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INTRODUCTION

This compilation pressﬂgs in a small space the tRNA sequences so far published.
The numbering of tRNA from yeast is used following the rules proposed by
the participants of the Cold Spring Harbor Meeting on tRNA 1978 (1,2;Fig. 1).
Thispﬁgmbering allows comparisons with the three dimensional structure of

tRNA . The secondary structure of tRNAs is indicated by specific underlining.
In the primary structure a nucleoside followed by a nucleoside in brackets or
a modification in brackets denotes that both types of nucleosides can occupy
this position. Part of a sequence in brackets designates a piece of sequence
not unambiguously analyzed. Rare nucleosides are named according to the IUPAC-
IUB rules (for complicated rare nucleosides and their identification see Table
1) ; those with lengthy names are given with the prefix x and specified in the
footnotes. Footnotes are numbered according to the coordinates of the corres-
ponding nucleoside and are indicated in the sequence by an asterisk. The refe-
rences are restricted to the citation of the latest publication in those cases
where several papers deal with one sequence. For additional information the
reader is referred either to the original literature or to other tRNA sequence
compilations (3-7). Mutant tRNAs are dealt with in a compilation by J. Celis
(8) . The compilers would welcome any information by the readers regarding mis-
sing material or erroneous presentation. On the basis of this numbering system
computer printed compilations of tRNA sequences in a linear form and in clover-
leaf form are in preparation.
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Nomenclature and Identification of Some Rare Nucleosides

M.Y. Feldman (1978) Progr.Biophys.Mol.Biol. 32, 83-102;

J.P. Goddard (1978) Progr.Biophys.Mol.Biol. 32, 233-308;

J.A. McCloskey, S. Nishimura (1977) Accounts Chem.Res. 10, 403-410.

is uridine-5-oxyacetic acid.

is 5-methoxyuridine.

is S5-methoxycarbonylmethyluridine, B. Kuntzel, J. Weissenbach, R.E.
Wolff, T.D. Tumaitis-Kennedy, B.G. Lane, G. Dirheimer (‘ 75) Bio-
chimie 57, 61-70.

is 5-methoxycarbonylmethyl-2-thiouridine.

is 5-N-methylaminomethyl-2-thiouridine.

is N—6-(Az—isopentenyl)adenosine.

is N—G—(Az—isopentenyl)2-methylthidadenosine, F. Harada, H.J. Gross,
F. Kiumura, S.H. Chang, S. Nishimura, U.L. RajBhandary (1968) Bio-
chem.Biophys.Res.Commun. 33, 299-306; Y. Yamada, S. Nishimura, H.
Ishikura (1971) Biochim.Biophys.Acta 247, 170-174.

is N-[9-(B-D-ribofuranosyl)purin-6-ylcarbamoyl]threonine.

is N-[9-(B-D-ribofuranosyl)purin-6-yl-N-methylcarbamoyl]threonine.
is N-[9- (B-D-ribofurnosyl-2-methylthiopurin-6-yl)carbamoyl]threonine,
Z. Yamaizumi, S. Nishimura, K. Limburg, M. Raba, H.J. Gross, P.F.
Crain, J.A. McCloskey (1979) J. Amer.Chen.Soc. 191, 2224-2225.

is 7-(4,5-cisdihydroxy-1-cyclopenten-3-ylaminomethyl)-7-deazaguano-
sine, H. Casai, Z. Ohashi, F. Harada, S. Nishimura, N.J. Oppenhei-
mer, P.F. Crain, J.G. Liehr, D.L. von Minden, J.A. McCloskey (1975)
Biochem. 14, 4198-4208.

is 3-N- (3-amino-3-carboxypropyl)uridine, S. Nishimura, Y. Taya,

Y. Kuchino, Z. Ohashi (1974) Biochem.Biophys.Res.Commun. 57,
702-708; z. Ohashi, M. Maeda, J.A. McCloskey, S. Nishimura (1974)
Biochem. 12, 2620-2625; S. Friedman, H.J. Li, K. Nakanishi, G. van
Lear (1974) Biochem. 13, 2932-2937.

is wybutosine, K. Nakanishi, N. Furutachi, M. Funamizu, D. Grun-
berger, I.B. Weinstein (1970) J.Amer.Chem.Soc. 92, 7617-7619.

is wybutoxosine, S.H. Blobstein, D. Grunberger, I. B. Weinstein,

K. Nakanishi (1973) Biochem. 12, 188-193; A.M. Feinberg, K. Naka-
nishi, J. Barciszewski, A.J. Rafalski, H. Augustyniak, M. Wiewio-
rowski (1974) J. Amer.Chem.Soc. 96, 7797-7800.

is an unknown nucleoside.
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Figure 1: Numbering system of nucleotides in tRNAs according to the numbering
of phenylalanine tRNA from yeast. Circles represent nucleotides which are al-
ways present; among these, the thick-edged circles denote invariant or semiin-
variant nucleotides. Ovals represent nucleotides which are not present in each
sequence: these are the nucleotides before the two constant GMP residues (18,
19) in the D loop, the nucleotides after these GMP residues, and the nucleo-
tides in the variable loop which may be up to 17 nucleotides.

A nucleotide to be added at a given site is indicated by the number of the
preceding nucleotide followed by a colon and a further number. Thus, e.g. 20:1
and 20:2 mean the first and second nucleotide after position 20. The absence
of a nucleotide is indicated by the absence of a number, e.g. if no residue is
found in position 17, the sequence then reads C16-G18. The numbering for the
D loop, when one, two or three nucleotides are present each between 15 and 18
or between 19 and 21, is then 16 and 16, 17 and 16, 17, 17:1 or 20 and 20,
20:1 and 20, 20:1, 20:2, respectively. When the variable loop is five-membered
the numbering is as in yeast phenylalanine tRNA 44, 45, 46, 47, 48. 47 is eli-
minated as the three dimensional structure of yeast phenylalanine tRNA suggests
when the variable loop is four-membered. For large variable loops, numbers are

added onto 47, e.g. for thirteen nucleotides 44, 45, 46, 47, 47:1, 47:2, 47:3,
47:4, 47:5, 47:6, 47:7, 47:8, 48.
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ALANINE

ARGININE

ASPARAGINE

ASPARTIC ACID

0140/34 xU is identified as mcm’U.
0141/34 xU is identified as mcmsll.

0260/0

(1965) Science 147, 1462-1465.

0120/34 N is a not identified derivative of uridine.
0121/34 N is a not identified derivative of uridine.

Compare R.W.Holley et al.

0030/0

Isolated from rat liver,human liver and human placenta.

5



Nucleic Acids Research

_ "9LY-69Y ‘T S SPTOV OTPTONN (SL61) Brequyem'r:V’T9TZA°W 0190
890Z-LSOZ ‘9 *8YS-6ZS ‘G6 "TOTE'TOW'L (SLEV) ®FIYIND'D  0OV¥SO
©804 SPTOV OFOTONN (6L61) TTLS A’ FTUON' LURYIINOOW L'BuoM I-"1 SE90 “£6Z-€8Z ‘66 "TOTE'TOW'L (SLET) UTUTOOW'H'M‘S90J°N‘IBWOD'W'W ZESO
*181-891 ‘99¢ w3ioy°sAudotg *689-LL9 ‘06
"WIYSOTE (PL6T) WITHN"L’ TUSTONL X’ VPTUSOA W'OTII L’ TuswAeqoN L 0€£90 *TOTE TOW L (PLET) UTRTOOW'H'M’ISWOD W W'UPWPTdS° DL €S0 + 0ESO
*Zv81-LE8T ‘9Y *€SZE-EPZE ‘0SZ "WOUDTOTA"L (SL6T) TOJ"¥'M‘AJUSA'W 0ZS0 + 01SO
* unmmop * 89y * 8AYJOTE "WAYOTE (ZL61) BUTUDH'S'IBLUTUUNK O *pSy-L¥y ‘EST L WBYOOTE (9L61) PTOTIIND'SSOUTOH'L'N  OVHO
11HZ-6€7 ‘0T °3IIOT-SEAd (ZL6T) PANWTYSTN'S'©PRIVH J'TUSPUO'Z 0Z90 “6L0T-190TLTT “TOTE"TOW'CL (LL61) UTRTOOW'H°M'®IvZZWW d"D 01$0
ou<muu<o=‘=*=uwu=wu==¢ud< ad299 DV V[IITN 9jown|T MmN I I N 1 dquod's  5e90
9 AT ovanmno8 IV I AV[IVINY ad909 IV VYA TN By TN VI IIN P
99 91I%RWI N AXN J]2 I 9 I v|TVI9vadog o VOVadINSonmoJJ3JIny T T100°@ 0290
99395 90%wI NN I 9 IIV[TTIO(vIII9 DY VOVvadINBonn3IoJdJdnoy 1 € 7102°3 0190
1Y WL
VOO YA 0wuo nNNIVIOVAY[ITID|Y va99aaovyI T IB|vmTVVooon 0w o
<=ua>u<«€<=u=u<uw<=<uao<< a99 Qa9 Vv IdB|vns|TVY VOO DN we z4ned pED  ZESO
Voo alowuynNNnIVIOVAIVITD viv 099 Qa9V|vIJTH|yms{MVYVIIDHN 927888 1550
<=ua>u$sw=,z:u<mw<=<uad<< a9 9 CaoVvV|VvIJTovns|TVYVvOooDn vi 9bwud  0£S0
wwuuraﬁswau:=_=_<wwou<jla<< a9 wg I9 V[V ITHonS|V T DD 9N Z  ZIM TT09°3 0250
wwuq<>§=o=nz=s= 9 AVII DD VY a9 w 29V|VIdSons|lY MO D009 N 1 ZIX F102°F 0150
NI
N9 NI AV UWYIOINAYIYIOVITIITIIY a99 a9 vy 93 5(onV¥ndInao 3seeR  0vPO
_._wuu.—<¢<x<uu=><wwuw<=a=<n a99 I9VIVT I V|ynM D999 T100° 0190
NIALSAD
[4 i
€V TP L¥ OV 6§ 8E LE 9€ SE ¥E €€ 2 FnOmo«can«oum«v«nu«#—nggaa—oph—hpo—m—:m-np LlLoygye 8|L 9 s ¥ € Z 1
ue3s uopooTuy | dOOT UDPOOTIUY we3s UOPOOTIUY] ugs d doot a weg a ue3s TAowouTuN




Nucleic Acids Research

< << CTCCICCT <<
[S S} Loovooow LOOVO
(SIS ) LCooovooo (SN S NE ]
22 COVVLVOV L~ - T-Jye -1
:
g
(-]
=] (L]

TY Stem

b3
~
n
~
hd
o
[l
o
~
-
=
L
2
~
o
8
w0
]
-
o
]
L
2 ©:
o -0 [EEENENEN ~=;
] S0 R SO o> o
a o> (LR L JENE) §
53 <§ << << < << < 2
[ (L] [LRCNT NN ©w oo E]
EY n
e oo [ENENENTNENE] [ENSNENE] -
~
m 3 B B B B B B B P B B B B
2 - Lol ol o [ ol 3
2 ©:
§ 2 o
o i ©
E
a 3 <
(-} D-
A
| o3
~ 0
-~
o~y
-~
~ <
- -
s m
< -
SN
- -
~ el
<« -
~ O
<« -
~ oy
-
EFQ
-
~r~
-
gho
-
S
-
~e
-
~ ™
-
so &
S- ey
5 a EE NUNUNT N 8
e <§; Do oDoo> < << A
0 > © <ascaxa << o %
: (S ] LCOOVOVwVwV ——N - ey -] ll;
~
o
Ss¥sssss§ossss g
33 © © 0 o © o 8330 ©

CYSTEINE

GLUTAMINE

GLUTAMIC ACID

0620/34 xU is nan’sU.

0510/34 N is likely a derivative of 2-thiouridine.

0530/34 N is an unknown derivative of uridine.

0630/34 xU is mems2u.

0635/34 xU is mcmsszu.

0531/34 N is an unknown derivative of uridine.

0540/34 N is an unknown derivative of uridine.
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HISTIDINE

0760/34 xU is probably related to m.unslzu.

0720/34 N is an unidentified derivative of uridine.
0721/34 ) N is an unidentified derivative of uridine.

0721/37 N is

0791/34 N contains 2 unknown modified nucleosides.They are probably derivatives

of uridine.

ne

of

y a der

Identical with Salmonella typhimurium.

0810/38 + 0810/39 HisT mutation'¥-38—sU-38, ¥-39—U-39; C.E.Singer,G.R.Smith,

0810/0

0730/34 Mutation:E.coli ins has G-34—U-34.

0731/37 xA is ms?1a.

0740/0
0750/0

R.Cortese,B.N.Ames (1972) Nature New Biology 238, 72-74.

Staphylococcus epidermidis Texas 26.

Staphylococcus epidermidis Texas 26.
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1620/32 1In the position 32 is most probably s'C.

1610/37 xA is mlziéA.
1630/37 xA is ms16a.
1631/37 xA is ma16a.
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1912/37 xA 1s ms?16a.
/48 One of C* is mC and the other is C.

Acids Res. 3, 441-448.

1912/34 Uridine may be modified; S.Altman(1976) Nucleic
9

1925/37 N is probably imopentenyl adenosine.

1920/37 xA 1s me216a.
1925/47 +1925

1910/37 xA 1s ms?16a
1911/37 xA is ma?1a.

an identical composition;L.C.
K.Yang (1975) J.Biol .Chem. 250,

The s‘u-B—C—lB cross link was identified.

1810/37 xA is mszisA.

The sequence was determined on primer RNA

for initiation of in vitro Rous-

virus DNA synthesis;tRNA-Trp from chicken

cells has
Waters,W.
6627-6629.

1814/37 xA is ms21%a.

1812/37 xA is ms16a.
1813/37 xA is ms?1a.
1850/0

1811/37 xA is mlzish.

1810/8
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2070/54 The U-54+A-60 base pair was detected by P.Jank,

2050/34 N is an unknown derivative of uridine.

2070/0.

2070/60 D.Riesner,H.J.Gross (1977) Nucleic Acids Res. 4,2009-2020.

Mouse myeloma,rabbit liver and human placenta 1la,
in the latter case C-32 and C-38 are unmodified.
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Note added in proof :

0140/1-7 is G-C-U-C-G-C-G
0141/1-7 is G-C-U-U-G-C-G

0140/66-73 is C-G-U-G-A-G-U-G
1141/66-73 is C-G-U-G-A-G-U-C

see G. Keith, G. Dirheimer (1979), Biochem. Biophys. Res.
Commun., in press.
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