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SUMMARY 

A computer program written in BASIC language is described. The program allows processing 
and analysis of DNA data and has been designed to be used by persons with little or no 
computer experience. 
The operator using different options can search for direct homologies with varying degrees of 
matching, generate complementary strands, find restriction sites, invert the polarity of the 
sequence and edit a print-out. 

Molecular c loning and rapid sequence 
analysis (1 ,2 ) have p rov ided an e n o r m o u s 
a m o u n t of da ta which has t o be processed 
rapidly and accura te ly . T h e on ly way to 
h a n d l e and ana lyze large sequences is 
by c o m p u t e r processing. F o r this p u r p o 
se a n u m b e r of c o m p u t e r p rog rams have 
been w r i t t e n in r e c e n t years (3 ,4) . 

We are cu r r en t ly s tudy ing the organi
za t ion of Cyprinus carpio m i t o c h o n d r i a l 
DNA. F o r this p u r p o s e we have deve loped 
a s imple c o m p u t e r p rog ram tha t pe rmi t s 
the handl ing and analysis of the o b t a i n e d 
sequences . We descr ibe he re an in te rac
tive p r o g r a m which offers d i f ferent o p t i o n s 
to the user . This p rog ram pe rmi t s the user: 
a) t o c o m p a r e D N A sequences record ing 
the h ighes t degree of d i rec t h o m o l o g y ; b) 
t o c rea te the c o m p l e m e n t a r y s t r and ; c) t o 
search for endonuc lease res t r ic t ion si tes; 
d ) t o inver t sequences ; and e) t o p r i n t o u t 
filed sequences in an ed i t ed form. 

MATERIAL AND METHODS 

The program was written in BASIC language and developed 
using a DEC 2020 digital computer system. 

Cyprinus carpio mitochondrial DNA was cloned in pBR 
3 2 5 ( + ) and partially sequenced by the Maxam 
and Gilbert procedure (1). The human mitochondrial 

DNA sequence (5) was used for comparison purposes. 
All the sequences to be processed were stored in a file 
disk. 

PROGRAM DESCRIPTION 

T h e p rogram offers the use r dif ferent op t 
ions: Homology, Complement, Restriction, 
Invert and List. 

These o p t i o n s were deve loped as inde 
p e n d e n t p rog rams . T h e y are c o m m a n d e d 
by a p rogram t h a t al lows the use of any 
c o m b i n a t i o n of the different o p t i o n s . In
vok ing the p r o g r a m , the user is asked for 
the op t ion h e will use . When the o p t i o n 
is accessed, the use r is asked for the file 
of the da ta t o be processed. T h e r e is a 
1 7 0 0 0 bases l imi t for t h e nucle ic acid 
sequence to be ana lyzed . 

Homology, This o p t i o n searches for di
rec t h o m o l o g y b e t w e e n t w o D N A sequen
ces. T h e sequence t o wh ich h o m o l o g y 
will be searched is given in a da t a file. T h e 
user can i n t r o d u c e the sequence t o be 
c o m p a r e d e i ther as a file previous ly s to red 
on disk or b y t yp ing it d i rec t ly o n t h e r e m o t e 
t e rmina l ( t h e l imit for this s equence is 5 0 0 
bases) . T h e o p e r a t o r has t o assign t h e 
m i n i m u m p e r c e n t a g e of bases t ha t 
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m u s t be h o m o l o g o u s b e t w e e n b o t h sequen
ces. The regions of h igher or equal h o m o 
logy t o the value assigned b e t w e e n b o t h 
D N A sequences are r eco rded on a file. An 
example is shown in Fig. 1. The asterisks 

b e t w e e n t h e t w o sequences ind ica te w h e r e 
m a t c h e s of bases occurs . Also the percen
tage of h o m o l o g y ob ta ined is given. If n o 
region of h o m o l o g y is ob t a ined the messa
ge " H o m o l o g y n o t f o u n d " appears . 

HOMOLOGY BETWEEN HUMMT.DNA AND INVA2.SEQ 
********************************************** 

SEQUENCE HUMMT.DMA FROM : 6230 TO ! 6318 

PERCENTAGE ASSTGNED = 60 % 

PERCENTAGE OBTAINED = 75.2809 % 

6239 
CACACGAGCA 
** * * 
CAACTCGGTA 

10 

6 2 4 9 
T A T T T C A C C T 

***** ** * 
TATTTTACAT 

20 

CCGCTACCAT 
*** ** ** 

TCGCAACAAT 

6269 
AATCATCGCT 
*** ***** 
AATTATCGCA 

40 

6279 
ATCCCCACCG 
** ** ** * 
ATTCCAACAG 

50 

628<5 
GCGTCAAAGT 
* ** ***** 
GTGTAAAAGT 

60 

6299 6309 6319 
ATTTAGCTGA CTCGCCACAC TCCACGGAA 
********** * ******* *** **** 
ATTTAGCTGA l'TAGCCACAC TCCGCGGAG 

70 80 90 
Fig. 1: Region of highest degree of homology between human mitochondrial DNA (HUMMT. DNA) and carp 
mitochondrial DNA (INVA2.SEQ). The upper sequence corresponds to human mtDNA and the lower one to carp 
mtDNA. 

Complement. This p rog ram provides 
t w o choices t o genera te the c o m p l e m e n t a r y 
s t r and of the i n p u t s equence . O n e records 
the c o m p l e m e n t a r y s t rand in a file as da t a 
t o be used for a n o t h e r o p t i o n of the p ro 
gram. The o t h e r r ecords the original se
quence and its c o m p l e m e n t a r y in a file 
wi th 6 0 bases pe r l ine, w i th e m p t y spaces 
every ten bases, each b lock of 10 boxes 
being correlat ively n u m b e r e d (Fig. 2 ) . 
T h e o p e r a t o r is asked w h a t choice to use . 
The n a m e of the file where the sequences 
has t o be r eco rded m u s t be given. 

Restriction. This p rog ram permi t s the 
ident i f ica t ion of the recogni t ion sites 
for any res t r ic t ion e n z y m e in a given D N A 
sequence . T h e program is complemented w i th 
a file (Restriction) t ha t con t a in s t h e rest r ic
t ion e n z y m e and the i r co r r e spond ing re
cogni t ion sequences accord ing t o the last 

compi l a t i on by R o b e r t s (6 ) . F o r res t r ic t ion 
endonuc leases t h a t recognized the same se
quence ( i soschizomers) , on ly the first en
z y m e isola ted is inc luded in the file. 

The o p e r a t o r is asked for the n a m e of 
the res t r ic t ion e n z y m e . T h e n the use r is 
asked if h e w a n t s t o l o o k for a n o t h e r site 
and so on . A c o m p l e t e ident i f ica t ion of all 
t he restr ic t ion si tes in a given sequence can 
be m a d e b y t yp ing " A l l " ins tead a n a m e 
of a res t r ic t ion e n z y m e . F o r res t r ic t ion 
e n z y m e s t h a t have m o r e than one recog
ni t ion sequence , the fol lowing key was 
used: J c o r r e s p o n d to nuc l eo t ides A or 
C; K to nuc leo t ides G or T; N t o nuc leo t i 
des A, C, G or T ; R to nuc l eo t ides A o r G; 
Y t o nuc l eo t ides C or T; X t o nuc leo t ides A 
or T; and Z t o nuc leo t ides C or G. 

F o r res t r ic t ion endonuc leases t h a t recog
nize n o n pa l i nd romic sequences , b o t h pos
sible, t he 5'-»- 3 ' and the 3 ' -> 5 ' r ecogni t ion 
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S E Q U E N C E t BAMA1.SE0 AND H I S C O M P L E M E N T A R Y 
*********************************************** 

10 20 30 40 50 60 
GATCCCTCCT AGGACTATGC T T M T T A C C C A A A T T T T A A C CGGCCTATTC C T A G C C A T A C 
CTAGGGAGGA T C C T G A T 8 C G ftATTAATGGG TTTAAftATTG GCCGGATAAG GÍTCGCTATG 

70 80 90 100 110 120 
ACTACACCTC AGACATCTCA ACCGCATTCT C&TCTGTTAC CCACATCTGC CGAGACGTAA 
TGATCTGGAG TCTGT»G*GT TGGCGT«AGA GTflGACAATG G G T G T A G A C G GCTCTGCATT 

130 140 
BTTACGGCTG ACTAATCCGT AATG 
TA&TGCCGRC TGATIAGGCB TTAC 
Fig. 2: Complementary strand of a region (BAMA1.SEQ) of carp mitochondrial DNA created by the option 
complement. 

sequences were cons idered , e.g. Hga I. 
H o w e v e r as wi th all the res t r ic t ion e n d o n u -
cleases recogni t ion sequences , t h e p rog ram 
searches only in the 5 ' -»• 3 ' sense (Figure 
3 ) . 

T h e o u t p u t wi th this o p t i o n is r eco rded 
on a file and gives a list wi th t h e n a m e of 
the e n z y m e used, i ts r ecogni t ion sequence , 
the n u m b e r of sites found , and t h e localiza
t ion ind ica t ing t h e n u m b e r w h e r e the re
cogn i t ion sites began in the sequence (Fig. 
3). 

Invert. This o p t i o n allows the o p e r a t o r 
to conver t t h e original s equence w r i t t e n 
5 ' 3 ' t o 3 ' -> 5 ' and viceversa. T h e inver
ted s equence is s to red as a da t a t h a t can b e 
used in a n o t h e r op t ion . T h e o p e r a t o r is 
asked for t h e n a m e of the file w h e r e t h e in
ver ted s equence will be recorded . Invert is 
useful for process ing c o m p l e m e n t a r y 
s t r ands ob t a ined by the Complementary 
op t ion . Sequences o b t a i n e d after 3 ' end 
labeling ( 7 , 8 ) can be i n t r o d u c e d in t h e da
ta file b y d i rec t read ing of t h e gel and then , 
inver ted for process ing. 

DISCUSSION 

The p rog ram Análys. D N A was designed 
in the in te rac t ive form to facil i tate i ts use , 
w i t h o u t need of prev ious c o m p u t e r expe
r ience . I t offers the possibi l i ty t o h an d l e 
efficiently t h e sequence d a t a and al lows the 
screening of res t r i c t ion sites and direct 

D N A h o m o l o g y analysis. F u r t h e r m o r e , the 
h o m o l o g y o p t i o n is also suitable t o search 
for d i rec t h o m o l o g y b e t w e e n t w o pro te ins . 
In this case the p ro t e in sequence m u s t be 
expressed in the one l e t t e r a m i n o acid co
de. 

A l t h o u g h BASIC is n o t the m o s t 
efficient c o m p u t e r language, is one of the 
m o s t widely used in m i c r o c o m p u t e r s . In 
add i t i on , all c o m p u t e r s allow its use. This is 
a d is t inc t feature of this p r o g r a m , because 
it can be po ten t i a l ly used in any c o m p u t e r 
wi th only m i n o r modi f i ca t ion , T h e l a t t e r 
can be pe r fo rmed by any pe r son wi th 
knowledge in BASIC language. 

T h e fact t h a t each o p t i o n is an individual 
p rogram offers the possibi l i ty t ha t the op
t ions or p rog rams can be adap ted for use 
on a m i c r o c o m p u t e r . A big package of 
p rograms is n o t a lways easy t o compa t i 
bilize wi th o t h e r c o m p u t e r s or m i c r o c o m 
pu te r s (9 ) . 

Essent ial ly , t he p rogram descr ibed here 
will be c o m p a t i b l e wi th any D E C (Digital) 
sys tem. Care m u s t b e t aken wi th t h e me
m o r y capabil i t ies of each sys t em. T h e size 
of t h e m e m o r y t o be used is re la ted to the 
length of the sequence t o be processed . 

This p r o g r a m was successfully used in 
the analysis and process ing of the carp mi 
tochondr i a l D N A sequences* o b t a i n e d 
in ou r l abo ra to ry . 

* Araya, A.; Amthauer, R.; León, G. and Krauskopf, M. 
submitted to Mol. Gen. Genet. 
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SEQUENCE : C2A1.SEC 
***************** ***** 

10 2a 30 4 0 50 6 0 
TGACTTGAAG AACCACC 3TT GTTA TTCA AC TACAAGAACC ACTAATGGCA AGCCTACGAA 

70 80 90 1 0 0 1 1 0 1 2 0 
AAACACACCC TCTCATT AAA ATCGCTAACG ACGCACTAGT TGACCTACCA ACACCATCCA 

1 3 0 140 1 5 0 1 6 0 1 7 0 1 8 0 
ACATCTCAGC ATGATGAAAC TTTG GATCCC TCCTAGGACT ATGCTTAATT ACCCAAATTT 

190 200 2 1 0 2 2 0 2 3 0 2 * 0 
TAACCGGCCT ATTCCTA GCC AT4C ACTACA CCTCA&ACAT CTCAACCGCA TTCTCATCTG 

2 5 0 260 2 7 0 2 8 0 
TT ACCC AC AT CTGCCGAGAC IT HA ATT AC G GCTGACTAAT CCGTAATG 

R£STRICTICN ANALISIS IN SE'SUENCF : C2A1.SEQ 
**«* ** ** ** ****** ** *«#* **** ************ ** ** ** ** * 

ENIYME 
****** 

S ECU6NC c 
* * * * * * * * 

\* SITES 
******** 

POSITIONS 
* * * * * * * * * 

ALUI AGCT NO SIT? FO'JNO 

AVAI CYCG*G NO SITE POUND 

AVRII CCTAGG 1 1 5 2 

BAMHI GGATCC 1 1 4 4 

OCcI CTNAG 2 1 2 5 2 1 2 

HAEIII GGCC 1 1 8 6 

rtG AI OA CGC 1 90 

HGAI GCGTC NO SITE F0UN9 

HINOII 5TVSAC 1 9 9 

HPAII CCGG 1 1 3 4 

« 8 0 1 GATC 1 1 4 5 

n e o n GA AG A 1 7 

M60II TCTTC NO SITE FO'JNO 

XNi-I CCTC 3 6 9 1 4 9 2 1 1 

MNLI ÕAGG NO SITE FOUND 

XHQII RGATCY 1 1 4 4 

Fig. 3: Carp mitochondrial DNA region (C2A1.SEQ) obtained in edited form by list option and its restriction analysis. 
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