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The EB virus genome in Daudi Burkitt's lymphoma cells has a

deletion similar to that observed in a non-transforming strain
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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, P3HR-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 weUl 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.
Key words: B-lymphoma/Daudi/deletion variant/EBV/
transformation

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 et 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 106 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 et 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-l 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 VH
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-cleaved linear DNA from B95-8 virions (lane b) and episomal EBV DNA from Daudi cells (lane c), separated on a
0.807/1.2%7o agarose gel by electrophoresis in the presence of ethidium bromide, and visualised under u.v. light. For size markers, the cosmid clone p65
Oane 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 et al., 1980; Fischer et al., 1981), but not in the B95-8 strain. (B) BamHI-cleaved Daudi DNA (lane a, similar to
lane c, 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 (BamHI-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

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 IA). 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
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A deletion in the EBV genome in Daudi cells

Jijoye strains of virus (Rabson et 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 IB, 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 a32p
labelled probe derived from a clone of B95-8 BamHI-W
(Jones and Griffin, 1983). The results are shown in Figure lB
(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 BamnHI-H andW (see Figure IB,
band labelled BamHI 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
lOG) 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 lOG with corresponding sequences from
B95-8, most ofBamHI-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 lOG,
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 NotI repeat

(Hayward et al., 1982; Jones and Griffin, 1983; Jeang and
Hayward, 1983), and a portion of the DSL 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 B95-8 DNA
and deletes or rearranges some putative transcriptional con-
trol signals (Figures 5 and 6). A comparison of the DSL 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 DSL 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 DSL 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 NotI 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 (-250%) content. Similarly the
region in BamHI-Y into which it extends would yield a very

815



M.D.Jones et al.

10 20 30 40 50 60 70 80 9 100
66A TCCBCTAB6ATAT6ACB TC688CAT66 ACCTCTABCA TCT6CTATBC6AAT6CTTTBBAT6BCTMAT TATATT6TAABACAA TCAC6 869TBACC66
CCTA6C80T CCTATACT6 CA6 CCC6TACCT68A6A TC6TA6AC6 ATAC6 CTTACBAAAC CTACC6ATTA ATATA0CATT CT6TTA6T6C CCCACT66CC

110 120 130 140 150 160 170 180 190 200
6BCCTTATTT T9CCACAA86 CCCACAAACA6CCCCTCA66 CCA6 OTT66T CCABCCACAT6 TCCCCCCTC TAC6CCCBACA6 CACCCACCATTTTBTCAC
CCBOAATAAA A0CT9TTCC989T9TTT9TCB86AB TCC66 TCCAACCA96TC66T6TA CA66B666A6 ATC6686CT6 TC6T866T66 TAAAACA6T6

210 220 230 240 250 260 270 280 290 300
CTCT6TCACA ACC6ABCTTACCMCTCCACAACCACTCATBAT6CACCA AB6CCTACCC CTCCTACCCC TCTBCC ACCT6 CCCTAA C86T6CCACC
6BA0CASTT T66CTCCBAA T6686A86 TS TT66T6A6TA CTAC96T66 T TCC66AT666 6AB6AT666A60C86T6TA C6TT6T6ATT6CCAC8T66

310 320 330 340 350 360 370 360 390 400
AA86CTACC C8TCCTACCA CTCT8CCAC C CACACCACTA CTCAC66TAC TACAAA66CC TACC6AACTT CAACCCACAC CATCACCACCAC6C0TCAT
TTCCBIAT6 6CA68A TOOTBABAC66TB66 TBTBBT6AT6A6T6CCAT6 ATBTTTCC66 AT6B CTTBAA 6TTB66T6T6 6TA6T66TB 6 T6C6TAC6TA

410 420 430 440 450 460 470 490 490 500
CTCCCT6TCT TOCAT8T6CC ABACCATCA ATBCACCCTC TTACTCATCA AA6CACCCCA AAT6ATCCAB ATA6TCCA6A ACCAC66 TCC CCBACT6TAT
BA666ACAGA AC6TACAC6 TCT88 TTA6 T TAC6TB66A6 AATA6ATA6 T TTC6T6686 T TTACTA66TC TATCA66TCT T66T6CCA06 B8CT6ACATA

510 520 530 50 550 560 570 590 590 600
TTTATAACAT TCCACCTAT6 CCATTACCCC CCTCACAATT BCCACCACCA 6CA6CACCA6 CACAKCCACC TCCA6866 TC ATCAACBACC AACAATTACA
AAATATT6TA A8 T68ATAC66TAATB089 6BAOT6TTAA CBT6t6T86T C6TC6T6OTC 6TBTCB6TOB ABBTCCCCAB TABTTBCT86 TT6TTAAT6 T

610 620 630 640 650 660 670 680 690 700
TCATCTACCC TC6 AC0C CAT68T66C ACCCATCT6C8 ACCCCCCB C AACCCTCTAA BACTCAA6BC CABABCCBB6 BACA6ABCA6ZBA608C
A6TA6AT666A6CCCC66T68 T 6CCACC88 T6B6TA6AC6 CT66666BC6 TT666A6ATT CT6A6TTCC6 6TCTC66CCC CT6TCTC6TC CCCCTCCCC6

710 720 730 740 750 760 770 760 790 800
A66M CAsBOB AB B 00CAS 06CAA66K AA6TCCA8S6 ACAA6CAACS CAABCCC60TB6ACCTT0GA 6ACCABA6CCAAACACCTCCA0TCCTABCA
TCCCCBTCCC CBTCCCC6TC CCU TTCCCB TTCA69TCMCTBTTCBTTBCBTTC666CCA CCT60MMT CT6B TCTC6B TTTBTBBAB6 TCA9BATCT

810 920 830 840 850 860 870 080 890 900
T6CCT0AACT AA8TCCA6TC CTCB0TCTTC ATCA66BACA A6B6SCT086 9ACTCACCAA CTCCT0BCCC ATCCAAT6CC KCCCCBTTT 9TA8000TTC
AC66CTT6A TTCA06TCA6 6A8CCA6AA6 TA6TCCCT6T TCCCC6ACCC CT0A6T66TT0A66ACC666 TA66TTAC66 C666s8 CAAA CATCTTTAA6

910 920 930 940 950 960 970 960 990 1000
ACACAC6BCA ACCCCTAAC TTTCACCAAT ACAT60AACC BABTCCCATA ATA6CCCA6A B6CTCCCATT CTCTTCCCCU AT6ATT66TA TCCTCCATCT
T9T6T8CC6T TO66ATTKCAAABTB6TTA T6TACTT6SC CTCA866TAT TATCB6BTCT CC6A066TAA0A6AA66 C TACTAACCAT A0808AT08A

1010 1020 1030 1040 1050 1960 1070 1080 1090 1100
ATA6AcCCC8 CA6ACTTABA cBAAAsTT960ATTACATTT TT6A6ACAAC ABAATCTCCT A0CTCA6AT6 AA0ATTAT6T66A666ACCC ABTAAAA6AC
TATCT6686C STCT6AATCT KCTTTCAACC CTAAT0TAAA AACTCT6TT6 TCTTABAB6A TCBA6TCTAC TTCTAMTACA CCTCCCTB66 TCATTTTCT6

111o 1120 1130 110 1150 1160 1170 1160 1190 1200
CTUCCCCTC CATCCA6TAA AAACCCTTBC CCTCTcCAC AACCAATBTA TCCCAAATAA ATBTTACTTC TTTTGCTCTT AACCATTBAC AC6CCT6TCA
BA6CBB69A6 6TA66TCATT TTT9680C8 86A0A86TC8 TT86TTACAT A88OTTTATT TACAATOASB AAAAC6A6AA TTB9TAACTB TC6BACABT

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
TTCTATCAMT TAAACAABB9 AAAAA88TTT A8CTATTCCA CCAACACBAC CCCAA68AA6 9CTT6CCAAA ATTBB6T9CT T6CTCTCA6C ACTTT6CCA6
AA6ATA6TTA ATTT9TTCCC TTTTTCCAAA TC9ATAAB9T 66rTTT6CT6 666TTCCTTC C6AAC66TTT TAACCAC96A AC6A9ASTC6 T0AAAC90TC

1310 1320 1330 1340 1350 1360 1370 1360 1390 1400
CAACTTATAG CAT86TABC ABCTCAACTC 66CCC6TCTT ACT8CCCABC CTACTCTCCA CTCCCABTCM ATBTTC8CAC TCCTAT6CAT TTCCT9CCCT
BTT6AATATC BTACCATCCG TC8A6TT99 CCB89CA6 TBACB66TC6 SAT6A8AB8T OAS8TCA66 TACAABCOT8 A66ATACBTA A68AAC686A

1410 1420 1430 1440 1450 1460 1470 1460 1490 1500
CcCACTTTTA CCCCA6TCCC AACCCAAAAC CACACACAAC ACATAOAATT 6TTABTTTMA ACA6TTTATT ATAB8T9C TBCTTTTABC CTMAATT6T6T
966rTAAAArT 66TCA686 TTB66TTTTS T6rTST6TT6 T6GATCTTAA CAATCAAATT T6TCAAAG CTATCCACCS AC6AAAA9TC 6ATTAACACA

1510 1520 1530 1540 1550 1560 1570 1560 1590 1600
ATT6CTCTC6 TT9CCAAAAC CT6TTBTAA6 B6CC6BCACC C6CAACAT86BBAAAACATA ACC6CC6CCA TCCCATr6BB A98rTABAB C86TT6ACAT
TAAC6A06AC AAC96TTTT9 6ACAACATTC CCBBCC6T66 6C9T6TTACC CCTTTTsTAT TB8C9BC9rT A686TACCCC TCCCATCTCC 6CCAACT6TA

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
GTA68T6A6T ABT6rBA6AA0CATC6AA STASACA6OT TACTTTTA8A r6TTABT6TA CAB66CC686 CBCAACAOT6 CCACCAACCC 6668TCT6A8
CATCCACTCA TCACATTCTT C6TACC6CTT CATCT6TCCA ATSAAATCT CACATCACAT 6TCCC6BCCC 6CSTTBTCAC 686T6TT666 CCCCABACTC

1710 1720 17301 1740 1750 1760 1770 1780 1790 1800
CATTCCAT90 BCA6CA666A CACT9CACTA CC6CCAB6TC CT9666DCAC C6666TTCCT 966CCTCC86 966CA6CC66 86C88CCBCC9 9T96sTCCk
STAAG9TACC C9TC6TCCCT ST6AC6T6AT s6C66TCCAG 6ACCCC6TC9 BCCCAA60A CC6CSA66CC CCC8TC6OCC CBCC6BCBBC CACCCA6BC6

1810 1820 1630 1040 1650 119o 1970 1680 l190 1900
T866BCC6CTS CCMcCTCCB SOT 66 TTBCCCCCT 66CACc6CT9 C6CC6C8CCC A66TCCT98 K0ACBC8C 8 TTCCT66C6C TCC68686CA
ACCC6SC6AC B666CBA66C CCACCCCCA CC606C6AC CCUT66C6AC 0C66C66C86 TCCAs8ACM C6TC8SCCCC AABOACC9C9 ABCCCCC9T

1910 1920 1930 1940 1950 1960 1970 19801 i 2000
0CC666C99 C6CC66TT66 TCCBCTB66C CSCT9CCCC6 CTCC666T96 9986TSTCCC CBCT6B8CAC CsTcr C6C6 CC6CCAO6TC CT6666CABC
CB6CCCBCC6 0C68CCACCC A66CsACCC9 6CBACB868C 0A66CCCACC CCCCACC66B 6C6ACCCST 6C8AC68C6 BC690TCCA6 6ACCCCSTC6

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
C68STTCCT 681CCTCCB8 666CA6CC66 0C68t6CCBC 8T686TCCC T986CC8CTs CCCC8CTMC9 B6Tr86888T M6CCCc8CT6 96CACC8CTO
6CCCCAA6SA CC6C0A66CC CCC6TC66CC C0CC66C68C CACCCAS6C6 ACCCU8C6AC 6666C6A66C CCACCCCCCA CC6666C6AC CCUT6C8AC

1 2110 2120 2130 2140 2150 2160 2170 2160 2190 2200
C6CC6CC6CC A66TCCT988 6CA6CC_66 TTCCT69C6C TCCG669OCA 6CC666C68C CBCC66T999 TCC9CTGB9C cICT6CCCc6 CTCCB68T99
6C66C66CS6 TCCA66ACCC C6TCBBCCCC AA66AMCsc A6CCCCC8T C88CCC8CC8 9C9CCACCC A68C6ACCC6 BC9ACss 86BICCCACC

2210 2220 22301 2240 2250 2260 2270 2280 2290 2300
9608T66CCC CSCT686CAC C6CT6C8CCS CCSCCA66TC CT968CA9C CUU89TTCCT S8C9CTCCM 6668CABCC6 UC66CC6CC6 69T6TCC9C
MMcCACC8O9 6C6ACCCST6 KCSAC6CSC 6SC66TCCA6 6ACCCC6TC6 BCCMCAAB6A CC8CBAO8CC CMSTCB6CC C6CC66cs6C CACCCAGBCS

2310 2320 2330 2340 2350 1 2360 2370 2360 2390 2400
T666CC6CT6 CCCCBCTCCM 66T686888T 8CCCC6CT96 66CACC9CT6 C6CC6CC6CC A66TCTr686 0CA6CCB6B6 TTCCT68O9C TMC6B66CA
ACCC6KCBAC B6CBABBC CCACCCCCCA CC9B9C8A CC9TU C6AC CBI6C8OKC9 TCCABsACCC C8TC6BMCC AA0BACCBC0 A6CCCCC6T

2410 2420 2430 240 2450 2460 2470 24801 2490 2500
9CCNC6DC C8CM68T6 TCCBCT6BB CCT6CCCC8 CTCC8STN fTBBCU C6CT CoAC CBCTKKCB CCHCMA6TC CT66NAlC
C98CCMC8 KC66CCACCC A06CIACCC ScBACSSBsC SASCCCACC CCCCACC8BB6 CACCC9T6 9MACOCSUC 6CsNTCCAB sACCCC6TC6

2510 2520 2530 2540 2550 2560 2570 258 0 2590 2600
C6G6 TTCCT66C6CTCC66 666CAC66C66 6C6TCCCCCST8TMCC T666CC6 CTO CCC9CTCCB B8TUUOGGT 6T8 CCCrCT6B 6CACC6CTO
6 CCCAA6OA CC6C6A66CC CCC6TC8 CC C6CCB6C68 C CACCCA66C6 ACCC66C6AC 6666CAC CCACCCCCCACC64tBC8AC CC6T66C6AC

2610 2620 2630 2640 2650 2660 2670 260 2690 2700
CBC8 6 DCcA86TCCT686B CABCC6666 TTCCT68 CC TCC86608CA 6CCS66Cl6C CKCC66T866 TCC6CT66CC6CT6CCCC6 CTCCUhTN866C66C66 TCCA66ACCC C6TC66CCCC AA66ACC6C6 A66CCCCC6T C66CCC6CC6 6CB6 CCACCC A66C6ACCC66C66C6A66C 6GSCCCACC

2710 2720 27301 2740 2750 2760 2770 2760 2790 2800
6666T66CCCC6CT666CAC C6CT6C6CC6 CC6CCA66TC CT666CA6CCU66 TTCCT66C6CTCC86 66CA6C66 9C66CC6CC66T6B6TCC8C
CCCCACCB66BC6ACCC6T6 6C6AC6C66C66C86TCCA6 6ACCCC6TC68CCCCAA66A CCC0A66CC CCC6TC88 CCC8CC68CBBC CACCCA66

2810 2820 2830 2840 2850
1

2960 2870 2880 2690 2900
T666CC6CT6 CCCC8CTCC6 66T6666T T6CCCUCT666CACU CT6 C6CC6CC9CC A66TCCTBB6 KCA8CCS666 TTCCT6CK TCCS6UG6CA
ACCC66C6 AC 6666C6A66C CCACCCCCCA CC6686C6AC CC6T66C6AC 6C86C6C6C TCCA6BACCC COTC66CCCC AA66CC6C6 A66CC CCST

2910 2920 2930 2940 2950 2960 2970 29601 2990 3000
6CC668C66CC6CC66T666 TCCBCT66C C6CT6CCCC6 CTCC666T666666T66CCC C6CT6GCAC C6CT0C8CC8 CC6CCA06TC CT6666 CA6C
C66CCC6CC66UC CACCC A6BC6ACCC6 6C6AC6B68C 6ABB CCCACCCCCCACC66U 6C6ACCC6T6 6C90C6C 6BC66TCCA6 6ACCCC6TC6

3010 3020 3030 3040 3050 3060 3070 3060 3090 3100
C666TTCCT6BCBCTCC66 66GCA6CC66 6C66CC6CC6 6TM6TCC T6G6CCBCT6 CCCC8CTCC6 66TB6B66T 66CCCC6CT6 68CACCB CT6
6CCCCAA6BA CC6C6A66CC CCC6TC66CC C6CC6BC6C CACCCA66CO ACCC66C6AC6U66C6A6BC CCACCCMCA CC6666C6AC CC6T66C6AC

13110 3120 3130 3140 3150 3160 3170 3180 3190 3200
C6CC6tC6CC AB6TCCTU 6CA6CC6666 TTCCTU6C6C TCCW66 CA 6CC66C66C C6CC66T868 TCC6CT66C C6CT6CCCC6 CTCC666T66
6C66C66C66 TCCA68ACCC C6TC68CCCC AA6BACC8CB AB6CCCCC6T C66CCC8CC6 6C86CCACCCA66C68CCC66C6AC6666C 6AB6CCCACC

3210 3220 32301 3240 3250 3260 320 3280 3290 3300
B66BT86CCCCBCT6BBCACCBCTSC6CCC CCBCCABTC CTW6CAB C C866TTCCT6B6CCTCCAC T6CACCT88A ATBCA66BT6B8B68T66T
CCCCACC666 6C6ACCC6T66C6AOC6SC 66C66TCCA6 6ACCCC6TC6 6CCCCAA66 CC6CBA66T6 AC6TB6ACCT TAC6TCCCAC CCCC6CACCA

3310 3320 3330 3340 3350 3360 3370 3300 3390 3400
CCCCT66ACC CCA6CCCC6CC6ATCCCTCC CCCA666C6T ACCC66CTT6 CCT66TTCT6666CTCCTCT 66666 TC6CT6CATCC6CC6 6TA666TTC6
6666ACCT6666TC8666C66CTAB66B66 U6TCCCBCA T666CC6AAC68ACCAA6AC CCC8A8A6A CCCCCA6C8A C6TA66C86C CATCCCAA6C

3410 3420 3430 3440 3450 3460 3470 3480 3490 3500
AATB66C6T6 6TCC6CTT6C TCT6CT66CC C66TACUCCT 8BATT6CCB6 CT68666CT668TCCC666 AC6CCCCCTC CCTKCTCCCA CCC66TTCCC
TTACCC6CAC CA66C6AAC6 A6AC6ACC666CCAT8C6BA CCTAAC86CCBACCCCC6AC MCA886CCC T6C6688A6 66AC6A86BT 666CCAA666

3510 3520 3530 3540 3550 3560 3570 3560 3590 3600
TCCCMCA666 C6T6CCCC6C TTBCCTB6TC CT686ACTCA TCC6il 6AT6 CT6CATCC6C TA6TCC6ACC T68 T668T6 C66TCC6CT6 6CCCCACCCT
A66666TCCC 6CAC6BB6C6 AAC66ACCA6 6ACCTC8ABT A68CCCCTAC 6AC6TA66C6 ATCA88CT6AMCCCACCCAC 9CCA68C6AC CU8 6T666A

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700
66666TABCC 6CCB66TCT6 CT66TCC66T 6CACCT66AA66 CA666680 6666CABT6A 66668A C6 T66TCCT666ACCCC6C6CC 6ACT66CA66
CCCCCATC66 C66CCCA6AC 6ACCA66CCA C6T66ACCTT CC6TCCCCCC CCCC6TCACT CCCTCCCCOC ACCA66ACCC T666BC6C66 CT6ACC6TCC

3710 3720 3730 3740 3750 3760 3770 3760 3790 3800
666TCCCCAT 66CACA66CC TA6606TCCA 66666CA6CC 6C66CCCA6C 6C6CCCC6TT CAC66868A6 6AC6C86BCC8A8CCACCA6 6B6CCC6OC8
CCCA6666TA CC6T6TCC66 ATCCCCA66T CCCCC6TC66 C6CC66 TC6 C6C66B6CAA 6T8CCCCCTC CT66C6CCB8 CTC66T66TC CCCB6BCC8C

3910 3920 3830 3840 3050 3860 3670 3860 3890 3900
6666T66686 6T8C6CTCCC A66CC66ACC CT68T6CCA6 6CA666ACCC C6C6CCACCC 6CTTCATB66 66696A88 CC 6CC8CAA88A C6CCB66CC6
CCCCACCCCC CAC6C6A666 TCC68CCT66 6ACCAC66TC C6TCCCT666 6C6C66T666 C6AA6TACCC CCCCCTCC66 C66C6TTCCT 6C66CCC66C

3910 3920 3930 3940 3950 3960 3970 3S0 3990 4000
6CT668A68T 6T6CACCCCC C6A6C6TCT6 6AC6AC6CT6 6C6A6CC866 CC66CTC6CC TTCTTTTATC CTCTTT1+6 66TCTCT6T6 TAATACTTTA
C6ACCCTCCA CAC6T66666 6CTC6CA6AC CT6CT9C6AC COCTC6BCCC 66CC6A6C66AA6AAAATA6 6A6AA C CCAABA6CAC ATTAT6AAAT

4010 4020 4030 4040 4050 4060 4070 4000 4090 4100
A66TTT6CTC A66A6T6666 6CTTCTTATT 68TTAATTCA 66T6T6TCAT TTTA6CCC8T T666TTTCAT TAA66T6T6T CACCA66T66 6t66TACCT6
TCCAAAC6A6 TCCTCACCCC C6AA6AATAA CCAATTAA6T CCACACA8TA AAATC686CA ACCCMAAATA ATTCCACACA 6T66TCCACC CACCAT66AC

4110 4120 4130 4140 4150 4160 4170 4100 4190 4200
6A66TTATTC TATT66GATA AC6A6A66A6 6A66B6CTA6 A66TCC6C6A 6ATTT66B6T A68CB6A6CC TCABA069T CCCCTCCATA BB6TT6AACC
CTCCAATAA6 ATAACCCTAT T6CTCTCCTC CTCCCCBATC TCCA6CC6CT CTAAACCCCA TCCBCCTC66 A6TCCTCCCA T666A6TAT CCCAACTT86

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300
A88A08698A 66ATT686CT CC6CCCC6AT ATACCTA6T6 66T66A6CCT A6AB6TA86T ATCCATA866 TTCCATTATC CT6BA66TAT CCTAA8CTCC
TCCTCCCCCT CCTAACCC6A 66C6666CTA TAT66ATCAC CCACCTC66A TCTCCATCCA TA68TATCCC AA66TAATA6 6ACCTCCATA 66ATTC6A66

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400
6CCCCTATAT ACCA66T666 T66A6CTA66 TA86ATTCA6 CTA66TTCCT ACT6666TAC CCCCCT0CCC TACCTTAA66 T6C6CCACCC TTCCTCCTTC
C6666ATATA T66TCCACCC ACCTC6ATCC ATCCTAA6TC 6ATCCAA66A T6ACCCCAT6 68666T668 AT66AATTCC AC8C68T686 AA06A66AA6

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500
C6TTTTAAT6 6TA6AATAAC CTATA66TTA TTAACCTA6T 68T66AATA6 66TATTSCA6 CTB8BTATAT ACCTAT886T ATATA8AACC TUN68MA6N
6CAAAATTAC CATCTTATT6 6ATATCCAAT AATT8BATCA CCACCTTATC CCATAAC6TC 90CCCATATA TBBATATCCA TATATCTT66 ATCTCCTTCC

4510 4520 4530 4540 4550 4560 4570 4580 4590 4600
6AACCCTATA 6T6TAATCCC TCCCCCCCCT ACCCCCCCCT CCCTTAC86T T6CCT6A6CC CATCCCCCAC CCCA6CACCC C6666T6AC6 T66CACCCC6
CTT666ATAT CACATTA666 A66686069A T6666666A 666AAT6CCA AC66ACTC86 6TA66888T6 B68TC8T686 6CCCCACT6C ACC6T6668C

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700
C8T8CCTTAC T6ACTT8TCA CCTTT6CACA TTT66TCA6C T6ACC6ATKC TCBCCACTTC CT866TCAT6 ACCT68CCT6 T6CCTT6TCC C0T68ACAAT
6CAC66AAT6 ACT6AACA8T 66AAAC6T6T AAACCA8TC6 ACT66CTAC6 A6C66T6AA6 6ACCCA8TAC T66ACC66AC AC966ACA66 6CACCT6TTA

4710 4720 4730 4740 4750 4760 4770 4760 4790 4100
6TCCCTCCA6 C6T66T66CT 6CCTTT686A T6CATCACTT T6A6CCACTA A6CCCCC6TT 6CTC6CCTT6 CCT6CCTCAC CAT6ACACAC TAA6CCCCT6
CA666A66TC 6CACCACC6A C6BAAACCCT AC6TA6TBAA ACTC68T6AT TC6BBBBCAA CBA6C66AAC 66ACBA8T6 6TACT6T6NT ATTCBB86AC

4010 4920 4930 4840 4850, 4860 4870 4890 499O 4900
CTAATCCAT6 A6CCCC6CCT TTA66AA6CA CCAC6TCCC6 666AC66AA6 686ACTT666 6TBATTTTCT AT6T6U6B6T 66AAATATBA 6C6AAAATM
6ATTA66TAC TC6666C66A AATCCTTC6T 66T6CA666C CCCT6CCTTC CCCT6AACCC CACTAAGAAA TACACCCCCA CCTTTATACT C6TTCTTATT

4910 4920 4930 4940 4950 4960 4970 4960 4990 5000
66AC66CTCC TTATTAAUT 6ATCA8CCCC 66A6TT6CCT 6TTTCATCAC TAACCCC666 CCT6AA6A66 TT6ACAA6AA 686TCAA66T TTC6TCT6T6
CCT6CC6A66 AATAATT66A CTA6TCB666 CCTCAAC66A CAAA6TA6T6 ATT6B66CCC 66ACTTCTCC AACT6TTCTT CCCA6TTCCA AABCA8ACAC
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5010 5020 5030 5040 5050 5060 5070 5060 5090 5100
TBTT6AAtS6 CAOGB6CT6T T868T6CATC T66AAC96CT TACCTC866T AACT6TTT6C CATTAAAA68 TTB66BATTA 66TTTA8CCC CTTTA6CTOC
ACAACTTCCC 6TCCCC6ACA ACCCAC6TA6 ACCTT8CCGA AT66A6MCCA TT6ACAAAC6 STAATTTTCC AACCCCTAAT CCAAATC666 9AAATC6AC6

5110 5120 5130 5140 5150 5160 5170 5180 5190 5200
CATTTCSAAC C686T6T6C A6AT6CA66T CTCC666T66 6CA66CA6TA C6A6AT6TCA C6TT6T6TT6 TCTTTCCTCC CACCCCT6TC CT66CT6T66
6TAAA8CTT6 6CCCCACAC6 TCTAC6TCCA 6A66CCCACC C6TCC6TCAT 6CTCTACA6T 6CAACACAAC A6AAA66A6 BT8666ACA8 6ACCBACACC

5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
CAAAT6C6AC CCTCATA6A6 TT6t6tTTTCA 66TCT6t6TC CT6TTT6CG 6T6B6TTATT TCTTCCCTCA 6T6TTT6CCA 6CTTATTTCC CCA6TTTTCA
6TTTAC6CT6 66AGTATCTC AACACAAA6T CCA6ACACA6 6ACAAAAC6C CACCCAATAA A6AAG66A6T CACAAAC66T C6AATAAA66 66TCAAAA6T

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400
C6TACT6666 CCT6T66ACA CCT6A668A6 C68CC6tT66 T668TAT6T6 TT66AATT6C TCCCACCCTC AATTTTC6CT TSCCTTCTTC CCTT6TTAAC
6CAT6ACCCC 66ACACCT6T 6tACTCCCTC 6CC68CAACC ACCCATACAC AACCTTAAC6 A666T668A6 TTAAAA6C6A AC66AAt 66AACAATT6

5410 5420 5430 5440 5450 5460 5470 5480 5490 550
CT6ATA6CAT A6CCTCTA66 TTTtCCTT6TA 66TCT6TTT6 66TTT6TT66 TTCAC6t66T 6CTAACTT6A ATTTTTT66T TTTCTA6TTC CCTCTTAATT
6ACTATC6TA TC66A6ATCC AAA66AACAT CCA6ACAAAC CCAAACAACC AA6T6CACCA CUATT6MCT TAAAAAACCA AAA6ATCAA6 66A6AATTAA

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600
ACATTT6T6C CA6ATCTT6T AtA6CAMAT 66CCTATTCA ACAA666A6A TACT6TTA6C CCT6T6TATA C666ACA6TC 6T6T6CAT66 MAT68TACC
T6TAAACAC6 6TCTA6AACA TCTC6TTCTA CC66ATAA6T T6TTCCCTCT AT6ACAATC6 6BACACATAT 6CCCT6TCA6 CACAC6TACC TTTACCAT66

5610 5620 5630 5640 5650 5660 5070 5680 5090 5700
CT6CATCCTS T6TT66A6CT A6CA6CAA6A 6AAACACCTC TCC6CCTTTC 6CCAGA66AC ACT6TA6TTC T6C6TTATCA T6T6TT6CTT BA68A6ATAA
6AC6TA66AC ACAACCTC6A TC6TC6TTCT CTTT6T66A6 A66C66AAA6 C66TCTCCT6 T6ACATCAA6 AC6CAATA6T ACACAAC6AA CTCCTCTATT

5710 5720 5730 5740 5750 5760 5770 5700 5790 5000
TT6AAC6AAA TTCA6A6ACA TTTACA6A CTT66AACA6 ATTTATAACA CACACC6AAC AT6T68ATCT 66ATTTTAAC TCA6TATTTT TA6A6ATATT
AACTT6CTTT AA6TCTCT6T AAAT6TCTTT 6AACCTT6TC TAAATATT6T 6T6T66CTT6 TACACCTA6A CCTAAAATT6 A6TCATAAAA ATCTCTATAA

5810 5820 5830 5840 5850 5860 5870 588O 5890 5900
TCACC6T66A 6ACCCAA6CC TT868C6C6C 6TT66CCT66 AT66CCT68T SCAT6CATBC CT6CA66ACA TT6T6TT6TA ACCA6TCTAC TCCTTACTAT
A6T66CACCT CT668TTC66 AACC6C6C6 CAACC66ACC TACC66ACCA C6TAC6TAC6 6AC6TCCT6T AACACAACAT T66TCA6AT6 A66AAT6ATA

5910 5920 5930 5940 5950 5960 5970 5900 5990 600
6TT6Tt6ACC T6TCA8TTC6 TO6BATITTA 6AA6CCA6C6 AAB6CCT66A T66TT86ATT CATCAACA66 6C66CT66TC TACATTAATT 6AASACAACA
CAACACCT66 ACA6TCAA6C ACCCTACAAT CTTC68TCtC TTCCBACCT ACCAACCTAA 6TA6TT6TCC C6CCSAC1A6 AT6TAATTAA CTTCT6TT6T

6010
TTCCT66ATC C
AA66ACCTA6G

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 (l) and
the DSL sequence (V) are indicated. In our recombinant clone, 12 complete repeats were observed by partial digestion with Notl; the DNA sequence further
identifies one incomplete (30%0) 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 DSL with the homologous DSR from EcoRI-C (Bornkamm et al., 1980; B.G.Barrell, personal communication)
reveals 99%7o 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 DSL 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); (ii) 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 NotI 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 NotI 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 5B) 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 NotI 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 NotI 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 50 60 70 0 90 100
UATCCCCCM ACC00CCCTT CTCTCT6TCCCCCT6CTCCT CTCCAACCTT C0CTCCAC=C TABACCCCA0 CTTCTttCMT CMCCC06TCC ACCA80CCA8
CCT 8 T80CC8Aa8 W868M CA86A 96A6TT60AA 6C0A6T68t ATCT000TC 99At 60CCA06 TU0TCC6TC

110 120 130 140 150 160 170 180 190 200
MCCEC CCCtA6CCC Ct8C0A0TC BMCTICCCTC TCCCCT66CC TCTCCTTCCC 6CTCCCACC C6A1CCCCCT CABCTT0CCT CCAMC
00CCTCCCT0 8t0CC0TC00 81CTCA0 c 86AA A88COOA8A0AM C0 9CTC8666T 0TC0AAC66A 860tT00CCC

210 220 230 240 250 260 270 280 290 300
TCCATCA08C CA0t 6ACCCCtC tCCCt0TtTC ABT8CCCCT AC1C8CCC AtTCTCTtCC TCCAA8 06CCAtCT TTTCTCMCCC
AINTA6TCC6 0CC88CCTCC CT661BCC C66tCCACA6 TC_AOO8 C0TC66C668 TCAAC68 A06TCC6TTC CC6C86TC6A AAA6A

310 320 330 340 350 360 370 360 390 400
CA6CCT8A66 CCCAITCTCC TBT6CACTtT CT6TAAAtTC CAOCCTCCCA CKCCCtTCCA C6tCTCCC88 6CCAtCTC BTCCACCCCT CCCCACT66T
9TC88TCC 68TCAA88 ACAC6T7t AACATTTCAB 6TC86A688T 9898r9T CCC CtttTCt888 CAO6T89 8867TtCAC

410 420 430 440 450 460 470 480 490 500
6A*ACC7 CT6TCCMACCC 66tCCATCCC CtCCCCCCTB T6TCCACC A6TCCCTCC lAAC T TTATtT8ACC CTTt6tCCTS6CTCCCCNA
CT6T86 68ACA9T98 CCC6TA6 6C66 ACA68T*666 TCA86A68C6 TCM=CCT6A AATACACTt6 0AACCC66AC C6A668TA

510 520 530 540 550 560 570 560 590 600
BACTCCCATOT86CCTC6C TC6A6TA66T 6CCTCCAA6B6CCCTTTT6C CCCT60C6 tCCCA6CCC6 ACCCC868C 8CCCCAAAC TTT6TCCA6A
CT78A98TAC ATTCt0ACtAtCTCATMCAC66A68TCTC668 AACCC 8C968CC C TC T CMC6 Ct6t TTT80AACA6TCT

610 620 630 640 5 660 670 660 690 70
T8TCCA0B6 T=11186 T8OUICIABCCCCCTMCC8 CCCCTtTCC TCTtCCCCt8T CCCCCCAtAA KCC1AAAA 7TA09CTC A68CAT*Ct
ACAT6MCC AITMC ACT169TC C CC89h6* T 6*C969MA NM 1T868TTMT CATCTCC8 7TCCTA808C8A

710 720 730 740 750 760 770 760 790 oo
C8CCCT6TCA CCA0tCCTK CCtA6CCA 6ATCTAA9C A tcCCCC 88AAA 8CtTCAtT A0i60TAAT CTCT8TABT 6ATTTttACC
0Ct00AC8T 68TCC666 6TTTCTC66T CTA0ATTCC0 0CCCTCTCCB TC68BTTTC 0CCAC8TCA TttTCCATTA BA8C8 TCA CTAAACCTt8

810 820 830 840 850 860 870 960 890 900
CBAAATCTtA CACTTTA7A* CTCTt6ABAA CTTTAAAACT CTAAAAATCA AAACTTTA8A 6C8007T8 CtCCATTTTB TCCCCACtCt CCCATAAT66
6CtTTAtACT tT8AAATCTC 6A6ACCTCCT 6AAATTTTA BATTTTTA8T TTT6AAATCT CMC0TTACCC 0COTAAAAC A068T1C8C 8CTATTAC

910 920 930 940 950 960 970 9 9 1000
C88ACCTA86 CCTAAAACCC CCA*8AA818 0tTCTAT68T 8CTATCCT 6CTtCTATCT TT_A6A 9AA9 6T AA6CCCCCA MCAMA6T
6CCT9ATCC ttATTTT68 68TCCTTCBC CCA8ATCCA 0C19A089 C6081ATA8A U8CT=T TCTCTMTTA TTTCTCATTC T8TC11CTCA

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
0t0CTTtTTT tT0ACTTCAC C10*0TCA1 UIC * UTTC88TT t*TA661CA1 CTTCTCA0TC CA6C0C0TtT AC*T6 10CA
1116M01 CACT6 0TttMABTC CCtBBTtCC M1118A* COATCC0t66T880A06 C0981CC6AAA TUCATTCUT Ct6TCOTU

1110 1120 1130 1jj.. 1150 1160 1170 1180 1190 1200
Z TCA*T tCTA8 888AC0C1*T CCCCT 66tNTCC T10A0CtAtT tCt06TC0CA TCA090C0CC A*t6 01CCAC ACAAATT

TtWA-ACTCA A0AT1T17 MCTUT0C tt0MATA T'TC06 ACB6tCATAA 061C06T ABTCTC06 6 T11TCA00TOT1TtTCNTT

1210 1220 1230 1240 1250 1260 1270 1200 129 130
BA0066tCt TCTACCTCTC CMTACOCCT1 C= 1 AM0BTCB 0CCCA10TTTC TAACTTTTCC 17ttC1t11 CtC0TCTTtC 17T1C1CCCB
CTCCCC** A0ABAT80N 9ATCt60 A TTT6"C 8C1 tCAATA ATTOAVAt ttAtC0C000C010*

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
80CCA11TT CATCACC0TC 81T8CTCC8 CCATCCAA0C Ct0A60AA CC006TAA008CCCt801 CAACC161C 181CC1111 0TATCtBtC
CCCt0TB0AA tTA00CAt C0ACT0A00C 0TAOBTTCB B0ATCCCtCT t0CTTCACtT CC 8CT08T C86t00CC0 CCC_ 11At0CCC0

1410 1420 1430 1440 1450 1460 1470 1480w 1490 1500
CA1A*60Bt0 T00MMM TtTTTt7CTBC TAA70011C ACT*ACCAC ACCCA0tCACACT*110 1011011IACA0 tCTCT 0ttTACT
BTTTCCATTC ACCT7 TT6AA0*AT8 ATtC769tt6 T6A6T06TS T t tB T06tCC6tT 8768878881 CA0T0TAT6A

1510 1520 1530 1540 1550 1560 1570 1560 1590 1600
7TA00t6777 CTCANT0O6 0t00CTtTt7 ATT700Tt7AAttCA6T6tT CATMA0CC C0Ttt00TTt CAt07T0 TB TITCACCIO t7888887AC
AATTCCAAAC t6At7TCAC 11110** TAACCAATTA A6T CACAtTAtCA00*071AA8TC8 910*100* 7T7 C AC* 1 0 *ACAT

1610 162 1630 1640 165 10 1670 1660 1690 1700
CTt600ttA TTCTAtT0 AT0AA0 _A TA* 6C9 M9*A0TT T00T6 MT0CCtC*09 0ttC ATT077A
B0ACTMAAt AAT*0701 tATt0CTCTC CT1CMC171 AtCtMC1098 0CTCtAAACC 1 1ATCC0C81 C18 TMTC CCA_ TATCCCAACt

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
ACC_16*8 tA 60 T*C7tC CCC 6ATATA81tA 7T118 CCTA6A00tA 00tAtCCAtA 6MATT00TtC A0T180U TATM1T00K
T66TCCTCCC Mt171'701 CC C CTATAT76T C11C1CTC 66ATCT81 0T CCAT*8TAT MC 6M70T** AT0t*C6

1810 1820 1830 1640 1850 1860 1870 1880 1890 1900
TCC*CCCCTA TATACCA66T 666T68A816T68A08*ATT CA6CT876TT CCTACT789 TACCCCTACCTACCTTA AC86 8CCA CCCTTCCTC
A66C86881 T ATAT66TCCA CCCACCTC6A T70ATCCTAA 9TC6ATCAA 66AT9ACC*C AT88668AT 9887T68*T TCCAC7C86TA780 A

1910 1920 1930 1940 1950 1960 1970 1960 1990 2000
TT716TTTTA AT66TA878T 0 8CTTA66 TTATTAACCT A6T96T66AA TA689TATT 9CA6CT68 8TA TATACCTATA *TATATA6A ACCT8A6
A8888AAAAT T7CCATCTTA TT96ATATCC 00T07TT68A TCACCACCTT ATCCCATAAC 6TC6AC9 8T ATAT08ATAT CCATATATCT T71ATCTCCT

2010 2020 2030 2040 205O 2060 2070 2080 2090 2100
A891AACCCT ATA67T9TAT CCCTCCCCCC CCT1C11CCC CCTCCCTTAC 66TT7CCT6A 6CCCAT97CC CACC11A1A 1CC16C8T8 AC96T9011
TCCCTT7 9 8TATCACATTA 666A666666 6AT968666 66A68AAT6 CCAAC96ACT C6TA086697967T8TC6T 6 CCCAC T6CAC19T66

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
CC6C6T6CCT T7CT1ACTT76 TC*7CTTTK ACATTTT68C A88T6AC16A T71TC61CAC TTCCT868TCAT7ACCT18C CT67TCCTT7 TCCC67881C
6C1CAC888A 8TACT6AAC A6T66AAA86 T7TAAACCA6 TC6ACT67CTAU9A8C86T8 8A08 CA6TACT18 ACC98 8ACAC*89* 86 1ACCT7

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300
AAT6TCCCTC CA6C7T98T6 8CT8CCTTT 608AT8CATCA CTTT6A8CCA CTA18CCC1 67TT68TC78 TT78CT1CCT CACCAT6ACA CACTAA0CCC
TTACA666A8 6TC9 C*CCAC C6AC66AAAC CCTAC1TA6T6AAACTC71T 8ATTC66666 CAAC10AC66A*189 6 A 6T86T7*T6 6T7 1ATTC96

2310 2320 2330 2340 2350 , 2360 2370 2360 2390 2400
CT6CTAATCC AT6A0CCCC6 CCTTTAN0AA6 CACCAC6TCC8 6666AC868166 6ACTT 66T66ATTT TCTAT7T766 08*T0AAATA T7688186*
8AC17TTA66 TACTC6981 6881TCCTT C1T86T6CA1 66CCCCT6CC TT71CCT8AA CCCCACTAAA A8ATACAC*C CCACCTTTAT1 7TC8TTCTT

2410 2420 2430 2440 2450 2460 2470 2400 2490 2500
TA086AC66C TCCTTATT77 CCT6ATCA6C CCC18*6TT7 CCT6TTTCAT CACTAACC18 866 606AN A TT6 AA 0AA800 TCAA 9TTTC7TCT
ATTCCT6CC6 A6607TAATT 6*1CTA8T81 6867TC0*C 9ACAAA6TA* T8ATT666 C1168ACTTC TCCAACT6TT CTT171ABT CC10868

2510 2520 2530 2540 2550 2560 2570 2560 2590 2600
6TT70TT8A 90CA88681 T6TT666T81 ATCT66AAC* 8CTTACCTC1 88TAACT8TT T6UATTAAA A66TT6898 A TTA66TTTA6 CCCCTTT17 C
CAC1110CTT CCC*TC0C11ACAACCCAC 7TNA81TT6C C1A6T87*61 CCATT8ACAA AC66T00TTT TCCA*CCCCT AATCCAAATC00 90AAATC8

2610 2620 2630 2640 2650 2660 2670 2600 2690 2700
T8CCATTTC0 AA8166T86 T7CA0AT8CA 98TCTCC66 T786CA106A 67TAC188AT TCAC7TT7T6 TT6TCTTTCC TCCCA7*CCT1 TCCT66CT8

68TAAA1C TT06CCCCAC AC0TCTAC6T CCA8A66CCC ACCC6TCC6T CAT6CTCTACAT6CC7 AACA*AAA*6A0* 6T606A CA*6ACCAC

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800
T66CAAAT70 8U* TCATA678 TT676TT TCA 18TCT7T 9TCCT6TTTT 6C96T188TT ATTTCTT8 C TCA7T1TTT6 CCA6CTTATT TCCCCA7TTT
ACC0TTTAC8 CT168A6TAT CTCAACAC10 A0TCCA6ACA CA68ACA8AA 1 1CCACAA TA7A0AA*86 A0TCACAAAC08TC0AATAA 8TCAAA

2810 2920 2830 2640 2850 2860 2870 2980 2890 2900
TCAC8TACT19698CCTT876 ACACCT6*N*96 18C818T T78T879TAT 9T7TT86AAT T8CTC1ACC CTC17TTTTC 8CTT1CCTTC TT771TT7TT

9NT6CAT6AC CU66 69ACATBT6*TCC CTC6CC60CA ACCACCCATA CACAACCTTA AC81969T 6A6TTA* CB16AA0 AA6086AACA
2910 2920 2930 2940 2950 2960 2970 2980 2990 3000

A0CCT6ATA8 CATA1* 7TCT 867TTTCCTT 6TA96TCT7T TT666TTT7T T78TTCAC6T 101T7TAACT T6AATT07 7T 9TTCTA6 TTCCCTCTT7
TT66ACTATC* TATC 088AATCCAAA600 *CATCCA CA AACCCAAACA ACCAABT0CA CCAC8ATT6A ACTTAAAAAA CCAAATC08068AT

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100
ATTACATTT0 T6CCA6ATCT T7TA8861C0 6AT98 8TAT TCAACAA0669 86ATACT6TT A8CCCT7T9T ATAC*71961 8TC6T6T8CA T0080T68T
T7T867TAC AC86TCTA6A ACATCTC6TT CTACC66ATA A6TT8TTCCC TCTAT6AC79 TC616ACACATT06CCCT7T CA0CACAC6T ACCTTTACCA

3110 3120 3130 3140 3130 3160 3170 3180 3190 3200
ACT161CATC CT6T6TT66A77 TA6CA0CAA1ABA0CAC CTCTCC1CCT TTC7CCA6A0 0ACACT9TA6 TTCT761TT TCAT7T7TT7 CTT6A6*A6A
T669AC6T88 6ACACAACCT C6ATC6TC7T TCTCTTT6T6 0A6A18C0BA A00C81TCTC CT1T7 1ATC 8081A1CAAT A0TACACAAC0 AACTCCTCT

3210 3220 3230 3240 3250 3260 3270 3280 3290 330
T70TT0AAC0 AAATTCA0A6 ACATTT 08 AAACTT600AA CA68ATTTATA ACACACACC0 AACAT00 TA TCT76ATTTT ACTCA06TAT TTTTA7A8AT
ATTAACTT6C TTTAA6TCTC T6TAAAT6TC TTT7AACCTT 9TCTAAATAT T6T6T7T76C 7 1TACACCT A*6* 8TAAAA TT6A7TCATA AAAA*TC7TA

3310 3320 3330 3340 3350 3360 3370 3360 3390 3400
ATTTCACC0 T 6886A*CAA 9CCTT60789 C6C6TT1 CC T66AT81CCT 97T1CAT76A T71CT761* ACATT676TT 9TAACCA0TC TACTCCTTAC
T007T61CA CCTCT166TT C66AACCC1 C8 C*1 AACC6 ACCTACC86A CCAC1TAC* T AC81AC1TCC T7TAACACAA CAT*87TCA6 AT860A T6

3410 3420 3430 3440 3450 3460 3470 3080 3490 3500
TAT7TT9T7 8 *1CT6TC86T TC7T197T86 TT78A61CA 698AA0CCT 66AT76TT76 ATTCATC81 CA08U89 6 6TCTACATTA ATT* 8C0
ATACA011CC T66ACA6TCA 1CACCCTAC AATCTTC66T C1CTTCC66A CCTACCAACC TAA0TA9TT6 TC1CC186AC CA6AT6TAAT TAAC7 CT6T

3510
ACATT81T76 ATCC
T7TAA86ACC TA86

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-PvuII and PstI-KpnI 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 DSL 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 Notl repeat sequences and part
of the region (DSL) that has homology with sequence (DSR) 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, copies of a 36-bp repeat unit which not only is translated but
particularly one with such a high GC-content (nearly 85%) as accounts for at least a third of the amino acid sequence of the
the 125-bp NotI repeat (Jones and Griffin, 1983; Jeang and total protein (Godson et al., 1983).
Hayward, 1983). Moreover, the number of nucleotides in the This discussion has revolved around the potential coding
repeat also ensures that all triplets within the repeat are sequences in an EBV transforming. genome such as that
translated and re-iterated in the protein. However, it is in- found in the B95-8 strain of virus, and the consequences that
teresting to note the recent report of a protein (Plasmodium may result from the deletion found in Daudi cells. Some of
knowlesi circumsporocoite) derived from DNA that has 12 the properties of the latter might also, however, be a conse-
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itions in the genome to a site adjacent to the part of the EBV
Dhet B95-8 DSL that remains in Daudi cells.

Nhet EBV DNA The discovery of a large (7.4-kb) deletion in the BamHI-YN het EBV DNA

and -H fragments (see Figures 1 and 4B) of EBV episomal
lOkbp 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

B established from a tumour. The same deletion has been
PR observed in the linear DNA of virions produced by Daudi

IKPII K cells (L.Karran and B.E.Griffin, unpublished results). It
DSL L follows from studies on P3HR-1 that Daudi virions might be
I 10 11 kbp expected to be non-transforming. Preliminary experiments
P3HRI Deletion with EB virions from Daudi cells also indicate this to be the
DAUDI Deletion case (D.Crawford and B.E.Griffin, unpublished data), but

these negative results require further confirmation.

B

P X

W, H

P K KDPS P

1_ DSL

0

B

K P

3 kbp

_,. Sequencing
Strategy

Fig. 4. (A) The EcoRl 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 et al., 1981) and
several viral strains derived from mononucleosis material (Fischer et 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 (DSL). 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 = BamHI, P = PstI, Pll = PvuII, H = HindIII, X = XhoI,
K = KpnI. Potential transcriptional control sequences: L- (promoter, left
to right), and -J (right to left) and I AATAAA (left to right) and
I (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 ( LU) 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-

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 itg of streptomycin/ml. Cells were subdivided to 2 x 105 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 ofDNA
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 12-0-tetradecanoyl-phorbol-13-acetate (TPA), according to the pro-
cedure of zur Hausen et al. (1979). ccc DNA was prepared from Daudi cells as
described by Griffin et al. (1981) except that for larger quantities of cells
(- 101), 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 0.801e 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 ofDNA 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 BamHI-
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 [32P]nick-translated B95-8 BamHI fragment H. Six positive
clones were obtained. Four clones contained an insert of - 3500 bp, which
was further shown to contain sequences from EBV BamHI fragment W (the
large intemal repeat unit). One of these (designated lOG) 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 DSR
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; 0 = 'CAT' or 'TATA' boxes; U = AATAAA; v = limits of Notl
repeats; I = limits of DSL. 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 (-257o) 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 NotI 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 DSL.
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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 [Cj-32P]dATP and [a-
35S]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,

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.
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A deletion in the EBV genome in Daudi cells

Specific fragments from Daudi clone lOG were separated by agarose gel
electrophoresis, isolated by electro-elution, and subcloned into suitable
M13mp vectors. The Pstl-PvuII and PstI-KpnI restriction fragments that
spanned the BamHI-W and -H junctions were sequenced, as above.
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