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A tRNA coding locus in the Bam-Sal 9 region of
Euglena gracilis Pringsheim strain Z chloreplast DNA
was chosen for detailed study. This DNA contains the
previously mapped tRNA coding sequences of the ad-
jacent Euglena chloroplast EcoRI products of EcoV and
EcoH (Orozco, E. M., Jr., and Hallick, R. B. (1982) J.
Biol. Chem. 257, 3258-3264). The 3.2-kilobase pair Bam-
Sal 9 fragment was cloned into the BamHI and Sall cut
plasmid vector pBR322, resulting in the recombined
plasmid pPG76. The tRNA coding locus was mapped to
a region of Bam-Sal 9 that contains portions of both
EcoH and EcoV. The DNA sequence of 1-kilobase pair
Bam-Sal 9, containing the entire tRNA coding locus,
was determined. A cluster of six tRNA genes was found.
The gene organization is as follows, where bp is base
pair: tRNA{,-64 bp spacer-tRNAli:-14 bp spacer-
tRNAYs! -4 bp spacer-tRNAT¥,-27 bp spacer-tRNAF -6
bp spacer-tRNA{R.. The tRNAY:| is believed to be an
elongator tRNA. The first four genes are within EcoV.
The EcoRI cleavage site that separates EcoV and EcoH
is in the tRNAS" g:ne. The tRNA®"Y gene is in EcoH.
This is the largest known chloroplast tRNA gene clus-
ter.

The chloroplast DNA of Euglena gracilis has been shown
to have at least nine loci which hybridize with chloroplast
tRNAs (1-3). At least some of these loci contain multiple
clustered tRNA genes that may be part of polycistronic tran-
scription units (1). In Euglena, two tRNA loci have been
characterized. One, containing the tRNA™ and tRNA*® ig
found between the 16 and 23 S ribosomal genes (4, 5). A larger
cluster in EcoG contains the four genes tRNA"™" tRNAA™,
tRNA*" and tRNAY* (6). Among higher plants, maize chlo-
roplast DNA has a locus between the 16 and 23 S rRNA genes
containing split tRNA"™ and tRNA** genes (7). However,
both the chloroplast tRNAY*! and the tRNA"™ genes of maize
are found as isolated genes (8, 9), as are the tRNAY* and
tRNA*" of tobacco chloroplast DNA (10, 11).

The Bam-Sal 9 fragment of chloroplast DNA was chosen
for further study because it was a good candidate for having
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a large polycistronic tRNA cluster (1). Bam-Sal 9 contains
EcoV and a part of both EcoG and EcoH. It has previously
been shown that both EcoV and the portion of EcoH internal
to Bam-Sal 9 hybridized **P-labeled Euglena chloroplast
tRNAs (1-3). In this study, a restriction endonuclease cleav-
age map of Bam-Sal 9 was constructed, the tRNA coding
locus was identified, and the DNA sequence of approximately
1 kb’ containing the entire coding locus was determined via
the Maxam-Gilbert method (12). Six tRNA genes were iden-
tified. The organization of the cluster as determined from the
DNA sequence data is tRNAMA-64 bp spacer-tRNAH:-14
bp spacer-tRNA¥li-4 bp spacertRNA{¥:-27 bp spacer-
tRNAE -6 bp spacer-tRNA{t. This is the largest known
chloroplast tRNA gene cluster. All of the genes have the same
polarity with respect to each other, to the rRNA transcription
units, and to the previously characterized tRNAY*-tRNA*™"-
tRNA*"* gene cluster of EcoG.

EXPERIMENTAL PROCEDURES”

RESULTS AND DISCUSSION

Mapping—The location of the 3.2-kb BamHI-Sall diges-
tion product of Euglena chloroplast DNA designated Bam-
Sal 9 (or “BS9”) has been previously reported (1, 2, 13). With
reference to the EcoRI map of this genome (1, 2, 14), BS9
contains all the EcoV, as well as portions of both EcoG and
EcoH. A detailed restriction endonuclease map for this DNA
was determined (Fig. 1). The enzymes used were EcoRI, Aval,
Avall, Alul, Mspl, Hhal, Haelll, Taql, Hinfl, and Ddel.
Maps were deduced mainly by standard methods of single and
double digestion. When ambiguities were possible, specific
fragments were isolated for redigestion (4). In addition, 31 of
the 42 cleavage sites shown in Fig. 1 were confirmed by DNA
sequence analysis. There is one possible anomaly in the re-
striction endonuclease map. According to the nucleotide se-
quence data, there is an internal Taql site in the 257-bp Tagl
fragment (Fig. 1¢) that is not cut by Taql in enzyme digestion
reactions. The reason for this uncut Tagql site is unknown. All
other sites predicted from the nucleotide sequence data have
been confirmed during the mapping study.

The nucleotide sequence of the right-hand 367 bp of BS9

' The abbreviations used are: kb, kilobase pair; bp, base pair; R, a
purine nucleoside; Y, a pyrimidine nucleoside; DTT, dithiothreitol.

* Portions of this paper (including “Experimental Procedures” and
a portion of “Results and Discussion”) are presented in miniprint at
the end of this paper. Miniprint is easily read with the aid of a
standard magnifying glass. Full size photocopies are available from
the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda,
MD 20814. Request Document 82 M-1489, cite the authors and
include a check or money order for $1.60 per set of photocopies. Full
size photocopies are also included in the microfilm edition of the
Journal that is available from Waverly Press.
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Fic. 1. Restriction endonuclease map. Map of the Bam-Sal 9
fragment of E. gracilis chloroplast DNA. This fragment contains all
of EcoV and sections of EcoH and EcoG. Distances between cleavage
sites are given in base pairs.

(Fig. 1) has previously been reported (6). This is a portion of
the data from 1.6 kb of Euglena chloroplast DNA containing
a cluster of four tRNA genes (6).

Location of Transfer RNA Genes within BS9—In order to
locate the tRNA coding locus (or loci) within BS9, Southern
(15) hybridizations were used. Total Euglena chloroplast
tRNAs were purified. They were radicactively labeled at the
3’-CCA termini with [«-*P]ATP as previously described (16).
The tRNA probe was hybridized to membrane filter blots of
BS9 restriction endonuclease fragments (1, 6, 16). The region
of tRNA hybridization was localized to a 600-bp region be-
tween the two Avall sites of BS9 (data not shown). This is a
larger coding locus than was previously described for this
region for the bacillaris strain of E. gracilis (3). In another
experiment, the synthetic oligonucleotide 5-CTACCAACT-
GAGCT was found to hybridize to both EcoH and the frag-
ment HindIIIB (6) which contains all of BS9.” This synthetic
probe is complementary to the p-stem and loop of Euglena
chloroplast tRNAY™ (17), tRNA*® (4, 5), and tRNA"® (6).
Following nucleotide sequence analysis (described below), the
identical 14-base sequence was identified within the p-stem
and loop of a tRNA®Y gene. The Ddel sequence of the
synthetic 14-mer (5-CTGAG) is the Ddel cleavage site be-
tween the 485- and 201-bp Ddel fragments (Fig. le).

DNA Sequence Analysis of the tRNA Coding Locus in
BS9—The region within BS9 that hybridized with chloroplast
[**P]tRNAs was sequenced by the method of Maxam and
Gilbert (12). The portion of BS9 analyzed and the sequence
strategy used is shown in Fig. 2. DNA sequence was deter-
mined for fragments 5-end-labeled at the following sites:
EcoRI, Avall, Aval, Hhal, Taql, Alul, Hinf1, and Ddel. For
100% of the data obtained, the sequence of both strands was
obtained and/or the same fragment was sequenced more than
once. The continuous sequence of 889 bp from BS9, containing
637 bp of the 1.2-kb EcoV and 252 bp of the 1.1-kb EcoH, is
given in Fig. 3.

Transfer RNA Gene Organization—There are six tRNA
genes within the tRNA coding locus of BS9 identified by
tRNA hybridization. These six genes, which all have the same
polarity, are encoded within 557 bp of Euglena chloroplast
DNA. The DNA sequence of this tRNA gene cluster, as well
as of the proximal and distal flanking DNA, is given in Fig. 3.
The tRNA genes were identified by comparison of the posi-
tions of invariant and semi-invariant bases and secondary
structure tc the known general structure of other tRNAs
(described below) (18, 19). The identity of the genes was
predicted from the anticodon sequence and the sequence
homologies to known tRNAs (described below). This gene
organization is as follows: tRNA%{Ta-64 bp spacer+RNAf -14

* J. Nickoloff and R. B. Hallick, unpublished observations.
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bp spacertRNAY¥i-4 bp spacertRNALF,-27 bp spacer-
tRNAGUc-6 bp spacer-tRNAGR,.

None of the genes code for the 3’-CCA termini, and none of
the genes are interrupted by intervening sequences. The close
proximity and common polarity of these genes is consistent
with the possibility that some or all of the genes might be
initially transcribed as a polycistronic transcription unit. This
seems most likely for the tRNA™*-tRNAM*-tRNA™™ and the
tRNA®M-tRNA®Y genes, which are separated by intergenic
spacers of only 4-14 bp. We are currently attempting to
identify the primary transcripts of these genes.

This is the second tRNA gene cluster identified in Euglena
chloroplast DNA. The coding location is 1.6 kb from the
previously characterized four gene tRNA cluster of chloroplast
fragment EcoG. With these six genes in BS9, the total number
of different known FEuglena chloroplast tRNA genes is now
12, the largest number for any chloroplast DNA. Since the
tRNA"™ and tRNA*" genes are each present three times/
genome (1), each gene located in each of three tandemly
repeated rRNA transcription units (1), the total number of
known Euglena chloroplast tRNA genes is now 16. All of
these genes, except the tRNA™" of EcoG (6), are of a common
polarity.

tRNAM“ Gene—The tRNAM* gene most likely encodes an
elongator tRNA rather than an initiator tRNA for several
reasons. First, the predicted tRNAM® secondary structure
(Fig. 4) contains 7 bp in the amino acid acceptor expected for
an elongator, rather than the 6 bp expected for an initiator
tRNA (23). Second, the base sequence homology of the Eu-
glena tRNAM® although similar for both the tRNAM® and
tRNAM® initiator of spinach chloroplasts (59 and 62%, respec-
tively), is significantly higher for Escherichia coli tRNAM'
(70%) than for tRNAM* initiator (56%). Finally, a putative
Euglena chloroplast tRNAM' initiator gene has recently been
sequenced.’ This tRNA would have a 6-bp amino acid accep-
tor stem, 84% sequence homology with the spinach chloroplast
tRNAM* initiator, and 68% homology with the E. coli
tRNAM initiator.

tRNA Secondary Structures—The secondary structures
predicted for the primary transcripts of the six tRNA genes
are shown in Figs. 4 and 5. All six genes can be represented in
the tRNA cloverleaf structure proposed by Holley et al. (20).
However, two of the tRNAs would have single mismatched
base pairs. The tRNA®Y would be predicted to have a Uy~
Uy mismatch internally in the anticodon stem. The tRNA™M'
would be predicted to have an A;;~Gay mismatch at the closure
of the anticodon loop (Fig. 4). One of the base assignments for
this A;-Gae mismatch, As,® in the tRNAM gene, is confirmed
as part of the HinfI cleavage site GyAs T3, T5:Cas, which was
located by restriction endonuclease analysis (Figs. 1 and 4).
An autoradiogram of a 20% DNA sequencing gel for a DNA
fragment from the tRNAM' gene radioactively labeled at this
Hinf1 cleavage site is shown in Fig. 6. The DNA sequence is
5/-TQGC34A35T36A37A33G39C40C41C42 ... and contains both the
anticodon 5'-CssAs;Tas and base Gay. The Gyy assignment is
apparent.

There are other examples of either tRNAs or tRNA genes
with mismatches at these sites in the anticodon stem. The
phage T, tRNAA® contains a Uj-y40 mismatch (21); the
Saccharomyces cerevisiae tRNA®" gene, a Ciy~Tao mismatch
(22), and the phage T5 tRNA*" a Cy-T4 mismatch (23).
There is no precedent for an A -Gse pair, but the yeast (24,
25) and mammalian (26, 27) elongator tRNAM*' and the Neu-

* G. Karabin and R. B. Hallick, unpublished observations.
® The nucleotide positions are numbered according to the positions
assigned yeast tRNA"™ (23).
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Fi6. 2. Sequencing strategy for
the tRNA gene cluster region of BS9.
Fragments were sequenced from the
sites indicated in the direction of the

arrows. tRNA genes are shown below in
alignment with the map. They would be
transcribed from right to left.

ﬁHﬁtRNAG“" tRNA"DiRNAMe‘tRN Ais tRNAY T
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3«4

20 40 60 80 100
GGAATTTTCTTTTCTTTGATGTTTTATTTGTAAGACTTGGAAGTTTTCCTATTCTACGAACTATTCGCAATCGTGGTCCTCTATATCTTGACATAGTTTT
CCTTAAAAGAAAAGAAACTACAAAATAAACATTCTGAACCTTCAAAAGGATAAGATGCTTGATAAGCGTTAGCACCAGGAGATATAGAACTGTATCAAAA

120 140 160 tRNATvr 180 200
ATCTATATTTTTTTTGATCTTAAATAACTTTTTCTATGTTAATTGTTTTTGTTGTTTAACATCTAATTGCFAGTTGTTGCCCGAGTGFTTAATGFGGGCG
TAGATATAAAAAAAACTAGAATTTATTGAAAAAGATACAATTAACAAAAACAACAAATTGTAGATTAACGCTCAACAACGGGCTCACCAATTACCCCCGRE

220 240 260 280 300
GATTGTAAATCCGCAGTTCATCTTTCGCTGGTTCGAATCCAGCAC'GACTCAAAATATTTTTATATTTAATCAFACAGTTTTCGA ('TTATAATAAATTTTT
CTAACATTTAGGCGTCAAGTAGAAAGCGACCAAGCTTAGGTCGTGCTGAGTTTTATAAAAATATAAATTAGTCTGTCAAAAGCTCAATATTATTTAAAAA

. tRNAhS 320 340 360 380 400
ATTATATTTTTTAT/\GGTGGGTGTAGCCAAGTGGTAAGGCAAAGGACTGTGACTCCTTCATTCGCGGGTTCGATCCCCGTCATTCACCTTCTATTAATTT
TAATATAAAAAATATCCACCCACATCGGTTCACCATTCCARTTTCCTGACACTGAGRAAGTAAGCGCCCAAGCTAGGGGCARTAARTGRGAAGATAATTAAA
tRNAMe; 420 440 460 480tRNATrp 500
TTAGGCTCA(‘TAGCTCAGAGGATAGAGCAGGGGATTCATAAGCCCTTGGTCACAG('TTCAAATCTTGTCTGAGCCAAACTGCGCTTTTA(‘TTCAATTG(‘T
AATCCGAGTCATCGAGTCTCCTATCTCGTCCCCTAAGTATTCGGGAACCAGTGTCCAAGTTTAGAACAGACTCGGTTTGACGCGAAAATCAAGTTAACCA

520 540 560 580tRNAG]u 600
AGAACGTAGGTCTCCAAAA CC'TGATGTAGTAGGTTCGAATCCTACAGAGCGCGTTTGTTTTTTTTCTTTATCTTAAATTT['CCCCCA TCGTCTAGAG(’CC
TCTTGCATCCAGAGGTTTTGGACTACATCATCCAAGCTTAGGATGTCTCGCGCAAACAAAAAAAAGAAATAGAATTTAAACGGGRGGTAGCAGATCTCCLRG

620 640 660tRNAGly . 680 700
TAGGACATCTCCCTTTCACGGAGGCAACGGGGATTCGAATTCCCCTGGGGGTAATTTATGC'GGGTATAGCTCAGTTGGTAGAuCGTGGTCCTTCCAA(’TC
ATCCTGTAGAGGGAAAGTGCCTCCGTTGCCCCTAAGCTTAAGGGGACCCCCATTAAATACGCCCATATCGAGTCAACCATCTCGCACCAGGAAGGTTCAG

720 740 760 780 800
CAATGTTGCGTGTTCGAATCACGTTACCCGCTTTTAACTTTTTGATCTTTATAGAAAGTTAATTTTTAATTTTTAT"ATATTTTTAATATACTATGGFAT
GTTACAACGCACAAGCTTAGTGCAATGGGCGAAAATTGAAAAACTAGAAATATCTTTCAATTAAAAATTAAAAATACTATAAAAATTATATGATACCCTA

820 840

860 880

GTGCGATTCGTAAAATTTGGATCTTATTTTTAAAAAAATTTTTTGCCATGTAAATTAAATTTTTACTCTTAATTTTCCGATATTTTAGT
CACGCTAAGCATTTTAAACCTAGAATAAAAATTTTTTTAAAAAACGGTACATTTAATTTAAAAATGAGAATTAAAAGGCTATAAAATCA
FiG. 3. Sequence of the tRNA gene cluster and flanking DNA of restriction fragment BS9 from Euglena chloroplast DNA. The

top s}rand of the DNA is written left to right in the 5" to 3’ direction. The tRNA-like sequences are in italics. Italics on both strands represent
restriction sites used for 5-end labeling in Maxam-Gilbert (12) sequence analysis.

rospora crassa mitochondrial tRNA"™ (28) contain the pair
\1[/;;1-'\1/:;9. The phage Tr, tRNA""" has a C:n—\!/;m pair (23) In
addition, the S. cerevisiae (29) and Aspergillus nidulans (30)
mitochondrial tRNA'™" genes contain the pair T;-Ta, and a
rat mitochondrial tRNA'" gene (31) has the bases Ay ~Ci.
Invariant and Semiconserved Bases—Based on an analysis
of procaryotic, eucaryotic, and phage tRNAs involved in pro-
tein synthesis, Singhal and Fallis (19) have described both
invariant and semiconserved bases in tRNAs that occur with
greater than 90% probability. The 16 invariant bases are U,,
Gl(la Al-h GIM, GHH A‘_’ly UJ{.(, Gﬁii; Tf)—!) \l/‘ﬁfu CS#iy ASH, C(’Hy CTI, CTH,
and A:;. The 20 semiconserved bases are (G or C)s, Ry, Y,

Ris, Y Ros, Rog, Yas, Rug, (G or Chu, Y, Rur, (A or Chax, (G
or C)uu, Yas, Rsz, Rz, Yeo, Yie, and Rri. Some of the six Euglena
chloroplast tRNA genes have different bases at invariant and
semiconserved positions. The tRNA™" gene codes for Cy=Gus
in the D-stem rather than Gi-Y.;. This reciprocal base pair
change also occurs in E. coli tRNA"™" (32). The tRNA“™ gene
codes for As;-Usg; base pair rather than the invariant Gs.:-Cs).
These base assignments for tRNA“" are confirmed by restric-
tion endonuclease analysis. The A;; and Uy, are within Hinf1
and EcoRI cleavage sites, respectively. This is a very rare
base change among known tRNAs and tRNA genes. Only the
tRNA{Y and tRNAM genes of A. nidulans mitochondria are
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similar (30). In addition, the tRNA"* and tRNAM*' genes code
for Gi and A4, respectively, rather than Yis; and the tRNA™T™
gene codes for A, rather than the Y4 which is normally part
of the correlated semiconserved pair Ris-Y4s. Finally, the
tRNA"S, tRNAM, and tRNA®Y genes code for U or Crs,
rather than Ry,

Sequence Homology with tRNAs from Other Organisms—
The sequence homology of the six tRNAs from the BS9
fragment of E. gracilis chloroplast DNA to the corresponding
tRNA species from higher plant chloroplasts, E. coli, mito-
chondria, and mammalian cytoplasm is shown in Table I. The
same comparison was previously made for seven additional
Euglena chloroplast tRNAs (6). Some generalizations may be
made about the relatedness of Euglena chloroplast tRNAs to
those encoded in other genomes. First, in most cases, Euglena
chloroplast tRNAs are most closely related to the same tRNA
species from plant chloroplasts. For the eight possible com-
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FiG. 6. Autoradiogram of a 20% sequencing gel of a portion
of the tRNAM', The DNA was 5-end labeled at the Hinfl cleavage
site in the anticodon stem. The data are for the tRNA-like strand of
the gene. The G-base-labeled Mismatch is Gis, which is opposite Ay
of the Hinfl cleavage site in the normal tRNA cloverleaf secondary
structure.

TaBLE I
Sequence homologies (per cent) between tRNAs specific for the
same amino acid
Most sequence data are from Ref. 23. Only tRNAs with the same
anticodon are compared.

. S. cerevi-  A. nidu-

E. gracilis  Plant chlo- . . f f Mammal
chlgroplast roplast E. coli s;gg;g:_tig' lgggn'g:}i:- cytoplasm
Tyr 64 42
His 74 70 58 47
Met 59" 70 42 55
Trp 88° 66 47 49 56
Glu 78 58 62
Gly UCC 62 53 51

“ Chloroplast from maize.
* Chloroplast from spinach.

parisons between Euglena and plant chloroplast tRNAs (Ta-
ble I and Ref. 6), the average primary sequence homology is
76%, with a range of 49-93%. Second, the Euglena chloroplast
tRNAs are next most similar to procaryotic tRNAs. The six
tRNAs of BS9 have an average sequence homology of 68%
with the same species from E. coli. The average for 12 Eu-
glena chloroplast tRNAs (Table I and Ref. 6) is 70%, with a
range of 62-78%. Third, the homology of chloroplast tRNAs
to those of the mitochondria and cytoplasm of eucaryotes is
much lower than the homology to procaryotic and other
chloroplast tRNAs. Additional analysis of the tRNA cluster
DNA sequence data is presented in the Miniprint Supplement
to this paper.
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SUPPLEMENTARY MATERIAL TO

Euglena gracilis Chloroplast Transfer RNA Transcription Units.
Nucleotide Sequence Analysis of a tRNATY -emnaHl®_cmupMet.
tRAT P rNaCtO ¢ ruaCLY Gene cluster
M. J. Hollingsworth and Richard B. fallick
EXPERIMENTAL PROCEDURES

Materials: [y-’2P]ATP (3000Ci/mmole) was obtained from New England
Nuclear and Amersham.
New England Biolabs.
England Biolabs.

T-4 polynucleotide kinase was purchased from NEN and

Restriction endonucleases were also purchased from New
Low melting point agarose, agarose, and E. coli alkaline
phosphatase were purchased from Sigma. Acrylamide and bis-acrylamide were
obtained from Fisher, Kodak and Polysciences. Dimethyl sulfate was also from
Kodak. Hydrazine and piperdine were from Baker. Polypropylene columns with
fiberglass disks were purchased from Isolab, Inc.

Plasmid DNA Construction, Isolation and Mapping: The plasmid pPG76 was
constructed by digesting Euglena chloroplast DNA and pBR322 (33) with Bam H-I
and Sal I. The products were ligated with T-4 DNA ligase and transformed
into E. coli HB10l (34). Ampicillin resistant, tetracycline sensitive clones
were selected by replica plating. Sizes of the inserts were determined by
restriction endonuclease digestion and gel electrophoresis. Plasmid DNA was
isolated by the cleared lysate method (35) and purified by ethidium bromide~
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line phosphatase, 2.5 units of T-4 polynucleotide kinase, 50 mM Tris {pH 7.6),
10 mM MgCl , 5 mM DTT, 0.1 mM spermidine, and 1 mM EDTA.
allowed to proceed at 37°C for 15 min.

The reaction was
Another 2.5 units of enzyme were

added and the reaction was continued at 37°C for 15 min.
then heated to 68°C to inactivate the kinase.

The mixture was
Alternately, 75 picomoles of
[y-*?P)JATP and 20 units of kinase in the same reaction mixture were incubated
at 37°C for %0 min.

Phosphatase Reaction: DNA (20-200
unite phosphatase in 10 mM Tris {pH 8}
was inactivated by phenol extraction.
cipitation.

Sequence Analysis:
and Gilbert (12).

pm 5'—e_znds) was incubated with 0.01
for 45 min at 68°C. The phosphatase
The DNA was collected by ethanol pre-
Sequencing was carried out via the method of Maxam
SUPPLEMENTARY RESULTS AND DISCUSSION

Comparison of Euglena gracilis strain Z and strain bacillaris tRNA coding
loci: El-Gewely et al. {3) recently reported a Tagq I/Ava I map of the Eco X
fragment of chloroplast DNA of the bacillaris strain of Euglena gracilis. Eco
X of the bacillaris strain is the same size as Eco V of the 2z strain. It

also has the same chloroplast DNA map location and internal Ava II cleavage
site as Eco V. Eco X maps within a Bam HI-Sal I fragment equivalent to BS9
(3) and hybridizes with chloroplast tRNAs. It is likely that Eco V of the
2% strain and Eco X of the bacillaris strain are the same DNA. It has been
proposed that all of the significant differences between the chloroplast
DNAs of Euglena gracilis 2 and bacillaris occur in the rRNA coding region
{14). Surprisingly, the restriction nuclease map and the tRNA coding region
described by El-Gewely et al. (3) for Eco X do not agree with our data on Eco
V. We obtained a different arrangement of Taq I fragments, although the

number of cleavage sites and fragment sizes were the same. Another differ-
ence is that the Eco X tRNA coding locus was mapped to a single 120
nucleotide Tag I fragment, which is only large enough for one complete tRNA
Also, no tRNA hybrid-
ization was described for Eco H of bacillaris chloroplast DNA (3), which is
probably identical to Eco H of 2 strain chloroplast DNA.

gene, as opposed to the 557 base pair region of Eco V.

In our study, we
have mapped the Taq I sites without ambiguity, and confirmed the location of
tRNA genes and most cleavage sites by DNA sequence analysis. Either the

2 strain and bacillaris chloroplast DNAs are more different than previously
believed, or the analysis of tRNA coding loci for the region of bacillaris
DNA corresponding to BS9 needs to be re-evaluated.



