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The genomic complexity of visna virus was measured by quantitative analysis
of 18 RNase T1-resistant oligonucleotides from 60-70S RNA. T,-resistant oligo-
nucleotides were separated by two-dimensional polyacrylamide gel electrophore-
sis. Visna virus had a genomic complexity of 3.6 x 106 daltons, very close to the
size of a single 30-40S RNA subunit. It was therefore concluded that the visna
virus genome is largely polyploid. Visna virus 60-70S RNA polyadenylic acid
segment was purified by T, RNase digestion followed by oligodeoxythymidylic
acid-cellulose column chromatography. It contained over 99% AMP and had a
size of about 200 nucleotides. The binding capacities on oligodeoxythymidylic
acid-cellulose of native 60-70S RNA and purified 30-40S RNA subunits were
examined. It was concluded that two out of three intact subunits contain a
polyadenylic acid segment.

Visna virus, the agent of a slow neurological
disease of sheep, is a ribodeoxyvirus closely
related to the RNA tumor viruses in biochemi-
cal and morphological properties (19). How-
ever, this virus does not transform cells in vitro
and undergoes a typical lytic cycle in sheep
fibroblasts.
The visna virus genome, like that of RNA

tumor viruses, consists of a 60-70S RNA (ap-
proximate molecular weight, 107), which can be
dissociated into subunits of molecular weight 3
x 106. Recently, the genomic complexity of
avian RNA tumor viruses has been examined
by several authors (2, 4, 24). Based on chemical
analysis, they found complexities ranging from
2.7 x 106 to 3.5 x 106 daltons, which is very
close to the size of a single subunit. Moreover,
the analysis of 3'-polyadenylic acid [poly(A)]-
tagged subunit fragments indicates that the
nucleotide sequences of all the subunits are
identical (7, 28). Therefore, it is now accepted
that these viruses are largely polyploid.
We decided to investigate the genomic com-

plexity of visna virus because previous results
indicated that the lytic ribodeoxyviruses had a
more complex genome than their transforming
counterparts. First, Cooper and Temin (8) had
determined the minimal size of infectious dou-
ble-stranded proviral DNA for both Rous sar-
coma virus (RSV) and members of the reticulo-
endotheliosis viruses (REV). Although they
found a minimal size of 6 x 106 daltons in the
case of RSV, which is in agreement with a

I Present address: University of California Service, Vet-
erans Administration Hospital, San Francisco, CA 94121.

genomic complexity of 3 x 106 daltons, they also
observed that the minimal size of infectious
proviral DNA was 10 x 106 to 20 x 106 daltons
in the case of REV, indicating a higher genomic
complexity. Second, the analysis of visna virus
proteins (17) revealed 15 different polypeptides
with a combined molecular weight of 8.8 x 105.
Contamination by cellular proteins was ex-
cluded by reconstruction experiments (17). This
amount of protein requires a genomic complex-
ity of about 8.8 x 106 daltons, unless extensive
overlap exists between the different polypep-
tides.

In the present work, we have determined the
genomic complexity of the K 796 strain of visna
virus by analysis of the unique RNase T1-resist-
ant oligonucleotides according to De Wachter
and Fiers (10). As a control, we also analyzed
the complexity of the Prague B strain of RSV
(PR-B RSV). We found that both viruses have
essentially the same genomic complexity (3.6 x
106 daltons and 3.3 x 106 daltons for visna virus
and PR-B RSV, respectively). We also present
in this article a detailed study of the poly(A)
segment present in visna virus 60-70S RNA
(15).
While this manuscript was in preparation,

Beemon et al. (3) reported results similar to
ours. They found a genomic complexity for
visna RNA of 3.5 x 106 daltons.

MATERIALS AND METHODS
Virus. The K 796 strain of visna virus was grown

on sheep choroid plexus cells as previously described
(6).
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Reagents. Eagle minimal essential medium, L 15
medium, and calf and lamb sera were from Grand
Island Biological Co.

[3H]uridine (20 Ci/mM) and carrier-free 32p were
from CEA, France. [3H]poly(A) (30 uCi/,umol of
phosphorus) was purchased from Miles Laboratories,
and oligodeoxythymidylic acid [oligo(dT)]-cellulose
was from P-L Biochemicals Inc. Acrylamide and bis-
acrylamide were from Bio-Rad. Ethylene diacrylate
was from Pfaltz and Bauer, Inc. Diethylpyrocarbon-
ate and N,N,N',N'-tetramethylethylenediamine
were from Eastman Organic Chemicals.

Pancreatic RNase A was purchased from Wor-
thington. T, and T2 RNases were from Calbiochem.
Pronase was from Sigma Chemical Co.

Viral RNA labeling and extraction. Visna virus
was labeled with [3H]uridine as described (6).

For 32P labeling, the cells were grown in L 15
medium supplemented with 15% of a mixture (4:1) of
lamb serum and fetal calf serum. When confluent,
the cells were infected at a multiplicity of infection
of3 PFU/cell and incubated in maintenance medium
(L 15 supplemented with 2% lamb serum) for 48 h.
The medium was then replaced by phosphate-free
Eagle MEM containing 2% dialyzed lamb serum.
After 6 h of incubation in phosphate-free medium,
32p was added at a final concentration of 2 mCi/ml.
The medium was harvested and replaced every 12 h
for 3 days. 32p was present throughout the harvest-
ing period. For RNA size analysis, the harvests were
repeated every 3 h.

Visna virus was purified according to published
procedures (16), except for the linear density gra-
dient centrifugation, which was omitted. RNA was
extracted from purified virus by treatment with
0.5% sodium dodecyl sulfate (SDS) and 0.5 mg of
preincubated Pronase per ml for 45 min at 37°C. The
incubation mixture was then layered on top of a 5 to
20% linear sucrose gradient in 0.01 M Tris-hydro-
chloride (pH 7.5)-0.1 M NaCl-0.001 M EDTA-0.1%
SDS and centrifuged for 50 min at 50,000 rpm in an
SW50 rotor. The 60-70S RNA was recovered from
the gradient by ethanol precipitation after the addi-
tion of yeast carrier RNA.

Cellular RNAs. Sheep choroid plexus cells were
labeled with [3H]uridine (0.03 mCi/ml) or carrier-
free 32p (1 mCi/ml) for 24 h. For 32p labeling, the
cells were grown in L 15 medium and shifted to
phosphate-free Eagle minimal essential medium as
described above for viral RNA labeling. Cytoplasmic
RNAs were extracted as described (6).

Polyacrylamide gel electrophoresis of 30-4
viral RNAs. Electrophoresis in 3.4 or 5% polyacryl-
amide gels in the presence of formamide was as
described (13). Analysis of viral RNA subunits in
diacrylate cross-linked, 1.8% polyacrylamide gels
was performed according to the procedure of Dues-
berg (11).
RNA fingerprinting and oligonucleotide analy-

sis. [32P]RNA samples, containing 100 ug of yeast
carrier RNA, were hydrolyzed by 50 U of T, RNase
for 30 min at 37°C in a final volume of 8 ,u. The
incubation mixture contained 0.02 M Tris-hydro-
chloride (pH 7.5)-0.002 M EDTA. T, oligonucleotides
were analyzed by two-dimensional polyacrylamide
gel electrophoresis as described (10), with the fol-

lowing modifications. (i) The first-dimension gel (17
by 36 by 0.2 cm) was run at 800 V (15 mA) for 14 h at
4°C until the bromophenol blue marker had mi-
grated 21 cm. (ii) For the second dimension, the gel
(21 cm wide, 22 cm from the first-dimension strip to
the top) contained 21.8% acrylamide and was run at
500 V (25 mA) for 36 h at 4°C until the bromophenol
blue marker had migrated 17 cm.

After autoradiography, areas of the gel slab con-
taining the large oligonucleotides were cut out. The
oligonucleotides were eluted from the gel discs ac-
cording to Billeter et al. (4). RNase T,-resistant
fragments were then digested by 2.5 ,ug of RNase A
for 30 min at 37°C in a final volume of 10 ul. The
incubation mixture contained 50 jig of carrier yeast
RNA, 0.02 M Tris-hydrochloride (pH 7.5), and 0.002
M EDTA. Resistant fragments were analyzed by
electrophoresis on DEAE-cellulose paper as de-
scribed (1). The composition of most fragments was
determined from their position on the pherogram.
Some large fragments were eluted from the paper,
and their base composition was determined as de-
scribed (1), with one modification: T2 RNase (50 U/
ml) was used alone in a buffer containing 0.05 M
ammonium acetate (pH 4.5)-0.001 M EDTA.
The 32P radioactivity of undigested RNAs and of

T, oligonucleotides recovered by cutting the gel slab
was measured by Cerenkov counting. The RNA
samples were transferred to conical plastic tubes
which fitted vertically in conventional scintillation
vials. Five milliliters of water was poured into the
vials before inserting the plastic tube. In these con-
ditions, counting efficiency was 40% when compared
with the results obtained with toluene-based scintil-
lation fluid containing 10% NCS (Amersham-
Searle) and 1% water.

Poly(A) analysis. Undigested RNAs were ana-
lyzed on oligo(dT)-cellulose columns as described
(27), except for the elution with a buffer of interme-
diate ionic strength, which was omitted.

Poly(A) tracts were prepared from 32P-labeled 60-
70S RNA by two different methods. (i) 32P-labeled
60-70S visna RNA (0.05 ml containing 100 ,ug of
yeast carrier RNA) was heated to 85°C for 50 s in
0.15 M NaCl-0.01 M Tris-hydrochloride (pH 7.5)-
0.001 M EDTA and then quick cooled. Twenty units
of T1 RNase was added, and the mixture was incu-
bated for 1 h at 37 C. (ii) This method was as above,
except that 2.5 ug of RNase A was used instead of
RNase T, and the buffer contained 0.3 M NaCl in-
stead of 0.15 M.

In both cases, predigested Pronase was added to a
final concentration of 0.5 mg/ml, and SDS was added
to 0.5%. The mixture was further incubated at 37°C
for 45 min. LiCl was added to a final concentration of
0.5 M and the solution, diluted to 0.15 ml with
fixation buffer (0.01 M Tris-hydrochloride [pH 7.5]-
0.5 M LiCl-0.05% SDS) was applied to an oligo(dT)-
cellulose column. Nonspecifically bound materials
were eluted by lowering the LiCl concentration to
0.1 M as described (27). [32P]poly(A) tracts were
eluted with 0.01 M Tris-hydrochloride (pH 7.5)-
0.05% SDS. [32P]poly(A) was recycled a second time
on oligo(dT)-cellulose before being used for base
composition determination.
Rous sarcoma virus RNAs. 3H-labeled 60-70S
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RNA, purified from the Schmidt-Ruppin strain of
RSV subgroup A (SR-A RSV) was a gift of G. S.
Martin, Imperial Cancer Research Fund, London,
England. The virus had been propagated at a high
multiplicity of infection and contained an almost
equal amount of type a and b 30-40S RNA subunits.

32P-labeled 60-70S RNA extracted from the
Prague strain ofRSV subgroup B (PR-B RSV) was a
gift of M. A. Billeter, University of Zurich, Zurich,
Switzerland.

RESULTS
Electrophoretic analysis of the subunits of

visna virus 60-70S RNA. Visna virus 30-40S
RNA subunits have a molecular weight of ap-
proximately 3.0 x 106, as determined by sedi-
mentation analysis (5), gel electrophoresis (18),
and contour length measurement (14). Since
the size of RSV RNA subunits is well docu-
mented (9, 12, 13), we decided to compare both
molecules in aqueous 1.8% polyacrylamide gels,
a technique that has a high resolving power.
The RSV RNA was obtained from the Schmidt-
Ruppin strain, subgroup A. It was composed of
almost equal quantities of type a and b sub-
units. Figure 1 shows the result of the experi-
ment. The a and b subunits of RSV RNA were
indeed resolved. Visna RNA subunits had a
slightly lower mobility than the a subunit of
SR-A RSV RNA. This was a constant finding
obtained with several different RNA prepara-
tions. No evidence of the existence of several

3

b

2

FIG. 1. Electrophoresis in 1.8% diacrylate-cross-
linked polyacrylamide gel of heat-denatured 60-70S
32p RNA from visna virus (U) and 60-70S [3H]RNA
from SR-A RSV (@). 32P-labeled visna virus 60-70S
RNA was purified from virus harvested every 2 h.
3H-labeled SR-A RSV 60-70S RNA was a gift of G.
S. Martin. The RNAs (10,000 3H cpm, 4,000 32p
cpm) were heat denatured in sample electrophoresis
buffer for 50 s at 85°C. Migration (left to right) was at
40 V, 5 mA/gel, for 5.5 h with recirculation of the
buffer.

subunit classes in visna virus RNA was ob-
tained. The difference in electrophoretic mobil-
ity between visna virus subunits and the a
subunit ofRSV RNA probably indicates a small
difference in size between these two molecules;
however, it could also reflect a difference in
secondary structure.
Nucleotide sequence complexities of visna

virus and Pr-B RSV genomes. 32P-labeled 60-
70S RNAs from PR-B RSV and visna virus
were digested with T, RNase, and the resulting
oligonucleotides were separated by bidimen-
sional gel electrophoresis as described in Mate-
rials and Methods. In this system, oligonucleo-
tides are separated mainly according to their
base composition in the first dimension and
according to their length in the second dimen-
sion. Figures 3 and 4 show the fingerprints
obtained form visna RNA and PR-B RSV RNA
respectively. Approximately the same number
of large T,-resistant oligonucleotides was re-
solved for both RNAs, which already indicates
that their complexities are of the same order.
The visna RNA fingerprint appears character-
istically different from that of PR-B RSV, most
oligonucleotides being clustered in the center of
the gel slab. This disposition probably reflects
the peculiar base composition of visna virus 60-
70S RNA (37% AMP) (Table 1).
The complexity of the viral genome can be

calculated by measuring the size of a specific
oligonucleotide and comparing the radioactiv-
ity present in that oligonucleotide to the radio-
activity of the entire genome. This reasoning
assumes that the oligonucleotide studied and
the entire genome have the same specific activ-
ity, a condition that should be fulfilled by using
32p as a label. The radioactivity present in a T,-
resistant oligonucleotide has to be corrected for
losses occurring during the analytical proce-
dures. The complexity, in number of nucleo-
tides, of the entire genome will then be equal
to: (counts per minute in genome x length of
oligonucleotide x recovery of oligonucleotide)/
(counts per minute in oligonucleotide).
The lengths of large T1-resistant oligonucleo-

tides were measured by partial sequencing,
after RNase A digestion. This analysis also
allowed a control ofthe purity ofthe oligonucle-
otides. The recovery of the oligonucleotides was
measured by using sheep 28S rRNA as an ex-
ternal standard. A complete analysis of 32p 28S
RNA extracted from sheep cells was performed
in parallel with the analysis of viral RNAs
(Fig. 2, Table 2). Since the complexity ofmam-
malian 28S RNA is known, (1.7 x 101 daltons/
324 daltons = 5,250 nucleotides) (26, 25), the
formula presented above could be used to meas-
ure recoveries of the T1-resistant oligonucleo-

J. VIROL.
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TABLE 1. Base composition ofRNAsa

% ± standard deviation Avg molecular
RNA weight for a bound

CMP AMP GMP UMP nucleotideb
28S sheep rRNAc 30.6 ± 0.1 18.4 ± 0.1 34.8 ± 0.1 16.2 ± 0.1 324
60-70S visna virus RNAd 15.6 ± 0.7 36.6 ± 1.1 26.1 ± 0.2 21.7 ± 0.1 324
60-70S PR-B RSV RNAe 26.2 ± 0.7 23.8 + 0.5 28.3 ± 0.6 21.8 ± 0.5 323

a RNAs were totally digested by T2 RNase (50 U/ml, 3 h, 37°C). The resulting nucleotides were separated
by high-voltage electrophoresis at pH 3.5 on Whatman no. 1 paper.

b Molecular weights of the four bound nucleotides are: CMP, 305; AMP, 329; GMP, 345; UMP, 306.
Average of three determinations performed on the same RNA preparation.

d Average of four determinations performed on two different RNA preparations.
e According to published values (7).
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FIG. 2. Fingerprint ofRNase T1-digested 28S sheep rRNA obtained by two-dimensional gel electrophore-
sis. 32P-labeled 28S rRNA, 2.29 x 106 cpm, was digested with T1 RNase and analyzed by polyacrylamide gel
electrophoresis as described in Materials and Methods. Symbol: (0) Gel areas that were cut out for back-
ground determination. D, and D2 give the position of xylene cyanol and bromophenol blue markers, respec-
tively. The horizontal bar at the bottom shows the position of the first-dimension gel strip.

tides. For the experiments presented in this
paper (Fig. 2-4, Tables 2-4) the average recov-
ery calculated using 11 T,-resistant 2&S RNA
oligonucleotides was 59.4 + 6.5%. Table 3 pre-
sents the results of the complexity analysis of
visna virus 60-70S RNA. Eighteen T,-resistant
oligonucleotides, which were considered pure,
were analyzed. The average complexity of this
RNA was 11,200 + 1,600 nucleotides. Assuming
an average molecular weight of 324 for a bound
nucleotide (Table 1), this corresponds to a mo-
lecular weight of 3.63 x 106 + 5.18 x 105. An-
other independent deterrnination performed on
a different visna RNA preparation gave a com-

plexity of 11,000 + 1,300 nucleotides or 3.56 x
106 + 4.21 x 105 daltons.

In the same experiment, PR-B RSV 60-70S
RNA was also examined as a control, since the
genetic complexities of several strains of RSV
have been deternined by different authors (2,
4, 7, 24, 28). Figure 4 and Table 4 give the
results of the experiment. The partial se-
quences of the T1 oligonucleotides were not de-
termined in this experiment, since they were
known from the work of Coffin and Billeter (7).
The nomenclature adopted for the T, oligonu-
cleotides in Fig. 4 and Table 4 is the same as the
one used by these authors. The average com-
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TABLE 2. Sheep ribosomal 28S RNA: recoveries of T, RNase-specific oligonucleotides

Oligonucleo- N f Calculated
tide spot Composition (RNase A digestion products)' cleotidesn % of total aCpMd Recovery

no.a cloids iengthc o oa pm eoeY
1 U6C7G(AU)2(A2C)(A3C)(A3U) 29 0.552 0.333 60
2 UC14G(AC)2 20 0.381 0.255 67
3 U2C12G 15 0.286 0.170 59
4 U3C3G(AC)(A2C)2 15 0.286 0.160 56
5f U4C4(Xd)2(AC)2(AU)(AG) 18 0.343 0.230 67
6 U2C3G(AC)2(A2C)(A3C) 16 0.305 0.166 54
7 U4C4(AU)(A2G)(A3C) 17 0.324 0.165 51

12 U3C5(AU)2(AG)(A2U) 17 0.324 0.195 60
13f U4C5G(X2)(AU)2 16 0.305 0.181 59
16 U8C5G 14 0.267 0.134 50
18 U2C23G(AC)3 32 0.610 0.425 70

a As indicated in Fig. 2.
b Based on three independent determinations.
c (Oligonucleotide chain length)/(number of nucleotides in 28S RNA) x 100. The number of nucleotides in

28S ribosomal RNA is 5,250, based on molecular weights of 1.7 x 106 for mammalian 288 RNA (26, 25) and
324 for a bound nucleotide (Table 1).

d Total of 2.29 x 106 cpm of RNA was analyzed.
e (Measured percentage of total counts per minute)/(calculated percentage of total length) x 100. Aver-

age, 59.4 ± 6.5.
' Oligonucleotides 5 and 13 contain RNase A-resistant fragments with abnormal migrations during

DEAE-paper electrophoresis. They are designated by X. The index 1 or 2 means that they migrate in the
region of mono- or dinucleotides. These products could correspond to modified bases (22).
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FIG. 3. Fingerprint of RNase T,-digested 60-70S RNA from visna virus. A total of 2.32 X 106 cpm of
[32P]RNA was analyzed.

plexity calculated for the PR-B RSV genome virus genome. The technique that we used for
was 10,200 +- 1,300 nucleotides or 3.29 x 106 + two-dimensional analysis ofT, RNase-resistant
4.19 x 105 daltons. oligonucleotides indicates the presence of

Size of the poly(A) tract present in the visna poly(A) tracts in the visna virus genome (Fig.
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FIG. 4. Fingerprint of RNase T,-digested 60-70S RNA from PR-B RSV. A total of 1.85 X 106 cpm of
[32P]RNA was analyzed.

TABLE 3. Complexity of visna virus RNA

GenomicOligonu- % of total Composition (RNase A digestion products) No. of nu- complexity

spot no.a tideso)
1 0.130 U4C4(AC)2(AU)2(A3U)(A6G) 27 12,300
2 0.118 U4C5G(AU)2(A2U)(A3U)(A4U) 26 13,100
3 0.135 U3C2(AC)(AU)3(A5C)(A,G) or 26 11,400

U3C2(AC)(AU)3(A6C)(A5G)
4 0.117 U3C3(AC)(AU)4(A2G)(A3U) 23 11,700
5 0.135 U7C5G(AC)(AU)(A2U)(A4U) 25 11,000
6 0.105 U4C3G(AC)2(AU)5(A2U) 25 14,200
7 0.130 U3C2G(AC)2(A2U)(A7U) 21 9,590
8 0.226 U7C7G2(AC)3(AU)4(A2C)(A3U)(mixture) 37 9,740
8 0.0944 U3C2G(AC)(AU)2(A5C) 18 11,300
9 0.0944 U5C3G(AC)(AU)2(A2U) 18 11,300

10 0.0796 U4(AU)5(A2U)(A2G) 20 14,900
13 0.0927 UC4(AU)(A2C)(A3U)(A3G) 18 11,500
14 0.106 UC6(AC)(AU)2(A3G) 17 9,550
15 0.0921 UC4(AC)(A2C)(A2U)(A2G) 16 10,300
16 0.0968 C(AC)(A,U)(A5G) or 16 9,820

C(AC)(A5U)(A6G)
17 0.0933 U3C2G(AC)(AU)2(A2U) 15 9,550
18 0.0873 U2C2G(AU)3(A2U) 14 9,520
21 0.0843 C3(AC)2(AG)(A2U)(A3C) 16 11,300

aAs shown in Fig. 3.
b Total of 2.32 x 106 cpm of RNA was analyzed.
For each nucleotide, the total genomic complexity is given by: 59.4/(percentage of total counts per

minute) x (length of oligonucleotide), where 59.4 is the percentage of recovery measured for 11 285 RNA
oligonucleotides (Table 2). Average genetic complexity was 11,200 + 1,600.

3), but does not allow a precise analysis of this ide gels. Poly(A) was isolated by T, RNase
sequence. digestion of 32P 60-70S visna virus RNA as

Therefore, we decided to examine the length described in Materials and Methods. Briefly,
of the poly(A) tract on polyacrylamide-formam- heat-denatured 32P 60-70S RNA was digested

>; T v r~~-' - ----
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TABLE 4. Complexity ofPR-B RSV RNA

Oligonu- No. of fu- Genomic com-
cleotide % oftotal cpm" cleotides plexity (nu-
spot no.a cleotides)c

1 0.147 30 12,100
2 0.132 29 13,100
3 0.148 26 10,400
4 0.135 22 9,650
5d 0.0713 18 15,000
6d 0.152 38 14,800
9 0.104 18 10,300

10 0.0956 16 9,940
11 0.116 17 8,670
13 0.141 27 11,300
14 0.112 20 10,600
15 0.135 17 7,460
19 0.0986 17 10,200
20 0.0873 16 10,900
21 0.0879 14 9,460
22 0.0885 16 10,700
23 0.0838 13 9,220
24 0.0743 12 9,600

a As represented in Fig. 4.
b A total of 1.85 x 106 cpm of RNA was analyzed.
c For each nucleotide, the total genomic complex-

ity is given by: 59.4 (percentage of total counts per
minute) x (length of oligonucleotide), where 59.4 is
the percentage of recovery measured for 11 288 RNA
oligonucleotides (Table 2). Average genetic com-
plexity was 10,200 + 1,300.

d Oligonucleotides 5 and 6 are derived from se-
quences present only in class a RNA of PR-B RSV
(7). The virus population used for this experiment
presumably contained some class b RNA due to the
spontaneous segregation of transformation-defec-
tive PR-B RSV. Therefore, these oligonucleotides
are not expected to be present at equimolar concen-
tration with the others, and they were not used in
the calculation of the average complexity.

with T1 RNase, followed by treatment with
SDS-Pronase and purification of the poly(A)
tracts by chromatography on oligo(dT)-cellu-
lose. The use of T, RNase alone for the prepara-
tion of poly(A) has been advocated by Wang
and Duesberg (27) to minimize nonspecific
cleavages. Figure 5 shows the result of the
analysis of the visna virus poly(A) segment on
polyacrylamide-formamide gels. A single, but
rather heterogeneous, peak was obtained. Us-
ing 188 ribosomal RNA and 4S RNA as molecu-
lar-weight markers (0.7 x 106 and 2.5 x 104,
respectively) (26), the average size of the visna
60-70S RNA poly(A) tract was estimated as 7 x
104, which corresponds to approximately 200
AMP residues (Fig. 6).
To eliminate the possibility that T, RNase

digestion was not complete and to ensure that
the absence of RNase A treatment did not sig-
nificantly contaminate the poly(A) by pyrimi-

dine residues, we examined the base composi-
tion of the poly(A) prepared by T, RNase diges-
tion of 60-70S visna RNA. The result is shown
in Table 5. No significant contamination by
either GMP or pyrimidine residues was de-
tected. The poly(A) analyzed contained at least
99% AMP.
As a comparison, Table 5 also presents the

base composition of poly(A) prepared from the
same 32p 60-70S RNA by RNase A treatment.
There is no significant difference between the
two results, an indication that the poly(A) tract
examined for its size was not contaminated by
more than a very few pyrimidine residues.
Poly(A) content of 60-70S RNA and 30-40S

RNA subunits of visna virus. The poly(A) con-
tent of visna virus 60 to 70S RNA can be esti-
mated from the percentage of counts recovered
in the poly(A) fraction after T1 RNase digestion
and oligo(dT)-cellulose column purification.
From two independent analyses, we obtained a
value of 1.84 + 0.03%. Since we estimated the
size of a 30-40S RNA subunit as 10,000 nucleo-
tides and that ofthe poly(A) tract as 200 nucleo-
tides, the measured percentage of poly(A)
(1.8%) is compatible with the presence of one
poly(A) tract in nearly all 30-40S RNA sub-
units. This was further investigated by measur-
ing the oligo(dT)-binding capacity of 60-70S

7
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FIG. 5. Electrophoresis in a 5% polyacrylamide-
98% formamide gel of the poly(A) segment present in
visna virus 60-70S RNA. Approximately 3 x 105
cpm of [32P]60-70S RNA was used for preparing
poly(A) by T, RNase digestion (see Materials and
Methods). A total of 6 x 103 cpm was recovered in the
poly(A) fraction after oligo(dT)-cellulose chromatog-
raphy. The poly(A) was ethanol precipitated in the
presence of100 ,ug ofyeast carrier RNA, dissolved in
phosphate-buffered formamide, and applied to the
gel. Electrophoresis was at 120 V for 3.5 h. 3H-
labeled 18S rRNA and 4S RNA were subjected to
electrophoresis in parallel in another gel. Sections, 1
mm, of the gels were counted for radioactivity. Mi-
gration was from left to right.
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TABLE 5. Base composition of visna virus 60-70S RNA poly(A)
CMP AMP GMP UMP

Poly(A)
cpma % cpma % cpma % cpma %

Tlb 10 0.27 3,607 99.04 0 0 25 0.69
Ae 4 0.12 3,441 99.53 11 0.32 1 0.03

a After subtraction of blank and machine backgrounds.
b Poly(A) prepared by T, RNase A digestion as described in Materials and Methods. A total of 4.5 x 105

cpm of 60-70S RNA was used.
c Poly(A) prepared by RNase A digestion as described in Materials and Methods. A total of 4.0 x 105 cpm

of 60-70S RNA was used.

5.0-

X 1.0
Visna poly(A)

*0 .5

o 4s
I

.1-

FIG. 6. 1
phoretic mc

and 30-40Q
sults obta
denatured
units puri
dient. 32p
were also
ment. The
0.7 and 97
the table,
RNA fract
the RNA
was retair
none of th
cycle was
chromatog
native anc
bound to
70S RNA
radation I
obtained
does not n
do not conl
the bindin
fied on a
contamina

TABLE 6. Binding capacity of visna virus RNA to
oligo(dT)-cellulose

% cpm % cpm
not

RNA bound to bound to
the col- the col-
umna umn

[3H]poly(A)b 2.7 97.3
28S rRNAb 99.3 0.7
Native 60-70S RNAC 19.2 80.8
Heat-denatured 60-70S RNA" 52.7 47.3
Purified 30-40S RNA subun- 37.9 62.1

itsc
a 3H radioactivity eluted from the column was

io 20 30 40 so J0 measured by precipitation with 5% trichloroacetic10 20 30 40 0s 60 acid, filtration, and counting in toluene-based scin-
tillation mixture.

b [3H]poly(A) was purchased from Miles Labora-
Plot of molecular weight versus electro- tories. 3H-labeled 28S rRNA was prepared from cul-
vbility. The dataare taken from Fig. 5. tured sheep choroid plexus cells and purified by

sucrose gradient centrifugation.
S RNAs. Table 6 summarizes the re- C Visna RNA was prepared, as described in Mate-
ined with native 60-70S RNA, heat- rials and Methods, from [3H]uridine-labeled virus
e60d70S RNA and30i 40s RNA sub harvested every 3 h. Approximately 2,000 cpm was

ified on a preparative sucrose gra-
2&S RNA and commercial [3H]poly(A)
used as standards for this experi- radation products was examined on polyacryl-

mir respective binding capacities were amide-formamide gels. Figure 7 shows that a
'.3%. In experiments not presented in single peak was obtained with no evidence of
the extent of rebinding of the viral contamination. As shown by Table 6, 62% of
tions was examined. Nearly 100% of these purified subunits could bind to an
that previously bound to oligo(dT) oligo(dT)-cellulose column, which indicates
mled again by the column; conversely, that approximately two out of three subunits
Le RNA that failed to bind in the first contain a poly(A) tract.
,retained during a second cycle of DISCUSSION
Jraphy. Table 6 shows that 80% of
1 50% of heat-denatured 60-70S RNA The molecular weights of visna virus (5, 18,
oligo(dT). Since denaturation of 60- 14) and RSV (12, 13, 9) RNA subunits have been
yields subunits contaminated by deg- estimated by sedimentation analysis, poly-
)roducts, the lower binding capacity acrylamide gel electrophoresis, and contour
with heat-denatured 60-70S RNA length measurement. For both viruses, a value
iecessarily mean that some subunits of approximately 3 x 106 daltons has been ob-
tain poly(A). Therefore, we examined tained. This is in agreement with the result
ig capacity of subunits that were puri- shown in Fig. 1, which indicates that visna
sucrose gradient (not shown). The virus RNA subunits could be slightly heavier
ttion of the purified subunits by deg- than the SR-A RSV a subunit.

A!.
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FIG. 7. Electrophoresis in 3.4% polyacrylamide-
98% formamide gel of purified 3H-labeled 30-40S
RNA subunits. 3H-labeled 60-70S RNA was purified
from visna virus harvested every 3 h, heat denatured,
and sedimented on a 5 to 20% sucrose gradient.
Fractions corresponding to the leading halfofthe 30-
40S peak were pooled, and the RNA was precipitated
with ethanol. Approximately 1,000 cpm of this RNA
was dissolved in buffered formamide, together with
markers 32P-labeled 28S and 18S rRNA's, and ap-
plied to the top of the gel. Electrophoresis was for 8 h
at 120 V. Sections, 1 mm, of the gel were counted for
radioactivity. Migration was from left to right.

Our estimation of visna virus genome com-
plexity is 3.6 x 106 daltons. Errors on this value
could have arisen from the following sources: (i)
contamination of 60-70S RNA by 28S rRNA
(the most likely contaminant). This would in-
crease the measured complexity by raising the
total radioactivity analyzed without changing
that recovered from the large T, oligonucleo-
tides. In our measurement this error was prob-
ably very small, since we did not observe, on
the 60-70S RNA fingerprints, any minor spots
corresponding to 28S T1 RNase oligonucleotides
(compare Fig. 2 and 3). (ii) Incomplete T,
RNase digestion or degradation of the oligonu-
cleotide would lower the recoveries of T, oligo-
nucleotides, again resulting in abnormally
high complexities. (iii) Contamination, incom-
plete digestion, or degradation of the oligonu-
cleotides of the 28S RNA used as external stan-
dard would lower the measured complexities by
lowering the recovery factor used in the calcu-
lation of complexities. We think that these er-
rors were small, since the fingerprints did not
give evidence of important contaminations or

incomplete digestion. In addition, it should be
noted that our parallel measurement of PR-B
RSV RNA complexity gave a value of 3.3 x 106
daltons, in very good agreement with the pub-
lished value obtained by a different technique
(2). Therefore, we think that our measurement
of visna virus RNA complexity (3.6 x 101 dal-
tons) is reasonably accurate. Since the size of
one single 30-40S subunit is close to 3 x 106
daltons, we conclude that the visna virus ge-
nome is largely polyploid.
As already discussed by different authors (2,

4), this result does not necessarily mean that all
subunits are made of identical nucleotide se-
quences. It is also compatible with sequence
permutations between the different subunits or
with sequence redundancies within subunits.
These two possibilities can be represented by (a
b c d) (b c d a) and (a b a b) (c d c d), in which
parentheses stand for subunits. Recently, re-
sults were published on transfection by visna
proviral DNA (20), which demonstrated that
the kinetics of transfection is two hit, and the
minimal size of infectious DNA is 6 x 106 dal-
tons of double-stranded DNA. These results are
consistent with the sequences being distributed
between the subunits according to the second
model presented above and symbolized by (a b a
b) (c d c d). The distribution of the large T,
oligonucleotides among poly(A)-tagged frag-
ments of 30-40S RNA subunits is presently
being investigated to clarify this point.
As mentioned in the introduction of this arti-

cle, it was reported that the combined molecu-
lar weight of visna virus proteins is 8.8 x 105,
which requires a genomic complexity of 8.8 x
106 (17). This is considerably higher than the
value obtained by chemical analysis (3.6 x 106
daltons). These results can be reconciled either
by the presence of overlaps in the sequences of
several viral proteins or by the presence in the
virion of proteins that are not virus coded.
Our results show that visna virus and RSV

genomic complexities are of the same order.
Therefore, there is no indication that a lytic
ribodeoxyvirus (visna virus) is genetically more
complex than the prototype RNA tumor virus
(RSV). In agreement with this, Beemon et al.
(3) recently reported that REV (a lytic avian
ribodeoxyvirus) has a genomic complexity of 3.5
x 106 daltons.

It is interesting to note (Fig. 1) that heat
denaturation of visna virus 60-70S RNA gives
rise to a single subunit class. We have never
been able to obtain evidence of the existence of
several subunit classes with our strain of visna
virus (K 796). It should be emphasized that this
strain has never been cloned and that the same
observation was made even after several delib-
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erate passages at a high multiplicity of infec-
tion (R. Vigne, unpublished observation).
Although RSV and visna virus have compa-

rable genomic complexities, the base composi-
tion of their RNAs is very different (Table 1).
Visna virus RNA is very rich in AMP. This is
not due to a particularly long poly(A) tract, as
shown in this paper. This peculiar base compo-
sition is reflected in our partial sequence analy-
sis of the large T1-specific oligonucleotides. Ta-
ble 3 shows a high number of A0X sequences
with n equal to 5, 6, or 7. Therefore, it is likely
that the large number ofAMP residues present
in visna RNA are more or less evenly distrib-
uted along the genome.
Our study of the poly(A) tract present in the

visna virus genome confirms and extends pre-
vious results (15) obtained by hybridization of
visna RNA with [3H]poly(U). The size of the
poly(A) segment and its base composition are
very similar to those of RSV poly(A) (23, 27).
The presence of poly(A) in only two out of three
subunits has also been reported for avian (27)
and murine (21) RNA tumor viruses.
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