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nogalamycin and the duplex sequence dTpA (Brown et al., 
1984), where it has been suggested that the sugar group at 
each end of the drug molecule (Fig. 2) sterically blocks the 
free movement of the chromophore in and out of the 
intercalation site. 

The intercalation process in solution has been extensively 
studied most often with reference to random-sequence 
DNA, and rather more rarely with respect to defined- 
sequence polynucleotides. For DNA itself, there are ten 
distinct dinucleoside intercalation sites, and two for an 
alternating polynucleotide such as poly(dC-dG). Most 
solution methods for studying drug intercalation (for 
example, by measurement of affinity constants), tend to 
average out differences in binding properties at these 
different sites. The molecular graphics approaches outlined 
above, do on the other hand, focus attention on just one site, 
such as the -CpG- sequence. This is likely to be a high- 
affinity site, especially at the low drug levels relevant to 
physiological conditions (reviewed in Neidle & Abraham, 
1984). It will also be an important goal for the future effort 
in this field to relate the simulation data at these defined 
sites to intercalative drug behaviour in solution and in the 
cell as measured by finedetails methods such as stopped- 
flow kinetics and DNA footprinting. 

I am most grateful to my colleagues and collaborators in these 
studies, and to the Cancer Research Campaign for continuing 
support. 
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The EMBL nucleotide sequence data library 
G. G. KNEALE and OLGA KENNARD 
Department of Chemistry, University of Cambridge, 
Lensfield Road, Cambridge CB2 I E W, U.  K. 

With the enormous increase in the rate of sequencing DNA 
fragments, it was clear some years ago that a large 
computerized database of sequences would be essential for 
research in Molecular Biology, and that such an operation 
should be done, at least in Europe, on an international basis. 
Consequently, in 1982, a nucleic acid sequence data library 
was set up by the European Molecular Biology Laboratory 
(EMBL) at Heidelberg. The first release contained 568 
entries comprising over 500000 bases. The latest version 
(release 3.0) has 1481 entries totalling over 1.6 million bases 
(Cameron et al., 1983). 

The layout of the database is designed for both human 
and computer readability. Each entry in the EMBL library 
is labelled by a short (6-8 character) sequence identifier, 
providing a unique reference for each entry which is used in 
the indexes. The structure of a typical entry is shown in Fig. 
1. The nature of the information on each line is specified by 
a two-letter line code at the front of each line and includes a 
description of the sequence, the source organism, keywords, 
references, a table of any interesting features and the 
sequence itself. The feature table is especially useful as it 
defines regions of biological significance, as well as 
sequence ambiguities. It lists regions of transcriptional 
significance (e.g. the extent of primary transcripts, introns, 
exons, tRNA genes); control regions (e.g. promotors, 
ribosome-binding sites and origins of replication); transpo- 
sons and inverted repeats; and mutations, conflicts and 
uncertain assignments. The feature table is easily read by 
computer for automatic processing of sequences, e.g. 
‘splicing’ of mRNA and ‘translation’ to protein sequences 
(Bishop, 1984). 
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The EMBL library is being maintained on the IBM 3081 
at Cambridge, along with the manual and seven indexes. 
These, together with a wide variety of programs for 
sequence analysis and search and retrieval of sequences 
from the database, are available for interactive use. The 
system is an integrated one in which users can key in one 
line to receive information on the facilities available and 
access documentation for the program. The programs may 
be run on-line simply by typing in the program name. 
Examples of the facilities available are shown in Figs. 2 to 5 .  
Fig. 2 shows the ‘primary menu’ that is used to select, for 
instance, a description of the files (Fig. 3) and facilities (Fig. 
4) of the system. Alternatively a menu of programs for DNA 
sequence analysis can be selected (Fig. 5) .  

The Los Alamos library, GenBank, is also available to 
users of the system as it contains, at present, many 
sequences not in the EMBL library. The GenBank 
sequences can be used for input to the standard analysis 
programs. A very comprehensive database is thus available 
to users. In addition there are programs for searching 
protein sequence databases, and for analysis of protein 
sequences. The system is presently being used by over 30 
researchers in eight departments in the University and in 
local research institutes. These users can keep in touch with 
each other via the MAIL command. The M.R.C. is 
supporting the extension of these facilities to researchers at 
Universities and institutes throughout the U.K. on the Joint 
Academic network (JANET) and those interested should 
contact one of the authors for further details of the facilities. 

A further development of the system will be the 
centralized collection of nucleic acid sequences from 
research groups in the U.K. The data will be transferred to 
EMBL at appropriate intervals. Direct input of sequences 
in machine readable form will be of considerable benefit, 
since it will minimize transcription errors and will reduce 
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Fig. 1. The structure of a typical entry in the EMBL library (the human a-globin gene) 

c enhl  .I-tell:a:start 

'The f o l l o w i n g  f i l e s  c o n t a i n  i n f o r n a t i o n  t o  h e l p  you u s e  t h e  E M B L  l i b r a r y  
a n d  a s s o c i a t e d  p r o g r a n s . T h e r e  a r e  6 s u c h  f i l e s :  
0 )  STOP - e x i t  t o  ~ ~ n f i a n d  l e v e l  
' I )  PHX - f o r  e l e f i e n t a r y  u s e  o f  t h e  I B H  3081 
2 )  G E N  - f o r  g e n e r a l  E M B L  f a c i l i t i e s  
3) F I L E S  - f o r  f i l e s  b e l o n g i n g  t o  f i l e o w n e r  E M B L  
4 )  D N A M E N U  - f o r  d o c u n e n t a t i o n  o n  D N A  s e q u e n c e  a n a l y s i s  p r o g r a n s  
5 )  G E L M E N U  - f o r  D N A  seqrienc i n g  p r o j e c t s  
6 )  PEPMENU - f o r  p e p t i d e  a n a l y s i s  p r o g r a m s  
Press s p a c e  b a r  t o  h a l t  s c r o l l i n g ;  C T R L - X  t o  r e c o n n e n c e  s c r o l l i n g ,  
I n  r e s p o n s e  t o  " p a g e  w a i t i n g ' .  p r e s s  R E T U R N .  
'Type t h e  n u m b e r  you r e q u i r e  ( 0 - 6 )  2 

Fig. 2. Primary 'menu' of options for the EMBL library and associated programs 
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This Pi le  l i s t s  t h e  g e n e r a l  ~ L I I ” ~ O S ~  u t i l i t y  p r o g r a m s  a n d  f i l e s  
M A I L  E n a b l e s  11s t o  s e n d  n e s s a g e s  t o  o t h e r  EHBL u s e r s . l h e  m e s s a g e s  a r e  

IVEWS Mescja:qe:; f i \ c i m  Ltie m d i l  c o n n a n d  , i d e n t i f  l e d  tly d a t e .  
I;‘ACI:AOE A N  i n t e r a c t i v e  pr*ogr*am f o r  n e w c o n e r s  t o  t h e  s y s t e m  w l i i c h  a1  l o w s  e a s y  

S T A R T  A n  i n t r o d u c t i o n  t o  t h e  f a c i l i t i e s  o f  t h e  EMBL f i l e s .  
Kt: T K I E U E  A p v o g r a n  f o r  r e t r i e v i n g  s e q u e n c e s  f r o *  t h e  EMEL 1 i L r a r y . T h e  s e q u e n c e s  

f i l e d  i n  t h e  f i l e  EflBL.N(EWS 

a c c e s s  t o  t h e  EMBL I i t l r e r v  a n d  p r o g r a n s .  

a r e  e s t , r a c t e d  o n  t h e  b a s i s  o f  k e y w o r d s  e t c .  a n d  c a i i  b e  put .  o n  t h e  
ii%eiss O W N  f i l e u ; p a c e  f o r  f l i r t h e r >  a n a l y s i s .  
S e v e n  indeses 1 0  t h e  EMBL l i b r a r y  a r e  a l s o  k e p t :  
EM E; L. . 1 MILI E X : I :  D a r t  a l p h a t l a t i c  l i s t  oi’ s e q u e n c e  i d e n t i f i e r s  
EMHL. I N D E X :  S P E C I E S  l i s t e d  a c c o r d i i t g  t o  s p e c i e s  
E H B L .  1 N D E X : A U I H U K  l i s t e d  a c c o r d i n g  t o  a u t h o r  o f  pub1 i c a t i o n  
EMBL.  1NDEX:KEYWOKD l i s t e d  a c c o r d i n g  t o  k e y w o r d s  on t h e  KW l i n e  
E i 4 B L . I N D E X : J O U R N A L  arb i n d e x  o f  t h e  l i t e v a t i i r e  c i t e d  i n  EHBL.DNA 
E M B L . I H U E X : S H O R I  B o n e  line d e s c r i p t i o n  o f  e a c h  e n t r y  
EEIbL. ;NDEX:ACCESSNO an index o f  a c c e s s i o n  n u m b e r s  

Fig. 4. Option 2: a listing of general facilities available 

‘ t h e  f o l l o w i n g  prograns w i l l  b e  a v c i i l a t t z l e  f o r  DNA s e q u e n c e  a n a l y s i s  
on t h e  IBH 3081 t i n d e r  MVS ( !  i n d i c a t e s  n o t  y e t  i m p l e m e n t e d ) :  

O Y E K A T I O N S  ON A S I N G L E  S E Q U E N C E  
1 . S e q u e n c e  n a n i p u l a t i o n  ( ! A N A L Y S E Q , Z S E Q )  

a )  V e r i f i c a t i o n  a n d  c o n v e r s i o n  ( i n c l u d i n g  genbzirrk. t o  e m b l  c o n v e r s i o n  e t c . )  
b )  G e n e  e ~ t r a c t i o n / s p l i c i n g  ( b i r t h  o p t i o n a l  translation,complementation e t c . )  
c ) L I s t i n g  o f  s e q u e n c  e s  ( w i t h o p t  i o nst 1 t r a ns 1 a t  i o n  , c ofip 1 emen t P t i on e t c . ) 
(1) C o  ci n t i n g  ( b a s e  c ofipo s i t i o n  , d i - o r  t r i niic 1 e o t  1 d e  f r q c i e n c  i e s  1 
e )  S e a r c i t i n g  ( p r o b e s ,  r e s t r i c t i o n  s i t e s  e t c .  1 

2 . R e p e a t s  a n d  i n v e r t e d  r e p e a t s  ( ! S E Q T R E E , Z D I C T , X D K L E N )  
3.Secondat .y  s t r u c t u r e  a n d  h a i r p i n s  ( ! A N A L Y S E Q )  
4 .  t i e n e  i den  t i f i c a t i on ( ! RNALY SEQ ) 

HI ) t .- r ri a g e n  e s 
b )  p r o t e i n  g e n e s  

O P E R A T I O N S  ON MURE THAN ONE S E Q U E N C E  
1 . S e q u e n c e  a l i g n n e n t  ( ! RBSA) 
2 .  D a t a b a s e  s e a r c  ti i n g  f o r  tiono 1 o y y  ( EMELSCAN,  ! RBSA 1 
3 . D o t  m a t r i x  p l o t  ( U I A t i O N )  

f i  I S C I i L L A N E O U S  PRUGRRMS 
1 .  F o r n a t t i n g  a n d  f i l e  c o n v e r s i o n  ( H A K E P D S , M A K E P S , H K S E Q , H ~ S T ~ D ~ N )  
2. R a n d o n i s a t i o n  of  s e q u e n c e s  ( S H U F F L E )  
3. S t a t i s t i c s  ( D O U B L E T S )  

Do y o u  w a n t  t o  r e a d  t h e  d o c u n e n t a t i o n  f o r  o n e  o f  t h e s e ?  II 

Fig. 5 .  Option 4 :  a ‘menu’ of programs for analysing DNA sequences 

the workload at EMBL. This workload is likely to increase 
greatly with the increase in the number of sequence 
determinations. To aid this collection, a program is being 
developed which prompts the user for text and outputs the 
sequence in EMBL format. 
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