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Letter to the Editor

CpG Frequency in Large DNA Segments

Gregory G. Lennon and Nigel W. Fraser

The Wistar Institute, Philadelphia, Pennsylvania 19104, USA

Summary. The relationship between the deficiency
of CpG dinucleotides and the coding-noncoding seg-
ments of DNA has been examined. Analysis of five
human a-like globin DNA sequences and five human
Blike globin DNA sequences reveal that there is no
apparent difference between protein coding and non-
coding portions of DNA. Rather CpG deficiency ap-
pears to be a property of long contiguous segments
of DNA consisting of several genes and their inter-
genic regions. Thus we propose that CpG deficiency
is not involved with translation or transcription but
rather is related to chromosomal constraints.
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The largest deviation from random DNA nucleotide
sequence in eukaryotic DNA is that of the deficit
of CpG dinucleotides [1]. Amino acid sequence data
supported the hypothesis that the CpG shortage in the
DNA of vertebrates might be due to a shortage of co-
dons containing this doublet in the polypeptide coding
regions of DNA [2]. This was further supported by
the finding that tRNA, 58 RNA and ribosomal RNA did
not show a deficit of CpG. When a comparison of
the nucleotide sequences in HeLa cell mRNA and
HnRNA by RNA fingerprinting techniques was per-
formed, it was found that they were both indeed CpG
deficient (3]. While HnRNA appeared to be very simi-
lar to DNA, mRNA appeared to be slightly less defi-
cient in the nearest neighbor CpG. Recently, Nussinov
[4] claimed that the CpG dinucleotide deficiency seen
in many eukaryote DNA sequences is not due to coding
requirements based on a comparison of the mostly
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non-coding lIg light J cluster sequence with other Senf
coding sequences. A simple way to support Nussino¥s
conclusion is to compare coding and non-coding S¢&
ments within specific genes. This type of analysis h%
been successfully used for SV40 [5]. )

In this paper we have compared the CpG frequenci¢®
of the 5' untranslated, exon, intron and 3’ untran’
lated segments of the known human globin genes (Tﬂble
1). We have calculated the randomly expected numbe’
for each segment from its base composition and o™
pared it with the actual number of CpGs counted in that
segment. It can be seen that, in general, for any ngeﬂ
gene these segments have similar CpG frequencies-
Given that the introns are larger than the exons in Tab.e
1 and are just as depressed (if not more so) in the ratlo
of actual to expected number of CpG dinucleotides, W
can infer that globin HnRNA will be lower in CpG th"
globin mRNA, in agreement with the experimental datd
on whole HeLa cell mRNA and HnRNA [3].

These data do not support explanations of CpG pa¥’
city due to selection at the level of translation [2, 6]
Neither do the earlier data of Fraser et al. [3] no? th
analysis of vertebrate protein sequences, which has
shown that amino acids with a high proportion od
codons ending in C occur with significantly reduc®
frequency when preceding amino acids whose codo®
start with G [7]. Rather, the data in Table 1 would b"“t
consistent with structural explanations of CpG de
ficiency.

Salser [8] suggested that CpG sequences are poorl}’
represented in eukaryotic DNA because they aré ho
spots for mutations. That CpG can be methylated 3"
mutated to TpG is known [9]. In the case of the a-glob!”
structural gene which has the expected frequency 0'
CpG, Salser suggests that there are structural coﬂt
straints important for mRNA function which sel¢¢
against DNA mutations reducing CpG frequency. Clearly"
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Nu‘:leotides
1
Nsequence 2640 2520 813 1138 900 3919 1648 1628 1076 2052
Analyseq
5" nop.
cods
C‘f};ngto 0.11* 0.22% 0 1.06 1.17 0.23% 0.50 0.50 0.17*  0*
CAP to
Exon 1 0.67 0.33 0 0 0 0.33 1.00 1.00 0 0
E
Xon 1 0.50 0.50 0.33* 0.90 0.90 0.17% 0* 0* 0.14*  0.29*
lntmn

0.35* 0.40* 0.11* 0.67 0.67 0* 0.12*  0.12*  O* 0*
E
Xon 2 1.09 1.09 0.29* 0.95 0.95 0.21* 0* 0* 0.07%  0.12%
1ntr0n
B 1.03 1.07 0.17* 0.94 0.84 0.19* 0.23*  0.16%*  0.12*  0.15*
E
Xon 3 0.93 1.00 0.14* 0.58 0.58 0.20* 0.20¢  0.20% 0.11*  0.10%
Ex°n3to
Poly o 0.45* 0.82 0.20* 0.55%  0.36% o* 0 0 0* 0.20
;"lvmo
:dofDNA 0.75 0.63* - 0.06* - 0.20* - . 0.12* 0%
quemed

*
A .
1 ®tual number of CpG in segment significantly different by x2

test from random expectation at P < 0.05

D . .
NA Sequence data was obtained from the nucleic acid sequence database, National Biomedical Research Foundation and from

* T. Maniatis [14]

:itols difficult to make this argument for the {-pseu-
CIugs:ne’ a non-functional gene within the a-globin
Tabler’ which is relatively high in CpG content (see
e1).
agalit has also been suggested that the selective pressure
b zst CpG may be to diminish the extent to which
ext Mmay be methylated [10, 11]. It is known that the
- ‘et of methylation of DNA is related to regulation of
: transcriptional activity [12, 13]. Given the large
CIence between the coordinately regulated a-globin
Tneththe. B-globin genes (Table 1), selection against
fre Ylation is unlikely to be the reason for low CpG
Quency,

°1as?§A Yiruses of eukaryotic cells seem to fall into two
o S with regard to CpG deficiency: 1) those that are
SV4(;n CpG, mainly the small viruses, as typified by
seg and 2?) those that are not, mainly the large vi-
Whol, a§ typified by HSV-1. In line with the fact that
€ viral genomes may or may not be CpG deficient,

we would like to suggest that CpG distribution, whether
high or low, will be relatively uniform over large blocks
of DNA such as large gene clusters. From Table 1 the
o-globin cluster, a contiguous region spanning at least 20
kb (from which 8 kb was analyzed) is relatively high,
while the S-gene cluster (at least 40 kb) is relatively low.
Rather than supporting a transcriptional or translational
constraint on CpG frequency, we propose that these
data point to a structural constraint at the DNA level,
such as a constraint of chromosomal organization or
replication.
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