagtgatc ggat.ct Ctgc agagaggcct aagggat.ctt tot coacctt ggagatc.ca.g 24 O 

cgcacagagc agggggactic ggc catgitat Ctctgtgcca gcagctict 288 

<210s, SEQ ID NO 186 
&211s LENGTH: 279 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV8-1* O1 

<4 OOs, SEQUENCE: 186 

gaggcaggga t cagccagat accalagat at Cacagacaca Cagggaaaaa gatcatCctg 6 O 

aaatatgctic agattaggaa ccattatt ca gtgttctgtt at caataaga ccaagaatag 12 O 

gggctgaggc tigatcCatta ttcagg tagt attggcagca taccalaagg cqgtgcCaag 18O 

gaaggg taca atgtct ctdg aaacaagctic aag catttitc cct caac cct ggagt ctact 24 O 

agcaccagcc agacct Ctgt acctctgtgg cagtgcatc 279 

<210s, SEQ ID NO 187 
&211s LENGTH: 271 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV8-2* O1 

<4 OOs, SEQUENCE: 187 



US 2010/0330571 A1 Dec. 30, 2010 
59 

- Continued 

gatgctggga t cacccagat gccaagat at Cacattgtac agaagaaaga gatgat CCtg 6 O 

gaatgtgctic aggttaggaa cagtgttctg at atcgacag gacccaaga C gggggctgaa 12 O 

gctitat coac tatt caggca gtggt cacag Caggaccalaa gttgatgtca cagaggggta 18O 

ctgttgtttct tcaaacaa.gc titgagcattt coccaatcct ggcatccacc agcaccago c 24 O 

agaccitat ct gtaccactgt gigcagcacat c 271 

<210s, SEQ ID NO 188 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV9 KO1 

<4 OOs, SEQUENCE: 188 

gattctggag ticacacaaac Cccaaagcac Ctgat cacag Caactggaca gcgagtgacg 6 O 

Ctgagatgct CCC ctagg to tag acctic tictgttgtact ggtaccalaca gag cctgac 12 O 

Cagggcct Co agttcct cat t cagtatt at aatggagaag agaga.gcaaa aggaaac att 18O 

cittgaacgat t ct cogcaca acagttcc ct gacttgcact citgaactaaa cctdagctict 24 O 

Ctggagctgg gggacticago tttgt atttic ttgc.ca.gca gcgtag 286 

<210 SEQ ID NO 189 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV9 * 03 

<4 OOs, SEQUENCE: 189 

gattctggag ticacacaaac Cccaaagcac Ctgat cacag Caactggaca gcgagtgacg 6 O 

Ctgagatgct CCC ctagg to tag acctic tictgttgtact ggtaccalaca gag cctgac 12 O 

Cagggcct Co agttcct cat t caat attat aatggagaag agaga.gcaaa aggaaac att 18O 

cittgaacgat t ct cogcaca acagttcc ct gacttgcact citgaactaaa cctdagctict 24 O 

Ctggagctgg gggacticago tttgt atttic ttgc.ca.gca gC 282 

<210s, SEQ ID NO 190 
&211s LENGTH: 286 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV9 * O2 

<4 OOs, SEQUENCE: 190 

gattctggag ticacacaaac Cccaaagcac Ctgat cacag Caactggaca gcgagtgacg 6 O 

Ctgagatgct CCC ctagg to tag acctic tictgttgtact ggtaccalaca gag cctgac 12 O 

Cagggcct Co agttcct cat t cact attat aatggagaag agaga.gcaaa aggaaac att 18O 

cittgaacgat t ct cogcaca acagttcc ct gacttgcact citgaactaaa cctdagctict 24 O 

Ctggagctgg gggacticago tttgt atttic ttgc.ca.gca gcgtag 286 

<210s, SEQ ID NO 191 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-1* O1 

<4 OOs, SEQUENCE: 191 

gatgctgaaa t cacccagag cccalagacac aagat cacag agaCaggaag gCaggtgacc 6 O 

ttggcgtgtc. accagacittg galaccacaac aatatgttct ggitat caca agacctggga 12 O 

Catgggctgaggctgatcca ttact catat ggtgttcaag acactaacaa aggagaagtic 18O 

t cagatggct acagtgtc.t.c tagat caaac acagagg acc ticc cc ct cact citggagt ct 24 O 

gctgcct cot cocaga catc togtatatttctg.cgc.ca.gca gtgagtic 287 

<210s, SEQ ID NO 192 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-1* O2 

<4 OOs, SEQUENCE: 192 

gatgctgaaa t cacccagag cccalagacac aagat cacag agaCaggaag gCaggtgacc 6 O 

ttggcgtgtc. accagacittg galaccacaac aatatgttct ggitat caca agacctggga 12 O 

Catgggctgaggctgatcca ttact catat ggtgttcacg acactaacaa aggagaagtic 18O 

t cagatggct acagtgtc.t.c tagat caaac acagagg acc ticc cc ct cact citggagt ct 24 O 

gctgcct cot cocaga catc togtatatttctg.cgc.ca.gca git 282 

<210s, SEQ ID NO 193 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-2* O1 

<4 OOs, SEQUENCE: 193 

gatgctggaa t cacccagag cccaagatac aagat cacag agaCaggaag gCaggtgacc 6 O 

ttgatgtgtc. accagacittg gagccacagc tatatgttct ggitat caca agacctggga 12 O 

Catgggctgaggctgatcta t tact cagca gctgctgata ttacagataa aggagaagtic 18O 

cc.cgatggct atgttgttct c cagat coaag acagagaatt tocc cct cact citggagtca 24 O 

gctaccc.gct cocaga catc tdtgt atttic togcgc.ca.gca gtgagtic 287 

<210s, SEQ ID NO 194 
&211s LENGTH: 217 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV10-2* O2 

<4 OOs, SEQUENCE: 194 

aaggcaggtg accttgatgt gt caccagac ttggagccac agctatatgt t ctggitat.cg 6 O 

acaaga cctg gga catgggc tigaggctgat Ctatt actica gcagctgctg at attacaga 12 O 

taaaggagaa gtc.ccc.gatg gctacgttgt Ctc.ca.gatcc aagacagaga attt CCC cct 18O 

cactctggag toagct acco got cocagac atctgtg 217 

<210s, SEQ ID NO 195 
&211s LENGTH: 273 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3* O3 

<4 OOs, SEQUENCE: 195 

gatgctggaa t cacccagag cccalagacac alaggt cacag agaCaggaac accagtgact 6 O 

Ctgagatgtc. accagactga galaccaccgc tacatgtact ggitat caca agaccc.gggg 12 O 

Catgggctgaggctaatcca ttact catat ggtgttaaag at actgacaa aggagaagtic 18O 

t cagatggct at agtgtc.t.c tagat caaag acagaggatt to citcct cact citggagt cc 24 O 

gctaccagct cocaga catc tdtgtact tc tdt 273 

<210s, SEQ ID NO 196 
&211s LENGTH: 273 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3* 04 

<4 OOs, SEQUENCE: 196 

gatgctggaa t cacccagag cccalagacac alaggt cacag agaCaggaac accagtgact 6 O 

Ctgagatgtc. accagactga galaccaccgc tacatgtact ggitat caca agaccc.gggg 12 O 

Catgggctgaggctgatcca ttact catat ggtgttaaag at actgacaa aggagaagtic 18O 

t cagatggct at agtgtc.t.c tagat caaag acagaggatt to citcct cact citggagt cc 24 O 

gctaccagct cocaga catc tdtgtact tc tdt 273 

<210s, SEQ ID NO 197 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3* O1 

<4 OO > SEQUENCE: 197 

gatgctggaa t cacccagag cccalagacac alaggt cacag agaCaggaac accagtgact 6 O 

Ctgagatgtc. accagactga galaccaccgc tatatgtact ggitat caca agaccc.gggg 12 O 

Catgggctgaggctgatcca ttact catat ggtgttaaag at actgacaa aggagaagtic 18O 

t cagatggct at agtgtc.t.c tagat caaag acagaggatt to citcct cact citggagt cc 24 O 

gctaccagct cocaga catc tdtgtact tc tdtgc catca gtgagtic 287 

<210s, SEQ ID NO 198 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV1O-3* O2 

<4 OOs, SEQUENCE: 198 

gatgctggaa t cacccagag cccalagacac alaggt cacag agaCaggaac accagtgact 6 O 

Ctgagatgtc at Cagactga galaccaccgc tatatgtact ggitat caca agaccc.gggg 12 O 

Catgggctgaggctgatcca ttact catat ggtgttaaag at actgacaa aggagaagtic 18O 

t cagatggct at agtgtc.t.c tagat caaag acagaggatt to citcct cact citggagt cc 24 O 

gctaccagct cocaga catc tdtgtact tc tdtgc catca gtgagtic 287 
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<210s, SEQ ID NO 199 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-1* O1 

<4 OOs, SEQUENCE: 199 

gaagctgaag ttgcc.cagtic ccc.ca.gat at aagattacag agaaaagcca ggctgtggct 6 O 

ttittggtgtg atcc tatttctggc.catgct accctitt act ggtaccggca gatcc tiggga 12 O 

Cagggc.ccgg agcttctggt t caattitcag gatgaga.gtg tagtagatga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatc.ca.g 24 O 

Cctgcagagc titggggactic ggc catgitat Ctctgtgcca gcagcttagc 29 O 

<210s, SEQ ID NO 2 OO 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-3* O1 

<4 OOs, SEQUENCE: 2OO 

gaagctggag titt Cagtic ticccagat at aagattatag agaaaaaac a gcc titggct 6 O 

ttittggtgca atcc tatttctggccacaat accctitt act ggtacctgca gaacttggga 12 O 

Cagggc.ccgg agcttctgat t catatgag aatgaggaag cagtagacga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatc.ca.g 24 O 

Cctgcagagc titggggactic ggc.cgtgt at Ctctgtgcca gcagcttaga 29 O 

<210s, SEQ ID NO 2 O1 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-3* O2 

<4 OOs, SEQUENCE: 2O1 

gaagctggag titt Cagtic ticccagat at aagattatag agaaaaagca gcc titggct 6 O 

ttittggtgca atcc tatttctggccacaat accctitt act ggtaccggca gaacttggga 12 O 

Cagggc.ccgg agcttctgat t catatgag aatgaggaag cagtagacga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatc.ca.g 24 O 

Cctgcagagc titggggactic ggc.cgtgt at Ctctgtgcca gcagc 285 

<210s, SEQ ID NO 202 
&211s LENGTH: 269 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-3 * 03 

<4 OOs, SEQUENCE: 2O2 

ggtctic ccag atataagatt atagagaaga aac agcctgt ggctttittgg toggaatccala 6 O 

tittctggc.ca caataccctt tactggtacc tic agaactt gggacagggc ccggagctt C 12 O 

tgatt.cgata tagaatgag galagcagtag acgatt caca gttgcct aag gatcgattitt 18O 
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Ctgcagagag gct caaagga gtag acticca citct Caagat C cagc.ca.gca gagcttgggg 24 O 

acticggcc at gitatict Ctgt gcc agcagc 269 

<210s, SEQ ID NO 203 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-2* O1 

<4 OOs, SEQUENCE: 2O3 

gaagctggag ttgcc.cagtic ticccagat at aagattatag agaaaaggca gagtgtggct 6 O 

ttittggtgca atcctatat c toggc.catgct accctitt act ggtaccago a gatcc tiggga 12 O 

Cagggcc.caa agcttctgat t cagtttcag aataacggtg tagtggatga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatc.ca.g 24 O 

Cctgcaaagc titgaggactic ggc.cgtgt at Ctctgtgcca gcagcttaga 29 O 

<210s, SEQ ID NO 204 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-2* O3 

<4 OOs, SEQUENCE: 204 

gaagctggag ttgcc.cagtic ticccagat at aagattatag agaaaaggca gagtgtggct 6 O 

ttittggtgca atcctatat c toggc.catgct accctitt act ggtaccago a gatcc tiggga 12 O 

Cagggcc.caa agcttctgat t cagtttcag aataacggtg tagtggatga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatccala 24 O 

Cctgcaaagc titgaggactic ggc.cgtgt at Ctctgtgcca gcagc 285 

<210s, SEQ ID NO 205 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV11-2* O2 

<4 OOs, SEQUENCE: 205 

gaagctggag ttgcc.cagtic ticccagat at aagattatag agaaaaggca gagtgtggct 6 O 

ttittggtgca atcctatat c toggc.catgct accctitt act ggtaccago a gatcc tiggga 12 O 

Cagggcc.caa agcttctgat t cagtttcag aataacggtg tagtggatga t t cacagttg 18O 

Cctaaggatc gattittctgc agagaggctic aaaggagtag act coactict Caagatc.ca.g 24 O 

Cctgcaaagc titgagaactic ggc.cgtgt at Ctctgtgcca gcagt 285 

<210s, SEQ ID NO 206 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-1* O1 

<4 OOs, SEQUENCE: 2O6 

gatgctggtg ttatccagtic acc caggcac aaagtgacag agatgggaca at Cagta act 6 O 
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ctgagatgcg aaccaattitc aggccacaat gat cittct cit ggtacagaca gacctttgttg 12 O 

Cagggactgg aattgctgaa ttact tctgc agctggaccc ticgtagatga ct caggagtg 18O 

tccaaggatt gattct cago acagatgcct gatgitat cat t ct coactict gaggat.ccag 24 O 

cc catggaac C cagggactt gggcctat at ttctgtgcca gcagctttgc 29 O 

<210s, SEQ ID NO 2 O7 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-2* O1 

<4 OOs, SEQUENCE: 2O7 

gatgctggca ttatcCagtic acc caagcat gaggtgacag aaatgggaca aac agtgact 6 O 

ctgagatgtg agccaattitt toggccacaat titccttittct ggtacagaga tacct tcgtg 12 O 

Cagggactgg aattgctgag titact tcc.gg agctgat cta ttatagataa to agg tatg 18O 

Cccacagagc gattct cagc tigagaggcct gatggat cat t ct ct actict galagatc.ca.g 24 O 

Cctgcagagc agggggactic ggc.cgtgt at gtctgtgcaa gtc.gcttagc 29 O 

<210s, SEQ ID NO 208 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-4* O1 

<4 OOs, SEQUENCE: 208 

gatgctggag titat coagtic accc.cggcac gaggtgacag agatgggaca agaagtgact 6 O 

ctgagatgta aaccaattitc aggacacgac tacct tittct ggtacagaca gaccatgatg 12 O 

cggggactgg agttgct cat ttactittaac aacaacgttc catagatga titcagggatg 18O 

cc.cgaggat.c gattct cago taagatgcct aatgcatcat t ct coactict gaagatccag 24 O 

C cct Cagaac C cagggactic agctgttgtac ttctgtgcca gcagtttagc 29 O 

<210s, SEQ ID NO 209 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-4* O2 

<4 OOs, SEQUENCE: 209 

gatgctggag titat coagtic accc.cggcac gaggtgacag agatgggaca agaagtgact 6 O 

ctgagatgta aaccaattitc aggacatgac tacct tittct ggtacagaca gaccatgatg 12 O 

cggggactgg agttgct cat ttactittaac aacaacgttc catagatga titcagggatg 18O 

cc.cgaggat.c gattct cago taagatgcct aatgcatcat t ct coactict gaggat.ccag 24 O 

c cct cagaac ccaggg actic agctgtgtac ttctgtgcca gcagttta 288 

<210s, SEQ ID NO 210 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-3* O1 
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<4 OOs, SEQUENCE: 210 

gatgctggag titat coagtic acccc.gc.cat gaggtgacag agatgggaca agaagtgact 6 O 

ctgagatgta aaccaattitc aggccacaac toccttittct ggtacagaca gaccatgatg 12 O 

cggggactgg agttgct cat ttactittaac aacaacgttc catagatga titcagggatg 18O 

cc.cgaggat.c gattct cago taagatgcct aatgcatcat t ct coactict gaagatccag 24 O 

C cct Cagaac C cagggactic agctgttgtac ttctgtgcca gcagtttagc 29 O 

<210s, SEQ ID NO 211 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV12-5* O1 

<4 OOs, SEQUENCE: 211 

gatgctagag ticacccagac accaaggcac alaggtgacag agatgggaca agaagta aca 6 O 

atgagatgtc. agccaattitt aggccacaat actgttittct ggtacagaca gaccatgatg 12 O 

Caaggactgg agttgctggc titact tcc.gc aaccgggctic ctictagatga titcggggatg 18O 

ccgaaggatc gattct cagc agagatgcct gatgcaactt tagcc actict galagatc.ca.g 24 O 

C cct Cagaac C cagggactic agctgttgt at ttttgttgcta gtggtttggit 29 O 

<210s, SEQ ID NO 212 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV13* O1 

<4 OOs, SEQUENCE: 212 

gctgctggag ticatcCagtic cccalagacat Ctgat caaag aaaagaggga aac agcc act 6 O 

ctgaaatgct atccitatccc tag acacgac actgtctact ggtaccago a gggtcCaggit 12 O 

Caggaccc cc agttcct cat titcgttitt at gaaaagatgc agagcgataa aggaagcatc 18O 

cctgat cqat t ct cagotca acagttcagt gactatoatt citgaactgaa catgagcticc 24 O 

ttggagctgg gggacticago Cctgtact tc ttgc.ca.gca gct tagg 287 

<210s, SEQ ID NO 213 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV13* O2 

<4 OOs, SEQUENCE: 213 

gctgctggag ticatcCagtic cccalagacat Ctgat cagag aaaagaggga aac agcc act 6 O 

ctgaaatgct atccitatccc tag acacgac actgtctact ggtaccago a gggcc caggit 12 O 

Caggaccc cc agttct tcat titcgttitt at gaaaagatgc agagcgataa aggaagcatc 18O 

cctgat cqat t ct cagotca acagttcagt gactatoatt citgaactgaa catgagcticc 24 O 

ttggagctgg gggacticago Cctgtact tc ttgc.ca.gca gC 282 

<210s, SEQ ID NO 214 
&211s LENGTH: 290 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 14* O1 

<4 OOs, SEQUENCE: 214 

gaagctggag titact cagtt CCC cagccac agcgtaatag agaagggcca gactgttgact 6 O 

Ctgagatgtg acc caatttic tigacatgat aatctittatt ggitat cacg tdt tatggga 12 O 

aaagaaataa aatttctgtt acattttgttgaaagagticta aac aggatga gtc.cgg tatg 18O 

Cccaacaatc gattcttagc tigaaaggact ggagggacgt attct actict galaggtgcag 24 O 

Cctgcagaac taggattic tigagttt at ttctgtgcca gcagc.calaga 29 O 

<210s, SEQ ID NO 215 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 14* O2 

<4 OOs, SEQUENCE: 215 

gaagctggag titact cagtt CCC cagccac agcgtaatag agaagggcca gactgttgact 6 O 

Ctgagatgtg acc caatttic tigacatgat aatctittatt ggitat cacg tdt tatggga 12 O 

aaagaaataa aatttctgtt acattttgttgaaagagticta aac aggatga atc.cgg tatg 18O 

Cccaacaatc gattcttagc tigaaaggact ggagggacgt attct actict galaggtgcag 24 O 

Cctgcagaac taggattic tigagttt at ttctgtgcca gcagc 285 

<210s, SEQ ID NO 216 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV15* O1 

<4 OOs, SEQUENCE: 216 

gatgc.catgg to atcCagaa cccaagatac Caggittaccc agtttggaaa gCC agtgacc 6 O 

ctgagttgtt ct cagactitt gaaccataac git catgtact ggtaccago a gaagt caagt 12 O 

caggc.cccaa agctgctgtt coactact at gacaaagatt ttaacaatga agcagacacc 18O 

cctgataact tccaatccag gaggc.cgaac acttctittct gctitt cittga catcc.gctica 24 O 

cCaggcctgg gggacacagc catgtacctg ttgccacca gcagaga 287 

<210s, SEQ ID NO 217 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV15* O3 

<4 OOs, SEQUENCE: 217 

gatgc.catgg to atcCagaa cccaagatac C9ggittaccc agtttggaaa gCC agtgacc 6 O 

ctgagttgtt ct cagactitt gaaccataac git catgtact ggtaccago a gaagt caagt 12 O 

caggc.cccaa agctgctgtt coactact at aacaaagatt ttaacaatga agcagacacc 18O 

cctgataact tccaatccag gaggc.cgaac acttctittct gctttctaga catcc.gctica 24 O 

cCaggcctgg gggacgcagc catgtaccag ttgccacca gC 282 
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<210s, SEQ ID NO 218 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV15* O2 

<4 OOs, SEQUENCE: 218 

gatgc.catgg to atcCagaa cccaagatac Caggittaccc agtttggaaa gCC agtgacc 6 O 

ctgagttgtt ct cagactitt gaaccataac git catgtact ggtaccago a gaagt caagt 12 O 

caggc.cccaa agctgctgtt coactact at gacaaagatt ttaacaatga agcagacacc 18O 

cctgataact tccaatccag gaggc.cgaac acttctittct gctitt cittga catcc.gctica 24 O 

cCaggcctgg gggacgcagc catgtacctg ttgccacca gC 282 

<210s, SEQ ID NO 219 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV16* O1 

<4 OOs, SEQUENCE: 219 

ggtgaagaag ticgc.ccagac tocaaaac at Cttgtcagag gggaaggaca gaaagcaaaa 6 O 

ttatattgttg ccc caataaa aggacacagt tatgttttitt ggtaccalaca ggit cotgaaa 12 O 

aacgagttcaagttcttgat titcct tccag aatgaaaatgtc.tttgatga aac agg tatg 18O 

cc caaggaaa gattitt cago taagtgcct c ccaaatt cac cct gtagcct tdagatccag 24 O 

gctacgaagc titgaggattic agcagtgt at ttttgttgcca gcagccaatc 29 O 

<210s, SEQ ID NO 220 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV16* O2 

<4 OOs, SEQUENCE: 220 

ggtgaagaag ticgc.ccagac tocaaaac at Cttgtcagag gggaaggaca gaaagcaaaa 6 O 

ttatattgttg ccc caataaa aggacacagt taggttttitt ggtaccalaca ggit cotgaaa 12 O 

aacgagttcaagttcttgat titcct tccag aatgaaaatgtc.tttgatga aac agg tatg 18O 

cc caaggaaa gattitt cago taagtgcct c ccaaatt cac cct gtagcct tdagatccag 24 O 

gctacgaagc titgaggattic agcagtgt at ttttgttgcca gcagccaatc 29 O 

<210s, SEQ ID NO 221 
&211s LENGTH: 285 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV16* O3 

<4 OOs, SEQUENCE: 221 

ggtgaagaag ticgc.ccagac tocaaaac at Cttgtcagag gggaaggaca gaaagcaaaa 6 O 

ttatattgttg ccc caataaa aggacacagt tatgttttitt ggtaccalaca ggit cotgaaa 12 O 

aacgagttcaagttcttggt titcct tccag aatgaaaatgtc.tttgatga aac agg tatg 18O 
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cc caaggaaa gattitt cago taagtgcct c ccaaatt cac cct gtagcct tdagatccag 24 O 

gctacgaagc titgaggattic agcagtgt at ttttgttgcca gcagc 285 

<210s, SEQ ID NO 222 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 17* O1 

<4 OOs, SEQUENCE: 222 

gaggctggag ticago CagaC ccc.ca.gacac alaggt cacca acatgggaca ggaggtgatt 6 O 

Ctgaggtgcg atcCatct tc titcacatgtttgttcact ggit accgaca gaatctgagg 12 O 

caagaaatga agttgctgat titcct tccag taccaaaa.ca ttgcagttga titcagggatg 18O 

Cccaaggaac gatticacagc tigaaagacct aacggaacgt. Ctt coacgct galagatcCat 24 O 

cc.cgcagagc Cagggactic agc.cgtgt at Ctctacagta gcggtgg 287 

<210s, SEQ ID NO 223 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV18* O1 

<4 OOs, SEQUENCE: 223 

aatgc.cggcg tcatgcagaa cccalagacac ctggt cagga ggaggggaca ggaggcaaga 6 O 

Ctgagatgca gcc caatgaa aggacacagt catgttt act ggitat cq9C a gct Cocagag 12 O 

gaaggit ctga aatt catggit ttatctgcag aaagaaaata t catagatga gtcaggaatg 18O 

ccalaaggaac gattittctgc tigaattt CCC aaagagggcc cca.gcatcct gaggat.ccag 24 O 

Cagg tagtgc gaggagattic ggcagctt at ttctgtgcca gct caccacc 29 O 

<210s, SEQ ID NO 224 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 19 k O1 

<4 OOs, SEQUENCE: 224 

gatggtggaa t cacticagtic cccaaagtac Ctgttcagaa aggaaggaca gaatgtgacc 6 O 

Ctgagttgttgaacagaattt galaccacgat gcc atgtact ggit accgaca ggaccCaggg 12 O 

Caagggctga gattgatcta Ctact cacag at agtaaatg actitt Cagala aggagatata 18O 

gctgaagggit acagcgt.ctic ticgggagaag aaggaatcct titcct ct cac ttgacatcg 24 O 

gcc.caaaaga accc.gacago ttt citat citc tdtgc.cagta gtataga 287 

<210s, SEQ ID NO 225 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 19 k O2 

<4 OOs, SEQUENCE: 225 

gatggtggaa t cacticagtic cccaaagtac Ctgttcagaa aggaaggaca gaatgtgacc 6 O 
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Ctgagttgttgaacagaattt galaccacgat gcc atgtact ggit accgaca ggtcc caggg 12 O 

caagggctga gattgatcta c tact cacac at agtaaatg actitt cagaa aggagatata 18O 

gctgaagggit acagcgt.ctic ticgggagaag aaggaatcct titcct ct cac ttgacatcg 24 O 

gcc.caaaaga accc.gacago ttt citat citc tdtgc.cagta gtataga 287 

<210s, SEQ ID NO 226 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV 19 k O3 

<4 OOs, SEQUENCE: 226 

gatggtggaa t cacticagtic cccaaagtac Ctgttcagaa aggaaggaca gaatgtgacc 6 O 

Ctgagttgttgaacagaattt galaccacgat gcc atgtact ggit accgaca ggaccCaggg 12 O 

caagggctga gattgatcta c tact cacac at agtaaatg actitt cagaa aggagatata 18O 

gctgaagggit acagcgt.ctic ticgggagaag aaggaatcct titcct ct cac ttgacatcg 24 O 

gcc.caaaaga accc.gacago ttt citat citc tdtgc.cagta gc 282 

<210s, SEQ ID NO 227 
&211s LENGTH: 291 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1* o5 

<4 OOs, SEQUENCE: 227 

ggtgctgtcg tct citcaiaca toccagcagg gttatctgta agagtggaac Ctctgttgaag 6 O 

atcgagtgcc gttcc.ctgga ctitt caggcc acaactatot tittggitat cq t cagttc.ccg 12 O 

aaaaagagtic ticatgctgat ggcaacttico aatgagggct C caaggccac atacgagcaa. 18O 

ggcgt.cgaga aggacaagtt tot catcaac catgcaa.gcc taccttgtc. cactctgaca 24 O 

gtgaccagtg cc catcCtga agacagcago ttcta catct gcagtgctag a 291 

<210s, SEQ ID NO 228 
&211s LENGTH: 291 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1* O7 

<4 OOs, SEQUENCE: 228 

ggtgctgtcg tct citcaiaca toccagcagg gttatctgta agagtggaac Ctctgttgaag 6 O 

atcgagtgcc gttcc.ctgga ctitt caggcc acaactatot tittggitat cq t cagttc.ccg 12 O 

aaaaagagtic ticatgcagat cqCaacttico aatgagggct C caaggccac atacgagcaa. 18O 

ggcgt.cgaga aggacaagtt tot catcaac catgcaa.gcc taccttgtc. cactctgaca 24 O 

gtgaccagtg cc catcCtga agacagcago ttcta catct gcagtgctag a 291 

<210s, SEQ ID NO 229 
&211s LENGTH: 291 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1* o4 
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&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2O-1* O3 

<4 OOs, SEQUENCE: 233 

ggtgctgtcg tct citcaiaca toccagctgg gttatctgta agagtggaac Ctctgttgaag 6 O 

atcgagtgcc gttcc.ctgga ctitt caggcc acaactatot tittggitat cq t cagttc.ccg 12 O 

aaacagagtic ticatgctgat ggcaacttico aatgagggct gcaaggccac atacgagcaa. 18O 

ggcgt.cgaga aggacaagtt tot catcaac catgcaa.gcc taccttgtc. cactctgaca 24 O 

gtgaccagtg cc catcCtga agacagcago ttcta catct gcagtgct 288 

<210s, SEQ ID NO 234 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV21-1* O1 

<4 OOs, SEQUENCE: 234 

gacaccalagg to acccagag acctagacitt Ctggtcaaag Caagtgaac a gaaagcaaag 6 O 

atggattgttg titcctataaa agcacatagt tatgttt act ggitat cqtaa gaagctggaa 12 O 

gaagagctica agtttittggit ttactitt cag aatgaagaac ttatt cagaa agcagaaata 18O 

atcaatgagc gatttittago coaatgct co aaaaact cat cct gtacctt ggagatccag 24 O 

tccacggagt caggggacac agc actgt at ttctgtgcca gcagcaaagc 29 O 

<210s, SEQ ID NO 235 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV2 2-1 * O1 

<4 OOs, SEQUENCE: 235 

gatgctgaca t ct at Cagat gcc attcCag ct cactgggg Ctggatggga tigtgactictg 6 O 

gagtggaaac gga atttgag acacaatgac atgtactgct actgg tact g g caggaccca 12 O 

alagcaaaatc tag actgat Ctatt actica agggttgaaa aggat attca gagaggagat 18O 

Ctaactgaag gctacgtgtc. tccalagagg agaaggggot atttcttctic agggtgaagt 24 O 

tggcc.cacac cagccaaaca gctttgtact tctgtcCtgg gagcgcac 288 

<210s, SEQ ID NO 236 
&211s LENGTH: 290 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV23-1* O1 

<4 OOs, SEQUENCE: 236 

Catgccaaag. tca cacagac to Caggacat ttggtcaaag gaaaaggaca gaaaacaaag 6 O 

atggattgta ccc.ccgaaaa aggacatact tttgtttatt ggitat caa.ca gaatcagaat 12 O 

aaagagttta togcttittgat titcctitt cag aatgaacaag ttcttcaaga aacggagatg 18O 

cacaagaa.gc gattct catc. tcaatgcc cc aagaacgcac cct gcagcct ggcaatcctg 24 O 

t cct Cagaac C9ggagacac ggc actgt at Ctctg.cgc.ca gcagt caatc 29 O 
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<210s, SEQ ID NO 237 
&211s LENGTH: 288 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV24-1* O1 

<4 OOs, SEQUENCE: 237 

gatgctgatgttacccagaC cccaaggaat aggat cacaa agaCaggaaa gaggattatg 6 O 

Ctggaatgtt Ctcagact aa gggtcatgat agaatgtact ggitat caca agaccCagga 12 O 

ctgggcctac gigttgatcta t tact cottt gatgtcaaag atataaacaa aggagagat c 18O 

tctgatggat acagtgtc.t.c ticgacaggca caggctaaat t ct coct gtc. cctagagt ct 24 O 

gccatc.ccca accagacago tott tact tc tdtgccacca gtgatttg 288 

<210s, SEQ ID NO 238 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV25-1* O1 

<4 OOs, SEQUENCE: 238 

gaagctgaca t ctaccagaC cccaagatac Cttgttatag ggacaggaaa gaagat Cact 6 O 

Ctggaatgtt Ctcaaaccat gggc.catgac aaaatgtact ggt at Caaca agatcCagga 12 O 

atggaactac acct catcca citatt coitat ggagittaatt ccacagaga a gqqagat citt 18O 

t cct ctdagt caa.cagt ct c cagaataagg acggagcatt titc.ccctgac cctdgagt ct 24 O 

gccaggcc ct cacatacctic ticagtacctic tdtgc.ca.gca gtgaata 287 

<210s, SEQ ID NO 239 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV26* O1 

<4 OOs, SEQUENCE: 239 

gatgctgtag ttacacaatt cccaagacac agaat cattg ggacaggaaa ggaatt Catt 6 O 

Ctacagtgtt CCC agaat at gaat catgtt acaatgtact ggitat caca ggaccCagga 12 O 

Cttggactga agctggtcta t tatt cacct ggc actggga gcactgaaaa aggagat at C 18O 

tctgaggggt at catgtttc ttgaaatact at agcatctt titc.ccctgac cctdaagtict 24 O 

gccago acca accaga catc tdtgitat citc tatgc.ca.gca gttcatc 287 

<210s, SEQ ID NO 24 O 
&211s LENGTH: 287 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV27* O1 

<4 OOs, SEQUENCE: 240 

gaagcc caag tacccagaa cccaagatac Ctcat cacag tactggaaa gaagttaa.ca 6 O 

gtgacttgtt Ctcagaat at galaccatgag tatatgtc.ct ggitat caca agaccCaggg 12 O 

Ctgggcttaa ggcagatcta ct attcaatgaatgttgagg tactgataa gggagatgtt 18O 
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ggacagagcc tacactgat cqcaactgca aat Cagggct Ctgaggccac atatgagagt 12 O 

ggatttgtca ttgacaagtt toccatcago cqc ccaaacc taacattctic aactctgact 18O 

gtgagcaa.ca tagcc ctga agacagcago atatat ct ct gcagcgcggg C 231 

<210s, SEQ ID NO 245 
&211s LENGTH: 284 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 OK O2 

<4 OOs, SEQUENCE: 245 

tcticagacta t t catcaatg gcc agcgacc Ctggtgcagc Ctgtgggcag ccc.gctict ct 6 O 

Ctggagtgca Ctgtggaggg aac atcaaac Cccaaccitat actgg taccg acaggctgca 12 O 

ggcaggggcc ticcagotgct Cttct actico gttgg tattg gcc agat cag Ctctgaggtg 18O 

c cccagaatc tict cagocto cagaccc.cag gaccggcagt to atcct gag ttctaagaag 24 O 

citcc to ct ca gtgactictogg Cttctatotic tdtgcctgga gtgt 284 

<210s, SEQ ID NO 246 
&211s LENGTH: 282 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 or o5 

<4 OOs, SEQUENCE: 246 

tcticagacta t t catcaatg gcc agcgacc Ctggtgcagc Ctgtgggcag ccc.gctict cc 6 O 

Ctggagtgca Ctgtggaggg aac atcaaac Cccaaccitat actgg taccg acaggctgca 12 O 

ggacggggcc ticcagotgct Cttct actico gttgg tattg gcc agat cag Ctctgaggtg 18O 

c cccagaatc tict cagocto cagaccc.cag gaccggcagt to atcct gag ttctaagaag 24 O 

citcc ttctica gtgactictogg Cttctatotic tdtgcctggg ga 282 

<210s, SEQ ID NO 247 
&211s LENGTH: 284 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 or o1. 

<4 OOs, SEQUENCE: 247 

tcticagacta t t catcaatg gcc agcgacc Ctggtgcagc Ctgtgggcag ccc.gctict ct 6 O 

Ctggagtgca Ctgtggaggg aac atcaaac Cccaaccitat actgg taccg acaggctgca 12 O 

ggcaggggcc ticcagotgct Cttct actico gttgg tattg gcc agat cag Ctctgaggtg 18O 

c cccagaatc tict cagocto cagaccc.cag gaccggcagt to atcct gag ttctaagaag 24 O 

citcc ttctica gtgactictogg Cttctatotic tdtgcctgga gtgt 284 

<210s, SEQ ID NO 248 
&211s LENGTH: 276 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: TRBV3 or o4 

<4 OOs, SEQUENCE: 248 
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gcacagaagt t cc agggcag agt cacgatt accgcggacg aatccacgag cacagcctac 

atggagctga gcagoctgag atctgatgac acggc 

SEO ID NO 271 
LENGTH: 233 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic DNA: IGHV1 - 69* O7 

SEQUENCE: 271 

agaa.gc.ctgg gtcCtcggtg aaggt cto ct gcaaggcttic tigaggc acc titcagcagct 

atgctatcag Ctgggtgcga Caggc.ccctg gaCaagggct tagtggatg ggaaggat.ca 

t ccct atctt tdtacagca alactacgcac agaagttcca gggcagagtic acgattaccg 

cggacgaatc. cacgagcaca gcc tacatgg agctgagcag cct gagatct gag 

SEO ID NO 272 
LENGTH: 296 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic DNA: IGHV1 - 69* 12 

SEQUENCE: 272 

Cagg to cagc tiggtgcagtic tigggctgag gtgaagaagc Ctgggtc.ctic ggtgaaggit c 

t cctgcaagg Cttctggagg cacct tcagc agctatgcta t cagctgggit gcgacaggcc 

Cctgga caag ggcttgagtg gatgggaggg atcatcCcta t ctittgg tac agcaaactac 

gcacagaagt t cc agggcag agt cacgatt accgcggacg aatccacgag cacagcctac 

atggagctga gcagoctgag atctgaggac acggc.cgtgt attactgtgc gagaga 

SEO ID NO 273 
LENGTH: 294 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic DNA: IGHV1 - 69* O5 

SEQUENCE: 273 

Cagg to cagc tiggtgcagtic tigggctgag gtgaagaagc Ctgggtc.ctic ggtgaaggit c 

t cctgcaagg Cttctggagg cacct tcagc agctatgcta t cagctgggit gcgacaggcc 

Cctgga caag ggcttgagtg gatgggaggg atcatcCcta t ctittgg tac agcaaactac 

gcacagaagt t cc agggcag agt cacgatt accacggacg aatccacgag cacagcctac 

atggagctga gcagoctgag atctgaggac acggc.cgtgt attactgtgc gaga 

SEO ID NO 274 
LENGTH: 296 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: Synthetic DNA: IGHV1 - 69* 13 

SEQUENCE: 274 

Cagg to cagc tiggtgcagtic tigggctgag gtgaagaagc Ctgggtc.ct C agtgaaggit c 

t cctgcaagg Cttctggagg cacct tcagc agctatgcta t cagctgggit gcgacaggcc 
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t cct gtgcag cct Ctggatt Cacct tcagt agctctgcta to actgggit cc.gc.caggct 12 O 

cCaagaaagg gtttgtagt ggt ct cagtt attagtacaa gtggtgatac C9tactic tac 18O 

acagacitctg tdaaggg.ccg attcaccatc. tccagagaca atgcc cagaa titcactgtct 24 O 

Ctgcaaatga acagoctgag agc.cgagggc acagttgttgt act actgtgt gaaaga 296 

<210s, SEQ ID NO 321 
&211s LENGTH: 296 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: IGHV3 - 64* O1 

<4 OOs, SEQUENCE: 321 

gaggtgcagc tiggtggagtic tiggggaggc titggtCcagc CtggggggtC CCtgagactic 6 O 

t cct gtgcag cct Ctggatt Cacct tcagt agctatgcta to actgggit cc.gc.caggct 12 O 

cCagggaagg gactggaata tottt cagct attagtagta atggggg tag cacat attat 18O 

gcaaactctg tdaagggcag attcaccatc. tccagagaca atticcaagaa cacgctgitat 24 O 

Cttcaaatgg gcagoctgag agctgaggac atggctgttgt attactgtgc gagaga 296 

<210s, SEQ ID NO 322 
&211s LENGTH: 296 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: IGHV3 - 64* O2 

<4 OOs, SEQUENCE: 322 

gaggtgcagc tiggtggagtic tigggaaggc titggit coagc Ctggggggt C cct gagactic 6 O 

t cct gtgcag cct Ctggatt Cacct tcagt agctatgcta to actgggit cc.gc.caggct 12 O 

cCagggaagg gactggaata tottt cagct attagtagta atggggg tag cacat attat 18O 

gCagacitctg taagggcag attcaccatc. tccagagaca atticcaagaa cacgctgtat 24 O 

Cttcaaatgg gcagoctgag agctgaggac atggctgttgt attactgtgc gagaga 296 

<210s, SEQ ID NO 323 
&211s LENGTH: 296 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: IGHV3 - 64* O3 

<4 OOs, SEQUENCE: 323 

gaggtgcagc tiggtggagtic tiggggaggc titggtCcagc CtggggggtC CCtgagactic 6 O 

t cct gttcag cct ctdgatt cacct tcagt agctatocta togcactgggit cogcc aggct 12 O 

cCagggaagg gactggaata tottt cagct attagtagta atggggg tag cacatactac 18O 

gCagacticag taagggcag attcaccatc. tccagagaca atticcaagaa cacgctgtat 24 O 

gtcCaaatga gcagtctgag agctgaggac acggctgtgt attactgttgt gaaaga 296 

<210s, SEQ ID NO 324 
&211s LENGTH: 296 
&212s. TYPE: DNA 

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

<223> OTHER INFORMATION: Synthetic DNA: IGHV3 - 64* O5 
















































































