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Probe intensities depend on sequence characteristics

Background and M otivation M ain Results and Conclusions

Sequence specific sensitivity of oligonucleotide probes

The fluorescence intensity oligo probes related to the am ount of bound, 
fluorescently labeled m RNA
It in turn serves as a m easure of the expression degree of a given gene 
The fluorescence intensity is affected by factors such as the binding affinity 
between target and probe, fluorescence effects, the perform ance of the 
detector and of the im aging system
O ur work is aim ed to understand these factors in term s of  probe specific 
sensitivities, to develop suited corrections, and thus to im prove gene 
expression analysis

W e m odel PM  and M M  probe intensities of Affym etrix chips as a function of 
base sequence using a unique param eter set
The effect of a chosen letter (A,T,G  or C) on probe intensities can be 
estim ated
Possible applications to im prove G E analysis: averaging over the probe set, 
consideration of M M  probes, selection of “good” and “bad” probes, 
background correction/nonspecific hybridization
Chip design 
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PM /M M  intensity correlation plots for  
m iddle bases G , C, A and T (at position 13 
of the PM  sequence): preference of G  and A  
for PM < M M  and of C and T for PM > M M

Averages over m iddle 
triples (64 
possibilities): < YPM-
YM M >  referring to one 
probe, sign strongly 
correlates with m iddle 
base

Averages over all probes with a certain 
num ber of letter A, C, G  or T per sequence:  
PM  and M M  behave (nearly) identically

The probe intensity depends on a scaling function 
(D), the RNA concentration, the fluorescence 
“strength” and the binding constant (see form ulae). 
After transform ation according to Eq. (1) D and 
[RNA] vanish because they are com m on for the 
chip and probe set, respectively. The binding 
constant is related to the free energy change upon 
probe/target duplex form ation. The free energy 
can be decom posed into additive term s.

The sensitivity, YP, of a probe gives the deviation of its intensity 
from  the m ean over the probe set (and chip) in a logarithm ic 
scale, and thus it provides a m easure of  its ability to detect a 
certain am ount of target RNA. It depends on the fluorescence 
“strength” and the binding affinity of the respective RNA sequence. 
Note, there is no differentiation between specific and non-specific  
binding yet.  
The sensitivity coefficients Ak(b,b’) are directly related to the 
respective free energy change of duplex form ation plus a (sm all)
fluorescence term .

Sensitivity coefficients of the m odified NN 
m odel (b’= A,T,G ,C). The sym bols were 
obtained by fits of the norm alized PM  probe 
intensities of an Affym etrix M G _U74Av2 chip. 
The lines refer to the fit of the respective 
norm alized M M  intensities.

Excess values: G C and CG  
cross term s ham per binding 
(see above)
There is clear asym m etry 
along the sequence, e.g.,  
AT com pared with TA, i.e., 
a label near the free end 
(not attached to the chip) 
facilitate binding (right 
panel) … not shown

The effect of the labeling: The labels m ostly 
ham per binding. Note that labels are bound 
to u* and c* (RNA bases are denoted by lower 
case letters) referring to com plem entary A and 
G  in the probe sequence. Exceptions: G C and 
CG  and the final base at the free end of the 
probe.

Ranked NN affinities obtained for duplex m elting in 
solution (left) and  m ean sensitivities which were 
derived from  chip intensities and sorted in the sam e 
order. The position dependent sensitivities were 
averaged over all positions 1-24 or over positions 1-
12. The chip data well correlate with the solution data 
(r= 0.87) but their m agnitude is m uch sm aller. The 
effect of fluorescence am ounts to less than 10%. 
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