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PCR amplification is currently being 
used extensively to amplify selected re- 
gions of viral genomes in order to 
provide material for precise sequence de- 
termination.  The human  immunodef i -  
ciency viruses (HIVs) responsible for 
AIDS have been especially targeted by 
this approach because of their quasispe- 
cies nature and relatively high capacity 
for mutation/1,2~ It appears that a full 
understanding of the complex pathoge- 
nicity of HIV and related animal lentivi- 
ruses will require correlation of the rep- 
licative and cytopathic properties of 
individual viral variants appearing in 
vivo with specific sequence motifs. ~3'4~ 

The simian immunodef ic iency vi- 
ruses (SIVs) are primate lentiviruses be- 
ing used extensively as HIV models in 
pathogenicity studies and for the inves- 
tigation of vaccination and therapeutic 
strategies. As in HIV infections of hu- 
mans, infected animals harbor multiple 
genotypes/s~ Differences between ge- 
nomes are largely the result of nucle- 
otide substitutions, al though small in- 
sertions and deletions have also been 
reported/6'7~ The SlVpbil 4 s t ra in  is espe- 
cially useful for certain in vivo studies 
because of its high pathogenicity and 
rapid clinical course; in pigtailed and cy- 
nomolgus macaques this strain causes 
fatal disease within 8-14 days of infec- 
tion. ~8'9~ One notable feature of this 
strain is the presence of a 22-bp duplica- 
tion within the U3 portion of the long 
terminal  repeat (LTR) in a significant 
proportion of viral genomes in the viral 
stock/8'1~ This duplication includes a 
complete copy of the NF-KB transcrip- 
tion enhancer-binding site. Although 
it has been shown that this duplication 
is not responsible for the highly patho- 
genic nature of this strain, ~ its role in 
pathogenicity is still of interest because 
the NF-KB-binding site is necessary for 
efficient replication of SIV in certain cell 
types. (12~ 

We have used the SlVpbil 4 strain to 
investigate methods of inactivation of 
lentiviruses that might  be applied to 
blood or partially purified blood compo- 
nents. As part of this study (details to be 
published elsewhere) we developed 
PCRs directed to three portions [gag, pol, 
and LTR sequences] of the SIV genome. 
The primers directed to the LTR target 
sequence flank the region of duplica- 
tion. In this report we describe an obser- 
vation made during the use of the LTR 
primers. In addition to the two expected 

PCR products, an extra band of appar- 
ently higher molecular weight was gen- 
erated in virtually stoichiometric 
amounts. We have shown this band to be 
a heteroduplex produced artifactually 
during the amplification process. We 
suspect that the potential for significant 
secondary structure wi th in  the dupli- 
cated sequence facilitated this phenom-  
enon. 

MATERIALS AND METHODS 

Viral Propagation and Animal 
Infection 

The SlVpbil 4 s t r a in  (obtained from Dr. H. 
McClure, Yerkes Regional Primate Cen- 
ter, Emory University, Atlanta, GA) was 
grown in h u m a n  CEMX174 cells and ti- 
tered as described previously39'1~ Cyno- 
molgus monkeys received doses of 
SIVpbjl 4 corresponding to 1, 10, and 100 
TCIDso, and animals were sacrificed 
within 14 days of inoculation. In some 
cases, monkeys received virus recovered 
from previously infected animals.  At in- 
tervals and at time of death, blood was 
removed and used to prepare peripheral 
blood leukocytes (PBLs) by standard 
buffy coat techniques. In addition, 
lymph node tissue was taken prior to in- 
fection and at autopsy. Virus was propa- 
gated from these samples by coculture 
with CEMX174 cells. 

Isolation of DNA and PCR 

SIVpbi14-infected CEMX174 cells (107) 
were resuspended in 0.45 ml of extrac- 
tion buffer (20 mM Tris-HCl at pH 8.0, 50 
mM NaCI, 5 mM EDTA, 0.5% SDS) and 
incubated overnight at 55~ with 50 ~g 
proteinase K. After two extractions with 
1 volume of phenol  and one extraction 
with 1 volume of phenol/chloroform, 
the final aqueous phase was ethanol pre- 
cipitated. The DNA pellet was dissolved 
in 200 ~1 of 1 x TE buffer. 

Genomic DNA (1-2 I~g) was used for 
PCR performed in 10 mM Tris-HCl (pH 
8.8), 50 mM KC1, 1.5 mM MgClz, 0.1% 
Triton X-100, all four dNTPs, each at 0.1 
mM, both primers at 0.5 nM each, and 2 
units of Taq DNA polymerase. Amplifica- 
tion was performed in a Perkin-Elmer 
Cetus DNA thermal cycler using 40 cy- 
cles consisting of denaturation at 94~ 
for 1 min;  anneal ing at 65~ for 1 min;  
extension at 72~ for 2 min  + 5 sec 
autoextension. PCR products were ob- 
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served by ethidium bromide staining af- 
ter electrophoresis in 4% NuSieve-3: l  
agarose. The primers used in all of these 
studies were LTR1, S'-AGAAGGCTAAC- 
CGCAAGAGGCCTT-3', and LTR2, 5'-GA- 
CTGAATACAGAGCGAAATGCAG-3'; the 
sequences are derived from GenBank ac- 
cession number  M80193, and they cor- 
respond to positions 9310-9333 and 
9480-9503 of the SIVpbjl 4 genome. 

Purification and Analysis of PCR 
Fragments 

Subsequent to separation by electro- 
phoresis, DNA fragments were cut from 
the gel and purified using the "Mermaid  
kit" according to the manufacturer ' s  
(Bio 101) protocol. To determine precise 
sizes of these DNA products, purified or 
total PCR products were end-labeled 
with b/-3zp]ATP (DuPont) and polynu- 
cleotide kinase and electrophoresed 
through a 6% acrylamide sequencing 
gel. A sequencing reaction from unre- 
lated studies corun with these samples 
provided precise size markers. Restric- 
tion endonuclease digestion of the DNA 
fragments was performed by standard 
methods, and products were electro- 
phoresed as described. 

RESULTS AND DISCUSSION 

Amplification of the SlVpbil 4 LTR target 
sequence was expected to generate two 
discrete products, one of 172 bp, which 
contains only one copy of the NF-KB site, 
and one of 194 bp, which carries a sec- 
ond NF-KB site within the 22-bp inser- 
tion. Both products were observed after 
genomic DNA from cells persistently in- 
fected with this SIV strain were subjected 
to PCR as described. Digestion of these 
products with the restriction enzymes 
DdeI, RsaI, and StuI confirmed their 
identity by yielding products of the ex- 
pected sizes (data not shown). Further- 
more, neither reagent control reactions 
nor DNA from uninfected control cells 
gave such amplification products. The 
larger band was the more intense, indi- 
cating that the genomes with the dupli- 
cation predominate.  In addition to the 
two expected products, a third band of 
- 2 2 0  bp was observed in PCRs of DNA 
from SIV + cells. 

The viral stock was used to infect six 
monkeys as described, and virus was re- 
covered from PBLs by coculture. DNA 

purified from cultured cells was analyzed 
by PCR. For five of these monkeys there 
was a single amplification product: 
Three monkeys gave only the 172-bp 
product and two other monkeys gave 
only the 194-bp product, whereas in one 
monkey  (M2) all three products (174, 
192, and 220 bp) were found. 

We were initially intrigued with the 
possibility that the 220-bp band repre- 
sented a population of SlVpbjl 4 having 
an additional duplication in the LTR tar- 
get sequence, especially because a mo- 
lecular clone of SIV~t, i has been found to 
contain three NF-KB sites. ~ ]) To further 
characterize this DNA fragment, it was 
purified from a gel and aliquots repre- 
senting 1-S% of the initial product were 
reamplified to provide sufficient mate- 
rial for direct DNA sequencing. We ob- 
served, however, that after reamplifica- 
tion of the 220-bp fragment, PCR 
products of all three sizes were consis- 
tently made in apparently stoichiomet- 
ric amounts,  despite the apparent purity 
of the original material (Fig. 1). When 
the two smaller products (172 and 194 
bp) were gel purified and reamplified, 
they generated predominant ly  single 
PCR products of their respective sizes 
(Fig. 1). This latter observation indicated 
that our separation techniques were rel- 
atively clean. 

The finding that we were unable to 
generate a single PCR product from the 
220-bp band, taken together with the 
fact that this fragment was produced 

FIGURE 1 PCR amplification of the S1Vpbil 4 
LTR. DNA isolated from human CEMX174 
cells cocultured with PBLs from monkey M2 
was amplified using primers LTR1 and LTR2 
to generate three discrete products of appar- 
ent size 172, 194, and 220 bp (lane 4). Each 
DNA fragment was gel purified and rerun to 
verify purity: (Lane 1) 172 bp; (lane 2) 194 bp; 
(lane 3) 220 bp. Purified fragments were 
reamplified separately, and the resulting 
products, using DNA bands 172, 194, and 220 
bp, respectively, as template, are shown in 
lanes 6--8. A lO0-bp marker DNA (Life Tech- 
nologies) is shown in lane 5. 

FIGURE 2 Analysis of PCR products by dena- 
turing gel electrophoresis. The products of 
PCR reamplification of the 220-bp fragment 
(lane I) or the three fragments of the original 
PCR from M2 DNA (lane 2) were radiolabeled 
with 32p, electrophoresed on a 6% acrylamide 
sequencing gel, and exposed to X-ray film. 
The resulting autoradiograph is shown, to- 
gether with the estimated size of the two DNA 
bands, as determined by a sequencing reac- 
tion run in parallel. The position at which a 
220-base fragment would migrate is also 
shown. 

only when both of the two smaller prod- 
ucts were made, suggested that the larger 
band was an artifact. To accurately deter- 
mine the sizes of all DNA strands in the 
PCR product, an aliquot of a PCR in 
which all three DNA bands had been 
produced was end-labeled with 32p and 
electrophoresed on a denaturing acryla- 
mide gel. After autoradiography, only 
two main bands with the expected sizes 
of 172 and 194 bases were observed (Fig. 
2, lane 2). The same pattern was seen 
when the gel-purified 220-bp fragment  
was analyzed in a similar manne r  (Fig. 2, 
lane 1). No signal was observed at the 
220-base position. This showed that  the 
220-bp product was a hybrid molecule 
composed of a single strand from each of 
the two smaller fragments. The produc- 
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tion of this hybrid was independent  of 
primer extension because when  a mix- 
ture of the 172- and 194-bp PCR products 
was subjected to 40 cycles of PCR in the 
absence of Taq DNA polymerase, the 
220-bp band was produced (Fig. 3). It has 
been observed subsequently that with 
the relatively high amounts  of template 
present in such " m o c k "  PCRs, even a 
single round of thermal  cycling is suffi- 
cient for hybrid generation. Because it is 
probable that the mock PCR situation 
closely resembles the later cycles of a 
PCR, when Taq polymerase activity is 
low, the possibility of minimizing het- 
eroduplex production by reducing the 
number  of PCR cycles was examined. 
However, PCR of SIV-infected monkey 
DNA using 25 cycles instead of 40 still 
produced the 220-bp product (data not 
shown). We have been unable to iden- 
tify PCR conditions that  eliminate this 
artifact but still permit  sensitive detec- 
tion of the target sequence. 

We attribute the large apparent  size 
of the hybrid PCR product (220 bp in- 
stead of the 183-bp value intermediate 

FIGURE 3 Generation of the 220-bp band is 
independent of DNA synthesis. The 172- and 
194-bp PCR products that had been purified 
by phenol/chloroform extraction and ethanol 
precipitation to remove Taq polymerase were 
subjected to mock PCRs, in which all the re- 
agents except Taq DNA polymerase were in- 
cluded, either separately (lanes 2,3, respec- 
tively) or together (lane 4). Lane 1 is a reagent 
control containing no DNA, and the 100-bp 
marker is shown in lane M. 

FIGURE 4 A potential stem-loop structure 
within the duplication that may stabilize het- 
eroduplex formation. The sequence shown 
corresponds to bases 9366-9400 of the 
SIVpbil 4 strain containing the 22-bp insertion. 
The complementary strand shown lacks this 
sequence. 

between the two other products) to 
anomalous migration through agarose, 
presumably because of the unusual sec- 
ondary structure around the region of 
duplication. During these studies the ap- 
parent size of this band was dependent  
on the rate at which the electrophoresis 
was performed; at very slow rates it was 
difficult to resolve from the 194-bp 
band. In addition, we suspect that het- 
eroduplex formation may have been sta- 
bilized, at least in part, by the formation 
of a s tem-loop structure within the du- 
plicated region as illustrated in Figure 4. 
This structure may explain the relative 
ease and, hence, relatively high yield, of 
heteroduplex formation in these studies. 
Two alternative heteroduplexes can be 
formed, depending on which of the two 
strands contains the duplication, and it 
was determined that the 220-bp band 
could be resolved into a doublet upon 
electrophoresis under nondenatur ing  
conditions for extended periods (data 
not shown). 

We are aware that heteroduplex for- 
mation during PCR has been described 
previously by several investigators. For 
instance, there has recently been a report 
of the intentional use of these structures 
to compare amplification of distinct "al- 
leles" of a fragment near the HOX2B 
locus of closely related species. ~13~ How- 
ever, these investigators purposely ana- 
lyzed their PCR products under denatur- 
ing conditions to observe the few base 
differences present. Unexpected hetero- 
duplex formation has also been observed 
during analysis of alternative splicing 
patterns of transcripts of frog neural cell 

adhesion molecules. (14) In this case, the 
artifactual bands were minor  products of 
the total PCR, and the most  p rominen t  
artifact migrated with an apparent  size 
three times that of the true products. In 
this paper the artifactual band was gen- 
erated in relatively large amounts,  and it 
migrated with an apparent  size not un- 
expected for a variant containing a sec- 
ond duplication within the LTR target re- 
gion. Clearly, without  further analysis 
erroneous conclusions regarding muta- 
tion at this site could readily be made. 
This observation brings a cautionary 
note to the use of PCR in studies in 
which regulatory regions are targeted. 
Because regulatory motifs frequently 
contain palindromic or other  sequences  
that have the potential to form complex 
secondary structures, which may be in- 
tegral to the functioning of these se- 
quences ,  heteroduplex production may 
be facilitated in these regions. We be- 
lieve that this was a factor contributing 
to the high yield of heteroduplex made 
in these studies. Thus, we would stress 
the importance of further characteriza- 
tion of unexpected PCR products before 
making conclusions based solely on 
their apparent  size, particularly when 
the PCR target region contains variable 
copy numbers  of repeated sequences. 
The extent to which heteroduplex for- 
mation is stabilized at the elevated tem- 
peratures used in PCR will clearly de- 
pend on the relative size of the PCR 
target region and the variable duplicated 
sequence contained within it. Thus, the 
extent of this problem will need to be 
assessed in each individual case. 
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