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Cauliflower Mosaic Virus (CaMV) aphid transmissibility depends on the concomitant presence of an 18 
kDa polypeptide and an intact gene II coding for this P18 protein. The molecular basis of this phenomenon 
can now be analyzed since the complete nucleotide sequence is known for two transmissible (S and D/H) 
and one non-transmissible strain (CM1841). In order to get more detail on this topic, we have determined 
the nucleotide sequence of gene II and flanking regions for an additional strain PV147. The DNAs of strains 
CM1841 and PV147 show considerable homology (more than with strains S and D/H) but these strains 
have opposite phenotypes. In consequence, strain PV147 allows us to specify further the putative point mu- 
tations responsible for the lack of aphid transmission observed with CM1841. The results obtained show 
that substitutions possibly involved in this defective phenotype are only two, instead of live on the basis 
of preexisting data. More interestingly, analysis of the potential effect of such substitutions upon predicted 
secondary structures of the different P18 polypeptides led us to a new hypothesis. Strain CM1841 could 

be mutated in the expression of gene II, a gene intact in other respects. 

CaMV Aphid transmissibility Gene II nucleotide sequence P18 secondary structure Regulation mutant 

1. INTRODUCTION 

Cauliflower Mosaic Virus (CaMV), the best 
characterized DNA plant virus (review, [l]), is 
usually transmitted in nature by aphids [2]. Some 
strains are not aphid transmissible although they 
are still mechanically transmissible [3], and aphid 
transmissibility is known to require the presence of 
an aphid transmission factor (ATF) present only in 
plants that have been infected previously with an 
aphid-transmissible strain of CaMV [4]. The viral 
genome is a double-stranded circular molecule, 8 
kilobase pairs in length, which has been completely 
sequenced for three different strains [5-71. Se- 
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quence analysis has shown the existence of seven 
major open reading frames (ORF), first inter- 
preted as putative unspliced genes of CaMV by 
Franck et al. [5]. Three of these genes have now 
been precisely identified. The major coat protein 
(P42) is encoded by part of ORF IV [5,8], the 
viroplasm protein (P62) by ORF VI [9-111 and 
ATF (P18) by ORF II [12,13]. This mapping of 
ATF has been accomplished by correlating the 
non-transmissible phenotype with absence of P18 
in infected leaves using in vitro constructed dele- 
tion mutants [12,13]. Also, the precise mutation 
which in nature gives rise to a defective phenotype 
is known, in the case of strain CM4-184, to be a 
deletion of 421 base pairs (bp) in ORF II [14,15]. 

One very interesting apparent exception to this 
general picture of ATF is strain CM1841, from 
which the deleted CM4-184 strain arose. Strain 
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CM1841 shows no deletion [16], but nevertheless 
remains non-transmissible [3]. Nucleotide se- 
quence data [6] show that ORF II of strain 
CM 184 1 can encode a P 18 polypeptide with several 
amino acid substitutions, as compared to P18 of 
strains S [5] and D/H [‘7], two strains which are 
transmissible. Since some of these substitutions 
may play a role in protein conformation, we have 
attempted to correlate changes in the predicted 
secondary structure for the gene product of ORF 
II with the lack of aphid transmissibility observed 
for strain CM1841. For this study we have chosen 
strain PV147, from among the cabbage B isolates 
known to be aphid transmitted [3]; furthermore, it 
is more closely related to CM1841 than are the 
other two previously sequenced strains [ 171. We 
first checked PV147 for the presence of P18, and 
determined the nucleotide sequence of ORF II in 
this strain. Subsequently, we compared the secon- 
dary structure predicted for P 18 polypeptides from 
this and the other transmissible and non- 
transmissible CaMV strains. Finally, we discuss 
the possibility that the relevant mutation in strain 
CM1841 affects the regulation of expression of 
P18 rather than its structure. 

2. MATERIALS AND METHODS 

Viruses (cabbage B PV147 from ATCC, B-J1 
and CM4-184) were propagated in Brassica rapa 
(cv Just Right), and DNAs were prepared as 
described previously [ 18,191. Viroplasms were par- 
tially purified as in [20] and proteins were analysed 
by SDS-PAGE (polyacrylamide gel elec- 
trophoresis) as described in [21]. Restriction en- 
zymes from New England Biolabs, Bethesda 
Research Laboratories or Boehringer were used as 
recommended by the manufacturer. Restriction 
fragments were separated by vertical slab gel elec- 
trophoresis [22], localized either by their 
fluorescence in the presence of ethidium bromide 
under UV illumination or by autoradiography of 
32P-labelled material, and eluted eiectro- 
phoreticaIly [23]. They were 3 ’ -end labelled using 
[a-32P]dNTPs and the Klenow fraction of E. c&i 
DNA polymerase I purchased from New England 
Nuclear, and sequenced according to Maxam and 
Gilbert [24]. Nucleotide sequence data were pro- 
cessed using computer programs written by J.P. 
Dumas (unpublished rest&s) to achieve strain com- 

parisons and to translate nucleotide sequences into 
proteins. Predictions of the secondary structure of 
proteins were performed using the algorithm of 
Garnier et al. 12.51. 

3. RESULTS 

3.1. Analysis of the P18 polypeptide from 
strain PVl47 

Viroplasm preparations from strain PV147 have 
been analysed for their protein content (fig.1). A 
polypeptide having a molecular mass of 18 kDa is 
present in PV147 extracts (lanes a, b and e), as it 
is in extracts from strain B-J1 (lane c) which is 
aphid transmitted 1121, whereas as expected it is 
absent from extracts of strain CM4-184 (lane d). 
Previous restriction site mapping [17,26] of strain 

abcde 

Fig.1. Presence of the P18 polypeptide in CaMV strain 
PV147 viroplasm preparations. 12.5% SDS 
polyacrylamide gel-fractionated polypeptides stained 
with silver nitrate. Viroplasm preparations were isolated 
from piants infected with different CaMV strains: 
PV 147 (a) 20 gg and (b) 10 pg of protein from the same 
preparation; PV147 (e) 2Opg of protein from another 
preparation; B-J1 (c) 2Opg of protein; CM4-184 (d) 
201(g of protein. Purified histones were used as 
molecular mass markers and migrated as indicated in the 
left margin; molecular masses are given in kDa. The 
arrow indicates the migration of the P18 pol~peptide. 
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PV147 allowed us to isolate a DNA fragment of 
649 bp, extending from an A/u1 site to a BarnHI 
site (positions 1284 and 1931, respectively, in the 
CM1841 sequence), which spans the entire ORF II 
plus its 5 ’ and 3 ’ flanking sequences. Fig.2 
displays the nucleotide sequence determined for 
this fragment of PV147 and notes differences 
observed between this strain and the other three se- 
quenced strains. Only nucleotide substitutions but 
neither deletions nor insertions are observed within 
ORF II. The corresponding P18 polypeptide se- 
quences are shown in fig.3. Comparison by pairs, 
at the nucleotide or at the amino acid levels are 
presented in table 1. They demonstrate that, 
among the three transmissible strains (PV147, S 
and D/H), PV147 is the most closely related to the 
non-transmissible strain CM1841. If one or more 
of the observed substitutions are responsible for 
the defective phenotype of strain CM1841, the cor- 
responding amino acid in this strain should differ 
from that in all the other three strains. Among the 
10 positions where the CM1841 amino acid se- 
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quence differs from at least one other strain, only 
three positions (amino acids 89, 94 and 105) differ 
from all three. These positions are thus candidates 
as point mutations responsible for the defective 
phenotype of strain CM1841. 

3.2. Predicted secondary structure of the different 
PI8 polypeptides 

One way by which the amino acid substitutions 
described above are likely to affect protein func- 
tion, and thus phenotype, is by modifying protein 
conformation. Such modifications can now be 
conveniently estimated using computer prediction 
of secondary structure. Fig.4 shows the secondary 
structure predicted for the P18 polypeptide encod- 
ed by ORF II of CaMV strain PV147 using four 
conformational states: helical (u-helix), extended 
(.&sheet), coil and turn. The predicted conforma- 
tions for the P18 polypeptide have been similarly 
established for the three additional strains. All 
were compared pairwise. For these comparisons, 
changes which were merely a one-step shift of a 

Ii T 

E AGCTAGG GTAAGCCAGA ACATAGATCT TTTAAAtAAh AAATl AAAAG AAATCTGTGG AGAATAAimGCATTAC GGGfCAACCG I369 

A C G 

CATGTTTATA AAAAAGATAC TATTATTAGA CTAAAACCAl TGTCTCTTAA TAGTAATAAT AGAAGTTATG TTTTTAGTTC CTCAAAAGGG 1459, 

A 

A 

:: 
AACATTCAAA ATATAATTAA TCATCTTAAC AACCTCAATG AGATTGTAGG AAGAAGCTTA CTCGGAATAT GGAGGATCAA CTCATACTTC I 549 

A 
AC G 

GGtTTAAGCA AAGACCCTTC GGAGTCCAAA TCAAAAAACC CGTCAGTTTT TAATACTGCA AAAACCATTT TTAAGAGTGG GGGGTTGAT I639 

AC A A 

TACTCGAGCC AACkAAGGA AATAAAATCC CTTTTAGAAG CTCAAAA;AC TAGAATfAAA AiTCTAGAAA AIGCAATTCA ATCCTTAGA? 1729 

G 
GA T 

AATAAGATTE AACCAGAGCC CTTAACTAAA GAiiGAAGTTA AAGAGCTAAA AGAATCGATT AACTCGATCA AAGAAGCATT AAAGAATATT It319 

ATTGG& ATGGCTAATC TTAATCdAT CCAAAAAGAA GTCTCTGAAA TCCTCAGTGA CCAAAAATCC ATGAAAGCGG ATATAAAAGC 1909 

G T 
T 

TATCTTAGAA ATATTAGGAT cc 1932 

1 GC 

Fig.2. Nucleotide sequence of CaMV ORF II and its flanking regions. Nucleotide sequence of PV147 (P) DNA strand 
,5’ is presented in the 5’ to 3’ direction. Differences with strain CM1841 (C) are indicated below this sequence, and 
differences with the other two strains S and D/H (H) are indicated above it. A, G, C or T are substitutions, and a dash 
indicates a deletion. Initiation and termination codons in ORF II are boxed. ‘I indicates the position of the 

discontinuity 43. Numbering corresponds to the position in strain CM1841 [6]. 
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Fig.3. Primary structure of the P18 polypeptide of 
CaMV strain PV147. Amino acid sequence of PV147 (P) 
protein Pl8 is presented from the N- to the C-terminal 
end. Nomenclature is from IUPAC-IUB. Amino acids 
which differ in strain CM1841 (C) are indicated below 
the sequence, and differences with the other two strains 
S and D/H (H) are indicated above it. Amino acids 
which are identical in two strains but correspond to 

different codons are indicated by =. 

given conformation segment have been neglected. 
In order to assess the degree of consistency of any 
change in conformational state predicted at a given 
amino acid position, the two highest conformation 
parameters, not only the maximal one, have been 
taken into account. The only noticeable change 
between the CM1841 peptide and those of two 
other strains occurs between positions I 15 and 120, 
where a coil region replaces part of the long a-helix 
(positions 100-125) present in P 18 of both strains 
S and D/H. Since, however, this region is identical 
in strains CM1841 and PV147, this change cannot 
be related to the loss of aphid transmissibility. A 
similar conclusion can also be inferred from the 
amino acid sequence comparisons described 
previously. None of the three amino acid substitu- 
tions (positions 89, 94 or 105) which are unique to 
strain CM1841 appear to have a significant effect 
on the predicted conformation of P18 proteins: 

Table 1 

ORF II of CaMV transmissible and non-transmissible strains 

Pairs 
compareda 

Number of 
differences 

Positionsh 

(A) C/P 8 

c/s 13 

C/H 13 

P/S 9 
P/H 13 

S/H 14 

(B) C/P 

c/s 

C/H 

P/S 

P/H 

S/H 

1384 1533 1552 

1363 1384 1553 
1729 1762 1827 

1357 1384 1499 
1730 1732 1777 

1363 1.533 1552 
1357 1499 1533 
1730 1732 1777 

1357 1363 1499 
1732 1762 1777 

62 89 

89 

51 89 

62 

51 62 

51 

1553 1614 1628 1661 

1614 1628 1661 1687 

1582 1614 1628 1653 

I696 1701 1711 1729 
1552 1553 1582 1653 

1553 
1827 

94 

94 

94 

1582 1653 1687 

105 

105 118 

102 105 118 

118 

102 118 

102 

1687 

1696 1701 1711 

1661 1701 1711 

1762 1827 
1687 1701 1711 

1696 1729 1730 

121 127 

121 128 

121 127 

121 128 

127 128 

a CaMV strains have been abbreviated as follows: C = CM1841; P = PV147; S = S; H = D/H 
b Nucleotide positions are from the sequence of strain CM1841 [6]; amino acid positions are numbered from the first 

ATG codon in ORF II 

(A} Comparisons at the nucleotide sequence level. (B) Comparisons at the amino acid sequence level 
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Fig.4. Secondary structure of the P18 polypeptide of CaMV strain PV147. m, a-helix; MMh, P-sheet; -, coil; 
p turns are indicated by a reversal of polypeptide chain. Numbers correspond to the positions of amino acids in the 

sequence presented in fig.3. 

between positions 89 and 99 a P-sheet is followed 
by a turn and a coil segment in all three strains. 
Only the length of these three segments may vary 
slightly from one strain to another. The predicted 
secondary structures obtained with polypeptides 
substituted at each one of these positions singly 
show that only substitutions at position 89 (Thr 
- Asn) or 94 (Gly --+ Arg) could be responsible 
for such very limited changes in length. 

4. DISCUSSION 

The main argument for the involvement of 
CaMV ORF II in the transmission of the virus by 
aphids is the concomitant loss of aphid 
transmissibility and P18 polypeptide when this 
part of the genome is deleted. This conclusion has 
been reached by analyzing deletions introduced in 
vitro in the DNA of transmissible strains B-J1 [12] 
or NY8153 [13] and more recently B-D [27] and S 
[28,29], and by the fact that the naturally occur- 
ring deletion in ORF II of CM4-184 is also 
associated with a defective phenotype and absence 
of P18 [12]. However, strain CM1841, the pro- 
genitor of CM4-184, though likewise defective is 
not deleted. 

In order to determine whether a point mutation 
inside ORF II could be responsible for the loss of 
aphid transmissibility, we have determined the 
nucleotide sequence for the ORF II of another 
strain PV147, whose genome sequence is very close 
to that of CM1841 whereas its phenotype is the op- 
posite. Comparison of primary and secondary 

structures of the P18 polypeptides encoded by non- 
transmissible and transmissible strains have been 
achieved. The knowledge of the PV147 sequence 
turned out to be useful because it restricts the 
number of point mutations which could be in- 
volved in the defective phenotype of CM1841. The 
only candidates are amino acid substitutions at 
position 89 and 94 in P18 polypeptide, correspond- 
ing to nucleotides 1614 and 1628 in the CM1841 se- 
quence, since the Asn substitution at position 121, 
which had been suspected by Armour et al. [13] to 
play a role in the defective phenotype, is excluded 
by our results. The same authors also noticed the 
substitution Gly -+ Arg at position 94, because of 
its possible conformational consequences, but our 
analyses indicate that neither this substitution nor 
the substitution at position 89 have a significant ef- 
fect on the predicted conformations. Thus, the in- 
volvement of any one of these substitutions is not 
very likely in terms of overall conformation, and 
could only be explained by the specific destruction 
of an active site. 

Therefore, we came to another hypothesis: 
mutation in CM1841 could affect the control of ex- 
pression of the P18 gene rather than the gene itself. 
This could result in the absence of the P18 
polypeptide in leaves infected with strain CM1841. 
It is already known that another isolate, the Camp- 
bell isolate, which is non-transmissible and lacks 
P18, is not deleted [12]. In this case, however, the 
absence of P18 can alternatively be due to the ex- 
istence of a stop codon inside ORF II. So far, the 
structural elements responsible for the expression 
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of ORF II are not known. Recently, Woolston et 
al. 1121 suggested a role for upstream control se- 
quences. The main difference between strains 
around ORF II is found just upstream of the first 
ATG codon. Compared to the sequences of strain 
S and CM1841, there is a 5 nucleotide deletion in 
strain D/H and a I nucleotide insertion in strain 
PV147. Since these features modify neither the end 
of ORF I nor the first ATG in ORF II, and since 
they are not specific to strain CMl841, they cannot 
be related to the mutant phenotype. The possible 
control elements could be located in a more distant 
position, affecting either the transcription or the 
processing of the mRNA which encodes the P18 
polypeptide. 
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