where T, decreases as the layer thickness
of the nonsuperconducting PrBa,Cu;O;
increases (21-23).
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The complete nucleotide sequence of Saccharomyces cerevisiae chromosome Vi reveals
that it contains 269 predicted or known genes (300 base pairs or larger). Fifty-nine of these
genes (22 percent) were previously identified. Of the 210 novel genes, 65 are predicted to
encode proteins that are similar to other proteins of known or predicted function. Sixteen
genes appear to be relatively recently duplicated. On average, there is one gene approxi-
mately every 2 kilobases. Although the coding density and base composition across the
chromosome are not uniform, no regular pattern of variation is apparent.

To identify all of the genes that constitute
a simple eukaryotic cell, an international
collaborative effort is under way to deter-
mine“the sequence of the Saccharomyces
cerevisia¢ genome. This is an important goal
because of the central importance of yeast
as a model organism for the study of func-
tions basic to all eukaryotic cells. The se-
quences of the first two yeast chromosomes
to be completed (1, 2) have revealed that
more than two-thirds of yeast genes have
not been previously recognized and are thus
novel, and the functions of more than half
of these cannot be predicted, because they
are not similar to proteins of known func-
tion. Here, we describe the DINA sequence
of yeast chromosome VIII, which provides
another 210 previously unrecognized genes
and further illuminates features of yeast
chromosome organization.

The sequence was determined (3) from
the set of 23 partially overlapping phage \
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and cosmid clones shown in Fig. 1 that
were previously mapped by Riles et al. (4).
The order of Hind III and Eco RI sites
predicted from the sequence is consistent
with the physical map of these sites de-
termined independently by Riles et al. (4),
which confirms that the sequence was
assembled correctly. We estimate the ac-
curacy of the sequence to be better than
99.99% (5). The genes and other features
of the chromosome VIII sequence are list-
ed in Table 1.

The sequence contains 269 nonoverlap-
ping open reading frames (ORFs) greater
than 300 base pairs (bp). On the basis of the
analysis of Dujon et al. (2, 6), approximately
7% of these are likely to be false genes.
Thirteen of these ORFs (4.8%) are predict-
ed to be interrupted by introns at the ex-
treme 5’ end of each gene. The average
gene size is 482 codons; the longest ORF
(YHR0O99w) spans 11,235 bp (3745
codons).

Fifty-nine of the genes (22%) were pre-
viously identified (that is, already present in
the public databases). Another 65 of the
ORFs (24%) are predicted to encode pro-
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Table 1. List of genes and features of chromo-
some VIIIl. The number of the cosmid (as submit-
ted to GenBank) and its accession number are
listed above the elements included in that data-
base entry. Column 1: Nucleotide position of the
start of each designated element (ATG for ORFs,
the first nucleotide of all other elements). For the
LTRs of the Ty elements, the beginning of the left
LTR and the end of the right LTR is listed. Column
2: Genes are named according to established
convention: Y designates yeast; H designates
chromosome VIII; L and R designate the left or
right chromosomal arm, respectively; w and ¢
designate that the gene is encoded on the top or
bottom strand, respectively; and a superscript
“s” denotes genes predicted to be spliced.
Genes are numbered from the CEN toward each
TEL (telomere). Transfer RNA names also follow
convention: t designates tRNA; the next letter is
the one-letter code for the amino acid inserted by
the tRNA (abbreviations for the amino acid resi-
dues are A, Ala; F, Phe; H, His; P, Pro; Q, Gin; S,
Ser; T, Thr; and V, Val.); the letters in parentheses
are the codon recognized by the tRNA; and w and
¢ designate that the tRNA is on the top (w) or
bottom (c) strand. Retrotransposon LTRs in
brackets are partial elements. Column 3: Genetic
names of genes previously identified. Note that
one previously identified gene does not have a
locus name (YHRO042w) and that two genes
(HXT5/YHR096c and ACT5/YHR129¢c) were
named during the course of this work. Column 4:
A description of the function of the genes. A de-
scription of the protein most similar to the other
genes is also listed. Genes with no listing in this
column have no homologs (BLASTX score usually
less than 70). Column 5: The BLASTX (78) score
for the alignment of the encoded protein to its
closest homolog. Note that BLASTX scores are
not listed for previously identified genes, because
the two sequences are identical. BLASTX scores
greater than 100 are generally considered to indi-
cate a significant relation between two proteins;
scores between 70 and 100 are considered sug-
gestive of a relation. Column 6: Database acces-
sion number of the closest homolog. In the few
cases where comparison of predicted proteins to
the BLOCKS database (79) revealed potential
similarities not found by BLAST, the number of the
BLOCKS entry is given.

teins that are similar to genes of known or
predicted function (see Table 1 for a list).
Thus, the function of only 46% of the
encoded proteins is known or can be pre-
dicted (in some cases, only the biological
process that the protein is involved in is
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Gene or
element Locus

BLAST

Function or homology score Acc. no.

BLAST

Function or homology score Acc. no.

9196/U11583
C(1-S)A

1088 splP24089

3310 YHLOSOC oS sy s —

129473

YHRO15w  Poly(A)-binding protein 627  gpiD26442|

Pauip;YKL224c et al; stress-induced proteins 583 gplL25123|

130 ! spIP25354l

90 sp1l

62752

tH(CUC)w

YHL021c

YHLO18c Clathrin mat assemabd proteln AP54 156 ' splQDO776|

70272 YHLO17w Probeble anemonrane proiei YILOSOW.

75408 YHLO15w S10P family of 40S ribosomal proteins  splP23403|

81611 YHLOt1c Phosphoribosyl pyrophosphate synthetase 518 splP11908l

L5018/U11581

YHLOOSc bZIP DNA-binding protein

. s (E. E il

9780/U10555

99213 YHLOO4w MRP4 Mlmchondria! dbosomalpmtein splP32902!

102605 YHLOOZW SHadomain 5 151 splP29asdl

splP19880I

YHRO17W

" 8082/U10399
Filarial antigen nematoda)' Asp-tRNA-synthetase

Thymidylate synthase (putative) 12 gpixsee7al

8179/U00062

YHR029¢

168552

 Piftp (mito. DNA repair/recomb. prot) SpIPO7271]

splP17445]

spIP34162|

gblL12542]

Ala- (Zn metalloprotease)

| COX6 Cytochrome ¢ oxidase subunit VI

YHRO053c

YHRO1c

CDEI
CEN

105579

105689

113087  YHROO4c

YHRO69c 275 gbluoTs61l

YHRO7IW 74 splP24geTl

YHRO72w  ERG7 gplU04841]

116172 (T(ACT)c {RNA-Thr

117807 YHROO6w 507

Zn ﬁngafpmn (@m type) Stpip (veast)

splQ009471

LZOZ5IU1M00

123583 YHROO8c Dz Superoxide dismutase spl

Ribosomal protein L27

126513 YHRO1OwW  piriS004011
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Gene or BLAST Gene or
Pos. element Locus Function or homology score  Acc. no. Pos. element Locus Function or homology

Protein Ser-Thr kinase

YHR155w _Sip3p (Snfp interacting protein)

YHR157w 104 Meiotic recombination protein

YHRO86w NAM8 RNA binding protein

YHR163w

436947  YHR165c PRP8 U5 snRNP, pre-mRNA splicing factor spIP33334]

206449  YHRO%C HXT5 Hexose transporter ’ 576 splPa467l

442179 YHR169w RNA helicase (DEAD box) : 319 splP34580l

445710  YHR171w biosynthesis protein ChiN 141 splP12282|

~ splP31867I

332084  YHR110w Glycoprotein 25L; involved in proteinsorting? 149 splP27869! TACAW  tRNA-Thr

YHR1 12¢ Cystathionine gamma-synthase 221 splP00S3S| | 468214  YHR182w

YHR1 14w ~ SH3domain 100  splP278701 | 472738 YHR184w

YHR116w

475782 tV(GTG)c tRNA-Val

480985 YHR187w

YHR118c

'YHR120w : :
~ YHR121: YHR189w

i

|

YHR122w YHR191c

;

YHR124w YHR193c

g

358698 [delta] | 742 YHR195w

493891 YHR197w

498417 YHR199¢c 'YHR198¢ gene product 160  gplU00030!

501138 YHR201c PPX1  Exopolyphosphatase gplL28711|

505525 YHR203c* RPS7A Ribosomal protein S7 gplM64293|

9177/U00029
509361 YHR205w SCH9 cAMP-dependent protein kinase gpIX57629|

516480 YHR207¢

519432  YHR209w Hyp. yeast prot. between DMC1-BMH1 158 gblL11229]

:

YHR211w Flo1p (flocculation prot.; FLO8 gene?) 1075 splP32768|

 gpID10578|

g

146 YHR213w Flo1p (flocculation protein) 653  splP32768|

543605  delta

549631 delta

:

YHR216w IMP dehydrogenase (PURS?) 1351

:

{

393283 YHR147c MAP-L6 Mitochondrial ibosomal protein L6 ~ spliP3ooal Y’ element Y’ subetelomeric repeat

:

YHR218w* Hyp. protein in Y’ repeat region (pseudogene?) 1871 splP24089|
560168 YHR219w Hyp. protein in Y’ repeat region (pseudogene?) 3143 pirlS28368|
451 TEL TG(1-3) repeat

306659  YHRid%c -

400848  YHR15tc

g

( T T —— splP17122]
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known). Nearly half of the ORFs (124, or
46%) are predicted to encode proteins that
are not significantly similar to sequences in
the public databases. Finally, 21 genes
(7.8%) are predicted to encode proteins
that are similar to proteins of unknown
function. Only two of these (YHRO69c and
YHR162w) are similar to gene products of
other organisms; most of the rest (13 of 19)
lie very near the ends of the chromosome,
where large segments are extensively dupli-
cated in analogous regions of other yeast
chromosomes.

" Eleven transfer RNA (tRNA) genes
were identified, three of which are inter-
rupted by introns. Nine of these are preced-
ed by complete or partial copies of the long
terminal repeats (LTRs) of yeast retrotrans-
posons (six with partial or complete d ele-
ments, one with a o element, and two with
a partial o element and a complete § ele-
ment), which reside 14 to 566 bp upstream
of the tRNA genes. Except for the two
sequences that are part of the Tyl element
on the right arm of the chromosome, all &
elements are associated with tRNA genes,
as are the three complete or partial o ele-
ments. The close association of these retro-
transposon LTRs with tRNA genes is a
general feature of the yeast genome (7).
Four complete or partial T sequences, two of

A Genetic map

which are associated with a Ty4 element on
the left arm and one Ty5 LTR (8) were also
identified.

The CUPI gene, encoding copper me-
tallothionein, is contained in a 1998-bp
repeated sequence that also includes an
ORF of unknown function upstream of
CUPI  (YHRO54c, previously called
ORFX). The repeated region has been esti-
mated to span 29.9 kb in the strain we used
(4), which would encompass 15 repeats, but
the number of repeats varies among yeast
strains (9). We sequenced into the repeat
region from each end and determined the
sequence of one complete repeat. However,
because the ORF upstream of CUPI con-
tinues into unique sequence in the first
copy of the repeat [the right, or centromere
(CEN) distal copyl, we included two copies
of the repeat in the final sequence in order
to include this novel ORF (YHRO56c).
Thus, the sequence includes two copies of
the CUPI gene (YHRO053c and YHRO55c).

The coding sequence comprises 69.2%
of the chromosome, with one gene every
2087 bp. The average distance between
genes is 629 bp, with differences in the
spacing between genes with divergent pro-
moters (731 bp) and genes with convergent
terminators (479 bp). There are more genes
on the top strand (10) [144 on the top (w)
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Fig. 1. Genetic and physical map of chromosome VIII. (A) Genetic map of the loci identified in the DNA
sequence. The true location of these genes is indicated by lines connecting them to the scale (in base
pairs). Note the two minor discrepancies in the genetic map. (B) Physical map of cosmid and phage A
clones used to determine the sequence. (C) Map of the extent of DNA sequence included in each
GenBank entry. The GenBank entry name and accession number are listed below each line. In addition,
the entire (nonoverlapping) sequence (562,638 bp) is available via anonymous ftp (genome-ftp.stan-
ford.edu in the /pub/yeast/genome_seg/chrVII directory; ncbi.nlm.nih.gov in the /repository/yeast/CHVIII
directory; mips.embnet.org in the /anonymous/yeast/chrviii directory).
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strand and 124 on the bottom (c) strand],
but nearly all the excess w strand genes are
accounted for by a stretch of approximately
35 kb where 17 of the 18 ORFs are arrayed
on the top strand (coordinates 439341 to
474454). Disregarding this unusual cluster
of genes, there are nearly equal numbers of
genes on each strand. These properties of
the sequence are similar to those found for
the two yeast chromosomes previously se-
quenced (1, 2).

The base composition of the chromo-
some is clearly not uniform over its length
(Fig. 2, A and B): there are two major
G+ C-rich peaks toward the left end of the
chromosome and several minor peaks in the
right half of the chromosome. On the basis
of statistical analysis, we are confident that
at least the two major G+C-rich peaks and
the one major G+C-poor peak in the left
half of the chromosome are significant (11).
A similar degree of nonuniformity in base
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Fig. 2. Plot of coding density and G+C compo-
sition over the length of chromosome VIII. (A)
G+C composition of the third base of codons in
predicted ORFs was calculated over 20-kb win-
dows spaced every 100 bp. (B) Overall G+C
composition was calculated over 20-kb windows
spaced every 100 bp. The horizontal line marks
the average G+C composition (38.45%). (C) Cod-
ing density was calculated over 20-kb windows
spaced every 100 bp. The horizontal line marks
the average coding density (69.2%). For all three
plots, similar results were obtained if the window
size was varied between 10 and 50 kb or if the
window size was the next 15 ORFs.

Fraction containing G+C

Fraction containing coding sequence
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composition was observed for chromosomes
III and XI (2, 12). Although the regional
variations in chromosome XI seem to occur
in an almost regular pattern, those in chro-
mosome VIII appear less regular. Thus, a
regular periodicity of base composition does
not appear to be a universal feature of yeast
chromosomes. These base composition and
gene density variations could be of func-
tional importance (that is, having to do
with processes such as replication or chro-
mosome packaging) or could reflect the
evolutionary history of the chromosome.

Similarly, the amount of protein coding
sequence is not uniformly distributed over
the length of chromosome VIII: there are
six or seven regions of the chromosome
with a coding density that is higher than
average (Fig. 2C), a phenomenon also not-
ed for chromosome XI (2). Perhaps not
surprisingly, the G+C-rich regions corre-
late roughly, though certainly not precisely,
with the regions of increased coding densi-
ty, as was also noted for chromosome XI
(2).

Several regions of chromosome VIII are
duplicated on chromosomes I, III, or XI.
The most extensive of these is an approxi-
mately 30-kb region very near the right
telomere (bases 525393 to 555891) that is
more than 90% identical to the similar
region on the right arm of chromosome I. In
addition, a smaller portion of this region of
the right arms of chromosomes [ and VIII is
also duplicated on the left arm of chromo-
some I (13). This duplication, which was
previously recognized (14), includes six
genes whose order and orientation are pre-
served in the two copies. A Tyl element
present in the duplicated region of chromo-
some VIII was probably originally present
and subsequently lost from the homologous
region of chromosome I, because chromo-
some | retains one of the LTRs of the
retrotransposon at this location. A remark-
able feature of this duplication is that its
borders coincide almost precisely with the
coding sequence (YHR211w at the left bor-
der and YHR216w at the right border). In
addition, the high degree of sequence con-
servation between these regions of chromo-
somes | and VIII extends through a non-
coding sequence, which suggests that this is
a relatively recent duplication. Alternative-
ly, the duplication could be more ancient,
but extensive enough for the duplicated
regions to pair infrequently in mitosis or
meiosis and to be homogenized by gene
conversion. A few other comparable dupli-
cations have been recognized on other yeast
chromosomes (10, 15).

There are also several shorter duplicated
segments of the subtelomeric region of the
left arm of chromosome VIII at analogous
positions of chromosomes III and XI. [This
is in addition to the X and Y’ subtelomeric

repeats, which are present at the ends of
nearly all yeast chromosomes (7, 16).]
These duplicated segments, which are scat-
tered throughout the region between coor-
dinates 5000 and 13000, vary in identity
from about 54 to about 94% and are largely
limited to four ORFs (YHL045 to YHL048).
Six other individual genes on chromo-
some VIII appear to be recently duplicated.
This is clearly recognizable at the DNA
level [BLASTN score cutoff of 300 (17)], in
contrast to duplications of clearly older or-
igin, which can be recognized only at the
protein level. In each case, the duplicated
sequences are confined to nearly the entire
coding region of the duplicated gene. Four
of the duplicated genes (YHLOO3c,
YHLOO1w, YHROO1w, and YHRO0O03c) re-
side near the centromere, and three of the
four homologs of these genes (YKLOOS8c,
70% identical to YHRO03c; YKLOO6w, 96%
identical to YHLOO1w; and YKRO003w, 72%
identical to YHROO1w) are also very near
the centromere of chromosome XI [the oth-
er homolog is also on chromosome XI but is
somewhat distant from the centromere, and
the duplication is much less extensive and
much less conserved (YKL027w, 57 to 63%
identical to YHROO3c over less than half
the length of these genes)]. Two other du-
plicated genes (YHL047w and YHRO21c¢)
are dispersed on chromosome VIII, though
homologs (YKL156w and YKL157w, re-
spectively) are adjacent on chromosome XI.
Thus, a total of 16 genes on chromosome
VIII appear to be recently duplicated. In
addition, another obvious case of less recent
gene duplication on chromosome VIII is a
cluster of three hexose transporter genes
(YHR092c/HXT4, YHR094c/HXT1, and
YHR096c/HXT5). The amount of redun-
dancy recognized in the yeast genome will
undoubtedly grow as the sequence of addi-
tional chromosomes becomes available.
We imagine two ways these duplications
could have arisen. First, some of these genes
could represent processed genes that were
inserted into the genome relatively recent-
ly, a view that is consistent with the con-
servation of sequence only in the coding
regions. However, all of these cases would
appear to be created by integration of full-
length complementary DNAs, because
none appear to be pseudogenes and this is
unexpected in this model. In addition, one
of the homologous gene pairs includes in-
trons in both genes (which are 63% iden-
tical; their exons are 96% identical), which
suggests that at least these genes were not
duplicated by this mechanism. Alternative-
ly, the clustering of four of the duplicated
genes near the centromeres of their respec-
tive chromosomes compels us to consider
the idea that entire genomic regions were
duplicated. This centromeric duplication
would appear to be ancient, because the
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DNA sequence has clearly diverged outside
the coding regions, but the high degree of
DNA sequence conservation in the coding
region would appear to be at odds with this
view.

Analysis of the sequence of chromosome
VIII corroborates our current view of the
organization of yeast chromosomes. The
high coding density and close spacing of
genes on chromosome VIII is similar to that
of the other two yeast chromosomes se-
quenced, and the degree of genetic redun-
dancy is also similar. However, the apparent
organization of chromosome XI into regu-
larly spaced intervals of G+C-rich and
G+C—poor segments does not appear to
hold for chromosome VIII, making the gen-
erality of this phenomenon unlikely. The
most immediate and wide-ranging impact of
this work is likely to be the identification of
the 210 novel genes found on chromosome
VIII, most of which we are unable to predict
a function for at the present time. The
sophisticated genetic techniques available
for manipulating yeast cells provide the pos-
sibility of determining the function of many
of these genes. It seems certain that S.
cerevisiae will become even more important
for understanding the function of eukary-
otic cells as the sequence of more chromo-
somes is made available to the scientific
community by the several groups collabo-
rating internationally to complete the se-
quence of the entire yeast genome.
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ished. The finished sequences were compared with
the public sequence databases for protein and nu-
cleic acid homologies [SWISSPROT (release 28.0),
PIR (release 40.0), and GENPEPT (release 82.0)],
with BLASTX (for protein similarities) and BLASTN
(for nucleotide similarities) (78) and searched for
tRNAs with TRNASCAN [G. Fichant and C. Burks, J.
Mol. Biol. 220, 659 (1991)]. The sequence of each
cosmid was also compared to the yeast sequences
in GenBank, and discrepancies were examined in
our sequence and corrected when possible (howev-
er, we judged that very few of these differences were
due to mistakes in our sequence). The finished se-
quences were assembled and interactively annotat-
ed with AScDB, a version of the Caenorhabditis el-
egans database program ACeDB (R. Durbin and J.-
T. Mieg, unpublished results) modified (by E. Son-
hammer and R. Durbin and L. Hillier) for use with
yeast data. At this point, any potential frameshift er-
rors were recognized, and the appropriate regions
were resequenced to resolve the problems. Portions
of the chromosome (usually individual cosmids) were
submitted to GenBank, as shown in Fig. 1 (entry
names and accession numbers are also listed in Ta-
ble 1). Only a small number of overlapping bases
were included in each database entry to facilitate
joining of the sequences or to keep a gene intact. In
addition, the entire (nonoverlapping) 562,638 bp of
DNA that comprise chromosome Vil are available via
anonymous file transfer protocol (ftp) (genome-ftp-
.stanford.edu in the directory: /pub/yeast/ge-
nome_seag/chrVIIl; nchi.nim.nih.gov in the directory:
/repository/yeast/CHVIIl). All ORFs containing at
least 100 codons (including the ATG and translation
termination codons) were identified. This analysis
was done in batch with two scripts (ASCPREP1 and
ASCPREP2; L. Hillier, unpublished results) that pre-
pare the sequence and the database search results
for entry into AScDB, which was used interactively to
annotate the sequence. Genes were chosen with the
help of the GENEFINDER program (P. Green and L.
Hillier, unpublished results) modified (by L. Hillier, E.
Sonhammer, and R. Durbin) for use with S. cerevi-
siae. All genes larger than 100 codons were anno-
tated, except in the case of overlapping genes,
where the longest gene or the gene that had homol-
ogy to another gene was chosen. The first ATG
codon in an ORF was always chosen as the begin-
ning of the gene. Splice sites were used as necessary
and when possible to construct a gene; a TACTAAC
box 5 to 134 bases upstream of the 3’ splice site [B.
C. Rymond and M. Rosbash, in The Molecular and
Cellular Biology of the Yeast Saccharomyces, E.
Jones, J. Pringle, J. Broach, Eds. (Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, NY,
1992), vol. 2, pp. 143-192] was demanded in each
case. We sought delta (3), sigma (o), and tau (1)
elements by comparing the sequence using
BLASTN and FASTA against a representative mem-
ber of each element.

4, L. Riles et al., Genetics 134, 81 (1993); L. Riles and
M. Olson, unpublished results.
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take per 17 kb.
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Specific Cleavage of Model Recombination
and Repair Intermediates by the Yeast
Rad1-Rad10 DNA Endonuclease

A. Jane Bardwell,*t Lee Bardwell,*f Alan E. Tomkinson,
Errol C. Friedberg$§

The RAD1 and RAD10 genes of Saccharomyces cerevisiae are required for both nucle-
otide excision repair and certain mitotic recombination events. Here, model recombination
and repair intermediates were used to show that Rad1-Rad10-mediated cleavage occurs
at duplex-single-strand junctions. Moreover, cleavage occurs only on the strand con-
taining the 3’ single-stranded tail. Thus, both biochemical and genetic evidence indicate
a role for the Rad1-Rad10 complex in the cleavage of specific recombination interme-
diates. Furthermore, these data suggest that Rad1-Rad10 endonuclease incises DNA 5’
to damaged bases during nucleotide excision repair.

The S. cerevisize RADI and RADIO genes
are involved in both nucleotide excision
repair (1) and mitotic recombination (2-9).
RADI is the probable homolog of the hu-
man XPF (ERCC4) gene, which is defec-
tive in the cancer-prone disease xeroderma
pigmentosum (10, 11); RADIO is homolo-
gous to human ERCCI (I12). Radl and
Rad10 proteins form a stable complex (13,
14) that catalyzes the endonucleolytic deg-
radation of single-stranded bacteriophage
DNA but is inactive on linear duplex DNA
(15, 16). Here we demonstrate that rather
than exhibiting a generalized single-strand
DNA endonuclease activity as previously
indicated (15, 16), Rad1-Rad10 protein is a
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duplex-3’ single-strand junction-specific
endonuclease. The characterization of this
structure-specific activity greatly clarifies
the role of Rad1-Rad10 protein in recom-
bination and DNA repair.
Single-stranded, duplex, or partial du-
plex model DNA substrates were generated
from synthetic oligonucleotides 18 to 50
nucleotides in length (Table 1). Radl-
Rad10 endonuclease did not degrade a sin-
gle-stranded 49-nucleotide oligomer (S1 in
Table 1 and Fig. 1, A and B) or a 49—base
pair (bp) duplex structure (D in Table 1 and
Fig. 2, A and B). However, when S1 was
annealed to shorter complementary oligo-
nucleotides, partial duplex molecules con-
taining 3’ single-stranded tails (TD1 and
TD2 in Table 1) were cleaved by the en-
zyme (Fig. 1A), whereas substrate TD3 (Ta-
ble 1) containing a 5" single-stranded tail was
not (Fig. 1A). In a similar manner, substrate
S3 (Table 1) was not cleaved as a single-
stranded oligonucleotide (Fig. 2B), nor as a
partial duplex derivative with a 5’ single-
stranded tail (TD4 in Table 1 and Fig. 1A). A
partial duplex derivative with a 3’ tail was
cleaved (TD5 in Table 1 and Fig. 1A).
Analyses with denaturing gels demon-




