
346 

• N 

• , 
o 
• , 
, 
-• C 
I 

• • 

J. Taylor. N. L. Anderson and N. G. Anderson 

• 
• 

mIn_mOM ACCUUCY 

Figure 8. The registration accuracy pattern summarizing the results for the 
entire set of ftfteen object patterns. The spot widths are the average of the 
widths over the object set, and the spot amplitudes and positions are from 
the master pattern. 

themselves to the correct locations. Thus under normal 
matching conditions, in which most spots can find qut and 
optimize their match in the master pattern in addition to rely­
ing on neighbors for guidance, we believe matching accuracy 
would be substantially better. 

Our results contrast markedly with those obtained by Hurley 
et al. 118], in which very large positional uncertainties (95 % 
confidence limits of one-fifth to one-half total gel width, or 30 
to 70 mm in the gel apparatus used), were obtained for spots 
shown in Fig. 3 of ref. [18 J. These uncertainties appear to be 
on the order of 50 to 100-fold larger than our values. The 
difference may be due to their use of an " absolute" coordinate 
system (fixed to the gel) rather than the relative coordinate ap­
proach as used here, as well as to the very large diameter 
(6 mm) of their focusing gels and their 2-place slab-gel ap­
paratus (necessitating multiple separate runs). Hurley et al. 
[18] showed no gel patterns sothatit is impossible to assess the 
resolution of the gels they used. We are satisfied, however. that 
their values for spot positional uncertainty do not represent 
realistic limits for two-dimensional gels. Achievable positional 
accuracy is, in fact, at least 100-fold higher using the systems 
we have developed. 

The present analysis demonstrates larger (though still small) 
positional errors for spots near the edge of the pattern, as ex­
pected, since these are not surrounded by neighbors. Regions 
ofthe pH gradient susceptible to drift also show systematically 
greater than average error. The ability to recognize the regions 
and spots particularly susceptible to errors allows improved, 
objective choices of sets of spots for genetic and other studies 
in which highly accurate positional comparisons are essential. 
The methods used in the present study detect both those spots 
likely to be mismatched (i. e., matched to another neighboring 
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spot if the correct spot is absent) as well as those spots that 
vary excessively in position between patterns. We propose to 
use these techniques in the analysis ofmutagenized cell clones 
to discard from consideration the "poorly behaved" spots. 
For the well-behaved 90 % of spots, a matching accuracy 
in x (the focusing direction) of better than one FW H M 
(0.5 FWHM in the experiment reported here) allows direct 
detection of al most all ch arge-change mutation s, since species 
differing by one charge are separated by more than a FWHM 
for almost all proteins. 

Taken together, the results presented here show that 2-D elec­
trophoretic gels have the ability to resolve large numbers of 
proteins (increasingly large for larger gel formats) and that the 
gel patterns can be matched to one another with sufficient ac­
curacy to make feasible direct studies of genetic and re­
gulational phenomena. 

This work is supported by the U.S. Department of Energy un­
der colltract No. W-3J-J09-ENG-38. 
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