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Cloning of large viral genomes into bacterial artificial chromo-
somes (BACs) facilitates analyses of viral functions and molecular
mutagenesis. Previous derivations of viral BACs involved laborious
recombinations within infected cells. We describe a single-step
production of viral BACs by direct cloning of unit length genomes,
derived from circular or head-to-tail concatemeric DNA replication
intermediates. The BAC cloning is independent of intracellular
recombinations and DNA packaging constraints. We introduced
the 160-kb human herpes virus 6A (HHV-6A) genome into BACs by
digesting the viral DNA replicative intermediates with the Sfil
enzyme that cleaves the viral genome in a single site. The recom-
binant BACs contained also the puromycin selection gene, GFP, and
LoxP sites flanking the BAC sequences. The HHV-6A-BAC vectors
were retained stably in puromycin selected 293T cells. In the
presence of irradiated helper virus, supplying most likely proteins
enhancing gene expression they expressed early and late genes in
SupT1 T cells. The method is especially attractive for viruses that
replicate inefficiently and for viruses propagated in suspension
cells. We have used the fact that the BAC cloning ‘‘freezes’’ the viral
DNA replication intermediates to analyze their structure. The
results revealed that HHV-6A-BACs contained a single direct repeat
(DR) rather than a DR-DR sequence, predicted to arise by circular-
ization of parental genomes with a DR at each terminus. HHV-6A
DNA molecules prepared from the infected cells also contained
DNA molecules with a single DR. Such forms were not previously
described for HHV-6 DNA.

BAC � Direct cloning � HHV-6A

Human herpes virus 6 (HHV-6) is a member of the betaher-
pesvirus subfamily (1). In culture, the virus replicates in T

cells. HHV-6 isolates represent two distinct variants, HHV-6A
and HHV-6B, which differ in their restriction enzyme patterns,
antigenicity and disease association (1–3). Disease associations
have been reviewed (1, 4): HHV-6B is the causative agent of
roseola infantum, a prevalent children’s disease with high fever
and skin rash. The virus exhibits neurotropism and was found in
children experiencing convulsions up to lethal encephalitis.
HHV-6B reactivations in bone marrow and other transplanta-
tions were found associated with febrile illness, delayed trans-
plant engraftment, and disease up to lethal encephalitis.
HHV-6A has thus far no clear disease association, although
evidence has suggested CNS tropism and aggravation of symp-
toms of multiple sclerosis (MS).

Viral DNA Structure and Replication. HHV-6A and HHV-6B have
linear genomes with a 143-kb unique (U) segment, f lanked by 8-
to 10-kb terminal direct repeats (DRs) (1, 5, 6). The DRs contain
the pac-1 and pac-2 cleavage and packaging signals conserved in
herpesviruses (4, 7, 8), in addition to telomeric (GGGTTA)
reiterations (1, 4, 5, 8). We have previously suggested a model
whereby HHV-6 DNA circularizes, prior rolling circle replica-
tion, producing large head-to-tail repeated genomes. The con-
catemeric genomes are cleaved at the pac-2-pac-1 signals when
packaged into structural virions (8). Circularization of linear

parental DNA by end to end covalent linkage was first reported
for herpes simplex virus (HSV) (9). The resultant circle repli-
cated by rolling circle yielded head-to-tail concatemers (10). This
was coincidental with the finding that defective genomes and
engineered amplicons replicated in the presence of helper virus
by rolling circle replication (7, 11–14) producing head-to-tail
concatemers. We also identified the pac-2-pac-1 signals operat-
ing to cleave the concatemers during packaging (7, 11, 12).
Concatemeric junctions cleaved at the pac-2 and pac-1 signals
were reported in many herpesviruses, including amplicon vectors
from the lymphotropic viruses HHV-6 and HHV-7 (4, 15, 16).
Alternative mechanisms were suggested whereby the endless,
head-to-tail genomes were produced by intermolecular recom-
binations of linear or circular genomes (17, 18).

Cloning of Herpesvirus Genomes into Bacterial Artificial Chromosomes
(BACs). It has been of great interest to produce cloned BACs
carrying intact viral genomes. They can serve as useful tools for
DNA structural analyses, mutagenesis and derivation of pack-
aging systems to produce helper-less amplicon vectors. Several
human herpesviruses were cloned in BACs, including HSV-1 and
HSV-2 (19, 20), varicella-zoster virus (VZV) (21), Epstein-Barr
virus (EBV) (22), human cytomegalovirus (HCMV) (23), and
Kaposi’s sarcoma herpesvirus (KSHV) (24). Examplary BACs of
animal herpesviruses included pseudorabies virus (PRV) (25),
and the murine gamma herpesvirus 68 (MHV-68) (26). Cloning
of all these BAC-viral vectors was accomplished by inserting the
BAC sequences into a chosen viral DNA region by homologous
recombinations in infected cells and selecting the BAC contain-
ing viruses. The recombinant herpesvirus BACs had to be
purified from the wild-type (w.t.) virus, a task difficult to achieve
for viruses replicating inefficiently in lymphocytes devoid of
plaque selection capability. Here we describe a single-step
procedure to generate herpesvirus BACs, by direct cloning of
circular or unit length DNA produced from head-to-tail repli-
cation intermediates. We then used the BAC clones and infected
cell DNA preparations to analyze the structure of replicative
intermediates.

Results
Strategy for Direct Viral DNA Cloning into BACs. Based on the
HHV-6 and 7 rolling circle DNA replication model (8), we
sought an enzyme that cleaves once in the HHV-6A (U1102)
genome. This would digest the circular and head-to-tail con-
catemers into unit length viral genomes, cloneable directly into
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the BAC vector. The SfiI enzyme cleaves the HHV-6A (U1102)
genome once at position 9,520 with the sequence GGCC
ACCT/C GGCC (PubMed accession NC�001664), whereas the
pIndigoBAC-5 contains a single SfiI site GGCC GCCC/G
GGCC. To allow cohesive ligation, the SfiI site in the pIn-
digoBAC-5 plasmid was replaced with a SfiI site matching the
site in the HHV-6A genome (Fig. S1F). Replicating viral DNA

obtained by the Hirt procedure (27) was cleaved by SfiI, gener-
ating unit length genomes, for direct cloning into the modified
BAC vector.

Generation of the BAC pNF1267 for HHV-6A DNA Cloning. The prep-
aration of the BAC vector involved the following: (i) PCR
introduction of point mutations in the pIndigoBAC-5 abolishing
one NotI site and the SfiI site (positions 631 and 639, respectively
(Fig. S1 A and B). The resultant pNF1254 had a single NotI site
and no SfiI sites. (ii) An ampicillin and puromycin (amp/puro)
cassette was prepared from the pMSCV plasmid by PCR of the
amp and the puro segments, employing in both cases a primer
with NotI at the 5� terminus and a MluI site at the 3� terminus.
The products were digested with MluI, ligated to form the
amp/puro cassette (Fig. S1C) and cloned into the NotI site of
pNF1254 forming the pNF1255 (Fig. S1D). (iii) The GFP gene,
prepared by PCR from pEGFP-C3 (Clontech) was inserted into
the HpaI site of pNF1255, generating pNF1266 (Fig. S1E). (iv)
A 75-bp oligonucleotide was prepared with the LoxP sequence,
the SfiI site GGCC ACCT/C GGCC matching the site in the viral
DNA. BamHI and HindIII sites were added at the termini for
directional cloning. The oligomer was ligated with the pNF1266
plasmid, cleaved with BamHI and HindIII, yielding the BAC
clone pNF1267 (Fig. S1F).

The Derivation of HHV-6A-BAC Vector (pNF1268). DNA prepared
from HHV-6A infected cells by the Hirt procedure (27) was
digested with SfiI and cloned into the pNF1267-modified BAC
vector, cleaved with SfiI (Fig. 1), employing the E. coli DH10B
bacteria. Colonies were screened by PCR, employing primers for
BAC, HHV-6A DNA sequences, GFP, and the amp/puro cas-
sette. Several clones with the expected PCR products were
further analyzed by cleavage with the SfiI, BamHI, NotI, and
NdeI enzymes. The results for clones 15, 20, and 44 (Fig. 2) can
be summarized as follows. (i) Cleavage with SfiI yielded an
approximate 160-kb intact HHV-6A DNA and 11.5-kb SfiI-
cleaved BAC. (ii) Cleavage with the NotI enzyme generated

Fig. 1. The derivation of the HHV-6A-BAC (pNF1268) clone. (A) The pNF1267
clone, containing the amp/puro cassette, the GFP gene, and the oligonucle-
otide insert was cleaved with the SfiI enzyme. (B) Putative circular replication
intermediate, of the HHV-6A genome. The DR sequences of the circularized
genome are delineated. (C) Putative head-to-tail concatemers, produced by
rolling circle replication. The SfiI site appears once per unit-length viral DNA.
(D) SfiI cleavage of the replication intermediates yields unit length genomes
with SfiI termini. (E) Ligation of the SfiI-cleaved HHV-6A and the SfiI-cleaved
pNF1267, produced the HHV-6A-BAC (pNF1268).

Fig. 2. Restriction enzyme digests of HHV-6A-BAC clones 15, 20, and 44 (pNF1268). The clones were digested with (A) SfiI (S) and BamHI (B), (B) NotI (N), and
(C) NdeI (Nd). The digested BACs were analyzed in pulse field gels along with the high molecular weight (M) and 1-kb markers. Some of the marker sizes are
noted. Arrows in between A and B point to sizes of fragments of the HHV-6A-BACs. The SfiI fragments of approximately 160 kb, corresponded to the intact
HHV-6A genome and the approximate 11.5 kb corresponded to the re-engineered BAC plasmid. Arrows point to the approximate 2.2-kb NotI fragments,
containing the amp/puro cassette and the fragment between positions 6,139 bp to 8,332 bp; the approximate 66-kb and 76-kb fragments represent the fragments
as expected from the sequence.
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fragments of sizes approximately 76 and 66 kb and approxi-
mately 10- and 2.2-kb fragments. (iii) BamHI and NdeI gener-
ated multiple bands, as expected from the PubMed sequences.
These patterns and digests with five additional enzymes, cleaving
at multiple sites were grossly similar in the three BAC clones
obtained in independent BAC cloning experiments. (iv) Blot
hybridization analyses with a pac-2-pac-1 probe were done as
later discussed in the text.

Stable Retention of HHV-6A-BAC pNF1268 in 293T Cells. The 293T
cells were transfected with pNF1268, containing the GFP
marker and the puro-selection gene. Three days later, the cells
were treated with puromycin and continuously passaged in the
presence of the drug. At 72 h post-transfection (p.t.), an esti-
mated 10% of the cultured cells expressed GFP. The fraction of
puro-resistant GFP cells increased significantly upon passaging.
At 30 days p.t., the majority of the cells expressed GFP (Fig. 3
B and C), and retained the viral genome as judged by PCR.

Complementation of HHV-6A-BAC Viral Gene Expression by UV Light-
Inactivated Virus. Viral gene expression was not detected in
Western blots of SupT1 cells transfected with the HHV-6A-
BAC, most likely due to the low transfection efficiency and the
absence of virion protein(s) brought into the cells and serving to
induce immediate early gene expression. For the closely related
HCMV, it was reported that the addition of the pp71 tegument
protein, encoded by the UL82 gene, to transfecting BAC-CMV
plasmid resulted in a 30-fold increase in plaque formation (23).
In the absence of a known protein serving as enhancer of
HHV-6A immediate early gene expression, we tested whether
UV-inactivated helper virus could supply the enhancing protein
function(s). The level of UV irradiation was first calibrated to
obtain loss of viral infectivity. Triplicate cultures of SupT1 cells

were transfected with the pNF1268 vector. A second set of
parallel cultures were exposed to the UV-irradiated virus. A
third set of parallel cultures were transfected with the pNF1268
vector, and 48 h later, they received equal amounts of UV-
inactivated virus. The cultures were monitored daily by light and
fluorescence microscopy, and the cytopathic effect (CPE) and
viral gene expression were followed. The results can be summa-
rized as follows. (i) Approximately 1% of the transfected cells
showed limited fluorescence by 24 h p.t. (Fig. 3D), reflecting
inefficiency of transfection of large DNA molecules (such as the
HHV-6A BACs) into lymphocytes. (ii) The relative fraction of
fluorescing BAC-containing cells was further decreased upon
cell division. (iii) The cultures receiving the UV virus showed
very limited infection. (iv) In contrast, the third set of cultures
receiving both transfected BAC and the superinfecting UV-
inactivated virus showed some CPE in the GFP-containing cells,
already at 4 days (Fig. 3E) and 8 days (Fig. 3F) p.i. (v) GFP
expression prevailed longer in the BAC transfected-superin-
fected cells compared to the cells receiving BAC alone. (vi) Viral
gene expression was monitored 8 days p.t. by Western blot
analyses. Expression of the early p41 DNA polymerase accessory
protein and the late envelope glycoprotein complex gp82-gp105
was followed employing the 9A5 and 2D6 mAbs of Bala Chan-
dran and colleagues (28, 29). The proteins were quantified by
densitometric analyses and resultant values were normalized
relative to the eIF2�‘‘housekeeping’’ gene expression. Fig. 3G
quantifies the expression of the viral genes in cells receiving both
the HHV-6A-BAC and UV-inactivated helper virus relative to
the cells receiving only the UV-inactivated virus. The results
revealed 1.6-fold higher recoveries of the p41 protein and
1.5-fold higher recoveries of gp82-gp105 in the cells receiving
both the HHV-6A-BAC and UV-inactivated helper virus, com-
pared to the culture receiving solely the irradiated virus. These

A D
G

B E

C F

Fig. 3. GFP and viral gene expression in 293T and in SupT1-transfected cells. (A) Green fluorescence of 293T transfected cells 72 h p.t. (B) Light photograph of
the transfected cells 14 days after puromycin selection. (C) The same as B, but with green fluorescence filter. (D) SupT1 cells electroporated with the pNF1268
and photographed 24 h p.t. (E and F) Cells transfected with pNF1268 and then superinfected with the U.V-inactivated HHV-6A (U1102) virus. The cells were
photographed 4 days (E) and 8 days (F) post-infection. (G) Viral gene expression in SupT1 T cells transfected with pNF1268 vector and superinfected with UV light
inactivated HHV-6A (U1102). The p41 and gp82–105 proteins reactive with the 9A5 and 2D6 mAb, respectively, were quantified by densitometric analyses. The
amounts recovered corrected for loading of the sample relative to the eIF2� ‘‘housekeeping’’ gene. Shown are the average ratios of proteins recovered from
cells transfected with pNF1268 and superinfected with HHV-6A-UV compared to the proteins in cells infected solely with the UV-irradiated HHV-6A.
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results were significant, considering the fact that the initial BAC
electroporation efficiency was low.

HHV-6A-BACs and the Viral DNA Replication Intermediates Contain a
Single DR. The direct BAC cloning allowed ‘‘freezing’’ of indi-
vidual circular or concatemeric DNA replication intermediates.
Restriction enzymes, blot hybridizations, and PCR analyses
revealed two aspects of the replicating viral DNA: (i) The
HHV-6A (U1102) currently propagated in the laboratory in
SupT1 cells had short DRs of approximately 2.7 kb in size. By
comparison, viruses from stocks produced earlier in cord blood
mononuclear cells (CBMC) contained DRs of approximately 8
kb as reported (5, 6), and as summarized in PubMed for
HHV-6A (accession NC�001664). (ii) Restriction enzyme, blot
hybridizations with the pac-2-pac-1 probe, and PCR analysis
revealed that the HHV-6A within the viral-BAC clones con-
tained a single DR rather than duplicated DRs, expected if DNA
circularization produced stable DR-DR junctions. Specifically,
cleavage with restriction enzymes possessing a single site within
the DR, including the NotI, AsiSI, and BamHI did not yield an
approximate 2.7-kb band hybridizable to the pac-2-pac-1 probe.
Furthermore, the NotI sites are located in DRL at 6,139 bp and
in DRR at 157,372 bp. If genome circularization would yield a
stable double DRs we would expect an approximate 2.7-kb
fragment between these sites. No such fragment was detected. In
contrast, two NotI fragments hybridized with the pac-2-pac-1
probe (Fig. 4), as expected with a single DR: (i) A NotI fragment
of size approximately 2.2 kb, from the NotI site in the DR to the
NotI site in the unique region. This fragment was verified by
sequencing (ii) the approximate 76-kb fragment, going leftward
from the NotI site in the DR into the unique region (Fig. 4A, lane
4). The NotI fragments of approximately 10 and 66 kb did not
contain the pac-2-pac-1 sequences and although visible in the
ethidium bromide (EtBr)-stained sample (Fig. 4A, lane 2), they
did not significantly hybridize with the probe. AsiSI has sites at
positions 7,333 bp in DRL at 158,566 bp in DRR, and a third site
within the unique region at position 18,973 bp. No 2.7-kb

fragment was detected in the blot. The approximately 24-kb and
134-kb fragments hybridized as expected (Figs. 4A, lane 5, and
5D). Finally, BamHI produced hybridizable fragments of ap-
proximately 5.2 and 15.2 kb, but not a fragment of 2.7 kb (Figs.
4B and 5D). Based on these results, the BAC clones and the
majority of replicating DNA contained only a single DR. Later
stages of viral DNA maturation were expected to duplicate the
DRs and produce the pac-2-pac-1 signal before cleavage and
packaging.

The presence of a single DR in HHV-6A-BACs and replicat-
ing DNA was confirmed by PCR of the BAC clones 15, 20, and
34 with primers from the U99 to the U2 genes (149,615 to 9,325
bp). The three BACs yielded a fragment of approximately 5.5 kb,
corresponding to a single DR and the flanking unique sequences
(Fig. 5 A and B). If there were two DRs, flanked by the unique
sequences the PCR would yield an approximate 8.2-kb fragment.
The same size (�5.5 kb) fragment was obtained in PCR of DNA
prepared by Hirt extraction or from total DNA of HHV-6A
(U1102) infected cells (Fig. 5 A and B), indicating that the single
DR was a property of the replicating DNA intermediates which
were cloned into the BAC. To verify the results, an additional
PCR from positions 150,277–8,383 bp, was done and yielded a
fragment of approximately 3.9 kb, compatible with a single DR
(Fig. 5B). A fragment with double DR (�6.6 kb) was not
observed.

Finally, the PCR products from the HHV-6A-BAC and from the
replicating intermediates prepared by Hirt extraction from the
HHV-6A-infected cells were cloned into pGEM vectors and were
sequenced starting from the flanking unique regions. The results
showed that the HHV-6A-BAC clones as well as the replicating
viral DNA contained grossly similar single DR sequences.

Discussion
Direct Cloning of the HHV-6A Genome into BACs. We have described
the BAC cloning of circular or concatemeric DNA replication
intermediates prepared by Hirt extraction, employing SfiI which
cleaves once per genome. The procedure was rapid and repro-

Fig. 4. Restriction enzyme and Southern blot analyses of HHV-6A-BAC with Pac-2-Pac-1 probe. (A and B) Shown are mixtures of the large size marker (M) and
the 1 kb marker (lane 1) next to HHV-6A-BAC DNA digested with the restriction enzymes NotI, AsiSI, and BamHI. The Southern blot of the gel was probed with
the pac-2-pac-1 probe (A: lane 4 and 5 and B: lane 1). The hybridized bands of approximately 2.2- and 76-kb bands are visible. The band at approximately 10 kb
in the blot is most likely non-specific [as apparent from its low intensity (lane 4)].
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ducible. Several BAC clones produced in three independent
cloning experiments were found to contain intact HHV-6A
DNAs with similar restriction enzyme patterns. Because the
various BAC clones represented the population of replicating
viral DNA molecules, minor variations were observed with
enzymes possessing numerous sites in the genome. The direct
BAC cloning is advantageous for viruses with low infectious
virus yields and replicating in lymphocytes without plaque
isolation capability. It does not require intra-cellular plasmid-
viral DNA recombination. It can be potentially used in addi-
tional human and animal virus families that replicate by double
stranded circular DNA intermediates. Moreover, there are
herpesviruses possessing two or three restriction enzyme sites in
the genome rather than a single site. The direct BAC cloning can
be performed by ‘‘partially’’ cleaving the Hirt-extracted concate-
mers and screening the colonies by PCR primers from the
partially cleaved genomes. Finally, the method can be potentially
used with additional large cloning vectors, including yeast
artificial chromosome (YAC), and phage 1 artificial chromo-
some (PAC).

Although the currently designed HHV-6A-BAC has the entire
viral genome it is as yet not independently infectious and
requires helper functions. Current studies are ongoing to modify
the vector by using the Cre-lox signals to shorten the genome so
it can be packaged.

Additionally, because the SfiI cleavage disrupted the U2 gene
during the generation of the BAC vector, attempts will be made
to insert an intact U2 gene into the vector.

The HHV-6A-BAC Cloning Supports the Model of Viral DNA Replication
by the Rolling Circle Mechanism. The production of large con-
catemeric genomes was found in several herpesviruses and was
suggested to entail the rolling circle replication mechanism,
intermolecular recombinations or both, as reviewed for HSV
(17, 30). We have previously suggested that the naturally

occurring defective genomes and the engineered HSV ampli-
cons replicated by the rolling circle mechanism, as reviewed
(11). The direct HHV-6A BAC cloning presented here was
based on the anticipation that HHV-6 DNA replication oc-
curred by circular or large head-to-tail concatemeric interme-
diates. The BAC clones produced in three independent cloning
attempts appeared to be very similar providing support for the
proposed model that viral replication was by the rolling circle
mechanism.

The HHV-6A-BACs, as well as Parental Replicating Viral DNA Interme-
diates, Contain a Single DR. The BAC cloning allowed the ‘‘freez-
ing’’ of replicating DNA molecules, prior their cleavage and
packaging into virions. Restriction enzyme-blot hybridizations
and PCR analyses revealed that the BAC clones contained a
single DR flanked by unique sequences. Moreover, analyses of
infected cell DNA and Hirt DNA preparations also revealed the
presence of molecules with a single DR.

The presence of single DR vs. DR-DR junctions is a cardinal
question in genome replication and maturation. Although the
DR region contains both pac-1 and pac-2 signals only in the
DR-DR junction the signals are placed adequately for cleavage
to occur (4). The findings of single DRs in replicating DNA
raises the question of how these molecules are packaged. In the
present paper the BAC clones from the Hirt preparations
reflected the DNA molecules in the midst of replication. It is
possible that the replicating concatemeric DNAs are further
matured during packaging producing the juxtaposed DRs which
are then cleaved at the pac-2-pac-1 signals. Indeed several
groups have found HHV-6 DR-DR junctions in their analyses (6,
31–34). Furthermore, in additional experiments to be discussed
elsewhere we also found packaged DNA containing double DRs
in packaging compartments. The lack of PCR products with
double DRs in the present study could have reflected early stages
of viral DNA replication.

Fig. 5. PCR analyses of BAC clones, Hirt extracts, total infected cell DNA. (A) PCR products of the BAC-HHV-6A clones 15, 20, and the Hirt preparation of
HHV-6A-infected cells DNA employing the denoted primers. (B) PCR of BAC clone 34 and total HHV-6A-infected cells DNA, with the two sets of primers as denoted.
(C) A scheme of the PCR results, revealing the presence of a single approximately 2,700-bp DR. The two sets of primers: first set, from U99 up to U2 (positions
149,615 bp sense to 9,325 bp anti-sense yields fragment of �5,500 bp). The second set, from U100 up to U1 (positions 150,277 bp sense to 8,383 bp anti-sense
yields fragment of �3,900 bp). (D) A scheme of the HHV-6A-BAC clone with selected sites of SfiI, NotI (N), AsiSI (A), and the BamHI (B) sites hybridizable to the
pac-2-pac-1 probes. The restriction sites are marked with numbers according to their location in the map.
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The question of single non reiterated terminal repeat se-
quences within replicating DNA pertains also to other her-
pesviruses. In HSV significant proportions of S-L junctions in
replicating viral DNAs contained ‘‘bac’’ junctions with a single
‘‘a’’ sequence (35), as compared to lower proportions of
‘‘baac’’ and higher repeats of ‘‘a’’ sequences. We proposed that
the ‘‘a’’ duplication occurred by the double-stranded break-
gap repair model, similar to bacteriphage lambda DNA re-
combination (7). Duplication of the ‘‘a’’ sequence was found
in experiments with amplicon vectors in which ‘‘bac’’ junctions
gave rise to cleavable ‘‘baac’’ junctions (7, 11, 12). Reduction
of reiterated elements in the concatemeric junctions was also
found for guinea pig CMV genomes (36), and it was reported
by McVoy and colleagues that these genomes almost exclu-
sively contained single copies of the terminal repeat. They
suggested that terminal repeat duplication occurred in con-
junction with cleavage.

Based on the cumulative data we propose that recombina-
tional events lead to reduction of duplicated DR terminal
repeat sequences. Their regeneration during packaging might
be a generalized pattern of herpesvirus DNA replication,
perhaps by the double-stranded break-gap repair model (7).
Current experiments in our laboratory are ongoing to deter-
mine: (i) at which stage one of the HHV-6A duplicated DRs
is removed, most likely by intermolecular homologous recom-
binations and (ii) when are the DRs duplicated, producing the
DR-DR junction, as necessary for cleavage and packaging to
occur.

Methods
Cells and Viruses. The SupT1 CD4� human T cells (37) were obtained from the
National Institutes of Health AIDS Research and Reference reagent program.
The viruses were propagated in SupT1 cells as described before (38). The virus
with the short DR is infectious both by cell-to-cell and cell-free propagation.

The Preparation of HHV-6A DNA by the Hirt Method. The HHV-6A DNA replica-
tion intermediates were prepared by the Hirt method (27). Infected cells were
rinsed with PBS and lysed in 0.6% SDS and 10 mM EDTA. Following 30-min lysis,
5 M NaCl was added to reach 1 M NaCl final concentration. After incubation at
4 °C for 24 h, cell debris was cleared by centrifugation, and DNA in the superna-
tant was purified by phenol-chloroform and ethanol precipitation.

Transfection of 293T and SupT1 Cells with HHV-6A-BAC. Detailed methods can
be found in the SI Text.

Pulse-Field Gel Electrophoresis and Southern Blot Analyses of HHV-6A-BAC with
the pac-2-pac-1 Junction Probe. Detailed methods including probe sequences
can be found in the SI Text.

Direct Cloning of the Intact HHV-6A DNA into BAC and Screening of the Clones.
Detailed methods including primers and oligonucleotides sequences can be
found in the SI Text.
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