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Abstract

The highly polymorphic human leukocyte antigen (HLA) genes, located in the human major
histocompatibility complex, encode the class | and Il antigen-presenting molecules, which are
centrally involved in the immune response. HLA typing is used for several clinical applications,
such as transplantation, pharmacogenetics, and diagnosis of autoimmune disease. HLA typing is
highly complex because of the homology of HLA genes and pseudogenes and the extensive
polymorphism in the population. The Centers for Disease Control and Prevention established the
Genetic Testing Reference Materials Coordination Program (GeT-RM) in partnership with the
genetics community to improve the availability of genomic DNA reference materials necessary for
quality assurance of genetic laboratory testing. The GeT-RM together with three clinical
laboratories and the Coriell Cell Repositories have characterized genomic DNA obtained from a
panel of 108 cell lines for all HLA classic polymorphic loci: HLA-A, B, C, DRB1, DRB3, DRB4,
DRB5, DQA1, DQBI1, DFA1, and DPBI1. The goal was to develop a publicly available and
renewable source of well-characterized genomic DNA reference materials to support molecular
HLA typing assay development, validation, and verification, quality control, and proficiency
testing. These genomic DNA samples are publicly available from the National Institutes of
General Medical Science Repository at the Coriell Cell Repositories.
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The human major histocompatibility complex (MHC), located on the short arm of
chromosome 6 at 6p21.3, contains a set of highly polymorphic genes, the human leukocyte
antigen (HLA) loci.> These genes encode the class I and 11 molecules (glycoproteins) that
bind and present peptide antigens to lymphocyte receptors. Class | molecules, expressed on
the surface of all nucleated cells, present peptides derived from intracellular proteins to
cytotoxic CD8 T cells and thus participate in the defense against cancer, viruses, and other
intracellular parasites. Class | molecules are also ligands of natural killer (NK) cell
immunoglobulin-like receptors (KIRs). Class 11 molecules, expressed mainly on the surface
of professional antigen-presenting cells, present peptides derived from extracellular proteins
to CD4 T cells and thus participate in the defense against extracellular pathogens.?

HLA class | molecules are heterodimeric glycoproteins that consist of an a chain coded by
the HLA-A, B, and Cgenes and of B,-microglobulin encoded on chromosome 15. Sequence
variation is concentrated primarily in exons 2 and 3 that code for the a.1- and ap-domains of
the class | molecules. Peptide antigens interact and bind to these two domains and form a
complex; the molecular entity formed is recognized by the T-cell receptor. The edge of the
binding cleft formed by the a4- and a,-domains is also recognized by the KIR. Class 11
molecules are heterodimers of an a and a  chain. The most polymorphic class I loci are
HLA-DRBI, DQBI1, and DPBI1, which code for the B chain of the DR, DQ, and DP
molecules, respectively, and, to a lesser extent, HLA-DQA1 and DPA1, which code for the
corresponding a chains. Sequence variation is concentrated on exon 2 that codes for the aq-
and for the B1-domain that constitute the peptide and T-cell receptor binding site. Adding to
the genetic variability of the class Il region, the DR region can contain one or two DRB
genes. The DRBI gene is present in all haplotypes, and a second DRB gene, DRB3, DRB4,
or DRB5, is present in only some haplotypes.3

HLA typing, the determination of a particular set of HLA alleles carried by an individual,
has high clinical relevance. The combination of class | and class Il alleles, or HLA genotype,
personalizes an individual’s immune response through three processes. First, given the great
polymorphism of the HLA genes in the human population, the peptide repertoire displayed
by HLA molecules varies greatly among individuals.* Second, HLA polymorphism affects
the T-cell repertoire given that thymocytes undergo selection processes that require
interactions between T-cell receptors and peptide-HLA complexes on antigen-presenting
cells in the thymus.>6 Third, the development and activity of NK cells are in part controlled
by the interaction of KIRs with their cognate HLA class | ligands.”:8

Clinical testing of HLA genes is used for a variety of applications. It contributes to the
diagnosis of autoimmune diseases, such as ankylosing spondylitis,® narcolepsy,1? and celiac
disease.11 HLA typing is also used to avoid severe adverse reactions to drugs, such as
abacavir, carbamazepine, and allopurinol,12 and to stratify patients for cancer
immunotherapy.13 HLA typing is fundamental in matching recipients and donors for solid
organ!4 and blood and marrow transplantation.1> HLA molecules of transfused or
transplanted cells and tissues are recognized as foreign by the host’s immune system and
elicit strong immunologic reactions that can lead to graft rejection and platelet
refractoriness.1® HLA matching at the allele level is critical in hematopoietic cell
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transplantation. In this setting, HLA mismatches increase the risk not only of primary graft
failure but also of graft- versus-host disease, caused by the immune response of the donor
against the recipient and both processes are associated with high morbidity and mortality.

The HLA loci are among the most difficult genes to sequence in the human genome. This is
due to sequence homology between the HLA genes, the presence of pseudogenes, as well as
the extreme sequence variability of the HLA genes themselves. Because of this complexity
and the critical need for accurate results, the development of robust and sensitive HLA
typing methods is crucial in the clinical setting.

HLA genes and alleles are named by the World Health Organization Nomenclature
Committee of the Factors of HLA system.}’ Each HLA allele name has a unique number
corresponding to up to four sets of digits or fields separated by colons. HLA typing can be
performed at different levels of resolution depending on the clinical need.18 Low resolution
typing defines the first field or serological equivalent. The main methods are locus-specific
PCR followed by hybridization with sequence-specific oligonucleotide (SSO) probes
covering polymorphic regions, or PCR using sequence-specific primers (SSPs). A high-
resolution typing result is defined as a set of alleles that encode the same protein sequence
for the antigen binding site (exons 2 and 3 for class I and exon 2 for class 11 molecules) and
that excludes alleles that are not expressed at the cell-surface. This level of resolution is used
for hematopoietic cell transplantation.1® The main methods are PCR followed by Sanger
sequence—based typing (SBT) or by next-generation sequencing (NGS).29 HLA typing
results obtained by SBT may be ambiguous because of the lack of sequence phasing and the
impracticality of interrogating the whole gene. NGS methods allow phasing of
polymorphisms along the length of the whole HLA gene and are high-throughput permitting
allele level typing in the clinical setting.2! Currently, there are several US Food and Drug
Administration (FDA)-approved assays for HLA typing. Many laboratories also use
laboratory-developed tests and procedures, which are not FDA approved and must be
developed and validated by the laboratory.

Clinical and commercial laboratories that develop new assays need characterized reference
materials for test development, test validation, quality control, and proficiency testing. In
addition, laboratories that use FDA-approved assays need reference materials to verify assay
performance and for quality control. Proficiency testing programs need access to DNA
samples with a variety of genotypes to provide comprehensive and up-to-date surveys.
Currently, there are only two sources of characterized genomic DNA that are often used as
reference materials for HLA testing. The UCLA Immunogenetics Center DNA Reference
Panels (UCLA DNA Reference Panels, http://pathology.ucla.edu/uic-hla-reference-
programs, last accessed January 24, 2018) are of limited supply because they are not derived
from cell lines. The International Histocompatibility Working Group Cell and DNA Bank
(Fred Hutch HLA Reference Standards, https://sharedresources.fredhutch.org/products/hla-
reference-standards-ihwg, last accessed January 24, 2018) houses cell lines, DNA, and
cloned HLA genes established in the International Histocompatibility Workshops offer
reference panels. However, this collection is not being expanded with new cell lines and is
not consistently typed using the current gold standard of NGS. There are no other publicly
available sources of reference materials for HLA typing.
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The Centers for Disease Control and Prevention (CDC) established the Genetic Testing
Reference Materials Coordination Program (GeT-RM) in partnership with the genetics
community to improve the availability of genomic DNA reference materials necessary for
quality assurance of genetic laboratory testing. To improve the availability of publicly
available and renewable, characterized reference materials for HLA typing, the GeT-RM
together with three clinical laboratories and the Coriell Cell Repositories, have characterized
genomic DNA obtained from a panel of 108 cell lines for all HLA classic polymorphic loci:
HLA-A, B, C, DRB1, DRB3, DRB4, DRB5, DQA1, DQBI, DPA1, and DPBI. This panel
of well-characterized genomic DNA reference materials was developed to support molecular
HLA typing, assay development, validation and verification, quality control, and proficiency
testing.

Materials and Methods

Cell Line Selection

DNA samples from 106 cell lines from the National Institute of General Medical Sciences
Human Genetic Cell Repository at the Coriell Cell Repositories were selected for the study.
These samples are ethnically diverse, and all were previously characterized by GeT-RM for
five pharmacogenetic loci (CYP2D6, CYP2C19, CYP2CY, VKORCI, UGT1AIL). GeT-RM
also collected data for several other genes, including HLA-B, during this study.?? In
addition, two cell lines with the HLA-B*15:02 were established for this project at the Coriell
Cell Repositories from residual patient blood. All Coriell DNA and cell line materials are
stripped of identifiers on submission and are assigned a Coriell cell line number.

DNA Preparation

Protocol

Approximately 2 mg of DNA was prepared from each of the selected cell lines by the
Coriell Cell Repositories using Gentra/Qiagen Autopure (Valencia, CA) as per
manufacturer’s instructions.

Samples that contained 10 ug of DNA from the 108 cell lines were sent to three clinical
genetic testing laboratories that used different technologies for analysis. The laboratories
assayed each DNA sample using their standard assay methods as described below. A variety
of different methods were used to test the samples to ensure a robust characterization.
Consensus genotypes were developed for each of the 11 genes (HLA-A, B, C, DRBI,
DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPBI) tested by two or three methods for
each sample by comparison of the results obtained from each assay. The consensus genotype
for each gene in each sample is the result obtained by NGS, which provided the highest level
of resolution, and was consistent with the results obtained by the parallel testing using other
methods.

HLA Typing Methods

One laboratory characterized each sample for the HLA-A, B, C, DRB1, DQAI, and DQB1
loci at the intermediate resolution level by PCR-SSO using LABType SSO kits (One
Lambda, Canoga Park, CA) and HLA-A, B, C, DRBI, and DQBI loci at the high-resolution
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level by SBT. A second laboratory provided SBT typing for HLA-DPB1. SBT was
performed using AlleleSEQR HLA-SBT kits (Abbott Molecular, Des Plaines, IL). Allele-
specific sequence—based typing was performed as needed to resolve cis-trans ambiguities.
The allelic library used was ImMunoGeneTics version 3.13.1. The regions covered were the
polymorphic regions of loci A and B (exons 2, 3, and 4), C(exons 2, 3, 4, and 7), DRB1
(exon 2), DB (exons 2 and 3), and DPBI (exon 2).

A third laboratory tested the same set of samples for HLA-DPAI using LABType SSO kits
(One Lambda) and DRB3/4/5 using Olerup SSP kits (Stockholm, Sweden). The same
laboratory tested all samples using an NGS assay for the 11 loci. Samples were amplified by
long-range PCR using primers that cover from the 5" untranslated region (UTR) to the 3’
UTR for HLA-A, B, C, DQA1, DPA1, and DQBI1. HLA-DRB1, 3, and 4 primers span from
intron 1 to intron 4, and DRB5and DPB1 span from intron 1 to 3" UTR. Amplification and
library preparation were performed using HoloType HLA kits (Omixon Inc., Budapest,
Hungary) supplemented by in-house primer sets (HLA-DQA1, DPBI1, DRPA1, DRB4, and
DRB5) according to the manufacturer’s instructions for NGS with the MiSeq system
(IMlumina, San Diego, CA). The in-house primer sets (HLA-DQA1, DPBI1, DPA1, DRB,
and DRB5) are now included as part of the HoloType HLA Kits. The sequencing strategy
included 2 x 250-bp paired-end sequencing with MiSeq 500 cycle version 2 chemistry using
full-sized and nano-sized flow cells. DNA sequence data analysis and HLA genotyping were
performed using ImMunoGeneTics version 3.28.0 with Omixon Twin version 2.1.2 and
GenDx NGSengine analysis software version 2.6.0. The results generated by the two
programs were compared using the in-house developed software HLA Inspector version 1.1.

The goal of this study was to generate a comprehensive panel of publicly available,
characterized genomic DNA reference materials for testing of 11 HLA loci: HLA-A, B, C,
DRBI1, DRB3, DRB4, DRB5, DQAI, DQBI1, DPA1, and DPBI1. DNA from a panel of 108
publicly available cell lines derived from donors with a variety of ethnicities was chosen for
this study based on the diversity of HLA Balleles determined during a previous GeT-RM
study.?2 It was expected that by selecting a diverse set of samples, most of the common and
many of the rare genotypes of each gene would be represented. The consensus HLA
genotype for each DNA sample is given in Tables 1, 2, and 3.

HLA typing results using SBT, SSP, SSO, and NGS were 100% concordant. Results were
compared between NGS and at least one other method. Because of the technologies used,
these typing approaches give different kinds of genotyping results. NGS provides a
definitive genotype without ambiguities, whereas the other methods are less precise and
report a number of different possible allele combinations (ambiguity strings). As such,
concordance is then defined as agreement between the NGS genotype and the presence of
the NGS genotype within the ambiguity string provided by the legacy methods.
Concordance was determined between methods accounting for typings reported at two or
three fields, depending on the level reported by the legacy methods. Of the 1905 alleles
typed, no discordance was identified.
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Five unique novel alleles with differences in exonic regions were identified across a total of
six loci, and the sequences of three of the novel alleles are being submitted to the World
Health Organization Nomenclature Committee for naming. The first phased novel allele,
C*07:612 (sample NA17281), differs from C*07:02:0 1.01 in exon 5 at codon 277. The
codon change from TCT to TTT results in an amino acid change from serine to
phenylalanine (https://www.ncbi.nlm.nih.gov/genbank; accession number MG845550). The
second phased novel allele, DRPA1*02:10 (sample NA17020), differs from DRA1*02.02:02
in exon 3 at codon 96. The codon change from CCT to GCT results in an amino acid change
from proline to alanine (GenBank accession number MG938526). The third phased novel
allele, DPA1#*03:NEW-1 (sample NA17119), is an HLA-DFA1 allele that differs from
DPA1#*03:01in exon 1 at codon —31, which is the translation start site (GenBank accession
number MG836705). The codon change from ATG to ACG (methionine to threonine) is
presumed to shift the translation start to the next ATG, which is in frame at codon -25. This
would, in theory, create a translated peptide that is six amino acids shorter than the canonical
DPA1#03.:01 allele. More work is being performed to determine the effect of this nucleotide
change on the RNA and protein expression before the allele is officially named. Besides
these three phased and well-characterized sequences, there are three other unigue novelties
that were observed in exonic sequences but could not be fully phased across the targeted
region and therefore will not be submitted to the World Health Organization Nomenclature
Committee for naming. Two of the novel alleles are unique and are from samples NA17219
and NA10005. Sample NA17219 has a novel HLA-DPBI1 allele compared with
DPB1%*124:01 in exon 5 at codon 225, which changes CAA to CAG and is synonymous for
glutamine, DPB1*124.01:NEW. Sample NA10005 has a novel HLA-DFA1 allele compared
with DPA1*03:01 in exon 4 at codon 190, changing the codon ACG to GCG, resulting in an
amino acid change from threonine to alanine, DPA1*03:NEW-2. Although the novel
nucleotides could not be fully phased across the entire amplicon, each nucleotide
substitution was able to be phased to other known heterozygous positions that occur between
the alleles in the sample and thus assigned to a single allele. A third unphased sequence
(sample NA17115) exhibited the same nucleotide change as in sample NA17119 at the
DPA1 locus, whereby the translation start codon —31 is changed from ATG to ACG,
DPAI*03.NEW-1. In this second sample, NA17115, the combination of alleles is different
from that of sample NA17119, whereby the base change in exon 1 could not be phased with
exon 2. Therefore, even though it is assumed to be the same novel DPA1*03allele, the
sequence was not submitted to the World Health Organization Nomenclature Committee.

Ambiguities persisted in 50/1905 allele calls, with most attributable to alternative cis/trans
combinations of exons 2 and 3 of DPB1 (n= 21 pairs: 42 alleles) and eight caused by
polymorphisms in a noncovered region (exonl) of the DRBIand DPBI genes. According to
official nomenclature, G codes were used to designate a group of HLA alleles that have
identical nucleotide sequences across the exons encoding the peptide-binding domains. For
HLA-DRB1*12:01:01G, DRB1*15.:02:01G, and DPB1*13:01:01G, the alleles HLA-
DRB1%*12:10 (four cases), DRB1*15.:140 (two cases), and DPB1*107:01 (two cases),
respectively, could not be ruled out because of a lack of exon 1 coverage. All other DPBI1 G
groups were reported as G groups because exons 2 and 3 could not be phased and an
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alternative set of alleles existed that covered the known heterozygous positions. In these
cases, the distances between heterozygous positions were 700 to 4000 bases apart.

A total of 236 unique alleles were identified. Thirty HLA-A, 54 -B, 30 -C, 36 -DRBI1, 4 -
DRB3, 4 -DRB4, 3 -DRB5, 19 -DQAI, 17- DQBI, 10 -DPA1, and 29 -DPB1 alleles in
different heterozygous and homozygous combinations are represented in the panel and are
listed in Table 4. These alleles cover a high percentage of HLA specificities in each of five
different ancestry groups in the US population: European, African American, Asian/Pacific
Islander, Hispanic, and Native American (Supplemental Tables S1 and S2). Supplemental
Tables S3, S4, and S5 list the alleles at a two-field resolution and their cumulative
frequencies in the different populations. For HLA-A, B, C, DRB1, 3, 4, 5, and DQB1
frequencies were obtained from the Be The Match Registry23 (Be The Match Registry
Haplotype Frequencies, https://bioinformatics.bethematchclinical.org/HLA-Resources/
Haplotype-Frequencies/Be-The-Match-Registry-Haplotype-Frequencies, last accessed
November 10, 2017). Allele frequencies for HLA-DQA1, DPA1, and DPBI1 were obtained
from The Allele Frequency Net Database2 (http://www.allelefrequencies.net, last accessed
November 10, 2017) and US population data complemented with data from countries that
represented different ancestry groups.

Discussion

This study describes the characterization of 108 genomic DNA reference materials for HLA
genetic testing. The initiative led by CDC, in the context of the GeT-RM program, provides
publicly available and renewable characterized reference materials for HLA typing. Each
DNA sample has been characterized for all HLA classic polymorphic loci: HLA-A, B, C,
DRBI1, DRB3, DRB4, DRB5, DQA1, DQBI1, DPA1, and DPBI. This reference material can
be used by laboratories and other test developers to comply with regulatory and accreditation
requirements?>26 (New York State Clinical Laboratory Evaluation Program, https:/
www.wadsworth.org/regulatory/clep, last accessed January 24, 2018) for assay development,
assay validation, and verification, as well as quality control and proficiency testing. Many
professional guidelines2’-30 recommend the use of reference materials to ensure the quality
of the tests.

Reference materials should be thoroughly characterized using a variety of analytic methods
to confirm the presence of the expected variants and polymorphisms. The samples were
tested in three clinical laboratories using a variety of DNA sequence analysis methods to
ensure a robust and complete characterization of the 11 genes studied. The characterization
of the samples by NGS secured the best-quality typing results possible. No discordant
typings were found on comparison of genotypes reported by the legacy methods and that of
NGS.

Even though the NGS data may provide information that would enable the reporting of the
alleles at the four-field level, it was not included for two reasons. First, based on the study
design, the typing at the fourth field (introns) derived through NGS cannot be compared with
the results from the legacy methods because these intronic sequences are not characterized
by the legacy methods. Second, HLA genotyping at four fields remains a challenge in the
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laboratory because there are many alleles that are not defined at the fourth field, having no
characterized sequence in the intronic and/or UTR regions. In addition, for alleles that are
defined at the fourth field, it is not uncommon to find differences in the lengths of
homopolymers and other short tandem repeat regions that occur in the introns. It can be
difficult to sequence these repeat structures and accurately call the proper number of repeats,
which can change the fourth-field interpretation. In the absence of a second laboratory that
would confirm our intronic sequences with an independent NGS method, four-field results
were not reported. Finally, clinical laboratories that are implementing NGS are typically not
using the fourth field information for clinical decision making.

Reference materials should closely resemble patient samples and should contain variants and
polymorphisms that are common to the disorder being tested. Overall, the total number of
alleles included in the 108 DNA samples for each of the 11 loci cumulatively covered a high
percentage of allelic frequencies in five different ancestry groups in the US population:
Caucasian, African American, Asian or Pacific Islander, Hispanic, and Native American.
Thus, the variety of HLA alleles in this sample set will allow laboratories to have reference
materials for most of the HLA alleles commonly found in their testing populations and
should allow test developers and users to evaluate the ability of their assays to detect most
common HLA variants.

This collection of 108 well-characterized, cell-line-based DNA samples are publicly
available from the National Institutes of General Medical Science Repository at the Coriell
Cell Repositories (Coriell Cell Repositories, Camden, NJ). More information about the GeT-
RM program and other genomic DNA reference materials are available on the GeT-RM
website (https://wwwn.cdc.gov/clia/Resources/GetRM/default.aspx).

The complete sequence of the novel Callele, including exons 1 to 7 and all encompassed
introns, and the complete sequence of the novel DPA1 allele, including exons 1 to 4 and all
encompassed introns, were submitted to GenBank (https://www.ncbi.nlm.nih.gov/genbank;
accession numbers MG845550 and MG938526, respectively) and to the World Health
Organization HLA Nomenclature Committee for factors of the HLA system. The name
C*07:612and DRPA1*02:10, respectively, were officially assigned by the World Health
Organization Nomenclature Committee in February 2018 following the policy stipulated in
the most recent Nomenclature Report.1”

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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101010« 102020 « I010-GT«  9I010CT+~ TICLIVN
10-€0T0x 10-20-20 1010 TT 10-:20v0~ OTCLIVN

101010« 10100« 101067 10100~ 60CLTVN
10-€0°T0x 201010« 101020« I0'10-€0x  80CLIVWN

1010 T0 = 101020« I0-T0-T0~  LOCLIVN

101010« 201010« 1010-G7 I0-T0-€T~ 90CLTVN
S84Q-v1H 794d-v1H €84a-v1H T84Q-v1H sweN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



Page 17

Bettinotti et al.

102020 201010« 10-€0-€T I0v0-TT~ S8CLIVN

101010+ 101010« 10°10-GT « I0'10-GT+~ €8CLIVN
NCOT0-€0-T0 = 10-20-20 I0T0-€T 10100~ <8CLIVN

10-€0T0 = 101070« I0-10-T0~  T18CLIVN

102020« 201010« I0v0-TT « I0'10-€0x  08CLIVN

2010 T0« 101080 I0-T0-€0~ 6LCLTVN

102020 « I0T0TT = I0-10-80~  LLZLTVWN

101010« 201010« 10°10-GT « I0'10-€0x  9LZLTVWN
10-€0°T0 = 1010 T0 = 101020« 10100~ SLZLIVN

10-€0°T0« 10-€0T0 = 10-20-¥0 10-:c0¥0~ VLZLIVN

102010« I0°10-T0x  CLZLTVWN

101060« 10-20-20 10-20-€T « I0T0-€Tx~ 69¢LTVN

2010« NCO 106010 = 910:20-5T = 10100~ 89CLTVN
10100« 10-20-€T « I0°10-T0x  L92LTVWN

10-€0T0 = 10-20-20 I0TOTT I0-v0-¥0~ S9CLIVN

10-€0T0 = 101070« 10-€0-T0~  V¥9CLTVN

10-€0°T0 = 10°10-€0« 10-20-€T « 101020«  €9CLTVWN

10-€0T0 = 101080 I0-v0-¥0~  C9CLTVN

2020+« 10-€0°T0 = 2097 « I0-10¥0~ T9CLIVN
10-10°'T0 = 201010« 101020« I0'10-€0x  09¢LTVWN

NCOT0-€0-T0 = 10-20-20 I0TOTT I0-10-/0~  LSCLIVN

10-€0°T0« 10-€0°T0 = 101020+ I0-10¥0~ 9SCLTVN

201010« 101060« 10-€0-T0x  ¥SCLIVN

20100« 2010 T0« I0T0-€T I0-T0-€0~ 6YCLIVN

10-€0°T0 = 10-20-20 « I0V0-TT « 10100~ 8YCLIVN

102020 « 10-G0-€T « I0°10-T0x  LYZLIVWN

20100« 2010 T0« I0T0-€T I0-T0-€0~ 9YCLIVN

10-20-20 « I0V0-TT « 102010~  SYCLIVN

101010« 201010« 10°10-GT « I0°10-€T+«  YYCLIVWN
1010 T0 = 101060« 10-20-€T « 10100~ E€VCLIVN

101060« 10-20-€T I0-10-T0~  CYC/IVN

S84Q-v1H 794d-v1H €84a-v1H T84Q-v1H sweN
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01060« 01060« 10-20-CT « 1020CT«~  €60ECVN

20-€0-T0 = 10-€0T0 = 201060 10-:50-¥0~ 060€ECVN

10-20-80 « 102010~  8T9LTVN

10-10°'T0 = 10-10°'T0 = 101020« 101020«  99V.TVN

10-20-80 10-:20-80~ Ovv.IVN

10-€0°T0 = 201010« 109097 « 10-20¥0~ 8EVLIVN

10-€0°'T0« 10-10°'T0 = 101020« I0-v0-¥0x~ 00ELTVN

101010« 2010 T0« 101097 « I0-T0-€0~ 86CLIVN
101010« 101060« 101067 10-20-€T~ 96¢LTVN
101010« 201010« 10°10-GT « I0'10-€0x  S6CLTVN
101010« 1010 T0 = 101097 « 10100~ €6CLIVN
10-20-20 « I0T0TT = 20-€0-80~ C6CLIVN

10-€0°T0 = 102020 « I0°T0-TT « 101020+«  T6CLTVN

101010« 10-20-20 101097 « I0v5 ¥~ 06CLTVN
10-€0T0 = 101070« 10-¢0-T0~ 68¢LTVN

NCO 10-€0-10 = 102020 « 101020« I0'10-€0x  88CLIVN

102020« 10-20-20 I0TOTT I0T0-TTx  L8CLIVN

10100« 101060« 10-20-€T 10100~ 98¢LTVN
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201092 » 107070« 107020« 10€0°T0x 107090+« 102020«  I0T0-C0x 10-€0°T0x~ SOCLTVWN
910200~ 9I0T0-¥0~ 10€0°T0 « 10€0°10+ 102020~ 1071020+ 101090 107020  Vv0CLTVN
10°T0-97 2071020 » 10°€0°T0 « 10€0-T0x T10-€0-G0x 102020~ 101020 109010~  €0CLTVN
910200~  9I0T0-P0« I0€0T0 « 10€0°T0x T10T0-G0+x I0'T0€0x  10-50-G0 « 10-60°T0x~ TOCLTVWN
101070+ 2071020 » 10€0°T0 « 10€0-10+ 10-20-90 10.20v0x 101070 10.c0'T0x  OETLTIVN
I0T0-TT 107010+ 8071020 « 107020+ T0-€0-90x 1071090+ T0-€0T0~x 201010~  6CTLTVN
10989 x I0TETx  TMIN-E0x 107020« 10-20-90 P0T10°€0x  10-G0-G0 10.20°T0x~ 6TTLTVN
10¥89 6171020« T/MIN-EO~ 10€0°10x POT0-€0~ 10°710:€0x  10-G0-90 10-50-90~ STTLTVN
1071070+ 2071020 » 10°€0°T0 « 10€0-T0x T061.€0x 1071020+ 105090 x 10'70-90x~ VITLTVN
107070« 107010+ 20:20-20 « 10°€0°T0x 102090+« I0'T0€0x  10-50-G0 « 10.20°T0x~  V80LTVWN
1087 » 2071010 » 107020« 10€0°10+ 10T0-90~ 102020+ 101020 10-50°10~  8LOLTVWN
1071070+ 2071020 » 10°€0°T0 « 10€0°T0x 10-20-90x 10°T0-€0x 106090 x 10.20°T0x  SLOLTVWN
10T0-07T 107070« 107020« 10€0°T0x T10T0-G0+x I0'T0€0x  10-50-G0 « I0'T0'T0x~ €LOLTVWN
910200~ 9OI0T0-E0~ 10€0°T0 « 10€0°10+ 101070~ 10°710:€0x  10-°10-90 10-€0-€0x  8SO0LTVN
107090 x 107090 » 20:20-20 » 202020« 10-20-90 x 20:€0°€0 » 20°€0 » 10.20'10x~  LSOLTVWN
107070« 2071020 « I0€0°T0 « 10°€0°T0x 109090« 10:20°€0x  I0T0-E0+ 10.20°T0x~  ¢SOLTVWN
10710707 » 1071070+ 10°€0°T0 « 10€0°10+ 10-C0-€0~ v0-10-€0x  10-50-50 10°7T0-€0x  6EOQLTVN
102020 x 10.:20-20 » 0120 202020« 10T0-90 x 10°T0-€0x 101090 x 10-€0°T0x  0COLTVWN
10T0-€0 2071020 « I0€0°T0 « 10€0°T0x C0-€0-€0+x I0'T0€0x  I0T0-90+ 20-€0x 6TOLTVN
910104~ 9I0:20¥0~ 107020« 10€0°10+ T10T0-€0~ 102020 x 2050+ 107020+  6899TVN
107090 x 102070+ 202020 » 10€0°T0x T10TO-P0~ 10°T0-€0x 106090 x 10-€0-€0x  8899TVN
10°T0-G0 2071020 « 202020« 10€0°T0x 107090+« I0'T0€0x  I0T0-90+ 10-€0°T0x  VS99TVN
101070+ 2071020 » 10€0°T0 « 10€0-10+ I0T0-€0~ 10°710:€0x  10-50-90 10-50-90x €LCCTVN
1071070 x 2071020 » 10°€0°T0 « 10€0°T0x 10-C0-€0x 102020~ 101060~ 1071020+  VYZCTVN
10-05¢ x I0°T0P0« CMIN-E0x 10€0°T0x 10-20-90+x I0'T0€0x  I0-€0-€0+ 10.20°'T0x~  SO000TVWN
10°T0-ZT x 1071070+ 107020« 10€0-10+ I0T0-€0~ 102020+  10-50-90 10°70.20x  TOE60VN
107T0-G07 » 107010+ 10°€0x 202020« 10-20-90x 10.20-:€0x 101060~ 102010~  6EVLOVN
10T0-€0 2071020 « I0€0°T0 « 10€0°T0x T10T0-G0+« 10200« 20T0-¥P0+ 10-60°T0x~ 9T0COVN
19dA-v1H Tvda-viH 1904-V1H TvOa-v1IH sweN
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9OI0TO-ET = 201020 101020 « 10-€0°T0~ [0-€0-G0+ 20-€0-€0x 107020+ 10-€0°T0~ OVC.TVN
10-10°¥0« 101070« 106010« 10-€0-T0x  10-60-90« 10°10°€0x  10-G0-90« 10-20°T0x  LECLTVWN
910-20-v0=  OI0T0-¥0« 10-€0-T0 = 10-€0°T0x  10-20-90+ 102090~ 10200 10:20°T0x  9€CLTVN
10T0¥0 = 101070« 106010« 10-€0°T0~  10-C0-90+ 1020°€0x 101060~ 10-20°T0~  SECLTVN
910-20-¥0x  9OI010-€0x 106010« 10-€0°T0x  10-CO-¥0« 10°10'20x  I0'10-90x 20v0«  YECLIVN
101070« 101070« 10-€0-T0 = 10-€0°T0x  I0T0-90+« 20-€0-€0« 107020+ 2010 T0x  €ECLIVN
A 201020 106010« 10-€0°T0~ I0-T0-90+ 20-€0-€0x 101020+ cO0T0T0~  CECLTVN
9OI10-10-¥0x  9OI010-€0x 106010« 10-€0°T0x  I0-¥0-90« 10°10'90x  10-C0-T0x I010°T0x  TE€CLTVN
101007 = 101060« 101020« 10-€0°T0x  I0T0-90+« 1020°€0x I0T0-€0x I0T0°T0x  0ECLTVN
91020¥0=  OI0T0-€0x 106010« 10-€0°T0~ 10-C0-€0+ 101060 = 0G0« 10T0°€0~ 6CCLTVN
10-10°¥0« 101070« 106010« 10-€0°T0x  10-€0-90« 10°10°€0x  10-G0-90« 10-€0°T0x  8CCLTVWN
101070« 101070« 10-€0-T0 = 10-€0°T0x 107090« 101020~ 101090« 10:20°T0x  LTCLTVN
1010-GT = 101050 = 101020 « 10-€0°T0~ 107090« 1020.c0x 101020« 10-20°T0~  9¢CLTVN
9OI10-10-¥0x  9OI010-€0x 106010« 10-€0°T0x  10-CO-€0« 10-20-'€0x  I0'10-€0x I0'10°€0x  Vv2CLTVWN
910 T0-V0=  OI0T0-E0x 10-€0-T0 = 10-€0°T0x 107090« 10€0°90x 10700« 10:20°T0x  CCCLTVN
10T0V0 = 1010¥0 106010« 10-€0°T0~ 101060+ L[0°10°€0x  10-50-90+x 10-50°G0~ 1¢CLTVN
10-20-20 201020« 106010« 10-€0°T0x  I0-T0-€0« 10°10:20x  10-50-90« 10'10°50x 0CCLTVN
MIN-TOVCT = 105V« 101020« 10-€0°T0x I0-C0-€0+ 1020:20x I0-€0-€0x 1010°20~ 6TICLTVN
10T0V0 = 201020« 106010« 10-€0°T0~  10-C0-90+ 101020~ I010-90+x 10-20°T0~  8TICLTVN
10-20-¥0 = 101010+ 202020 « 10-€0°T0x  I0-T0-G0« 10°10'20x  I0'10-90x I0'10°T0x  LTCLTVWN
10°T0-90 102070« 9020« 10-€0°T0x I0T0-90+ 101020~ 101090« I0T0°T0x  9TCLTVN
10T0V0 = 101010« 201020 « 10-€0°T0~ 107090+ 101020~ I010-90+x 1020°T0~  STCLTVN
10-10°¥0« 201020+ 106010« 10-€0°T0x  10-C0-90« 10°10'90x  I0-G0-T0x 10-20°T0x  VICLTVN
10T0-€0x 101060« 10-€0-T0 = 10-€0°T0x I0-T0-90+« 1020°€0x 101060« I0T0°T0x  €TCLTVN
91020¥0=  OI0T0-¥0« 106010« 10-€0°T0~  10-60-90« 102090 c0-c0-T0« 1020°T0~  CICLTVN
201020 « 201020« 106010« 10-€0°T0x  10-C0-90« 10°10°€0x  10-50-90« 10-20°T0x  TICLTVN
101070« 101070« 10-€0-T0 = 10-€0°T0x I0-C0-€0+ 101060~  10-G0-90« 1010°€0~ OTCLTVN
10T0V0 = 201020 106010« 10-€0°T0~  10-C0-90+ 1020.c0x 10100~ 10-20°T0x 60CLTVN
1010/ T = 101070« 101020 « 10-€0°T0x  10-C0-C0« 10°10'20x  I0'10-90x 10'10°20x  80CLTVN
910-20¥0=  920-10-20« 10-€0-T0 = 10-€0°T0x I0T0-90+« 102020~ 101020« I0T0°T0~  LOCLTVN
91020-¥0= 9201020« 106010« 10-€0°T0~  10-€0-90+ 102090 I0-€0-T0x 10-20°T0x  90CLTVN
19da-v1H Tvda-v1H 190Q-V1H TvOa-v1H sweN
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1010707 = 101070« 106010« 10-€0°T0~ 101060+ 101060~  10-50-90+x 10-50°G0~ S8CLTVN
10-10°¥0« 101070« 106010« 10-€0°T0x  10-C0-90« 10-20'90x  10-C0-T0x 10-20°T0x  €8CLTVN
101070« 201020« 10-€0-T0 = 10-€0°T0x  I0-€0-90+ 20-€0-€0« 107020+ 10-€0°T0x  C8CLTVN

91020¥0=  OI0T0-¥0 = 106010« 10-€0°T0~ I0-70-90+ 1020°€0x 101060~ I0T0°T0~ 18CLTVN
910-20-¥0x  9OI010-¥0« 106010« 10-€0°T0x  I0-T0-€0« 10°10'C0x  10-50-90« 10'10°50x 08ZLTVN
101070« 201020« 10-€0-T0 = 10-€0°T0x  10-:20-V0+« 101020~ 101090« 101070~ 6LCLTVN
10T0¥0 = 101070« 106010« 10-€0°T0~ 10-C0-V0+ 101060~  10-50-90+x 10100~  LLCLTVWN
10-10°'T0 = 101010« 20100 « 20°10:C0x  10-C0-90« 10°10'20x  I0'10-90x 10-20°T0x  9LCLTVWN
101070« 101070« 10-€0-T0 = 10-€0°T0x 102020+ 102020~ 101020« 1010°20~  SLCLTVN
10T0¥0 = 101070« 106010« 10-€0°T0~ 10-C0-€0+ 1020°€0x I0T0-€0x 1010°€0~ V.CLTVN
10-10°¥0« 101070« 106010« 10-€0°T0x  I0-T0-90« 10°10'90x  20'10-T0« I010°T0x  CLCLTVWN
101090« 201020« 9020« 10-€0°T0x 107090« 10€0'90x I0-€0-T0x 10:20°T0x  69CLTVN
10T0¥0 = 1010¥0 106010« 10-€0°T0~  I0-70-90+ 20-€0-€0x 107020+ 10-€0°T0x 89CLTVN
10-10°¥0« 101070« 106010« 10-€0°T0x  I0-¥0-90« 10°10'90x  I0-C0-T0x I010°T0x  L9CLTVWN
910 T0-V0=  OI0T0-E0x 10-€0-T0 = 10-€0°T0x I0-C0-€0+ 10°10°€0x  10-G0-90« I0T0°€0x  S9CLTVN
10°10-90 = 1010¥0 106010« 10-€0°T0~ I0-T0-90+ 1020°€0x I0T0-€0x I0T0°T0~  V9CLTVN
9OI0T0-€T 201020« 106010« 10-€0°T0x  I0-¥0-90« 10-20'c0x 101020« 10-20°T0x  €9CLTVWN
101070« 101070« 10-€0-T0 = 10-€0°T0x  10-20V0+ 1020°€0x I0T0-¥0« I0T0°€0x  C9CLTVN
10T0V0 = 1010¥0 106010« 10-€0°T0~ 10-C0-G0+ L[0T0°€0x  [0-€0-€0x 202010~  19¢LTVN
201020 « 101010+ 201020 « 106010+  10-C0-C0« 10°10'20x  I0'10-90x 10'10°20x  09CLTVWN
910 T0-V0=  OI0T0-E0« 10-€0-T0 = 10-€0°T0x 20-€0-€0+ 101060~  10-G0-90« 1010°20~  LSCLTVN
L10T0/T = 201020« 101020 « 10-€0°T0~ 10-C0-€0+ 1020'c0x 101060~ 1010°20~ 9SCLTVN
10-10°¥0« 101010+ 201020 « 10-€0-T0x  I0-T0-90« 10°10'20x  I0'10-90x I0'10°T0x  VSCLTVN
910:20v0=  OI0T0-¥0« 10-€0-T0 = 10-€0°T0x  10-€0-90+ 101020~ 101090« 10-€0°T0x 6VCLTVN
101060« 10-20¥0 101020 « 10-€0°T0~ 101060+ 102020~ 10-50-90+x 1010°C0~ 8VCLTVWN
10-10°¥0« 101070« 106010« 10-€0-T0x  I0-T0-90« 10°10°€0x  10-50-90« I0'10°T0x  LVZLTVWN
101070« I0T0°T0 = 20°10-20 10-€0°T0x  I0-€0-90+ 101020~ 101090« 10-€0°T0x  9VCLTVN
10T0V0 = 10°10¥0 106010« 10-€0°T0~ I0T0-90+ 101060~  10-50-90+x c010°T0~  SVZLTVN
10-10°¥0« 101070« 106010« 10-€0°T0x  10-€0-90« 10-20'90x  I0-€0-T0x 10-20°T0x  VvvZlTVWN
101090« 101070« 10-€0-T0 = 10-€0°T0x 107090+ 102020~ 101020« 1020°T0x  E€VCLTVN
10T0V0 = 201020 106010« 10-€0°T0~ 107090« 101090~ I0-20-T0x I0T0°T0~  CVCLTVN
19da-v1H Tvda-v1H 190Q-V1H TvOa-v1H sweN
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10-TC « 10°10-50 « 202020 « 10-€0°T0x  I0-T0-€0« 10°10°€0x  I0'10-90x 10'10°90x  €60€CVN
101090« 201020« 20-20-20 + 10-€0°T0x  I0T0V0+ 20-€0-€0« I0-€0-E0+ 2060« 060ECVN
1010707 = 10-20¥0 106010« 10-€0°T0~ I0-T0-90+ 1020v0~ I0T0-¥0« cO0T0°T0~  8I9LTVN
10 T0PT = 101070« 101020 « 10-€0°T0x  10-C0-C0« 10-20'c0x 101020« 10°10°20x  99V.TVWN
101070« 101070« 10-€0-T0 = 10-€0°T0x  10-20V0+ 1020v0x I0T0-¥0x 101070~ Ovv.TVN
L0TOVT = 10-20¥0 101020 « 10-€0°T0~ 10-C0-€0+ 101060 = 0G0« 10T0°€0~ 8EV.IVN
1010/ T = 101070« 101020 « 10-€0°T0x  10-C0-€0« 10-20'c0x  I0'10-€0x 10'10°20x 00ELTVN
101070« I0T0°T0 = 20-10-20 10-€0°T0x  10-20-90« 101020~ 101090« 10:20°T0x  86CLTVN
1010-90 1010¥0 101020 « 10-€0°T0~  10-60-90« 1020'90x 102010« 1020°T0x  96CLTVN
9I0-10-6cx  9I0-C0-¥0« 106010« 10-€0°T0x  10-C0-90« 10°10'20x  I0'10-90x 10-20°T0x  S6CLTVN
9101050«  9OI0T0-€0« 90-20« 10-€0°T0x  10-20-90« 102020~ 101020~ 1020°T0x  €6CLTVN
201020 « 0100« 101020 « 10-€0°T0~ 101060+ L[0°T0°€0x  I010-90x 10-50°G0~ ¢6CLTVN
910-20-¥0x  9OI010-¥0« 106010« 10-€0°T0x  I0-T0-€0« 10-20-'c0x  10-50-90« 10'10°20x  16CLTVN
101070« 101070« 10-€0-T0 = 10-€0°T0x I0-€0-90+ 102090 I0v0-T0x 2020°T0x  06CLTVN
10T0V0 = 10°10¥0 106010« 10-€0°T0~ I0T0-90+ L[0T0°€0x  [0-€0-€0x c0T0'T0~  68CLTVN
10-10°¥0« 101010+ 201020 « 106010+  20-€0-€0« 10°10'20x  I0'10-90x 10'10°20x  88CZLTVN
101070« 101070« 10-€0-T0 = 10-€0°T0x I0T0-€0+« 101060  10-50-90« 10-:50°90~  L8CLTVN
1020-v0« 10-20¥0 106010« 10-€0°T0~  10-60-90« 1020.c0x 10100~ 10-20°T0~  98CLTVN
19da-v1H Tvda-v1H 190Q-V1H TvOa-v1H sweN
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T0O:0SEx TO:€0:¥T«  TOW0:9T«  TO:TO:LEx  T0-:€0:89x
TOTET« TO'SO:E€Tx  TO:C0:9T+ €C'GEx  T0:¢0:89«
MINTOVCTx TO€0:E€Tx  TO:TO:9T+« T0:0C:SEx  <0:T0:89x
TO:TO'S0T» T0:CO:E€Tx  C0:G0:ST« TO:CT:SEx  TO0-TO:99x
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