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Swmmary. The amino acid sequences of four strains of tobacco mosaic virus isolated in
different parts of the world are compared. The differences between the strains are discussed
with respect to special proteinchemical features (such as beginning of the chain, deletion of
amino acids, number of different amino acids, sizes and distribution of regions with invariable
amino acids) and with respect to the possibility of deducing the most probable nucleotide
sequence for the coat protein cistron of tobacco mosaic virus.

The complete amino acid sequences of the two RNA bacteriophage strains fr and £, are
compared. According to their coat proteins three groups of phages can be formed: 1) MS 2,
f,, M 12 and R 17, 2) ir and 3) Qf.

During the last years the protein structures of strains of tobacco mosaic virus
(TMV) and of an RNA-bacteriophage have been intensively studied. The results
up to now allow a comparison of the amino acid sequences of four TMV strains and
of two strains of an RNA bacteriophage.

I. Tobaceo Mosaic Virus

The amino acid sequences of the following TMV strains are shown in Fig. 1:

V = strain “vulgare”, isolated by Jouxsow (1926). The first but later corrected
amino acid sequence was determined by ANDERER et al. (1960) and Tsvarra et al.
(1960). The sequence in Fig. 1 is according to ANDERER, WITTMANN-LIEBOLD and
WirtTman~ (1965).

D = strain “dahlemense”, isolated by Mercarers (1940); the sequence was
determined by WrrtMan~-LigBorp and WrrTmMany (1963).

U2 = strain “U2”, isolated by Wirpman et al. (1951); the sequence was
determined by WirtMaxy (1965) and RENTSCHLER (1967).

H = strain “Homes rib grass”, isolated by HormEs (1941); the sequence was
determined by JAvrREGUI-ADELL, HINDENNACH and WITTMANN (to be published),
WirtMany, HiNpeENNAcH and WiTTmanN-LieBoLD (to be published) and Fuwatsu
(to be published).

Comparing the amino acid sequences of the four TMV strains the following
can be pointed out:

1. The protein chain of all so far known phytopathogenic viruses begins with
an N-acetyl-group. This is not true for strain U2: The first amino acid is free and
not acetylated.

2. The coat proteins of the strain V, D, U2 and of about 300 mutants which
have been analyzed (Witrtmanw, 1962; WirtMaNN-LiEBOoLD and WITTMANN,
1965 ; Fuxarsu and FRAENKEL-CONRAT, 1964) consist of 158 amino acids, whereas
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strain H has a deletion of two amino acids. In the region between 146—149 four
positions are free (compared with the three other strains) but only fwo amino
acids are present in strain H.

3. The same amino acid at the same position in all four TMV strains (e.g. tyro-
sine in position 2, isoleucine in 4; ete.) occurs only in 36% of the 158 positions.
Furthermore, if one considers in which positions amino acid replacements are
present in chemically induced and spontaneous mutant in addition to the four
strains, the number of invariable amino acids is reduced to 30%.

4. The positions with the invariable amino acids are not randomely distributed.
Two big clusters occur: one consisting of 10 amino acids in positions 113—122 and
another with 8 amino acids in position 87—94. These findings probably reflect the
restriction of amino acid replacements by the spatial structure of the protein
chain.

5. If one compares the codons for two or more amino acids which occur in a
given position, it is found that a considerable portion (50% of the amino acid
replacements) can only be “explained” by altering more than one nucleotide per
codon.

6. A comparison of the amino acid sequences of the four TMV strains allows
conclusions about the evolutionary relationship of these strains.

7. The knowledge of the amino acid replacements in chemically induced and
spontaneous mutants and of the amino acid sequences of the TMV strains (Fig. 1)
allows the deduction of the most probable codon for those amino acids which
are coded by several codons, e.g. serine, leucine ete. Thus it is possible to deduce
the most probable nucleotide sequence for the TMV coat protein cistron.

The points listed above and summarized briefly will be discussed elsewhere in
detail.

II. RNA Bacteriophages

Atter LorB and ZINpER (1961) had shown the existence of bacteriophages
which contain RNA as genetic material, several similar bacteriophages were isolat-
ed in various parts of the world.

The amino acid sequences of two such phages, namely f, and fr, have been
determined and are given in Fig. 2. The homology between their amino acid
sequences is so strong that f, and fr can be considered as two strains of the same
bacteriophage. The strain f, was isolated by Lok and Zixpsr (1961) and its
amino acid sequence was determined by WEBER et al. (1966, 1967). The strain fr
was isolated by HorrMANN-BERLING et al. (1963) and its sequence determined by
WirTTMANN-LIEBOLD et al. (1966 and to be published). Both strains have the same
number of amino acids, namely 129. Large regions of both protein chains are
identical. The number of positions with different amino acids is 18% and this
figure is about the same ag the difference in amino acids between the TMV strains
Vand D. 60% of the amino acid differences between f, and fr can be “explained”
by alteration of only one nucleotide per codon.

The hitherto analyzed RNA bacteriophages can be divided into three groups
according to the homology between their coat proteins:

1. MS2, M12, R17 and £, are very strongly related to each other: MS2 and
M12 seem to be identical and f, and R 17 differ from these by only one amino
acid replacement (Lix et al., 1967).
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2. The relationship between fr and the strains of the first group is still close,
although much less than between the strains within the first group. As mentioned
above 18% of the 129 amino acids between fr and {, are different.

3. QB, which has been isolated in Japan belongs in a third group because it is
very different from f, in its coat protein (W. KoNIGSBERG, personal communica-
tion).
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