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ABSTRACT

The speed of the new DNA sequencing techniques has c rea ted a need for
computer programs to handle the da ta produced. This paper descr ibes simple
programs designed s p e c i f i c a l l y for use by people with l i t t l e or no computer
exper ience . The programs are for use on small computers and provide f a c i l i -
t i e s for s t o r a g e , e d i t i n g and ana lys i s of both DNA and amlno acid sequences.
A magnetic tape containing these programs i s ava i l ab l e on r e q u e s t .

INTRODUCTION

The development of rapid DNA sequencing techniques ' now enables large

amounts of sequence data to be accumulated in a shor t per iod of t ime. The

complete sequence of bacterlophage 0X174 has recen t ly been published and

the sequences of o the r , s i m i l a r l y s ized molecules are near to completion.

During the sequencing of 0X174 DNA i t became necessary to develop computer

programs to process the large amounts of data produced. Some of the

programs are spec i f i c to DNA sequences but many are equal ly appl icab le to

amino acid sequences. These programs are designed for small computers in

common use , such as the PDP 11/45, and are s impl i f ied so t h a t they can be

used by people with l i t t l e or no experience of computers. This paper

descr ibes some of the programs cu r r en t l y being used in t h i s l a b o r a t o r y .

They provide f a c i l i t i e s for (1) s torage and e d i t i n g of a sequence, (2)

producing copies of the sequence in var ious forms, e . g . in s ing le or double

stranded form, (3) t r a n s l a t i o n in to the amlno acid sequence coded by the DNA

sequence, (4) searching the sequence for any p a r t i c u l a r s h o r t e r sequences,

e . g . r e s t r i c t i o n enzyme s i t e s , (5) ana lys i s of codon usage and base composi-

t i o n , (6) comparison of two sequences for homology, (7) loca t ing regions of

sequences which are complementary, and (8) t r a n s l a t i o n 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 i t 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 ami no acid.) Although the programs are currently set up

to handle sequences of up to 6000 characters they are easily 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, RK05 exchangeable disk drive and a tape deck,

although the lat ter 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 i t is necessary to make changes to produce compati-

bi l i ty with other machines. A general description of each program together

with input and output examples is given below. A magnetic tape containing

copies of the programs, along with more detailed descriptions and Instruc-

tions, Is available 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 8 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, 0 or 1 (on or off).

** file - an organised collection of data. Our files containing sequence
data are stored on aagnetic 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 file In

which the data Is kept.

DESCRIPTION OF THE PROGRAMS

1. SEQEDT

A program for the storage and ed i t ing of sequence data . This program

can e i t h e r be used to create a new sequence f i l e and s tore i t on a magnetic

disk or to ed i t one that is already present on the disk . A new f i l e i s

wr i t t en onto the disk for every run of the program, the old f i l e s remaining

on the disk to provide a readi ly accessible back-up record. The e d i t s are

supplied from the keyboard and af te r they have been performed and the f i l e

wr i t t en to disk the program p r in t s a copy of the new sequence on the key-

board. Posi t ions in the f i l e are defined by character numbers in the input

f i l e and the three e d i t commands (as described in F ig . 1) allow any kind of

change to the sequence. Two runs of the program are shown in F ig . 1. The

f i r s t c rea tes a completely new f i l e ca l led XAMPL.l and the second makes

some changes to i t and adds some more da ta . The new f i l e i s cal led

XAMPL.2. Changes In the data are achieved by a combination of in se r t and

delete commands. In Fig , 1 changes are made a t posi t ions 46, 71, 96 and

157, but the inser t ion at pos i t ion 89 i s not accompanied by a dele t ion and

so displaces a l l subsequent data by one pos i t i on . As i s demonstrated in

both runs, any posi t ions in the f i l e not f i l l e d with sequence characters

are automatically f i l l e d with dashes. This allows the placing of data at

any pos i t i on .

2. SEQLST

A program to produce printed copies of sequence f i l e s . I t can be used

for both nucle ic acid and amino acid sequences although the double stranded

option (see below) is only applicable to the former. The program Is also

able to t r e a t the sequence as a c i r cu l a r molecule even though the data Is

stored l i nea r ly in the computer. F ig . 2 shows a l i s t i n g , in double

stranded form, of a region of 0X174 DNA across the end and beginning of the

sequence f i l e , i . e . from posi t ions 5200 to 5375 and from posi t ions 1 to
3

100 . (The 0X sequence was numbered a r b i t r a r i l y from the single cleavage
s i t e of the r e s t r i c t i o n enzyme Pst I . )

When running the program the operator suppl ies the name of the

sequence f i l e and defines the region to be l i s t e d by character number. He

i s asked to s e l ec t pr int ing in e i t h e r s ingle or double stranded form. If
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RU SEQEDT

Fig 1

P R O G R f l f l T O E D I T S E Q U E N C E D H T H 5 T Ci f E D Oil D I S r

C O n n R H D S R R E E U T E R E D F R O H r E V B O f l t D . U P T O B e P E P L I N E

nBxinun or ceei E D I T S T U B S C H R R B C T E P S P E P E D I T
COHHRHDS RRE I.INSERT, F'FIHD, (-DELETE
FILL COnnANDS ACE PRECEDED DUD FOLLOHED BV /
EDITS RRE FINISHED BV TVPIN6 '//', "»"

TO EDIT RN OLD FILE TVPE V

OUTPUT FILE

PLERSE TVPE NAHE OF FILE 2
XRnPLE. 1

TVPE EDITS HOU

/I/RRRCCCBT0TC6C6TTTBCCTTGtQTGTBC.6C.GEB&GRRBCRCTG/D/«5/F/6 7/
l/CCCCCCCTGCOTCRRRTRCQTTRCCT6eT/D/ l29//>

IB 2« 3* 4« it It
RRBCCCRTGT CGC6TTTRCC TT6C6T8TRC GC6CflS6flflR CflCTG -

7» 81 It ltt lie 121
CCCC CCCT6CGTC.R RRTRCSTTRC CT66T

RU SE8EPT

P t O Q R R H T O E D I T S E O U E H C E D D T R S T O R E D O N D I S r

C O K I I f l N D S R R E E N T E R E D F R O M K E V B O H R D , U P T O it P E R L I N E
N R X i n u n O F 6 » » » E D I T S T R I N b C HflPflC T E C 5 P E R E D I T
C O « « R » t ) S R R E I - I N S E R T , F - F 1 N D . [ " D E L E T E
R L L C O n n O N D S R R E P R E C E D E D A I D F O L L O U E D B V /
E D I T S B R E F I N I S H E D B V T V P I N 6 'ft'. " » •

TO EDIT ON OLD FILE TVPE V

INPUT FILE

P L E B S E T V P E N R B E O F F I L E 1
XRHPLE. 1

OUTPUT FILE

PLEASE TVPE NRnE OF FILE 2

TVPE EDITS NON

i 'F< /46/l/HCGCTTBCflBflCGTTTCCCCC/D/21/F/71/I/TCQ/D/I/ 'f /B9/'I /R/F/i)C/'
I/BTeCB10TTTCCC6BOBflBeCBC6TT6CTTTRC6ABCCC066TTTCCrRflB06^D/5I/
F/157/UTBRCCCQBTGRCO

II 2> It 48 it C6
BBRCCCRTGT CGCGTTTBCC TT0C6TGTRC 6C6CR68RRR CACTGRCBCT TACflBHC6TT

n B I it let lie 12>
TCCCCCCCCC TCGTQC6TCR RRTRCBTTRR CCT66TAT6C RT6TTTCCCG aSRRflGCACe

i n i«e u e ice w e ist
TT6CTTTRC6 RRCCCGG6TT TCCCBRR66- - TBR CCCGGT6RRC 6fl-
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RU SEOLSI Fig 2

PLERSE TVPE NRHE OF FILE 1
SEONCE. G

FIRST SEQ NO «5288

LRST 5EB NO "16B

1 OR 2 STRfiNOED OUTPUT? TVPE NOH

IF VOU HISH REPLRCE CHRRRCTERS BV * TVPE V

5299 5219 5229 5239 5249 5259
CTGQGTTRCG RCGCGRC8CC GTTCRRCCA6 RTRTTGRRGC RGRRC6CRRR RRGRGRGRTG
GRCCCRRTGC TGCGCTGCG6 CRRGTTGGTC TRTRRCTTCG TCTTGCGTTT TTCTCTCTRC

5269 5279 5289 5299 5369 5J19
RGRTTGHGGC TGOGRRRRGT TRCTGTRGCC 6RC6TTTT66 C6GC6CRRCC T6TGRCGRCR
TCTRRCTCCG RCCCTTTTCR RTGRCflTCGG CTGCRflfifiCX 6CCGCGTTGG RCRCTGCTGT

5329 5339 5349 5359 5369 4
RRTCTGCTCR RRTTTRTGC6 CGCTTCGRTR RfiRfiT6RTT6 GC-GTRTCCflfi CCTGCRGRGT
TTRGRCGHGT TTfiRRTRCGC 6CGRR6CTRT TTTTRCTRRC CGCRTR6GTT GGRCGTCTCR

14 24 34 44 54 64
TTTRTCGCTT CCflTSRCGCR 6RRGTTRRCR CTTTC66HTR TTTCTGRTGR GTCGRRRRRT
RRflTRGCGRfi GGTRCTGC6T CTTCRRTTGT GRRRGCCTRT RRR6RCTRCT CRGCTTTTTR

74 84 94 164 114 124
TRTCTTGRTR RRGCRGGRRT TRCTRCT6CT T6TTTR
RTRGRRCTRT TTC6TCCTTR RTGRTGRCGR RCRRRT

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 pyrlmldlne

tracts or replacing arglnlnss and lyslnes In an amlno acid sequence will

produce a tryptlc 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 define any

further regions to list.

3. TRANSQ

A program to translate a DNA sequence Into the amlno acid sequence. It
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RU IRBHSO Fig 3

P L E A S E TVPE HAAE Or FILE t
XWHPLE. 2

PRIHTER STAST AND STOP POSIT IONS

F1BST SEB NO - i

LAST SE» HO - I T ?

• E X T OE»E

F U S T SEt 10 - J .

LUST S E I HO ' U l

NEXT QENE

F U S T SEB NO - £

LAST S E I HO « 1 7 ?

NEXT 6E»E

F U S T SEB NO - 2

LOST S E I HO - 1 7 ?

NEXT GENE

F U S T SEB HO -

LUST SEC HO •

1
L V S P I O H E T S E R A R G L E U P R O C V S V A L T V R A L R G L N G L U T H R L E U T H R L E U T H R A S N V A L
A A A C C C R T G T C O C O T T T A C C T T G C 6 T 6 T A C 6 C 6 C A B G R A A C A C T 6 A C O C T T A C f l A R C B T T

A S N P R O C V S A R G V A L T V R L E U A L A C V S T H R A P 6 A R G L V S H I S ••• A R G L E U G L N T H R P H E
A A C C C A T O T C 6 C G T T T A C C T T Q C G T 6 T D C S C G C R G B Aftfl C A C T G A C S C T T B C A R A C S T T T

T H R H I S V A L A L A P H E T H R L E U A R G V A L A R 6 A L A G L V A S N T H R A S P A L A T V P L V S A R G P H E
H C C C A T 6 T C O C O T T T A C C T T B C G T 6 T A C 6 C 6 t A G G A A A C R C T G A C G C T T R C A A A C 6 T T T C

( 1
S E R P R O P R O L E U V A L A P 8 6 L H I L E A P G ••• P R O 6 L V N E T H I S V A L S E R A R G G L U S E R T H R
T C C C C C C C C C T C 6 T G C G T C A A A T A C G T Tft A C C T G G T R T 6 C A T G T T T C C C G G B A R A G C A C S

P « 0 P R O P R O S E R C V S V A L L V S T V R V A L R 5 N L E U V A L C V S H E T P H E P R O 6 L V L V S A L A A R G
C C C C C C C C C T C G T G C G T C A A A T A C G T T A f t C C T G G T R T G C R T 8 T T T C C C 6 G G A A A G C A C G T

P R O P R O P B O A R G R L A S E R A S H T H R L E U T H R T R P T V R A L B C V S P H E P R O S L V L V S H I S V A L
C C C C C C C C T C G T G C G T C A A A T A C G T T A flCC T 6 6 T A T G C A T G T T T C C C G G G A A A G C A C G T T

1 2 1
L E U L E U T V R G L U P R O G L V P H E P R O L V S G L V T H R R R G ••• T H R
T T G C T T T A C G A B C C C 6 0 6 T T T C C C A A B 6 6 T A A C C C G G T G A A C G A

C V S P H E T H R A S N P R O G L V P H E P R O L V S ••• P R O G L V S L U A P G
T G C T T T R C Q A R C C C G G O T T T C C C A A A G T A R C C C 1 S T G A A C G A

A L A L E U R R G T H R A R G V A L S E R S L N A R G R S N P R O V A L A S H
B C T T T f l c a n A C C C 6 G G T T T C C C A A A G G A R C C C G G T G A A C
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Fig 3 contd.

PRIBTER STRRT H«» STOP P O S I T I O N S

FIRST SEO DO -J,

LUST SEO 10 -17?

NEXT 6EHE

FIRST SEO DO •£

LflST SEO NO -98

•EXT BEHE

FIRST SEO >0 -97

LUST SEO aO -168

NEXT DENE

F U S T SEO HO •

LAST SEO aO •

1

N E T S E R n e e L E U P R O C V S V R L T V R B L R 3 L N S L U T H R L E U T H R L E U T H R u s * V B L
HflB C C C R T Q T C 6 C O T T T R C C T T 6 C B I G Tftt S C 8 CFI6 eftfl A C R C T B H C B C T T R C R R A C O T T

S I
S E R P R O P R O L E U V A L A R 6 S L a I L E A R 8 .•• B E T H I S V R L S E R flRO 6 L U S E » T H C
T C C C C C C C C C T C 6 T 6 C B T Cflfl R T R C 6 T TflR C C T 6 6 T K T 6 C R T 8 T T T C C C B 6 8 R R HBC R C 6

1 2 1
L E U L E U T V R S L U P R O S L Y P H E P R O L V S 8 L V T H R (IRS •••
T T S C T T T R C B O B C C C 8 6 8 T T T C C C RRfl 8 8 - -Tfl R C C C S S T 8 R D C S R

will translate any given sections of a file Into the three letter amlno acid

code and display the amlno acid 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

*** . 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 interclstronic

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 f i le .
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RU SERP.CH Fig 4

P L E A S E T V P E H A A E OF FIL E 1

S E L E C T OPTIOII. T Y P E A F O P A L L . H F O P B A B E S . S F O P S T P 1 K 1 S
i

I F » E O U I « E G . C H A I S E S E l r C H APEA

FUST SEB no -2eee

LAST SEO HO -45»e

TVPE STP.INSS DOU
C-OOT-( l / / 'Cf l lOQa/TTTT)6/ f lRB-Hl / / ' t

SEDCCH FOB C-66 I -B

211! 2973

2 1 1 1

CTQGTAIt

CABOTTR

CTSOTAA

CTOBTCA

233S

2(71

1131

}(>t

mCAGGAACC8CCTTCTGGTGATTTa[.ftA6AFlCGCeTftC 12«

UtTTTeACSGTTflATaCTeGTAATeaTGGTTTTCTTCATT 415

ATTGGTTTCeCreAITCAaaTTATTSAABAGRTTFITTTaT 115

TaTGCTATTGCTAAAGCTGOTAADSBACTTCTTGAAGBTA 213

•CTCAAtCTCnnACtGCTatTCDGTATTTTACCAATGACC 4 6 «

TOTAL OF AITCHES • (

SEARCH FOP CATaae

RIAaAT

AflAAAT

TTTTTB

TTTTTB

Clltit

AAAftAT

Z2B1

2114

2323

2(4(

lltl

4JJ7

TCITaACTUGTGATAAAABATTGAaTBTSAalTTATAtC 24 4 4

TTATAACCBAAaceGTAAAAATTTTAATTTTTGCCGCTG* II

tCieTAIAAATTTTAATTTTTGCCBCTanaaeGTTaACCA 11

GKTGCCBACCCTAAATTTTTTaCCTGTTTSaTTCaCTTTG 121

ITftflCAATACTeTAIICATGieiSAieCTGITATTAaAU 414

CiCCCCBAAaaGGACCAAAAATaaTItTTA«AIAACIAaA 12 77

T9TAL OF AATCHES
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Fig 4 contd
S E L E C T 0 P T 1 0 H . T V P E A FOP. D L L . M F O P I A H E S . S F O P S T P . I I 6 S

&

IF BEOUItED. CHANGE SEAItCH APEA

F U S T SEO DO -1

LUST SEO HO

P L E A S E T V T E a n H E O F F I L E 2

TVPE t EHZVBE NAHES NOU
RVHl/HIHDll//f

SEflRCH FOB RVR1

STiue P O S I T I O D

CTcane 162 nCCI«ICCtI6C6CB6CTC««6««6CrCTTBCTTretQ«C 2111

TOTHL OF HUTCHES • 1

5 E R B C H FOP. H I N D U

STIIHQ P O S I T I O N

OTTKHC

OTTSRC

OTCflflC

BTCMC

6TTMC

2S

65« TTHTTdTGTTCHTCCCGTCPIIICITTCftl'IfltGGCCTGTCTC

951 CTII6BIBT6TFl86TOtlTCH«C««rTrrBnTTGCn6ee6C

1252 CBtTCCTCTCCCflUCTBITBflCCdHflCTfttTBaTTftTBTI

TOTAL OF HATCHES • i

291

3J5

4. SEARCH

A program to search for a l l occurrences of operator-supplied character

s t r i n g s In a sequence f i l e . The operator se l ec t s from three ways of supply.

Ing s t r i ngs to the program and defines the area to be searched by sequence

pos i t i ons . The s t r i n g s may be of any length, although for our purposes,

output i s cur rent ly r e s t r i c t e d to a maximum of s ix teen charac te r s . S t r ings

containing unknown characters may be searched for by inse r t ing dashes in

place of the unknowns. Either individual s t r i n g s or s e t s of s t r ings may be
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searched for simultaneously. The l a t t e r has the advantage that the r e l a -

t ive posi t ions of the matches for the several s t r ings are then shown. The

output (see F ig . 4) shows the posi t ion of the match in the sequence and a

sec t ion of the surrounding sequence with the s t r ing underl ined. The

distance from the l a s t match is shown on the r ight and is ca lcula ted

assuming a c i r cu l a r sequence. The program has many uses including calcula-

t ing theo re t i ca l d igest ion pa t te rns for e i t h e r DNA or p r o t e i n s . The example

in F ig . 4 shows a s i t u a t i o n where the operator has at f i r s t se lec ted the

s t r i n g s option and l a t e r changed to the names option. The s t r i n g s option

allows the operator to type in s t r ings from the keyboard. Individual

s t r i n g s are contained In / characters and se t s of s t r ings are delimited by

an extra / . In F ig . 4 the operator has typed in two se t s of s t r i n g s , one

containing the single s t r i n g C-GGT-A, and the other the three s t r i n g s

CATGGG, TTTTTG, AAA-AT. When the output for these two se t s i s completed

the program has prompted the next option se lec t ion . Use of the names option

requires the existence of another disk f i l e , as shown in F ig . 5.

HAE11/AGCGCT/AGCGCC/GGCGCT/GGCGCC//HAE111/GGCC//HIND11/GTTAAC/
GTCAAC/GTTGAC/GTCGAC//HIM31U/AAGCTT//HHA1/GCGC//HINF1/GA-TC//
HPA1/GTTAAC//HPA11/CCGG//HGA1/GACGC//HPH1/GGTGA/TCACC//ECOR1/
GAAirTC//ECORll/CCAGG/CCTGG//ALUl/AGCT//AVAl/CTCGAG/CCCGAG/CTCGGG/
CCCGGG//BAMH1/GGATCC//BAL1/TGGCCA//BGL11/AGATCT//MBO1/GATC//MBO11/
GAAGA/TCTTC//PST1 /CTGCAG//

Figure 5

This f i l e contains names of se t s of s t r ings and the s t r i n g s . The one shown

in F ig . •> contains names of r e s t r i c t i o n enzymes and the i r respect ive

cleavage s i t e s . This allows the operator to search for a l l of the cleavage

s i t e s of any r e s t r i c t i o n enzyme by se lec t ing the names option and supplying

i t s name. In Fig. 4 the operator has se lec ted the names option and so the

program requests the name of the re levant f i l e . The operator has then

requested a search for the cleavage s i t e s of AVA1 and HINDU. If the 'ALL'

option is se lec ted the program automatically performs a search, in tu rn ,

for a l l the se t s of s t r i ngs in the names f i l e . Using the names f i l e shown

in F ig . 5 would mean a search for the cleavage s i t e s of HAE11, HAE111 and

so on up to PST1.

5 . CODTOT and BASTOT

Programs for ca lcu la t ing codon usage and base t o t a l s . CODTOT is a

program tha t wi l l supply t o t a l s of codon usage for any operator defined

region of a l inear sequence f i l e in one or a l l three reading frames or

phases . The f i r s t sequence number supplied by the operator defines phase 1
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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 TTT (Phe),

TTC (Fhe), TTA (Leu), TTG (Leu). BASTOT calculates the base composition of

RU CODTOT Fig 6

S E O N C E G
PLEfiSE TVPE NRME OF FILE 1

IF VOU ONLV HRNT PHflSE ONE TYPE V

FIRST SEO HO »456

LflST SEB HO = 2680

28

12

18

18

IB

14

28

26

12

6

8

21

1?

IS

8

18

4

e

4

2

6

3

4

6

7

14

4

8

13

9

6

8

PURSE =

4

2

1

4

6

6

3

8

3

11

13

9

5

4

9

6

1

6

1?

5

4

11

13

4

1

5

8

5

5

2

4

5

1
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Fig 7

RU S E Q F I 1

TO TYPE IN S T R I N G S T V P E V

P L E H S E T V P E N R H E OF FILE i
S E B H C E . GC

PLEflSE T V P E N R H E OF FILE 2
G 4 S E « 3?

S T R I N G

F I R S T SEO NO = 781

SEQ NO -gee

S E O U E N C E

F I R S T SEQ HO - 4 8 9 9

L U S T SEQ NO ' 5 6 8 9

P E R C E N T R G E "2?_

TOTRL S C O R I N G P O S I T I O N S R 6 0 V E 36 P E R C E N T « 91

S C O R E S 1 6 2 71 78 66 67 67 67 67 66 66
P O S N S 4 6 1 8 4 3 1 4 4 3 3 5 4 6 7 9 4 8 3 4 4 2 6 2 4 5 6 3 4 6 2 2 4 9 3 2 4 2 2 5

HOW HRNV DO VOU NR N T TO S E E ? H U H B E R ' 2

4 6 1 8
R T 6 R T R R T C C C f t f l T O C T T T O C G T 6 R C T R T T T T C 6 T B R T H T T G G T C G T B T G O T T C T T G C T G
********** ******* • I I I M I M * * ******** ********** ** *** ***
R T O R T R R T C C C R R T G C T C T T C 6 T 6 A C T H C T T C C S T G R T H T T G G T C G T A T G G T G C T T R C T G

7 8 1
4 6 7 8

C C G R G G G T C G C R R S G C T R H T B f l T T C H C R C G C C 6 R C T G C T R T C R 8 T R T T T T T G T 6 T G C C T G
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C C G R R G G T C G C T C G G T 6 C H T G R C T C R T C T T C C G R C T G C T R T C f l G T R T T T T T G T G T G C C R G

7 6 1
4 7 3 8

R G T R T G G T R C R 6 C T R R T 6 G C C 6 T C T T C R T T T C C H T G C G G T G C R C T T T R T G C G G R C R C T T C

R G T f i T G G T R C R C R G C H C G G T C G T C T R C R T T T C C R C G C . R 6 T 6 C R T C T T R T G C G C R C R C T T C
8 2 1

4 7 9 8
C T R C R 6 G T R G C G T T G R C C C T
* * • * * * * * * * * *
C T C T G G G T T C T C T 6 G R C C C T

8 8 1

4 0 4 8
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Fig 7 contd.

4 5 1 4
H G C G T T T G f l T 6 f i f i T 6 C f l f l T G C G f t C R G G C TC R T 6 C T 6 R T G 6 T T G G T T T f i T C G T T T T T G R C R
* * t t t t t * * * « * * » * * * • » • t« •«

R T G f l T f l R T C C C R f i T G C T C T T C 6 T 6 R C T H C T T C C 6 T G f l T f l r T G G r C G T R T G G T G C T T R C T G
7 9 1

4 3 7 4
C T C T C R C G T T 6 G C T 6 R C G R C C G R T T f l G f i 6 6 C G T T T T R T G B T R R T C C C R R T G C T T T G C G T G
* * * * * * « *: «: 4: 4: * * * * * *

C C G H R G G T C G C T C G G T G C R T G R C T C R T C T T C C G R C T G C T R T t f l B T R T T T T T G T G T G C C H G
7 6 1

4 6 3 4
R C T H T T T T C 6 T G R T R T T G G T C G T R T G G T T C T T G C T G C C 6 R G 6 G T C G C R R 6 GCTflflTGfiTT
* *•* * * *** *** * * * 4 : 4 : * * : * * * * * *

flGTHTGGTRC R C f l G C R C G G T C G T C T R C R T T T C C H C . S C f i 6 T 8 C 8 T C T T R T G C G C H C R C T T C
8 2 1

4 6 9 4
C R C R C G C C G f l C T 6 C T R T C R 6
* * * * *
C T C T G G G T T C T C T G G R C C C T

8 8 1

T O T R V T H E C O M P I E N E N T R P V S T R I N G T V P E V

I F V O U H U N T T O C H R N G E T H E S T R I N 6 T V P E V

I F V O U H f i N T T O C H R N G E T H E P E 6 I 0 H T V P E V

I F V O U H R N T T O C H R N G E T H E P E P C E N T R G E T V P E V

any operator defined region of a linear sequence f i le . 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 either be typed in or defined as regions of a sequence f i le . In the

example in Fig. 7 the operator has chosen to supply strings from a disk

f i le . 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 position 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 i t
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Fig 8

R U T R A H ?

P L E A S E T V P E B A B E OF F I L E 1
S E O N C E , E C

P L E A S E T V P E H A K E O F F I L E 2

0 4 S E O 37

F I R S T S E O M O - 4 6 1 8

L U S T S EQ DO - 4 6 4 6

F I R S T S E Q HO » 7 B 1

LflST SEQ D O - 9 3 7

H E T ILE I L E P R O n E T L E U C V S VflL THR I L E P H E VflL H E L E U VflL V A L T R P P H E L E U L E U
A T O A T A flTC C C A A T G C T T T 6 C 6 T 6 ACT ftTT T T C 6 T 6 A T A T T 6 B T C 6 T A T 8 B T T C T T 8 C T B

A T O A T A A T C C C A A T O C T C T T C 6 T 8 A C T A C T T C C 6 T 6 A T A T T 6 B T C 6 T A T B 6 T B C T T A C T B
H E T I L E I L E P R O M E T L E U P H E VflL THR T H R S E R V A L ILE L E U V A L V A L T R P C V S L E U L E U
7 8 1

4 6 7 6
P R O A R C VflL flLA A R B L E U H E T I L E HI S T H P P R O T H K A L A ILE S E R ILE P H E VflL C V S L E U
C C B A G O Q T C O C A A G O CTfl A T 6 A T T CAC A C S C C 6 A C T 6 C T A T C A G T A T T T T T B T B T 6 C C T B
* * * * • * * * * * * * * * *

C C O H A G O T C O C T C O O T O C A T O A C T CAT C T T C C G flCT O C T A T C R O T A T T T T T 6 T B T B C C A B
P R O L V S VflL A L A A R G C V S H E T T H R H I S L E U P R O T H R A L A ILE S E R ILE P H E V A L C V S B L M
7 6 1

4 7 3 9
S E R H E T V A L B L « L E U B E T A L A V A L PHE I L E S E R B E T A R 6 C V S T H R L E U C V S 6 L V H I S P H E
A O T A T 6 O T A CflG C T A A T O G C C G T C TTC A T T T C C A T 6 C 6 G T 6 C A C T T T A T B C G O A C A C T T C
• • * * * * * * * • •

AOT ATG OTA CAC ABC ACO GTC BTC TAC flTT TCC flCG C A 6 T B C A T C T T A T B C G C A C A C T T C
S E R H E T V A L H I S S E R T H R V A L V A L TV? I L E S E P T H R G L » C V S I L E L E U C V S A L B H I S P H E
8 2 1

4 7 9 6
L E U G L H V A L A L A L E U T H R L E U ILE LEU V A L V A L 6 L V T V R A L A I L E ALA A L A S E R •••
CTfl CflG O T A O C O T T O A C C C T A flTT TT6 B T C & T C 8 6 6 T A C 6 C A A T C G C C 6 C C A B T T A A
• • • * • * * *

CTC TOG OTT CTC TOO ACC CTfl ACT TC6 OTA flBC T66 TAC 6CA TCA ATC GGC AAA TAA
LEU TRP VAL LEU TRP THR LEU THR SEK VAL SER TRP TVR ALA SER ILE BLV LVS • « •
861

prints out the total number of sufficiently high scores and sorts them Into

descending order. The top ten scores are printed out with their 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 finished the program prompts the operator to select from any of the

options shown In Fig. 7. If one 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 100O 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 regions 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.

I t Is identical to SEQFIT except that f i t t ing is done on the basis 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

anilno acid sequences and to print them out marking identical amino acids

with star characters. Fig. 8 shows a typical run which is over the sane

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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