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Bacteriophage @x 174, Genetic Information

The genetic information of @x 174 genome (genes and intermediate segments) is analyzed in
terms of its independent (D, index) and dependent information (D, and D3 Markovian indexes),
as well as of its ability to generate secondary structure.

Genes B and E, enclosed in A and D respectively, have: 1) values of D; and Dj; indexes closer
to the theoretical random distribution curves than those of (A—B) and (D—E) gene fractions,
and 2) in the ability for secondary structure generation minor differences with genes A and D.

F — G and mRNA start — A intermediate segments differ from randomness in their D; and D,

indexes, but not so much in the Dy values.

All these data point out the use of code degeneracy for increasing the genetic information

density of the virus.

Introduction

F. Sanger et al.! have recently established the
Bacteriophage ®x 174 DNA primary structure,
which codes for 9 different protein (A, B, C, D, E,
J, F, G and H). These proteins represent a greater
information than those expected from the virus
genome, indicating a necessary overlapping in DNA
information, as has been determined for gen B
(enclosed in gene A) and for gene E (enclosed in
gene B) 2. This overlapped information hinders
genetic code degeneracy to operate, since gene A
triplet’s third base corresponds to gene B triplet’s
first base, and so on, in such a way that the third
base remains determined.

For the genetic information analysis of Bacterio-
phage @x 174, the following parameters were con-
sidered, for each gene sequence, as well as for inter-
mediate segments:

1) Degree of randomness in nucleotide chains.

2) Degree of Markovian dependence of any 2 or 3
successive DNA bases.
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3) The ability of primary sequences to generate
secondary structure, by successive pairing of
complementary bases in some singular zones.

(See Methods.)

Methods

To examine the randomness of Bacteriophage
@x 174 DNA primary structure, the index D, 3 was
evaluated from the maximal possible informational
entropy and the observed one (D = Hyy,x=H,), for
each gene or intermediate segment. The maximal
informational entropy is obtained from equiprobable
representation of the four DNA bases, following
Shannon’s definition:

N~

Hmax =S,

1

pilog p;
1

pi = frequence of any base in the chain (in this
case, p; = 1/4)

and H, corresponds to the observed informational
entropy (p; = observed frequency of each base in
the polynucleotide analyzed). In consequence, Dy
index measures the tendency of the polynucleotide
chain to use some bases more than others.

The D, values obtained were compared with those
corresponding to the same length randomly gener-
ated sequences (Subrutine Randu, IBM 370).

The Markovian dependent information, given by
the tendency to use some base pairs or triplets
more than others, was evaluated by means of D,
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and D, indexes respectively. (D, _H1 Hvln, Dy =
HY — H3;; where Hyj= — Zp,l Piilapiy.

logpiy...ims1.) Al values were calculated in
nats. (This is the informational unit when the loga-
rithm is to the base e.)

Finally, the ability to form secondary structure
was valorated considering the number of n succes-
sive complementarities (n=0, 1, 2...16) formed
running the nucleotide sequence against itself 4. As
before, the values for each gene or intermediate
segment were compared with those corresponding to
sequences at random generated.

clm+1

Results

In this work we have examined the genes (A, B,
C,D,E, ], F, G and H) of virus as well as their
intermediate segments, in comparison with nucleo-
tide sequences at random generated, ranging from
length 19 to 1536.

The curve obtained for D, theoretical mean values
of random nucleotides is compared with points cor-
responding to genes (Fig.1) and to intermediate
segments (Fig.2). The D; values for genes are
noticeably over the theoretical curve except for
gene E (enclosed in gene D) and gene B (over-
lapped to gene A), which are significantly closer to
51 curve than (D—E) and (A—B), respectively
(Fig. 1).
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Fig. 1. Dy values of divergence from equiprobability of
®x 174 genes, in comparison with a D; curve corresponding
to randomly generated sequences.
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Fig. 2. D, values of intermediate segments between @x 174
genes, in comparison to a D; curve of randomly generated
sequences.
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Fig. 6. Dy values of intermediate segments between Px 174
genes, in comparison to a Dy curve of randomly generated

sequences.
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Fig. 8. Theoretical successive base self-complementarities
found in genes A and B, and in randomly generated sequen-
ces of equal length. (A—B values, not shown in Fig., are
similar to A values.)

In Fig. 2, intermediate segments between F and
G genes and between gene A mRNA start and A,
appear randomless.

Figs 3 and 4 show the values of D, and Dj for
genes, referred to random theoretical distribution
curves D, and Dj. The points for genes are above
the curves, being specially remarkable the D; values.
However, values for genes E and B are more ap-
proximate to D5 curve than (D —E) and (A—B)
D, points respectively.

In the case of intermediate segments, the values
of D, (Fig.5) displaying a greater difference with
D, curve, are those corresponding to segments be-
tween F and G, and between mRNA start (A) and
A. These differences diminish when referring to D;
values (Fig. 6).

In Fig. 7, groups of n successive base comple-
mentarities formed by nucleotide sequences at ran-
dom generated, are plotted as a function of the
length of the sequence.

The ability for secondary structure generation of
genes and intermediate segments is analyzed in Figs

853

Length

Number of complementarities

b
o
1

107 1 1 1 1 1 1 1 1 1 I
0 1 2 3 & 5 & 7 8 g 10N
Number of successive bases complementarities

Fig. 9. Theoretical successive base self-complementarities
found in genes D and E and intermediate segment mRNA (A)
— A start, and in randomly generated sequences of equal
length. (D—E values, not shown in Fig., are similar to D
values.)

8 and 9, where no noticeable differences with ran-
dom curves were found.

Discussion

When we analyze @x 174 genetic information, a
significant pattern of non-randommess appears,
looking specially to D; and Dj values. This fact
could support the hypothesis of a restriction in the
basic information of the micro-organism favouring
a greater fidelity of message.

Genes B and E, included in A and D respectively,
display D; and Dj values significantly closer to
D, and Dy theoretical curves than segments (A —B)
and (D —E), indicating a greater randomness, pos-
sibly promoted by the third base invariancy.

In the case of intermediate segments: F— G and
mRNA (A) — A, the values of D; and D, are sig-

nificantly different from theoretical values, being
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this difference lessened in the Dy comparison, results Finally, the minor ability to form secondary
in accordance with the information of these seg-  structure found in genes B and E, relatives to A and
ments not translated as codons. D is not relevant.
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