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ABSTRACT

The genomic RNAs 1 and 2 of the NW isolate of the Arabis mosaic nepovirus were polyguanylated and amplified by RT-PCR, to
determine the lengths of their poly(A) tails. Primers specific of ArMV-NW RNAs 1 or 2 were used in combination with a primer designed
to hybridize at the junction poly(A)-poly(G) introduced at the end of the poly(A) tail during the polyguanylation procedure of the viral
RNAs. The RT/PCR products were cloned and sequenced. The poly(A) tails in the different clones ranged from 10 to 81 adenosine
residues for RNA 1, and from 10 to 120 adenosine residues for RNA 2, revealing an unexpected variability in the length of the ArMV

genomic RNAs poly(A) tails.
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INTRODUCTION

Arabis mosaic virus (ArMV) belongs to the plant virus
genus Nepovirus of the family Comoviridae. In the wine-
producing areas southwest of Germany, including Neustadt
an der Weinstrasse (NW), ArMV is, along with the Grape-
vine fanleaf virus (GFLV) and the Raspberry ringspot virus
(RpRSV), two other nepoviruses, a causative agent of the
grapevine fanleaf disease. Fanleaf disease is one of the most
widespread and damaging virus diseases affecting grape-
vine. ArMV is transmitted by the nematode vector Xiphi-
nema diversicaudatum, and has a wide natural host range
(Wellink et al. 2000, and references therein).

Nepoviruses have two positive sense, single stranded
genomic RNAs, RNA 1 and RNA 2, which are polyadeny-
lated at their 3’ end, and have a covalently attached small
genome-linked viral protein (VPg) at their 5’ end (for a
review, see Mayo and Robinson 1996). The complete nuc-
leotide sequences of the RNAs 1 and 2 of the grapevine iso-
late NW of ArMV have been reported (Wetzel ef al. 2001,
2004). The full-length sequences of the RNAs 2 of ArMV
isolates from grapevine (Loudes e al. 1995), butterbur, nar-
cissus and lily (Genbank accession numbers AB279739,
AB279740 and AB279741, respectively) have also been
determined, as well as additional partial sequences from
various isolates (Steinkellner et al. 1990; Bertioli et al.
1991; Wetzel et al. 2002a, 2002b).

For most eukaryotic mRNAs, which contain a 5’ cap
structure (m’G(5")ppp(5")N) and a 3’ poly(A) tail, efficient
translation requires mRNA circularisation, which is provi-
ded by the binding of the cap and poly(A) tail to the euka-
ryotic translation initiation factor 4E and poly(A)-binding

protein, respectively (Kapp and Lorsch 2004; Merrick 2004).

The involvement of the poly(A) tail in the replication pro-
cess of polyadenylated positive-strand RNA viruses has
been the focus of more and more attention (Thivierge et al.
2005, and references therein). The deletion of the poly(A)
in viral infectious clones has led in some cases to marginal
infectivity only (Guilford ef al. 1991), or loss of infectivity
(Eggen et al. 1989; Rohll et al. 1995; Kusov et al. 1996).
Thus, the presence of a poly(A) tail, but also its length have

been shown to be of importance in the replicative cycle of
polyadenylated positive-strand RNA viruses (Poon et al.
1998; Pritlove et al. 1998; Tsai et al. 1999; Kusov et al.
2001; Chen et al. 2005; Karetnikov ef al. 2006).

In this paper, we report the use of a RT-PCR—derived
method for the analysis of the length of the poly(A) tail for
both genomic RNAs 1 and 2 of AtMV.

MATERIALS AND METHODS

ArMV-NW was propagated on Chenopodium quinoa, purified, and
the viral RNAs extracted as described previously (Pinck er al.
1988). Purified viral genomic RNAs (100 ng) were used as tem-
plates for polyguanylation using the yeast poly(A) polymerase
(PAP)(USB), as described (Kusov et al. 2001), with the following
modifications. The RNAs were heated at 65°C for 10 min and im-
mediately placed on ice, and then incubated 2 h at 37°C with 1
mM GTP and 1 pl (764U) PAP, in a 10 pl reaction mixture. The
reaction mixture was then phenol/chloroform extracted, chloro-
form extracted and ethanol precipitated. The pellets were resus-
pended in DEPC-treated water, and used for RT-PCR using the
One-Step RT-PCR system (Invitrogen). The cycling conditions
were: 30 min 42°C, 5 min 94°C, 40x(94°C 20 s, 42°C 20 s, 72°C
30 s). The sequences of the different primers were (5’ to 3'): Al-
7123s: ATAACCCAGTTTTAGCACTG, corresponding to nucleo-
tides 7123-7142 on AtMV-NW RNA 1; A2-3561s: TGCTCCGAA
TTTTATGCAAG, corresponding to nucleotides 3561-3580 on
ArMV-NW RNA 2; oligo(dCdT): GAATTCCCCCCCCCCTTT
TTT, designed to hybridize at the junction poly(A)-poly(G) intro-
duced at the end of the poly(A) tail during the polyguanylation
procedure of the viral RNAs, and containing a recognition site for
the restriction enzyme EcoRI. The primer oligo(dT);sV was dege-
nerate at its 3’ end, to hybridize the last nucleotide of the 3’ non-
coding regions and the beginning of the poly(A) tail. The PCR
products were ligated into a pUC19 vector linearised with Smal
and tailed with dTTP as described by Marchuk et al. (1991),
cloned and sequenced. Sequences were compiled and analysed
using the DNASIS program package (Hitachi).
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RESULTS AND DISCUSSION

The G-tailing RT-PCR method used in this study is based
on the ability of the yeast poly(A) polymerase to catalyze
the addition of uridine or guanosine residues at the 3’ end of
poly-adenylated RNAs, although with reduced efficiency
when compared to the addition of adenosine residues (Mar-
tin and Keller 1998). The ArMV-NW genomic RNAs,
which have a poly(A) tail at their 3’ ends, were enzymatic-
ally tailed with guanosine residues prior to RT-PCR. This
procedure, which to our knowledge has not been used for
plant viruses, offered the advantage over previously des-
cribed methods (Poon et al. 1998; Pritlove et al. 1998; Chen
et al. 2005) to amplify the entire poly(A) tails, thus allow-
ing a precise determination of the number of adenosine resi-
dues (Kusov ef al. 2001). The primer combinations used for
RT-PCR from purified polyguanylated viral RNAs were Al-
7123s/oligo(dT),sV and A1-7123s/oligo(dCdT), for ArMV-
NW RNA 1, and A2-3561s/oligo(dT);sV and A2-3561s/
oligo(dCdT), for ArMV-NW RNA 2. RT-PCR products of
the expected length, 225 bp and 277 bp, were obtained with
the primers combinations A1-7123s/oligo(dT),;sV and A2-
3561s/oligo(dT),sV for RNAs 1 and 2 respectively (Fig. 1),
which included a poly(A) tail of 18 adenosine residues in-
troduced by the primer oligo(dT);3V. The primers combina-
tions A1-7123s/oligo(dCdT) and A2-3561s/oligo(dCdT)
produced a more diffuse range of RT-PCR products (Fig. 1,
lanes 1b and 2b), mainly of bigger sizes than those obtained
with the previous primers combinations, for both RNAs 1
and 2. Identical results were obtained in two independant
repeats for each of the ArtMV-NW genomic RNAs, sugges-
ting the presence of poly(As) of various sizes, some of them
being very short, and some being larger than 100 adenosine
residues (Fig 1).

The RT-PCR products generated with the primers com-
binations A1-7123s/oligo(dCdT) or A2-3561s/oligo(dCdT)
were cloned and twenty clones sequenced. The sequences
obtained were between 98% and 100% identical to the cor-
responding sequences on ArMV-NW RNA 1 or RNA 2, res-
pectively. It is unknown if this variability reflected natural
variability in the viral population or were due to mutations
introduced during the RT-PCR procedure. The poly(A) tail
lengths obtained for ArtMV-NW RNA 1 ranged from 10 to
81 adenosine residues, and from 10 to 120 adenosine resi-
dues for ArMV-NW RNA 2 (Table 1), which reflects the
heterogeneity in sizes observed for the RT-PCR products
(Fig. 1). Most of the clones however contained poly(A) tails
between 20 and 30 adenosine residues. It is unclear if this
reflects the distribution of lengths of the poly(A) tails of the
viral genomic RNAs in planta, or the fact that RT-PCR pro-
ducts containing short homopolymeric sequences are easier
to clone than those with longer ones. The range of sizes ob-
served for ArMV-NW is much wider than those observed
for the viral RNA of Hepatitis virus A (HVA), which ranged
between 41 to 60 adenosine residues (Kusov et al. 2001),
but much narrower than those observed for Influenza virus
(Poon et al. 1998; Pritlove et al. 1998) or Bamboo mosaic
virus (Chen et al. 2005), with poly(A)s of lengths of 300
adenosine residues. It remains to be determined if ArMV-
NW RNA molecules with very short poly(A) tails still have
retained some infectivity, or show reduced or loss of in-
fectivity, and which would be the minimal size of a poly(A)
to guarantee an efficient viral replication process. It is also
unknown if the ArMV-NW RNA 2 has longer poly(A)s than
the ArMV-NW RNA 1, or if this result was mainly due to

Table 1 Length of the poly(A) tails of Arabis mosaic virus genomic
RNAs. The number of adenosine residues in the poly(A) tails of the dif-
ferent clones generated by RT-PCR from polyguanylated viral genomic
RNA:s is indicated.

RNA1:

10 15 19 27 29 30 30 31 67 81
RNA 2:

10 19 20 25 29 30 30 80 119 120

209

A

purified ArMV-NW genomic RNAs

RNA 1 AAAAAAAAAA
RNA 2 AAAAAAAAAA
l Poly(A) polymerase tailing (GTP)
RNA 1 AAAAAAAAAAGGGGGG
RNA 2 AAAAAAAAAAGGGGGG
l RT/PCR
RNA 1
GGGGGG
RNA 1-specific primer oligo(dTdC) primer
RNA 2 AAAAAAAAAAGGGGGG

ﬁ
RNA 2-specific primer oligo(dTdC) primer

l cloning and sequencing

NNN(A)xGGGGG
B
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-
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Fig. 1 RT/PCR from the polyguanylated genomic RNAs of the isolate
NW of Arabis mosaic virus. (A) Experimental procedure. (A)x: number
of adenosine residues of the poly(A) tail; G: guanosine residues intro-
duced during the tailing procedure; N: viral nucleotides upstream of the
poly(A) tail. (B) Agarose gel electrophoresis of the RT-PCR products ob-
tained from polyguanylated ArMV-NW genomic RNAs, with primer com-
binations A1-7123s/oligo(dT);sV and A1-7123s/oligo(dCdT) for ArMV-
NW RNA 1 (lanes la and 1b respectively), and with primer combinations
A2-3561s/0ligo(dT);sV and A2-3561s/0ligo(dCdT) for ArTMV-NW RNA 2
(lanes 2a and 2b respectively). M: 1kb DNA Ladder.

the cloning procedure.

The construction of full-length infectious clones of
ArMV would allow the insertion of poly(A) tails of various
lengths in the viral genomic RNAs, and also different
lengths between RNAs 1 and 2, along with additional muta-
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tions in the 3’ non-coding region (Karetnikov et al. 2006).
Their availability would greatly contribute to a better
understanding of the viral replication process, and the func-
tion(s) of the poly(A) tails.

REFERENCES

Bertioli DJ, Harris RD, Edwards ML, Cooper JI, Hawes WS (1991) Trans-
genic plants and insect cells expressing the coat protein of Arabis mosaic
virus produce empty virus-like particles. Journal of General Virology 72,
1801-1809

Chen IH, Chou WJ, Lee PY, Hsu YH, Tsai CH (2005) The AAUAAA motif
of Bamboo mosaic virus RNA is involved in minus-strand RNA synthesis and
plus-strand RNA polyadenylation. Journal of Virology 79, 14555-14561

Eggen R, Verver J, Wellink J, Pleij K, van Kammen A, Goldbach R (1989)
Analysis of sequences involved in Cowpea mosaic virus RNA replication
using site-specific mutants. Virology 173, 456-464

Guilford PJ, Beck DL, Forster RL (1991) Influence of the poly(A) tail and
putative polyadenylation signal on the infectivity of White clover mosaic
potexvirus. Virology 182, 61-67

Kapp LD, Lorsch JR (2004) The molecular mechanics of eukaryotic transla-
tion. Annual Review of Biochemistry 73, 657-704

Karetnikov A, Keranen M, Lehto K (2006) Role of the RNA2 3’ non-trans-
lated region of Blackcurrant reversion nepovirus in translational regulation.
Virology 354, 178-191

Kusov Y, Weitz M, Dollenmeier G, Gauss-Muller V, Siegl G (1996) RNA-

protein interactions at the 3' end of the Hepatitis A virus RNA. Journal of

Virology 70, 1890-1897

Kusov YY, Shatirishvili G, Dzagurov G, Gauss-Muller V (2001) A new G-
tailing method for the determination of the poly(A) tail length applied to He-
patitis A virus RNA. Nucleic Acids Research 29, E57-7

Loudes AM, Ritzenthaler C, Pinck M, Serghini MA, Pinck L (1995) The
119 kDa and 124 kDa polyproteins of Arabis mosaic nepovirus (isolate S) are
encoded by two distinct RNA2 species. Journal of General Virology 76, 899-
906

Marchuk D, Drumm M, Saulino A, Collins FS (1991) Construction of T-vec-
tors, a rapid and general system for direct cloning of unmodified PCR pro-
ducts. Nucleic Acids Research 19, 1154

Martin G, Keller W (1998) Tailing and 3’-end labeling of RNA with yeast
poly(A) polymerase and various nucleotides. RNA 4, 226-230

Mayo MA, Robinson DJ (1996) Nepoviruses: molecular biology and replica-
tion. In: Harrison BD, Murant AF (Eds) The Plant Viruses (Vol 5) Polyedral
Virions and Bipartite RNA Genomes,. Plenum Press, New York, pp 139-185

210

Merrick WC (2004) Cap-dependent and cap-independent translation in eukary-
otic systems. Gene 332, 1-11

Pinck L, Fuchs M, Pinck M, Ravelonandro M, Walter B (1988) A satellite
RNA in Grapevine fanleaf virus strain F13. Journal of General Virology 69,
233-239

Poon LLM, Pritlove DC, Sharps J, Brownlee GG (1998) The RNA poly-
merase of Influenza virus, bound to the 5’ end of virion RNA, acts in cis to
polyadenylate mRNA. Journal of Virology 72, 8214-8219

Pritlove DC, Poon LLM, Fodor E, Sharps J, Brownlee GG (1998) Poly-
adenylation of Influenza virus mRNA transcribed in vitro from model virion
RNA template: Requirement for 5' conserved sequences. Journal of Virology
72, 1280-1286

Rohll JB, Moon DH, Evans DJ, Almond JW (1995) The 3’ untranslated re-
gion of picornavirus RNA: Features required for efficient genome replication.
Journal of Virology 69, 7835-7844

Steinkellner H, Himmler G, Mattanovich D, Katinger H (1990) Nucleotide
sequence of AMV-capsid protein-gene. Nucleic Acids Research 18, 7182

Thivierge K, Nicaise V, Dufresne PJ, Cotton S, Laliberte JF, Le Gall O,
Fortin MG (2005) Plant virus RNAs. Coordinated recruitment of conserved
host functions by (+) ssRNA viruses during early infection events. Plant
Physiology 138, 1822-1827

Tsai CH, Cheng CP, Peng CW, Lin BY, Lin NS, Hsu YH (1999) Sufficient
length of a poly(A) tail for the formation of a potential pseudoknot is re-
quired for efficient replication of Bamboo mosaic potexvirus RNA. Journal
of Virology 73, 2703-2709

Wellink J, Le Gall O, Sanfacon H, lkegami M, Jones AT (2000) Family
Comoviridae. In: van Regenmortel MHV, Fauquet CM, Bishop DHL, Car-
stens EB, Estes MK, Lemon SM, Maniloftf J, Mayo MA, McGeoch DIJ,
Pringle CR, Wickner RB (Eds) Virus Taxonomy, 7" Report of the Interna-
tional Committee on Taxonomy of Viruses, Academic Press, San Diego, CA,
pp 691-701

‘Wetzel T, Meunier L, Jaeger U, Reustle GM, Krczal G (2001) Complete nuc-
leotide sequences of the RNAs 2 of German isolates of Grapevine fanleaf
and Arabis mosaic nepoviruses. Virus Research 75, 139-145

Wetzel T, Fuchs M, Bobko M, Krezal G (2002a) Size and sequence variability
of the Arabis mosaic virus protein 2A. Archives of Virology 147, 1631-1641

Wetzel T, Jardak R, Meunier L, Ghorbel A, Reustle GM, Krczal G (2002b)
Simultaneous RT/PCR detection and differentiation of Arabis mosaic and
Grapevine fanleaf nepoviruses in grapevines with a single pair of primers.
Journal of Virological Methods 101, 63-69

Wetzel T, Beck A, Wegener U, Krczal G (2004) Complete nucleotide sequence
of the RNA 1 of a grapevine isolate of Arabis mosaic virus. Archives of Viro-
logy 149, 989-995



