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However, these studies have not addressed the risk of trans-
ferring foreign genes in vivo from a recombinant bacu-
lovirus to an uncharacterized baculovirus with a different
host range. For this to happen, both parental viruses would
have to co-replicate in the same cell of an insect host. We
have initiated an experimental programme to assess the
frequency of this phenomenon. The most likely scenario in
the field use of viral insecticides is that they will be used in
argas containing the homaologous isolate in the natural popu-
lation, This native virus will probably have an uncharacter-
jzed hos ith acone omitant risk associated with the
vene. Therefore, we have initially
ination between homologous vi-
this study, we have estimated the recambination
frequency between a genetically wodified AcMNPV and
wild type AcMNPV, in order sess the risk of recombi-
nation in vivo. The major d fficulty in studying the process
of recombination s how to distinguish recombinant from
parental viruses. To solve this pmﬁ;km, we constructed a
recombinant AcMNPV, designated A ‘”f‘iﬂ"éﬁiﬂtkﬁ‘\%/ﬂﬂﬁa‘w[
which Tacks polyhedri noter and
coding ro v eoli beta-galactosidase c‘:c‘w;hnm

:oncentrated on rwmml
ruses. In

the complete
1on but has the £

N gene prom

sequence inserted m fiew ol the plO cading region, under the
control of the plU gene promotes
Materials and Methods

Virnses and cells. Spodoptera frugiperda cells (IPLB-51Z

(Vaughn eral, Y977 ) ACMNPY (C6 strain, Possee, ll%?ﬁ Posse
et al., IWM. ACRPR (polyhedrine-negative. pld-positive, Merry-
weather ef af . 1990) were propagated as ammm previously

1692).
Plague titrations, virns ONA purification and cotransfections
serformed as deseribod King and Possee (1992,

(king m‘m Possee,

LT

;‘mhupc’mm i fervae maimained inthe faboratory on seri-
svathetic diet (Hunter e al., 1984,

ermm!w‘/mm‘rw f*wwwwnm fnfectious virus DNAL purificd
from AcRP® was mixed with the plO de transfer veetor,

W e/ (Wever ef al,
andd used 1o cotranstod

pAct l‘)‘)( 3o the presence of Tipofectin
t Spodoptera frugiperda cells, Two days
post-transfection, the progeny virus was harvested and titrated in
a plagque assay, Recombinant virnses were detected by adiding
Soegearl toreach cell culture dish biefore ¢ mmm staiming wi h netral
FORTy. Fhe transfer of Iﬂu lacd coding
repion to the parental virns wis omhmml v the production of a
blue, polyhedrin-negative plaque. Representative pla
imes to ensure genetic homaogencity,
Uhe selected virus was designated AcRPE.UW Llac/ (polyhedrin.
wegative, plo-negative/lacy, positiv ,,)‘m(;l,mmlrlm NS, frugiper
4‘//1 celts to provide working virus stocks. T
h soviras is shown in Fig, 1

Inmodificd AcMNPV (polyheds Vill““[‘)()‘%ili\‘t“\) produe

clive erystalline occlusion bodies (polyhed

red (Possee and Howard,

ques were
isolated and retitrated four t

he genetic organisation

es distine
ra) in virus-infected
cells, However, i was necessary in this experiment to have a

Vo

Fig. §
Genetic organization of AcMNPV and AcRPEUWLIacs
PIE polyvhedrin locus, promoter and gene: pl0, pl0 locus. promoter and
gene, e, ze S} positives (~F - negative

a4e

beta-gatactosid

renetic marker. The
mpmdum polvhedra prevented
ws using the oral route to initiate infection in wLI%L‘m ible insects:
immnd W mm'w ed '[ ni m ae with a mixture of budded.
non-occluded AcRPEUW L Iacd and AcMNPV ﬂ}mmm NS
sirnply h}w;‘»zwwd the gut barrier and placed the virus pz‘: r
dircctly into the haemocoel, which is their normal target after
infected with occluded virus ro[wm,d from

polvhedrin-negative phenotype
inability of the ACRPE W Tac

1O Serve as

tickes

release t“mm gut cells
in the midgut.

Infectious, budded wvirus stocks of AcRPEUWL Jacd and
ACMNPVY were mixed in appropriate proportions to provide a
secondary stock w m equal titers of both viruses. This was confir-

polvhedra

. e o - 4 —y oy .
mied by titration in S frugiperda cells, Thereafier, 2+ 107 PFU of
the mixture, or wmwﬂxcwu cell culture medium. were injected into
the haemocoel of 20 late Ird instar 7. ai larvae. Five days after

injection. most insects displayved symptoms which were LW) alof
virus infection (cream colouration and softening of the cuticl )
Hacmolymph was extracted from these msects and a mlwui
Finfectious virus using a plaque assay. Recombinam
plagues sere identified by staining with X-gal and neutral red.
isolated and retitrated twice to contirm their phenotype.

the presence o

Results and Discussion

The results of the co-infection experiment are shown in
Table 1. Parental viruses were readily identified as polvhe-
drin-positive/colouriess plagues {212) or polyhedrin-nega-
tive/blue plaques (133). Putative recombinant plaques were
identified as polyhedrin-positive/blue plaques (35) or poly-
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Table 1. Numbers of plaques obtained from mixed

infection of T. ni larvae and plaque purification

Initial Before Results of plaque purification Recombination

plague plaque ] )

phenotype purification Mixed phenotype Unstable Recombinant Frequency

PH+/pl0+(lacZ-) 212

PH+/pl0-(lacZ+) 35 12 13 10 2.5%

PH-/p10-(lacZ+) 133

PH-/p10+(lacZ-) 26 3 6 17 4.2%
PH, polyhedrin; p10, p10 gene; lacZ, beta-galactosidase; (+) — positive; () - negative.

hedrin-negative/colourless plaques (26). To ensure that the
polyhedrin-positive/blue plaques were not simply cells co-
infected with both parental viruses, they were isolated and
retitrated twice in insect cells. Table 1 shows that of the 35
plaques originally 1solated, 12 were a consequence of mixed
parental virus infection, 10 were true recombinants, and 13
were not viable and would not plaque on retitration. These
viruses may have been the result of a single crossover event
between two viral genomes, thus representing two virus
genomes essentially joined together, which would be unsta-
ble. The 26 polyhedrin-negative/colourless plaques were
retitrated to ensure that their phenotype was not a conse-
quence of failure to recognize immature polyhedra, or due
to insufficient beta-galactosidase in virus-infected cells to
give a blue colour. Only 3 of the recombinant plaques were
subsequently confirmed as being of parental phenotype; 6
plaque isolates were unstable and lost on retitration. The
genetic organization of the baculovirus recombinants de-
rived by co-infection of insect larvae was confirmed by
analysis of DNA isolated from virus-infected cells (data not
shown).

When considering the outcome of the recombination
experiments the potential recombination events have to be
evaluated. The polyhedrin and p10 gene loci are separated
by 114319 an 19575 nucleotides (Ayres ef al., 1994). Re-
combination could occur on both sides of these loci, thus
transferring both the defective polyhedrin and lacZ genes
from AcRP8.UW1.lacZ to Ac MNPV and the intact polyhe-
drin and pl0 genes in the other direction. These events
would not be recognized in our screening procedure. Alter-
natively, the intact polyhedrin gene could be transferred
from AcMNPV to AcRP8.UW1.lacZ, producing a polyhe-
drin-positive/lacZ-positive virus phenotype; lacZ could also
be transferred to AcMNPV to derive the same phenotype.
Calculating the recombination frequency as the number of
recombinant plaques expressed as a percentage of the total
number of plaques observed, we determined that 2.5% of
the virus progeny had undergone this modification. Finally,
the defective polyhedrin gene in AcRP8.UW 1.lacZ could

recombine at the polyhedrin locus in AcCMNPV to produce
a polyhedrin-negative phenotype also lacking the lacZ gene;
the same phenotype would be generated if the intact p10
gene replaced lacZ in AcRP8.UW I JacZ. It was determined
that 4.2% of the virus plaques had undergone either of these
recombination events, and the overall recombination fre-
quency was 6.6%. Table 1 shows that 212 progeny of the
wild-type phenotype were observed, and 133 progeny of the
AcRP8.UWI lacZ phenotype, following plaque assay of
haemolymph from infected larvae.

Huang et al. (1991) found that during serial passage in
tissue culture of a mixture of wild-type AcMNPV and an
engineered, polyhedrin-negative virus expressing lacZ from
the polyhedrin promoter, the titer of the wild-type AcMNPV
reached approximately 1.7-fold higher titer than the poly-
hedrin-negative recombinant per passage. These results sug-
gest that selection pressure operates in favour of the wild
type virus compared with the polyhedrin-negative, lacZ-
positive recombinant. The ratio from Table 1 of wild type
to engineered virions is 1.6, which concurs with that ob-
tained by Huang e al. (1991). If positive selection pressure
operates on wild type AcMNPV, there would be a tendency
for viruses to retain the polyhedrin gene. However, as
discussed above, polyhedra do not apparently play a part in
infection of tissue culture or insect tissues other than the gut.
While occluded virus is far more efficient at infecting larvae
when administered per os, there is no reason to assume that
the presence of polyhedrin will confer any advantage to
budded virions when injected into the haemolymph of a
larva, or in tissue culture. However, the data presented in
Table 1, and the results of Huang er al. (1991) suggest that
selection, either for polyhedrin-positive virus or against
recombinant virus, is in operation, both in 7. i larvae
following injection of budded virions, and in tissue culture.
The increase in titer of wild type AcMNPV over polyhe-
drin-negative, lacZ-expressing virus may indicate a nega-
tive selection pressure acting against the genetically engi-
neered recombinant producing lacZ, as opposed to a positive
selection pressure acting in favour of polyhedrin-positive
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wild type virus, in insect haemolymph or tissue culture. The
actual process of genetically engineering a baculovirus may
be responsible for a reduction in fitness resulting in negative
selection a wimt a recombinant
laboratoric

Mtis commonly seen in our
that viruses expressing foreign genes have
shightly oluv:mrd L.Dsg values compared with those of their
wild-type counterparts (urw ublished data). Moreover,
Waod ef al. (1993) report that the presence of the £ cali
beta-galactosidase gene in 1‘)(‘»M'hc drin-negative AcCMNPY
considerably increases the 5Tao. Obviously, more extensive
experiments would be necessary in order to comment s
nificantly on selection pressure in insect larvae, but these
results provide initial evidence that latent or persistent
mfections of wild type viruses i i infected with
recombinant baculoviruses iderable selective
advantage over sineered MWMM fw and
this must be Bmm 1 be noted that i dﬁ
refease experi recombinant viral insectici du'

could be mnnf‘a;ﬁxgium;ﬂ ;‘Mwmmwrmw that the potentially unpre-

B

nsects
nay have const
the genctically ¢
nwwl prated. It ¢
NENts (,»ﬂ

dictable genetically engineered virus may be selected against,
Having determir mﬂ the frequency of recombinants be-
IwWeen two /M,MT PV owviruses with different phenotvpes, we

intend to investigate the frequency between AcMNPV and
other vn“nw‘« particularly those which have a different host
range to that of AcCMNPV. wers ef ¢l (1980) observed
il wmmlmmmn frequency in excess of 7% between
RoMNPV and AcMNPV following mixed infection of 7. ni
cells in culture, mapping crossover sites using 21 restriction
enzyme sites as markers.
magnitude as our value of 6.0% for the i1 vivo recombina-
tion 1”‘u“c:qlwr‘|c:,y of AcMNPV and its mutant
AcRPEUWI 1 Croizer and Quoit (1981) observed
s0me w}m ln her recombination 1mquwum of over §0%
between AcMNPY and GmMNP following a single
passage by inoculation of a mixml'c of the viruses into
(. mellonella larvae, and between 80 — 90% after § pas-
sages through insects, using 7 restriction enzyme sites as
markers to map sites of recombination. In both studies, the
recombinants were the result of crossover of genetic mate-

SUmn

rial in two sites only, so that only a single fragment of

"

“foreign DNA" was acquired by cach virus, The naturally
uring AcMMPV-RoMNPVY recombinants extracted by

Simith (m(i Summers (FO80) from wild isolates of RoOMNPY
were the result of recombination events between 4 and 6
sites. Bamuners of of. (1980) found that in 6 out of 7
ACMNPV-RoMNPV recombinants analyzed, crossover
had occurred at o site within the
flanking regions. This was also true of both recombinants
described by Smith and Summers (1980). These results
suggest that there may be preferred sites or hot spots for
recombination. Neither of the two AcCMNPV-GmMNPV
recombinants mapped by Croizier and Quoit (1981) was the
result of a crossover event in this region,

O

polyhedrin gene and

This is of the same order of

This is the first documented evidence of exchange «
foreign genes between baculoviruses in vive, since all other
mu(‘iw&» have involved either naturally occurring virus mu-
tants or recombinants, or cell culture (Smith and Summers,

W{(” Summers ef al., 1980; Croizier and Quoit, 1981
Croizier er al., 1988; Kondo and Maeda, 1991, Xiong ef ol |
1991 ) Hun“ motivation for performing this research is to
determine the likelihood of a natur
quiring a foreign g::jcn‘"m
neered baculovirus i
event. That there i
strated by the

ally occuring virus m:,«-
a genet

iy

uw:i yoeng
}u Iﬂww ng a m.umh nation
58 nee ai for s d‘ mformation is d emon-
apparent existence of a region exhib mes an

mereased tendency to recor "mb nation in the EcoRl
ment (Summers ef al., ‘M(}) considering that this region
containing the polyhedrin promoter wuummmlwﬁuw: for

the insertion of mgu:mst:w.m genes into the viral genome.
Future studies will concentrate on recombination at or be-
tween the loci at which the foreign genes are to be inserted,
usually the polyvhedrin or pl0 sites. This will enable a
comparison of recombination frequencies between
ACMNPY and other baculoviruses with I‘Bw results pre-
sented here. This will provide us with data on recombination
frequencies which are relevant to an assessment of the risks
imvolved in releasing genetically engineered insecticides
into the environment, and bring us a step closer to determi-
ning the probability of the genetically engineered insecti-
cide losing its foreign gene in a recombination event with
other baculoviruses.
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