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Summary. - Genetic heterogeneity of a wild-type granulovirus (Tunisia isolate) of the potato tuber moth 
Phthorimaea operculella (Phthorimaea operculella granulovirus, Phop GV) has been studied. The heterogene­
ity was indicated by the presence of several submolar fragments in the profiles obtained by use of several 
restriction endonucleases. It was also demonstrated by variations in the restriction profile of the wild-type 
Tunisia isolate that had underwent since 1991 in our laboratory numerous passages in vivo. A comparison of 
the Tunisia isolate used in Egypt in the biological control programme with other PhopGV isolates indicated 
that it could not be related to any of the 3 genotypes previously defined. Five clones obtained from the Tunisia 
isolate in vitro were further grown both in vitro and in vivo. The restriction analysis of these clones demonstrat­
ed that none of them was identical to the parental wild type virus and to any other PhopGV geographic 
isolates. Genotypic differences between the clones were also shown. A 19 kbp BamHl fragment absent in the 
original Tunisia isolate but present in its passages since 1995 at a submolar concentration, was always present 
at a molar concentration in its clones. The presence of this fragment reflects probably a selection of one or 
more variants present in the original isolate and its possible adaptation to the growth in our laboratory condi­
tions. 
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Introduction 

Similarly to nucleopolyhedroviruses (NPVs, genus Nu-
cleopolyhedrovirus) (Knell and Summers, 1981), some gran-
uloviruses (GVs, genus Granulovirus) ) isolated in the field 
consist o f  mixtures o f  genetically heterogeneous variants 
(Crook etal., 1985; Arif etal., 1986; Smith and Crook, 1988). 
In the case o f  PhopGV (tentative species o f  genus Granulo­
virus), several isolates apparently reflecting their geographi­
cal origin have been previously reported (Vickers etal., 1991; 
Kroschel et al., 1996). These authors demonstrated that three 
distinct genotypes could be identified among nine isolates 

Abbreviations: EDTA = ethylenediamine tetraacetate; 
GV = granulovirus; MGM = Modified Grace's Medium; 
NPV = nucleopolyhedrovirus; PhopGV = Phthorimaea opercule­
lla granulovirus virus; Pop-95 = ORS-Pop-95 

originating from several countries and different areas o f  Peru, 
respectively. 

In Egypt, a Tunisia isolate o f  PhopGV was introduced in 
1991 to start a biological control programme for P. oper­
culella. Vickers et al. (1991) described this isolate and found 
that it was probably a mixture o f  two genotypes. A s  the ab­
sence o f  cell lines capable o f  supporting replication o f  GVs 
has hindered their cloning in particular and the progress in 
investigation o f  their molecular biology and genetics in gen­
eral, the mixed genotypes hypothesis could not be proved. 
Until 1995, only the Cydiapomonella model has been avail­
able for the in vitro multiplication of  GVs (Winstanley and 
Crook, 1993), and GV clones have been obtained in vivo 
only (Smith and Crook, 1988, 1993; Crook et al., 1997). 

Having worked on the P. operculella model for several 
years, we have established several cloned and uncloned cell 
lines derived from our first/? operculella cell line obtained 
in 1993 (Léry et al., 1995) and have demonstrated G V  D N A  



14 LÉRY, X. et al.: HETEROGENEITY OF PhopGV ISOLATES AND CLONES 

replication i n  them (Léry et al., 1998). Then, w e  have 
achieved a complete and stable PhopGV multiplication in 
vitro that guaranteed permanent availability o f  this model  
(Léry et al., 1995). In analysing the multiplication o f  
PhopGV in  these cell lines in vitro, w e  have observed a typ­
ical cytopathic effect (Léry et al., 1997) that enabled a plaque 
assay and a cloning o f  PhopGV  in vitro. 

In the present paper, w e  compared restriction profiles o f  
DNAs o f  the PhopGV Tunisia isolate and o f  other geographi­
cal PhopGV isolates. In order to determine the degree o f  heter­
ogeneity o f  this isolate, we analysed changes of its DNA re­
striction profile during 3 years o f  passaging in our laboratory 
conditions. Furthermore, to prove the existence of several vi­
rus variants in the parental wild type isolate, we compared re­
striction profiles o f  DNAs of  the original virus an of its clones. 

Materials and Methods 

Cells. ORS-Pop-95 (Pop-95) cell line (Léry et al, 1997) be­
tween its 15lh and 23th passage was used. It was cultivated in Mod­
ified Grace's Medium (MGM, Léry and Fédiěre, 1990) with 15% 
foetal bovine serum (FBS) at 19°C. The cells were routinely sub-
cultured every 10 to 15 days and the cultures were seeded with 
1 to 2 x 106 cells per a 25 cm2 tissue culture flask. 

Viruses. Three PhopGV isolates, namely Tunisia, Venezuela and 
Australia, isolated from the potato tuber moth P operculella, were 
a gift from Dr. El-Bedewi, International Potato Center (IPC), Cai­
ro. The Tunisia isolate has been used in the biological control pro­
gramme in Egypt since 1991 and passaged in their laboratory in 
larvae of P. operculella of Egyptian origin also reared in their lab­
oratory until 1993, then in our laboratory. The insects were infect­
ed as follows: a suspension was prepared from infected fourth-
instar larvae in a Tris buffer pH 7.5 with Triton X-100; small po­
tato tubers (25 to 30 g) were covered with this suspension and air-
dried; P. operculella eggs were laid on small pieces of filter paper 
which were then pinned on the infected potato tubers. After hatch­
ing, the developed larvae were allowed to feed on the tubers and to 
get infected. The larvae were maintained in the dark at 27°C in 
separate plastic rearing boxes. Fully diseased fourth-instar larvae 
were harvested after 7 to 12 days. Three different in vivo passage 
samples of the Tunisia isolate taken in 1994, 1995 and 1996, and 
designated samples 1994, 1995 and 1996 were analysed in this 
study. 

Virus purification from infected larvae. After 7 to 12 days of 
infection, white diseased larvae were collected and homogenised in 
0.01 mol/1 Tris.HCl pH 7.5 in a Potter-Elvehjem homogeniser. Af­
ter three cycles of clarification by sonication and centrifugation at 
800 x g for 5 mins,at 1,000 x g for 10 minsandat 1,250 x g for 20 
mins, respectively, the last supernatant was centrifuged at 15,000 x g 
for 30 mins. The pellet containing virus was resuspended in 
0.01 mol/1 Tris.HCl pH 7.5, layered on a 30% - 70% (w/v) sucrose 
density gradient and centrifuged at 30,000 x g for 20 mins. The 
band containing granules was collected, concentrated as above and 
resuspended in TE buffer (0.01 mol/1 Tris.HCl pH 7.5 and 1 mmol/1 
ethylenediamine tetraacetate (EDTA) pH 8.0) and stored at -20°C. 

The virus inclusion body concentration was determined spectro-
photometrically using the following equations: A420= 0.8 for a con­
centration of 0.1 mg of granules/ml, and 1 mg of granules 
= 6.0 x 1010 granules (Chang and Tanada, 1978). The supernatant 
was ultracentrifuged at 100,000 x g for 30 mins. The pellet was 
resuspended in Tris buffer overnight at 4°C, layered on a 20% - 50% 
(w/v) sucrose density gradient and centrifuged at 100,000 x g for 
1 hr. The band containing virions was collected, concentrated as 
above and stored at -20°C. 

DNA extraction. Purified granules were suspended inTE buff­
er and incubated at 37°C for 30 mins with an equal volume of 
0.12 mol/1 Na2C03 pH 10.9. The sample was then treated with 
2% Sarkosyl and 0.2 mg/ml proteinase K at 50°C for 2 hrs. The 
DNA was extracted using a standard phenol-chloroform-isoamyl 
alcohol protocol, ethanol precipitated (Summers and Smith, 1987), 
and resuspended inTE buffer. DNA concentration was determined 
from a

2 6 0 .  
Restriction analysis. The Tunisia isolate samples 1994, 1995 

and 1996, the Venezuela and Australia isolates, and the clones 
obtained from the Tunisia isolate samplel995 were subjected to 
restriction analysis. Viral DNAs ( 1 - 2  |ig) were digested at 37°C 
for 2 hrs with restriction endonucleases BamYll, B g III, EcoRl, 
EcoRV, Hindlll, PstI, Sail, Smál and Xhol according to the sup­
plier's protocol (Boehringer). Electrophoresis of genome fragments 
was carried out on 0.75% - 1% agarose gels in TEP buffer 
(0.08 mol/1 Tris.HCl, 0.08 mol/1 phosphoric acid, 2 mmol/1 EDTA, 
pH 8.0) at 60 V for 2 hrs. The gels were visualised and photo­
graphed on a UV-transilluminator. The size of the fragments was 
estimated by comparison with lambda DNA size markers in three 
successive assays. 

In vitro cloning. The viral suspension used for the in vitro clon­
ing was prepared from larvae infected with the Tunisia isolate sam­
ple 1995. Diseased but not dead larvae were homogenised and son­
icated for 1 min in 2 ml of MGM without FBS. After two centrifu-
gations at 5,000 x g for 20 mins and one at 15,000 x g for 30 mins, 
the supernatant diluted in MGM was ultrafiltered (0.45 (im pore 
size). Ten-fold dilutions (0.5 ml) of the filtrate were used for infec­
tion of 1-day-old Pop-95 cell cultures in 35 mm Petri dishes. After 
4 hrs of contact at 19°C, the virus inocula were removed. The cells 
were overlaid with 1% low melting agarose in MGM with 10% 
FBS. After 16 days of incubation at 27°C and appearance of cyto­
pathic effect, the plates were stained with MTT at 27°C for 4 hrs 
and the clones were picked up. They were diluted in 0.5 ml of MGM 
without FBS and recloned twice. Then the clones were grown in 
Petri dishes at 27PC with 2 ml of MGM with 15% FBS. After 2 
weeks, the cells and supernatants were harvested and centrifuged at 
13,000 rpmfor 30 mins in Eppendorf tubes. Each pellet was checked 
for virus multiplication by a DNA dot blot hybridisation test and the 
supernatants were used to multiply the clones in vitro. 

Multiplication of virus clones in cell cultures was performed in 
three passages. One-day-old Pop-95 cell cultures in 25 cm2 flasks 
were used for infection. Aliquots (0.75 ml) of each supernatant 
diluted with the same volume of MGM without FBS were used as 
inocula. After 4 hrs of contact with the cells at 19°C, virus inocula 
were removed and replaced by 4 ml of fresh medium containing 
15% FBS; the cells were incubated at 27°C for 2 weeks. 

Virus purification from infected cell cultures. On day 15 p.i., 
the infected cells were scraped into the medium and the obtained 
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suspension was pooled and centrifuged at 400 x g for 15 mins. 
The pellet was treated with STE buffer (0.15 mol/1 NaCl, 0.02 mol/1 
Tris.HCl, 1 mmol/1 EDTA, 0.5% Aprotinine and 0.5% Nonidet 
P-40) at 0°C for 10 mins under agitation. The treated pellet and 
the supernatant were pooled, homogenised in a Potter-Elvehjem 
homogeniser, sonicated and centrifuged at 15,000 x g for 30 mins. 
The pelleted granules and virions were then purified as described 
above for the virus extracted from the larvae. 

Multiplication of virus clones in larvae. Second- and third-instar 
germ-free larvae of P. operculella reared in our laboratory condi­
tions were fed on small potatoes (16 g each for 25 larvae). The lar­
vae were inoculated on the head capsule using a semi-purified granule 
suspension of cloned viruses produced in vitro. To prepare an inoc­
ulum, the pooled medium and cells from two infected tissue culture 
flasks were centrifuged at 800 x g for 5 mins. The pellet was treat­
ed with 1 ml of STE buffer as described above and the resulting 
supernatant was centrifuged at 15,000 x g for 30 mins. The pellet 
resuspended in 200 ^1 of 0.01 mol/1 Tris.HCl was used as the inoc­
ulum. The infected larvae were kept at 2TC in plastic rearing boxes. 

DNA dot blot hybridisation test. Granules or virions purified 
from infected cells and cellular extracts were used in the test. For 
this purpose, 1 ml of infected cell suspension (1 - 2 x 106 cells) 
or supernatant was pelleted by centrifugation at 13,000 rpm for 
30 mins. The pellet resuspended in 100 |il of TE buffer was incu­
bated at 37°C for 30 mins with an equal volume of 0.12 mol/1 
Na2C03 pH 10.9, and then treated with 2% Sarkosyl and 0.2 mg/ml 
proteinase K at 50°C for 2 hrs. Various dilutions of the resulting 
suspension were subjected to the dot blot hybridisation test. A di-

goxygenin-labelled DNA probe was prepared from a cloned frag­
ment of PhopGV DNA and the whole procedure was performed 
according to the supplier (Boehringer). 

Results 

Restriction analysis of DNA of PhopGV Tunisia isolate 

To obtain restriction profile o f  the PhopGV maintained in 
our laboratory, DNA o f  the Tunisia isolate sample 1995 was 
digested with 9 restriction endonucleases, namely BamHl, 
BglU, EcoR\, EcoRV, Hindill, Pstl, Sail, Smal and ATzoI, and 
the obtained fragments were separated by agarose gel elec­
trophoresis (Fig. 1, Table 1). Besides distinct molar bands, 
also faint submolar bands were observed with two restriction 
endonucleases, BamHl (19.0 kbp B band and 5.90 kbp K 
band)) axiáXhol (20.0 k b p  B band). Summing o f  sizes o f  the 
molar fragments gave similar results (mean 113.48 kbp). 

Restriction analysis of different samples of PhopGV 
Tunisia isolate 

Using the same restriction endonucleases, different sam­
ples o f  PhopGV Tunisia isolate passaged in our laboratory, 

Table 1. Number and size of restriction fragments of PhopGV l\inisia isolate sample 1995 DNA 

Fragment 

Restriction endonuelease 

Fragment BamHl EcoRl HindUl Pstl EcóKSf Sali Smal BglU Xhol 

A 26.00 20.50 21.00 38.00 23.00 14.50 36.00 20.00 33.00 

B 19.00* 20.50 14.00 38.00 15.50 9.60 36.00 13.80 20.00* 

C 17.50 13.80 10.30 17.00 10.60 9.60 24.00 9.70 14.60 

D 11.30 13.80 8.00 17.00 7.50 7.40 10.00 9.40 12.20 

E 10.20 12.80 7.00 3.05 6.70 6.80 7.10 9.40 11.20 

F 9.90 9.20 7.00 1.25 6.20 6.40 8.30 10.20 

G 8.70 7.30 6.20 6.20 6.40 8.30 8.50 

H 7.50 6.40 5.80 5.90 5.10 8.10 6.40 

I 7.50 3.40 4.60 4.10 5.00 6.40 6.40 

J 6.00 3.00 3.90 4.10 4.60 5.40 5.40 

K 5.90* 2.80 3.60 4.00 4.50 5.10 3.85 

L 2.85 3.40 3.80 4.20 4.60 1.70 

M 2.75 3.20 3.30 4.20 3.80 
N 0.92 3.15 3.20 3.90 1.30 
O 0.83 2.50 3.05 3.80 
P 0.68 2.05 2.90 3.20 
Q 0.57 2.05 1.60 3.05 
R 1.50 1.50 2.50 
S 1.50 2.30 
T 1.30 2.15 
U 0.90 1.85 
V 0.85 1.55 

W 0.80 

Total 113.20 113.50 113.80 114.30 113.15 113.40 113.10 113.60 113.45 

The values represent estimated sizes in kbp. *Distinet (molar) bands accompanied b y  additional faint (submolar) bands not taken in consideration. 
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Fig. 1 
Restriction profiles of  PhopGV Tunisia isolate sample 1995 DNA 

ffinrflll/lambda DNA size markers (lane 1), BamW (2), EcoRl (3), Hindlll (4), Pstl (5), EcoRV (6), Sail (7), Smal (8), Bglll (9) and Xhol (10). 

namely Tunisia isolate samples 1994, 1995 and 1996 repre­

senting different passage samples taken in the respective 

years, were compared. The isolates Venezuela and Austral­

ia were also included in the comparison. Besides, data on  

the original Tunisia isolate as well as on Peru (Vickers et 
al, 1991) and Yemen isolates (Kroschel et al., 1996) were 

used for  comparison. Three o f  nine restriction endonucle-

ases used gave differences in the respective restriction pat­

terns. 
The results with fiawHI are listed in Table 2. When com­

paring the samples o f  the Tunisia isolate f rom 1994-1996, 
2 closely situated faint bands o f  6.00 kbp (J) and 5.90 kbp 
(K) o f  the same intensity were found in the 1994 sample. In 
the 1995 sample, the proportion of the submolar K band 
decreased and was none in the 1996 sample. On the contra­
ry, the submolar J band was present at a molar concentra­
tion as fa r  back as in the 1995 sample. After this date, a 
submolar 19.00 kbp B band appeared in the restriction pro­
f i le  o f  the isolate (Fig. 2). N o  submolar bands were found 
in the restriction profi le o f  original Tunisia isolate by Vick­
ers et al. (1991). These authors estimated the total size o f  
DNA of  this virus at 114.86 kbp, while w e  found a value of 
113.2 without the submolar fragments. A comparison of  
restriction data on  PhopGV isolates o f  other origin also re­

vealed some differences. The Yemen (Kroschel et al., 1996) 

and Lima (Vickers et al., 1991) isolates were identical to the 

Tunisia isolate (Vickers etal., 1991). The B band was present 

at a molar concentration in both the Venezuela and Austral­
ia isolates. The submolar bands o f  10.2, 8.7 and 5.9 kbp  (E, 
G and K )  present in the Australia isolate were absent in the 
Venezuela isolate (Fig. 2). 

N o  differences could be detected in the Smal restriction pro­
files of the 3 samples of the Tunisia isolate from 1994—1996, 
and of the Australia and Venezuela isolates. The profiles o f  
these samples were different f rom those described previ­
ously (data not shown). In the original Tunisia isolate, Vick­
ers et al. (1991)observedasubmolarbandof26.0 kbp which 
was present in molar concentration in the Peru isolate, while 
a 7.5 kbp band found in the original Tunisia isolate was 
absent in the Peru isolate but  was present in all the samples 
o f  the Tunisia isolate f rom 1994-1996 at molar concentra­
tions. In contrast, a 6.2 kbp submolar band present in the 
Peru isolate was found as a double band in the original Tu­
nisia isolate. All these bands were absent in the Yemen iso­
late. 

Only few differences were observed in  Xhol restriction 
profiles of the three samples o f  the Tunisia isolate f rom 
1994-1996 (data not shown). Only a submolar 20.0 kbp band 
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B present in the samples until 1995, and also present in the 
Australia and Venezuela isolates, could differentiate the sam­
ples. This band was absent in the previously described 
PhopGV isolates. On the contrary, an additional band rang­
ing in size from 3.5 to 4.3 kbp, absent in our samples, was 

present in these isolates (Table 3). 

Characterisation of clones ofPhopGV Tunisia isolate 

After the third cycle o f  selection by plaque assay, 12 
clones were subjected to DNA dot blot hybridisation test. 
Five o f  these clones that gave a strong hybridisation signal 
and corresponded to the most pathogenic clones were se­
lected for multiplication in vitro. After three serial passages 
o f  the clones only small amounts o f  granules were obtained 
from them after purification. Therefore, the clones were then 
grown in vivo in germ-free laboratory-reared larvae o f  
P. operculella and sufficient amounts o f  DNA for further 
restriction analysis were obtained in this way. 

Fig. 2 
BamWl restriction profiles of DNAs of various PhopGV isolates and 

samples 
Tunisia isolate sample 1994 (lane 1), Tunisia isolate sample 1995 (2), 
Tunisia isolate sample 1996 (3), Australia isolate (4), Venezuela isolate 
(5) and (/fini/III+jEcoRiyiambda DNA size markers (6). 

Table 2. Comparison of BamHl restriction fragments of DNAs of various PhopGV isolates and samples 

PhopGV 

Fragment Tunisia" Tunisia Tunisia Tunisia Yemenb Australia Venezuela Peru" 
isolate sample sample sample isolate isolate isolate isolate 

1994 1995 1996 

A 25.00 26.00 26.00 26.00 26.00 26.00 26.00 25.00 
B 19.00- 19.00° 19.00 19.00 
C 17.50 17.50 17.50 17.50 18.00 17.50 17.50 17.50 
D 11.30 11.30 11.30 11.30 11.40 11.30 11.30 11.30 
E 10.60 10.20 10.20 10.20 10.30 10.20® 10.60 
F 10.20 9.90 9.90 9.90 9.80 9.90 9.90 10.20 
G 9.00 8.70 8.70 8.70 8.40 8.70c 9.00 
H 8.10 7.50 7.50 7.50 7.60 7.50 7.50 8.10 
1 8.10 7.50 7.50 7.50 7.60 7.50 7.50 8.10 
J 6.00 6.00" 6.00 6.00 6.10 6.00 6.00 6.00 
K 5.90d 5.90° 5.90-
L 3.00 2.85 2.85 2.85 2.90 2.85 2.85 3.00 
M 2.85 2.75 2.75 2.75 2.80 2.75 2.75 2.85 
N 0.96 0.92 0.92 0.92 1.05 0.92 0.92 0.96 
0 0.88 0.83 0.83 0.83 0.95 0.83 0.83 0.80 
P 0.74 0.68 0.68 0.68 0.75 0.68 0.68 0.74 
Q 0.63 0.57 0.57 0.57 0.65 0.57 0.57 0.63 

Total 114.86 113.15 113.20 113.20 114.30 113.30 113.30 114.86 

The values represent estimated sizes in kbp. 
"Data taken from Vickers et al. (1991). bData taken from Kroschel et al. (1996). '-Faint bands not taken in consideration. ''Faint bands taken in 
consideration, as a unique band. 

The production o f  granules in vivo gave different results 
in dependence on  the clone. The granule yields varied f rom 
1.82 x 109 granules/larva (for the clones 4.2, 4.4 and 6.1) 
to 5.0 x 109 granules/larva (for the clones 8.1 and 8.2). In 
comparison, using a viral suspension o f  108 granules/ml, 

the in vivo yields o f  the w i l d  type sample 1995 were around 
2 x 0 1 0  granules/larva. 

Each clone was  digested wi th  the restriction endonucle-
ases used for the characterisation o f  various isolates and 
samples and was compared with  the w i l d  type sample 1995. 
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Table 3. Comparison of  Xhol restriction fragments of  DNAs of  various PhopGV isolates a n d  samples 

PhopGV 

Fragment Tunisia' Tunisia Tunisia Tunisia Yemen Australia Venezuela Peru 
isolate sample sample sample isolateb isolate isolate isolate" 

1994 1995 1996 

A 28.00 33.00 33.00 33.00 30.00 33.00 33.00 28.00 
B 20.00c 20.00° 20.00° 
C 15.00 14.60 14.60 14.60 14.60 14.60 14.60 15.00 
D 11.80 12.20 12.20 12 20 12.20 12.20 12.20 11.80 
E 11.00 11.20 11.20 11.20 11.00 11.20 11.20 11.00 
F 10.00 10.20 10.20 10.20 10.00 10.00 10.00 10.00 
G 9.00 8.50 8.50 8.50 8.60 8.60 8.60 9.00 
H 6.00 6.40 6.40 6.40 6.40 6.40 6.40 6.00 
I 6.00 6.40 6.40 6.40 6.40 6.40 6.40 6.00 
J 5.60 5.40 5.40 5.40 5.40 5.40 5.40 5.60 
K 4.30 3.85 3.85 3.85 3.60 3.85 3.85 4.30 
L 4.30 3.50 4.30 
M 1.60 1.70 1.70 1.70 1.60 1.70 1.70 1.60 

Total 112.60 113.25 113.20 113.20 113.30 113.20 113.20 112.60 

The same legend as in Table 2. 

1 2 3 4 5 6 7 

Fig. 3 
BamHl restriction profiles of  DNAs of  various clones of  PhopGV 

///wcffll/lambda DNA size markers (lane 1), Tunisia isolate sample 1995 
(2), clone 4.2 (3), clone 4.4 (4), clone 6.1 (5), clonc 8.1 (6) and clone 8.2 
(7). 

8.2, gave the same profi les as the Venezuela isolate, whi le  
all the other clones behaved differently. 

Using  Smal (Tig. 4), n o  submolar bands could b e  de­
tected in the clones as well as in the parental wild type vi­
rus. The clones presented differences in the largest frag­
ments A, B, C and D. The clones 8.1 and 8.2 were identical 
and had 2 double bands o f  26.0 and 22.0 kbp. The clones 
4.4 and 6.1 were identical and presented 2 double fragments 
with molecular weights o f  25.0 and 23.0 kbp. Finally the 
clone 4.2 had a unique quadruple band o f  24.0 kbp. All the 
clones were different from the parental wild type virus (Ta­
ble 5). 

InXhol profile, only the clone 6.1 was different from the 
others with a submolar band o f  20.0 kbp, observed in the 
parental wild type virus and also in the Venezuela and Aus­
tralia isolates. The other 4 clones were similar to the Tunisia 
isolate sample 19^4. 

Three o f  these enzymes, BamHl, Smal and Xhol, showed 
differences among the clones. 

Using  BamHl (Fig. 3), submolar bands allowed to dis­
tinguish 3 different profiles. In the clone 4.4, bands E 
(10.2 kbp),G(8.7 kbp)andK(5.9 kbp) were present. Bands 
E and G were also present in the clone 6.1. N o  submolar 
bands could be detected in the clones 4.2, 8.1 and 8.2. A 
comparison o f  the clones with the wild type sample 1995 
(Table 4 )  indicated that all the clones were different from 
the virus from which they were derived. Regarding the pro­
files obtained with other isolates, the clones 4.2, 8.1 and 

Discussion 

The estimated size o f  genome o f  the PhopGV Tunisia 
isolate sample 1995 from our laboratory o f  113.48 kbp (sum 
of  sizes o f  its fragments) is similar to that reported for the 
original Tunisia isolate (Vickers etal., 1991). The submolar 
bands found in DNA restriction profiles o f  the sample 1995 
were genuine because they were reproducible. Submolar 
bands are fairly typical for the majority o f  wild type bacu-
loviruses (Easwaramoorthy and Cory, 1990) which usually 
exhibit some degree o f  heterogeneity (Knell and Summers, 



LÉRY, X. et al.: HETEROGENEITY OF PhopGV ISOLATES AND CLONES 19 

Table 4. Comparison of  BamHI restriction fragments of DNAs of 
various clones of PhopGV Tunisia isolate 

PhopGV 

Fragment 
Tunisia 
isolate 
sample 

1995 

Clone 4.2 Clone 4.4 Clone 6.1 Clone 8 

A 26.00 26.00 26.00 26.00 26.00 
B 19.00" 19.00 19.00 19.00 19.00 
C 17.50 17.50 17.50 17.50 17.50 
D 11.30 11.30 11.30 11.30 11.30 
E 10.20 10.20" 10.20* 
F 9.90 9.90 9.90 9.90 9.90 
G 8.70 8.70* 8.70' 
H 7.50 7.50 7.50 7.50 7.50 
I 7.50 7.50 7.50 7.50 7.50 
J 6.00 6.00 6.00 6.00 6.00 
K 5.90* 5.90* 
L 2.85 2.85 2.85 2.85 2.85 
M 2.75 2.75 2.75 2.75 2.75 
N 0.92 0.92 0.92 0.92 0.92 
O 0.83 0.83 0.83 0.83 0.83 
P 0.68 0.68 0.68 0.68 0.68 
Q 0.57 0.57 0.57 0.57 0.57 

Total 113.20 113.30 113.30 113.30 113.30 

The values represent estimated sizes in kbp. 
•Faint bands not taken in consideration. 

Table 5. Comparison of Smal restriction fragments of DNAs of 
various clones of PhopGV Tunisia isolate 

PhopGV 

Fragment 
Tunisia 
isolate 
sample 

1995 

Clone 4.2 Clone 4.4 Clone 6.1 Clone 8 

A 36.00 24.00 25.00 25.00 26.00 
B 36.00 24.00 25.00 25.00 26.00 
C 24.00 24.00 23.00 23.00 22.00 
D 24.00 23.00 23.00 22.00 
E 10.00 10.00 10.00 10.00 10.00 
F 7.10 7.10 7.10 7.10 7.10 

Total 113.10 113.10 113.10 113.10 113.10 

The values represent estimated sizes in kbp. 

1981; Crook, 1986). Thus, more than one genotypic variant 
was probably present in our Tunisia isolate sample 1995. 
Vickers et al. (1991) describing several geographical iso­
lates o f  PhopGV distinguished 3 different genotypes with 
minor differences. The Tunisia isolate described by these 
authors was considered a mixture o f  2 genotypes and, sim­
ilarly to our observations, faint additional bands were present 
in restriction profiles o f  this isolate. Four o f  the restriction 

Fig. 4 
Smal restriction profiles of DNAs of various clones of PhopGV 

//mrflll/lambda DNA size markers (lane 1), Tunisia isolate sample 1995 (2), 
clone 4.2 (3), clone 4.4 (4), clone 6.1 (5), clone 8.1 (6) and clone 8.2 (7). 

endonucleases tested by these authors (Smal, B gill, Xhol 
and Pstl) but not BamHI showed differences among the iso­
lates allowing to distinguish the three genotypes. None o f  
these genotypes could be completely related to that o f  the 
samples o f  the Tunisia isolate studied by us which appar­
ently represents another genotype. When w e  compared re­
striction profiles o f  our samples o f  the Tunisia isolate from 
1994-1996, we could not detect any differences with Bam­
HI and Xhol. The restriction profiles o f  the Tunisia isolate 
sample 1994 were close to those o f  the original Tunisia iso­
late described by Vickers et al. (1991). This might represent 
(1) an adaptation o f  the original Tunisia isolate after the 
long time passaging in our laboratory which resulted in suc­
cessive mutations (Crook et al., 1985), (2) an in vivo re­
combination between the Tunisia isolate and a putative en­
dogenous PhopGV (Smith and Crook, 1993) or (3), as re­
cently demonstrated on  Cydia pomonella and Cryptophle-
bia leucotreta (Jehle  et al., 1995),  an interspecif ic  
recombination between the Tunisia isolate and another GV 
The sum of  estimated sizes o f  the BamHI fragments E and 
G was equal to the estimated size o f  the BamHI fragment B. 
This probably reflects the elimination o f  a BamHI restric­
tion site on the BamHI fragment B in our samples under 
study. The presence o f  several faint bands in restriction pro­
files o f  the Australia isolate indicated its heterogeneity. With 
regard to the different restriction profiles o f  our Tunisia iso­
late samples from 1994-1996 one cannot exclude a possi­
bility that the Australia isolate was in fact a result o f  con­
tamination of  the Tunisia isolate by the Venezuela isolate or 
vice versa. 

The cloning o f  the Tunisia isolate apparently induced a 
selection, as it has been previously reported by several au­
thors for an in vivo GV cloning (Smith and Crook, 1988; 
1993). Significant differences were observed among the 
clones with those 3 restriction endonucleases {BamHI, Smal 
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and  XhoY) w h i c h  gave differences also among different 
PhopGV isolates. This indicates that probably more than 
two virus variants were present in  the Tunisia isolate sam­
ple 1995 used for cloning. The sizes o f  the Smal fragments 
A,  B, C and D were different probably due to a modifica­
tion o f  respective restriction sites. With BamHl, no clone 
was obtained which contained the E and G fragments, and 
lacked the B fragment. This probably indicates a selection 
o f  one virus variant as the same fragment seemed to be­
come predominant in restriction profiles o f  the more recent 
sample. Considering this possibility, it would be o f  interest 
to study also the other clones obtained which appeared less 
infectious in vitro and to compare their restriction profiles. 
The virus population of  the Tunisia isolate sample 1995 from 
our laboratory is obviously heterogeneous; recombinations 
or mutations have probably occurred in this virus in our 
laboratory conditions and have been observed also in the 
PhopGV Peru isolate (Vickers et al., 1991) as well as in 
other baculoviruses (Knell and Summers, 1981). Thus we 
can reasonably admit the presence o f  more than 3 geno­
types in PhopGV with regard to its worldwide distribution. 
The GV clones obtained in vitro have an advantage over the 
clones obtained in vivo (Cherry and Summers, 1985). The 
use o f  the in vitro model also reduces the risk o f  transposon 
mutagenesis. During an in vivo infection, when virus repli­
cation takes place in various tissues, a higher number o f  
different active transposons may be caught by viral DNA 
than during replication in a cell line (Jehle et al., 1995). 
Our results on the increased production of  the clones 8.1 
and 8.2 suggest that they are more pathogenic than the un-
cloned wild type viruses. This tentative conclusion corre­
lates with previous results that demonstrated that small gen-
otypic differences between closely related GVs resulted in 
large differences in their virulence (Crook, 1981; Harvey 
and Volkman, 1983). Essentially the same results were ob­
tained with other NPVs (Allaway and Payne, 1983; Cherry 
and Summers, 1985). Further studies should be performed 
to analyse more accurately the impact o f  the different clones 
in vivo. A comparison o f  the clones multiplied in vivo and 
in vitro would allow us to establish that their growth in vivo 
did not modify their restriction profiles and other proper­
ties. This should be taken in account provided PhopGV 
clones will be used extensively as viral pesticide. 

In conclusion, we analysed changes in the PhopGV Tunisia 
isolate during its passaging in our laboratory in 1994-1996, 
and using its clones obtained in vitro, we proved the exist­
ence o f  several variants in the original wild virus. One o f  
those variants could be more adaptable to the gowth in our 
laboratory conditions. These results open also the way and 
form the necessary baseline for further studies on GVs, es­
pecially on the P. operculellalPhopGV system. The ma­
jor aim o f  such studies should be a follow-up of  uncon­

trolled populations o f  GVs already used in Egypt and sev­
eral other countries. 
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