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TECHNICAL NOTE
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Sequential multiplex amplification (SMA) of genetic loci:
a method for recovering template DNA for subsequent analyses

of additional loci
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Abstract A method called Sequential Multiplex Ampli-
fication (SMA) has been developed whereby a limited
amount of DNA extracted from a sample can be reutilized
for several single polymerase chain reaction (PCR) ampli-
fications. The method involves recovery of genomic tem-
plate DNA by microfiltration of PCR-amplified samples.
Up to 5 different loci have been typed, each in a single
system PCR-based assay, beginning with a test quantity of
5 ng template DNA. Genotypes of the DNA donors were
compared with those obtained from individual amplifica-
tions and shown to be identical. This could be a useful
technique for typing a number of loci from a limited
amount of DNa and to recover template DNA from sam-
ples previously subjected to PCR. Obviously, when small
quantities of template DNA are available, this technique
can prove quite useful.

Key words DNA - PCR - Sequential multiplex
amplification (SMA) - STR - Forensic

Zusammenfassung Die Methode der sequentiellen mul-
tiplex Amplifikation (SMA) ermoglicht die Wiederver-
wendung einer limitierten Menge genomischer DNA fiir
mehrere aufeinanderfolgende PCR Amplifikationen. Die
Isolierung genomischer DNA aus den PCR-amplifizier-
ten Proben erfolgte durch Mikrofiltration. 5 ng genomi-
scher DNA wurden als Ausgangsmenge eingesetzt und
bis zu 5 verschiedene Loci in getrennten PCR-Ansétzen
nacheinander untersucht. Die Amplifikationsmuster der
sequentiellen multiplex Amplifikation wurden mit denen
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aus individuellen Amplifikationen verglichen und waren
identisch. Diese Technik erméglicht die Untersuchung ver-
schiedener Loci ausgehend von einer begrenzten Menge
an genomischer DNA und kann daher besonders Anwen-
dung finden, wenn geringe Mengen an genomischer DNA
fiir die PCR Amplifikation zur Verfiigung stehen.

Schliisselwirter DNA - PCR - sequentielle multiplex
Amplifikation (SMA) - STR - Forensik

introduction

Typing polymorphic loci at the DNA level has become a
routine procedure in the identity testing field. One tech-
nique, the polymerase chain reaction (PCR) (Saiki et al.
1985), enables amplification of the DNA molecules in a
sample. Thus, target DNA at subanalytical quantities can
be increased to levels such that detection and typing is fa-
ciliated. DNA samples are usually amplified by PCR and
subsequently typed: but the remainder of the untyped
PCR is generally not used or discarded.

To obtain more genetic information from a sample sev-
eral distinct loci can be amplified in one PCR simultane-
ously by a process known as multiplex PCR (Chamberlain
1989; Edwards et al. 1992). The advantage of multiplex
systems is that less sample DNA is consumed than when
analyzing each locus independently. Additionally, less
reagents are required, and the time needed to perform
population studies on several loci is reduced. However,
multiplex optimization requires substantial effort to de-
velop a robust system, where all loci in the multiplex am-
plify well under identical PCR conditions.

We propose here an alternate multiplex approach
called Sequential Multiplex Amplification (SMA). SMA
enables the typing of several loci using only one DNA
sample without requiring al the loci to be amplified under
one set of PCR conditions.

Furthermore, when a sample fails to amplify, it could
be desirable to recover the template DNA and type it with
a more robust analytical system.
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Materials and methods

The general procedure for SMA typing is as follows:

1. Extract DNA with phenol:chloroform (e.g. Brinkmann et al. 1991).
2.Determine the quantity of the DNA with a slot blot procedure
using a human specific alphoid probe (Waye et al. 1989). This step
is used to determine the initial input quantity of DNA for SMA.
For research purposes, we have determined the quantity of the re-
covered DNA by slot blot analysis after each amplification and pu-
rification step in the SMA. However, this is not a necessary or
practicable step in routine forensic casework.

3. Amplify and type DNA for the D1S80 locus according to the
method of Budowle et al. (1991) and Baechtel et al. (1993).
4.Recover the genomic DNA from the remaining D1S80 PCR so-
lution by filiration through a Microcon-100 (Amicon, Beverly,
MA). Briefly, add 200 pl of sterile deionized water to the filter
side of the device. Add all the remaining PCR solution. Centrifuge
the filtration device in a microfuge at 2,000 g for 6 mins. Add an
appropriate volume (i.e. 38.5 ul for a final volume at the next am-
plification of 50 pl) of retentate solution (100 mM Tris, 0.1 mM
EDTA, pH 8.0), gently vortex the content for 5 s to resuspend the
DNA, flip the device over and centrifuge at 1.5000 g for 5 mins.
Since this volume contains all the recovered genomic DNA, it is
important to attempt to use as much as possible of this volume in
the next stage of SMA.

5. Amplify and type the recovered DNA for the HUMTHOI locus
(Lorente et al. 1994 a; Edwards et al. 1991, 1992; Wiegand et al.
1993).

6.Repeat step 4 and amplify and type for HUMVWA (Lorente et
al. 1994 b; Moller et al. 1994).

7.Repeat step 4 and amplify and type for HLA-DQx (Saiki et al.
1989).

8.Repeat step 4 and amplify mitochondrial DNA using mtDNA-
specific primers. We amplified HV1 of human mitochondrial
DNA according to be protocol established by Holland et al. (1993)
with the following modifications: primers L.15997 (5° CAC CAT
TAG CAC CCA AAG CT 3’) and H16395 (5 TGA TTT CAC
GGA GGA TGG TG 3”) were used in a 50 ul reaction. Cycling pa-
rameters were 95° C for 30 s, followed by 30 cycles of 95°C for 10
s, 60°C for 30 s, 72°C for 30 s. A 15°C soak for 10 mins followed
the cycling procedure.

Results and discussion

SMA has easily enabled amplification of 5 loci using 5 ng
of genomic DNA. In this study the loci were D1S80,
HUMTHO1, HUMVWA, HLA-DQalpha, and the D-loop
of mitochondrial DNA. Each sample was amplified under
it’s own optimized PCR conditions, and each sample was
typed correctly. There were not differences in typing re-
sults when using SMA or a single PCR approach (Fig. 1).

It is imperative to wash the PCR sample via Micro-
con-100 filtration. This process removes primers and other
PCR reagents that could interfere with subsequent ampli-
fication of another locus. We have attempted to conduct
SMA without an itnervening filtration step, but typing has
not been successful.

As a general rule, it is recommended that amplifcation
should proceed as follows: length polymorphisms first, in
descending order by size, followed by sequence polymor-
phisms (currently detected by sequence-specific oligonu-
cleotide probes) and mitochondrial DNA sequencing last.
The reason for this hierarchy is threefold. First, since resid-
ual amplicons from preceding PCRs will be present, it is
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Fig.1 HUMTHO1 amplifications of 2 individuals with SMA.
Lane: #1: 1 kb ladder; #2 & #10: D1S80 ladder; #3, 6 & 9:
HUMTHOI1 ladder; #4: D1S80 and SMA-HUMTHO1 genotypes of
individual ¢ (HUMTHO1 amplification was performed by SMA af-
ter D1S80 amplification) #5: HUMTHO1 genotype of individual a
by single PCR; #7: D1S80 and SMA-HUMTHO1 genotypes of in-
dividual b (HUMTHO1 amplification was performed by SMA after
D1S80 amplification). #8: HUMTHO1 genotype of individual b by
single PCR (D1S80 ladder and amplified alleles are blurred be-
cause they are shown in a HUMTHO1 gel; they were previously
amplified and typed in a D1S80 specific gel, but the product re-
mains; for more explanations, see Discussion)

desirable to amplify the locus with the largest fragments
first and with the smallest locus being amplified last. There-
fore, length polymorphism loci that do not overlap in size
should be employed. Moreover, by typing the largest
length polymorphisms initially, heteroduplex bands from
smaller loci will not interfere with DNA profile interpre-
tation. Second, sequence-specific oligonucleotide probe
detection will not be inhibited by length polymorphism
amplicons that will be present in subsequent amplifica-
tions. Third, mitochondrial DNA sequencing was per-
formed last because of the increased copy number of mi-
tochondrial DNA compared with nuclear DNA and the
high degree of specificity afforded by sequencing.

The efficiency of gemonic DNA recovery was related
to the recovery solution volume. Table 1 shows that the
efficiency of recovery of genomic DNA can be affected
by the volume of retentate in the Microcon-100 device.
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Table 1 Average percentage of recovery in the first 3 steps of
SMA.

Recovery st recovery 2nd recovery 3rd recovery
volume

385wl 69% 44% 39%

77.0 ul 89% 61% 52%

The larger the Microcon-100 retenate volume, the higher
the percentage of genomic DNA that was recovered. For
example, when the recovery volume was 38.5 ul, an aver-
age of approximately 69% of the remaining genomic
DNA was recovered. However, when the volume was in-
creased to 77 pl, an average of 89% of the remaining ge-
nomic DNA could be recovered. The larger retenate vol-
ume might enable more effective solubilization of the
DNA residing on the Microcon-100 filter membrane. Be-
cause some DNA is trapped in the membrane, even after
the recovery procedure, the lower the amount of genomic
DNA is, the less amount of DNA will be recovered.

The recovery of genomic DNA is enhanced by the
presence of amplified DNA. In the course of this study we
found that genomic DNA, at times, may be trapped on the
Microcon-100 membrane. Since the amplified material is
in excess in the sample compared with genomic DNA,
amplified DNA, can most likely more readily bind to the
Microcon-100 membrane and block the genomic DNA
from non-specifically binding to the membrane. Similar
results of increased recovery of genomic DNA were
found when carrier DNA was added to the sample prior to
washing in the Microcon-100 device.

The membrane in the Microcon-100 device should be
saved since it may serve as a potential source of recovered
genomic DNA. Amplification of trapped gemomic DNA
can be achieved as follows: the membrane is removed and
placed in a 1.5 ml tube containing 45 pl of TE (10 mM
Tris, 0.1 mM EDTA, pH 8.0) buffer. After incubation at
56°C overnight, the membrane is removed and placed with
the DNA side down in a Microcon-100 device which the
membrane has been removed. [Note: do not discard the
TE buffer solution from the overight incubation]. The de-
vice is then centrifuged in microfuge at 8,000 rpm for 10
mins. The overnight incubation solution is then added to
the centrifugation product, and this combined solution can
serve as a DNA template source for further amplification.

In conclusion, SMA has enabled typing of 5 different
loci from as little as 5 ng of genomic DNA. Although only
5 loci were assayed in this study, it is possible to obtain
results from more loci, if necessary. A high degree of dis-
crimination can thus be obtained from a small quantity of
sample. Additionally, individually optimized PCR condi-
tions can be used for each locus. Since an individual am-
plification of the SMA can be performed using some mul-
tiplex systems, such as AmpliType PM PCR Amplifica-
tion and Typing Kit (Perkin Elmer Corporation, Norwalk,
CT), the discrimination potential can be increased.
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In any case, the SMA procedure can be useful for situ-
ations where the quantity of template DNA is limited or to
amplify additional loci from DNA templates that have been
previously used and that were adequately frozen or refrig-
erated. We are carrying out experiments with frozen evi-
dentiary material from samples that were amplified previ-
ously for one or two loci (HLA-DQAT1 and/or D1S80) 3 to
4 years ago. It is possible to recover the DNA and amplify
by SMA the HUMTHO1 and HUMVWA STR loci start-
ing with only 1 ng of template DNA (data not shown).
With this procedure it is also possible to recover template
DNA from PCR tubes that yielded no amplification prod-
uct (e.g. DNA from evidentiary samples that might be de-
graded for a given locus, but that could be amplified for
some other loci).
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