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l. Brief Overview of the Human Leukocyte Antigens

Human leukocyte antigens, or HLA, are the human system of the major
histocompatibility complex (MHC). These are glycoproteins expressed on the surface of
every cell in the body. These molecules form part of a system of immune recognition, with
the ability to distinguish “self” from “foreign” molecules. Their main role is to bind peptides
from foreign antigens and present them to T cells to enable the specific destruction of “non-
self” cells?

The genetic components for the HLA protein molecules are located on the human
chromosome 6p2l (the short arm). The overall organization of the human leukocyte
antigens is shown in Figure 1. As shown in the figure, three classes of molecules (I, Il, and
[lI) have been identified. The class | and Il molecules are encoded by multiple sets of
different genes within the loci, but they display similar structure. In contrast, the class llI
region contains a diverse collection of genes, and the gene products show no established

functional similarities.

Linrw dfructrs o T hormon NHC

'."I" .:'I' b o
Pu B LA Bo BB w i A
1 S |
vl | e i e |

Figure 1. The gene structure of the human MHC, located in chromosome 6p21.2

! Roitt, 1., Brostoff, J., and Male, D. Immunology. Barcelona, Spain:Mosby, 1996
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HLA Class | antigens are further classified as HLAA, -B and -C, according to the
position of their encoding gene on the short arm of chromosome 6. The HLA I loci are highly
polymorphic, corresponding to the molecules’ ability to recognize a wide range of foreign
substances. HLA class Il molecules are heterodimeric glycoproteins consisting of an a- and
a-chain as shown with the cartoon drawn in Figure 2. These class Il proteins are further
categorized as HLA-DR, -DQ and -DP. The family of proteins HLA-DQ is of the main interest

in this paper.
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Figure 2. Cartoon of the structure of a class Il HLA molecule. ®

l.a. Functions and Characteristics of HLA-DQ Molecules

While the MHC class | proteins are expressed almost ubiquitously, the class I
molecules are expressed mainly on specialized antigen presenting cells, such as B cells,
macrophages and dendritic cells. The class Il HLA molecules present peptide fragments for
CD4+ T helper lymphocytes. Following synthesis of the & and & chains in the rough
endoplasmic reticulum in the cell, both are transported through the Golgi compartment. They
then join the endosomal/lysosomal compartment, where the foreign peptic fragments can be
found and picked up, en route to the plasma membrane.*

The peptide binding site of the class Il HLA molecules is the binding groove formed
from the ab heterodimer. This is illustrated by the crystal structure of HLA-DR1 bound to the
peptide CLIP (see Figure 3). In the figure, the a chain is colored blue and the b chain is
colored green. The CLIP peptide is colored green, fitting in the groove formed by the top of
the a chain and the b chain. The binding groove in different HLA molecules contains

variations in the amino acid sequence, giving rise to polymorphism.

% Natural Toxins Research Center, http://ntri.tamuk.edu/immunology/histocompatibility.html



Figure 3. The crystal structure of HLA-DR1 bound with the CLIP peptide. 4

The HLA-DQ molecules are unique compared to the rest of the MHC class Il antigen-
presenting molecules in several aspects. In HLA-DQ molecules, both polypeptide chains are
polymorphic. In contrast to the & chain in HLADR molecules, the DQ a chain is more
polymorphic. It contains a hypervariable loop between residues 48-56, one of the most
polymorphic structures known. In addition to its higher level of polymorphism, the DQ
molecules are expressed at a different level from the other class Il molecules. Polymorphism
is also found in the transcriptional control regions of the DQA (encoding for a chains) genes
and DQB genes (encoding for b chains). It is thought that this could account for the
functional differences observed among the different HLA-DQ alleles.’

More importantly, the human HLA-DQ molecules have been proposed to be involved
in the pathogenesis of several human diseases, especially the T cell-mediated autoimmune
diseases. It is been found that the HLA-DQ molecules are important in the pathogenesis of
type 1 diabetes and Celiac Sprue (a gluten-sensitive gastrointestinal disease).® Particularly,
the alleles of DQ genes that encode DQ8 (from alleles DQA1*0301 and DQB1*0302) and
DQ2 (from alleles DQA1*0501 and DQB1*0201) confer the highest risk for both type 1
diabetes and Celiac Sprue. A recent report suggests that 95% of the celiac patients are with
the genotype DQ2 and the remaining with DQ8.’

The investigation of the triggering mechanism in Celiac Sprue is a research interest of
our lab, and my project currently looks into the natural modification of gliadin proteins (the
wheat gluten proteins identified as the primary trigger of the autoimmune response). It is

* Swiss-PDB database. ID:1A6A

> Hjelmstrom, P. http://depts.washington.edu/rhwlab/dg/dg.html, 1996

6 Wucherpfennig, K.W. Current Opinion in Immunology. 2001. 13:650-656
’ Sollid, L.M. Annual Review of Immunology. 2000. 18:53-81



thought that the digested gliadin peptic fragments undergo selective deamidation (conversion
of glutamine to glutamic acid) at the intestinal level by tissue transglutaminase. If that is the
case, it is possible that the deamidated gliadin fragments gain the binding affinity to the DQ2
or DQ8 molecules and get displayed as foreign substances, causing T cells to attack the
intestinal cells. Before jumping into the mechanistic studies of the deamidated gliadin
binding with HLA-DQ2 molecules, an important piece of information can be gathered with the
various techniques in bioinformatics. | am highly interested in comparing the binding motifs
of the class Il HLA-DQ molecules from the known alleles and their binding capabilities to both

unmodified and modified gliadin peptides.

I.b. Nomenclature of the HLA Alleles

The HLA alleles are often written in the format of "HLA-DQB1*0201". The
nomenclature is the following: a) "HLA" indicates it is a human leukocyte antigen gene; b)
DQBL1 represents the specific locus in the gene, i.e., DQB1; c¢) "0201" is the specific allele of
the gene. In addition, the World Health Organization assigned the conventional
nomenclature that, for example, names the DQ molecule that is encoded from the
DQB1*0201 allele for the b chain by "DQ2"; the DQ molecules whose b chains are encoded
from DQB1*0302 are called "DQ8". The totality of this information is compiled in the HLA
dictionary.®

Il. Searching for Human DQ Molecules and Performing Multiple-Sequence Alignment

[l.a. BLAST Search

In order to find all the human DQ alleles currently known, PSI-BLAST searches
(http://www.ncbi.nlm.nih.qov/BLAST/) are performed using either the nr database or

swissprot based on a known DQA protein (PID g2135717). The statistically significant hits
include human MHC class Il antigens, as well as those of mice, bovine and rabbits. By
checking the human antigens found from the search, only a very limited number of DQA
alleles are there. DQA found from the nr and swissprot databases are organized in Table 1.
Along with these proteins, DR and DX proteins are also picked up. Some of the DQB alleles
are also picked up from the databases. It is somewhat disappointing that the search results
do not seem to identify all of the DQA and DQB alleles from the BLAST searches. ltis clear,

8 Schreuder, G.M.Th., Hurley, C.K., Marsh, S.G.E., Lau, M., Maiers, M., Kollman, C., Noreen, H.
Tissue Antigens. 1999. 54:409-437



on the other hand, that swissprot has a much more complete compilation of the DQA family
of proteins than the nr database.

PSI-BLAST in nr DQA1*01, DQA1*02, DQA1*04
PSI-BLAST in swissprot | DQA1*05011, DQA1*02, DQA1*01, DQA1*05, DQA1*04, DQA1*06
Table 1. DQA alleles found in PSI-BLAST searches.

[l.b. Web search

Turning my attention to web, | was able to find a more complete collection of DQA
and DQB alleles compiled by the Anthony Nolan Research Institute. As of October 2001, a
HLA database by the Anthony Nolan Research Institute contains 22 DQA alleles and 47
DQB alleles. These alleles are summarized in Table 2. This is a more satisfying result than
the BLAST searches, though it is not clear why many of these alleles are not registered in

databases such as swissprot.
HLA-DQA1

HLA-DQB1

DQA1*01011
DQA1*01012
DQA1*01021
DQA1*01022
DQA1*0103
DQA1*01041
DQA1*01042
DQA1*0105
DQA1*0106
DQA1*0201
DQA1*03011

DQA1*0302
DQA1*0303
DQA1*0401

DQA1*05011

DQA1*05012
DQA1*0502
DQA1*0503
DQA1*0504
DQA1*0505

DQA1*06011

DQA1*06012

DQB1*0201
DQB1*0202
DQB1*0203

DQB1*03011

DQB1*03012
DQB1*0302

DQB1*03032

DQB1*0306
DQB1*0307
DQB1*0308
DQB1*0309
DQB1*0310
DQB1*0401
DQB1*0402

DQB1*03033 DQB1*05011
DQB1*0304 DQB1*05012

DQB1*03051

DQB1*0502

DQB1*03052 DQB1*05031

DQB1*05032
DQB1*0504
DQB1*06011
DQB1*06012
DQB1*06013
DQB1*0602
DQB1*0603
DQB1*06041
DQB1*06042
DQB1*06051
DQB1*06052

DQB1*0606
DQB1*0607
DQB1*0608
DQB1*0609
DQB1*0610

DQB1*06111

DQB1*06112
DQB1*0612
DQB1*0613
DQB1*0614
DQB1*0615

DQB1*0616
DQB1*0617
DQB1*0619

Table 2. The known alleles of HLA-DQ genes.9

Il.c. Multiple-Sequence Alignment

With the sequence information of the known DQ alleles, multiple sequence alignment
could be performed by ClustalW (on the Decypher machine). 22 DQA sequences and 47
DQB sequences are aligned, respectively. The resulted alignments are listed in Appendices
| and II.

In the DQA alignment, the pairwise alignment scores range from 84% to 100%
(percent identity), indicating a closely related family of proteins. The dendrogram is
consisted of 4 major branches, DQA1*01 proteins, DQA1*02 and DQA1*03 proteins,
DQA1*04 and DQAL1*06 proteins, and DQA1*05 proteins. In the DQB alignment, the

alignment scores range from 71% to 100%, much more diverse than the DQA family. The

° HLA database, Anthony Nolan Research Institute, http://www.ebi.ac.uk/imgt/hla/index.html, 2001



dendrogram also implies that there is much more dissimilarity in the protein pool: there are
about 10-fold more branches and in many cases proteins that belong to one subgroup (such

as DQB1*06) are separated out in the dendrogram. These dendrograms are shown in

Figure 4.
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Figure 4. Dendrograms of DQA and DQB proteins

Ill. Analysis of DQ Allele Alignment and Motifs

lll.a. Motifs in DQ Proteins

Emotif search (motif.stanford.edu/emotif) of the DQA1*0602 sequence returns 5
entries. All of the entries match to immunoglobulins and major histocompatibility proteins. A
closer examination finds that only two signatures are found (IPBOO0495A and IPB000495B),
with the patterns l.c....[filmv][fy]p..[ilv].[imv].w..[dn] and y.c.v.h..[fly]..p....w, respectively.
Further eMotif scans using these patterns yield a wide range of immuglobulins, from class |
HLA proteins to T cell receptor beta chains. Similar results for the DQA1 family of
sequences indicate that these proteins possess the general function of an immunoglobulin
but are probably not very specific in binding to substrates. On the other hand, eMotif search




with the DQB1*0201 yields 90 matches with scores over 99.3%, all of which are specifically
labeled as class Il histocompatibility antigen beta domain. Out of the 90 entries, 7 signatures
are found (PFO0969A~E and IPB000495A~B). Further eMotif scans give class Il DQ beta
proteins in human, rats, mice, pigs and etc. Having specific signatures for class Il HLA
antigen beta domain and matching to other DQ beta sequences, the DQB1 family seems to
be much more specific than the DQAL family.
BLOCKS+ search of DQB1*0201 retrieves 5 families, and the statistically significant

ones are the following:

IPBO00353 Class Il histocompatibility antigen beta domain

IPBO03006 Immunoglobulin and major histocompatibility proteins

IPBO01039 Major histocompatibility complex proteins

IPB001003 MHC Class I, alpha chain, alpha-1
The first two families are similar to those found in the previous eMotif searches. The
remaining families have lower combined expectation values. The statistically insignificant
family is NADH-ubiquinone oxidoreductase chain, with an E-value of 0.73. In the IPBO00353
family (HLA beta chain), 3 d 3 blocks are matched, tabulated below (Table 3) with the
corresponding amino-acid locations. From the cartoon shown in Figure 2, it is reasonable to
predict that the N-terminal block (amino acids 47-96) corresponds to the binding region of the
beta chain. Similar searches with other DQB1 sequences yield similar results. In addition,
BLOCKS+ searches using DQA1l sequences give the same families as the previous
searches with DQBL1 (in different orders).

Block Location (amino acid) E-Value
IPBO00353A 47-96 2.2e-41
IPBO00353B 125-174 3.5e-47
IPB000353C 176-230 1.8e-58

Table 3. Blocks matched for DQB1*0201 sequence

lll.b. Analysis of DQ Protein Alignments

As shown in the multiple-sequence alignment, there are slight amino acid changes
throughout both sets of alleles. In order to understand how the amino acid sequence
variations correlate to the DQ polymorphism, as well as how they might impact the binding
specificity of the protein products from the different alleles, | would like to look further into the
alignment result and extract some useful information.

Based on the current knowledge of the binding motifs in MHC class Il molecules, it is

believed that the binding groove of the heterodimer contains 9 "pockets", each for the binding



of one amino acid in the bound peptide (since it usually contains 9 amino acids). The binding

groove with the pockets is illustrated in Figure 4.

Figure 4. The binding groove of the DQ8 with a bound peptide.5

Furthermore, the residue positions for each pocket have been proposed for the DQ
molecules and summarized in Table 4 below (with my corrections on the a chain residue

numbering after examining). The residues for P7 and P8 in the a chain and P8 in the b chain

are not specified because they are invariant in all known DQ sequences.

Pocket P1 P2 P3 P4 P5 P6 P7 P8 P9
Reported residues inb chain 86, 87 77 74 13,26,28,71,74{70,71,749,30,70/30,47,67,70,71 - |9,30,37,38,57
Corrected residues in a chainll, 34, 55, 5611, 61]11, 25, 61, 64 11 61,64 69 - - 74,76

Table 4. The proposed residues in the binding pocket of DQ. 19 The “* indicates the unlisted residues
because they are invariant in all DQ alleles.

Based on the proposed residue positions for each binding pocket, | could examine
the sequences and compare the amino acids in each binding pocket for every known allele
protein product. The compilation of all of the a-chain contribution to the peptide binding
environments is listed in Table 5.

Similarly, 1 examined the b-chain alleles and with the help of the multiple-sequence
alignment, | could summarize which residues contribute to the binding pockets, as listed in
Table 6.

% Baas, A., Gao, X., Chelvanayagam, G. Immunogenetics. 1999. 50:8-15



P7

P4

P1|P2[P3

DOB1*0201 (E[L| R[A |G|L[SIK|ARKIA[Y|S|R|S|F| [RIK|Y|] I[VA
DOB1*0202 [E[L| R[A |G|LISIKIARIKIAY[SIRIS|F[ I[RIKIY|S] I[VIA
DOB1*0203 |[E[L| R[A |G|L[S|K|ARIK|A[Y|S|R|S|F| I|R|K]Y|S]| 1{V|D]

DOB1*03011(E[L| T [ E|A|Y[T[TIEIR TIE[Y[Y|RIY|YIVIR| TIY|Y]Y[AD|
DOB1*03012(E[L| T [ E|A|Y[T[TIEIR TIE[Y]Y|RIY|YIVR| T]Y|Y]Y[AD]
DOB1*0302 |EIL| T | E|G[L{T[T[E[R[TIE[Y]Y[R[Y[YIVIR| T|Y]Y]Y|AA
DOB1*03032(E[L| T [ E|G|L[T[ TIEIR TIE[Y]Y|RIY|YVR| T]Y| Y] Y[A|D|
DOB1*03033(E[L| T [ E|G|L[T[TIEIR TIE[Y[Y|RIY|YIVIR| TIY|Y]Y[AD|
DOB1*0304 |E|L| T [ E|A[Y[T{T[E[R[TIE[Y]Y[R[Y[YIMR|TIY]Y]Y|AA
DOB1*03051(E[L| T [ E|G|GT[TIEIR| TIE[Y]Y|RIY|YIVIR[ TIY]Y]Y[AIA
DOB1*03052(E[L| T [ E|G|G[T[TIEIR TIE[Y]Y|RIY|YIVIR| T|Y] Y] Y[AA
DOB1*0306 [E[L| T [ S|G|L[T[D|S EID|S[Y|Y|EY]YIVE[D]Y|Y]Y[AD|
DOB1*0307 (E[L| T [ E|G|L[T[TIEIR TIE[Y]Y|RIY|YIVIR| T|Y]Y]Y[AA
DOB1*0308 [E[L| T [ E|G|L[T[TIEIG TIE[Y]Y|GY|YIVG|TIY|Y]Y[AA
DOB1*0309 [E[L| T [ E|AIY[TITIEIRI TIE[Y[YIRIYYIVIR| TIY|Y]Y[AD|
DOB1*0310 (E[L| T [ E|A|Y[T[TIEIR TIE[Y]Y|RIY|YVR| T]Y|Y|Y[AD|
DOB1*0401 [E[L| T [ S|G|GTID|S| E|D|S|F|Y|EY|Y] I|E[D|F|Y]Y[AD|
DOB1*0402 [E[L| T [ S|G|G[T[D|S E|D|S|F|Y|EY|Y] |[E[D]F|Y]Y[AD]
DOB1*05011[A[Y| R[ S|G|G[TIA[SIGA|S|Y[HIGH| YIVIGIA|YIHY[V]V
DOB1*05012(A[Y| R[ S|G|G[T[A|SIGA|S|Y[HIGH| YIVG|A]YIH Y[V
DOB1*0502 [A[Y| R[ S|G|GTIAISIGA|SYHIGH| YIVIGIAIYIHYVIS
DOB1*05031(A[Y| R| S|G|G|T|A|SIGA|S|Y|HIGH| YVIG|A]Y|HY[V|D]
DOB1*05032(A[Y| R[ S|G|GTIAISIGAISY[HIGH| YVIGIA]Y|HY[VID]
DOB1*0504 [A[Y| R[ S|G|G[T[D|S EID|S|Y|Y|EY|Y] {E[DIY|Y]Y[VS
DOB1*06011|AIF| T | EA[Y[TITIE[R[TIEILIY|RIY|Y| I|R| T|L|Y|D|V|D|

DOB1*06012(A[F| T [ E|A|Y[T[TIEIR| TIE[L|Y|R]Y|Y] I{R]| T|L])Y|D[V|D|

DOB1*06013[A[F| T [ EJAIY[TITIEIRI TIE[L|Y|RIY|Y] I{R|T|L|Y|D[V|D|

DOB1*0602 |A|F| T | E|G|L[T|TIE[G|T|E[F|Y|GY|Y]MG| T|F|Y|Y|AD|
DOB1*0603 [A[F| T [ E|G|L[T[TIEIG TIE[YHIGH|YVG| T|Y|HY[AD|
DOB1*06041(GlY| T [ E|G|L[T[TIEIR| TIE[Y[HIRIH YIVIR[ TIY|HY[AV
DOB1*06042|G)Y| T | E |G|L{T|{ T{E[R[ T{E[Y[H[R[H|YMR| T|Y|HY|AV|
DOB1*06051(G|Y| T [ E|G|L[T[TIEIR| TIE[Y]Y|RIY|YIVIR[ TIY|Y] YAV
DOB1*06052(GlY| T [ E| - |L[T[TIEIR T|E[-|Y|RIY|YIVR|T|- Y] Y[AV
DOB1*0606 [G]Y| R[A |- |LIT[TIARITIA-[YIRIYIYIVIR[T]-|Y]Y[AV
DOB1*0607 [GlY| T [ E|G|L[T| T|IEIR| TIE[Y|HIRIH|YVIR| T]Y|HY[AD|
DOB1*0608 [A[F| T [ E|G|L[T[TIEIG TIE[Y|HIGH|YIVIG| T|Y|HY[AV
DOB1*0609 [GY| T [ E|G|L[T[TIEIR TIE[Y]Y|RY|YIVR[TIY|Y]Y[AV
DOB1*0610 [A[F| T [ E|G|L[TITIEIG T|E[FY|GY|YIVG| TIFIY]Y[AIS
DOB1*06111(A[F| T [ E|G|L[T[TIEG TIE[Y]Y|GY|Y[VG| T|Y|Y]Y[AD|
DOB1*06112(A[F| T [ E|G|LIT[TIEIG TIE[Y]Y|GY|YIVIG| TIY|Y]Y[AD]
DOB1*0612 (G|Y| T | E|G|L[T| TIEIG T|E[FY|GY|Y[VG| T|F| Y] YAV
DOB1*0613 [A[F| T [ E|G|L[T[TIEIG TIE[FY|GY|YIVG|T|FIY] YAV
DOB1*0614 [A[F| T [ E|G|L[T[TIEIG T|E[F|HIGH|Y]VG| T|F|HY[AD|
DOB1*0615 |GY| T | E|G[L[TITIE[R[T|EIF|Y|RIY|YIVR| T|F|Y|Y|AID|
DOB1*0616 [A[F| T [ E|G|L[T[TIEIG TIE[F|Y|GY|Y[VG| T|F|Y]Y[AD|
DOB1*0617 [G]Y| T [ E|G|L[T[A|EIGAIE[FHIGH|YVG|A|FIHY[AV
DOB1*0618 |AIF| T | E|G[L[{T[T[E[R[TIE[F[Y[R[YYIVIR| T|F|Y]Y|AV|
DOB1*0619 [A[F| T [ E|G|L[T|TIEIG TIE[FY|GY|Y[VG| T|F|Y|Y[AD|

P2 P3 |P4| P5|P6| P9

P1

DOA1*01011{GE|GGC|G|QY|G|R C[GR] A [1|M

DOA1*01012[GE|GGCIG|TY|GIR C[GRIA [I|M

DOA1*01021|J0O|GGIC|G|QY|G[R C |GR[A | |M

DOA1*01022[GO|GGCIG|TY|GIR C[GRIA [1|M

DOA1*0103 [GO|GGC|G|QY|G|R C[GR]A[I|M

DOA1*01041|90|GIGICIGITY|GIR C |GR[A | I|M

DOA1*01042(GO|GGCIG|QY|G|R C[GR] A [1|M

DOA1*0105 [GO|GGCIG|TY|GIR C[GRIA [I|M

DOA1*0106 |JO|G - |C|G|QY|G|R C|GR|A | M

DOA1*0201 [Y|QIRIRIY|F|Y[FIFIT|Y [F|T|L[I]L

DOA1*03011{Y|Q|RIRY[F[Y[Y|F|T| Y |F|T| L ||V

DOA1*0302 [Y|OIRIRIYIFIYIYIFIT|Y [FIT| L[V

DOA1*0303 [Y|QO|RIRIY|F[Y|[Y|F|T|Y |F|T| L]V

DOA1*0401 [Y|QOIRI-|YIFIYIY[FIT|Y [FITIL[IL

DOA1*05011(Y|O|RI -|YIFIY[Y|FIT| Y [F|T| L [SIL

DOA1*05012[Y|Q|R] -|Y|F|Y|[Y|F]T| Y |F|T| L |SL

DOA1*0502 [Y|QIRI-|YIFIY[Y|[FIT|Y [F|T|L[SL

DOA1*0503 [Y|OQ|R]-|Y[F[Y[Y|F|TY [F|T|L|SL

DOA1*0504 [Y|O|R|-|Y[F[Y[Y|FIT|Y [F|T|L[SL

DOA1*0505 [Y|OQ|R]-|Y[F|Y|[Y|F]T)Y [F|T|L|SL

DOA1*06011(Y|QIR -|YIFIY[FIFIT|Y [FIT| T[IL

DOA1*06012[Y|Q|R| - |Y|FIY[FIFITI Y [FIT| T|IL

Table 5. The residues in the peptide binding

environment from the a alleles, compiled by

examining the multiple-sequence alignment.

The dash line “-“ indicates the gap in the

protein sequences.

Table 6. The residues in the peptide binding

environment from the & alleles, compiled by
examining the multiple-sequence alignment. The

dash line “* indicates the gap in the protein

sequences.



The compilation of these results yields some interesting observations. First of all,
there is a lot more polymorphism in the & alleles than the & ones. This can be observed by
comparing the columns in the & table to the ones in the & table. For each residue position,
there are mostly only 2 amino acid variations among the & alleles, while there are 34
different amino acids among the & alleles. In addition, there are more amino acids that have
been identified to be involved in the binding pockets in the & chains than in the & chains.
This indicates that the & chains might play a more important role than a in both the specific
binding of peptide fragments and the polymorphism of the DQ molecules.

Secondly, by examining Table 5, it is easy to tell that the peptide binding pockets are
clustered around the N-terminal residues (all of the identified residues are under #100).
However, the multiple-sequence alignment data (Appendices | and Il) reveal amino acid
changes throughout the whole sequences. In particular, the Cterminal ends of the protein
family are very different. Even though these differences might not be involved n the
specificity of peptide binding, they might be important in determining which & and a chains
actually preferentially form heterodimers since not all of the combinations are found. This
could be an interesting topic for exploration later.

Thirdly, | am interested to look at some of the specific amino acid changes. From
Table 6, it shows that the amino acid variations can bring about significant environmental
changes to the binding pockets. For example, in the P1 binding environment, the amino
acids vary from cysteine to tyrosine, from glutamic acid to glutamine and from glycine to
arginine. The environment changes from polar to large hydrophobic, from neutral to
positively charge or negatively charged. This drastic change accommodates the ability to

bind to a large spectrum of foreign peptides.

IV. Comparison of DQ2 and DQ8 Molecules

IV.a. Alignment Comparison of DQ2 and DQ8 Beta Chains

Since Celiac Sprue is of my interest, | would like to look further into the DQ2 and DQ8
molecules, which are found to be in strong linkage with the disease. In order to compare the
DQ2 and DQ8 beta chains (the beta chains are chosen because of their relative significance
over the alpha chains), the DQA1*0201 and DQB1*0302 sequences are aligned using
ALION (http://fold.stanford.edu/alion/).




Using the BLOSUM 62 matrix and the Smith-Waterman local alignment algorithm, the
alignment finds 94% match in the two sequences (with 92% residue identity and no gaps).
There are 12 mismatches in the sequences and 7 of them are found to be conservative
substitutions.

The SeqWeb program “Pretty” has a benefit of aligning sequences in colors and
constructing a consensus sequence. The alignment is generated with the same position-

specific scoring matrix and is displayed below.

1 50
DQ2_beta MSVKKALRI P LRAATVTL M_SMLSTPVA ECRDSPEDFV YOQFKCGMCYFT
DB _bet a MSVKKALRI P LRVATVTL M_AMLSTPVA ECRDSPEDFV YOQFKCGMCYFT
Consensus NSVKKKALRI P LR- ATVTL M.- MLSTPVA ECRDSPEDFV YOQFKCGMCYFT
51 100
D@2 _bet a TERVRLVS RS| Y REElI V RFDSDVCEFR AVTLLCLPAA EYW.SCKDI L
D@®B_bet a TERVRLVT RYI| YN REEYA RFDSDVGVYR AVTPLCPPAA EYW . SCKEVL
Consensus TERVRLV- R-1Y REE-- RFDSDVG--R AVT- LG- PAA EYW.SCK- - L
101 120
DQ2_bet a ERKRAAVDRV CR "'YOLELR
D@B_beta ERTRAELDTV CR 'YOQLELR
Consensus ER-RA--D-V CR 'YOLELR

As seen in the consensus sequence, the “-“ lines indicate the positions of
mismatches. An immediate observation is that several key substitutions from DQ2 to DQS8
involve the replacement smaller residues with tyrosine and replacement of a positive residue
to a neutral residue. A more detailed residue comparison will be discussed in section 1V.b.

A more graphical comparison of DQ2 and DQ8 beta chains is performed by Compare
(http://pmgm2.stanford.edu/gcg-bin/seqweb.cgi) and shown in Figure 5. As shown below,

the two sequences are very similar for the most part, yet small but perhaps significant
distinctions are picked up by the alignment.

1 2] i
1 I . . I 1 I 1

Figure 5. Graphical
comparison of DQ2 and
DQ8 beta sequences
generated by “Compare”

COMPARE  Mindow?! 30 Strlrgersyt 10 Palnts! 116
DCB_beta cki G.467. 1 to 120

DOTRLOT Denel iy 132,84 Jowary 3L, 2002 2Li42

A . . . . | . . . . | . -
02 _beta oki 4,810, 1 to 120



IV.b. Further Residue Comparison of DQ2, DQ8 and a Control Sequence

Again, the alleles of the molecules | am interested in are DQA1*0501, DQB1*0201
(DQ2) and DQA1*0301, DQB1*0302 (DQ8). In addition, as a control, | choose to also look at
a closely related DQ molecule (DQA1*0501, DQB1*0301), which does not confer
susceptibility to Celiac Sprue.’

The binding environments of all three molecules are summarized in Table 7 with

some of the differences colored in red.

P1 P2 P3 P4 P5 P6 P7 P9

DQ2 &/achains  |Y,OR,-EL |[Y.F.RY.YFTA|Y,GLSKAFTRKAIY,SHSFIRK|SLYSILVA
DO8 &/a chains__ |Y.Q.RR.EL[Y.FTY.Y.FTE|Y.GLTTERTRTE[LYYHRYYVRTVYYYAA
Control &/a chains |Y.Q.R.-.EL |Y.FTY.YFTEYAYTTEFTRTELYYRYYVRTSLYYYAD

Table 7. Comparison of the binding environments of DQ2, DQ8 and a control (DQA1*0501,
DQB1*0301). The dash line “* indicates a gap in the protein sequence during alignment.

From the compiled binding pocket environments of the three molecules, several
observations can be drawn. First, the DQ2 molecule seems to show the most abundance in
positively charged residues R and K and less negatively charged residues E. Compared to
DQ8 and the control, DQ2 contains an extra arginine in P2 and extra lysines in P4, P5 and
P7, replacing the threonine. In both P3 and P4, DQ2 contains an alanine in place of glutamic
acid in DQ8 and the control. Secondly, although it seems that the DQ8 molecules shares
tremendous similarity with the control molecule, there are still some differences to point out.
DQ8 contains one more positively charged residue, in P5, with R instead of the F in the
control. In P9, DQ8 contains one less negatively charged residue, with A instead of the D in
the control. Overall speaking, the positively charged environment i the strongest in DQ2,
then DQ8 and the weakest in the control molecule.

From the comparison above and based on the knowledge that Celiac Sprue occurs
over 90% of the time with DQ2-inheritance, about 5% of the time in DQS8 inheritance, and 0%
in people with only the control DQ molecules, it is reasonable to hypothesize that negatively
charged peptides confer the preferential binding to the MHC class Il molecules and cause
the immunogenetic response (since DQ2 molecules constitute a highly positively charged
environment). In deed, this hypothesis jibes well with the finding that anti-transglutaminase
autoantibodies are uniquely expressed in Celiac Sprue patients. What transglutaminase can
do is to deamidate the wheat gliadin peptides to create more glutamic acid. The negatively
charged peptide product can in turn preferentially bind to DQ2, to a lesser degree to DQ8

and not to the control. The different levels of positive environments in DQ2 and DQ8 imply



that perhaps DQ8 requires the bound peptide to contain more negative residues. In addition,
because of the positive environment in DQ2 and DQ8, the neutral, unmodified gliadin
peptides do not bind to them.

Another observation is that the additional positively-charged residues in DQ2 come
from the & allele. From comparing the & alleles in the DQ family it seems that the DQB1*02
alleles allocates the most positive charges. This is consistent with the previous postulation
that the & chain contributes more to the specific binding of the peptides. It is also consistent
with the fact that the World Health Organization decides to assign conventional names such

as "DQ2" or "DQ8" merely after the & alleles.

V. Structural Alignment and Analysis of DQ
The structures of DQ proteins have remained to be an open field of research. From a

3motif (http://motif.stanford.edu/3motif/) search, only a long list of solved DR molecules is
found. Very recently, however, the structure of DQ8 bound to an insulin peptide has been
resolved by Don Wiley’'s group.”™ The structure is shown below in Figure 6. This

breakthrough provides the basis for reliable protein structure prediction.

Figure 6. Crystal structure of DQ8 bound with an insulin peptide. The peptide is colored gray and
shown on the top inside the groove. This structure is taken from SwissPDB (1JK8).

PlotStructure at SegWeb provides both Chou-Flashman and Garnier-Robson
methods of predicting the secondary structure. Both the DQB1*0201 and DQB1*0302 are
put into the program, and displayed side by side in Figure 7. In the plots, helices are shown
with a sine wave, betasheets with a sharp saw-tooth wave, turns with 180-degree turns, and

coils with a dull saw-tooth wave. In these Chou-Flashman secondary structure predictions, it

| ee, K. H., Wucherpfennig, K. W., Wiley, D. C. Nat.Immunol. 2001. 2:501



is shown that the overall secondary structures of DQ2 and DQ8 beta chains are very similar.
The slight variations are manifested in both the N-terminal ends and the C-termini. In the N-
terminal region, in the second turn, a beta sheet in DQ8 replaces one region of the alpha
helix in the DQ2 chain. A similar replacement is also in the third turn and the fourth turn.
There are also local hydrophobicity/hydrophilicity changes.
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Figure 7. (a) DQ2 beta secondary structure (b) DQ8 beta secondary structure prediction
prediction

In addition to making secondary structure predictions, it is also possible to align a
sequence with a similar sequence of known structure. The FUGUE alignment server

(http://www-cryst.bioc.cam.ac.uk/cgi-bin/cgiwrap/kenji/fugue/align.cgi) can help achieve this

purpose. Entering the sequence of the DQ2 beta chain to compare with the recently solved
DQ8 structure, the following alignment is retrieved. The FUGUE server is able to align the
two sequences up and based on the alignment to predict where the beta sheets and alpha
helices should also occur in the DQ2 unknown structure.

1j k8 ( 2) vadhvASYGVNLY Qsygps GgYSHeFdgDEEFy Vdl er ket vWl pl Frr
13434 e oo
bbbbbbbbbbb bbbbbbbb bbbbbbb bbbb aaaaa

1jk8 ( 51) f Rr Fdpgf Al t Ni avLkhNLni Vi kr Snst aAt nevPeVt Vf skspvt | g
13434 e e e e e e e e e e e memeoa-
a aaaaaaaaaaaaaaaaaaaaa bbbbbb

1j k8 ( 101) gpNt LI Gl Vdnl FPPvVnl t W snghsvt egvset sf LsksdhSFf KI Sy

13434 e e e e o oo MBW

bbbbbbbbbb bbbbbb bbb bbb bb bbbbbb
1j k8 ( 151 ) Ltfl--Psddei YdCkVeHwgl depl | khwepespeDf VYQFKGTCyFt n
13434 KKALRI PGELRAATVTLM_SM_STPVAEGRD- - SPEDFVYQFKGMCYFTN

bbb bbbbbb bbbbb bbbbbbbbbbb



1j k8 ( 20) gt er Vr LVTr Yl Ynr eeYAr FdsdvgvYr avt pl GopAaeyWisgkevl e

13434 GTERVRLVSRSI YNREEI VRFDSDVGEFRAVTLLGLPAAEYWNSQKDI LE
bbbbbbbbbb bbbbbbb bbb aaaaaaaa aaaaa

1jk8 ( 70) rTrael dt VCr hNyqLEl r TTI grrvePt Vt | spsrt eal nhhnl LvCsV

13434 RKRAAVDRVCRHNYQLEL RTTLQRRVEPTVTI SPSRTEALNHHNLLVCSV
aaaaaaaa aaaaaaaaa 333 bbbbbb bbbbbb

1j k8 ( 120 ) TdFYpaqgi kVr Wrndgeett gvvst plirNgdW FQ | VirLent pqgr gd

13434 TDFYPAQ KVRWFRNDQEETAGVVSTPLI RNGDWIFQ LVMLEMIPQRGD
bbb bbbbbb bbb bbb bb bbbbbbbb

1j k8 ( 170 ) vYt ChVeHpSI gnpi i vewr Agsl vEal Yl VcgEr gg

13434 VYTCHVEHPSL QSPI TVEWRAQSESAQSKMLSG GGFVLGLI FLGLGLI
bbbbbbb bbbbbb

1j k8

13434 HHRSQKGLLH

A few more words on the solved DQS8 structure: Since this structure is only recently
released, the motif is not yet classified for motif searches. A detailed view of the binding
groove is shown in Figure 8.° The insulin peptide consists of two negatively charged
residues (E) and it can be seen that in deed the glutamic acid residues in the P1 and P9
positions of the peptide are immersed in the positive (blue) pockets in the DQ8 molecules.

Figure 8. The binding groove of the DQ8 molecule with the insulin peptide. The positively
charged pocket of DQ8 is colored blue and the negatively charged region is colored red.

VI. Summary

In summary, HLA class Il molecules play an important role in the defense mechanism
in our immune system. In particular, the DQ family, being very polymorphic, is a significant
part of the major histocompatibility complex; however, it is also highly implicated in a series
of autoimmune diseases such as Celiac Sprue and Type 1 diabetes. The tools of
bioinformatics have given me the opportunity to perform detailed analysis on the DQ family
and understand the similarities and differences among the protein sequences and structures.
The database searches for the DQ family of proteins have yielded a number of results, but
also show the current limitations in relying merely on the databases since sometimes they
might not be updated. The multiple-sequence alignment and the motif analysis provide a



clearer picture of the range of polymorphism present in the DQ family. They also give insight
into the similarity and distinctions within the family, as well as how the differences may
contribute to the different functional roles played by DQA and DQB. Both statistical and
residue comparisons among DQ2, DQ8 and another DQ molecule are made possible by a
wide variety of methods and provides insight into the antigenic peptide binding in Celiac
Sprue. In addition, secondary structure analysis is preformed and aided by a newly resolved
crystal structure of peptide bound DQ8. This newly found structure also seems to be
consistent with the functional analysis made earlier in paper. This exercise has revealed a
lot more information about the HLA DQ family to me and enriched my understanding of how
these molecules can contribute the binding of antigenic peptides. | foresee that future efforts
involving detailed sequence alignments and epitope analyses of related food grain proteins
such as oats and barley (which also have been found to trigger immune response in celiac

patiens to some extent), although out of the scope of this paper, will be of great interest too.



Appendix I. DQAL Alleles Alignment

DeCypher Results for: ClustalW Multiple Alignment

DQAL* 01011
DQAL* 01012
DQAL* 01021
DQAL* 01022
DQAL* 0103
DQAL* 01041
DQAL* 01042
DQA1* 0105
DQA1* 0106
DQA1* 0201
DQA1* 03011
DQA1* 0302
DQA1* 0303
DQAL* 0401
DQAL* 05011
DQAL* 05012
DQA1* 0502
DQAL* 0503
DQAL* 0504
DQAL* 0505
DQAL* 06011
DQAL* 06012

DQA1* 01011
DQAL* 01012
DQAL* 01021
DQA1* 01022
DQAL* 0103
DQAL* 01041
DQAL* 01042
DQA1* 0105
DQA1* 0106

>
1234567890123456789012345678901234567
M LNKALLLGALALTTVMSPCGGEDI VADHVASCGVNL YQF YGPSGQYTHEFDGDEEFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASCGVNL YQFYGPSGQYTHEFDGDEEFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASCGVNL YQFYGPSGQYTHEFDGDEQFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASCGVNL YQFYGPSGQYTHEFDGDEQFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASCGVNL YQFYGPSGQFTHEFDGDEQFYV
M LNKALLLGALALTTMVSPCGGEG VADHVASCGVNL YQF YGPSGQYTHEFDGDEEFYV
M LNKALLLGALALTTMVSPCGGEG VADHVASCGVNL YQFYGPSGQYTHEFDGDEEFYV
M LNKALLLGALALTTMMSPCGGEG VADHVASCGVNL YQFYGPSGQYTHEFDGDEEFYV
M LNKALLLGALALTTMMSPCGGEG VADHVASCGVNL YQFYGPSGQYTHEFDGDEQFYV
M LNKALM.GALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQFTHEFDGDEEFYV
M LNKALM.GALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYSHEFDGDEEFYV
M LNKALM_.GALALTTVTSPCGGEDI VADHVASYGVNL YQSYGPSGQYSHEFDGDEEFYV
M LNKALMLGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYSHEFDGDEEFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALMLGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALM.GALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALM.GALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALM.GALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALM_LGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGL SGQYTHEFDGDEQFYV
M LNKALMLGTLALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQYTHEFDGDEQFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQF THEFDGDEQFYV
M LNKALLLGALALTTVMSPCGGEDI VADHVASYGVNL YQSYGPSGQFTHEFDGDEQFYV

khkkkkhhk kk kkkkk- khkhkkkhk *hkhkkkhkhkkk *hhkkhkhkkk kk Kkkkhk- s kkkkkhkkhkko kkx

DL ERKETAVVRWPEF SKFGGFDPQGAL RNMAVAKHNL NI M KRYNSTAATNEVPEVTVESK
DL ERKETAVVRWPEF SKFGG-DPQGAL RNMAVAKHNLNI M KRYNSTAATNEVPEVTVFSK
DL ERKETAVVRWPEF SKFGG-DPQGAL RNMAVAKHNLNI M KRYNSTAATNEVPEVTVFSK
DL ERKETAVVRWPEF SKFGGFDPQGAL RNVAVAKHNL NI M KRYNSTAATNEVPEVTVESK
DL EKKETAVVRWPEF SKFGGFDPQGAL RNVAVAKHNL NI M KRYNSTAATNEVPEVTVESK
DLERKETAVVRWPEF SKFGGFDPQGAL RNVAVAKHNL NI M KRYNSTAATNEVPEVTVESK
DL ERKETAVVRWPEF SKFGGFDPQGAL RNVAVAKHNL NI M KRYNSTAATNEVPEVTVESK
DL ERKETAVVRWPEF SKFGGFDPQGAL RNMAVAKHNLNI M KRYNSTAATNEVPEVTVFSK
DL ERKEAAVIRWPEF SKFGGFDPQGAL RNMAVAKHNLNI M KRYNSTAATNEVPEVTVFSK



DQAL* 0201
DQA1* 03011
DQAL* 0302
DQA1* 0303
DQA1* 0401
DQA1* 05011
DQAL* 05012
DQA1* 0502
DQAL* 0503
DQAL* 0504
DQAL1* 0505
DQAL* 06011
DQAL* 06012

DQA1* 01011
DQA1* 01012
DQA1* 01021
DQAL* 01022
DQAL* 0103
DQAL* 01041
DQAL* 01042
DQA1* 0105
DQA1* 0106
DQAL* 0201
DQA1* 03011
DQAL* 0302
DQA1* 0303
DQA1* 0401
DQA1* 05011
DQAL* 05012
DQA1* 0502
DQAL* 0503
DQAL* 0504
DQAL* 0505
DQAL* 06011
DQAL* 06012

DLERKETVWKLPLFHRLR- FDPQFALTNI AVLKHNLNI LI KRSNSTAATNEVPEVTVFSK
DLERKETVWQL PLFRRFRRFDPCQFALTNI AVLKHNLNI VI KRSNSTAATNEVPEVTVESK
DLERKETVWQL PLFRRFRRFDPQFALTNI AVLKHNLNI VI KRSNSTAATNEVPEVTVFSK
DLERKETVWQL PLFRRFRRFDPQFALTNI AVLKHNLNI VI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCLPVLRQFR- FDPQFALTNI AVTKHNLNI LI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCL PVLRQFR- FDPQFALTNI AVLKHNLNSLI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCL PVLRQFR- FDPQFALTNI AVLKHNLNSLI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCL PVLRQFR- FDRQFALTNI AVLKHNLNSLI KRSNSTAATNEVPEVTVEFSK
DLGRKETVWCLPVLRQFR- FDPQFALTNI AVLKHNLNSLI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCLPVLRQFR- FDPQFALTNI AVLKHNLNSLI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCLPVLRQFR- FDPQFALTNI AVLKHNLNSL I KRSNSTAATNEVPEVTVFSK
DLGRKETVWCL PVLRQFR- FDPQFALTNI AVTKHNLNI LI KRSNSTAATNEVPEVTVFSK
DLGRKETVWCL PVLRQFR- FDPQFALTNI AVTKHNLNI LI KRSNSTAATNEVPEVTVEFSK
Kk kke ok k Kk ok kk ke okk kkkkk s okkk kkkkkkkkkkkkkkkkk
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFLSKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFLSKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSET SFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHAVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFLSKSDHSFFKI SYLTFL
SPVTLGOQPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGQSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TWLSNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFLSKSDHSFFKI SYLTFL
SPVTLGOQPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNI LI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTLL
SPVTLGOPNI LI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTLL
SPVTLGOPNI LI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTLL
SPVTLGOPNI LI CLVDNI FPPVVNI TWLSNGHSVTEGVSETSFL SKSDHSFFKI SYLTLL
SPVTLGOPNI LI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFLSKSDHSFFKI SYLTLL
SPVTLGOQPNI LI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTLL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL
SPVTLGOPNTLI CLVDNI FPPVVNI TW.SNGHSVTEGVSETSFL SKSDHSFFKI SYLTFL

khhkkkhhhkkhkd, *hkhkhkhkdkhkhkhdkhhkdkhrrkhdrhkdh: « khxhkdkhkrhdrhkdkhrrxrdrrkdhrxhdxkd:. %



DQAL* 01011
DQA1* 01012
DQA1* 01021
DQA1* 01022
DQAL* 0103
DQAL* 01041
DQAL* 01042
DQA1* 0105
DQA1* 0106
DQA1* 0201
DQA1* 03011
DQA1* 0302
DQAL* 0303
DQAL* 0401
DQA1* 05011
DQA1* 05012
DQAL* 0502
DQAL* 0503
DQAL* 0504
DQAL* 0505
DQA1* 06011
DQA1* 06012

DQA1* 01011
DQA1* 01012
DQA1* 01021
DQA1* 01022
DQAL* 0103
DQAL* 01041
DQAL* 01042
DQA1* 0105
DQA1* 0106
DQA1* 0201
DQA1* 03011
DQA1* 0302
DQA1* 0303

PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSELTETVVCALGLSVGELVGA WGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSELTETVVCALGLSVA.VG VWGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSEL TETVVCALGLSVALMG VWGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSEL TETVWCALGLSVAL MG VWGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSELTETVVCALGLSVGLVA VWGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSELTETVWCTLGLSVGLVA WGTVFI |
PSADEl YDCKVEHWGLDOQPLLKHW - - - = = - - - o oo m e e e e oo oo
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSEL TETVWCALGLSVA.VG VWGTVFI |
PSADEI YDCKVEHWGL DQPLLKHWEPEI PAPMSELTETVWCALGLSVALVG VWGTVFI |
PSADEI YDCKVEHWGL DEPLLKHWEPEI PAPMSELTETVWCALGLSVALVG VWGTVLI |
PSADEI YDCKVEHWGL DEPLLKHWEPEI PTPMSELTETVVCALGLSVGLVGA VWWGTVLI |
PSDDEI YDCKVEHWGL DEPL LKHVWEPEI PTPMSELTETVVCALGLSVGLVGAE VWGTVLI |
PSDDEI YDCKVEHWGL DEPL LKHWEPEI PTPMSELTETVWVCALGLSVGLVG VWWGT VLI |
PSADEI YDCKVEHWGL DEPLLKHWEPEI PAPMSELTETVVCALGLSVA.VG VWGTVFI |
PSAEESYDCKVEHWGL DKPLLKHWEPEI PAPMSEL TETVWCALGLSVAL.VG VWGTVFI |
PSAEESYDCKVEHWGL DKPLLKHWEPEI PAPMSELTETVWCALGLSVALVG VWGTVFI |
PSAEESYDCKVEHWGL DKPLLKHWEPEI PAPMSELTETVVCALGLSVGLVA VWGTVFI |
PSSEESYDCKVEHWGL DKPLLKHWEPEI PAPMSELTETVVCALGLSVGLVGA WGTVFI |
PSSEESYDCKVEHWGL DKPLLKHWEPEI PAPMSEL TETVWCALGLSVGLVG WGTVFI |
PSAEESYDCKVEHWGL DKPLLKHWEPEI PAPMSEL TETVVCALGLSVA.VG VWGTVFI |
PSADEI YDCKVEHWGL DEPLLKHWEPEI PAPMSEL TETVVCALGLSVALVG VWGTVFI |
PSADEI YDCKVEHWGL DEPLLKHWEPEI PAPMSELTETVWCALGLSVALVG VWGTVFI |

kk k khkkhkhkkkhkhkhkkkhkk kkkkk Kk

QGLRSVGASRHQGPL
QGLRSVGASRHQGPL
QGLRSVGASRHQGPL
QGLRSVGASRHQGPL
QGL RSVGASRHQGPL
QGL RSVGASRHQGPL
QGLRSVGASR- - - - -
QGLRSVGASR- - - - -
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL



DQAL* 0401
DQA1* 05011
DQA1* 05012
DQAL* 0502
DQAL* 0503
DQAL* 0504
DQAL* 0505
DQA1* 06011
DQA1* 06012

RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL
RGLRSVGASRHQGPL



Appendix Il. DQB1 Alleles Alignment

DeCypher Results for: ClustalW Multiple Alignment

DQB1* 0201
DQB1* 0202
DQB1* 0203
DQB1* 03011
DQB1* 03012
DQB1* 0302
DQB1* 03032
DQB1* 03033
DQB1* 0304
DQB1* 03051
DQB1* 03052
DQB1* 0306
DQB1* 0307
DQB1* 0308
DQB1* 0309
DQB1* 0310
DQB1* 0401
DQB1* 0402
DQB1* 05011
DQB1* 05012
DQB1* 0502
DQB1* 05031
DQB1* 05032
DQB1* 0504
DQB1* 06011
DQB1* 06012
DQB1* 06013
DQB1* 0602
DQB1* 0603
DQB1* 06041
DQB1* 06042
DQB1* 06051

>
1234567890123456789012345678

MBVKKAL RI PGGLRAATVTLM.SM.STPVAEGRDSPEDFVYQFKGMCYFTNGTERVRLVS
MBVKKAL RI PGGLRAATVTLM.SM.STPVAEGRDSPEDFVYQFKGMCYFTNGTERVRLVS
MBVKKAL RI PGGLRAATVTLM.SM.STPVAEGRDSPEDFVYQFKGMCYFTNGTERVRLVS
MBVKKALRI PGGL RAATVTL M. SM_STPVAEGRDSPEDFVYQFKAMCYFTNGTERVRYVT
MBVKKALRI PGGL RAATVTL M. SM.STPVAEGRDSPEDFVYQFKAMCYFTNGTERVRYVT
MBVKKALRI PGGL RVATVTLM_ANM.STPVAEGRDSPEDFVYQFKGVCYFTNGTERVRLVT
MBVKKAL RI PGGLRVATVTLM_AM._STPVAEGRDSPEDFVYQFKGMCYFTNGTERVRLVT
MBVKKAL RI PGGLRVATVTLM_AM._STPVAEGRDSPEDFVYQFKGMCYFTNGTERVRLVT
MBWKKAL RI PGGLRVATVTLM_AM._STPVAEGRDSPEDFVYQFKAMCYFTNGTERVRYVT
MBVKKALRI PGGLRVATVTLM_AM.STPVAEGRDSPEDFVYQFKGVCYFTNGTERVRGVT
------------------------------------- DFVYQFKGVCYFTNGTERVRGVT
------------------------------------- DFVYQFKGMCYFTNGTERVRLVT
------------------------------------ EDFVYQFKGMCYFTNGTERVRLVT
------------------------------------- DFVYQFKGMCYFTNGTERVRLVT
-------------------------------- RDSPEDFVYQFKAMCYFTNGTERVRYVT
-------------------------------- RDSPEDFVYQFKAMCYFTNGTERVRYVT
-------------------------------- RDSPEDFVFQFKGVCYFTNGTELVRGVT
MBVKKALRI PGGLRVATVTLM_AM_STPVAEGRDSPEDFVFQFKGVCYFTNGTERVRGVT
MBWKKSLRI PGDLRVATVTLM_AI LSSSLAEGRDSPEDFVYQFKGL CYFTNGTERVRGVT
MBVKKSLRI PGDLRVATVTLM_AI LSSSL AEGRDSPEDFVYQFKGLCYFTNGTERVRGVT
MBVKKSLRI PGDLRVATVTLM_AI LSSSLAEGRDSPEDFVYQFKGL CYFTNGTERVRGVT
-------------------------------- RDSPEDFVYQFKGL CYFTNGTERVRGVT
-------------------------------- RDSPEDFVYQFKGL CYFTNGTERVRGVT
---------------------------------------- YQFKGLCYFTNGTERVRGVT
-------------------------------- RDPPEDFVL QFKAMCYFTNGTERVRYVT
-------------------------------- RDPPEDFVL QFKANMCYFTNGTERVRYVT
-------------------------------- RDPPEDFVL QFKANMCYFTNGTERVRYVT
MBVKKALRI PGDLRVATVTLM_AM_SSL L AEGRDSPEDFVFQFKGVCYFTNGTERVRLVT
-------------------------------- RDSPEDFVYQFKGVCYFTNGTERVRLVT
-------------------------------- RDSPEDFVYQFKGMCYFTNGTERVRLVT
---------------------------------- SPEDFVYQFKGMCYFTNGTERVRLVT
-------------------------------- RDSPEDFVYQFKGLCYFTNGTERVRLVT



DQB1* 06052
DQB1* 0606
DQB1* 0607
DQB1* 0608
DQB1* 0609
DQB1* 0610
DQB1* 06111
DQB1* 06112
DQB1* 0612
DQB1* 0613
DQB1* 0614
DQB1* 0615
DQB1* 0616
DQB1* 0617
DQB1* 0618
DQB1* 0619

DQB1* 0201
DQB1* 0202
DQB1* 0203
DQB1* 03011
DQB1* 03012
DQB1* 0302
DQB1* 03032
DQB1* 03033
DQB1* 0304
DQB1* 03051
DQB1* 03052
DQB1* 0306
DQB1* 0307
DQB1* 0308
DQB1* 0309
DQB1* 0310
DQB1* 0401
DQBL* 0402
DQB1* 05011
DQB1* 05012

---------------------------------------------------- TERVRLVT
---------------------------------------------------- TERVRLVT
---------------------------------------- YQFKGMCYFTNGTERVRLVT
---------------------------------------- YQFKGMCYFTNGTERVRLVT
-------------------------------- RDSPEDFVYQFKGVCYFTNGTERVRLVT
------------------------------------- DFVFQFKGVCYFTNGTERVRLVT
---------------------------------------- YQFKGMCYFTNGTERVRLVT
------------------------------------- DFVYQFKGMCYFTNGTERVRLVT
MBWKKALRI PGDLRVATVTLM_AM._SSLLAEGRDSPEDFVYQFKGVCYFTNGTERVRLVT
MSWKKALRI PGDLRVATVTLM_AM._SSLLAEGRDSPEDFVFQFKGVCYFTNGTERVRLVT
MSWKKALRI PGDLRVATVTLM_AM._SSL L AEGRDSPEDFVFQFKGVCYFTNGTERVRLVT
MBWKKALRI PGDLRVATVTLM_AM.SSLLAEGRDSPEDFVFQFKGVCYFTNGTERVRLVT
MBWKKALRI PGDLRVATVTLM_AM._SSLLAEGRDSPEDFVFQFKGVCYFTNGTERVRLVT
MBWKKALRI PGDLRVATVTLM_AM._SSLLAEGRDSPEDFVYQFKGVCYFTNGTERVRLVT
MBWKKALRI PGDLRVATVTLM_AM._SSLLAEGRDSPEDFVYQFKGVCYFTNGTERVRLVT
MSWKKALRI PGDLRVATVTLM_AM._SSL L AEGRDSPEDFVFQFKGVCYFTNGTERVRLVT

**k kK k-

RSI YNREEI VRFDSDVGEFRAVTLLGLPAAEYVWNSQKDI L ERKRAAVDRVCRHNYQLELR
RSI YNREEI VRFDSDVGEFRAVTLLGLPAAEYWNSQKDI L ERKRAAVDRVCRHNYQLELR
RSI YNREEI VRFDSDVGEFRAVTLLGLPDAEYVWNSQKDI L ERKRAAVDRVCRHNYQLELR
RYI YNREEYARFDSDVEVYRAVTPL GPPDAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVEVYRAVTPLGPPDAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RY! YNREEYARFDSDVGVYRAVTPLGPPAAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPLGPPDAEYVWNSQKEVLERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPLGPPDAEYWNSQKEVLERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVEVYRAVTPL GPPAAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPL GPPAAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPLGPPAAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RY! YNREEYARFDSDVGVYRAVTPLGPPDAEYVWNSQKDI LEEDRASVDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRVVTPLGPPAAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPLGPPAAEYVWNSOQKEVLEGTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVEVYRAVTPL GPPDAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPL GPPDAEYVWNSQKEVL ERTRAELDTVCRHNYQLELR
RYI YNREEYARFDSDVGVYRAVTPLGRLDAEYVWNSQKDI LEEDRASVDTVCRHNYQLELR
RY! YNREEYARFDSDVGVYRAVTPLGRLDAEYVWNSQKDI LEEDRASVDTVCRHNYQLELR
RH YNREEYVRFDSDVGVYRAVTPQGRPVAEYVWWSQKEVL EGARASVDRVCRHNYEVAYR
RH YNREEYVRFDSDVGVYRAVTPQGRPVAEYVWNSOQKEVL EGARASVDRVCRHNYEVAYR



DQB1* 0502
DQB1* 05031
DQB1* 05032
DQB1* 0504
DQB1* 06011
DQB1* 06012
DQB1* 06013
DQB1* 0602
DQB1* 0603
DQB1* 06041
DQB1* 06042
DQB1* 06051
DQB1* 06052
DQB1* 0606
DQB1* 0607
DQB1* 0608
DQB1* 0609
DQB1* 0610
DQB1* 06111
DQB1* 06112
DQB1* 0612
DQB1* 0613
DQB1* 0614
DQB1* 0615
DQB1* 0616
DQB1* 0617
DQB1* 0618
DQB1* 0619

DQB1* 0201
DQB1* 0202
DQB1* 0203
DQB1* 03011
DQB1* 03012
DQB1* 0302
DQB1* 03032
DQB1* 03033

RH YNREEYVRFDSDVGVYRAVTPQGRPSAEYVWWSQKEVL EGARASVDRVCRHNYEVAYR
RH YNREEYVRFDSDVGVYRAVTPQGRPDAEYVWNSQKEVL EGARASVDRVCRHNYEVAYR
RHI YNREEYVRFDSDVGVYRAVTPQGRPDAEYVWWSQKEVL EGARASVDRVCRHNYEVAYR
RYI YNREEYVRFDSDVGVYRAVTPQGRPSAEYVWNSQKDI L EEDRASVDRVCRHNYEVAYR
RYI YNREEDVRFDSDVGVYRAVTPQGRPDAEYWNSQKDI LERTRAELDTVCRHNYEVAFR
RY! YNREEDVRFDSDVGVYRAVTPQGRPDAEYVWNSQKDI LERTRAELDTVCRHNYEVAFR
RY! YNREEDVRFDSDVGVYRAVTPQGRPDAEYVWNSQKDI LERTRAELDTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RHI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWWSQKEVL EGTRAEL DTVCRHNYEVAFR
RHI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAEL DTVCRHNYEVGYR
RHI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAEL DTVCRHNYEVGYR
RY! YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAELDTVCRHNYEVGYR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAELDTVCRHNYEVGYR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAAVDRVCRHNYEVGYR
RHI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWWSQKEVL ERTRAEL DTVCRHNYEVGYR
RHI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL ERTRAEL DTVCRHNYEVGYR
RY! YNREEYARFDSDVGVYRAVTPQGRPSAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWWSQKEVL EGTRAEL DTVCRHNYEVGYR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR
RH YNREEYARFDSDVGVYRAVTPQGRPDAEYVWWSQKEVL EGTRAELDTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPQGRPDAEYVWNSQKEVL ERTRAELDTVCRHNYEVGYR
RYI YNREEYARFDSDVGVYRAVTPQGRPDAENVWSQKEVL EGTRAEL DTVCRHNYEVAFR
RH YNREEYARFDSDVGVYRAVTPQGRPVAEYVWNSQKEVL EGARAEL DTVCRHNYEVGYR
RYI YNREEYARFDSDVGVYRAVTPQGRPVAEYVWWSQKEVL ERTRAEL DTVCRHNYEVAFR
RYI YNREEYARFDSDVGVYRAVTPL GRPDAEYVWNSQKEVL EGTRAEL DTVCRHNYEVAFR

* kkkk k%K *kkkk*k -k kK * *k *kkkk- o k% *k Kk kkkhkkkk- - *

TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETAGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRW-RNGQEETAGVVSTPLI
TTLORR-------- PSRTEALNHHNLLVCSVTDFYPAQI KVRWFRNG- - - - - - - - - - - - -
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI



DQB1* 0304
DQB1* 03051
DQB1* 03052
DQB1* 0306
DQB1* 0307
DQB1* 0308
DQB1* 0309
DQB1* 0310
DQB1* 0401
DQB1* 0402
DQB1* 05011
DQB1* 05012
DQB1* 0502
DQB1* 05031
DQB1* 05032
DQB1* 0504
DQB1* 06011
DQB1* 06012
DQB1* 06013
DQB1* 0602
DQB1* 0603
DQB1* 06041
DQB1* 06042
DQB1* 06051
DQB1* 06052
DQB1* 0606
DQB1* 0607
DQB1* 0608
DQB1* 0609
DQB1* 0610
DQB1* 06111
DQB1* 06112
DQB1* 0612
DQB1* 0613
DQB1* 0614
DQB1* 0615
DQB1* 0616
DQB1* 0617

TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWFRNDQEETTGVVSTPLI
TTLORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPAQ KVRWRNDQEETTGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSHI KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSQ KVRWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSQ KVRWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLI CSVTDFYPSQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVRWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVRWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVRWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
Gl LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVQWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI



DQB1* 0618
DQB1* 0619

DQB1* 0201
DQB1* 0202
DQB1* 0203
DQB1* 03011
DQB1* 03012
DQB1* 0302
DQB1* 03032
DQB1* 03033
DQB1* 0304
DQB1* 03051
DQB1* 03052
DQB1* 0306
DQB1* 0307
DQB1* 0308
DQB1* 0309
DQB1* 0310
DQB1* 0401
DQB1* 0402
DQB1* 05011
DQB1* 05012
DQB1* 0502
DQB1* 05031
DQB1* 05032
DQB1* 0504
DQB1* 06011
DQB1* 06012
DQB1* 06013
DQB1* 0602
DQB1* 0603
DQB1* 06041
DQB1* 06042
DQB1* 06051
DQB1* 06052
DQB1* 0606

G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI
G LORRVEPTVTI SPSRTEALNHHNLLVCSVTDFYPGQ KVOWFRNDQEETAGVVSTPLI

* Kk k% khkkkkhkhkkhkhkhkkhdk khkkkxkhkdkxk  kxkk: kkkx

RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM.SG GGFVL
RNGDWIFQ LVM. EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM.SG GGFVL
- - - DWTFQ LVM.EMTPQRGDVYTCHVEHPSL QSPI TVEWRAQSESAQSKM.SG GGFVL
RNGDWIFQ LM EMTPQHGDVYTCHVEHPSL QNPI TVEVRAQSESAQSKM.SG GGFVL
RNGDWIFQ LML EMTPQHGDVYTCHVEHPSL QNPI TVEVRAQSESAQSKM.SG GGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM.SG GGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM.SG GGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM.SG GGFVL
RNGDWIFQ LVM. EMIPQHGDVYTCHVEHPSL QNPI TVEVWRAQSESAQSKM: - - - - - - - -
RNGDWIFQ LVM.EMTPQRGDVYTCHVEHPSLQNPI | VEVRAQSESAQSKM - - - - - - - -
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSLQNPI | VEVRAQSESAQSKM - - - - - - - -
RNGDWIFQ LVM.EMTPQRGDVYTCHVEHPSLQNPI | VEVRAQSESAQSKM - - - - - - - -
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSLQNPI | VEVRAQSESAQSKM - - - - - - - -
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM: - - - - - - - -
RNGDWIFQ LVMLEMTPQHA- VYTCHVEHPSL QNPI TVEVRAQSESAQSKM.SG GGFVL
RNGDWIFQ LML EMTPQHGDVYTCHVEHPSL QNPI TVEVRAQSESAQSKM.SG GGFVL
RNGDWIFQ LVM_EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM.SG GGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QNPI | VEVRAQSESAQSKM.SG GGFVL
RNGDWIFQI LVM.EMTPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQl LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMTPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM. EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM. EMTPQHGDVYTCHVEHPSL QSPI TVEVWRAQSESAQNKM.SG GGFVL
RNGDWIFQI LVM. EMTPQHGDVYTCHVEHPSL QSPI TVEVRAQSESAQNKM.SG GGFVL
RNGDWIFQ LVM. EMTPQHGDVYTCHVEHPSL QSPI TVEVRAQSESAQNKM.SG GGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQl LM EMTPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL



DQB1* 0607
DQB1* 0608
DQB1* 0609
DQB1* 0610
DQB1* 06111
DQB1* 06112
DQB1* 0612
DQB1* 0613
DQB1* 0614
DQB1* 0615
DQB1* 0616
DQB1* 0617
DQB1* 0618
DQB1* 0619

DQB1* 0201
DQB1* 0202
DQB1* 0203
DQB1* 03011
DQB1* 03012
DQB1* 0302
DQB1* 03032
DQB1* 03033
DQB1* 0304
DQB1* 03051
DQB1* 03052
DQB1* 0306
DQB1* 0307
DQB1* 0308
DQB1* 0309
DQB1* 0310
DQB1* 0401
DQB1* 0402
DQB1* 05011
DQB1* 05012
DQB1* 0502
DQB1* 05031

RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMTIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM. EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM. EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM. EMTPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQI LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM.EMIPQRGDVYTCHVEHPSL QSPI TVEVRAQSESAQSKM. SGVGGFVL
RNGDWIFQ LVM. EMTPQRGDVYTCHVEHPSL QSPI TVEVIRAQSESAQSKM. SGVGGFVL

khkkkkhkhkkkhkkkkkkkk- khkkkkhkhkxkkhkdkhkkk, *x*k *kkdkhkkkhkkdkkkkx K%

GLI FLGLGLI | HHRS(KGLLH- - - - - - - -
GLlI FLGLGLI | HHRSQKGLLH- - - - - - - -
GLlI FLGLGI | HHRSQKGLLH- - - - - - - -
GLlI FLGLGI | HHRSQKGLLH- - - - - - - -
GLI FLGLGI | HHRS(KG.LH- - - - - - - -
GLI FLGLGI | HHRS(KA.LH- - - - - - - -
GLI FLGLGLI | HHRS(KGLLH- - - - - - - -
GLlI FLGLGLI | HHRSQKGLLH- - - - - - - -

GLlI FLGLGI | HHRSQKGLLH- - - - - - - -
GLlI FLGLGI | HHRSQKGLLH- - - - - - - -
GLI FLGLGI | HHRS(KG.LH- - - - - - - -
GLI FLGLGI | HHRS(KG.LH- - - - - - - -
GLI FLGLGLI | RQORSRKGALLH- - - - - - - -
GLlI FLGLGLI | RORSRKGLLH- - ------
GLlI FLGLGLI | RORSRKGLLH- - - -----
GLlI FLGLGLI | RORSRKGPQGPPPAGLLH



DQB1* 05032
DQB1* 0504
DQB1* 06011
DQBL1* 06012
DQB1* 06013
DQB1* 0602
DQB1* 0603
DQB1* 06041
DQB1* 06042
DQB1* 06051
DQB1* 06052
DQB1* 0606
DQB1* 0607
DQB1* 0608
DQB1* 0609
DQB1* 0610
DQB1* 06111
DQB1* 06112
DQB1* 0612
DQB1* 0613
DQBL* 0614
DQBL1* 0615
DQB1* 0616
DQB1* 0617
DQB1* 0618
DQB1* 0619

GLI FLALGLI | RQRSRKGPQGPPPAGLLH
GLI FLGLGLI | RQRSRKGPQGPPPAGLLH
GLI FLGLGLI | RQRSQKGPQGPPPAGLLH
GLI FLGLGLI | RQRSQKGPQGPPPAGLLH
GLI FLGLGLI | RQRSQK- = - <= === - = - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLGLGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLALGLI | RQRSQKGLLH- - - - - - - -
GLI FLGLGLI | RQRSQKGLLH- - - - - - - -



