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Abstract 

A procedure has been developed to rnap the genetic elements of avian tumor 
virus RNA, which has a molecular weight of about 3 X 106 daltons and a poly(A) 
sequence at  the 3' end. For this purpose, about 30 RNase T,-resistant oli 
gonucleotides were ordered relative to the 3'-poly(A) terminus of the RNA, to 
construct an oligonucleotide rnap of viral RNAs. A cluster of seven envelope 
gene (env)-specific oligonucleotides, identified by their absence from the other- 
wise very similar oligonucleotide rnap of an envelope-defective deletion mutant 
(which lacks the major viral glycoprotein), mapped at a distance of 0.9 to 1.6 X 106 
daltons from the poly(A) end of sarcoma virus RNA. A cluster of three sarcoma 
gene (src)-specific oligonucleotides, identified by their absence from the other- 
wise nearly identical oligonucleotide rnap of a transformation-defective deletion 
mutant mapped at  a distance of 0.2 to 0.6 X 106 daltons from the poly(A) end of 
sarcoma virus RNA. The oligonucleotide maps of sarcoma viruses and of related 
deletion mutants were the Same from the poly(A) end up to 0.2 X 106 daltons and 
included one terminal oligonucleotide, termed C, which is found in all avian tumor 
viruses tested so far. Preliminary mapping experiments ordering the src-specific 
and env-specific oligonucleotides of recombinants, selected for sarcoma and en- 
velope genes of different parents, agree with those obtained by comparing maps 
of wild type viruses and deletion mutants. A partial genetic rnap consistent with 
these results suggests that the src gene maps between the env gene and the 3'-poly(A) 
end of viral RNA. This rnap reads: poly(A)-src-env-(pol, gag). 

a) Introduction 
The genome of avian tumor viruses is probably a 60-70s RNA complex (1, 2). 

I t  consists of predominantly two 30-40s RNA subunits (3) with an approximate 
molecular weight of 3 X 106 daltons each (3, 4, 5, 6). Genetic (7) and biochemical 
(5, 6) studies suggest that these 30-40s subunits are very similar, perhaps identical. 
This implies that the viral genome is diploid. 

The 30-40s RNA of nondefective (nd) avian sarcoma viruses carries at least 



four different genetic elements (8): (i) a gene for cell transformation, termed src 
(17), [the previous term onc is replaced here by src since so far a transformation 
gene has only been found in sarcoma viruses (4, 7, 9, 10, 12, 13). By contrast 
oncogenicity is a more general term and applies to transformation by both sarcoma 
and leukemia viruses]. (ii) a gene for the viral envelope glycoprotein, termed env ,  
(iii) a gene for the viral DNA polymerase, termed pol and (iv) a gene for the 
viral group-specific antigen, termed gug.  

I t  is the purpose of our experiments to identify chemically RNA sequences of 
these genes on 30-40s tumor virus RNAs and to map these sequences on the 
viral RNA relative to its 3'-poly(A) terminus (9, 10). 

b) Chemical identification of src-specific and env-specific sequences of av ian tumor 
virus RNA 

RNA sequences of the src and env  genes of nondefective (nd) sarcoma viruses 
can be chemically identified, because they are missing from certain related deletion 
mutants. For example, transformation-defective (td) deletion mutants, which l a B  
the src gene, were also shown to lack 15 010 of the RNA present in corresponding 
nd sarcoma virus RNA (4, 10, 13). Chemical identification of these and other 
sequences of tumor virus RNA was based on the large RNase T,-resistant 
oligonucleotides which they contain. These are prepared by exhaustive digestion of 
viral [s*P]RNA with RNase T„ which cleaves only afier G residues. These large 
RNase T,-resistant oligonucleotides consist of 15-40 nucleotides, including C, 
A, and U, and have one G at the 3' hydroxyl end. They represent altogether about 
5 010 of the RNA (5). The large oligonucleotides form a unique Pattern, which is 
termed a fingerprint, a$er two-dimensional resolution by electrophoresis and 
chromatography (11). Twenty to thirty such large oligonucleotides are found in 
avian tumor virus RNA. Since these oligonucleotides are rather evenly distributed 
over the RNA, an average 5 010 segment of the RNA carries one such oligonucleotide 
and can be so identified. An RNA segment can be identified unambigously by 
two or more such oligonucleotides. 

Autoradiographs of fingerprint analyses of the 60-70s RNAs of three nd 
sarcoma viruses, Rous sarcoma virus (RSV) Prague B (PR-B), Prague C (PR-C) 
and B77, and of their td Counterparts are shown in Fig. 1. It can be Seen that, in 
agreement with earlier studies (13), fingerprint patterns of each nd sarcoma virus 
and its corresponding td deletion mutant are very similar. Identical numbers were 
used to designate presumably homologous (same composition and size) spots in 
corresponding patterns of nd and td viruses. Because two fingerprint analyses of 
the same digest never run completely identically ( l l ) ,  visual identification of 
presumably homologous oligonucleotides, by triangulation with neighboring spots, 
is relatively subjective. Therefore definitive identification of oligonucleotides in 
different fingerprint patterns was based on partial sequence analyses of oligo- 
nucleotides. These were obtained by eluting oligonucleotides from the DEAE-cel- 
lulose thin layer and digesting them with RNase A. The resulting fragments of 
most oligonucleotides were then resolved by electrophoresis on DEAE paper (11) 
and have been described elsewhere (10). 

Each nd virus tested in Fig. 1 contained two oligonucleotide spots (numbered 9 
and 12 in PR-B, 8 and 10 in PR-C, and 8 and 10 in B77) which were not present 



ELECTROPHORESIS 

Fig. 1 : Autoradiographs of two-dimensional fingerprint analyses of RNase Ti-digested 
60-70s [S2P]RNAs from different nd and td viruses (10): PR-B (A), td  PR-B (B), PR-C 
(C), td PR-C (D), B77 (E), td B77 (F). Conditions for the preparation of viral [s21?lRNAs, 
digestion with RNase Ti and fingerprinting by electrophoresis and homodiromatography 
were described (10). The arrows in B, D, F denote the locations where sarcoma spots would 
appear. 



Electrophoresis - 
Fig. 2: Fingerprint patterns of RNase Ti-resistant oligonucleotides of 60-70s viral 
[32P]RNAs and poly(A)-tagged [32P]RNA fragments of nd SR, td SR and SR N8 
(17). Preparation of viral [32P]RNA, selection and sucrose gradient fractionation of poly- 
(A)-tagged fragments from alkali-degraded RNA and subsequent fingerprint analysis have 
been described previously (9, 10, 17). Homologous spots were given identical numbers in 
all fingerprint patterns. Some oligonucleotide spots which were still detectable and numbered 
in the original autoradiographs are no longer visible in the reproductions shown here. The 
inserts in some panels show tracings and numbers of spots appearing in the Center right 
region of the respective fingerprint Pattern. SR: Fingerprints of 60-70s nd SR RNA (A) 
and poly(A)-tagged RNA fragments of 4-10s (B), 10-14s (C), 14-18s (D), 18-22s (E), 
22-26s (F) and 26-30s (G) .  Approximately 35 X 106 cpm of [32P]RNA was degraded a t  



in the fingerprint pattern of the corresponding td virus. These oligonucleotide 
spots are sarcoma-s~ecific and are thought to come from sarcoma-specific sequences 
of nd virus RNA. They had homologous positions in each of the three sarcoma 
viruses compared here. Biochemical analyses indicated that they also contained 
the same RNase A-resistant fragments and that the faster chromatographing 
sarcoma-specific oligonucleotide spot of each nd sarcoma virus (no. 12 PR-B, no. 
10 PR-C, no. 10 B77) consisted of two chromatographically overlapping oligo- 
nucleotides (10). We conclude that three out of about twenty-five large RNase T,- 
resistant ~li~onucleotides of the nd sarcoma viruses are from sarcoma-specific 
sequences. Sarcoma-specific sequences of nd sarcoma viruses had been estimated 
previously to represent about 450,000 daltons or about 15 010 of the mass of the 
30-40s RNA (4, 10, 13). 

Identification of envelope-specific sequences of viral RNA was accomplished 
in an analogous fashion by comparing the RNA of an envelope-defective deletion 
mutant of Schmidt-Ruppin RSV, termed SR N8, to that of the wild type, nd SR. 
Since SR N8 expresses gag, pol and src genes (it transforms fibroblasts like the 
wild type) but lacks an envelope glycoprotein (14), it is likely that its defect is a 
partial or complete deletion of the env gene. Due to this defect it can enter cells 
only in the coat of a helper virus or by fusion with UV-inactivated Sendai virus 
(14). Thus, envelope-specific sequences of nd SR RSV RNA are defined as those 
which are missing in SR N8 RNA. 

We have shown that the RNA of SR N8 is 21 V0 smaller than that of the wild 
type (16) and that all of its obligonucleotides had homologous Counterparts (same 
numbers Fig. 2A, M) in nd SR RNA (16, 17). However 8 out of about 33 oligo- 
nucleotides present in nd SR (nos: 1, 2a, 2c, 4, 6, 9, 16 and 17) where absent 
from SR N8 (Fig. 2A and M). These are thought to be from the 21 010 of the nd 
SR RNA that was deleted to generate SR N8. Fig. 2H shows a fingerprint pattern 
of td SR RNA. Two oligonucleotide spots, 8a and 10a, present in nd SR are 
absent from td SR and are thought to be from sarcoma-specific sequences of nd 
SR. 

C) Mapping of src-specific, enu-specific and other sequences on avian 
tumor virus RNA 

Src-specific and env-specific sequences were mapped on RSV RNA by de- 
termining the location of src-specific and env-specific oligonucleotides on an oligo- 
nucleotide map. For this purpose viral RNA was randomly degraded by alkali. 

pH 11 at  50° for 3 min. Sixteen percent of the starting RNA was recovered as poly(A)- 
tagged fragments after two cycles of binding and elution from oligo(dT)-cellulose (9, 10). 
These fragments had a broad distribution with a peak at about 21s after sucrose gradient 
fractionation (10) done to obtain the size cuts (B-G). td: Fingerprints of 60-709 td SR 
RNA (H) and of poly(A)-tagged RNA fragments of 4-10s (I), 10-15s (J), 15-20s (K) 
and 20-28s (L). About 7 X 106 cpm of 60-70s [3TJRNA was fragmented for 6 min as 
described above, and approximately 11 O/o was recovered as poly(A)-tagged RNA fragments 
with an average sedimentation coefficient of 16s. SR N8: Fingerprints of 60-70s SR N8 
RNA (M) and of poly(A)-tagged RNA fragments of 4-9s (N), 9-15s (O), 15-20s (P), 
20-25s (Q) and 25-30s (R). About 5 X 106 cpm of 60-70s [3ZP]RNA was degraded for 
3 min as above, and 18 010 was recovered as poly(A)-containing RNA fragments with an 
average sedimentation coefficient of 22s. 
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Fig. 3: Autoradiographic fingerprint analyses of poly(A)-tagged PR-B RNA fragments of 
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I t  can be Seen in Fig. 4 that the src-specific oligonucleotides of PR-B (no. 9 aqtj 
12), PR-C (no. 8 and 10) and B77 (no. 8 and lO), respectively, cluster together 
and map very near the poly(A) end of each viral RNA. The Same appears to be 
true for spots 8a and 1Oa which are thought to be src-specific spots of nd SR 
(Fig. 6). I t  is concluded that the src-gene-specific sequences map near the poly(A) 
end of viral RNA. It can also be seen in Fig. 4 that the oligonucleotide maps of 
PR-B and td PR-B, as well as those of B77 and td B77, are the Same as far as 
determinded with the exception of the src-specific oligonucleotides which are absent 
from the td viruses. This implies that the gene order of the nd and corresponding 
td viruses is the Same. A few oligonucleotides of PR-B, PR-C and B77 were found 
to have homologous chromatographic locations and chemical compositions 
[compare fingerprints of Fig. 1 and biochemical analyses of Wang et al. (IO)]. The 

various sizes aRer exhaustive digestion with RNase TI as described (10). Approximately 
25 X 106 to 30 X 106 cpm of 60 to 70s [32P]PR-B RNA were partially degraded with Naa 
COs at p H  11. and 50 C for 8 min to yield RNA fragments with a peak at 12s (G) and 
for 4 min to yield RNA fragments with a peak at 18s (H). Poly(A)-tagged fragments 
were selected by two consecutive cycles of binding to and elution from membrane filters 
(Millipore Corp.) (10). About 7.3 Oio of the radioactive RNA was recovered as poly(A)- 
tagged fragments if degradation was for 4 min (H), and 5.2 O/o of the radioactive RNA 
was recovered if degradation was for 8 min (G). Poly(A)-tagged RNA fragments selected 
from the 8 min (G) and 4 min (H) degradation mixture were fractionated according ro 
size by sedimentation in sucrose gradients as described (10). The radioactivity was de- 
termined from an appropriate aliquot o i  each gradient fraction (G, H). The poly(A)-tagged 
viral RNA fragments were divided into several discrete pools (I-tVI) indicated by hori- 
zontal bars in (G) and (H). Sedimentation coefficients of these pools were estimated from 
the positions of 28S, 18s and 4 s  chicken cell RNA standards analyzed in a parallel 
gradient and indicated in (G) and (H) by arrows. Pools of RNA fragments from the two 
gradients with the Same range of sedimentation coefficients were combined, and the RNA 
of eadi pool was fingerprinted. The fingerprints of pools I+VI are shown in A-tF, re- 
spectively. Some oligonucleotide spots which were still detectable and were numbered in the 
original autoradiographs are no longer visible in the reproductions shown here and in 
Fig. 2 and Fig. 5. 



Maps of RNase Tl-Resistant Oligonucleotides of 30-40s Viral RNAs 
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Fig. 4: Maps of RNase Ti-resistant oligonucleotides of 30 to 40s viral RNAs (10). RNase 
Ti-resistant oligonucleotides of td PR-B, PR-B, PR-C, B77, and td B77, numbered as in 
the fingerprints shown in Fig. 1, 3, 5 were arranged linearly relative to the oly(A end. 
The map position of a given oligonucleotide was determined from the smal P est po i' y(A)- 
tagged RNA fragment from which it could be obtained. The relative positions of several 
oligonucleotides, which first appeared together within a given 5 to 10s cut of poly(A)- 
tagged fragments (Fi'g. 3), were estimated by quantitating their molarities. The higher the 
molarity of a given oligonucleotide, the closer it was placed toward the poly(A) end of 
a given size cut (See text). Oligonucleotides whose relative map positions within a certain 
Sedimentation range could not be estimated are in parentheses. ND: Not determined. The 
top scale represents the size of the viral RNA or RNA fragments in S values and the 
bottom scale represents a molecular weight scale derived from the respective S values by 
Spirin's formula: molecular weight = 1,550-S2.1 (15). Those oligonucleotides of the three 
nd sarcoma viruses that have very similar or identical compositions and sequences (Fig. 1, 
ref. 10) are circled and connected by vertical lines. The portions of these maps which 
include the poly(A) segments and the terminal heteropolymeric sequences of about 140,000 
daltons, containing the oligonucleotides A1+A4 and C (in parenthesis), are not strictly 
proportional to the scale of the remaining RNA segments. 

~li~onucleotides shared by these viruses are circled in the maps of Fig. 4 and 
connected by lines. Again it can be Seen that homologous oligonucleotides also 
have homologous map locations in the three viral RNAs compared in Fig. 4. This 
implies that the gene orders of these three different strains of viruses are also 
closely related. 

Given the location of src-specific sequences near the poly(A) end of viral 
RNA, a simple mechanism could be suggested to explain the occurrence of td- 
deletion mutants from nd sarcoma viruses. This mechanism postulates that the 
deletion could result from late initiation during transcription from viral RNA 
to proviral DNA (2) or premature termination during transcription from proviral 
DNA to viral RNA. If this were correct, one would predict that the terminal 
heteropolymeric sequences at the 3'-poly(A) end of nd and corresponding td 
viruses should be different. A small poly(A)-tagged fragment, with the approxi- 
mate size of the src-specific sequences ('L 450,000 daltons, See above and Fig. 4), 
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Fig. 5 : Fingerprint Patterns of RNase TI-resistant oligonucleotides of small poly(A)-tagged 
fragments of PR-B and td PR-B RNAs (10). 60-70s [STjPR-B RNA was degraded for 



Mops of RNase TI-Resistant Oligonucleotides of 3 0 - 4 0 s  Viral  RNAs 
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Fig. 6: Oligonucleotide maps of R Nase T,-resistant oligonucleotides of 30-40 RNAs of nd 
SR, transformation-defective(td) SR and envelope-defective SR N8 (1 7). RNase T,-resistant 
oligonucleotides of nd SR, td SR and SR N8, numbered as in the fingerprints shown in 
Fig. 2, were arranged linearly relative to the poly(A) end. Determination of the location 
of a given spot has been described (see also ref. 16, 17). Those spots whose relative locations 
could not be determined accurately are put in parentheses. A cluster of seven, probably 
envelope-specific, oligonucleotides present in nd SR but absent from SR N8 is underlined. 
The top scale represents the size of viral RNA or RNA fragments in S units and the 
bottom scale represents a molecular weight scale derived from the S values by Spirin's 
formula (molecular weight = 1,550-Seal (15). 

of nd sarcoma RNA would contain src-specific sequences. By contrast, an  
analogous RNA fragment of a corresponding td virus would contain those se- 
quences which follow src-specific sequences in the nd viral RNA but which would 
be directly adjacent to poly(A) here (because td viruses lack src). To test this 
hypothesis, analogous small poly(A)-tagged RNA fragments of nd and td PR-B 
were compared by fingerprinting. The result, shown in Fig. 5, indicated that the 
fingerprint Patterns of up to 10s (.L 200,000 daltons, ref. 15) poly(A)-tagged 
fragments of nd and td PR-B were the same. They shared at least five inter- 
mediatesized oligonucleotides at the poly(A) end, which were termed C, Al ,  A2, 
A3 and A4 (10). This implies that the deletion of sarcoma-specific sequences (whih  
generated td PR-B) was not from the very end of the nd viral RNA but was 
internal and that some 3'-terminal heter~pol~meric sequences of the nd virus had 
been conserved in the deletion mutant. I t  would follow that the RNA of the nd 
sarcoma viruses studied here is arranged in this order: poly(A) of about 60,000 
daltons (9), a heteropolymeric sequence of about 150,000 daltons which is shared 
by nd and corresponding td viruses (Fig. 4, 6 ) ,  about 450,000 daltons of src-specific 

8 min with NaeCOs and analyzed as described for Fig. 3. Poly(A)-tagged fragments 
sedimenting between 4 to 7 s  (A), 7 to 10s (B), and 15 to 20s (C) were fingerprinted 
after digestion with RNase Ti. About 9 X 106 cpm of 60 to 70s td PR-B [S2P]RNA 
was partially degraded with N a K O s  at 503 for 8 min. About 6.6 O / o  of the starting 
radioactivity was recovered after two cycles of binding and elution from membrane filters 
(10). Sedimentation of the poly(A)-tagged fragments is shown in (G) .  Three pools of 
poly(A)-tagged fragments were prepared: 'I (4 to 7S), I1 (8 to 13S), and I11 (13 to 23s). 
Fingerprint analyses of RNase Ti-digested pools I-tIII are shown in D+F. The arrows 
in F denote the locations where the sarcoma-specific spots would appear. The homomixture 
b used here was preincubated at 60' for 24 hr (10). 



Possible structures of recombinants between nondefective ( n d )  sarcoma 

and transformation-defective (td) leukosis viruses* 

Parents I Recombinants 

Fig. 7: ':Recombinants were selected for the src gene of nd sarcoma viruses and the env 
gene of td viruses. Intragenic crossovers and multiple crossovers are not depicted. '$':Re- 
lative rnap location of pol and gag genes is unknown. 

sequences (Fig. 4), and the remaining 2.4 X 106 daltons which should contain env, 
pol, and gag sequences. 

We have used SR N8, the envelope-defective deletion mutant of nd SR, to 
rnap env-specific sequences in nd SR RNA. The method was the Same as that 
described to rnap the src-specific sequences. Fingerprint Patterns of poly(A)-tagged 
RNA fragments of nd SR, SR N8 and also of td SR of various sizes are shown 
in Fig. 2, and the resulting oligonucleotide maps are shown in Fig. 6. It can be 
Seen in Fig. 6 that seven out of eight presumably env-specific oligonucleotides rnap 
together (nos. 16, 6, 1, 2a, 2c, 4 and 17) in a cluster that is about 0.9-1.6 X 106 
daltons away from the poly(A) end. It may be concluded that env-specific si- 
quences of nd SR rnap in this region of the RNA. In addition src-specific oligo- 
nucleotides of nd SR (nos. 8a, 10a in Fig. 2, 6), like those of other nd sarcoma 
viruses (Figs. 3, 4, ref. 10), appear to rnap near the poly(A) end of viral RNA. 
I t  would follow that src-specific sequences rnap between the poly(A) end and env- 
specific sequences of nd SR. Since we do not know whether SR N8 is a complete 
or perhaps only a partial deletion of the env gene, we can only define a minimal 
rnap segment for the env gene with this virus. Further deletion mutants or re- 
combiriants (See below) would be required to determine the exact rnap segment of 
the env gene. The remaining oligonucleotide (no. 9) which is present in nd SR but 
absent from SR N8 may be the result of a point mutation that Set apart the two 
viruses afier the original deletion had occurred (16, 17). 

In Summary, we may deduce the partial map, poly(A)-src-env-, for nd sarcoma 
virus RNAs by comparing their oligonucleotide maps to those of related deletion 
mutants. 

Fingerprint analyses of short poly(A)-tagged RNA fragments of nd SR, SR N8 
and td SR were found to look very similar, and all contained oligonucleotide spot 
C (compare Figs. 2B, I, N and C, J, 0). This is analogous to the finding described 
above that nd sarcoma viruses and corresponding td viruses also have the Same 
terminal heteropolymeric sequences (Fig. 4) (compare also refs 10 and 17). 



d) Distribution of env-specific and src-specific sequences from different parents 
in the RNAs of avian tumor virus recombinants 

Recently we have started to rnap genes of avian tumor virus recombinants 
(5) by comparing the oligonucleotide maps of recombinants to those of their 
parents. The recombinants used had inherited an env gene from a td  or leukosis 
virus parent and a src gene from a nd sarcoma virus parent. Src and env-specific 
oligonucleotides of the recombinants can be identified by correlating parental and 
recombinant src or env markers with the respective Segments of their oligonucle- 
otide maps. 

All of these recombinants must have at least one crossover point between the 
src gene (which is near the end of the nd virus) and the enu gene which appears to 
be close to src, but is perhaps not exactly adjacent (Fig. 5, ref. 17). The crossover 
point between the src and the env genes should approximately define the 5' end of 
the src gene and the 3' end of the env gene. If double crosses occurred, the 5' end of 
the env gene could be approximately defined by analysis of the second crossover 
point as outlined in the scheme on Fig. 7. 

Preliminary mapping experiments of several recombinants between Prague RSV- 
A and leukosis virus RAV-2, and Prague RSV-B and leukosis virus RAV-3 
(5), suggest that all recombinants selected for the src gene of the nd virus and the 
env gene of the leukosis virus parent contain a cluster of three to four src-specific 
oligonucleotides mapping in about the first 0.6 X 100 daltons away from the 3' 
end of their RNAs. The remainder of the oligonucleotide rnap of some re- 
combinants was completely colinear with that of the leukosis virus parent which 
had donated the env gene. Another recombinant RNA contained leukosis virus- 
specific oligonucleotides only between 0.6 and 1.5 X 106 daltons from the poly(A) 
end, its remaining oligonucleotides mapping between 1.5 X 106 daltons and the 5' 
end of the RNA were again derived from the sarcoma parent. It would appear 
that this recombinant was generated by a double Cross between parents and that the 
leukosis virus-specific oligonucleotides between 0.6 and 1.5 daltons from the 
poly(A) end include the leukosis virus-specific env gene. Based on the analyses 
of these recombinants their env and src genes can be tentatively ordered to yield the 
partial map: poly(A)-src-env-. This map is in good agreemint with that  derived 
above from comparative analyses of nd viruses and their deletion mutants. 

Discussion 

A genetic rnap of avian tumor viruses: A tentative rnap emerges from the ex- 
periments described here for nd avian sarcoma viruses, beginning at the poly(A) 
coordinate in molecular weight units (X 10-5): 0-0.6, poly(A); 0.6-2, heteropoly- 
meric sequences shared with corresponding td and envelope-defective viruses; 2- 
6.5, src-specific sequences; 6.5-9, a Segment of RNA which may have a distinct 
function or may be Part of the envelope gene (Nd SR and SR N8 share oligo- 
nucleotides (nos. 12 and 24, Fig. 6) in this rnap position, but SR N8 may not 
represent a complete deletion of the env gene.) ; 9-1 6, env-specific sequences ; 
16-30, pol-specific and gag-specific sequences which have not been mapped so far. 
Further experiments analyzing different deletion mutants and viral recombinants 
will be used to rnap the functions described more precisely and to rnap the two 
remaining genes, pol and gag, of tumor virus RNA. 



Generation of deletion mutants: It was observed that the oligonucleotide maps 
of all td-deletion mutants and of the env-defective mutant SR N8 show deletions 
from within the RNA, rather than from the ends as would be expected for 
deletions arising from transcriptional errors. This suggests that the deletion mutants 
we have analyzed may be the products of recombinational events occurring at  the 
level of proviral DNA. A proviral DNA intermediate could, by formation and 
subsequent elimination of loops, delete any sequences from the genome with equal 
probability. 

Acknowledgements 

The recent research upon which this article is based was supported by Public 
Health Service research grants CA 11426 and CA 14935, and Postdoctoral Fellow- 
ship CA 05085, from the National Cancer Institute, and by the Cancer Program- 
National Cancer Institute under Contracts Nos. NO1 CP 43212 and NO1 CP 
43242. 
Note added in proof: More complete data on mapping src and enw-genes in vival- 
recombinants have since been published by us (18, 19). In addition we have mapped 
the pol-gene of a temperature-sensitive polymerase mutant and of recombinants 
derived from it and have proposed poly(A)-src-enw-pol-gag as the complete genet- 
ic map of nd RSV (19). 

Ref erences 

Duesberg, P. H. (1970 "Current Topic Microbiol. and Immunology" 51, 79- 
104. 
Tooze, J. (1973) in The Molecular Biology of Tumour Vuruses. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York, N.Y. 
Mangel, W. F., Delius, H., and Duesberg, P. H. (1974) Proc. Nut. Acad. Sci. 
USA 71,4541-4545. 
Duesberg, P. H., and Vogt, P. K. (1973) J. Virol12,594-599. 
Beemon, K., Duesberg, P. H., and Vogt, P. K. (1974) Proc. Nut. Acad. Sci. 
USA 71,4254-4258. 
Billeter, M. A., Parsons, J. T., and Coffin, J. M. (1974) Proc. Nut. Acad. Sci. 
USA 71, 3560-3564. 
Duesberg, P. H., and Vogt, P. K. (1973) Virology 54, 207-218. 
Baltimore, D. (1974) Cold Spring Harbor Symposit~m 39, 1187-1200. 
Wang, L. H., and Duesberg, P. H. (1974) J. Virol. 14, 151 5-1529. 
Wang, L. H., Duesberg, P. H., Beemon, K., and Vogt, P. K. (1975) J. Virol. 16, 
1051-1070. 
Barrell, G. G. (1971) in Procedures in Nucleic Acid Research (eds. S. L. Can- 
toni and D. R. Davis) Vol. 2, Harper and Row, New York, N.Y. 
Duesberg, P. H., and Vogt, P. K. (1970) Proc. Nnt. Acad. Sci. USA 67, 
1673-1680. 
Lai, M. M-C., Duesberg, P. H., Horst, J., and Vogt, P. K. (1973) Proc. Nut. 
Acad. Sci. USA 70,2266-2270. 
Kawai, S., and Hanafusa, H. (1.973) Proc. Nat. Acad. Sci. USA 70, 3493-3497. 
Spirin, A. S. (1963) Prog. Nucleic Acid. Res. 1, 301-345. 



16. Duesberg, P. H., Kawai, S., Wang, L. H., Vogt, P. K., Murphy, H. M., and 
Hanafusa, H. (1975) Proc. N a t .  Acad. Sci, U S A  72, 1569-1573. 

17. Wang, L. H., Duesberg, P. H., Kawai, S., and Hanafusa, H. (1976) PNAS 
73, 447-451. 

18. Wang, L. H., Duesberg, P. H., Mellon, P. and Vogt, P. K. (1976) Proc. Nat. 
Acad. Sci., USA 73,1073-1077. 

19. Duesberg, P. H., Wang L. H., Mellon, P., Mason W. S. and Vogt, P. K. (1976) in: 
Proceedings of the ICN-UCLA Symposium (1976) on Anima1 Virology, eds. 
Baltimore, D., Huang, A. and Fox, F. (Academic Press, New York), in press. 


