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Summary. 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 nncleotide 
sequence for the coat protein cistron of tobacco mosaic virus. 

The complete amino acid sequences of the two R1NA bacteriophage strains fr and f~ are 
compared. According to their coat proteins three groups of phages can be formed: 1) MS 2, 
f2, M 12 and 1~ 17, 2) fr and 3) Qfl. 

Dur ing the last  years  the  pro te in  s t ructures  of s t ra ins  of tobacco mosaic  vi rus  
(TMV) and  of an  RIqA-bac te r iophage  have been in tens ive ly  studied.  The resul ts  
up  to now allow a compar ison of the  amino acid sequences of four TMV stra ins  and  
of two s t ra ins  of an I~NA bacter iophage.  

I. Tobacco Mosaic Virus 

The amino acid sequences of the  following TMV strains are shown in Fig.  1 : 
V = s t ra in  "vulgate", i sola ted b y  JOHNSON (1926). The first  bu t  la te r  corrected 

amino acid  sequence was de te rmined  b y  ANDE~E~ et al. (1960) and  TSUGITA et al. 
(1960). The sequence in Fig.  1 is according to  A~DE~En, ~7ITTMANN-LIEBOLD and 
WITT~A~N (1965). 

D = s t ra in  "dahlemense", i sola ted b y  ~ELCRE~S (1940); the  sequence was 
de te rmined  b y  W][TTMANN-LIEBOLD and  WITTMANN (1963). 

U 2 - ~  s t ra in  "U2", i so la ted  b y  WILD~A~ et al. (1951); the  sequence was 
de te rmined  b y  WITTMANN (1965) and RElqTS(JttLEI~ (1967). 

H = s t ra in  "Homes rib grass", i sola ted b y  HOLMES (1941); the  sequence was 
de te rmined  b y  JAU~EGuI-ADELL, HINDENNACH and  WITT1V[ANIq (tO be published),  
WITTMANIq, HINDENNACH and  WITTMANN-LIEBOLD (tO be published)  and  FVNATS~: 
(to be published).  

Comparing the  amino acid  sequences of the  four TMV stra ins  the  following 
can be po in ted  out  : 

1. The pro te in  chain of all  so far  known phy topa thogen ic  viruses begins with 
an N-acety l -group.  This is not  t rue  for s t ra in  U2:  The first  amino acid is free and 
not  ace ty la ted .  

2. The coat  prote ins  of the  s t ra in  V, D, U2 and  of abou t  300 m u t a n t s  which 
have  been ana lyzed  (WITTMANN, 1962; WITTMANN-LIEBOLD and  WITTMAN~, 
1965 ; FUNATSU and  FtCAENKEL-CoNRAT, 1964) consist  of 158 amino  acids, whereas  
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strain I-I has a deletion of two amino acids. In  the region between 146--149/our 
positions are free (compared with the three other strains) but only two 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; etc.) 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 ehisters occur : one consisting of i0 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. I f  one compares the eodons 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 
eodon. 

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 etc. Thus it is possible to deduce 
the most probable nueleotide sequence for the TMV coat protein eistron. 

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

II. RNA Bacteriophages 
After LoEB and ZI~DEn (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 f2 and fr, have been 
determined and are given in Fig. 2. The homology between their amino acid 
sequences is so strong that  f2 and fr can be considered as two strains of the same 
bacteriophage. The strain f2 was isolated by LoEB and Z I ~ D ~  (1961) and its 
amino acid sequence was determined by WS~BEn e ta] .  (1966, 1967). The strain fr 
was isolated by HOFFMAN:N--BEtlLING eta] .  (1963) and its sequence determined by  
W]TTMANN-LIEBOLD eta] .  (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 as the difference in amino acids between the TMV strains 
V and D. 60 % of the amino acid differences between f2 and fr can be "explained" 
by  alteration of only one nucleotide per codon. 

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

1. MS2, M12, t~17 and f2 are very strongly related to each other: MS2 and 
M12 seem to be identical and f2 and R 17 differ from these by only one amino 
acid replacement (Lr~ et al., 1967). 
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2. The  re l a t ionsh ip  b e t w e e n  fr a n d  the  s t ra ins  of the  f irst  g roup  is sti l l  close, 
a l t h o u g h  m u c h  less t h a n  b e t w e e n  the  s t ra ins  w i t h i n  the  f irst  group.  As m e n t i o n e d  
above  187o of the  129 a m i n o  acids b e t w e e n  fr a n d  £2 are  different .  

3. Q/?, which  has  been  i so la ted  in  J a p a n  belongs  in  a t h i rd  g roup  because  i t  is 
v e r y  d i f fe rent  f rom f2 in  i ts  coat  p ro t e i n  (W. KO~-IGSBEI~, pe rsona l  c o m m u n i c a -  
t ion) .  
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