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It has been proposed that the genome of herpes simplex virus type 1 (HSV-1)
consists of two internal unique sequences, S and L, bounded by two sets of
redundant sequences (P. Sheldrick and N. Berthelot, 1974). In this arrange-
ment, terminal sequences (TRS and TRL) are repeated in an internal inverted
form (IRS and IRL) and delimit S and L. Furthermore, a body of evidence has
accumulated that suggests that S and L themselves are inverted, giving rise to
four related forms of the HSV genome. In this study the ordering of restriction
endonuclease fragments of HSV-1 DNA for physical maps has been studied
using molecular hybridization techniques and the cleavage of isolated restriction
endonuclease fragments with further restriction endonucleases. Physical maps
for the fragments produced by Hind III, Hpa-1, and X. bad have been con-
structed for the four related forms of the HSV-1 genome. TRs and IRS were found
to be between 3.5 x 106 and 4.5 x 106 daltons, TR, and IRL about 6 x 106 daltons, S
about 8 x 106 to 9 x 106 daltons, and L about 6.8 x 106 daltons.

The genome of herpes simplex virus type 1
(HSV-1) consists of a linear duplex DNA mole-
cule of about 100 x 10" daltons. A true terminal
redundancy of about 0.5 x 106 daltons (2, 3) is
contained in somewhat larger blocks of termi-
nal sequences which Sheldrick and Berthelot
(10) found to be repeated in internal, inverted
forms. Two unique sequences (S = 107 daltons;
L = 75 x 106 daltons) were found to be bounded
by these inverted repetitions. It was proposed
that S was bounded at the terminus by TRs and
internally by the same sequence inverted, IRS.
Similarly, L was bounded by TR, and IRL.
Sheldrick and Berthelot (10) also proposed that
the unique sequences S and L might become
relatively inverted by recombination events
(see Fig. 10).
Subsequent work by various laboratories pro-

vided clear evidence that this model, including
the relative inversions in S and L, was substan-
tially correct. Restriction endonuclease cleav-
age analysis showed that submolar bands pres-
ent in digests of both HSV-1 and HSV-2 DNA
could be accounted for by the Sheldrick and
Berthelot model (1, 4, 5, 8, 11, 14). In digests
with endonucleases which cleave only in S and
L, two 0.5 M terminal fragments are generated
from each end. Four 0.25 M fragments, which
span the internal inverted redundant se-
quences, also arise. If it is assumed that TRL/IRL
and TRS/IRS are not identical, then enzymes
that cleave in S and L, but in only the TRL/IRL

pair on the TRs/IRs pair, generate a molar end
from that terminus in which the redundant
sequence is cleaved. Two 0.5 M fragments from
the other terminus and two internal 0.5 M frag-
ments are also present (see Fig. 10). Direct
analysis of the terminal fragments found in re-
striction endonuclease digests of HSV-1 DNA,
combined with sequence homology studies, con-
firmed these hypotheses (15) and provided fur-
ther evidence that TRL/IRL and TRs/IRs were
not identical. Finally, the relative inversions of
S and L in the four genome arrangements for
HSV-1 were visualized directly in the electron
microscope via both incomplete (5) and com-
plete partial denaturation maps (Delius and
Clements, in press). In the latter study, TRL/
IRL and TRs/IRs had different partial denatura-
tion profiles.
This report gives the order ofHind III, Hpa-

1, and X. bad fragments in the four genome
arrangements for HSV-1 DNA.

MATERIALS AND METHODS
Enzymes. Restriction endonucleases Hind III and

Hpa-1 were prepared as described previously (9, 14).
X. bad, an enzyme from Xanthamonus badrii, was
the kind gift of S. Zain. DNA polymerase I was
purchased from the Boehringer Mannheim Corp.,
and DNase I was from Worthington.

Nick translation. HSV-1 DNA was labeled with
a-32P-labeled deoxyribonucleotide triphosphates
(specific activity approximately 100 Ci/mmol; New
England Nuclear Corp.) essentially as described by
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Maniatis et al. (7). Reaction mixtures contained, in
a volume of 100 ul: 1 Ag of purified HSV-1 DNA; 50
mM Tris-hydrochloride, pH 7.8; 5 ,M MgCl2; 1 mM
dithiothreitol; 50 ,ug of bovine serum albumin per
ml; 180 pmol of [a-32P]dTTP, [a-32P]dGTP, [a-32P]-
dCTP, and [a-32P]dATP; 2 units of DNA polymer-
ase I; 10-10 g of DNase I per ml. Incubation was at
16°C for 1 h. The DNA was then extracted with
phenol and purified by gel filtration on Sephadex G-
50.
The growth of vi*us and DNA, end-labeling stud-

ies on HSV-1 DNA, restriction endonuclease diges-
tion, analysis and purification of DNA fragments,
the Southern DNA-transfer technique (12), and hy-
bridization methods were carried out as described in
the previous paper (15).

RESULTS AND DISCUSSION
The cleavage patterns of HSV-1 strain 17

DNA for Hind III, Hpa-1, X. bad, and an X.
bad-Hpa-1 double digest are shown in Fig. 1.
The molarity of each submolar band is shown
for the single digests. The molecular weights of
the Hind III and Hpa-l fragments have been
published previously (15), and the X. bad digest
is discussed below. The over-molar group of
fragments previously designated Hpa-1 o (15)
are shown below to be derived from two separa-
ble map locations, and this group has therefore
been subdivided into Hpa-1 o and Hpa-1 o'.
Highly labeled HSV-1 DNA was needed for

the studies discussed below, and 32P-labeled
DNA of high specific activity was obtained by
nick translation as described under Materials
and Methods. At the end of the reaction, DNA
with a specific radioactivity of 3 x 107 cpm per
jig appeared to be intact (in the sense of double-
strand molecular weight) and could be digested
with restriction endonucleases to give normal
profiles. Figure lb shows an autoradiograph of
nick-translated HSV-1 DNA, cleaved with Hpa-
1 and separated by electrophoresis on an aga-
rose slab gel. The profile obtained appears iden-
tical to that obtained with the unlabeled DNA
shown in Fig. la. The autoradiogram was used
as a template to enable the DNA bands to be
excised directly for subsequent purification.
Figure 2 shows that when the purified frag-
ments were analyzed by gel electrophoresis
their mobility had not altered.
Analysis of Hind III/Hpa-1 double digests.

To aid the construction of linkage groups for
different restriction endonuclease fragments, a
comprehensive description of the Hind III/Hpa-
1 double digest was obtained. 32P-labeled Hpa-1
fragments were isolated as described above and
further cleaved with Hind III. The reciprocal
experiment was also carried out. The analysis
of the Hind III cleavage products of some Hpa-1
fragments is shown in Fig. 2. The molecular

weights of the products were estimated by ref-
erence to the standard cleavage products of
HSV-1 DNA run on the outside slots of the slab
gel.
The results of several experiments are sum-

marized in Fig. 3. Each fragment present in the
Hind III/Hpa-1 double digest was shown to de-
rive from the indicated Hind III and Hpa-1
fragments by further cleavage. Hind III or
Hpa-1 fragments present as limit fragments in
the double digest (fragments not further
cleaved by the alternative enzyme) are indi-
cated. The terminal fragments in the double
digest were located by end-labeling studies sim-
ilar to those described in the previous paper
(15), and their positions in single and double
digests are indicated.
Sequence homology between fragments.

The assignment of different restriction endonu-
clease fragments to linkage groups can also be
deduced from sequence homology studies. 32p_
labeled Hpa-1 fragments were hybridized to un-
labeled Hind III fragments (and vice versa) by
using the DNA transfer or blot technique devel-
oped by Southern (12) and described in our
previous publication (15). Some cross-hybridi-
zation results are presented in Fig. 4. It is
evident from this figure that fragments which
appeared to be fairly pure on the basis of their
relative mobilities upon gel electrophoresis
(Fig. 2) are, in fact, contaminated by sequences
from many different regions of the genome.
This contamination can also be seen in the
further cleavage analysis of some isolated
bands shown in Fig. 2. This problem of se-
quence contamination was also observed when
DNA labeled in vivo was used, and it seems
more likely to be an artifact due -to the purifica-
tion and separation methods used rather than
to the method of labeling. The contaminating
sequences in the 32P-labeled Hpa-1 fragments
cause hybridization to most Hind III fragments
at levels above background. Nevertheless, the
hybridization of the main Hpa-1 fragment in
any reaction can readily be distinguished as
more intense bands ofradioactivity on the auto-
radiographs. The data presented in Fig. 5 and 6
summarize the data obtained in several such
experiments in which 32P-labeled Hind III
fragments were annealed to unlabeled Hpa-1
fragments and vice versa.
Construction of a partial map. In the pre-

vious publication (15) the four terminal frag-
ments in Hind III digests of HSV-1 DNA were
identified as Hind III d, g, and m and either h
or i (not separated by the gel electrophoresis).
Hind III i is arbitrarily designated as the termi-
nal 0.5 M band. In Hpa-1 digests, the three
terminal fragments were identified as a molar

VOL. 20, 1976



224 WILKIE

a .}~~a
F ~~~~~~is

--- k

- p

a b
-_ c

0
- ci e

- f
g o

-- ----,Ik

-~ a1

n

S

aa
I)cl

f

ic0

0

Hindc III Xbaci Hpa
Hpa

0.5M cl g mIII 0Q5M accig

(Hpa I)

0.5M abcdq

0. 25M bceff
FIG. 1. (a) Restriction endonuclease profiles ofHSV-1 DNA. About 1 pg ofHSV-1 DNA was cleaved with

the restriction endonucleases shown and separated by electrophoresis on 0.3% agarose. Each fragment was

assigned a letter of the alphabet. Hpa-1 o', an over-molar group offragments, has been subdivided into two
classes, o and o', for reasons explained in the text. Minor bands of molarities 0.25 or 0.5 are indicated.
Terminal fragments are indicated by the solid circle (@). (b) The profile of nick-translated HSV-1 DNA. 32p_
labeled nick-translated DNA was cleaved with Hpa-1 and separated by electrophoresis on a slab gel of0.7%
agarose.
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FIG. 2. Further cleavage products of Hpa-1 fragments with Hind III. 32P-labeled Hpa-1 fragments were
isolated as described. 2 x 103 to 2 x 104 cpm of each fragment (less than 1 p) was mixed with 0.5 ig of
unlabeled adenovirus-2 DNA and cleaved with Hind III. The cleaved fragments were separated by electropho-
resis on slab gels of0.7% agarose. Undigested fragments were run in parallel slots. In each case the unlabeled
adenovirus-2 DNA was digested to limit products as determined by DNA-ethidium bromide fluorography.
Labeled DNA was determined by autoradiography. Standard Hpa-1 cleavage products of total HSV-1 DNA
are shown on the outside slots. Hpa-1 fragments from the termini are indicated by the solid circle (0).

fragment Hpa-1 m and two 0.5 M fragments in
Hpa-1 cde and hg. By a similar arbitrary deci-
sion Hpa-1 d andg are designated as the termi-
nal fragments. Evidence was also presented in
the previous publication (15) to suggest that
Hind III d and i and Hpa-1 m were from one
terminus of the genome and Hind III g and m
and Hpa-1 c andg from the other. It can be seen
from Fig. 3 that the terminal fragments in the
Hind III/Hpa-1 double digests all arise from the
DNA bands of the single digests which are, or
contain, ends. The data of Fig. 3 are in com-
plete agreement with the previous assignment
(15) of end fragments to different termini of the
genome.
By combining this information and the data

summarized in Fig. 3, 5, and 6, a partial map
for the Hind III and Hpa-1 fragments has been
constructed. For example, Fig. 5 and 6 demon-
strate that the unique fragments Hind IIIj and
Hpa-1 j and n are sequence related. From the
results presented in Fig. 2 and 3, it can be seen
that there is a Hpa- 1 site in Hind IJIj and a Hind
III site in Hpa- 1 n, but no Hind III site in Hpa- 1
j. Furthermore, Hpa-1 n and Hind IIIj give rise
to the same double-digest fragment "o." The

molecular weights of the further cleavage prod-
ucts (not shown) suggest that at one end of this
linkage group there must be Hind III and Hpa-
1 sites very close together. The only other se-
quence homology for Hpa-1 n in Hind III di-
gests is in Hind III ab (Fig. 6). The homologous
sequences must lie in the unique fragment
Hind III a, since b is a 0.25 M fragment, and its
sequences must be present in other minor
bands because of the relative inversions of the
unique sequences S and L in HSV DNA. Hpa-1
n must therefore span the Hind III a-Hind IIIj
junction. Analogous reductive analysis of the
results shown in Fig. 3, 5, and 6 indicates
that Hpa-1 b, h, i, and q must be contained
within Hind III a. The following large linkage
group is thus constructed:

Hind III
a

1i1
A A~

n
(b, h, i, q)

Hpa-1

J. VIROL.
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FIG. 3. Summary offurther cleavage experiments.
On the basis of further cleavage experiments, bands
ofDNA in Hpa-1 IHind III double digests were shown
experimentally to have arisen from the cleavage of
Hind III fragments with Hpa-1 and of Hpa-1 frag-
ments with Hind III. Solid circles (a) indicate frag-
ments arising from termini. Crosses (X) indicate
fragments of single digests which are not cleaved by
the second enzyme and which exist as limit fragments
in the double digest. For example, double-digest
band k arises from the Hpa-1 cleavage ofHind III hi.
Since Hpa-1 k is not further cleaved with Hind III,
double-digest band k and Hpa-1 k must be identical.
Hind III i is a terminal fragment. Hpa-1 k must
therefore be contained within either Hind III h or

Hind III i.

Space does not permit a full analysis of the
construction of all the linkage groups here.
However, the data presented in Fig. 4, 5, and 6
contain all the information necessary to con-

struct the partial map shown in Fig. 7. The
linkage group containing Hind III a and j and
that containing Hind III h could not be as-

signed map positions on the basis of the experi-
ments with Hind III and Hpa-1 described so far.
The limits of the map terminate at positions

where the Hind IlI and Hpa-1 sites are so close
together that no more overlaps could be ob-
tained.
The tendency for Hind III c and de to anneal

to Hpa-1 b is not accounted for in this partial
map. Since further mapping data below puts
Hpa-1 b firmly within Hind III a, it is thought
that this aberrant annealing data is due to
Hind III a sequences contaminating Hind III c
and de.
The cleavage pattern for Hpa-1 arises from

Hpa-1 sites in S and L and in either TR,/IRs or
in TRL/IRL (1, 15). Therefore, one terminal frag-
ment must be present in molar amounts. Hpa-1
m has been identified as a terminal fragment
(15), but was originally quantified as 0.77 M
and was thought to be a 0.5 M band (Hpa-1 1 in
reference 1). From the results presented here it
is clear that Hpa-1 m arises from a cleavage
within TRL and must be the molar end. The
reason for the apparently low amount of this
terminal fragment in digests is not completely
understood. We have noted that in many cases
terminal fragments from both termini are more
spread after gel electrophoresis than other
bands of DNA (N. M. Wilkie, J. B. Clements,
and R. Cortini, unpublished observations) as
though there was some heterogeneity in their
molecular weights. Such heterogeneity and
spreading tends to reduce the peak height of
the bands and in some cases may lead to a
reduction in the observed amount of DNA in
the bands. The reasons for the heterogeneity in
terminal fragments remains a matter for specu-
lation.
The hybridization and further cleavage ex-

periments also confirm the general model for
HSV DNA first proposed by Sheldrick and Ber-
thelot (10). Bands ofDNA containing submolar
fragments from one enzyme digest cross-hy-
bridize to the expected submolar fragments pro-
duced by the second enzyme. For example,
Hpa-1 a (0.5 M) anneals to all of the submolar
fragments in the Hind III digest (Fig. 4, 6). The
terminal Hpa-1 fragment m hybridizes to the
0.25 M Hind III fragments and to the two Hind
III terminal fragments d and i, but it does not
anneal significantly to the Hind III terminal
fragments g and m. This confirms the assign-
ment of Hpa-1 m to the same terminus from
which Hind III d and i arise. It might have
been expected that the actual terminal redun-
dancy of about 0.5 x 106 daltons previously
proposed by other groups (2, 3, 10) might have
caused some cross-hybridization between ter-
minal fragments from different ends of the ge-
nome. However, the nearby inverted repeat of
the terminal sequences found in HSV-1 DNA
by Hyman et al. (6) and subsequently con-

shown to be derived from

Hind III fragments

a ab
b-- ab;de

c- . c

de __ ab;g
f- dAe
g- k
h ab

___. j;eX
k hi

I - de; hi
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n.~ nx
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FIG. 4. Hybridization of isolated 32P-labeled Hpa-1 fragments to unlabeled Hind III fragments ofHSV-1
DNA. The technique was that described previously (12,15) and annealing oflabeled DNA to unlabeled DNA
on nitrocellulose membrane strips was determined by autoradiography. The positions of all of the unlabeled
DNA bands on nitrocellulose membrane strips were located by annealing with fragmented, unfractionated
32P-labeled HSV-1 DNA. Terminal fragments are indicated by the solid circle.

firmed by Wadsworth et al. (13) may cause
internal reassociation (in the unlabeled DNA)
which might interfere with the reassociation
reaction.

Analysis ofX. bad digests. X. bad fragments
of HSV-1 DNA can be separated into six bands
by electrophoresis on 0.3% agarose (Fig. 1).
Analysis of the mass distribution of the DNA in
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FIG. 5. The hybridization of 32P-labeled Hind III fragments to unlabeled Hpa-1 fragments. Solid circles
(a) indicate terminal fragments. The amount oflabel in each band (above that level caused by contaminating
sequences) was assessed by eye for each strip and allocated +, + +, or + + + in order ofincreasing intensity.
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FIG. 6. The hybridization of 32P-labeled Hpa-1 fragments to unlabeled Hind III fragments.

those bands by the techniques described in a
previous publication (1) give the mass percent-
age of the six bands a, b, c, de, f, g as 19, 11.2,
26, 27, 13, 3.2. The molecular weights of these
fragments were estimated from slab gels and
from the further analysis and mapping of X.
bad fragments to be 34 x 106, 22 x 106, 21 x 106,
18 x 106, 15 x 106, and 6.5 x 10-6, respectively.
From these figures, and assuming a molecular
weight of about 98 x 206 for HSV-1 DNA, the
molarities for a, b, c, de, f, and g could be
calculated to be 0.55, 0.51, 1.2, 1.46, 0.85, and
0.48. This suggests that a, b, d, or e, and g are
0.5 M fragments and that c, d or e, and f are

molar fragments. As before, d was designated
as the 0.5 M fragment, and e was designated as
the molar fragment.

Analysis of X. bad/Hind III, and X. bad!
Hpa-1 double digests (e.g., Fig. 1) clearly indi-
cate that there are only four cleavage sites for
X. bad in HSV-1 DNA. One site lies in Hind III
I and Hpa-1 e, two in Hind III a (one each in
Hpa-1 b and i), and the remaining site in Hind
III i (and its inversion Hind III f) and in Hpa-1
1. These X. bad sites are shown in the partial
map in Fig. 7. The two cleavage sites in Hind
III a were confirmed by the further digestion of

isolated Hind III ab with X. bad. Three further
cleavage products were identified with molecu-
lar weights of 15 x 106, 8 x 106, and 2.8 x 106.
The 15 x 106 fragments had the same mobility
as X. bad f.
The four cleavage sites all lie in the L region

of the genome and would give rise to seven

fragments because of the inversion of the L
region: an enzyme which cleaves only in the L
region should produce two 0.5 M terminal frag-
ments which contain the S sequences and two
0.5 M fragments from the L terminus. All other
fragments should be molar. This fits very well
with the cleavage profile and the estimates of
molecular weights and molarities obtained for
the X. bad fragments. X. bad a and b are the
0.5 M termini from the S region; X. bad d andg
are the 0.5 M termini from L; and X. bad c, e,
and f are the remaining internal molar frag-
ments from L. This analysis of the X. bad
cleavage pattern offers further confirmation of
the partial map shown in Fig. 7.
Completion of the map. The position of the

X. bad sites on the HSV-1 DNA map provides
the necessary overlaps that allow completion of
the map. 32P-labeled Hind III fragments k and o
and Hpa-l-labeled fragments b, j, and k were
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FIG. 7. Partial map ofHind III and Hpa-1 fragments ofHSV-1 DNA.

annealed to unlabeled X. bad fragments using
the DNA transfer or blot technique (12) as be-
fore (15). The results are summarized in Fig. 8.
Hpa-1 b hybridized mainly to X. bad f and also
to d. This confirmed the previous suggestion
that X. bad f is contained within Hind III a.

Hpa-1j and k and Hind III o hybridized mainly
to X. bad c, whereas Hind III k hybridized
mainly to X. bad de. Since X. bad d is a termi-
nal fragment from L, its sequences must also be
contained in one larger 0.5 M fragment (a or b)
from the S region. The hybridization ofHind III
k mainly to X. bad de must therefore be to the
unique fragment e. From the partial map
shown in Fig. 7 it can be seen that X. bad e

must lie adjacent to the Hind III b/l and c/l
junction. Since Hind III o and Hpa-1 k both
anneal to X. bad c, Hind III h must lie on the
Hind III o side of the gap in the partial map
shown in Fig. 7. Thus, X. bad c must lie in the
region ofthe Hind III h/o junction. This leads to
the following unequivocal order ofX. bad frag-
ments in the four arrangements of the genome
shown in Fig. 7 and 10:
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FIG. 8. The hybridization of 32P-labeled Hind III
and Hpa-1 fragments to unlabeled X. bad fragments.
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Since only two arrangements are possible for
L, there are only two possible X. bad maps.

Since Hpa-1 j and k both annealed to X. bad
c, both must be adjacent to the Hind III o region
in the partial map of Fig. 7. The only way these
linkage groups can be arranged in the L region
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is therefore (in the order for the Hind III frag-
ments): 1 k aj h o.
Hind III a contains two cleavage sites for X.

bad, which give rise to the three further cleav-
age products at 15 x 106, 8 x 106, and 2.8 x 106
daltons. Hpa-1 b and i each contain one of these
X. bad sites. The only interior arrangement of
Hpa-1 b, h, and i that allows the further cleav-
age products actually observed is:

Hind III

a 1

| h b
A A

Hpa-1

where t = X. bad; I = Hind III, and A = Hpa-1.

The results do not allow the location ofHpa-1
q within Hind III a. Since Hpa-1 q is small (1.7
x 106 daltons) this does not affect the relative
order of Hpa-1 b, h, and i within Hind III a.
(The hybridization of 32P-labeled Hpa-1 q to
unlabeled X. bad fragments should allow the
unequivocal assignment of q.) The final orien-
tation of the maps was obtained by hybridizing
32P-labeled Hpa-1 fragments to unlabeled X.
bad/Hind III double-digest fragments using the
DNA transfer or blot technique (14). The re-
sults are shown in Fig. 9. Hpa-1 i hybridizes to
two fragments, as expected from the small sec-
tion of the map shown immediately above.
Hpa-1 n hybridizes to the smaller of these two
fragments and also to a higher-molecular-
weight fragment. Hpa-1 j anneals exclusively
to this larger fragment, which has a mobility
the same as that ofHind IIIj (which is a limit
fragment in the X. bad/Hind III double digest).
This confirms the Hpa-1 map order in this re-
gion as:

h b i n j (kr)

Lqi
Taking all these results together, the com-

plete cleavage fragment maps for Hind III,
Hpa-1, and X. bad shown in Fig. 10 can be
constructed. The results do not allow the final
order ofHpa-1 o andp, ofHpa -1 k and r, or the
final position ofHpa-1 q within Hind III a to be
assigned. The hybridization results with Hpa-1
s did not give a unique location on the map.
However, it is possible that Hpa-1 s is in fact
two fragments. In this case, the hybridization
data shown in Fig. 5 can be explained if one of
the fragments, Hpa-1 s, lies in the o'p region of
the map, and the other fragment, Hpa-1 s', lies
in the linkage group kr within Hind III h.

*-.

E
Cu

I
x0
=
=
Cu

,.

4,v
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u

TIj"

P Hpa I fragments

FIG. 9. Hybridization of 32P-labeled Hpa-1 frag-
ments ofHSV-1 DNA to unlabeled X. bad-Hind III
double-digest fragments. T means the hybridization
of fragmented, unfractionated 32P-labeled HSV-1
DNA to cold fragments.
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FIG. 10. Complete physical maps for the Hind III, Hpa-1, and X. bad fragments of HSV-1 DNA. The
redundant sequences TRL, IRL, TRs, and IRs and the unique sequences L and S, originally proposed by
Sheldrick and Berthelot (10), are shown.

Accordingly, these map positions have been
tentatively assigned to Hpa-1 s and Hpa-1 s'.
The molecular weights of the fragments in

the maps shown in Fig. 10 give a genome

molecular weight total of 98 x 106. S appears to
be about 8-9 x 106 daltons, and L about 68 x 106

daltons. These figures are somewhat less than
those originally published by Sheldrick and
Berthelot (3), but are very close to those found
by Delius and Clements from partial denatura-
tion data (in press). The mapping information
also allows limits to be placed on the lengths of
the redundant sequences TRs/IRs, IRL, and
TRL. TheX. bad endg is about 6.5 x 106 daltons
and arises from a cleavage point near the TRL/L
junction (Fig. 10). Thus, 6.5 x 106 daltons is an
upper limit for TRL and IRL. Data not presented
in this report shows that there is an EcoRI site
within TR5 to give a terminal fragment of 3.5 x

106 daltons. Since the Hind III terminal frag-
ment m, arising from a cleavage site in S, is 4.5
x 106 daltons, these give the upper and lower
limits for TRs and IRS. In the map shown in
Fig. 10, TRL/IRL and TRs/IRs have been drawn
as 6 x 106 daltons and 4 x 106 daltons, respec-

tively. These estimates are very similar to the
figures of 6 and 4% for TRL/IRL and TRs/IRs
derived by Clements and Delius (in press) from

their complete paltial-denaturation maps of
HSV-1 DNA. Since there is some indication (15)
that the true terminal redundancy of 0.5 x 106

daltons (2, 3, 10) may be repeated in the inter-
nal inversions of TRs and TRL, this sequence

has been indicated in the maps shown in Fig. 10
as a separate division within each redundant
region.
The restriction enzyme maps of HSV-1 DNA

for Hind III, Hpa-1, and X. bad shown in Fig.
10 should form the basis for further restriction
endonuclease maps. Additional mapping work
should also eliminate the remaining minor un-

certainties in the Hpa-1 maps.
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