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Characterization of Human AFLP Systems
Apolipoprotein B, Phenylalanine
Hydroxylase, and D1S80

David Latorra,’-2 Clay M. Stern,” and Moses S. Schanfield?

'Roche Diagnostic Systems, Inc., Branchburg, New Jersey 08876; *Analytical Genetic Testing Center, Inc. (AGTC),

Methodology is presented for ampli-
fied fragment length polymorphism
(AFLP) typing using a nonisotopic,
PCR protocol. Human variable num-
ber tandem repeat (VNTR) loci used
for identification in forensic and pa-
ternity testing were optimized for
reaction and thermalcycling parame-
ters. Loci analyzed were the apolipo-
protein B (APOB) 3’ hypervariable
region (HVR), phenylalanine hydrox-
ylase 3’ HVR (PAH), and D1580. Co-
amplification of a monomorphic $-
globin fragment serves as an amplifi-
cation control. Biotin is integrated
into PCR amplicon through primer
incorporation. AFLP products under-
go agarose gel electrophoresis and
Southern transfer to a nylon mem-
brane. Amplicons were detected us-
ing a streptavidin—enzyme conjugate.
Either colorimetric- or chemilumi-
nescent-developed bands are geno-
typed using locus-specific allele lad-
ders with known VNTR repeat num-
bers. Using this methodology, we
have successfully typed >500 individ-
uals from three population groups
for each locus during data basing
and casework.

Denver, Colorado 80231

The use of amplified fragment length
polymorphism (AFLP) systems for hu-
man identification in forensic and par-
entage testing is expanding rapidly.*~®
This report describes a systematic ap-
proach to human identity testing using
nonisotopic PCR technology”’ and
modified enzyme immunoassay detec-
tion. PCR reaction and thermal cycling
parameters were optimized for three
AFLP loci: apolipoprotein B 3’ hyper-
variable region (APOB HRV),®&19
D1580,**-' and phenylalanine hydrox-
ylase 3’ HVR (PAH).(*>'® Coamplifica-
tion of a monomorphic 1327-bp B-
globin fragment"'”’ with each APOB and
PAH reaction assured that amplifiable
DNA was present and inhibitors were ab-
sent in each AFLP reaction. Parameters
were optimized from those published
previously by the following differences:
use of biotinylated primer, direct detec-
tion of blots, reduction of genomic tem-
plate DNA, B-globin coamplification,
and sample temperature monitoring
during thermal cycling. The parameters
titrated for each locus were concentra-
tions of MgCl, primers, Taq polymerase,
and template DNA, along with annealing
temperature, extension time, and num-
ber of PCR cycles. Standard conditions
were established prior to AFLP data bas-
ing.

One objective of this study was to
simplify and streamline the methodol-
ogy for AFLP typing. This was done using
an inorganic DNA extraction procedure,
PCR amplification with biotinylated
primers, agarose gel electrophoresis,
Southern transfer, and direct detection
with either a colorimetric or chemilumi-
nescent end point. AFLP typing was done
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by comparison to locus-specific allele
ladders (AL) containing known variable
number tandem repeat (VNTR) num-
bers. The time required to process and
type samples with one AFLP system was
~36 hr, with 4 hr of hands-on time.

Coamplification of the APOB primers
described with an HLA-DQa kit was at-
tempted on a limited number of known
samples to assess whether both loci
typed correctly. Specificity testing of
APOB and PAH with nonhuman DNA
under low- and high-stringency PCR was
conducted. Future adjustments in AFLP
methodology may include chemical pre-
vention of amplicon carryover and sen-
sitivity refinements if biotin ratios are al-
tered.

MATERIALS AND METHODS

Genomic DNA Extraction

Human genomic template DNA samples
were extracted using a commercially
available, rapid inorganic extraction pro-
tocol (Super-Quik Gene Kit, AGTC). The
procedure was modified slightly for fo-
rensic materials.*®

DNA Quantitation

Human genomic DNA was quantitated
either by spectrophotometry (A,q,) oOr
comparison to genomic DNA vyield gel
kit standards (YGK-75, AGTC). Verifica-
tion of human DNA species and quantity
was done by hybridization with the hu-
man-specific probe D17Z1 (Human DNA
Quantitation Kit, Life Technologies,
Inc.).
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PCR Primer Sequences

Oligonucleotide primers were synthe-
sized and HPLC purified by anion
exchange chromatography (Midland
Certified Reagent Company). One oligo-
nucleotide per PCR pair was 5’ biotiny-
lated by phosphoramidite linkage using
a DNA synthesizer (Applied Biosystems,
model 391). All oligonucleotides were di-
luted to 10 pm with sterile deionized
H,0, mixed with the second primer as
an equimolar set (5 pM stock), and stored
at —20°C prior to use. The ratio of biot-
inylated to unlabeled primer was 1:1.

The sequence, terminology, and ref-
erence for each oligonucleotide PCR pri-
mer is as follows: APOB 2, 5'-biotin-GT-
TCCTCAGGATCAAAGTATGTAC-3'; APOB
3, 5'-GGAGAAATTATGGAGGGAAAT-3';®
PAH 2, 5'-biotin-GCTTGAAACTTGAAA-
GTTGC-3’; PAH 3, 5'-GGAAACTTAA-
GAATCCCATC-3";*> D1S80 A, 5'-biotin-
GAAACTGGCCTCCAAACACT-3'; D1S80
B, 5-GTCTTGTTGGAGATGCACGT-3;'P
B-globin KM29, S'-GGTTGGCCAATCT-
ACTCCCAGG-3'; B-globin RS80, 5'-bi-
otin-TGGTAGCTGGATTGTAGCTG-3".1"”
The two D1S80 oligonucleotides were
derived from the original published se-
quences after removal of 3’-terminal GC
nucleotides.

AFLP Reaction Conditions

Reactions were prepared in 100-pl final
volumes in 0.65-ml tubes. PCR master

mix (see Table 1) was prepared with the
following components: 1X reaction
buffer [10 mmM Tris-HCl (pH 8.4), 50 mM
KCl, and MgCl,], AFLP primer set, 0.05
pM B-globin primers, 200 uM each dNTP
(US Biochemical), and AmpliTaq poly-
merase (Perkin-Elmer Corp.). The MgCl,
range tested was from 1.0 to 4.0 mM™ in
0.5-mM increments. Other variables ti-
trated were Tag polymerase in 0.25-unit
increments and primer pairs in 0.05-pM
increments. A negative control tube (no
template added) is amplified as the last
tube to have master mix added prior to
thermal cycling. At least one positive
control (known AFLP genotype) is am-
plified with each set.

For coamplification of APOB with
HILA-DQa (AmpliType kit, Perkin-El-
mer), 0.5 pMm of APOB primer set was
added to each sample. The kit directions
were followed precisely through ampli-
fication. A gel aliquot of PCR product
was removed for AFLP analysis, as de-
scribed below, while another aliquot was
removed for HLA-DQa typing.

Thermal Cycling Parameters

Thermal cycling parameters optimized
were number of PCR cycles, annealing
temperature, and extension time (Table
1). Thermal cycling was done with a
forced-air circulation oven (BioOvenl,
Biotherm, Inc.), which monitored sam-
ple temperature and set-point time. A

TABLE 1 Optimized AFLP Reaction and Thermocycling Parameters

AFLP system
Parameter?® APOB D1S80 PAH
Template DNA (ng) 1-10 10-20 10-20
MgCl, (mMm) 3.0 1.0 1.0
MgCl, coamp. (mm) 3.0 1.5 1.5
AFLP primer (pum) 0.50 0.20 0.35
Taq polymerase (units) 1.0 1.5 1.0
PCR cycles (no.) 30 30 27
Annealing temp. (°C) 59 63 54
72°C ext. time (sec) 15 15 10
VNTR (bp) 15 16 30
m.w. size range (bp) 480-1080 400-1000 370-760
Alleles (no.) 25 25 12
Alleles in AL (no.) 19 16 8
Allele repeat range 21-58 16-48 3-14
Electrophoresis (Vhr) 1600 1500 1450

2parameters are for loci APOB, D1580, and PAH. The MgCl, concentration for PAH and D1S80
coamplification with B-globin was raised to 1.5 mM. AmpliTaq polymerase was the enzyme
utilized. Thermal cycling temperatures and times were based on sample monitoring. The number
of alleles, repeat range, and size range were obtained during data basing shown in Table 2.
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100-p1 thermal probe blank with deion-
ized H,O was used for each amplifica-
tion run.

Extended denaturation times (addi-
tional 1.5 min) were used for the first
three PCR cycles. Denaturation tempera-
tures of 93-94°C were used at an altitude
(Denver, CO) where the boiling point of
water is 96°C. Parameters for denatur-
ation, annealing, and extension were as
follows: APOB, 93°C, 15 sec/59°C, 15 sec/
72°C, 15 sec; PAH, 93°C, 15 sec/54°C, 15
sec/72°C, 10 sec; and D1S80, 93°C, 15 sec/
62°C, 15 sec/72°C, 15 sec. A total of 30
cycles were used for APOB and D1S80
while 27 cycles were used for PAH under
the conditions specified.

AFLP AL Preparation

Standards with known numbers of VNTR
units were determined by either DNA se-
quence analysis (APOB)® or molecular
weight and data base frequency calcula-
tions (D1S80 and PAH). AL preparation
used a specific set of genomic DNA sam-
ples genotyped for each locus. Genomic
DNA samples from this set were ampli-
fied individually with locus-specific pa-
rameters (Table 1) without the B-globin
control, so that only AFLP alleles were
represented. An aliquot was removed for
electrophoresis of individual template
contribution. The remainder of PCR
products were mixed in Centricon 50 mi-
croconcentrators (Amicon, Inc.) and di-
alyzed with TE buffer [10 mwm Tris-HCl, 1
mMm EDTA (pH 7.4)] to remove unincor-
porated primers and dNTPs. The micro-
concentrator is centrifuged at 3500 rpm
for 10 min, washed once with one vol-
ume of TE buffer, centrifuged for 10
min, and collected via the retentate cup.
The AL volume was then raised with TE
buffer and 10X sample loading buffer
(40% Ficoll, 2.5% bromphenol blue), so
that AL and amplicon band intensities
were comparable. Each AL preparation
was coelectrophoresed with individual
component products for quality control
verification. ALs were stored at —20°C or
4°C and appeared to be stable for at least
1 year.

Agarose Gel Electrophoresis

Following thermal cycling, a 10- to 20-ul
aliquot of each product was removed
and mixed with 10X sample loading
buffer. Samples were electrophoresed in
2% agarose gels (SeaKem LE, FMC Bio-
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products) with dimensions 25x20x0.5
cm (Owl Scientific Plastics) using 1x
TBE gel buffer. Gels and buffer con-
tained 0.5 pg/ml of ethidium bromide
and could be visualized at any point dur-
ing electrophoresis under UV transillu-
mination (365 nm). AFLP ALs were co-
electrophoresed in the gel every S or 6
lanes. Following electrophoresis and
photography, gels were trimmed to 14X
20 ¢cm (length by width, respectively),
centering the visualized bands, prior to
amplicon transfer.

Southern Transfer

Agarose gels were treated with 1.5 m
Na(Cl, 0.5 N NaOH, for 15-30 min to de-
nature AFLP fragments. Capillary alka-
line Southern transfer of DNA to charged
nylon membranes (Biodyne B, Pall
Corp.) was performed*® in the same so-
lution for 2—-4 hr. Blots were air-dried
prior to detection and either stored at
room temperature or detected immedi-

ately. When neutral nylon membranes
(Biodyne A, Pall Corp.) were used, a
transfer buffer of 0.1 M Tris, 0.5 M NaCl,
was used and blots were UV-cross linked
(312 nm) for 0.3 J/cm?.

Nonisotopic Detection of AFLP Blots

Biotinylated amplification products
were detected by either colorimetric or
chemiluminescent methods.

For colormetric detection, a commer-
cially available kit was utilized (Southern
Detection Kit, AGTC), using a streptavi-
din/alkaline phosphatase/NBT/BCIP sys-
tem. Blots were incubated with stain in
the dark for 0.5-4 hr, depending on
band intensity. The colorimetric assay
was terminated by rinsing blots in deion-
ized water and air-drying.

For chemiluminescent detection, the
same procedure was followed through
the 1x stain wash. Blots were then
coated with Lumi-phos 530 (Lumigen,
Inc.) and sealed in a polyethylene bag.

TABLE 2 AFLP Allele Frequency Distribution

Sealed blots were exposed to X-ray film
or print paper (Kodak polycontrast III
RC) in a film cassette for 15 min to 2 hr
and the film was developed by standard
methods.*?

Allele Typing and Data Analysis

With colorimetric detection, developed
blots serve as a permanent record of the
amplification run. Blots were sealed in
plastic bags and labeled with sample
number and AL repeat numbers. Un-
knowns are assigned AFLP repeat num-
bers by comparison with bands found in
the AL.

AFLP alleles were then given statisti-
cal weight by use of allele frequencies
determined in three population groups
(U.S. Whites, Blacks, and Mexicans; see
Table 2).

RESULTS
Reaction Parameters

Table 1 describes the optimized PCR re-

APOB D1S80 PAH

Allele White Black Mexican Allele White Black Mexican Allele White Black Mexican
21 0 0.0190 0.0037 16 0.0023 0.0082 0.0299 3 0.3161 0.0658 0.2896
24 0 0.0136 0 17 0 0.0299 0 4 0 0.0053 0
25 0 0.0054 0 18 0.2557 0.0543 0.2687 5 0.0021 0.0018 0
26 0 0.0027 0 19 0 0.01019 0.0075 6 0.0021 0 0
27 0 0.0027 0 20 0.0317 0.0571 0.0112 7 0.1322 0.0445 0.1175
28 0.0022 0.0136 0.0037 21 0.0249 0.1087 0.0299 8 0.3574 0.3327 0.3279
29 0 0.0245 0 22 0.0317 0.0625 0.0224 9 0.1426 0.3541 0.2295
30 0.0584 0.0625 0.0259 23 0.0158 0.0190 0.0149 10 0.0021 0.0801 0.0109
31 0 0.0027 0 24 0.3054 0.2147 0.2985 11 0 0.0249 0
32 0.0693 0.0679 0.0370 25 0.0452 0.0543 0.0522 12 0.0434 0.0641 0.0246
34 0.2338 0.1658 0.2185 26 0.0136 0.0082 0.0187 13 0.0021 0.0249 0
35 0.0087 0.0082 0.0185 27 0.0 0.0353 0.0075 14 0 0.0018 0
36 0.4069 0.2310 0.4037 28 0.0611 0.1196 0.0224
37 0.0022 0.0027 0 29 0.0747 0.0489 0.0896 n 484 562 366
38 0.0260 0.0625 0.0148 30 0.0113 0.0109 0.0410 HET% 74.7 77.2 66.7
40 0.0173 0.0516 0.0222 31 0.0950 0.0679 0.0485
42 0.0043 0.0815 0.0111 32 0.0023 0.0027 0.0149
44 0.0043 0.0761 0.0259 33 0.0 0.0027 0
45 0 0.0027 0 34 0.0090 0.0652 0.0075
46 0.0758 0.0679 0.1222 35 0 0 0.0037
48 0.0779 0.0190 0.0815 36 0.0023 0 0.0112
50 0.0087 0.0109 0.0111 37 0.0045 0 0
52 0.0043 0 0 39 0.0023 0 0
54 0 0.0027 0 40 0 0.0109 0
58 0 0.0027 0 48 0 0.0082 0

n 462 368 270 n 442 368 268

HET% 77.9 87.5 77.1 HET% 83.3 91.8 76.8

Allele frequencies from population data basing of 550 individuals for APOB, 539 for D1S80, and 706 for PAH. Heterozygosity is also shown for U.S.
Whites, Blacks, and Mexicans. Allele repeat designations were derived from references 8 (for APOB), 11 (D1580), and 15 (PAH) as described in
Materials and Methods.
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action and thermal cycling parameters
for APOB, PAH, and D1S80. Several con-
centrations were found to be uniform
for each system: B-globin primer (0.05
wM); dNTPs (200 M each), and agarose
gel (2.0%). Key reaction variables were
found to be template DNA amount and
concentrations of MgCl,, AFLP primer,
and Taq polymerase. Lower and higher
template DNA amounts (~80 pg—100 ng)
have been amplified successfully on a
limited number of samples (data not
shown).

Systems PAH and D1S80 utilized a
MgCl, optimum of 1.0 mM when ampli-
fied independently of B-globin, whereas
APOB stringency was optimal with 3.0
mum MgCl, and remains unchanged with
multiplex PCR. The coamplification of
B-globin with PAH required an increase
in MgCl, to 1.5 mu to get equivalent in-
tensity of P-globin and AFLP bands,
without appreciable loss of stringency.
The B-globin signal was desensitized by
reduction of primer concentration (0.05
M) relative to APOB or PAH primers (Ta-
ble 1). D1580 was not routinely coampli-
fied with B-globin but has been seen to
yield stringent products with 1.5 mwm
MgCl,.

Taq polymerase requirements varied
between AFLP loci for maximum ampli-
con yield. APOB and PAH required 1 unit
per 100-ul reaction, whereas D1S80 re-
quired 1.5 units. No additional Taq poly-
merase was required with B-globin co-
amplification.

Thermal Cycling Parameters

A forced-air oven was used for optimiza-
tion and parameters may be instrument
dependent. This system utilized sample
temperature monitoring and eliminated
the use of mineral oil overlay of samples.
Denaturation, annealing, and extension
times of 10-25 sec each were sufficient
for synthesis of PCR products above 2 kb
(data not shown). The extended denatur-
ation times were utilized for the first
three cycles of PCR to facilitate complete
denaturation and stringent target selec-
tion as described.®®

Thermal cycling parameters adjusted
for optimal AFLP stringency were an-
nealing temperature and number of PCR
cycles. Nonspecific artifact bands were
observed from lower annealing temper-
ature by 2-3°C or increasing cycle num-
ber by 2 or 3. In addition to specificity,
product yield diminished after 2°C vari-
ations in either annealing or denatur-
ation temperatures.

Figure 1 shows agarose gel resolution
of coamplification products for 8-globin
with APOB prior to Southern transfer.
The sensitivity of blot detection was
greater than gel visualization or photog-
raphy (D. Latorra, C.M. Stern, and M.S.
Schanfield, unpubl.). Blot sensitivity was
estimated at picogram levels from dilu-
tion analysis, whereas amplicon was syn-
thesized above nanogram levels for each
allele with 30 cycles of PCR. Band inten-
sity of homozygous alleles (two copies of

1 234 5678 910 111213141516

FIGURE 1 Agarose gel electrophoresis of B-globin and APOB coamplification products. DNA

A

pe Y

w

bands in the 2.0% gel were stained with ethidium bromide (0.5 pg/ml) and photographed under
UV light (365 nm). (Lanes 1, 16) Molecular weight ladder with band sizes shown; (lanes 2, 8, 14)
APOB AL with alleles ranging from 21 to 58 repeats; (lanes 3—7, 9-13) individual samples show
both B-globin (b-g) and APOB products; (lane 15) a negative reaction control (NC). The DNA
bands from this gel will undergo Southern transfer and blot detection prior to final typing.
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the same allele) was roughly twice that
of each heterozygous band.

Construction of an APOB allele ladder
from individual AFLP template DNA
components is shown in Figure 2. The
initial APOB AL contained 19 alleles (of
25 discovered), the PAH AL contained 8
(of 12), and the D1S80 AL contained 16
(of 25). Gaps in the ladder were filled as
rare alleles emerged from further popu-
lation data basing and the genomic DNA
source was added to the AL set. Table 1
shows the VNTR unit size of each allele,
molecular weight size range of AFLP
products, and number of alleles in each
initial AL. All AFLP products observed for
APOB, PAH, and D1S80 were smaller
than the 1327-bp B-globin amplification
control.

AL band intensity reflected popula-
tion frequencies. More intense bands
(e.g., 34, 36, 48 for APOB) were attribut-
able to more copies of common alleles
needed to include rarer alleles in the lad-
der.

The 25 APOB alleles found so far
range ~480-1080 bp, as shown in Figure
2. The alleles ranged from 21 to 58 repeat
units. Two AL components (genotypes
21,46 and 50,58) have alleles (21,58) that
span the range identified from data bas-
ing and would serve as useful positive
controls. The APOB primers described
were coamplified with HLA-DQa on a
limited number of knowns and typed
correctly for both systems (data not
shown). The DQa fragment was visible
as a 239- or 242-bp band on the AFLP gel
and biotinylated product on the de-
tected blot. APOB amplicon apparently
did not interfere with sequence-specific
DQua reverse dot blot hybridization as
correct types were determined.

PAH alleles range from 3 to 14 repeats
(~370-760 bp). D1S80 alleles range
from 16 to 48 VNTR, ranging from 400
bp to 1 kb. Table 2 illustrates the popu-
lation frequencies of alleles for APOB,
PAH, and D1S80 in three population
groups in data basing conducted at
AGTC (Denver, CO). The total number
of alleles (n) were derived from 550 in-
dividuals (2n) for APOB, 539 for D1S80,
and 706 for PAH.

Figure 2 illustrates the resolution of a
single APOB repeat unit (15 bp) differ-
ence using the methodology presented.
Two components of this AL (genotypes
28,29 and 35,36) differ by a single VNTR
and can be distinguished easily as two
discrete alleles in Figure 2.
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FIGURE 2 Detected blot of APOB AL components. Colorimetric detection of product aliquots
from individuals A-R, along with the APOB AL, were electrophoresed in a 2.0% agarose gel,
transferred, and detected as described in Materials and Methods. AL and molecular weight (MW)
ladder bands are identified by repeat number and size in base pairs, respectively. Allele typing of
each component sample is shown above each lane, using the nomenclature of Ludwig et al.®
The 30, 34, 36, and 48 repeat alleles in the AL show higher intensity because of more component
copies. A preferential amplification effect is seen with samples L, M, and O.

BABGCDODE FEGH"™ LU KILMNY apogRrRs T Bl

FIGURE 3 Detected blot of PAH and B-globin multiplex PCR. Colorimetric detection shows the
1327-bp monomorphic B-globin (b-g) band. Amplicon from individuals A-U was processed as
described in Materials and Methods. PAH AL contains six alleles with the repeat numbers spec-
ified. A negative reaction control (NC) lane is shown. Products from individuals H, K, T, and U
show evidence of artifact laddering, which appears to be sample dependent. These samples were

reamplified from newly extracted samples to verify the types shown.

Figure 3 shows blot genotypes for
PAH and B-globin multiplex PCR. Both
the B-globin and PAH primer sets shown
contain one biotinylated oligonucle-
otide for blot detection. Because of the
relatively higher amplification yield, the
B-globin primer concentration (0.05 pm)
was Y10 the APOB or ¥, the PAH primer
concentration.

PAH alleles (30 bp each) were resolved
easily on agarose gels. The strong PAH
band intensity attributable to high PCR
yield was one reason that only 27 cycles
of PCR were used. The adjustment of in-
put genomic DNA and number of PCR
cycles helped to maximize specific target
yield and generate the highest PCR sig-
nal-to-noise (allele/artifact) ratio at each
locus.

The D1S80 AL contains a comparable
number of alleles as a commercially
available D1S80 AL (Perkin-Elmer). How-
ever, the bands in this Perkin-Elmer AL
are unlabeled and must be detected by
ethidium bromide or silver staining of
gels.

Preferential amplification of the
smaller over the larger of two alleles was
noted in these AFLP systems, for exam-
ple, the 21,48 and 34,54 genotypes of
APOB alleles in Figure 2. This was pre-
sumably attributable to a selective ad-
vantage of the smaller PCR target, as the
only difference in DNA sequences is ad-
ditional core repeats present in the larger
allele. Both small and large alleles are
well within the size range synthesized
under the extension times programmed.

B-Globin coamplification (as shown
in Figs. 1 and 3) was used to assess the
presence of human target DNA and ab-
sence of PCR inhibitors in each sample.
Although two independent loci were co-
amplified, this amplification control was
useful to assess whether amplifiable tar-
get DNA was present, that is, a control
for template and Taq polymerase integ-

rity.

DISCUSSION

This report describes systems optimized
for AFLP typing using a nonisotopic PCR
amplification and detection procedure.
This methodology utilizes ALs with de-
fined numbers of VNTRs to assign geno-
type in forensic and paternity casework.
Each AL described varies in number of
alleles identified, repeat unit size, frag-
ment size range, component DNA, and
band intensity pattern.
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The AFLP loci described here (APOB,
PAH, and D1S80) have been optimized
using the methodology described here.
Modifications from previous publica-
tions were use of biotinylated PCR
primer, colorimetric or chemilumines-
cent blot detection, reduction of ge-
nomic DNA target to 10 ng, B-globin
control coamplification, and use of sam-
ple temperature monitoring for thermal
cycling. Parameters were titrated to yield
amplicon with optimal signal-to-noise
ratios prior to population data basing
and forensic validation studies.

Template DNA quality and precise
quantity are factors when genomic DNA
is limiting, as with some forensic case-
work. One goal of this study was to uti-
lize <10 ng of genomic template DNA
for each standardized PCR reaction. The
inorganic extraction and human DNA
quantitation described here was found
to be reproducibly sensitive for the AFLP
loci tested.

The monomorphic B-globin amplifi-
cation control was coamplified with
each polymorphic APOB and PAH sam-
ple. This demonstrated that amplifiable
genomic DNA of sufficient size and qual-
ity was present and PCR inhibitors were
absent in each sample. This 1327-bp
control helped to assure that apparent
homozygous types were not missing an
allele because of genomic DNA degrada-
tion. Two copies of the same allele are
amplified in a homozygous genotype,
and the higher amplicon concentration
is evident visually by band intensity.

The entire procedure described re-
quires ~36 hr to complete and is not la-
bor intensive. The methodology utilized
5’ biotinylated PCR primer oligonucle-
otides. A 1:1 ratio of biotinylated to un-
labeled primer was used. Product sensi-
tivity can be adjusted by altering the
ratio of biotinylated oligonucleotide(s).
APOB biotinylated primer concentra-
tions were titrated and found to be de-
tectable down to a biotin ratio of 1:200
(data not shown). Conversely, sensitivity
could be further increased by biotinyla-
tion of both oligonucleotides per primer
pair, although modification of number
of PCR cycles and detection conditions
would be needed. The use of biotin as
the primer label affords reagent stability
and choice of either colorimetric or
chemiluminescent end point.

Poor quality of extracted genomic
DNA or presence of PCR inhibitors has
been implicated as a cause of amplifica-
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tion failure, especially in forensic case-
work where chemical and environmen-
tal insults to DNA may exist. In forensic
AFLP testing, species origin and human
genomic DNA concentrations were as-
sessed by siot blot hybridization to the
human-specific probe D17Z1. This step
was important for quantitation of hu-
man template DNA added to AFLP reac-
tions, as bacterial DNA can be copuri-
fied.

Genomic DNA amounts above 100 ng
were observed to give reduced amplicon
yield under the conditions described.
Conversely, genomic DNA has been ob-
served to yield products at 80 pg (D. La-
torra, C.M. Stern, and M.S. Schanfield,
unpubl.); however, it has yet to be ti-
trated below this concentration.

PCR reactions were titrated for con-
centrations of MgCl,, AFLP primers,
B-globin  primers, template DNA
amount, annealing temperature, and
number of PCR cycles at each AFLP lo-
cus. The PAH and D1S80 typing systems
required increased MgCl, for coamplifi-
cation of B-globin, mainly to keep AFLP
and control band intensities equivalent.
These AFLP loci amplify with either 1.0
or 1.5 mm MgCl,, but the B-globin frag-
ment is weak with 1.0 mm. No changes
in APOB magnesium levels are required
for B-globin coamplification.

We have observed PCR yield and
stringency differences with 0.5 mum in-
crements of MgCl,, indicating the sensi-
tive balance of PCR reactants. Concato-
meric laddering patterns, with less
intense artifact bands than main alleles,
were associated with reduced stringency
conditions, such as excess free magne-
sium ion. The mechanism for this pat-
tern is unclear but has been discussed by
others, especially with di-, tri-, and tetra-
nucleotide repeats.(*?2)

Thermal cycling parameters were
based on accurate sample temperature
and time monitoring. Denaturation tem-
peratures were held an additional 1-2
min in the first three PCR cycles to max-
imize correct target screening as de-
scribed.®® Annealing temperature was
critical to product specificity and was dif-
ferent for all three loci, preventing co-
amplification of APOB, PAH, and D1S80
with the designated primers. The B-
globin locus exhibited robust amplifica-
tion efficiency and worked well at an-
nealing temperatures used for PAH,
APOB, and D1S80 (54°C, 59°C, and 62°C,
respectively). The PAH locus amplified

very strongly (based on band intensity)
with 10-30 ng of genomic DNA, allow-
ing the total number of PCR cycles to be
reduced to 25-27.

These systems can resolve single
VNTR differences among AFLP alleles for
all three loci. Agarose gels and buffer
contained ethidium bromide to visualize
the products under UV light at any point
during electrophoresis. The band-shift-
ing effects of ethidium bromide seen
with RFLP analysis of genomic DNA
do not appear to affect discrete AFLP
products as noted in template and am-
plicon concentration titrations (D. La-
torra, C.M. Stern, and M.S. Schanfield,
unpubl.).

The ability to view or photograph gels
at any point during electrophoresis al-
lows assessment of amplification success
and band match or nonmatch. The
monomorphic B-globin control allows
electrophoretic migration to be analyzed
with each gel run, making distortions or
mobility shifts evident. From our obser-
vations, the B-globin amplification con-
trol band has been lost prior to AFLP al-
leles from degraded genomic DNA
samples, although independent loci are
involved. Because these three AFLP loci
use the same 2% agarose gel matrix, co-
electrophoresis of AFLP products and ALs
from different loci on the same gel is
straightforward.

Sensitivity of blot detection relative
to gels appears to be increased. At a 1:1
biotinylated primer ratio, bands are evi-
dent after colorimetric detection that
were not seen in gel visualization or pho-
tography. Preferential amplification of
small versus large alleles may be exagger-
ated because of the sensitivity of colori-
metric detection relative to ethidium
bromide or silver staining of gels.

The AFLP ALs were derived from a lo-
cus-specific set of diluted genomic DNA.
These standards with known VNTR
numbers were amplified individually,
purified, and coelectrophoresed with
component samples for quality control
validation.

Mutations or microsatellite variations
in AFLP alleles may be detected as a mis-
match not seen in the AL, and variations
reported®® with acrylamide gel electro-
phoresis may not apply here.

Best band resolution in AL prepara-
tions was seen with S0K molecular mass
microconcentrators, although 30K and
100K were also used successfully. Purifi-
cation of individual amplicon products
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for use as allele-specific templates is ob-
vious, but would also serve as a potent
source of amplicon carryover contami-
nant.

In this study physical separation of ar-
eas for pre- and post-PCR processes was
adhered to, and the use of plugged pi-
pette tips has become standard prac-
tice.*® Genotypes of all laboratory
personnel were determined to assess
possible sources of DNA contamination
should they occur.

A lab-wide, chemical system for am-
plicon carryover prevention based on
uracil-N-glycosylase (UNG)@®52®  was
not implemented but is under study for
incorporation with these AFLP loci. This
method utilizes substitution of dUTP for
dTTP in all PCR master mixes and degra-
dation of any dUTP-containing ampli-
con (from previous amplification) with
UNG. This modification may actually
enhance PCR specificity by destroying
nonspecific hybrids formed as reactions
proceed from room temperature to ini-
tial denaturation.®® The potential for
incorrect allele typing in human identity
testing attributable to the amplification
power of PCR must be addressed as AFLP
technology becomes instituted. Guide-
lines for PCR laboratory setup and pre-
vention of amplicon carryover in foren-
sic and paternity laboratories need to be
implemented.

Data basing of samples from U.S. pop-
ulations was done for APOB, PAH, and
D1S80. Allele frequencies for >500 indi-
viduals from three groups are shown in
Table 2 and compare favorably with pre-
vious studies with similar population
groups.®1®) These AFLP systems, when
used in combination, yield a very low
probability of two unrelated individuals
having the same genotypes (1 in 1700 to
1 in 16,000, depending on population).

As part of our forensic validation test-
ing, the PCR stringencies of the APOB
and PAH test systems were artificially
lowered and tested against human, pri-
mate, and other animal species (D. La-
torra, C.M. Stern, and M.S. Schanfield,
unpubl.). Testing of nonhuman DNA
under high-stringency PCR demon-
strated that only human DNA (with the
exception of chimpanzee DNA) would
generate bands in the AL range for these
AFLP loci. Under low-stringency condi-
tions, APOB and PAH generate ‘‘finger-
prints,” which appear species-specific
and may be useful for evolutionary stud-
ies or wildlife forensics.

ACKNOWLEDGMENTS

The PCR process and AmpliTaq poly-
merase are covered by U.S. patents
owned by Roche Molecular Systems, Inc.
(Branchburg, NJ). We thank Dr. E. Lud-
wig for the gift of genomic DNA stan-
dards for APOB and the following people
for technical assistance: Kevin Hum-
phries, Shirley Miller, Linda Netzel, Joey
Verret, Tom Wahl, and Katie Lobato.
This work is submitted as partial fulfill-
ment of a Ph.D. degree for D.L. from the
Department of Biology, Colorado State
University (Fort Collins, CO) under the
supervision of Dr. Donald Nash. This
work was solely supported by Analytical
Genetic Testing Center, Inc. (Denver,
CO).

REFERENCES

1. Brinkman, B. 1991. Population studies on
selected AMP-FLPs and their use in the in-
vestigation of mixtures of body fluids.
Crime Lab Digest 18: 153-155.

2. Budowle, B., F.S. Baectel, and C.T. Comey.
1992. Some considerations for use of
AMP-FLPs for identity testing. In Advances
in forensic haemogenetics (ed. C. Ritter and
P.M. Schneider), vol. 4, pp. 11-17.
Springer-Verlag, New York.

3. Hochmeister, M.N., B. Budowle, J. Jung,
U.V. Borer, U. Eggman, and R. Dirnhofer.
1991. Typing of deoxyribonucleic acid
(DNA) extracted from compact bone from
human remains. /. Forensic Sci. 36: 1649—
1661.

4. Horn, G.T., B. Richards, and K.W. Klin-
gler. 1989. Amplification of a highly poly-
morphic VNTR segment by polymerase
chain reaction. Nucleic Acids Res. 17:
2140.

S. Lee, H.C. and R.E. Gaensslen. 1991. Anal-
ysis of human bone DNA by PCR. Crime
Lab Digest 18: 156-159.

6. Sajantilla, A., S. Puomilahti, V. Johnsson,
and C. Ehnholm. 1992. Amplification of
reproducible allele markers for amplified
fragment length polymorphism (amp-flp)
analysis. BioTechniques 12: 16-22.

7. Mullis, K.B. and F. Faloona. 1987. Specific
synthesis of DNA in vitro via a poly-
merase catalyzed chain reaction. Methods
Enzymol. 155: 335-350.

8. Ludwig, E.H., W. Freidl, and B.J. McCar-
thy. 1989. High resolution analysis of a
hypervariable region in the human apoli-
poprotein B gene. Am. J. Hum. Genet. 45:
458-464.

9. Boerwinkle, E., W. Xiong, E. Fourest, and
L. Chan. 1989. Rapid typing of tandemly
repeated hypervariable loci by poly-
merase chain reaction: Application to the

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

apolipoprotein B 3’ hypervariable region.
Proc. Natl. Acad. Sci. 86: 212-216.

Deka, R., R. Chakraborty, S. DeCroo, F.
Rothammer, S. Barton, and R.E. Farrell.
1992. Characterization of polymorphism
at a VNTR locus 3’ to the Apolipoprotein
B gene in five human populations. Am. J.
Hum. Genet. 81: 1325-1333.

Kasai, K., Y. Nakamura, and R. White.
1990. Amplification of a variable number
tandem repeat (VNTR) locus (pMCT118)
by the polymerase chain reaction (PCR)
and its application to forensic science. J.
Forensic Sci. 35: 1196-1200.

Budowle, B., R. Chakraborty, A.M. Guisti,
AJ. Eisenberg, and R.C. Allen. 1991. Anal-
ysis of the VNTR locus D1S80 by the PCR
followed by high resolution PAGE. Am. J.
Hum. Genet. 48: 137-144.

Novell, G., A. Spinella, M. Gennarelli, R.
Mingarelli, and B. Dallapiccola. 1992.
Analysis of APOB, HLA-DQ alpha and
D1S80 polymorphism in the Italian pop-
ulation using the polymerase chain reac-
tion. Am. J. Hum. Biol. 4: 38%-386.
Sajantilla, A., B. Budowle, M. Strom, V.
Johnsson, M. Lukka, L. Peltonen, and C.
Ehnholm. 1992. PCR amplification of al-
leles at the D1S80 locus: Comparison of a
Finnish and North American Caucasian
population sample, and forensic case-
work evaluation. Am. J. Hum. Genet. 50:
816-825.

Goltsov, A,, R. Eisensmith, D.S. Konecki,
U. Lichter-Konecki, and S.L. Woo. 1992.
Association between mutations and a
VNTR in the human phenylalanine hy-
droxylase gene. Am. J. Hum. Genet. 51:
627—-636.

Wedemeyer, N., B. Dworniczak, and ]J.
Horst. 1991. PCR detection of the Mspl
(Aa) RFLP at the human phenylalanine
hydroxylase (PAH) locus. Nucleic Acids
Res. 19: 1959.

Greer, C.A,, S.L. Peterson, N.B. Kiviat, and
MM. Manos. 1991. PCR amplification
from paraffin-embedded tissues. Am. J.
Clin. Pathol. 95: 117-124.

Stern, C.M., L.L. Dowler, D. Latorra, S.A.
Miller, L.R. Netzel, C. Verret, and M.S.
Schanfield. 1992. Super quick gene: Two
hour DNA isolation and purification
without proteinase or phenol. In Third In-
ternational Symposium on Human Identifi-
cation, p. 429. Promega Corp., Madison,
WIL

Sambrook, J., E.F. Fritsch, and T. Maniatis.
1989. Molecular cloning: A laboratory man-
ual, 2nd ed. Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, New York.
Ruano, G., D.E. Brash, and K.K. Kidd.
1991. PCR: The first few cycles. Amplifica-
tions 7: 1-4.

Barany, F. 1991. The ligase chain reaction
in a PCR world. PCR Methods Applic. 1: 5—
16.

Odelberg, S.J. and R. White. 1993. A

PCR Methods and Applications 357


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 23, 2026 . Published by Cold Spring Harbor Laboratory Press

ResearchlI11 I I B

method for accurate amplification of
polymorphic CA-repeat sequences. PCR
Methods Applic. 3: 7-12.

23. Berg, E.S. and B. Olaisen. 1992. PCR typ-
ing including high resolution gel electro-
phoresis reveals new alleles in COL2A1
VNTR. In Advances in forensic haemogenet-
ics (ed. C. Ritter and P.M. Schneider), vol.
4, pp.44-46. Springer-Verlag, New York.

24. Dieffenbach, C.W. and G.S. Dveksler.
1993. Setting up a PCR laboratory. PCR
Methods Applic. 3: $2-S7.

25. Longo, M.C., M.S. Beringer, and J.L. Hart-
ley. 1990. Use of uracil DNA glycosylase
to control carryover contamination in the
polymerase chain reaction. Gene 93: 125—
128.

26. Higuchi, R. and S. Kwok. 1989. Avoiding
false positives with PCR. Nature 339:
237-238.

27. Chou, Q., M. Russell, D.E. Birch, J. Ray-
mond, and W. Bloch. 1992. Prevention of
pre-PCR mispriming and primer dimer-
ization improves low copy number ampli-
fications. Nucleic Acids Res. 20:1717-
1723.

28. Kinard, S., A. Butcher, Z. Wang, and J.
Spadoro. 1992. Enhancement of HTLV-1/
2, HIV-1, and HLA-DQa PCR amplifica-
tion efficiency using uracil-N-glycosylase.
American Society of Microbiology, 92nd
general meeting, New Orleans, LA. Ab-
stract.

Received November 15, 1993; accepted in
revised form February 28, 1994.

358 PCR Methods and Applications


http://genome.cshlp.org/
http://www.cshlpress.com

