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Fig. 4. Beauty improves in time. The coordinates for the 4 DNA structures are taken from Refs 5 (re-refined 

by Arnott, S and Chandrasekaran, R., personal communication, 1982) and 6--8. 

one's feeling that the proportions of 

D N A  should similarly be based on qb. 

That  the structure of a double helix is 

in itself one of immense beauty goes 

without saying; we concentrate here on 

the local dimensions of the type-B 

double helix, which appears to be the 

most common form of D N A  in chroma- 

tin 3. It is easy to conceive of a double 

helix of uncomely proportions, but it is 

difficult to imagine that one which was 

unpleasant to behold would be chosen to 

carry the genetic code. Given that D N A  

is to be structured as a right-handed 

double helix, there are three crucial 

dimensions that essentially determine its 

final form: the external width (diameter) 

of the double helix, the length of its 

period (i.e. the pitch, or the height of a 

representative 'slice'), and the vertical 

offset of one helix from the other, which 

forms the minor groove. 

The novel feature of our interpret- 

ation of Watson and Crick's structure is 

the manner  in which these three basic 

dimensions are held together by the rule 

of the Golden Ratio. Specifically we 

have found that the ratio of the height to 

the width, and the ratio of the width to 

the offset are always very close to qb (see 

Figs 1 and 3). In particular, since the 

ratio between height and offset is respon- 

sible for the unequal sizes of the major 

and minor grooves of B-DNA, we might 

say that the ratio between the grooves 

themselves is golden too. 

Although the crystal structure of a B- 

D N A  dodecamer 4 has been refined to 

high resolution, it is too short and irregu- 

lar to accurately estimate the pitch, 

diameter and offset of the DNA 

molecule as a whole. However the most 

recent and best refined X-ray fibre 

studies of long chains of B-DNA 5 (re- 

refined by Amot t ,  S. and Chandraseka- 

ran, R., personal communication 1982) 

Table I. Models of DNA Structures and their fit to the Golden Ratio. 

Model Height (]k) Width (A) a Offset(A.)b Height/width Width/offset 
(pi tch)  (diameter) 

A-DNA 5 ,C 25.6 18.9 19.1 1.135 0.99 
B-DNAS,C 33.8 21.1 13.7 1.60 1.54 
Z-I DNA 9 44.6 17.5 15.9 2.55 1.10 
Z-II DNA 9 44.6 18.3 10.9 2.44 1.68 

aWidth determined by the atom most distant from the helix axis: A-DNA O5', B-DNA O2P, Z-I DNA C8 
(G), Z-II DNA O2P (C). 
bOffset determined by vertical separation between the two helices of the double helix based on the locus of 
phosphorus atoms. 
eRe-refined by Arnott, S. and Chandrasekaran, R., personal communication (1982). 

yield ratios of 1.6031 and 1.538, respec- 

tively, or approximately 1 and 5% less 

than dp. Moreover, both ratios seem to 

converge to ~b as time proceeds (Fig. 4). 

In contrast, in the less frequently occur- 

ring forms of DNA,  i.e. A-DNA and Z- 

DNA,  the ratios are further from ~, as 

shown in Table I. 

Currently available X-ray data on 

D N A  are insufficient for a rigorous test 

of our interpretation of the structure. As 

far as we can tell, however, our inter- 

pretation is smoothly compatible with 

the experimental data (and is getting 

bet ter  with time*), but it must be re- 

garded as unproven until it has been 

checked against more exact results. Our 

99 and 95% fits, in other words, are only 

the starting p o i n t . . .  

It has not escaped our notice that the 

specific interpretation we have post- 

ulated immediately suggests a possible 

motto for the copying mechanism of the 

genetic material: 

Beauty is in the genes 

o f  the beholder 
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*Note added in proof 

In fact, just 7 years after the Watson-  

Crick model was proposed Langridge 

et al.t° built a D N A  model with ratios 

of height/width = 1.63, and width/offset 

= 1.51. 
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