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Abstract 

An existing cDNA library of the segmented double-stranded RNA genome of maize rough dwarf virus, a plant- 
infecting reovirus of the genus Fifivirus was used to further characterise three genome segments. Segments $7, 
$8 and S10 were completely sequenced and found to consist of 1936, 1900 and 1802 base pairs, respectively. 
They all contained the conserved structural motifs present in all genome segments of plant-infecting reoviruses. 
Computer analysis indicated that the coding strands of segments $7 and S10 each contained a single large open 
reading frame [ORF], consisting of 591 and 558 codons, respectively, as is the norm for reovirus genome segments. 
Segment $8 contained two large non overlapping ORFs consisting of 347 and 209 codons, located in the 5' and 3 ~ 
terminal domains, respectively; an arrangement already described for segment $6. In vitro translation experiments 
confirmed that the gene products of gel-purified dsRNA genome segments $7 and S 10 were single polypeptides of 
68 and 63 kDa, respectively. Transcription/translation of a plasmid carrying a full-length cDNA copy of segment 
$8 yielded two (40 and 25 kDa) polypeptides. The nucleotide sequences of segments $7 and S 10 were aligned with 
those of the corresponding segments of rice black-streaked dwarf virus, another member of the genus Fijivirus, and 
found to be almost identical. 

Plant-infecting members of the family Reoviridae 
have been divided into three genera [Phytoreovirus, 
Fijivirus and Oryzavirus] on the basis of particle 
morphology, number and size of genome segments 
and vector specificity (Holmes et al., 1995). Genome 
sequences obtained so far confirm this classification. 
For reviews, see Nuss and Dall (1990), Kudo et al. 
(1991), Nakashima et al. (1990), Noda et al. (1991), 
Suzuki (1995), Uyeda et al. (1995) for the Phytoreo- 
virus genus and Uyeda et al. (1990), Marzachi et al. 
(1991, 1995) and Azuhata et al. (1993) for the Fijivirus 
genus. The available information on the Oryzavirus 
genus has been published by Yan et al. (1992, 1995) 
and Upadhaya e t al. (1995). 

Sequence data have been deposited with the EMBL/GenBank 
Data Libraries under Accession Nos. L76560 (S 10), L76561 ($8) 
and L76562 ($7). 

Terminal structural motifs of the same nature, 
although of different sequence, are present in at least 
three segments [$6, $7 and $8] of the maize rough 
dwarf Fijivirus [MRDV] genome (Marzachl et al., 
1991) as in all other reovirus genome segments. The 
conserved, genus-specific, terminal sequences [+] 5' 
AAGUUUUU[UU] . . .and . . .  [U]GUC 3' as con- 
tained in all ten segments of rice black-streaked dwarf 
Fijivirus [RBSDV] genome (Azuhata et al., 1992) are 
also shared by all MRDV segments sequenced so far 
(Marzachi et al., 1991). 

Viruses with segmented double-stranded [ds] RNA 
genomes, except the Cystoviridae, generally have 
monocistronic genome segments (see Pereira, 1991), 
Within the genus Fijivirus, this seems to be the case for 
the smallest segment [S 10] of the genome of RBSDV 
(Uyeda et al., 1990); whereas Marzachi et al. (1991) 
and Azuhata et al. (1993) have reported the presence 
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AAGTTT TTTTCG CACTG TC TAAAGATG A CTCGCACCCATG ACG ACCG OAT -50 

TTC TTTAAG ACTTTTATTCTTCAATTTATGG ACTAAAAAACGACTCAATG -100 

C AC CA C 
ACCCAATCAACCAC CGAAAACCGA~AAAAAGATAAAGCCTCAAACTCTA -150 

A c A A C 
A~TTCACCTTCGAAC CCCACTTTGG TATCCCCTTCAATTACTG AG TATG C -200 

C TAA A T T 
TG~CAAATATCCGACGAATTTTCTAAGG CCCGAAAACCAATTTTAG CA C -250 

A G T TC 
CTTCG - CAAATATTCT CCG CTTTCJ%CAAGACTAG AAACGATTTTTA~ ClOG -299 
GA TT - AC T T CA C 

-AACAG G CTCCTACCCTG -ACTTG TTTAGTAATCCAATC-AAATATCTTG -346 
C TCT TT C C G C C 
G CTTTTTGATTTTCATGCCTGATG TTTCATTT CATTTAGATTCTC C CACT -396 
A A C C kU 

GTTGATCACTC&TAGTRTAATTTCAAGAGAAACCATAA~ATGAGT TT TG A -446 
T T T 

TG AACTAGAATCAAATTTAATAT~CGAATGTTAACTGG CCAAATTG TC A -456 
- - TC CC - 

AAACCG kGACTAATG ACCT]%GCTGAA CG TTTTGAAACTTATTATTTTGAC -546 
T T T A C c T 

CCTC~AAGTGAAA~ CAAG CTTTGGATTTTTG AAAAGAACTGCG ACTG T -596 
A T G A , GC T 

TAG GTTTG AATTTTTATCTTATAAATACAATAATG ATTTG ACAAT~ TCAG -646 
C A CC C A 
AACG TG~AAAATTACCTGTTTG GG CTTCTCATTTAATAA TTCG CATG AAC -696 

A GC T 
GTGGAAAATGTTTCTTTACCATTAGAAATTAGCTGTAGTGCAATCAATCC -745 

T 
TACTCAACATTTTG CAG TTATACTTTTG AAAAATGCTAAAA CCAACGTAA -796 
C C C G CT , T G 
CAAGAG G CAGATTTTGGA CTGT TTTC G ATGATG AACG TGACTTTCTATCT -846 

T C C G C C 
GTTAAAACTGATTTG CAATCAATTGTATTTGAACG TAATTCTG TAACCG T -896 

C T U G A C G AC 
TG C TGG AAATTTGCG AC/%TG TTCTTAAT~TTGTTTAACATTAGG CGAAC -946 

CC~ T ~ C 
CCTTCG CCTT CGACCCACTTGACTATT CTTTTAAGCTCAACTTACTTGAA -995 

A 
&CAG G TCTATCTCCTCTGGATGA CG TTG TG ACTATTAGATTGA~AG ATTT -1046 

GT ~T A A C C 
G TTG CG TG TG TTTA~AG RAGG ACAG GACGT TC~%A~TTATTGGTAATAAAG -1096 
C C G T 

GAG TAG G TA~GT CTG A~ATTG G TACAATG TTGG CTGAACGTTATCCTCAT -1146 

CTTTTAGTCATTG ATAGTGATGATTATGGAAG GTTTT TGG TAATG CTACT -1196 
TG T A T 

TAATCTAG TTCCTTCATTGTTTAAG AATTCTGATTTCG AAATTAAGCAAG -1246 
T G A A T T CG 

AGCT~C TCACTGATGAAGTCTACT TTCAAGCC~TG TCCGAT T~ TAT~A~A -1296 
A TTG A AT T T T 

G CTAAGATTACTCAAGACAC~TCA CTTTG C/t C~TTTTTGAG TATG TTAT -1346 
CAA TGT CAA G A 

GGAAGGAATAAT CATTCCTAATACAGTAGG TAGTAG TGAAGTTAATG AG G -1396 
TC C C C T AG G A AC 

AAG CTATTTTGG ACAGGTTTAATCGTATTT TTCACAG TATA CAAGGTTCT -1445 
T A TT G T C C 

A~GTTTATTGCATAT CGTAAG TTTATGATTG AATAC &CACG TTTAATGTA -1496 
k C C TTG CG 

TA CTAATTTCAATAAG AG CCAAACTTG CCATTTCG T TeAT TCATACTG TG -1546 
C T c T T C G T 
ACCTATCG TTCGTT CCTCATTC TTTGGCTTACATCACTTTA TATAGTAGT -1596 
AT G A T T C 

TACAACTCAG CTGTACTAAATGTTGTTCCC/hG AAATGG ACAATTAG AATG -1545 
O T C G U 

CAAT CCTTCAAAG ATG ATGGCC~ACACCTTACTTCAC CATTTTTACG A~A -1696 
TGT T T T 
GATATACCTCTAACATG~CCCAACCCCAGTATTTTTATTCTCATATTTC - 1 ? 46 

T T T G T T 
TTTGG TTTGACCAAAG U ATTA~ATG TTTTG AAAG C TTCAGCGATTATTGT -1796 

A T C CA T T 
TTAATTTGATTATG TTTTGTTG ~AGAATATCATGTC CTTTTAGGGTTCGA -1845 
O C--- C . . . . . .  C 
CTCGTATAAAGGTGTTTCAGTCCAATATCTTGATGGCAGACTAGGTCGAT - 1896 

GTTTG ATTCTAGTGAAGTGTG CGAGAATTCAG CTATTG TC -1936 

- 1 9 2 7  

Figure 1. Complete nucleotide sequence of the coding strand of 
MRDV $7, as determined on the plasmid pMS7-246. Conserved 
terminal genus-specific oligonucleotides are located at positions 1- 
9 and 1933-1936; oligonucleotides of inverted complementarity at 
positions 7-15 and 1915-1923. The sequence has been aligned with 
that of RBSDV $8 (Azuhata et al., 1993), of which only differing 
nucleotides are shown. 

of two large non overlapping open reading frames 
[ORFs] in different genome segments of MRDV and 
RBSDV. Similar configurations have been reported 
for wound tumour Phytoreovirus S12 (Asamizu et al., 

~G~TTAGCC~G~C~ACA~TTCCTA~CGAGCGT~GAG~TGGCAGAC 
M A D  

C~GAGCGGAG~CGTTTGGATCATAT~AATAG~G~TT~C~TTAAAAACGAC~ 
Q E R R T F G S Y K I E E L T I K N D Q  

CCAAATAG~TAC~CACATC~CTC~TCCACTGAAAATCGTCT~C~CC~G 
P N R N T N T S N S ~ S T E N R L S T K  

AAAATCCCCCTACT~ACGATGGTA~TTTG~C~TG~CTACCTTATTGACGG~CC 
K I P L L D D G I F E L L N Y L I D G T  

~CGACAAAAC~GCTATTGTGGTTTC~TTA~CTCATCTTCCC~CTTAG~CGC 
N F D K T C Y C G F N Y S H L P N L E R  

GACTTT~TTGCATC~TTTACGTCCGTGAAAA~TTG~TTA~CACCG~CATCTA 
D F N V A S I Y V R E N F E L C T E H L  

~CTTG~GATTA~ATAGACA~C~T~G~TAAAATCTCCTGACTTCACTTTG 
N L K D Y D R Q A N I S V K S P D F T L  

TTT~GG~TACGT~TT~GCCTTCATCAG~CC~TCTTCCGTTC~GAG~GAT 
F L E Y V V K P S S E P E S S V Q E K D  

R~AGA~GCTTCAAAA~GACCCCTCCT~GT~CTGATGTT~G~GAG~GATA 
K D E A S K Q T P P K V A D V K E E K I  

ACCGT~TGTC~TATTACC~CTG~TCG~TCTG~G~CGCT~TTCC 
T V E M S L L P I L N R E S E E T L N S  

G~TTCTTGATGG~GCTGCTGTTGTT~CGTATTTAAAATGTATATT~GGTTTT 
E I L D G E A A V V N V F K H Y I K G F  

TTGATGTATC~GGTGAAAATCCG~TTCATATGATCGTCAGTTG~CATTGAAAAGTAC 
L M Y L G E N P N S Y D R Q L N I E K Y  

CGT~TTTGCTGAT~C~TTCTT~ATACG~CATCTCATCGG~CAAAAGTCCC~C 
R P L L I S I L G Y E H L I G T K V P N  

~G~GTT~TCAGATTTTTTACCAGTTACCTACTTTTGAC~CTATCCTTTTGATTTG 
K E V N Q I F Y Q L A T F D N Y P F D L  

CTGAGATTCC~CT~CTTCCCTTATTTC~CGCCTGCTTT~TTCGCG~TAGCT 
L R F Q L S S L I S T P A L I R E K I A  

~G~GGATTGTTCAAAATTATTACATCG~CACCCTACGTGGTGCCCCTCGTC~CT 
K E G L F K I I T S N T L R G ' A P R Q T  

GT~TATTTAGAGG~TT~CGG~GCG~TCTTTCCT~CATG~CG~TATCGTCGA 
V L F R G I N G S E S F L N H K R Y R R  

TTCAG~C~GGATTGT~GC~TTGCTTGTGTCATT~GTCTGATTTTTCTTC~TG 
F R T R I V G N V A C V I K S D F S S L  

~G~TGACGTTTGATATTTTATATTTTTCATTC~T~TTG~TATCACTGGTTGATG 
K L D V  

~ATTTTCCTTTGTTTTATG~TCCAC~TCTTCAGTG~TATTGATACTTATACATT 

T~CTGTCCCTTCG~TTAGCG~GATAC~TTG~TC~TG~CCTATCATGC~GA 
M Q D  

TTTCAGT~CTTTGATGACATTTTCGACCGTGCACTATCTGATTCTGAGATTGATGATCG 
F S N F D D I F D R A L S D S E I D D R  

AGTAG~CAGCTTG~GTTGATGTTG~TCG~GGTTGATCCTATTGTGAG~G~GATA 
V E Q L E V D V E S K V D P I V R R R ~  

T~TAAAATC~A~TATTATCGTTATGATTAT~GTTTTGTGTTTTTTGGCATTTTT~ 
G K I G H I I V M I I S F V F F G I F K  

GCTCACTCTCAAAATGTTTTATCATTTATTTCG~GTGTGTGTTGT~TCCTTT~TTAG 
L T L K M F Y H L F R C V C C N P L I R  

AGGTATATTTAG~TCATTTTTACCATATTATT~ACTTTTTGCTATGTGTGTGCA~TA 
G I F S I I F T I L F Y ~ S L e V C I ~  

TCTTATTTATTA~TC~TGGAGATC~TTTTATCAGCGT~CGACACTTT~TC~T 
L I Y Y F F G D Q I L S A Y D T L N Q I  

~ATGGTTCTACTTTTAT~TTCTACTC~GTTG~GAG~GTGAAAAACATTATTCA 
D G S T F I N S T Q V E E K V K N I I H  

TGACGG~CCCT~CTTTGGCACACGTGATC~GCTACAGGTC~TT~TG~TAGA 
D G S L F F G T R D Q A T G Q I N E I E  

~CTC~GTTGT~CGGTGGCACTGT~TTATACTCTTTTT~TT~CGGCTATTTTG 
T Q V V N G G T V N Y T L F N  

TATGACTCTGAAAATATTCGCGCTCGC~GTCGATTTTCTTACAGTTATTTCTTTTGAGA 

CTT~C~CT~TTCTC~GCCGGCT~CAG~GATGTC 

Figure 2. Complete nucleotide sequence of the coding str~d of 
MRDV $8, as dete~ined on plasmid pMS8-171. Conse~ed te~ 
minal genus-specific oligonucleotides ~e  located at positions 1-9 
and 1897-1900; oligonucleotides of inve~ed complementarity at 
positions 8-15 ~ d  1882-1889. 

1985), although the second ORF consisted of only 40 
codons, and for the human reovirus segment encod- 
ing the hemagglutinin IS l gene], where the two ORFs 
overlap (Emst and Shatkin, 1985). In this paper, we 
report the sequences of MRDV segments $7, $8 and 
S10, obtained directly in both orientations on intact 
plasmids of the existing genomic library (Marzachi et 
al., 1991). 

Segments $7 and $8 were found to be 1936 (Figure 
1) and 1900 (Figure 2) bp long, respectively. They 
possessed the conserved, genus-specific, nucleotide 
sequences with adjacent regions of inverted comple- 
mentarity [inverted repeats], as described by Marzach~ 
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AAGTTTTTT TTCCTC~.CCCATAATGG CTG ~.CATAAG ACTTGA CATAG CG C - 5 0  
C T 

CCGATCTTATCCATAA TG GTGTACCCCAGAGACTCTCCG ATACAJ~TAATT - 1 0 0  

C T 

TTAAACAAC CGACC ~.A CAATTACTCTOTTATCTC/%TTTCAACAACTTATT -150 

C TC 
TCATC AATTCAA CATACTCAAAG C~CCCCItCG TCG CATCTTCC CAAACTA -200 

A T G T 
CAGTTAATTTGTACATTCGTAAACATTTACTG ACCCGACTTCATGATAGA -250 
CA CTTT G CC 

CTTCAAACCGTTG AAACTAG CR CTCTAC CTAACATC ACACAAC TTAAGGA -500 
G A CT C A T A 

TCATATTCG CAGTTTCTTTCAGAATGAACACCkACCCATTTTC CAGA CCT -550 
c T A T T AC 
TGACAAATA/%TGATCTAAGTG ATG AATTTGTAGG TGTGA CTAC TTTCGGA - 4 0 0  
A G C C C C A T 

CTAAG CTTATTCG CTACCTCTA~CTTG ATGCTGA/t CAAATAG AA CG CGT - 4 5 0  
T C CC T 

ACAAA TTG AAACTTTG ACTG AAGG AAATGTTACTCTAAAACCCTT TT CCG -500 
G G C A A GT G G 
CTGATGG TTTGG AAGTTATTCTCG ATG ATAGTTATATTGGTATAG TTGGT -550 

A C G C 
AAAATTCCAGG TGTAG AAGTTCATAAATTC CTAGATAAG TGTTG TCG TGA - 6 0 0  

T TT A 
AGTTCCTGCTCAAATG GG/%ATACTTA CTGATG AAGTTAGACTG TTAATG C -650 

A T G 
GAACTGG TAAATTAAG ~ATTGA CGGTG GTTATG ATTTCAATTG TCCCG CA -700 
T ' T 

/~G TACTRCAG&CGTTACTCACTACGG TG GATATG ATCAATTTTCACG TCA -750 
C T T C 

AATGTTTGAACGTTTG AATCTCTTTT~C~ATATTAG TCTTAG CATAATAC -800 

C A h T C T T 
CCG TTT CAG CTTTAAAAA CCGTTCATCTATTTG AAAAG GAATTAAGTG TT -850 

G A "T A 
TTGGATG CAGA CAA/~T CTTTGCTTGA~CAAAC TTG GAG CGCAGTAG CGTC -900 

T C T C 
ATTCGTTGAAACTTGG CAAG TTAAAACTAAAGTTAAAACTG~GATCCTG -950 

T T G G T C 
ATGAGTATGAAC TGTCCAG CTTGTCTACTCTG CGTACTAATTATGATG GT -1000 

A C & A T C T C 
ACTTCTGCTTCTAG TCCTTG TR CAGACAA-AAATTCATTG ACT GGTATAT -1049 

A C T T G 
TAARACGCTTTCCAAA CGTAGAGAAAGAATCG TCATTACG TCG AAACGAC -1099 

G TT GAC - G T G A T /% 
T TAG AAGAGAAAAGTACCACTGGTACCTCCGCTG TAGTAAAGAAAGTCAA -1149 

G G A C TA AA AC G T 
A]~TTCATTTTTC CGTT C~TATTT CG ACG ~TTTAAAGT TAATGG AC ATG -1199 

CT T T C 
AG AAAAGTATTGTAGTTC~AACTAATA~AGGTGA~ATGT CTTTAG AT TAT -1249 
A C C A 

TACCGTAAAATTGCAGAAGTACTGAGCGC~ATTTGGAAACGTGG TAAATC -1299 
T C GT G 

ATTAGCTGTCCCTTGTTTTGATTATATTAAACTAGGTGTAGAAAAAG CGT - 1349 
T G A C C T C T A 
TTCATT~AGCT C CTG TAATCATGAAG ~AATATAATTTGACGATTG ATG AC -1399 

G A C T C C C 

ATTATCAACCTTATCGATAAAGGACCCTCTTA TCTG G CTAAATTAG ATAA -1449 

TT T T C T G G 
CA TTGATGA CTGG TCRCTAATTTCA~AACTCATTATTACCAGCG TTTTGC -1499 
A T T TT G T T T AC 
CC TTCATTATTCAAGCCGTTTACAAAACAGATCCAAGTA~TAATGTTATG -1549 
TAP, C CGT T C 

AACTCAGTAATTATTAG TAGAG CGAATAACTTGTTGAAATCTGATCGAG A - 1599 

C C T C CA G 
CAGG CTATTG RAG AAGG C/~CTTATCACTAATG CTACATCTACCAG C~CT -1649 

G A TC G C C T T T CT A CA 
CCAGTCATG ATCATGTCCAGAAGATTGTTTT~CAAAG TG ACAAG ATG A -1699 
T G ACA C A A T A 

CCAATGGGAGTGCATCATTAGTGCGACTAGTTCAGTGTTG TGCGGTCTTC -1749 
C A C A 

AGTTCAT TATCGATGCCGAG TG ACG ~CGGCTAGGGGG AAA TG CAG CTATT -1799 

T 
GTC -1802 

-1801 

Figure 3. Complete nucleotide sequence of the coding strand of 
MRDV S10, as determined on the overlapping plasmids pMS10- 
525, -304 and -3, representing the 5 t terminal domain, the central 
region and the 3' terminal domain, respectively. The sequence has 
been aligned with that of the corresponding segment of RBSDV 
(Uyeda et al., 1990), of which only differing nucleotides are shown. 
For locations of conserved oligonucleotides see the text. 

et al. (1991). S10 was found to be 1802 bp long 
(Figure 3), and also contained the same genus-specific 
sequences at positions [+] 1-9 and 1799-1802 and the 
segment-specific adjacent inverted repeats at positions 
[+] 21-28 and 1792-1799. $7 and S10 had 5' [+] prox- 

imal initiation codons [AUG] at positions 25-27 and 
23-25,  respectively, with consensus sequences con- 
taining A at - 3 ,  and G at +1 in both instances (Kozak, 
1980). $7 and S10 each contained a single large ORF 
extending to the termination codons [UAA in $7, 
UGA in S10] at positions 1798-1800 and 1696-1698, 
respectively, followed by 3' [+] non-coding regions of  
135 and 103 nucleotides, respectively. The $7- and 
S10-encoded polypeptides had predicted molecular 
weights of  68,090 and 62,947 Da and approximate 
isoelectric points of  7.08 and 6.79, respectively. When 
the sequences of  the coding strands of MRDV and 
RBSDV (Uyeda et al., 1990) $10 are aligned, overall 
homology between the two sequences is 87.5% (Figure 
3). MRDV S10 has one nucleotide [U] insertion at 
position 11 and is therefore one base pair longer than 
the corresponding RBSDV segment. The insertion is 
located in the 5' non-coding domain, and it does not 
interfere with the conserved genus-specific 9-mer and 
segment-specific inverted repeat which are the same, 
in length and sequence, for both viruses. In the best 
alignment, RBSDV $10 has one base insertion [G] at 
position 1029, which is compensated with one inser- 
tion [A] at position 1069 of MRDV S10. This gives 
rise, during gene expression, to a tract of  amino acids 
in which only two are the same as MRDV. Sequence 
homology at the amino acid level is resumed at the 
second base insertion [position 1069] of  MRDV. Align- 
ment of  the predicted peptides shows 90.1% homology, 
with few short stretches of  non-conserved amino acids, 
especially located in the amino terminal domains. 
No relevant amino acid sequence homology has been 
found between other plant-infecting reovirus-encoded 
peptides and the proteins encoded by S10 of MRDV 
and RBSDV. 

$8 was predicted to contain two large non- 
overlapping ORFs of different sizes. The first [ORF 
1] began with the 5' [+] proximal AUG codon at posi- 
tions 52-54  [consensus sequence: A at - 3 ,  G at +1] 
and extended for 247 codons to a UGA terminator at 
positions 1093-1095. The encoded polypeptide had 
a predicted molecular weight of  39,959 Da and an 
approximate isoelectric point of  5.73. The second ORF 
began, after a 158 nucleotide intergenic region, with 
a different frame AUG codon at positions 1253-1255 
with consensus sequence A at - 3 ,  C at +1, the most 
legitimate among the three putative opening codons 
downstream the first ORE and ended with a UAA at 
positions 1787-1789. The encoded polypeptide had a 
predicted molecular weight of  24,189 Da and approx- 
imate isoelectric point of  4.43. 
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of  reinitiation depends on the length of  the intercis- 
tronic region. The intergenic regions of  $6 and $8 are 
52 and 158 nucleotide long, respectively, and this could 
be the reason of  the different behaviour in vitro. 

The sequence homology results reported in this 

paper support the hypothesis of  considering MRDV 

and RBSDV as geographical races of  a single species 
(Boccardo and Milne, 1984). Our data also confirm 
that Fij iviruses have a more complex genome organ- 
isation than Phytoreoviruses and that the presence of  
dicistronic segments is a common feature for MRDV. 

Further work is in progress to understand the mecha- 
nisms underlying in vivo expression of  genes coded at 
the 3' end of  the genomic segments, their regulation 
and functions. 

Figure 4. Electrophoretic fractionation of the in vitro (rabbit retic- 
ulocyte lysate) products of a synthetic transcript from a tailored 
transcription plasmid containing both $8 open reading frames [lane 
3]. Translation products were labelled with 35S-methionine. Lanes 
1 and 2: Amersham protein molecular weight markers and - RNA 
control, respectively. 

In vitro translation of  polyacrylamide gel-isolated 
dsRNA segments, (Xu et al., 1989), was successful 
for $7 and S10, and resulted in the synthesis, for each 
segment, of  one major polypeptide of  estimated M r  of  
68 and 63 kDa, respectively, when analysed in 12.5% 
[w/v] polyacrylamide gels (Laemmli,  1970) [data not 
shown]. This is in good agreement with the predic- 
tion from sequence analysis and confirms the monocis- 
tronic nature of  these dsRNAs. Genomic segment $8 
was not translatable directly in vitro, so we used a 
tailored transcription plasmid containing all nucleo- 
tides of  $8 from posit ion [+] 1 to 1884. The in vitro 
translation products obtained (Figure 4) were two 
proteins of  about 40 and 25 kDa, wich is again in good 
agreement with the predicted values. This differs from 
what has already been described for the other dicis- 
tronic segment of  MRDV ($6, Marzachi et al., 1991), 
in which case the second ORF was not expressed 
in vitro under similar experimental conditions. The 
synthesis of  two proteins from non-overlapping read- 
ing frames has been investigated in some detail (Kozak, 
1986, 1987). It appeared that reinitiation at a down- 
stream AUG codon does occur provided translation of  
the upstream frame has terminated, and that efficiency 
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