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Table 1 Replacement Data for Sixty-eight Arginine Residues in
Vertebrate Proteins
Substituted amino acid
Protein His Gin Pro Lys ThrMet Ser AlaAsp Glu Pres
Cytochrome ¢ 2
Haemoglobin a 1 1 1 0
Haemoglobin 2 1 2 1 2
Myoglobin 2 2
Fibrinopeptides 2
Chymotrypsinogen 6 1 1 0
Pepsin 1 1 2
Carboxypeptidase 2 1 )
GPDH 1 1 1 8
Ribonuclease 1 2 1 1 2
Lysozyme 4
Carbonic
anhydrase 1 3
Acidic trypsin
inhibitor 2
Total 4 7 116 1 1 1 1 1 1 34
————— N——— N————
Assignment CGX AGR ?

The families of proteins and the alignments used to identify sub-
stitutions are taken from ref. 8, and the data have been restricted to
include only reasonably closely related sequences, to minimize the
possibility of multiple base changes between codons for correspond-
ing residues. The table notes the number of cases in which a given
residue substitutes for arginine in each protein. The right-hand
column records the number of arginine residues in each protein
which are “‘preserved” (when no substitution has occurred in any
member of the homology family).

In spite of these uncertainties there are sufficient data to say
that the proportion of arginine codons in vertebrate mRNA
which contain CpG is about one-half. If this is so, and a value
of 49 is taken for the average frequency of arginine in verte-
brate proteins?, then the contribution of CGX arginine codons
to the CpG frequency in polypeptide-specifying sequences in
vertebrate DNA should be approximately 0.7%. Experi-
mentally determined values for the CpG frequency in vertebrate
DNAs*-? range from 0.8 %-1.7 %, and there are several reasons
for supposing that this frequency is also typical of the poly-
peptide-specifying parts of these DNAs®, the most striking of
which is the finding of almost identical doublet frequencies to
those of vertebrates in the nucleic acids of small viruses®:1!. The
evidence thus suggests that the bulk of CpG occurrence is in
the CGX codon position, and that the doublet is rare in the
XCG or XXC.GXX positions. As the expected CpG frequency
contributed by the XCG position, assuming equal usage of all
synonymous codons, is about 1.9 %, it is clear that this position
must contain substantially less CpG than expected even if (as
is indicated by the dipeptide frequency data®) there is little or
no CpG in the XXC.GXX position.

Differential selection pressure is the most plausible mechan-
ism for maintaining the CpG shortage in vertebrate DNA
because, in the absence of very specific differential mutations,
a rapid upward drift in the frequency of this doublet would
otherwise have been expected. This would be inconsistent with
the maintenance of uniformly low levels of CpG in vertebrate
classes of distant common ancestry. In these circumstances,
why should the CGX arginine codons have apparently largely
escaped the depletion in frequency characteristic of XCG and
XXC.GXX codons? The answer may lie in the fact that only
in the case of arginine do CpG-containing codons constitute a
major proportion of all the codons for a particular amino
acid. Perhaps they cannot all be removed without a drastic
effect on protein function. It is also the case that CGY (Y =
pyrimidine) codons are unique in that there is no single-step
mutation from them to synonymous codons not containing
CpG. It is surprising that they do not occur with noticeably
higher frequency than CGR codons, which have the oppor-
tunity to lose their CpG by the mutation to AGR without an
amino acid change. Unambiguous identification of a larger
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proportion of the arginine codons in known proteins is required
before this question can be resolved satisfactorily.
I thank Professor J. H. Subak-Sharpe for helpful discussions.
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Erratum

IN the article by Bromberg et al. (Nature New Biology, 243,
177; 1973) the title should read ‘‘Haemoglobin Little Rock
(B*43 His—GlIn; H21): A High Oxygen Affinity Haemoglobin
Variant with Unique Properties”.
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