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Epstein-Barr virus (EBV) DNA isolated from the frequently
studied and unusual Burkitt’s lymphoma cell line, Daudi,
contains a 7.4-kb deletion, similar to (but larger than) that
found in a non-transforming isolate of the virus, P3JHR-1. A
comparison of EBV sequence in Daudi cells with that from a
comparable region in a wild-type, transforming strain of the
virus (B95-8) indicates that at least two of the previously
identified RNAs, a highly repetitive sequence, and other
interesting coding or structural features should be absent in
Daudi EBV DNA as a consequence of the deletion. The in-
formation removed by the deletion, as well as that which
might be generated by juxtaposition of two regions of the
genome that are not adjacent in most strains of the virus are
discussed.
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Introduction

The lymphotropic herpesvirus, Epstein-Barr virus (EBV), can
be detected in latent form from early childhood onwards in
most of the human population. Where infection has been
delayed until adolescence, the virus can produce infectious
mononucleosis (IM). Further, EBV is strongly associated
with two malignancies, Burkitt’s lymphoma (BL) and naso-
pharyngeal carcinoma (NPC). Many studies have been car-
ried out to relate changes in the viral genome of EBV strains
of different origins with the various diseases. To date,
however, these attempts have proved largely disappointing.
That is, regardless of the source, sufficient similarities have
been observed among the different EBV strains to make it
unlikely that there are disease-specific viral sub-types (Rymo
et al.,1979; Bornkamm et al.,1980; Fischer et al.,1981; Heller
et al.,1981). Nevertheless, considerable attention has been
focussed on a sub-clone, P3HR-1 (Hinuma et al.,1967), of a
BL line (Jijoye) that is the only known source of an EBV
which lacks the ability to immortalise human immature
B-lymphocytes, with the hope that such studies will lead to an
understanding of the mechanism of cellular transformation
by EBV (Miller et al.,1974; Bornkamm et al.,1980, 1982;
Heller et al.,1981; Hayward ef al.,1982; Heston et al.,1982;
Hudewentz et al.,1982; King et al.,1982; Rabson et al.,1982;
Jeang and Hayward, 1983; Stoerker et al.,1983). The con-
clusion reached is that a deletion in the EBV genome adjacent
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to the large internal repeat sequence of the virus is of import-
ance for events that lead to initiation of cellular transform-
ation. For example, Rabson et al. (1982) showed that the only
modification detectable by restriction enzyme mapping which
distinguished the non-transforming P3HR-1 strain of virus
from its parental (Jijoye) transforming virus, was a deletion
of ~2.4 x 10¢ daltons of information from sequence residing
within the BamHI-H and -Y fragments in the latter viral
genome (for a map, see Figure 4A). The P3HR-1 viral strain
is heterogeneous (Fresen et al., 1977; Heston et al., 1982), and
this fact complicates the interpretation of all data obtained so
far except those mentioned above (Rabson ef al., 1982), in
which cloned cell lines of P3HR-1 were used. In fact, studies
by Gerber et al. (1982), using P3HR-1 cells from several
laboratories, indicated the persistence of both transforming
and non-transforming viruses. These authors suggested that,
in general, virus from P3HR-1 cells which lacks transforming
activity at the normal temperature (37°C) may regain it at
reduced temperature (32°C), i.e., at least some of the EBV
isolates from P3HR-1 may be temperature sensitive with
respect to transformation. In spite of the reservations suggest-
ed by these data, studies on the P3HR-1 strain(s) of EBV
provide a promising approach for analysing cellular trans-
formation mediated by the action of EBV. The deletion pre-
sent in one strain of this virus has recently been characterised
by DNA sequence analysis (Jeang and Hayward, 1983).

We have been investigating the EBV of another BL line,
Daudi, whose unusual properties have made it of broad
general interest. Daudi continuous cell lines were established
by Klein et al. (1968) from a young, male African with
Burkitt’s lymphoma. They were initially found to display a
very strong surface accumulation of IgM molecules, without
demonstrable cytoplasmic IgM. The cells carry the 8:14
chromosomal translocation typical of many BL lines
(Manolov and Manolova, 1972; Zech et al., 1976; Lenoir et
al., 1982) which results in some of the immunoglobulin Vy
genes becoming associated with chromosome 8 (Erickson et
al., 1982). They apparently have also lost the capacity to syn-
thesise 32-microglobulin, which makes them unique among
lymphoid lines (Nilsson et al., 1973). Moreover, they have
been of considerable interest in interferon studies in that they
are particularly susceptible to the growth inhibitory effects of
this agent (Adams et al., 1975; Gewert et al., 1981; Silverman
et al., 1982). Tovey et al. (1982) report that although inter-
feron can greatly enhance the expression of early viral anti-
gens in Daudi cells, a similar effect was not observed in the
same cells superinfected with P3HR-1.

Daudi cells contain many copies of EBV DNA (200 —400
copies/cell; Adams, 1979) present mainly as episomal forms.
They are naturally weak virus producer lines but can be in-
duced to greater production with sodium butyrate (Luka et
al., 1979). These and other studies suggest that among the
many valuable BL lines, the Daudi cell line may have particu-
lar advantages for investigating the molecular biology of EBV
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Fig. 1. (A) Photograph of BamHI-leaved linear DNA from B95-8 virions (lane b) and episomal EBV DNA from Daudi cells (lane c), separated on a
0.8%/1.2% agarose gel by electrophoresis in the presence of ethidium bromide, and visualised under u.v. light. For size markers, the cosmid clone p65

(lane a; Griffin and Karran, Nature, in press), which contains BamHI fragments A, C, I and W and the cosmid pHC79, was cleaved and included on the
gel. Notably absent in the lane containing Daudi DNA is a band corresponding to BamHI-H. Moreover, BamHI-Y is also missing (see below). Novel

bands among the Daudi fragments include (from top to bottom): mitochondrial DNA (Mit), a band derived from circularisation of ‘ends’ (N), a band that
co-migrates with BamHI-C (C’) and a BamHI I-related fragment (I’). The latter two bands are derived from a region within the EcoRI-C fragment

present in most EBV isolates (Raab-Traub ef al., 1980; Fischer ef al., 1981), but not in the B95-8 strain. (B) BarmHI-<leaved Daudi DNA (lane a, similar to
lane ¢, in A), hybridised against 32P-labelled nick-translated DNA (Rigby et al., 1977) from cloned B95-8 BamHI fragment H (lane b) and, following removal
of most of this probe, against 32P-labelled BamHI fragment W (lane c). The arrowheads (at left) indicate sites at which normal (B95-8) fragments H and Y
should appear and, (at right) the novel band (BarmHI-WH) formed by a deletion of 7.4-kb from Daudi DNA that fuses sequences from BamHI-W to -H.

and its interaction with human B-lymphocytes.

Since the deletion found in the P3HR-1 strain of EBV has
been assumed to be unique among viral isolates and to have
resulted as an accidental consequence of propagation and
cloning of the host cells in the laboratory (Miller et al., 1974),
we were surprised to find a similar, but larger, deletion in
DNA derived from Daudi cells. This paper describes the
deletion that exists in Daudi EBV DNA and the correspond-
ing sequence found in the BamHI-H fragment from ‘wild-
type’ strain B95-8 virion DNA.

Results
Episomal (covalently closed circular, ccc) EBV DNA was

814

isolated from Daudi cells, cleaved with BamHI, and the frag-
ments resolved by electrophoresis on agarose gels. When the
results were compared with data from supercoiled EBV DNA
of Raji cells (not shown) or linear DNA of B95-8 virions
(Griffin et al., 1981), a number of differences were observed
(Figure 1A). Some of the variations between B95-8 virion
DNA and Daudi ccc DNA can be ascribed to the known de-
letion in the EcoRI-C fragment in the former (Raab-Traub et
al., 1980), and a new band which corresponds to the end-
joined fragments in the latter. In these respects, EBV DNAs
from Raji and Daudi cells were similar. Other discrepancies,
such as a possible small decrease in size in BamHI-P of Daudi
EBV DNA resemble changes described for the P3HR-1 and



Jijoye strains of virus (Rabson ef al., 1982). The most con-
spicuous and surprising difference observed was the apparent
absence of the two fragments corresponding to BamHI-H
and -Y in the Daudi isolate. Although a deletion in this region
is known to exist in virion DNA from the non-transforming
strain P3HR-1, it has not been observed so far in EBV DNA
from other sources. To confirm this finding, Daudi ccc DNA
was cleaved with BamHI and the resulting fragments separ-
ated by agarose gel electrophoresis, transferred to nitrocellu-
lose, and probed with a [32P]nick-translated recombinant
clone of B95-8 EBV DNA, BamHI-H (Arrand et al., 1981).
Two major bands were observed (Figure 1B, lane b), one cor-
responding in approximate size with BamHI-B (or -C) and
the other being marginally larger than BamHI-W, a fragment
present in multiple copies comprising the large internal repeat
found in all strains of EBV virion DNA (Rymo and
Forsblom, 1978) as well as in episomal forms of the virus (see
Griffin et al., 1981). To confirm that the smaller of the two
fragments observed here was not simply a copy of the repeti-
tive sequence, the nitrocellulose filter was washed to remove
most of the hybridised material, then re-examined with a 32P-
labelled probe derived from a clone of B95-8 BamHI-W
(Jones and Griffin, 1983). The results are shown in Figure 1B
(lane c). Of the three bands now observed, only the smallest
had initially failed to hybridise to B95-8 BamHI-H; it could
be assigned as corresponding to the BamHI-W fragment.
Since hybridisation failed to reveal the presence of either
normal B95-8 BamHI-H or -Y, and since the fragment of
~3.5-kb hybridised to both BamHI-H and W (see Figure 1B,
band labelled BarmHI WH), it presumably represents a fusion
of the normal fragments and a deletion over part of this
region.

To confirm this, BamHI fragments of Daudi-derived EBV
ccc DNA were cloned in the vector, pAT153 (Twigg and
Sherratt, 1980) by standard procedures. Recombinant clones
which hybridised to both B95-8 fragments BamHI-Y and H
(note that BamHI-Y will also hybridise to BamHI-W since it
contains part of the same repetitive sequence, Jones and
Griffin, 1983) were selected, and one of them (designated
10G) was used to prepare DNA which was further cloned into
single-stranded M13 vectors and sequenced by the dideoxy
nucleotide method (Sanger et al., 1980). To compare the se-
quence from clone 10G with corresponding sequences from
B95-8, most of BamHI-Y and all of BamHI-H from the latter
virus strain were also sequenced. The primary structure of
BamHI-W had been determined previously (Cheung and
Kieff, 1982; Jones and Griffin, 1983). The sequence of
BamHI-H is given in Figure 2. When the recombinant clone
containing BamHI-H was partially digested with NotI, it was
found to contain 12 complete copies of this repeat (data not
shown) and these are included in the total DNA sequence of
the fragment. The primary structure of Daudi clone 10G,
designated Daudi BamHI-WH, is given in Figure 3. The data
show that Daudi ccc DNA contains a deletion of ~7.4-kb in
a region encompassed by BamHI fragments W, Y, and H in
B95-8 virion DNA. The sequence data are analysed sche-
matically in Figures 5 and 6. It is notable that all the sequence
‘unique’ to the BamHI-Y fragment in B95-8 virion DNA —
that is, not also found in BamHI-W — is missing in Daudi
ccc DNA, as well as a presumptive leftward promoter, the
long repetitive sequence characterised by the Notl repeat

A deletion in the EBV genome in Daudi cells

(Hayward et al., 1982; Jones and Griffin, 1983; Jeang and
Hayward, 1983), and a portion of the DS; region from
BamHI-H. Overall, the deletion is somewhat larger than that
which has recently been defined for the P3HR-1 strain of the
virus (Jeang and Hayward, 1983).

Analysis of the primary DNA sequence of BamHI-WH
suggests that the deletion in the Daudi EBV genome removes
a number of potential coding regions found in B95-§ DNA
and deletes or rearranges some putative transcriptional con-
trol signals (Figures S and 6). A comparison of the DSy se-
quence in BamHI-H (Figure 2) with the DSR sequence from
EcoRI-C of Raji DNA (B.G.Barrell, personal communica
tion) shows that although there are some minor sequence dif-
ferences between the two homologous regions, the (leftward)
putative promoter control signals are unaltered. However, the
part of DS; that is deleted in the Daudi DNA, although leav-
ing the ‘CAT’ boxes intact, removes the potential ‘TATA’
box. From the sequence data (see Figure 2), it would appear
that over a large part of the DS; the DNA is non-coding.

Discussion

The main question to answer in considering the EBV DNA
deletion in Daudi cells is whether it can be correlated with
specific viral functions lost in the cells relative to properties of
isolates, such as EBV from the marmoset B95-8 line, which
retain the region. Alternatively, have unusual viral functions
been created by the deletion?

The complete DNA sequences of B95-8 BamHI fragments
W (Cheung and Kieff, 1982; Jones and Griffin, 1983) and H
(see Figure 2), and the partial sequence of BamHI-Y (our un-
published data, and B.G.Barrell, personal communication),
and the sequence of Daudi EBV BamHI WH fragment (see
Figure 3), coupled with transcriptions and marker rescue ex-
periments (cited below) allow us to address these questions.
The data of van Santen et al. (1981) and Hummel and Kieff
(1982) suggest that at least two mRNAs may be encoded in
the region considered here. One, a major transcript 3.0—
3.1 kb in size, appears to be derived from sequences present
in BamHI fragments W, Y and H. The other, 2.5-kb in size,
is derived solely from BamHI-H. Jeang and Hayward (1983)
have defined the limits of the latter and shown that it includes
the Nofl repeat sequence within BamHI-H. No product has
been directly associated with the 2.5-kb mRNA. [However,
recent data of Glaser et al. (1983) indicate that the early anti-
gen, EA-R, is encoded entirely within BamHI-H and this may
be the 2.5-kb mRNA function.] When the primary DNA se-
quence is analysed, in a left to right direction, on a standard
physical map (see Figure 4A), three areas with long open
reading frames are observed. (i) The first encompasses infor-
mation from BamHI fragments W, Y and H. This could en-
code >370 amino acids (~42 K) from BamHI-H alone, as
shown in frame 2, Figure 5A. It may correspond to the 3.0 —
3.1 kb mRNA mentioned above. It should be noted that
although this region in BamHI-H is deleted in P3HR-1 cells,
it also appears to be deleted in Jijoye cells, a line that pro-
duces transforming virus (King et al., 1982). Although no
protein has yet been assigned to this area, the open reading
frame in BamHI-H, if translated, would produce a polypep-
tide with a very high proline (~25%) content. Similarly the
region in BamHI-Y into which it extends would yield a very
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10 2 30 40 50 40 70 80 %0 100
BBATCCHCTA BGATATBACG TCBBBCATGS ACCTCTABCA TCTBCTATGC BAATBLTTTG BATBBLTAAT TATATTBTAA GACAATCACS BBGTBACCEE
CCTABBCBAT CCTATACTGC ABCCCETACC TGBABATCGT AGACBATACE CTTACBAAAC CTACCGATTA ATATAACATT CTGTTAGTEC CCCACTGECC

110 120 130 140 130 160 170 180 190 200
BBCCTTATTT TBCCACAABS CCCACAMACA BCCCCTCABS CCAGBTTBST CCABCCACAT BTCCCCCCTC TACBCCCBAC ABCACCCACC ATTTTBTCAC
CCBBAATAAA ACBBTBTTCC GBBTBTTTGT CBBGBABTCC BETCCAACCA GGTCBSTGTA CABBGGGEAE ATBCBGBCTG TCBTBEGTGS TAAMMACAGTE

210 20 30 240 2350 260 270 280 29 300
CTCTBTCACA ACCBAGBCTT ACCCCTCCAC AACCACTCAT BATBCCACCA ABBCCTACCC CTCCTACCCC TCTBCCACCT BCAACACTAA CBBTBCCACC
GABACAGTET TEGCTCCBAA TBBBGAGBTG TTBBTGAGTA CTACBETGET TCCGBATEGE BABGATBE66 AGACGETGEA CGTTETGATT BCCACBBTGS

310 320 330 340 3% 360 3 380 3%0 400
AABBCCTACC CBTCCTACCA CTCTBCCACC CACACCACTA CTCACBBTAC TACAAABSCC TACCBAACTT CAACCCACAC CATCACCACC ACBCATSCAT
TTCCBBATO8 BCABBATEET BABACBETBE BTBTBGTBAT GAGTBCCATE ATBTTTCCBS ATGBCTTBAA GTTGGBTATE GTAGTEETES TBCBTACETA

410 420 20 Mo 430 460 470 480 490 300
CTCCCTBTCT TBCATEBTBCC ABACCAATCA ATBCACCCTC TTACTCATCA AAGCACCCCA AATSATCCAG ATAGTCCAGA ACCACGSTCC CCBACTSTAT
BABBBACABA ACBTACACOS TCTBBTTAST TACGTBBGAS AATGAGTAGT TTCGTBGS6T TTACTAGETC TATCABBTCT TESTGLCAGE BBCTGACATA

510 320 30 EL 5% 360 370 380 5% 600
TTTATAACAT TCCACCTATE CCATTACCCC CCTCACAATT BCCACCACCA BCAGCACCAB CACABCCACC TCCABSSBTC ATCAACBACC AACAATTACA
AMATATTGTA ABBTBBATAC BGTAATBOGE BBABTBTTAA COBTOTBGT CBTCETGSTC GTBTCBETBE ABBTCCCCAG TAGTTECTES TTETTAATET

610 620 630 440 650 860 670 480 490 700
TCATCTACCC TCBBBBCCAC CATBBTBBCC ACCCATCTGC BACCCCCCSC AACCCTCTAA GACTCAABSC CABAGCCBSG BACAGABCAG 6886ABGSEC
AGTABATEBE ABCCCCBBTE GTACCACCHS TEOBTAGAC CT60B806CE TTGBEABATT CTBABTTCCS GTCTCBBCCC CTBTCTCBTC CCCCTCCCCE

no 720 ™ 7% 760 0 780 %0 800
AGBGBCABEE BCABBABCAE m AAGTCCABBS ACAMBCAACE CAABCCCSBT BBACCTTGEA GACCABABCC AAACACCTCC ABTCCTABCA
TCCCCBTCCC CBTCCCCOTC CCCOTTCCCE TTCABBTCCC TBTTCBTTOC BTTC6BBCCA CCTBBAACCT CTBBTCTCOB TTTGTBBABS TCABBATCET

810 820 830 840 850 860 a0 880 890 900
TBCCTBAACT AABTCCABTC CTCBBTCTTC ATCAGGBACA AGBBBCTBOE BACTCACCAA CTCCTBBCCC ATCCAATBCC BCCCCCBTTT BTAGAMTIC
ACBBACTTBA TTCAGETCAG GABCCAGAAG TAGTCCCTBT TCCCCBACCC CTGAGTGETT GABSACCESE TAGETTACES C5BB68CAAA CATCTTTAAE

910 920 930 %0 950 960 970 980 990 1000
ACACACOBCA ACCCCTAACS TTTCACCAAT ACATBAACCS BABTCCCATA ATABCCCABA BBCTCCCATT CTCTTCCCCE ATBATTBBTA TCCTCCATCT
TOTBTBCCET TBOBBATTGC AAAGTBRTTA TBTACTTBGC CTCABBSTAT TATCBBBTCT CCBAGBBTAA GABAAGBGBSC TACTAACCAT AGBAGETABA

1010 1020 1030 1040 1030 1060 1070 1080 1090 1100
ATAGACCCCS CABACTTAGA CBAAABTTES BATTACATTT TTGABACAAC AGAATCTCCT AGCTCABATE AAGATTATET GGAGBGACCC ABTAAAABAC
TATCTG006C BTCTGAATCT BCTTTCAACC CTAATBTAAA AACTCTETTG TCTTABAGGA TCBAGTCTAC TTCTAATACA CCTCCCTBBS TCATTTTCTS

1110 1120 130 1140 1150 1160 1170 1180 1190 1200
CTCBCCCCTC CATCCAGTAA AMCCCTTBE CCTCTCCAGC AACCAATETA TCCCAAATAA ATGTTACTTC TTTTGCTCTT AACCATTBAC ACSCCTETCA
8ABCBOGBAS BTABGTCATT TTTGBOAACE BBAGABBTCE TTBGTTACAT AGBBTTTATT TACAATBAAB AAAACGAGAA TTBETAACTS TBCSBACAST

1210 120 1230 1240 1250 1260 1270 1280 1290 1300
TICTATCAAT TAAACAAGBS AAAMABBTTT ABCTATTCCA CCAACACBAC CCCAABBAAG SCTTGCCAAA ATTBBTBCCT TECTCTCAGC ACTTTBLCAE
AABATAGTTA ATTTGTTCCC TTTTTCCAMA TCBATAAGET BGTTGTGCTG BESTTCCTTC CGAACGGTTT TAACCACGGA ACGABABTCE TGAAACBETC

1310 1320 1330 1380 13%0 1360 1370 1380 1390 1400
CAACTTATAG CATBBTABBC ABCTCAACTC BBCCCBTCTT ACTGCCCABC CTACTCTCCA CTCCCASTCC ATBTTCBCAC TCCTATSCAT TTCCTLCCT
GBTTBAATATC BTACCATCCE TCBAGTTBAG CCBBBCABAA TBACBBGTCO BATGAGAGBT BAGBBTCAGE TACAAGCGTS ABBATACETA AABBACEEBA

1410 1420 1430 1440 1450 1460 1470 1480 1490 1300
CCCACTTTTA CCCCABTCCC AACCCAAAAC CACACACAAC ACATABAATT BTTAGTTTAA ACAGTTTATT BATABGTBOC TECTTTTASC CTAATTBIST
GBETBAAMAT BBGBTCAGEE TTBBBTTTTG GTBTBTETTE TETATCTTAA CAATCAAATT TETCAAATAA CTATCCACCS ACBAAAATCS GATTAACACA

1510 1520 1530 1340 13350 1360 1570 1380 13%0 1600
ATTECTCTCE TTGCCAAAAC CTBTTBTAAG BECCEBCACC CGCAACATGS BBARMACATA ACCBCCOCCA TCCCATG066 AGBGTAGASE COSTTBACAT
TAACGAGAGC AACGBTTTTE BACAACATTC CCBGCCSTSS BCBTTETACC CCTTTTBTAT TGBCGBCOBT ABBBTACCCC TCCCATCTCC BCCAACTETA

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
GTAGBTBAGT ASTGTAAGAA BCATGBCBAA BTABACABST TACTTTTAGA BTGTAGTETA CAGSGCCS8E CSCAACAGTS CCACCAACCC BBBBTCTGAG
CATCCACTCA TCACATTCTT CBTACCBCTT CATCTGTCCA ATGARAATCT CACATCACAT GTCCCBCCC BCBTTBTCAC GBTGETTS06 CCCCABACTC

17110 1720 1730, 1740 1750 1760 1770 1780 1790 1800
CATTCCATBE BCAGCABBGA CACTGCACTA' CCBCCABBTC CTGBGGCABC CBBBGTTCCT BBCECTCCES BBGCAGCCSE BCBBCCELCO BTEBETCCEL
STAABBTACC CBTCBTCCCT GTGACSTGBAT BBCBETCCAS BACCCCETCE BCCCCAAGBA CCBCOABBCC CCCATCBACC CBCCBACHAC CACCCAGBCS

1810 1820 1830 1840 1870 1880 1890 1900
T666CCOCTE CCCCBLTCCH B6TOB6606T BBCCCCBCTS mum mrccrm 6CABCCBBAE TTCCTBBCEC TCCEBGHECA
ACCCBECBAC BBG6CBABBC CCACCCCCCA CCBBB0CBAC CCBTEBCBAC BCBGCSBCES TCCAGBACCC CBTCBBCCCC AABBACCSCS ABECCCCCBT

1910 1920 1930 1940 1930 1960 1970 1980 1990 2000
BCCGBECE6C CBCCOATEBE TCCBCTBOC CBCTBCCCCE CTCCBEETES BGOBTEECCC COLTEBGCAC CBCTBLOCCE CCELCASBTC CTBOBABCASL
CBBCCCECCE BCBBCCACCC ABBCBACCCE BCBACBBOBC BAGBCCCACC CCCCACCBBE BCBACCCETB BCBACSCO6C BECBSTCCAB BACCCLBTLE

2010 2020 2030 2050 2060 2070 2080 2090 2100
CBBBETTCCT B6COCTCCOG BBBCABCCES mw:eccs 6TBB6TCCAC T666CCBCTE CCCCOCTCCH B6T6G6606T BGCCCCACTE BECACCBLTE
6CCCCAABBA CCBCOABBCC CCCBTCBCC CBCCBBCHBC CACCCABBCE ACCCBBCBAC B6BSCEABEC CCACCCCCCA CCBGEGCBAC CCBTBBCEAC

l 2110 220 30 2140 2150 2160 2170 2180 2% 200
CECCBCCECC AGBTCCTBS6 GCAGCCOBGE TTCCTBOCEC TCCOBGBBCA BCCHBBCHBC CBCCOBTBAE TCCBLTEBSC CECTBCCCCE CTCCOBBTEE
6C8BCOGCEO TCCABBACCC CBTCBBCCCC AABBACCBLS ABBCCCCCST COBCCCSCCS BCBBCCACCC AGOCBACCCE BCBACSGB6C BAGGCCCACT

2210 2220 22301 240 2% 2260 210 2280 29 2300
B666TB6CCC CBCTBBBCAC CBCTBCBCCE CCBCCABBTC CTBAGBCAGC CBBGBTTCCT GBCBCTCCOS BBBCABLCH0 BCOBLCBLCH GT6BGTCCOC
CCCCACCBB8 BCBACCCETE GLGACECBBC B6CBBTCCAS BACCCCBTCE BCCCCAAGBA CCBCBAGBCC CCCETCBBCC CBCCBCOBC CACCCAGBLE

2310 2320 2330 2340 2350 1 2360 2370 2380 2% 2400
T666CCECTE CCCCBCTCCS BETE68066T GBCCCCOCT BGCACCBLTS CBCCBLCELC AGBTCCTBOS GCAGCCOBES TTCCTGGCBC TCCBBBRBCA
ACCCGBCBAC BBBBCBABEC CCACCCCCCA CCBBOBCBAC CCBTBBCBAC BCBBCBSCOG TCCABBACCC CBTCBBCCCC AMGBACCECE AGBCCCCCET

210 220 230 240 2450 2460 270 480 %0 2500

6CC06OCEAC CBCCOBTB6E TCCBCTBOOC COCTBCCCCH CTCCAGBTOR BBOGTOOCCC COCTBBOCAC CACTECHCCH'CCOLCAGSTC CTOBRBCARC
CBBCCCECCH BCBBCCACCT ABBCBACCCE GCBACBBABC BABBCCCACC CCCCACCSBS BCBACCCSTS BCBACBCBGC BBCOBTCCAG SACCCCATCS

816

2510 2320 2330 240 2% 2360 2370 2380 2% 2600
C666BTTCCT 66CBCTCCO6 GBBCABCCES GCBECCOCCE BTBOBTCCBC TEGBCCBCTE CCCCBCTCCH B6TBGBO66T BBCCCCOCTE BBCACCELTE
GCCCCAABBA CCBCBABBCC CCCETCBBCC CBCCBBCOBC CACCCABOCE ACCCBBCOAC 6886CBABBC CCACCCCCCA CCGBBBCBAC CCETBBCEAC

2610 2620 2630 2640 2650 2660 270 2680 2% 2100
BCC ABBTCCTE0G BCAGCCOG66 TTCCTBACEC TCCBBOGBCA BCCEBECBC CBCCBETBOE TCCBCTBEC COCTBCCCCE CTCCBOATEE
6CB6CE6C66 TCCABBACCT CGTCOGCCCC AABBACCECE ABBCCCCCST CBBCCCBCCE BCOBCCACCC AGBCBACCCE GCGACS866C BABGCCCACT

70 2% 27101 2740 7% 2160 20 2180 2% 2800
BG66TGECCC CBCTBEECAC CBCTBCBCCH CCBCCABBTC CTBBBBCAGC CBBBGTTCCT BGCBLTCCO6 GOGCAGCCOE BCBBCCBCCE BTABETCCEL
CCCCACCO06 BCBACCCETE BCOACBCOGC BBCOBTCCAG BACCCCETCE BCCCCAABSA CCBCBABBCC CCCBTCBBCC CBCCBACBAC CACCCABBLE

2810 2820 2830 2840 2850 lZM 2870 2880 0% 2900
T68BCCBCTE CCCCBCTCCE 6676686607 BGCCCCACTE BBCACCOCTS CBCCBCCBCC ABBTCCTOES GCABCCEE6 TTCCTBOCSC TCCEBOBGBLA
ACCCBGCOAC 666BCBABBC CCACCCCCCA CCBGGBCBAC CCBTGECBAC BCBACGBCSG TCCABBACCC COTCBECCCC AABBACCBCE AGBCCCCCET

2910 220 2930 240 2930 260 270 2980 2% 3000
6CC6BBCBEC C6CCOETE66 TCCBCTBG6C CBCTBCCCCH CTCCBEATEE BGGGTEGCCC CHCTBOBCAC COCTBCOCCE’CCGCCABBTC CTEGBCAGE
CBBCCCECCE BCBBCCACCC ABBCBACCCS BCBACBBBAC BABBCCCACC CCCCACCES8 GCOACCCSTE BCBACGCBGC BBCBBTCCAG BACCCCETCE

3010 3020 3030 3040 3050 3060 370 3080 3090 3100
C6BBBTTCCT BBCBCTCCEA BBOCAGCCBO 6CBBCCACCA GTBBBTCCAC TBAGCCOCTG CCCCBCTCCH BTGB6B86T BECCCCBLTE BECACCELTE
6CCCCARBBA CCBCBABBCC CCCBTCBBCC CBCCBBCOBC CACCCAGBCS ACCCBECBAC 66GBCSAGEC CCACCCCCCA CCBBBBCBAC CCETBECHAL

310 3120 3130 3140 3150 3160 3170 3180 3190 3200
ABBTCCTE06 BCABCCE666 TTCCTBBCE TCCOBBGGCA BCCOBBCEEC CHCCEOTBH6 TCCBCTBBEC CBCTBCCCCE CTCCOBETEE
6C66CB6CE6 TCCABBACCC CBTCBBCCCC AABBACCBCS AGBCCCCCT CBBCCCBCCH BCBBCCACCC AGBCBACCCS BCBACBSBSC BABBCCCACC

3210 3220 3230 3240 3250 3260 !2170 3280 3290 3300
6686T66CCC CBCTBBACAC CBCTBCACCH'CCOCCABBTC CTBBBBCAGC CBOBBTTCCT GBCOCTCCAC TECACCTBSA ATGLABGBTE BBBGCBTEET
CCCCACCB86 BCBACCCOTE GCBACBCESC BOCEETCCAG GACCCCETCE GCCCCAASGA CCBCBABSTE ACGTBBACCT TACBTCCCAC CCCCSCACCA

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400
CCCCTBBACC CCAGLCCCOE CBATCCCTCC CCCABGBCBT ACCCBBCTTE CCTBGTTCTS 6BCTCCTCT GEGBSTCECT BCATCCBCCE GTAGGBTTCE
66BBACCTEE BGTCEOBBCE BCTAGBBAGS BOBTCCCOCA THBBCCOAAC BBACCAABAC CCCBAGBAGA CCCCCABCSA CBTAGBCBBC CATCCCAAGL

3410 3420 3430 M0 3430 3460 U170 3480 U0 3500
AATBEBCBTE BTCCBCTTOC TCTBCTBECC CBBTACBCCT BOATTGLCSE CTBOGO6CTE BBATCCCHGE ACBCCCCCTC CCTBCTCCCA CCCBSTTCCC
TTACCCBCAC CAGGLBAACE ABACGACCSS BCCATBUBBA CCTAACBGCC BACCCCCOAC CCCABBBCCC TGCGBBGGAG GBACGAGSET GBGCCAAGGE

3510 3520 3530 3340 3350 3560 3570 3380 35%0 3600
TCCCCCAGBE CBTBCCCCBC TTBCCTBBTC CTBBABCTCA TCCBBBGATS CTGCATCCBC TABTCCGACC TBGGTBGBTG CBETCCACTE BLCCCACCCT
ABBBBETCCC BCACGEB6CE AACGBACCAS GACCTCBABT AGBCCCCTAC BACBTAGBCE ATCABBCTOS ACCCACCCAC BCCABBCGAC C6B68TBE6A

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700
G666BETABCC GCCBBSTCTE CTEETCCOET GCACCTBOAA BBCABBSSGS GOBBCAGTGA 666ABBEBCE TGSTCCTGEE ACCCCBCBLC BACTBBCAGE
CCCCCATCE6 CBSCCCAGAC BACCAGBCCA CETBEACCTT CCBTCCCCCC CCCCGTCACT CCCTCCCCHC ACCAGSACCC TGEGBCBCEE CTEACCETCC

3no 3120 0 340 3750 3760 310 3780 379 3800
BEBTCCCCAT GBCACAGGCC TABGBSTCCA 66656CAGCC BCBBCCCABC GCBCCCCETT CACGB6646 GACCECBBCC BAGCCACCAB 6B6CCCEGLE
CCCABBGBTA CCBTBTCCEB ATCCCCAGET CCCCCGTCBS COCCBOETCE CECEBB6CAA BTBCCCCCTC CTBBCOCCO8 CTCBETBETC CCCBBBCCEC

v

3810 3820 3830 3840 3850 3860 3870 3880 38%0 3900
6666766666 6TGCBCTCCC ABBCCHGACC CTEGTBCCAG BCABGBACCC CHCBCCACCC BCTTCATGGE G6BGBABBCC GCCBCAABBA CBCCHBBLCE
CCCCACCCCC CACBC6AB66 TCCGSCCTBE GACCACBETC CGTCCCTE66 GCEBCEETEBE CBAAGTACCC CCCCCTCCEG CESCETTCCT BCBGCCCEC

3910 3920 3930 3940 3950 3960 3970
6CTG66AGET GTGCACCCCC CGAGCBTCTE GACBACSCTG BCBAGCCSG6 CCBBLTCHLC TTCTTTTATC CTCTTY
CBACCCTCCA CACETE6666 GCTCBCAGAC CTBCTBCBAC CSCTCBBCCC BECCBASCEE AABAARATAS

3990 4000
GGTCTCTGTG TAATACTTTA
CCABAGACAC ATTATBAAAT

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100
ABBTTTGLTC AGGAGTBB66 GCTTCTTATT GBTTAATTCA BGTGTGTCAT TTTAGCCCET TBGETTTCAT TAAGSTGTGT CACCABETSS GTGGTACCTG
TCCARACEAG TCCTCACCCC CBAABAATAA CCAATTARGT CCACACAGTA AAATCBSGCA ACCCAAABTA ATTCCACACA BTBETCCACC CACCATEGAC

4110 4120 4130 40 4150 4160 170 4180 4190 4200
GAGETTATTC TATTG6GATA ACGAGAGEAG GAGBBGCTAG AGBTCCBCBA GATTTGBGET ABBCOBABCC TCABBAGBET CCCCTCCATA BBETTBAACC
CTCCAATAAG ATAACCCTAT TECTCTCCTC CTCCCCBATC TCCAGBCGBCT CTAAACCCCA TCCBCCTCSS AGTCCTCCCA 666GABBTAT CCCAACTTSE

210 4220 4230 4240 4250 4260 4210 4280 429 4300
ABEAGGE6EA BBATTEEECT CCBCCCCBAT ATACCTAGTG BGTBGAGCCT AGAGBTAGGT ATCCATAGBE TTCCATTATC CTGBAGBTAT CCTAABCTCC
TCCTCCCCCT CCTAACCCGA B6CGBBGCTA TATBGATCAC CCACCTCBSA TCTCCATCCA TAGBTATCCC AAGETAATAG GACCTCCATA GGATTCAGE

4310 4320 4330 4340 4350 4360 4370 4380 43% 4400
SCCCCTATAT ACCAGSTG6G TGGAGCTAGE TAGBATTCAG CTABGTTCCT ACTGBBBTAC CCCCCTACCC TACCTTAAGE TGCBCCACCC TTCCTCCTTC
CGEBEATATA TEGTCCACCC ACCTCBATCC ATCCTAAGTC BATCCAABGA TGACCCCATE GGBGBATGEE ATBBAATTCC ACGCGBTGE8 AABOAGGAAG

4410 M20 “3 M40 30 4460 70 80 %0 4300
COTTTTAATE GTAGAATAAC CTATAGSTTA TTAACCTAGT BBTBGAATAG GBTATTGCAS CTBBBTATAT ACCTATAGST ATATAGAACC TAGAGBAAGS
GCAARATTAC CATCTTATTG GATATCCAAT AATTBBATCA CCACCTTATC CCATAACBTC GACCCATATA TBBATATCCA TATATCTTGS ATCTCCTTCC

4510 4320 4330 4340 4550 4360 4370 4380 43%0 4600
BGAACCCTATA BTGTAATCCC TCCCCCCCCT ACCCCCCCCT CCCTTACSGT TGCCTBAGCC CATCCCCCAC CCCAGCACCC CGGBBTGACS TBGCACCCCS
CTTB6BATAT CACATTAGSG AGG6GBBB6A TB66B8B86A GGEAATECCA ACGBACTCEG GTAGGGGETE BBBTCETBE6 BCCCCACTEL ACCGTBEG6C

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700
CBTBCCTTAC TBACTTGTCA CCTTTBCACA TTTBETCABC TGACCBATSC TCBCCACTTC CTBGGTCATB ACCTBBCCTG TECCTTBTCC CATGBACAAT
BCACBBAATE ACTBAACAGT GBAAACEBTGT AAACCAGTCE ACTEGLTACS ABCGETGAAG GACCCAGTAC TGBACCBSAC ACGGAACAGE BCACCTETTA

0 4120 4730 4140 4750 4760 4710 4780 47% 4800
GTCCCTCCAG CBTBGTEBCT GLCTTTGE6A TGCATCACTT TGAGCCACTA AGCCCCCETT BCTCBCCTTE CCTBCCTCAC CATBACACAC TAABCCCCTS
CABEBAGETC BCACCACCGA CBBAAACCCT ACGTAGTBAA ACTCBBTBAT TCBBGBGCAA CBABCBSAAC BGACBBAGTE BTACTBTBTS ATTCBBBEAC

4810 4820 4830 4840 4850y, 4850 4870 4880 4890 4900
CTAATCCATE ABCCCCBCCT TTAGBARGCA CCACGTCCCS GSBACBSAAG BBBACTTBSE GTBATTTTCT ATBTGGBGET BGARATATGA BCAAGAATAA
GATTAGGTAC TCGGGECE6A AATCCTTCGT GGTGCAGBSC CCCTBLCTTC CCCTGAACCC CACTAAAAGA TACACCCCCA CCTTTATACT CBTTCTTATT

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000
BBACBBLTCC TTATTAACCT GATCAGCCCC BGABTTSCCT BTTTCATCAC TAACCCLGSE CCTBAABAGS TTBACAAGAA BBBTCAAGET TTCBTCTETE
CCTGCCGABE AATAATTEBA CTAGTCHG65 CCTCAACGBA CAAABTABTS ATTBBBBCCC BBACTTCTCC AACTETTCTT CCCAGTTCCA AABCABACAC



5010 5020 5030 3040 3050 5060 3070 3080 5090 3100
TGTT6AABBE CABGBGCTET TBGETBCATC TGGAACBSCT TACCTCGGST AACTGTTTGE CATTAAAAGG TTBBGBATTA BSTTTAGCCC CTTTABCTEC
ACAACTTCCC GTCCCCBACA ACCCACETAG ACCTTGCCGA ATGBABCCCA TTBACAAACG GTAATTTTCC AACCCCTAAT CCAAATCESE GAAATCSACE

st 5120 5130 5140 51350 5160 §170 5180 5190 5200
CATTTCBAAC CB666TGTBC ABATBCAGET CTCCGBETGE BCAGECAGTA COAGATGTCA CETTGTGTT6 TCTTTCCTCC CACCCCTETC CTG6CTETEE
6TAMABCTTG BCCCCACACE TCTACGTCCA BABBCCCACC CGTCCGTCAT GCTCTACAGT BCAACACAAC AGAAAGEASG GT6B6GACAS BACCBACACC

5210 3220 5230 200 9250 5260 210 280 5290 5300
CAARTGCGAC CCTCATAGAS TTBTBTTTCA GETCTETETC CTETTTTGLE GTGE6TTATT TCTTCCCTCA 6TBTTTSCCA BCTTATTTCC CCABTTTTCA
GTTTACECTG GBAGTATCTC AACACAAAGT CCAGACACAG BACAAAACEC CACCCAATAA ABAAGGGAGT CACAAACGET CGAATAAAGS BETCAAAAST

5310 320 §330 5340 5350 5360 370 5380 53%0 3400
CGTACTE666 CCTETEGACA CCTGAGGGAG CBGCCETTGE TGEGTATGTG TTGBAATTGC TCCCACCCTC AATTTTCBCT TECCTTCTTC CCTTETTAAC
BCATBACCCC BGACACCTGT GBACTCCCTC GCCEBCAACC ACCCATACAC AACCTTAACE AGGGTGBGAG TTAAAAGCGA ACGBAAGAAG GBAACAATTE

410 5420 430 3440 450 460 10 480 90 3500
CTGATAGCAT ABCCTCTAGE TTTCCTTGTA GETCTETTTE G6TTTGTTBS TTCACGTG6T GCTAACTTGA ATTTTTTGST TTTCTAGTTC CCTCTTAATT
BACTATCGTA TCGEAGATCC AAAGBAACAT CCABACAAAC CCAAACAACC AAGTGCACCA CGATTGAACT TAAARARACCA AAAGATCAAS GGAGAATTAA

3510 3520 3530 5540 9550 3560 3570 3580 §590 5600
ACATTTGTBC CABATCTTGT ABAGCAAGAT BBCCTATTCA ACAAGBEAGA TACTGTTAGC CCTGTGTATA CGGGACAGTC GTGTBCATGS AAATBETACC
TETAAACACE GTCTAGAACA TCTCGTTCTA CCBGATAAGT TBTTCCCTCT ATBACAATCE GGACACATAT GCCCTETCAG CACACGTACC TTTACCATGE

A deletion in the EBV genome in Daudi cells

3610 5620 3630 Se40 5650 5660 3670 3680 3680 3700
CTBCATCCTG TETTBGAGCT ABCABCAAGA BAAACACCTC TCCBCCTTTC BCCABABBAC ACTGTAGTTC TBCGTTATCA TETETTECTT GAGGABATAR
GACBTAGBAC ACAACCTCBA TCETCBTTCT CTTTETG6AE AGECGGAAAG CEGTCTCCTE TGACATCAAS ACGCAATAGT ACACAACGAA CTCCTCTATY

3710 5720 3730 5140 5750 5760 5770 §780 5790 3800
TTGAACGAAA TTCAGAGACA TTTACAGAAA CTTBGAACAG ATTTATAACA CACACCBAAC ATGTBBATCT BBATTTTAAC TCAGTATTTT TAGAGATATT
MACTTBCTTT AMGTCTCTBT AAATBTCTTT GAACCTTBTC TAAATATTGT GTGTBBCTTS TACACCTAGA CCTAAAATTG AGTCATAAAA ATCTCTATAA

3810 3820 3830 3840 3850 5850 5870 5880 3890 5900
TCACCBTBEA BACCCAAGCC TTBBBCBCBL BTTBBCCTBE ATBBCCTBET BCATECATBC CTGCABGACA TTGTGTTETA ACCASTCTAC TCCTTACTAT
AGTGBCACCT CTGBBTTCEE AACCCHCBCE CAACCGBACC TACCSBACCA CETACETACG GACGTCCTGT AACACMACAT TGETCAGATG AGGAATGATA

910 5920 3930 5940 5950 3960 5970 5980 3990 6000
GTTGTBBACC TGTCAGTTCE TEGGATETTA GAABCCABCE AABGCCTGEA TGGTTGBATT CATCAACAGE GCBBCTGSTC TACATTAATT GAAGACAACA
CAACACCTES ACAGTCAASC ACCCTACAAT CTTCBBTCBC TTCCBBACCT ACCAACCTAA GTAGTTBTCC CGCCBACCAG ATBTAATTAA CTTCTETTET

4010
TICCTBEATC C
AAGBACCTAG 6

Fig. 2. The 6005-bp complete DNA sequence of BamHI-H from B95-8 EBV DNA, shown in the 5’ —3' direction that corresponds to the conventional
restriction enzyme map (Skare and Strominger, 1980). The BamHI site (repeated) is underlined. Bornkamm et al. (1980) report a second BamHI site in EBV
DNA isolated from the M-ABA cell line in the region covered by the BamHI-H fragment; this results in a cleavage of ‘normal’ BamHI-H into two unequal-sized
fragments. A change of the CG base pair to TA at position 1088 would account for the M-ABA data. The location of the small repetitive sequences (!) and
the DS; sequence ('¥) are indicated. In our recombinant clone, 12 complete repeats were observed by partial digestion with NotI; the DNA sequence further
identifies one incomplete (30%) repeat. This is similar to the observation of a non-unit repeat number for the large (BamHI-W) internal repeat (Hayward et
al., 1982). A sequence comparison of the DS; with the homologous DSk from EcoRI-C (Bornkamm et al., 1980; B.G.Barrell, personal communication)
reveals 9% homology between the two, with an overall difference of 1 bp (1044 relative to 1045 bp, respectively), and 11 mismatches. The site of the
deletion in Daudi DNA (nucleotide 3978, see Figure 3) which removes a part of the DS, is indicated (box). The corresponding deletion in EBV DNA from
P3HR-1 cells (Jeang and Hayward, 1983) occurs at nucleotide position 3599. There are a number of changes between the DNA sequence as determined here
and the part of BamHI-H sequence recently reported (Jeang and Hayward, 1983). In seven cases, bases were not identified by Jeang and Hayward; their
assignment is given here. In 10 cases, there are single base alterations between the two sequences. Since none of these changes results in the deletion or
insertion of a termination codon they may be assumed to be of little significance. It should be noted, however, that there are some changes with respect to
potential initiation codons, which could prove to be meaningful. Differences that produce frame-shifts are found, as noted: (i) position 4088 —4089 bottom
line, CA, is given as N by Jeang and Hayward (JH, position 10); (i) position 3956 —3958, CGA, is given as GT (JH, 140 — 141); (iii) position 2780, G, is AG
(JH, 317 -318); (iv) position 3637 —3638, CC is C (JH, 460); (v) position 1550 —1551, CC, is C (JH, 2420). One further and possibly significant difference is
in the number of Notl repeats observed in BamHI-H. We find 12.3 as against 11.3 previously reported. This difference would be significant if the region is

translated.

proline-rich translation product (data not shown). (ii) The se-
cond has potential coding sequences in all three reading
frames, encompassing the Notl repeats (Figure 5A, nucleo-
tides 1700 to ~4000). Of these, the sequence in frame 1 covers
a region that could linearly specify a polypeptide of >560
amino acids. However, transcriptional evidence suggests that
the protein actually encoded by the Notl repeat region is
derived from the other strand of the DNA (Jeang and
Hayward, 1983). The deletion in the EBV genome in Daudi
cells removes all of the open reading frames (Figure SB) con-
sidered above. (iii) The third lies between 5523 and 6011 nu-
cleotides (Figure 2). It has an ATG at position 5529 and
allows the expression of a 161 amino acid polypeptide (see
frame 3, Figure 5A). The ATG codon fulfils the criteria for
an initiating codon (Kozak, 1981) since it is preceded by the
sequence AAG and followed by G. This open reading frame
continues into the adjacent BamHI-F fragment and can be
seen to be conserved in the BamHI-WH fragment from the
Daudi isolate. The weakness in suggesting this region as being
actively transcribed is that the putative promoter sequences
associated with it (TCAAT, ‘CAT’ box nucleotide position
5369 and GATA, ‘TATA’ box, position 5403) are not those
commonly considered to be strong promoters. This might, on
the other hand, explain the fact that no major mRNA has yet
been mapped to this region. One interesting consequence of
the deletion is that transcription of this open reading frame in
Daudi cells could conceivably come under the control of the
strong promoters in BamHI-W (GCAAT and TATA, see
Jones and Griffin, 1983), probably normally used to tran-

scribe the 3.0—3.1 kb mRNA (van Santen et al., 1981). Thus,
the deletion may potentially result in increased amounts of a
protein expressed in part from the end of BamHI-H, which
might provide an explanation for some of the unusual
properties associated with Daudi cells. This possibility is
being explored.

From a similar analysis of the sequence on the other strand
of the DNA (Figure 6), it can be seen that the only large open
reading frames are the three in the region that encompasses
the Notl repeat. The longest uninterrupted reading frame
would accommodate a polypeptide nearly 700 amino acids
long. The data of Jeang and Hayward (1983) map the 2.5-kb
mRNA to this region of the genome. Our sequence data can
accommodate this mRNA if the potential ‘CAT’ (either
CCAAT at position 4032, or CCACT at 4018, Figures 2 and
6) and ‘TATA’ (GATA, position 3970) boxes are utilised as
promoters to specify a message with a cap site (CC) at pos-
ition 3941, an initiation codon (ATG) at position 3867 and a
polyadenylation signal at 1470. Such a message would be
transcribed initially from frame 3, but would require a splice
to remove the termination codon (TGA) at position 3762.
There are potential splice sites (Mount, 1982) within the se-
quence though none have yet been directly identified.
Although the region around the Notl repeat is deleted in both
P3HR-1 and Daudi DNAs, the former retains the putative
weak promoters whereas the latter loses the GATA (TATA)
box (see Figure 5). Based on these data, possible functional
differences between P3HR-1 and Daudi EBV DNAs exist.

On first consideration, it would seem bizarre that a major
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10 20 30 40 30 40 70 80 90 100
BGATCCCCCC ACCBBCCCTT CTCTCTETCC CCCTOCTCCT CTCCAACCTT CBCTCCACCE TABACCCCAG CTTCTGCCT CCCCBBBTCC ACCABBCCAS
CCTABG066G TEGCCESGMA GAGABACADE BBBACBABGA BAGGTTGGAA GCBABETGOG ATCTOBBETC GAWGACCHGA GBGBCCCABE TBETCCBETC

110 120 130 140 15 160 170 180 190 200
CCGBAGOBAC CCCOBCAGCC CBBACBABTC BCCTTCCCTC TCCCCTBGCC TCTCCTICCE BCCTCCCACC CBABCCCCCT CABCTTBCLT CCCCACCGSS
8BCCTCCCTS BBACCOTCOB GUCCBCTCAG CBBAABBGA ABGBGACCOE AGAGGAAGBE CBBAGBETOE BCTCOB0BBA BTCEBAACGSA BEGGTBACCC

210 220 230 240 230 260 270 280 2 300
TCCATCAGBC CBOCCOBABE BACCCCBBCE BCCCBATBTC ABTCCCCCCT BCABCCBCCC ABTCTCTBCC TCCAGBCAAG BBCBCCABCT TTTCTCCCCC
ABBTAGTCCE BCCBBCCTCC CTEOGGCCSC CBBBCCACAG TCAGBSGBGA CBTCBECEBE TCAGABACSE ABETCCGTTC CCBCSBTCEA AAABABBGES

310 320 330 o 350 360 n 380 3% 400
CABCCTBAGS CCCAGTCTCC TBTBCACTET CTETAAMGTC CABCCTCCCA CBCCCBTCCA CBBCTCCCO6 BCCCAGCCTC BTCCACCCCT CCCCACBBTE
BTCHBACTCC BBGTCABAGE ACACSTBACA BACATTTCAG GTCOGAGGGT GCOBBCAGGT GCCGABGOCT CBOBTCEBAG CABGTOGBA 6BGGTECCAC

4o 420 430 " 430 460 a7 480 490 300
BACABBCCCT CTBTCCACCC BBBCCATCCC CBCCCCCCTE TBTCCACCCC ASTCCCBTCC AGBBGBGACT TTATBTBACC CTTBBBCCTE BCTCCCCATA
CTBTCCO66A BACABSTE0 CCCOBTAGGE GCBBGBGGAC ACAGBTBG66 TCAGGBCAGE TCCCCCCTGA AATACACTGE BAACCCGBAC CBABBBETAT

310 520 30 40 550 360 510 300 3% 600
BACTCCCATE TAAGCCTGCC TCGAGTAGET BCCTCCAGAS CCCCTTTTSC CCCCCTGBCE BCCCABCCCE ACCCCCBBBC BCCCCCAMC TTTGTCCAGA
CTGAGBBTAC ATTCBBACEG AGCTCATCCA CBBAGBTCTC BGGBAAAACG GOBGBACCBL CBGTCHBGC TBGOGBCCCS COBBSETTTE AMACAGETLT

410 820 &30 640 8% 660 610 480 490 700
TOTCCABO06 TCCCCBABBG TBABBCCCAG CCCCCTCCCO CCCCTBTCCA CTBCCCCBET CCCCCCAGAA BCCCCCAAMA GTABAGBCTC AGBCCATBLE
ACAGBTCCCC ABBBBCTCCC ACTCCBGTC BSGGGAGGGC BBBGACAGET BACOGBGCCA 60BBOGTCTT CEBBBGTTTT CATCTCCBAB TCCBETACSL

0 120 30 " 0 760 n 780 %0 800
COCCCTBTCA CCAGGCCTBC CAAAGABCCA GATCTAAGGC CBOBAGAGOC AGBCCCCAAAG COBBTBCABT AACABBTAAT CTCTBBTAGT BATTTBBACC
BCBBBACABT BBTCCBBACE BTTTCTCBET CTABATTCCO BCCCTCTCCS TCOGBBTTTC GCCCACBTCA TTBTCCATTA BABACCATCA CTAMCCTEE

810 820 830 840 850 860 870 880 890 900
CBAMTCTBA CACTTTAGAG CTCTBBAGGA CTTTAMMACT CTAAMMATCA AAACTTTABA BBCGAATO66 CBCCATTTTE TCCCCACBCE COCATAATOG
BCTTTABACT GTGAMATCTC GAGACCTCCT GAMATTTTGA GATTTTTAGT TTTGAAATCT CCBCTTACCC BCBBTAAMAC ABBBBTBLEC BLBTATTACC

910 920 930 % 930 960 70 900 990 1000
CBBACCTABS CCTAMACCC CCAGBAAGCE BBTCTATGST TGBCTBCBCT GCTECTATCT TTAGAGGBGBA AMBAGGAAT AMBCCCCCAB ACAGGOBAGT
6CCTBBATCC BBATTTTGS8 BBTCCTTCBC CCABATACCA ACCBACBCGA CBACBATABA AATCTCCCCT TTTCTCCTTA TTCB8GBBTC TBTCCCCICA

1010 1020 1030 1040 1050 1060 -1070 1080 1090 1100

BBBCTTETTT BTBACTTCAC CAMBTCAG BGCCCAABBE BATTCOCBTT BCTAGBCCAC CTTCTCAGTC CAGCBCBTTT ACBTAASCCA
CCCBAACAAA CACTGAAGTS GTTTCCAGTC CCBBBTTCCC CCAABCOCAA CBATCCGETG GAAGAGTCAS BTCOCBCAM TBCATTCBST CTG

1160 1 1100 1190 1200
TOCAGCTATT TCTBGTCBCA TCAGABCBCC AGBABTCCAC ACAMTBTAA
ACSTCBATAA AGACCABCST ABTCTCOCS8 TCCTCABBTS TBTTTACATT

1110 120 130
;BRYTGICABT TCTAG0GAGE BBGACCACTE
TTAACAGTCA ABATCCCTCC CCCTBRTBAC

1210 1220 1230 120 1250 1260 1270 1280 1290 1300
8AGBBBGTCT TCTACCTCTC CCTABCCCTC COCCCCCTCC AABBACTCOS BCCCABTTTC TAACTTTTCC CCTTCCCTCC CTCTCTTBC CCTBcecces
CTCCCCCAGA AGATBBABAG BBATCOBGAG BCOBBBBABE TTCCTBABLC CBBBTCAAAG ATTGAAMAGE GGAAGOBAGE BABCAGAACS BBACOCHE6C

1%
CCATA

1310 1320 1330 1340 13% 1360 1370 1380 139 1400
9B6CCACCTT CATCACCETC OCTBACTCC CCATCCAAGC CTAGBBGAGA CCBANGTBAA BOCCCTOBAC CAACCCBACC C8BBCCCCCC BBTATCOBGC
CCCBETBEAA BTAGTBOCAG COACTBABEC 0BTAGBTTCS BATCCCCTCT BOCTTCACTT CCBBBACCTS GTTB6CCEG BCCCO8B08 CCATABCCCE

1410 1420 1430 1440 1430 1450 1470 ueo ¥ 1490 1500
CAGABETAAS TBBACTTTAA TTTTTTCTEC TAABCCCAAC ACTCCACCAC ACCCABBCAC ACACTACACA CACCCACCLS TCTCT BTBTAATACT
GTCTCCATTC ACCTEAAATT AAMANGACS ATTCBGGTTE TGAGBTOBTS TBBBTCCETE TGTGATETST 6TEE6TE06C CACATTATEA

1510 1320 1530 1340 13%0 1560 1570 1500 159 1600
TTIAMGETTTE CTCAGBAGTE GGOGCTTCTT ATTBBTTAAT TCAGBTGTST CATTTTAGCC CGTTOBSTTT CATTAAGGTS TSTCACCAGE TGOGTOGTAC
AATTCCAMC BAGTCCTCAC CCCCBAAGAA TAACCAATTA AGTCCACACA BTAAMATCEE BCAACCCAMA BTAATTCCAC ACAGTBBTCC ACCCACCATE

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
CTGBABBTTA TICTATTO08 ATAACGAGAG GAGGABOOGC TAGAGGTCCO COABATTTEO GBTAGGCOBA GCCTCABBAG BSTCCCCTCC ATAGOGTTOA
GACCTCCAAT AMMGATMCCC TATTBCTCTC CTCCTCCCCS ATCTCCABOC BCTCTAAMCC CCATCCHCCT COGABTCCTC CCAGBGGAGE TATCCCAACT

1o 1720 1730 1740 7% 1760 1mo 1780 17% 1800
ACCAGBAGEE BBABBATTES BCTCCOCCCC GATATACCTA BTGBGTOBAG CCTABAGSTA BGTATCCATA BOBTTCCATT ATCCTOBAGB TATCCTAAGC
TEGTCCTCCC CCTCTAMCC COAGBCGGE CTATATBGAT CACCCACCTC GGATCTCCAT CCATAGGBTAT CCCAMGSTAA TAGBACCTCC ATAGBATTCE

1810 1820 1830 1840 1830 1860 1870 1880 1890 1900
TCCBCCCCTA TATACCABGT GBGTBGAGCT AGBTAGBATT CAGCTAGBTT CCTACTG886 TACCCCCCTA CCCTACCTTA ABBTBCBCCA CCCTTCCTCC
AGGCOBBBAT ATATGETCCA CCCACCTCBA TCCATCCTAA BTCGATCCAA GBATGACCCC ATGBBGGGAT BGGATBBAAT TCCACGLBGT 80BAABGAGS

1910 1920 1930 1940 1930 1960 1970 1980 1990 2000
TICCETTTTA ATBETAGAAT AACCTATAGE TTATTAACCT AGTGETSGAA TAGBBTATTE CAGCTGBGTA TATACCTATA BBTATATAGA ACCTAGAGGA
AABBCAMAAT TACCATCTTA TTBBATATCC AATAATTEBA TCACCACCTT ATCCCATAAC BTCGACCCAT ATATBGATAT CCATATATCT TBGATCTCCT

2010 2020 2030 2040 2050 2060 2070 2080 20% 2100
ABBBAACCCT ATABTBTAAT CCCTCCCCCC CCTACCCCCC CCTCCCTTAC BGTTBCCTBA BCCCATCCCC CACCCCABCA CCCCBBBETE ACGTBACACC
TCCCTTGB6A TATCACATTA GGGAGEBOG6 GEATEGE056 GGAGBBAATG CCAACSGACT CBBETAGBSE 6T6BBETCET BBBBCCCCAC TBCACCSTES

2110 2120 2130 2440 2150 2160 70 2180 2190 2200
CCBCBTBCCT TACTBACTTG TCACCTTTG ACATTTSGTC AGCTGACCSA TBCTCBCCAC TTCCTEBSTC ATBACCTBEC CTETSCCTTG TCCCETBOAC
6BCBCACEBA ATBACTBAAC ASTBBAAACE TBTAAACCAG TCGACTGBCT ACGABCBETE AABBACCCAG TACTBBACCE BACACGBAAC ABBBCACCTE

2210 220 2230 2240 2250 2260 210 2280 2% 2300
AATGTCCCTC CAGCBTBTE GCTBCCTTTE BBATBCATCA CTTTBAGCCA CTAABCCCCC BTTBCTCBCC TTBCCTOCCT CACCATBACA CACTAMBCCL
TTACAGEBAG GTCGCACCAC COACGBAMAC CCTACGTAGT GAAACTCBST GATTCGGS66 CAACGABCSE AACGBACEBA GTBGTACTET BTBATTCEGS

2310 320 2330 2340 8% v 260 2310 2380 23% 2000
CT6CTAATCC ATGABCCCCS CCTTTABBAA BCACCACGTC CCGBBGACSE AAGBBBACTT BBBTBATTT TCTATGTGSE GETGBAMATA TBAGCAAGAA
GACBATTAGE TACTCSGBGC BBAAATCCTT CSTBGTBCAG B6CCCCTBLC TTCCCCTBAA CCCCACTAAA ABATACACCC CCACCTTTAT ACTCBTTCIT

210 22 2430 2440 230 260 2270 2480 2% 2500
TAAGGACGEC TCCTTATTAA CCTBATCAGC CCCBBABTTG CCTGTTTCAT CACTAACCCC GB6CCTBAAG AGBTTBACAA GAABBBTCAA BRTTTCETCT
ATTCCTGCCE ABGAATAATT GBACTAGTCE GBBCCTCAAC GBACAAMGTA GTGATTBB66 CCCBBACTTC TCCAACTGTT CTTCCCABTT CCAMEBCAGA

2510 2520 2330 2540 2350 2360 2570 2380 23% 2600
GTETBTTEAA BGGCAGEOBC TETTOBETBC ATCTGBAACE BCTTACCTCE BBTAACTSTT TGLCATTAAA ABGTTGBGBA TTAGETTTAG CCCCTTTABL
CACACAACTT CCCBTCCCCE ACAACCCACS TAGACCTTGC CBAATBBAGC CCATTBACAA ACBBTAATTT TCCAACCCCT AATCCAMATC BBBBAMATCE

2610 2620 2630 2640 2650 2660 2670 2680 290 2700
TBCCATTTCE AACCOBGBTO TBCAGATSCA BGTCTCCOBES TBGBCAGBLA STACBAGATE TCACBTTSTG TTETCTTTCC TCCCACCCCT BTCCTBACTE
ACBETAMAGC TTBBCCCCAC ACBTCTACGT CCAGAGOCCC ACCCGTCCST CATBCTCTAC AGTGCAACAC AACAGAAAGE AGOGTBGBBA CABBACCSAC

7m0 220 2730 2740 2750 2760 270 2780 2% 2800
TGECARATEC BACCCTCATA GAGTTGTSTT TCAGETCTGT BTCCTGTTTT GCBSTBBSTT ATTTCTTCCC TCABTETTTS CCABCTTATT TCCCCATTT
ACCGTTTACE CTBBBABTAT CTCAACACAA AGTCCAGACA CAGBACAAMA CGBCCACCCAA TAAABAAGGS AGTCACAAAC BSTCBAATAA AGBBBTCAAR

2810 2820 2830 2840 2850 2850 2870 2880 28% 2900
TCACBTACTG 8BOCCTBTO6 ACACCTGABES BABCBGBCCBT TEBTBBBTAT STBTTBBAAT TBCTCCCACC CTCAATTTTC GCTTBCCTTC TTCCLTTETT
AGTECATGAC CCCOBACACC TBTGBACTCC CTCSCCSBCA ACCACCCATA CACAACCTTA ACGAGBSTOS GAGTTAAAMAG CSAACGSAAS AAGBBAACAA

2910 22 2930 240 2950 2960 270 2980 299 3000
AACCTBATAG CATAGCCTCT AGBTTTCCTT GTAGBTCTGT TTGGBTTTGT TEGTTCACST GBTGCTAACT TBAATTTTTT BGTTTTCTAG TTCCCTCTTA
TTGBACTATC 6TATCBBAGA TCCAAAGBAA CATCCABACA AACCCAAACA ACCAABTBCA CCACBATTBA ACTTAAMMAAA CCAAMBATC AAGBSAGAAT

3010 3020 3030 3040 3030 3060 3070 3080 30%0 3100
ATTACATTTE TGCCAGATCT TETAGAGCAA GATBBCCTAT TCAACAABSE ABATACTGTT ABCCCTBTGT ATACBBBACA BTCGTGTBCA TBBAAATEST
TAATETAAAC ACGETCTAGA ACATCTCSTT CTACCBBATA AGTTBTTCCC TCTATGACAA TCGBBACACA TATGCCCTET CABCACACET ACCTTTACCA

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200
ACCCTECATC CTETBTTEBA GCTAGCAGCA AGABAAACAC CTCTCCBCCT TTCBCCAGAS BACACTBTAB TTCTBCBTTA TCATETETTE CTTBABSABA
TBBBACETAB BACACAACCT CBATCBTCBT TCTCTTTBTE BABABGCBBA AABCGBTCTC CTGTGACATC AAGACBCAAT AGTACACAAC BAACTCCTCT

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300
TAATTBAACE AAATTCABAG ACATTTACAG AAACTTBBAA CABATTTATA ACACACACCS AACATBTBGA TCTBBATTTT AACTCABTAT TTTTAGAGAT
ATTAACTTEC TTTAAGTCTC TETAMATETC TTTBAACCTT STCTAAATAT TETGTBTBSC TTETACACCT ASACCTAAAA TTGAGTCATA AAMATCTCTA

3310 3320 3830 3340 3330 3360 370 3380 3390 3400
ATTTCACCBT GBAGACCCAA GCCTTGO6CS CGCGTTOBCC TEGATEGCCT BETBCATBCA TBCCTBCABE ACATTGTBTT BTAACCAGTC TACTCCTTAC
TAANGTGECA CCTCTBBETT CGBAACCCGC BCBCAACCES ACCTACCGSA CCACGTACST ACBBACGTCC TETAACACAA CATTBBTCAB ATBAGBAATE

340 3420 3430 440 3450 3460 70 480 3490 3300
TATGTTETB8 ACCTBTCAGT TCGTBBBATG TTAGAASCCA GCGAABBCCT GBATBBTTBE ATTCATCAAC AGGBCSGCTE BTCTACATTA ATTGAABACA
ATACAACACC TBBACAGTCA ABCACCCTAC AATCTTCOGT CBCTTCCBSA CCTACCAACC TAABTABTTE TCCCBCCBAC CABATGTAAT TAACTTCTET

3510
ACATTCCTSG ATCC
TBTAABEACC TAGE

Fig. 3. The 3508-bp DNA sequence from a novel BamHI fragment found in the Daudi EBV strain (designated Daudi BamHI-WH) that corresponds to a
deletion of sequence, found at the junction of BamHI fragments Y and H in B95-8 DNA, which results in a juxtaposition of DNA from the large internal
repeat, BamHI-W, to sequence in BamHI H. The ‘join’ was identified by determining the primary structure of PstI-Pvull and PstI-Kpnl restriction
fragments, as illustrated (Figure 4). The total sequence was derived from data in Figure 2, as well as from the sequence of BamHI W described previously
(Jones and Griffin, 1983). The potential promoter signals (from BamHI W) and the DS, sequence are indicated (hatching), and the fusion point of BamHI-
W with H noted (arrow). The deletion found in the Daudi EBV genome removes a number of open reading frames, all the NotI repeat sequences and part
of the region (DSp) that has homology with sequence (DSg) in EcoRI-C. The resulting fusion of BamHI W and H fragments does not create a new open

reading frame. Further details are discussed in Figure 5.

viral protein should be encoded within a repetitive sequence,
particularly one with such a high GC-content (nearly 85%) as
the 125-bp Nofl repeat (Jones and Griffin, 1983; Jeang and
Hayward, 1983). Moreover, the number of nucleotides in the
repeat also ensures that all triplets within the repeat are
translated and re-iterated in the protein. However, it is in-
teresting to note the recent report of a protein (Plasmodium
knowlesi circumsporocoite) derived from DNA that has 12
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copies of a 36-bp repeat unit which not only is translated but
accounts for at least a third of the amino acid sequence of the
total protein (Godson et al., 1983).

This discussion has revolved around the potential coding
sequences in an EBV transforming. genome such as that
found in the B95-8 strain of virus, and the consequences that
may result from the deletion found in Daudi cells. Some of
the properties of the latter might also, however, be a conse-
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Fig. 4. (A) The EcoRI and BamHI restriction maps of linear virion B95-8
EBV DNA. Data for the EcoRI map are derived from Given and Kieff
(1978) and those for BamHI from Skare and Strominger (1980). Daudi ccc
DNA has an insertion of sequence in EcoRI-C similar to that observed
with Raji EBV DNA (Raab-Traub et al., 1980; Rymo ef al., 1981) and
several viral strains derived from mononucleosis material (Fischer e al.,
1981), as well as from recently established Burkitt’s lymphoma lines (A.
Harris et al., in preparation). (B) An expansion of the BamHI W, Y, and H
fragments that illustrates some of the restriction enzyme sites and some
salient features in B95-8 DNA. Data from BamHI-W are from Jones and
Griffin (1983), those from BamHI-Y are derived from our unpublished
data and those of B.G.Barrell and colleagues (personal communication),
and those from BamHI-H from Figure 2. The scale in kbp is indicated, as
are the large internal repeats (LIR), the NotI repeats, and the leftward
duplicated sequence (DS;). The region shown as deleted in Daudi EBV
DNA is taken from data in Figure 3 and that in the P3HR-1 strain from
the published sequence of Jeang and Hayward (1983). Symbols used are:

B = BamH]I, P = Pstl, PIl = Pvull, H = Hindlll, X = Xhol,

K = Kpnl. Potential transcriptional control sequences: L-(promoter, left
to right), and — (right to left) and | AATAAA (left to right) and

1 (right to left). (C) A further expansion (note scale) of the portions of
BamHI-W and -H extant in Daudi DNA, showing some of the features
prominent in B that are lost in the deletion and others that are retained.
Particularly notable is the relocation of the potential promoter ( L) from
the large internal repeat (BamHI-W). The arrows (at bottom) indicate the
area whose DNA sequence was determined in order to localise the precise
sites of the deletion. Abbreviations are as in B.

quence of possible structural alterations. Jeang and Hayward
(1983) have drawn attention to hairpin-like structures present
in B95-8 DNA in the region under consideration (which
would be absent in EBV DNA from Daudi cells) and Henry
et al. (1983) have mapped a putative origin of replication
(ars sequence) onto this general region. Further, an interesting
structural feature may be created in Daudi EBV DNA by the
juxtaposition of two otherwise non-contiguous regions of the
genome. That is, a 46-bp long AC-rich site from one of the
large internal repeats (BamHI-W) (CCCAACACTCCACC-
ACACCCAGGCACACACTACACACACCCACCCG,
nucleotides 1435 —1480, Figure 3), with the potential for
forming Z-DNA, becomes transposed from its normal pos-

A deletion in the EBV genome in Daudi cells

itions in the genome to a site adjacent to the part of the EBV
DS; that remains in Daudi cells.

The discovery of a large (7.4-kb) deletion in the BamHI-Y
and -H fragments (see Figures 1 and 4B) of EBV episomal
DNA in Daudi lymphoma cells clearly shows that the EVB
deletion observed in P3HR-1 cells is not unique, as previously
thought (see Introduction). Moreover, it exists in cells directly
established from a tumour. The same deletion has been
observed in the linear DNA of virions produced by Daudi
cells (L.Karran and B.E.Griffin, unpublished results). It
follows from studies on P3HR-1 that Daudi virions might be
expected to be non-transforming. Preliminary experiments
with EB virions from Daudi cells also indicate this to be the
case (D.Crawford and B.E.Griffin, unpublished data), but
these negative results require further confirmation.

Materials and methods

Cells

The EBV-transformed Daudi lymphoid cells, obtained from Professor
G.Klein, Karolinska Institute, Stockholm, were the same as those studied by
Rymo et al. (1979). They were propagated as suspension cultures in RPMI
1640 medium supplemented with 10% foetal calf serum, 100 U of penicillin
and 100 ug of streptomycin/ml. Cells were subdivided to 2 x 10° cells/ml
twice a week. B95-8 cells were the same as those used previously (Griffin et al.,
1981). Recombinant clones of EBV restriction enzyme fragments were taken
from our EBV DNA library (Arrand et al., 1981) and propagated as
described.

Isolation and analysis of DNA

B95-8 virion DNA from EBV particles was isolated essentially as described by
Adams (1975) from the spent medium of B95-8 cells that had been treated
with 12-O-tetradecanoyl-phorbol-13-acetate (TPA), according to the pro-
cedure of zur Hausen ef al. (1979). ccc DNA was prepared from Daudi cells as
described by Griffin et al. (1981) except that for larger quantities of cells
(~10%), the chromosomal DNA, suspended in 1 litre of buffer (pH 12.4),
was fragmented by a brief (5— 10 s) mix in a Waring blender. This consider-
ably reduced the work-up time with no marked deleterious effect on the yield
of ccc DNA. For further purification prior to cloning, Daudi ccc DNA was
separated from mitochondrial DNA on a neutral sucrose gradient in the
presence of ethidium bromide. Analysis of the fastest migrating species by gel
electrophoresis subsequent to cleavage with BamHI showed that it consisted
mainly of EBV DNA.

For comparison of genomes, linear EBV DNA isolated from B95-8 virions
and ccc DNA isolated from Daudi cells were cleaved with a 5-fold excess of
the BamHI restriction endonuclease (Boehringer Mannheim Ltd) and digested
according to the manufacturer’s directions. Fragments were separated by
electrophoresis on 0.8% agarose gels in the presence of ethidium bromide, as
previously described (Griffin et al., 1981). For hybridisation studies, viral
DNA in gels was denatured, transferred to nitrocellulose, and hybridised
against suitable 32P-labelled probes, according to the procedure of Southern
(1975).

Molecular cloning and sequencing of DNA from Daudi cells

Episomal EBV DNA from Daudi cells was digested to completion with the
restriction enzyme BamHI, and the resulting fragments cloned into a BarmHI-
cleaved, and phosphatase-treated, pAT153 vector, essentially as described by
Arrand et al. (1981). The library of Daudi EBV clones obtained ( ~300) was
probed with [*2Plnick-translated B95-8 BamHI fragment H. Six positive
clones were obtaincd. Four clones contained an insert of ~3500 bp, which
was further shown to contain sequences from EBV BamHI fragment W (the
large internal repeat unit). One of these (designated 10G) was extensively
mapped with a variety of restriction enzymes using standard procedures. The
remaining two clones were shown by restriction enzyme analysis to contain a
larger insert that corresponded in size to a subfragment of EcoRI C; hybridis-
ation against the analogous region of Raji DNA showed these to contain DSy
sequences.

The primary structure of the B95-8 BamHI fragment H (clone number
B7.12F) was determined by the random sonication, M13 cloning (Messing and
Vieira, 1982) and dideoxy sequencing procedure (Sanger et al., 1980), as pre-
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Fig. 5. (A) Some of the potential coding areas in B95-8 BamHI fragment H, reading from left to right (5’ —3’) on the conventional BamHI restriction
enzyme map (Skare and Strominger, 1980), as derived from the DNA sequence (Figure 2). The corresponding sequence from Daudi BamHI-WH (from
Figure 3) is shown for comparison in B. Some relevant transcriptional and structural features are noted. The number of base pairs (bp), taken from the
sequences are indicated; reading frame 1 begins with the first nucleotide (G) of the BamHI recognition (GGATCC) signal, frame 2 with the second, etc.
Vertical bars = termination codons; black horizontal lines = open reading frames; ® = ‘CAT’ or ‘TATA’ boxes; l = AATAAA; V¥ = limits of Norl
repeats; | = limits of DS} . The dashed vertical line shows the site of the deletion in BamHI-H found in Daudi cells and the dotted line that in P3HR-1.
Salient features found within BamHI-H are: (i) The long open reading frame present at the beginning of the sequence in frame 2 of B95-8 DNA could code
for 372 amino acids (42 kd) and terminate at nucleotide 1118 (Figure 2) with TAA. This polypeptide has a high (~25%) proline content. The initiation codon
for this potential reading frame must originate elsewhere (‘to the left’) on the genome. A polyadenylation site (AATAAA) lies at nucleotide 1156. (ii) The
entire region covered by the Notl 125-bp repeat contains no termination codons. The region adjacent to the repeats in all three reading frames also has coding
capacity. (iii) The long open reading frame found at the end of the sequence in frame 3 (nucleotide 5529) has as its first codon an AUG initiation signal and
within BamHI-H could code for 161 amino acids. The putative promoter signals that precede this (TCAAT at nucleotide 5369 and GATA at nucleotide 5403)
are not generally recognised as strong promoters. This potential coding sequence continues into BamHI-F. (B) The possible coding areas found in the

Daudi BamHI-WH fusion fragment (in the left to right direction as above). The symbols used are the same as described in A. The sequence to the left of the
vertical dashed line originates from BamHI-W. It is noteworthy that the only long open reading frame retained from BamHI-H is that described by (iii)

above. The deletion removes ~ 190 bp from the DS; .
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Fig. 6. Comparison of the potential coding areas for Daudi BamHI-WH (A) and B95-8 BamHI fragment H (B), as derived from the DNA sequence (bottom
to top, second strand, Figure 2), reading from right to left (5’ —3’) on the conventional BamHI restriction enzyme map (Figure 4A). As in Figure 5, for the
BamHI-H sequence frame 1 consists of amino acids that are initiated off the codon beginning with the first nucleotide (G) of the BamHI recognition
sequence, etc. The symbols used are given in the legend to Figure 5. The only obvious, long open reading frames in B are those that surround the NotI
repeats. These are removed by the deletion that creates the Daudi BamHI-WH fragment.

viously used for DNA sequence analysis of BamHI-W (Jones and Griffin,
1983). Dideoxy sequencing was carried out using both [-3?P]dATP and [a-
3S]thio-dATP labelling and 6% urea-polyacrylamide gels or 6% gradient
polyacrylamide gels (Biggin et al., 1983). To obtain the complete sequence,
data were compiled from two libraries made from sonically fragmented DNA,
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and an average of 250 —300 bases were read from individual gels. Over 180
clones were analysed to give the sequence of 39 000 bases, from which the
total BamHI-H primary structures (Figure 2) was deduced. Sequence was
derived from both strands for 96.6% of the fragment, and more than one
clone was analysed for deducing 97.8% of the sequence.



Specific fragments from Daudi clone 10G were separated by agarose gel
electrophoresis, isolated by electro-elution, and subcloned into suitable
MI13mp vectors. The Pstl-Pvull and Pstl-Kpnl restriction fragments that
spanned the BamHI-W and -H junctions were sequenced, as above.
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