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Preface

Blood samples are widely used as biological specimens for diagnostic or research purposes.
There are many examples of important disease markers which can be investigated using
peripheral blood. In the context of blood transtusion and immunohematology, blood
itselt is the target of investigation with regard to the determination of blood groups and
the screening for antibodies. Furthermore, blood samples represent the main source of
genetic material, i.e., DNA and RNA, for analyzing gene mutations, polymorphisms, and
expression at the molecular level.

The development of novel bioanalytical technologies for complex and quantitative
molecular analysis of DNA, RNA, proteins, and cell functions led to the introduction of
‘-omics’ terms such as genomics, transcriptomics or proteomics. These molecular profil-
ing approaches have opened up a broad field of research and may help to identify fur-
ther disease markers in blood. Recently developed techniques, such as microarrays or
bead arrays, represent the basis of high-throughput multiplex DNA typing and RNA
profiling. Such methods have been applied already to blood cells or plasma and many
of them were adapted to the special characteristics of blood cells. Thus, protocols have
been developed to achieve diagnostic systems in the fields of genotyping for blood cell
antigens including Human Leukocyte Antigens (HLA) and blood groups. The diagnostic
systems are of great importance in blood transfusion and organ transplantation. Further-
more, special protocols were adapted to particularities of certain blood cell types such
as platelets or reticulocytes in order to address questions in the field of gene expression
analysis.

The aim of DNA AND RNA PROFILING IN HUMAN BLOOD is to bring together
established, standardized, and recently developed protocols for complex and/or high-
throughput DNA and RNA profiling. This book consists of two sections, Part I: DNA
Profiling for Blood Cell Antigens, and Part 11: RNA Profiling in Blood Cells. In Part I,
a number of methods and protocols describe high-throughput multiplex approaches for
genotyping of various blood cell antigens (see Chapters 1-5, 8, and 9). Blood grouping
by DNA typing also includes a step-by-step protocol for prenatal RhD determination using
of maternal plasma (see Chapter 11). Other DNA protocols describe modern techniques
for SNP typing other than blood cell antigen SNPs (se¢ Chapters 6, 7, 10 and 12) that
may serve as examples to establish protocols for the own purposes.

Part II is focused on RNA profiling methods and protocols that have been
adapted to the special characteristics of certain blood cell types such as platelets (see
Chapters 16-18), reticulocytes (see Chapter 20) or megakaryocytes (see Chapter 19).
Furthermore, methods and protocols are included to describe recently developed tech-
niques which have been applied to blood samples (see Chapters 13, 14, 21, and 22) or
which may be applied to RNA samples of any type of biological source (see Chapters 12
and 15).

This book summarizes contributions from leading international experts in the fields of
DNA and RNA profiling. As editor of this volume, I am very grateful indeed to themfor
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their willingness to provide an insight into their knowledge and to provide the detailed
step-by-step protocols. I also wish to thank Steffanie Bickelhaupt and Daniela Griffiths for
considerable editorial and secretarial assistance.

Peter Bugert
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Chapter 1

PCR-ELISA for High-Throughput Blood Group Genotyping

Maryse St-Louis

Abstract

During the last decade, blood bank specialists have shown an increased interest in molecular analyses to
complement serology work in determining blood group antigens. To efficiently respond to the numerous
demands made for hemolytic disease of the newborn cases and polytransfused patients, we designed an
inexpensive colorimetric high-throughput method to genotype several blood group antigens rapidly.
Three simple steps are required to perform this technique: genomic DNA extraction, PCR amplification,
and amplicon detection by a microplate ELISA. The 96-well plate format facilitates the manipulations
and enables the analysis of multiple samples at once or the analysis of multiple antigens for fewer samples.
The most common and clinically relevant minor blood group antigens were adapted to this method and
are described in this work: Rh (D, C, ¢, E, ¢), Kell (K, k), Duffy (Fy?, Fy®), and Kidd (Jk?®, Jk®). Other
blood group antigens could be easily tested this way as long as their molecular basis is well established.

Key words: Blood groups, genotyping, PCR-ELISA, microplate, biotin, DIG.

1. Introduction

Red blood cell antigens identification by agglutination-based
assays remains the gold standard in the field of blood banks.
However, molecular biology analyses have taken up more space
over the years to complement the serology work especially
for complex cases. A constant increase for DNA-based analy-
ses has been observed since. In order to efficiently respond to
these demands, we developed an inexpensive colorimetric high-
throughput method in a microtiter plate format to detect DIG-
labeled PCR products by specific hybridization to a capture
oligonucleotide bound to a microplate well (1).

This PCR-ELISA technique is done in three easy steps:
genomic DNA extraction, PCR amplification, and detection by an

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
© 2009 Humana Press, a part of Springer Science+Business Media
DOI 10.1007/978-1-59745-553-4_1 Springerprotocols.com
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ELISA. The DNA extraction is performed by using commercially
available reagents. During the PCR amplification, a small portion
of the regular nucleotides mix is replaced by DIG-labeled dUTP,
resulting in DIG-labeled amplicons. The detection is done by
ELISA in a 96-well plate. The denatured PCR product is added
to the well already coated with streptavidin to which bind the 5'-
biotinylated capture oligonucleotide specific to our target DNA.
An hybridization will result between the PCR product and the
capture oligonucleotide. After removal of non-hybridized PCR
products, the specifically bound products are detected by an anti-
DIG antibody coupled to a peroxidase molecule which is then
revealed by the enzyme substrate. The resulting coloration is read
on a regular plate reader.

This method presents several advantages: high specificity
(specific-capture oligonucleotide), high sensitivity (up to 100
times more sensitive than ethidium bromide stained gels), and
flexibility (capture oligonucleotide can be changed to detect other
amplicons). This technique and variations of it have been used by
many groups to detect genes in different types of organisms such
as parvovirus B19 (2), hepatitis B virus (3), MRSA (4), Plasmod-
wuwm folciparum (5), CMV (6), HIV (7), and Aspergillus fumi-
gotus (8). In 2003, this methodology was adapted by our group
to detect the presence of West Nile virus in blood donor plasma
before any commercial assays were made available (9).

2. Materials

2.1. Genomic DNA
Extraction

2.2. PCR
Amplification

1. Peripheral blood sample of about 7 mL is collected on EDTA
and stored in aliquots at —20°C until processed (see Note 1).

2. QIAamp DNA blood mini kit (Qiagen, Mississauga, ON,
Canada) (see Note 2).

1. All primers for the PCR amplification were synthesized
by Invitrogen (Burlington, ON, Canada) or Sigma-Genosys
(Oakville, ON, Canada). Table 1.1 lists the primers used in
each assay, including primers for internal controls along with
their concentration. Internal controls are essential in this type
of assay to monitor the amplification success. Primer pools
are prepared and stored in aliquots at —35°C before use (see
Note 3). The volumes are calculated to have the required con-
centration in 5 pL of primer pools for a 25 pwL reaction.

2. AmpliTaq Gold (Applied Biosystems, Foster City, CA) is used
(see Note 4) along with its 1x GeneAmp PCR Bufter II and
1.5-2.5 mM MgCl,. All reagents are stored at —20°C, except
MgCl,, which is kept at 4°C to avoid ice crystals formation.
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PCR amplification primers (reproduced in part from ref. 1 with permission from
Blackwell publishing)

Quantity Size
Antigen Primer Sequence (5’ to 3') (ng) Product (bp)
D 53 F GTG GAT GTIT CTG GCCAAGTT 50 Exon 5 157
54 R cac CTT GCT GAT CTT ACC 50
58 F aa cag GTT TGC TCC TAAATATT 50 Exon 9 71
59 R AAA CTT GGT CAT CAA AAT ATT 50
TAA CCT
60 F CCT TCC TGG GCA TGG AGT 5 B-Actin 200
CCT G
61 R GGA GCA ATG ATC TTG ATC TTC 5
C/c 63 F ca ggg cca cca ttt gaa 50 Intron 2 360
64 R gaa cat gcc act tca ctc cag 50
65 F TCG GCC AAG ATC TGA CCG 15 Exon 2 177
66 R TGA TGA CCA CCT TCC CAG G 15
90 F TGC CTT CCC AAC CAT TCC 15 HGH 432
CITA
91 R  CCACTCACG GAT TTC TGT TGT 15
GTT TC
Ig 67 F CCA AGT GTC AACTCT C 37.5 Exon 5 141
72R  CAT GCT GAT CTT CCT 37.5
69 F ACA GAC TAC CAC ATG AAC 15 RHD/RHCE exon4 94
70 R GCT TTG GCA GGC ACC AGG 15
CCA C
e 71 F CCAAGT GTCAACTCT G 37.5 Exon 5 141
72 R CAT GCT GAT CTT CCT 37.5
69 F ACA GAC TAC CAC ATG AAC 15 RHD/RHCE exon 4 94
70 R GCT TTG GCA GGC ACC AGG 15
CCA C
K 112 F  tctc tet cct tta aag CTT GGA 100 Exon 6 83
93 R  TCA GAA GTC TCA GCA 100
60 F CCT TCC TGG GCA TGG AGT 10 B-Actin 200

CCT G
61 R GGA GCA ATG ATC TTG ATC TTC

10

(continued)
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Table 1.1 (continued)

Quantity Size

Antigen Primer Sequence (5’ to 3') (ng) Product (bp)
k 112 F t cte tet cet tta aag CTT GGA 100 Exon 6 83

92 R TCA GAA GTC TCA GCG 100

60 F CCT TCC TGG GCA TGG AGT 10 B-Actin 200

CCT G

61 R GGA GCA ATG ATC TTG ATC TTC 10

Fy? 158 F CtC att agt cct tgg cte tta t 132 Exon 1 711

159 R AGC TGC TTC CAG GTT GGC AC 122

90 F TGC CTT CCC AAC CAT TCC 20 HGH 432
CITA
91 R CCA CTC ACG GAT TTC TGT TGT 20
GITTC
Fyb 158 F Ctc att agt cct tgg cte tta t 132 Exon 1 711

160 R AGC TGC TTC CAG GTT GGC AT 122

90 F TGC CTT CCC AAC CAT TCC 20 HGH 432
CITA
91 R CCA CTC ACG GAT TTC TGT TGT 20
GTT TC
Jk2 162 F GTC TTT CAG CCC CAT TTG 63 Exon 4 131
CGG
161 R GCA CAG CCA AGA GCC AGG 63
AGG
90 F TGC CTT CCC AAC CAT TCC 15 HGH 432
CITA
91 R CCA CTC ACG GAT TTC TGT TGT 15
GTT TC
Jkb 163 F GTCTTT CAG CCC CAT TTG CGA 63 Exon 4 131
161 R GCA CAG CCA AGA GCC AGG 63
AGG
90 F TGC CTT CCC AAC CAT TCC 15 HGH 432
CITA
91 R CCA CTC ACG GAT TTC TGT TGT 15
GTT TC

Primer orientation: F = forward; R = reverse; lowercase letters: intronic sequences; bold letters: polymorphisms;
quantity for a 25 pL reaction; HGH = human growth hormone.
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3.

10.

11.

12.
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Digoxigenin-dUTP (1 mM) (Roche Diagnostics, Laval, QC,
Canada) stored in aliquots at —20°C from which 5 pL is added
to the 100 wL. dNTPs solution described below.

. dNTPs (1 mM) are prepared from a 10 mM stock (Invit-

rogen) and stored in aliquots at —20°C. The dTTP concen-
tration is reduced to 0.95 mM to be replaced by an equiva-
lent concentration of digoxigenin-dUTP (0.05 mM) (ratio of
dUTP/dTTP is 1:19).

. Flat-bottom 96-well Immulon II plates (Dynatech Laborato-

ries, Chantilly, VA) (see Note 5).

. Solution of 1x PBS: 10 mM phosphate bufter, pH 7.4; 136

mM NaCl; Dubelcco‘s PBS), stored at 4°C (Invitrogen).

. Solution of Ix PBS-0.01% thimerosal (Sigma-Aldrich, St.

Louis, MO, USA), stored at 4°C light protected.

. Solution of 1x PBS-0.25% casein—0.01% thimerosal (casein:

EM Science, Gibbstown, NJ, USA), stored at 4°C.

. Solution of 250 ng streptavidin (Jackson ImmunoResearch,

West Grove, PA, USA) is prepared from a stock solution of
1 mg/mL diluted in 1x PBS-0.01% thimerosal. Stored in
aliquots at 4°C.

. Carbonate buffer (115 mM), pH 9.6: 31 mM Na,CO3; 84

mM NaHCOg3; 0.02% NaNjz (Sigma-Aldrich). The pH is
adjusted with concentrated NaOH and stored at 4°C.

. All biotinylated capture oligonucleotides were synthesized by

Invitrogen or Sigma-Genosys (see Table 1.2). They hybridize
to the middle part of the amplicon (see Note 6). A stock
solution is prepared at 50 pM and stored in aliquots at —
20°C.

. NaOH (1 N)-0.5 mg/mL thymol blue is prepared from 10

N NaOH and 10 mg/mL thymol blue (Sigma-Aldrich) (see
Note 7) and stored at room temperature.

. NaH»POy4 (0.5 M) to neutralize NaOH (stored at room tem-

perature).

Solution of 150 U/mL anti-DIG-POD Fab fragment (Roche
Diagnostics) is prepared in H, O and stored in aliquots at 4°C
away from light (see Note 8).

Ready to use peroxidase substrate TMB (ScyTek Laborato-
ries, Logan, UT) Stored at 4°C away from light.

H,S04 (1 N) (stop solution) prepared from 10 N H2SO4
and stored at 4°C.

3. Methods

This technique is based on PCR amplification of specific single
nucleotide polymorphisms (SNPs). Special care should be given

to

the preparation of the PCR mix to avoid contamination. We
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Table 1.2

PCR-ELISA capture oligonucleotides (reproduced from ref. 1 with permission from
Blackwell publishing)

Antigen Primer Sequence (5’ to 3') Specificity
D 48 Biotin-TGT TCA ACA CCT ACT ATG CT Exon 5

125 Biotin-AAT ATG GAA AGC ACC TCA TG Exon 9

126 Biotin-AAG ACC TGT ACG CCA ACA CA B-Actin
C/c 171 Biotin-(T);5 TTC AGG GTG CCC TTT GTCACT T Intron 2 (C)

170 Biotin-(T);, TTC ACC TCA AAT TTC CGG AGA C  Exon 2 (c)

173 Biotin-(T);5 CTC AGA GTC TAT TCC GAC ACC HGH
E/e 48 Biotin-TGT TCA ACA CCT ACT ATG CT Exon 5

127 Biotin-TCT ACG TGT TCG CAG CCT AT RHD/RHCE exon 4
K/k 180 Biotin-(T);5 CGC ATC TCT GGT AAA TGG AC Exon 6

126 Biotin-AAG ACC TGT ACG CCA ACA CA B-Actin
Fy*/Fy® 189 Biotin-(T);5 GAT TCC TTC CCA GAT GGA GA Exon 1

173 Biotin-(T);5 CTC AGA GTC TAT TCC GAC ACC HGH
Jk2/Jkb 190 Biotin-(T);5 AAT GTT CAT GGC GCT CAC CT Exon 4

173 Biotin-(T);5 CTC AGA GTC TAT TCC GAC ACC HGH

HGH = human growth hormone.

3.1. Genomic DNA
Extraction

3.2. PCR
Amplification

3.3. PCR-ELISA

usually work in separate rooms for the pre-PCR, PCR, and post-
PCR steps. Each room contains dedicated equipment and mate-
rials to reduce even more the risk of contaminations. No DNA is
allowed in the pre-PCR room.

1. Extract DNA from whole blood according to the manufac-
turer‘s specifications.

2. Measure the DNA concentration by spectrophotometry or
other means.

3. Store purified DNA at -35°C.

1. Amplify DNA following a classic PCR procedure, except that

nucleotides include digoxigenin-dUTDP to label the amplicons.
Table 1.1 lists the oligonucleotides and their concentration,
Table 1.3 describes the reaction mix and Table 1.4, the ther-
mocycler program profile for each assay (see Note 9). Control
DNA with known phenotypes are essential to set up the assay.

1. Coat Immulon II plate by adding 100 pL of 2.5 pg/mL
streptavidin diluted in 115 mM carbonate buftfer at pH 9.6
to each well. Cover plates with adhesive lid and incubate at
4°C overnight or until later use (see Note 10).
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Table 1.3

PCR reaction mix for a 25 L reaction
Materials D C/c Ele K/k Fy'/Fy®  Jk*/JK°
H,O Varies Varies Varies Varies Varies Varies
10x PCR Buffer II (nL) 2.50
25 mM MgCl, (rL) 2.50 2.50 1.50 3.00 1.50 1.50
1 mM dNTPs-DIG (pL) 1.25
Primer pool®(pL) 5
AmpliTaq Gold (L) 0.50 0.25 0.50 0.50 0.25 0.25
DNA (~50 ng) or H,O Varies Varies Varies Varies Varies Varies
Final volume (pL) 25

APrimer pools are prepared to genotype RhE, Rhe, K, k, Fy?, Fy®, Jk?, and JkP separately as presented in Table 1.1.

Table 1.4
Thermocycler program profile for each assay
Program profile D Clc Ele K/k Fy*/Fy>  JK*/JKP
Initial denaturation® 94°C /9 min
32 cycles
Denaturation 94°C/30 s
Annealing 55°C/30s 65°C/30s 49°C/30s 58°C/30s 64°C/30s 61°C/30s
Extension 72°C/30 s
Final extension 72°C/5 min
Holding 4°C

4Recommended to activate AmpliTaq Gold. It may be different for other enzymes. It is possible to use a gradient
thermocycler to amplify multiple alleles in one run (se¢ Note 9).

. Wash wells six times with 1x PBS manually or with an

automated plate washer. Tap the plate on a dry, lint-free,
absorbent cloth.

. Block wells by adding 300 pL of 1x PBS-0.25% casein—

0.01% thimerosal and incubate for at least 30 min at 37°C
(see Note 11).

. Empty the wells by inverting the plate.
. Add appropriate capture oligonucleotide to each well (20

ng/100 pnL 1X PBS-0.25% casein—0.01% thimerosal) and
incubate for at least 1 h at 37°C (see Table 1.2 for the list
of capture oligonucleotides).

. Repeat washes as described at step 2.
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. To each well, add 48 pL 1x PBS-0.25% casein—0.01%

thimerosal.

. Add 2 pL of PCR products to each specific well (see

Note 12).

Add 10 pL of 1 N NaOH-0.5 mg/ml thymol blue to each
well to denature PCR products. Mix well until a uniform
blue coloration is obtained. Incubate for 10 min at room
temperature.

Add 30 pL of 0.5 M NaH,POy4 to each well to neutral-
ize NaOH. Mix well until a uniform yellow coloration is
obtained. Incubate for at least 1 h at 37°C (RhD, RhE, Rhe,
K, k) or 55°C (RhC, Rhc, Fy*, Fy®, Jk?, Jk®) (sec Note 13).
Repeat washes as described at step 2.

Add to each well 100 pL of anti-DIG-POD diluted 1:1000
(0.15 U/mL) to 1:5000 (0.03 U/mL) in 1x PBS-0.25%
casein—0.01% thimerosal. Incubate at least 1 h at 37°C away
from light.

Repeat washes as described at step 2.

Add to each well 100 pLL of TMB to reveal the results. Incu-
bate 30 min at room temperature away from light. Positive
wells should show a yellow coloration.

Add to each well 100 pL of 1 N H>SOy4 to stop the reaction.
Read the plate on a plate reader at 450 nm with a reference
at 630 nm.

HGH

oooooo@oggmm
.QQ..QQQQQ. HoH

13 14 15 16 17 18 19 20 21 22 23 24

Fig. 1.1. PCR-ELISA results for RhC and Rhc. Results example for RhC/Rhc genotyping.
Rows A and E: RhC; rows B and F: Rhc; and rows C and G: HGH (internal control). Rows
D and H were empty. Samples 1 and 13: water control; samples 2, 10, and 18: Rhc/Rhc,
samples 3-9, 11-12, 14, 16-17, 19, 21, and 24: RhC/Rhc; samples 15, 20, 22-23:
RhC/RnC. Internal control is positive for every DNA sample.
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Table 1.5
PCR-ELISA mean 0D values (reproduced in part from ref. 1 with permission from
Blackwell publishing)
Antigen-negative Antigen-positive Ratio (positive/

Antigen Water control samples samples negative)

D 5(0.050 + 0.040) 15 (0.187 + 0.167) 85 (3.252 =+ 0.340) 17.4

C 10 (0.086 + 0.065) 30 (0.183 + 0.097) 70 (3.478 £ 0.102) 19.0

c 7 (0.115 £ 0.016) 20 (0.239 £ 0.098) 80 (3.500 + 0.000) 14.6

13 10 (0.050 £ 0.036) 70 (0.047 + 0.027) 30 (3.186 £ 0.448) 67.2

¢ 10 (0.078 £ 0.023) 4 (0.082 £ 0.027) 96 (3.496 £ 0.039) 42.6

K 10 (0.075 & 0.047) 95 (0.093 & 0.045) 5(2.837 £ 0.615) 30.5

k 9 (0.076 £ 0.033) 0 (no samples) 100 (3.494 + 0.052) -

Fy? 10 (0.084 & 0.045) 40 (0.223 4+ 0.089) 60 (3.420 + 0.229) 15.3

FyP 10 (0.078 & 0.046) 22 (0.181 + 0.084) 78 (3.302 + 0.418) 18.2

IS 10 (0.057 + 0.032) 30 (0.280 & 0.104) 70 (3.484 =+ 0.044) 12.4

Jkb 10 (0.093 + 0.043) 24 (0.598 + 0.246) 76 (3.482 £ 0.047) 5.8

Data presented as number of samples (mean OD =+ SD).

3.4. Results
Interpretation

The optical density (OD) results obtained for the water controls
should be low (<0.125, se¢ Note 14) and the OD for the internal

control should be strongly positive for each DNA sample (often
“over”). To consider a sample positive, its OD should be high
(>2.5). A negative sample should have a low OD. Figure 1.1
illustrates a result example for RhC and Rhc genotyping. Positive
wells are dark while negative wells are light or clear. Table 1.5
shows the mean OD values obtained for each genotyping assay.
The ratio (positive /negative) is also indicated. These ratios varied

from 5.8 (Jk®) to 67.2 (RhE).

4. Notes

. EDTA tubes work fine for DNA preparation as well as

sodium citrate. Heparin tubes are to be avoided, since hep-
arin inhibits the polymerase.

. Qiagen was used for DNA preparation, but any other

renowned manufacturer should be appropriate.

. We have seen occasionally problems when using primer pools

freshly prepared. We now store every pool at —35°C at least
overnight before use.

. All our PCR assays were developed with AmpliTaq Gold.

No other enzymes were used. The AmpliTaq Gold has been
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modified chemically and is stable at room temperature. When
preparing the PCR mix, all reagents were kept at room tem-
perature. Other conditions could be necessary if you use a
different DNA polymerase. Read carefully the packing insert
provided with the enzyme. The specific SNP amplification
could not work properly if using a more basic type of poly-
merase. During development, make sure the amplification is
valid (e.g., agarose gel) before continuing to the ELISA step.
Costar and Crosslink plates were compared to Immulon II.
Costar did not bind any capture oligonucleotides. Crosslink
were great at binding, but the cost was considered to high
for this type of technique.

A T-linker had to be added in 5" of the capture oligonu-
cleotide for some assays to increase the signal to noise ratio.
Thymol blue is a pH indicator. It is optional.

Do not freeze this antibody and keep away from light.

To accelerate the procedure, a gradient thermocycler should
be used. For example, to genotype RhE, Rhe, RhD, K, and k
in one PCR run, set the annealing temperature at 49°C with
a gradient of 9°C. The temperature should be: row 1, 49.0°C
(RhE); row 2,49.3°C (Rhe); row 8, 55.2°C (RhD); row 11,
57.8°C (K); and row 12, 58.1°C (k).

Coated plates were stored at 4°C for as long as 3 months
with same quality of results.

A dark dry incubator was used throughout the PCR-ELISA.
A schematic plate or work sheet should be used to follow the
samples within the PCR-ELISA plate.

The hybridization temperature could vary depending on the
length and the T}, of the capture oligonucleotide used.

The optical density (OD) results may vary depending on
the plate reader used. The one we used states “over”
when the OD is above 3.5 (software: Revelation 4.02 from
Dynatech Laboratories and plate reader: MRX from Dynex
Technologies).
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Chapter 2

Single Base Extension in Multiplex Blood Group Genotyping

Gregory A. Denomme

Abstract

Transfusion recipients who become alloimmunized to blood group antigens require antigen-negative
blood to limit adverse transfusion reactions. An alternative strategy to phenotyping blood is to assay
genomic DNA for the associated single nucleotide polymorphisms (SNPs). A multiplex PCR coupled
with a single base oligonucleotide extension assay using genomic DNA can identify SNPs related to
D, C/c, E/e, S/s, K/k, Kp¥/®, Fy*/® Fy0 (33 promoter silencing polymorphism), Jk# %, Di?/? and
HPA-1a/b. Using this technology, individual SNP call rates vary from 98 to 100%. The platform has
the capacity to genotype thousands of samples per day. The suite of SNPs provides rapid data for both
blood donors and transfusion recipients and is poised to change whose blood is provided for potential
transfusion recipients. The potential to dramatically lower the incidence of alloimmunization and to
avoid serious hemolytic complications of transfusions can be realized with the implementation of this
technology.

Key words: Blood group genotyping, multiplex PCR, single base extension, SNP analysis.

1. Introduction

With over 100 years of research and discovery in the expres-
sion of and alloimmune response to red cell antigens, the field
of immunohematology has characterized over 300 blood group
antigens (1). Transfusion recipients who become alloimmunized
require antigen-matched red cells. The frequency of alloimmu-
nization increases with the frequency of transfusion (I, 2) and
blood banks invest considerable resources in the investigation and
acquisition of antigen-compatible blood. The serological analy-
ses of blood group antigen phenotypes and compatibility test-
ing have remained largely unchanged for more than 60 years.
The direct hemagglutination and indirect Coomb’s tests are the

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
© 2009 Humana Press, a part of Springer Science+Business Media
DOI 10.1007/978-1-59745-553-4 2 Springerprotocols.com
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mainstay of blood group phenotyping. The same clinical necessity
applies to alloimmunized platelet transfusion recipients. Although
a smaller group of platelet antigen systems have been identified,
their clinical importance is nonetheless important; alloimmune
thrombocytopenic purpura, platelet alloimmune refractoriness,
and post-transfusion purpura require antigen-matched platelets
for an effective platelet incremental response. The characteriza-
tion of human neutrophil antigens also has a number of defined
polymorphic systems (4). So, it is not a surprise that nearly all
of the defined blood group and platelet antigen systems are ipso
facto polymorphic. It is the diversity among humans and the
development of allogeneic transfusion that created such a reper-
toire of alloantibodies due to the vast immune response to the
proteins, glycoproteins, and carbohydrate moieties expressed on
red cells, platelets, and most likely neutrophils.

Starting in 1987, the genes responsible for the expression
of blood group antigens were cloned and their allelic variants
defined (reviewed in (5)). The molecular mechanisms respon-
sible for the diversity of blood group and platelet antigens are
diverse; missense, nonsense, deletions, insertions, and other alter-
ations modify the expressed moieties. However, a vast majority of
the most common clinically important blood group and platelet
antigens are defined by single nucleotide polymorphisms (SNPs,
pronounced SNiPs). Moreover, the knowledge of the molecu-
lar basis for blood group antigen expression has resulted in a
paradigm shift in the goal to obtain antigen-matched red cells
and platelets. Blood group genotyping was developed for several
reasons (6). First, it is advantageous to have an inexpensive and
redundant screening assay to obtain large amounts of data for
blood groups and platelet antigens. Blood group antigen screen-
ing using antibodies is expensive and time consuming. Second,
DNA testing facilitates the identification of rare antigen-negative
blood and blood with rare combinations of antigens, which allows
screening outside family members of recipients with rare blood
types (7). Third, DNA testing can be performed in the absence
of available antisera. Fourth, the accuracy of antigen typing (phe-
notype plus genotype) can be improved if both are performed and
vast databases of blood group SNPs can be ‘mined’ for unusual
alleles and their gene products. In other words, knowledge of a
blood group phenotype and the underlying genotype can iden-
tify phenotyping deficiencies (i.e., weak or partial expression of
a blood group antigen), and phenotype/genotype conundrums
(pseudogenes, null alleles, and alterations that affect epitope
expression) that can be investigated to add to our overall knowl-
edge of the molecular basis of blood group and platelet antigen
expression.

Presently, blood group genotyping can be performed using a
tew distinct platforms that differ in their nucleic acid chemistries.
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To date, all platforms are designed to identify SNPs and a few
applications are amiable to multiplex and high-throughput capac-
ity, thereby facilitating their use as a screening tool to test large
numbers of samples for multiple antigens. Single base exten-
sion technology is particularly suited as it uses a recombinant
DNA polymerase and synthetic oligonucleotides with proprietary
hybridization tags in a microchip array format (8), which can
be modified to suit the needs of the desired SNPs to ‘interro-
gate’; a term used to indicate the SNP being evaluated. The most
recent platforms are designed to identify nearly 50 SNPs simul-
taneously and in a high-throughput format. Future platforms,
designed using single base extension technology and detection
instrumentation, will identify more than 1000 SNPs simultane-
ously. Those instrumentations will redefine the ability to meet
the need to genotype red cell, platelet, neutrophil, and HLA
markers along with infectious marker detection, all in a single
platform.

The purpose of this chapter is to provide the summary
methodology of the Beckman SNPstream suite of instrumenta-
tion and software to use single base extension technology for the
purpose of screening blood donors for clinically important blood
group antigens. The SNP design identifies low frequency antigen-
negative donors and combinations of antigen-negative donors.
The technology has a high degree of fidelity and, if desired,
redundancy can be incorporated to improve output beyond 98%
reliability. SNP analysis of both the sense and antisense strand can
reduce genotyping failures and minimize the number of samples
requiring repeat analysis.

Single base extension is also known as mini-sequencing or
template-directed nucleotide incorporation. The advantage of
single base extension technology is that the detection phase can
be simplified with the use of a combined oligonucleotide address
tag and complementary probe for the detection of gene-specific
base incorporation. Genomic DNA is the source material and
the PCR phase is designed to amplify the flanking region sur-
rounding a SNP of interest. A complementary oligonucleotide
‘capture’ primer is designed to lie proximal to the nucleotide
of interest and DNA polymerase incorporates the complemen-
tary base (a fluorescent-conjugated dideoxy nucleotide) into the
primer (Fig. 2.1A). The primer is a hybrid oligomer that includes
an ‘address’ nucleotide that will hybridize to a complementary
‘tag’ sequence fixed to a glass chip using one of several microar-
ray chemistries. Laser excitation of the fluorescent-conjugated
oligonucleotide hybridized to the microarray tags can resolve the
corresponding SNPs in a bi-fluorometric system (Fig. 2.1B). The
methodology relies on proprietary instrumentation and software
for accurate imaging, interpretation, and review of fluorescent
output.
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Fig. 2.1. Single base nucleotide extension in blood group genotyping. A: The major steps of single base extension
technology. The SNP of interest is PCR amplified with flanking DNA (PCR amplification). One strand of the PCR product is
digested leaving a single-stranded fragment (exonuclease digestion — optional). A capture primer is annealed proximal to
the SNP of interest (reagent annealing). The capture primer has a region that is complementary to a tag oligonucleotide
spotted on a chip in a 12 (shown) or 48 microarray format (nucleotide extension). B: Laser excitation (jagged arrow) of
the bi-fluorescent nucleotides results in color identification of the interrogated SNP. A single reaction is shown.

2. Materials

2.1. Genomic DNA 1. QiaAmp DNA blood kit (Qiagen, Hilden, Germany), 24 or
Extraction 96 sample preparations.
2. UV spectrophotometer.

2.2, Multiplex PCR 1. PCR buffer (provided with the Tag polymerase).
2. Tag polymerase (AmpliTaq Gold: Applied Biosystems, Foster
City, CA, USA).
3. Deoxynucleotides (ANTPs: dATP, dCTP, dGTP, dTTD).
4. MgCl,.



2.3. Post-PCR
Clean-Up

2.4. Single Base
Extension
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5. Primer oligonucleotides with sequences as published previ-
ously (10,11).
6. PCR cycler (M] Research Inc., Waltham, MA, USA).

1. Exonuclease I (USB Corporation, Cleveland, OH, USA).

2. Shrimp alkaline phosphatase (SAP) and SAP buffer (SAP; USB
Corporation).

3. Nuclease free water.

4. UHT high-throughput salt solution (Beckman Coulter Inc.,
Fullerton, CA, USA).

1. Tag primers with sequences as published previously (10, 11).
2. Fluorescent ddCTP and ddTTP nucleotides (TAMRA and
BODIPY labeled).

3. Extension mix diluent (Beckman Coulter).
4. DNA polymerase (Beckman Coulter).
2.5. Post-Extension 1. Hybridization additive solution (Beckman Coulter).
and Transfer to the 2. UHT wash buffer (Beckman Coulter).
Microarray Plate 3. SNPware® microarray plate, 384 well (Beckman Coulter).
4. Humidified 42°C incubator.
5. SNPScope plate reader (Beckman Coulter).
3. Methods

3.1. Genomic DNA
Extraction

3.2. Multiplex PCR

The methodology for single base extension is based on the Beck-
man SNPstream platform and accompanying product monograph
documentation. Full disclosure of the methodology is available
from Beckman Coulter Inc.

Consult molecular methods manual for protocols and discussion
on genomic DNA extraction (9). The goal is to obtain approxi-
mately 100-200 pg of DNA with a 260,280 ratio of 1.8 £ 0.2
(see Note 1).

PCR optimization may be necessary. Protocols for the optimum

annealing temperature and Mg concentration are likely necessary

due to the minor variations in instruments and synthetic reagents.

Helpful protocols for PCR optimization are available (9).

1. Stock primers are diluted to 12 wM each and mixed as a pool
in nuclease free water (see Note 2).

2. Prepare a 10 pL multiplex PCR master mix containing 50 nM
of primer pool, 75 puM each dNTP, 5 mM MgCl,, 1 x PCR
bufter, and 0.5 U/pL Tag polymerase.
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3.3. Post-PCR
Clean-Up

3.4. Single Base
Extension

3.5. Post-Extension
and Microarray Plate
Reading

. Transfer 2 pL of genomic DNA to each well of 96-well PCR

microplates.
Transfer 8 L of the PCR master mix to the DNA samples.
Centrifuge the microplate at 340 x g if the contents require
mixing using a table-top centrifuge with a head design for
microplates.

. Place in a PCR cycler and cycle under the following conditions:

Initial denaturation: 94°C, 8 min
35 cycles of: 94°C, 30 s; 55°C, 30 s; 72°C, 1 min
Hold temperature: 4°C, until ready to proceed

PCR clean-up can be performed if one of the amplimers is 5’-
capped with phosphorothioate. The capping protects the strand
from exonuclease degradation.

1.

[\

Prepare a master mix containing 0.13 U/pL exonuclease I
and 0.33 U/L SAP in 1 ? SAP buffer diluted in nuclease free
water.

. Combine the Exo/SAP pool mix, UHT high-throughput salt

solution and the PCR reaction to the 96-well microplates and
centrifuge to mix the contents.

. Place in MJ thermalcycler and run the following program:

37°C, 30 min; 100°C, 10 min; 4°C, until ready to proceed.

. Prepare the extension mix containing oligonucleotide tag

primers, fluorescent ddCTP and ddTTP nucleotides (TAMRA
and BODIPY labeled), extension mix diluent, and DNA poly-
merase as given in Table 2.1.

. Transfer 7 wL of the extension mix to the post-PCR-cleaned

products and centrifuge at 340 x g to mix the contents.
Run the following extension primer program:

Initial denaturation: 96°C, 3 min
45 cycles of: 94°C, 20 s; 40°C, 11 s
Hold temperature: 4°C, until ready to proceed

Preheat the incubator to 42°C.

. Prepare 3.7 mL of a hybridization master mix consisting of 3.7

mL and 200 pnL of hybridization additive solution.

. Wash the 96-well microplate containing the extension reac-

tions with 3 x UHT wash buffer.

Add 8.0 pL of hybridization solution master mix to each SNP
extension reaction and subsequently transfer 8.0 wL of this
mixture to the prepared 384-well microarray plate.

. Place the microarray plate in humidified 42°C incubator for

2 h.
Wash the microarray plate with 3 x high stringency wash
solution.
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Table 2.1

Components of the extension mix

Component Volume per well(j.L)
Tag oligonucleotide primer pool B2

C/T ddNTP extension mix 214

Extension mix diluent 402

DNA polymerase 2.2

Nuclease dddH,O 318

7. Completely dry the 384-well microarray plate using vacuum
suction and a micropipette tip.

8. Read the microarray plate in a SNPScope plate reader (see
Note 3).

An important step in SNP analysis is the evaluation of the flu-
orescence emissions. The software suite analyses both the single
or combined emission spectra (scatter plots) and the intensity of
the emission. Therefore, weak fluorescence can be excluded on
the basis that it does not achieve a minimum threshold or cannot
be distinguished from background fluorescence. This threshold is
particularly useful where alternate genes are co-amplified in the
PCR stage.

1. RHCE*C allele has similar DNA sequence in exon 2 and it
is difficult to obtain short PCR amplimers in the presence of
RHD. However, it RHCE is preferentially amplified, the anal-
ysis can exclude the background reading of RHD amplification
from that produced by RHCE. Some background fluores-
cence exists, but the resultant analysis provides good positive
predictive values to identify the RjR; phenotype (10). An
intron 2 surrogate marker can be used but does not correlate
100% with the RHCE*Callele (12). RHCE*E/¢ SNP analysis
does not suffer from this problem because a seperate PCR
amplification stage can be designed to specifically target the
RHCE gene.

2. The emission scatter plots can be grouped into three
categories: as independent values and combined fluores-
cence emissions. Figure 2.2 is a representative example of
fluorescent output data (see Note 4).

3. When testing includes several hundred samples, acceptance
criteria for the analysis of blood group SNPs should include
a calculation of the allele frequencies for the population
under evaluation for comparison to known frequencies
(see Note 5).



22 Denomme

uhtfuhtserver V2 DE

Current spot:(2,1) SNP. CBS_Fy2c_TC at Segment 1 of plate: 1457302

File Run View Settings Utdty Hel

Log[B+G)

Totak380 XX1120 XY:155 YY:89 NEG: 8 ©
OigFat0#® GenoFalt3# OQCFail3# Empty:4
Call Rate: 356/372=95.7

View all Data Points
:0.29 #R=089

6.0

5.0

3
40 F

B { DQ
o | i
i &

o
* @0 boeine=154

Po 0 wre, 34440

a0

L=]

(-]
b0
10
n.o 8/(B+G)
oo 0T gp B3 g, U5 g W7 g W Gy

Fig. 2.2. Scatter plot diagram of the resultant BODIDY/TAMRA fluorescent output. The horizontal line represents baseline
output (<3.54 units) and identifies genotype, QC, or origin failures and empty wells. The two vertical lines identify the
genotypic groupings (XX, XY, and YY) and any outliers. Two outliers are identified in Fig. 2.2 and these samples can be
selected for repeat analysis. (See Color Insert)

Blood group, platelet, and neutrophil SNPing is poised to
improve the database of blood donors with known antigen pro-
files and allow studies to analyze the benefits of blood product
matching on the basis of genotypes alone to minimize adverse
immune transfusion outcomes and reactions in both selected
patient populations (13-15) and possibly, in the near future, the
general transfusion recipient population including those who are
at risk of alloimmunization to high frequency antigens (16).

4. Notes

-

"

7

-

1. A number of protocols are suitable for the extraction of
genomic DNA. The QiaAmp kits or MagNA Pure DNA isola-
tion platform (F. Hoffmann-La Roche Ltd, Switzerland) pro-
vides adequate genomic DNA. The DNA should show a signal
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band on agarose gel electrophoresis indicating little DNA
degradation or shearing.

. Oligonucleotides for single base extension are designed to

minimize inter-primer hybridization, intra-primer hairpin for-
mation, and with similar annealing temperatures. Primer
sequences for the detection of D, C/c, E/e, M, N, S, s, K|
k, Fy(a/b), Fy0 (GATA-1 silencing), Jk(a/b), and HPA-1a/b
were published previously (10, 11).

. The SNPScope plate reader will excite and capture emission

images of BODIPY- and TAMRA-labeled ddNTDPs. All geno-
type calls are automatically generated using the SNPStream
Software Suite consisting of Megalmage, UHTGetGenos, and
QCReview.

. Note that three independent fluorescent groups can be identi-

fied, i.e., TAMRA or BODOPY fluorescence only, and com-
bined TAMRA and BODOPY fluorescence. The groupings
are distinct and there is no overlap fluorescence between the
groups. Samples falling outside defined groups represent an
inability to assign the nucleotide(s) occupying the SNP posi-
tion. These failures are referred to as “call” failures. PCR
optimization should be continued until call failures are less
than 1.0%. DNA amplification failures should be rare but with
appropriate sample process controls in place, samples can be
re-analyzed in a subsequent batch assay.

. For allele frequencies that do not fall within the expected pop-

ulation frequencies, a subset of the test population should be
evaluated by manual molecular tests for validation. For popula-
tions with unknown allele frequencies, serological analysis on a
subset can be performed to confirm the genotype/phenotype
association.
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Chapter 3

Real-Time PCR Assays for High-Throughput Blood Group

Genotyping

Fernando Araujo

Abstract

There are multiple situations in the context of transfusion medicine where the classic serologic methods
are unable to provide an adequate response, for example, recently polytranstused patients, patients with
positive direct human antiglobulin tests, and hemolytic disease of the newborn. The traditional poly-
merase chain reaction techniques are slow and sometimes difficult to carry out and interpret. Thus there
is a need for the development and validation of rapid and effective molecular methods. The genetic basis
of the main alleles of the most important blood groups are known, but the frequencies vary in the differ-
ent populations, thus for the genetic techniques to be efficient it is important to evaluate them, in order
to adapt the molecular approaches.

Key words: Blood groups, RHD, RHCE, KEL, JK, FY, DO, hemolytic disease of newborn,

real-time PCR.

1. Introduction

The study of the human blood group antigens has provided useful
markers of many proteins, glycoproteins, and glycolipids that are
found on the surface of the red blood cells. The initial biochemi-
cal analysis and the recent molecular characterization allowed the
study of these molecules in healthy and pathological conditions
(1). Many of them are found distributed in various tissues in the
human organism, whereas others seem to be specific to the red
blood cells.

The blood groups have been found to participate in almost
all human physiological processes, including functions such as
enzymes, adhesion molecules, transporters or gas and ions chan-
nels, as well as an important role in immunological defence

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
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systems like the complement pathway. Certain blood group phe-
notypes have demonstrated the possibility of being used as evi-
dence of disease and even details, such as the strength of the
antigen expression, may be correlated to the progression of some
tumors. The blood groups in the red cells provide a “window” to
look at body physiology, both in health and in illness.

The classical methodology based on the serological determi-
nation of the antigens present on the surface of the red cells and in
the detection of the antibodies, is extremely simple to carry out,
economical and, when correctly executed, has a sensitivity and
specificity that are adequate for the resolution of the greater part
of the cases. However, hemagglutination techniques have limita-
tions, and therefore molecular genetics has an extremely valid and
necessary role in this area.

The majority of the genes encoding blood groups have
already been sequenced, making it thus possible to understand
their many functions and formulate methods for their identifica-
tion. There are various molecular changes which give rise to a vari-
ety of antigens and phenotypes, namely recombination or gene
conversion, exon duplication, deletion, insertion or nucleotide
substitution. On the other hand, the analysis of null phenotypes
has demonstrated that different genetic events may give rise to
the same phenotype.

Several techniques are described in order to detect these varia-
tions, for example, polymerase chain reaction-restriction fragment
length polymorphisms (PCR-RFLP), polymerase chain reaction-
sequence-specific primers (PCR-SSP), real-time PCR, pyrose-
quencing and in far reaching development, “chip” technology
(microarrays). The clinical applications in the context of trans-
tusion medicine may be multiple, but at present the most relevant
seem to be the following:

1. In recently polytransfused patients: the presence of circulating
red cells of blood donors, in relevant quantities, makes phe-
notyping by hemagglutination techniques complex, slow, and
potentially incorrect (2, 3).

2. In patients with positive direct antiglobulin tests: in patients
with auto-immune hemolytic anemia, in which the red cells are
covered with immunoglobulins, molecular biology is impor-
tant when the immunological tests are not efficient in remov-
ing the linked immunoglobulins or may destroy clinically rele-
vant antigens.

3. In blood donors: laboratory tests based on the study of the
deoxyribonucleic acid (DNA) may be used to type blood
donor antigens for transfusion and to constitute reagent panels
for the identification of antibodies. This is particularly useful in
cases where the antibodies are weakly reactive or commercially
unavailable. Recent technologies have also the potential to
carry out DNA determinations in large quantities of samples,
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with relevance in rare blood groups. Because the new auto-
matic procedures obtain results in a quicker, simple, and even-
tually more economical manner, the typing of blood donors
using tests based on DNA may have great potential.

4. In the pre-natal setting: the hemagglutination techniques only
provide indirect indications on the risk and severity of the
hemolytic disease of the newborn (HDN). Thus, the typing of
antigens by techniques based on DNA has an important value
in the pre-natal setting, namely in the identification of fetuses
that are not under the risk of HDN, preventing unnecessar-
ily aggressive monitoring of the mother. Fetal DNA may be
isolated from cells obtained from invasive procedures such as
amniocentesis or chorionic villi samples, and by non-invasive
procedures from the trophoblasts collected from transcervical
samples and from fetal erythroblasts in maternal circulation,
but with many limitations. Free fetal DNA may also be success-
fully extracted from the maternal plasma and makes typing of
the blood groups possible. In this simple manner, it is possible
to predict the phenotype of the fetus and correctly orientate
the mother’s evaluation, without risks to both of them.

The classic genotyping methods pose several problems, by using

separate tubes for specifically amplifying each allele (PCR-SSP

needs amplification of internal control fragments) or by using
restriction enzymes (with the risk of incomplete digestion of the
amplicons or generating false-positive results if silent mutations
occurred near the mismatch not allowing the enzyme to cut). The
potential benefits of homogeneous detection systems, in relation
to the classic methods, have long been recognized: simple pro-
cessing and rapid analysis, no post-amplification processing, elim-
inating sampling tracking errors, and end-product contamination.

The methods described are robust and reliable, with few manuals

processing steps: the “hands-on” time for setting up the assays

is shorter and no manual intervention is required after loading in

the instrument. They allow high throughput and rapid results in a

very economical manner, using small volumes lowers the reagent

costs, resulting in a highly competitive technology for a routine
laboratory.

The development of new molecular tools for diagnostic use,
complementing the classical methods applied in transfusion ser-
vices, with results available in a timely manner to allow their
use on a routine basis was the aim of these methods. In order
to achieve that, we used the LightCycler® (Roche Molecular
Biochemicals) PCR instrument: a microvolume fluorometer inte-
grated with a thermal cycler that combines rapid cycle PCR with
real-time fluorescence monitoring. This assay is based on the flu-
orescence resonance energy transfer (FRET) principle. Incorpo-
ration of labeled hybridization probes with the initial reaction
mix and target nucleic acid allows detection and analysis of PCR
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products with the LightCycler system in a closed reaction vessel.
In our protocols we used the two fluorescence-based methods for
the detection of amplification products: DNA binding dye SYBR
Green I and hybridization probes.

With these assays, a short fragment harboring the particular
polymorphic site is amplified. In the hybridization probes pro-
tocol, the amplicons are detected by fluorescence using a 3'-
fluorescein-labeled probe and a 5'-LightCycler Red 640-labeled
probe that are in FRET when hybridized to the same strand inter-
nal to the unlabeled PCR-primers. Homogeneous genotyping is
achieved by positioning one of the probes over the polymorphic
nucleotide. When fluorescence is monitored as the temperature
increases through the melting point (7},) of the probe/product
duplex, a characteristic melting profile is obtained, depending on
the presence or absence of a base pair mismatch in the heterodu-
plex. The fluorescence signal is then plotted in real time against
temperature to produce melting curves for each sample, and then
converted to derivative melting curves by plotting the negative
derivative of the fluorescence with respect to temperature against
temperature.

2. Materials

—

. Anticoagulated blood samples (see Note 1).

Gel cards (DiaMed AG; Cressier sur Morat, Switzerland)

3. Antisera obtained from Gamma Biologicals Inc. (Houston,
TX, USA) and Diagast (Immucor Medizinische Diagnostik
GmbH, Rodermark, Germany)

4. Magna Pure LC® and the High Pure PCR-Template-

Preparation® kit (Roche, Mannheim, Germany) or

QIAamp® (Qiagen GmbH, Hilden, Germany).

LightCycler (Roche)

Oligonucleotides and probes as given in Table 3.1.

7. PCR reagents for SYBR Green I or hybridization probes pro-

tocols (Roche).

i

oo

3. Methods

3.1. Real-Time PCR
Assays

The red cells could be phenotyped by routine hemagglutination
with gel cards and antisera according to the instructions of the
manufacturers.

1. DNA is extracted using commercial kits according to the
instructions of the manufacturers (sec Note 2).
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Sequences of the primers and probes used to genotype blood group alleles and the
length of the PCR products

Primers and probes Sequences PCR product (bp)

KEL
Anchor

Sensor

JK
Anchor

Sensor

DO
Anchor

Sensor

FY

125G>A

Anchor

Sensor

-33T>C
Anchor

Sensor

RHC

RHc

5-GCTTGGAGGCTGGCGCAT-3’ 148
5'-CTGGATGACTGGTGTGTGTGGA-3'
AGTCAGTATGGCCATTTCCCTTTCTTCATTAACCG
AACGCTGAGACTTCTGA

5'- ATCCCACCCTCAGTTTCCT-3’ 165
5'- ATGAACATTCCTCCCATTGC-3’
ACTCTGGGGTTTCAACAGCTCTCTGCCCCATTTGA
GAACATCTACTTTG

5'-GAGTTTGGGAACCAGACACTA-3’ 196
5'-TTTAGCAGCTGACAGTTATATGT-3'
CTTGGGTGGTAGCTCATATTTATAACTTTAAACCT
CAACTGCAACCAGTCTCC

213
5'-CAGCTGGACTTCGAAGATGTA-3'
5'-GCGGAAGAGAGGTCTGAAA-3’
TGGGAAGGAATCATTCACACCATAGGAAGAA
GTTGGCACCATAGTCTCCAT

5'-AGGGGCATAGGGATAAGGGACT-3’
5'-AGGGGCATAGGGATAAGGGACT-3’ 287
CGCTGACAGCCGTCCCAGCCCTTCTTGGCTCTTA
CCTTGGAAGCACA

5'-GATGCCTGGTGCTGGTGGAAC-3’ 112
5-GCTGCTTCCAGTGTTAGGGCG-3’
5'-TCGGCCAAGATCTGACCG-3’ 177
5" TGATGACCACCTTCCCAGG-3’

(continued)
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Table 3.1 (continued)

Primers and probes Sequences PCR product (bp)
RHE/RHe
Anchor 5'-GCAACAGAGCAAGAGTCCATC-3’ 392
5-GAACATGGCATTCTTCCTTTG-3’
Sensor CGCCCTCTTCTTGTGGATGTTCTGCCAAGTGTCAA
CTCTGCTCTGCT
RHD (intron 4) 5 - TGACCCTGAGATGGCTGT-3' 600
5-ACGATACCCAGTTTGTCT-3/
RHD (exon 7) 5"-AGCTCCATCATGGGCTACAA-3’ 96

5'-ATTGCCGGCTCCGACGGTATC-3’

RHD (exon 4) 5'-GCCGACACTCACTGCTCTTAC-3’ 381,/418
5" TCCTGAACCTGCTCTGTGAAGTGC-3'
RHD zygosity 5'-GGCCAACAAAACCATTTTTTCCTGATAC-3' 943

5'- CTCTGTCTCAAAAAAAAAAAAAAAACAAGTG-3

3.2. Result Evaluation

. Prepare PCR reaction mixes as described in Table 3.2, using

the primers of the Table 3.1 and according the amplification
conditions edited in Table 3.3 (see Note 3).

. For KELI/KEL2, JK1/JK2, FY1/FY2/FY, DO1/DO2, and

RHE/RHe (exon 5) we utilized the hybridization probes pro-
tocol, according to the instructions of the manufacturers (see
Note 4).

. For RHC/RHc (the analysis was done in sequences of the

exon 1 and intron 2 -RHC- and exon 2 —-RHc), RHD
(sequences of intron 4, exon 7, and exon 4 — pseudogene)
and RHD zygosity (sequences from the identity region of the
hybrid Rbesus box), the SYBR Green I protocol is used, accord-
ing to the instructions of the manufacturers.

. KELI/KEL2: The melting point of KELI is at 66°C and the

KEL2 at 59°C. In different runs, the positions and distances
of the melting peaks are identical and differed by less than 1°C
for the same allele (Figs. 3.1A and 3.2).

. JK1/JK2: The melting point of JKI is at 56°C and the JK2

at 62°C. In different runs, the positions and distances of the
melting peaks are identical and differed by less than 1°C for
the same allele (Fig. 3.1B).

. FY1/FY2/FY: The melting point of the FY1is at 63°C and the

FY2 at 55°C (125 G>A); while the allele without mutation at
the promoter region has a melting point at 64°C and the FY2
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Table 3.2
PCR reaction mixes used in the SYBR Green | and hybridization probe protocols of
the LightCycler

H,0 MgCl, Primer Probe Master DNA

(wb)  (wL(mM)  (uL (M) (oL (wM))  mix(ul)  (nL (ng)
KEL1/KEL2 108 1.6(3) 1(10) 0.8 (5) 2 2 (100)
JK1/JK2 108  1.6(3) 1(10) 0.8 (5) 2 2 (100)
FYI/FY2 108  1.6(3) 1(10) 0.8 (5) 2 2 (100)
DO1/DO2 108  1.6(3) 1(10) 0.8 (5) 2 2 (100)
RHE/Rbe 10.8 1.6 (3) 1(10) 0.8 (5) 2 2 (100)
FY 11.6  0.8(2) 1 (10) 0.8 (5) 2 2 (100)
RHC/RHc 132 0.8(2) 1(10) 0.8 (5) 2 2 (100)
RHD (intron4)  12.8 12 (2.5) 1(10) 0.8 (5) 2 2 (100)
RHD (exon 7) 124 1.6 (3) 1(10) - 2 2 (100)
RHD (exon 4) 124 1.6(3) 1(10) - 2 2 (100)
RHD zygosity 142 2(3.5) 0.5 (5) 0.8 (5) 2 1(50)

21% v/v DMSO instead of H,O.

Table 3.3
Conditions of amplification of SYBR Green | and hybridization probes protocols used
in the LightCycler

Amplification cycles

Initial Melting

denaturation Denaturation Annealing Extension Cycles (») curve
KEL1/KEL2 95°C; 30 s 95°C; 0's 62°C; 10s 72°C;10s 45 50-75°C
JK1/JK2 95°C; 30 s 95°C; 0's 55°C;10s 72°C;10s 40 45-75°C
FY1/FY2/FY 95°C; 30 s 95°C; 0's 60°C; 10s 72°C;28s 45 45-75°C
RHE/RHe 95°C; 30 s 95°C; 0's 56°C;60s 72°C;16s 40 53-90°C
DO1/D0O2 95°C; 30 s 95°C;0's 65°C;10s 72°C;10s 45 45-75°C
RHC 95°C; 600s  95°C;0s 72°C;3s  72°C;6s 40 86-95°C
RHe 95°C; 600s  95°C;0's 63°C;4s  72°C;8s 40 78-95°C
RHD (intron 4) 95°C;600s  95°C;0s 70°C;3s  72°C;72s 45 84-99°C
RHD (exon7)  95°C;600s 95°C;0s 71°C;1s  72°C;10s 40 80-95°C
RHD (exon4) 95°C;600s 95°C;0s 66°C;5s  72°C;17s 45 80-95°C

RHD zygosity ~ 95°C;600s  95°C; 0's 69°C;4s  72°C;38s 55 80-95°C
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3.3. Advantages and
Precautions

Fig. 3.1. Genotyping by real-time PCR, using the hybridization probes protocols. (A) KEL
genotyping showing the melting peaks at 59 and 66°C; (B) FY genotyping showing the
melting peaks at 56 and 62°C; (C) RHE/RHe genotyping showing the melting peaks at
62 and 68°C.

Fig. 3.2. KEL genotyping by classical PCR-RFLP (three fragments, with 740, 540, and
200 bp). Lane 1: 100 bp marker; lanes 2—4: PCR product from individuals homozygous
KEL1/KEL1 (one fragment with 740 bp); lane 5: negative control (water); lanes 6-7:
PCR product after digestion with Bsm |, from heterozygous individuals KEL1/KEL2 (two
fragments, with 540 and 200 bp).

silent allele (FY) at 58°C (=33 T>C). In different runs, the
positions and distances of the melting peaks are identical and
differed by less than 1°C for the same allele (Fig. 3.3).

4. RHD: The use of SYBR Green I allows a simple identification
of the alleles (Fig. 3.4).

5. RHD zygosity: The analysis of the results consistently shows
three distinct populations: RHD-/RHD- (mean values of flu-
orescence £ sd: 0.31 £ 0.04), RHD+/RHD- (mean values of
fluorescence + sd: 0.16 £ 0.04) and RHD+/RHD+ (values of
fluorescence: <0.05) samples.

6. RHCE: The melting point of RHE is at 62°C and the RHe
at 68°C. In different runs, the positions and distances of the
melting peaks are identical and differed by less than 1°C for
the same allele (Fig. 3.1C).

7. DO1/DO2: The melting point for DOI is 58 and 65°C for
DO2. In different runs, the positions and distances of melting
peaks for the same allele are identical, varying by less than 1°C.

The real-time PCR methodology has several practical advantages
and a range of uses in clinical applications:
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125G>A -33T>C

Fig. 3.3. FY genotyping using the hybridization probes protocols, showing the melting peaks of homozygous (one peak)
and heterozygous (two peaks) individuals.

A B

— )

L’
PR i

Fig. 3.4. Example of RHD genotyping for exon 7 using (A) the DNA binding dye SYBR
Green | protocol (in this case for the exon 7 of the RHD gene) or (B) classical PCR. Lane

1: DNA from an individual RHD—negative; lane 2: DNA from an individual RHD-positive;
lane 3: 50 bp marker.

1. Pre-natal determination of the RHD genotype through non-
invasive methods: blood group genotyping techniques are par-
ticularly indicated in HDN, through the identification and
characterization by molecular biology of fetal DNA circulat-
ing in the maternal plasma. The results, using the methodol-
ogy described, indicated that fetal RHD genotyping is reliable
from the 24th week of gestation. Nevertheless, more tests are
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necessary in order to conclude for the adoption of this type of
approach in the clinical routine.

. HDN and the Kell blood group: in contrast with HDN due

to the RhD antigen, the antibodies against Kell antigens cause
fetal anemia specifically by the suppression of erythropoiesis,
making the maternal antibody titres or bilirubin levels in the
blood of the umbilical cord /amniotic fluid, not relevant indi-
cators of the severity of the disease. Molecular biology meth-
ods helped prevent the use of invasive diagnostic techniques
which could have placed the fetus at risk (4).

. Forensic medicine: the DNA-typing techniques may provide

critical information in medico-legal situations where the phe-
notyping techniques have limitations.

. Precautions when using commercial kits: blood group geno-

typing kits can make work easier in laboratories which have a
high sample throughput or in routine labs where technical and
human resources are limited. However, there are risks of false
diagnosis, due to incorrect execution of the tests, faulty inter-
pretation of the results obtained or even problems related to
the development of the tests. This last situation is important,
especially in cases where the molecular basis of the variants is
not sufficiently known or when there is a reduced number of
samples for validation of the Kits.

. Serological methods in transfusion medicine are reliable and

adequate to the daily practice of the laboratories of the blood
bank. However, there are situations in which they cannot pro-
vide an adequate response. The traditional PCR tests (PCR-
SSP and PCR-RFLP) are slow, labor-intensive and sometimes
difficult to interpret. Therefore, new molecular protocols were
developed and validated using real-time PCR, specifically for
the allele identification of the main blood groups.

. The polymorphisms of a certain gene, its frequencies and dis-

tribution in the individuals studied, are of importance for the
diagnostic application of the DNA typing.

. However, when we intend to use the molecular genotyping

results in clinical practice, we must be alert that in rare situa-
tions, the genotype may not correlate with the antigen expres-
sion on the red blood cells. A dominant inhibitor gene which is
not linked to the locus analyzed, mutations in a location other
than that being studied, mutations in the GATA box or the
problem of hybrid genes, could generate false interpretations
with clinical significance (2). In addition, many DNA-based
techniques still have to be evaluated: in a recent workshop
report on the genotyping of blood cell allo-antigens, a 11%
rate of mistyping in some systems was found, demonstrated
that further efforts are needed to improve the precision of the
genotyping techniques (5).
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1. The assay is performed on blood samples drawn by venipunc-
ture of the antecubital vein, after informed consent.

2. DNA that is not used immediately should be frozen at =70°C
until assayed.

3. In the case of RHE/RHe, the primers were designed in order
to amplify only the RHCE gene and the probes to genotype
the alleles.

4. For confirmation of the KELI/KEL2 genotypes and RHD
zygosity, PCR-RFLP could be performed (6-12), and for
JK1/JK2, FY1/FY2/FY and DO1/DO2, PCR-SSP could
be done, as described by others (13-27). For confirma-
tion of the results regarding RHC/RHc, RHE/RHe, and
RHD genotypes, classical PCR reactions could be applied
(28-32).
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Chapter 4

Real-Time PCR Assays for High-Throughput Human Platelet

Antigen Typing

Simon E. McBride

Abstract

Most human platelet alloantigen (HPA) systems comprise biallelic single nucleotide polymorphisms in
genes encoding major membrane glycoproteins. Genotyping for these systems is required in the inves-
tigation of patients with suspected HPA antibodies and for the provision of compatible blood products
from HPA-typed donor panel populations.

Key words: SNP, TagMan, HPA, high-throughput, platelet, glycoprotein, genotyping.

1. Introduction

A total of 24 serologically defined platelet alloantigens have been
reported, 12 of which comprise the six well characterised and so
called ‘common’ biallelic human platelet alloantigen (HPA) sys-
tems (HPA-1, -2, -3, -4, -5, and -15) (1). Although HPA-4 is
considered a minor allele in Caucasoid populations.

Twenty two of the 24 serologically defined HPAs have been
identified at the molecular level, and with the exception of one
system (HPA-14) all that differentiates between self and non-self
in each case is a non-synonymous amino acid substitution result-
ing from a single nucleotide polymorphism (SNP) encoded in the
relevant platelet glycoprotein (GP) gene (2).

The HPAs are generally considered to be platelet specific due
to their localisation on certain glycoproteins that are predomi-
nantly expressed on the surface of platelets (Fig. 4.1). Most of
these membrane bound platelet GPs consist of molecules essential
for cell to cell and cell to extracellular matrix interactions during

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
© 2009 Humana Press, a part of Springer Science+Business Media
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haemostasis, they comprise a family of adhesion receptors referred
to as integrins (3).

So far, the majority of known HPAs have been found on the
GPIIb/I1Ia complex, which as receptor for fibrinogen, von Wille-
brand factor, fibronectin, and vitronectin is a crucial molecule
during platelet aggregation (4). Other significant platelet GPs
functioning as adhesion molecules include the GPIb/IX/V com-
plex (a receptor for von Willebrand factor) as well as the GPIa/Ila
complex, and CD109 (both receptors for collagen).

The TagMan® (5'-nuclease) assay, is oligonucleotide hybridi-
sation based and capable of detecting accumulation of PCR
product in real time as a result of the release and subsequent
detection (by laser) of a fluorophore during successtul PCR. The
underlying mechanism relies on the 5’-endonuclease activity of
Tng polymerase for destruction of a hybridised probe oligonu-
cleotide to which dye fluorophore and ‘quencher’ molecules are
attached. Probe cleavage releases the dye from close proximity
to the quencher, negating the Forster (or fluorescent) resonance
energy transfer (FRET) effect and enabling excitation of the flu-
orophore by an argon laser (5). It is therefore possible to design
a flanking pair of primers with two ‘internal’ allele-specific probes
complementary to a sequence incorporating a biallelic SNP. If
each probe possesses a different fluorophore, primer extension
leads to allele-specific 5’-endonuclease probe cleavage, fluores-
cence detection, and corresponding allelic discrimination (6).
This works because probe destruction is dependent on stringent
probe hybridisation, the ‘b allele-specific probe will not hybridise
to template DNA or PCR amplicons from an ‘a/a’ homozygous
individual with enough efficiency to give increased fluorescence
after 40 cycles of PCR. Although ‘real-time’ PCR allows quantifi-
able measurement of amplification at every cycle, the two-probe
allelic discrimination TagMan® 5’-nuclease assays only require
end-point detection of increased fluorescence for genotype deter-
mination, a fact sometimes misrepresented by authors in the liter-
ature (7). On completion of thermal cycling, TagMan® allelic
discrimination assay plates in 96- or 384-well format can be
read in a real-time PCR instrument or other appropriate light
amplification-based plate reader. Results are expressed as numer-
ical values representing change in detectable fluorescence for the
two ‘reporter’ dye fluorophores (typically FAM and VIC) and an
internal positive control fluorophore (ROX). On the ABI PRISM
7900HT sequence detection system instrument platform provid-
ing at least two negative ‘no template’ control (NTC) wells are
included on each plate, and a user-defined quality value is set,
the analysis software will attempt to objectively assign genotypes
using an algorithm based on the fluorescence ratio of the dye
molecules in each sample. Results are displayed on a scatter plot
and cluster according to genotype, each axis represents change in



42 McBride

fluorescence for a different dye fluorophore; for example, HPA-1a
and HPA-1b homozygous samples will exhibit only raised FAM
or VIC fluorescence, respectively, whereas heterozygotes will have
intermediate fluorescence values for both dyes. Samples may not
autocall if the concentration or quality of DNA varies within a
plate as this produces loose clusters on the scatter plot resulting
in samples falling outside the defined confidence intervals. The
facility exists to manually assign genotypes according to ‘cluster’
on the scatter graph. By also referring to the raw spectral data
(a graph of fluorescence versus wavelength of light) operators
can be confident of results defined in this way, with the possible
exception of only very weak or outlying samples. The TagMan®
5’-nuclease assay, a closed single tube ‘homogeneous’ genotyping
technique offers the advantages of reduced carryover or cross con-
tamination; no requirement for post-PCR sample manipulation;
increased sensitivity (8); fluorescence or fluorescence polarisation
detection (9, 10); 3’ minor groove binder (MGB) probes with
non-fluorescent quenchers for increased specificity and detection
(11); standardised reagent design and thermal cycling protocol;
an assays-by-design service (12); the capability of objective allele
calling for genotype determination and the export of results in
various file formats for the electronic upload of data onto sample
databases.

2. Materials

2.1. DNA Sample
Dilution and
Aliquoting

2.2. TagMan Allelic
Discrimination Assay

1. Low retention aerosol barrier tips, 1 ml (Molecular Bioprod-
ucts Inc., San Diego, CA, USA).

2. Low retention aerosol barrier tips, 200 pl (Molecular
Bioproducts).

3. ‘Deep’ 96-well plate, 1.2 mL capacity (Alpha Laboratories,
Eastleigh, UK).

4. Aluminium adhesive plate sealers (Beckman Coulter Inc.,

Fullerton, CA, USA).

Nuclease free water (Promega, Madison, WI).

6. Optical TagMan 96-well plates (Applied Biosystems,
Warrington, UK).

1

1. Sterile ‘Universal’, 25 ml (Sterilin).

PCR set-up dedicated pipettes 10, 100, 200, and 1000 pl.

. Aecrosol barrier pipette tips, 10, 100, 200 pl, and 1 ml (Alpha
Laboratories).

4. Multdispensing pipette (Gilson).

5. Sterile individually wrapped multidispensing tips 10-1250 .l

capacity (Gilson).
6. Flat optical strip caps (Applied Biosystems).

@ 1
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7. Cap sealing tool (Applied Biosystems).

8. TagMan custom HPA assay primers, 100 uM (Applied
Biosystems).

9. TagMan custom HPA assay probes, 15 pM (Applied
Biosystems).

10. TagMan 2x Universal PCR Mastermix with UNG AmpErase
(Applied Biosystems).

11. Nuclease free water (Promega). Store at 4°C once open.

12. MicroAmp base /s (Applied Biosystems).

13. Pre-aliquoted DNA in MicroAmp 96-well optical plates.

14. DNA samples of known genotype homozygous for the ‘@’
and ‘b’ alleles of the HPA systems to be assayed at a concen-
tration of 5-10 ng/ul.

3. Methods

3.1. DNA Sample
Dilution and
Aliquoting

As with all PCR-based assays, particular care should be taken to
avoid potential contamination of reagents and consumables at all
times, ideally assay preparation should take place within a dedi-
cated PCR set-up area or hood style workstation. Validation of
the TagMan 7900HT sequence detection platform for genotyp-
ing the five common human platelet alloantigen SNPs (HPA-1,
-2, -3, -5, and -15) has been performed in direct comparison to
a microarray-based approach with the use of an independently
blinded, randomised and distributed set of test DNAs deliberately
enriched for low-frequency ‘b’ allele homozygous samples (13).

1. These directions assume the use of an entry-level automated
liquid handling system such as the Beckman Biomek® 2000
robotic workstation, although a good quality multichannel
pipette (and a steady arm) may suffice as a low cost alternative
(see Note 1). DNA should be of a quality suitable for diag-
nostic PCR, any contaminants will likely impair optimal assay
performance.

2. Prepare working dilution stocks of DNA samples (90 per plate)
at a concentration of 5-10 ng/ul in the deep 96-well plate,
leaving the last six wells of the bottom row empty. Final vol-
ume in each well of this plate should not exceed 600-700
pl to allow for sample displacement during aspiration. If not
intended for immediate use seal the plate with an adhesive
plate sealer (see Note 2). Repeat this step for every additional
90 samples to be genotyped.

3. For HPA-1, -2, -3, -4, -5, and -15 genotyping, create six repli-
cates of each working dilution plate using the 96-well optical
TagMan plates. Aliquot 5ul of DNA into each well, check-
ing to make sure there is DNA in all 90 sample positions of
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3.2. TagMan Allelic
Discrimination Assay

every plate. Seal each plate with an adhesive plate sealer and
store at 4°C for immediate use or -40°C long term storage.
(see Note 3).

1. These instructions and the accompanying TagMan primer

and probe designs (including reaction conditions) assume the
use of GeneAmp PCR system 9700 Thermal cycler. Use of
other makes or types of thermal cycler may require some assay
reoptimisation.

. For each HPA system prepare sufficient reaction mix for the

number of plates to be assayed, approximately 100 samples
worth of mix per plate should be sufficient. Calculate the
total volume of each reagent required using the values in
Table 4.1 (se¢e Note 4). When making reaction mixes for
multiple HPA assays it is best to prepare them one at a time
to avoid the possibility of accidental cross-contamination of
HPA-specific reagents. Store the mix at 4 °C until ready to
use (see Note 5).

. Select the required pre-aliquoted DNA plates (from step 3;

Section 3.1) to genotype for each HPA assay. Centrifuge the
plates at 3000 rpm for 1 min and briefly spin the appropriate
control DNA samples in a microcentrifuge before use (see
Note 6).

. To each plate add 5pl of the ‘@’ and ‘b’ allele homozygous

positive control samples to wells 91-92 (H7 and H8) and
93-94 (H9 and H10), respectively.

. To each plate also add 5 pl of nuclease free water to wells

95-96 (HI11 and H12) to provide ‘no template’ negative
controls (NTCs).

. Using a multidispensing pipette and a sterile 10-1250 .l

capacity tip add 10 ul of reaction mix (from step 2) to each
well of the corresponding plate/s.

Table 4.1

Stock solutions and volumes used per reaction

Reagent Stock Volume per reaction(jl)
Mastermix 7) 3% 7.50
Forward primer 100 pM 0.14
Reverse primer 100 pM 0.14
a’ Allele probe 15 uM 0.20
‘b’ Allele probe 15 pM 0.20
Nuclease free water NA 1.82
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7. Seal the plates using optical strip caps and check to ensure
all wells are completely sealed using the cap sealing tool (see

Note 7).

8. Centrifuge the sealed plates at 3000 rpm for 1 min.

10.

9. Place the prepared assay plate/s into thermal cycler/s.
Thermal cycle the plates using the following conditions:

50°C for 2 min, 95°C for 10 min, and then 40 cycles of 95°C
for 15 s and ‘X’ °C for 1 min, followed by incubation at 4°C;
where ‘X’ is 64°C for the HPA-2 assay, 60°C for the HPA-4
assay, and 56°C for the HPA-1, HPA-3, HPA-5, and HPA-
15 assays when using the custom primer and probe sequences

from Table 4.2.

TagMan custom primer and allele-specific probe sequences for HPA-1, -2, -3, -4, -5,
and -15 genotyping

Assay  Primer sequences MGB probe sequences”(3’ NFQ)
HPA-1 Forward primer: HPA-1a probe:
5- CTG ATT GCT GGA CTT CTC TTT  (5' FAM labelled) 5'- CTG CCT CTG
GG -3 GGC TC -3’
Reverse primer: HPA-1b probe:
5- AGC AGA TTC TCC TTC AGG TCA (5’ VIC labelled) 5'- CTG CCT CCG
CA -3 GGC TC -3'.
HPA-2 Forward primer: HPA-2a probe:
5-CTG AAA GGC AAT GAG CTG AAG (5’ FAM labelled) 5'- CTC CTG ACG
AC- 3/ CCC ACA -3/
Reverse primer: HPA-2b probe:
5-CCA GAC TGA GCT TCT CCA GCT (5’ VIC labelled) 5'- CTC CTG ATG CCC
T &7 ACA C -3/
HPA-3 Forward primer: HPA-3a probe:
5- TGG GCC TGA CCA CTC CIT T -3’  (5' FAM labelled) 5'- TGC CCA TCC
CCA GCC -3/
Reverse primer: HPA-3b probe:
5'- TGA TGG GCC GGG TGA A -3/ (5’ VIC labelled) 5’- CTG CCC AGC
CCCAG-3
HPA-4 Forward primer: HPA-4a probe:

5- CAG AAC CTG GGT ACC AAG CT
-3/

Reverse primer:

5- CAA TCC GCA GGT TAC TG -3/

(5’ FAM labelled) 5'- CAG ATG CGA
AAG CT -3/

HPA-4b probe:

(5 VIC labelled) 5'- CAG ATG CAA AAG
CT- 3/

(continued)
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Table 4.2 (continued)
Assay Primer sequences MGB probe sequences”(3’ NFQ)
HPA-5  Forward primer: HPA-5a probe:
5'- GAC CTA AAG AAA GAG GAA GGA (5’ FAM labelled) 5'- TTA CTA TCA AAG
AGA GTCT -3 AGG TAA AAA -3/
Reverse primer: HPA-5b probe:
5- ATG CAA GTT AAA TTA CCA GTA (5 VIC labelled) 5’- TGT TTA CTA
CTA AAG CAA -3/ TCAAAA AGG TAA A -3/
HPA-15 Forward primer: HPA-15a probe:

5- TGT ATC AGT TCT TGG TTT TGT
GAT GTT -3’

Reverse primer:

5'- CCA AGA AGT GAT AGA ATC AGG
TAC AGT TAC -3’

(5’ FAM labelled) 5'- CTT CAG TTC
CAG GAT TT -3/

HPA-15b probe:

(5’ VIC labelled) 5’- CTT CAG TTA CAG
GAT TT -3/

AMinor groove binding (MGB) modification is used as a non-fluorescent quencher (NFQ) at the 3’-end of each probe;
underscores denote positioning of the complementary polymorphic nucleotide.

These directions assume the use of an ABI Prism 7900HT
sequence detection system using SDS software version 2.1.

3.3. Analysis of 1.
TagMan Allelic

Discrimination 2. Switch on the computer followed by the ABI Prism 7900HT
Results for HPA instrument and allow to warm up for at least 30 min
Genotyping before use.

3. Start up the SDS software and create a new allelic discrimi-
nation plate document (96 well). Type or barcode in samples
details corresponding to the equivalent wells of the plate grid,
including control samples in wells 91-96 (H7-H12).

4. Create two ‘detectors’ (one for each probe, e.g., ‘12> and
‘1b”) and add these to a ‘marker’ corresponding to the assay
plate to be analysed (e.g., HPA-1). Add this marker to the
plate document.

5. Select all 96 wells of the plate grid and assign the marker to
these samples, they will now be designated ‘Unknown’ and
acquire a ‘U’ symbol on the plate grid graphic.

6. Select wells 95-96 of the plate grid and assign them as ‘no
template control” wells; they will now be designated ‘NTC’
and acquire an ‘N’ symbol on the plate grid.

7. Set the analysis parameters for allelic discrimination to a qual-
ity value of 95.0 and ensure the ‘auto caller’ is enabled.

8. Check the assay plate for bubbles, briefly spin the plate to
remove all bubbles if there are any present.

9. Read the plate as a post-PCR run, then save the raw data file.
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10. View the results as a scatter graph, check that the no template
control wells and the positive control samples for both alleles
have been amplified and correctly assigned by the software —
an example is shown in Fig. 4.2.

11. Look at the clustering of the automatically assigned geno-
types, check the raw spectra of any outlying or indeterminate

Marker: [FHFA-3 =l cal [Undeter. =] [T QI é“})’ @\l B\I

Allelic Discrimination Plot Legend

X Undetermined
Allele a/a » Alele ¥
homozygotes ® Foth
» Alele Y

23 W NTC

18

Allele a/b
heterozygotes
3
K]
<
1.3
Allele b/b
homozygotes
0g
NTCs
01 03 05 o7 ng 1.1 13 1.5

Allele X (b}

Fig. 4.2. Sample scatter plot showing HPA-3 genotype distribution for 90 samples of previously unknown type after
post-PCR assignment of alleles by SDS software. Samples called as undetermined or having failed to amplify would be
represented as ‘x’ (none present in this instance) (reproduced from Ref. (13) with permission from Blackwell Publishing).
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results. If necessary, manually amend or reassign any erro-
neous autocalls (see Note 8).

4. Notes

L)
G -
4 4

. The TagMan 5'-nuclease assay for allelic discrimination is a

fairly robust and sensitive assay and will work on samples of
varying quality or concentration. However, avoiding human
error and ensuring accurate pipetting is of paramount impor-
tance for high-throughput DNA amplification studies and the
author highly recommends the use of a robot workstation if at
all possible, especially when working in 384-well format.

. Single-use disposable adhesive plate sealers are preferable to

resealable flexible ‘mat’ style 96-well plate lids as they prevent
potential cross contamination due to residual DNA retained
on lids which are removed and replaced numerous times.

. If the plates are stored long term at —40°C they will dry out

over time until the wells of the plate are coated in desiccated
DNA. This loss of volume will need to be taken into account
during step 2 in Section 3.2 when calculating the volume of
nuclease free water to add to the reaction mix. This can be
used as a deliberate measure to maximise the reagent volume
remaining when working in 384-well plate format.

. Depending on the design of reagent reservoir it can be less

wasteful to prepare larger batches of assay-specific reaction
mix sufficient for as many plates as you can process at a
time. We also found the use of a ‘Distriman’ multidispensing
pipette which allowed us to minimise the volume of extra mix
required.

. We have stored TagMan assay reaction mixes for up to 2 weeks

at 4°C with no subsequent loss of reaction efficiency.

. Centrifugation of the DNA plates and control samples is

important to reduce the likelihood of cross-contamination due
to aerosols.

. It is essential to wear clean gloves and use a clean capping

tool as any marks on the lids of reaction plates may impair
plate reading or give rise to erroncous allele calls. To end this
we recommend checking the heated lids of thermal cyclers for
scorching or permanent marker stains; use of a clean rubber
pressure mat easily solves this problem.

. Comparing the raw spectra of unknown samples to those of

known genotype is normally sufficient to resolve most discrep-
ancies. However, care must be taken as outlying results may
be due to the presence of mutation/s in the probe-binding
region of the target sequence.



Real-Time PCR for HPA Typing 49

Acknowledgements

The author would like to thank Dr Willem Ouwehand for kind
permission to reproduce the cartoon showing graphical represen-
tations of platelet glycoproteins in Fig. 4.1.

References

1.

Metcalfe, P., Watkins, N. A., Ouwehand,
W. H., Kaplan, C., Newman, P., Kekomaki, R.,
de Haas, M., Aster, R.; Shibata, Y., Smith, J.,
Kiefel, V., Santoso, S. (2003) Nomenclature of
Human Platelet Antigens (HPA). Vox Sangui-
nis 85, 240-245.

Santoso, S., Kiefel, V., Richter, I. G., Sachs,
U. J., Rahman, A., Carl, B., Kroll, H. (2002)
A functional platelet fibrinogen receptor with
a deletion in the cysteine-rich repeat region
of the beta (3) integrin: the Oe(a) alloanti-
gen in neonatal alloimmune thrombocytope-
nia. Blood 99,1205-1214.

. Santoso, S. (2003) Human platelet alloanti-

gens. Transfusion Apheresis Sci 28, 227-236.
Norton, A., Allen, D. L., Murphy, M. F.
(2004) Review: platelet alloantigens and anti-
bodies and their clinical significance. Immuno-
hematology 20, 89-102.

. Forster, V. Th. (1948) Zwischenmolekulare

energiewanderung und fluoresenz. Ann Phys
(Leipzig) 2, 55-75.

Livak, K. J. (1999) Allelic discrimination using
fluorogenic probes and the 5’ nuclease assay.
Genetic Anal Biomol Eng 14, 143-149.

Ficko, T., Galvani, V., Rupreht, R.; Dovc,
T., Rozman, P. (2004) Real-time PCR geno-
typing of human platelet alloantigens HPA-
1, HPA-2, HPA-3 and HPA-5 is superior to
the standard PCR-SSP method. Trans Med 14,
425-432.

10.

11.

12.

13.

Kalinina, O., Lebedeva, 1., Brown, J., Silver,
J. (1997) Nanoliter scale PCR with TagMan
detection. Nucleic Acids Res 25, 1999-2004.
Latif] S., Bauer-Sardina, 1., Ranade, K., Livak,
K. J., Kwok, P-Y. (2001) Fluorescence polar-
isation in homogeneous nucleic acid anal-
ysis II: 5'-nuclease assay. Gemome Res 11,
436-440.

Kwok, P-Y. (2002) SNP Genotyping with
fluorescence polarization detection. Human
Mutation 19, 315-323.

Kutyavin, I. V., Afonina, I. A., Mills, A., Gorn,
V. V., Lukhtanov, E. A.; Belousov, E. S.,
Singer, M. J., Walburger, D. K., Lokhov, S. G.,
Gall; A. A., Dempcy, R., Reed, M. W., Meyer,
R. B., Hedgpeth, J. (2000) 3’-Minor groove
binder-DNA probes increase sequence speci-
ficity at PCR extension temperatures. Nucleic
Acids Res 28, 655-661.

Higgins, M., Hughes, A., Buzzacott, N.,
Lown, J. (2004) High-throughput genotyp-
ing of human platelet antigens using the 5'-
nuclease assay and minor groove binder probe
technology. Vox Sanguinis 87,114-117.
Bugert, P, McBride, S., Smith, G., Dugril-
lon, A.; Kluter, H., Ouwehand, W., Met-
calfe, P. (2005) Microarray-based genotyp-
ing for blood groups: comparison gene array
and 5'-nuclease assay techniques with human
platelet antigen as a model. Transfusion 45,
654-659.



Chapter 5

Multiplex ABO Genotyping by Minisequencing

Gianmarco Ferri and Susi Pelotti

Abstract

The minisequencing multiplex reaction to genotype ABO blood group system is described and discussed.
This method was found to be a reproducible strategy to type 6 common alleles (Al, A2, B, 01, 01V, and
02) of the ABO blood group system, the high specificity and sensitivity make it suitable also in forensic
science. It is more rapid than RFLP and SSCP analysis, resulting in unambiguous interpretation of ABO
genotypes and newly discovered mutations are readily investigated by the addition of new extension
primers in the minisequencing multiplex reaction.

Key words: ABO genotyping, polymorphism, minisequencing, polymerase chain reaction, single
nucleotide polymorphism.

1. Introduction

Molecular analysis methods were introduced to transfusion
medicine after cloning of the genes became routine. Single
nucleotide polymorphisms (SNPs) inherited in a Mendelian man-
ner are linked to many blood group antigens and the appropri-
ate molecular methods to blood group testing are linked to the
genetic basis for polymorphism and the development of PCR-
based technology.

The ABO system is the most important blood group system
in transfusion medicine, organ transplantation, and in forensic
medicine as well, where the interpretation of forensic evidence
materials requires an analysis method suitable for degraded DNA.
In addition, ABO genotyping with the increasing number of alle-
les found continues to be well suited for paternity testing together
with microsatellite typing. The cloning of the ABO gene in 1990
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(1) has led to the identification of up to 169 alleles (2) typed with
different molecular typing methods.

The ABO gene codes for the glycosyltransterases that cat-
alyze the biosynthesis of blood group A and B antigens. This
gene maps to chromosome 9 and consists of seven exons and
six introns ranging in size from 28 to 688 bp. Two mecha-
nisms are considered to be responsible for genetic diversity at the
ABO locus: point mutations and genetic recombination (3), dif-
fering the common alleles in white individuals ABO*A101 (Al),
ABO*A201 (A2), ABO*B101 (B1l), ABO*OO01 (1), AB0O*O02
(01V), and ABO*O03 (2) by few base positions in exons 6 and
7 (4). Determination of ABO genotypes from DNA is complex,
partly because of the large number of variants involved and partly
because the ABO gene does not encode the blood group anti-
gen directly, but rather encodes the transferases that catalyze their
biosynthesis.

PCR-RFLP, alleles-specific PCR, sequence-specific PCR as
single or multiplex assays, and real-time PCR have been applied
to identify SNPs to complement routine serological typing (5-7).

High-throughput techniques have been recently developed
for the study of human SNPs; however, for medium/small clin-
ical and research laboratory simple and inexpensive techniques
are needed. The minisequencing method by SNaPshot kit is
uncomplicated, does not require dedicated instrument(s), the
samples are resolved by electrophoresis separation with DNA
sequencer, and it can be easy multiplexed by the addition of dif-
ferent oligonucleotide tails to increase the size of minisequenc-
ing primers that are resolved and differentiated by length. In this
assay, a DNA oligonucleotide or “primer” is extended by a sin-
gle nucleotide unit. The identity of the extended base allows the
sample to be accurately genotyped. In general, it is possible to
separate single base extension (SBE) primers if the length differs
by 3-5 nucleotides, even if there may be difficulties in separat-
ing some primers that are shorter than 30 nucleotides, because
the electrophoretic mobility of short primers depends strongly
on nucleotide composition and on fluorescent ddNTP addition.
Therefore with a primer range from 20 to 100 nucleotides, about
30—40 SNPs can be detected, even if most of published SNaPshot
assays identify approximately 10-25 SNPs, with a maximum of 52
in one reaction (8).

To type the ABO blood group system, a method based on
a duplex-PCR assay that amplifies 131,/132 and 389 bp frag-
ments on exons 6 and 7, respectively, of ABO gene followed
by minisequencing using SNaPshot multiplex kit was developed.
This method focuses on six relatively common ABO alleles (Al,
A2, B, 01, 01V, and 02) by analyzing five SNPs at nucleotide
positions 261 and 297 on exon 6 and 467, 646, and 703 on
exon 7 (9). New extension primers were designed and 70 blood
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donors with known serologically based predicted genotypes in
family studies were tested, in addition, sensitivity assays were per-
formed. Minisequencing has shown to be a reproducible strategy
to type 6 common alleles (Al, A2, B, 01, 01V, and 02) of the
ABO blood group system showing this method has several advan-
tages: first, one reaction mixture is required for DNA template
amplification and one for minisequencing analysis. Second, it is
more rapid than RFLP and SSCP analysis, resulting unambiguous
the interpretation of ABO genotypes with a table of reference. In
addition, this easy and fast molecular approach may be very use-
tul for personal identification as well as for paternity testing in
forensic science, as it is characterized by both high specificity and
sensitivity.

2. Materials

2.1. DNA Extraction

2.2. PCR
Amplification

2.3. PCR Purification

2.4. Electrophoresis

1. QIAamp DNA mini kit (Qiagen, Hilden, Germany).

1. PCR primers were designed to amplify the regions including
nucleotide positions 261 and 297 in exon 6 and 467, 646,
and 703 in exon 7 (see Note 1). All primers were designed
with computer software (Primer3, H Rozen and J. Skaletsky,
the code is available from: http://www.genome.wi.mit.edu/
genome _software /other/primer3.html). Oligonucleotides
were purchased from MWG-Biotech (Eberberg, Germany),
desalted and lyophilized Primers sequences with final concen-
trations:

ABO 6F 5’-GCCTCTCTCCATGTGCAGTA-3’, 0.3 uM;
ABO 6R 5’-AACCCAATGGTGGTGTTCTG-3%, 0.3 uM;
ABO 7F 5>-TGGCTTTCCTGAAGCTGTTC-3’, 0.3 pM;
ABO 7R 5’-GATGTAGGCCTGGGACTGG-3%, 0.3 uM.

2. Reaction mixture with 1X gold bufter (12.5-25 pl), 2 mM
MgCl,, 200 uM each dNTP (Applera, Foster City, CA, USA),
and 1.25 units AmpliTaqGold DNA polymerase (Applera).

3. PCRinstrument: GeneAmp 9700 thermal cycler (Applera).

1. Escherichin coli exonuclease shrimp alkaline phosphatase
(ExoSAP) enzyme (USB Corporation, Cleveland, OH, USA).

1. Agarose (2%).
. TBE: Tris (pH 8), boric acid, and EDTA.
. Ethidium bromide.

W N
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2.5. Minisequencing

2.6. Post-Extension
Treatment

1.

The extension primers were designed with Primer3 software,
by the 3’ end of primer that anneal one base before selected
SNP (see Note 2): Extension primers were purchased from
MWG-Biotech, desalted and lyophilized:

261 F 5°-(T)s GGAAGGATGTCCTCGTGGT-3’, 0.15 uM;
297 R 5>-GTTGAGGATGTCGATGTTGAA-3’, 0.4 pM;
467 F 5-(T)16TACTATGTCTTCACCGACCAGC-3’, 0.6
wM;

646 F 5’-(T)24 GCGTGGACGTGGACATGGAG-3’, 0.4 pM;
703 F 5°-(T)17,CGGCACCCTGCACCCC-3’, 0.075 uM.
SNaPshot kit (Applera)

. GeneAmp 9700 thermal cycler (Applera).

. Shrimp alkaline phosphatase (SAP) enzyme (USB).

2.7. Capillary 1. ABI 310 or ABI 3130 DNA sequencers (Applera).
Electrophoresis 2. HiDi formamide (Applera).

3. Liz 120 standard (Applera).

4. Performance Optimizer Polymer 4 (Applera).

5. Array, 36 cm (Applera).
3. Methods

3.1. DNA Extraction

3.2. Amplification

. DNA was extracted with the DNA isolation kit (QIAamp

DNA mini kit) from peripheral blood and buccal swabs from
70 unrelated healthy blood donors whose ABO phenotypes
were determined by serologic testing and family studies.

. Aliquots of 2, 1 ng, and 800 pg of genomic DNA from K562

cell line were prepared.

. PCR primers were designed to amplify the region including

nucleotide positions 261 and 297 in exon 6 and 467, 646,
and 703 in exon 7. The size of amplicons was 131 /132 base
pairs and 389 base pairs, respectively, for exon 6 and 7.

. The simultaneous amplification of the two amplicons contain-

ing the polymorphic sites of interest is carried out in a total
volume of 12.5 or 25 pL with 1-5 ng DNA templates, 1X
Gold buffer, 2 mM MgCly, 200 pm each dNTP, and 1.25
units AmpliTaqGold DNA polymerase.

. Place in a PCR cycler and cycle under the following conditions:

Initial denaturation 95°C; 10 min
34 cycles of: 94°C, 1 min; 59°C, 1 min; 72°C, 1 min
Final extension: 72°C, 7 min.



3.3. PCR Purification

3.4. Minisequencing

3.5. Post-extension
Treatment

3.6. Capillary
Electrophoresis
and Analysis

of Minisequencing
Products

AB|
PRISM

ABO Genotyping via Minisequencing 55

4. Run PCR products in 2% agarose gels containing ethidium
bromide.

Primers and unincorporated dNTPs are removed by incubation
of 1.5 nl of PCR product with 1.5 pl of ExoSAP enzymes for
15 min at 37°C followed by inactivation by heating at 80°C for
15 min.

1. Minisequencing multiplex reaction are performed by using
SNaPshot kit with 1 pl of purified PCR product in a 8 pl of
total reaction volume with 2.5 pl of SNaPshot buffer, and SBE
primers at the final concentration (Section 2.5) (see Note 3).

2. Placein a PCR cycler and cycle under the following conditions:
25 cycles of: 96°C, 10 s; 50°C, 5s5;60°C, 30 s.

1. Add 1 U of SAP directly in SBE reaction tubes and incubate
at 37°C for 45-60 min (see Note 4).
2. Inactivate enzymes by incubation at 80°C for 15 min.

SBE purified products are resolved by electrophoresis separation

in an ABI 310 or in an ABI 3130 DNA sequencer.

1. For preparation of samples to electrophoresis separation,
1 pl of SNaPshot purified extension product is mixed with
12-15 pl of formamide and 0.5 pl of size standard Liz 120.

2. Samples are run on an ABI 310 or 3130 genetic analyzer using
POP 4.

3. Data are analyzed either using GenScan v 3.1 or GeneMapper
v 3.7 (see Note 5).
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Fig. 5.1. Representative electropherogram showing SNaPshot minisequencing of the ABO A1/01V genotype.
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Table 5.1
Reference table for ABO alleles assignment based on minisequencing analysis of
five SNPs

Allele R 297(22 bp) F 261(28 bp) F 703(34 bp) F 467(39 bp) F 646(45 bp)

Al T G G T

A2 T G G T T

B C G A C T

01 T A G C T

(8% C A G C A

02 C G G C T
ABO

T03] o [} ] GA G GA

Fig. 5.2. Reference diagram for ABO genotype assignment based on minisequencing analysis of five SNPs.

4. The interpretation of the electrophoretic pattern from minise-
quencing (Fig. 5.1) with a table of reference (Table 5.1,
Fig. 5.2) allows to assign the ABO genotype without diffi-
culties (see Note 6).

4. Notes

‘,@' 1. To achieve unambiguous genotyping some optimizations were
necessary due to unspecific annealing of extension primers
overcoming by several attempts of primers set design and each

extension primer was first tested by uniplex reaction. The use
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of software like Primer 3 or similar allows to test the designed
primers for the best annealing temperature and hairpin and
secondary structures avoiding.

. The tails of the detection primers must not contain nucleotides
sequences that influence the hybridization process and this can
be gained by the addition of random nucleotide sequences
unspecific for human DNA and, or by polynucleotide
sequences (polyA, polyT, polyC, and polyG).

. The addition of 20 mM ammonium sulfate to the SBE reac-
tion, as suggested elsewhere, had no significant effects for sup-
pression of nonspecific peaks.

. Some artifact peaks can appear in the electropherogram if the
SAP digestion does not remove all the ddNTP. In this case,
the purification can be repeated on the same minisequencing
product.

. Alternative nucleotide incorporation for each SNP affects the
migration size of extension primer. Before starting, the multi-
plex assay is strongly recommended to test extension primers
in a singleplex minisequencing reaction to know the real-
migration size of the two alternative nucleotide incorporation.
Consequently, building a reference table (see Table 5.1) with
specific migration size of alternative nucleotide for each SNP
site is also suggested to avoid mutations swap and/or misin-
terpretation, supporting the electropherograms reading.

. The occurrence of hybrid or subgroup ABO alleles has empha-
sized the need of better genotyping protocols to safe phe-
notype prediction and a profound knowledge of the genetic
diversity at this locus is required to design genotyping kits. The
minisequencing technique described was developed to screen
common alleles, but since new alleles are apparently the result
of gene conversion events with a hotspot in and around exon
6 and are characterized by new arrangements of known muta-
tions, a minisequencing, genotyping assay that investigates
each known polymorphic site of exons 6 and 7, or in ambigu-
ous cases of the entire intron/exon regions, makes possible
resolving of novel ABO alleles containing known sequence
motifs in new combinations. It is impossible to investigate
every single mutation that leads to the 169 different types
of ABO alleles, but a situation of potential discrepancies in
some case of hybrid alleles originated by unequal crossing
over can be resolved. The potential mistyping due to hybrid
alleles may be resolved in most cases by the minisequencing
approach, e.g., heterozygous sample Al /01-B hybrid, pheno-
type Al. Also a serological discovery of the weak aggregation
with monoclonal reagents requests a DNA investigation of the
ABO alleles. Besides, newly discovered mutations are readily
investigated by the addition of new extension primers in the
minisequencing multiplex reaction.
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Chapter 6

Multiplex Genotyping for Thromhophilia-Associated SNPs
by Universal Bead Arrays

Susan Bortolin

Abstract

This chapter describes a method for the multiplex analysis of six biallelic single nucleotide polymorphisms
(SNPs) associated with thrombophilia. The method may, however, be adapted for the simultaneous anal-
ysis of up to 100 markers (50 biallelic SNDPs) in a single reaction. In the method described, the targets
of interest are amplified by single-tube multiplex PCR using six primer sets followed by single-tube mul-
tiplex allele-specific primer extension using 12 universally tagged genotyping primers. Labeled extension
products are sorted using the XTAG ™ universal bead-based array and detected on the Luminex xMAP®
system. The 12 universal tag sequences used in the assay derive from a set of 100 universal tags which have
been designed to be isothermal and have been empirically validated to show that mismatch hybridiza-
tion events are minimal. The method is suitable for cost-effective high-throughput clinical genotyping
applications.

Key words: SNP, multiplex PCR, multiplex allele-specific primer extension, universal bead array,
thrombophilia, genotyping.

1. Introduction

Venous thromboembolism is a classic example of a complex,
multifactorial disorder involving multiple genetic abnormalities
(1,2). The factor V Leiden polymorphism (G1691A) is the most
common cause of inherited thrombophilia followed by the factor
IT (prothrombin) G20210A polymorphism (3,4). A third inde-
pendent risk factor, although controversial, is the methylenete-
trahydrofolate reductase (MTHFR) C677T polymorphism (5).
Three additional SNPs, MTHER A1298C, factor XIII val34leu,
and tissue factor pathway inhibitor (TFPI) C536T, have been
included in the thrombophilia assay described in this chapter

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
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(6-8). Individually, these additional polymorphisms have little or
no independent effect on venous thrombosis (9-14), but may act
synergistically with other genetic or acquired risk factors result-
ing in a more than additive effect or, in the case of factor XIII,
a protective effect. It may be that polymorphisms believed to
have no clinical utility were characterized as such simply because
ecach SNP was studied in isolation and not as part of a com-
prehensive panel. Since the risk of thromboembolism increases
when multiple variant genes are present, comprehensive panel
testing on large sample populations may prove useful in better
defining the genetic component of this complex disorder. To
date, the tools required for high-throughput, cost-etfective SNP
panel testing were unavailable limiting the number of SNPs being
analyzed in combination. The multiplexed genotyping method
described here addresses this issue and may be easily modified to
allow newly identified SNPs with potential clinical relevance to be
incorporated.

A generalized overview of the method is given in Fig. 6.1.
The four basic steps include target amplification by multiplex
PCR, genotyping by multiplex allele-specific primer extension
(ASPE) chemistry, universal array sorting by hybridization, and
detection on the Luminex xMAP® flow cytometer. The first two
steps are specific to the 6-SNP thrombophilia panel being ana-
lyzed while the universal array sorting step remains constant and
can be adapted to any SNP panel.

%
DNA Sample Prep I &

Wild-type Mutant
='=_
I.  Multiplex PCR =T la s s
== == = ) s d— o —
.
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Detection on Luminex xMAP®
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Fig. 6.1. Generalized overview of the XTAGTM microsphere-based universal array genotyping platform. Following extrac-
tion, sample DNA is PCR-amplified. Each SNP site of interest is simultaneously queried using two universally tagged
allele-specific primers whose 3’ ends define the alleles. A thermophilic DNA polymerase is used for label incorpora-
tion into extended products. Since ASPE primers overlap the SNP site in the PCR-amplified target DNA, only the correctly
hybridized primer(s) will be extended. Allelic discrimination occurs as a result of the high sequence specificity of the poly-
merase and its inability to extend 3’ mismatches. Labeled extension products are then sorted on the microsphere-based
universal array and detected on the Luminex XMAP® instrument. The output data is then interpreted and presented
as a sample-specific genotype (reproduced from Ref. (20) with permission from The American Association for Clinical
Chemistry).
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Multiplex PCR is carried out to enrich target populations of
interest (15). The multiplex reaction overcomes the need to set
up multiple individual reactions, greatly improving throughput
and cost. Genomic DNA extracted from a variety of sample types
(usually whole blood) is used as the starting material. For multi-
plex PCR to be successful, optimization of multiple parameters is
required (16).

Multiplex genotyping is performed via ASPE chemistry (17,
18). In ASPE, each SNP in the panel is simultaneously queried
using two universally tagged allele-specific primers whose 3’ ends
define the alleles. A thermophilic DNA polymerase is used for
label incorporation (biotin—-dCTP) into extended products. Since
ASPE primers overlap the SNP site in the PCR-amplified target
DNA, only the correctly hybridized primer(s) will be extended.
Allelic discrimination occurs as a result of the high sequence
specificity of the polymerase and its inability to extend 3’ mis-
matches. In other words, ASPE incorporates two levels of allelic
discrimination, one occurring at the hybridization step and the
other at the enzymatic extension step. As ASPE is a linear
amplification method, extension products are single-stranded.
This facilitates their capture onto the universal array as the univer-
sal tag sequences are single-stranded and competition by strand
complements is avoided.

Following ASPE, single-stranded biotin-labeled extension
products are captured via their ‘tag’ sequences on the xTAG™
universal bead array which may consist of up to 100 spec-
trally distinct polystyrene microsphere populations each bearing
a unique ‘anti-tag’ sequence. The tag/anti-tag sequences have
been designed to be isothermal and minimally cross-hybridizing
as a set. This ‘universal’ approach overcomes the differences
in the sequence-dependent thermodynamic properties of gene-
specific sequences which make it difficult to select a single set of
hybridization conditions suitable for all probes. Universal arrays
are advantageous in that, once the optimal tag/anti-tag hybridiza-
tion conditions have been established, no further assay-specific
hybridization optimization is required. Bead-based arrays have
the added benefits of faster reaction kinetics and greater flexibility
with respect to array composition.

Finally, hybridization products are detected using the
Luminex xMAP® flow cytometer (19). Microspheres are individ-
ually interrogated by two lasers as they pass single file through a
rapidly flowing fluid stream. The instrument’s red laser identifies
the bead’s unique spectral address (and hence its corresponding
anti-tag) while the green laser determines whether a hybridization
event has occurred on the bead’s surface by quantifying a flu-
orescent reporter. In this case, streptavidin-phycoerythrin is the
fluorescent reporter molecule used to indirectly detect the biotin—
dCTP incorporated through ASPE.



62 Bortolin

The multiplexed 6-SNP genotyping assay for thrombophilia
described here, together with its validation study have previously
been published (20). Commercial versions of the assay are avail-
able from Luminex Molecular Diagnostics. As such, the methods
described here relate to the 6-SNP thrombophilia panel but are
also described in general terms as they would apply to the multi-
plex design and analysis of an alternate SNP panel.

2. Materials

2.1. Multiplex PCR

2.2. PCR Clean-Up

2.3. Multiplex ASPE

2.4. Universal Array

1. Oligonucleotide primers (Integrated DNA Technologies,
Coralville, TA, USA).

2. Platinum 7Tag with supplied 10x buffer and 50 mM MgCl,
(Invitrogen, Burlington, ON, Canada).

3. Individual ANTP stocks, 100 mM (Roche Diagnostics, Laval,
QC, Canada).

1. Shrimp alkaline phosphatase (USB Corporation, Cleveland,
OH, USA).
2. Exonuclease I (EXO) (USB Corporation).

1. Universally tagged allele-specific oligonucleotide primers
(Integrated DNA Technologies).

2. Platinum 7sp with supplied 10x buffer and 50 mM MgCl,
(Invitrogen).

3. Individual ANTP stocks, 100 mM (Roche).

4. Biotin—-dCTP, 0.4 mM (Invitrogen).

1. Luminex xMAP® flow cytometer system (Luminex Corpora-

Sorting and Detection tion, Austin, TX, USA).
2. xTAG™  universally tagged fluorescent microspheres
(Luminex Corporation)
3. Hybridization buffer: 0.22 M NaCl; 0.11 M Tris—=HCI, pH
8.0; 0.088% (v/v) Triton X-100.
4. Wash buffer: 0.2 M NaCl; 0.1 M Tris—=HCI, pH 8.0; 0.08%
(v/v) Triton X-100 (see Note 1).
5. Streptavidin-conjugated phycoerythrin, 1 mg/mL (Invitro-
gen). Store conjugate at 4°C in the dark. Do not freeze.
3. Methods

The methods described here will reflect the use of xTAG™
microspheres which represent the commercially available, open-
access universal array. The universal sequences coupled to
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XTAG™ microspheres are a different set than those previously
described (20) but are equivalent given that validation of both
arrays generated almost identical results.

After identifying the target genes of interest, PCR primers
were designed wusing Primer3 software (http://fokker.wi.
mit.edu/primer3/input.htm). For multiplex PCR to be success-
tul, the critical parameter is primer melting temperature. For the
6-SND thrombophilia panel, the 12 PCR primers were designed
to have melting temperatures between 57 and 63°C. Primers were
designed to be 18-22 bases in length with an average GC content
of 50%. Where possible, PCR primers were designed to gener-
ate amplicons that were relatively small (<200 bp) with the SNP
of interest being located towards the center (se¢ Note 2). Addi-
tionally, primers were designed so that each amplicon within the
multiplex reaction was distinguishable by size to allow for gel res-
olution. PCR primer sequences and amplicon sizes for the throm-
bophilia panel are given in Table 6.1 (sec Note 3).

PCR primers were synthesized on a 250 nmol scale by Inte-
grated DNA Technologies. PCR primers were unmodified and
were purified using standard desalting procedures. Individual,
lyophilized PCR primers were reconstituted to about 200 wM in
sterile ddH»O. Exact oligo concentrations were determined spec-
trophotometrically using extinction coefficients provided by the
supplier. Reconstituted oligos were scanned between 200 and 800

Table 6.1
PCR primer sequences (5’ to 3’) and amplicon sizes (20)
Gene Sequence Amplicon size (bp)
factor V Forward ~ CGCCTCTGGGCTAATAGGAC 154
Reverse GCCCCATTATTTAGCCAGGA
factor 1T Forward ~ GAACCAATCCCGTGAAAGAA 112
Reverse CCAGAGAGCTGCCCATGA
MTHER 677 Forward ~ CTTTGAGGCTGACCTGAAGC 101
Reverse CAAAGCGGAAGAATGTGTCA
MTHER 1298 Forward AGGAGCTGCTGAAGATGTGG 105
Reverse CTTTGTGACCATTCCGGTTT
TFPI Forward ~ TCTATTTTAATTGGCTGTATTTTTTTC 97
Reverse TGCGGAGTCAGGGAGTTATT
factor XIII Forward ~ TCTAATGCAGCGGAAGATGA 117

Reverse TGTGCCTGGACCCAGAGT




64 Bortolin

3.2. PCR Clean-Up

nm on a Beckman DU640 spectrophotometer and absorbance
was measured at 260 nm to calculate concentration. PCR primers
were aliquoted and stocks were stored at —20°C.

1.

Multiplex PCR is carried out using 25 ng genomic DNA in a
25 pL final volume.

2. A ‘no target’ PCR negative control is included with each assay

3.

5.

run (see Note 4).

Each reaction consits of 1.5x bufter (30 mM Tris-HCI, pH
8.4; 75 mM KCI), 2 mM MgCl,, 200 puM each dNTP, 1.25
units platinum 724, with factor II primers each at 0.5 WM, fac-
tor V and TFPI primers each at 0.3 M, and all others present
at 0.2 uM (see Notes 5, 6).

Samples are cycled in an MJ Research PTC-200 thermocycler
with cycling parameters as follows:

Initial denaturation: 95°C, 5 min
30 cycles: 95°C, 30 s; 58°C, 30 s; 72°C, 30 s
Final extension: 72°C, 5 min.
Hold temperature 4°C until further use (see Note 7).

While optimizing the multiplex PCR for buffer composition,
cycling parameters, annealing temperature, and primer con-
centrations, PCR reactions were separated electrophoretically
to verify that all six desired bands were present and were of the
correct size and to ensure that nonspecific amplification was
absent (both in samples and negative control). The gel image
shown in Fig. 6.2 clearly demonstrates the high specificity of
the PCR primers used in the multiplex reaction under opti-
mized conditions. Since PCR represents the first step in the
assay, it is essential that the reaction be as specific as possible to
minimize potential complications downstream (see Note 8).

Prior to the ASPE reaction, each PCR reaction is treated
with shrimp alkaline phosphatase (SAP) to inactivate remaining
nucleotides (particularly dCTP) so that biotin—dCTP may be effi-
ciently incorporated during the primer extension reaction. Each
PCR reaction is also treated with EXO to degrade remaining PCR
primers in order to avoid any interference with the tagged ASPE
primers and the extension reaction itself.

1.

2.

3.

To each 25 pL PCR reaction directly add 2 pL SAP (= 2
units) and 0.5 wL. EXO (= 5 units) (see Note 9).

Samples are incubated at 37°C for 30 min followed by a 15
min incubation at 99°C to inactivate the enzymes.

Treated PCR samples are then added directly to the ASPE
reaction (see Note 10).
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Factor V

Factor Xl
Factor

MTHFR 1298
MTHFR 677
TFPI

Fig. 6.2. Gel image of multiplex PCR products representing patient samples separated electrophoretically on a Helixx
SuperGel 150 in 1 x Tris—acetate—EDTA buffer. Lane 1, markers; Lane 2, empty; Lane 3, PCR negative control; Lanes 4-9,
patient samples. The multiplex PCR reaction was highly specific for the six desired amplimers with no spurious amplifi-
cation products detected. The amplimers were of the expected size (97—154 bp) and the PCR negative control showed
no evidence of primer dimer formation (reproduced from Ref. (20) with permission from The American Association for

Clinical Chemistry).

3.3. Multiplex ASPE

Given that ASPE is a linear amplification reaction and that the
SNP site is pre-defined, design of genotyping primers for multi-
plex ASPE is much simpler than multiplex PCR primer design.
For each SNP in the multiplex panel, a wild-type and a mutant
primer, usually differing only in their 3" base, are required (see
Note 11). These two primers may be selected to prime off of
either the 5" or 3’ strand of the PCR product but both must be
in the same direction. Some factors, which should be considered
when selecting which strand to prime off, include the presence
of underlying polymorphisms in the ASPE primer binding region
and secondary structure within the 3’ end of the primer. Melting
temperature (7,) and primer length should also be taken into
consideration when designing ASPE primers; however, a wider
T range is permitted since linear ASPE is less impacted by Tt
as compared to multiplex PCR. For the thrombophilia panel, the
gene-specific sequence of each ASPE primer ranged from 18 to
22 bases in length with melting temperatures ranging from about
52 to 65°C.

Once the allele-specific primers have been designed, they
must be tagged with universal sequences complementary to
those coupled to the xTAG™ microspheres making up the bead
array. Universal XTAG™ sequences as well as information on
how to assign tags and select microsphere sets are available on
the Luminex website (http://www.luminexcorp.com/uploads/
data/xTAG%20Protocols%20FAQs/xtagmicrosphere71008.pdf).

For the thrombophilia panel, chimeric ASPE primers con-
sisting of the 24mer universal tag sequence 5 to the allele-
specific (18-22mer) sequence were synthesized on a 250 nmol
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scale by Integrated DNA Technologies. Primers were unmodified
and were purified by polyacrylamide gel electrophoresis (PAGE)
(see Note 12). Individual, lyophilized ASPE primers were recon-
stituted to approximately 100 wM in sterile ddH»O. Recon-
stituted primers were scanned between 200 and 800 nm on a
Beckman DU640 spectrophotometer and absorbance was mea-
sured at 260 nm to calculate oligo concentration using extinc-
tion coefficients provided by the supplier. ASPE primer stocks
were stored at -20°C. ASPE primer sequences are given in

Table 6.2.

1. Multiplex ASPE is carried out using 5 L of treated PCR prod-
uct in a final volume of 20 pL.

2. Fach reaction consists of 1x buffer (20 mM Tris—HCI, pH
8.4, 50 mM KCl), 1.25 mM MgCl,, 5 puM biotin—-dCTDP, 5
wM each of dATP, dGTP and dTTP, 1.5 units Platinum 7isp
and 25 nM ASPE primer pool (i.e., each ASPE primer present
at 500 fmol /reaction) (see Note 13).

3. The ASPE reactions are incubated in a PCR cycler under the

following conditions:
Initial denaturation:
40 cycles at:

Hold temperature:

96°C, 2 min
94°C, 30 s; 54°C, 30 s; 74°C, 60 s.
4°C until use (sec Note 14).

Table 6.2
ASPE primer sequences (5’ to 3') (20)
Gene Allele Sequence
factor V Wild-type Tag-GGACAAAATACCTGTATTCCTC
Mutant Tag-GGACAAAATACCTGTATTCCTT
factor II Wild-type Tag-CAATAAAAGTGACTCTCAGCG
Mutant Tag-CAATAAAAGTGACTCTCAGCA

MTHER 677  Wild-type
Mutant

MTHEFR 1298 Wild-type

Mutant
TEFPI Wild-type

Mutant
factor XIII Wild-type

Mutant

Tag-GAGAAGGTGTCTGCGGGAGC
Tag-GAGAAGGTGTCTGCGGGAGT
Tag-ACAAAGACTTCAAAGACACTTT
Tag-ACAAAGACTTCAAAGACACTTG
Tag-GGCTGTATTTTTTTCCAGC
Tag-GGCTGTATTTTTTTCCAGT
Tag-GACGCCCCGGGGCACCAC
Tag-GACGCCCCGGGGCACCAA
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. The ASPE component of the assay was optimized for sev-

eral parameters affecting specificity and signal output. These
parameters included cycling conditions, annealing tempera-
ture, buffer conditions, ASPE primer concentrations, and PCR
reaction volume added to the ASPE reaction. However, the
main optimization required at the ASPE step is the balancing
of median fluorescence intensity (MFI) signals generated for
each allele of a given SNP following array hybridization. This
is achieved by redesigning ASPE primers either by lengthen-
ing them at the 5" end of the gene-specific portion to increase
MFTI or shortening them (at their 5" end) to reduce nonspe-
cific MFI generated for an absent allele. Typical MFIs are usu-
ally >1000 for present alleles and, as a rough measure, absent
alleles should generate MFIs that are <10% the specific MFI
generated for the present allele of any given SNP.

. Prepare the universal array by combining the 12 xTAG™

microsphere populations selected to correspond to the 12
ASPE primers. Resuspend the beads in hybridization buftfer
(0.22 M NaCl, 0.11 M Tris (pH 8.0), and 0.088% (v/v)
Triton X-100) so that each bead population is present at 56
beads/pL (see Note 15).

. Briefly vortex and sonicate the bead mix. For each hybridiza-

tion reaction, combine 45 pL of the bead mix (approximately
2500 beads of each of the 12 anti-tag bearing bead popula-
tions) with 5 pL of the ASPE reaction in a microwell plate and
seal.

. Heat samples to 96°C for 2 min in an MJ Research PTC-200

tollowed by a 1 h incubation at 37°C.

. To remove excess biotin-dCTP and excess primers follow-

ing hybridization, the reactions are filtered using a 1.2 um
Durapore® Membrane (Millipore Corp). A vacuum manifold
is required for this step. Prepare the membrane by first wash-
ing twice with 200 pL wash buffer (0.2 M NaCl, 0.1 M Tris
(pH 8.0), and 0.08% (v/v) Triton X-100).

. To the hybridized samples, add 100 pL wash buffer and then

transfer the entire 150 wL volume to the filter plate. Apply the
vacuum to filter the reactions. Again, wash with 200 pL of
wash butffer.

. Resuspend the beads in 150 pL reporter solution (se¢ Note

16) and incubate for 15 min at room temperature.

. Transfer the filter plate to the Luminex xMAP® for detec-

tion. Before reading the samples, ensure that the instrument
has been calibrated. Setup a run file by selecting and naming
the 12 required bead populations. Ensure that a gate setting
has been established and set acquisition parameters to measure
100 events per bead population and a 100 L sample volume
(see Note 17).
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Fig. 6.3. Patient study results. For each sample, the NET MFI for the wild-type allele (NET MFlyy) is given on the x-
axis and the NET MFI for the mutant allele (NET MFl;,,y¢) is given on the y-axis. Based on allelic ratio, the assay easily
discriminates wild-type (H), mutant (A), and heterozygous (+) samples with the large separation between signals greatly
reducing the risk of miscalls. Although two MTHFR 1298 calls and one MTHFR 677 call appear as outliers, the calculated
mutant allelic ratios for these samples fell within defined ranges for heterozygous calls. The variation in signal intensities
between the different SNPs is likely due to the different priming efficiencies of the ASPE primers and/or the number of
incorporated biotin—dCTP nucleotides. The variation observed between samples with the same call for any given SNP is
attributed to differences in DNA sample quality or the presence of underlying polymorphisms (reproduced from Ref. (20)
with permission from The American Association for Clinical Chemistry).

3.5. Data Analysis

For each DNA sample tested, MFI units are collected by the
Luminex xMAP® instrument for each of the 12 bead populations
corresponding to each allele within the assay. The data collected
requires very minimal processing and genotype calls may easily be
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made for each SNP directly from the raw data. However, for each
allele, NET MFI may be calculated by subtracting the ‘no target’
(PCR negative control) MFI values from the MFI values for each
allele of a given sample. The genotype may then be determined
based on the mutant allelic ratio:

ET MFI
Mutant allelic = (N )mutant allcle
ratio (NET MFI)mutant allele T (NET MFI)

wild—type allele

In other words, the mutant allelic ratio represents the frac-
tion of the total MFI signal for a given SNP attributed to the
presence of the mutant allele. By setting cut-off values, the allelic
ratio is used to discriminate homozygous wild-type, homozygous
mutant and heterozygous SNP calls. Cut-off values are empirically
determined for each individual SNP. Typically, the mutant allelic
ratio ranges from 0.00 to 0.10 for homozygous wild-type calls,
0.30-0.70 for heterozygous calls and 0.90-1.00 for homozygous
mutant calls (se¢e Note 18). The results of a patient study gener-
ated using the 6-SNP thrombophilia genotyping assay appear in
Fig. 6.3.

4. Notes

&

1. A 10x buffer stock solution (2 M NaCl, 1 M Tris (pH
8.0), and 0.8% (v/v) Triton X-100) may be prepared
and then diluted to 1.1x for the hybridization buffer
and 1.0x for the wash buffer. The 10x buffer stock and
the 1.1x hybridization bufter may be stored long-term at
4°C. The 1.0x wash buftfer should be maintained at room
temperature.

2. Short amplicons are amplified with higher efficiencies so that
shorter cycling times may be used. By designing the ampli-
con so that the SNP is in the center, ASPE primers may be
designed in either direction with enough length to incorpo-
rate multiple biotin labels.

3. In addition to checking individual primer pairs for 3’
sequence complementarity, all PCR primers within a
multiplex reaction should be examined (either visually or
using appropriate software) for potential alignments.

4. For the ‘no target’ control, water is used. The control mon-
itors carryover contamination and gives an indication as to
whether PCR primers are being consumed in nonspecific
interactions such as primer dimer formation.

5. Before combining all PCR primers into a single multiplex
reaction, test each primer pair individually first to ensure
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10.

that a single product of the correct size is being generated.
For this purpose, basic PCR reaction conditions (1x buffer,
2 mM MgCl,, 200 uM dNTDPs, 0.2 wM PCR primers, 1 unit
Pt Tig) and standard thermal cycling will suffice since single-
plex reactions are relatively robust. Following amplification,
run the products out on an agarose gel to verify size and con-
firm that only a single-specific product is being generated for
each primer pair. BLAST searches and other sequence align-
ment programs are extremely useful tools in determining
whether nonspecific sequence complementarity exists. How-
ever, empirical determination of PCR primer specificity is
even more powertful since it is assessed in the context of the
reaction conditions being used.

For multiplex PCR, all primer pairs are initially combined
at equimolar concentrations. For example, begin with all
primer pairs in the multiplex at 0.2 wM. Run the multiplex
reactions out on a gel and begin adjusting primer concen-
trations either up or down (by about 0.1 pM increments)
to even out band intensities. However, it should be noted
that band intensity on a gel is not always directly propor-
tional to the median fluorescence signal generated follow-
ing hybridization and detection by the Luminex xMAP®.
At this point, primer concentrations should only be adjusted
roughly to either intensify an extremely weak band or weaken
an extremely strong band which is dominating the multiplex
reaction.

At this point, PCR products may proceed to the next step or
may be held at 4°C until use. It is recommended that PCR
products not be stored longer than 48 h prior to use.

. Electrophoresis may be carried out using either commercially

available high-resolution gel systems or in-house prepared
high-resolution agarose gels. Gel electrophoresis is only used
during work-up of the assay and is therefore amenable to any
variety of procedures. In the case of the thrombophilia panel,
the only requirement is that the gel system used be capable
of resolving four basepair differences. The Helixx SuperGel
150 system used here is capable of resolving single basepair
differences within products.

Due to the small volumes of highly viscous enzymes being
pipetted, a master mix containing both SAP and EXO may
be prepared. Combine enough of each enzyme to cover the
total number of reactions being run. Mix the two enzymes
by very brief vortexing and spin down briefly. Add 2.5 pL of
the enzyme mixture to each reaction. Ensure that the added
enzymes are thoroughly mixed with PCR reactions.

Treated PCR products should be used for ASPE as soon as
possible. Long-term storage of SAP/EXO- treated products
is not reccommended.
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For the initial round of ASPE primer design, the wild-type,
and mutant primers for any given SNP are usually of equal
length.

As PAGE purification is not performed by all oligo
houses, alternate purification methods suitable for 40-50mer
sequences may be used provided they guarantee utmost
purity and an intact 3’ base. The success of the ASPE reaction
is highly dependent on primer quality.

The enzyme used in the ASPE reaction must be suitable for
genotyping. In other words, it should lack 3'-5" exonuclease
activity and have minimal terminal transferase activity. The
safest method of selecting an alternate enzyme for ASPE is
empirical testing using known wild-type, mutant, and het-
erozygous samples.

At this point, ASPE products may proceed to the next step or
may be held at 4°C until use. It is recommended that ASPE
products not be stored longer than 48 h prior to use.
XTAG™ microspheres are supplied at two concentrations,
cither at 2.5 x 10° or 6.25 x 10° beads/mL. While prepar-
ing the array, protect the microspheres from light as much as
possible. A large volume of the liquid array may be prepared
and stored at 4°C. As indicated in the method, the bead array
is added in a 45 L volume and contains 2500 beads of each
of the 12 populations (56 beads/nL). To prepare 4.5 mL of
the bead array (enough for 100 reactions), 2.5 x 10° beads
are required. For each bead population, pipette either 1 mL
of the less concentrated stock or 40 wL of the more con-
centrated stock into individual microcentrifuge tubes. Cen-
trifuge the beads at 10 000 x g for 1 min to pellet the beads.
Remove the supernatant, being careful not to disturb the pel-
let, and resuspend each bead population in a small volume of
hybridization bufter (about 100 nL). Combine the 12 bead
populations into a single vesicle and bring volume up to 4.5
mL with hybridization buffer. Store the bead mix at 4°C in
the dark until use.

The reporter solution is prepared just prior to the end of
the hybridization reaction by diluting the 1 mg/mL stock
solution 1000x in wash buffer to a final concentration of
1 wg/mL. Given that streptavidin has a very high affinity
for plastic, the phycoerythrin conjugate should be diluted in
glass and kept in the dark until use.

Details regarding instrument calibration, file set-up and gate
setting are provided in the User’s manual supplied with the
Luminex xMAP® instrument.

As with any hybridization-based assay, underlying polymor-
phisms occurring in the allele-specific primer binding regions
(other than those being queried) may affect the fluorescence
signals generated and consequently, the calls made.
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Chapter 7

Pyrosequencing of Toll-Like Receptor Polymorphisms
of Functional Relevance

Parviz Ahmad-Nejad

Abstract

Inflammation is becoming increasingly recognized and discussed as an important pathobiochemical origin
in many disease entities such as atherosclerosis, cancer, or infections and genetically determined suscepti-
bility to danger signals may influence the development of inflammatory diseases. Members of the ‘toll-like
receptor’ (TLR) family are pivotal molecules in the activation of the innate immune system and specif-
ically recognize structurally conserved pathogen-associated molecular patterns. Since their discovery a
growing number of single nucleotide polymorphisms (SNPs) have been identified, functionally charac-
terized and in part linked to multiple diseases. Here we report several protocols for Pyrosequencing

approaches to genotype functionally relevant SNPs in TLR-genes and further molecules of the innate

immune system.

Key words:

toll-like receptor; lipopolysaccharide; pathogen-associated molecular pattern;

Pyrosequencing®; single nucleotide polymorphism; genotyping.

1. Introduction

The delineation of members of the toll-like receptor (TLR)
family within the recent years has lead to a new level in under-
standing the innate immune systems (7). TLRs sense pathogen-
associated molecular patterns (PAMPs). To date ten members of
the TLR family are described in man (1). While TLR4 complexed
with MD-2 senses lipopolysaccharide (LPS) of gram-negative
microbes as a bacterial danger signal (2), TLR2 recognizes bacte-
rial lipoproteins (BLP) (3), heat shock proteins (HSP) (4-6), and
fungal-derived structures such as zymosan,/mannane-activated
(7). For TLRY, it was demonstrated that it recognizes bacterial
unmethylated CpG-DNA (8), and bacterial flagellin is considered
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as ligand for TLR5 (9). More recent publications show that
specific stimuli for TLR7 and 8 exist. Specifically the low-
molecular antiviral substance R848 triggers immune cells signals
via human TLR7 and 8 (10-12). TLR engagement leads to the
production and secretion of proinflammatory cytokines like 1L.-6,
1L-12, and TNFa in cells of the innate immune system. Further-
more mitogen-activated protein kinases (MAPK) and transcrip-
tion factors like NF-kB and AP-1 are activated. Thus TLRs are
directly involved in the very first recognition of microbial danger
signals. As with many other genes single nucleotide polymor-
phisms (SNPs) have been reported in public databases (13) for
members of this ancient receptor family and many of this poly-
morphisms have already been functionally characterized (14-17).
A few of these SNPs have been linked to disease entities, but for
the majority no genotyping methods are currently available.

In the recent years Pyrosequencing® has emerged as
a valuable technique in molecular diagnostics (18-20).
Pyrosequencing® is a bioluminometric DNA sequencing
method based on the sequencing-by-synthesis principle. This
real-time DNA sequencing approach employs a cascade of
four enzymatic reactions producing sequence peak signals.
In this report we describe genotyping methods based on the
Pyrosequencing® technology for all currently known, function-
ally relevant TLR sequence variations and further important
SNPs in innate immune system genes (Fig 7.1).

2. Material

2.1. PCR

2.2. Pyrosequencing

1. Water, 500 ml (Sigma-Aldrich, Deisenhofen, Germany), store
at 4°C (see Note 1).

2. dNTPs (10 mM) (Fermentas MBI, St Leon-Rot, Germany),
store at —20°C.

3. GoTaq Flexi DNA polymerase Kit (Promega, Mannheim,
Germany), store at —20°C), contains: GoTaq polymerase 500
U, MgCl, (25 mM), 5x Flexi-buffer green (see Note 2).

4. PCR-SOFTSTRIPS (0.2 ml) (Biozym, Oldendorf, Germany).

Oligonucleotides (Table 7.1).

6. PCR-cycler (Mastercycler Ep gradient S; Eppendort, Ham-
burg, Germany).

(92}

1. Pyro-Gold-Star Kit 5x96 (Biotage, Uppsala, Sweden)
includes enzymes and substrates

2. Streptavidin - Sepharose™ HP (Amersham Biosciences,

Uppsala, Sweden).

PSQ-Reagent-Cartridge (Biotage).

LiChrosolv (Merck, Darmstadt, Germany).

. PCR-plates (Eppendorf).

G
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PSQ 96 Plate Low (Biotage).

Annealing buftfer (Biotage).

Binding buffer (Biotage).

Ethanol (70%).

Denaturation bufter, 500 ml (Biotage).

Washing buffer, 200 ml (Biotage).

. Oligonucleotides for sequencing (Table 7.1).

. Laboratory shaker (e.g., Variomag Monoshake, H+P
Labortechnik AG, Oberschleiffheim, Germany)

14. Pyrosequencing system (Biotage).

— bt
W= S0 %N

3. Methods

3.1. Isolation of
Human DNA from
Peripheral Blood

3.2. PCR

The PCR-assays which will be described in the following report
will work on human DNA extracted either manually using DNA
extraction kits by various manufacturers or automated techniques.
Generally, it is sufficient to isolate DNA from 200 pl of periph-
eral, K-EDTA anticoagulated blood to achieve a final concen-
tration between 10 and 40 ng/ul. Purity of the isolated DNA
should be verified once by photometry. The aim is to achieve a
ratio OD260,/280 between 1.8 and 2.0.

Except for the DNAse-free water, which is stored at 4°C, all other

components should be stored at —20°C. Generally, setting up of

the PCR is to be separated locally from the subsequent sequenc-
ing reaction to strictly avoid contaminations in the following runs.

All pipetting is to be performed with DNAse- and RNAse-free fil-

ter tips and it is strongly recommended to wear laboratory coats

and using vinyl or latex hand gloves for pipetting the PCR-master
mixes. All pipetting must be prepared on ice.

No matter if single-plex or duo-plex assays will be prepared,
labeled, and unlabeled lyophilized oligonucleotides will be resus-
pended with DNAse-free water to a final concentration of 10
pmol/ul. In each PCR-run at least one no-template control must
be included to monitor PCR-contamination. Furthermore a het-
erozygous sample should also be included as a positive control
(see Note 3).

Note that the MgCl, concentration varies from PCR to PCR
depending on the primers used. All primers were designed using
the Pyrosequencing® Assay Design Software (version 1.0.6). The
concentration determined for each TLR-PCR is listed in Table
7.1 (see Note 4).

1. Prepare 48 pl of a master mix containing: 10 pl 5x Flexi-
buffer; X pl MgCl, (25 mM) (calculate the volume to obtain
final concentration given in Table 7.1); 1.0 pl Primer 1 (for-
ward); 1.0 pl Primer 2 (reverse); 1.0 wl dANTPs (10 mM ecach);



3.3. Pyrosequencing

3.3.1. Preparation for the
Sequencing Reaction

3.3.2. Preparation of the
PSQ-plate low

3.3.3. Preparation of the
PCR-plate

2.
3.

4.
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0.2 ul GoTaq polymerase; X pl HyO (depending on the vol-
ume of MgCl, ).

Vortex and spin down quickly.

Transfer master mix to a labeled PCR-tube and add either 2 l
of DNA or 2 pl H>O for the no template control.

Samples are cycled under the following conditions (see
Note 5):

Initial denaturation: 95°C, 3 min

45 cycles: 95°C, 30 s; X°C, 45 s; 72°C, 60 s
Final extension: 72°C, 5 min

Hold temperature 4°C until further use.

Please note that the annealing temperature varies depending
on the primers used. The best annealing temperature for each
PCRis listed in Table 7.1.

. The PCR-product can now be used for a Pyrosequencing®

run directly or might be stored at —20°C.

It is strongly recommended performing the sequencing reaction
in different and separate room from the pre-PCR-area (see Note
6). All buffers and reagents necessary should be stored at 4°C
until usage. For the sequencing reaction all reagent should be
available at room temperature.

1.

2.

3.

Resuspend enzyme and substrate components of the Pyro-
Gold-Star Kit in 620 pl water at room temperature.

Thaw and spin down the sequencing primer at a concentration
of 10 pmol/pl.

Fill the vacuum-prep-station with 70% ethanol, NaOH (0.2
M), washing buffer, and water.

. Turn on the vacuum-prep-pump and the heating plate.

. For a single-plex assay mix 1.6 pl sequencing primer and 38.4

pl annealing buffer per analyzed sample/patient and transfer
into a well of the PSQ-plate low (see Note 7).

. For a duo-plex assay mix 1.6 pl sequencing primer 1, 1.6 pl

sequencing primer 2 and 36.8 pl annealing buffer per analyzed
sample /patient and transfer into a well of the PSQ-plate low.

. Transfer 40 pl annealing buffer without any sequencing primer

in one well of the PSQ-plate low to control the sequencing
reaction for false positive signals.

. Place the plate to the right-hand side of the vacuum-prep-

station.

. Mix the following reagents in each cavity of a separate 96-

well PCR-plate: 20 pl HyO; 40 pl sepharose beads mixture
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3.3.4. Denaturation and
Annealing for the
Sequencing Reaction

3.4. Troubleshooting

1

10.

11.

12.

13.

XN

consisting of 3 il beads (well-mixed) and 37 pl binding bufter;
20 pl PCR-product

. Prepare one well with 40 pl HyO and 40 pl sepharose

beads mixture to monitor unspecific signals generated by the
sequencing primer.

. Shake the PCR-plate on a laboratory shaker for at least 5-10

min at room temperature.

. Place the PCR-plate to the left-hand side of the vacuum-prep-

station.

. Take the vacuum-prep-tool, place it into the PCR-plate and

turn it on. EacH, Of the following steps should be done for
5 s to guarantee an optimal preparation for the subsequent
sequencing reaction.

Wash in 70% ethanol for 5 s.

Let dry for 5 s.

Denature for 5 s.

Let dry for 5 s.

Incubate in washing buftfer.

Let dry for 30 s.

Place the vacuum-prep-tool carefully above the PSQ-plate
low. Keeping a distance of approximately 0.5 mm between
the vacuum-prep-tool and the bottom of the well of the PSQ-
plate turn the vacuum-oft. The beads will now be falling into
the designated PSQ-plate low wells.

Carefully shake the vacuum-prep-tool to remove all aspirated
beads.

The PSQ-plate low which is now containing the beads and
the single-stranded PCR-product is now heated to 80°C for
2 min.

Take the PSQ-plate low from the heater and let it stand for 5
min at room temperature.

During this time prepare the reagent cartridge as recom-
mended by the manufacturer.

Sequencing can now be performed with the PSQ™ 96 MA
(Biotage, Uppsala, Sweden). The determination of peaks
and the generation of pyrogram® will be done by the
Pyrosequencing Software (PSQ96MA, Version 2.1.1, Bio-
tage, Uppsala, Sweden) automatically but the results should
be validated for each probe and the controls by the investiga-
tor (Figs. 7.2 and 7.3) (see Note 8).

Concerning troubleshooting with new tests based on
Pyrosequencing® technology the following controls can be
performed to check for unspecific signals:

1.

Primer-dimers: Sequencing primer + annealing bufter with-
out PCR-product biotinylated PCR-primer + annealing buffer
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Fig. 7.2. Representative pyrogram® results for different functionally relevant TLR-SNPs (2a—m).
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Fig. 7.3. Representative pyrogram® results for different functionally relevant sequence variations in NOD2 (CARD15)
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without PCR-product sequencing primer + biotinylated PCR-
primer + annealing buffer without PCR-product

. Potential annealing of the biotinylated PCR-primer: Biotiny-

lated PCR-primer + annealing buffer with PCR-product

. 37-end loops of the specific PCR-product:

PCR-product + annealing buffer

. PCR-background:

PCR-negative control + sequencing primer + annealing buffer
PCR-negative control + biotinylated PCR-primer + annealing
buffer

PCR-negative control + annealing buffer

4. Notes

. Unless stated otherwise, all solutions should be prepared in

water that has a resistivity of 18.2 MQ c¢m and total organic
content of less than five parts per billion. This standard is
referred to as “water” in the text.

. Hot-start DNA polymerases such as the GoTaq DNA poly-

merase (Promega, Mannheim, Germany) reduce the genera-
tion of unspecific PCR-products. The green indicator/loading
dye does not interfere with downstream techniques and the
bioluminometric Pyrosequencing® procedure.

. For rare mutations the use of positive controls makes sense to

monitor false negative determinations. To generate such pos-
itive controls plasmids might be used but should be handled
with great care to avoid contaminations.

. All oligonucleotides should be designed carefully using the

manufacturer’s software accompanying the instrument. Primer
design should strictly avoid mispriming or hairpin structures
which might be generated in the PCR or the following
sequencing reaction.

. In general PCRs for genotyping assays on a Pyrosequencing®

instrument have three important characteristics: (1) genera-
tion of short PCR-amplicons (usually <200 bp); (2) including
one biotinylated primer; (3) running a high number of cycles
within the PCR (>40 cycles).

. Since the PCR-tube will be opened for Pyrosequencing® after

the PCR-amplification the technique generally bears a great
risk for PCR-contamination as compared to other genotyping
methods. A strict separation of pre- and post-amplification lab-
oratory area as described in reference literature is therefore an
indispensable prerequisite to avoid false determinations (21).

. Pyrosequencing enables the investigator to perform duo-

plex or tri-plex genotyping assays out of one multiplex-PCR.
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Annealing

MgCl, [ul]
Primer [pl]

Table 7.2
Different master mixes to optimize the PCR-
conditions for subsequent pyrosequencing

Master mix (j.1)

Component | | ]
H,0 31.8 29.8 30.8
5x Buffer 10 10 10
MgCl, (25 mM) 3 5 3
Primer forward (10 pM) 1 1 1.5
Primer reverse (10 pM) 1 1 1.5
dNTPs (each 10 mM) 1 1 1
goTaq (500 U) 0.2 0.2 0.2
Genomic DNA (10-40 ng/pl) 2 2 2
58°C 60°C 62°C

3.0 50 30| 3.0 50 30 3.0 50 30
10 1.0 15| 1.0 10 15 1.0 1.0 15

Fig. 7.4. Nine different PCR-protocols have been tested simultaneously in a MasterCycler EP gradient S.

Besides the fact that multiplex PCR must be validated we
recommend to start with single-plex runs first and subse-
quently try to establish multiplex-assays by merging both
assays.

8. Like in capillary sequencing Pyrosequencing® assays are PCR-
based. Therefore it is important to optimize the PCR as a basic
technique first in setting up genotyping methods. It is recom-
mended to determine the concentration of MgCl, , primers,
and the annealing temperature necessary to yield the best
results and document the run by agarose gel-electrophoresis
(Table 7.2 and Fig. 7.4).
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Chapter 8

Multiplex HLA-Typing by Pyrosequencing

Ying Lu, Julian Boehm, Lynn Nichol, Massimo Trucco,
and Steven Ringquist

Abstract

Class I and II loci of the human leukocyte antigens (HLA) represent the most polymorphic region of
the genome. Evolutionary pressure has resulted in a large number of allelic variants of these loci ensuring
the high frequency of heterozygous genotypes observed in human populations. Molecular techniques,
including sequencing, are capable of precisely defining HLA alleles. Sequencing by synthesis method-
ology employed by pyrosequencing represents a complementary approach to other molecular methods
of HLA genotyping. Out-of-phase sequencing of HLA alleles by pyrosequencing can resolve certain
cis/ trans ambiguities that would otherwise require the sequencing of cloned DNA. Genotyping of HLA
loci for the presence of specific amino acid variants is beneficial for proper matching of organ donor to
recipient, the monitoring of HLA associated genetic risk to autoimmune diseases, population genetic
studies, as well as evaluation of the genetics of human host-human pathogen interaction.

Key words: DNA sequencing, histocompatibility antigens, immunogenetics, sequence-based typing,
transplantation.

Abbreviations: Expressed Sequence Tag, EST; Human Leukocyte Antigen, HLA; Polymerase Chain
Reaction, PCR; Single Nucleotide Polymorphism, SNP; Single Stranded Binding Protein, SSBP

1. Introduction

Human leukocyte antigens (HLA) class I and class II loci are
located in a roughly four megabase segment on chromosome 6
at cytogenetic location 6p21.3 (1,2). The HLA encoding region
can be subdivided into three physical regions encoding the class
I, class III, and class II molecules (3) (Fig. 8.1). The physio-
logic function of the HLLA proteins is to present antigenic peptides
from the cytoplasm onto the cell surface. The genes encoding the
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Fig. 8.1. Organization of the HLA class |, class Ill, and class Il loci located on human chromosome 6p. Selected loci
are shown. The class | and class Il regions encode the major immunogenetic loci HLA-A, -B, -C and HLA-DR, -DQ, -DP,
respectively. Loci located in the class Il region are not related to class | or class Il loci structurally or functionally.

HILA class I and class II proteins constitute the most highly poly-
morphic genetic system in humans (Table 8.1). Allelic variations
have been identified for most of the HLA loci with HLA-B being
the most polymorphic having over 900 reported alleles (4). The
numbers of confirmed HLA alleles is consistently rising (4), there
being as many as 1,910 and 889 alleles reported for the class I
and class II HLA loci, respectively.

Determination of genetic polymorphisms within the HLA
loci is essential for successtul transplantation of tissue during solid
organ and bone marrow transplantation. In transplant genetics,
matching donor and recipient for bone marrow transplantation

Table 8.1

HLA allele and protein variants

HLA locus Allelic variants Protein variants
Class I loci

HLA-A 580 462
HLA-B 921 789
HLA-C 312 249
Class II loci

HLA-DRA 3 2
HLA-DRBI 501 423
HLA-DQAI 34 25
HLA-DQOBI 86 64
HLA-DPAI 23 14
HLA-DPBI 127 114

Numbers of allelic and protein variants were obtained from the IMGT /HLA
database (4).
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generally means determination of an appropriate immunological
antigen match based on each of two alleles at HLA class I loci
HLA-A and -B as well as class 11 loci HLA-DRBI1, -DQBI, and
-DPBI (5) (Table 8.2). In human population genetics, HLA
allele frequency differences have been observed when compar-
ing geographically distinct human populations and have identi-
fied probable patterns associated with ancient human migration
patterns as well as recent admixture events (6). Changes in the
frequency of HLA alleles are currently being observed due to
selective pressure from viral pathogens, such as, HIV and suscep-
tibility to AIDS (7, 8). Genome-wide association scans as well as
population studies associate HLA-B*5701 with AIDS resistance
observed in some HIV positive patients (9). The frequency of
this allele has been reported to be increasing in populations where
HIV prevalence is endemic (8). Evidence for a role of HLA alleles
has also been observed in preference for mate selection observed

Table 8.2

Frequently occurring HLA haplotypes observed in Caucasians

Selected HLA class | haplotypes Selected HLA class Il haplotypes

HLA-A HLA-B HLA-C Frequency HLA-DRBI HLA-DQAI HLA-DQOBI Frequency
*0101 *0801 *0701 0.070 *1501 *0102 *0602 0.142
*0201 *4402  *0501 0.054 *0301 *0501 *0201 0.131
*0301 *0702  *0702  0.041 *0701 *0201 *0202 0.111
*0201 *0702 *0702 0.033 *0101 *0101 *0501 0.091
*0201 *4001 *0304 0.025 *1101 *0501 *0301 0.056
*0101 *5701  *0602  0.022 *1301 *0103 *0603 0.056
*0201 *0801 *0701 0.020 *0401 *0302 *0301 0.053
*2601 *3801  *1203  0.017 *0401 *0301 *0302 0.042
*0201 *1501 *0303 0.015 *0404 *0301 *0302 0.039
*0301 *3501 *0401 0.015 *0701 *0201 *0303 0.037
*3101 *4001 *0304 0.015 *1302 *0102 *0604 0.034
*1101 *3501 *0401 0.013 *1104 *0501 *0301 0.027
*2902 *4403 *1601 0.013 *0801 *0401 *0402 0.022
*2402 *3501  *0401 0.011 *1401 *0104 *0503 0.020
*0201 *3501 *0401 0.011 *0102 *0101 *0501 0.014

*1201 *0501 *0301 0.011

HLA class 1 and II haplotypes with observed frequencies greater than 1% are shown. Haplotype frequencies are

summarized from Cao et al. (15) and Klitz et al. (16).
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in humans (10). People as well as other animals have the ability
to recognize HLA peptides as olfactory cues that enable social
recognition (11). Selective pressure to maintain population-wide
high frequencies of HLA heterozygous individuals has been con-
nected with human population survival in the face of otherwise
lethal infectious diseases (12, 13).

The basis for HLA polymorphism resides in stable inherited
variations of the genomic DNA sequence present in the coding
regions of the HLA genes (Fig. 8.2). Polymorphisms are clus-
tered into discrete hypervariable regions directing changes in the
amino acid sequence of the protein (14). While most HLA alle-
les occur in all ethnic groups, they vary in frequency among these
populations (15,16). Numerous ambiguities occur when genotyp-
ing HLA alleles by sequence-based typing (17). This is primarily
due to the presence of cis/trans combinations of alleles that occur
in certain allelic pairs in heterozygous individuals (4, 18). As a
result of the method’s intrinsic sequencing by synthesis approach,
pryosequencing yields out-of-phase sequence information from
individual alleles (19). Out-of-phase pyrosequencing allows many
of the cis/trans pairs to be resolved into their individual hap-
lotypes. Thus, providing high-quality data, focused genotyping
results, as well as improved HLA resolution (18,20-22).

2. Materials

2.1. Gollection and
Purification of DNA
from Whole Blood

2.2. Estimation of
DNA Concentration

1. Vacutainer tubes with EDTA anticoagulant may be purchased
from Becton-Dickinson Inc., Franklin Lakes, NJ. A trained
phlebotomist should be available to perform blood draws from
volunteers. This step may require approval by the local Insti-
tutional Review Board.

2. QIAamp DNA blood mini kit (Qiagen, Inc., Valencia, CA) is
used to extract DNA from whole blood. This kit may also be
used for preparing DNA from purified cells.

3. Dry blood spots are prepared by spotting whole blood onto
S&S 903 Paper (Schleicher and Schuell Inc., Keene, NH).

4. Biotech grade ethanol and methanol are purchased from
Thermo Fisher Scientific (Waltham, MA).

5. Punches of 1.5 mm in diameter can be obtained using a
hand-operated paper puncher or a Wallac Delfia DBS Puncher
(Perkin-Elmer Life Sciences Inc., Turku, Finland).

1. PicoGreen dsDNA quantification kit is obtained from Invit-
rogen Corp. (Carlsbad, CA). The fluorescence-based assay
will provide precise measurement of DNA concentration from
whole blood-isolated genomic DNA.
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2.3. Polymerase
Chain Reaction (PCR)

2.4. Agarose Gel
Electrophoresis

2.5.
Pyrosequence-Based

Typing

. 10x TE buffer (pH 8) is prepared by dissolving in 1 | distilled

water, 12.1 g Tris base and 3.72 g disodium EDTA. Adjust
pH with concentrated HCI to pH 8 (see Notes 1 and 2).

. 10x Taq bufter consists of 500 mM KCI, 100 mM Tris—

HCI (pH 8.3), 0.01% (w/v) gelatin and can be obtained
from Applied Biosystems (Foster City, CA). Store frozen
at —20°C.

. Magnesium chloride solution is prepared as a 25 mM solu-

tion by dissolving 0.5 g MgCl—hexahydrate in 100 ml distilled
water. The solution should be transferred as 1 ml aliquots and
stored frozen at —20°C.

. Deoxynucleotide triphosphate solution consists of 10 mM

dANTP mixture of dATP, dCTP, dGTP, and TTP can be
purchased from Applied Biosystems (Foster City, CA). Store
frozen at —20°C.

. Tag DNA polymerase (5 units/pl) can be purchased from

Applied Biosystems (Foster City, CA). Store frozen at —20°C.

. DNA oligonucleotide primers for PCR can be purchased

from Integrated DNA Technologies, Inc. (Ames, IA), Invit-
rogen (Carlsbad, CA), Operon (Alameda, CA), or another
provider of high-quality DNA oligonucleotides. Desalted
primers should be dissolved in 1x TE buffer (pH 8) at 10
M concentration. Store in 1x TE buffer (pH 8) at 4°C.

. Biotinylated DNA oligonucleotide primers containing a 5’-end

biotin-TEG modification can be purchased from Integrated
DNA Technologies, Inc. (Ames, IA), Invitrogen (Carlsbad,
CA), Operon (Alameda, CA), or another provider of high-
quality DNA oligonucleotides. HPLC-purified biotinylated
primers should be dissolved in 1x TE buffer (pH 8) at a
concentration of 10 wM. Store in 1 x TE buffer (pH 8) at 4°C.

. Agarose (low electroendosmosis) can be obtained from Roche,

Inc. (Indianapolis, IN).

. One liter of a solution of 5x TBE butffer should be prepared

using 54 g Tris base, 27.5 g boric acid, and 3.72 g disodium
EDTA. 5x TBE may be stored at room temperature for several
months.

. Ethidium bromide solution (10 mg/ml) can be purchased

from Sigma Chemical Company (Saint Louis, MO) (see
Note 3).

. Streptavidin-coated beads (GE Healthcare Bio-Sciences,

Corp., Piscataway, NJ).

. 96-well MultiScreen-HV 0.45 pm hydrophilic, low protein

binding, Durapore membrane (Millipore Corp., Bedford,
MA).
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3. Binding buffer is 10 mM Tris—-HCI (pH 7.6), 2 M NacCl,
1 mM EDTA, 0.1% Tween 20. This solution is prepared by
mixing 1.2 g Tris base, 116.9 g NaCl, and 0.34 g disodium
EDTA in 900 ml distilled water. Adjust the solution to pH 7.6
with concentrated HCI. Prepare the final solution by addition
of 1 ml Tween 20 and adjust the volume to 1 | with distilled
water. Store the solution at room temperature.

4. Denaturation solution is 0.2 M NaOH. Prepared by dissolving
8 g NaOH in 1 | distilled water. Store at room temperature.

5. Washing bufter consists of 10 mM Tris—acetate (pH 7.6). The
solution is prepared by dissolving 1.2 g Tris base in 800 ml
distilled water and is titrated to pH 7.6 with 4 M acetic acid.
The final volume is then adjusted to 1 | with distilled water.
Store the washing buffer at room temperature.

6. Annealing buffer is composed of 20 mM Tris—acetate (pH
7.6), 2 mM magnesium acetate. Prepare by dissolving 2.42
g Tris base and 0.43 g magnesium acetate-tetrahydrate in 900
ml distilled water. Adjust pH to 7.6 using 4 M acetic acid. Add
distilled water to adjust the final volume to 1 l. Store at room
temperature.

7. E. coli single-stranded DNA binding protein can be obtained
from Promega Corp., Madison, WI. Store frozen at —20°C.

8. 96-well tray formatted MultiScreen-HV 0.45 pm hydrophilic,
low-protein binding, Durapore membranes are purchased
from Millipore Corp., Bedford, MA.

9. Pyrosequencing reagents (PSQ 96 MA sample preparation kit
and PSQ 96 SQA reagent kit) and instrumentation may be
purchased from Biotage, AB (Charlottesville, NC).

3. Methods

Pyrosequencing was developed for the analysis of expressed
sequence tags (ESTs) in order to enable accurate sequencing of
short stretches of DNA. The methodology has found increasing
acceptance as a method for analysis of single nucleotide poly-
morphisms (SNDPs), insertion/deletion polymorphisms, and for
investigating sites of DNA methylation (23-25). Pyrosequencing
allows increased resolution of allelic pairs due to its ability to accu-
rately resolve heterozygous nucleotides by enabling out-of-phase
sequencing (26). Performed by stepwise addition of dNTDPs,
pyrosequencing enables synthesis of the nascent nucleotide chain
that is extended one nucleotide residue per dispensation event.
Sequencing by DNA synthesis is performed through a chain of
enzymatic reactions involving DNA polymerase, apyrase, ATD
sulfurylase, and luciferase (27, 28). Each nucleotide is dispensed
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3.1. Collection and
Storage of Whole
Blood Obtained by
Venous Puncture from
Human Subjects

3.2. Collection and
Storage of Dry Blood
Spot from Human
Subjects

independently to the reaction mix. The graphic display depicting
the incorporation of a particular nucleotide is in the form of
nucleotide dispensation event (x-axis) versus the intensity of emit-
ted light (y-axis) and is referred to as a pyrogram (Fig. 8.3).
The pyrosequencing reaction is quantitative, in that increased
light intensity is produced upon incorporation of multiple
nucleotides. Thus, DNA sequence is determined by examination
of light intensity emitted immediately after nucleotide dispensa-
tion. Polymorphic residues are identified from nucleotide incor-
poration patterns consistent with known genotype possibilities
(e.g., homozygous AA, heterozygous AB, and homozygous BB)
(see Note 4).

1. Collection of whole blood by vein puncture. Sterile vein punc-
ture can be used as a method of obtaining whole blood suitable
for DNA extraction and pyrosequencing. This step should be
performed by a trained phlebotomist on volunteers who have
been recruited in a manner specified by the local Institutional
Review Board (see Note 5).

2. Whole blood (at least 5 ml) can be drawn into Vacutainer tubes
containing EDTA as an anticoagulant.

3. Samples can be processed immediately or aliquots can be
stored frozen at —80°C. When transferring blood samples bio-
hazard safety precautions should be observed, such as working
within a biohazard laminar flow hood, wearing latex gloves,
and eye protection. Disposal of used laboratory materials
should follow the local regulations of the institution in which
the work is being performed.

1. An alternative approach to collection of human sample is to
transfer whole blood directly to filter paper to generate dry
blood spots for storage and DNA purification. This process
uses a sterile needle to deliver a finger prick in order to induce a
minimum amount of bleeding, 20-50 1 is sufficient. This step
should be performed by a trained phlebotomist on volunteers
who have been recruited in a manner specified by the local
Institutional Review Board (see Note 5).

2. Whole blood from the site of bleeding can be transferred
directly by pressing the finger onto S&S 903 paper.

3. The blood spotted S&S 903 paper is allowed to dry overnight
in a biosafety hood.

4. Dry blood spots are sealed from moisture and stored at
room temperature. A zip lock plastic bag is sufficient for this
step. The sealed samples can be stored in #10 sized mailing
envelopes. This is a convenient method to separate and avoid
contamination of samples that have been collected from differ-
ent individuals.
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Fig. 8.3. Pyrograms of HLA-DQB1 alleles obtained from DNA isolated from a family trio pedigree. A. HLA-
DQAB1*0301+*0501, paternal DNA. B. HLA-DQB1*0302+*0302, maternal DNA. C. HLA-DQB1*0301+*0302, offspring
DNA. DNA was prepared from whole blood and PCR amplified using HLA-DQB1-specific primer SR25 and SR24. The
sequencing primer was SR26 and the pyrosequence step used the nucleotide dispensation order indicated in Table 8.9.
The residues marked by an asterisk symbol indicate the position of hypervariable residues unique to the three genotypes.
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3.3. Purification of
DNA from Whole
Blood Collected by
Venous Puncture

10.

11.

12.

. DNA can be extracted from fresh as well as frozen whole

blood. QIAamp DNA mini kit has been used for DNA iso-
lation. The method typically yields greater than 0.5 pg of
purified genomic DNA per 75 pl of whole blood. The DNA
isolation protocol is modified from the QIAamp DNA Blood
Mini Kit Handbook provided by Qiagen, Inc., for use with
whole blood collected with EDTA as an anticoagulant. The
following items are recommended precautions before start-
ing the DNA isolation protocol:

a. Equilibrate whole blood samples to room temperature
before starting.

b. Prepare a 56°C heating block.

. Equilibrate buffer AE to room temperature.

d. Prepare buffers AW1, AW2, and QIAGEN protease
according to the instructions in the QIAamp DNA Mini
Kit Handbook.

(g

. In a 1.5 ml centrifuge tube, thoroughly mix 20 pl QIA-

GEN protease with 75-200 pl whole blood. If less than
200 pl whole blood is used, add an appropriate volume of
phosphate-buffered saline solution.

. Add 200 pl buffer AL and vortex for 15 s.
. Incubate the mixture for 10 min at 56°C followed by brief

centrifugation to remove droplets from the inside of the lid.

. Add 200 pl of absolute ethanol to the protease-treated blood

sample and mix by vortexing. Briefly centrifuge in order to
remove droplets from the inside of the lid.

. Transfer the solution to a QIAamp mini column placed in 2

ml collection tubes. Seal the tubes and centrifuge at 6,000 x
g for 1 min.

. Transfer the QIAamp mini column to a new 2 ml collection

tube. Seal the tube and centrifuge at 6,000 x g for 1 min.

. Add 500 pl buffer AW1 to the column. Seal the column and

centrifuge at 6,000 x g for 1 min. Place the column into a
clean 2 ml collection tube.

. Add 500 pl buffer AW2 to the QIAamp mini column. Seal

the column and centrifuge at 20,000 x g for 3 min. Place in
new collection tube and centrifuge at 20,000 x 4 for 1 min.
Repeat step 10 and transfer the QiAamp mini column to a
new 1.5 ml centrifuge tube.

Add 50 pl of distilled water by transferring directly onto
the center of the membrane of the column. Seal the column
and incubate at room temperature for 5 min. Centrifuge at
6,000 x g for 1 min.

Store purified DNA samples either refrigerated or frozen at
—20°C. Prior to use in PCR amplification the concentration
of the DNA samples should be determined. This will be help-
ful when optimizing the amount of DNA template required



3.4. Isolation of DNA
from Dried Blood
Spots

1.

10.

11.
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during the PCR step, allowing careful management of limited
samples.

Purification of genomic DNA from dried blood spot samples
follows the protocol outlined by the Qiagen QIAamp DNA
Mini Kit and QIAamp DNA Blood Mini Kit Handbook.
Multiple 3.2 mm diameter punches can be prepared from
each dried blood spot. This can be accomplished by using
a hand-operated paper puncher or a motor-operated Wal-
lac Delfia DBS Puncher. The hand-operated paper puncher
and Wallac Delfia DBS Puncher are equipped with a 3.2 mm
punch head. Specimens can be punched directly into sample
collection trays. Six 3.2 mm diameter punches per tube are
sufficient for each extraction.

. The tollowing items are recommended before starting the

DNA isolation protocol:

a. Prepare 85, 70 and 56°C heating blocks.
b. Equilibrate buffers AW1 and AW2 to room temperature.

. Using a 3.2 mm diameter punch head transfer six punches of

the dried blood spot to a 1.5 ml centrifuge tube. Add 180 p.l
buffer ATL.

. Place the tube in an 85°C heating block for 10 min. Follow-

ing the incubation briefly centrifuge to remove droplets from

the lid.

. Add 20 pl proteinase K and mix thoroughly. Incubate the

sample at 70°C for 10 min. Briefly centrifuge to remove
droplets from the inside of the lid.

. Add 200 pl absolute ethanol. Mix thoroughly and centrifuge

to remove droplets from the lid.

. Transfer the sample to the QIAamp spin column and place

the column into a 2 ml collection tube. Seal the column and
centrifuge at 6,000 x g for 1 min. Transfer the column to a
clean 2 ml collection tube and discard the filtrate.

. Open the column and add 500 pl buffer AW1 to the center

of the membrane. Seal the column and centrifuge at 6,000 x
g for 1 min. Transfer the column to a clean 2 ml collection
tube and discard the filtrate.

. Open the column and add 500 pl buffer AW2 to the center

of the membrane. Seal the column and centrifuge at 20,000 x
g for 3 min.

Transfer the column to a clean 1.5 ml centrifuge tube. Open
the column and transfer 100 pl buffer AE to the center of
the membrane. Centrifuge at 6,000 x g for 1 min in order to
elute the DNA sample from the column.

Store purified DNA samples either refrigerated or frozen at
—20°C. Prior to use in PCR amplification the concentration
of the DNA samples should be determined. This will allow
the laboratory to optimize the amount of DNA template
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3.5. Determining the
Concentration of
Purified DNA

1.

o)

10.

11.

12.

required during the PCR step and enable management of
limited samples.

DNA concentration can be determined using the PicoGreen
dsDNA quantitation kit (Invitrogen, Carlsbad, CA). The
method allows estimation of DNA concentration by compar-
ison of fluorescent signal obtained from each sample against
the dilution series of a DNA standard. Signal can be measured
with a fluorescent microplate reader using excitation wave-
length 484 nm, emission wavelength 538 nm, and a 530 nm
bandpass filter. The DNA quantification protocol is modified
from the method provided by Invitrogen Corp., Carlsbad,
CA for use in a 96-well tray.

The following items compose the recommended precautions
to be observed before starting the DNA concentration
protocol:

Allow the PicoGreen reagents, DMSO stock solution, and
DNA samples to warm to room temperature.

. Prepare TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH

7.5) for use in diluting DNA samples and assay reagents.

. Use plastic rather than glass containers to prepare samples

and reaction mixtures to avoid possible absorption of the
fluorescent dye to glass surfaces.

Protect the solutions from exposure to light as the PicoGreen
reagent is susceptible to photobleaching.

Use all solutions within a few hours of their preparation.

. Freshly prepare an aqueous working solution of the

PicoGreen reagent by preparing a 200-fold dilution of the
concentrated DMSO solution in 1X TE (pH 8). For 20
assays, mix 0.1 ml PicoGreen dsDNA quantitation reagent
with 19.9 ml 1X TE (pH 8).

Prepare two stock solutions of lambda DNA. Using the 0.1
mg,/ml lambda DNA standard provided with the PicoGreen
dsDNA quantitation kit the high-range standard stock
solution is prepared by mixing 30 pl lambda DNA with 1.47
ml 1x TE (pH 7.5). The low-range standard stock solution
is prepared by mixing 3 pl of the high-range standard with
1.5ml 1x TE (pH 7.5).

The high-range standard DNA curve for a range of 1 ng,/ml
to 1 pg/ml can be prepared from the 2 pg/ml high-range
DNA standard stock solution as given in Table 8.3.

The low-range standard DNA curve for a range of 250 pg,/ml
to 25 ng/ml can be prepared from the 50 ng/ml low-range
DNA standard stock solution as given in Table 8.4.
Preparation of the purified DNA samples for quantification is
performed using each of the purified DNA samples as given
in Table 8.5.
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Table 8.3
Preparation of the high-range standard DNA curve for a range of 1 ng/p.lto 1 pg/mi

Concentration 1 x TE buffer High-range DNA standard (2 j.g/ml) Diluted picogreen
reagent (ml)

1 ng/ml - 1 ml 1

100 ng/ml 900 pl 100 pl 1

10 ng/ml 990 pl 10 ul 1

1 ng/ml 999 pl 1 pl 1

No DNA control 1 ml - 1
Table 8.4

Preparation of the low-range standard DNA curve for a range of 250 pg/j.l to 25
ng/mi

Concentration 1x TE buffer  High-range DNA standard (50 ng/ml)  Diluted picogreen

reagent (ml)
25 ng/ml - 1 ml 1
2.5 ng/ml 900 pl 100 pl 1
250 pg/ml 990 pl 10 pl 1
No DNA control 1 ml - 1

13. DNA prepared for the standard curve and the dilutions
of sample DNA are mixed thoroughly and 0.2 ml of each
is transferred to a 96-well microplate suitable for use in a
fluorescence plate reader. Incubate these reactions for 2-5
min at room temperature.

14. Fluorescent signals are measured in a fluorescent microplate
reader. The excitation wavelength is 484 nm, emission
wavelength is 538 nm, and the instrument should use a 530
nm bandpass filter.

Table 8.5
Preparation of the purified DNA samples for quantification

Dilution factor 1x TE buffer (jl) DNA sample (j.l) Diluted picogreen reagent (jul)

1:2 50 50 100
1:20 90 10 100
1:200 99 1 100
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3.6. Estimation of
Sample DNA
Concentration

15. Linear regression can be used to analyze the background
corrected signals. Concentration of the sample DNAs are
estimated from the relationship of concentration and signal
obtained from the standard curves (see Section 3.6.). If
none of the sample signals correspond to the signal range
measured for the standard then appropriate fresh dilutions of
the sample should be prepared. In the event that more than
one of the sample dilutions is within range of the standard
curves their estimated concentrations may be reported as the
mean concentration.

16. Adjust the concentration of the samples to 2 ng/ul using 1 x
TE buffer. Store diluted DNA samples in cryotubes frozen
at —20°C.

The concentration of an unknown, along with the associated con-
fidence limits, can be estimated from linear regression of the rela-
tionship between a set of known concentration standards and the
fluorescent signal obtained from the PicoGreen assay (29). The
calculations are performed in two parts: (A) linear regression anal-
ysis of the concentration (x-axis) and observed signal (y-axis) fol-
lowed by estimation of the concentration of the unknown; and
(B) determination of the 95% confidence limits of this estimate.
The mathematical steps used are described in the following:

Part A: Estimating the concentration of an unknown using a
standard curve:

Examples of experimental data obtained from the PicoGreen
assay.

Background corrected sample data for the DNA standard:

DNA concentration (X;) 1,000 100 10 1 25 2.5 0.25
Fluorescent signal (1) 4,707.0 456.2 60.5 20.6 138.8 28.0 17.7

Background corrected sample data for the unknown DNA
sample:
Fluorescent signal of the unknown (Yygk) = 100.0
1. Step 1A: Determination of sample size, sums, means, sum of
squares, and sum of products:

Sample size (N) =7
Sum of X (Xg) = 1,301 Sum of 1 (Yg) = 6,204
Mean X (Xj7) = 162.68 Mean Y (Y1) = 775.5

Sum of squares X (Xgg) = 825,482 Sum of squares ¥ (Yss)
= 18,180,979

Sum of products (XYsp) = 3,873,640
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. Step 2A: Calculate the regression coefficient (&yx):

byx = XYsp/ Xss
byx = 3,873,640 / 825482 = 4.69

. Step 3A: Calculate the y-intercept (a):

a="Tm — (brx * Xm)
0 =7755 — (4.69)*(162.68) = 12.53

. Step 4A: Determine the explained sum of squares ( Egg).

Ess = (XYsp)?/(Xss)
Ess = (3,873, 640)%/8,25,482 = 18,177, 364

. Step 5A: Determine the unexplained sum of squares (Usgs):

Us=X[Yi—a+(brx * Xz)]z =780.01

. Step 6A: Estimate the concentration of the unknown sample

(Euk):
Euk = (Yuk — 2) / brx
Eyk = (100.0 — 12.53) / 4.69 = 18.65

Part B: Determine the 95% confidence limits:

7.

Step 1B: Determine the value of # g5[,,—21:

The value of #) o5[,—2] is determined using a look-up table of
critical #-values (30) (partially reproduced in Table 8.6). For
the sample data specified in Part 1 the degrees of freedom is
(N — 2) =5 and therefore #) g5[,—2; = 2.571.

. Step 2B: Calculate the unexplained error around the regres-

sion line A%KX: ’%fX =Uss /(N—2)
Sy = (780.01 / 5) = 156

. Step 3B: Calculate the standard error of the regression coet-

ficient s,: 8, = (s%-X / Xss)1/?
s = (156 / 825,482)1/2 = 0.01375

Table 8.6
Critical t-values for the determination of the tg g5;,—2
value (partially reproduced from 30)

Degrees of freedom Alpha (0.05) 2-tailed t-test

—
S

—

12.706
4.303
3.182
2.776
2.571
2.447
2.365
2.306

O 0 N O ot B W N

2.262
2.228
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3.7. Polymerase
Chain Reaction

10.

11.

12.

13.

1.

Step 4B: Calculate the value of D:
D = Byt o521 * %
D = (4.69)? — (2.571)* % (0.01375)? = 21.99
Step 5B: Calculate the value of H:
H = (#0.051n-21/ D) * (s7x * (D (N + 1)/ N)+
(Yuk — TM)Z/XS.S))U2
H =(2.571/21.99) % (156 % (21.99 « ((7 + 1)/7)+
(100.0 — 775.5)2/825,482))/*
H =0.1169 % (156 % (25. 1314 + 0.5528))'/2
H =0.1169 % (4,006.7352)'/2 = 7.3996
Step 6B: Calculate the 95% confidence limits L1 and L2:
Ll = Xm + (byx * (Yuk — Tm)/D) — H
L1 =162.68 + (4.69  (100.0 — 775.5)/21.99) —
7.3996
L1 =162.68+ (—144.07) —7.3996 = 11.21
L2 = Xm + (brx * (Yuk — Tm)/D) + H
L2 =162.68 4+ (4.69 % (100.0 — 775.5)/21.99) +
7.3996
L2 =162.68 + ( —144.07)+7.3996 = 26.01
The estimated concentration of the unknown is reported as
Euk = 18.65 (see Step 6A) with 95% confidence intervals
L1 =11.21 and L2 = 26.01 (as reported in Step 6B).

Amplification of HLA loci follows the protocol described by
Ringquist et al. (18, 20). The reactions are performed in 50
il volumes using the PCR forward and biotinylated reverse
primers indicated in Table 8.7.

. The following solutions should be prepared for use during

PCR amplification of HLA loci and can be stored at —20°C
until needed:

a. 10x Tig buffer: 500 mM KCl, 100 mM Tris—-HCI (pH
8.3),0.01% (w/v) gelatin.

b. Magnesium chloride solution: 25 mM MgCl,.

¢. Deoxynucleotide triphosphate solution: 10 mM dNTP mix-
ture.

d. Forward primer: 10 pM forward PCR primer in TE (pH 8)
bufter.

e. Biotinylated primer: 10 pwM biotinylated reverse PCR
primer in TE (pH 8) bufter.

. Thaw reagents in an ice-water bath or by gentle warming to

room temperature. Excessive incubation at warmer tempera-
tures may reduce the shelf life of the reagents. Mixtures are
prepared using DNA purified from whole blood or extracted
from dried blood spots (Table 8.8).

. Thermal cycling conditions are 96°C incubation for 3 min fol-

lowed by 32 cycles at 96, 55, and 72°C incubated for 30 s at
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Table 8.7
DNA oligonucleotide primers for PCR amplification of HLA-DQB1 alleles

Name Sequence (written 5" to 3')? Length (bp) Comment®

Forward strand PCR amplification

SR25 TTTGACCCCGCAGAGGA 283 -DOBI forward primer use
TTTCGTG with SR22 or SR24

SR22 Biotin-TEG-CTCTCC -DQBI reverse primer, alleles
TCTGACRGATCCC *05/06 use with SR25

SR24 Biotin-TEG-CTCGCC -DOBI reverse primer, alleles
GCTGCAAGGTCGT *02/03/04 use with SR25

Reverse strand PCR amplification

YL22 CTCTCCTCTGACRGATCCC 283 -DOBI forward primer for
*05/06
YL24 CTCGCCGCTGCA AGGTCGT -DOBI forward primer for
*02/03/04
YL25 Biotin-TEG-TTTGACCCCGC -DQBI reverse primer used
AGAGGATTTCGTG with yl22 and yl24

4In PCR primers SR22 and YL22 nucleotide residue 13 is designated R corresponding to the presence of equal molar
amounts of A and G at this position. This can be accomplished by ordering the oligonucleotides as separate syntheses
or by incorporation of mixed residues at this position during a single synthesis;

bOligonucleotide primers SR22 / Y122 and SR24 / YL24 are used for amplification of HLA-DQBI group-specific
alleles from *05/06 and *02/03/04, respectively.

Table 8.8

Mixture for PCR amplification of HLA loci

Solution DNA purified  DNA purified from
from whole dried blood spot
blood (1) (l)

10x Taq buffer 5 5

MgCly (25 mM) 4 4

dNTP (10 mM) 4 4

Forward primer (10 pM) 1 1

Biotinylated primer (10 pM) 1 1

Distilled water 29.8 14.8

Tag DNA polymerase (5 U/pl) 0.2 0.2

DNA sample (2 ng/l) 5 -

Dry blood spot extract = 20
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3.8. Viewing the
Results of PCR
Amplification by
Agarose Gel
Electrophoresis

each step. It is recommended that thermal cycling be followed
by a final incubation for 10 min at 72°C. Samples can be stored
at 4°C or frozen prior to pyrosequencing (see Note 6).

. Quality control of PCR amplification of HLA loci can be

assessed by gel electrophoresis using 1.5% agarose gel elec-
trophoresis. The following protocol for agarose gel elec-
trophoresis corresponds to that described by Sambrook et al.
(31). Begin by sealing the edges of a clean electrophoresis
tray with laboratory tape. Place the sealed gel tray onto a
level surface.

. Prepare a mixture of 1 x TBE and powered agarose to make

a sufficient volume of gel solution to fill the tray to a level of
50-100 mm. For example, for a preparation of 1.5% agarose
in 100 ml 1 x TBE use 1.5 g powered agarose. The 1 x TBE
bufteris 0.9 M Tris—-HCI (pH 8), 0.9 M boric acid, and 0.002
mM EDTA. A 5x solution of TBE can be prepared ahead of
time, stored at room temperature, and diluted with distilled
water prior to use.

. Add a magnetic stir bar and heat the slurry in an Erlen-

meyer flask, loosely sealed with aluminum foil, using an elec-
tric stirrer-hot plate. Make certain that the agarose has com-
pletely dissolved. It is common for agarose gel solutions con-
taining greater than 1.2% agarose that this process may take
a few minutes of constant boiling.

. A microwave oven may also be used to dissolve the agarose.

Caution should be observed when handling the heated
agarose solution in that it can become super-heated and cre-
ate a safety hazard by unexpectedly boiling over when the
container is handled. When using the microwave oven the
aluminum foil and magnetic stir bar should be omitted.

. The appearance of undissolved agarose in the mixture can

be determined by observing the presence of small clumps of
semitransparent material when the mixture is stirred. This
material must be completely dissolved by heating prior to
using it to prepare a gel.

. The dissolved agarose mixture is cooled to 60°C and ethid-

ium bromide is added to a final concentration 0.5 pg/ml.
Thorough mixing of the ethidium bromide into the agarose
solution is required.

. The agarose—ethidium bromide solution is poured into the

sealed gel tray. Air bubbles can be removed from the gel by
a pasteur pipette. The gel comb is added to the mixture and
the agarose is allowed to solidify upon cooling.

. After the agarose has solidified remove the gel comb and the

sealing tape. The gel tray can be placed in the electrophore-
sis chamber. Add the minimum volume of 1x TBE to the
electrophoresis chamber required to cover the gel.
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. DNA samples can be mixed with gel-loading bufter. 6X load-

ing buffer 0.25% bromophenol blue, 0.25% xylene cyanol FF,
30% (v/v) glycerol is recommended but other equally appro-
priate loading bufters are available (29). PCR amplification
should generate enough DNA so that 5 pl of the amplicon
mixed with 1 pl of 6x gel-loading solution should be suf-
ficient to visualize the product. All of the mixture is loaded
into the appropriate wells.

DNA size standards for agarose gel electrophoresis may be
purchased from commercial vendors (e.g., Bio-Rad Labo-
ratories, Hercules, CA or New England Biolabs, Ipswich,
MA). These are available in a number of variations. PCR
products to be examined using pyrosequencing are typically
less than 500 bp in length. This makes the 100 bp lad-
der standards convenient for the purpose of evaluating the
product.

After loading the size standard and samples onto the gel,
the lid of the electrophoresis tank should be closed and the
electrical leads connected. DNA is negatively charged and
will migrate toward the anode (red lead). Apply a voltage
of between 1 and 5 V/cm. For a 20 cm gel box this would
be between 20 and 100 V.

Once the gel has run sufficiently the lead dye should have
migrated roughly 3 cm into the agarose. Turn off the electric
current and remove the gel tray from the tank. Be careful not
to allow the agarose gel to slip off of the tray as it will likely
tear. The DNA bands may be visualized by ultraviolet light
and the data recorded by photography or captured by video
imaging. Avoid excessive exposure of eyes and skin to the UV
irradiation as it can cause retinal damage and burning of the
skin.

Confirmation of successful PCR amplification occurs when a
product of the expected length is observed. Products of other
lengths or multiple products are considered evidence that the
PCR amplification did not provide the proper material to pre-
pare template for pyrosequencing.

. HLA pyrosequencing can be performed on a PSQ 96MA or

PSQ HS 96A system (see Note 7). Pyrosequencing reactions
are performed using reagents provided with the PSQ 96MA
sample preparation kit and PSQ 96 SQA reagent kit. Reference
DNA can also be obtained from human lymphoblastoid cell
line of known HLA identity (see Note 8).

. Materials to prepare prior to the pyrosequencing protocol:

a. Prepare an 80°C heating block.
b. Binding buffer: 10 mM Tris-HCI (pH 7.6), 2 M NaCl,
1 mM EDTA, 0.1% Tween 20.
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3.10. Pyrosequencing
of HLA Loci Using the
PSQ HS 96A
Instrument

c. Annealing buffer: 20 mM Tris—acetate (pH 7.6), 2 mM
magnesium acetate.

d. Denaturation solution: 0.2 M NaOH.

¢. Washing buffer: 10 mM Tris—acetate (pH 7.6).

. Samples are prepared using 10 pl of amplified DNA from the

PCR mixtures. These are mixed with 4 pl of streptavidin-
coated beads and the volume adjusted to 50 pl with binding
buffer.

. Place the mixture of PCR product and streptavidin-coated

beads onto an Eppendorf thermal mixer and vortex at room
temperature using 1,400 rpm for 10 min.

. Transfer the streptavidin-coated beads to a 96-well

MultiScreen-HV ~ membrane. Collect the Dbiotinylated
PCR product streptavidin-coated bead complex by vacuum
filtration.

. Beads are suspended in 150 pl denaturation bufter and incu-

bated for 2 min at room temperature. Denaturation buffer is
removed by vacuum filtration.

. Immediately after removal of denaturation buffer, and while

still under vacuum, the pH of the PCR product—bead complex
is neutralized by addition of 200 pl washing buffer. Repeat
this step for a total of two washings.

. Resuspend beads in 50 pl of annealing buffer and transter 45

il to the pyrosequencing reaction tray.

. Add the appropriate pyrosequencing primer to each well in

a volume of 5 pl using 3 wM stock solution of primer. Rec-
ommended pyrosequencing primers are listed in Table 8.9.
Annealing was performed by incubation at 80°C for 2 min
prior to pyrosequencing. Single-stranded binding protein
(SSBP) is added at a final concentration of 4 pug per pyrose-
quencing reaction (see Notes 9 and 10).

1. DNA profiling of HLA genotypes can also be performed

using the PSQ HS96A system. This instrument differs from
the PSQ 96MA in that it uses a smaller reaction volume
and a corresponding low volume 96-well pyrosequencing
reaction tray (see Note 7). Figure 8.3 illustrates a set of
pyrograms obtained from a trio of family members con-
sisting of father (panel A), mother (panel B), and off-
spring (panel C). Reference DNA can also be obtained from
human lymphoblastoid cell line of known HLA identity (see
Note 8).

. Materials to prepare prior to the pyrosequencing protocol:

a. Prepare a 90°C heating block.
b. Binding buffer: 10 mM Tris—-HCI (pH 7.6), 2 M NaCl, 1
mM EDTA, 0.1% Tween 20.
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10.

11.

12.

13.

14.

15.

16.

c. Annealing buffer: 20 mM Tris—acetate (pH 7.6), 2 mM
magnesium acetate.

d. Denaturation solution: 0.2 M NaOH.

e. Washing buffer: 10 mM Tris—acetate (pH 7.6).

. Prepare the binding reaction mixture by combining 38 .l

binding buffer, 35 pl distilled water, and 2 pl streptavidin-
coated beads for each well. Mix thoroughly by brief vortex.

. Prepare the pyrosequencing primer mixture by combining

10.8 pl annealing buffer and 1.2 pl pyrosequencing primer
solution (stock concentration of primer is 3 wM) for each
well. Mix thoroughly by brief vortex.

. Transfer 75 pl of the binding reaction mixture (prepared dur-

ing step 3) and 5 pl of PCR product to each well of the
pyrosequencing suction tray.

Seal the pyrosequencing suction tray and shake using an
Eppendor thermal mixer at 1,400 rpm for at least 10 min
at 23°C.

. Transfer 12 pl of pyrosequencing primer mix (prepared dur-

ing step 4) to each well of the pyrosequencing reaction tray.
Set aside the reaction tray until step 14.

. In order to prepare for the series of washing steps place

pyrosequencing vacuum tool in the first distilled water
trough. Turn on vacuum.

Remove the pyrosequencing suction tray from the thermal
mixer. Hold the pyrosequencing vacuum tool upright until
distilled water stops flowing through it.

Slowly place pyrosequencing vacuum tool into the pyrose-
quencing suction tray. Make sure that all liquid is removed.
Place the pyrosequencing vacuum tool in the 70% ethanol
trough; after liquid starts visibly flowing wait for 5 s, then
hold it upright until the flowing stops.

Repeat step 11 for denaturation solution (incubate for 5 s
prior to vacuum filtration) and washing buffer (incubate for
10 s prior to vacuum filtration).

Turn oft the pyrosequencing vacuum tool and unplug it to
completely release the vacuum.

Slowly place pyrosequencing vacuum tool into the pyrose-
quencing reaction tray (prepared during step 7) and wiggle
tool back and forth to dislodge beads into the pyrosequenc-
ing reaction tray.

Place pyrosequencing reaction tray on the 90°C heat block
for 2 min. Remove from the heating block and allow it to
cool for 15 min to room temperature.

Reconnect the pyrosequencing vacuum tool and place it in
the last distilled water trough. Rinse the vacuum appara-
tus by allowing roughly 10 ml of distilled water to pass
through.
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Turn off the pyrosequencing vacuum tool, drain off all liq-
uid from the vacuum apparatus, and place it in the storage
trough.

4. Notes

2.

. Preparation of aqueous solutions: All solutions are prepared

in deionized water (18.2 mS2 cm) filtered free of organic con-
tent. It is critical to keep reagents and laboratory equipment
as clean as possible, this will help avoid strong background
signals that can occur during the PCR or pyrosequencing
stages.

When titrating solutions using concentrated acid care should
be taken to avoid exposure to fumes or contact with liquid.
Safe use of caustic chemicals is aided by wearing protective
clothing (e.g., eye protection, gloves, and lab coat) and by
proper use of a chemical fume hood.

. Disposal of ethidium bromide: Ethidium bromide is a car-

cinogenic compound and should be handled with appropriate
care. Dilute solutions of ethidium bromide should be decon-
taminated before disposal. For 0.5 pg,/ml solutions of ethid-
ium bromide the method described by Lunn and Sansone
(32) and an alternate method described by Bensaude (33) are
recommended. Treatment of dilute solution of ethidium bro-
mide with bleach (hypochlorite) is not recommended. The
latter method has been shown to convert the dye into a com-
pound that is mutagenic (31,34).

. Pyrosequencing provides distinct advantages for genetic typ-

ing. Samples can be assayed in 96-well trays making it com-
patible with common laboratory automation instruments.
Pyrosequence-based typing strategies can be designed using
a minimal number of nucleotide dispensation events. An
entire 96-well tray can be assayed at a rate of roughly 1
min per base and approximately 20 min for a 20 nucleotide
sequence. This is sufficient for analysis of most HLA
alleles when primers are placed adjacent to hypervariable
regions. Moreover, out-of-phase pyrosequencing of alleles
(18, 26) allows unequivocal genotyping of allelic combina-
tions that are ambiguous by conventional sequence-based
typing techniques as well as those spaced too far apart
to allow resolution by oligonucleotide hybridization-based
approaches.

. Since the study may involve the drawing of small volumes

of blood there is minimal risk to the participants. The
risks that are present are primarily those related to blood
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10.

collection, which may include bleeding, bruising, hematoma,
or possible infection at the sight of phlebotomy as well as
fainting.

Validation of PCR primers by gradient thermal cycler amplifi-
cation: Optimization of PCR conditions is conveniently per-
formed using a temperature gradient capable thermal cycler.
This instrument can be purchased from the M] Research
division of Bio-Rad Laboratories Inc.. Hercules, CA. A range
of PCR annealing temperatures can be examined and the rel-
ative yield of PCR product determined by comparing the
intensity of DNA bands after ethidium bromide staining of
bands separated by 1.5% agarose gel electrophoresis.

The pyrosequencing PSQ 96MA and PSQ HS 96A instru-
ments can be used for DNA profiling of HLA alleles. The
PSQ HS 96A instrument has roughly 2-fold greater sensitiv-
ity but is best used in pyrosequencing reactions requiring a
read length of less than 30 nucleotides. For longer reads the
96MA system has been superior.

Recommended DNA standards for use during pyrosequenc-
ing of HLA samples: Human lymphoblastoid cell lines of
known HLA identity can be obtained from the Interna-
tional Histocompatibility Working Group Cell and Gene
Bank (Seattle, WA). These samples have been genotyped for
HLA class I and class II loci (35).

. Validation of pyrosequencing primers: Pyrosequencing reac-

tions can give background signals from self-priming of the
3’-end of the template strand or by self-annealing of the
sequencing primer. The validation of the pyrosequencing step
can be performed in order to examine the signals due to these
events. A set of negative control reactions should be exam-
ined to estimate background pyrosequencing signal. A rec-
ommended set of negative control samples are listed in the
following:

a. Negative control 1: Sequencing primer alone in the pyrose-
quencing reaction.

b. Negative control 2: Pyrosequencing of the no DNA tem-
plate containing PCR negative control with sequencing
primer.

c¢. Negative control 3: Pyrosequencing of the no DNA tem-
plate containing PCR negative control without sequencing
primer.

Extending the pyrosequencing read length: Pyrosequencing

has enabled DNA sequence reads of up to 150 residues

(18, 20, 26, 28). Optimization of the pyrosequencing reac-

tion conditions has been reported to improve read length

(28, 36) and focuses primarily on the use of enantiomer pure

2’-deoxyadenosine-5"- - (1-thiotriphosphate) and the use of

single-stranded DNA binding protein (26, 28).
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Chapter 9

High-Throughput Multiplex HLA-Typing by Ligase Detection
Reaction (LDR) and Universal Array (UA) Approach

Clarissa Consolandi

Abstract

One major goal of genetic research is to understand the role of genetic variation in living systems. In
humans, by far the most common type of such variation involves differences in single DNA nucleotides,
and is thus termed single nucleotide polymorphism (SNP). The need for improvement in throughput
and reliability of traditional techniques makes it necessary to develop new technologies. Thus the past
few years have witnessed an extraordinary surge of interest in DNA microarray technology. This new
technology offers the first great hope for providing a systematic way to explore the genome. It permits a
very rapid analysis of thousands genes for the purpose of gene discovery, sequencing, mapping, expres-
sion, and polymorphism detection. We generated a series of analytical tools to address the manufacturing,
detection and data analysis components of a microarray experiment. In particular, we set up a universal
array approach in combination with a PCR-LDR (polymerase chain reaction-ligation detection reaction)
strategy for allele identification in the HLA gene.

Key words: Chitosan, amino-modified oligonucleotides, ligation detection reaction, universal array,
human leukocyte antigen, single nucleotide polymorphisms.

1. Introduction

The completion of the large-scale sequencing of human genome
has revealed a huge number of single nucleotide polymorphisms
(SNDPs), which in turn has opened new perspectives for the char-
acterisation of disease-related molecular markers. A wide vari-
ety of different methods for scoring SNP markers have become
available, but no consensus approach, so far, has been found
(1, 2). The molecular information that can be accessed by DNA
analysis is generating the need for highly parallel and minia-
turised techniques. Specifically, methods with high accuracy to
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be used in a high-throughput setting are needed for systematic
surveys of the frequency and exact location of sequence vari-
ation and their influence on cellular behaviour. Among many
others, DNA microarray technology is expected to fulfil the
basic requirement for such a technology: flexibility, parallelisa-
tion, miniaturisation, and thus cost effectiveness. A key require-
ment for a scoring method for genomic SNPs is that it should
be able to distinguish unequivocally between homozygous and
heterozygous allelic variants in the diploid human genome. Thus
the human leukocyte antigen (HLA) complex, which is char-
acterised by the most extensive SNP patterns of its loci in the
human genome, may represent a valid model system to develop
a DNA microarray format for any polymorphisms detection,
including multiplex genotyping of SNPs and large-scale muta-
tions screening (3). In the case of the traditional hybridisation
reaction, the intensity of fluorescence bound to each oligonu-
cleotide probe is intended to reveal which sequence is per-
fectly complementary to the query sequence. However, these
approaches have not always been successful. During the hybridi-
sation process, a disruption of secondary structure could occur:
that is to say that perfectly matched sequence may assume a sec-
ondary structure that is eliminated in variant sequences. This
structural change may lead to binding of a variant target to a
perfectly matched probe with a higher binding affinity than true
perfect-match target. Another consequence of direct hybridisa-
tion is the formation of stable duplexes by looping out of a non-
complementary sequence during hybridisation. Either of these
illegitimate hybridisations could produce false negative signals
on an array. Alternative approaches, involving enzyme process-
ing on the microarray have been developed, such as minisequenc-
ing (4). In comparative studies it has been suggested that these
enzyme-mediated allele recognition methods can show higher
discrimination between competing alleles (5). Ligation detection
reaction (LDR) has been applied in combination to a universal
DNA array to detect K-ras mutation in tumour and cell line DNA
(6, 7) as well as on BRCA genes (8). “Zip-code” arrays consist
of selected oligonucleotides with similar hybridisation characteris-
tics and minimal cross-hybridisation. Sequences with possible sec-
ondary structure are eliminated. This kind of array is “universal”
because the sequences, complementary to immobilised probes,
could be appended to any set of specific primers in the course of
target-DNA processing. This methods combines a multiplex PCR
and a multiplex LDR with zip-code hybridisation. A thermostable
DNA-ligase links two adjacent oligonucleotides annealed to a
complementary target if the nucleotides are perfectly base-paired
at a junction. The assay allows for accurate detection of single-
base mutations present at 1% or even less of the wild-type
sequence.
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This approach provides for an accurate, inexpensive, and

high-throughput assay that does not exhibit false positive or false
negative signals, thus making it highly suitable for gene-based
testing in high-incidence, low-complexity diseases.

2. Materials

2.1. Sample
Preparation

2.2. Universal Array
(UA) Preparation

All chemicals and solvents are purchased from Sigma-Aldrich
(Italy) and used without further purification.

All HPLC-purified oligonucleotides are purchased from

Thermo Fisher Scientific (Ulm, Germany) and purity is checked
by MALDI mass spectrometry. Lyophilised oligonucleotides are
dissolved in bidistilled water to a final concentration of 100 pM
and stored frozen at —20°C until use.

1.

Extraction kit (QIAamp DNA Blood Mini Extraction Kit, Qia-
gen, Hilden, Germany) for the isolation of genomic DNA
from whole blood of healthy persons (National Cancer Insti-
tute, IST, Advanced Biotechnology Center, Department of
Oncology, Biology and Genetics, University of Genoa, Italy).

. Primer3 (http: //frodo.wi.mit.edu/cgi-bin /primer3 /primer3._

www.cgi), a free software for the PCR primer design.

. PCR “upper mix”: 5x Buffer [, 2.5 mM dNTDPs, 1.5 U Ampli-

Taq PE DNA polymerase (Perkin Elmer Life Sciences, Boston,
MA), 10 nM primer forward.

. PCR “lower mix”: 10 nM Primer reverse, 250 ng of genomic

DNA, and ddH,O up to 50 pl.

. Ampliwax gem (Perkin Elmer Life Sciences, Boston, MA).
. GeneAmp, PCR System 9700 (Applied Biosystem, Foster City,

CA, USA).

. GFX PCR DNA purification kit (Amersham Pharmacia

Biotech Inc, Piscataway, NJ).

. BioAnalyzer 2100 (Agilent Technologies, Palo Alto, CA,

USA).

. Slide washing solutions pre-silanisation: 1 M NaOH; 1 N HCI;

96% ethanol; acetone; methanol; ddH;O.

. Silanisation solution: 1% 3-Glycidoxypropylsilane (GOPS) in

95% ethanol.

. Polymer solution: 10 g of chitosan (400 Kda) are dissolved in

a liter of 50 mM HCI. 10% polymer (0,1% w/v) is added to
10% phosphate-buffered saline (PBS).

. Activation solution: 0.2% solution of 1,4-phenylene diisothio-

cyanate (PDITC) in 90% N, N-dimethylformamide, and 10%
pyridine.

. Printing buffer: 150 mM sodium phosphate, pH 8.5.
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2.3. Ligation
Detection (LDR) and
Hybridisation
Reactions

2.4. Signal Detection
and Statistical Data
Analysis

. Deactivation solution: 50 mM ethanolamine; 0.1 M Tris

(pH 9); 0.1% sodium dodecyl sulphate (SDS).

. Slide washing solution after spotting and surface deactivation:

4x saline sodium citrate (SSC) and 0.1% SDS.

. MicroGrid II Compact Arrayer (BioRobotics Ltd, Cambridge,

UK).

. Home-made saturated NaCl humidification chamber.

. ARB (www.arb-home.de), a publicly available software for the

LDR probe design.

. LDR mix: buffer (1x): 20 mM Tris-HCI (pH 7.5); 20 mM

KCI; 10 mM MgCly; 0.1% Igepal; 0.01 mM rATP; 1 mM
dithiothreitol (DTT) (Stratagene, La Jolla, CA, USA); 2 pmol
of each discriminating oligo; 2 pmol of each common probe;
10 fmol of purified PCR products; 4 U of Pfu DNA ligase
(Stratagene).

. Hybridisation mix: 5x SSC and 0.1 mg/ml salmon sperm

DNA.

. Hybridisation washing solution: 1x SSC and 0.1% SDS.
. Home-made multiple sample chambers: (8-well chamber)

using Press-To-Seal silicone isolaters (Schleicher & Schuell,
Germany).

. Temperature controlled system (Shack’n’Stack, Hybaid,

England).

. Centrifuge 5415 D (Eppendort, AG, Hamburg, Germany).

. ScanArray® 4000 laser scanning system (Perkin Elmer Life

Sciences, Boston, MA).

. ScanArray 3.1 software (Perkin Elmer Life Sciences, Boston,

MA).

3. Methods

3.1. Sample
Preparation

The principle of the LDR combined to a UA format has been pre-
viously illustrated (7). We used this molecular tool to accurately
genotype a highly polymorphic region, such as the HLA gene.
The overall process requires a careful probe design for targeting
the selected polymorphisms, the fabrication of a UA, the prepara-
tion of PCR-specific products, the set up of the LDR reaction, the
demultiplexing of LDR products onto UA by hybridisation, the
measurement of the fluorescent signals and, finally, the statistical
data analysis (Fig. 9.1).

1. Genomic DNA from the blood of healthy persons is pro-

vided by the National Cancer Institute, IST, Advanced
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Fig. 9.1. Outline of the LDR method for detection of HLA polymorphisms. Cy3 or Cy5 fluorophores are employed to
distinguish polymorphisms. The common probe is phosphorylated in 5’-terminal position and contains a sequence com-
plementary to the zip-code (cZip code) in 3’ end. After hybridisation of the common probe and the discriminating oligonu-
cleotide to the target sequence, ligation occurs only if there is perfect complementarity between the two oligonucleotides
at the junction. The resulting reaction solution is hybridised onto a UA.

Biotechnology Center (Department of Oncology, Biology and
Genetics, University of Genoa, Italy). DNA is isolated from
whole blood by means of an extraction kit (QIAamp DNA
blood mini extraction kit, Qiagen, Hilden, Germany), accord-
ing to the manufacturer‘s protocol, and is used as template for
PCR amplification of the targets.

2. In order to selectively amplify the HLA gene, it is funda-
mental to design primers, which are specific for the HLA
loci of interest. PCR primer pairs to amplifty SNP-containing
regions are designed using Primer3 software (http://
frodo.wi.mit.edu/cgi-bin/primer3 /primer3_www.cgi)  (see
Note 1).
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3.2. Universal Array
Preparation

. PCR reactions are performed by a “hot start” method using

the “upper mix”, the “lower mix”, 250 ng of genomic DNA,
and ddH,O up to 50pl. PCR is performed by heating the
lower mix containing the Ampliwax gem at 65°C for 2 min and
then cooling at 4°C for a few minutes before adding the upper
mix. PCR is carried out in the thermal cycler by the following
thermal profile: eight cycles, each consisting of denaturation
at 98°C for 5 s, annealing at 63°C for 30 s, and extension
at 72°C for 2 min, followed by 32 cycles each consisting of
denaturation at 98°C for 5 s, annealing at 58°C for 30 s, and
extension at 72°C for 2 min (9).

. The PCR products are purified by using the GFX PCR DNA

purification kit, according to the manufacturer‘s protocol (see
Note 2). The purified HLA-PCR products of each individ-
ual are eluted in 50 pL of autoclaved water. They are always
controlled and precisely quantified by capillary electrophore-
sis using the BioAnalyzer 2100 (Agilent Technologies) (see
Note 3).

. Glass slides are cleaned by soaking in 1M NaOH for 2 h on a

shaker followed by rinsing with bidistilled water, immersed in
1N HCI solution overnight on a shaker and then rinsed again
in bidistilled water (see Note 4). Slides are, then, immersed in
96% (v/v) ethanol for 10 min and then washed three times
with bidistilled water. They are immersed in acetone for 10
min, removed and dried.

. Slides are treated with the silanisation solution for 1 h. Excess

silane is removed by dipping the slides in 95% (v/v) ethanol
for 1 min. Finally, they are dried at 150°C in a temperature-
controlled system for 20 min (see Note 5).

. The polymer solution is prepared by dissolving 10 g of chi-

tosan (400 Kda) in a liter of HCI 50 mM. The solution is
heated at 70°C, stirred for 1 h and then filtered. Treated slides
are left in a water solution containing 10% (v/v) PBS and 10%
polymer (0.1% w/v) for 1 h on a shaker. Slides are washed
repeatedly with bidistilled water (see Note 6), centrifuged at
800 rpm for 3 min and dried for 10 min at 45°C in an oven.

. Slides are activated by immersion into a 0.2% (v/v) solution of

PDITC in 90% (v/v) N, N-dimethylformamide and 10% (v/v)
pyridine. The activation reaction is carried out at room tem-
perature for 2 h (see Note 7). After washing with methanol
and acetone (2 min each), the activated slides are dried and
stored, until use, in a dark closed box under vacuum.

. Zip-code oligonucleotides, synthesised with 5-amino modi-

fied and a 10mer 5’-poly (A) linker (see Note 8), are diluted
in printing buffer (150 mM sodium phosphate, pH 8.5) at a
final concentration of 50 WM. They are spotted onto activated
slides by contact printing using the MicroGrid II Compact
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3.3. Ligation Probe
Design

(BioRobotics Ltd, Cambridge, UK) and optimised protocols.
The humidity during spotting is 80% and the temperature
kept at ~ 25°C. Eight subarrays are positioned in an “array
of arrays” conformation of four rows and two columns on the
microscope slides. Zip-codes are printed in quadruplicate dis-
tributed within the printing area; two zip-codes, namely 63
and 66, are associated to ligation and hybridisation control,
respectively; as negative control (blank) printing bufter is used.
Each UA is a subarray consisting of 208 spots of 13 rows x 16
columns (Fig. 9.2 and see Note 10).

. The spotting is performed using a contact system (Micro-

Grid II Compact, Biorobotics, UK). Printed slides are placed,
overnight at room temperature, in a saturated NaCl humidi-
fication chamber (se¢ Note 11). The deactivation step is car-
ried out by treatment with a solution consisting of 50 mM
ethanolamine, 0.1M Tris (pH 9), 0.1% SDS at 50°C for
15 min in order to block residual reactive groups. After rinsing
twice with distilled water, the spotted surfaces are immersed
into a 4x SSC/0.1% SDS solution (pre-warmed to 50°C) for
15 min on a shaker. Finally, printed surfaces are washed twice
with distilled water and spun at 800 rpm for 3 min (10).

1. A preliminary phase implies the set up of a database consist-

ing of the specific sequences retrieved from public repositories
such as IMGT-HLA database (www.ebi.ac.uk/imgt/hla).

. By means of a specific software, called ARB (www.arb-

home.de) and working in a Linux environment, it is possi-
ble to organise a database by using the imported and aligned
sequences and creating clusters. Using ARB-HLA SNPs clus-
ters, allele-specific probes are designed surrounding the poly-
morphic sites (SNPs) of interest. Selection of polymorphic sites
within the HLA genomic region are based on the method of
Olerup for SSP primers designing (11).

3. All probes for LDR (i.e., common probe and discriminat-

ing oligonucleotide) are designed to analyse the chosen poly-
morphic sites. Each allele-specific probe is designed to have
the 3’-position placed just over the polymorphic site, single
based modification is discriminated by a labelled discriminat-
ing oligonucleotide and a common probe. For each SNPD,
two discriminating probes labelled with two distinct fluo-
rochromes (Cyanine 3 and Cyanine 5) and a common probe
are designed. Each zip-code is randomly assigned to a par-
ticular polymorphic site and the zip-code complement (cZip
code) is attached to the 3’-terminal position of the related
common probe. The possible hairpin loop formation in the
common probe-cZip sequences is verified by proper software
analysis.
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4. A HLA control sequence is designed in a conserved region,

representing an internal reference (HR) for the normalisation
process and HLA genotyping calculations.

. Ligation reaction is carried out in a final volume of 20 pL

containing 20 pmol/nL TrissHCI (pH 7.5), 20 pmol/pnL
KCl, 10 pmol /L MgCl,, 0.1% IgePal, 0.01 pmol /L rATP,
1 pmol/pwL DTT, 2 pmol of each discriminating oligo, 2 pmol
of'each common probe, and 10 fmol of purified PCR products.
The reaction mixture is pre-heated for 2 min at 94°C, spun in
a microcentrifuge for 1 min, then 1 pl of 4U/nl Pfu DNA
ligase (Stratagene, La Jolla, CA) is added. The LDR is cycled
for 30 rounds of 94°C for 30 s and 65°C for 4 min in a ther-
mal cycler (GeneAmp, PCR System 9700, Applied Biosystem,
Foster City, CA, USA).

. The LDR mix (20 pl) is diluted to obtain 70 pl of hybridi-

sation mixture containing 5x SSC buffer and 0.1 mg/ml
salmon sperm DNA. The mix, after heating to 94°C for 2 min
and chilling on ice (see Note 12), is applied onto the sub-
array under a home-made multiple sample chamber (8-well
chamber), using press-to-seal silicone isolaters (Schleicher
& Schuell, Germany). Hybridisation is carried out in the
dark at 65°C for 1.5 h, in a temperature-controlled system
(Shack’n’Stack, Hybaid, England).

. After removal of the chamber, the slide is washed for 15 min

in pre-warmed (65°C) solution of 1x SSC buffer and 0.1%
(v/v) SDS buffer on gentle shaking (Shack’n’Stack, Hybaid,
England). Finally, the slide is spun at 800 rpm for 3 min.

. Fluorescent signals are measured with a ScanArray® 4000 laser

scanning system and ScanArray 3.1 software (Perkin Elmer
Life Sciences, Boston, MA) using the green laser for Cy3 dye
(hex 543 nm/Aem 570 nm) and the red laser for Cy5 dye
(hex 633 nm /A, 670 nm). Both the laser and the photomulti-
plier (PMT) tube gain vary between fluorochromes and exper-
iments. Typical settings for the laser and PMT gain are 75%
for Cy3 and 65% for Cy5 (see Note 13).

. Spot analysis of 5 pm resolution TIFF images are carried

out by using QuantArray Quantitative Microarray Analysis
software supplied with the scanner. The quantitation method
chosen is the “fixed circle” method: the spot mask and back-
ground mask are constructed using the parameters of the spot
diameter and the background inner and outer diameters. The
spot intensities are calculated using the mean intensity option.
The local backgrounds are subtracted from the intensity of
each spot. This software generates an export file in Excel for-
mat: we operate a statistical analysis of these data.
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3.7. Genotype

3. Data analysis of each experiment is performed by the fol-
lowing calculations: (1) the average fluorescent intensity (IF)
of quadruplicate spots background subtracted for each chan-
nel; (2) the coefficient of variation between the quadruplicate
spots; (3) the IF ratios of averaged IF of Cy3 and Cy5 channels
of HLA internal reference (IFey3,/IFcys = Rur). Each IF sig-
nal derived from a given spot is subjected to two adjustments:
a channel correction is carried out dividing Cy3 channel IF
signal by Ryggr; then, to compare results derived from different
UA experiments, we normalise the corrected IF (cIF) of each
spot using the HR (see Note 14).

To define the genotype for each allele HLA, we calculate the

Determination allelic fraction which estimates the relative amount of allele 1 Cy3-
labelled in the target mixture by the relative proportion of the cor-
rected intensities of fluorescent signal of each allele 1 Cy3 labelled
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Fig. 9.3. Relationship between allelic fraction and fluorescent intensities for all probes. Cluster diagram shows the geno-
type assignment for 27 polymorphisms identified in 62 individuals. Allelic fractions AF=clF¢y3/(cIFey3+ CIFcys) versus
the total normalised and corrected Cy3 and Cy5 fluorescent intensities (IFCy3+IFCy5) are plotted for each polymorphic
site. Allelic fractions between 0.47 and 0.62 are scored as heterozygous while fractions < 0.20 and > 0.94 are scored
as homozygous (with permission from Ref. 12).
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and allele 2 Cy5 labelled (allele1-cIFcy3 /(allelel-cIFy3+ allele2-
cIFcys). Cluster analysis is performed on the entire collection of
HILA single base modifications under study. The allelic fraction
values are then plotted versus the normalised IF signal and clus-
tering to three possible genotypes are computed. In Fig. 9.3,
the very well-defined clusters, corresponding to the three possi-
ble genotypes, obtained from the analysis of 62 different human
samples, are shown: allelic fractions ranging from 0.02 to 0.20 for
allele 2 homozygous samples, 0.94-1.00 for allele 1 homozygous
samples and 0.47-0.62 for heterozygous samples (12).

4. Notes

a
=
. -

1. To obtain good performances in the amplification reactions,
it is important to verify that the oligonucleotide primers cho-
sen have minimal free energy for primer—dimer or self-hairpin
formation. Primer3 software has many different input param-
eters that tell primer3 exactly what characteristics make good
primers for own goals.

2. It is possible to use any kit able to purify a PCR product
obtaining sufficient yield (50 fmol) in order to perform the
consequent LDR.

3. The Agilent Technology provides chips and reagents
designed for sizing and analysis of DNA fragments with a
quantitative range of 0.5-50 ng/pl. DNA chip contains an
interconnected set of micro-channels that is used for separa-
tion of nucleic acid fragments based on their size as they are
driven through it electrophoretically.

4. Itis better to carry out the complete chemical treatment from
beginning to end under an extractor fan.

5. All the solutions required for the chemical treatment of the
glass slides are made fresh: re-used solutions can be invalidate
the final outcome of the processing.

6. The slides are immersed in the bidistilled water about five
times in order to eliminate the excess of the solution.

7. It is fundamental to conserve the PDITC in a dry place to
avoid the humidity that could be damage the reagent.

8. Zip-codes sequences are chosen among those described by
Chen (Chen et al., 2000) and Gerry (Gerry et al., 1999).
It is important that all the oligonucleotides employed are
purified by HPLC and that their quality is checked by
MALDI mass spectrometry. These services can be required to
the Thermo Fisher Scientific (http://www.thermo.com/).
The zip-code oligonucleotides are synthesised with a 10mer
5'-poly (A) linker for two main reasons: this tail functions
as spacer from the surface and permits a quality control of
the oligonucleotide coupling onto the slides. It is possible
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10.

11.

12.

13.

14.

to perform a hybridisation on one of the eight subarrays on
each slide with 1 pwM 5" Cy3 labelled p(dT);¢ in a solution
containing 5x SSC buffer and 0.1 mg/mL DNA salmon
sperm. The reaction is carried out at RT for 30 min. After
incubation, slides are immersed for 5 min in 2x SSC buffer
and 0.1% SDS buffer and fluorescent signals are controlled
by laser scanning following the procedures described in Sec-
tion 3.6.

To control the performance of each step of genotyping DNA
microarray, it is better to include spot replicates and various
controls.

The resulted spots are 160-180 pm in diameter and a 300
pum center-to-center distance between two adjacent spots. In
this way, it is possible to identify until 47 SNPs. Using the
same layout and maintaining the four replicates, it is possible
to add other 20 zip-codes. Obviously, reducing the number
of replicates (two instead of four for each zip-code), it is pos-
sible to double the number of SNPs identifiable.

To obtain a chamber with a relative humidity of approxi-
mately 75%, solid NaCl must be added to water as needed
to form a 1 cm deep slurry in the bottom of a plastic con-
tainer with an airtight lid. Overnight incubation has shown
the best results. If possible incubate for a minimum of 4 h
and a maximum of 72 h.

The denaturation step is crucial to permit the accessibility
during the hybridisation reaction.

The processed arrays must be scanned taking care that the
fluorescent signals are not saturated to permit the subsequent
analysis.

A signal to background ratio >3 is taken as a threshold for
including a spot within the calculation. A CV < 5% is taken
as an index of good quality of the replicated spots (the over-
all success rate for the samples was 99.7%). The differences in
performance of the entire process, consisting of PCR, LDR,
and UA hybridisations, are normalised by adjustments of the
signal intensity of each spot for each fluorochrome relative to
the signal obtained from the HLA internal reference. Spuri-
ous signal (signals coming from spots expected to be negative
that passed the S/ N>3 threshold) are always below 1, thus
preventing any miscall of the genotype.
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Chapter 10

Medium- to High-Throughput SNP Genotyping Using
VeraCode Microheads

Charles H. Lin, Joanne M. Yeakley, Timothy K. McDaniel,
and Richard Shen

Abstract

Recent breakthroughs in multiplexed SN (single nucleotide polymorphism) genotyping technology
have enabled global mapping of the relationships between genetic variation and disease. Discoveries
made by such whole-genome association studies often spur further interest in surveying more focused
subsets of SNPs for validation or research purposes. Here we describe a new SNP genotyping platform
that is flexible in assay content and multiplexing (up to 384 analytes), and can serve medium- to high-
throughput applications. The Illumina BeadXpress platform supports the GoldenGate Genotyping Assay
on digitally inscribed VeraCode microbeads to allow streamlined workflow, rapid detection, unparalleled
data reproducibility and consistency. Thus, it is a highly valuable tool for biomarker research and valida-
tion, pharmaceutical development, as well as the development of molecular diagnostic tests.

Key words: High-throughput genotyping, biomarker validation, SNP, randomly assembled microar-
rays, allele-specific extension and ligation, universal capture oligonucleotides, universal arrays.

1. Introduction

Highly multiplexed SNP genotyping technologies have begun to
transform the landscape of human genetics research by reveal-
ing the association between genetic variation and disease with
unprecedented data quality and quantity (7). Following this
discovery-driven phase, more focused efforts to finely map or val-
idate the newly identified biomarkers are often employed. The
ideal technology tool for targeted genotyping, while requiring
lower assay multiplexing, must be consistent in performance,
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Fig. 10.1. Workflow of the GoldenGate Genotyping Assay on the VeraCode/BeadXpress platform. The schematic
diagram illustrates the two-day assay workflow which can be broken down into several defined processes with
optional stopping points, as indicated. Dashed boxes indicate the steps that must be performed in a dedicated pre-PCR
area. The assay begins with chemical biotinylation of the input genomic DNA (step 1), followed by immobilization
of the resulting biotinylated DNA to streptavidin-coated paramagnetic particles and simultaneous annealing of the
assay oligonucleotides (step 2). The allele-specific oligonucleotides (ASO1 and AS02) differ by the 3’ base and
contain distinct universal priming sequences P1 and P2 as 5 overhangs. The LSO contains an address sequence
that identifies a specific SNP in a given assay, as well as a universal priming sequence P3 as a 3’ overhang. For
robustness, the artificially created address sequences have been pre-screened bioinformatically to avoid cross-
hybridization between themselves or with the human genome. The assay described here allows up to 384 multiplexing,
meaning that 384 triplets of assay oligonucleotides can be annealed at once under the specified conditions. After
unbound oligonucleotides are washed away, allele-specific extension and ligation of the hybridized oligonucleotides
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flexible in content, fast in data turnaround, and affordable for
studies involving large volumes of samples.

The GoldenGate Genotyping Assay with VeraCode
microbeads was developed to fulfill those demands. Here,
the same proven, robust GoldenGate Genotyping Assay bio-
chemistry (2, 3), which was used to generate nearly 70% of the
Phase I International HapMap Project data, remains a central
component of the new assay format. As illustrated in Fig. 10.1,
allelic variants are captured as products of an extension-ligation
reaction (steps 1-3), which in turn are labeled with respective
fluorescent dyes and amplified at the same time in a universal
polymerase chain reaction (PCR; step 4). The dye-labeled strand
of the PCR product is hybridized to patented Illumina VeraCode
microbeads (steps 5-6), instead of a BeadArray array matrix (2,3).
When analyzed by the high-throughput, two-color BeadXpress
Reader (step 7), VeraCode beads allow immediate association of
allele-specific fluorescence signals to the SNP loci being interro-
gated through the inscribed holographic barcodes (Fig. 10.2).
Major advantages of this approach include: (a) bypassing the
decoding process required during manufacturing that maps SNP
loci to physical locations in a bead array (2); (b) rapid reaction
kinetics of solution-based assays; and (c) array customization as
achieved simply by pooling together only the required number
of VeraCode bead types.

Flexibility and ease of use of the VeraCode technology system
certainly have broadened the potential of the GoldenGate Geno-
typing Assay into many areas including pharmaceutical devel-
opment, pre-clinical, and clinical research. Using the method
described in Section 3, up to 96 samples can be processed at a
time in a typical PCR microplate by a single user without automa-
tion. For each DNA sample, a few to 384 SNP loci can be ana-
lyzed in parallel, translating into a maximum of 36,864 genotype
calls. Most impressively, across such a wide multiplexing range,
the VeraCode GoldenGate Genotyping Assay exhibits exquisite
consistency, reproducibility and success rate (Fig. 10.3).

«
<

Fig. 10.1. (continued) is performed (step 3). The allelic variant that matches the genomic sequence is preferentially
extended to produce a synthetic template which then gets amplified in the subsequent universal PCR, with universal
primers P1, P2, and P3 (step 4). P1 and P2 are universal primers labeled with Cy3 (green, shown as open circles) and Cy5
(red, shown as solid squares) fluorescent dyes, respectively. In contrast, P3 is a universal primer biotinylated at the 5” end.
After PCR, the fluorescent strand is purified away from the non-fluorescent strand (step 5), and is hybridized to VeraCode
beads through the address sequence (step 6). Finally, VeraCode beads are scanned by the high-throughput, two-color
BeadXpress Reader (step 7). Scan data can be further analyzed using the BeadStudio software package (lllumina).
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Fig. 10.2. Using the VeraCode technology to allow rapid, multiplex association of hybridization signals to SNP loci.
The inset is a microscopic image of VeraCode beads (rod-shaped), each measuring 240 um in length by 28 pwm in
diameter. Each VeraCode bead is inscribed with a specific barcode (VeraCode bead code) and its surface is available for
the attachment of a single type of capture oligonucleotides complementary to a specific address sequence, introduced
during the extension—ligation step (Fig. 10.1, step 3). Thus, the bead codes and the addresses are in a one-to-one
relationship. The relationship between the addresses and SNP loci can vary from one test panel to another as needed
(see below), but is known through the oligonucleotide manifest generated by the user in the assay design process.
During the scan, each VeraCode bead is individually scanned for the barcode and green/red fluorescence, resulting in
immediate association of the hybridization signal to a single SNP locus being analyzed in this assay. About 30 beads
for each bead type are included in one assay and each bead is optically sampled up to a dozen times, leading to about
300 independent data points for each analyte. This strong bead and data redundancy has greatly enhanced both the
precision and accuracy of the VeraCode GoldenGate Genotyping Assay. Custom test panels up to 384 loci each can
therefore be made on demand simply by reassigning SNP contents to the address sequences. This “universal array”
approach eliminates the requirement to create a new “custom array” for every new custom assay (2).

2. Materials

2.1. Input DNA Commercial kits are available from multiple vendors (e.g., QIA-
GEN) for extracting genomic DNA from blood or buccal sam-
ples. Successes in using such samples have been reported for
the GoldenGate Genotyping Assay (4, 5). High-purity DNA
(A260/A280 = 1.7 —1.9) is generally desirable, whereas some
degree of DNA degradation is tolerable by the assay (2). In
addition, highly accurate genotyping results have been obtained
with whole-genome amplified DNA samples (6) and DNA sam-
ples derived from formalin-fixed, paraffin-embedded (FFPE)
tissues (Fan et al., unpublished data). We recommend using
PicoGreen reagent (Invitrogen) to quantitate genomic DNA
samples, followed by normalization to 50 ng/pnL final with TE
buffer (see Section 3).
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Fig. 10.3. Data quality and assay design success rates of the VeraCode GoldenGate
Genotyping Assay. (A) Sample clustering for two representative loci selected from
96-plex (left panel) and 384-plex (right panel) experiments, respectively. Each image
consists of 95 data points corresponding to the 95 DNA samples analyzed. The x-axis
represents a normalized value of the Cy5/Cy3 ratio (allele B vs allele A), which ideally
is 0 if an AA homozygote and 1, if a BB homozygote. The y-axis represents a normal-
ized value of the sum (R) of green and red fluorescence intensities. The AA, AB, and BB
clusters were generated using BeadStudio (lllumina); and the images were enhanced for
publication with lllustrator (Adobe). The number of samples belonging to each genotype
cluster is also indicated. Dark shaded areas indicate the three call zones. (B) Typical per-
formance of 96- and 384-plex assays. Metrics are defined as follows: call rate, (number
of calls made) / (number of calls attempted, excluding bad samples or assignable errors);
reproducibility, (number of calls agreeing between sample replicates) / (total number of
calls made in each sample replicate); heritability, (number of child alleles consistent with
parental alleles) / (total number of child alleles); sample success rate, (number of sam-
ples called) / (number of samples attempted); locus success rate, (number of SNP loci
called) / (number of SNP loci attempted).

Two allele-specific oligonucleotides (ASO1 and ASO2) and one
locus-specific oligonucleotide (LSO) are required for each SNP
locus to be genotyped. The proprictary Assay Design Tool
(ADT; Illumina), which has designed hundreds of thousands
of successful GoldenGate assays, can assist researchers to design
and optimize assay probes for custom contents. ADT evalu-
ates assay probes based on Ty, self complementarity, as well as
the sequences flanking the targeted SNP for neighboring poly-
morphisms, and any degree of repetitiveness or homology to
the rest of the genome. Most ASOs designed by ADT have a
T of 57-62°C; and the LSOs, 54-60°C. LSOs additionally
must be synthesized with 5’-phosphate to allow ligation
(Fig. 10.1, step 3).



134 Lin et al.

2.3. VeraCode Bead
Plates

2.4. Equipment

2.5. Reagents and
Consumables

VeraCode Bead Plates pre-loaded with 96 and 384 bead types in
the 96-sample microplate format are available from Illumina. In
addition, universal capture bead sets are available for researchers
who would like to create their own test panels at any multiplexing
level between 1 and 144.

1. User-supplied: lab coats and gloves (especially for use in the
pre-PCR area; see Note 1); two microtiter plate centrifuges
with g-force range of 8-3,000 x g (one for pre-PCR use, the
other for post-PCR use); sealing roller (for pre-PCR use; Bio-
Rad); 96-well thermal cycler with heated lid (for post-PCR
use; Bio-Rad); cap mat applicator (for post-PCR use; Corn-
ing); vacuum flask assembly and regulator (for post-PCR use;
QIAGEN); multichannel pipettes (for both pre- and post-PCR
use; 5-200 pL).

2. Hlumina-supplied: raised bar magnet (for pre-PCR use);
microplate vortexer (for pre-PCR use; se¢ Note 2); heat
sealer with 96-well adaptor base (for pre-PCR use); 96-well
microplate heat block with heated lid (for pre-PCR use); vor-
tex incubator for optimal hybridization to VeraCode beads (for
post-PCR use); BeadXpress Reader and accessories.

1. User-supplied: 96-well 0.2 mL skirted microplates (Bio-
Rad); microseal ‘A’ film (Bio-Rad); microplate clear adhe-
sive film (Phenix Research); thermo-seal heat sealing foil
sheets (ABgene); non-sterile solution basins (55 mL; Labcor
Products); acerosol filter pipette tips (5-200 pL); serological
pipettes (10, 25, and 50 mL); MultiScreen filter plates (0.45
wM, clear polystyrene; Millipore); 96-well polypropylene V-
bottom plates (Corning Costar); 96-well cap mats (Corning).

2. User-supplied: Titanium 7zg DNA polymerase (Clontech);
TE bufter (10 mM Tris-HCI, pH 8.0, 1 mM EDTA); iso-
propanol; 0.1 N NaOHj; deionized H>O; 10% bleach (plain,
unscented household bleach).

3. Illumina-supplied: all the proprietary VeraCode GoldenGate
Genotyping Assay reagents used in the protocol described
below contain sufficient volume for processing 96 samples
at a time, using a multichannel pipette and solution basins.
When processing smaller sample batches using a solution
basin, dead volume, and pipetting error losses can increase. If
that becomes an issue, single-pipette the reagents into each
well. To store remaining reagents, we recommend freezing
aliquots, rather than repeatedly freezing and thawing the sup-
plied reagent tubes.
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3. Methods

3.1. Biotinylation of
Genomic DNA

3.2. Immobilization of
Biotinylated DNA and

Annealing of Assay
Oligonucleotides

The GoldenGate Genotyping Assay with VeraCode microbeads
can be broken down into several defined processes, offering the
users potential stopping points should they wish to do so. Note
that Sections 3.1-3.7 also match the steps shown in Fig. 10.1.
Also note that the following protocol is based on a full plate
(96 samples).

Genomic DNA is first biotinylated in a heat-activated chemical
reaction. The resulting biotinylated DNA is then cleaned up by
isopropanol precipitation to remove excess biotinylation reagent
(Fig. 10.1, step 1). Preheat the heat sealer and heat block (to
95°C).

1. Set up genomic DNA samples (5 L of 50 ng/uL per well)
in a 96-well 0.2-mL skirted microplate (plate name: SUD).

2. Use a multichannel pipette to add 5 pL biotinylation reagent
(MS1; Illumina) to the DNA samples. Change pipette tips
after each dispense.

3. Seal the SUD plate with a thermo-seal foil sheet using a heat
sealer. Pulse-centrifuge at 250 x g to collect the contents.

4. Vortex at 2,300 rpm for 20 s. Pulse-centrifuge at 250 x 4.

5. Incubate in the preheated 95°C heat block for exactly 30 min
(see Note 3).

6. Pulse-centrifuge at 250 xg. Meanwhile, reset the heat block
to 70°C if planning on performing the steps in Section 3.2.
on the same day.

7. Remove the foil carefully. Add 5 pL precipitation reagent
(PS1; Illumina) to each well (see Note 4). Vortex at 2,300
rpm for 20 s or until the solution is uniformly blue (see Note
5). Pulse-centrifuge at 250 xg.

8. Add 15 pL isopropanol to each well. Vortex at 1,600 rpm
for 20 s or until the solution is uniformly blue. Centrifuge
at 3,000 xg for 20 min. (DNA should appear as a faint blue
pellet at the bottom of each well.)

9. Invert the plate and carefully smack it down a few times onto
paper towels to blot off the supernatant. Air-dry the plate
upside down at room temperature (RT) for another 15 min.

10. Resuspend the pellet in 10 pL resuspension reagent (RS1;
Illumina) by vortexing at 2,300 rpm for 1 min. Pulse-
centrifuge at 250 xg. The SUD plate at this stage can be
stored at 4°C overnight (see Note 6).

In a single temperature ramp-down incubation, allele- and
locus-specific GoldenGate Genotyping Assay oligonucleotides are
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3.3
Extension-Ligation
and Elution

annealed to the biotinylated genomic DNA template, which is
simultaneously immobilized to streptavidin-coated paramagnetic
beads (Fig. 10.1, step 2). Unbound oligonucleotides are
removed by several washes afterwards.

1.

11.

Take a new 96-well 0.2-mL microplate (plate name: ASE),
and add to each well 30 pL oligonucleotide annealing
reagent (OB1, vortexed thoroughly after thawing; Illumina)
and 10 pL of the oligonucleotide pool (OPA, 1.2 mL needed
tfor 96 samples; Illumina).

Use a multichannel pipette to transfer the entire contents (10
pwL) from the first column of the SUD plate to the corre-
sponding wells in the ASE plate. Discard the pipette tips.

. Repeat the previous step for columns 2-12. Change tips

between columns.

. Heat-seal the ASE plate with a thermoseal foil sheet. Vortex

the ASE plate at 1,600 rpm for 1 min or until the beads are
tully resuspended.

. Place the plate in the preheated 70°C heat block. Switch the

temperature setting immediately to 30°C, and allow the plate
to cool down passively (see Note 7).

Remove the plate from the heat block. Pulse-centrifuge at
250 xg. Meanwhile, reset the heat block to 45°C.

Place the plate on a raised bar magnet until beads are cap-
tured completely (about 2 min). Use a multichannel pipette
to remove and discard the supernatant (see Note 8).

. Add 50 pLL. AM1 (wash buffer; Illumina). Vortex at 1,600

rpm for 20 s or until beads are fully resuspended. Place the
plate on the magnet until beads are captured completely.
Remove and discard the supernatant.

Repeat AM1 wash once.

. Add 50 pL UB1 (wash buffer; Illumina) (vortexing the plate

is optional for UB1 washes). Place the plate on the magnet
until beads are captured completely. Remove and discard the
supernatant.
Repeat UB1 wash once. Immediately proceed to the steps in
Section 3.3.

Allele-specific extension and ligation reactions of the hybridized
oligonucleotides take place simultaneously in a single incubation
(Fig. 10.1, step 3). The extended-and-ligated product forms
a synthetic template that is next eluted from the immobilized
genomic DNA and transferred to a PCR reaction plate.

1.

Add 37 pL extension-ligation reagent (MEL; Illumina) to
each well. Vortex at 1,600 rpm for 1 min or until beads are
fully resuspended. Incubate in the preheated 45°C heat block
for exactly 15 min.

. During this incubation, user should proceed to setting up

the PCR plate: add 64 pL Titanium 729 DNA polymerase
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(Clontech) and 50 pL uracil DNA glycosylase (UDG; Illu-
mina) to one tube of fully thawed PCR master mix (MMP;
Illumina). Vortex the tube briefly to mix the contents. Use a
multichannel pipette to aliquot 30 pL of the resulting master
mix to each well of a new 96-well 0.2-mL microplate (plate
name: PCR). Set aside the plate until use (preferably in the
dark (e.g., a drawer) to protect the fluorescent primers in the
master mix).

3. Remove the ASE plate from the heat block. Reset the heat
block to 95°C. Place the ASE plate on the magnet until beads
are captured completely. Remove and discard the supernatant.

4. Add 50 pL UBI (vortexing is optional). Place the plate on
the magnet until beads are captured completely. Remove and
discard the supernatant.

5. Add 35 pL IP1. Vortex at 1,800 rpm or until beads are fully
resuspended.

6. Incubate the ASE plate in the preheated 95°C heat block for
exactly 1 min. Place the plate back onto the magnet until beads
are captured completely.

7. Use a multichannel pipette to carefully transfer 30 pL super-
natant (see Note 9) from the first column of the ASE plate to
the PCR plate. Mix the contents by gently pipetting up and
down a few times. Discard the pipette tips.

8. Repeat the previous step for columns 2-12. Change tips
between columns.

9. Use a microseal ‘A’ film (Bio-Rad) to seal the plate with the
help of a sealing roller. The PCR plate can be transported
to a thermal cycler in the post-PCR area, and must never be
brought back to the pre-PCR area.

During the PCR, each extended-and-ligated product is amplified

with one of the two fluorophore-labeled universal primers (P1 or

P2, depending on the allele variant present; Fig. 10.1, step 4)

and a biotinylated universal primer (P3).

1. The settings below should be used for the thermal cycler: 37°C
for 10 min (see Note 10); 95°C for 3 min; 34 thermal cycles
(95°C for 35 s; 56°C for 35 s; 72°C for 2 min); 72°C for 10
min; 4°C for 5 min; 10°C for as long as needed.

The non-fluorescent strand of PCR product is removed through
its 5’ biotin group (introduced by the universal primer P3;
Fig. 10.1, step 5).

1. Pulse-centrifuge the PCR plate at 250 xg. To each well, add
20 pL of paramagnetic bead mix (MPB, fully resuspended by
vortexing and inverting several times; Illumina).

2. Use a multichannel pipette set to 85 pL, gently mix the sam-
ples in the first column by pipetting up and down a few times,
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3.6. Hybridization to
VeraCode Beads

and then transfer the entire contents to the corresponding
wells of a new filter unit assembly (see Note 11). Discard the
pipette tips.

. Repeat the previous step for columns 2-12. Change tips

between columns.
Cover the filter unit assembly with the accompanying lid. Incu-
bate at RT, protected from light, for 1 h.

. Centrifuge at 1,000 xg for 5 min. Add 50 pL. UB2 (wash

buffer; [llumina) to the upper plate of the assembly slowly and
gently, without disturbing the beads.

. Centrifuge at 1,000 xg for 5 min. Mecanwhile, take a new

96-well V-bottom plate and dispense 30 wL of hybridization
reagent (MH2; Illumina) into each well (plate name: INT).
When centrifugation is finished, discard the bottom part of the
filter unit assembly, and replace with the INT plate. Confirm
that the Al position of the filter plate matches the Al position
of the INT plate.

. Add 30 pL 0.1N NaOH to the upper plate of the assembly

slowly and gently, without disturbing the beads. Immediately
centrifuge the assembly at 1,000 x4 for 5 min (sec Note 12).

. The INT plate contains the single-stranded DNA ready to

hybridize to VeraCode beads (see below). Alternatively, the
INT plate can be stored at —20°C until use. The lid and upper
plate of the filter unit assembly can be discarded.

The address sequence attached to the extended-and-ligated prod-
uct by the LSO (Fig. 10.1, steps 2 and 3) directs hybridization
to a specific type of VeraCode bead. Each VeraCode bead type
is manufactured with a high-density coat of oligonucleotides; the
sequence of which is the reverse complement of a unique address
sequence (Fig. 10.1, step 6).

1.

Preheat the vortex incubator to 45°C. Remove the VeraCode
Bead Plate (plate name: VBP) from 4°C. Pulse-centrifuge at
250 xg to ensure that all the bead pellets remain at the bottom
of the plate.

. Neutralize 3 mL MH2 with 3 mL 0.1N NaOH in a solution

basin. Use a multichannel pipette to add 50 pwL of neutralized
MH?2 into each well of the INT plate.

. Remove the cap mat from the VBP plate, and save the cap mat

tor subsequent use. Use a multichannel pipette set to 100 pL,
gently mix the first column of samples in the INT plate by
pipetting up and down, and then transter 100 pL to the cor-
responding wells of the VBP plate. Discard the pipette tips.
Repeat the previous step for columns 2-12. Change tips
between columns.

. Reapply the cap mat to the VBP plate with a cap mat appli-

cator. Secure the plate in the preheated vortex incubator. Use
another 96-well plate as a balance.
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. With the incubator lid closed, shake the VBP plate at 850 rpm
tfor 3 h at 45°C.

. Pulse-centrifuge at 250 xg to collect any condensation.

. Add 200 pL VeraCode bead wash buffer (VW1; Illumina), and
make sure to agitate the bead pellets. Gently swirl the plate in a
circular motion on the bench top. Aspirate off the supernatant
with the vacuum manifold (at 50 mbar).

. Repeat VW1 wash once. The VBP plate is ready to be scanned
by a BeadXpress Reader. Alternatively, the VBP plate can be
stored at RT, protected from light, for up to 72 h.

The VeraCode Bead Plate is scanned in the BeadXpress Reader
(Fig. 10.1, step 7).

1.

2.

Connect and initialize the BeadXpress Reader from the com-

puter. Prime the fluidics.

Load the VBP plate onto the tray. Make sure that the plate is

correctly oriented with Al of the plate matching the engraved

Al on the reader tray.

. Load VeraCode assay scan settings (se¢e Note 13). Start the
scan (see Note 14 for example scan times).

. GoldenGate Genotyping Assay data consists of green and red

fluorescence intensity values for each VeraCode bead type (cor-

responding to a specific SNP locus), and can be analyzed by

the BeadStudio software package (Illumina; see Note 15).

4. Notes

L]
~f -
’ 4

1. Due to the serious concern of retrograde contamination by
amplicons generated in the universal PCR (Fig. 10.1, step
4), the GoldenGate Genotyping Assay requires the steps
before the universal PCR (steps 1-3) to be performed in a
physically separate, dedicated lab area. In addition, the pre-
PCR area should be routinely cleaned and monitored for
contaminant levels. Every lab must establish procedures for
preventing PCR amplicon contamination and train new users
properly. The procedures should include, but may not be
limited to, the following guidelines: (a) store all area-specific
supplies separately, and do not share supplies between areas;
(b) when working in the pre-PCR area, users should wear
gloves and lab coats (which are meant to stay in the pre-
PCR area) at all times; (c) users should decontaminate the
bench top with 10% bleach before and after use; (d) wipe
contamination hot spots (e.g., door/refrigerator/freezer
handles, computer mouse, and keyboards) often with 10%
bleach; (e) mop floors with freshly diluted 10% bleach weeKkly;
and (f) anything that falls to the floor is treated as con-
taminated, and non-disposable items that fall to the floor
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should be decontaminated with 10% bleach immediately.
Care should be taken, however, not to overwhelm the area
with bleach fumes because they can degrade the fluorescent
dyes on the PCR primers. As an added precaution, oligonu-
cleotide pools received from Illumina contain internal con-
trols which can serve as an indicator when significant con-
tamination has occurred.

. The displayed speed of the pre-PCR microplate vortexer may

differ from the actual speed. It is important to use a digital
stroboscope to calibrate the vortexer periodically for the fol-
lowing speeds: 1,800, 2,000, and 2,300 rpm. Each lab may
want to establish its own lookup table for displayed and actual
speeds. Using an uncalibrated vortexer may cause the samples
to splash and increase the likelihood of cross-contamination.

. Use the heated lid for all incubations done in the heat block

to minimize condensation.

. From this step on, unless noted otherwise, dispensing reagent

into the sample plate can be done for all columns using the
same set of eight pipette tips if the tips touch only the top
edge of the wells. However, if it is suspected that the tips
may have become contaminated with the contents of the well,
they should be discarded and replaced immediately.

. Unless noted otherwise, always use a clear adhesive film with

the help of a sealing roller to seal the plate before vortexing.

. For long-term storage —20°C is recommended. However, if

stored frozen, the contents of the plate need to be fully resus-
pended prior to use after thawing.

. Cooling from 70 to 30°C takes approximately 2.5 h. Alter-

natively, the plate may be left in the heat block at 30°C
overnight for up to 16 h.

. If an Illumina-recommended raised bar magnet is used, the

beads in odd-numbered columns will be pulled to the right
wall of the wells, and the beads in even-numbered columns,
to the left. When removing unwanted supernatant from a
plate using a multichannel pipette, the pipette should be
set to a volume slightly greater than the volume of super-
natant to be removed (e.g., 60 pL if removing 50 pL of
supernatant). Next, push the tips almost down to the bot-
tom of the wells, gently touching the side opposite where the
beads are captured (left if odd-numbered columns, and right
it even-numbered columns) but not touching the bead pel-
lets. By doing so, it is not necessary to change pipette tips
until the entire plate has been processed. Remember to visu-
ally inspect the pipette tips upon drawing the liquid. If beads
are visible (brownish-turbid), return the liquid into the same
wells, change pipette tips and allow the magnet to re-capture
the beads.
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9. The supernatant now contains the extended-and-ligated
product, while leaving the biotinylated genomic DNA tem-
plate behind on the paramagnetic beads.

10. The PCR master mix (MMP) contains dUTP instead of
dTTP. The incorporation of dUTP does not affect down-
stream analysis, but offers an effective measure for controlling
PCR contamination that would otherwise affect the accu-
racy of the assay. An initial incubation of 37°C for 10 min
in the PCR cycling conditions allows UDG to digest away
any dUTP-incorporated PCR product existing prior to the
current PCR (= contaminant).

11. The filter unit should be assembled in this order, from bot-
tom up: a 96-well V-bottom plate (Corning); filter plate
adaptor (Illumina); MultiScreen filter plate; and lastly the lid
(Millipore).

12. Due to the sensitivity of the fluorescent dyes to 0.1 N
NaOH, proceed with this step quickly. Prolonged incubation
with NaOH is unnecessary. Almost instantly, the fluorescent
strand is dissociated from the complementary strand that gets
retained by the streptavidin-coated paramagnetic beads. Cen-
trifugation must proceed within 5 min to prevent damage to
the assay products.

13. Instructions for scan settings and a template file are provided
with the BeadXpress Reader.

14. For 96-plex assays, the BeadXpress Reader scans about
80 samples per hour (= 128 genotype calls per minute). For
384-plex assays, the BeadXpress Reader scans about 24 sam-
ples per hour (= 154 genotype calls per minute).

15. The genotyping module of the BeadStudio software pack-
age consists of several features that allow automatic sample
clustering and genotype calling for custom SNP genotyping
assays.
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Chapter 11

The Use of Maternal Plasma for Prenatal RhD
Blood Group Genotyping

Kirstin Finning, Pete Martin, and Geoff Daniels

Abstract

Alloimmunization to the blood group antibody anti-RhD (anti-D) is the most common cause of
hemolytic disease of the fetus and newborn. Knowledge of fetal D type in women with anti-D makes
management of the pregnancy much easier and avoids unnecessary procedures in those women with a
D-negative fetus. Fetal D typing can be performed by detection of an RHD gene in cell-free DNA in the
plasma of D-negative pregnant women. The technology involves real-time quantitative polymerase chain
reactions targeting exons 4, 5, and 10 of RHD, with the exons 4 and 10 tests performed as a multiplex.
Testing for SRY in multiplex with the RHD exon 5 test provides an internal control for the presence of
fetal DNA when the fetus is male. Fetal D typing has become the standard of care in England in pregnant
women with a significant level of anti-D.

Key words: Blood groups, Rh, D, fetal testing, free fetal DNA, hemolytic disease of the fetus
and newborn.

1. Introduction

1.1. Fetal RHD Hemolytic disease of the fetus and newborn (HDEN) results
Genotyping for from the immune destruction of fetal erythroid cells by maternal
Assessing Risk of IgG antibodies, following their transfer across the placental bar-
Hemolytic Disease of rier (1). Alloimmunization against the RhD (D or RH1) red cell
the Fetus and surface antigen was the commonest cause of fetal and neonatal
Newborn morbidity and mortality prior to introduction of prophylaxis with

RhD immunoglobulin (Ig) in the 1960s. Despite the success of
anti-D immunoglobulin prophylaxis in substantially reducing the
prevalence of HDEN caused by anti-D, some D-negative women

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
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1.2. Genetics of RhD

still produce anti-D. In the UK alone about 500 fetuses develop
HDEN each year, leading to 25-30 deaths (2).

The most common use of molecular blood group genotyping
is for predicting the D type of the fetus of a woman with anti-
D, to assist in assessing the risk of HDEN (3-5). If the fetus is
D-positive, it is at risk from HDFEN and the appropriate manage-
ment of the pregnancy can be arranged; if it is D-negative, there
is no risk and unnecessary invasive procedures can be avoided.
The usual source of fetal DNA is now cell-free fetal (cff) DNA in
maternal plasma. This fetal DNA represents 3—6% of free DNA in
the mother’s blood (6) and cannot be separated from the mater-
nal DNA, creating complications in testing and providing suitable
controls. The use of cff-DNA avoids the invasive procedures of
amniocentesis and chorionic villus sampling. At the International
Blood Group Reference Laboratory in England, we have devel-
oped a method for testing for RHD in cff-DNA and use this to
provide a service for fetal blood group genotyping in alloimmu-
nized pregnant women (5, 7).

After anti-D, the next most common causes of HDFN are
anti-K (KEL1) and anti-c (RH4), and anti-E (RH3) and anti-C
(RH2) are occasionally implicated (1). We have also developed
methods for predicting K, ¢, C, and E phenotypes from testing
cff-DNA in maternal plasma (8), but these will not be described
here.

Rh phenotypes are controlled by RHD and RHCE a pair of
homologous genes on chromosome 1, which have ten exons each
and share about 94% identity (9). In people of European origin,
the D-negative phenotype almost always results from homozy-
gosity for a complete deletion of RHD (10). Most D-positive
people are either homozygous or hemizygous for RHD. Variant
haplotypes exist in which all or part of a RHD is present, but
no D antigen is expressed on the red cells, and in which some
or most of RHD is missing, yet some D epitopes are expressed
(9). Fortunately, most of these RHD variants are rare, but there
is one, RHDWV, that is particularly important because it is com-
mon in people of African origin (11). RHDWY contains all ten
exons, but is inactive because of two inactivating mutations: a
37 bp duplication in exon 4 and a nonsense mutation in exon
6. There are also four characteristic single nucleotide changes in
exons 4 and 5. Another abnormal gene that is relatively com-
mon in Africans and produces no D antigen, despite the presence
of some RHD exons, is RHD-CE-D®. This hybrid gene com-
prises exons 1 and 2, the 5" end of exon 3, and exons 9 and
10 from RHD, and the 3’ end of exon 3 and exons 4-8 from
RHCE (12).
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2. Materials

2.1. Maternal Blood
Processing

2.2. Extraction of DNA
from Maternal Plasma

2.3. Real-Time
Quantitative PCR

w

. Conical tubes, 15 mL (BD Biosciences, B9320 Erem-

bodegem, Belgium, 352096).

. Screwcap microtubes, 1.6 mL (BioQuote, York, UK 14201).
. Aecrosol-resistant disposable filter pipette tips (Anachem Ltd,

Luton, Bedfordshire, UK, RT-1000F, RT-100F).

. QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany).

Contains buffer AL, wash buffers AW1, AW2, QIAamp spin
columns, lysis tubes and elution tubes (se¢ Note 1). Store at
room temperature.

. Qiagen protease (Qiagen). Store at 4°C.
. Collection tubes, 2 mL (Qiagen).
. Ethanol, 100% (Sigma, Steinheim, Germany). Store at room

temperature.

. Aerosol-resistant disposable filter pipette tips (Anachem RT-

1000F, RT-200F, RT-100F).

. Microtubes, 1.5 mL (Anachem).

. Primers and probes are listed in Table 11.1 (also se¢ Note 2).

Reconstitute primers and probes with nuclease-free water to
1mM and store at —30°C. Make 5 pwM working solutions of
each primer and probe and store at —30°C. Probes should be
protected from light during storage.

. TagMan Universal PCR Master Mix 2x (Applied Biosystems,

Foster City, CA, USA). Store at 4°C.

. Nuclease-free water (Sigma). Aliquot and store at room tem-

perature for up to 12 months.

. Microtubes, 1.5 mL (Anachem).
. Human male genomic DNA (Promega, Madison, USA).

Dilute in nuclease-free water to 20 ng/pL and store at —30°C
in 20 pL aliquots. This is DNA prepared from pooled male
blood. It will provide the DNA for standard curve generation
and will also be the “positive control” (D POS) for the RHD
exons and SRY.

. Control DNAs (prepared in house from whole blood). Dilute

to and store at the following concentrations: female D-
negative (2 ng/pnL), the “negative control” (D NEG) for all
RHD exons and SRY; RHDW-positive DNA (0.1 ng/pL), a
negative control (RHDW) for RHD exon 4 and 5.

. Optical reaction PCR plates, 96-well (Applied Biosystems) and

MicroAmp Optical Caps (Applied Biosystems). Store at room
temperature in sealed plastic bags.

. Aerosol-resistant disposable filter pipette tips (Anachem RT-

1000F, RT-200F, RT-100F, RT-10GE).
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Table 11.1
Primers and probes for real-time PCR detection of DNA in maternal plasma
Name Sequence (5’ to 3') Specificity
RHDEX4_F CTG CCA AAG CCT CTA CAC G RHD
RHDEX4_R ATG GCA GAC AAA CTG GGT GTC RHD
RHDEX4 P (FAM)-TTG CTG TCT GAT CTT TAT RHD
CCT CCG TTC CCT-(TAMRA)
RHDEX5_F CGC CCT CTT CTT GTG GAT G RHD
RHDEX5 R GAA CAC GGC ATT CTT CCT TTC RHD
RHDEX5_P (FAM)-TCT GGC CAA GTT TCA ACT RHD
CTG CTC TGC T-(TAMRA)
RHDEX10_F CCT CTC ACT GTT GCC TGC ATT RHD, RHDW
RHDEX10_R AGT GCC TGC GCG AAC ATT RHD, RHDY
RHDEX10_P (VIC)-TAC GTG AGA AAC GCT CAT GAC RHD, RHDY
AGC AAA GTC T-(TAMRA)
SRY_F TGG CGA TTA AGT CAA ATT CGC SRY
SRY R CCC CCT AGT ACC CTG ACA ATG TAT T SRY
SRY_P (VIC)-AGC AGT AGA GCA GTC AGG SRY
GAG GCA GA-(TAMRA)
CCR5_F TAC CTG CTC AAC CTG GCC AT CCR5
CCR5_R TTC CAA AGT CCC ACT GGG C CCR5
CCR5_P (FAM)-TTT CCT TCT TAC TGT CCC CTT CCR5
CTG GGC TC-(TAMRA)
3. Methods

DNA is extracted from maternal plasma and amplified by real-
time PCR to detect the presence of fetal RHD and/or SRY genes
if the baby is D-positive and /or male. Three exons of the RHD
gene are targeted: the primers for exons 4 and 5 are designed to
amplify only the RHD gene and not RHDW; the primers for exon
10 will amplity both genes (see Note 3). The amplification of a
ubiquitous gene, CCR5, is used to confirm the successful extrac-
tion of maternal DNA, to quantify the amount of maternal DNA
in the sample and to highlight the potential presence of maternal
silent RHD genes. The fetus is predicted to be D-positive
or D-negative depending on the cycle threshold (C;) values
obtained for the RHD assays (see Note 4). Control wells are run
concurrently to ensure the assays are performing optimally.
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Note 5)

3.2. DNA Extraction
from Maternal Plasma
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Gloves should be worn at all times when handling samples

and reagents and should be changed frequently between steps
and if they become contaminated. Pipette tips should be changed
between liquid transfers to avoid cross-contamination. For the
same reason, open only one tube at a time. Briefly pulse spin
microtubes after mixing steps to remove droplets from the top

of the tube and the tube lid.

U1

10.

11.

. Two 6 mL EDTA blood tubes are pooled into a 15 mL tube

and centrifuged at 4,000 x g for 10 min.

. The plasma layer is carefully removed to a new 15 mL tube

leaving at least 1 mL plasma above the buffy coat. Mix the
transferred plasma by inverting the tube several times, then
transfer 1 mL aliquots of plasma into labeled 1.6 mL micro-
tubes.

. Centrifuge microtubes at 4,600 x g for 10 min in a microfuge.
. Remove 800 L aliquots of plasma into fresh microtubes with-

out disturbing the cell pellet. Aliquots of plasma may either be
used immediately or stored at —30°C until required.

. Use one 800 pL plasma aliquot per patient and allow to thaw

at room temperature if frozen (see Note 6).

. Add 60 pL Qiagen protease to the plasma and mix by vor-

texing.

. Add 400 pL buffer AL to each of two 1.5 mL (lysis) tubes,

then add 430 uL of the plasma/protease mix to each tube.
Mix by vortexing.

. Incubate tubes in a waterbath at 56°C for 15 min.
. Add 400 pL ethanol to each tube and mix by vortexing.

Leave for 5 min at room temperature.

. Using one spin column per patient, load 600 pL lysate to the

spin column and microcentrifuge for 1 min at >6,000 x 4.

. Remove spin column to new 2 mL collection tube and repeat

step 6 until all the lysate has been spun through the column
(four centrifugation spins in total). Remove spin column to a
new collection tube.

. Add 500 pL wash butfer AWI to the column and centrifuge

at full speed (15,000-20,800 x g) for 1 min.

. Remove spin column to a new collection tube and add 500

pL wash buffer AW2. Centrifuge at full speed (15,000-
20,800 x g) for 1 min.

Remove spin column to a new collection tube and centrifuge
at full speed (15,000-20,800 x 4) for 3 min to dry the col-
umn completely.

Remove spin column to a new 1.5 mL (elution) tube. Add
55 pL nuclease-free water directly to the center of the spin
column membrane. Close the lid and incubate for 1 min
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3.3. Real-Time PCR

at room temperature. Centrifuge at full speed (15,000-

20,800 x g) for 1 min to elute the DNA. Discard spin col-
umn and close lid of elution tube. The DNA can be used

directly in PCR or stored for several hours at 4°C or on ice.

Freezing the DNA once extracted is not recommended as this
may result in loss of fetal DNA.

1. Prepare DNA standards for standard curve generation (see
Note 7).

a.

b.

C.

d.

C.

Thaw an aliquot of male human DNA (20 ng/pL; stan-
dard 1) at room temperature.

Make a standard curve DNA dilution series. Add 45 pL
nuclease-free water to each of three 1.5 mL tubes.

Add 5 pL standard 1 to one tube containing 45 L1 water
to make standard 2 (2 ng/pL). Mix well.

Add 5 pL standard 2 to one tube containing 45 L water
to make standard 3 (200 pg/L). Mix well.

Add 5 pL standard 3 to one tube containing 45 pL water
to make standard 4 (20 pg/nL). Mix well.

2. Thaw aliquots of the negative controls (D NEG and RHDWV)
at room temperature.
3. Prepare PCR reaction mixes:

a.

Prepare the RHD exon 4 + 10 reaction mix. Four x 20
L of each reaction mix is needed per patient sample,
plus 14 x 20 pL for controls. The final reaction volume
should be increased by 10% to allow for loss during pipet-
ting. A bulk mix should be made by multiplying up for
the required volume (e.g., for one patient sample, make a
20 x 20 pL bulk mix). For 1 x 20 pL RHD exon 4 + 10
reaction mix the following reagents should be combined
in a clean 1.5 mL tube and mixed by vortexing: 12.5 pL
TagMan Universal PCR Master Mix, 1.5 pL. RHD exon
4 forward primer (5 pM), 1.5 pL. RHD exon 4 reverse
primer (5 pM), 1.5 wL. RHD exon 10 forward primer (5
wM), 1.5 pnL. RHD exon 10 reverse primer (5 wM), 0.25
wL RHD exon 4 probe (5 wM), 0.25 wL. RHD exon 10
probe (5 pM), 1.0 pL nuclease-free water.

Prepare the RHD exon 5 + SRY reaction mix, making a
bulk mix as described in step 3a. For 1 x 20 pnL RHD
exon 5 + SRY reaction mix, the following reagents should
be combined in a clean 1.5 mL tube and mixed by vor-
texing: 12.5 wL. TagMan Universal PCR Master Mix, 1.0
wL RHD exon 5 forward primer (5 pM), 1.0 nL. RHD
exon 5 reverse primer (5 wM), 1.5 pL. SRY forward primer
(5 pM), 1.5 pL SRY reverse primer (5 wM), 0.25 pL
RHD exon 5 probe (5 wM), 0.5 wL SRY probe (5 pwM),
1.75 wL nuclease-free water.
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c. DPrepare the CCRS5 reaction mix. Reaction mix of 2 X
20 pL is required for each patient sample. In addition,
12 x 20 WL mix is needed for the DNA standard curve.
The final reaction volume should be increased by 10% to
allow for loss during pipetting. A bulk mix should be made
by multiplying up for the required volume (e.g., for one
patient sample, make a 16 x 20 pL bulk mix). For 1 x
20 pL. CCRS5 reaction mix the following reagents should
be combined in a clean 1.5 mL tube and mixed by vor-
texing: 12.5 pL. TagMan Universal PCR Master Mix, 1.0
nL CCRS forward primer (5 pM), 1.0 L. CCRS reverse
primer (5 pM), 0.5 pL. CCR5 probe (5 wM), 5.0 nL
nuclease-free water.

. Prepare the 96-well reaction plate: Load 20 pL of the rel-

evant PCR reaction mixes into the wells of a 96-well PCR

plate; a suggested plate plan showing allocation of wells for

each patient sample, the controls, and standards for each of

the assays is indicated in Table 11.2 (see Note 8).

a. Load 5 pL of maternal plasma DNA to the wells assigned
to patient test samples.

b. Load 5 pL control DNA and standard DNA to the appro-
priate wells.

c¢. Load 5 pL nuclease-free water to each no-template con-
trol (NTC) well.

. Seal plate and centrifuge at 1,000 rpm for 1 min to remove

air-bubbles and to ensure all liquid is pooled in bottom of the
wells.

. Run the PCR using the following reaction conditions: 50°C

for 2 min; 95°C for 10 min; 45 cycles with 95°C for 15 s and
60°C for 1 min.

. Analyze the reaction (see Note 9): A negative result (no PCR

amplification) is indicated by a C; value of 45. A positive result
(PCR product produced) is indicated by a C; value <42.

. Control and quality validation:

a. Negative control and NTC: not more than one replicate
should have a C; value <42. If more than one negative
control or more than one NTC control has a C; <42,
this could indicate the PCR is contaminated; the assay has
failed and results are unreliable (see Note 10).

b. Positive controls: all replicates should have Cs <42 for
all RHD exons and for SRY, otherwise this could indicate
that the reaction is not performing optimally and results
will be unreliable.

c. The slope of the standard curve should be between -3.5
and —4.5 for accurate DNA quantitation. The predicted
mean amount of maternal plasma DNA per well should
be <10 ng. If it is higher than this, the plasma contains
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excessive amounts of maternal DNA, which could interfere
with detection of fetal DNA (see Note 11).

3. Check the amplification plots for each RHD exon, SRY, and
CCRS5 for patient samples. The fetus is predicted to be D-
positive if at least 2/4 replicates for RHD exons 4, 5, and
10 are positive (i.e., C; value <42), with an additional three
positive replicates from any of the RHD exons (meaning that
a total of at least 9 /12 replicates must be positive) (Fig. 11.1
and see Note 12).
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Fig. 11.1. Real-time PCR amplification plots obtained from DNA in maternal plasma; the presence of four positive repli-
cates for each of RHD exons 4, 5, and 10, and the lack of positive replicates for SRY, indicate that the fetus is D-positive
(and female).
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4. If, however, the difference between any C; value for RHD
exon 10 and CCRS5 (C; exon 10 — C; CCRY) is less than 2,
this could indicate that the mother has an unexpressed RHD
gene and the test results may be unreliable (Fig. 11.2). Fur-
ther investigation of the maternal genome should be carried
out using the frozen bufty coat (see Note 13).
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Fig. 11.2. Real-time PCR amplification plots obtained when the mother has an unexpressed RHD gene. If the difference
in C; values between RHD exon 10 and CCR5 (C: exon 10 — C; CCR)) is less than 2, this could identify the presence of
a maternal silent gene (either RHDW, RHD-CE-DS, or a D-variant RHD gene). In the example shown, low C; values were
obtained for all RHD exons suggesting that the mother has a largely intact RHD gene; further investigation showed her to
have a weak D phenotype and therefore it was not possible to determine the fetal RHD genotype from maternal plasma.
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5. The fetus can be predicted to be D-negative if no replicates, or
only 1 /12 replicates, are positive. The remaining 11 /12 repli-
cates should be negative (i.e., C; values of 45) (Fig. 11.3 and
see Note 14). If the fetus is predicted to be D-negative, the
SRY result may be used to confirm the presence of fetal DNA
if the fetus is male. We recommend that at least 2 /4 replicates
of SRY should be positive ( C; values <42) to confirm the pres-
ence of fetal DNA (see Note 15).
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Fig. 11.3. Real-time PCR amplification plots obtained from DNA in maternal plasma. The lack of any positive replicates
for each of RHD exons 4, 5, and 10, but the positive replicates for SRY, indicate that the fetus is D-negative (and male).
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6. It RHD exon 10 replicates are positive, but exons 4 and 5

are negative, this could indicate that the fetus has a D-variant
RHD gene, has RHDW, or has the hybrid RHD-CE-D* gene.

4. Notes

1)
‘@‘

1. The kit contains lysis, elution, and collection tubes. How-

ever, extra amounts of these are required to deal with the
larger volume of plasma than that intended in the manufac-
turer’s protocol. Sterile nuclease-free 1.5 mL microtubes can
be used in place of the lysis and elution tubes. Additional col-
lection tubes are available from Qiagen. It is not advisable to
reuse the collection tubes as eluate may be transferred to the
bottom of the spin column, which can result in a reduction
in DNA yield.

2. We suggest using HPLC or PAGE purified primers, as they

give an increased batch-to-batch consistency of performance.
FAM-labeled probes can be purchased from a variety of
sources (e.g., Sigma-Genosys); VIC-labeled probes are only
available from Applied Biosystems. In our experience, the
performance of FAM and VIC labeled probes in multiplex
reactions is superior to that of probes labeled with other dyes.

. Fetal RHD genotyping may also be accomplished by target-

ing alternative exons, exon 7 being a popular choice (4).
However, if the test population were likely to contain indi-
viduals of black African descent, we would strongly recom-
mend that an assay, such as that for exon 5 as described here,
is also used to prevent false-positive results arising from the
presence of RHDW.

. TagMan real-time PCR relies upon PCR primers to define

the specificity of the reaction and a probe with reporter
and quencher dyes attached. If the target DNA sequence is
present, the increase in PCR product formation is monitored
by the increase in probe reporter dye fluorescence through-
out each cycle and converted by the software into an amplifi-
cation plot (increase in reporter dye fluorescence versus PCR
cycle). The cycle at which the reporter dye reaches a thresh-
old level of fluorescence (C;) is dependent on the starting
amount of target DNA present. The more target DNA is
present in a sample at the start of PCR, the lower the C;
value.

. Maternal blood should be processed within 48 h of venipunc-

ture to reduce the amount of maternal DNA in the plasma
resulting from breakdown of maternal white cells. At each
stage, the centrifuge settings should be set to minimize phys-
ical disruption to the blood, i.e., slow speed increase and no
brake on slowdown. After the initial centrifugation, any sign
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of hemolysis should be noted as this may reduce the quality
of the DNA. Care should be taken not to disturb the buffy
coat layer when transferring tubes from the centrifuge and
when withdrawing plasma. It is advisable to take and store
at —30°C a small amount of maternal bufty coat (e.g., 50
L bufty coat mixed with 150 wL water) for later analysis of
maternal genome if necessary.

. The plasma should be completely thawed before use. If a

cryoprecipitate is seen in the plasma, centrifuge the tube at
4,600 x g for 1 min to pellet the precipitate and remove the
plasma to a fresh tube.

. The standard DNA should be made up just prior to setting

up the PCR and discarded after each assay set up. Great care
should be taken not to contaminate reagents, test DNA, or
PCR plate wells with control DNA or standard DNA.

. Four patient samples are comfortably accommodated on one

96-well plate; five may be fitted on if non-consecutive wells
are used.

. Using the ABI 7700 or ABI 7900 sequence detector the

baseline should be set between 3 and 15 cycles and the
threshold at 0.03 (ABI 7700) or 0.06 (ABI 7900) for both
FAM and VIC dyes. These settings may not be suitable
for other real-time PCR machines; the correct baseline and
threshold settings need to be established in-house and mea-
surements must be taken during the exponential phase of the
PCR. The settings will affect the C; values of the test results
and possible interpretation of the results.

Theoretically all negative control and NTC wells should have
a G of 45 (i.e., no PCR amplification) because the target
DNA sequence was not present In practice, however, it is
almost impossible to prevent fluorescent signal from being
detected in these wells every time (possibly due either to con-
tamination of very small amounts of airborne DNA or arti-
facts causing non-specific amplification or fluorescence). If
contamination of the reaction is suspected, working stocks of
reagents should be discarded and fresh stocks made. If nec-
essary, purchase new reagents, primers, probes, etc.

We use a maximum cut-oft value of 10ng DNA per well
(equivalent to 125 ng DNA per mL maternal plasma).
Although the assay may still be viable if the maternal DNA
concentration is greater than this, if the blood is received
within 48 h of venipunture the DNA concentration rarely
exceeds this.

For positive results, it is important to ensure that all exons
show some amplification; this will help prevent mis-typing
of rare RHD variant genes which have some RHD exons
replaced by the corresponding exon of the homologous
RHCE gene.
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Chapter 12

Nanoliter High-Throughput PCR for DNA and RNA Profiling

Colin J. H. Brenan, Douglas Roberts, and James Hurley

Abstract

The increasing emphasis in life science research on utilization of genetic and genomic information under-
lies the need for high-throughput technologies capable of analyzing the expression of multiple genes
or the presence of informative single nucleotide polymorphisms (SNPs) in large-scale, population-based
applications. Human disease research, disease diagnosis, personalized therapeutics, environmental moni-
toring, blood testing, and identification of genetic traits impacting agricultural practices, both in terms of
tood quality and production efficiency, are a few areas where such systems are in demand. This has stim-
ulated the need for PCR technologies that preserves the intrinsic analytical benefits of PCR yet enables
higher throughputs without increasing the time to answer, labor and reagent expenses and workflow com-
plexity. An example of such a system based on a high-density array of nanoliter PCR assays is described
here. Functionally equivalent to a microtiter plate, the nanoplate system makes possible up to 3,072
simultaneous end-point or real-time PCR measurements in a device, the size of a standard microscope
slide. Methods for SNP genotyping with end-point TagMan PCR assays and quantitative measurement
of gene expression with SYBR Green I real-time PCR are outlined and illustrative data showing system
performance is provided.

Key words: 5-exonuclease assay, TagMan PCR, SNP genotyping, nanofluidic, high-throughput
genotyping, SYBR Green I real-time PCR, nanoliter PCR, quantitative PCR.

1. Introduction

The shift in life science research from de novo discovery to
utilization of genetic and genomic information underlies the need
for high throughput technologies capable of analyzing the expres-
sion of multiple genes or the presence of informative single
nucleotide polymorphisms (SNPs) across large numbers of spec-
imens. Human disease research (1-3), disease diagnosis (4, 5),
environmental monitoring and testing (6), blood testing (7, 8),
and identification of genetic traits impacting agricultural practices

Peter Bugert (ed.), DNA and RNA Profiling in Human Blood: Methods and Protocols, vol. 496
© 2009 Humana Press, a part of Springer Science+Business Media
DOI 10.1007/978-1-59745-553-4_12 Springerprotocols.com
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(9-11), both in terms of food quality and production efficiency,
are a few areas where such systems are in demand.

The polymerase chain reaction (PCR) has become the stan-
dard for detection and quantification of targeted nucleic acid
sequences in a sample. Although strategies for increasing PCR
throughput are varied (12-15), common to each is the goal of
preserving the intrinsic analytical benefits of PCR yet at the same
time enabling more PCR analyses to be performed without an
increase in labor and reagent expenses, analysis time, and work-
flow complexity.

Described here is an approach based on the simultaneously
processing of PCR assays in a high density, rectilinear array of
etched 3,072 through-holes in a thin stainless steel platen (25 mm
x 75 mm x 0.3 mm) with polymer coatings engineered to make
the inside surface of each hole hydrophilic and PCR-compatible
and the exterior surface of the plate hydrophobic (16-18). The
through-holes are grouped in 48 subarrays of 64 holes each and
spaced on a 4.5 mm pitch equal to that of wells in a 384-well
microplate (Fig. 12.1). Each 33 nanoliter hole in the nanotiter
plate is a separate and fluidically isolated container into which
primer or primer-probe pairs are deposited in such a way that
cach through-hole in the plate can support a different PCR assay.
Once a platen is fully populated with primer or primer—probe
pairs, the solvent is evaporated in a controlled manner leaving the
primers immobilized on the inside surface of each through-hole.
The primer/primer-probe deposition process and quality control
is performed at BioTrove Inc., the nanotiter plate supplier, rather
than at the user’s site. The company provides plates to the user
pre-loaded with primers for their application.

The nanoplate system supports TagMan or SYBR Green 1
PCR chemistry for end-point analyses and SYBR Green I PCR
chemistry for real-time quantitative PCR (qPCR). A key advan-
tage of this system is its compatibility with commercially avail-
able DNA or RNA preparation methods developed for PCR in
microplates. The analysis workflow (Fig. 12.2) begins with the
samples arrayed in a microplate, mixed with oft-the-shelf PCR
reagents and then transferred into each nanoplate subarray (or a
portion of a subarray) by a block of automated 48 pipette tips.
The high accuracy and precision of fluid dispensing with this
method is based on the combination of capillary action and the
precise dimensions of the through-holes etched in the stainless
steel platen. A great deal of flexibility in experimental design is
inherent to this fluid transfer scheme, allowing a large number
of assay—sample combinations to be analyzed starting with one
sample per nanoplate and 3,072 PCR assays interrogating that
sample or 144 samples per nanoplate and 16 PCR assays against
each sample.



DNA/RNA Profiling by Nanoliter PCR 163

4.5mm
pitch

33 nL reaction

+————Hydrophobic exterior coating
volume

Hydrophilic interior coating

Array cross-section

Fig. 12.1. Nanoplate design. The nanoplate is a stainless steel platen, the size of a microscope slide (25 mm x 75 mm
x 0.3 mm) with a rectilinear array of 3,072 micro-machined, 320 m diameter holes of 33 nL each. The 48 groups of 64
holes are spaced at 4.5 mm to match the pitch of the wells in a 384-well microplate. A PCR compatible poly(ethylene
glycol) hydrophilic layer is covalently linked to the interior surface of each hole and a hydrophobic fluoroalkyl layer is
bonded to the exterior surface of the platen. The surface tension differential between the interior and exterior surfaces
results in the isolated retention in each through-hole of PCR reagents and sample introduced into the nanotiter plate.

Once loaded with sample and PCR reagents, the platen is
inserted into a glass-walled cassette containing an immiscible per-
fluorinated liquid (Fluorinert™) to prevent evaporation during
thermal cycling. The cassette is hermetically sealed with UV cur-
able epoxy and is ready for thermal cycling. The workflow at this
point bifurcates depending on whether the application requires
end-point or real-time PCR. Blood typing by SNP genotyping of
adult human blood samples with 64 SNPs by TagMan end-point
PCR is an example of DNA profiling. DNA is isolated and puri-
fied from each sample using a standard DNA prep kit for whole
blood. Measurement of 64 SNPs (one subarray) in one sample
requires a starting DNA concentration of >75 ng/uL to achieve
>0.5 ng of DNA in each TagMan reaction after dilution of the
sample by PCR reagents and dispensing into the nanoplate. After
the cassette is sealed, it can be thermal cycled in one of several
commercially available flat block thermal cyclers to an end-point
and then imaged in a computer-controlled imager (NT Imager)
to record the VIC and FAM dye fluorescent signals that distin-
guish the homozygote and heterozygote SNP genotypes. This
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Fig. 12.2. Nanoplate workflow. The nanoplate workflow is similar for both end-point and real-time PCR applications.
Preparation of DNA and RNA samples for nanoplate analysis use commercially available preparation kits and loading the
sample and PCR master mix into the nanoplate is the same for either application. The nanoplate is then thermally cycled
to an end point and imaged or imaged during thermal cycling for real-time PCR.

workflow is readily scalable for batch processing several tens of
nanotiterplates in an 8-h day for genotyping many hundreds of
samples with a panel comprising tens of SNPs, reaching a sus-
tainable throughput of up to 98,000 SNP analyses per person per
8-hr shift.

The workflow for RNA profiling of a sample in the nanoplate
with SYBR Green I real-time PCR is similar. The example to
illustrate this application is measurement of the expression of
56 kinase genes in healthy and diseased adult human heart total
RNA samples. Including eight no assay controls, the total num-
ber of real-time PCR assays interrogating each sample is 64 or
one subarray in the nanoplate for each sample. The total RNA
concentration for each assay should be >180 ng/ul. or >2.5 ng
per reaction prior to reverse transcription (RT) into cDNA. Sim-
ilar to the SNP genotyping protocol, each cDNA sample is dis-
pensed into a different well of a 384-well microplate, mixed with
PCR reagents, and transferred into an individual subarray of the
nanoplate. The loaded nanotiterplate is inserted into the cas-
sette, sealed and placed in a computer-controlled imaging thermal
cycler instrument (NT Cycler) that implements a real-time PCR
method resulting in 9,216 PCR amplifications and dissociation
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curves in less than 3.5 h. Post-acquisition data processing gener-
ates fluorescence amplification and melt curves for each through-
hole in the array, from which cycle threshold (Cr) and melt
temperature ( 1y, ) are computed for each reaction. For both SNP
genotype and real-time PCR applications, all data is stored in a
flat file (*.csv) format for ready export to a database or third party
software for further analysis.

2. Materials

2.1. SNP Genotyping
Application

2.2. Real-Time PCR
Application

1. Whole fresh or frozen human blood samples (48 x 200 pL)
treated with citrate, heparin or EDTA.

2. QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA).

3. PCR master mix with final concentrations of 1x Universal Mas-
termix (Applied Biosystems, Foster City, CA, USA), 0.5 %
glycerol (Sigma-Aldrich, St Louis, MO), 1% Pluronic F38
(BASF), 50 ng/pl BSA (Sigma-Aldrich).

4. Sixty-four TagMan SNP PCR assays (Applied BioSystems,
Foster City, CA) at a 1 x concentration.

5. OpenArray'™  SNP  Genotyping Kit (BioTrove Inc.,
Woburn, MA)

e OpenArray™ plates (nanotiter plates) pre-loaded with
TaqMan SNP assays

OpenArray™ Genotyping Cases.

Immersion Fluid.

Case Sealing Glue.

Plate-File CDROM specitying location of the SNP assays in
the nanotiter plate.

6. NT Imager (BioTrove Inc.)

7. Flat block thermal cycler (MJ Tower PTC-200 recom-
mended).

8. Optional: GenomiPhi™ V2 DNA Amplification Kit (GE
Healthcare, Pisc