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The  nucleotide sequence of  a satellite R N A  (sa tRNA) 
associated with a lilac isolate of  arabis mosaic  virus 
(ArMV) was determined f rom c D N A  copies. The  
sequence was 1104 nucleotides in length excluding the 
poly(A) tail, contained a long open reading f rame 
which encodes a polypeptide of  360 amino acids, with 

an Mr of  39K. Nucleot ide sequence compar i sons  
revealed that  the ArMV-associa ted  s a tRNA shared 
83 % nucleotide identity with a s a tRNA from grapevine 
fanleaf  nepovirus, but no extensive sequence homology  
was observed with other  nepoviral  sa tRNAs.  

Introduction 

Arabis mosaic virus (ArMV) is a nepovirus with many  
antigenic properties in common with grapevine fanleaf 
virus (GFLV;  Hewitt  et al., 1971); however it differs in 
the breadth of its natural host range and in being carried 
usually by a distinct species of longidorid nematode. In 
common with other nepoviruses, ArMV has a bipartite 
R N A  genome each molecule of  which is Y-polyadenyl- 
ated and terminated at its 5' end by a genome-linked 
protein, VPg (Mayo et al., 1982; Hellen, 1987). In some 
instances, natural virus isolates contain a third encapsi- 
dated R N A  molecule, a satellite R N A  (sa tRNA) sensu 
Murant & Mayo (1982). Davies & Clark (1983) described 
an isolate of ArMV (from hops growing in Kent,  U.K.)  
which contained a s a tRNA that closely resembles the 
sa tRNA of tobacco ringspot nepovirus (TobRV; 
Schneider, 1977; Buzayan et al., 1986) in that it occurs as 
linear or circular molecules and has the ability to undergo 
self cleavage. The hop ArMV-associated sa tRNA has 
50% sequence homology with the sa tRNA of TobRV 
(Kaper  et al., 1988). 

When virion R N A  from particles of a lilac (Syringa 
vulgaris) isolate of ArMV was analysed, a third R N A  
(RNA-3) was detected. This, like the sa tRNAs of tomato 
black ring virus (TBRV; Murant et al., 1973 Mayo et al., 
1979; Koenig & Fritsch, 1982; Meyer et al., 1984) and 
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G F L V  (Pinck et al., 1987; Fuchs et al., 1989), resembled 
the viral genomic RNAs  structurally in being 3'- 
polyadenylated, and in having m R N A  activity and a 5'- 
linked VPg. 

Biological properties of the RNA-3 in lilac ArMV and 
evidence for its satellite nature will be published 
elsewhere but here we report its nucleotide sequence and 
make comparisons with sequences of other satRNAs.  

Methods 

Virus propagation and nucleic aeid preparation. ArMV was propagated 
in Chenopodium quinoa and purified from systemically infected leaves 
as described by Harrison & Nixon (1960) except that particles were 
coacervated with 10~ (w/v) polyethylene glycol in the presence of 1% 
(w/v) sodium chloride. RNA was extracted from virions as described 
by Massalski & Cooper (1986). Glyoxal-treated satRNA was 
separated from genomic species by electrophoresis in agarose gels 
(McMaster & Carmichael, 1977) and was recovered by electroelution 
using an ISCO model 1750 concentrator as described by Zassenhaus et 
al. (1982). 

Synthesis and cloning of DNA. The RNA-3 separated from the 
genomic RNAs was used as a template for cDNA synthesis using 
oligo(dT)12_~8 primers and avian myeloblastosis virus (AMV) reverse 
transcriptase. The reaction conditions for synthesis of cDNA were 
based on those described by Cannet al. (1983) and Davies et al. (1978). 
In 50 ~tl of reaction mixture, 5 ~tl of satRNA was mixed with 5 ~tl of 
reverse transcriptase buffer ( × 10) (containing 0.5 M-Tris-HCI pH 8.3, 
1.0 M-NaCI, 100 mM-MgC12, 60 mM-DTT, 5 ~tl each of the four dNTPs (5 
mM), 5 ~tCi[cc-32p]dATP (10 ~tCiAtl, 6000 Ci/mmol), 2 ~tl oligo(dT)~2_18 
(1 mg/ml) and 40 units of AMV reverse transcriptase), and incubated at 
37°C for 30 rain. After extraction with phenol-chloroform, 
cDNA-RNA hybrids were separated from unincorporated nucleotides 
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by chromatography through a mini column of Sephadex G-50 (fine) 
and then precipitated by adding ethanol to 75 % 

The cDNA-RNA hybrids were tailed with dC residues using 
terminal deoxynucleotidyl transferase and inserted into the PstI site of 
riG-tailed pBR322 (Bethesda Research Laboratories) by the method 
described by Cannet al. (1983). The recombinant plasmid was used to 
transform Escherichia coli HB101 and transformants were selected by 
virtue of their resistance to tetracycline and their sensitivity to 
ampicillin. Colonies having plasmids containing RNA-3-specific 
inserts were selected by colony hybridization (Grunstein & Hogness, 
1975) using cDNA prepared from the RNA-3 as the probe. 

DNA sequencing. Clones (A3/3 which contains the longest satellite 
sequence and another of half this size, A3/2, representing the 3' end) 
were both sequenced entirely by the dideoxynucleotide chain termina- 
tion method (Sanger et at., 1977). The inserts were cut out from the 
plasmids with the restriction enzyme Pstl, then digested with HindllI. 
The fragments were subcloned into the HindlII/PstI site of M13 mpl0 
(Messing, 1983) and sequenced using the universal sequencing primer. 
Two primers at nucleotide positions 942 to 959 (5' AACCGGCTAT- 
TATGGGAA 3') or complementary to nucleotides 443 to 461 (3' 
GAACGAAAGGTTAGGAAGA 5') were used to facilitate extension 
of the sequence towards the 3' and 5' ends. These primers were 
synthesized by the phosphotriester method with an Applied Biosystems 
380 B DNA Synthesizer. With M13 reverse sequencing primer 
(Pharmacia), double-stranded replicative forms of M 13 mp 10 contain- 
ing the inserts were sequenced substantially as described by Chen & 
Seeburg (1985) from 5' and 3' ends. Finally, the cDNA inserts were cut 
with HpalI and subcloned into PstI/AccI or AccI sites of M 13 mp 10. All 
fragments were sequenced in both orientations. 

RNA sequencing. A synthetic oligodeoxyribonucleotide complemen- 
tary to the residues 130 to 149 (3' AACATAACAGCACATTCGTG 
5') was used to determine the satRNA sequence at its 5' end by primer 
extension with reverse transcriptase. Approximately 1 ~tg of RNA-3 
and 2 ng of the primer in 10 ~tl reverse transcriptase buffer were 
incubated at 90 °C for 3 min. After gradual cooling to room 
temperature (22 °C), dideoxynucleotide chain termination sequencing 
was done using a Bio-Rad MI3 sequencing RTase Kit and protocols 
supplied with it. 

The terminal sequence was also determined using fluorescent 
dideoxynucleotide terminators and automated fluorescence detection 
with a DuPont Genesis 2000 DNA sequencer (Bauer, 1990). In this 
work a synthetic oligomer complementary to residues 25 to 41 
(3' TATAATTGCGCTTATGT 5') was used with a preparation of 
virion RNA containing RNA-1, RNA-2 and RNA-3. 

Sequencing analysis. This was done using a variety of programs 
(Staden 1982, 1984a, b, 1986; Devereux et al., 1984), available on the 
Oxford University Computing Service VAX/VMS. 

Results and Discussion 

The complete nucleotide sequence o f  R N A - 3  f rom 
A r M V  (lilac) comprises 1104 nucleotides and is pre- 
sented in Fig. 1. The clone A 3 / 3  almost  fully represented 
the s a t R N A  and contained a run o f  30 A residues (not 
shown in Fig. 1) indicating that  the R N A  sequence at its 
3' end had been copied. The sequence at the 5' end, 
obtained when R N A - 3  f rom virions was used as a 
template with the reverse transcript ion kit, terminated 

with two indecipherable nucleotides. These were identi- 
fied as U and A using fluorescent dideoxynucleotide 
terminators;  nei ther  was present in clone A3/3. 

The positive-sense R N A - 3  sequence contains  one long 
open reading frame whereas the negative-sense strand 
contains only short ones; the longest corresponds to 88 
amino acids, a protein o f  approximately  9K. The  first 
A U G ,  at positions 2 to 4, corresponds to an initiation 
codon for a putat ive peptide containing eight amino 
acids. In  this, as in m a n y  other  respects, the A r M V  
s a t R N A  sequence closely resembles that  described by 
Fuchs  et al. (1989); in the G F L V  RNA-3 ,  the corre- 
sponding peptide has 22 amino  acids. The  longest O R F  
of  A r M V  R N A - 3  has three in-frame methionine codons 
at positions 15 to 17, 126 to 128 and 216 to 218 in the 5' 
end region. Proteins initiated at each of  these methio-  
nines would have Mr values o f  38 849, 34673 and 31310 
respectively. W h e n  A r M V  R N A - 3  was translated in 
rabbi t  reticulocyte lysates (Hellen, 1987), three products  
were obtained with Mr values o f  41K, 37K and 36K. The  
41K product  was the most  abundant ,  the 37K protein 
was present in lesser amounts  and the 36K product  was 
barely detectable. By contrast,  Fuchs et  al. (1989), using 
wheatgerm extracts and G F L V  RNA-3 ,  obtained only 
one translation product  a l though the first three methio-  
nines fall in identical positions within the longest O R F  of  
this sequence. We have not yet excluded the possibility 
that  the three translation products  obta ined f rom A r M V  
R N A - 3  result f rom premature  terminat ion after initia- 
tion at the first A U G  or the possibility that  another  
initiation codon is occasionally selected. Fur thermore,  
a l though it is conceivable that  the s a t R N A  o f  A r M V  is a 
mixture of  molecules differing in the positions of  their 
stop codons, we did not find sequence heterogeneity 
between the clones A3/3 and A3/2. 

The 3' end of  the R N A - 3  f rom A r M V  has a non-coding 
region of  seven nucleotides and is thereby shorter than 
the corresponding regions in the s a t R N A s  of  G F L V  (74; 
Fuchs et  al., 1989) or T B R V  (74; Meyer  et al., 1986). The  
region does not  contain the polyadenylat ion signal 
A A U A A A  implicated by Benoist  et  al. (1980) for animal  
m R N A s  and viral R N A s  or that  proposed by Messing et  
al. (1983) for plant  m R N A s  i.e. G / A A U A A 1 - 3 .  The 5' 
end of  the A r M V  R N A - 3  sequence has a non-coding 
leader o f  14 nucleotides preceding the first A U G  o f  
the longest ORF.  The 5'- terminal 11 nucleotides 
( U A U G A A A A A U U )  fits the consensus sequence at the 
5' end of  nepovirus R N A s  noted by Fuchs  et  al. (1989); 
U G / U G A A A A A U / A U / A U / A ) .  

The s a t R N A  of  lilac A r M V  has a base composi t ion o f  
22"7~o A, 2 5 . 7 ~  C, 28 -0~  G and 23 -8~  U. The  
distribution of  bases in the third codon position o f  the 
longest O R F  is 2 2 . 8 ~  A, 22-5~o C, 2 5 . 8 ~  G and 28-5~o 
U. These values indicate a lesser preference for U than  



Downloaded from www.microbiologyresearch.org by

IP:  134.76.223.157

On: Tue, 10 Jan 2017 14:51:11

Nucleotide sequence of a nepovirus satRNA 1 2 6 I  

1 10 20 30 40 50 60 70 80 90 100 110 120 

~TMI l U~UGAAA/~AUL~UCUAUGGA~y~CCCAUAU-'~AACGCGAAUACA~C~UCCUCUCCCA~AGUCUCAGUUGAGAUUCUGGUCCCAACCAAGUAC~CGAAACUGUUUACCCUUAAACAGCUCA 

GFLV UAUGAAAAAUUUCUAUGGACUCUUACGUUACCGUGGAUCCAUCUUUUCACUCUCCCAGAAUCUCAC•JUGAGAUUCUGGUCCCUACCAAGUAUGCGAAGCUGUUUACCCUUAAGCAGCUCU 

121 130 140 150 160 170 180 190 200 210 220 230 240 

ArMV CU~GCAUGCU~GUA~rgGU~GUG~AAGCA~CGUGCACGGCAAGCCGC~AACCC~x~AAGCAAAC~GACCUCCCGAGAUCGAGAUGGGAGUAAAAUAAUGGGUCAGGGACCUC~UGCUGUGG 

:::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::: :::::::::::: :::::::::::: ::: ::::::::: 

GFLV CUCGCAUGCUUGUAUUGUCGUGUAAGC~CCGUGCKCGGC~AGCCC`CU~%ACCCGGUA~GCAAACC~G~CCUCCCGAGKCCGAAAUGGGAGUAAAACAAUGGGUC~GGGUCCi~JCUGCUGUGG 

ArMV 

GFLV 

ArMV 

GFLV 

241 250 260 270 280 290 300 310 320 330 340 350 360 

{ ~ 
G C C C G C G A G U G U C G " ~ G G G A C A C ~ C A G C ~ G U C U G A C G G A G G G G C G A G C C U A G C C C C U ~ U G ~ G U C U 1 ~ G C G C G C A G U A C G U C G U G ~ G C G U C G ~ C U G C C G C . ~ G G C G C ~  - 

C C C C G C ~ G U G U C G ~ G G G A C A C ~ U C A G C . ~ U A G A U G G A G G G G ~ / U U G U C U A G C C C C G G U G ~ G U C . ~ A G C G U G C G G U A C G G C G U G ~ A G C G C C G U A C U G C C G C U . ~ G ~ G G C C A C U A  

361 370 380 390 400 410 420 430 440 450 460 470 480 

{ 
...... C~AAGGC~A~UA~A~CCGUA~AA~GGUGGG~AUUGUGU~ACG~U~GAAGGGGCAGAAGCAGG~GACUUAUUUGU~UAG~U~JG~UUUC~AAU~UU~UGGGG~AAAAU 

AUAAGGCCAAGACCGAGACCAAACUCGU-~JAAAAAGGGUGGGUCUAGUAUCCACGCCCCAAAGGCACCGAAGCGGACGUCGUAU~n~GUCUAGUCUGCU~y~CGAGUCCUUCUGGGGCGAAAG 

481 490 500 510 520 530 540 550 560 570 580 590 600 

ArMV CCAGAAUGGGGG~UGUGAGCAAGCCCCCCCAAACAAAAAAUGCUCCcGACGCCAGCAAGGGUGGUUU~ACCCUUAcUGcUAUCUCA~CCJ~CUGAGUGCcGC~AAGGAAACCGCGCGCAGGU 

::: :::::::::: ::::::::::::::::::::::::::::::::::::::: : :::::::::::::::: ::::::::: ::::::::::::::::: :::: : :::::: : 

GFLV CCAAAAUGGGGGCUCUGAGCAAGCCCCCCCAAACAAAAAAUGCUCCCGACGCCAACGAGGGUGGUUUCACCCUGACUGCUAUCACACCGGCUGAGUGCCGGGCGGAAGCUAGGCGCAGAU 

601 610 620 630 640 650 660 670 680 690 700 710 720 

ArMV UUcAC~CUAUAACUGGUA~CUUCAAGGGUGCCCcUGGGUUUUGCACGCGGUCCCGAGAGGGUUGUGGCGUCUGUGCAGCUUGUGAAGCCAAG~UUGCACAGCUUGGUL~U~GA~GUU 

GFLV UCcA~cCCAUCACAGGAUccUCUCGUGGUccUUAUGGGUUcUGCA~C~GCU~CCG~GAGGGUUGUGGCGUGUGUGC~GAUUGUGUGGAAAAGAAGGCAcA~cUGGACUUCAACCGGAGUU 

721 730 740 750 760 770 780 790 800 810 820 830 840 

ArMV UcGACUCGAUUGGCA~UUCAcGUGUCAUc~GUGUCGAUUCAAUGAAGGAAGAAACUUCUGAUGACAUGGCUAGU~CUAGUGCUACAGAGCCUGUUGGGUUCUGGGCUCCUGCUGAAAA~C 

: ::: : ::::::::::: :::::::: :::::::: :: :::: ::::::: : :: ::: :::: :: ::::::: ::: :: :::::::::::::::::::::::::: 

GFLV UUGACACUAUUGGCACUUCGCGUGUCAUUCGUGUCGACUCGAUGAUGGAAGAAGUGGCCGAAGACUUGGCCAGCCCUAGUGUCCUAGAACCCUCUGGGUUCUGGGCUCCUGCUGAAAAGC 

ArMV 

GFLV 

ArMV 

GFLV 

841 850 860 870 880 890 900 910 920 930 940 950 960 

AGGCCCCUCGUUGGGAGGGACAGCCCAUAAAAAGG~GCGAUGUGGUGACACUCGCACGCGUGACG~CUCCGGAUGU'~GCGUAAGGUUGAUCCCACUUU-UGUGGACAA~UAU 

AGGCUCCUUCUGGAGAGGGGCAU1~CCCGUAGAAGGUGCGACGUGGUGACACUCGCACGCGUAACGCCGGUUCUCCGGAUGUUGCGUAAGGUCGAUCCCACUCUUGUGGACAACCGACUUU 

961 g 7 0  980 990 1000 i010 1020 1030 1040 1050 1060 1070 1080 

{B i°' 
UAUGGG~GCUGCGCACUCAGACAGUI/~/I~UCCUCAGCGCi~GUGCGU--AUCCCUUIJGGUUGCU~/UGGCGACUCGGGGUAGGGAA~ACUG~J~JGCGGGACAUCGU~J~/GU~/I/~U~GUCUGAC 

~AUG~GA~c~GcG~-uAGGAc~uc~c~u~AGc~A.~GuGcGuGuAu~ccAc~w~c~ucuG~GAcc~uGGG~A~G~"~GAtm~cA~cG~A¢AucGu~tm~AuAGuc~Gc 

ArMV 

GFLV 

1081 1090 i i 0 0  i i i 0  

GCAAGUUGGGAUUUUGGUUGCUCULq]AGUCAACOC 

: ::: ::::::::::::::::: :::: :::::: 

GUAAGCUGGGAIJUUUGGUIJGCUCAUUAGCCAACUC 

Fig. 1. Alignments of the nucleotide sequences of  ArMV (lilac) RNA-3 (upper) and GFLV RNA-3 (lower). Bold and underlined 
nucleotides are sites recognized by HpalI; the single HindlII cleavage site is underlined. Spaces introduced to optimize the alignments 
are marked with hyphens (-); • and * indicate the start and stop codons, respectively, of the longest ORF of ArMV RNA-3. 
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I 10 20 30 40 50 60 70 80 90 i00 

ArMV ~D~HINANTSFS~PRVSVE1LV~TKYAKLFTLKQLTRMLVLS~U:~RARQAANPVS~TSRDRDG~K~MGQ~PPAVGPRVSK~HKQQSDGGASLAPVKSKR 

GFLV •DS•VT•D•SFHSPR•SLE•L•PT•C/AKLFTLKQLSRMLAL•CKHRARQAANP•SKRT•RDRNGSETMGQGPSAVAPQVSKGHNQQ•DGGV•LA•VKS•R 

ArMV 

GFLV 

IO1 110 120 130 140 150 160 170 180 190 200 

AVRREKRRCRK~GA~TKAGTT~VQKGGH~VHASKGQKQATYLSSLLSNPSGAKSRMGAV~KP~QTKNAPDA~KGGFTLTA~AECRKETARRFH~T 

AVRREKRRTAAKKAT~AKTETKLVKKGGSSIHAPKA~KRTS¥LSSLLSSPSGAKAK~GALSK~pQT~/A~DANEGGFTLTAITP~ECRAEARRRF~/PIT 

I °1 

201  2 1 0  2 2 0  2 3 0  2 4 0  2 5 0  2 6 0  2 7 0  2 8 0  2 9 0  3 0 0  

ArMV GTFKGA~GF~TRSREGCGVCAACEAK~AQL~FDRSFDS~GTSRV~R~DSMKEETSD~MASPSATEP~G~A~AEKQAPRWEGQPII(R~V'4TLARVT~VL 

GFLV G~SRGPYGF~TRSREG~GV~AD~VEF`qKAHLDFNRSFDT~GTS~V~R~SF~qEE~AEDLASPSVLEPSGFWAPAEKQA~SGEGHSRRRC~wTLARVTP~L 

301  3 1 0  32D 3 3 0  3 4 0  3 5 0  3 6 0  

iB. "lc" 
ArMV RMLRKVDPTFVDNRLLWEAAHSDSFSSAQVRIPLVALA.TRGREDCCGTSFVYSLTQVGILVAL 

: : : : : : : : :  ; : : : : : : : : :  : : : :  

GFLV RFILRI~DPTLVDNRLLWEAAFRTVFPQRKCVYPHGCFCDRG . . . . . . . . . . . . . . . . . . . . . .  

Fig. 2. Alignment between the deduced amino acid sequences from the ArMV (lilac) and GFLV RNA-3 sequences. Spaces introduced 
to optimize the alignments are marked with hyphens (-). A*, B* and C* correspond to regions A, B and C in Fig. 1. 

many plant viral RNAs (Dasgupta & Kaesberg, 1982; 
van Wezenbeek et al., 1983; Meyer et  al., 1986). 

Nucleotide sequence comparisons showed no signifi- 
cant homology between the ArMV satRNA and those of 
TBRV (Meyer et al., 1984), TobRV (Buzayan et  al., 
1986), ArMV hop isolate (Kaper et  al., 1988), or 
cucumber mosaic virus (CARNA5; Collmer et al., 1983). 
It was surprising to discover that the ArMV satRNA 
shares 83~ of its nucleotide sequence with that of the 
satRNA of GFLV (Fuchs et  al., 1989); to make the best 
possible fit in the alignments between the nucleotide 
sequences of these two satRNAs (Fig. 1) only four breaks 
are required. With regard to the fact that these two 
satRNA sequences are so similar, two of these breaks (in 
region A, at positions 338 and 339 and positions 360 to 
366) could be treated as self-correcting 'frameshift' 
mutations resulting in a loss of three amino acids to the 
coding potential of ArMV satRNA. The possible 
'frameshift' area A* (at positions 108 to 118) in the 
alignments between the deduced amino acid sequences 
of these two satRNAs (Fig. 2) shows this effect, with only 
two amino acid identities maintained, and a three amino 
acid break. Following this "frameshift' area, there is a 
region of low amino acid sequence homology corre- 
sponding to amino acid positions 120 to 143. Although 
this region can be considered in-frame (nucleotide 
sequence homology of 73 ~), the amino acid sequence 
differs greatly (with 439/0 homology) and most of the 
differences are at the first and second base positions. The 
other two breaks (Fig. 1, in B and C) may be compound 

'frameshift' alterations which completely change the 
amino acid sequence at the C terminus of the predicted 
proteins (Fig. 2, B* and C*). 

This work was done while D. J. Bertioli was in receipt of a NERC 
Studentship and in part under a contract (PECD/7/8/106) with the 
Department of the Environment which has authorized publication. We 
are also grateful to Susan Jackson for text capture. 
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