
Journal of General Virology (1995), 76, 1271-1276. Printed in Great Britain 1271 

Characterization of cassava vein mosaic virus: a distinct plant 
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Cassava vein mosaic virus (CVMV) was found to be 
widespread throughout the north-eastern region of 
Brazil. The complete sequence of CVMV was de- 
termined, and the genome was 8158 bp in size. A 
cytosolic initiator methionine tRNA (tRNAn~t.0-binding 
site that probably acts as a primer for minus-strand 
synthesis was present. The genome contained five open 
reading frames that potentially encode proteins with 
predicted molecular masses of 186 kDa, 9 kDa, 77 kDa, 
24 kDa and 26 kDa. The putative 186 kDa protein had 
regions with similarity to the zinc finger-like RNA- 
binding domain that is a common element in the capsid 
proteins and similarity to the intercellular transport 

domain of the plant pararetroviruses. The predicted 
77 kDa protein had regions with similarity to aspartic 
proteases, reverse transcriptase and RNase H of para- 
retroviruses. This gene order was confirmed by the 
amplification of similar PCR products from total DNA 
extracted from CVMV-infected cassava plants. The 
genomic organization of CVMV was different from the 
organization of either the caulimoviruses or bad- 
naviruses. In comparisons of the regions with the reverse 
transcriptase motif, CVMV was grouped between the 
caulimoviruses and badnaviruses. It appears that CVMV 
is distinct from the other well-characterized plant 
pararetroviruses. 

Cassava vein mosaic virus (CVMV) has isometric 
particles 50-60 nm in diameter (Kitajima & Costa, 1966) 
and the genome is DNA (Lin & Kitajima, 1980). The 
only known host for CVMV is cassava and the virus can 
be transmitted by mechanical inoculation. There are 
dense inclusion bodies in the cytoplasm of cells infected 
with CVMV (Kitajima & Costa, 1966). Based upon this 
limited information, CVMV is listed as a tentative 
member of the caulimovirus group (Hull, 1984). 

The two groups of plant viruses that contain dsDNA 
genomes are the isometric caulimoviruses (reviewed by 
Guilfoyle et al., 1987; Hull et al., 1987) and the 
bacilliform badnaviruses (Lockhart, 1990; Medberry et 
al., 1990). The viruses in both groups share a number of 
features with other pararetroviruses (Medberry et al., 
1990; Temin, 1989; Toh et aL, 1983). Some of the 
common elements of pararetroviruses include a virally 
encoded replicase (Mason et al., 1987) that has reverse 
transcriptase and RNase H activity. For the well- 
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characterized plant pararetoviruses, the primer for 
minus-strand replication is cytosolic initiator methionine 
tRNA (tRNAm"t~). 

Cassava plants infected with CVMV display a range of 
symptoms that includes a chlorosis that follows the veins 
and can coalesce to form a mosaic pattern. There is often 
leaf distortion and epinasty of the young leaves. Cassava 
is a vegetatively propagated crop, and CVMV is 
transmitted readily through the stem cuttings used as 
reproductive material. When CVMV-infected stem 
cuttings germinate the plants are often stunted. This is 
normally followed by a flush of leaves that have no 
apparent symptoms. 

Since there is little information on the distribution or 
the characterization of CVMV, these studies were 
undertaken in order to gain insight into the prevalence of 
the disease caused by CVMV and to better characterize 
this virus. We conclude that CVMV is a plant para- 
retrovirus that is distinct from both the badnaviruses and 
the caulimoviruses that have been described to date. 

Surveys to determine the presence of viruses affecting 
cassava were made in eight states of Brazil. The states 
were Paranfi, Santa Catarina, Para, Amazonas, Cear~, 
Pernambuco, Alagoas and Bahia. The distinctive symp- 
toms of CVMV were the primary method of determining 
the range of the disease, The presence of CVMV was 
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M 13 S K D F T Q L N L E E H S Y K V N T Q K L P I D S Y I Q Y 31 
T G G TAT CAGAGCTTAGT T TA~TAATAAT G GATAGTAAAGAT T T TACACAACTTAATCTAGAAGAACATAGT T ATAJLAGT T AATACACA~TTACC TATAGACTCATATAT T CA G T 120 

G G F T Y A N F T P Y I I H G D D G F G E H K Q L N W T N K L L W N K L G K L N 71 
ATGGAG GAT T TACTTATGCA~%ATTT TACAC CATATAT TATACATGGAGATGATGGATTTGGAGAACATAAACAAC T GAATTGGACTAATAPJ%TTATTATGGAATAAATTAGGT~T TAA 240 

I K D T O I L M O N N I S E E O H N E L I S L E A Q K I A R E N L A D • r N Y L iii 
ATATCAAAC*ATACACAAAT T C TAATGCAGAATAATAT TAGTGAAGAACAACATAAT GAATTAATAAGC TTAGAAGCACAAAAAATAGCTAGAGAAAATTTAGC TGAT AGAATTAATTATT 360 

Q H 1 N T S I D F K L W K M N K E N L E R Q E L L L R Q I N E L K E E I K S L K 151 
TACAAAATATTAATACTTCAATAGATT TTAAG T TAT GGAAAATGAATAAAGAAAAT TTAGAAAGGCAAGAAT TAT TATTAAGACAAATAAATGAATTAAAAGAAGAAATAAAAT CAT T~ 480 

N I P S T V A I I P T N T Y T I N M I R T E T E D W K Y F K Y I E K E L V Q N K 191 
AAAATATACCAAGTACAGTAGCAATAATACCAAC TAATACTTATACTATTAATAT GAT TAGGACAGAAACAGAAGATTGGAAATATTTTAAATATAT TGAAAAAGAAT TAGT T CAGAATA 600 

T E A I A K I L D N S Y I I N D N L G L L Y E R Y E E I N P T P K P Y K R P E T 231 
AAACT GAAGC AATAGCAAAAATAT TAGATAATAGTTATATAATAAATGATAAT T TAGGAT TAT TATATGAAAGATATGAAGAAAT TAAT C C CACAC CTAAAC CATATAAAAnACCAGAAA 720 

I F D T P Q Y A K Y I R N Q K R Q E E Y E K Q Q E L K K E N E N K E Y Q E F L E 271 
CTATAT T T GATACAC C T CAATAT G CAAAATATATTAGGAAT CA~GACAAGAAGAGTAT GA~CAACAAGAATT~GG~IJu%ATGP~TP~AGAATACCAAGAAT TT TTAG 840 

W K E K Q Q K D K G K G I Q T V Y F T L I I P D I K P E K Q' K K E D M M L E M I 311 
AATGGAAAGAAAAACAACAAAAAGATAAAGGTAAAGGAA TACAAAC TGTATAC C C GACAT TAATAATACCAGATATAAAACC T GAAAAACAAAAGAAAGAAGATATGATGTTAGAAATGA 960 

K N L Q K E L E Q L K I Q ~ H K E H E K Q A E L T K I ~ M L E E E L E E E L D P 351 
T TA~TT TACPu~ T GAAT TAGAACAAT T A ~  T T CAILA GACATAAAGAACACGA~CAAGCAGAGTTAAC T~%AAATACAGATG TTAGAAGAG GAAT TAGAAGAAGAATTAGATC lOgO 

D N L E K E %/ L N N I O N I O I S S D I S E S S E I N E I S D N E T E O I S G $ 391 
CTGATAATCTAGAAAAAGAAGTTTTAAATAACATTCAAAATATACAAATCAGTAGTGATATAAGTGAATCATCAGAGATAAATGAAATTT•AGATAACGAAACAGAACAAATTTCAGGAA 1200 

D S D Y M N E Q I N V K I E G E E Y E Y K D N Y R Y Y K P Q P P Y Y K K D I R R 431 
G T GATAGTCAT TATAATAATGAACAAAT TAAT GT TAAGATAGAAGGAGAAGAATATGAATACAAAGACAATTATAGATAT TATAAAC CACAACCACCATATTACAAAAAAGATATAAGAA 1320 

E R O y K G O S S Q R A D Y I K N R R E E F E S T Y O A N M N T T I N D S G E I 471 
GAGA~GGCAATATA~GGTCA~GT T CACA~GAGCAGAT TACATA~CAGAAGAGAAGAAT T T GAATC TACATATCAAG CAAATATGAATACAACCATAAACGATAGT GGAGA~ 1440 

L N L D C T T P E E A E D R I O K W T Q S M $ I A L V K Q Q L S N E Q A K Q F I 511 
T T CTTAATTTAGATTGCACAACACCAGAG GAAGCAGAAGATAGAATACI~KAAAT G GAC T CAAT C TAT GT CAATAGCATTAGTTAP~CAACAATTATC TAATGAACAAGCA~CAAT TCA 1560 

R R T F I G N V K E W y K N L T N E A K Q K L E G N A P L L S L T H M E L G L R 551 
TAAGAAGAACTT TTATAGGAAAT GTAAAAGAAT GGTATAAAAATTTAACAAAT GAAG C TAAACAAAAAT TAGAAGGGAATGCACCATTACTAAGTTTAAC T CATATGGAATTAG GAC T TA 1680 

A E F G K L G I E S D V E K H E K K T S I A R H K I L Q L Q I C S M D H Q N L N 591 
GAGCAGAATTTGGAAAATTAG GAATAGAAT CAGAT GTAGAAAAACATGAAAAGAAAACAT C TAT TG CAAGACATAAAATATTACAATTACAAATATG TAG TAT GGATCATCAAAAC T TAA 1800 

A Y L C E F Q E Y Y Y S A N Y T E A E S E N I L N M F Y S K L P E P W G Q Q V L 631 
ATGCATATTTAT GT GAATT T CAAGAATAT TAT TATAGTGCAAATTATACAGAAG CAGAAT CAGAAAATATAT TAAATATGTTTTATAG TAAAC TCCCAGAAC CAT GGGGACAACAAGTAT 1920 

N G y L S E I K G K N L L D S I G A R M T Y L Q E F I $ D K C K E N W T Q K {2 A 671 
TAAAT GGATAT T TAT CAGA~TAAAAGG TAA~TTTAC TAGATAG TAT T G GAG C T C GAAT GACATATTTACAAGAATTTATATCAGATAAAT GTAAAGA~C T GGACACA~CAAG 2040 

R K I Q I~ S K N L D C S Y Y E V G K Y G C K Q I R P H K R K R Y Y K K Y I P I K 711 
CTAGAA3%AATACAAT TATCA~GAAT C TAGATT GTAGC TAT TAT GAAGTA GGA~TAT G GATGTAAACAAATAAGAC CTCATAAGAGA~GATAT TATA~TATATTC CTATAA 2160 

R K Y F N K K R Y K K Y Y R P K K F L K R K N P H K A C K C Y N C G E E G H I S 751 

GTC CAAAT T GTAAAAAAC CAAAAAACAAAACTAGAAT TAATAAT T TAGAAGCTT TAGAATT TAAAAATAC T GAGAT GGAGAAT C TAGAATTT GAAACAAATAAAAATGATATAATATGGG 2400 
E E I E V I Q P L H y E E E E K Y K G N Y S D R I L O N P Y Y I N S I S I E E L 831 

TAGAAGAAATAGAAGT TATACAACC TTTACAT TAT GAAGAAGAAGA~TACA~GGA~TTACTCAGATAGP~TAT TACA~T C C T TAT TATAT~%AATTCAATAAGTATTGAAGAAT 2520 

D E Q ¥ L G I Y M F I G E T S G E N N Q D N M E G I I K E Y N K T E P E g I N K 911 
GT GATGAACAATATTTAGGAATATATAT GT T TATAG GAGAAACAT CAGGAGA~TAATCAAGACAATAT GGAAGGAATAATA2~AAGAATATAATA~CAGAAC CAGA~TAAATA 2760 

I I F T S E K F K Q I M E N D L N M T K D K I F H N N K L K K L F G K K E I E Y 951 
AAATAATATTTACCTCAGAAAAAT T TAAACAAAT TATGGAAAATGATTTAAAT &T GACGAAAGAT AAAAT AT T T CATAATAATAAACTTAAAAAATTAT TT GGAAAGAAAGAAATAGAAT 2880 

D K D Q N K I R N I H L A A V E I V V K A Y F R E G I D T P F E I I L C D D R I 1031 
CTGACAAGGATCAAAATAAAATAAGAAATATACATTTAGCAGCAGTAGAAAT T G TAG TAAAAG CATATTT TAGAGAAGGAATAGACACAC CATTT GAAAT TATATTAT GC GAT GATAGAA 3120 

T Y P Q E G $ L V E V L 1 G N L I Y O K V K F T K I I N Y S I S I E D K N L D K 1071 
TAACATATC CACAAGAGGGAAG T T TAGTAGAAG TTTTAATAGGAAATTTAATATATCAGA~G TA~TT TACA2~TAAT TAATTATTC TATAAGCATAGAAGATA~T T TAGATA 3240 

S L V M Y W N L E G I K M I K D S K I F S I R L R N L Y V L S N K H I V K N K K Iiii 
AAAGT T TAGTAAT G TAT T GGAAC T TAGAAGGAAT TAAAAT GATAPJ%AGATAGCA~TAT T TAGTATAAGATTAAGAAAT C T T TATGTTTTAAG TAATAAACATATAGTGAI~TA~ 3360 

O Y N G N I I I E F I F Q D V X O N N N R N Y I E Y G K P G K F D R T K L K S Y I151 
AACAATATAATGGA~TATAA T TAT T GAAC C TATAT TT CAAGAT GTAATACA~.%ATAATAA TAGAAATTATATAGAATAT GG TAlC CAGG~J~AA T T T GATAGPu%CA~TTA~TCAT 3480 

L N K F Y P I L I D T G A A H $ Y I S S K I L E D E K L V $ N K L S K V V T S Y 1271 
GATTAAATAAATTTTATCC GATATTAATAGATACAGGAG CAG CACAT T CATATATAAGTTCAAAGAT C T TAGAAGAT GAGAAAT TAGT TTCAAATA~TTATC TPJ~AGTAGTTACAT CAT 3840 

N A D N E K H I Y D R N T E V I I E L I D K N N E K Y K I N F I G L V D O L R L 1311 
ATAACGCAGATAATC~CATAT TTAT GACAGAAACACAGAAGTAATP~T T GAAT TAATAGATAAAAATAAT GAP~TATAPJ~AT CAAT T TTATCGGAT TAGTAGATCAATTAAGAC 3960 

R I K K D I F E I R E D L O ~ M N V L N E * 1372 

M S L M N S T N P E F I E Y Y H T S W K P H K 23 
ATAGAATAAAGAAAGATATTTTCGAAATTAGAGAAGATTTACAACAAATGAATGTCCTTAATGAATAGTACAAATCCAGAATTTATAGAATATTATCATACTTCATGGAAACCA•ATAAA 4200 
I E L V D N I Y H S Y G Y Y V y T R S V I K R F N R H L I K T T Y K R I F S H P 63 
ATAGAAT TAGTT GATAATA TATAT CATTCATATGGATATTAT GTG TATACAAGAAG T G TAATA~GATT TAATAAACATT TAAT TpJL%AC TACATATAAAAGAATAT T TAGT CATCCA 4320 
E N I V L H F f( * 

M N K I T Y M T I K I S I P K Y M S R I Y H G L F D T G A N I C I 33 
GA~TATAGTA T T GCATTTTAGATGAATAAGATTAC C TATAT GACAATCA~TATCAATACCTAAATATATGTCAAGAAT T TATCAT G GAT T GTTTGATAC T GGAG CAAATATATGTA 4440 

C K K K V L F D E L W H K T E N L V L R G F N D E K H V A E Y R A D N I T I M I 73 
T T TGTA2~G~%AGT T T TACCAGATGAATTATGGCATAAGACAG/~&AATTTAGTAC TAAGAGGAT TTAATGATGAAAAGCAT GTT GC T GAATATAGAGCAGATAATATAACAATAATGA 4560 

A K E K F I ~ F Y I Y A M D E M S P D I I I G A T F Y M K Y $ P I E L D I G K G II~ 
TAGCA~A~TTTATPu%TCCCATATATATATGCTATGGATGAAATGTCACCAGATAT TATTATTGGAGCAACTTTTTATAATAAATATAGTC C CATAGAACTAGACATAGG~G 4680 

I I K F T K N N E K Y ~ N Y L V K Y P K K R K L V P W T K G N P S V T E T M E N 153 
GAATTATAA~TTTACP~TAAT GA~TAC C CA~T T AT TTAGTAP~TATCCTAAGAAGAGA~T TAGTAC CAT GGACTAAAG GA~C C C GAG T GTTACTGA~CAAT GG~ 4800 

I G I N Q I E S R N P I E E E I N O I L G T D I Y G E N P L E K W E K H K T L A 193 
ATATAGGAATAAAT CAGAT T GAAAGTAGAAAT C C TATAGAAGAAGAAATAAAT CAAATATTAG GAACAGATATATAT GGC GAAAATC CATTAGAAAAATGGGAAAAACATAAAACAT TAG 4920 

K I E L K N E T D N I Y K P P M L Y O E T D L F E F K M H I E E M I K E G F I E 233 
CAAAAATAGAAT TAAa a aAT GAAACAGATAATAT T TATAAAC CACCAATG T TATAT CAAGAAACAGAT T TAC CAGAAT T TAAAATGCATATAGAAGAAATGAT TAAAGAAGG T T T TATAG 5040 

E K T N F E D K K Y S S F A F I V N K H S E Q K R G K T R M V I D Y K D L N K K 273 
AAGA~CTAAT T T T GAAGATAA~TAT T CTAGCCCAGCTTTTATAG TAAATAAACAT T CAGAACA~GAGGA~CTAGAATGGTAATTGATTATAAAGATTTA~TAP~ 5160 

A K V V K Y P I P N K D T L I H R S I Q A R Y Y S K F D C K S G F Y H 1 K L E E 313 
~AGC TP~%A~TAGTA~TATC C TAT CCCAAAT AAAGATACATTAATACATAGAAG TATACAGG CAAGATAC TATAG TAAATTTGATTGTPu%ATCAGGAT TT TAT CATATA~G T TAGAAG 5280 

D S K K Y T A F T V P O G Y Y Q W K V L P F G Y H N S F S I F O Q F M D R I F R 353 
AAGATAG TA~TATACAGC T T TTACAGTTC CGCAG G GATAT TAT CAGT GGA~GTATTACCATTTGGATAT CATAACT CAC CAAGTATTTTCCAACAAT T TAT GGATAGAATAT T TA 5400 

P Y Y D F I I V ¥ I D D I L V F S K T I E E H K I H I A K F R D I T L A N G L I 393 
GACCATATTATGATTTTATTATTGTGTATATTGATGATATATTAGTCTTTTCTAAGACTATTGAAGAGCATAA~TACATATTGCA~TTTAGAGATATAACACTTGCAAATGGATTAA 5520 

K I K N K T E L Q S I L G L L N Q I R H F I P H L A Q I L L P 1 Q K K L K I K D 473 
C GA~TA~TA~CTGAATTAC~2%AGTATAT TAGGAT TAT TAAA CCAGATTAGACAT TTTATACCACATTT AGCACAGAT T T TAT TAC C TATACAGA~T T A ~ T A ~ G  5760 

E E I ~ T W T K E D E E K ~ K L 1 Q D Y S K N L V I K M K Y P I N K E D M N W I 513 
ATGAAGAGATTTGGACTTGGACTA%A G AA GAT GAAGAAAAAATAAAAC T TATACKAGATT AT AGTAAAAAT T T &GT AATAAAAAT GAAAT AT ~ C TAT T AATAAAGAAGATAT~AATTGGA 5880 

Y D I N R I( E L I A V Y O G L Q S Y S L F T C E G K K L V R T D N S O V Y ~ W I 593 
AATATGATATTAATAGAAAAGAAC TGAT T G CAG TATACCAAGGATTG CAGAG TTAT T CTTTATT TACAT G T Gp~GGA~TAAAT TAG T TAGAACAGATAAT TCACAAGTATATTATTGGA 6120 

K N D T N K K S I E F R N I K Y L L A K 1 A V Y N F E I Q L I D G K T N I I A D 633 
T~%PJ%AAATGATACTAATAA~T CAAT TGAAT T TAGAP~TATA~TATTTATTAGCT~TTGCAG T CTATAAT T T C GAiT T CAAC TAATAGATGGA~CAAATATTAT T GCTG 6240 

Fig. 1. For legend see opposite. 
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Y L S R Y N S S D T D G B Y D ~ A N T ~  652 
M E D M M K Q I L E K L N T I E K N I S ~ T H I R I E K I  29 

ATTATTTGA~CAGGTAC~TTCATCTGATACTGATGG~ATATGATG~GCAAATACTTGAGAAACTC~TAC~TTGAAAAAAATATTTCTGAAACAAATATACG~TTGA2u%AAATA 6360 
K K E Q E L K R K V K L Y G K E P E K K L H K E N I E K L S S S I E D K I I Q N  69 
GAAAAAGAAC~GAGcTTAAAAGAAAAGTAGAGCTCTATGGAAAAG~CAGAGAAAAAATTACATAAAGAAAATATAGAAAAATT~GCTCTTCTATTG~GAC~AAA~CAT~CA~T 6480 
I D K K L K K I E N V E E Q Y Q W K N I V K I N K P L S V G E K Y M E N F K K I  109 
ATT~T~GAARTTAAAGaAAATTGAAAATGTCG~C`AAC~TATCAGTGGAAAAATATAGTCAAAATAAATAAACCACTTTCTGTGGGAGAAAAATATATGGAG~TTTCAAAAAG&TA 6600 
L V Y L G E K H P K L E E L Y S L T D Y N K L V A D I Y T D R N L V I S A Y N y  149 
CTTGTTTATCTTG~GAAAAACATCCTAAATTGG~G~TTATATT~TTTGA~A~TTAC~CAAATTAGTAGCAGATATTTATACTGATAGAAATTTAGT~TTTCAGCATAT~TTAT 6720 
G L L Q V L Y I E H P S Q L E L F D E N I K L A Y M M F R N V T R H N L Y I C E  189 

3 
G~TTACTTC~GTGCTTTATATTGAGCATCCGTCTC~TTAGAGTTATTTGATGAAAATATAAAACTTGCTTATATGAAATTTAGAAATGTTAC~AGGCAC~CTTATATAT~TG~A 6840 
F T V Q W L N F M I K G *  201 

Y S A M A E P Y D K G V I P K I E I I K F G I T Y S K L K Y D E V Y E H Q P I E 4 3  
TTT&CAGTGC~TGGCTG~CCCTATGATAAAGGGGTGATTCCA~TTGAAAT~TTAAATTTGG~TTACTTATTCA~TTAAATATGATG~GTATATG~CATC~CC~TAG 6960 
K L D L K K F I S Q K R A L G I L V I Q K E I E N L N G N V W L Y S N L D G R L  

AA~AAICTTGATTTGAAAAAATTTATATCA~AAAAAAGAGCATTAGGGATACTTGTTATC~AAAAAGAAATAGAAAA~TTG~T~GAAACGTATGCTTGTACT~C~C~TA~TGG~GAC 83 7080 
L S N H N K A E N V E V K N I L S D W S K K L S I P £ G N Y P R C S I K N P M 1 2 3  

TTATATTATCAAATCAC~AAAGC&GAAAATGTAG~GTCAAAAATATATTATCAGATTC~TC~AAAAAATTATCCATTCCAC~GGT~TTATCC~ATGTACCATC~G~TCC~ 7200 
F T C K T M E V L C E L S K K Q I N M R H I C N L C S K N K N V Q I Q D P I L P 1 6 3  

TG~TT~CGGGAAAAACTATGG~GTATTATGTGAGCTCACC~G~G~AGATC~TATGCGGCACATATGC~CCTATGTTCAAAAATG~G~TGTACA~ATAC~GATCCTATACTGC 7320 
Y E E E Y V E I E K E E P G E E K N L E D V S T D D N M E K K K I R B V ~ V K 2 0 3  

CA~AC~G~G~TACGTAGAAATTGAAAAAG~G~C~AGGCG~AAAAG~TCTTG~GACCT~GCACTGACGAC~C~TGAAAAG~G~GAT~GTCGGTGATTGTGA744~ 
205 ~GAGACATAGAGGACACATGT~GGTGGAAAATGT~G~GCGGAAAGT~CCTTATCACAAAGGAATCTTATCCCCCACTACTTATCCTTTTATATTTTTCCGT~TCATTTTTGC~CTT 7560 

GAGTTTT~CTATAT~CAACC~GTTCGGCATTTGTGAAAAC~GAAAAAATTTGGTGT~GCTATTTT~TTTG~GTACTGAGGATAC~CTTCAGAGAAATTTGT~GTTTGT~TG 7680 
TTTTTAGTTTTTAT~T~TATGTTTATGTTTGTTTT~T~TGAGTGAGTAGTTTCTT~TTCTTCT~TT~TATGAAAT~TTATGCTGTCTAGAAAC~GTTTAAATCTGTTTGAT 7800 
ATTCCCAG~GCTATG~CTGTTACGATCTACAT~TCTTTC~TTATCCCCATCATATCCT~CGTGTCATATTACTGAGCCCTTTATAGACCATGT~TGTCGTTTGTATGGGCATG~C 7920 
ATCTGTGTATGTTAGGGAGAAAGAGAGATTG~TGAT~TTGAAAGTTTT~TG~GG~TCAAATGTTTATCTATTACTTGTTTTCTATCAGAC~T~GCAT~TTAGAGTAGTATTA 8040 
ATTAG~G~TGTTAAAAATATTATTGTTTTCACTCTTAGTTTT~TTATCCTTTGTTTTATCGATCCTATATTATTTTACTTTATTTGTTTAT~TTCCGCTTTCTTTTCACCCCTT 8158 

Fig. 1. Nucleotide sequence of CVMV ~nomic DNA and t~ predicted amino acid sequences of the five ORFs. The numbering of ~e 
genome beans with t~ p~ative tRNAm~t~-bi~ing si~. A TATA-Iike sequence with similarity to the 35S promoter of CaMV is 
un~rlined. 

confirmed by observation of particles using transmission 
electron microscopy or using a polymerase chain reaction 
(PCR) specific for CVMV. 

Cassava plants infected with CVMV were most 
prevalent in the semi-arid region of the north-eastern 
states of Cear~i, Pernambuco and Bahia. It was not 
unusual to find fields with 50% to 100% of the plants 
infected with CVMV. Some cassava plants with symp- 
toms of vein mosaic were found in the coastal littoral 
region of Cear i  Pernambuco, Bahia and Alagoas, but 
the incidence of virus was much lower than in the semi- 
arid areas. CVMV-infected cassava was not found in any 
of the other states. 

Plants infected with CVMV were propagated in the 
greenhouse using stem cuttings. Viral DNA was prepared 
for cloning by a modification of the mini-preparation 
procedure for the isolation of the DNA of caulimoviruses 
(Gardner & Shepherd, 1980). Infected leaves were 
homogenized in 0'2 M-citrate, pH 6.0, containing 1 M- 
urea and 2.5 % 2-mercaptoethanol (10 ml of buffer/g of 
tissue). Immediately before use, 4% (w/v) polyvinyl- 
pyrrolidone was added to the buffer. After homo- 
genization, Triton X-100 was added to a final con- 
centration of 2 % (v/v), and the homogenate was stirred 
for 20 min and then centrifuged at lO000g for 10 rain. 
The supernatant was filtered through two layers of 
Miracloth and subjected to ultracentrifugation and 
further treatment as described in the mini-preparation 
procedure of Gardner & Shepherd (1980). After some 
preliminary restriction mapping, the CVMV dsDNA 
genome was cloned at a unique BglII restriction enzyme 
site into a plasmid vector designated pCKIZ (Anza, 
1982). This plasmid was found to reproduce poorly in 
many strains of Escherichia coli. The pUC119 (Vieira & 

Messing, 1988) vector was modified to include a BglII 
site in its multiple cloning site and was designated 
p JAW141. Subsequently, the cloned DNA of the CVMV 
virus genome was transferred from pCKIZ into the BglII 
site of pJAW14I and the clone was designated 
pCVMV141. 

Whenever possible, subclones of pCVMVI41 were 
produced using appropriate restriction enzymes and used 
for the sequence reactions. A series of nested deletions 
were produced using an Exonuclease III digestion 
technique (Henikoff, 1984). The double-stranded cDNA 
was sequenced using Sequenase (USB) following the 
dideoxynucleotide chain-termination method (Sanger et 
al., 1977). The entire sequence of CVMV was determined 
on both strands and the sequence data were analysed 
using Seqaid II (D. D. Rhoads and D. J. Roufa, 1989, 
Kansas State University, Manhattan, Kan ,  USA) and 
DNASIS (Pharmacia). 

Total nucleic acids were extracted from dried or fresh 
plant samples using a nucleic acid extraction method 
(Dellaporta et al., 1983). Five sets of primers were used 
to initiate PCR to amplify different regions of the CVMV 
genome. The PCR was carried out with Taq DNA 
Polymerase (Promega) using a programmable thermal 
controller (MJ Research). The products were purified 
using the Magic PCR DNA Purification System 
(Promega) and analysed in agarose gels. In selected cases 
the PCR products were cloned into the plasmid Blue- 
script KS(+ ) (Stratagene) and the cDNA products were 
sequenced as described above. 

The genome of CVMV consisted of 8158 nucleotides 
of dsDNA with the potential to encode five proteins and 
a 736 bp intergenic region (Fig. 1). There was a 29 
nucleotide region, T G G T A T C A G A G C T T A G T T T ,  that 
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RNA-blndlngdomaln 
CVMV ORF I 739 CKCYNCGEEGHISPNC 

CaMV ORb" IV 410 ---WI-NI...YANE- 

CERV ORF IV 418 ...WV.NI.-.YANE. 

FMV ORF IV 409 ...WI.T...CYANE- 

SoyCMV ORb" IV 380 -Q-WL.H...CYANE- 

CoYMV ORF III 879 .... I.,Q...YANQ. 

ScBV ORF III 736 .... V.-SPD.LMKD- 

RTBV ORF III 776 .... I-QD-N.LANR. 

Movementdomaln 
CVMV ORF I 

CaMV ORb" I 

CERV ORF I 

FMV ORF I 

SoyCMV ORF I 

CoYMV ORF III 

ScBV ORF III 

RTBV ORF III 

997 KIRNIHLAAVEIVVKAYFREGIDTPFEIILCDDRI 

123 IMSMV.-G--K.LL--Q--N ..... IK.A,I .... 

115 T.SD.,FGAIKVLI.-R...--NS.IKMA.I .... 

120 --SM...G..K.LLT-Q-.Q .... SVKMA.I .... 

98 L..YV.ISTLQVLI.ST-LK.L--.L.LT-R.N.L 

136 G-EF.IGVMLVRKQILH.KFAG.MAL-VFR.T-W 

132 GLRY-.PGILAVRIQPLHPDWSGKLVF.VFR.I.D 

109 GKLYY-IGMMAoG..GLH-RK°GoKVM.MFyoDSF 

Pr~ease 
CVMV ORF III 26 

CaMV ORF V 44 

CERV ORF V 33 

FMV ORF V 53 

SoyCMV ORF V 35 

CoYMV ORF III 1219 

ScBV ORF III 1082 

RTBV ORF III 985 

Rever~tr~rlptsse 
CVMV ORF III 296 

CaMV ORb" V 336 

CERV ORF V 317 

FMV ORF V 328 

SoyCMV ORF V 291 

CoYMV ORF III 1498 

ScBV ORF III 1350 

RTBV ORF III 1274 

RibonudeaseH 
CVMV ORF III 512 

CaMV ORF V 547 

CERV ORF V 531 

FMV ORF V 540 

SoyCMV ORF V 508 

CoYMV ORF III 1711 

ScBV ORF III 1563 

RTBV ORF III 1486 

FDTGANICICKKKVLPDE 

V .... SL--AS-F-I-E. 

V---SSL.MAS.Y.I.E. 

V°...SL..ASRYII.E. 

I-...TL.FG.R.ISNNW 

V....TA-LIQISAI-EN 

L.-.-TRSCINQVFIEEK 

I°S.STHN-ICPTLI-AS 

YYSKFDCKSGFYHI <20> WKVLPFGYHNSPSIF <12> DFIIVYIDDILVFS 
IF-S ....... WQV <20> 

I..S ...... LWQV <20> 

IF-S ....... WQV <20> 

WF.SL.A...YYQL <21> 

I ..... L .... WQV <20> 

IF .... L .... HQV <20> 

IF .... L.A..HHM <20> 

-N-V...LKQA .... <12> K-CC.'V ....... 

• N-V---LKQA .... <13> KYCC-.V ....... 

• N ..... LKQA .... <12> K.CM-,V...I..- 

• N'-S..LKQA.C.Y <ii> .H.LA ...... I-T 

• L'M---LKNA-A-- <12> K-.A .......... 

• L'M---LKNA.A.. <12> G.,A ..... .o..- 

• N.C...IANA.CA. <ii> K.ALL ...... IA" 

IIEVDASNNAYG <12> EYLCRYNSGTFK <73> QLIDGKTNIIADYL 

• ''T.'-DDYW. <14> .L....A..S., <72> EH.K.TD.HF--F. 

V..T--.EEFW- <i0> ..I--.A.-S,, <72> EH.A.TK.VF-.F. 

• ''T...DSFW. <II> .LI...S..S,, <72> EHLE.VK.VL.-C. 

• V,T,,.QHSWS <63> LL. oK.V..,-T <72> E.'KSEN.PFEIR, 

• -.T.GCMTGW. <15> -RI-A-A--S.N <72> EH .... H-GL--A. 

• --T..CATGW. <15> .QI..-A..K.D <72> EH'K'.S.GL--I. 

• ''T-''EEGW. <15> -KIAG'A..N-G <72> EH'K.NK.FLPNF- 

Fig. 2. Comparisons of regions of biological significance between CVMV, CaMV, CERV, FMV, SoyCMV, ScBV and RTBV. The 
regions are the intercellular transport movement domain, the RNA-binding domain, the protease motif, the reverse transcriptase motif 
and the RNase H activity domain. The name of the virus, the designation of the ORF and the starting position of the amino acid are 
indicated before each sequence. The symbol ( 0 )  indicates identical amino acids as compared to CVMV. The spacing between amino 
acid blocks is written in angle brackets. 

has 16 bases that were complementary (underlined) to 
m e t  the 3' terminus of plant cytoplasmic tRNA ~ (Sprinzl et  

al., 1987). To conform with previous studies on caulimo- 
viruses and badnaviruses, the numbering of the CVMV 
genome was started at the 5' end of this putative primer- 
binding site (Hull et  al., 1986; Medberry et al., 1990). 

The tRNA-binding site was followed by an open 

reading frame (designated ORF I) that potentially 
encoded a protein that consisted of 1372 amino acids and 
had a molecular mass of 186 kDa. The putative protein 
encoded by ORF I shared only limited similarity with the 
proteins encoded by the ORF II, III and IV of cauliflower 
mosaic virus (CaMV). The predicted proteins encoded 
by ORF IV of the caulimoviruses and the ORF III of the 
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ORF 11 
- ORF I U ORF HI 

! II i 

[ . m3 MD PR aT RII] CVMV 
ORF II ORF IV 

ORF III 
ORF HI 

[ ~ ~ PR ar aa I CoVMV 

Fig. 3. Comparisons between the genomic organization and relative 
position of regions of biological importance in CVMV, CaMV and 
CoYMV. The regions are the intercellular transport movement domain 
(MD), the RNA-binding domain (RB), the protease motif (PR), the 
reverse transcriptase motif (RT) and the RNase H activitiy domain 
(RH). 

met tRNA 
binding site 

H ~ s - d n  

" ~ l ~  CVIVIV genome 
~[IRib . . . .  I .... H 8158 nucleotides RNA ~RBD-up 

\ ~  ORF II] binldeng ff / 

,, ~'~ TR~ew'se aom~i~ dr/ - -  

Fig. 4. Predicted genomic organization of CVMV based upon the 
nucleotide sequence of cloned viral DNA. The circle represents the 
CVMV genome and the thick black lines with arrows represent the 
ORFs. The regions of the predicted proteins that contain conserved 
motifs are represented as blocks. The thin black lines bordered by 
triangles represent the primer and products that were amplified from 
CVMV-infected plants. These are illustrated to show the areas of the 
genome that have been confirmed from at least two independent 
sources of CVMV. 

badnaviruses contain consensus regions for zinc finger- 
like RNA-binding domains (Covey, 1986). A putative 
RNA-binding domain was found in ORF I of  CVMV at 
the location aa 739-754 (Fig. 2). The sequence of CVMV 
ORF I from aa 520-754 has 33 % identical and 20 % 
similar amino acids as compared with CaMV ORF IV. 
The CaMV ORF IV encodes the coat protein and it is 
probable that the coat protein of  CVMV is part of  a 
polyprotein encoded by ORF I of CVMV. The zinc 
finger-like RNA-binding domain was followed by a 
region that has similarity with the intercellular transport 
protein of  the caulimoviruses (Figs 3 and 4). The ORF 1 
region aa 972-1105 has 35 % identical and 32 % similar 

amino acids with the figwort mosaic virus (FMV) ORF 
I aa 96-206. This region contains motifs (Fig. 2) that are 
typical of  intercellular transport proteins (Koonin et  al., 

1991). 
Starting at nucleotide 4132 overlapping 14 nucleotides 

of  ORF I, there was a possible small ORF (designated 
ORF II) with the potential to encode a protein of 71 
amino acids with a molecular mass of 8.8 kDa (Fig. 4). 

The CVMV ORF III had the potential to encode a 
protein of  652 amino acids with a molecular mass of  
77 kDa. The putative protein contained protease, reverse 
transcriptase and RNase H consensus regions (Fig. 4). 
These features made it probable that the ORF III 
encodes a viral replicase that is typical of the para- 
retroviruses. The region of the protein that contains the 
reverse transcriptase motif  was compared with the similar 
proteins of  the badnaviruses and caulimoviruses; CVMV 
was most similar to the caulimoviruses CaMV, FMV and 
carnation etched ring virus (CERV), with amino acid 
identities of  47 %, 44 % and 43 %, respectively. When the 
reverse transcriptase motif  of  CVMV was compared to 
those of the badnaviruses, there was a slightly lower level 
of amino acid identity (39-40 %). 

The beginning of  ORF IV overlapped the end of  ORF 
III and potentially encodes a protein of  201 amino acids 
with a molecular mass of  24 kDa (Fig. 4). The beginning 
of  ORF V overlapped the end of  ORF IV and potentially 
encodes a protein of  220 amino acids with a molecular 
mass of  26 kDa. These proteins had no detectable 
similarity with any of the proteins encoded by the 
caulimoviruses or badnaviruses. 

Following ORF V was a 736 bp intergenic region that 
contained a putative TATA box (underlined in Fig. 1) 
which shared similarity with the 35S promoter  of  CaMV 
and the putative promoter  of  rice tungro bacilliform 
virus (RTBV). 

The most unusual feature of CVMV is the arrangement 
of genes in the genome (Fig. 3). Based on the sequence 
data from clone pCVMV141, five sets of  primers were 
used to amplify total nucleic acids from CVMV-infected 
cassava. In all cases, the amplified products from both 
the clone pCVMV141 and field isolates of  CVMV were 
of  the same size (Fig. 5). A part  of the genome of a 
CVMV isolate from Araripina, Pernambuco, was cloned 
and the sequence was determined. The Araripina isolate 
shared 96 % nucleic acid and 96 % amino acid identity 
with the pCVMV141 clone. One set of  primers (RBD-up 
and RBD-dn) amplified a product that included the 
RNA-binding site and the intercellular transport do- 
main. These experiments helped confirm the unusual 
gene order by confirming that the original clone was very 
similar to CVMV field isolates. 

Comparisons of  regions of  the proteins that contain 
the conserved motif  for reverse transcriptase were made 
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HS ORI RBD RT SST 

o ~ o o 

Corresponding bases 
Primer in CVMV geaome 
HS-up 7724 to 7747 
HS-dn 349 to 327 
ORl-up 1315 to 1334 
ORl-dn 1646 to 1627 
RBD-up 2077 to 2094 
RBIMn 3027 to 3000 
RT-up 5343 to 5375 
RT-dn 6248 to 6216 
SST-up 6247 to 6274 
SST-dn 7332 to 7311 

~IUC~Ce 
5'- GAGTGAGTAG'ITILT~AATIL-W~ 
5'-CrATCAGCTAAATITIL"'IL~AGC 
5'-TAAGAAGAGAAACK]CAATAT 
5 : T G G T ~ A ~ A A T r  
5 ' - G C r A T r A T G A A G T A ~ T A ~ T G  
5 ' - T I L - T r A T I T r A ~ T C C T r G ~ A G G  
5'-CCA~ATATCATAACTCACCAAGTATITrC 
5'-CAAATAATCAC~AATAATATITGTI'IT1L~ATC 
5'-TGAGCACK3TACAATrCATCrGATA~ 
5'-CTrCGTATIEW_.K~ AGTATAC.-G 

Fig. 5. Comparison of PCR products amplified 
from the cloned viral DNA (pCVMV141) and 
from total nucleic acids extracted from CYMV- 
infected cassava plant extracted from fresh tissue 
in Brazil (CVMV-Petrolina). The numerical posi- 
tion of the primers corresponds to those reported 
in Fig. 1 (the complete sequence of CVMV). The 
approximate positions of these primers are shown 
on the genomic map in Fig. 2. The markers are 
the 1 kb ladder (BRL). 

for CVMV, three badnaviruses and four caulimoviruses. 
The analysis was made using the computer program 
PAUP [Phylogenetic analysis using parsimony, version 
3.0;  developed by D . L .  Swofford (Illinois Natural 
History Survey, Champaign, II1., USA)]. Heuristic 
search, branch swapping and majority-rule consensus 
options of the program were used for making the 
phylogenetic tree (Felsenstein, 1985). The regions en- 
compassed CVMV ORF III  aa 248-427, CaMV ORF V 
aa 288-468 (Gardner et  al., 1981), FMV ORF V aa 
280460  (Richins et  al., 1987), CERV ORF V aa 269-451 
(Hull et  al., 1986), soybean chlorotic mottle virus 
(SoyCMV) ORF V aa 244426  (Hasagawa et al., 1989), 
Commelina yellow mottle virus (CoYMV) ORF III  aa 
1450-1630 (Medberry et  al., 1990), RTBV ORF III  aa 
1226-1405 (Qu et  al., 1991; Hay et al., 1991) and 
sugarcane bacilliform virus (ScBV) ORF III  aa 
1302-1482 (Bouhida et  al., 1993). Also, the direct amino 
acid similarity was determined for these regions. 

Based upon the amino acid sequences including the 
consensus sequences of the reverse transcriptase, the 

92 

37 

29 

CVMV 

51 [ 

[ 90 
29 

68 

65 CYMV 

29 SCBV 

RTBV 

FMV 

28 CaMV 

45 CERV 

S o . M Y  

Fig. 6. Diagram illustrating the relationship between a portion of the 
plant pararetrovirus reverse transcriptases. Amino acid sequences of 
CVMV, FMV, CaMV, CERV, SoyCMV, RTBV, ScBV and CoYMV 
were used to construct the tree. The mean assigned branch lengths are 
written next to each branch. 

predicted relationships among eight plant pararetro- 
viruses were determined (Fig. 6). The results of the 
analysis of  the relationship between the plant pararetro- 



Short communication 1277 

viruses were similar to those obtained previously 
(Bouhida et al., 1993). The three badnaviruses and the 
four caulimoviruses each formed a group. CVMV was 
consistently placed between the caulimoviruses and 
badnaviruses. Based on direct amino acid analysis of the 
intercelluar transport motif and the polymerase gene, 
CVMV appears most closely related to CaMV and 
FMV. 

Since CVMV has consensus sequences for a tRNAmet~ - 
binding site, a zinc finger-like RNA-binding site, an 
intercellular transport domain, an aspartic acid protease 
site, a reverse transcriptase motif and an RNase H 
activity motif, it appears to be a typical plant para- 
retrovirus. Although CVMV has the morphology of a 
caulimovirus with an isometric virion of 50 nm, the 
predicted genomic organization is quite different. The 
most unusual feature of CVMV is the order of the zinc 
finger-like RNA-binding motif (probably part of the 
capsid protein), the putative intercellular transport 
domain and replicase gene (Fig. 3). In the caulimoviruses, 
the capsid protein (containing a RNA-binding motif) is 
encoded by ORF IV, and the replicase protein is encoded 
by ORF V (Hull et al., 1987). In the badnaviruses, the 
putative product of ORF III is apparently a polyprotein 
that is processed into the capsid protein that contains a 
zinc finger-like RNA-binding sequence, followed by the 
consensus motifs for a viral aspartic acid protease, the 
reverse transcriptase and RNase H (Medberry et al., 
1990; Qu et al., 1991; Bouhida et al., 1993). In the 
caulimoviruses and badnaviruses, these genes for these 
proteins may be translated and the products processed in 
different manners, but they maintain their relative 
positions in the genome. In contrast, the CVMV ORF I 
contains the consensus sequence for the zinc finger-like 
RNA-binding domain followed by a consensus motif for 
the putative intercellular transport protein. The sequ- 
ences for the putative coat protein and intercellular 
transport protein, which are apparently translated as a 
polyprotein, precede the replicase gene on the genome. 
This genomic organization differs from any other plant 
pararetrovirus that has been reported to date. 

We conclude that CVMV is widespread throughout 
the semi-arid region of north-east Brazil, and based on 
the predicted genomic organization that CVMV is a 
plant pararetrovirus that is an atypical caulimovirus. 

The authors are indebted to Okon Ansa who prepared the original 
clones of CVMV in 1981 and ll-Ryong Choi who transferred the viral 
genome to the cloning vector designated pJAW141 (pUC119 modified 
to contain a unique BgllI site). The authors are also indebted to M. T. 
Lin and E.E. Kitajima of the University of Brasilia who supplied 
CVMV-infected stem cuttings of cassava as a source of virus for 
cloning. The authors are also indebted to C. Fukuda of EMBRAPA/ 
CPNMF who often accompanied the surveys for CVMV and supplied 
virus-infected material for the comparison with the original cDNA 
clone. This work was partially funded by a grant from United Nations 
Development Projects. 
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