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SUMMARY 

The double-stranded DNA from the isolate D / H with an altered virulence of the cauliflower mosaic 
virus (CaMV) contains 8016 bp. The DNA is circular and possesses, like the DNA of most CaMV strains, 
three sequence interruptions. 

The comparison of its sequence with the previously published sequences of two other CaMV strains 
(Cabb-S and CM 1841) leads to the following conclusions: ( 1) The genetic organization of all three CaMV 
strains is identical with six potential genes ( open reading frames) and two intergenic regions; (2) considered 
pairwise, the three DNAs differ from one another by only about 5% with base substi tutions accounting for 
most of the changes although several deletions and insertions are also observed. The sequence differences 
among the three strains are spread in a uniform manner upon the genome except for the two intergenic 
regions, which are more highly conserved. The stability of the noncoding regions is probably linked to the 
fact that they carry sequences important for the initiation and termination of transcription. On the other 
hand, the sequence variation in the open reading frames has relatively little effect on the sequence of the 
corresponding polypeptides as changes occur preferentially in the third position of the reading frame 
triplets. 

It is anticipated that knowledge of the DNA sequences of several Ca MY strains will faci li tate 
construction-of inter-strain recombinants which, once available, can be used to correlate gene structure and 
function. 

INTRODUCTION 

The type member of the DNA-containing 
caulimoviruses is CaMV. Recent developments in 

Abbreviations: hp, base pairs; CaMV, cauliflower mosaic virus; 
ORF, open reading frame. 
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recombinant DNA technology and associated 
techniques have heightened interest in the molecu­
lar biology of CaMV and its potential as a vector 
for gene transfer in higher plants. The genome of 
CaMV is a double-stranded circular DNA mole­
cule of about 8000 bp. Virion DNA of most 
CaMV strains contains three single-strand discon-
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Fig. 1. Physical map of cauliflower mosaic virus DNA. Outer­

most portion: The double-stranded virion DNA with the three 
discontinuities (ti). The 3' and 5' free ends at each discontinu­
ity are shown. Inner segments (arrows) show location and 

direction of the open reading frames in the three phases. Solid 
b lack arrows show location and direction of ORFs VII and 
VIII. 

tinuities, two in one strand and one in the other. 
The single break, I~ , in the so-called a-strand of 
the DNA is taken as the origin of the conventional 
restriction map. Complete nucleotide sequences 
are available for the virion ON A of the Cabb-S 
isolate (Franck et al. , 1980) and for an infectious 
clone of CM I 84 1 (Gardner et al. , 198 I). Analysis 
of the distribution of translation initiation and 
termination codons in these sequences has re­
vealed the existence of six long ORFs on the DNA 
a-strand, the strand which is transcribed (Fig. I). 
It seems reasonable to hypothesize that the six 
ORFs correspond to virus-coded polypeptides. So 
far, however, only one such polypeptide has been 
detected, a protein of M, 62000 which is the major 
virus-specific in vitro translation product directed 
by polyadenylated RNA from infected plants and 
is coded for by ORF VI (Odell and Howell, 1980; 
Covey and Hull, I 981 ). Indirect evidence suggests 
that the viral coat protein is encoded by ORF IV 
(Franck et al., 1980; Hahn and Shepherd, 1982). 

CaMV is widely distributed throughout the 
temperate zones of the world with the DNA of 

some 30 different isolates having been character­
ized by restriction analysis (Hull, 1980). One iso­
late examined by Hull '(1980), the D/ H (or 
Hungary) isolate, is of particular interest to us 
because its symptoms differ significantly at the 
subcellular level from those provoked by Cabb-S 
with respect to the structure of the viral inclusion 
bodies which appear in the cytoplasm of CaMV­
infected cells (Xiong et al., I 982). It is hoped that 
recombination experiments (Lebeurier et al., 1982) 
between the two strains, leading to formation of 
infectious hybrid DNA molecules, will enable us 
to pinpoint the portions of the DNA sequence 
responsible for these cytological changes. As a 
preliminary to such work we report the complete 
nucleotide sequence (80 16 bp) of Cabb-D/ H 
DNA. The Cabb-D/ H sequence is compared to 
those of Cabb-S and CM I 841 both at the nucleo­
tide level and at the amino acid level in the various 
open reading frames. 

MATERIALS AND METHODS 

CaMV-D/ H isolate (inoculum, a gift of Dr. J . 
Horvath in Budapest) was propagated on turnip 
plants ( Brassica rapa L. cv. Just Right) grown 
under growth chamber conditions (22°C, 2000 lux, 
16 h/ day). Virus was purified using the Triton 
X- I 00-urea method (Hull et al. , I 976) 4 weeks 
after inoculation. CaMV DNA was prepared from 
purified virus according to Hohn et al. ( 1980). 
Digestion of the DNA with restriction enzymes 
was performed as recommended by the suppliers 
(Biolabs, BRL, Boehringer-Mannheim). Restric­
tion fragments obtained with the following en­
zymes were characterized in the course of sequence 
analysis: Hin fl, Dde I, Taq l , Bg/11, HindIII , 
Hae III, EcoRl , Aval, Avail, Clal, Hga l , Hhal 
and Sau3A. A complete restriction site computer 
listing is available on request. 

Preparation of 5' -32 P-labelled restriction frag­
ments and sequence analysis followed the method 
of Maxam and Gilbert ( 1977) as outlined in detail 
by Franck et al. (1980). Numerous restriction frag­
ments were also 3'-32P-labelled by fi ll-in of the 3' 
recessed extremities with reverse transcriptase (ob­
tained from Dr. J. Beard, Life Science, Inc.) and 



the appropriate [ a-32 P)deoxynucleoside triphos­
phate (Smith and Calvo, 1980). After 3' end label­
ling the protocol for strand separation and se­
quence analysis was as for the 5' end-labelled 
material. Approx. 50% of the sequence was de­
termined on both strands and ""' 90% of the se­
quence was read from several independent se­
que1;ce gels. Computer programmes (for which we 
thank G. de Marcillac) were used to compile data 
and to compare the D / H sequence to that of 
Cabb-S and CM 1841. Information concerning the 
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details of sequence determination 1s available on 
request. 

RESULTS AND DISCUSSION 

Prior to sequencing; a map of D / H isolate 
CaMV DNA for a number of commonly used 
restriction enzymes was established. Some en­
zymes gave the same digestion profile as for Cabb-S 

Cobb D/ H 

Fig. 2. Restriction maps of the three sequenced strains (Cabb-S: Franck et al., 1980; CM 1841 : Gardner et a l., 1981; and Cabb-D / H). 
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C T A G G 
C GG TATOGA.G CCAT~l.lTA<i GTCTATGACC A11i.1,4C TCA.AG '-:i~ATUAAC CTCA(C.U.U HCCAUGAG TTC TT H CT C 

C T .t.A ~ C G G 
C 

1 TA,U.AATA.U. Si-:,Af(TTTCA ~GATC/.A,,l,U Tll,G TTCCCTC HI.CCGGTGA CCGACAGG TT TA(C A CCGTA A5G TT TC AGA 
G C 

A 
z ACAA(;\T(':,A ATGCGTTTAC GCCUCTTC:i ACTCTOGCT CUGT(GTCG TACGATGGTA G,.TCTHHA GATCAAGACT 

3 CTAA.G(~TT.t. A.AOTCP'H ATHTAC GAA 
G 
ACCTTCCTCA 
G 

~GHSHCCT TTTGGHCU TAAAATCTCT CTGAGU TA G 
C T 

4 TACTCTATTG AGTATCCA(A :iAA.1...\AATA" 
C 
TCTTCTG"GT TGAGATGGAT TTGTATCCAG .U.GAHACAC CCHAGCGAG 

T " G • C 
5 (UTCGC.UA AfTCTGAAA:.. THT..\Hi(H A.TAfTT.l,AAT c,GAAACTTC GGATGGATTC TCC TCCGATT TAAAGATCTC 

(j G A C T 
G A 

6 A.AA(GAT(,t,°' TUAHAAT.I, T(T(A.UU( ((A,,HT,\A(T TTGGA H UG A.UAGATHT TAA.GATGCCT AHGTTTTAT 
T G G A 

A 
7 CTCAi\GTTAT GAAAHAGCG PTAGCAGGA .UA.lCGA".i.AT TCTCHCTGC GTCTCGACAA AAGUTTATC GG T GGo\CATT 

T 
G • G 

8 (ATGA T GCCA CAGGTAAGG T ~UTCTTCCT TT ..U.TCACT- UGAGGAAAT T A.ATAAAAGA CTTTCC AGCT TAAAACCTGA 
C C G G A T 

._ (, T C T A C 
9 AGTCt.G.UGA ACCATGTCCA TGGTCC.I.TTT GGGC::iCGGTC U U TA TTGC TTAUGCTCA ATTTAGAAAT GGGATTGATA 

10 

11 

'z 

13 

14 

15 

.AG T T C T A C 

CCCCAATCAA AATTGCTTP. ATCGATl;ATA GAATCAATTC TAGAA. GI.G A T TGTCTTCTTG GTGC4.GCCU AGGTAATCTC 
T C C A 

C C 
GCATACGGH AGTTTATGTT TACTGTATAC CCCAA,GTTTG GI. H HGCCT TAATACCCA A AGACTTHCC AAACC TTAAG 

A G 
CCTTATTCAT GATTTTGI.GA ATHAUTCT TI.TGAATAAA GGTGAT-'AA.G TTATGACCAT AACCTATAT C GTAGGATA TG 

T 
CATHACAAA TAGTCATCAT -''j0,TA.j4. T T ATCHTCGU TGCTHAAT T GAACTAGAAG ACGTATTTC A AGA AATTGG A 

T 

AAf;TCCAGC AHCTGAGTT CTGTACAAr. CAGUTG<TG HTGCAHTG GGCCATTGAT ATAGCCCHA ACU AGCCTT 
G C T A C 

G T 1.C C G T A 
HTAGGAGCT A.IAACC.\AAA (C(AUTTGG TUTAGTCTT CAUTAGG H ATA TT GCATC ATCC TC TAG T 4. CTGAAA ATG 

CT CG T A 
A AATA T T 

10 AATTAGCTAG GGTGAGCC.U UC.ATAGHC T TTT.\OAU TAHTTAUA GAUTCTGTG G-'GAAT---- -GAGCATAAC 
C AH A T T 

A 

17 GGGTCUC(G CATGTTTATA OAH'iATAC TATTATT,t,GA CTAOACCAT TGTCTC TT.U T AG TA ATAAT AGAAGTTATG 

G 
13 TTTTTAGTTC CTCOA4GGG HC,HTCAAA ATATA ATTAA T(ATCTTHC U , CCTCAATA AGATTG T AGG AAG U G(TTA 

G 

19 CTC~GAATH GGAAGATCU CTCHACTTC C.GACT.UGU AAGACCCTTC GGAGTCCAU T CGAAA A ACC CGTCAGTTTT 

2(' THTACTGCA uuc·c ... TTT TTU.'";AGVi:. GGGGGTTt;U TACTCGI.G(( AA((AAAGGA AAUI.A ATCC CTTTT AGAA G 
A A T G 

A A T 
21 CTCAAAAT.AC TAGAHTAAA 4GT(TA'j.t.AA. UGCAATT(S. H((TTAGAT GI.AAAGATTG A.A CCAGAGCC CTTAAC T AAA 

A T A T 

A 
22 GUGUGTTI. AAGAGCTTAII. AGAATCGATT OCT(GATcA ll.lGAAGGHT AAAGAATATT A TT GGCTGAA ATGGCTU, TC 

2} TT.lAT(AHT CCAHAA$U GTCTCTG U~ TCCTCI.GT~I. (Ct.AAAATCC ATGAAAGCGG ATATAAAAGC TA TCTT AGAA 
G T 

24 TTAfrAGG,/if CC(AA AA TCC TATTII.UGA4. A(j(TTll,GU4. CCGTT~CAGC GAAAATCGTT AATG A CT TAA C(AAGCTC AT 
GC C G 

T C A 
Z~ CAATGATTGT CCTT5T .HCA 'AGA::i.\THT A(jU.(:((TH GGCA4.((0C CTAAAGAGCA A(TAATAGGA ( AA CCTA AA G 

T G 

' 2o AUAAG:iCH A(i(j((TTU""' CTT-GGUO TACTCTTIIC( (CUTTACGG AGT A. GGAAAT GUGAATTi\G GATC CTCT GG 
- T( A TA C 

27 AAACCCTAAA GCTTTH!CT 5GCCCTTC:.A ViC"CC4.GO ;;GATGGCCGI. ATCAATATTA GACCGA,CTA TTAAT AGGTT 

T T T I. G C CC 
T T C T G 

2d CTGGTATAO (T(iG'jo\jATG I.TTGrc ~nc AGAAA$ T(H ""'TTGACCTTA TGATAAGGTT AATGGAAGAG T(CCTTG ACG 
( A 

20 GGGACCAUT THTGI. T CTA ACCTCTCHC CUGT'iACII.I. TTTGC.AGGTT GAHAGGTTI. TGACUCUC ((; U GI.CHG 

C T C 

}0 ATCTCGGI.AG UGAAT CAGA ,HT((TTCTII. G(AATAGjA~ 4,Al(GTCTGA AGHGAU.G( GATTCAGGAG AAGAACCTGA 
P. C T 

J 1 

J? 

A T 4 G 
ATrC GAACAI. GTTC(;I.ATGS .\TC:'.iAA('-G:'.i A(;:'.iAA(5:'.iAG 1;rrcccri.HG A4GU5ATG(i CGGAGUCCA 

T , G 
( G G C A 

ATGAGAGU4 G4GAAA:iHC A(T(jo.AGATC (ijTl.(TTTCC UCfCAI.C(A AA{: ACCATTC CAGG(CAAU 
C G G C C 

TCTAGA TATA 
C 

T T 
GC AAA(GACC 

T T 

' B HGGGA,HG( T{.l!.A(AfTjA CTSCC AA<JCC "-HCG/A(jAA (T(fAAT(-iA CGATTGGG(A GC4.G AA ATCG G.\TTGATAG T 
AT A T T 

Fig. 3. Complete nucleotide sequence of D/ H DNA. The sequence of the ,B-strand is presented along with the nucleotide changes 
compared to the Cabb-S (upper row) and CM 1841 (lower row) (deletions are marked as dashes). The sequence is part of the EMBL 
Sequence Data Library that is available on magnetic tape to the users. 
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34 CAAGACCHT AGAGUGACT ._TC TT :iATC( ~GAU(UT( (.THTT(Vi4. TGGAHATA& ... ,HOCAGG" H.:..GCCUGG 

C A CT C 
G 

JS AGTTUTCCG UACACAAGA TGGAACCGCA CTACCGGC':iA CAlCATAG U OGGTGlTCG UGCUTGTA (A(O.ViTTC 
T T T 

A T T C 
JO CTAGGACTH AC TACTCCGA CAACAAGGTC GC(GlGHGl TCGAAG-'GCA --.UAG4.~GGCC UH"C4.GH TJA((AAGCT 

T T T A A C G 
C G 

H T(f.GCTCTGC GACATCHiCT ACCTTGAAGA ATTHCATljT ~ATT4.TGAGA AGAiHATGTA CAAGAC,0,GAA CTGGCGGATT 
C T 

T 

H TCCCA GGATA TATCAACCAG TACC' GTCH U AT(CCC4T CATTGG..,GAA AA•GC'jTT,U. C4.CGCTTUG GCI.TGAAGC( 
T C A C 

C ,r 
39 AACGGAACCA GCATCTACAG TT!AGGTTTC GCGGCUAG, TAGTUUGA AGUCTATCT A.U.HCTGCG 4CTTGACCAA 

C A A.T A 

" 40 GAAGC AGAAG AAGTTGU. GA AHTCUCH GHGTGCTGT 4.GC~TCGGAG UGCTT(AGT .\GHTATGGA TGCAo\GAAG.t. 
A C T G A 

CA GUGC 
41 CATC(AAGAA GAAGTAT(AT AU---tl.GAT A(AA.GA A0, 4. I\To\HAGGCT TUUA((TT UAAGUGAA G.liAGAUTT( 

G- --< G TC . . 
42 CGGTCAGGU AATACTTCU GCC(A.H~U AAGAAGG:;U CTH~CAA4A GUTTGCCCol AAGGGCAAGA U.G:.CTGCACi 

A C G A G Ci 
C T G 

4!, ATC.TTGGATC TGCOTATCG AA'j~C(AT U CGCCU(ljH TGTCCTUTC GA.CA.HG CTC AGAGUGGCT (,t,(ATCCTTC 
G 

A T T 
44 UCAAGCA.GA. GAAACTGGGT CTCCAGCCCA TCGUGAHC Cf,t,(GA.AGGA GTTCUG.lAG TATTCATCCT AGAATACAU 

TT T T T 
AG C C G - - --

45 G.U.GAGGA.AG AAGAAACCTC TACAGAAGU, GHGATG--- GATCATCHC TTCAGHGA( T(AGATTCAG HTCAGA.CT G 
.f.GC I\TG A. T C T G --- -

A 
46 AGCAGGTGA.T GAACATCACC AATCCCAATT CGATCTACH CUGG'jAAGA CTCTACTTCA AGGGATACiH GA•GATAGAG 

G A 
C CC 

47 CTTCACTGTT TTGTAGACAC GGGAGCAAGT TTA TGCHAG (ATC(AAGTT CGTtATACCA GAAG~ACATT GGH(AATGC 
C G T 

C A T 
48 AGAAAGA((A ATCATGGT(' AAATTG(Alj,\ TGGHGTTCG HCA(CATCA ,H,t,AAUTCTj CAGAGACATT GACCTGATCA 

G • A 
C G ,G ._ A 

49 TAGCCGGAGA UTATTCCAT .\TTCCCACCG TCTATCAA(' GGH,t,GTGGA ATCGATTTC A TCATCGGCAA CUCTTCT:.T 
C G AA G C A. T 

G G ,t, ,t,G T T 
50 CAGfTGUTG OCCTTT(AT A(UTTTACA G•HGAGTTA f(TT(A(AH GGACAGAHA HCCCTGTTC ATATTGCGAA 

A( A Vil C 

51 
C T T A 

GCTAACAAGA GO,GTGCGAG TAGC:CACAGA AGGATTCCU GUTCCATGA AGUA(GTTC AUGHTC AG CAACCGGAGC 
TC T T T 

A AGA.TAGAAA ATCCACTAGA AG 
52 CTGTGAACH TTCAACAAAC A--------- ---------- --AAATTG(T ATTC TTTC-.G AGGGaGG•G GTT.ATCAGAA 

G G AGATAGAA.l ATCCACTAGA 1\/j 

5 3 

5 5 

56 

5' 

58 

,. 
60 

61 

ol 

64 

• 
CiAAAAA(TTT TCATCACTCA G( AAAGAH~ COA.AUTCG UGU.CTACT T'iA.ljAA AG U TGTTC,t,GAAA. ,t,T((Aln.GA 

• • 
T(CTAACUG ACTHG(AAT ~'jAfGAAAGC TTCUT(AAG CTC AG (GAC( CAAGnUG( UT(AAGGTT UA(CCATG4 

C C 
AGTATAUCCC AATGGATCGT GAAl,;AATfT::, 

• C 
ATA41j(Ut.T (UAGUTTl CTGGATCTU, AAGT0,TCA4 GCCCA.GTAAA 

C G C T T A 

AGCCCTCACA TGGCACCAGC CTTCTTGliTC UCUTGAAG CCGAGUGCG 4AG .AGGAAAG AA.i\CGTATGG TAGTCA.t.CTA 

T T ~ T 
(AAAGCTATG AA(HAGCCA CViTAGjAGA C".i(TTA(AAT (CT((CH(A UGACGAGTT AnTA(tCT( ATT(G .. GG..U. 

CA A T 

•GUljATCTT TTCTTCCTTC ::.1.CTUT44CT CA':.GATTC TG r,C.,,GGTTCT( (TA',A fCHG AATCUGACC TCTAACGGCA 
C A A T 

• C 
TTCACATGTC CCCAAGGT(I (T4T"iA4.TG(i .AITGTGljTA~ CTTTCGHTT HAGCUG(T ((ATCCAT AT 

A C C C ~ t 
• T 

CATGGACGU iiCTTTCCGHi T',TTCHUA (;TTCtGTT:;C GTT HT GTCG ACG., (ATTCT CGTATTCAGT 
4 T C 

T((AUGACA 
G 

C 
AACOTGAAG 

C 

UGATCACCT HTTC4.CGT• liCA.ATGATCT TA(AU4.'jTG U,tTCAA(AT Ci'.iA ATTATCC TTTCCUGA:.. GAA.4C.CAC4.A 

C T 

CT(TT(AAGA. H.\AGATU4 CTTCCTTG:;T !TAGAU. TA(, AT(HGGAA( A(A,CA,t,GCCT (UG~A(A~ 4 TCTTGGA.A(A 

G , 

' TATCAACAAA TTCC(,t,G,AH CCCPG .t.A GA T4 AG .,.,GCU CTTCAGtGOT TCTT t ljG(A.T ACTC A(A UT ;j((T(A',ATT 
C C A '!' 

C C T , 
ATATT(CiiH G!:TAGCHAA 4 TCA~U t 'j( (f(T~':A.l~C "'-"G(TTAAG G°'GAACGTTC CATGG~AATG :i ACUH G4.G 

C T ., T G 

HCACCCTCT ACAT G(AA.A " ".i~T~tA(, olH AUCTGCUG : ATfTCCTCC HTAC•TCH CCCTTAC(A'j 4AGAGAAGTT 

G A C 

C6 GAT~ATCGAG ACCGAc::.n.r (A:;4.TljA(tA (TG-:.Ci~AGljT t\TGTHAU.G (TATCAAH,T T;.A(GAAGGT A(TAATA(~'; 

6' AGTT.AATTTG CA::.HA(lj(' T(TG'iA 6 GCT ffUtJ(T G( 4Ci-'A.AAljHT TACCACAHA ,t, fGA(OAljA :jAC ACT GGCG 

G T 

F ig. 3 (continued). 
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T G 
63 GTAATAOTA CHTAAAGAJ. ATTTAG'ATT HTCTH(T( (TGTT(ATTT TCTGHC•GA '(,HiHH,T-\. (T(ATTTU,A 

C T G 

69 GAGTTT"TGTT AI T(T(A.c.TT l(U AGGA(jA Tl'CGUt.(TT jljU~AUCA T(t,GATG:;(A H,CATG:iCTT ,GC(4.TTUT 

C ' C 
A 

70 (ATTTGATGT TGAA(ACHT U•:i:iAACCC: -H -"CCACTT TGC:i:iACTT C CTTT(.t.,H;A,;j AATT(AIHG (j'jTT A.HTCC 
G T 

7 1 T~ATTGAU.T ((C.UGAH) 'iATT(((ll,(J, CA("TGT:i:i~ TG i T4.T(UA A-GGUA( TG CCTATA.TA'-A ('-CHCT(TG 

C 
73 (Gil.TCTAGH AGA:i(HHA THGCTTt.GC UGI\GCT'-H 'iGCTCTTC'JC UCUGG4G4 .lCT(TCTCT( (.l.(CGTGAAA 

C C 

CT ' 74 CACCGGAAU AGA:..HViCA ';TT(ATTC TG CACTGGT(4.C TTTT4.CGCCA A(TCUGTU 4.GGCHTTCC AGAGn,U('j 
T A C 

T T A.A T T 
75 GCTCCTGGTA UG AU(All,C 4AHCCGTTG ATGGCTA~TA TCTT.:i(CA U AGATPGUC (CAGTTCI.GA CTGGGAC.U.G 

CC T A4 A A C T T 
76 G(UG(AGTG (OTCG.JAC'' "'TTTA(':"(C TO,T(J, (i:iG.\. UTCCAI.TCC n(AA AUTC TGAGCTT.l(j( AGCA.(AGTT:i 

T GCi T 
AC A T 

77 TTCCTCTCH A'JOGA.U(G (i 'jl,;,Tf(H( 11.(((T(ATH "..J(UCTH 'J TT GTGT.lL.O. tCGGTCCACA Vi((G.;T..HA 
( ( ( 

78 TA(GAT::iACT GGGGTTC.TAC H•C.GC.A.$(1\ A( Al..:CC.GCG T((CCC.G AGT TG(<;CHHG .l.ltGTT TGCC .. (TATT,HAGA 
C. T H C 

( 
79 GG(AAG .\GCA G(A(:(T::i.l.Cfj (~TH,H.U,C 1\.0.GA( I.G(A" 1.CA::i AT-.GGT TGAA(TJTI.T (((CA..U.GGA GAAG(T(U( 

C T C C 
C 

SO T(AAGCCC-'A GAGCTTT'i('" GJ.'iGCCTHA (AA~CC(l\(C .1.1, 1 .j(AUU UC((ACTGG( T(4CGC T.\GG lHC 4. 0 U G 

" C C G . ( 
81 CCC.\GCAGTG ATCCAGCCCC 4..U,t,(j,i,GATC TCCTTTGCCC CGGAGHC.O.C AATGGA('jA( TTCCTCUTC TCTATHTCT 

C T C 

82 AGTCAGGAAG TTCG-'CG~A(j AA'i~ViA(.jA 
GA A 

T 

TA(CHGTTC I.CCACTG,HA I.T;'.;.\Gl~C,,\ T UGCCTCTTC A.I TTT(A(i.).I. 
C T 

S3 AGAACGCTAA CCCACAGATG GTTAGAGAGG CCHCGOGC ,-:;GACTCATT AAGH:iATCT HCCGA::iCU T U T(TCCAG 
T G G C T 

C 

85 UTATTTCTC UGHC.o.GU. ljfl.( T.I. TTCC 4:if'HiGHG HTCUGGCT Tfj(TfCAC.U. A(CA AGGCA A GT.1.AT AGAGA 
T 

C T 4 I\ 

80 TTGGAGTCTC THAAI.GGU H TCCTA(A.j UTCAAAGGC CATG:-iAGTCA AGGATTC.1.1.A TTGAGGATCT UCAG O CTC 
G A G T 4A G C 

87 GCCGTGHGA cr.;G(GU(A ;nc-.nu . .:; A(;T( T(TTI.( ~.1,(T(AAT(j ,1 (AI.G A.l {i AAA .I T(TT(GTO ACA TGGTGGA 
T 

G A ' 
88 GCACGACACT CTCGTCf.l(T C(AA(jA.1.tAT (I.AGGAAI.CI. GACTCA.GHG I. CCAAAGGGC HTTGAG,t,(T TT(CA.t,(AAA 

A T T T 
T TG 

89 (j(jfjTAATTT( G'JGA,U.CCTC (T(~(iATT(( ATTGCCC-.GC TATCTGTCH TTC .\T OTGA •:.AC4G T•GA HA GGUGGT 
a G 

T C T ( AG T TC 
oo GGCGCCTAC.t. HTGTCACCA TTG(G.IHH GGAAAlj('i(T I TCGTT(A .t, (i A TGCCT(HCC GHri A .. GGGA cc • CAGH41. 

C T .&Ci T f( A 
( ,, 

91 AAG TGGA((T CCACCCACG• GG•GCATCGT l.j,A.0,U~G.U G4CGTTCCO A-C•cr,rcn (HAGCUGT :;GU TGA TGT 
( ,, 

9Z GATATCTCCA CTGA(GTUG j.jAJ::i,tt,(G(A CAAT((CACT HCCTTCGO AUACCCTTCC TCTATAT • "G (j U 'jTT(ATT 

.t, .A - ------·-
QJ TCATTTGG•G Aj(i,\(.(G(T 'j4.U. T(A((A GT(T(T( "' (T HUCTCTCT CTCTCTCTAC ATTTC(-ATA ATAATGTGTG 

T T CT C 

94 AGTAGTTCCC A:iATUGGGA ATTAGGGTTC TTATAGGG TT TCGCTCATGT :iTTGAGCAU TU(ilUCC( TT AGTATGTA 
( 

95 TTTGTATTTG TAA.1.1.UCTT CHTCAAU..O. HTTTCTI.AT "((TAAi.AC( .U.AAT((A(;T A(THUT(( AGHCTCCTA 

• 
06 AAGTCCCTH AGATCTPGT 'iGTGAAT4T~ HCCAGHO.C aGACGlCTA UCCTGGHC ((,t,:iACGCCG TTTGOGCU 

C T C 

C 
98 TTTAAATATC ATGAAGTGG:i. CGGUC,';UG G•:;GAAGACA ,HiGAAGG,\tA • GGTT:iCAGG CCCTGT:;TH G:iTU(ir.(GA 

G C 

09 TGGAHTTTG ATAG • GGTAC t;CTACTH:i.c TTAft.CP.T~ T~CTII.AGGG~ ATGCTTGTAT TT-ACCCHT ATA((CTUT 
T C C T CC 

G 
100 AACCCCTTAT CGJ.TTTUA:i UHHT(((i (ATA,\'j(C(~ CGCTTUAI.A 4TT 

T 

Fig. 3 (continued). 



TABLE! 

Comparison of nucleotide sequence between the CaMV isola tes 

The differences among the nucleotide sequences of Cabb-S. CM 1841 and Cabb-D/ H were examined in each open reading frame and intergenic region of the genome. 
Deletions ( - ) and insertions ( +) in Cabb-S and CM 1841 with respect to the D / H sequence are indicated. The putative protein products of each open reading frame were compared 

pairwise and the number and % of changes are shown in columns 7 and 8. Columns 9 and IO give the fract ion of nucleotide changes that result in amino acid changes for each region . The 
putative coding regions start with the first in-phase methionine signal in each ORF. 

Region Map location Base substitutions Other changes Net changes a Amino acid change Amino acid change 

(first Met-stop) per base 

in S in CM 1841 in S in CM l841 S% CM1841 in S % in CM1841 % in S in CM1841 
% 

(I) (2) ( 3) (4) (5) (6) (7) (8) (9) (10) 

ORF! 365- 1348 43 45 + 5 +5 4.5 4.7 7 2.1 8 2.4 0.16 0.17 

ORF II 1345- 1824 14 13 + 5 +5 3.1 2.9 4 2.5 8 5.0 0.28 0.61 

ORF III 1826-22 15 9 14 + I - I + I - I 2.8 4.1 3 2.3 6 4.6 0.33 0.42 

ORF IV 2197-3669 83 96 - 6 + 3 - 3 +3 5.8 6.7 13 2.6 24 4.8 0.15 0.25 

ORFV 3623-5650 94 110 - 6 +21 +3 - 6 +21 4.7 5.6 14 2.1 19 2.8 0.15 0.17 

ORF VJ 5754- 7322 83 71 + I - I - 6 + I - 1 - 6 5.5 4.7 33 6.3 27 5.2 0.39 0.38 

small intergenic 565 1-5753 I 2 - - I 2.0 

long intergenic 7323-8016 6 20 - 8 + ] 1 3.0 

1- 364 12 17 - 1 - 1 3.5 4.9 

Possible coding regions 
VII 13- 303 II 14 - - 3.8 4.8 3 3.1 II 11.5 0.27 0.78 
VIII 3260-3583 23 21 +3 - 7.4 6.5 II 10.3 15 14.0 0.47 0.71 

"Each deletion or insertion counts as a single change in the %. Calculated as sum of (1)+ (3) or (2) + (4) divided by length of the interval in bp (second column). 

"' .:,. 
V, 
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or CMl841 DNA while others gave a quite differ­
ent pattern. Fig. 2 presents a comparison of the 
restriction maps for the three strains. 

The complete nucleotide sequence of D / H 
DNA is presented in Fig. 3. The sequence consists 
of 8016 bp; numbering begins with the first dG 
nearest the 5' boundary of I~. Only the sequence 
of the ,B-strand, which is of the same polarity as 
viral mRNA, is presented along with nucleotide 
changes compared to the Cab b-S and CM 1841 
sequences. The sequence around the three discon­
tinuities in the virion DNA is conserved in all 
three isolates and the position upon the DNA 
sequence of the 5' extremity of the interrupted 
strand at each discontinuity in D/ H DNA is 
identical to that observed for Cabb-S DNA. 

Although the three CaMV DNA sequences have 
not been subjected to detailed statistical analysis, 
the base changes appear to be distributed in a 
roughly uniform manner upon the genome with 
two exceptions: the small intergenic region sep­
arating ORFs V and VI (residues 5651-5753) and 
the intergenic region between the end of ORF VI 
and I~ (Table I). This sequence stability is no 
doubt due, at least in part, to the localization of 
transcription initiation and termination signals in 
these regions (Covey et al. , 1981; Dudley et al., 
I 982; Guilley et al., 1982). It is interesting to note 
that one of the two changes distinguishing the 
small intergenic region of the Cabb-S sequence 
from that of D/ H and CM 184 1 is the substitution 
of a T for an A at position 5702 of the D / H 
sequence (Fig. 4A). The change in question occurs 
in the middle of a TAT A-box type sequence 
(TATATAA for D/ H and CM 1841; TATTTAA 

CABB-DH 

CABB-S 

CM181H 

A 

I' 3' 

- TAT AT AAACACATC TC TGG-
5699 

I' 3 ' 

- TAT TT AAACACATCTCTGG -
}731 

I' 3' 

- T ATAT AAA CACATC TCTGG-
}719 

B 

s' 3' 

TCTCTA--TAATAAT 
747S 

I' 3' 

TCTCTA TTTTCTCCAT AATAAT 
7474 -

Fig. 4. Sequence changes in the intergenic regions. (A) Change 
in the middle of a TA TA-box type sequence which falls 33 bp 

upstream of one of the two major transcription start points 
(Guilley et al., 1982). (B) Insertions found in CM l841 and 

Cabb-D / H sequences. The absence of this insert creates a new 

TA TA-box type sequence in Cabb-S. 

in Cabb-S) which falls 33 bp upstream of one of 
the two major viral transcription start points 
(Guilley et al., 1982). An unusual change in the 
long intergenic region is a 9- or 8-bp insertion 
found in the CM 1841 and D / H sequences, respec­
tively but lacking from Cabb-S (residue 7480). The 
absence of this insert creates a new TA TA-box 
type sequence, TAT AA TA, in the long intergenic 
region of Cabb-S DNA (Fig. 4B) 45 bp down­
stream from the second major transcription start 
point (Guilley et al., 1982). There is no evidence, 
however, that this new TATA box can function as 
a transcription start signal in vivo or in vitro 
(Guilley et al., 1982). 

About 85% of the CaMV DNA a-strand se­
quence can encode protein. The overall organiza­
tion of this coding capacity into six major open 
reading frames is closely similar in all three strains. 
One interesting difference in the D / H sequence 
occurs at the junction between ORFs I and II. In 
the Cabb-S and CM 1841 sequences the TAA 
termination codon ending ORF I is separated by a 
single nucleotide from the first in-phase A TG 
codon of ORF II while in the D / H sequence the 
two ORFs overlap by four nucleotides (Fig. SA). 
This change is the result of a 5 bp deletion at the 
ORF I-ORF II junction in the D/ H sequence 
which eliminates the original stop and initiation 
signals but generates new ones (Fig. SA). A second 
distinction occurs at the end of ORF IV where a 
6-bp insertion has occurred in the D / H sequence 
which, when coupled with a mutation eliminating 
the original TGA termination codon, elongates 
ORF IV by 6 bp (Fig. SB). 

Compared to the Cabb-S and CM 1841 se­
quences about 75% of the base changes in ORFs I 

A 
I' ORF I 3' 

-GAAT• • • • •GAGCAT- CABB-DH 
1.)4 3 

ORF 11 

I' ORF I - 3' 

- GAAT AATATGAGCAT-,___ 
ORF 11 

1J,2 
(ABB- S 

l'ORFJ 3' --- GAATAAA~ CM181H 
13

'
2 ORF I I 

B 

I' ORF JV 3 ' 

TT CAGAA TCAGAC T GAGC AG 
36$• 

I' ORF JV 3' 

CTCAGACTGAC. · • • • • • CAG ,.., 

I' ORF IV 3 ' 

CTCAGATTGAG · • • • • • CAG 
36$8 

Fig. 5. Changes in sequence at the junctions of open reading 

frames. (A) Deletion in the D / H sequence at the junction of 
ORF I and II producing an overlap. (B) Insertion at the end of 

ORF IV in the D/ H sequence elongates ORF IV by 6 bp. 



to VI of the D / H strain are silent, that is, without 
effect on the amino acid assignment at that posi­
tion. The amino acid changes that ·do occur are 
shown in Fig. 6. Note that the highest overall rate 
of change occurs in ORF VI with an extent of 
amino acid substitution of 6.3% and 5.2% com­
pared to the Cabb-S and CM1841 sequences, re­
spectively. This variability may be related to the 
distinct structure of the inclusion bodies provoked 

100 AA 

327 AA 

r 
asn - thr - asn 
met - lys - met 

lys - <1-rq 
thr - ile 

val - ile 

I 
qlu - asp 

I 
lys - gln 
thr - ser 

asn - ser 
ser - ile - ser 
asn - sl r - .1sn 

II 

159 AA 

N 

1 
glu - lys - glu 

I 
thr - ,;lSn 
gly - arq 

leu - pro - leu 
ile - val 
;;er - asn 
lys - asn 

glu - asp 
asn - glu - asn 

1 
C 
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by infection with D / H strain as the region VI 
polypeptide is believed to be a major component 
of these structures (Xiong et al., 1982). Likewise of 
interest is the extreme sequence conservation of 
the carboxyl-terminal half of the ORF V poly­
peptide in which only two changes, both involving 
lysine-arginine substitutions, are found (Fig. 
6A,B,C). 

Hohn et al. (1981) have shown that the Cabb-S 

Ill 

129 AA 

i 
ala - ser 

I 
ile - thr 
chr - ala 

thr - asn 
I 

glu - gly - qlu 
ser - thr 

I 
phe - tyr - phe 

1 
C 

V 

675 AA 

a ~p - a sn 
leu - gln - leu 
thr - i le - thr 
thr - a sn - ile 
glu - gln - glu 
thr - I thr-
glu- glu-
val - ile - val 

I 
val - ile - va l 

I 
lys - asn - lys 
lys - .,rq - lys 

a,g - hr - lys 

asn - a sp - asn 
lys - arg - lys 
ser - thr - ser 

val - leu 
a ¼a - th r 
thr - ile 

glu• 
asn• 

l~~: 
g l u • 
glu♦ 

ile• 

val - ile 
leu - pro - leu 

arg - lys 

lys - a.rg 

Fig. 6. Amino acid changes in the six major coding regions. Ami no acid residues that 
differ between the putative protein products of Cabb-S, Cabb-O / H, and CM 184 1 are 
arranged as a linear map. (A) ORF's I, II, IJI and V. (B) ORF's JV and VI. (C) ORF's 
VII and VII I. To the left are shown changes in the Cabb-S sequence and to the righ t 

changes in CM 1841. Deletions ( - ) and insertions ( +) with respect to the D / H 

sequence are indicated. 

j 
(A) 
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100 AA 

(B) 

IV 

490 AA 

N 

T 
asn - lys - asn 
glu - asp - qlu 

a ·p-g lu I qlu­

thr - !le T- as p 

qlu - gly - g l u 
gly - glu - qly 

I 

prn - tr - pro 

ser - t lr - ser 

thr - ala - ile 

·r -asn 

asp - g lu - .1<:p 
I 

I 
leu - t:1ct 

sc r - thr - sc r 

I 
thr - val 

c ~-s - gly 
th r - lv"i 

• tys j 
lj,'S - iH"Cl 

ala - val 

I 
a r g - g ln 

lys - asn 
ile.-- val 

I 
P !" - <lSp - sc r + 

I as, 
gly - glu 

I 
u : ? - ~!~ - a:p 

'lEP 

Fig. 6 (continued). 

VI 

522 AA 

N 

l 
asp - glu - asp 

ser - pr o 
glu - val 

glu - val - glu 
ala - val - ala 
se r - thr 

I 
asn - ser 

I 
ser - pro n~ : i~r - i le 
pro - leu 
val - ala 
lys - val 

Sfr - gly 
pro - gln 
pro - ser 
pro - leu 
ser - thr - ile 
a la - val - ala 
a sp - ala 

gln - his 
thr - i le 

I 
his - tyr 

I 
S H - a r - ser 

lys - glu - qln 

I 
n:et - thr 

l y s - ilrq 

I 
T-Ol\ 

a sn - a sp 

val - ilc,, - val 
I 

lys - a r g - lys 

asp - g l u - asp 

val - • r - val 

val - met - lys 
l ys - arg 

ile - thr 
ser - ala - thr 

I 
glu - gln 
ser - olu - se r 

l~~ : ~~~ : f~~ 
!,i: I !~i : 
thr - asn - thr 

1 
C 

sequence contains two additional open reading 
frames, termed VII (96 triplets) and VIII (107 
triplets), with ORF VII falling between Lll and 

100 AA 

VI I 

96 AA 

N 

~!~ : ~~; 
thr - a~n 
lys - g ln 
asp - g ly 
gln - g l u 

I 
a!;n - asp 

I 
his - asn - thr 

I 
ile - 'T 
. T-.., 
, le - tr - asn 

tr - a la 

C 

Fig. 6 (conti nued). 

VIII 

107 AA 

N 
aJ"p - glu 
arg - lys 

(_l ln - arg 
thr - ile 
arg + I 
ser - lys - s~r 

asn - asp 
lcu - ser 

thr - ile 
lys - arq 
scr - asn 

g ly - ilSP 
gln - p r o 
l ys - ar-g 

q ln - lc,,u - qln 
lys - glu 
ar-g - lys 

ile lys 

I 
gin - arg 

I 
lys - arq 

asn - i le 
I 

l eu - scr l eu 
his - thr - me t 

1 
C (C) 

ORF I and ORF VIII overlapping the end of ORF 
IV but in a different reading frame (see Fig. I). In 
view of their small size, it is impossible to judge 
from the Cabb-S sequence data alone whether 
these ORFs have occurred by chance or whether 
they correspond to authentic viral polypeptides. 
Nevertheless, it is of interest that both ORF VII 
and VIII are also present in the D / H and CM 1841 
sequences; the failure of mutational events to in­
troduce an in-phase termination codon into either 
the D / H or CM 1841 DNA in these regions can be 
taken as weak support for the hypothesis that 
ORFs VII and VIII are functional coding regions. 
If, on the other hand, we compare the putative 
polypeptides encoded by ORFs VII and VIII in 
the three strains it is clear that the extent of amino 
acid substitution in each is notably higher than for 
coding regions I- VI (Table I ; Fig. 6A,B,C) consid­
erably weakening the protein coding hypothesis. It 
is evident that characterization of the viral-coded 
polypeptides present in CaMV-infected plant tis­
sue will be required to resolve this issue. 
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