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I present a common philosophy for implementing the EMBL and GENBANK
(BBN-Los Alamos) nucleic acid sequence databases, as well as the National
Biological Foundation (Dayhoff) protein sequence database. The associated
FORTRAN 77 fully transportable software package includes: 1) modules for
implementing each of these datatabases from the initial magnetic tape file,
2) modules performing a fast mnemonic access, 3) modules performing key-string
access and allowing the definition of user-specific database subsets, 4)
a common probe searching module allowing the stacking of multiple combined
search requests over the databases. This software is particularly suitable
for 32-bit mini/microcomputers but would eventually run on 16-bit computers.

The immediate access to nucleic acid and peptide sequence databases

is becoming an essential tool for modern molecular biology. This paper

is concerned with 3 major sequence databases: the EMBL and Los Alamos nucleic

acid sequence databases and the protein sequence database initiated by

the late Dr. 1M. Dayhoff at the National Biological Research Foundation

(N.B.R.F.). These databases have widely different formats and are distributed

as simple sequential files. No transportable software is provided with

the EMBL database for implementing, accessing or searching. The Los Alamos

database is distributed without software, although a huge sequence analysis

package exists (1). This package does not appear to be easily portable

on machines other than CDC 7600. Only the N.B.R.F. database is provided

with software. The small package includes an example of a primitive FORTRAN

program for displaying the sequence items using file record numbers (2)

and a score matrix homology search program (3). The later will not easily

run on systems other than DEC VAX/VYIS. The present situation thus impedes
wider and efficient local use of these databases. In this paper, I describe

a FORTRAN 77 software package that will implement, starting from the magnetic

tapes, these different databases according a similar file system; taking
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advantage of this common organization, this package will provide fast mnemonic

access, as well as key-string access and the capability of defining

user-specific subsets of the databases. This package also includes a coLmmon
homology search module to which multiple requests for comparing user-specified

segments (probes) to the whole and/or subsets of the 3 databases can be

submitted simultaneously. The modular design of this search programi facilitates

modification of the matching aloorithms. This software is designed for

a friendly interaction with molecular biologist and has been used extensively

as part of a self-serve sequence analysis system implemented on a Data

General MV8000 computer at the Institut Pasteur. The portaDility of this

package has been tested by running it on a VAY./VMS system.

IXHNIUTII of the AIMSAS
Principle

3 different modules called EMBLDATA, ALAFiOSDATA and N,BRFDATA are used

to read the databases in their initial tape format, and produce the following

files (XXXX stands for either EK'BL, ALAMIOS or NBRF):

-XXXX.IDA, a direct access alphabetical index file,

-XXXX.IDX, a direct access mnemonic index file,
-XXXX.TXT, a direct access f ile containing the irformation on the

sequences as provided in the database,

-XXXX.SEQ, a direct access file containing the sequence data.

-XXXX.LST, a printable sequential file containing short descriptions

of the entries.

Thus, the contents of each database are divided into an information

part (XXYX.TXT file) and a sequence data part (XXXX.SEQ) with one record

per line. For a given entry, i.e. a given mnemonic, the information and

sequence part are linked throughout the index file XXXX.IDX with one record

per entry. One record of the index file consists of one mnemonic, pointers
to the first and last record in XXXX.TXT concerning this entry, and pointers
to the first and last record in XXXX.SEQ containing the corresponding sequence

data. The additional file XXXX.IDA is simply a 26 record direct access

file, one for each letter of the alphabet. Each record points to the first

entry in the XXXX.IDX f ile whose mnemonic begins with the corresponding

letter. The purpose of this additional file is to speed up the access (and
the checking on wrong mnemonics). Finally the XXXX.LST file is a listing

of the contents of the database (mnemonic + short description). This f ile

is similar to the list-of-contents file provided with the EMB database. This
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set of f iles is created once for each new release of the databases and

forais the core of the system described below. It should, of course, be

protected from any alteration by unauthorized users.

Using the Drograms
iHa:netic tape copies of the databases can be obtained from:

Dr. G.H. HA1UM, Nucleotide Sequence Data Library, European l1olecular Biology

Laboratory, Postfach 10.2209, 6900 Iheidelberg Germany ("CEBL" database),

Dr. W. Goad, Los Alamos Iational Laboratory, Los Alamos, New Mexico 87545

("ALAHIOS" database)(this database is now distributed by BBN Inc., 50 11oulton

street, Cambridge, MA 02238, USA),

Dr. B.C. Orcutt, Protein and Ulucleic Acid Sequence Databases, National

Biomedical Research Foundation, Georgetown University Medical Center, 3900

Reservoir Road, NI.W. Washington, D.C. 20007, USA ("NBRF" database).

To be fully compatible with the EM;BLDATA module, the database must be

ordered as a single file with the 64 ascii character set. The ALAMIOS and

NBRF databases must be ordered with the 64 ascii character set. The programs

XXXXDATA can then read the initial sequential file (either from the tape

or a disk copy) and create the described set of files in few minutes. Statistics

orn the number of entry, lines, etc ... are produced to allow for error

checking. 10 Mbytes of disk storage space is currently enough to implement

the E}BL, ALAIIOS and NBRF (protein) databases. The additional memory cost

of the proposed simple indexed organization is negligible.

__ESSIUG theDAus ES

Once the databases have been implemented as described above, my software

package will provide a fast mnemonic access to the sequence data and a

flexible key-string access to seach for specific user-defined categories
of entries.

lnemonic Access

3 similar modules called EMBLACCESS, ALAMOSACCESS and NBRFACCESS are

used to access to an entry whose mnemonic is known. These modules are inter-

active and fool-proof. Upon activation (from a general Menu on the Pasteur

system) the EMBLACCESS module would, for example, generate the following

dialogue (+ lines are computer generated):

+ EMBL DATABASE: USING IINEM40ICS
+ In order to use this program you will need to know the EMBL database
+ mnemonic of the sequence you are interested in. For this you
+ can either consult the database index or use the EMBLKEY program.
+ Type OK if you are ready or hit <RETURN> to quit:
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If the user answered 'OK" the dialogue then proceeds

+ Now type the mnemonic or hit <RETURN> to quit:

The provided mnemonic is then checked for a correctness according

to each database rule. If this test failed the dialogue continues:

+ This mnemonic cannot be correct, sorry I

and the user is prompted for another one. If the provided mnemonic appeared

correct, it is searched for in EDIBL.IDX via E2BL.IDA. If no corresponding

entry is found the dialogue continues:

+ This apparently correct mnemonic does not correspond to any sequence
+ in the present release of the database.

and the user is prompted for another mnemonic.

If the entry exists (for instance "LAMREX") the program will display:

+ OPTION MENU
+ The sequence delivered into the current directory .... s...,... A
+ (under the name LAMREX.TXT for the text
+ and the name LAMREX.SEQ for the sequence)
+ The entry printed as it stands. B
+ Option A and B together.c
+ Simple display of information on the sequence. D
+ Change of current mnemonic ..
+ Quit the program ...... Q
+ Now select theoption.

Thus the user can discover what is behind a given mnemonic (option D) before

deciding on printing (option B), getting his own copy of the entry (option
A or C), or trying another one. At this stage, the program will check for

the previous existence of files LAI4REX.TXr and/or LAMREX.SQ before transferring

into the current directory (or similar partition). If no such files exist,

the dialocgue continues:
+ * transferring the requested sequence **********

and seconds later:

+ * DONE I

The program then prompts the user for another mnemonic as above. The format

of the newly created LAMREX.SEQ file is, of course, compatible with the

usual set of sequence analysis programs (Laost of them adapted from Dr. Staden

(4-7)). The user can thus v!ake his own private copy of any given entry

of the database in few seconds, witli the sequence data part imiediatly
available for computer analysis. The same protocol applies for the ALAMOS

ans NBRF (protein) sequence databases. A small difficulty arises when usin;
the NBRF mnemonics containing blanks as part of a file nDme. Ir such cases,
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the NBRFACCESS module will simply fill in the lrimetionic witlh iermitted cli-

racters. For instan-ce, a request for "SJS14 T" will create SJSK_T.SEQ and

SJSM_T.TXT files (with the prograLi issuing a warning). On some systems,

like VAIX/VMS, ALLIIOS database mneitmonics (up to 10 characters long) will

have to be truncated to 9 characters to constitute le,,al file names.

-strin ipccess

3 similar modules called EMtBLKEY, ALAIOSKEY and NBRFKE.Y are provided

for a key-strin- access to the databases. Their purpose is, or one hand,

to sort the database for entries related to a specif ic subject, and on

the other hand to define subsets of the datati..ses according to user-def ined

criteria. These subsets can then be substituted for the whole database

in subsequent applications. Upon activation the EMBLKEY niodule ,,enerates

the fol-lowing dialogue:

+ EMlIBLKEY
+ This program searches for a given strin- in the commentaries in the
+ EMBL database entries. The string to be searched wust k~e at least
+ 2 and at vost SO characters long.
+ During the search, a file "EMIBL.KEY" is created into the current

+ directory. Tiiis f ile surtmarizes the result of the search according
+ to the format: MNE21O, INDE!X address. UNEHIO is the E'BL mnenionic of
+ entries w.hich comrientaries contain the string. A listing of the search
+ result will also be printed. Searches can be chained using either
+ the priviary or secondary search options.
+ Type OK to continue or hit <RETURN> to quit.

If the user answered "OK" the dialogue theii proceeds:

+ SEARCH NENU
+ What is your STRThIG topic?

Organism.species.A

Organism zoological classification B

Host species

Host zoological classification. D

Author's name E

+ Journal name or booktitle. F
+ Articletitle. G
+ Short description of the sequence .....
+ Full description of the sequence.I
+ Sequence sub-domain or features. J
+ Date (ex: 13-OCT-1982) of input in the database. K
+ Ymemonic or short identification. L

nothing and quit the program. hit <RETURN>
+ Now select the option:

These options match the different line types found in the EIBL database

text and will be used to speed up the search (only the relevant lines will

be explored) and to ensure that the string will be found in the proper
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conte:t (we want to distiuc,uish between C(LI as a bacteria and Coli as

an author....). Similarly, the search menu provided by 1lALiOSKEY or 1!BhFKEY

will L1atch each databese organiization.

The probran, then asks for the string to be searched and checks for its

correctness. The dialogue then proceeds:

+ If the key-strinrc is to be eXcluded rather titan included type X

This option allows the user to build (as EMBL.KEY file) a subset of the

database (or of a previously built EI1BL.KEY file) in wlhich the entries

associated with a specific topic will have been eliminated insteed of irncluded.

If the program detects the previous existence of znr E1l$L.YFY file iI; tihe

currenit directory a final question is asked:

+ For secondary search-. type 2, otlerwise llit <(TTUR;i'>

If the user chooses the default optior, the string search vill be performed

on the whole database and pointers to the positive ei tries sill be feet

in a de novo created EIBL.KEY file. With the secondary search option, the

pre-existing EM.BL.KEY file will be uised as sourc(- file ird eve:ttv-lly valifieC'

by the search. The profrral, the:- jerforris the search, elisplayin, in real

tiLie the wneuortics of the positive entries (with the string context) and

listing them on line printer. A primary seercli lasts less than one minute.

The proLraL. then returns to the SEAR%C..EXLEC.

The primary use of the XXXXKEY system is to look for entries related

to specific topics. It is used, for instance, to answer questions like: "are

there ary -1iL database enitries related to kinase of human origin? ". For

doing this we run a "primary" search with the string "KINIASE" and the option

"short description. of sequence". Ir cbout 30 seconds, 4 rnertonics will

be displayed: ECTHR1, HEHSTK, HERPES and PODOT7, the only entries related

to the searched string. We will then run a "secorndary" search using 'UNAN

as a string and the option "or,anism species" to fiinI out (instantaneously

this tine) that the final answer is 1-0. If wie now select the str-ing "PROC",

the option "journal name" and again a "secondary" se-arclh we will learn

that the first two itenemonics Ere sequei-7ces pubolished in the PROCeedings
of the National Academy of Sciences ...

Another important use of the XXXXKEY system, is to define a subset,

the XXXX.KEY file corresponding to arny combination of criteria. This subset

(a file of pointers) can be used as data. source for ally application pro&raM
that would have to be runr, or,specific types of sequemces (ex: only the

mouse sequences, or everything but the cytochrome sequences ...etc).
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a:tdeed, this is true for tie ,robe searclh taodule i.ncluded in uly package
and described below.

One of the most frequent tasks molecular biologists need to l erforr

on sequences databases is to searclh for entries exlititiuc, an hor:.ology

with a given, newly determined sequence or "v;roLc,". Impleaientirin e.tabases

without this capability is actually of little pratical use. I shall oescribe

here the EI4BL/ALAMOS/NBRF connon homology search vodule includeed irn wy

FORTRtAI 77 package.

p ,e search rekpests: .the PROBE modul e

The homology search vodule is coxinposed of two i ro,,rai.s: PROBE and

E,PLOR. Program PROBE will generate interactively a command file describing

the databases (or subsets) to be searched, the probes to match and the

desired homology level. Program EXPLOR will then read this file and perform.
the actual search. Upon activation, PROBE generates the follovir.l Uialog-e:

+ P ; C

+ This proVraii builds C conp.and. file PROBE.CMD for runnirn, searches
+ in the EMIBL, ALAiHOS and NBERF databases. Depending on your orerating
+ system;, this prograi. also) Venerates a-2 in.acro-comnnand (QPROLE) for
+ subniitti-ro the searches to batch. You can chain as mLany search requests
+ you want into the different da:ctabases.
+ Type OK; to contiLue or hit <RETURN1> to *uit:

If the user answiered "OK" the dialoE; tlhern proceeds:

+ SEQUENCE DATABASE GbOICE
+ 'EhBL........... A
+ ALMiOS ... B
+ NBRF (proteins).. C.
+ None and QUIT ..... . hit <RETURN>

and then:

+ FILE TO SEARCh It'
+ The EhTIYb datal),se.A.... A
+ a PRESORTED file of the XXXX.KEY type ........ 090.000* B
+ a CHAIVIIIG file of the XXXX.PR. type.C
+ None and QUIT .............. hit <RETURn1>

Thus, to run a search in the wlhole E} BL database we would select option
A both tinies. If we wanted to explore a subset (ALAMOS.KEY) of the ALAMIOS

database we would select option B both tiries. This subset would have been

previously built with the key-string access utility program ALAMOSKEY.

The option "CHAINING file" will be explained later. The dialogue then goes
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on with the following questions:

+ Name of the probe sequence file ( or hit <RETURNi> to quit):

+ i:inir.ial ,, houiolo-y to rEtzir.:

and the final:

+ For submittii'g another search, type "C":

TI-Ais, the PECNfT profrzam alloi;s the user to accuLnulate multiple requests

involvin-I cifferent (or the sare) probe sequences to be searched in different

(or the same) databases or subsets.

SeaKcin tj a stJgE_L OR module

The EXPLOR module is not interactive and is usudlly rurn in batch r.-ode

with a simple macro-couirtand prepared by PROBE. EXPLOR uses the command

file PROBE.CMD as input file and for eachi request generates a ChAIN11ING

file called X;XXX.PRO (where XXXX stanids for EMBL, ALAMOS or NBRF). Its

format is identical to the X2QXXX,.KEY file., and poirts to the database "positive"

entries, i.e. rIe-tchirng with) the prcbe at the desired level. This file can

thus be used a;s a- ner, reference sovrce file for other applications and

by E.PLC'R i tself. This is the purpose of the option "CHAINING file" in

the PROBE questioi-Lraire. W'itih this option, it is possible to answer directly

questions like: "how many of the entries matching probe A also match probe

B? "; first we would run an ENITIRE database search on probe A at a given

hior.-ology level, followed by a CRAIVEr search at another hovology level

witlh probe B. The proper coun;binatiou of tiese o-tions as well as databzases

and database subsets allow easy and rapid testing of biologically relevant

questions in a single run.

For each request treated, program EXPLOR prints a search sutmwary,

including tl-he name of the database (or database stubset) explored, the probe

sequence, the requested hoiclog,y level und tlhe tot.l nur..ber of positive
matches found. From this output, users can decide whether to list the complete
results of the search, that woul(d include tie aveilable inforwation on

thke database entry and the precise i,iatching pattern as follows:

+ ID HSHI A1 HCHO.SAPIEI'S. HLA.A; DNA; 4123 BP.
+ DT 06-AUG-1982 (FIRST EhTRY)
+ .

+ .. (EYLBL text associated with the HSuMAl er;try)
+

+ SQ SEQUEUCE 4123 IP; 839 A; 1125 C; 984 T; 1173 G; 2-.
+

+ 532
+ GTGCGGTTCGACAGCGACGACGCGAGTCCG............ (entry sequence fragment)
...+.......................................................................... ......
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+ GTGCGATYY-F2fAGCGAYGACGC (probe sequence)
+ 1 10 20 30 40

+ HO4ClLOGY: 19 ON 21 EQUALS 90.4 %

All nmatches in the sm-ne entry are (iisplayed one after the other, but the

text is not repeated. For nucleic acid databases, bothi the probe and its

complenmenitary sequence are searched.

M'atchijjalfitllts The _X1¶XOR module uses the informiation in tlhe corimard

file to apply the relevant algorithLms for nucleic acidt or protein seruence

comparisons. For nucleic acids, the standard procedure included in thie

package is a character by character matching accelerated by hash-coding. This

allows the followirng clharacter set for both tihe probe alnd datibase: I,,T,U,G,C,

Y (pyrimidine), R (purine), - (unidentified), cnd the hor:oloy level to

be adjustable. For proteir- probe/database comparison the standacrd al,,orithLa

is also a sir.;ple ch'aracter i0enitity, a.tcir lailowir- Dayhoff's clhracter

set and ar adjustable hou!oloLy level. The nodular dlesiLn of EXPLGI7. iLllovs

other iiatchinig algorithli,s to b;e introduced by sinply rewriting oune subroutine

(LA.TCY17,S). JThis itore sophisticated n-tujle rtatching (8,s),score latrix

(10) or best aligLnent (11-14) methous can be ircluIteC. Vith the standcrd

algorithums, a&rd depending oni the hoTnology level requAested, a SC character

probe exhbustive search talte firot. 5 to 10 riiutes (elapsed time) per database

oni our Data Gerneral .VG.CC0 coLoputer (includinrg the covLplementary probe

se(uence searchin, f£or nucleic aicids). Since the sequence loadin- step
is buffered, E,'PLO. does not involve arrays larger than 20cC octets.

The package also includes various uti-lity btodules cotI patible with

the database implementation described here. For instance, module EliBLI14SERT

can insert isolated new entries in the E}-EL database. These entries can

be either occasional pre-releases or new, locally determined, sequences.

DISCUSSION

This paper dlescribed - cor;rior, local iviplev-entatioii scliere for 3 lez-cl in,,

sequence databases. The same schermie could be applied with very little effort

to other databases, like NEWAT (15) or the NBRF nucleic acids se(quence

data bank (16). The advantages of a cowmon organization are obvious: specific

application programis can be written or adapted for (tifferent databases

at once, and naive users can initeract with them throughl a single program. The

advantages of a local implementation are equally obvvious: interactior
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with tbe databases is more flexible and less costly thaii with largve centr;-liree

centres. Inl addit ion, thle usc,r cal, d-evelop. specific epplication pro,ra1!s

tiore easily nrd ever c-ppeind h-is own- sequerucEs to tle thb Jccal dIatabrises. Once

implemented, tie file systeum is trarzs.parent to the users, rnd iinteraction

with tlje differeit rodlths is very friendly. At the Institut Pasteur, this

package has been ivploleenteC i.s a part of a self-senre l,Ei;U (similar to

the SEQ system (17)) alreadly including 5C seqtence i,nalysis prograris, arnu

rouitinely used by molecular biologists with no 1:>rior of cor.puttin&Li
or database organization. The desi-,. of thje database access i.s ain atteiipt
to reaclh a g,ood coij-ronise between speed, siumplicity aicd flexibility.
Ynowing tl-he rovnem.onic, it tches only 1 or 2 s-contds to ;et a copy of a given

scquence. The key-string access will take longer (30 to 60 s) but does

1ot require tlje scientist to learn lhow to interrogate the database, or

to use the database-defired actual key-words. The capability of defining

databases subsets using, entirely free combinations of criteria is indispen-

sable: scienitists are rarely satisfied with, the classicEl le)-word i-p.proach.

The use of machine-depeident facilities hIis beer. carefull% avoieeci. The

database inplementation, access and search modules are written in FORTRAN

77 and fully transportable. This uas actually tested by running this software

package on a VAX'/VIiS system. The program source incltules a detailed description
of the few changes (in the OPEII statements) to be made.

This work was supported by the C.F.R.S. (France). I thank Dr. G. Hams
for givin- m..e the opportunity to test this software oa the Ell3L VAX/MhS
syste;. Thanks are also due to B. Caudron for lis tecbnical assistance
and to Dr. S. Phillips for reviewing the mLanuscript.
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