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Characterization of Human AFLP Systems 
Apolipoprotein B, Phenylalanine 

Hydroxylase, and DIS80 
David Latorra, 1'2 Clay M. Stern, 2 and Moses S. Schanfield 2 

1Roche Diagnostic Systems, Inc., Branchburg, New Jersey 08876; 2Analytical Genetic Testing Center, Inc. (AGTC), 
Denver, Colorado 80231 

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 D1$80. Co- 
amplification of a monomorphic 13- 
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. 

T h e  use of amplified fragment length 
polymorphism (AFLP) systems for hu- 
man identification in forensic and par- 
entage testing is expanding rapidly. (1-6) 
This report describes a systematic ap- 
proach to human identity testing using 
nonisotopic PCR technology (7) 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), (8--1~ 
DIS80,(11-14) and phenylalanine hydrox- 
ylase 3' HVR (PAH). (Is'j6) Coamplifica- 
tion of a monomorphic 1327-bp B- 
globin fragment (]7) 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, [3-globin coamplification, 
and sample temperature monitoring 
during thermal cycling. The parameters 
titrated for each locus were concentra- 
tions of MgC12 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 

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 
- 3 6  hr, with 4 hr of hands-on time. 

Coamplification of the APOB primers 
described with an HLA-DQoL 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. (18) 

DNA Quantitation 

Human genomic DNA was quantitated 
either by spectrophotometry (A26o) or 
comparison to genomic DNA yield gel 
kit standards (YGK-75, AGTC). Verifica- 
tion of human DNA species and quanti ty 
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 phosphoramidi te  linkage using 
a DNA synthesizer (Applied Biosystems, 
model 391). All oligonucleotides were di- 
luted to 10 I~M with sterile deionized 
H20 , mixed with the second primer as 
an equimolar  set (5 I~M stock), and stored 
at -20~  prior to use. The ratio of biot- 
inylated to unlabeled pr imer  was 1:1. 

The sequence, terminology,  and ref- 
erence for each oligonucleotide PCR pri- 
mer is as follows: APOB 2, 5'-biotin-GT- 
TCCTCAGGAT AAAGTATGTAC-3'; APOB 
3, 5'-GGAGAAATrATGGAGGGAAAT-3'; (8~ 
PAH 2, 5'-biotin-GCTTGAAACTTGAAA- 
GTTGC-3'; PAH 3, 5'-GGAAACTTAA- 
GAATCCCATC-3'; ~ls~ DIS80 A, 5'-biotin- 
GAAACTGGCCTCCAAACACT-3'; D1S80 
B, 5'-GTCTFGTTGGAGATGCACGT-3';(11~ 
[3-globin KM29, 5'-GGTTGGCCAATCT- 
ACTCCCAGG-3'; [3-globin RS80, 5'-bi- 
otin-TGGTAGCTGGATrGTAGCTG-3'.(17~ 
The two DIS80 oligonucleotides were 
derived from the original published se- 
quences after removal of 3 '- terminal  GC 
nucleotides. 

AFLP Reaction Conditions 

Reactions were prepared in 100-t~1 final 
volumes in 0.65-ml tubes. PCR master 

mix (see Table 1) was prepared with the 
following components :  l x  reaction 
buffer [10 mM Tris-HCl (pH 8.4), 50 mM 
KC1, and MgCl2], AFLP primer set, 0.05 
I~M 13-globin primers, 200 I~M each dNTP 
(US Biochemical), and AmpliTaq poly- 
merase (Perkin-Elmer Corp.). The MgC12 
range tested was from 1.0 to 4.0 mM in 
0.5-mM increments.  Other variables ti- 
trated were Taq polymerase in 0.25-unit 
increments  and primer pairs in O.05-1~M 
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 
HLA-DQr (AmpliType kit, Perkin-El- 
mer), 0.5 p.M 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-DQ~ typing. 

Thermal Cycling Parameters 

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

TABLE 1 Optimized AFLP Reaction and Thermocycl ing Parameters 

AFLP system 

Parameter a APOB D 1 $80 PAH 

Template DNA (rig) 1-10 10-20 10-20 
MgC1 z (mM) 3.0 1.0 1.0 
MgCl2 coamp. (raM) 3.0 1.5 1.5 
AFLP primer (I~M) 0.50 0.20 0.35 
Taq polymerase (units) 1.0 1.5 1.0 
PCR cycles (no.) 30 30 27 
Annealing temp. (~ 59 63 54 
72~ ext. time (sec) 15 15 10 
VNTR (bp) 15 16 30 
m.w. size range (bp) 480-1080 400-1000 370-760 
Mleles (no.) 25 25 12 
Mleles in AL (no.) 19 16 8 
Mlele repeat range 21-58 16-48 3-14 
Electrophoresis (Vhr) 1600 1500 1450 

aParameters are for loci APOB, DIS80, and PAH. The MgC12 concentration for PAH and DIS80 
coamplification with [3-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. 

100-1~1 thermal  probe blank with  deion- 
ized H20 was used for each amplifica- 
t ion run. 

Extended denatura t ion  t imes (addi- 
tional 1.5 min) were used for the first 
three PCR cycles. Denatura t ion  tempera-  
tures of 93-94~ were used at an alt i tude 
(Denver, CO) where the boil ing po in t  of 
water is 96~ Parameters for denatur-  
ation, annealing,  and extension were as 
follows: APOB, 93~ 15 sec/59~ 15 sec/ 
72~ 15 sec; PAH, 93~ 15 sec/54~ 15 
sec/72~ 10 sec; and D1S80, 93~ 15 sec/ 
62~ 15 sec/72~ 15 sec. A total of 30 
cycles were used for APOB and DIS80 
while 27 cycles were used for PAH under  
the conditions specified. 

AFLP AL Preparation 

Standards with known numbers  of VNTR 
units were de termined by ei ther DNA se- 
quence analysis (APOB) ~8~ or molecular  
weight and data base f requency calcula- 
tions (D1S80 and PAH). AL prepara t ion 
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) wi thout  the [3-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 Centr icon 50 mi- 
croconcentrators (Amicon, Inc.) and di- 
alyzed with TE buffer [10 mM Tris-HC1, 1 
mM EDTA (pH 7.4)] to remove unincor-  
porated primers and dNTPs. The micro- 
concentrator  is centr ifuged at 3500 rpm 
for 10 min, washed once with one vol- 
ume of TE buffer, centr ifuged for 10 
min, and collected via the retentate  cup. 
The AL volume was then  raised with TE 
buffer and lOx sample loading buffer  
(40% Ficoll, 2.5% b rompheno l  blue), so 
that  AL and ampl icon band  intensities 
were comparable.  Each AL prepara t ion 
was coelectrophoresed with individual  
componen t  products for quali ty control  
verification. ALs were stored at - 20~ or 
4~ and appeared to be stable for at least 
1 year. 

Agarose Gel Electrophoresis 

Following thermal  cycling, a 10- to 20-1~1 
aliquot of each product  was removed 
and mixed with lOx sample loading 
buffer. Samples were electrophoresed in 
2% agarose gels (SeaKem LE, FMC Bio- 
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products)  wi th  d i m e n s i o n s  2 5 x 2 0 •  
cm (Owl Scientific Plastics) us ing 1• 
TBE gel buffer. Gels and  buffer  con- 
ta ined 0.5 i~g/ml of e t h i d i u m  b r o m i d e  
and could  be visual ized at any po in t  dur- 
ing e lec t rophores is  u n d e r  UV transillu- 
m i n a t i o n  (365 nm) .  AFLP ALs were co- 
e lec t rophoresed  in the  gel every 5 or 6 
lanes. Fol lowing e lec t rophores is  and  
photography ,  gels were  t r i m m e d  to 14• 
20 cm ( length  by width ,  respectively),  
cen te r ing  the  visual ized bands,  prior  to 
ampl i con  transfer. 

Southern Transfer 

Agarose gels were t reated wi th  1.5 M 
NaC1, 0.5 N NaOH, for 15-30 m i n  to de- 
nature  AFLP fragments .  Capillary alka- 
l ine Southern  transfer  of DNA to charged  
ny lon  m e m b r a n e s  (Biodyne B, Pall 
Corp.) was pe r fo rmed  (19; in the  same so- 
lu t ion for 2 -4  hr. Blots were air-dried 
prior to de t ec t ion  and  e i ther  s tored at 
room tempera tu re  or de tec ted  i m m e d i -  

ately. W h e n  neutra l  ny lon  m e m b r a n e s  
(Biodyne A, Pall Corp.) were used, a 
transfer buffer  of 0.1 M Tris, 0.5 M NaC1, 
was used and  blots were UV-cross l inked  
(312 n m )  for 0.3 J /cm z. 

Nonisotopic Detection of AFLP Blots 

Biot inyla ted ampl i f ica t ion  products  
were de tec ted  by e i ther  co lor imet r ic  or 
c h e m i l u m i n e s c e n t  me thods .  

For co lormet r ic  de tec t ion ,  a c o m m e r -  
cially available kit was ut i l ized (Southern  
Detec t ion  Kit, AGTC), us ing a streptavi- 
d in /a lka l ine  phosphatase/NBT/BCIP sys- 
tem.  Blots were incuba ted  wi th  stain in 
the  dark for 0 .5-4 hr, d e p e n d i n g  on  
b a n d  intensi ty .  The color imet r ic  assay 
was t e r m i n a t e d  by r ins ing blots in de ion-  
ized water  and  air-drying. 

For c h e m i l u m i n e s c e n t  de tec t ion ,  the  
same procedure  was fo l lowed t h r o u g h  
the  1• stain wash. Blots were t h e n  
coated wi th  Lumi-phos  530 (Lumigen,  
Inc.) and  sealed in a po lye thy l ene  bag. 

Sealed blots  were exposed  to X-ray f i lm 
or pr in t  paper  (Kodak po lycon t ras t  III 
RC) in a f i lm cassette for 15 ra in  to 2 hr  
and  the  f i lm was d e v e l o p e d  by s tandard  
m e t h o d s ,  o9) 

Allele Typing and Data Analysis 

With  co lor imet r ic  de tec t ion ,  d e v e l o p e d  
blots serve as a p e r m a n e n t  record  of the  
ampl i f i ca t ion  run. Blots were  sealed in 
plastic bags and  labeled  wi th  sample  
n u m b e r  and  AL repeat  n u m b e r s .  Un- 
k n o w n s  are ass igned AFLP repeat  n u m -  
bers by c o m p a r i s o n  w i t h  bands  f o u n d  in  
the  AL. 

AFLP alleles were t h e n  g iven  statisti- 
cal we igh t  by use of  allele f requenc ies  
d e t e r m i n e d  in th ree  p o p u l a t i o n  groups  
(U.S. Whites ,  Blacks, and  Mexicans;  see 
Table 2). 

RESULTS 
Reaction Parameters 

Table 1 describes the  o p t i m i z e d  PCR re- 

TABLE 2 AFLP Allele Frequency  Dis t r ibut ion  

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 
24 0 0.0136 0 17 0 0.0299 0 
25 0 0.0054 0 18 0.2557 0.0543 0.2687 
26 0 0.0027 0 19 0 0.01019 0.0075 
27 0 0.0027 0 20 0.0317 0.0571 0.0112 
28 0.0022 0.0136 0.0037 21 0.0249 0.1087 0.0299 
29 0 0.0245 0 22 0.0317 0.0625 0.0224 
30 0.0584 0.0625 0.0259 23 0.0158 0.0190 0.0149 
31 0 0.0027 0 24 0.3054 0.2147 0.2985 
32 0.0693 0.0679 0.0370 25 0.0452 0.0543 0.0522 
34 0.2338 0.1658 0.2185 26 0.0136 0.0082 0.0187 
35 0.0087 0.0082 0.0185 27 0.0 0.0353 0.0075 
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 
38 0.0260 0.0625 0.0148 30 0.0113 0.0109 0.0410 
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 

3 0.3161 0.0658 0.2896 
4 0 0.0053 0 
5 0.0021 0.0018 0 
6 0.0021 0 0 
7 0.1322 0.0445 0.1175 
8 0.3574 0.3327 0.3279 
9 0.1426 0.3541 0.2295 

10 0.0021 0.0801 0.0109 
11 0 0.0249 0 
12 0.0434 0.0641 0.0246 
13 0.0021 0.0249 0 
14 0 0.0018 0 

n 484 562 366 
HET% 74.7 77.2 66.7 

Allele frequencies from population data basing of 550 individuals for APOB, 539 for DIS80, 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 (DIS80), and 15 (PAH) as described in 
Materials and Methods. 
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action and thermal  cycling parameters 
for APOB, PAH, and DIS80. Several con- 
centrations were found to be un i fo rm 
for each system: [3-globin pr imer  (0.05 
p.M); dNTPs (200 I~M each), and agarose 
gel (2.0%). Key reaction variables were 
found to be template DNA amoun t  and 
concentrations of MgCI2, AFLP primer, 
and Taq polymerase. Lower and higher  
template DNA amounts  ( - 8 0  pg-100 ng) 
have been amplif ied successfully on a 
l imited n u m b e r  of samples (data not  
shown). 

Systems PAH and DIS80 utilized a 
MgCI2 op t imum of 1.0 mM when  ampli-  
fied independent ly  of [3-globin, whereas 
APOB stringency was opt imal  with 3.0 
mM MgCI2 and remains unchanged  with 
mult iplex PCR. The coamplif icat ion of 
[3-globin with PAH required an increase 
in MgCI2 to 1.5 mM to get equivalent  in- 
tensity of [3-globin and AFLP bands, 
without appreciable loss of stringency. 
The B-globin signal was desensitized by 
reduction of pr imer  concentrat ion (0.05 
p.M) relative to APOB or PAH primers (Ta- 
ble 1). DIS80 was not routinely coampli- 
fled with 13-globin but has been seen to 
yield stringent products with 1.5 mM 
MgCI2. 

Taq polymerase requirements  varied 
between AFLP loci for m a x i m u m  ampli- 
con yield. APOB and PAH required 1 unit  
per 100-pA reaction, whereas DIS80 re- 
quired 1.5 units. No additional Taq poly- 
merase was required with [3-globin co- 
amplification. 

Thermal Cycling Parameters 

A forced-air oven was used for optimiza- 
t ion and parameters may be ins t rument  
dependent.  This system utilized sample 
temperature moni tor ing and e l iminated 
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 
denaturat ion and stringent target selec- 
t ion as described. (2~ 

Thermal  cycling parameters adjusted 
for optimal AFLP stringency were an- 
neal ing temperature and number  of PCR 
cycles. Nonspecific artifact bands were 
observed from lower anneal ing temper- 
ature by 2-3~ or increasing cycle num- 
ber by 2 or 3. In addit ion to specificity, 
product yield d imin ished  after 2~ vari- 
ations in either anneal ing or denatur- 
ation temperatures. 

Figure 1 shows agarose gel resolution 
of coamplif icat ion products for [3-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- 
t ion 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 

FIGURE 1 Agarose gel electrophoresis of 13-globin and APOB coamplification products. DNA 
bands in the 2.0% gel were stained with ethidium bromide (0.5 i~g/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 13-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. 

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 conta ined 19 alleles (of 
25 discovered), the PAH AL conta ined 8 
(of 12), and the DIS80 AL conta ined 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 uni t  size of each allele, 
molecular  weight size range of AFLP 
products, and n u m b e r  of alleles in each 
initial AL. All AFLP products observed for 
APOB, PAH, and D1S80 were smaller  
than the 1327-bp ~3-globin ampl i f ica t ion 
control. 

AL band  intensi ty reflected popula- 
tion frequencies. More intense bands 
(e.g., 34, 36, 48 for APOB) were attribut- 
able to more copies of c o m m o n  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 identif ied from data bas- 
ing and would serve as useful positive 
controls. The APOB primers described 
were coamplif ied with HLA-DQa on a 
l imited n u m b e r  of knowns and typed 
correctly for both systems (data not 
shown). The DQ~ fragment  was visible 
as a 239- or 242-bp band  on the AFLP gel 
and biot inylated product on the de- 
tected blot. APOB ampl icon  apparent ly  
did not interfere with sequence-specific 
DQa reverse dot blot hybr idizat ion as 
correct types were determined.  

PAH alleles range from 3 to 14 repeats 
( - 3 7 0 - 7 6 0  bp). DIS80 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 popula t ion  
groups in data basing conducted at 
AGTC (Denver, CO). The total n u m b e r  
of alleles (n) were derived from 550 in- 
dividuals (2n) for APOB, 539 for DIS80, 
and 706 for PAH. 

Figure 2 illustrates the resolution of a 
single APOB repeat uni t  (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 dis t inguished 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. (8~ 
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. 

FIGURE 3 Detected blot of PAH and [3-globin multiplex PCR. Colorimetric detection shows the 
1327-bp monomorphic [3-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 13-globin mult iplex PCR. Both 
the 13-globin and PAH primer sets shown 
conta in  one biot inyla ted oligonucle-  
otide for blot  detection. Because of the 
relatively higher  amplif icat ion yield, the 
13-globin pr imer concent ra t ion  (0.05 IXM) 
was 1/lo the APOB or 1/7 the PAH primer  
concentra t ion.  

PAH alleles (30 bp each) were resolved 
easily on agarose gels. The strong PAH 
band intensi ty  attr ibutable to h igh  PCR 
yield was one reason that  only  27 cycles 
of PCR were used. The ad jus tment  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 DIS80 AL contains a comparable  
number  of alleles as a commercia l ly  
available DIS80 AL (Perkin-Elmer). How- 
ever, the bands in this Perkin-Elmer AL 
are unlabeled and must  be detected by 
e th id ium bromide  or silver s ta ining of 
gels. 

Preferential amplif icat ion 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 attr ibutable to a selective ad- 
vantage of the smaller PCR target, as the 
only  difference in DNA sequences is ad- 
di t ional  core repeats present in the larger 
allele. Both small and large alleles are 
well wi th in  the size range synthesized 
under  the extension times programmed.  

13-Globin coamplif icat ion (as shown 
in Figs. 1 and 3) was used to assess the 
presence of h u m a n  target DNA and ab- 
sence of PCR inhibi tors  in each sample. 
Although two independen t  loci were co- 
amplified, this amplif icat ion control  was 
useful to assess whether  amplif iable tar- 
get DNA was present, that  is, a control  
for template  and Taq polymerase integ- 
rity. 

DISCUSSION 

This report  describes systems opt imized 
for AFLP typing using a non iso top ic  PCR 
amplif icat ion and detect ion procedure.  
This me thodo logy  utilizes ALs with de- 
fined numbers  of VNTRs to assign geno- 
type in forensic and paterni ty  casework. 
Each AL described varies in n u m b e r  of 
alleles identified, repeat un i t  size, frag- 
men t  size range, c o m p o n e n t  DNA, and 
band intensi ty  pattern. 
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The AFLP loci described here (APOB, 
PAH, and DIS80) have been optimized 
using the methodology described here. 
Modifications from previous publica- 
tions were use of biot inylated PCR 
primer, colorimetric or chemi lumines-  
cent blot detection, reduction of ge- 
nomic  DNA target to 10 ng, [3-globin 
control coamplification, and use of sam- 
ple temperature moni tor ing  for thermal  
cycling. Parameters were titrated to yield 
amplicon with opt imal  signal-to-noise 
ratios prior to populat ion 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 410  ng of genomic  template DNA 
for each standardized PCR reaction. The 
inorganic extraction and h u m a n  DNA 
quantitat ion described here was found 
to be reproducibly sensitive for the AFLP 
loci tested. 

The m o n o m o r p h i c  [3-globin amplifi- 
cation control was coamplif ied with 
each polymorphic  APOB and PAH sam- 
ple. This demonstrated that amplif iable 
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  ampl icon concentrat ion 
is evident visually by band intensity. 

The entire procedure described re- 
quires - 3 6  hr  to complete and is not la- 
bor intensive. The methodology utilized 
5' biotinylated PCR primer oligonucle- 
otides. A 1:1 ratio of biot inylated to un- 
labeled primer was used. Product sensi- 
tivity can be adjusted by altering the 
ratio of biot inylated oligonucleotide(s). 
APOB biot inylated primer concentra- 
tions were titrated and found to be de- 
tectable down to a biot in ratio of 1:200 
(data not shown). Conversely, sensitivity 
could be further increased by biotinyla- 
tion of both oligonucleotides per primer 
pair, a l though modif icat ion of n u m b e r  
of PCR cycles and detection condit ions 
would be needed. The use of biot in as 
the primer label affords reagent stability 
and choice of either colorimetric or 
chemi luminescen t  end point. 

Poor quality of extracted genomic 
DNA or presence of PCR inhibi tors  has 
been implicated as a cause of amplifica- 

t ion failure, especially in forensic case- 
work where chemical  and envi ronmen-  
tal insults to DNA may exist. In forensic 
AFLP testing, species origin and h u m a n  
genomic  DNA concentrations were as- 
sessed by slot blot hybridizat ion to the 
human-specif ic  probe D17Z1. This step 
was important  for quanti tat ion of hu- 
m a n  template DNA added to AFLP reac- 
tions, as bacterial DNA can be copuri- 
fled. 

Genomic DNA amounts  above 100 ng 
were observed to give reduced ampl icon  
yield under  the condit ions 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 MgC12, AFLP primers, 
[3-globin primers, template DNA 
amount ,  anneal ing temperature, and 
n u m b e r  of PCR cycles at each AFLP lo- 
cus. The PAH and DIS80 typing systems 
required increased MgCl 2 for coamplifi- 
cation of [3-globin, main ly  to keep AFLP 
and control band intensities equivalent. 
These AFLP loci amplify with either 1.0 
or 1.5 mM MgCI 2, but the [3-globin frag- 
ment  is weak with 1.0 raM. No changes 
in APOB magnes ium levels are required 
for [3-globin coamplification. 

We have observed PCR yield and 
stringency differences with 0.5 mM in- 
crements of MgCl2, 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- 
s ium ion. The mechan i sm for this pat- 
tern is unclear but has been discussed by 
others, especially with di-, tri-, and tetra- 
nucleotide repeats. ~z~'22) 

Thermal  cycling parameters were 
based on accurate sample temperature 
and t ime monitoring.  Denaturation tem- 
peratures were held an addit ional 1-2 
rain in the first three PCR cycles to max- 
imize correct target screening as de- 
scribed. ~2~ Anneal ing temperature was 
critical to product specificity and was dif- 
ferent for all three loci, preventing co- 
amplif icat ion of APOB, PAH, and DIS80 
with the designated primers. The /3- 
globin locus exhibited robust amplifica- 
tion efficiency and worked well at an- 
neal ing temperatures used for PAH, 
APOB, and DIS80 (54~ 59~ and 62~ 
respectively). The PAH locus amplif ied 

very strongly (based on band  intensi ty)  
with 10-30 ng of genomic  DNA, allow- 
ing the total n u m b e r  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 e th id ium bromide  to visualize 
the products under  UV light  at any poin t  
during electrophoresis. The band-shift-  
ing effects of e th id ium bromide  seen 
with RFLP analysis of genomic  DNA 
do not  appear to affect discrete AFLP 
products as noted in template  and am- 
pl icon concentrat ion 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 ampl i f ica t ion success 
and band  match  or nonma tch .  The 
m o n o m o r p h i c  [3-globin control  allows 
electrophoretic migrat ion to be analyzed 
with each gel run, making  distortions or 
mobi l i ty  shifts evident. From our obser- 
vations, the [3-globin ampl i f ica t ion con- 
trol band has been lost prior to AFLP al- 
leles from degraded genomic  DNA 
samples, a l though independen t  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 detect ion relative 
to gels appears to be increased. At a 1:1 
biot inylated primer ratio, bands  are evi- 
dent after colorimetric detection that  
were not  seen in gel visual izat ion or pho- 
tography. Preferential ampl i f ica t ion  of 
small versus large alleles m a y  be exagger- 
ated because of the sensitivity of colori- 
metric detection relative to e th id ium 
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 amplif ied individual ly,  
purified, and coelectrophoresed wi th  
componen t  samples for quali ty control  
validation. 

Mutations or microsatell i te variat ions 
in AFLP alleles may be detected as a mis- 
match  not  seen in the AL, and variations 
reported (z3) with acrylamide gel electro- 
phoresis may  not  apply here. 

Best band  resolution in AL prepara- 
tions was seen with 50K molecular  mass 
microconcentrators,  a l though 30K and 
100K were also used successfully. Purifi- 
cation of individual  ampl icon  products 
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for use as allele-specific templates is ob- 
vious, but would also serve as a potent  
source of ampl icon 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. (24) Genotypes of all laboratory 
personnel were determined to assess 
possible sources of DNA con tamina t ion  
should they occur. 

A lab-wide, chemical  system for am- 
plicon carryover prevent ion based on 
uracil-N-glycosylase (UNG) (2s-28) was 
not  implemented  but is under  study for 
incorporat ion with these AFLP loci. This 
method utilizes substi tut ion of dUTP for 
dTTP in all PCR master mixes and degra- 
dation of any dUTP-containing ampli- 
con (from previous amplification) with 
UNG. This modif ica t ion may actually 
enhance PCR specificity by destroying 
nonspecific hybrids formed as reactions 
proceed from room temperature to ini- 
tial denaturat ion.  (28) The potential  for 
incorrect allele typing in h u m a n  identi ty 
testing attributable to the amplif icat ion 
power of PCR must  be addressed as AFLP 
technology becomes instituted. Guide- 
lines for PCR laboratory setup and pre- 
vent ion of ampl icon carryover in foren- 
sic and paterni ty 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 popula t ion  
groups. (a--16) These AFLP systems, when  
used in combinat ion ,  yield a very low 
probability of two unrelated individuals 
having the same genotypes (1 in 1700 to 
1 in 16,000, depending  on populat ion) .  

As part of our  forensic val idat ion 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 n o n h u m a n  DNA 
under high-str ingency PCR demon-  
strated that  only  h u m a n  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 evolut ionary stud- 
ies or wildlife forensics. 
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