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Letter to the Editor
Misleading Messengers? Interpreting Baculovirus Transcriptional Array Profiles

In three recent papers, one published last year in the Journal
of Virology by Jiang et al. (6) and earlier studies by Yamagishi
et al. in 2003 (11) and Iwanaga et al. in 2004 (5), RNA was
isolated from insect cells infected with the prototypical bacu-
lovirus Autographa californica multiple nucleopolyhedrovirus
(AcMNPV) and converted to labeled cDNA, which was then
hybridized to microarrays bearing the entire AcMNPV ge-
nome complement of �150 open reading frames (ORFs) in
the form of tailored double-stranded DNA fragments gener-
ated by PCR. In the two most recent reports (5, 6), transcrip-
tion kinetics are represented by numerical data for each ORF,
albeit with unmatched sampling time points and different units
to display transcript levels. For reasons discussed below, these
data may create a highly distorted impression of the kinetics of
viral protein synthesis, and they should therefore be inter-
preted cautiously.

Jiang et al. (6) and Iwanaga et al. (5) both performed real-
time PCR experiments for a selection of ORFs to validate their
array data, and I do not question here the reliability of any of
this information. Curiously, though, Jiang et al. (6) failed to
cite the earlier study, perhaps because it is impossible to su-
perimpose the two array data sets and compare them quanti-
tatively. Qualitative graphical comparisons can be made using
two y axes, as illustrated in Fig. 1 for ORF32 (see below); by
making such comparisons for 10 randomly selected genes
(ORFs 25, 28, 31, 33, 77, 104, 120, 125, 139, and 148), I find
that in six cases, the time of the onset of transcription differs by
more than 8 hours and that in three cases, the time of peak
transcription differs by more than 8 hours (data not shown).
Such variability may be attributable in part to differences be-
tween the AcMNPV genotypes or the cell lines used in the two
studies (see legend to Fig. 1). A more substantial difficulty
arises, however, when these data are invoked to describe the
progression of viral infection in terms of gene expression: any
general assumption that these transcriptional profiles are syn-
onymous with the translational profiles of corresponding
ORFs is probably invalid.

Consider the case of AcMNPV ORF32, which encodes a
viral ortholog of a fibroblast growth factor (vFGF). vFGF is
secreted from infected cells and can attract host hemocytes (2,
7, 8), a phenotype whose significance is not yet well under-
stood; a Bombyx mori NPV mutant lacking vfgf also produced
less budded virus and killed infected insects more slowly than
did the wild type (9), although an equivalent AcMNPV mutant
displayed no such effects (3). In a Northern blot experiment,
Detvisitsakun et al. (2) revealed that a 0.6-kb transcript repre-
senting monocistronic AcMNPV ORF32 mRNA is synthesized
at early times during infection, with rates of synthesis peaking
around 12 h postinfection (hpi) and declining thereafter (Fig.
1). However, a second and longer (1.4-kb) transcript appears at
9 hpi and a third, longer still (3.1 kb), at 12 hpi. By 24 hpi, these
two larger transcripts constitute the overwhelming majority of
mRNA hybridizing to the ORF32-specific probe. The second
transcript appears to comprise ORF32 and the adjacent
ORF33, and although the boundaries of the third were not
predicted by Detvisitsakun et al. (2), they presumably encom-
pass an additional ORF(s).

ORF32 and ORF33 lie in the same orientation on the

AcMNPV genome, so that the 5� half of the 1.4-kb transcript is
occupied by ORF33 and the 3� half by ORF32 (vfgf). A critical
question therefore arises: is vFGF polypeptide translated from
such an mRNA?

The answer is likely to be no. Data in the literature to
support this contention are lamentably scant, but in 1991 Doer-
fler and colleagues (4) published the last in a series of papers
characterizing a region of the AcMNPV genome spanning five
ORFs. Experiments shown in Fig. 2 of that study (4) indicate
that only the 5�-proximal ORF of a multi-ORF polycistronic
transcript is translated. The five ORFs are oriented clockwise
on the genome, and, although Happ et al. (4) were working
with an AcMNPV genotype (isolate E) whose ORF arrange-
ment in this segment differs from that of the genome sequence
(isolate C6) deposited in GenBank (accession number L22858)
(1), the fourth and fifth ORFs correspond to ORFs 132 and
133 of AcMNPV C6. The pattern of transcripts synthesized
from this genomic region appears to be a common one for

FIG. 1. Transcription profiles for AcMNPV ORF32 (vfgf) in Spo-
doptera frugiperda cells. Microarray data from Jiang et al. (6) (filled
circles) and Iwanaga et al. (5) (open circles) are plotted against time
after infection of Sf21 cells with Bac-PH-EGFP (an AcMNPV recom-
binant lacking polh) at a multiplicity of infection (MOI) of 10 and
infection of Sf9 cells with AcMNPV E2 at the same MOI, respectively.
Transcription levels (y axes) are represented using the authors’ explicit
or implicit tabular designations of “Log (normalized expression level)”
(left axis, Jiang et al. [6]) and percent maximum level (right axis,
Iwanaga et al. [5]). The dotted line near the bottom of the plot area
superimposes on these array data my assessment of transcript levels for
monocistronic 0.6-kb ORF32 mRNA, as depicted in the Northern blot
autoradiograph shown in Fig. 2B of Detvisitsakun et al. (2) (Sf21 cells
were infected with AcMNPV L1 at an MOI of 20). The downward
slope of this line begins at 12 hpi, when the intensity of the 0.6-kb band
is maximal, and ends at 48 hpi, the last sampling time point, reflecting
the “slight decrease in transcription at 24 and 48 hpi” noted by De-
tvisitsakun et al.; its peak is linked to the 12-hpi datum point of
Iwanaga et al. in the sense that little more than half of the combined
Northern-analysis band intensities at 12 hpi (2) is judged to comprise
monocistronic vfgf mRNA. Since my assertion in the text is that only
this latter mRNA can yield vFGF polypeptide, the divergent trajecto-
ries of the dotted and solid lines from this time point onward contrast,
impressionistically, the abundance of ORF32-containing polycistronic
transcripts that cannot generate vFGF and the paucity of monocis-
tronic transcripts that can.
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AcMNPV, and it fits with that described above for the less-
complex vfgf region. Nine mRNAs with identical 3� but distinct
5� termini were mapped, and restriction fragments were used
by Happ et al. (4) to select subpopulations of various sizes for
in vitro translation. Notably, in the present context, an EcoRI-
HpaI fragment that selected the four longest transcripts, each
spanning three or more complete ORFs, yielded translation
products including one that was expected from the central
ORF adjacent to ORF132 but lacking those expected from
ORF132 or ORF133. While the three largest selectable tran-
scripts have short 5�-proximal ORFs whose translation prod-
ucts are indistinct, the fourth (3,208 nucleotides) possesses the
central ORF at its 5� end and ORF132 and ORF133 towards
its 3� end. The polypeptide profile obtained after the transla-
tion of this four-component mRNA population is most simply
explained by a model in which the 5�-proximal ORF of a
polycistronic transcript, but no other ORF(s), is translatable.

The existence of “overlapping” baculovirus transcripts of
various configurations, which can include variable numbers
and relative orientations of ORFs as well as variable 5� or 3�
termini, was first reported in the Journal of Virology 23 years
ago (10). However, apart from the experiments by Happ et al.
(4), described above, little attention seems to have been paid to
the implications of these structures for translation. Jiang et al.
(6) appear to have been unaware of this early work: while they
note that members of contiguous ORF “clusters” have similar
transcription profiles, their discussion of this observation is
framed in terms of putative “operon-like” regulatory behavior
and is presented as though the idea were new to baculovi-
rology.

Because the in vitro translation data presented by Happ et
al. (4) are not incompatible with a view of baculovirus infection
in which only the 5�-proximal ORF of a transcript spanning two
or more ORFs can be translated, and because a monocistronic
mRNA may be in decline well before the total population of
transcripts overlapping its ORF has peaked (Fig. 1), the dis-
cussion of baculovirus array profiles in terms of gene expres-
sion should be restricted carefully to transcription. The dis-
crepancy between this circumscribed interpretative framework
on the one hand and, on the other, any broader notion that
currently available array data reflect the translation of a par-
ticular baculovirus gene, is potentially a major one.

I thank Kimiko Hasegawa for her assistance in constructing the
graph.
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Author’s Reply

We are grateful to read Ian Smith’s letter, for it extends the
discussion of the interpretation of baculovirus transcriptional
array profiles. We offer the following response.

Smith comments on the appropriateness of the interpreta-
tion of a correlation between the baculovirus gene expression
pattern and the progression of viral infection. He reasons that
the transcriptional profiles are not necessarily synonymous
with the translational profiles of the corresponding ORFs. He
is concerned that the transcriptional data of our paper (4) and
the two other related papers (3, 7) on baculovirus microarray
analysis might lead to a distorted impression of the kinetics of
viral protein synthesis. We find this concern to be misplaced
since it has become a well-accepted notion that viral transcrip-
tional kinetics offers various insights into the viral replication
program and replication strategies (1, 5, 6). By carefully reex-
amining the three papers (3, 4, 7) that Smith comments on, we
found no suggestion anywhere in the papers that the virus
transcriptional profile is synonymous with the protein expres-
sion profile during the virus infection. All three papers empha-
size that studying the virus transcription program may help us
better understand how viral genes are regulated in different
host cells or in different virus genetic backgrounds.

In addition, Smith is concerned about the variation of the
array data between two of the baculovirus microarray studies
(3, 4). Smith simply shows a two-y-axis comparison graph for
ORF32 as an example of how he analyzed the data. Transcrip-
tional data of 10 randomly selected genes from both sides were
subjected to the analysis. With hidden data, Smith concluded
that both their transcription times of onset and times to the
maximum expression in the two sets of array data were quite
different. Although Smith reasons that the variation might be
due in part to the differences of the genotypes of AcMNPV
(C6 versus E2) and the host cells (Sf9 versus Sf21) used in the
two studies, a more important feature contributing to the dif-
ference was overlooked. These two transcriptional parameters,
which are used to describe the kinetics of gene expression in
the study by Jiang et al. (4), were actually derived from the
regression analysis and not directly obtained from the array
results of two specific sampling time points during the virus
infection. In contrast, in the study by Iwanaga et al. (3), these
two kinetic parameters were not described, and that study did
not have as many sampling time points for the array experi-
ment as did Jiang et al. for their regression analysis. Thus, the
qualitative comparison method shown in Fig. 1 is inappropriate
and the conclusion possibly misleading.

Another major argument raised by Smith concerns the pu-
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tative “operon-like” ORF clusters described in the Jiang et al.
paper (4). Smith cites the Happ et al. paper (2) to describe the
presence of overlapping transcripts between ORF132 and
ORF133. By using this information, Smith suggests that the
“operon-like” structure proposed by Jiang et al. is a misinter-
pretation of the genomic structure of “overlapping tran-
scripts.” However, the two putative “operon-like” regions in
AcMNPV, as proposed in the paper by Jiang et al. (4), are
actually located in ORF89 to ORF94 and ORF141 to ORF150,
not in ORF32-ORF33. The gene products in these genomic
regions (ORF89 to ORF94 and ORF141 to ORF150) appear
to have similar temporal expression patterns (e.g., late-expres-
sion pattern) and biological functions (e.g., structural pro-
teins) in host cells. It would be more logical in a sense to
analyze whether or not the “overlapping transcripts” were
also present in these two genomic regions before drawing
such a conclusion.
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