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Summary. The sites of  seven tRNA genes (Arg-2, 
Lys-2, Ser-2b, Ser-7, Thr-3, Thr-4, Val-3b) were 
studied by in situ hybridization. 125I-labeled tRNA 
probes from Drosophila melanogaster were hybrid- 
ized to spreads of  polytene chromosomes prepared 
from four Drosophila species representing different 
evolutionary lineages (D. melanogaster, Drosophila 
hydeL Drosophila pseudoobscura, and Drosophila 
virilis). Most tRNA loci occurred on homologous 
chromosomal elements of all four species. In some 
cases the number of  hybridization sites within an 
element varied and sites on nonhomologous ele- 
ments were found. It was observed that both 
tRNA2 A~ and tRNA Lys hybridized to the same site 
on homologous elements in several species. These 
data suggest a limited amount  of  exchange among 
different linkage groups during the evolution of Dro- 
sophila species. 
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Introduction 

The study of  chromosome evolution in the specia- 
tion process is dependent upon determining the ho- 
mology of chromosomal elements among different 
karyotypes. Among the Drosophila species, chro- 
mosomal lineages are based upon a basic karyotype 
of six of  these elements designated A-F (Muller 1940; 
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Sturtevant and Novitski 1941). Variations in these 
lineages arise primarily by chromosomal fusions and 
paracentric inversions (Patterson and Stone 1952). 
Homologies among chromosomes have been estab- 
lished by sites of  similar mutations, comparison of  
banding patterns, and the extent of  pairing in hy- 
brids (Table 1). The shortcomings of  these analyses 
in demonstrating homologous loci have been dis- 
cussed extensively by Whiting et al. (1989). Re- 
cently, the technique of  in situ hybridization has 
provided a very effective means of  directly deter- 
mining sites of  homologous genes on polytene chro- 
mosomes, as hybridization is based on nucleotide 
sequence similarities (Steinemann 1982; Brock and 
Roberts 1983; Loukas and Kafatos 1986; Whiting 
et al. 1989). 

Genes having highly conserved sequences among 
species facilitate hybridization comparisons. The 
tRNAs demonstrate a strong sequence conservation 
among eukaryotes and could potentially function as 
effective interspecific probes. In Drosophila mela- 
nogaster there are an estimated 59 different tRNAs 
encoded by approximately 590 genes (Weber and 
Berger 1976). These genes are arranged in dispersed 
clusters found at several chromosomal sites, each 
cluster having a number of  identical genes for a 
specific isoacceptor tRNA (Hayashi et al. 1980). Ex- 
ceptional clusters having tRNA genes with differ- 
ences limited to one to three nucleotides outside the 
anticodon region have been observed (Hosbach et 
al. 1980; Sharp et al. 1981). Other exceptional clus- 
ters contain genes of  more than one species o f tRNA 
(Yen and Davidson 1980). 

We have compared the hybridization sites of  sev- 
en tRNAs isolated from D. melanogaster (Hayashi 
et al. 1982) on polytene chromosomes from four 



Table 1. Chromosomal homologies in Drosophila species 

183 

Drosophila 
species A B C 

Elements 

D E F References 

virilis X 4 5 3 
hydei X 3 5 4 
pseudoobscura XL 4 3 XR 
melanogaster X 2L 2R 3L 

2 6 Alexander (1976) 
2 6 Hess (1976) 
2 5 Lancefield (1922) 
3R 4 Sturtevant and 

Novitski (1941) 

Table 2. Sites of hybridization of ~25I-labeled tRNA3V~ ~ to the 
polytene chromosomes of four species of Drosophila 

Ele- Chromo- 
Species ment some Site Mean + SI~ n b 

D. virilis B 4 48F 7.1 • 4.1 21 
E 2 21C4 9.8 4- 3.8 21 
E 2 28G2 6.2 _ 2.9 21 
E 2 29A1 26.2 ___ 9.3 21 

D. hydei E 2 25A 8.0 • 4.0 53 
E 2 33BC 20.3 • 5.5 53 
E 2 35B 8.6 • 3.7 53 

D. pseudo- E 2 43 21.5 • 4.9 20 
obscura E 2 45 4.5 _ 2.4 20 

E 2 47 6.1 _ 3.2 20 

D. melano- E 3R 84D 30.1 + 8.3 38 
gaster E 3R 90BC 8.4 • 5.5 38 

E 3R 92B 18.6 __+ 6.3 38 

a Average number of grains at a site _ SD 
b Total number of chromosomal regions analyzed 

selected drosophi l ids .  T h e  four  species s tud i ed  are 
Drosophila virilis a n d  Drosophila hydei ( subgenus  

Drosophila) a n d  Drosophila pseudoobscura a n d  D. 
melanogaster ( subgenus  Sophophora).  The  t R N A s  
inc lude  tRNA2 grg, Lys 2bSer, 7Ser, Thr, Thr, Val3b �9 H y b r i d i z a -  

t ions  o f  these t R N A s  to D. melanogaster c h r o m o -  
somes  h a v e  been  p r e v i o u s l y  descr ibed  (Hayash i  et 
al. 1980, 1981, 1982). T h e  in  s i tu  m a p  o f  the  t R N A  
loci is fu r the r  ev idence  tha t  l inkage g roups  are es- 
sent ia l ly  c o n s e r v e d  in  the  e v o l u t i o n  o f  d rosophi l ids .  

M a t e r i a l s  and M e t h o d s  

In Vitro Labeling of tRNAs with 12SL Transfer RNAs were isolated 
and purified as described in Hayashi et al. (1982), then labeled 
with ~25I by one of two methods. Transfer2g and I hr were labeled 
according to Commerford (1971) with modifications as described 
by Dunn et al. (1979). This method randomly labels cytosine 
residues. Transfer RNA2 ~ ,  ~', ~hr, and )~d~ were labeled at the 3'- 
ends with ~2sI-CTP (Hayashi et at. 1981). Both methods were 
used to label tRNA[ y~. The subsequent purification of the iodinat- 
ed tRNAs was according to Hayashi et al. (1982). 

In Situ Hybridizations. Polytene chromosomes from the sal- 
ivary glands of late third instar larvae olD. melanogaster Oregon 
R strain, gtlw~/y sc In(l)gtX~l; D. pseudoobscura (from Dr. A. 

Beckenbach, Simon Fraser University); D. virilis Texmilucan and 
D. hydei (both from the species stock center in Austin, Texas) 
were prepared for in situ hybridization as described in Hayashi 
et al. (1980). The hybridizations were carried out in 0.16 M 
NaH2PO4, pH 7.0, 10 mM EDTA at 65~ or in 70% formamide/ 
phosphate buffer at 45"C, according to the procedures described 
in Hayashi et al. (1980, 1981). 

Analysis of Autoradiograms. The labeling of chromosomes 
was detected using Ilford K2 or K5 emulsion, followed by staining 
with 0.04% toluidine blue O in 2 x SSC (0.3 M NaC1, 0.03 M 
Na citrate, pH 7.0). The frequency of grains at specific sites of 
hybridization was determined. Sites were identified from pub- 
lished maps of polytene chromosomes of D. melanogaster (Le- 
fevre 1976), D. virilis (Gubenko and Evgen'ev 1984), D. pseu- 
doobscura (Kastritsis and Crumpacker 1966; Stocker and Kastritsis 
1972), and D. hydei (Berendes 1963; Ananiev and Barsky 1982). 

Resu l t s  

The  sites o f  t R N A  h y b r i d i z a t i o n  to po ly tene  chro-  

m o s o m e s  f rom the  four  species o f  Drosophila a n d  
the h o m o l o g o u s  c h r o m o s o m a l  e l e m e n t  (see T a b l e  
1) on  wh ich  the site resides are recorded  in  T a b l e s  
2-8 .  The  m e a n  n u m b e r  o f  gra ins  per  h y b r i d i z a t i o n  
site p rov ides  an  a p p r o x i m a t i o n  o f  the re la t ive  n u m -  

ber  o f  genes o f  the  t R N A  at the site. The  t R N A s  are 
p resen ted  in  o rder  f rom the t R N A s  show i ng  the  
greatest  c o n s e r v a t i o n  o f  sites on  h o m o l o g o u s  ele- 
m e n t s  to those  wi th  increas ing  va r i a t ions .  

C o m p l e t e  c h r o m o s o m a l  h o m o l o g y  o f  the  sites o f  
h y b r i d i z a t i o n  a m o n g  the four  species was  n o t  f o u n d  
for a ny  o f  the t R N A s  s tudied.  Except  for a m i n o r  
site on  e l e me n t  B in  D. virilis, tRNAVd 1 cons i s t en t ly  
hyb r id i zed  at three sites o n  the s a m e  c h r o m o s o m a l  
e l ement ,  n a m e l y  e l e m e n t  E, in  all four  species (Tab le  
2 a n d  Fig. 1). M o r e o v e r ,  the  i n t e ns i t y  o f  label  a t  
these three sites var ied .  I n  D. virilis, D. hydei, a n d  
D. pseudoobscura there  was  one  m a j o r  site o f  high 
dens i ty  labe l ing  a n d  two m i n o r  sites; in  D. mela-  
nogaster there  were two s t rong sites. 

T r a n s f e r  R ~ s o r  . . . . .  2b was s tud ied  in  D. virilis, D. hy- 
dei, a n d  D. melanogaster (Tab le  3). D a t a  were  no t  

ava i l ab l e  for D. pseudoobscura. As wi th  t R N A ~ ,  
three  sites were f o u n d  on  c h r o m o s o m a l  e l e m e n t  E. 
In  a d d i t i o n  to these three  sites, a four th  ve ry  weakly  
l abe led  locus on  e l e m e n t  D was de tec ted  in  b o t h  D. 
virilis a n d  D. hydei. T h e  d i s t r i b u t i o n  o f  gra ins  ove r  
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Fig, 1, Hybridization of t25I-labeled tRNAVd ~ 
to polytene chromosomes of larval salivary 
glands of a D. virilis, b D. hydei, and c D. 
pseudoobscura. Sites of hybridization are indi- 
cated by arrows. 

the  th ree  m a i n  sites v a r i e d  b e t w e e n  species.  Dro- 
sophila virilis h a d  one  def in i te  s t rong  site, D. mel- 
anogaster had  one  site tha t  was  s t ronger  t h a n  the  

o t h e r  two,  a n d  D. hydei had  all th ree  si tes equa l ly  

labeled.  
T h e  pa t t e rn  o f  h y b r i d i z a t i o n  o f  t R N A  Arg (Tab le  

4) was  equa l ly  v a r i e d  as tha t  f o u n d  for  tRNAS~, r. In  

the  two  species  s tud ied  f r o m  the  subgenus  Dro- 
sophila, a single site was  f o u n d  on  e l e m e n t  C. In  the  

subgenus  Sophophora two  sites were  l abe led  in each  

o f  the  species  s tudied .  In  D. pseudoobscura, in ad-  

d i t i o n  to a site on  e l e m e n t  C, a m i n o r  one  was  f o u n d  

on  e l e m e n t  B. In  D. melanogaster, again  e l e m e n t  C 

h a d  a s t rongly  l abe led  site, but ,  in th is  case, the  

s e c o n d  one  was  on  e l e m e n t  E. 

As  wi th  t R N A 2  Arg a n d  ~r, the  h y b r i d i z a t i o n  o f  

t R N A ~  hr (Tab le  5) was  cons i s t en t  b e t w e e n  e l e m e n t s  

in the  subgenus  Drosophila but  d i f fered in Sophoph- 
ora. In D. virilis a n d  D. hydei s t rongly  l abe led  sites 

o f  h y b r i d i z a t i o n  were  f o u n d  on  e l e m e n t s  C a n d  E, 

Table 3. Sites of hybridization of ~25I-labeled tRNAS~ r to the 
polytene chromosomes of three species of Drosophila 

Ele- Chromo- 
Species ment some Site Mean _+ SD ~ n b 

D. virilis D 3 35B 1.6 ___ 2.0 21 
E 2 20A5--6 3.0 _+ 2.0 21 
E 2 22C4 6.0 +_ 4.3 21 
E 2 25H1-2 2.9 _+ 2.2 21 

D 4 78D 3.3 + 2.2 16 
E 2 23D 5.7 _+ 3.4 16 
E 2 37D 6.9 + 3.6 16 
E 2 47C 6.7 + 3.8 16 

E 3R 86A 9.8 + 4.6 37 
E 3R 88A 10.4 + 4.6 37 
E 3R 94A 15.8 + 7.7 37 

D. hydei 

D. melano- 
gaster 

a Average number of grains at a site + SD 
Total number of chromosomal regions analyzed 



Table 4. Sites o f  hybridization of  J25I-labeled tRNA~ '~* to the 
polytene chromosomes  o f  four species of  Drosophila 

Ele- Chromo-  
Species ment  some Site Mean + SD ~ n b 

D. virilis C 5 58E 17.0 • 5.7 20 
D. hydei C 5 95D 18.5 • 7.9 17 

D. pseudo- B 4 83 3.0 --- 1.5 11 
obscura C 3 80 14.4 • 3.6 21 

D. melano- C 2R 42A 19.9 • 4.5 17 
gaster E 3R 84F 10.4 --- 3.1 17 

a Average number  of  grains at a site + SD 
b Total number  of  chromosomal  regions analyzed 

Table 5. Sites of  hybridization of  12H-labeled tRNA~ hr to the 
polytene chromosomes  o f  four species o f  Drosophila 

Ele- Chromo-  
Species ment  some Site Mean -+- SD a r/b 

D. virilis A X 12B 3.6 • 2.6 23 
C 5 55B2 18.3 + 5.8 23 
E 2 29E1 15.1 • 5.8 23 

D. hydei A X 9A 4.0 + 2.7 11 
C 5 101B 20.1 _+ 4.7 22 
E 2 32C 20.0 + 5.5 23 

D. pseudo- A XL 17 5.1 - 2.7 48 
obscura C 3 73 10.1 • 4.4 48 

D. melano- C 2R 47F 41.3 • 11.7 30 
gaster E 3R 87B 22.6 • 6.8 30 

E 3R 93AB 3.7 _ 2.6 30 

Average number  o f  grains at a site _+ SD 
b Total number  of  chromosomal  regions analyzed 

with a weak site on e lement  A. Drosophila pseu- 
doobscura no longer showed hybr idizat ion to ele- 
men t  E, whereas D. melanogaster lost the site on 
e lement  A and gained a second, albeit  very  m i n o r  
one, on e lement  E. The  single c o m m o n  site a m o n g  
the four  species on e lement  C was also the one mos t  
heavi ly labeled in all four. 

The  results o f  the hybr idizat ion o f  t R N A  Lys (Ta- 
ble 6) ma in ta in  the dist inction between the subgen- 
era Drosophila and Sophophora m a d e  b y  the three 
previous  tRNAs.  Drosophila virilis and D. hydei 
consistently had  one site o f  hybr idizat ion on ele- 
men t  E and  three on e lement  C. In contrast ,  D. 
melanogaster had one site on e lement  D and four  
on e lement  C. For  D. pseudoobscura, the data are 
incomplete ,  as the specific act ivi ty o f  the labeled 
t R N A  in this case was 10 t imes  lower than  that  
normal ly  ob ta ined  [ 10t7 d is in tegra t ions /min  (dpm) /  
mole  c o m p a r e d  with 10' s dpm/mole ] .  Only  two sites 
o f  labeling were found,  bo th  on e lement  C. It  is 
interesting to note  tha t  in all four  species the stron- 
gest labeling site o f  t R N A  TM is also the strongest  
labeling site o f  tRNA2 A~. 
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Table 6. Sites of  hybridization of  ~2q-labeled tRNA2 LyS to the 
polytene chromosomes  of  four species of  Drosophila 

Ele- Chromo-  
Species ment  some Site Mean _+ S l~  n b 

D. virilis C 5 58BC 9.2 _+ 4.4 12 
C 5 58E 21.7 +_ 6.0 12 
C 5 59A 8.4 • 5.0 12 
E 2 26BC 5.7 • 3.2 12 

DI hydei C 5 95D 11.1 • 4.7 7 
C 5 96D 6.1 _+ 3.5 6 
C 5 98D 5.4 + 2.0 8 
E 2 23B 5.8 +-- 1.8 8 

D. pseudo- C 3 63 2.1 +__ 1.2 7 
obscurw C 3 80 6.2 +-- 2.2 13 

D. melano- C 2R 42A 31.0 + 13.7 45 
gaster C 2R 42E 19.7 • 7.5 45 

C 2R 50B 4.6 • 2.8 45 
C 2R 56EF 7.3 + 4.2 45 
D 3L 63B 8.7 • 4.7 45 

~ Average number  o f  grains at a site • SD 
"Total  number  of  chromosomal  regions analyzed 
" Data incomplete, see Results 

Table 7. Sites of  hybridization of  '~q-labeled tRNA4 T M  to the 
polytene chromosomes  o f  three species o f  Drosophila 

Ele- Chromo-  
Species ment  some Site Mean _+ S I~  n b 

D. virilis E 2 20AI 12.9 • 5.0 15 
E 2 27A1 7.3 • 4.9 15 

D. hydei E 2 23B 9.3 • 3.5 14 
E 2 47B 21.1 + 5.7 14 

D. melano- E 3R 93E 13.9 + 4.8 32 
gaster 

" Average number of  grains at a site • SD 
b Total number  of  chromosomal  regions analyzed 

The hybridizat ion o f  tRNA~ hr (Table 7) follows 
the pat tern set by t R N A  A~, tRNA~ hr, and  tRNA2 Lys. 
Drosophila virilis and D. hydei both had  two sites 
o f  labeling on e lement  E, whereas D. melanogaster 
had only one site on this element.  The  data  for the 
hybridizat ion to c h r o m o s o m e s  o f  D. pseudoobscura 
were not  available.  

The  greatest  divers i ty  in the pat tern  o f  hybr id-  
ization to the c h r o m o s o m a l  e lements  in the four 
species was found with t R N A ~  r (Table 8). Dro- 
sophila virilis had one site on each o f  e lements  A 
and C and two on e lement  D, whereas D. hydei had 
the same with the addi t ion  o f  a site on e lement  B. 
Closer inspect ion of  D. virilis e lement  B indicated 
a very weak signal at 46B2 but  this labeling was not  
consistent.  Drosophila melanogaster was the same  
as D. hydei, except  it had  only one site on e lement  
D. Drosophila pseudoobscura differed f rom D. mel- 
anogaster in that  it had a site on e lement  E instead 
o f  on D. 
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D i s c u s s i o n  

The  four species studied occur  in two widely sepa- 
rated taxa, the subgenus Drosophila and the sub- 
genus Sophophora. According to T h r o c k m o r t o n  
(1975), D. hydei diverged f rom the D. virilis line in 
the subgenus Drosophila, whereas D. melanogaster 
and D. pseudoobscura diverged at approx ima te ly  the 
same t ime f rom an earlier c o m m o n  line in the sub- 
genus Sophophora. Results  o f  the present  s tudy in- 
dicate that among  these distantly related species there 
is a strong conserva t ion  o f  t R N A  loci on hom olo -  
gous linkage groups or elements.  All four species 
share one to several sites on c o m m o n  linkage groups, 
but  var ia t ion  does occur  with some  species having 
increased number s  o f  sites on addi t ional  elements.  

The  hypothesis  that  homologous  e lements  have  
remained  essentially intact  is best  suppor ted  by  the 
results o f  the hybr id iza t ion  o f  tRNAVd ~ and 

Ser tRNA2b. Each t R N A  hybr idized to three sites on 
c h r o m o s o m a l  e lement  E in all the species tested. 
These results are comparab le  to the conserva t i sm 
found in n o n - t R N A  genes by  other  investigators:  
the actin gene family whose six genes are dis t r ibuted 
on homologous  linkage groups in several  d rosophi -  
lid subgenera (Loukas and  Kafa tos  1986); the al- 
cohol  dehydrogenase  gene on e lement  B bo th  in D. 
pseudoobscura (Schaeffer and  Aquadro  1987) and  in 
D. melanogaster (O 'Donnel l  et al. 1977); and  the 
heat shock puffs at 4 8 D  and 93D in D. hydei and 
D. melanogaster, respectively,  both  on e lement  E, 
which were demons t ra t ed  to be equivalent  by  Ry-  
seck et al. (1987). 

The  linkage homology  o f  the remain ing  five 
t R N A s  studied was also conserva t ive  in pat tern,  
but  greater  var ia t ions  in n u m b e r  o f  loci and  linkage 
group associat ions did occur. In the subgenus Dro- 
sophila, that  is, in D. virilis and  D. hydei, four  o f  
these tRNAs ,  tRNA2 A~, tRNA~ h~, tRNA2 Lys, and  
tRNA~ hr, ma in t a ined  sites o f  hybr id iza t ion  on the 
same  c h r o m o s o m a l  elements.  In contrast ,  in the 
subgenus Sophophora, t R N A  A~, tRNA~ hr, and  pos- 
sibly t R N A  TM showed variat ions.  But even here, 
whenever  a t R N A  hybridized to e lement  C, hybr id-  
izat ion to this e lement  was conserved  in D. mela- 
nogaster and D. pseudoobscura. The dist inct ion in 
the conserva t ion  o f  l inkage groups between the sub- 
genera  has been no ted  by  others.  Brock and  Rober t s  
(1983) who studied c h r o m o s o m a l  locat ions o f  larval  
se rum prote in  1 genes repor ted  greater  var ia t ions  in 
the subgenus Sophophora than  in the subgenus Dro- 
sophila, especially between D. melanogaster and D. 
pseudoobscura. Ste inemann  (1982) repor ted  two 
t andemly  repeated genes, 5S R N A  and histone, also 
on different e lements  in D. melanogaster and D. 
pseudoobscura. 

Ser The hybridizat ion o f t R NA7  showed the greatest  

Table 8. Sites of hybridization of t2q-labeled tRNA~' to the 
polytene chromosomes of four species of Drosophila 

Ele- Chromo- 
Species ment some Site Mean _+ SI~ n b 

D. virilis A X 19B2 16.6 _ 4.1 10 
C 5 51C2 7.3 + 2.6 9 
D 3 35E3 9.4 + 2.0 11 
D 3 32C3 7.0 + 1.9 10 

D. hydei A X 14B 7.7 _ 4.2 7 
B 3 64B 14.6 _+ 7.9 5 
C 5 I19D 12.4 + 4.2 5 
D 4 80B 14.5 • 3.7 6 
D 4 89C 7.2 + 3.1 5 

D. pseudo- A XL 4 33.5 + 7.0 12 
obscura B 4 87-88 12.6 + 5.2 12 

C 3 65 6.7 • 4.1 12 
E 2 54 8.1 • 4.9 12 

D. melano- A X 12DE 28.2 • 10.4 12 
gaster B 2L 23E 13.9 _+ 3.8 12 

C 2R 56D 5.0 -+ 3.2 12 
D 3L 64D 6.2 +_ 5.6 12 

a Average number of grains at a site + SD 
b Total number of chromosomal regions analyzed 

variat ion,  al though linkage homology  o f  e lements  
A and C could still be demons t r a t ed  in all .four 
species. Part  o f  this apparen t  var ia t ion  might  be 
at t r ibutable  to the fact that  t R N A ~  r also hybridizes  
to the genes o f  ano ther  serine isoacceptor,  
t R N A  ser, as the genes o f  the two t R N A s  f rom D. 
melanogaster differ by only three nucleotides (Cribbs 
et al. 1987). Sequence analysis showed that  the sites 
on e lements  B and D contain genes o f  tRNAS% the 
site on e lement  C contains  a gene o f  t R N A  set, and  
the site on e lement  A, genes o f  bo th  t R N A s  (Leung 
et al., unpublished).  Thus,  the var ia t ion expected 
for a single isoacceptor  t R N A  would potential ly be 
doubled.  In addit ion,  it has been demons t r a t ed  in 
D. melanogaster and its sibling species, Drosophila 
erecta and Drosophila yakuba, that  hybr id  genes re- 
suiting f rom pe rmuta t ions  o f  the three differences 
between the two serine isoacceptors  also reside at 
the site o f  hybr idizat ion found on the X ch romo-  
some (Leung et al., unpublished).  

Although a detailed molecular  analysis o f  t R N A  
genes was not  made,  evidence for the conserva t ion  
o f  genes within a cluster was found. For  example ,  a 
site on e lement  C with the genes for t R N A  gr~ and  
t R N A  TM has been retained in all four  species. Tha t  
four genes for t R N A  Ar~ and five for t R N A  Lys are 
present  in this cluster in D. melanogaster has been 
verified by sequence analysis o f  D N A  f rom region 
42A (Yen and Dav idson  1980). Ano the r  example  
is the associat ion o f  other  tRNA2 Lys genes with the 
5S R N A  cluster. In D. virilis one o f  the sites o f  
hybr idizat ion o f  t R N A  Lys, 58E, is also one o f  the 
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two  si tes  o f  5S R N A  genes  ( C o h e n  1976); in D. 
melanogaster 5 6 E F  is a l so  the  s ingle  locus  for  5S 
R N A  genes  ( W i m b e r  a n d  Stef fensen 1970). N o t e  
tha t  in  these  spec ies  the  a s s o c i a t e d  s i tes  a re  on  ele-  
m e n t  C. In  D. hydei t R N A 2  Lys a n d  the  5S R N A  genes  
(A lonso  a n d  Berendes  1975) share  c h r o m o s o m a l  si te 
23B. In  th i s  case  the  c o m m o n  si te  is o n  e l e m e n t  E. 
Th i s  a n a l o g y  b e t w e e n  the  t R N A  TM a n d  5S R N A  
genes  c o u l d  n o t  be  e x t e n d e d  to  i n c l u d e  D. pseu- 
doobscura, as  a d e q u a t e  d a t a  were  n o t  a v a i l a b l e .  F i -  
nal ly ,  in  b o t h  D. melanogaster a n d  D. pseudoob- 
scura, Surer  a n d  K u b l i  (19 8 8) r e p o r t  a t R N A  ayr gene  
a s s o c i a t e d  w i th  d e c a p e n t a p l e g i c  (dpp), one  o f  the  
genes  r e q u i r e d  for  the  d e v e l o p m e n t  o f  t he  fly (Ge l -  
ba r t  e t  al.  1985). T h e y  suggest  a p o s s i b l e  r e g u l a t o r y  
i n t e r a c t i o n  b e t w e e n  the  two  genes.  T h u s  the  con -  
s e r v a t i o n  o f  s i tes  o f l R N A  genes  a p p e a r s  to  i n c l u d e  
n o t  o n l y  a s s o c i a t i o n s  wi th  l i nkage  g r o u p s  bu t  a l so  
wi th  specif ic  t igh t ly  l i n k e d  genes.  

T h e  resu l t s  o f  the  h y b r i d i z a t i o n  o f  t R N A  genes  
gene ra l ly  s u p p o r t  the  h y p o t h e s i s  t ha t  c h r o m o s o m a l  
e l e m e n t s  r e m a i n  la rge ly  c o n s e r v e d  a m o n g  the  Dro- 
sophila, a l t h o u g h  d i f fe rences  in the  n u m b e r  a n d  lo-  
c a t i o n  o f  ce r t a in  t R N A  loc i  h a v e  no  i m m e d i a t e  ex-  
p l ana t i on .  T r a n s l o c a t i o n s  a n d  pe r i cen t r i c  i n v e r s i o n s  
do  n o t  a p p e a r  to  be  a s a t i s f ac to ry  m e c h a n i s m  b y  
wh ich  these  changes  arose .  D i s p e r s a l  by  t r a n s p o s -  
ab le  e l e m e n t s  has  been  p r o p o s e d  by  B r o c k  a n d  R o b -  
er ts  (1983)  as  a m e a n s  o f  v a r y i n g  the  c h r o m o s o m a l  
r e s idence  o f  l a r v a l  s e r u m  p r o t e i n  1 genes.  T h e r e  is 
a l so  e v i d e n c e  tha t  s equences  f r o m  t R N A  genes  a r e  
an in teg ra l  pa r t  o f  a few Drosophila t r a n s p o s a b l e  
e l emen t s .  T h e  3' t e r m i n a l  18 n u c l e o t i d e s  o f  t he  
t R N A  set a n d  tRNAA~A are  c o m p l e m e n t a r y  to  the  
p u t a t i v e  p r i m e r  b i n d i n g  s i tes  o f  Drosophila r e t ro -  
t r a n s p o s o n s ,  297 a n d  412,  r e s p e c t i v e l y  ( I n o u y e  et  
al. 1986; Y u k i  e t  al.  1986). The re fo r e ,  t r a n s p o s i t i o n  
m a y  be  one  m e a n s  b y  w h i c h  v a r i a t i o n  in  t he  l o c a t i o n  
o f t R N A  genes  occur s  d u r i n g  e v o l u t i o n ,  I f  th i s  were  
t rue,  o u r  resu l t s  w o u l d  suggest  t ha t  t r a n s p o s i t i o n  
f r equenc ie s  a re  m u c h  l o w e r  in D. virilis a n d  D. hydei  
t han  in  D. pseudoobscura a n d  D. melanogaster. 
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