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containing ordered arrays of RNA. Although 
the technique does not suffer from size limi-
tations, obtaining ordered crystals for highly 
flexible and diverse genomic RNA structures 
is a daunting task. High-resolution struc-
ture determination is also a time-consuming 
pro cess, and as such is reserved for those 
privileged motifs that have been deemed func-
tionally important. Consequently, more than 
80% of the HIV-1 genome remains structurally 
uncharacterized.  

Using a technique called SHAPE (selec-
tive 2ʹ-hydroxyl acylation analysed by primer 
extension), Watts et al.1 provide insight into the 
complete HIV-1 genome structure. The images 
produced are of lower resolution than those 
obtained by NMR spectroscopy and X-ray 
crystallography, but they span a much larger 
area of the genome. The technique is thus akin 
to zooming out on a map and getting a broader 
view of the landscape at the expense of fine 
details (Fig. 2). 

SHAPE exploits the fact that the folds and 
loops of RNA molecules are stabilized by 
nucleotide base pairing. The technique relies 
on interactions between RNA and chemical 
reagents that react selectively, but sparsely, 
with flexible (unpaired) nucleotides, and which 
thereby modify their chemical structures. The 
reverse transcriptase enzyme is then used to 

make linear DNA copies of the RNA, which 
are terminated whenever the enzyme encoun-
ters a chemically modified site. By comparing 
the length and quantity of the DNA copies 
produced from RNA that has been exposed to 
chemical reagents with those from RNA that 
has not, the absolute reactivity, and thus flexibil-
ity, of individual nucleotides can be determined. 
Regions with low reactivity and flexibility 
correspond to regions of RNA with signifi-
cant base-paired secondary structure, whereas 
regions with high reactivity and flexibility 
correspond to unpaired nucleotides. 

Although there are various well-established 
chemical and enzymatic approaches for prob-
ing the secondary structure of RNA2, many 
of the reagents used react with only a subset 
of nucleotides (for example, guanine and 
cytosine versus adenine and uracil) and their 
reactivity can depend on both RNA second-
ary structure and the intrinsic nucleotide 
activity. The unique reagents and chemistry 
used by SHAPE can help to surmount many 
of these limitations, and its automation allows 
for high-throughput studies of very large RNA 
structures. By plugging the SHAPE reactivity 
data into a computer algorithm that calculates 
the thermodynamic stability, and therefore 
the folded state, of RNA3,4, Watts et al. pro-
pose a model of the secondary structure of the 

Figure 2 | The HIV-1 RNA genome shapes up. Secondary structure of a section of the HIV-1 RNA 
genome as determined by Watts et al.1 using the SHAPE technique. Nucleotides are represented as 
coloured dots, with the colours depicting the amount of SHAPE reactivity, which reflects nucleotide 
flexibility and base pairing. The authors show that the genome has structured motifs (including stems 
and loops) in regulatory and protein-coding regions. Structured RNA in protein-coding regions may 
have a role in protein translation and in ensuring correct protein folding. SHAPE analysis of the entire 
HIV-1 genome is shown in Figure 2 on page 713.

50 YEARS AGO
Sir John Cockcroft is reported 

to have expressed the opinion 

on April 26 that in 1966 some 

25 per cent of the requirements 

of the United Kingdom for 

electricity would be met by 

nuclear generation, 50 per cent 

by 1975 and 100 per cent by the 

end of the century. Questions 

asked in the House of Commons 

on June 8 indicate a disposition 

to allow political and social 

considerations to over-ride, if 

not distort, the technical and 

economic aspects, and there have 

been other attempts to make the 

effect on the coal industry the 

deciding factor in determining the 

development of nuclear power. 

The implications of technological 

change have been ignored, as 

has the effect of development on 

the cost of electricity supplied by 

nuclear power-stations. 

From Nature 8 August 1959.

100 YEARS AGO
A survey of the progress made 

during the last twenty-five years 

in almost any field of engineering 

work would show an immense 

advance. Even during the past ten 

years very considerable progress 

has been made in certain branches 

of applied science, and in none of 

them to a greater extent than in 

the internal-combustion engine. 

We need not in this comparison 

claim the gun as a form of 

internal-combustion engine, 

though we are naturally entitled 

to do so. We may leave lethal 

weapons aside, and think only of 

the remarkable development of the 

reciprocating internal-combustion 

engine, and of the many changes 

it has brought about in our 

times. It has revolutionised 

cross-country transit. It has given 

us the long-deferred ... victory 

called the “conquest of the air.” 

It is extraordinary to think of 

the numbers of men who have 

spent ingenious years in seeking 

a solution of the problem of 

flight. The solution has come in 

the unexpected form of a pair 

of long, sail-like arms, driven 

forward by a small high-speed 

internal-combustion engine.

From Nature 5 August 1909.
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