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The chicken c-myc gene is the target for proviral insertion mutations in bursal lymphomas and has been
transduced to generate several viral oncogenes, but the boundaries of its exons have not been securely
established. To define the landmarks of the chicken c-myc gene necessary to produce its mRNA, we used an

RNase protection assay and a cDNA clone to analyze the c-myc mRNAs from normal chicken embryos and from
two bursal lymphomas: LL6, which contains an avian leukosis virus provirus downstream of the c-myc coding
region, and LL7, which contains an avian leukosis virus provirus upstream of the c-myc coding region. Two
initiation sites for normal c-myc mRNA are less than 7 bases apart, downstream of a GC-rich region lacking
canonical TATA and CAAT sequences. The first exon has two open reading frames for the entire length but
no initiator methionine codons. The splice donor and acceptor sites at the boundary of the first intron were

assigned by comparing a sequence of an LL6 c-myc cDNA clone with a genomic DNA sequence and confirmed
by RNase protection of labeled RNA probes by normal and LL6-derived mRNAs. Two potential polyadenyla-
tion signals are located approximately 250 and 400 bases downstream of the c-myc coding region in the third
exon, but only the more distal signal is utilized in both normal cells and the LL7 tumor. The proviral
integration in the LL6 tumor occurred upstream of the authentic c-myc polyadenylation signal accounting for
polyadenylation of this transcript in the proviral long terminal repeat.

The importance of the c-myc gene in tumorigenesis is
manifest by its frequent association with chromosomal alter-
ations and augmented levels of c-myc RNA in a variety of
lymphoid tumors (46). In chicken bursal lymphomas caused
by avian leukosis virus and chicken syncticial virus, the
c-myc locus is almost always interrupted by a provirus (19,
21, 31, 32). The disrupted chicken c-myc locus is often
transcribed from a viral promoter present in the long termi-
nal repeat (18, 21, 32) and sometimes from cryptic promoters
(25, 32). Murine thymomas caused by murine leukemia
viruses as well as feline T-cell tumors caused by feline
leukemia virus also frequently contain a disrupted c-myc
locus (10, 23, 24, 29, 39). Chicken and feline c-myc genes are
both progenitors of v-myc oncogenes contained in several
replication-defective viruses and causing rapid onset of
myelomonocytic tumors and carcinomas in chickens (1, 46)
and lymphoid tumors in cats (23, 29). Although the function
of the myc protein is speculative, the protein binds DNA in
vitro (13, 33), is associated with the nucleus in vivo (2, 13,
16, 33), and may play a central role in the control of cell
growth (8, 22).

Incomplete mapping of the normal chicken c-myc locus
hampers efforts to interpret the contribution of gene alter-
ations to bursal lymphomagenesis, especially when both the
gene structure and the resulting c-myc RNA are suspected to
contain physical alterations (21, 25, 32, 40). The entire
coding region of the chicken c-myc gene appears to be
contained within two exons (1, 40, 47), but the length of the
normal c-myc RNA is substantially greater than the com-
bined length of the coding regions. Evidence for an addi-
tional, noncoding exon in the chicken c-myc gene (25, 40)
suggests that chicken c-myc is structurally analogous to the
better defined mammalian c-myc genes which are composed
of three exons, a noncoding exon followed by two coding
exons (5, 41-43, 48).

* Corresponding author.

Using a nearly full-length cDNA clone from a chicken
bursal lymphoma, LL6, with a provirus integrated 3' of the
c-myc coding sequences (32), and RNAs from normal
chicken embryos, LL6, and a second bursal lymphoma, LL7
(which has a provirus 5' of the coding regions), we rigorously
determined the landmarks in the chicken c-myc gene impor-
tant for the synthesis and processing of its RNA: the
transcriptional initiation site, the splice sites for the first and
second intron, and the single polyadenylation site. In con-
junction with previous analyses of v-myc and c-myc, these
findings provide a more complete picture of the structure of
chicken c-myc and reveal several striking dissimilarities in
gene organization to the mammalian c-myc genes.

MATERIALS AND METHODS
Isolation of a c-myc cDNA clone. mRNA from the bursal

lymphoma LL6 (32) was the source of material for the
construction of a cDNA library, performed by the method of
T. St. John, J. Rosen, and H. Gershenfeld (personal com-
munication). Approximately 1.5 x 106 independent clones
longer than 500 base pairs (bp) were constructed and ampli-
fied by one round of replication in C600(HflA). Clones were
plated and screened by hybridization with a 32P-labeled
plasmid containing 2.8 kilobases (kb) of chicken c-myc
coding and intervening sequences, including sequences from
the SstI site in exon 1 to the EcoRI site in exon 3 (see Fig. 1).
Purified clones hybridizing to this probe were further ana-
lyzed for length and appropriate restriction sites. One clone,
X13, contains a 3.1-kb insert and was utilized for subsequent
experiments.
DNA sequencing. Appropriate restriction fragments were

purified by agarose gel electrophoresis and inserted into
either M13mplO or M13mpll vectors. Sequencing was per-
formed by the dideoxy chain termination method (38).

Construction of probes and radioactive labeling. Four dif-
ferent probes were constructed for the RNA protection
experiments. A plasmid containing an 8-kb BamHI fragment
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FIG. 1. Organization of chicken c-myc gene. A simplified restric-
tion map of chicken c-myc and its major features is presented. The
open boxes represent the coding region of c-mvi'yc. The shaded boxes
represent noncoding sequences present in the mature c-mvyc mRNA.
The translational initiator codon (ATG), the translational stop codon
(TAG), and the polyadenylation site (pA) are indicated. Approxi-
mate proviral integration points in two different bursal lymphomas.
LL6 and LL7, are indicated by arrows below the map. Relevant
restriction sites are dipslayed. Not all restriction sites for each
enzyme are shown. A, ApaI; Bg, Bgll; Sm. Siiil; S, Sstl; R. EcoRI;
H, HindlIl.

encompassing the entire c-mvc gene was doubly digested
with BglI and SmiaI, or ApaI and SinIil, or E(oRI and
HindlIl. The ends of BglI or ApaI digestion products were
made blunt by the 3'-to-5' exonuclease action of the large
fragment of Escherichia coli DNA polymerase I in 50 mM
Tris (pH 8.0-10 mM MgCl2-50 ,uM deoxynucleotides for 10
min at 37°C. Two BglI-SmnaI fragments (300 and 700 bp), an
ApaI-SmaI fragment (450 bp; see Fig. 3A), and an EcoRI-
HindlIl fragment (400 bp; see Fig. 4A) were inserted into
either SmaI-digested or EcoRI-HindIII-digested pT7-1 and
pT7-2 vectors (US Biochemicals). Resulting clones were
screened for proper orientation, and plasmid DNAs were
prepared. A plasmid containing the BglI-SmaI 700-bp frag-
ment was digested with ApaI and SmnaI, treated with E. c oli
DNA polymerase I, and ligated to obtain a plasmid contain-
ing the 150-bp ApaI-BgIl fragment (see Fig. 3A). Plasmid
DNAs were linearized by digestion with EcoRI (for the
pT7-1 vector) or HindIlI (for the pT7-2 vector), extracted
once with phenol, and ethanol precipitated. 32P-labeled RNA
complementary to the coding strand was synthesized from
templates of plasmid DNAs by transcription with T7 RNA
polymerase at 37°C for 30 min (9). Intact plasmid DNA was
subsequently digested by the addition of pancreatic DNase I
to 10 p.g/ml and 2 U of RNAsin. Labeled RNA was extracted
with phenol-chloroform (1:1 [vol/vol]) and ethanol precipi-
tated twice.
RNA protection analysis. Approximately 100,000 dpm of

32P-labeled RNA was mixed with 1 to 5 p.g of LL6 mRNA,
LL7 mRNA, chicken embryo mRNA, or yeast RNA in 50%
recrystallized formamide-0.4 M NaCl-10 mM MOPS
(morpholinepropanesulfonic acid) (pH 7.0-1 mM trisodium
EDTA in a total volume of 25 .1I. Samples were heated
briefly to 75°C and incubated overnight at 45 or 37°C.
Hybridizations were diluted 10-fold with RNase A (30
p.g/ml)-RNase T1 (3 ,ug/ml) in 0.3 M NaCI-5 mM trisodium
EDTA and incubated at 30°C for 30 min. RNases were
inactivated by incubation with proteinase K (150
,ug/ml)-0.7% sodium dodecyl sulfate at 37°C for 15 min.
Samples were extracted once with an equal volume of
phenol-chloroform (1:1) and precipitated with ethanol. After
suspension in water and the addition of 90% formamide-dye
solution, samples were heat denatured at 80°C for 10 min and
applied to a 6 or 12%Y polyacrylamide-8 M urea gel. The
resulting gel was dried and exposed to Cronex-4 X-ray film.

RESULTS

General structure of normal chicken and tumor c-myc genes
and mRNAs. The c-myc gene is composed of three exons

(Fig. 1). The following description of c-my and Fig. 1 are
compiled from published data (1, 40, 47) and data presented
in this paper. Exon 1, which is entirely noncoding (40), and
the first intervening sequence were mapped by RNase pro-
tection experiments in conjunction with analysis of a cDNA
clone (see below). Placement of the intron between exons 2
and 3, which contain the entire coding region, was deter-
mined by comparison of the length of a restriction fragment
from an LL6 cDNA clone containing the putative spliced
junction with the corresponding v-nyvc restriction fragment
(1, 47). The normal c-mxnc mRNA contains the information
present in all three exons and is polyadenylated at a site
approximately 575 bases downstream of the termination
codon.
The integration sites of avian leukosis virus proviruses in

two primary bursal tumors, LL6 and LL7, are shown with
arrows in Fig. 1. LL6 DNA contains a deleted provirus in
exon 3 located approximately 475 bp 3' of the coding
sequence and in the same transcriptional orientation as
c-mvc (32; unpublished observations). LL6 contains a 3.0-kb
c-mvc mRNA. approximately 20-fold more abundant than
c-invc RNA in normal cells and with viral sequences at its 3'
terminus. More detailed structural analysis of the c-inyc
gene in LL6 will be presented elsewhere (C. Nottenberg and
H. E. Varmus, manuscript in preparation). The LL7 bursal
tumor allele contains a provirus integrated in the first inter-
vening sequence, in a transcriptional orientation opposite to
that of c-mvc, although the precise location has not been
determined. The c-m!vc mRNA in LL7 is similar in length to
the normal mRNA but lacks sequences from exon 1 and viral
sequences (32).

Characterization of 5' end of c-myc mRNA. Mapping of the
5' end of the c-mvc locus was initiated by attempting to
isolate full-length c-mvc cDNA clones. A cDNA library was
constructed from LL6 mRNA and screened with a c-mvc
containing probe. A clone, X13, with a 3.1-kb insert extend-
ing from exon 1 into the virus-specific 3' end (confirmed by
restriction mapping), was selected. The splice donor and
acceptor sites that define the intron between exons 1 and 2
were deduced from this cDNA clone by comparing the
sequence of the 5' part to the published genomic sequence
located upstream of the c-mnyc coding region (Fig. 2) (40).
The sequence is in good correspondence with the compiled
consensus splice donor site sequence (28). However, the
deduced splice donor site is in conflict with the site mapped
by Linial and Groudine (25) 78 bases further downstream.
Further mapping revealed that the exon 1-exon 2 junction in
the cDNA clone represents the normal c-inyc RNA species
(see below).
The 5' ends of normal c-invc and LL6 c-mvc RNA were

exon 1 exon 2 exon 3 A A A A A

GGAGCCGGCAGCAGCC LL6 cDNA
.---.GTGAGTGGCexonl junction

CCCGCAG--------- exon2 junction

FIG. 2. Sequence of the first splice junction of c-myc. A diagram
of a normal chicken c-mvc mRNA is displayed, and the boundaries
of the three exons are marked. DNA sequences surrounding the first
splice junction are presented below the map. The uppermost se-
quence was determined for X13, a cDNA clone of c-myc RNA
derived from the bursal lymphoma LL6 (see text). The second and
third sequences are genomic DNA sequences (40) from the regions
of the first exon splice donor (exon 1 junction) and the second exon
splice acceptor (exon 2 junction). Dashes indicate bases identical to
the LL6 DNA sequence.
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FIG. 3. RNA probe protection of the 5' end of chick
mRNA. (A) The upper drawing is a schematic of exon 1 shi
restriction sites used for constructing plasmids containi
sequences. The three numbered hatched bars underneath
the RNA probes generated and are positioned with resp4
exon 1 map. The open bars display the probe fragments prc
the target mRNAs. They are placed relative to the ex(
according to our interpretation of the data. The lengths of t
and the protected fragments (in bases) are shown within
(B) The DNA sequence (40) is the genomic sequence su
the mapped RNA cap sites. The bar underneath indicates
within which all RNA start sites occur. Numbering of
sequence is based upon the assignment of + 1 as the mos
possible RNA transcriptional start sites. (C) The three E

grams show the results of hybridization of labeled prob4
target RNAs. The numbers above the gels indicate whi
probes shown in panel A was used. Either 1 Fg of R
mRNA, LL7 mRNA) or 3 ,ug ofRNA (chicken embryo RI
RNA) was annealed to 10' dpm of 32P-labeled probe RD
RNase digestion, the strands were denatured and run on ei

mapped by RNase protection experiments with multiple
single-stranded RNA probes. Uniformly labeled RNA
probes complementary to sequences encompassing the en-
tire exon 1, as well as probes complementary to either the 5'
or 3' part of the exon 1 (Fig. 3A) were annealed to normal
chicken embryonic RNA, LL7 RNA, and LL6 RNA. Hy-
bridization of the whole first exon probe (probe 1) to these
RNAs confirmed that the 5' untranslated sequences are
derived from a single exon; hybridization of two nonoverlap-
ping probes (probes 2 and 3), each containing part of the first
exon, assigned the cap site and the splice donor site.

Hybridization of a 32P-labeled RNA probe containing
sequences from the exon 1 region (the 443-bp ApaI-SmaI
fragment [Fig. 3A]) to embryonic mRNA (Fig. 3C, lane a)
and LL6 mRNA (lane b) yielded two protected fragments of
272 and 275 bases. No hybridization of this probe occurred
to either LL7 mRNA (lane c) or yeast RNA (lane d). The

kA LL7-derived c-myc RNA did not anneal to any exon 1 probe
(Fig. 3C, lanes c, g, and k) implying that the transcriptional
start site lies outside this region in this tumor. Further

rA mapping of the 5' end of the LL7 c-myc transcript was not
pursued.

3 To determine the splice donor site at the end of exon 1, a
----- 5 probe extending from the BgII site to the SmaI site (Fig. 3A)
i j k was annealed to chicken embryo RNA and LL6 mRNAs.

Only a single species of identical length, 208 bases, was
protected by both mRNAs (Fig. 3B, lanes e and f). The
simplest interpretation is that the splice donor site is 208 bp
from the BglI site, at position 1462 in reference 40, con-
firming the conclusion drawn from analysis of cDNA X13
from the bursal tumor LL6 (Fig. 2). Again, no fragments
were protected by RNA from the bursal tumor LL7 (lane g)
or yeast cells (lane h).
The splice donor and acceptor sites that define the bound-

anes of the intron between exons 2 and 3 were initially
placed by analogy to the v-myc sequence (1, 47). Compari-
son of the lengths of the SaIl-ClaI restriction fragment
containing the putative spliced junction in the LL6 cDNA
clone, Xc13, and in v-myc revealed identical-length frag-
ments, thus confirming usage of the same splice sites (data
not shown).
The RNA cap sites of chicken embryo and LL6 c-myc

RNAs were mapped more accurately by the following strat-
egy. A 145-base ApaI-BgII RNA probe (Fig. 3A) was pro-
tected for lengths of approximately 62 and 65 bases by LL6

'Wif RNA (Fig. 3B, lane j) and chicken embryo RNA (data not
shown). This places the 5'-most initiation site at position
1188 in reference 40. The two protected doublets may

cen c-myc represent imprecise RNase digestion; alternatively, there
owing the could be four start sites with differential utilization. The
ing probe 7-base sequence surrounding all the possible initiation sites
represent is presented in Fig. 3B. Further definition was precluded
ect to the because the RNases we used do not cleave 3' linkages of rA.
On 1 map Previous mapping of the cap site by primer extension placedn

probes the RNA start sites approximately 50 bases (rather than our
the bars. 60 to 67 bases) upstream of the BglI site (25) and with a
rrounding pattern of RNA start sites very similar to that determined
the region here by RNA probe protection, suggesting that both meth-
the DNA
t 5' of the
autoradio-
e RNA to
ich of the
NA (LL6
NA, yeast
.JA. After
ither a 6%

(probes 1 and 2) or an 8% (probe 3) polyacrylamide-urea gel. The
resulting gel was dried and exposed to Cronex-4 film. Lanes: a and
e, chicken embryo mRNA; b, f, and j, LL6 mRNA; c, g, and i, LL7
mRNA; d, h, and k, yeast RNA; M, 32P-labeled Hinfl-BamHI-
digested pSJ118 DNA. The lengths of the marker fragments (in
bases) are shown.
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ods detect the same 5' ends. When we annealed the identical
24-base primer (kindly provided by M. Groudine and M.
Linial) to our chicken embryo mRNA and extended it with
reverse transcriptase, we obtained four products with a
pattern and length consistant with the RNA probe protection
experiments (data not shown).

Others (25, 40) have examined normal mRNA with probes
encompassing sequences 4 to 5 kb upstream of the region
detected by our probes for exon 1 and have not found any
mRNAs. Taken together with other results (Fig. 3 and
reference 25), it appears that we are detecting and mapping
the 5'-most region of the normal c-myc transcript.

Characterization of polyadenylation site. Two consensus
polyadenylation sequences, AATAAA, occur near the 3'
end of the c-myc coding region, 70 bases and 230 bases,
respectively, downstream of the EcoRI site (Fig. 4A). The
proviral integration in LL6 occurred between these two
sequences, eliminating the distal site and producing a c-myc-
virus fusion RNA (32). Therefore, either the first potential
polyadenylation signal is not recognized normally or it is
specifically bypassed or suppressed or both in the tumor. To
clarify the status of the two polyadenylation sequences,
RNAs from LL6, LL7, and chicken embryo were annealed
to 32P-labeled RNA corresponding to the noncoding strand
of the EcoRI-HindIII fragment at the 3' end of the normal
chicken c-myc gene (Fig. 4A). Three protected fragments
approximately 250 to 260 bases in length were obtained by
hybridization to chicken embryo RNA (lane a) and LL7
RNA (lane c). This suggests that exon 3 ends slightly
downstream of the second polyadenylation signal. No pro-
tected fragments that would indicate use of the proximal
polyadenylation site were detected, even in long exposures
of the gel (data not shown). Thus, the proximal site is used
rarely, or not at all, in the tissues tested. LL6 RNA protects
a fragment of 163 bases (lane b), consistent with the distance
from the EcoRI site to the proviral integration point, which
was independently determined by sequencing (unpublished
observations).
More detailed analysis of the chicken embryo and LL7

RNA with a probe extending from 50 bases upstream of the
polyadenylation signal to the HindIII site (data not shown)
indicated that the three protected fragments correspond to
discontinuities in the RNA at positions indicated by arrows
above the sequence shown in Fig. 4B. In the absence of
evidence for downstream exons or splice donor consensus
sequences, we presume these sites are polyadenylation sites.
Adenylations at 252 and 266 bases from the EcoRI site
correspond well to proposed addition sites, rNrA, where rN
is preferentially rC (4, 17, 26, 36, 49), whereas putative
poly(A) addition at 262 bases from the EcoRI site would not
occur at a consensus polyadenylation sequence and may
represent an unusual adenylation site.

FIG. 4. RNA probe protection analysis of the 3' end of c-myc
mRNA. (A) The diagram shows the genomic region of the 3' end of
the c-myc gene. The hatched bar represents the 3'-most coding
region with the TAG termination codon shown. The two potential
polyadenylation signals are shown above the line, and the arrow
below the line indicates the proviral integration point in the LL6
bursal lymphoma. The restriction sites shown mark the fragment
used to generate the RNA probe. The hatched bar illustrates the
probe with the length written in the bar. The open bars show the

lengths of the protected fragments with the sizes indicated and are
positioned relative to the 3' region according to our interpretation of
the data. (B) The DNA sequence shown is the genomic sequence at
the 3'-most potential polyadenylation signal. The signal sequence
AATAAA is underlined, and the numbered arrows indicate the 3'
penultimate probe-protected base of each protected fragment. Num-
bering of the sequence is based upon the assignment of the EcoRI
cleavage site as number 1. (C) Autoradiogram shows the data
resulting from hybridization of the 32P-labeled probe to 3 ,ug of
chicken embryo mRNA (lane a), 1 ,ug of LL6 mRNA (lane b), 1 ,.g
of LL7 mRNA (lane c), and 3 ,ug of yeast RNA (lane d). Lane M
contains 32P-labeled Hinfl-BamHI fragments of pSJ118. The lengths
of the marker fragments (in bases) are shown.
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DISCUSSION

Characterization of c-myc transcriptional elements. By us-
ing the general strategy of RNase protection of uniformly
labeled probes combined with analysis of a LL6 c-myc

cDNA clone, we mapped the elements necessary to form the
chicken c-myc transcript. Several unusual features of
chicken c-myc emerged from our work and that of others:
uncommonly long 5' and 3' untranslated regions, including a

noncoding first exon; the absence of consensus promoter
sequences in the region 5' of exon 1; and two potential
polyadenylation signals in exon 3, one of which is used
exclusively.
We mapped at least two transcriptional initiation sites of

c-myc to within a 7-bp region. The region upstream of the
cap sites lacks consensus sequences for the common pro-

moter-associated elements, the TATA box (6; D. Goldberg,
Ph.D. thesis, Stanford University, Stanford, Calif., 1979)
and the CAAT box (4, 12), although the sequence TTTAAA
found approximately 20 bases upstream of the start site may
substitute for TATA sequences. Instead, the region 5' of the
RNA start site, which is likely to be part of the promoter, is
found to be extremely GC rich, averaging nearly 80% GC
over the 250 bases upstream of the start site. Included are
several CCGCCC repeats which bear resemblance to part of
the 21-bp repeat of the simian virus 40 promoter region that
serves as a part of the binding site for the Spl transcription
factor in vitro (14). Other genes, including those for adeno-
sine deaminase (45), hypoxanthine phosphoribosyltransfer-
ase (27), and 3-hydroxy-3-methyl glutaryl coenzyme A
reductase (35), have similar promoter regions.

Polyadenylation of chicken c-myc occurs exclusively in
response to one of two potential AATAAA signals in the
noncoding portion of exon 3. Factors governing the
polyadenylation following AATAAA sequences are the sub-
ject of intensive work (17, 26, 36, 49), but it is not apparent
why only one signal is utilized in this case. Both the normal
and LL7 c-myc RNAs are polyadenylated in response to the
same signal. The LL6 provirus is integrated 5' to the
authentic polyadenylation sequence, and the polyadenyla-
tion signal in the viral sequences is utilized.
Three closely spaced potential sites of polyadenylation

were found downstream of the AATAAA signal. Two of
these occur at consensus adenylation sequences (the more
usual one being rCrA), whereas the third site conflicts with
established nucleotide pattern. We are uncertain whether
this site represents a novel polyadenylation site or is an
artifact of nuclease digestion. Isolation of cDNAs that in-
clude the poly(A) tail could confirm that the protected
fragments denote polyadenylation sites.
Our proposal for the structure of exon 1 is in disagreement

with a report from other investigators (25) who describe two
overlapping exons based upon S1 mapping of c-myu RNA
with uniformly labeled DNA. They place the RNA initiation
sites approximately 15 bases downstream and the splice
donor of the major first exon approximately 80 bases down-
stream of those described in this report. The minor first exon
they describe most likely corresponds to the first exon of 272
to 275 bases presented in Fig. 3. We are reasonably confident
of our placement of the splice donor site (Fig. 3) because it
was based on identical RNA probe protection of samples
from both normal and tumor cells, as well as the nucleotide
sequence analysis of a cDNA clone from LL6. Several
reasons could account for the discrepancy of the splice
donor site, including the presence of substantial quantities of
unprocessed RNA in their samples, incomplete S1 nuclease

digestion, or perhaps polymorphic splice donor sites. The
relatively slight discrepancy in positioning the transcription
initiation sites is less readily explained. The 24-base primer
provided by Linial and Groudine was annealed to our
chicken embryo mRNA and extended with reverse tran-
scriptase, and the visualized extension products displayed a
pattern and length similar to the RNAase-protected species.
The lengths of both the primer extension products and
protected RNA probes were determined by comparison with
DNA sequencing reaction products (data not shown). Thus,
a more accurate determination of the transcriptional start
sites could be obtained only by direct sequencing of c-myc
RNA.
Consequences of exon 1 structure. Examination of exon 1

sequences from the chicken c-myc gene shows that the first
exon of the chicken gene, like the corresponding mouse and
human c-invc (3, 5, 41, 42), is entirely noncoding. The
initiator AUG for p58"-°PY" in c-myc RNA must be derived
from exon 2, since there is no ATG in exon 1; however, only
one reading frame contains a termination codon. In contrast
to chicken c-myc, in which several RNA start sites are
clustered in a 7-base region, the human and mouse c-myc
genes have two RNA start sites located over 150 bases apart
and variably utilized in different cells (3, 43). Although the
mammalian and chicken c-myc coding regions are highly
related (62% nucleotide identity and 73% amino acid iden-
tity), comparison of exon 1 of chicken c-myc with those of
mouse or human c-inyc failed to reveal statistically signifi-
cant similarity. Exon 1 of chicken c-myc is considerably
smaller than its mammalian counterparts, approximately 275
bases, compared with 390 and 550 bases in humans and 400
and 565 bases in the mouse.

It has been proposed that secondary structures caused by
self-annealing sequences derived from exons 1 and 2 of
human c-mvc RNA can inhibit translation (7, 30, 37).
Chicken c-mvc RNA can also potentially form a stem
structure by annealing portions of exons 1 and 2 with a
minimum free energy of AGO (250) of -45 kcal/mol (44) which
is not as low as in the human RNA stem (-90 kcal/mol).
More likely, removal of exon 1 affects RNA stability (15, 34).
Thus, the removal of exon 1 in most retrovirus-induced
bursal lymphomas (11, 37), as well as in the majority of
c-myc-immunoglobulin locus translocations found in
plasmacytomas (3, 20, 41, 43) and some Burkitt's
lymphomas (3, 5), may enhance translation of c-myc (11, 37).
Experiments to address the issue of translation efficiency
with truncated c-myc transcripts have yielded inconsistant
data (7, 11, 30). Unfortunately, the amount of c-inyc protein
in chicken bursal lymphomas with and without the first
exons present in RNA has not yet been examined.
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