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ABSTRACT

One Drosophila melanogaster tRNA y gene occurs on each 1.1 - 2.0 kb unit
of a direct duplication at chromosomal region 56F. The nucleotide sequence of
the gene and the 5' flanking region has been determined. The non-transcribed
strand sequence of the tRNA gene 1s: 51 GCATCGGTGGTTCAGTGGTAGAATGCTCGCCTGCCA
CGCGGGCGGCCCGGGTTCGATTCCCGGCCGATGCA 31. This nucleotide sequence 1s identical
to that of the major glydne tRNA 1n Bombyx mori posterior silk gland. Within
the 22 kb region mapped, additional tRNA genes are found, an observation
consistent with reports that genes for other isoacceptors are present at this
locus.

INTRODUCTION

Until recently, the arrangement of the 600-800 Drosaphila melanoga&ter

(Dm) tRNA genes, comprising approximately 60 different tRNA sequences (1,2,3)

has been studied by in eitu hybridization to polytene chromosomes of either

total Dm 4S RNA (4,5) or purified tRNA species (6,7,8,9,10,11,12). These

studies have established a number of Important facts: a) the tRNA genes are

clustered at 54-60 chromosomal lod, which by silver grain counts probably

contain quite different numbers of tRNA genes; b) a particular locus may

have genes for tRNAs which accept different amino adds; c) genes for a

single Isoacceptor may be found at more than one locus.

The development of recombinant DNA technology and rapid DNA sequencing

methods has allowed the arrangement of eucaryotic tRNA genes to be studied

in the greatest possible detail (13,14,15,16,17). The most striking feature

of this arrangement by a number of criteria has been the low degree of

regularity. Genes within a cluster are Irregularly spaced, Intermingled

with respect to amino acid species accepted and may be encoded on both DNA

strands. Flanking sequences show very limited sequence homology and an absence

of recurrent secondary structure features. While regularities do exist, the

variability 1n the arrangement of tRNA genes is their more Impressive aspect.
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The mapping of approximately 22 kb of Dm DNA surrounding two tRNA ^

genes is reported here; these genes exist as part of a duplicated region.

A 0.28 kb portion of the 1.1 - 2.0 kb repeat unit, including the gene and a

large section of 5' flanking region, has been sequenced.

MATERIALS AND METHODS

Construction of the Drosophila melanogaeter (Canton S wild type) library

1n the vector Charon 4 using Dm DNA partially digested with Eco RI has been

described (18,19). A similar library with random shear fragments inserted

into the vector with synthesized Eco RI linkers was a generous gift of Joyce

Lauer (20). Clones were selected from these libraries by plaque filter

hybridization (21). Recombinant phage were grown by the PDS method and DNA

was Isolated after lysis of the phage (22).

Recombinant phage DNA was digested with Eco RI; the resulting fragments

were inserted into the vector pKH47 (23), a derivative of pBR322 (24), at the

Eco RI site by standard subcloning techniques (15,25). Bacterial colonies

containing recombinant plasmids were screened with labeled DNA fragments (26)

and plasmid DNA was prepared (13) from the selected clones.

Restriction endonucleases were purchased from New England Biolabs;

digests were performed as recommended by the supplier.

Two types of gels were used to analyze DNA fragments and for Southern

blots (27). For larger fragments a 0.7% agarose slab gel, 14 x 20 x 0.4 cm,

in 40 mM Tr1s-acetate, 1 mM EDTA pH 7.4 was used at 5 volt/cm. Smaller

fragments were separated on a 41 acrylamide gel, 14 x 20 x 0.16 cm, 1n 50 mM

Tris-borate, 1 mM EDTA pH 8.5 at 5 volt/cm. DNA fragments were isolated from

agarose gels as described previously (28) and from acrylamide gels according

to Maxam and Gilbert (29).

Dm 4S RNA (13) was labeled with 32P either a) at the 51 end with a 32P-

ATP and T4 polynucleotide kinease or b) at the 3' end using 5' 32P, 3'-

diphosphocytidine and T4 RNA ligase (15). DNA was 32P-labeled by nick

translation (30).

Nucleotide sequencing was performed according to Maxam and Gilbert (29).

Fragments for sequencing were labeled at the 51 end with a 32P-ATP and T4

polynucleotide kinase.

In aitu hybridization to polytene chromosomes was carried out as previ-

ously reported (28).

All research Involving recombinant DNA was performed in accordance with

NIH Guidelines.
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RESULTS

Recombinant Phage Clone Selection

Plasmid pCIT5, isolated from a DrosophiUi melanogaater (Oregon R wild

type) l i b ra ry in the preliminary stages of a previous study (13) carries a

1.5 kb Dm DNA Insert which encodes an undetermined number of tRNA genes,

probably one. The phage l ibrary having Eco RI par t ia l digest inserts was

screened for DNA homologous to labeled pCIT5 DNA. Several clones having

homology to pCIT5 were found by this procedure. Clone xDmt56-6, which in

addit ion hybridized to Dm 4S RNA, was chosen for fur ther study.

Since the tRNA genes of XDmt56-6 were located at the extreme end of the

13.5 kb insert (see below), the Isolat ion of X clones having adjacent, over-

lapping inserts was undertaken to determine i f additional tRNA genes were

present in the Immediate area. For th is purpose, a l ib rary having random

shear fragments of Dm DNA as inserts was used (20). Plasmid p56-33, the

insert of which 1s the Eco RI G/G' fragment of xDmt56-6 (see below), was used

to select two overlapping clones, XDmt56-94 and xDmt56-102. The Insert of

XDmt56-102 1s to ta l l y contained within that of XDmt56-94.

Restrict ion Enzyme Mapping of Recombinant Phaqe Clones

The Dm inserts of these three clones were characterized by res t r ic t ion

mapping using a battery of standard techniques including gel electrophoresis

of res t r i c t ion enzyme digests, digests with two enzymes, and part ia l digests.

Southern blots of these gels were probed with labeled 4S RNA to map the

positions of tRNA genes. Comparison of the three clones 1n these analyses

fac i l i t a ted construction of the map.

The res t r i c t i on s i te map covering ca. 22 kb of Dm DNA is shown in

Figure 1A. Since the inserts of a l l three clones do overlap, they are most

l i ke l y derived from the same region of the genome. Two Eco RI fragments of

identical size (1.1 kb), G and G' of XDmt56-6, carry the tRNA genes of

in terest . The fact that both G and G1 carry tRNA genes was established by

hybridization of 4S RNA with Eco RI part ia l digest fragments of XDmt56-6 in a

Southern b lot t ing experiment. Part ial fragments comprising either G or G'

to the exclusion of the other both hybridized 4S RNA, thus demonstrating that

both G and G' encode tRNAs (data not shown). Moreover, the G and G' fragments

are Identical by res t r i c t ion analysis (see below); so both must have tRNA genes.

Additional tRNA genes of unknown number and Ident i ty were discovered 1n

the course of mapping to be confined to the rightmost ca. 2.0 kb of mapped DNA

(Figure 1A). These genes have not yet been investigated and w i l l not be

considered further in th is manuscript.
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Figure 1. Restriction Site Maps of Cloned Drosophila DNA Encoding tRNA Genes
at Region 56F

A. Region comprising two tRNAG1y genes. Sites of cleavage by the restriction
endonucleases Eco RI (E) and H1nd III (H) are Indicated. The smallest regions
to which Dm 4S RNA hybridization can be confined by this mapping are shown by
the heavy lines. The arbitrary orientation of the map is such that the two
tRNAb|y genes are transcribed from left to right as Indicated by the arrows;
the coordinate scale is calibrated in kilobase pairs. The lines below the map
show the extent of the inserts in each of the three Charon 4 clones. In all
three cases the Charon 4 right arms are to the left of the Insert. The
Hind III site at coordinate 14.6 kb is abnormal in that a fraction (ca. one
half) of the DNA is fully resistant to Hind III cleavage at this site in both
clones. The relative position of this Hind III site and the nearby Eco RI
site is uncertain; the H1nd III site is probably on the right.

B. ADmt56-6/Eco RI G fragment; Sequencing scheme. The coordinate scale is
calibratedin base pairs. The position of the tRNA sequence indicated by the
heavy line was established by sequencing. The tRNA sequences were known prior
to sequencing only to be right of the Hinf I site at coordinate 825 bp. The
positions of some sites were determined by sequencing. The only uncertainty
in this map is the relative position of the Hha I and Pvu II sites at coordi-
nate 600 bp (the most likely arrangement is depicted).

The direction and extent of sequencing from 51 32P-labeled termini 1s
shown by the arrows below the map. In several cases sequencing either began
or terminated within the vector, pKH47.
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The tRNA Genes are Contained Within a Direct Repeat Sequence

To determine if the sequences of the XDmt56-6/Eco RI G and G' fragments

on this map were identical, XDmt56-6 DNA was digested with Eco RI, the

fragments separated by gel electrophoresis and the DNA of the G/G1 band

eluted from the gel.

This DNA was labeled by nick translation, digested with the restriction

enzymes Hae III or Hha I, and the resulting fragments separated by electro-

phoresis and detected by autoradiography. If the G and G' fragments are

identical, the sum of the fragment lengths generated by this procedure is

expected to be 1.1 kb, the length of either one of the fragments. If, however,

the G and G' fragments only coincidentaly have the same length, the products

of these digests should have lengths totaling 2.2 kb. An autoradiogram of

the gels from such digests as described above is shown 1n Figure 2A. The

sum of the fragment lengths are 1112 and 1192 bp for the Hae III and Hha I

digests, respectively; whereas the undigested control fragment is 1140 bp in

length. These results were fully confirmed by similar digests of isolated

G + G' fragments 1n amounts sufficient for visualization of the products by

A B Figure 2. Gel Electrophoresis Pattern
of Fragments Produced by Restriction

. Endonuclease Digestion of Isolated
a D c a b C xDmt56-6/Eco RI G + G' Fragments.
— ORIGIN — The G + G1 fragments of a XDmt56-6/Eco RI

digest were isolated from a 0.7* agarose
gel. A fraction of this DNA was labeled
by nick translation using a 32P-dCTP.
Portions of both labeled and unlabeled
DNA were separately digested with re-
striction endonucleases Hae III or Hha I.
The resulting fragments were separated
on a 4S polyacrylamide gel. Labeled
fragments were detected by autoradiogra-
phy of the gel for 10 hr at room temper-
ature using Kodak XR-5 film (panel A).
Unlabeled fragments were visualized by
etMdium bromide staining (panel B).
Using the fragments from Hae III and
Hinf I digests of pBR322 as length
standards, a calibration curve was
constructed. Fragment sizes given in
this Figure were determined from that
curve. Restriction endonucleases used
and the sums of fragment sizes are:
a) Hae III, 1112; b) Hha I, 1192;
c) Control, undigested G + G' fragments,

- ,0 114°
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ethidium bromide staining (Figure 2B). In this instance, fragments shorter

than ca. 0.1 kb could not be seen. Within the limits of resolution of this

technique, the G and G' fragments are therefore identical.

Fragments G and G' were found to have a Sma I site very near one end and

an Xho I site very near the opposite end (see below). These sites can be

positioned on ADmt56-6 with respect to the H1nd III site at coordinate 8.9 kb

(Figure 1A) for the lefthand repeat unit and with respect to a known Kpn I

site in the left arm of Charon 4 (31) for the righthand unit by standard

restriction enzyme mapping. The unique interpretation of the results of this

analysis (not shown) is that G and G' are parts of a direct repeat which is

oriented as indicated in Figure 1A.

The map of Figure 1A reveals that the repeat units, of which G and G'

are parts, cannot be longer than the length of G/G' (1.1 kb) plus the distance

separating G and G' (0.9). Therefore the unit length must be between 1.1 and

2.0 kb. A further refinement of these limits has not been attempted.

Subcloninq and Restriction Mapping of the ADmt56-6/Eco RI G/G' Fragment

The Eco RI fragments of XDmt56-6 were inserted by standard subcloning

techniques at the Eco RI site of vector pKH47. Two plasmids, p56-33 and

p56-41, having the G/G1 fragment inserted in opposite orientation were selected

using nick-translated G/G' fragment DNA, which had been eluted from a gel. The

opposing orientations of the inserts in these two clones proved to be a conven-

ience for both mapping and sequencing, because this situation offered a wide

choice of combinations of vector and Insert restriction enzyme sites for any

given purpose. Restriction enzyme digests and double digests were analyzed by

gel electrophoresis and subjected to Southern blotting and hybridization with

a Dm 4S RNA probe to yield the map shown in Figure IB. (The information on the

map has been verified and refined by the sequencing reported below.) This

analysis localized the tRNA coding region to the right of the Hinf I site at

coordinate 825 (Figure IB). Accordingly, this region and some others were

sequenced by the strategy Indicated in Figure IB. All ambiguities in the 279

ntp region from the Hinf I site to the Eco RI site at the right end of the

Insert were resolved by sequencing overlapping fragments with the same or

reversed polarity.

The resulting sequence (Figure 3) was inspected for the presence of tRNA

coding sequences, first by a search for the highly conserved sequence in the

loop IV, 5' GTTCPuAXPyC 3', where Pu = purine, Py = pyrimidine and X •= any

base (32). The familiar tRNA secondary structure could then be deduced from

the sequence using the models of tRNA structure as a guide (32). A DNA
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Figure 3. Nucleotide Sequence of the Rightmost 0.28 kb of the XDmt56-6/
Eco RI Fragment. Polarity of this non-transcribed DNA strand sequence is 5'
to 3' from l e f t to r ight . Al l mapped restr ic t ion endonuclease sites are
indicated above the sequence. Numbering begins at the f i r s t nucleotide of
the tRNA^ly gene sequence, which is boxed; nucleotides 5' to the gene are
numbered negatively beginning with the nucleotide Immediately 5' to the gene
sequence. The consensus sequence (see text) is underlined.

coding sequence for a single tRNA gene with a glydne anticodon, GCC, was

found. This sequence is boxed in Figure 3 and displayed as tRNA with the

predicted secondary structure 1n Figure 4.

In Situ Localization of the ADmt56-6 Insert

In situ hybridization to polytene chromosomes of 3H-labeled cRNA trans-

cribed from XDmt56-6 led to labeling at a single chromosomal locus, 56F

(Figure 5). The insert of XDmt56-6 is 13.5 kb in length, and the duplicated

region which includes the tRNA gene is at least 1.1 kb. I f the duplicated

unit were repeated at another locus, the rat io of the number of grains at

that locus to the number at 56F should exceed 1.1/13.5. Exposures calculated

to be suff ic ient ly long to give ca. 450 grains at 56F revealed labeling at

no other locus. Thus no sequence of the XDmt56-6 insert greater than 1 kb,

including the duplicated sequence, is repeated elsewhere in the genome.

Furthermore, when the G/G' fragment of XDmt56-6 (subcloned as p56-33) was

used to select clones from the Dm genomic l ib rary , only overlapping clones

originating from the same section of the genome were isolated, as judged by

restr ic t ion mapping. This result further suggests that the duplicated seg-

ments are found only at 56F. Final ly, another Indication that the XDm56-6

Insert 1s mostly single copy DNA is the following: only fragments present

in the insert were hybridized (and to the same relative intensity as their
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Figure 4. Secondary Structure
Predicted for the RNA Transcript
of the Droeopkila melanogaatev
tRNAGly Gene. The 3' terminal
t r i p l e t , CCA, expected in the
mature tRNA is shown here,
although i t is not encoded in
the DNA. The nucleotide modifi-
cations of the mature tRNA are
not known.

Figure 5. Autoradiogram of Droeophila melanogaeter Salivary Gland Chromosomes
Hybridized In Situ to cRNA Transcribed from XDmt56-6. Approximately 0.02 ug
cRNA (specif ic act iv i ty 9x 107 dpm/ug) was applied to each squash of salivary
gland chromosomes from giant mutants of Droeophila melanogaster. Labeling
occurs only at 56F (arrow); approximately 60 s i lver grains are present at
this locus (9 day exposure).

representation in the insert) when Southern blots of Eco RI digested Dm

genomic DNA were probed with 32P-labeled ADmt56-6 DNA (data not shown).

In summary, unless the 13.5 kb of XDmt56-6 insert DNA is included in an

even larger repeat in region 56F, the two tRNA y genes are part of two

1.1 - 2.0 kb closely spaced direct repeats which are found nowhere else in

the genome.
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DISCUSSION

Chromosomal Location

In situ hybridization of the major Dm glycine isoacceptor, tRNA3 *, led

to localization at three sites, 22BC, 35BC, and 57BC, all on the second

chromosome (10). If the sequences of other glycine tRNA isoacceptors are

sufficiently unlike that of tRNA3
1y, additional loci for tRNAGly genes may

have gone undetected. Furthermore, in this experiment some silver grains

were seen at 56EF; this hybridization was thought to be due to low levels of

5S rRNA contaminant 1n the purified tRNA preparation. But the possibility
Glvthat 56F 1s a site for tRNA3
 J genes was also reserved.

Our results show that tRNA y genes are indeed present at 56F. Whether

or not these genes are the source of the signal in the in aitu hybridization

experiment using tRNA3
 y is uncertain; the nucleotide sequence of tRNA3

 y

1s unknown and consequently the degree of cross-reactivity of tRNA3
 y with

these genes is unknown.

Two other tRNA genes, those for tRNA^1" (8) and, tentatively, t R N A ^

(12) have been localized to 56F by in eitu hybridization of purified tRNA

species. The presence of additional, unidentified tRNA genes about 7 kb from

the tRNA y genes (Figure 1A) is consistent with the existence of a larger

tRNA gene cluster 1n this vicinity.

Repeat Structure
GlvSince the duplicated repeat is found nowhere but 56F, other tRNA J

genes must be arrange differently. Sequence similarities below the level

of the minimum repeat size (1.1 kb) among all Dm tRNA genes are not excluded

by this observation. The simple duplication described here can be compared

to the remarkable case of Xenopue laevia, in which a 3.18 kb sequence contain-

ing four tRNA genes is repeated 300 times in the haploid genome (17).

Sequence

The primary tRNA y sequence deduced from the DNA sequence (Figure 4) is

exactly the same as that for Bombyx mori tRNAj y (33,34). This coincidence

is not surprising in view of the rather close phylogenetic relationship between

Diptera and Lepidoptera and the high degree of sequence conservation of tRNA y

(and other tRNAs) throughout eucaryotic evolution (14,35). As noted previously

(36), eucaryotic glydne tRNAs having the same GCC anticodon are highly homo-

logous (94.6% of the nucleotide positions are the same for the tRNAj y from

B. mori posterior silk gland and from human placenta), whereas two human

glycine tRNAs having different anticodons display much less homology (67.6%).

4907

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/8/21/4899/1063624 by guest on 19 April 2024



Nucleic Acids Research

Like most tRNA genes sequenced thus far, the 3' terminal triplet, CCA of"

the mature tRNA is not encoded 1n the DNA. Two instances of the "unusual",

but allowed, base pairing of G with U occur at nucleotides 10-24 and 27-41.

The DNA sequences for these genes reveals no intervening sequences as

occur 1n certain tRNA genes of yeast (37), DroBophila (16) and Xenopus (17).

The most striking feature of the extensive sequence 5' to the gene

sequence 1s its high, uniformly distributed, A+T content of 75% (201 ntp).

(In contrast the gene 1s 32% A+T.) Within this region no repeats, direct or

Inverted, of any significant extent are found, although several short (5-6 bp)

inverted repeats separated by rather long intervals (12-16 bp) occur. Repeated

sequences have been proposed as possibly involved in regulation of RNA poly-

merase III transcription Initiation (17,38). In no case, however, has an

invariant sequence been found precisely located 5' to RNA polymerase III -

transcribed genes even within a single species (14,15,16,38). A consensus
Lvssequence beginning at ca. nucleotide -24 of three Droaophila tRNA2 genes

(14) is repeated in the present case with reasonable fidelity beginning at

nucleotide -20; these sequences are compared below:

yS GGCAGTTTTTA

tRNAGly GGCACTTATCA
-20

Only one of the three positions found to be different here 1s variable in the
Lvsthree tRNA2 gene 5' flanking regions from which the consensus sequence was

derived. Recent evidence suggests that little (39) or none (40,41) of the 5#

flanking sequence is necessary for transcription by RNA polymerase III.

RNA polymerase III termination occurs within short stretches of thymidylate

residues that follow within 25 bp of the 3' end of the gene (16,38,39). For a

number of 5S rRNA genes and adenovirus VA RNA, gene, GC-rich sequences and

regions of dyad symmetry preceed these stretches of thymidylate residues (38).

But these characteristics are absent in the tRNA genes of B. movi (39) and

Droeophila (14,16).

None of these features is evident 1n the 11 nucleotides following the 3'

end of the tRNA y gene. But any or all of them could exist beyond this

limited region.

No data on either in vitro or in vivo transcription of these tRNA y

genes is available. That the two genes would be transcribed to similar extents

in any given situation seems likely in view of their apparently identical

flanking sequences and their close proximity on the chromosome.
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