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SUMMARY 

A generally applicable program has been devised for the machine process- 
ing and plotting of radioactivity data. The program can be used with single 
or double labeled experiments; it includes numerous options which increase its 
flexibility and facilitate optimization of data presentation. 

The digital computer can be an extremely versatile and efficient tool for 

biological research. As computers become more accessible, their usefulness ex- 

tends beyond specialized problems to routine applications involving long, complex 

or reiterative calculations (1). The availability of peripheral hardware, such 

as computer-run plotters, further increases the usefulness of computers for rou- 

tine analysis of data, This report presents a program (2) which permits a widely 

available computer-plotter system to perform, in a single run, all operations 

from the reading of counts collected by a radioactivity counter to the calculation 

of results and their presentation in graph form. The results obtained are nu- 

merical and percent values for two isotopes, numerical and normalized isotope 

ratio, numerical and percent error margins of the ratio, quenching as determined 

by the channels method, plus the same parameters calculated after combining 

samples as needed to reduce statistical uncertainty below a specified level. 

The program is economical to run (typical cost $9.50 for processing and 

plotting the results of a double labeled experiment invo?ving 1000 samples) and 

requires no familiarity with computer operations beyond card punching. Since 

de novo development of such a program requires a substantial initial investment -- 
(ca. $500 ) and considerable programming skills, we want to publicize the exis- 

tence of our program and make it available to other workers. Copies of the pro- 

gram and detailed instructions for its use may be obtained from F. C. Kafatos. 

This program was developed on an IBM 360-65 computer with associated Calcomp 

plotter (3). The programming language is Fortran IV (4); extensive comments 

are included to facilitate use of the program by other workers. One of us 

(EWY) did the actual programming. 

and C74 

We developed the program for use with H3- 

-labeled acrylamide gels, sectioned into slices and counted by liquid 
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scintillation; it can be adapted, with only trivial changes, for use with any 

single or double labeled experiment. Indeed, it could be also modified for 

experiments involving measurements of optical absorption, enzymatic activity, 

conductivity etc. 

The program was designed for use with minimal effort in routine experiments 

(Table I, Figure 1). In addition, its various options permit one to recalculate 

or replot the data so as to maximize the information content and clarity of the 

presentation. The entire experiment may be submitted for alternative presenta- 

tions, or a subset of the data (e.g. a specific MW range in an SDS-acrylamide 

gel) can be selected for calculation and presentation. 

TASKS PERFORMED BY THE PROGRAM 

1. Calculation of radioactivity in each sample. An example of the data input 

and the computer print output for an acrylamide gel is given in Table I. The 

counts collected for each sample (slice) by up to 3 scintillation counter channels 

are recorded on a punch card either manually or by a tape-card converter if the 

scintillation counter is equipped with tape puncher. The data cards are submit- 

ted to the computer, together with a copy of the program (a compiled "object deck") 

and instruction cards (specifying options to be used in calculating and plotting, 

background counts in each channel, crossover of C 14 into the H3 channel, and time, 

in minutes, over which the counts in each slice were collected). The computer 

output presents: (a) H3 cpm corrected for background and Cl4 crossover (net H3 

cpm), (6) net H3 cpm as percent of total H3 in the gel, (c) Cl4 corrected for 

background (net Cl4 cpm), and Id) net Cl4 cpm as percent of total Cl4 in the gel. 

The percentage calculations facilitate comparison between experiments involving 

widely different levels of radioactivity. 

2. Calculation of H3/C14 ratios. The ratio of net H3 cpm/net Cl4 cpm is calcu- 

lated for each slice. This ratio is also normalized against the overall ratio 

for the gel. The normalized ratio has two main advantages: it identifies devia- 

tions from identity of the two isotope profiles (ratio l.O), and it facilitates 

comparison of experiments regardless of the level of individual isotope incorpora- 

tion or efficiencies of counting. 

3. Error analysis. The computer calculates the 95% confidence level for 

counting statistics (7,8). This is an index of how closely the counts col- 

lected correspond to the true value of counts in the sample; for each isotope 

there is 95% confidence that the true value of radioactivity lies within a 

computed range [?1.95(t~$g~!$~ + C!$t~~c$~~und )"*I. The error of the 

H3 cpm/C 14 cpm ratio is the sum of the errors for the two isotopes; it is ex- 

pressed both as a numerical value and as a percentage. 
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TASLE I 

Computer Calculations 

(A): Photograph of non-collapsed computer printout. The 51 gel slices of the 
experiment described in Fig. 1 were counted for 10 minutes each and the data 
submitted to the computer. Background lo-minute counts were 224 (Hs), 131 (Clb), 
and 95 (Cl'+'); carryover of C14into Hs was 20%. 
945 (H3), 578 (Cl'+) and 281 (C14'). 

The raw counts for slice 1 were 

(B): Collapsed computer printout. 
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4. Quench calculation. For a comparison of ratios among slices, it iS SUffi- 

cient that Quenching be constant, i.e., that the ratio of counts collected at 

one fixed setting to counts collected at another fixed setting for the same 

isotope be constant. In these experiments two different Cl4 settings were used. 

The C14/C14' channels ratio is calculated for each slice. 

5. Collapsed computations. Having completed the computation of results for 

each slice, the computer now scans the % error of the ratio for each slice. If  

the % error is greater than 10% (or any other predetermined level), the counts 

of that slice are added to those of the following, and a new ratio and error are 

computed for the summed counts. Summation continues until the error is reduced 

to less than 10%. The average cpm for the slices is printed against the number 

of the last slice summed, and the computer proceeds to the next slice. Summation 

or "collapsing" smooths the curves by eliminating inexact values; in plotting, 

the computer employs the averaged values for all slices included in a particular 

summation. Thus, collapsed regions are easily identifiable as straight horizon- 

tal segments (Figure ld,e). 

6. Graph plotting. This program permits plotting of up to 10 collapsed and 10 

non-collapsed graphs in a single run. The parameters that can be plotted are (a) 

net H3 cpm, (b) net Cl4 cpm, (c) percent H3, (d) percent Cl4, (e) H3/C14 ratio 

and (f) normalized H3/C14 ratio. Any of these parameters may be plotted singly 

(Figure Id). Alternatively, any two parameters may be superimposed on the same 

abscissa and ordinate (Figure lb); or a "split plot" may be drawn, with two para- 

meters plotted on the same abscissa but on separate ordinates (Figure la). 

In addition the program can produce an "error plot" by drawing the H3/Cl4 

ratio profile with asterisks and, on either side of that profile, the 95% confi- 

dence limits with a plain line (Figure lc, e). Error plots permit a Quick 

assessment of the significance of variations in the ratio; thus, in Figure lc 

all ratio peaks are seen to be significant with the exception of the one farthest 

to the right (slice 47). 

OPTIONS AVAILABLE IN THE USE OF THIS PROGRAM 

Several options of specifying alternatives for computation or plotting 

exist in the program. Selection is accomplished by instruction cards. If  no 

special instructions are given, the computer proceeds in a standard way. This 

arrangement has the double advantage of simplifying routine processing of data 

while permitting flexibility when needed. A summary of the options is given in 

Table II. I f  desired, options could be easily eliminated altogether from the 

proqam, thus making it even more economical than in its present form. 

In sum, this program has proven invaluable in our research. It represents 

a fast, accurate and economical alternative to laborious manual calculating and 
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TABLE II 

Optional Specifications 

Number of first slice entered 

Length of abscissa 

Length of ordinate 

Abscissa scale 

Ordinate scale 

Ordinate zero 

% error limit 

Plotting 

The abscissa always begins at 0. Data 
slices are positioned on the abscissa depend- 
ing on the number assigned to the first slice. 

Twelve inches maximum. 

Eight inches maximum. 

Number of slices to be plotted per inch. 

Change in value to be plotted per inch. 
Different scales may be specified for each 
parameter plotted. 

The ordinate need not begin at 0.0; a 
different value may be specified as zero 
for each parameter plotted. 

The standard used for collapsing slices. 
In the standard settings, 10% is assumed 
for double labeled experiments and 5% for 
single labeled. 

Any one of the six parameters may be plotted 
singly, or any two in a combined or split plot. 
Error plots cannot be included in combined 
or split plots. 

plotting, and it helps optimize data presentation. Indeed, it permits research 

projects which would not be otherwise undertaken because of massive requirements 

for data analysis. 
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