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ABSTRACT

The speed of the new DNA sequencing techniques has created a need for
computer programs to handle the data produced. This paper describes simple
programs designed specifically for use by people with little or no computer
experience. The programs are for use on small computers and provide facili-
tles for storage, editing and analysis of both DNA and amino acid sequences.
A magnetic tape containing these programs 1s avallable on request.

INTRODUCTION

The development of rapid DNA sequencing t:echniquesl’2 now enables large
amounts of sequence data to be accumulated in a short period of time. The
complete sequence of bacteriophage @X174 has recently been published3 and
the sequences of other, similarly sized molecules are near to completion,
During the sequencing of @#X174 DNA it became necessary to develop computer
programs to process the large amounts of data produced. Some of the
programs are speclfic to DNA sequences but many are equally applicable to
amino acid sequences. These programs are designed for small computers in
common use, such as the PDP 11/45, and are simplified so that they can be
used by people with little or no experience of computers. This paper )
describes some of the programs currently being used in this laboratory.
They provide facilities for (1) storage and editing of a sequence, (2)
producing coples of the sequence in various forms, e.g. in single or double
stranded form, (3) translation into the amino acid sequence coded by the DNA
sequence, (4) searching the sequence for any particular shorter sequences,
e.g. restriction enzyme sites, (5) analysis of codon usage and base composi-
tion, (6) comparison of two sequences for homology, (7) locating regions of
sequences which are complementary, and (8) translation of two sequences with
the printout showing amino acid similarities. All printouts are as descrip-
tive as possible and, where appropriate, in a form suitable to be reproduced

for publication.
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The programs are interactive, which means that the operator and
computer communicate via the computer keyboard. The operator starts the
program running and from then on the program prompts him for all program
options and input. Use of the programs has been further simplified by
standardising the operator input and checking it for errors, Also, operator
input has been keep to a minimum by offering alternative ways of supplying
sequence strings to the program. The size of the programs has been kept
down so that they can be run on small computers, e.g. the largest program
described here (SEQFIT) is less than 14 k words* in size and can compare
two sequences of up to 6000 characters each. (One character represents one
nucleotide or one amino acid.) Although the programs are currently set up
to handle sequences of up to 6000 characters they are easlly expandable to
cope with sequences of any length, the only limitation in this respect
being the memory size of the computer. We use a PDP 11/45 with 28 k words
of memory and using this machine all the programs described here can be
applied, with minor modification, to sequences of around 20,000 characters.
The programs are quite fast and only take a few seconds to run,

Our current hardware configuration consists of a PDP 11/45, Decwriter
80 character line keyboard, RKO5 exchangeable disk drive and a tape deck,
although the latter is generally only used to provide back-up copies of the
disk files*¥, The programs are all written in PDP FORTRAN using many small
subroutines, some of which are common to all programs. This should give
ease of modification if it is necessary to make changes to produce compati-
bility with other machines., A general description of each program together
with input and output examples is given below. A magnetic tape containing
coples of the programs, along with more detailed descriptions and instruc-
tions, is avallable on request,

In the examples any typing done by the operator is shown underlined
and is completed by a 'carriage return' character. All other printing
shown is done by the programs, If the operator is offered an option by the
program which he does not require, he types carriage return, All sequences

(as character strings) entered from the keyboard are terminated by an @

* word - a basic unit of data in a computer memory. The PDP 11 has a 16
bit word (two B bit bytes) and the programs store one sequence character
per byte to save memory space. A bit is the unit of storage capacity and
each bit can take one of two values, O or 1 (on or off).

** file - an organised collection of data. Our files containing sequence
data are stored on magnetic disk.
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character. The programs all require data from the magnetic disk and so
generally start by prompting the operator to supply the name of the flle in
which the data is kept.

DESCRIPTION OF THE PROGRAMS
L. SEQEDT

A program for the storage and editing of sequence data, This program

can either be used to create a new sequence file and store it on a magnetic
disk or to edit one that is already present on the disk. A new file is
written onto the disk for every run of the program, the old files remalning
on the disk to provlide a readily accessible back-up record. The edits are
supplied from the keyboard and after they have been performed and the file
written to disk the program prints a copy of the new sequence on the key-
board. Positions in the file are defined by character numbers in the input
file and the three edit commands (as described in Fig. 1) allow any kind of
change to the sequence. Two runs of the program are shown in Fig. 1. The
first creates a completely new file called XAMPL.l1 and the second makes
some changes to it and adds some more data. The new file is called
XAMPL.2, Changes in the data are achieved by a combination of insert and
delete commands. In Fig, 1 changes are made at positions 46, 71, 96 and
157, but the insertion at position 89 is not accompanied by a deletion and
so displaces all subsequent data by one position. As ls demonstrated in
both runs, any positions in the flle not filled with sequence characters
are automatically filled with dashes. Thls allows the placing of data at
any position.
2. SEQLST

A program to produce printed copies of sequence files. It can be used
for both nucleic acid and amino acid sequences although the double stranded
option (see below) is only applicable to the former, The program 1s also
able to treat the sequence as a circular molecule even though the data is
stored linearly in the computer., Fig. 2 shows a listing, in double
stranded form, of a region of @X174 DNA across the end and beginning of the
sequence file, i.e. from positions 5200 to 5375 and from positions 1 to
1003. (The @X sequence was numbered arbitrarily from the single cleavage
site of the restriction enzyme Pst I.)

When running the program the operator supplies the name of the
sequence file and defines the region to be listed by character number. He
is asked to select printing in either single or double stranded form. If
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RV SEQEDT
Fig 1
PROGRAAM TO EDIT SEQUEWCE ORTA STORED ON DISK
CONMANDS ARE EWTERED FROM YEYEOGARD, UPTD 88 PEF LINE
MAXINUM OF 6088 EOIT STRIRG CHARACTERS PER EDIT
COMMARDS RARE I=IMSERY, FsFIND, D=sDELETE

ALL COMMARDS ARE PRECEDED AKD FOLLOWED BY /
EDITS ARE FINISHED BY TYPING *//°, *e¢*

TO EOIT AW OLD FILE TYFE V¢
QUTPUT FILE

PLEASE TYPE WNRME OF FILE 2
TYPE EDITS NOW

£1/ARACCCRTOTCECETTYACCTTGCOTGTACGCGCAGGARACACTG/DA4S/FAET/
1/CCCC(CCTGCOTCARRTACOTTACCTGATAD/29//0

58 1]
ARACCCATGT CBCETTTRCC TTBCETBTAC GCGCAGEARAA CACTE----- ----------
70 L1 90 108 118 128
------ CCCC CCCTBGCGTCA RAATARCETTAC CTEGT
RU SEQEDT
PROGRAM TO EDIT SEQUEWCE DATA STORED OM BI1SK
COWRANDS ARE ENTERED FROM KEVBOARD, UPTO 88 PER LINE
BAXIMUN OF 6088 EDIT STRING CHARACTERS PEF EDIT
COMNANDS ARE I1=INSERT, FeFIND, D=DELETE
ALL COMNANDS ARE PRECEDED AND FOLLOWED BY /
EDITS RARE FIMISHED BY TYPING "//*, “e*
TO EOIT AN OLD FILE TYPE ¢
h
INPUT FILE
PLEASE TYPE WRME OF FILE 1
KANPLE. L
OUTPUT FILE
PLEASE TYPE NAME OF FILE 2
ANP
TYPE EDITS NOW
CE/46/1/ACGCTTACARRCGTTTCCCCC/0/2A F/2arLlTCG/RII/FLBILILRIFLRES
1/BRIGCATGTTTCCCREGAARGCACETTGCTTTACBAACCCGEETTTCCCARAGE/D/S3/
E/437(I/TRRCCCAATGARCYRL/E
is 28 38 40 se 68
ARACCCATGBT COGCGTTTACC TTOCETGTAC GCGCAGEAAR CACTBACGCT TACARACETT
98 108 118 128
Fecececeece TCBTGCGTCA RRTACGTTAR CCTEGTATGEC ATBTTTCCCE BGARAGCACE
i4 158 168 17¢ 188
TTGCTTTRCE ARCCCGGETT TCCCAARGE- --~---- TAA CCCEETGRAC GA-
4040
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RU SEQLS] Fig 2
PLEASE TYPE NAME OF FILE 1
SEQNCE. G
FIRST SEQ@ ND =5288
LAST SEQ@ NO =108
1 OR 2 STRANDED OUTPUT? TYPE NOM
2
IF YOU WISH REPLACE CHRRACTERS BY ¢ TYPE v
5209 5219 $229 5239 5249 5259
CTGGGTTACG ACGCGACECC GTTCARCCAG ATRTTGARGE RGAACGCAAA AAGAGRGATG
GACCCAATGC TGCGCTGCGG CAAGTTGGTC TATARCTTCE TCTTGCGTTT TTCTLICTAC
5269 5279 5289 5299 5309 5319
AGATTGAGGC TBGGAARAGBT TRCTGTAGCC GACETTTTGE CGGCBCAACC TGTGACGACA
TCTAACTCCG ACCCTTTTCA ATGACATCEG CTGCAARRCC GCCGCGTTGE ACACTECTGT
5329 5329 5349 5359 5369 4
ARTCTBCTCA RATTTATGCG CGCTTCGATA AARATGATTE GLGTATCCAA CCTGCRAGAGT
TTAGACGAGT TTARATACGC GCGAAGCTAT TTTTACTARC CGCATAGGTT GGACGTCTCA
14 24 14 4 54 64
TTTRTCGCTT CCATGACGCA GRABTTAACA CTTTCEGATA TTTCTGATGA GTCGARAART
ARATRAGCGAA GGTRCTGCGT CTTCAATTGT GARAGCCTAT ARRGRCTACT CAGCTTTTTA
74 84 94 14 114 124
TATCTTGATR ARGCAGGART TACTACTECT TGTTTA
RTAGARCTAT TTCBTCCTTA ATGATGACGR RCARAT

he selects double stranded printing the program creates the complementary

strand of the input sequence.

The other option offered by the program is of

having every occurrence of certain sequence characters replaced by the

character *,

This is useful for emphasising characters,

For example,

replacement of all A and G characters in a DNA sequence will show pyrimidine

tracts or replacling arginines and lysines in an amino acid sequence will

produce a tryptic digestion pattern.

If this option is selected the program

asks the operator to supply the characters to replace and the output begins.

When printing is finished the program requests the operator to deflne any

further reglons to list,

3.

A program to translate a DNA sequence into the amino acld sequence. It
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RU TRANSR Fig 3
PLEASE TYPE MANE OF FILE {
XANPLE. 2
PRINTER STAET AND STOP POSITIONS
FIRST SEQ NO =3
LAST SEQ WO =372
NEXT BENE
FIRST SEQ MO =)
LAST SEN NO =172
NEXT GENE
FIRST SE@ NO =2
LAST SEQ MO #3172
NEXT BENE
FIRST SEQ WD =3
LAST SEN NO =172
NEXT GENE
FIRST SEQ MO =
LAST SEQ NO =
1
LYS PRO WET SER ARG LEU PRO CYS VAL TYR ALA GLNW GLU THR LEU THR LEU THR ASN VAL
AAR CCC AT@ TCG CBT TTA CCT TGC 6T6 TAC 6C6 CAG GAA ACA CTE ACG CTT ACA AAC aTT
ASN PRO CYS ARG VAL TYR LEU ALA CYS THR ARG ARG LYS HIS ee¢ ARG LEU BLN THR PHE
AAC CCA TGT CGC BTT TAC CTT GCG TGT ACE CBC AGG RAA CAC TGA CGC TTA CAR ACB TTT
THR WIS VAL ALA PHE THR LEU ARG VAL ARG ALA GLY ASN TH® ASP ALA TYP LYS ARG PHE
ACC CAT aTC 6CO TTT ACC TT6 CGT GTA CGC GLA GGA RAC ALT GAC GCT TRC ARA €8T TTC
61
SER PRD PRO LEU VAL ARG GLNM ILE APG s+ PRO GLY NET HIS VAL SER ARG GLU SER THR
TCC CCC cCC CTC 6TG CGT CAR ATA C6T TAR CCT GGT ATG CAT BTT TCC CG6 BAR ABC RCS
PRD PRO PRO SER CYS VAL L¥YS TYR VAL ASW LEU VAL C¥S WET PHE PRO 6LY LYS ALA ARG
CCC CCC CCC TCG TGC GTC RAA TAC GTT AAC CT6 GTA T6C ATS TTT CCC GBB ARA GCA CHT
PRO PRO PRO ARG RLA SER ASH THR LEU THR TRP TYR ALA CYS PHE PRO 6LY LY¥S HIS VAL
CCC CCC CCT CGT 6CG TCA AAT ACG TTA ACC TG6 TRT GCA T6T TTC CC6 GGA ARG CAC BTT
121
LEV LEY TYR 6LU PRO GLY PHE PRO L¥S 6LY THR RRE ees THR
TTG CTT TAC GRA CCC GGB TTT CCC ARA G- =--- ~-- -TA ACC (66 TGA ACB R
CYS PHE THR ASNK PRO GLY PHE PRO LYS «es PRD GLY BLU ARG
TEC TTY ACG RAC CCG GGT TTC CCA ARG TAR €CC G6T GAR CEA
ALA LEU ARG THR ARG VAL SER GLN ARG ASN PRO VAL ASN
8CT TTA C6A ACC CB6 GTT TCC CAR ABE AAC CCB 6T& AAC
4042

Downl oaded from https://acadenic
by Zhejiang University user

on 24 June 2018

oup.com nar/article-abstract/4/11/ 4037/ 2384211



Nucleic Acids Research

Fig 3 contd.

PRINTER START AND STOP POSITIONS
FIRST SEQ NO =i

LAST SEQ NO =372

NEXT GENE
FIRST SE@ WO =7

LRAST SEQ WO =358

NEXT BENE
FIRST SEQ WO =37
LAST SEQ MO =168

MEXT GENE
FIRST SEQ NO =
LAST SEQ w0 =
1

MET SER ARG LEU PRO CYS YAL TYR ALA GLN GLU THR LEU THR LEU THR ASN VAL
AAR CCC ATG TC6 CGT TTA CCT TGC GT6 TAC 8C6 CAG GAM ACR CTG RCE CTT ACA AAC 67T

61
SER PRO PRO LEU YAL ARG GLN ITLE ARG see MET HIS YAL SER ARG GLU SER THR
TCC CCC CCC CTC 876 CBT CAA ATA CBT TAA CCT 66T ATO CAT &TT TCC C&6E BAA ABC ACE

124
LEV LEU TYR BLU PRO GLY PHE PRO LYS 6LY THR ARG e»s
TT6 CTT TAC GAR CCC 868 TTT CCC MAR G68- --- --- -TA ACC CBG TAGA ACE K

wlll translate any glven sections of a file into the three letter amino acid
code and display the amino acld sequence above the DNA sequence as shown in
Fig. 3. The position in the sequence for the listing to start and the
regions to be translated are defined by the operator. Printing starts when
the program receives a zero start position for the next gene. If over-
lapping genes are defined by the operator they will be printed, one above
the other, with their respective codons. Termination codons are shown by
*h%_ Fig. 3 shows two translations of the file created in Fig. 1. The
first is a complete three phase translation of the file and the second is
of two genes in the same phase but separated by a short intercistronic
region. A complete three phase translation is useful for matching known
peptide sequences to the DNA sequence. This program is also able to treat
the sequence file as a circular sequence and translate across the end and

beginning of the sequence file.
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SEGNCE. G

PLERSE TYPE NARME OF

Fig 4

FILE 1§

SELECT OPTION, TYPE R FOP ALL., W FOR WAMES,S FOR STRINSS

IF REQUIRED, CHANGE SEAPCH ARER

FIRST SEQ WO =200

LAST SEQ WD =4588

TYPE STRINGS WOW

C-GGT-A//CATABG/TTTTIG/RAR-AT//®

STRING

[A1:1:30:1.]

CTe6TER

CTOBTAA

CAGABTTR

CTBOTAN

cTogeTCA

STRING

ARAGAT

LLLLTRS

TTIVT8

TITTIG

CRATGES

ARRRAT

SEARCH FOR C-86T-A

POSITION

2013

2113

2338

2873

3158

3638

AREGATBTTTTCCATTCTEGTGATTCETCTAARGAAGTTTA

TOTAL OF RATCHES « [ 3

SEARCH FOR CATRGE

POSITION
2281 ICIYGRCIICGTGHIR!?!SEIIOHBIBIBROITlﬂlllt
2314 TTHTRﬂttﬁﬂnﬁtiﬁf!!!f!{IITHHI!ITTECCBCIBI
2323 GEIBYRQHHRTTIIHHIIIII?CCGCIGHGOGGTYGHC(H
2646 GRIBCCOHCCCTRHﬁfIIIIIECCIGIIIGGYICBCI?TG
3060 lihhtﬂnllclellllffzf!?lO!IGCTGIIHTTHIRTC
41317 CHLCCCONNGGGUGACERARAATRSTTTTTAGROARCEAGE
TOTAL OF MATCHES = 3

DISTRNCE

2873

128

L1 3

335

283

480

DISTANCE

2444

33

321

414

1277
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Fig 4 contd
SELECT OPTION,TYPE A FOR ALL.MW FOF WAMES.S FOR STRINGS
X
IF RERUIRED. CHANBE SEARCH AFRER
FIRST SEQ MO =3
LAST SEQ@ MO =2008
PLEASE TYPE MARE OF FILE 2
REW2YH
TYPE R ENZYHE WAMES WOMW
AVA1/HIND11//®
SEARCH FOR AVAL
STRING POSITION DISTANCE
CTCQAG 162 ACCTATCCTTEGCECAGCTCAMOGARGCTCTTACTTTACEGAS 2000
TOTAL OF MATCHES = i
SERRCH FOF HIND11
STRING PGSITION OISTANCE
GTTAAC 28 CTTCCATGRCGCAGRAAGTTAACALTTTCEGGATATTTICTER 136
CARN:-T:14 319 TGETRABABATTCTCTTGTTGACATTTTAARAGASCGTEBA 2914
GTCARL 654 TYRTTATGTTCATCCCBTCANCRTTCRARCBECCTATCTC 335
STCANC 9351 CTTTGBTATETAGBTEGTCAACAATTTTAATTGLABEBEC 297
GTTARC 1292 CACTCCTCTCCCBACTGTTRACCARACTACTEATTATATT 344
TOYAL OF AMATCHES = 1
4, SEARCH

A program to search for all occurrences of operator-supplied character
strings in a sequence flle. The operator selects from three ways of supply-
ing strings to the program and defines the area to be searched by sequence
positions, The strings may be of any length, although for our purposes
output is currently restricted to a maximum of sixteen characters. Strings
containing unknown characters may be searched for by inserting dashes in

place of the unknowns. Either individual strings or sets of strings may be
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searched for simultaneously. The latter has the advantage that the rela-
tive positions of the matches for the several strings are then shown. The
output (see Fig. 4) shows the position of the match in the sequence and a
section of the surrounding sequence with the string underlined. The
distance trom the last match is shown on the right and is calculated
assuming a circular sequence, The program has many uses lncluding calcula-
ting theoretical digestion patterns for either DNA or proteins. The example
in Fig. 4 shows a situation where the operator has at first selected the
strings option and later changed to the names option. The strings option
allows the operator to type in strings from the keyboard. Individual
strings are contained in / characters and sets of strings are delimited by
an extra /. In Fig. &4 the operator has typed in two sets of strings, one
containing the single string C-GGT-A, and the other the three strings
CATGGG, TTTITIG, AAA-AT. When the output for these two sets is completed
the program has prompted the next option selection. Use of the names option

requires the existence of another disk file, as shown in Fig. 5.

HAE11 /AGCGCT /AGCGCC/GGCGCT /GGCGCC/ /HAE111/GGCC//HIND11 /GTTAAC/
GTCAAC/GTTGAC/GTCGAC//HIND111 /AAGCTT//HHA1/GCGC/ /HINF1 /GA-TC//
HPA1 /GTTAAC//HPA11/CCGG//HGAL /GACGC/ /HPH1 /GGTGA /TCACC//ECOR1/
GAATTC//ECOR11/CCAGG/CCTGG//ALUL/AGCT//AVA1/CTCGAG/CCCGAG /CTCGGG/
CCCGGG / /BAMH1 /GGATCC/ /BAL1 /TGGCCA/ /BGL11/AGATCT//MBOL /GATC//MBOL1/
GAAGA /TCTTC//PST1/CTGCAG//

Figure 5

This file contains names of sets of strings and the strings. The one shown
in Fig, 5 contains names of restriction enzymes and their respective
cleavage sites, This allows the operator to search for all of the cleavage
sites of any restriction enzyme by selecting the names option and supplying
its name. 1In Fig. 4 the operator has selected the names option and so the
program requests the name of the relevant file. The operator has then
requested a search for the cleavage sites of AVAlL and HIND1l., If the 'ALL!
option is selected the program automatically performs a search, in turn,
for all the sets of strings in the names file. Using the names flle shown
in Fig. 5 would mean a search for the cleavage sites of HAEll, HAElll and
so on up to PSTL.
5. CODTOT and BASTOT

Programs for calculating codon usage and base totals. CODTOT is a

program that will supply totals of codon usage for any operator defined
region of a linear sequence file in onme or all three reading frames or

phases. The first sequence number supplied by the operator defines phase 1

4046
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and the operator is given the option of the number of phases. As shown in
Fig. 6, the output is displayed in the usual form of the genetic code so
that, for example, the top left hand box gives the totals for TIT (Phe),
TTIC (Ehe), TTA (Leu), TTG (leu). BASTOT calculates the base composition of

RU CODTOT Fig 6

PLEASE TYPE NRME OF FILE 1
SEQNCE G

IF YOU ONLY WRNT PHASE ONE TYPE Y
¥

FIRST SEQ HO =456

LAST SEQ KO =2880

PHRSE = L
28 4 ‘ 6
12 6 2 132
18 4 1 5
18 2 4 ‘
18 6 6 i1
14 3 8 13
28 ‘ 3 +
26 6 8 1
12 7 3 5

6 14 11 &
8 ‘ 13 5
21 8 9 5
17 13 5 2
16 9 4 4
8 3 9 5
18 8 6 1
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RU SEQF]T

TO TYPE IN STRINGS TYPE ¥

PLEASE TYPE NAME OF FILE i
SEQNCE. GC

PLERSE TYPE WNAWE OF FILE 2
GASEQ 37

STRIKG
FIRST SEQ NO =701

LAST SEQ WO =968

SEQUENCE
FIRST SEQ ND =4008
LAST SEQ ND =560

PERCENTAGE =3

TOTAL SCORING POSITIONS REOVE 36 PERCENT = 91

SCORES 162 71 ve (1] 67 67 67 €7 €6 (13
POSHS 4618 4314 4335 46793 4034 4262 4563 4622 4052 4235

HOK MANY DO YOU WANT TO SEE? NUNBEFRsZ

4618
RATEATRATCC CAATGCTTTG CGTGACTATT TTCGTGATAT TGGTCGTATG
HRRERERREE RRRDERE & SREERKEE K & KUEEERKE KEEEREEERS
ATGRTAATCC CAARTGCTCTT CGTGACTACY TCCGTGRTAT TGGTCGTATG

701
4670
CCGRGGGTCG6 CAAGGCTAAT BATTCACACGE CCGACTGCTA TCRBTATTTT
EEEE EEEKEE Kk Kk €k #K EKE EERSREEEEE KEEREESERE
CCGARGGTCG CTCGGTGCAT GACTCATCTT CCGACTGCTA TCAGTATTTT
761
4738
AGTRTGGTAC AGCTAARTEGC CGETCTTCATT TCCATGCGET GCACTTTATG
EEEEREEREN % ® KKk EENEK KKEE EEEKE KK K& EEE  EEEEE
RGTATGGTAC ACAGCACGGT C6TCTACATY TCCACGCAGT GCATCTTATG
821
4750
CTACRGGTRAG6 CETTGRCCCT
e sxe * EEREEE

CTCTGEBTTC TCTGGACCCT
881

Fig7

GTTCTTGCTG
Kk EEE EXK

GTGCTTACTG

TGTGTGCCTG
KEERIREE #

TGTGTGCCAG

CGGACACTTC
EE EKEERER

CGCACALTTC

4048
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Fig 7 contd
4514
RGCGTTTGAT GARTBCARTG CGACRGGCTC ATGCTGATGH TTGGTTTATC GTTTTTGACA
* * EEE k& * k¥ * EX 2 R4 £ & kK tx %
ATGATRRTCC CARATGCTCTT C6TGACTACT TCC6TGATAT TGGTCGTATG GTGCTTACTG
781
4574
CTCTCRCGTT 66CTGACGAC CGATTAGAGE CGTTTTATGA TARTCCLART GCTTTGCGTE
* * ¥ * ¥ ¥ * * € & ¥ * * £kF .
CCGARGGTCG CTCGGTGCAT GACTCATCTT CCGACTGLTA TCAGTATTTT TGTETGCCAG
761
4634
RCTATTTTCE TGRTATTGGT CGTATEGTTC TTGCTGCCGA GGGTCGCARE GCTAATBATT
&k k&% * * k¥k £¥k & ¥ * ¥k ¥ * & L2 * *
AGTATGGTAC ACAGCACGBGT CGTCTACATT TCCACGEAGT GCATCTTATG CGCACACTTC
821
4694
CACACGCCGR CTECTATCAG
* & LI
CTCTEEGTTC TCTGERECCT
881

TO TRY THE COMPLEMENTARY STRING TYPE V¥

IF YOU WANT TO CHANGE THE STRING TYPE ¥

IF YOU WANT TO CHANGE THE REGION TYFE ¢

IF YOU WANT TO CHRNGE THE PERCEMTAGE TYPE YV

any operator defined region of a linear sequence file, Totals are calcula-
ted for each of the three possible reading frames. No example is shown.
6. SEQFIT

A program to look for similarities between sequences. It can compare
regions of two different sequences or regions of the same sequence. Strings
may elther be typed in or defined as regions of a sequence file. In the
example in Fig. 7 the operator has chosen to supply strings from a disk
file. The operator defines the region he wishes to compare with the string
and specifies the minimum degree of similarity required, expressed as a
percentage, The program places the string alongside the defined region in
every possible pogition and counts the total number of identical characters
in adjacent positions. If this total, or score, expressed as a percentage
of the length of the string, is greater than or equal to the percentage
required, the program remembers the position at which it occurred. When
the program has completed the comparison for every possible position it
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Fig 8

RY TRARZ

PLEASE TYPE WAME OF FILE 1
SEQNCE. 6C

PLERASE TYPE MAME OF FILE 2
G4SEQ 37

FIRST SEQ NO =4618

LAST SEQ ND =484
FIRST SEQ W0 =781

LAST SEQ NOD =937

46180
MET ILE ILE PRO MET LEU CYS VAL THR ILE PHE VAL ILE LEVU YAL YAL TRP PHE LEU LEU
ATG ATA ATC CCAR ATG CTT TGC GT6B ACT ATT TTC 6T6E ATA TTG& 6TC 6TA T@6 TTC 716 CTE6

ATG ATA ATC CCA ATG CTC TTC GT8 ACT ACT TCC 6T6 ATA TTG GTC 6TA TB6 TGC TTA CTG
MET ILE ILE PRO MET LEU PHE YAL THR THR SER VAL ILE LEV YAL VAL TRP CYS LEU LEU
781

4678
PRO ARE VAL ALA ARG LEU MET ILE WIS THF PRO THR ALA ILE SER ILE PHE YAL CYS LEU
CCG RGG GTC GCR AGG CTA RTG ATT CAC ACG CC6 ACT GCT ATC AGT ATT TTT GTE T6C CT8

CCG AAG GTC GCT CGG TGC ATG ACT CAT CTT (CG ACT GCT ATC ARGT ATT TTT 6T6 TBC CAG
PRO LYS VAL RLA ARG CYS MET THR HIS LEU PRO THR ALR ILE SER ILE PHE VAL CYS GBLN
761

4730
SER MET YAL GLW LEU MET RLA VAL PHE ILE SER MET ARG CYS THR LEU CYS 6LY HIS PHE
AGT AT6 GTA CAG CTA ATG 6CC GTC TTC ATT TCC ATE €66 TGC ARCT TTA TGC BGR CAC TTC

AGT ATB GTA CRC RGC RCG 6TC BTC TAC ATT TCC ACG CAG TGC ATC TTA TGC 6CA CAC TTC
SER MET VAL HIS SER THR VAL YAL TYp ILE SEP THR 6LM CYS ILE LEU CYS ALA HIS PHE
821
4798
LEU GLN VAL ALAR LEU THR LEU ILE LEU VAL VAL &LY TYR ALA ILE ALA ALA SER ess
CTA CAG GTA GCG TTG ACC CTA ATT TTg 6TC 6TC GEE TAC GCR ATC GCC GCC ABT TAA
L J
CTC T66 GTT CTC TGG ACC CTA ACT TC6 6TA ABC T66 TAC GCA TCA ATC 66C RAR TAR

LEU TRP VAL LEU TRP THR LEU THR SER YAL SER TRP TYR ALA SER ILE GLY LYS «ess«
881

prints out the total number of sufficiently high scores and sorts them into
descending order. The top ten scores are printed out with thelr respective
positions and the operator asked how many he wishes to see. In Fig. 7 the
operator chooses to see two, so the program prints out the top two scores
in the manner shown with * characters indicating identity. When printing
has finlshed the program prompts the operator to select from any of the
options shown in Fig. 7. If ome selects the first option the program auto-
matically performs a comparison with the complement of the string. This is
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useful when it is not known which DNA strand is to be compared. Any or all
of the options may be selected excepting that options one and two are
mutually exclusive, The maximum string length allowed is 200 characters.
The time taken for the comparison is a function of the lengths of the
string and the region but as an example a string of 50 characters and
region of 1000 takes about ten seconds. The program will keep cycling
round through this sequence of events until no option is selected. In Fig. 7
the operator has not selected any of the options and so the program stops.
7, BPFIT

A program to look for reglons of sequence that could base-pair. The
program searches for possible Watson/Crick base pairing between regions of
one sequence or between two different sequences.

It is ldentical to SEQFIT except that fittlng is done on the basls of
complementary nucleotide characters. Complementary characters are marked
with stars in the output.

8, TRAN 2

A program to translate regions of two different DNA sequences into
amino acid sequences and to print them out marking identical amino acids
with star characters. Fig. 8 shows a typical run which is over the same
two sequences used for the SEQFIT example in Fig., 7. The operator defines

the regions to be printed by sequence character numbers.
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