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Mousterian and Solutrian levels at Le Pla­
card, and between the Mousterian and 
Aurignacian levels at Abri Caminade'·II . 
Positive indications of this hiatus can be 
seen in recently published sections of the 
site l

'. The suggestion that the Neanderthal 
burials at La Ferrassie represent later 
instrusions into the Mousterian levels is 
intriguing, but difficult to evaluate, 80 
years after the original excavations. 

Finally, Cook and Ashton make no allo­
wance for the wealth of purely archaeolo­
gical evidence bearing on the wider prob­
lems of Mousterian chronology and inter­
correlations between sites. Any attempt 
to support the stratigraphic correlations of 
Laville'·12 would need to explain why at 
least 12 sites in south-west France show a 
consistent sequence of Mousterian of 
Acheulian tradition above Quina! 
Ferrassie industries, why Mousterian of 
Acheulian tradition industries invariably 
occur at the top of Mousterian sequences 
in cave and rock shelter sites, and why 
Mousterian of Acheulian tradition indus­
tries are entirely lacking from all except 

What can AIDS virus 
codon usage tell us? 
SIR-Macromolecular sequence compari­
son is extraordinarily useful in elucidating 
evolutionary relationships, largely be­
cause divergence rates are approximately 
constant, and the chance of convergence is 
very small. The close evolutionary rela­
tionship of the human immunodeficiency 
virus (HIV) and visna virus has been well 
characterized by this approachl.2. Gran­
tham, largely responsible for demonstrat­
ing that patterns of codon choice are 
species are species specificJ

, and Perrin 
now suggest that comparison of such pat-

the uppermost 4 of the 55 levels of Mous­
terian occupation at Combe Grenal I3

• No 
explanation has so far been offered as to 
how these observations can be reconciled 
with the hypothesis of a close synchronism 
between the archaeological sequences at 
Le Moustier and Combe Grena!. 
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terns in HIV and visna may provide a useful 
approximate evolutionary distance'. 

Decompo:.;ition of a DNA sequence 
into a codon usage table loses a great deal 
of information - comparisons of the in­
tact sequences of homologous genes and 
proteins must be more informative than 
comparisons of codon choice. In fact , the 
distance measure used by Grantham and 
Perrin (how many of 18 amino acids have 
the same most-preferred codon in two 
codon usage tables) can yield some 
strange results . For example, among the 
viruses in Table 1, it is thought that Molo­
ney murine leukaemia virus (MML V, 
another retrovirus) is the most closely re-

Table 1 Similarities of codon choice between organisms 

(N) HIV ELO E HI Baci YLO YHI HAT HCG 

Human (total) (135) 2 8 8 1 2 7 3 14 
Human G+C rich (8) 0 8 10 1 0 7 1 
Human A + T rich (8) 12 8 5 13 14 7 

Yeast HI (38) 5 2 11 6 11 
YeastLO (66) 11 6 6 13 
Bacillus (21) 11 9 7 

(3) E.coliHI (42) 2 8 5 MMLV 

E.coliLO (58) 6 10 1 (28) AD2 
3 6 12 (6) SV40 

11 1 5 13 (8) Flu 
10 7 5 8 8 (2) CAMV 
Flu SV40 AD2 MMLV HIV 

Values are the number of amino acids (out of 18) where the two data sets show the same 
preferred codon. N is the number of genes in each data set. Yeast, Saccharomyces ceTevisiae; 
Bacillus, B. subti/is. HI and LO (for E.coli and yeast) indicate groups of genes identified as having 
high and low codon bias. Human GC-rich : Il:-actin, apolipoprotein AI , ~-chorionic gonadotro­
pin, Il:-globin , ~-globin, metallothionein II, insulin, Il:-tubulin. Human AT-rich : albumin, IX­

amylase (pancreatic and salivary), factor IX, y-fibrinogen, y-interferon, HPRT, parathyroid 
hormone. Viruses: HIV, 5 genes (gag, pol, SOT, env, P27) of ARV-2; Moloney murine leukaemia 
virus; Flu, influenza virus isolate BlLee/40; SV40, simian polyoma; CAMV, cauliflower mosaic 
virus; AD2, adenovirus 2. All codon usage data was taken from ref.5, except: yeast6 , Bacil/uslO, 
E.coW and HIV (calculated from GenBank) . 

lated to HIV, and yet HIV codon usage is 
most similar to that in the influenza virus, 
and even cauliflower mosaic virus 
(CAM V) is more similar to HIV than is 
MMLV. Also , a compilation of 66 mouse 
genes' yields the same preferred codons as 
the human (total) for each of the 18 amino 
acids , and yet differs from 60 rat genes' for 
two amino acids. Thus, unlike divergence 
in protein and DNA sequences, differen­
tiation at the level of codon usage is clearly 
not linear with time. It is also highly sus­
ceptible to convergence. 

Furthermore, it is clear that there is 
considerable heterogeneity in codon 
choice among genes within species. In 
Escherichia coli and yeast (the two best 
studied organisms) groups of genes with 
high and low codon bias can be 
identifiedJ

·
6

•
7

• that differ somewhat in their 
preferred codons (Table 1). In mammals 
there are also large differences among 
genes in the direction of codon 
preference". These differences seem to be 
related to local genomic G+C content", 
and can yield very different sets of prefer­
red codons. 

Thus, when Grantham and Perrin use 
their comparison to estimate the extent to 
which viruses imitate the codon prefer­
ence of their hosts' , and point out that 
codon usage in HIV genes is different to 
that in a compilation of all human (exclud­
ing immune system) genes, this is some­
what misleading. In fact, HIV genes show 
considerable similarity in codon choice to 
a group of human genes with low G+C 
content. Comparing species totals; HIV 
codon usage shows more similarity to that 
in Bacillus subtilis and yeast, than to that 
in the compilation of human genes . 

On the positive side, it is possible that 
the differences among mammalian genes 
in pattern of codon usage may partly re­
flect the diverse tissues in which those 
genes are expressed. One investigation of 
this possibility" gave negative results, but 
examined very few genes. It may be that 
codon usage in HIV genes reflects adap­
tion to expression in particular tissues, in 
which case the report' that there is some 
similarity in this respect between HIV 
genes and T-cell receptor genes would be 
rather interesting. 
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