
APPLICATIONS NOTE 

Computer entry and verification of 

nucleic acid sequences 

Yong-Min Chen, K. Foss 

Kay L. Mittelstadt, Hugh B. Nicholas 

Jay Schneider, and William H. McClain 

Department of Bacteriology 

-1-

University of Wisconsin, Madison, WI 53706, U. S. A. 

Please send correspondences to Dr. McClain 

at the above address. 

Submitted to Computer Applications in the Biosciences on April 30, 1987, but not accepted for publication.



-2-

Transcribing nucleic acid sequences from a sequencing gel into 

a computer or onto paper is time consuming and error prone. 

There are several techniques currently in use which aid in this 

process, including a digitizing tablet, which allows the 

direct transcription of band identity into a computer (1,2), and 

a scanner described by Elder et al. (3). However, these 

techniques are not perfect; whereas the former relies on an 

experienced user to decipher the images correctly, the latter, 

while fully automated, still results in errors (e.g. 2 errors/ 

222 bases scanned, or 0.9%) (3). Therefore, 

a reading strategy that consistently produces error-free 

sequences is highly desirable. 

There are two kinds of errors that can occur when transcribing 

a sequence from a gel. Namely, judgmental errors, which are 

caused by misinterpretation of the gel, and typographical 

errors. While the former can only be minimized by using 

experienced readers, and high quality gels, the latter can be 

eliminated if the readers are vigilant when entering the 

sequences. 

The program was written in PASCAL, using a Pascal-2 compiler 

from Oregon Software Inc., to run on a Digital PDP-11/73 

computer under version 3.0 of Micro/RSX. An analogous program 

was written in Turbo Pascal from Borland International 

Inc., to run on an IBM personal computer or compatibles. 

When entering the sequence with the program, the sequence 

being entered is the only one the user can see. This prevents 
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bias from the same sequence that was previously entered by 

that user or another user. After the user enters the sequence 

a second time, a within-user comparison is made with the 

first sequence entered, and the result is displayed on the 

screen; any mismatches are highlighted. The elapsed time for the 

comparison of 80 bases on a PDP-11/73 computer is 4 s. The 

highlighted bases must be rechecked on the gel, and all 

mismatches corrected to give a single sequence. The user then 

enters the sequence again, and again the computer compares the 

entries. This process continues until a perfect match is 

achieved. A second user then repe~ts this entry process. 

The two independently entered sequences are then compared. The 

result is shown on the screen with any between-user mismatches 

highlighted. After the two users resolve these mismatches, the 

sequence entry process must be repeated again by one reader to 

assure that the sequence is now correct. 

Table I shows the number of mismatches for 261 oligonucleotide 

structures (totaling 23,964 bases) that we transcribed using 

this program. The training effect, shown in Table I, indicates 

that one or more of the users should be experienced. As for gel 

quality, fair gels gave higher mismatch rates than good gels, 

except in the case of between-user mismatches when only one user 

was experienced (Table I). 

Identical transcription errors made by both readers occurred 

twice in the 23,964 bases entered. The gels for these structures 

were fair, and the correct sequences were determined by 



" -4-

resequencing. Our error rate of 0.008% (2/23,964) compares 

favorably with the 0.9% error rate achieved with the fully 

automated transcription system (3). 

Our program is available on magnetic tape for Digital 

computers (enclose a 600 foot, 1/2 inch tape), and on a floppy 

disk for IBM personal computers (enclose a 5.25" disk) free of 

charge on written request to William H. McClain. Supported by 

research grant AI10257 from the National Institutes of Health. 
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Table legend 

Table I. Summary of mismatches for 23,964 bases. Experienced readers 

are defined as individuals who have a minimum of 8 months experience 

in entering sequences into the computer and have read at least five 

gels per week. Fair gels are defined as those having one or more of 

the following artifacts which make them difficult to read: smiling, 

blurring of the bands, compression of the bands, bands in all four 

lanes, and light bands in one or more lanes. The mismatch rates were 

obtained by dividing the number of bases that were mismatched by the 

number of bases that were entered. 



Mismatch 
Base 

Within user Between users 

Good Gel Fair Gel Good Gel Fair Gel 

47 248 28 177 
Both users 8200 8562 8200 8562 
experienced = 0.57% = 2.90% = 0.34% = 2.07% 

214 ..:zJL 1034 214 
One user 4790 1512 4790 1512 
experienced = 4.47% = 4.63% = 21.59% = 14.15% 




