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Vestiges of lost introns in the thermal stability map of DNA 
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The absence of introns in prokaryotic genes has been explained by intron loss on various bases. Here we 
report another piece of evidence on intron loss, which was found in the thermal stability map of DNA. 
We calculated the local melting temperature of cDNA sequences and found that (i) gaps in thermal stability 
tend to occur near intron positions with a statistical significance, and (ii) one-third of the gaps far from 
intron positions can be assigned to lost introns. From these results we conclude that the gaps of thermal 

stability in protein coding regions are the vestiges of lost introns. 
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1. INTRODUCTION 2. RESULTS AND DISCUSSION 

The thermal stability map of DNA is a plot of 
the local melting temperature of the DNA double- 
helix along its base sequence (fig. 1). So far we have 
found that the map has an inclination to be flat in 
each protein coding region: the gene homostabiliz- 
ing propensity [l-4]. Even so, gaps are often found 
in long coding regions. In this study we tried to 
elucidate the gaps in terms of lost introns. A direct 
study in this context is to compare the thermal 
stability maps of genes without introns to the exon 
structures of homologous genes. However, few 
such sequence data are available. Therefore, we ex- 
amined thermal stability maps of cDNA sequences 
with known exon structures. 

Fig. 1 shows thermal stability maps calculated by 
the algorithm of Poland-Fixman-Freire [5,6], with 
parameters TAT = 53.1”C, TGC = 94.1”C, AS = 

- 24.54 e.u., oi = 6 x 10e6 (1+450)-‘.75, and/Z0 
= 10m7. The gaps are located near intron positions 
indicated by arrows. Moreover, the gap indicated 
by the asterisk in fig.lb coincides with the lost in- 
tron suggested by Go [7]. 

We tested the statistical significance of this gap- 
intron correlation by analysis of 32 thermal stabili- 
ty maps consisting of 3 1726 bp and 227 exons (not 
including flanks). 114 gaps (larger than 0.3”C) 
were observed, and classified according to their 
size and distance from the nearest (present) introns 
(table 1). The results show that larger gaps are ap- 
parently near introns. We considered only the gaps 
larger than 0.8”C and defined the gaps within 20 
bp from introns as ‘near’. Of the 78 gaps, 26 are 
near introns and 10 are near coding region boun- 
daries. Because the 10 gaps are not directly related 
to introns, we discuss only the other 68 gaps. If the 
gaps are scattered randomly, the probability for g 
gap to appear near an intron is 0.28, for 40 bp in 
each exon are ‘near’. Thus only 19.0 gaps with a 
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Fig. 1. Thermal stability maps of cDNA sequences of (a) 
chicken pyruvate kinase and (b) chicken egg white 
lysozyme. Arrows indicate the positions of introns. The 
asterisk indicates the position of Go’s module junction 

[71. 

standard deviation of 3.7 would be expected to ap- 
pear near introns by binomial distribution. In fact, 
26 are near introns; the deviation is statistically 
significant. 

Though 42 remain unassigned to present in- 
trons, 15 gaps among 42 gaps were assigned to lost 
introns: 8 were near introns of homologous genes, 
5 were near gaps in thermal stability maps of 
homologous genes, and 2 were near junctions of 
the modules of Go (fig. lb, and personal comunica- 
tion). Nevertheless, 27 gaps still remain, however, 
we believe that most of them should imply lost in- 
trons not yet identified. 

Table 1 

Classification of gaps of thermal stability in coding 
regions 

Size of gaps 
(“C) 

Distance to the nearest introns/ 
coding region boundaries (bp) 

l-10 11-20 21-30 31- Total 

0.3-0.6 4 3 2 16 25 
0.6-0.8 3 1 2 5 11 
0.8-l .O : 2 1 6 9 
1 .o-2.0 (1) 3 (1) 4 11 27 (2) 
2.0- 12 (2) 11 (6) 4 16 43 (7) 

Total 27 (3) 20 (7) 13 54 114 (10) 

From the coding region of 32 thermal stability maps of 
cDNA sequences of various kinds of proteins. The size 
is the temperature difference of the flat regions forming 
a gap, and the distance is the number of base pairs from 
a gap to the nearest intron (or coding region boundary). 
Values in parentheses indicate the numbers of the gaps 
near coding region boundaries, for example 8(2) means 
that 2 of the 8 gaps are near coding region boundaries 

and 6 are near intron positions 

Exon 

c lntron loss 

Fig.2. Model of the relationship of intron loss and gaps 
in thermal stability map of coding regions. 

We also calculated maps of 4 yeast sequences 
originally lacking introns. Of the 15 gaps (larger 
than 0.8”C) found, 6 were near coding region 
boundaries, and 5 were assigned to lost introns. 

From these results we conclude that the gaps in 
protein coding regions are the vestiges of lost in- 
trons. We explain this as follows. Our recent un- 
published data show that exons have the third 
letter counterbalance tendency, a base-sequence 
characteristic of the homostabilizing propensity 
[3], and exons usually have higher G + C content 
and stability than introns in each gene [l&3]; the 
thermal stability map can be schematically 
depicted as in fig.2a. When introns are lost, gaps 
remain at the junctions of large stability dif- 
ferences (fig.2b). Conversely, gaps are not always 
found at lost intron positions. 

Finally, we would like to point out that the pre. 
sent results cannot be obtained by direct analyses 
of DNA sequences. First, donor and acceptor con- 
sensus sequences [9] reduce to 5 ’ -gAG/G-3 ’ when 
introns are lost. This short sequence would occur 
too frequently to be a mark of lost introns. Se- 
cond, the relationship between the base sequence 
and the thermal stability map is obscure [ 1,2]. 
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