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INTRODUCTION

This compilation presents in a small space the tRNA sequences so far published

covering the literature to about the end of 1983. The numbering derived from

tRNA from yeast as adopted in the Cold Spring Harbor Symposium on tRNA,

1979, is used (1, Fig. 1). Different from the originally adopted nomenclature

(1) in 17:1, 20:1, 47:1, etc. the numbers after the colon are replaced by ca-

pital letters in alphabetical order for technical reasons. The secondary struc-

ture of tRNA is indicated by specific underlining. For the nomenclature of

rare nucleosides see Table 1 and references 2 and 3; for that of species see

the Nucleotide Sequence Data Library of EMBL, Heidelberg. Together with the

running number and the species the anticodon sequence (in unmodified state) is

given for further identification of the sequences. Footnotes are numbered ac-

cording to the coordinates of the corresponding nucleoside and are indicated

in the sequence by an asterisk. In the case of tRNAs where an aligment is not

possible, this fact is indicated in a footnote.

The references are restricted to the citation of the latest publication in

those cases, where several papers deal with one sequence. tRNA mutants are not

compiled comprehensively (see another compilation within these compilations).

The compilation is deposited with the Nucleotide Sequence Data Library of EMBL

and available there on magnetic tape upon request. The compilers would welcome

any information regarding missing material or erroneous presentation.
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Table 1: Abbreviations for modified nucleosides

Al = MlA = 1-METHYLADENOSINE
A2 = M2A = 2-METHYLADENOSINE
A4 = I6A = N6-ISOPENTENYLADENOSINE
A5 = MS2I6A = 2-METHYLTHIO-N6-ISOPENTENYLADENOSINE
A6 = M6A = N6-METHYLADENOSINE
A7 = T6A = N-((9-BETA-D-RIBOFURANOSYLPURINE-6-YL)CARBAMOYL)

THREONINE
A8 = MT6A = N-((9-BETA-D-RIBOFURANOSYLPURINE-6-YL)N-METHYL-

CARBAMOYL)THREONIN
A9 = MS2T6A = N-((9-BETA-D-RIBOFURANOSYL-2-METHYLTHIOPURIN-6-YL)

CARBAMOYL THREONINE
C2 = S2C = 2-THIOCYTIDINE
C3 = CM = 2'0-METHYLCYTIDINE
C4 = AC4C = 4-ACETYLCYTIDINE
C5 = M5C = 5-METHYLCYTIDINE
C6 = M3C = 3-METHYLCYTIDINE
D = D = DIHYDROURIDINE
F = F = PSEUDOURIDINE
Fl = MlF = 1-METHYLPSEUDOURIDINE
F3 = FM = 2'-O-METHYLPSEUDOURIDINE
Gl = MlG = 1-METHYLGUANOSINE
G2 = M2G = 2-METHYLGUANOSINE
G3 = GM = 2'-O-METHYLGUANOSINE
G4 = M22G = 2,2-DIMETHYLGUANOSINE
G7 = M7G = 7-METHYLGUANOSINE
G5 = M22G = 2,2,3'-TRIMETHYLGUANOSINE
I = I = INOSINE
I1 = MlI = 1-METHYLINOSINE
Q = Q = QUENOSINE
Q1 = MAN Q = BETA,D-MANNOSYLQUENOSINE
Q2 = GAL_Q = BETA,D-GALACTOSYLQUENOSINE
Tl = T = 5-METHYLURIDINE
T2 = S2T = 5-METHYL-2-THIOURIDINE
T3 = TM = 2'-O-METHYL-5-METHYLURIDINE
Ul = MAM5U = 5-METHYLAMINOMETHYLURIDINE
U2 = S2U = 2-THIOURIDINE
U3 = UM = 2'-O-METHYLURIDINE
U4 = S4U = 4-THIOURIDINE
U7 = MCM5U = 5-METHOXYCARBONYLMETHYLURIDINE
U8 = MAM5S2U = 5-METHYLAMINOMETHYL-2-THIOURIDINE
U9 = MCM5S2U = 5-METHOXYCARBONYLMETHYL-2-THIOURIDINE
Vl = 05U = URIDINE-5-OXYACETIC ACID, (V)
V2 = M05U = 5-METHOXYURIDINE
V3 = MV = URIDINE-5-OXOACETIC ACID-METHYLESTER
V4 = CMNM5U = 5-CARBOXYMETHYLAMINOMETHYLURIDINE
VS = CMNM5S2U = 5-CARBOXYMETHYLAMINOMETHYL-2-THIOURIDINE
V6 = CHMSU = 5-(CARBOXYHYDROXYLMETHYL)URIDINE
X = X = 3-(3-AMINO-3-CARBOXYPROPYL)URIDINE, (ACP3)U
Yl = YW = WYBUTOSINE
Y2 = 02YW = WYBUTOXOSINE
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Figure 1: Numbering system of nucleotides in tRNAs according to the numbering
of phenylalanine tRNA frcx yeast. Circles represent nucleotides which are al-
ways present; among these, the thick-edged circles denote invariant or semi-
invariant 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 GNP 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 capital letter in alphabetical
order. Thus, e.g. 20:A and 20:B mean the first and the 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-C18. The numbering for the D loop, when one, two or three nucleotides are
present each between 15 and 18 or between 19 and 21, ist then 16 and 16, 17 and
16, 17, 17:A or 20 and 20, 20:A and 20, 20:A, 20:B, respectively. When the
variable loop is five-membered, the numbering is as in yeast phenylalanine tRNA
44, 45, 46, 47, 48. 47 is eliminated when the variable loop is four-membered.
For large variable loops, numbers are added onto 47, e.g. for thirteen nucleo-
tides 44, 45, 46, 47, 47:A, 47:B, 48:C, 47:D, 47:E, 47:F, 47:G, 47:H, 47:I.
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D ID* U * D *D U *U * U *U *UDC CU CU JC CDCU 3CU CDUC U CDU CDU

I U*U*U* *

U
to U

U
ID to =*U*aU*I *t* CD * * a* **U* C*

=*uO*u*a*m**o*to* U*3s*3*u*C*D UC*a*u*Du* :t:U*U*CD CD CD CD CD CD CD C* *

:3CDCDaDaC

~~~~~I- sr I r| X * t T*z I * n * 1LL L 16

Co I 3 LL Lo uU 3 Lo U3 W u LU"

co U U 3 3 O U3 U U U

wen n un1IIa mm u nu 11 u nu Nu 81
U1 CDY U1U11 uE uUuUutD(I U N U"D1UI UU U H N NU N

I c U ua: U N UU LJUu

$3 co U UN U N U I U U U u U n U u u

C
n a a : o a a a a a a

co * -

qeu) a a a a a a a a a a
tnuz| a o a o a a a Lo a to

J CD I
tn U U U U U U U UU U U

IL U)
i-In UL lL oL N tU oU to Uto

CY
U

I NI u N U U U
tL IL

U u
w Ln LoCDUCD.CDaUCDNCDUtD aUCLoCLoLL *n Lnt: : u:ua" o"toe-n- U U U U U a

m in auauCDuiCa C w UD C
R

D

I-r
" 1 1 * 1 11 1 1

F~~~C CD A1A UU4J
*mL AmD A

11

uu autiOu u u a u u u

0 0 n:M a a
N N N N N N
to Co C U CD CD CD
C C C U C CD
C C : a a a a

z

UJ

N 00 00o
c N InW N

uL u) u) inuwu In
c- ., .r ., .- .9

o

C lo

in w W

oL" _j

c: Ch -4.

O o
CO) cn U)M

_ >C > -4C
-0loo co C4

If O If V) -

-4 J4 _4

U U U
:3..

a
U..

U L-

a :

CD:3 a*
CD*-U a

L-a a
a a a ,.C
a u u
a CD : 00
CDCDCD-~~D C C

..-C CD U.I
S

U *LO LO W W

*- *e J JLA- DU CD U 0 CCDCD
U ::a CDo- )- CCDe
a*: : 3..m - ci00

Lo CD a-- ~ CC

u a -

tNo r0

CD CD CD m10
*- .r . _ _ .

Nucleic Acids Research

CD
N

LIn
N
N

C')
N

UJ NI- -
In N

0

,
.n

Z N

SR

IL
0

z

aI

r-

a z

x
W W.

lm U

a

DIT W

c
0
U

Z

r43



Nucleic Acids Research

Cu N'

I-- IT
U) v-

U 0

a'al
un:
n u
U I U

to

u
U

a
ui
U

Mi
fi

a u o

U U L

fi
fi

fi
U
IL-

fi

LU

IL.

fi

U
ILa --ATr

M a a a a a a a a a a
Ni*)fu N N rstv
Cv i z a a a a a a a a a

a ann n a a a a

U Ii

zzzx,c' )aanaaa )a'aaa
a CY I

me) U) u)'u)'aa.au UI )U)
U)

0

* C U aiUtUo UL iaaaiaiU co IN mnmnueaaa a a.a'uiu
IDIDaa2 rL_i

n I o Z e O Z Z

E ~I
CY u)U U UUIL ULZ)'

o CY a a ,a a a a a
NIz, * **aa a a a a a

mm u
a u u 0 000a0
NU U t to 000 0

a _
0 N

CD
u u

2zI UJto 0 00 0

± a aL ao n a a a
E i- au ILu)au U) U) U) U)
Cu NuI u toa' u u

N-i U *U:*U U U *U *U*U

IJ~ ~ ~ L to L13*O *m u Lo Lo Lo Lo*

N' a a U) a a U o o
co M:
N

tD

CY
N-

* * * * * * *

U)*U*U*a*a*n u*u*n
* * * * * * * * *

U*a*U)*a*a*a*a*a*u*u)
* * * * * * * *

U)*U)*U)*a:a*aa*a*a*ax
*

t

* * * * *
* *
a

n*U*a*a*U)*Uo*u*u*u*u3
* * * * * *

n*u*U)*a*a*a*U) Lo
L**t*o*L*tL * O *

m
I--

U

a

-I
a

I-

aMU)
z

ZIz -F

noa-E i-a a a a

:3 3 :3 g a g a
UU Ud to Lo a z z

j
0

c'
C

0 in4
U a

U

U)

in tin ~i cn - n

ini ni n3 in 30

in En aCiiaCii
*n*-nC n3 3i3 in

inI ini a -ini a -in n

CO O incm m

inzJ0n in in 'i

C.1M oC3

CD cs o

I* Ico

in 2 3 in in3
in Jnii _ 0 ini

t.1a.J_e3 O a.
tla . _ .

Cin i 00J

in0in.JCain inCi Ca
-J -J M M I.

3ininCa -'0 1in 0 in

3 _ -in in co in_n _i n wi i 0Znm Zini inniCa*̂
14 w I -A w

inn: i Cainin1Fl^

-J* CS 3 -M

ia -i J i_ Z J Z _

* s W O ~~~~D;U; 0 0 *M 0

'innJnh . inOLa~. in0

sn sinin m . *ni- . - i

IC = JW C

Pi W u C3 M

in* . '0 '_ . ._ _Ca * M

In in 0 in i in. n

n in *J in a- in .in-i in

<N<IX W Z t: w1

cc _CS n> 'JinO

_JJ b) _J W CD -J"olt
CD CD NW C w
* cc-* C_ * . *cc *

Ci anci n 3 in in in in 3 i
n * a * . 0 .i n *

-J cm CD rxe a L

M u In v3

CL

2.= -J Z~

M " * cc (n c.

C, C; WW Iw
*WWC *CC3

* m X > rs W ~~~~M C.
co o- en . u

= *'-J u CD cu ^C3
0- J in M J co M C3

r Fe W1u. W (ccZ -J M U. : 3 L: cc

CJ - - CO .os Cb

J. C, Ce: -, 3_ *

-0 00 C;M _JX
co-GP cc 3 ZC c.C

-Cj C,Z - wO Cm-

U w C' Co csWoK "
en=z_w - Of w IC, CI co

M:L.l<£11C M: M M

.Z C= -4 . >- . . CM

^w cc M wL= CL LO co co = nc

U1 00 N 0 0 0 0 * N
CSlC'CS h t e tl t U U) U)

o tD to D to D M D
r, .r r v- c v ., .- . r,

r44

ui
in
J
U
a

a

K

K
k
K
K
K
K

K
K

lfn la o0
CIA C4 ") !|7
_0 _ _ la

M rn
la _



a a
U U

U U

In

a a a a a a a a
U U U U U U U U

U U U U U U U U
M a a M M M M

llJ Ni U*U*U*U*U* ) U*U*U*U*
- *- * * * * * *un N a*L0*u*:3*:3**:3 3 :

0'I * * * * * * * * * *
J Ni a*Co*=**u*u*Lo*to*to*to*
>

ED
, * * * * * * * * * *

U CDo U*U*U*: * * * * * * *
a O * * * * * * * * * *
0 tD I *D**U*:*:3*:**:3*CD *C*
Z N I * * * * * * *

CD U*U*to*m*m* Cto*t*D Lo
r tDI * * * * * * * * * *a ,l(D u uiu iu iU aU Er !! M

CD CDu11uCD.CDu 11uU.U.Uu .,
CO LONi U U ULO U 11 U U 11

Z CD' u *:a: aa :'::Uo:
W M n11 0 a N11 " , 11 .

Li a a a
'

:3u :3 a CD a
tnCIJ a 8 a a a a a

COD U aU u n a m a va a a CD a a
IL 1* n v u

c,To I 1 I -w ._-u - u w N
E ND *u * U U U U U U U
I-'* U U UU U U U U

n aanCu.ma a.a a
a

a
a

u a a aa
L Ln

0 U U U U U U U U U U
I N I a A U a IJ !CY . v

z~~~~~~~L N cr U 1 1M

u u u u u a U u u u

:3..

U..

a
a toz .
** CD*n*-U..U..

U **a** Lo

< a u u
o a :
U

U

U U U*

U U --

--C ..U

CoD *CD-*a :*-C
-

:3U

CD CD0

U U U U

U ::U :: U :: U*

-CC..D .D-

U :3 D- -- D- D-

U

CCD
U *-U3: *-U:

UDt D O.... .s ..

IQ 0 N 8 Oi0 0 N-C
NY MMMOv M 10

tD CD CD tD CD CD tD' CD

r45

Nucleic Acids Research

tD
N

U)
N

IT

N

N

co
IT

0

z

-j

U

Li

0

U

a
u
a

uz

a

x

c co

0. eOw

cow

co .s

_0

*0 0

z:in onM.a,
M 10 0

CD MjQ

* Cl=3

.. -:SC 1-

LA (. >> _

(a: CmoLa

C a tn o e

"c4 s

Z W

_j
_j < n C

4c -o W
el el< B

le _ ,F

CI nI
10 10CD C



Nucleic Acids Research

r
N

0
IT

fin

U 'Li
.....

fi
a
U
u

fi

a
U

U.

laf a
to a ,u
n: a a:
,u a :'a

a

a

to'
a '
Li'I

4~~~~~~L LJ .. . .. .. .. LL LL I - .- --

a a a a a a u u a a
Na~~~~~~~~~~~~~~~~~c. 'a a a a a a to to a a

8U a a an an a a Dn
*n L U U U u U 010 LO Lo

Li ta C') C' N
t- I Z " IOU 10 Dn L0 )C)

Z M I 3 3 3 3 m 3 0
a (-) n nnnn f

N w co
wU(')a Li :Lo

Li Li

:LoitaU.aLL u

te
0

U U U U U lL U

I '
Lo
to itoiato tou. ai'ai' ut

Y 0 a
,
L a

, a ia i a
- Co' I I I . I.I.aI
F~~~~~~I U I LL U-1s :31e 1=LO uOa u

m a la u s az *a *a * uav
U

N
* * * * .*aIaaa.uaL a La a|IL
zN. X e a la , a* ,

LO La 0ta ~
CM :3 3nU U *: *3 *3 *: * U*

L CI to ttt Io to* L**a- c'U cN L Lo* L* *to a *a *a a* a a:
0 NY Lo t::a a o :a a a to LO

N Lo Lo a a to a a a a a
ma' u n u nn

a * u u 0 0 u nn
0oNa D a a n a a a

Cox
-L* a 00 a 00 to

~~uno oua to to a atO
t LOt

L. * uaa a ao a a a a*-, u*uo o u a o o uo a
In a.-' n u ar n a a a a

Co 'u to to u a to utua
U1 finI IT*I D 3 U *U :3 *U *U *U * U*

*, a *a to to *a *a *a *a Lo Lou
am Lo ts tD o to a o to a a
CO. D M M

N

co
U)

CIT
cN

N * *N *
to to u*to*to a*to to

* *: * * * * *to *t*ta*t*antosn
* * * * * * * *u *u*L t u*a*a*

u*u*a*u*u*a*a*a*
* :

* *
*

* *

LO*Lo*to*to*to* o*to*t*

c m x a z
o W lll

a w
wi L >
"z ! J z 1 F
Itn6natmm tn n

a
na a a

a wi wt

a tom to

U U N N N N

alto*
D * 0
* *a*LO*
* *

U * U *tD * to** *

tn*i
u* u** *

z _

z m

o tn

U,

J J

a-
z O fji
0 I

LU U)
im

:3 3
Loa

0 0
a.- N
N N

r:c r co

u u ci Ir.

co co co w_
w

osw w wX_j _j _

co co SCoD

c !o! sr C
CL. 0 C. C.oo

CDCtCM o

VI .. ^ w

In<<CK s

0 co,l)O

* . L. LL

Cr_ cc - w
C C. CL L)

n N o o-
_) _) _ _ _j

LA.
CF Y o I.

ro CM vo

C'r rC<o)
CD - C2 -4 C3

0F - *M wC

Zo Z0 = *I n

lo r, m0 r CoJ- I

w OC *<C :ncc J

L - U.= n CZ a
== C)<C*=

IC0 0( C2

co O,-e0-
O (a co SIw Z

"rrC), -

tn V)Z 10 rtO <0 -0O*Y

I

LUUX

UJ

a-

a

r46



CD
N

U,u
a a a a a a a a a a

U U U U U U U U U U

U U U U U U , U U U
in L M L! II in L! I Ira

uIJ N U*U*U*U*U*U*U*U* U*U*

N o* o* a* *s *u *u*u* * *
N

Lo to* *fLO*LO U*U*aULCI * * * * * * * * * X
a NI w**n*W*W*n*n*n* a*I.*
u- m) * ** * u** * * a** * u* u*u co * * * * *n c * *u ua co, * * * * * * * * * *o;DI u*u*a*n)*u*n*u*u* :*u*

N I* * * *
I-I ( M n t3*U*n*n*n M aL
z tD * * * * * * * * * *a CO

L(a UNU U N D N D n D N UN UNN u
IT U a U 11 a 11 U v a 911u

- cD ua u NnNu auNau Na a a uLNun

t n CJ N N N N N1 11 N N 1ED
u

a ul1 lu
u

a 1
u
1l

mnl u

l

I
tO NJ N N N N SI N NUI II

D UU 1

I- T- sJNUNUNUNUN1NUNUN11N 11
EO u U11 U 11 U 11 U 11 U 1U"u

tD I l nn nn Dn n n n
0)II)n, n a an a a a a Lo

. a a a a a a a a a a
o N
O in a a o w a o a a L a~J WI
i- I U U U U U U U U U U

lL U1
1- U) IL IL IL IL U lL IL IL U. U.

~NI N N N N N N II N N II
I- N N N 0 N N N N N N

) fl ,in in iiN iiN nN i iNa a ii UnL ii0n N N N N N N N N a N

U. L) IONLONUNnNIONnNnNnN IOaNIONtn u]n 1:3 ,a tos ,l ,Lo a ,a u Lot
iO-0 N NNn

AU}IR U mO m Lo U L" s "DOUO

a-

0
z

-J

ID
U-I0-

m

Na
tD

U)

M
a
F

LO Lo *-i noU U U

a-a--

a ::a:: a::n u**u*-

a--a-- ID a--n I--I--

u u u ..a ..a

IIDDt U--U--IDt a--:a a
a a ua--a- ::a an-n-

C

U *o couU*u --I n
ui n-n- nn-u- -n--u-u-

z

LU0 n-n--w-ID--n-a--w-ID

a an n)a n n

uJ

z

z
0

I

0 O T- LO M N
U) UM M N N N N

W

un

nnn

aa

:3

00

>N

NN

cn (

CD

CD CD

M

cn
D xn I=

toLO J-c-

a a z
) Oi M

co

O,Ofin-O

N

Nucleic Acids Research

M
a
a

x-x

r47

b- U- w

CD CD C3

W cc cc
m -M -M
CL. 0- C-

1`., 1.. C>
CNI " CNI
11 I'll
.0 PI co
fl. r, CNI
1.10 .Q fl,

En cn
cn UM



Nucleic Acids Research

a
10

a'ss
as:3
L I 510'
IL to

as:3

u
I IS

LO
a
uL
uI

al

10'

UW

a

a
t

LI
Ii

:3
as:
as

LI
il-

a
:3
:3
:3U

LI

U

(')s a a a w a a a a u a
m a a o aa a a z 'a sa~CD5r.r.a ' a

o cs n: :3 a a a a a
A owin a w o u u u u u

LI 1 #Xu IT.5 (5) Z :3 :3 0:3 LI L Z 3 LI

Z ( D D Da Nm : 3 ca
M u n u : a u u u w u u

r m a u- a ;u- u D :3 a la Lo u-I o5 aiL au
*

I
I I Ia I Iw x, u , 1u,, o s* a1IJ O

CYN :3 : a :3 1L to s LoLu ,3a tso
U 105 *

CM u m u a u ,u|LL,va ,to,
3- N

a i L

A = a i s a a a u. a a
UJ **** ..N- uU *U *U D *D *D UUU *U U

x ,T
N o Lo*s :a *so *a* Lo L*a *a *a -

in N a Lo :a *a :* a *a*a *a *a
N'

a NC I :qa*a a *so *a o * *a :a *L
NC a a a a a a a a a a

a
CY 0a a a a p 0aa

0. 1010101010 100101
g CO mo oa o o o
as a u
a s a 0 0 :3

ins* o a o a o a a a a 1

a,a aa a a a a a a a

I s' ~~~~u:: : :3 -uJ'LI LJLJ:3''L
U1

*,s :3sasLI*:3 :3a
in SlC

5-s tLI-LIaL atoILO3MOI:':L':3'
m a a tin a -a a a a a
10~~~~~~~~~~~~~~~~l

c I

3*:3*a *a*:*10*
* * * *

3*1*:3 *u*:
* * * * *

a*s LI*a*LI*:*
* * * * *

10*: 3*a*LI*:3*
* * * * * *

:*LI*:* *LI*LI*
* * * * * *

* * * * * *

10* * * * *1 *

a
in

C in
o a
U W

U

a

Z 1 L I

W a0OaztOI i- a ia_ >a-
IL Zx>- >-iLUIX

Lo t0o

3z :3 to|X
0

0 WO

z
a
I

0.

0
3--

a-

Ck-

10*1*a*a*:3*
* * * * *

U* * * * U*

Loitu*a*u*** * * *

1*10 10*a*LI*
* * * * *

o*a*so*so*ts*
* * * * *

to*a*a*a*u*
* * * *

a*Lo*a*a*10

a
in
in

a

N

a
a
U oa

IL I

in uLo

o
ErW]OzOz

u a ai- - --
* W W-W- L

lU >- >-ZzinLu
a a a

U ULZ U

,:0 . 0! c

O.w w_ - .

Ir Ir w

In QC r J

_jCO9 z

r eu 3n -L

C_ O3 = J

_3 00 n I2=

w0 0 vl

In _ 4* i

C> Co: V)o 0sr -r I,,1LANJ

ED O:* *I

m . -MCDL

LC o CC*
" In 0 .e00ZC

_L O V)I

0F OWco goI.

*- CD U.. M co-*

InCM
,

Wo n U)

C; mw -0s
CO) eD -r0e0

*L eD

eA-- Lai
0c us r,X ^ ^

s4 x r, cc LL

Mc .. -cm>
:I_ Ct >~ UW,, *- _-
c U " j I Z

-
. Z 3!

co cc-M UD

I7:s- o U 11m I W
mL Q m- -CO

go W 0_

C3 >_ W)Cb
* O la4u

0 05-in CD
r, v v v v5-10 0 10We

I

W
I-
tn

I--

N

r-
0
a

CS

N

tD
in

N

J
UO-
in
-J

a
0
Z
I
a

r48



a a a a a a
U U U U U U
U U U U U U
r'r -% ar rr -1 -

a a a a
U U U U

U -U U U
a%r .f n

a
U

U

UJ NI U*U*U*U*U*U* 2*U*D*2n*
- *- I * * * * * * * * * * *

i N to LOaLO a2 u*n*n*n*i*
0'I * * 2 * 2 * * * * * 2

a- U)
* * * * * * * * *

2

o ' f i**o*m*t**a* u*Lo*n*u*a*
Z ND 2 2 2 2 2 2

*
2 2

a Co au *oa*a*LL u*u*n*n*a*
tDqI U U U U UU H U N

z C' n nuafa.u n tu aNa
ijnIN 1 U L ;"U U U U
x rD to a N aa Z u:ua"

a

et
tONI U U U 1 11U 1U 1U 11

N U U N U 1CO' u *n.uun:3uu u n *UNnNn3uU
U U U U U U U

o' n a n n a n n a
n * n n a a an i n a o u

coDI t- H-l
o. in a a a a a u a a a a a
o Nso i * in a a a a i a i o a
J CD'

u u u u u a u u u u u
Un IL i IL UL UL U Ul U. U. U U.

in Ittn Lo Lo a inun'i.i t to"
t Ni u N N N U N U U N
w in' CDauina tO:L a to auauLo
tn n u *a.uuauuau t aao n.a

Ln O11 1 U :3 :3 3 : U)1 1 O U nO D : DU N
I-CD *InL Ui U U

f N V
U U3 U U NMinN1!)UFu.Ia1!) LONL auUu"X

U
nu a u 3 u a

c
0
U

w
z
z
0
w
Ir

n n n n U

I oi

cco

inaaain a in in n n in~~~~~~~W a M a

aaa n a a in in Fua a<r-

C')~~~~~~~~CDCDN N ~ ~ ~ ~ ~ ~ ~ =1I=Cac

NNNNNNCD CD CD CD CD

va a F z a z<"X~~~~a
Oaaa O a s s v ~~~aa <<

ra
W

Nucleic Acids Research

N
in
N

IT

NCi,

0uIT
(L
0

z

r-

-J

a I
za in

x a W

0

U
CD

a
N

ID
in
IT

r49

C)
C3 M
cc C1
=3 <r

U- 1A..
C3 C3

W
M <C <C

-> =I
C3 - P.. -C

-.0 W W
1= - W ui
" C2 01 C"i
cn W

C. n ci IC
W ww

LL- CD U- A. C3

C2 ci -M
13 la C. CD
I= " r-, IC

ul W) O
Ir Ir W

co co M OD 0)



a

a
u
LC')

ca
to

ca
LU
In
LL

n: L'

u a
CII>U U

I IL

u
LO
-n
u

U-

U

tO
LO
U

U-

U 'IU

Lo OW
Li 'LiU ' U

U I U

L iL

a
a

IU

to

U
II12I

cr cu c ccc c c c cc c
T-~ U)'n - U) 'r- U)n

o w' o
CD * *

o 4aaaannaa a a a

J- C)
* n I UM1J U U 0 0 D 0 LL
U 'I n nn n

cn u U U Z U o 0o o 0
Z m 0 0 D 0 "R D D 0 0
a N' n n nnn n

C' Li LiU U;L Li Li Li Li Li Li

LU0n . I I

CY) a a uLoLDIICLoD'a aD
*CV u u O u u u

uol aaU) 0 O u l

* *n'nc n ccuW''cccJ C

i N ILI*D I* L) * L i'L ito 'li* *!)L
, n ,

u :u o uuuU)N uc* wcuuu

NIC LO*tO oa L :r r-
a :

cli a a a a aa a oa
a acac o

a, u n n ca

0oCY ama a u u u u a a
L * I DLO LO C LOW CD
o co M cn cn cn n n
o *- to n tD 0 0 0 0 0 0

a |La L n

*CD u u :3 a
CD * u a cc u u u n n LO aU)'I*|- a a a a 0 z 0 0 D 0

c,ccaaa a a a a ac a
z *-' u un u LO u *a a n *a
LLI CYJ

D V 1 L

U, , :I O* *U*U*U.

0) LO W a Lo n a a a n a
coI .Dnn nnnnnnI

C
0
U

Z
c

0
I-
0.

I-

* to* * *

* U * c:*n *

u u u *
*

a* a* o* a*
o*Lo* a * o*

U)
-J
-J

izLU1..,
a
u
u

c.2J J
DO LU

Z Z* Z

a a a
u ucu

Liz Li

o 0o- 0

tD tD

W*n*LO*O*LO*LOI
* * * *

* * * * *

* * * * *

*
uL*O *a*t *LoLO

* * * * * u
CD*Li*W*W*O*nI

* * * * *

.

-i Mu a
~J

LUULn x un m a
0 1- U)V 0

a -jJm2 J o
>- 0 0 Ctu u uLni-cacca a a wuwwl m m z Z >-

aaa a a a

'r 1r - N Ns
0)0)0)0w )0)0)

g

K

K

Nucleic Acids Research

C')
IJ NLU N
U) I-
L 0

ZITZ C')

N
1D

CYN,

LU
U)

a-
0oz
Zcc

rs

< ot 33

;ZOO r

CDD

CD̂ r ;D O

,. L" C),-Z =5

tn CF w -j

CD w U w

in '- LO

ot n c
> 0<

0 _>

<:sJ rI*_ 0 = clO
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