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Statistical calculations on sequence homologies provide evidence that the two phages Qß and 
R17 have derived from a common precursor, although they are quite different in several properties. 
Moreover, duplications within the genom of each phage have occurred. These results are discussed 
with regard to the lack of translational repression between Qß and MS2 phage group.

Introduction

Homologies within and between the nucleotide 

sequences of the phages Qß and R17 have been 

mentioned in the last few years by several authors. 

Steitz21 compared the initial region of the A-pro- 

tein-, the C-protein-, and the replicase-cistron of 

R17 and indicated some similarities in the precistro- 

nic regions. In a comparison between Qß and R17 

Adams and Cory 1, and Cory et al. 6 pointed out that 

these phages possibly may have derived from a 

common ancestor, although they are quite dissimilar 

in several properties, e. g. there is no serological 

relationship 15, 17. Recently Weissmann et al. 25 drew 

attention again to homologies between and within 

the RNA-sequences of Qß and R17 phages. We 

concerned ourselves with some specific virus rela­

tionships that might be important in explaining the 

problem of cross protection between closely related 

virus strains12, 13. Cross protection means that a 

host acquiring one strain of a virus is unable to be 

infected by a second strain of the same virus. This 

is a well known but unexplained phenomenon in 

plant virology13. Ward et al. 23 have proposed a 

model at the translational level to explain this pheno­

menon of bacteriophages. The closely related phages 

MS2, f2, and fr cross protect each other by means 

of a translational repression mechanism and coat 

protein serves as repressor. Qß neither shows cross 

protection to this phage group nor a repression activ­

ity of its coat protein.

Requests for reprints should be sent to Dr. E. Köhler, 
Institut für landwirtschaftliche Virusforschung der BBA, 
D-3300 Braunschweig, Messeweg 11/12.

Calculations of sequence homologies

Fig. 1 shows the six sequences we were working 

on in such an arrangement, that the initial codons 

(AUG) are in the same position. The comparisons 

are limited to these initial regions, because the re- 

plicase cistron of Qß is not known over a longer 

region. The nucleotide sequences on the left side 

of AUG are supposed to code not for an amino acid 

sequence but to be necessary for attachment to ribo­

somes.

For quantitative estimation of sequence homo­

logies it is necessary to postulate some assumptions 

on evolutionary events. In reference to the stochastic 

models of Holmquist 8 and Kimura and Ohta 11 we 

generally assume that point mutations (mutant sub­

stitutions) occur spatially at random and in uni­

form probability over the variable part of the se­

quence, and that at each site a given nucleotide 

mutates with equal probability to any one of the 

remaining three.

Calculation of random similarities

By means of binomial distribution the probability 

P0(n0, A;0) can be calculated that two sequences 

have in k out of n sites the same nucleotide by 

chance. If the random probability of an equal or 

better similarity between two sequences is less than

0.001 we exclude the possibility, that the two se­

quences simply happen to be similar. Table I shows 

these random probabilities, P0(n0, k0) , which are 

calculated by the formula of the binomial distribu­

tion:

Tl ^
P = pk( l - p ) n~k---- !---

P K P) k! (n — k) ! 

with p = 1/4. The comparison between Q/9-replicase 

and R17-replicase leads to a probability so small
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Table I. n0 =  Number of nucleotides compared, from which k0 are identical at the same site; P0(n0, k0) =  probability that 
k0 out of n0 nucleotides are identical by random events; g =  number of gaps; r — number of residues in a gap; =  num­
ber of nucleotides in the longer chain; N2 =  number of nucleotides in the shorter chain; fg/f0 =  ratio of possible compari­
sons of the two chains after and before introduction of the gap (c.f. ref. Cantor) ; ng =  number of nucleotides compared 
after the introduction of the gap, from which kg are identical at the same site; Pg(ng,kg) =  probability that kg out of ns 

nucleotides are identical by random events; value of C should be smaller than 1 to justify a gap.

Compared
Sequences n0 k0 Pq (n0, k0) g r Ni 1V2 fe/fo ng kg Pg(ng , kg) r  P s'fg 

Po-fo

Qß-A/Rll-A 37 10 1.41 x  IO“ 1

Qß-C/RH-C 38 12 9.11 x  10-2
Q/?-r/R17-r 32 18 1.22 x  10~4 1 2 36 32 98/5 30 21 2.44 x  IO-7 0.04
Qß-A/Qß-C 38 17 3.98 x  IO“ 3
Qß-A/Qß-r 32 12 4.27 x  IO“ 2 1 2 45 32 422/14 30 16 6.03 x  IO“ 4 0.43

Qß-C/Qß-r 37 10 1.41 x IO“ 1
R17-A/R17-C 37 15 1.56 x  10~2 1 3 43 37 151/7 34 18 3.21 x  IO-4 0.45

R17-A/R17-r 34 9 1.51 x  IO“ 1

R17-C/R17-r 36 15 1.23 x  IO“ 2

that we can suppose an ancestral nucleotide sequence 

from which these two sequences have derived.

Introduction of gaps in the sequence of nucleotides

Any two sequences could be arranged to obtain 

maximum homology by inserting gaps. Each gap, 

however, increases the number of possible align­

ments, and therefore the unreliability of homology 

as quantitatively explained by Cantor5. To intro­

duce gaps in one or both of the sequences at various 

points in order ito extend the apparent homology a 

procedure has been developed by Cantor to test 

whether a gap does in fact confirm the homology. 

The extra homology introduced by a gap must more 

than compensate for the increased number of com­

parisons. The equations to calculate the number of 

possible comparisons of two sequences of the length 

Nx and No with gaps of r residues are given by 

Cantor5. Table I shows the ratio of possible com­

parisons, fg/fo, after and before the inserting of a 

gap. The last column of Table I shows the value of 

C, which should be smaller than 1 in order to justify 

a gap. In three cases we succeeded in introducing a 

gap. Fig. 2 shows the alignment of those sequences 

which are involved in these comparisons. The de­

creased random probabilities, Pg(ng, kg) , in Table I 

indicate homology also within the genoms of Qß 

and R17. We can suppose, that the one or other of 

these cistrons, or parts of them, have derived from 

duplications in the course of evolution.

Estimation of mutational distance between sequences

Kimura and Ohta 11 have established a stochastic 

model of evolution for the estimation of mutational

distances between homologous sequences. In a good 

approximation the average number of nucleotide 

substitutions (inclusive back mutations and multiple 

substitutions) per site were estimated by using the 

formula K = — 3/4 ln (1 — 4/3 d ) , where d is the 

fraction of sites at which two holomogous sequences 

differ. This value has a variance of s2 = d ( l —d)/  

L( 1 — 4/3 d)2, where L is the number of nucleotides 

in the compared sequences. The values of K and 

their variances for the three homologous sequences 

are given in Table II. The value of K gives a quanti­

tative estimation of the evolutionary distance be­

tween two sequences and is suitable for quantitative 

comparisons between different homologies. In the 

discussion the possible conclusions of different 

values of K will be deliberated.

Discussion

Quantitative comparisons of nucleotide sequences 

give the most sensitive evidence of relationships be­

tween two organisms. It is possible to suppose 

distinct mutational events, such as duplications, in­

sertions or deletions, and nucleotide substitutions, 

that have occurred in the evolution between two 

structures. Fig. 2 gives an illustration of these sup­

posed events.

R17- and MS2-phages show small differences; 

their C-protein-cistrons e. g. show a difference of 8 

substitutions out of 238 nucleotides16; this results 

in a value of £  = 0.0307 + 0.0001. None of these 

base changes leads to an amino acid difference of 

coat protein 16, 23. On the other hand R17 and Qß, 

although serology fails to detect any convincing



Qß-A-prot.: 5 ' . . .U  C A  C U G A G U A U A A G A G G A  C A U

Q/?-C-prot.: . . . A A A C U U U G G G U C A A U U U G A U C

Q^-replicase: x x U A A C U A A G G A U G A A A U G C

R17-A-prot.: . . . C A U U C C U A G G A G G U U U G A C C U

R17-C-prot.: . . . A G C C U C A A C C G G A G U U U G A A G C

R17-replicase: x x C A A A C A U  G A G G A U  U A  C C C

A U G

A U G

A U G

A U G

A U G

A U G

C C U  A A A U U A  C C G  C G U G G  C U G  . . . 3 '  

G C A A A A U U A G A G A C  x x 

U C U A A G A C A G C x x

C G  A G  C U U U U  A G U G  . . .

G C U U  C U A A C U U U A C U  C A G  . . .

U  C G A A G A C A A C A A A G  x x

Fig. 1. Nucleotide sequences of the initial regions of the three cistrons of the RNA phages Qß and R17: the A-protein-, the C-protein-, and the replicase- 
cistron. They are arranged so that the initiator codons (AUG) are at the same position. Sources of information of Qß : 2, 3, 7, 0, 10, 14, 18, 21. sources 0f informa­

tion of R17: *' 14’ 19’ 20’ 22) 24. Some of the sequences are known over a longer region, this is indicated by a dotted line; unknown bases are indicated by x.

Q/?-A-prot. U C A C U G A G U A U A A G A G G A  C A U  . . A U G C C U A A A U U A C C G C G U G G U  C U G

Q/?-replicase: U A A  C U A A G G A U G A A A U G  C A U G
1 1 1

U  C U A A G A  C A G  C

R17-replicase: C A A A C A U G A G G A U U  . . A C C C
1 1 1 

A U G U C G A A G A C A A C A A A G

R17-A-prot.: C A U U C C U A G G A G G U U U G A C C U A U G C G A G  C U U U U A G U G

R17-C-prot.: A G C C U C A A C C G G A G U U U G A A G C A U G . . . G C U U C U A A C U U U A C U C A G

Fig. 2. Alignment of those RNA sequences which show sufficient homology at least in one comparison after introduction of the gaps.
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Table II. d — Fraction of sites by which two homologous 
sequences differ; K =  average number of nucleotide sub­

stitutions per site; s2 =  variance of K.

Compared
Sequences d K s2

Q/5-r/R17-r 0.30 0.383 ±0.019

Qß-A/Qß-r 0.467 0.730 ±0.058
R17-A/R17-C 0.471 0.741 ±0.053

relationship, show at least in the short initial region 

of repliease cistron a clear homology.

It is necessary to note, that the differences be­

tween R17 and Qß are not equally distributed in the 

three compared regions: Homology could be made 

evident only between the initial region of the repli- 

case cistron, but not in the other two compared 

regions. This would be a contradiction of our gene­

ral assumption previously mentioned, if we neglect 

the process of selection. If a function, e. g. of repli­

ease enzyme, is closely bound to a special structure, 

any mutation that would disturb the unity of func­

tion will not pass selection processes, while muta­

tions in the nucleotide sequence of an other cistron,

e. g. of coat protein, would have been established in 

the evolution. This consideration also resolves a 

discrepancy: A smaller value of K for two compared 

sequences than for two others could lead to the as­

sumption that the first duplication would have oc­

curred later in the timespan of evolution than the
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