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Sumnary: Thirty-six transfer RNAs were al igned on the basls of the 
“clover-leaf” model and compared for homology. Al 1 these tRNAs have identical 
residues at eleven loci. Addl tional homology may occur in pairs of tRNAs for 
different amino acids In the same organism. This type of homology indicates 
that tRNAs for 2 different amino acids may evolve from a corm~~ ancestor by 
gene duplication. Such an evolutionary separation must include changes in the 
anticodon and in the recognition site for the actlvatlng enzyme. 

The transfer RNAs (tRNAs) are a group of molecules which can be represent- 

ed in the form of “clover-leaf” secondary structures that contain four helical 

regions and 3 or 4 loops (1,2). Each tRNA contains at least 72 nucleot ides 

plus a 3’-terminal trinucleotlde -CCAGH. The evolutionary relationship 

between the tRNAs is shown by their common secondary structure and by the 

presence of about eleven invariant bases in corresponding loci (2,3). 

We have compared the sequences of tRNA molecules arranged as in the ex- 

amples in Figure 1. Only 74 loci were used in the comparisons; the “extra” 

nucleotides, representing insertions that are present in some tRNAs, (mainly 

between positions 46 and 47), were omi t ted to make the comparisons uni form. 

Gaps were inserted In the portion of the sequence corresponding to loop I 

(residues 14-22 in Figure 1) to maximize the homology of this region, which 

varles in length (2). The 36 tRNAs coompared were Phe V, EC, wheat; Leu Y, EC; 

ile TY, EC; Met EC; f-Met EC; Val Y, TY, EC; Ser Y, EC, rat; Ala Y; Tyr Y, TY, 

EC; His Salmonella; Lys Y; Asp Y; Glu EC; Trp EC; Arg Y, EC; Gly EC; and their 

alleles, totaling 630 comparisons. (Y - yeast; TY - torula yeast; EC = g. coli). 

The results when the tRNAs for different amino acids were compared gave 

average differences of 48% for yeast tRNAs, 48% for F. co1 i tRNAs, and 50% for 

yeast vs E. co11 tRNAs. -- - The average random difference between unrelated RNA 

sequences containing equal quantities of A, C, G and U is 75% because there is 

one chance in four that two bases will be identical by chance. The references 

for most of the sequences are in Nishimura (4). 
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Figure 1. Sequences of certain tBNAs shaming evolutionary 
homology when compared as &scribed in text. 

Yeast E. coli Yeast E. coli Yeast E. coli -- -- -- 
Lys Arg Met Ile Val Val Lys Arg Met lie Val Val Lys Arg Met Ile Val Val 
H 3A(3B) 1 2A(2B) Ii 3A(3B) 1 2A(2B) H 3At3B) 1 2A(2B) 

1G G G A G G G G A G A A 50A A A G G G 

C C G G G C u u c c c c G U C G G G 

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

u c u c u u 30U U U C U A G G G G G G 

U U A U G C(U) G G C C C C G G G G G G 

G C(U) C U A C A A A C C C u u u u u u 

U G G G U G(A) C C C C C U u u u u u u 

u u u u u u u u u u u u c c c c c c 

G G A A A A 4!4G!z!C G G G A G G 

1OG G G G G G ! !  4 ! !  ! I  A A A A A A A A 

c c c c c c I !  ! !  u ! !  4 c 60~ c A G u G 

G G U U U U A A A A A A c c u u c u 

c u c c c c A A A A A U c c c c c c 

A 

A 

U 

C 

G 

G 

20 - 

U 

A 40U U U G G G 
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U A A A G A U 

U U G U U G G 

G A A G G G G 

G A A G A G G 

U G G G G G G 

U N A G G G G 

c c c c c c 

C C C A G A 

C A G C U C(A) 

u u u u c u 

A C C C A C(U) 

C G G A U G 

A A U G C G(A) 

70G G A G A A 

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

G A G G G G u u c c c c G G C C C G 

C C A A A A c c c u c c 

G G G G G G U G(U) A A A A 

c c c c c c 
Th horizontal lines mark the regions of the cloverleaf tBNA model (2) as follows: residues 
1-T and 67-73, helix a; lo-13 and 23-26. helix b; 14-22. loop I; 28-32 and 40-44, helix c; 
33-39, loop II (antlcodon bases underlined); 45-49, loop III; 50-54 and 62-66, helix e. The 
terminal -CCA is omitted. The sequences are taken from references 6-11. All bases are 
shown in their unmodified forms. 

Additional homology in pairs of tRNAs occurs as follows: 

Class (i). TRNAs for the same amino acid in the same organism may differ 

in only 1 to 6 corresponding loci (I to 8 percent). Examples are yeast Ser 1 
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and 2 (3 base differences); L. Tyr I and 2 (6 differences); yeast Arg 3A 

and 38 (2 differences) ; and L. coii Val 2A and 28 (5 differences). Other 

examples of type (i) homology are found in pairs which have undergone more 

pronounced evolutionary separation but are still evidently homologous. Such 

sequences may differ in 14 to 21 loci (20 to 30 percent). Examples are 

g. co1 i Arg I and 2; two yeast Lys tRNAs; E. col i Val I and 2A (or 26). We 

conclude that continuing evolutionary divergence may proceed in such pairs, 

sometimes following phylogenetic separation of two species of organisms from 

a common ancestor, until eventually the homology of such a pair of tRNAs is 

not significantly greater than that represented by the average difference 

(50%) range 38% to 68%) of tRNAs for different amino acids, excluding pairs 

in Class (iii) below. 

Class (1 I) consists of tRNAs for the sama amlno acid in two different 

organisms. Examples are yeast and wheat Phe tRNAs (23% difference); and 

yeast and rat Ser tRNAs (19% difference). 

Ci ass (ii i) , the thi rd type of “higher- than-average” homology, occurs 

between tRNAs for different amino acids in the same organism. Thls was first -- 

reported by Squires and Carbon (5)) who found a relationship between the 

primary structures of E. co11 Giy 3 and Val 2 A (26%); and Giy 3 and Val 28 

(24%). We have found other examples of this third type of homology in the 

following tRNA pairs: yeast Lys and Arg 3A and 3B (25 and 24% differences), 

and a strong suggestion of such “higher-than-average” homology in the group: 

E. coii Met, I le and Val I, 2A and 28 (Met: I le, 35% difference; Met: Val 1, 

30%; Met: Val 2A or 28, 33%; lie: Vai I, 38%; lie: Val ZA, 28%; lie: Vai 28, 

32%). The comparisons are in Figure 1. 

These findings indicate that tRNAs for 2 different amino acids may evolve 

from a cormron ancestor by gene duplication and subsequent incorporation of 

mutational nucleotide changes. Such an evolutionary separation must include 

changes both in the anticodon and in the site that recognizes the specific 

aminoacyl-tRNA 1 igase (the “charging” enzyme). Hew could either one of these 
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changes take place without lethal resui ts? A change to an anticodon cor- 

responding to a different amino acid, wt thout a change in the amino acid 

carried by the tRNA, would place the “wrong” ami no acid in the sequences of 

numerous proteins. The same effect would be produced if the anticodon remained 

constant and the recognition site of the charging enzyme was altered to receive 

the “wrong” amino acid. It would therefore be necessary that the tRNA be “with- 

drawn from circulation” while these changes are taking place. This could con- 

ceivably be accomplished by one or more of the following procedures following 

gene duplication: (i) The DNA recognition site for transcription of one of 

the two tRNA cistrons would mutate so that it would not be transcribed; the 

mutated cistrcn would then remain in a dormant condition without producing tRNA. 

During this stage, it could accumulate base replacements by mutations followed 

by genetic drift. Eventually, a back mutation could restore the transcription 

recognition site to re-functioning. (ii) a mutation could take place which 

would prevent the tRNA from becoming bound to ribosoms, so that it could not 

participate in protein synthesis; conceivably, the sequence in loop IV (residues 

55-61, Figure I) is concerned with ribosomai binding. Also, it is likely that 

the tertiary structure of tRNA must “fit” the ribosome. If a mutation made a 

critical change in the tertiary structure, the tRNA would perhaps not be 

received by the ribosomai site (12). (It may be recalled that a single amino 

acid change can disrupt the tertiary structure of a hemoglobin molecule, e.g. 

hemoglobin S, to impair its function drastically.) (iii) the recognition site 

for the charging enzyme could be inactivated by a mutation, so that the tRNA 

could not conL,ine with an amino acid until another, correcting, mutation sub- 

sequently took place, perhaps to change the recognition site to correspond to 

another aminoacyi tRNA ligase. 

It is conceivable that changes in the specifity of tRNAs are a dynamic 

process that operates continually during evolution so that functional tRNA 

cistrons undergo disappearances from and reappearances in the transcription 

process. Comparisons such as those in Table 1 show the evolutionary separation 
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of tRNAs spans a range from two to six base differences to a stage where as 

much as 69% of sequent i al difference exists between two tRNAs, as in the case 

of yeast Asp and k. ~0 ‘I r Tyr tRNAs. 
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