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Restriction enzymes and their isoschizomers

Richard J.Roberts and Dana Macelis
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724-2202 USA

INTRODUCTION

The restriction enzyme database, REBASE, contains information
about restriction enzymes and their associated methylases. Since
the last description of the contents of REBASE (1), 204 new
entries have been added including 5 new Type H enzymes and
4 new Type I enzymes. A complete list of these new enzymes
can be found in Table I. A total of 2103 restriction enzymes are
now known and include 17 different Type I specificities, 179
different Type II specificities and 4 different Type I1 specificities.
Table II contains a listing of all prototype restriction enzymes
(Types I, H and Ill), together with their commercially available
isoschizomers and neoschizomers that cleave at a position
different from their prototype.

It should be noted that several commercial suppliers have
discontinued the sale of restriction enzymes since last year and
are omitted as commercial sources. These include Palliard and
BioExcellence, who are no longer in business, and Janssen, who
are still selling their old stock, but are not replenishing it. One
new supplier, International Laboratory Services, is now included.
The complete database is available in many formats including

the styles shown in Tables I and II, or as a flat file arranged in
fields that can easily be reformatted. Bibliographic information
from 2380 published articles describing restriction enzymes and
methylases is also available, including fulll abstracts. It is possible
to get regular monthly updates or specialized versions of the
database by electronic mail. For instance, files containing the
database in formats that can be used directly by the UWGCG,
IGSuite and other computer software packages are available.
Anyone who wishes to be included on the electronic mailing list
for these regular monthly updates should send a request to
roberts@cshl.org by e-mail. These data files are also available
by anonymous FTP from rna.cshl.org (numerical address:
143.48.1.11)
In forming these Tables, all endonucleases cleaving DNA at

a specific sequence have been considered to be restriction
enzymes, although in most cases there is no direct genetic
evidence for the presence of a restriction modification system.
The endonucleases are named in accordance with the proposal
of Smith and Nathans (2).

ACKNOWLEDGMENTS

Special thanks are due to the many individuals who have so kindly
communicated their unpublished results for inclusion in this
compilation. Work from the authors' laboratory is supported by
the N.I.H. (GM40537).

REFERENCES
1. Roberts, R.J. and Macelis D. (1991) Nucl. Acids Res. 19:2077-2109.
2. Smith, H.O. and Nathans, D. (1973) J. Mol. Biol., 81:419-423.
3. Inagaki, K., Ito, T., Sagawa, H., Kotani, H., Kishimoto, N., Sugio, T.,

Tano, T., Tanaka, H. (1991) Nucl. Acids Res. 19: 6335
4. Inagaki, K., Ito, T., Kotani, H., Kishimoto, N., Tano, T. unpublished

observations.
5. Sagawa, H., Takagi, M., Nomura, Y., Inagaki, K., Tano, T., Kishimato,

N., Kotani, H., Nakajima, K. (1992) Nucl. Acids Res. 20: 365
6. Inagaki, K., Hamafuku, H., Kotani, H., Kishimoto, N., Tano, T. unpublished

observations.
7. Earle-Hughes, J., Roberts, R.J. unpublished observations.
8. Polisson, C. unpublished observations.
9. Groot, E., Schouten, J.P. unpublished observations.

10. Polisson, C., Morgan, R. unpublished observations.
11. Calmero, J. unpublished observations.
12. Gubler, M., Braguglia, D., Meyer, J., Piekarowicz, A., Bickle, T.A. (1992)

EMBO J. 11: 233-240
13. Connaughton, J.E., Vanek, P.G., Chirikjian, J.G. (1988) J. Cell Biol. 107:

535a
14. Schoenfeld, T. unpublished observations.
15. Sokolov, N.N., Eldarov, M.A., Samko, O.T., Karpichev, I.V., Anikeitcheva,

N.V., Kalugin, A.A., Scryabin, K.G. unpublished observations.
16. Janulaitis, A.A. unpublished observations.
17. Sokolov, N.N., Eldarov, M.A., Samko, O.T., Karpichev, I.V., Kalugin,

A.A., Anikeitcheva, N.V., Scryabin, K.G. unpublished observations.
18. Degtyarev, S.K., Morgan, R. unpublished observations.
19. Janulaitis, A.A., Krikstulyte, V., Trinkunaite, L., Maneliene, Z., Kiuduliene,

L., Petrusyte, M., Butkus, V. unpublished observations.
20. Repin, V.E., Tereschenko, T.A. unpublished observations.
21. Clark, D. unpublished observations.
22. Dedkov, V.S., Zemov, Y.P., Rechkunova, N.I., Degtyarev, S. Kh. (1990)

Mol. Genet. Mikrobiol. Virusol. 0: 17-18
23. Serov, G.D., Puchkova, L.I., Kolesnikov, V.A., Repin, V.E. unpublished

observations.
24. Kong, H. unpublished observations.
25. Schoenfeld, T., Fiandt, M., Schink, M. unpublished observations.
26. Kovalevskaya, N.P., Ivanov, L.Yu., Zheleznaya, L.A., Matvienko, N.I.

(1991) Nucl. Acids Res. 19: 4296
27. Chen, Z. unpublished observations.
28. Rina, M., Tsigos, I., Karagouni, A., Pagomenou, M., Bouriotis, V. (1991)

Nucl. Acids Res. 19: 4776
29. Repin, V.E., Burtseva, L.I., Burlak, V.A., Trusova, S.I. unpublished

observations.
30. Arif, A., Ehsan, A., Sohail, A. unpublished observations.
31. Choudry, S., Malik, K. unpublished observations.
32. Arif, A., Naeem, S., Malik, K. unpublished observations.
33. Mushtaq, R. unpublished observations.
34. Azeddoug, H., Reysset, G. (1991) FEMS Microbiol. Letts. 78: 153-156
35. Murakami, M., Ozawa, O., Kanematsu, T., Yamada, Y. (1991) Nucl. Acids

Res. 19: 3458
36. Mizuno, H., Suzuki, T., Yamada, Y., Akagawa, M., Yamasato, K. (1990)

Agric. Biol. Chem. 54: 2863-2867
37. Suzuki, T., Sato, Y., Yamada, Y., Akagawa-Matsushita, M., Yamasato,

K. (1991) Agric. Biol. Chem. 55: 2647-2649
38. Arif, A., Malik, K., Sohail, A. unpublished observations.
39. Sokolov, N.N., Eldarov, M.A., Anikeitcheva, N.V., Karpichev, I.V., Samko,

O.T., Kalugin, A.A., Fitsner, A.B., Choroshoutina, E.B., Scryabin, K.G.
unpublished observations.

40. Repin, V.E., Andreeva, I.S., Puchkova, L.I. unpublished observations.

.:) 1992 Oxford University Press



2168 Nucleic Acids Research, Vol. 20, Supplement

41. Qiang, B-Q., Wu, S. Kong, H. unpublished observations.
42. Janulaitis, A.A., Stakenas, P., Zareckaja, N., Petrusyte, M., Meneliene,

Z., Vonseviciene, E., Kliaskas, S., Buikus, V. unpublised observations.
43. Nomura, Y., Kotani, H., Kita, K., Sadaoka, A., Hiraoka, N., Nakamura,

T., Abe, N., Izaki, K. (1990) Agric. Biol. Chem. 54: 3011-3012
44. Melnik, A.I., Rebentish, B.A., Bolotin, A.V., Mendzhul, M.I. (1991)

Mikrobiol. Zh. 53: 24-28
45. Moser, D., Kallas, T. (1991) ASM Abstr. 91: 155
46. Piechula, S., Kim, S.C., Podhajska, A.J. (1992) Nucl. Acids Res. 20: 619
47. Banas, J.A., Ferretti, J.J., Proguiske-Fox, A. (1991) Nucl. Acids Res. 19:

4189-4192
48. Kravetz, A.N., Tarutina, Z.E., Solonin, A.S. (1991) Nucl. Acids Res. 19:

4781
49. Choudry, S., Riazuddin, S. unpublished observations.
50. Groot, E. unpublished observations.
51. Zhou, B., Morgan, R. unpublished observations.
52. Lebedev, L.R., Andreeva, I.S., Gordienko, N.Y., Maistrenko, G.G., Repin,

V.E., Pustoshilova, N.M. unpublished observations.
53. Andreeva, I.S., Atmogenova, G.N., Lebedev, L.R., Pustoshilova, N.M.,

Gordienko, N.Ya., Maistrenko, G.G. (1991) Mol. Genet. Mikrobiol. Vinisol.
0: 30-31

54. Lebedev, L.R., Afimogenova, G.N., Andreeva, I.S., Pustoshilova, N.M.,
Pozdnyakov, S.G., Chizhikov, V.E. (1991) Bioorg. Khim. 17: 277-279

55. Arif, A., Mushtaq, R. unpublished observations.
56. Benbadis, L., Garel, J.R., Hartley, D.L. (1991) Appl. Environ. Microbiol.

57: 3677-3678
57. Solainian, D.K.Y., Sonkuti, G.A. (1991) FEMS Microbiol. Left. 80: 75-80
58. Puchkova, L.I., Krivopalova, G.N., Serov, G.D., Repin, V.E. unpublished

observations.
59. Muchova, J., Lacova, B., Godany, A., Sevcikova, B. (1991) J. Basic

Microbiol. 31: 141-147
60. Rina, M., Karagouni, A., Pagomenou, M. Bouriotis, V. (1991) Nucl. Acids

Res. 19: 6342
61. Matsushima, P., Baltz, R.H. (1989) ASM Abstracts 89: 361
62. Arif, A., Naeem, S., Sohail, A. unpublished observations.
63. Babcock, M.J., Schottel, J.L. (1991) Nucl. Acids Res. 19: 3457
64. Simcox, T.G., Marsh, S.J., Gross, E.A., Lemhardt, W., Davis, S., Simcox,

M.E.C. (1991) Gene 109: 121-123
65. Rina, M., Karagouni, A., Pagomenou, M., Tsigos, I., Bouriotis, V. (1991)

Nucl. Acids Res. 19: 6341
66. Klein, S., Roberts, R.J. unpublished observations.
67. Li, J-K., Tu, J. (1991) Nucl. Acids Res. 19: 4770
68. Miyahara, M., Mise, K. unpublished observations.
69. Miyahara, M., Shimada, T., Mise, K. unpublished observations.



Nucleic Acids Research, Vol. 20, Supplement 2169

r t %n* t) t'o \0 \O \0 \0 N 00 0x
- ~ ~ ~ t-% ~ (4 N 't tr O t-- - _

- --__ _ _-

o) eN q 0 ('4- ~- --- 0c -4 0 eN eN 0

C)C)C)0 m (O V 4 4- 4R-l
0~~~~~ °~- '~000 c,0- E0 E E
VmmwN C)

- - -
- X0 ^ _ X0 ev^ n ^ cn 00%(°S 0'U} o so eS S S

N- ' C4 N- qq 1 C~14

U
u C)
C) <

' %o 00oin)

u
H-

Ch

p C U.<~UUUU~
0 O 0 OO 0 U

C) F O 8 3r

N A
e- - - t

A A-
04 C>- t- lct
oo0%1

A A-I

I
C-. CK.

- - - -

- - - -s
- - - -

) C) tC C

l-%Z
-4

-4

s:I

1-
--

s
%-; -4
0-;99 T

en a1 en

5~~~ca
LQ O W0

4) 4) 4)

... . V. ..'4

m m m U
u

"-%

t- P>

C-

%1

i : i i gg a=>sU
o~~~~~~~~~~~~ ) 4

>0 Ue E E E e E y t i E i | 0CRitt t d c r a D g ° ° ° ° e g 8 8)
._~~~~~~~._._ ._ . _ . _ * X i i i * ) '

<Q<22 26 <2 t4 Q2 QQ QQ mm mm

CJ

e4)
L.

04

4l)

cn z4)

LW g

-u:
L: X
> _

el

C) C-

c

s t

1-
1-4

r- g:,
-4

:a

1-%

,--

r-0
P" 0-

-4

E
N

4)

C)

0

00

cla
*u
0
0

,- P.. tlt t- 0_1 t, 0-% O-S -Ill --.



000% C0--4 Cq -0~ \-O \0 \O \O em \0 tV)V-\O O- 'r-'N r- r-~ -- T- P- V-

- - C N C C C - -4 - - - CN -4 - Cl C Cl Cl Cl Cl N Cl C Cl Cl

q - N a 00o C - - e C000 C '\ - 0 - - 0 - - - - \ -

AlClCCl'. Cl - Cl - Vf -

C 0 '0 - 0

o Cl - 0 0 0

Cl 0000) Cl4 0
-
o

N
ooN

0% - Cl \ 0
l \0 00

0 000 -0 0 e - - et' 000 0 0 - 0
o

V-- r-

00 0-0- 000 '000 N Cl4 t 0 0 ' 0\ - -ON Cl

t- o s} r- t- v \-- C\l m -N £ C o o
00 N 00 e~ N Cl C o- - Cl_

\ 00
- r V-) 't\ N 0 1C (O m (O e 00 0 00 - 00 kO

- Cl m Ct 0C00 e - Cl 00
1-4 -- - - -

Cl~~~~~~~Ii

0* 000Q-40u OZ < 8 < 0
0 U U F- <
cD <- 0 C: CD C)

u 0 0
< c >4 u

U H0 0

1-%

0-,

C) CJN

I ;> ).-

'.cJQ
ce cs v

-~~~~~~~~1-

- - - o-

- - -4 -

11-N~ ~~~c 11 1

'1U con t

U Po s

. > >

CQ QQ QQ- -

0-1~~~~~~~~~

0 **U*
cU

~~~~~~0%W-

00~~~~~~0
00~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

- 00SS S g S = = = E E E E Q E E E E E

00 :3=)c

04-

:2~~~~~4 ~~4 ~~ 4 0 4 0 4 0 4 ~~~0

Q cm cQQ Uwcgw N cg w w w~~~~~~~~~~c w cn "wA w 'A w -V CA w cn W w

mmmmmmm m m m m m m m m m m m m m m m m m m mm~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=1

2170 Nucleic Acids Research, Vol. 20, Supplement

c.

c

L.

C.4':

cn

z

CX g
4-

V)
C_to
O X
>: o
46 _
Z >

_z
- Z

0
0
H U
QQu

u

11

u u0.- U
o r 0

~0 U0E-u
<:0

e-. 0 W.

UU

< 0

0 0

U

0
0

0I

-_ -

V.v

E
>1

Lo

E
._

Lo

V-._

0-4

.3 11-1 11-1%

zz m 5
%-, -Q
0-4 Q Cs
P-4 CO)

I.-I
0-4 0-4

V--4 .4 V-4
r-Q6. Ln Ln

cq qq cq

11-11

.E
"I,%

q6) E
0-4 ZS

z
(Z) zz
.Q -, QQ1

0-4
:z )--4 1-.
I.-I C41) "Zt

.T q.t
V--4 9-4

Q QIt- "Q-
QQ C4 Qq



Nucleic Acids Research, Vol. 20, Supplement 2171

- r- r- ON cr o- N m \0 t %n \0 t- \0 \0 \ \ \ \- N N 000% e0 ( Ve en en 00 VV VV_V_V__

- -t v V N 0- V V 0 V - 0 -- oCDN 0 V -_ _

0 - ^ CN 00oX- N - C 0% 0 o o o o - - -. 0

- - c 00w

T-4

ON 'rs - - V
-N-

- V t N 0000X

V- NeO V- V- C 0 'r

No N IC ~ N 00%

00 'rS -4 -. V- 0% 00

't e~ N No >Nrmr- r- en en
_ >

0> em 00C> 014 r~- eq

V-4qct
-CI)er*) C~o C>)

-'

V0oN 0%o
- m ( - e

_- V *-O

00 C4 0 0

N 000 V - NC-- -

en in -- o- en _l PceXt} _ _ ce} st _

>4U 00 u

fQ UOVUU0

-

~~JC; ~~C; 4
C;

c 4z C. Q

U)

,~~~~~~ ~ ~ .U U U~~~~~~~1j).
.W 4~

- N

V

U)
<z0

*Ia8 9
4>) 2

*
W.V

- -
- -

- -

U) U)U)c U)

0
:

*
:

;z * :* :* =* > V

Ca a a aS a
V < zs 0 2< < z < < >

~~~~~~~~~~~~~~~~~-

£~~~~~~~0£2
0 0m)m)m

-aS
C02 O N

CO ;

ca

ci

L.,

0..
Lz

(A

_ -,=
cn

X>

4-8

o >

1-/

z e t- dt - 0000 Nt- N -e- X
t- 4 4 - t- cn -

0 <
U 0

VUHV c:

3: o
00V~

u

u U
3 U V

c~i

4.5
4)

Cl

--4

v

E
N
c
w

U
U

84v p 8I
V

o
4

94 Q

a.

-
C 00

- -
b -

_4
(i0:_Dn:zt

%.O to)c

- 4
I- -
14 g

:2 0q

4)
wc5

:3

0

c)

.

Fe)

H9 8 . u liu 0 < .- 8
u +-U8 +- F-4U8 8

0 W u
>- . u +U- 0 U

1-11%
0-4
O"
0-4 11-% 5::;%1-4

".1

Li V

eq:z %.-W

0-4
%-.-, 1-4
0

1. ts2 Cl
cq CQ CQ

,--% 0-,
0-4 0-.4 0-40-4 11-% 0-4 0-4 0-4

N c4 04 ci,
.3 4z) Q V:r. ::i. u Q

N.-., w .s ss %-.0
0-4 P-4 tnA 9.

:2 -"- -.IC
4.6 *.& I.L.%.6 .1

CQ C4 cq C4 u



2172 Nucleic Acids Research, Vol. 20, Supplement

to Pot N N M 4 4 ) 4 \. r- W t

CD 000-

- t-- _ - - - N- -

OOf O t O <)- O

m~~~£ t£ t0 '3 t> e

9- V- Cl4

\0

0<tc c< D

u6

o> 00 Cq oo W) 't (m000 Cl 00
r 4 R

<U0

0 U

U 0 U

0.II-- -

C.,C.A C-Ct

(7C - ~o C, 'f4

0)C)- - ~ 0rC \0

_- o) O _ O O O m O N

O 0 0 0 0 O C14000 0 0 0 0 Cl e~~~~~~~~~~~~ N-

l/VI) en 00

P-

e~~~ t~~ \0f

w Clt o 1 00 t
C N_

U

< U U0 H-<

Uu >, o*-0 0 e
: *< 0C F<

Zu*- 0 Uo V
0 0 0< U 0

3 :_

T

t

t_)
__,

2 2 t

I-%

I.t4

t %-

ooz Ll

2 1 Q..

U CF <

<0E- F-
0 F- +-
n3 6 C

_ _

t 00

CY !,
V Et

0-4

1-11

-4

R u 3$
H<U

_

Q

s-
0-

0-

"l

cq1 C-n

"--

Cl
en en
-0

C

0<0

UUR

-
)-4

0

-

r-
-Z
c-

0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4)W

Cl4 bL) cq '00

0 ~ ~

NT~~~~~~~~

"- Cl4

00 C's~~~~~~~~~~~~~~Z C's C#

00~~~~~~~~~~

bO~~ ~~~~Z
~ ~ ~~~~~~~~8 >

g0 8
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T 7:1 T

00>~>~X

m
Cl

_
*._
(

CL

m X> oCW V

O >
.2 9E

C: 4

r_
:
Zr
w

cr

NE
0

v:

C._

._



Nucleic Acids Research, Vol. 20, Supplement 2173

'.0 \0 '. \0 \0 \0 \0 '. \0
- - - - - - - - - -

0 0 --Io ( - 0 ') 0 0\Q 0 - -0 0\0 -

O) O) C" c, \O -4 CD t CO O) \ O -4 9- O= 0 9-

0 - C'* CeC4 0 0Cc - 0 Cl4 - 0 0 -

N) el) C'. C-. r,
C-1'

C- l "4 C'-. C'-. V-
N-

,*,, )U <-

\0 0 0 N O C1) 0 0
V-

C - 0
P-4 >Cl

'. - \.0 en A Cl '.0
m C41C

\ o - - N - Ut') n) -
N- - -

U
0
0U
0 Q

U +-

0 0

O O
< a 3
c) u O O < 30U<HHOdUc

- - - Cl -
Cl

Cl 00 '.
Cl

- 0 - 0 0 0 - 0 0 Cl Cl

%0 - Cl 0 - C Cl Cl - - -

M e 0 Cl4 e NO N> t q -
t- en - - m l-

tn tn w W) %n >o0-r-e
cnNV--4 V-4 CI-4 N

C<0

ODU

< u
OH

O U UQ

:es ;:i_ -~ - g U '0z °0000-Mw _>>
0~~~~~~~~~~~~~~~~~~~~~~~~~~~)\

u
<:s U +

--4E_ ef) in \0 00 0 O \0 - o00 0 0 '0 '0 0 '

U) U)i) ) ) ) ) ) ) U) U) U) U) U) U) U)Ui)a
r-4 C1 - r-

C#.m
(1 - -q---C - -

ca- o ~ ~i *ii *

o0 0 0~~~~~co 0A C4) r 0 0 0.0

rACO W (wJ GO4 ) 4 ) 4 ) 4 ) ) 4 ) 4 ) 4 ) 4

04 0404 04040 o. 0. £ x ox o'0 'o ' m '£ 'o
V)nV v) v) v) va==D D: ~D DDD D DDDD

U)
u)

0)
0.C-

u0

el X
._ _

zv

el
w

O >
L. C/)

z

0 0
00

U C
UU

E
N

0_

0

0

u

._
cq*

ci

11-% 11-% 11-%



2174 Nucleic Acids Research, Vol. 20, Supplement

soo XoVD oV V VV_ \ V V V V V Vo V V \ V V Vo V Vo V V V
- - - - - - - - - - - - - - - - - - - -_-_

- 0 x - 0000 _- -o oo _
P- Cl

'q*- - 0- Cl4 r- 00=P4

q- 0) V 0 V)~ 00C

0 Vo m Cl 0N m 00 N- i
T-4 _ N Co N 0-

V - UW) % It T 00
rt en - Cn̂ C -

V-q

0o _ o _

_ -- Clo

% o 00 N 0
elf

VVCl 004

V-q V- o) N N o - - - - o

-0 o - 0 - 0- -000--q 0 - -0

Cl Cl 000000C C Cl Cl4 - 0C

V 000 V Vo
_-4 _-- _-- _- _- _

Cl4 Cl4 Cl4

t - t t_- _- _-

NOo Cl 0 n V

Cl 0 r) 0 U)-_Cl4 V- Cl4

U

U O u HR O

0
U
0
H:
U

00
0 0

U
OUU U

U

0
0

0

0

0 0

00
0 H0 U0
QO<UHO
U <U0UI

Clf~~- b-

- - - - -
b00 0 0

CS4~. WI NO

0 -

0-0
N N1- IS
Cl Cl

-C. .Q

o CK 'r V
00 000
00 00 00 00 0 OQ.S - ONO
_-- _ __4

-4

A A
- - - - - -

- - - - - -0 0 0 0 001
.C,7., . ~ .

U U, c,oU) U, U, U, CU CU U, V5 U) U, U, U)

--- - - O ~~~~~~~~~~~-= -z -z -= -z -z -z -z -z -z -z -z -z -

Cl 000%£ oo NO 00x- en %n r 00

t- r- - 00 00 00 00 00 00 000(O ON Olt (ON 0%

C4 cq 4 04 Ns q eq C4 cq No C4 Fl C-4 q c-4 c-4 C- C- C- C- C- C1 04 N N

40) 4) 4 4)

Zs'ZIzj -z -z -B .0 Zs.0 Zs Iia a a a a a a a a a a a a a a a a a a a a a a a a

SSSSStSSSSSSSSSSD~D~D~D~ D~D~ D~D~ D

U,a

ci0.)
0.)
0.)

0._
0l)W

L. Cl)

cz
>o;

m

C)4
0)

0)

Cf)

1-

E
;I.

"I-,, 01
- -

~- -)
0 0%
C-l Cl
0- 0-
.-

- -
V N0%4 0%4
- -

- 0,Z) .

1-

'-,

0-00
0%
Cl

0C

0)

CD

E
CIOOb

0
o

.0.



Nucleic Acids Research, Vol. 20, Supplement 2175

_0 \O \0 \O %O \O 0O \O\ O\O \O %0 \0 NO NO NO \0 \0 \O\_ \0 \0 \0 \0_ __
V-I V- -4 V- V- V- V- 9- V-q 1- V- -4 V- V- T- 9- -4 V- V- V- V- V-4 V- V- P- V- W-

o - t- 00 A o -- - 0 -_ o o x _ N 0 No1 N ( -
C- _-- C' N N N

0oO 00 000_oo o1o 00 0_ o o - 0o - -

9-4-0C \0 \0 ( (1110-C-'00000000-0-40C )MC ~00

9-4~~~~_" _-

eR* 0 (f 00
'r) r~- r~-
(-0

C4 en 0

t -00 0 % - 0 -r- -4 0 O (1- <D (1-

l (ON CN C% 0

0 0

0 0~i0
0

Qul

Q Q, ;111
Q iQQ

cs_ _ _

- tI %0

o) a o~ o N

00 00(1-4enC

00 - c , 0C

00 r

r em tr %r ( \0 Ot ON NO F 0% '0 %n
en - - - t -

- - - - - -

00

6 6

V V

- -

(N en

- -

- -

- - -

V V'V

V < C:

- -

R -. .

qlt tn

e

Q

g gZ g

0

<:U

OQ:

0

- -

_ 00

- -

.0 u0

u
0

8 u
0 0

0% 0

-(1
04 P-4
O CD

- -
en Cf

V V

- -

-(1

-4

'0.'

U

- -

Q ts

en
A

- -

QQc) u

<00

- -E; E

U

1-

1-

r-

g

u u) u u) u) U) U) U) U) U) U) U) u) u) u) c

ii i 3 i ]iii iiii3iiiis3i3]Ms

:9
5 5

1
5 5 5

A A 3 A A
c: A: ACA A A A A 51 A A

5 5

A

ON o1 o oo o o o-_n W)_o_-_o ON_ sc

4) C) ) 4) 4) 4) 4) C 4) 4)
w~ '~ '~ '~ '~ '~ 'e ' '0 '0 '0w0 '0 '0 '0 '0 '0 '0w0' '0 '0 '0 '0 '04
wD~~~~~~~~~~~~~~~~~~~DzDwDnw Dn, Dt D, DnnDw DnDw

<
;: < < < < <; < < s < ;: < < s ; ; ;: < < ;: < < < s <

sazs*rs=l sn n *s=1 ss sa zU1 sn su sa n *su sa sa *SG s sa n n*I *= *

U)

L.4

0l)

(0)

0)
Cr,

NV>

< u

00

- - -

011% (1 II-
0%4 00

-4- -(O C

0
0Ii

-O -
0 u
(1! ~

- -
Ct C,22 _

u

8 V U
V-

^
8 u

_ _

0- In-. 0-

o
lcl

oelf _1 elf

Lo0)

E
._

coL.
0
0
5-



2176 Nucleic Acids Research, Vol. 20, Supplement

- M NO o o -o - - -

W-4~~ ~ ~

-00 C4c_ oo0 °000-e~c~ - 0-0 0 e-

ON NF N NCF '0' 0

00 N N > C> - 0% 00
'II. c

'Iu

04
00

@-@

_.-
0% 0
Cq C41 elf)

-

0-4

_3_

_n-n c

'DU
-D -

U C:*

- -
_

\0 \0 \0 '0 \0 \0 \0 s 0 0
- - - - - - - 'L '0 '0

'0 - - - - 0
( -

0 0 -0

) 0 0 0 0-0 - - cq

V- 0 0 0 '0-

W- en e14
N

N 0 c N Ch c
- 0% N

'qt 'fn 0> '14
P- CO~) r- N

0 U
<0

1-1

N= 000%E
*-A

cn cn 641

cD ) 2

E-UU

<U

<00

_--n '

.l

cio _11- I_9_
_,4 _- _..

UHO
U 0

Q 0
0 0

c __P _

Uq 0 CA)U) Uq q ) UCA cU

000 ( en % r 000% C-4 en N en

00

<6<666 < < < < < < < < < < < ~~~~mCC)v

er~

x
o o - > e m so > ~~~~oo aNnvo3

0o E E .'g .'t
j j n7j n 8 V9

8 89
:Z3 10 73 i :I =888

:! vE v g vS v > > >:! :! nv!

U)-
c)

a) .

v

a

U

%a..

w

a)

a)

2 N
cn
v CL

coX> o
co

ut

E >&. M

=e

cn

--

;Y
c-
14

a)
v

5-i

0
Cl)

L.

0

5-.

I

8 8
u 8

4



Nucleic Acids Research, Vol. 20, Supplement 2177

0-

'0
VS o

C u cqd'._ ._V- ._V
;e CU'>

~ CA

'#,

C.-;
O>=

0<

2rjA

W° Q

*f4 )

A

s 0 U

.4)

CQ

._ v

ru

C< E-

4)4)

4)4

4). eE<
= eE

C.) 8
Z

*) 4

cni

Cld

us

C)
4)

0

'0

o

CU

0 0

4)

Cd)

C._

CQ,

)0

3

._

0
4-

Uo
C.

il

V--

0

cv

0

;a

._

_/11

N

CU0

z c:

ca ce

o

z >

Cd~~~~~~lCn U

S4)

CCq
4)4

_UC-,

bo
*=

CC
4)Ca

4)~~~~~r

*- ° C

CUi

0 2m
6 -

C-, °

C- *U Cd)

0 z

cx *< e



2178 Nucleic Acids Research, Vol. 20, Supplement

TABLE 2

Type I enzymes

Enzyme Recognition sequence2 Me site3

CfrAI GCANNNNNNNNGTGG
EcoAI GAGNNNNNNNGTCA 2(6),-3(6)
EcoBI TGANNNNNNNNTGCT 3(6),-4(6)
EcoDI TTANNNNNNNGTCY

EcoDR2I TCANNNNNNGTCG
EcoDR3I TCANNNNNNNATCG
EcoDXXI TCANNNNNNNRITC
EcoEI GAGNNNNNNNATGC
EcoKI AACNNNNNNGTGC 2(6),-3(6)
EcoR124I GAANNNNNNRTCG
EcoR124131 GAANNNNNNNRTCG -3(6)

EcoRD2I GAANNNNNNRTh
EcoRD3I GAANNNNNNNRTC
StySBI GAGNNNNNNRTAYG 2(6),4(6)
StySJI GAGNNNNNNGTRC
StySPI AACNNNNNNGTRC 2(6),-3(6)

StySQI AACNNNNNNRTAYG

Enzymel Isoschizomers Recognition2
Sequence

Aval

Auall

AuaIll

AurII

BaeI

BalI

BamHI

BbuI

BbulI

Type m enzymes

Recognition sequence2 Me site3Enzyme

EcoPI
EcoP15I
HinfIl
StyLTI

AGACC
CAGCAG
CGAAT
CAGAG

BccI

Bcefl

BcgI5

3(6)
(25/27) 5(6)

4(6)
Betl
Bgll

BgilI
Binl

Type II enzymes

Enzymel Isoschizomers Recognition2
Sequence

AatI! GACGTTC
AccI GTTMKAC
Acil CCGC(-3/-1)
Acyl GRTCGYC

Bbill GRTCGYC
BsaHI GRTCGYC
Hinll GRTCGYC

AflII CTTTAAG
Bfrl CtTTAAG
Esp41 CTTTAAG

Afllll AtCRYGT
AgeI AtCCGGT
AhalII ITTTAAA

Dral TTTtAAA
Alul AGTCT
AlIwNI CAGNNNTCTG
ApaI GGGCCTC

Bsp 1201 GtGGCCC

ApaBI GCANNNNNCTGC
ApaLI GTTGCAC

Alw44I GtTGCAC
Snol GtTGCAC

Ascl GGTCGCGCC
AsuI GTGNCC

BsiZI GtGNCC
Cfrl3I GtGNCC
Sau961 GTGNCC

AsulI lTTCGAA
BsiCI lTTCGAA
Bspll91 TTtCGAA
BstBI TTtCGAA
Csp451 TTtCGAA
Lsp! IrTCGAA
NspV 'TrTCGAA
SfulI TTCGAA

Me3 Commercial4
site source

ELMNOPRSUVX

ABEIKLMNOPQRSUVX
N

MRV

AK

NS

EFOU

ABKNSU

M

F

BMNU

N

ABEFIKLMNOPQRSUVX
3(5) ABEFHIKLMNOPQRSUVX

NSU

4(5) BEIKLMNOPRSUVX

F

AEKNSUX

FORU

LMV

N

R

AW

4(5) FKOU

BELMNORSVX

AUW

F

NS

ORV

L

ABKOP
M

Bpul0l

BsaAI
BsaBI

BsePI

Bsgl
Bsil

Bs-YI

Bsml

BsmAI

BspGI
BspHI
BspMI
BspMll

BsrI
BsrBI
BstEll

BstXI

Cac81
Caull

Cfrl

CfrlOl

C1YCGRG

Bcol CtIYCGRG
Eco88I CIYCGRG
NspIII CtYCGRG

GTGWCC
Eco471 GTGWCC
Sinl GTGWCC

ATGCAT

EcoT22I ATGCATT
Mphi 1031 ATGCATT
Nsil ATGCATT
Ppu 1OI AtTGCAT

CtCTAGG

Blnl CTCTAGG
ACNNNNGTAYC

TGGtCCA
Mscl TGGtCCA

GTGATCC
BstI GTGATCC

GCAGC(8/12)
Bst7l1 GCAGC(8/12)

GAAGAC(2/6)

BbsI GAAGAC(2/6)
CCATC

ACGGC(12/13)

GCANNNNNNTCG(12/1
TtGATCA

BsiQI TTGATCA
FbaI TtGATCA

wTccGGw
GCCNNNNTNGGC
AtGATCT
GGATC(4/5)

Alwl GGATC(4/5)
CCTNAGC(-5/-2)

YACtGTR
GATNNtNNATC

BsiBI GATNNtNNATC
MamI GATNNTNNATC

GCGCGC

BssHII GtCGCGC
GTGCAG(16/14)
CTCGTG(-51-1)
CCNNNNNTNNGG

Bsll CCNNNNNTNNGG
GAATGC(ll-1)

BscCI GAATGC(1/-l)
GTCTC(1/5)

Alw261 GTCTC(1/5)
CTGGAC
TTCATGA
ACCTGC(4J8)
TTCCGGA

AcclIl TTCCGGA
BseAI TTCCGGA
BsiMI TTCCGGA
BspEI TtCCGGA
Kpn2I TtCCGGA
Mroi TTCCGGA

ACTGG(1/-1)
GAGCGG(-3/-3)
GtGTNACC

BstPI GTGTNACC
Eco9ll GtGTNACC
Eco0651 GtGTNACC

CCANNNNNTNTGG
GCNTNGC
CCTSGG

Bcnl CCtSGG
NciI CCTSGG

YtGGCCR
Sae YtGGCCR

RTCCGGY

Me3 Commercial4
site source

ABEIKLMNOPRSUVX
AW

F

p

ABEIKMNPRSX
FOU

4(5) LRSV

KOU

F

BELMNRSVX

F

N

AK

4(5) AIKRSVX

BNU

5(4) ABEFHIKLMNOPQRSUVWX
p

2(5),-2(5) EINX

R

N

.0) N

ABEFILMNOPRSUVX

AW

K

ABEFH12ILMNOPQRSUVWX
ABEFHIKLMNOPQRSUVWX

NSU

N

N

AW

M

BELMNOQRUVX
N

AMUW

N

ELMNOSUVX
w

NU

FR

NSU

NU

AEKQRV
M

AW

NS
F

MOU

N

BEHLMNOPRSUVX
K

F

AK

BEKLMNOQRSUVX

2(4) AFK

BELMNOSUVWX
4(5)

4(5)

2(5)
EKLMNSUVX
AFKMNOU
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Enzymel Isoschizomers Recognition2
Sequence

BsrFI RtCCGGY
ATTCGAT

BanIII ATTCGAT
Bsc! ATTCGAT
BsiXI ATTCGAT
BSp1O6I ATTCGAT
BspDI ATTCGAT
Bsu15I ATtCGAT

RGTCY
TGtCA
CTTNAG
GATTC
RGTGNCCY

EcoO109I RGtGNCCY
Pssl RGGNCtCY

CACNNNTGTG
GACNNNNtNNGTC
GAACCA

CtCRYGG
GACNNNtNNGTC
TCCGCC

GGTCTC(1V5)
BsaI GGTCTC(1/5)

AGCTGCT
CTGAAG(16/14)
CCTNNTNNNAGG
GTAATTC
tCCWGG

Apyl CC1WGG
BsiLl CCTWGG
BstNI CCtWGG
BstOI CCTWGG
Mva! CCtWGG

GATTATC

&Ao32I GATTATC
GCTTNAGC

Bpu1102I GCTTNAGC
Cell GCTTNAGC

CGTCTC(5)
CCCGC(4/6)
GTCCC

CGTCG
AccII CGtCG
BJp5OI CGtCG
BstUI CGtCG
MunI CGtCG
Thal CGtCG

GCTNGC
GGATG(9/13)
GGCCGGTCC
RtAATTY

ApoI RTAATTY
YGGCCG(-5/-1)
CTGGAG(16/14)

BpmI CTGGAG(16/14)

WGG1CCW
RGCGCtY

Bsp143II RGCGCtY
GGTCC

BshI GGtCC
BsuR! GGtCC
Pal! GGtCC

GACGC(5/10)
GWGCWTC

Alw21I GWGCWtC
AspHI GWGCWtC

GtGYRCC
BanI GtGYRCC
Eco64I GtGYRCC

ACCNNNNNNGGT
GRGCYTC

BanlI GRGCYtC

Eco241 GRGCyTc

Me3 Commercial4
site source

N

5(6) ABKMNPQRSVX
oU

L

AW

E

N

F

3(5)
4(6)

1(5) BEILMNOPRUVX
ABEILMNRSUVX
M

AEFKLNOSUVX
I

EMNSUX

N

M

FN

F

N

ABFKLMNORU
5(6),5(6) FN

NSU

3(6) ABEFHIKLMNOPQRSUVWX
2(5) BEOSUV

M

AW

2(4) ENSX

R

2(4) AFKMOU
2(6) ABEHIKLMNOPQRSUVWX

F

U

EFN

ALM

FN

AKQVX
EF

NSU
M

BI

N

3(6),-2(6) AEFIKMNRUVX

N

FN

N

ABEIKLMNOPRSUVX
F

3(5) ABHIKLMNOPQRSUVX
w

3(5) F

EPV

NSUX

NX

F

M

EIMNOPRSUVX
F

BEIKLMNOPRSUVX

F

Enzymel Isoachizomers Recognition2
Sequence

HhaI GCGtC
CfoI GCGtC
Hin6I GTCGC
HinPlI GtCGC

HindII GTYtRAC
Hincdl GTYtRAC

HindIII AtAGCTT
Hinfl GtANTC
HpaI GTTTAAC
HpalI CtCGG

HapI CTCGG
MspI CtCGG

HphI GGTGA(8t7)

KpnI GGTACTC
Acc65I GtGTACC
Asp7181 GTGTACC

Kap6321 CTCTTC(1/4)
Eaml1104I CTCTC(IJ4)
Earl CTCTTC(1/4)

Mael CtTAG
Bfal CTTAG
Rmal CtTAG

MaeII AtCGT
MaelII tGTNAC
MbOI7 TGATC
+ Bspl431 tGATC

DpnII tGATC
NdeIl TGATC

+ Sau3AI tGATC
MboII GAAGA(8/7)
Mcrl CGRYtCG

BsiEI CGRYtCG

MfeI CtAATTG

MunI CtAATTG

Mlul ATCGCGT
Mlyl GACTC(5/5)
Mmel TCCRAC(20/18)
MnIlI CC7TC(716)
Mosel TtTAA
Msii CAYNNNNRTG

Afstl TGCtGCA
AvilI TGCTGCA
FdiU TGCTGCA
FspI TGCtGCA

MuwaI GCNNNNNTNNGC
BspWJ GCNNNNNtNNGC

Nael GCCTGGC
NgoMI GtCCGGC

Narl GGTCGCC
BbeI GGCGCtC
EheI GGCTGCC
Kasl GtGCGCC

Ncol CtCATGG
Ndel CATTATG
Nhel GTCTAGC
Nlall! CATGT
NlaIV GGNtNCC

BscBI GGNtNCC

Notl GCTGGCCGC
Nrul TCGtCGA

Bsp681 TCGtCGA

Spol TCGtCGA

Nsp! RCATGtY

NspBIl CMGtCKG
Pacl TTAATTTAA
Pfl11081 TCGTAG

PflMI CCANNNNtNTGG
Van9l1 CCANNNNTNTGG

Pkle GAGTC(4/5)
PmnaCI CACTGTG

BbrPI CACtGTG
Eco721 CACtGTG

Prns CACTGTG

Me3 Commercial4
site source

2(5) ABEKNOPRSUX

BILMRSV

F

NSX

5(6) EM

ABFHIKLNOPQRSUVX
1(6) ABEFHIKLMNOPQRSUVWX

ABEFHIKLMNOPQRSUVWX
5(6) ABEFHIKLMNOPQRSUVX
2(5) ABEFLMNOPQRSUVX

2(5) IK

1(5) ABEFHIKLMNOPQRSUVWX
-2(5) NSUVX
4(6) ABEFIKLMNOPQRSUVX

FNR
M

M

F

N
M

N

N
M

M

BEFIKNPQRSVX
F

2(6) NU

BM

4(5) ABEIKLMNOPQRSUVX
5(6) BFIKNOPQRSUVX

M

ANW

3(6) FN

ABEFIKLMNOPQRSUVX

ENSUX

NSU

X

M

U

NSU

M

AEKLMNOUVX
N

BEMNOPRSUVX
AK

FOU
N

ABEFHIKLMNOPQRSUVWX
4(6) BEFKLMNPSUVX

ABEKLMNOPRSUVX
NSU

NSU
Al
ABEFIKLMNOPQRSUVWX
ABEIKLMNOPQSUVWX
F

R
MtMU
U

N

NSU

FM

NU

AK
M
F

NU

ClaI

CuiJI

CuiRI
Ddel
DpnI

Drull

Dralll
DrdI

DrdII

DsaI
EamllO5I
EciI

Eco3lI

Eco47lII
E&o57I
EcoNI

EcoRI
EcoRFIe

EcoRV

Espl

Esp3I
Faul
Finl

FnuDII

Fnu4HI

Foakl
Fse!
Fsil

Gdill

Csul

Haol
Haell

Haell!

HgaI
HgiAI

HgiCI

HgiEII
HgiJII
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Enzymel Isoschizomers Recognition2
Sequence

GTrTTAAAC
RGtGWCCY

Psp5II RGtGWCCY
GACNNTNNGTC
CTGCATG
CGATtCG

BspCI CGATtCG
XorlI CGATtCG

CAGTCTG
CCCACA(12t9)
GTTAC

Afal GTtAC

Csp61 GtTAC
CGTGWCCG

Cpol CGTGWCCG
Cspt CGtGWCCG

GAGCTTC
Ecd13611 GAGtCTC
Sstl GAGCTTC

CCGCTGG
Cfr42I CCGCTGG
KspI CCGCtGG
SJtII CCGCtGG

GTTCGAC
GCTCrrC(l/4)
CCtTNAGG

AxyI CCtTNAGG
Bsu36I CCtTNAGG
Conl CCtTNAGG
ECo811 CCtTNAGG

MstiI CCITTNAGG
AGTtACT

CCtNGG
DsaV tCCNGG

GDGCHtC
Bmyl GDGCHTC
Bsp12861 GDGCHTC

CTCNNGG
BsaJI CTCNNGG

GCATC(5/9)
CtTRYAG

SfcI CtTRYAG
GGCCNNNNtNGGCC
CRTCCGGYG
CCCTGGG

Cfr9I CtCCGGG
PspAl CTCCGGG
Xmnal CtCCGGG

GTATAC

BstllO71 GTATTAC
TACtGTA

EcolO51 TACtGTA
AtCTAGT

GCATGTC
Bbul GCATGTC
Paet GCATGTC

CtGTACG
Bs&Wl CtGTACG

Pfl2311 CTGTACG
GCCCTGGGc
CCTGCAtGG
AATTATr
AGGTCCT

Aatl AGGtCCT
Ecol471 AGGTCCT

CTCWWGG
Ecol301 CTCWWGG
EcoT 141 cTcwwGG

ATTTtAAAT
TTCGA

TthHB8I TTCGA
GACCGA(1l/9)
CACCCA(llt9)

Me3 Commercial4
site nouree

N

NSU

F

K

5(6) ABEFHIKLMNOPQRSUVWX

ABEFKLMNOPQRSUVX

Enzymel Imechizomers Rcnition2
Sequence

7y-1
Tsp451
TapEt

Tthllll

Tth111I1
Vspl

BS

4(4) ABEFIKWMNOPQRSUVWX

ABEILMNOPQRSUVWX
K

F

ABMNSUX

AFK

EORV

AEIKLMNOPQRSUVWX
FN

BS

EILNOPRSUVX

F

M

BS

ABEFHIKLMNOPQRSUVX

M

V

NRS

BS

AFKOU

EX

ABEFIKLMNOPRSUVX

EMNOSUVX

M

F

M

AKNRUX

N

NSUX

N

ABEILMNOPQRSUVX

M

2(4) ABEFIKLMNOPQRSUVWX
2(4) FOU

E

EINRSUVX

FMN

AEKLMNRSVX

FOU

ABEELMNORSUVWX

ABEHIKLMNOPQRSUX
RV

F

AK

AMNUW

F

E

AK

ABEFKLMNORUVX

ABEIKLMNPRSVX

oU

F

BEMNRSUVX

FU

AK

M

4(6) ABEFILMNOPQRSUVWX
4(6) AK

Xbal

Xcml
Xhol

Xholl

Xmalll

Xmnl

GTAWTC
GTSAC

AATT

GACNtNNGTC
Aspl GACNTNNGTC

CAARCA(1l/9)
ATTTAAT

Asel ATTTAAT
Asnl ATTTAAT

TtCTAGA 6(6)
CCANNNNNTNNNNTGG
CtTCGAG

Ccrl CTTCGAG
PaeR71 CTTCGAG 5(6)

RTGATCY

BstYI RtGATCY

Mfnt RTGATCY
CTGGCCG 4(5)

BstZI CTGGCCG
Eagl CTGGCCG

Elxl CTGGCCG
Eco521 CTGGCCG

GAANNtNNTrC
Asp7001 GAANNTNN'ITC

Me3 C_mbrdaa4
site

N

AEIKNPRUVX

M

FKR

NSU

M

ABEFHIKLMNOPQRSUVWX
NU

ABEFHIKLMNOPQRSUVX
X

NSX

EMRVX

BNU

AK

BE

R

NS

M

AFKORU

ENUX

M

FOOTNOTES
1. * signifies that DpnI and its isoschizomers require the presence of
6-methyladenosine within the recognition sequence GATC.
2. Recognition sequences are given using the standard abbreviations (Eur. J.
Biochem. 150: 1-5, 1985) to represent ambiguity:

R = G or A H = AorCorT
Y = CorT B = GorTorC
M =AorC V = GorCorA
K =G or T D = GorAorT
S =G or C N = AorCorGorT
W = AorT

3. The site of methylation by the cognate methylase when known is indicated
as follows. The first number shows the base within the recognition sequence that
is modified. A negative number indicates the complementary strand, numbered
from the 5' base of that strand. The number in parentheses indicates the specific
methylation involved. (6) = N6-methyladenosine; (5) = 5-methylcytosine;
(4) = N4-methylcytosine.
4. Commercial sources of restriction enzymes are abbreviated as follows:
A Amersham (2/92) 0 Toyobo (6/91)
B BRL (1/92) P PL-Pharmacia-LKB (9/9 1)
E Stratagene (1/92) Q Molecular Biology Resources
F Fermentas (6/91) (10/91)
H American Allied (1/92) R Promega Corporation (10/91)
I IBI (6/91) S Sigma (1/92)
K Takara (10/91) U USB (10/91)
L Northumbria Biologicals Ltd. (10/91) V Serva (2/91)
M Boehringer Mannheim (9/91) W ILS (5/91)
N New England Biolabs (2/92) X New York Biolabs (4/9 1)
5. BcgI cleaves on both sides of the recognition sequence: 10 bases 5' to the
recognition sequence and 12 bases 3' to it on both strands. Thus the recognition
site is excised in a fragment, 34 base pairs long, with 2-base 3'-extensions at
each end.
6. EcoRII isoschizomers fall into two classes based upon their sensitivity to
methylation. EcoRII will not cleave when the second cytosine in the recognition
sequence is methylated to 5-methylcytosine whereas MvaI will cleave such a

sequence. Isoschizomers of EcoRIl that are like MvaI are indicated by +.
7. MboI isoschizomers fall into two classes based upon their sensitivity to
methylation. MboI will not cleave when the recognition sequence contains
6-methyladenosine whereas Sau3AI will not cleave when its recognition sequence

contains 5-methylcytosine. Isoschizomers of MboI that are like Sau3AI are indicated
by +.
8. TaqII differs from other restriction enzymes in recognizing two distinct
sequences: GACCG and CACCCA.
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