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Structure and function of Ychromosomal DNA 
II. Analysis of lampbrush loop associated transcripts in nuclei of primary spermatocytes 
of Drosophila hydei by in situ hybridization using asymmetric RNA probes 
of four different families of repetitive DNA 
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Abstract. pSP64/65 subclones of four different families of 
repetitive sequences on the Y chromosome of Drosophila 
hydei were used for in vitro synthesis of labelled RNA. 
Pairs of RNA probes of opposite strand polarity were em- 
ployed to analyse RNAs transcribed on, or associated with, 
various Y chromosomal lampbrush loops in nuclei of pri- 
mary spermatocytes of D. hydei. The results of RNA filter 
analysis and in situ hybridization experiments can be gener- 
alized as follows: (1) Y-specific transcripts are heteroge- 
neous in length and are synthesized on lampbrush loops. 
(2) Transcription of tandemly repeated sequences is usually 
strand specific. (3) Members of the same sequence family 
can be found in transcripts from different lampbrush loops. 
(4) Transcripts not coded by the Y chromosome are accu- 
mulated on different subregions of Y chromosomal lamp- 
brush loops. 

Introduction 

Primary spermatocytes of Drosophila hydei provide a fascin- 
ating system for the study of several unsolved problems 
of molecular genetics such as the organization and function 
of genes embedded in heterochromatin (for a recent review 
see Pimpinelli et al. 1986) and the fate of primary transcripts 
in germ line cells (Dearsly et al. 1985). The nuclei of these 
D. hydei cells are large (30-50 gin) and contain a number 
of characteristic chromatin structures (Fig. 1 A). Each par- 
ticular structure is associated with one of a small number 
of lampbrush loops designated according to their morphol- 
ogy as nooses (Ns), clubs (C1), tubular ribbons (Tr), pseu- 
donucleolus (Ps) and threads (Th) (Fig. 1 A, B) which un- 
fold from the Y chromosome in the growing spermatocyte. 
A possible functional significance of these structures has 
been deduced from mutant strains in which a clear correla- 
tion between the occurrence of one of these structures and 
the activity of (at least) one of the five so-called fertility 
factors exists (Hess 1967). These fertility genes are of unusu- 
al length (1000-4000 kb) and are located on different re- 
gions of the heterochromatic Y chromosome (Hackstein 
et al. 1982) in close spatial contact with various repetitive 
sequences distributed along the chromosome. Recently 
some of these repetitive sequences have been cloned and 
characterized by sequence analysis (Lifschytz 1979; Hennig 
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et al. 1983; Vogt et al. 1982; Lifschytz et al. 1983; Vogt 
and Hennig 1983, 1986a, b; Awgulewitsch and Brinemann 
1986; Wlaschek et al. 1988). 

Although the vast majority of these sequences have been 
identified within spermatocyte specific transcripts originat- 
ing on particular lampbrush loops, definite functions in the 
course of spermatogenesis have not yet been ascribed to 
any of these repetitive sequences. Since all lampbrush loop 
specific transcripts are of enormous size and very heteroge- 
neous in length (Gl~itzer and Meyer 1981; Grond etal.  
1983, 1984; de Loos et al. 1984) their molecular analysis 
is extremely difficult. In spite of the many efforts which 
have been made to isolate Y chromosomal gene products 
neither RNAs of defined length nor proteins coded for by 
this chromosome have been detected (for recent review see 
Hennig 1985). It is therefore uncertain whether any 'classi- 
cal genes' are present on the Ychromosome. Consequently, 
all recent models for the functions of fertility genes have 
been based on the few details which are known about the 
molecular components of the spectacular lampbrush loops. 
The detection of specific proteins associated with different 
loops (G1/itzer 1984; Hulsebos etal. 1984; Glfitzer and 
Kloetzel 1985, 1986) has been interpreted as the result of 
specific complexes formed between transcripts and several 
proteins accumulated and stored as ribonucleoproteins 
(RNP) for use during later sperm development. Alternative- 
ly, it has been proposed that the RNP structures formed 
on particular lampbrush loops are responsible for the 
'proper  compartmentalization of gene activity and seques- 
tration of gene products for postmeiotic differentiation' 
(Hareven et al. 1986). 

Recently the data on the organization and function of 
the fertility genes of D. hydei have been increased substan- 
tially by the isolation and characterization of four addition- 
al families of Y chromosomal repetitive DNA (Awgulew- 
itsch et al. 1986; Wlaschek et al. 1988). The different fami- 
lies have been named YsI and YLI--YLIII according to their 
localization on the short or long arm of the Y chromosome, 
respectively (Fig. 1 C). All families are organized in clusters 
and consist of tandemly arranged family specific degener- 
ated repeat units. All can be detected as components of 
spermatocyte specific RNAs of heterogeneous size (Brine- 
mann, unpublished). This length heterogeneity is a charac- 
teristic feature of all lampbrush loop specific transcripts 
in D. hydei described so far (Vogt et al. 1982; Lifschytz 
et al. 1983). 
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Fig. 1 A-C. Diagrammatic key to the nuclear structures in primary 
spermatoeytes of Drosophila hydei and their correlation with var- 
ious Y chromosomal markers. A A phase contrast photomicro- 
graph depicting a nucleus of a primary spermatocyte cell. Several 
characteristic Y chromosomal lampbrush loops are visible: clubs 
(CO, tubular ribbons (Tr), pseudonucleolus (Ps), cones (Co) and 
threads (Th) subdivided in structurally different regions 'distal dif- 
fuse' (dd), 'proximal diffuse' (pd) and 'proximal compact' (pc). 
B Schematic diagram of A, modified according to G1/itzer (1984). 
The lampbrush loops nooses (Ns) not visible in A are shown as 
well as the nucleolar organizer (NO). C A schematic map of the 
Y chromosome correlating the fertility genes (Ns, Cl, Tr, Ps, Th) 
with several clusters of repetitive sequence families (YsI, YLI- 
YLIII). Dark areas indicate the approximate extension of these 
clusters. Regions with small numbers of these repetitive sequences 
are hatched. The kinetochore (K) and the nucleolar organizers on 
both ends of the chromosome (NOL and NOs) are indicated. A 
flash symbol marks the approximate position of the breakage event 
which gave rise to the translocation chromosomes containing the 
Y chromosomal halves y~sczr, and yesrh used throughout the in 
situ hybridization experiments 

When the Ysl (YsIa) and YLI--YLIII sequences are com- 
pared with the available data on other Y chromosomal 
clones only the YsI and YsIa clones are related to published 
sequences (Wlaschek et al. 1988; Vogt et al. 1982; Lifschytz 
et al. 1983; Lifschytz and Hareven 1985; Vogt and Hennig 
1983, 1986a, b). All sequences related to the YsI and YsIa 
subfamilies are situated in the short arm of the Y chromo- 
some and are found in transcripts of the lampbrush loop 
Ns (Fig. 1 C). The other families, YLI-YLIII, are localized 
in the long arm but do not show homology with other 
sequences thought to originate form this arm of the Y 
(Wlaschek et al. 1988; Lifschytz et al. 1983; Hennig et al. 
1983; Huijser and Hennig 1987; Hareven etal. 1986). 
Taken together, the total number of cloned Y chromosomal 
sequence families exceeds the number of discernible loops 
in the spermatocyte nuclei of D. hydei. Therefore the hy- 
pothesis that each loop only contains a single specific family 
of repetitive DNA (Lifschytz et al. 1983) has been ques- 
tioned. It is clearly essential that the cytological localization 
of transcripts containing the newly isolated sequences must 
be determined before the RNP structures associated with 

various lampbrush loops can be specified. Naturally, experi- 
ments to localize these transcripts are critically dependent 
upon the sensitivity and specificity of hybridization condi- 
tions. We therefore used asymmetric 3H-labelled RNAs 
(Cox et al. 1984) transcribed in vitro by SP6 polymerase 
from pSP64/65 subclones according to Melton et al. (1984) 
instead of the strand unspecific RNA and DNA samples 
utilized by Vogt et al. (1982) and Lifschytz et al. (1983). 
By using spermatocytes of various genotypes and compar- 
ing hybridizations performed with transcripts from one 
strand of a cloned sequence with hybridizations performed 
with transcripts from the complementary strand the conclu- 
sions drawn from earlier experiments about transcription 
of Y chromosomal sequences could be confirmed. More- 
over, these particular findings could be extended, by dem- 
onstrating the association of various RNA species not 
coded by the Y chromosome with different parts of Y chro- 
mosomal lampbrush loops. 

Materials and methods 

Drosophila stocks. All stocks were taken from the D. hydei 
stock collection of O. Hess (D/isseldorf). The combination 
stocks KOM 697/16: XX/YNS'c~rr; A/A x Xyesrh/YNS'c~rr; 
A/A and KOM 290/2: XX/YPSrh; A/A x yNs.czrr X/A. ygsrh; 
A/A were used for the production of spermatocyte nuclei 
of type X/Y Ns'czrr and X/A. ye~rh, respectively (Hess 1970). 
The two fragments of the Y chromosome were the result 
of a single X ray induced breakage event indicated by the 
flash symbol in Figure 1 C. Both fragments are complemen- 
tary with respect to full fertility and carry the loop-forming 
sites Ns, C1, Tr and Ps, Th, respectively. X/O males were 
produced according to Beck (1976). 

Preparation of D. hydei RNA. Larval testes anlagen were 
isolated by a modification of the method of Boyd et al. 
(1968) by squashing late third instar larvae. The testes anla- 
gen were isolated with tweezers under a stereomicroscope 
from the final sediment in Drosophila Ringer (10 mM KC1, 
60 mM NaC1, 3 mM CaC12, 10 mM Tris-HC1, pH 7.2) and 
collected by centrifugation at 1,000 rpm for 2 min (Kloetzel 
et al. 1981). After removal of the supernatant the testes 
anlagen were transferred into a 1 ml Dounce homogenizer 
and disrupted in 4 M guanidinium thiocyanate. Isolation 
of RNA was performed by centrifugation through a 5.7 M 
CsC1 step gradient according to Chirgwin et al. (1979). 

Synthesis of asymmetric RNA probes. Pairs of complemen- 
tary plasmids, containing the inserted DNA in the opposite 
orientation with respect to the SP6 promoter (Wlaschek 
et al. 1988), were linearized by restriction endonuclease di- 
gestion at the Sinai or HindIII  site in their polylinker re- 
gion, purified by phenol/chloroform/ethanol treatment and 
dissolved in sterile diethylpyrocarbonate-treated water. 
Asymmetric RNA transcript probes (9 • 107 dpm/gg) were 
synthesized from pSP64/65 DNA templates in 25 gl reac- 
tion mixtures containing 30 mM Tris-HC1, pH 7.5, 6 mM 
MgClz, 10raM dithiothreitol (DTT), 2 m M  spermidine, 
500 ~M each ATP, CTP and GTP, 47 mM 3H-UTP (53 Ci/ 
retool, 1 Ci = 37 GBq; Amersham), ribonuclease inhibitor 
(1 U/gl), 1 ~tg DNA template and 4.5 U SP6 polymerase, 
essentially as described by Melton et al. (1984). (For RNA 
filter analysis 3H-UTP was replaced by 32p-UTP, 
400-600 Ci/mmol.) Transcription at 40~ was stopped 



after 80 min. Typically, transcription from the various tem- 
plates resulted in 15% 50% incorporation of the labelled 
precursor. After digestion of template DNA with RNase- u 
free DNase (0.1 pg/pl) the transcripts were purified by phe- 
nol/chloroform/ethanol treatment and dissolved in 25 gl 
sterile, diethylpyrocarbonate-treated water and stored at 
- 2 0  ~ C. YSIIO 

RNA filter hybridization. To separate RNA for blotting 
2.2 M formaldehyde/1.5% agarose gels were used (Lehrach 
et al. 1977). The gel buffer used was 20 mM MOPS (3-[N- 
morpholino] propanesulphonic acid), 5 mM sodium ace- 
tate, 1 mM disodium EDTA, pH 7.0. Usually 2 lag of total 
RNA of larval testes anlagen were loaded onto each lane 
(Fig. 3). RNA was transferred from gels to nitrocellulose 
using the procedure of Thomas (1980). Hybridization to 
filters was performed in 50% formamide, 5xSSC 
(1 x SSC=0.15 M NaC1, 0.015 M trisodium citrate), 5 x 
Denhardt's [0.1% Ficoll, 0.1% polyvinylpyrolidone (PVP), 
0.1% BSA; Denhardt 1966], 50mM sodium phosphate, 
pH 6.0 and 0.2 mg/ml sheared salmon sperm DNA for 
24~48 h at 42 ~ C. Labelled RNA probes (5 x 108 cpm/gg) 
were prepared by in vitro transcription of pSP64/65 sub- 
clones with SP6 polymerase as described above. The filters 
were washed several times for 15 min in 2 x SSC, 0.1% SDS 
and 0.1 x SSC, 0.1% SDS at room temperature and 42 ~ C, 
respectively. For autoradiography Kodak X-Omat AR film 
and 2 Dupont Lightning-Plus screens were used and the 
films exposed at - 7 0  ~ C. 

Preparation of spermatocyte nuclei for in situ hybridization. 
Testes from freshly emerged adult males were dissected in 
Drosophila Ringer, transferred into a drop of the same solu- 
tion on a clean slide, squashed under a siliconized coverslip 
and frozen in liquid nitrogen. After removal of the coverslip 
the preparations were fixed first in 96% ethanol for 2 rain 
and then 5 min in 3.7% unbuffered formaldehyde solution 
(Glfitzer 1984). Slides were washed successively in 0.1 x SSC 
(2x 10rain), 30% ethanol (2x5min) ,  50% ethanol 
(1 x 5min), 70% ethanol (1 x5 rain), 96% ethanol 
(2 x 10 rain) and air dried. 

In situ hybridization. 3H-RNA probes (30,000 cpm/slide) 
and carrier (500 gg/ml yeast tRNA) were boiled for 3 min 
in 10 mM Tris-HC1, pH 8.0, I mM EDTA, quick-cooled 
in ice water and mixed with other components to give the 
following final concentrations: 50% formamide (deionized 
by mixed bed ion exchanger), STE (0.3 M NaC1, 20 mM 
Tris-HC1, pH 8.0, 5 mM EDTA), 1 x Denhardt's (0.02% 
each BSA, Ficoll, PVP) and 5% dextran sulphate, essen- 
tially according to Cox et al. (1984). Hybridization mixtures 
(12-15 pl) were applied to the slides with fixed spermato- 
cytes, covered with siliconized coverslips and kept in a 
tightly sealed moist chamber at 45 ~ C for 12-18 h. Follow- 
ing hybridization the coverslips were removed by dipping 
into 2 x SSC. Non-specifically bound nucleic acid probes 
were removed by succeeding washes in 2xSSC and 
0.1 x SSC (2 1 total volume each). After final dehydration 
in 30% ethanol (2 x 5 min), 50% ethanol (1 x 5 min), 70% 
ethanol (1 x 5 rain) and 96% ethanol (2 x 10 rain) the slides 
were air dried, dipped into NTB-2 (Kodak) nuclear track 
emulsion and stored in light-tight plastic boxes for several 
days at 15~ ~ C. Development was carried out with Ko- 
dak D-19 developer as recommended by the manufacturer. 
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Fig.  2. Survey of the family specific subclones used for preparation 
of asymmetric (+) and ( - )  in vitro transcripts. The maps for 
the various phages (YsIa4-YLI17) are reduced versions of those 
in Figure 2 of the accompanying paper (Wlaschek et al. 1988) and 
show the family specific subclones employed for the hybridization 
experiments. The short and long subclones of each particular se- 
quence family are designated as filled bars (S) and open bars (L), 
respectively. Broken arrows represent transcripts of subclones with 
unknown orientation within the phage map. The designations (+) 
and ( - )  were chosen arbitrarily before any results of hybridization 
experiments were known. Therefore (+) is not systematically corre- 
lated with positive hybridization to the transcripts of lampbrush 
loops 

R e s u l t s  

Preparation and characterization of pSP64 subclones 
of Y chromosomal repetitive sequences 

Twenty-one different clones of Y chromosomal DNA in 
EMBL3 phages, picked and assorted according to four 
characteristic hybridization patterns on blots of AluI-di- 
gested genomic DNA of males and females (Awgulewitsch 
and Bfinemann 1986), provided the source material upon 
which this study is based. The four families have been 
named YsI (YsIa) and YLI--YLIH according to their loca- 
tion on the short and long arm of the Y chromosome, re- 
spectively (Wlaschek et al. 1988). Each family comprises 
its own characteristic repeat unit ranging in size from a 
few to several hundred base pairs. We selected representa- 
tive phage clones from each family according to the conve- 
nience with which they could be subcloned in pSP64/65. 
Hence, phage 1 (YLIII), phage 11 (YLII), phage 17 (YLI) 
and phage 10 (YsI) were chosen because their DNA inserts 
could be cut by SalI into several fragments of different 
size (see Fig. 2 in Wlaschek et al. 1988). Only the insert 
of phage 4 (YsIa), representative of a subfamily of YsI, 
was insensitive to SalI digestion and in this case EcoRI 
was used for subcloning. All fragments of interest (filled 
and open bars in Fig. 2) were cloned in both orientations 
in pSP64 or 65 to allow the in vitro synthesis of complemen- 
tary (+ )  and ( - )  transcripts by SP6 polymerase (symbo- 
lized by arrows of opposite direction in Fig. 2). In the 
course of this work we used two series of subclones shown 
as filled or open bars in Figure 2. The filled bars represent 
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short (S) and completely sequenced clones whereas open 
bars designate long (L) clones with sequence homology to 
the short ones. Further details o f  sequence analysis are de- 
scribed in the accompanying paper (Wlaschek et al. 1988). 
For  reasons o f  clarity we use abbreviated designations for 
the various subclones of  Figure 2. Number  suffixes ap- 
pended to the family name, e.g. YLIII1, refer to the phage 
number. Additional (S) and (L) appendices discriminate 
short and long clones, respectively. Since each particular 
phage insert appears to be constructed essentially of  shorter 
family specific repeats (Wlaschek et al. 1988) each (S) and 
(L) subclone of  one particular sequence family is expected 
to contain several copies of  these family specific repeats. 

Analysis of Y chromosomal transcripts 
by strand-specific RNA samples 

All previous experiments with labelled R N A  and D N A  
probes of  various repetitive sequences of  the Y chromosome 
have confirmed the occurrence of  those sequences in sper- 
matocyte specific transcripts of  heterogeneous length (Vogt 
et al. 1982; Lifschytz et al. 1983; Lifschytz and Hareven 
1985). Recently it has been reported that transcription of  
repetitive sequences occurs in a strand-specific manner 
(Lifschytz and Hareven 1985). If  the same principle of  tran- 
scription could be verified for each of  our four sequence 
families an identical orientation of  all repetitive elements 
of  a particular family, at least within a cluster of  transcribed 
sequences, could be assumed as the general buidling scheme 
for repetitive sequences on the Y chromosome, very similar 
to the organization of  r R N A  genes within nucleolar orga- 
nizers. 

The analysis of  Y chromosomal R N A  species using 
strand-specific ( + )  and ( - )  in vitro transcripts of  all four 
sequence families is illustrated in Figure 3A. Each filter 
was prepared with identical amounts of  total R N A  from 
larval testes anlagen of  J(/Y and X/O males and was hybrid- 
ized with labelled ( + )  and ( - )  in vitro transcripts of  the 
same specific activity under otherwise identical reaction 
conditions. The relative amounts of  each reacting R N A  
species can therefore be estimated approximately from the 
strength of  hybridization signals in Figure 3 A. Two series 
of  hybridizations are shown in the figure, the upper one 
corresponds mainly to in vitro transcripts from the (L) 
clones, the lower one to that of  the (S) ones (see Fig. 2). 
In the case of  (S*) three different short clones were tested 
within separate experiments instead of  a single long one. 
When both sets of  experiments are compared several differ- 
ent types of  R N A  species crossreacting with the in vitro 
probes can be distinguished within total R N A  of larval 
testes anlagen (an organ filled with growing spermatocytes) 
of  D. hydei. (1) RNAs  that are heterogeneous in size and 
transcribed exclusively from the Y chromosome (the cross- 
reacting RNAs  are restricted to the X/Y lanes): YLI17 + 
(L) and (S), YLII~1 + (L) and (S), YLII~I - (L), YsI lo -  (S*) 
and YsIa4- (S*). (2) RNAs  that are of  defined length but 
are not transcribed from the Ychromosome (bands of  com- 
parable size and intensity are found in X/Y and J(/O lanes): 
YLI17-(L) and YLIII1 + (L). (3) Y chromosomal transcripts 
of  heterogeneous length exist beside RNAs  of  defined 
length transcribed from other chromosomes (bands of  com- 
parable size and intensity are found in J(/Y and X/O lanes 
beside extra signals in X/Y lanes): YLIII1-  (L) and (S). 
The different hybridization patterns for (L) and (S) clones 

Fig. 3A, B. Analysis of transcripts from larval testes anlagen with 
homology to repetitive sequences on the Y chromosome of Dro- 
sophila hydei. A Filters with 2 gg of total RNA per lane from 
larval testes anlagen of X/Y and X/O genotype were hybridized 
in separate but otherwise identical experiments with asymmetric 
(+)  and ( - )  in vitro transcripts from several Y chromosomal re- 
petitive sequences. The (S) and (L) filters for a particular sequence 
family (YLI17, YLIII1 and YLHH) were obtained by hybridization 
with the homologous short and long clones (Fig. 2), respectively. 
Whereas the sequences of all short clones are known (Wlaschek 
et al. 1988) the long clones are merely characterized by their cross- 
hybridization with the short ones. For YsI~ o and YsIa4, represent- 
ing the two related subfamilies on the short arm of the Y, three 
different short clones instead of a single long one were used in 
separate hybridization experiments. Since all short subclones of 
a particular phage gave the same results only one example is de- 
picted (S*). B A filter with dots of 2 gg (upper row) and 0.2 gg 
(lower row) of sonicated and denatured genomic DNA of D. hydei 
females (1), males (2), and several YsI (3, 4, 6, 8) and YsIa phages 
(5, 7, 9) was hybridized with 32p-labelled cDNA from total RNA 
of larval testes anlagen. The cDNA synthesis was primed by hexa- 
nucleotide random primer 

in this case result from partial R N A  degradation in the 
(L) probe. 

In summary, the length heterogeneity observed for sper- 
matocyte specific transcripts of  all four repetitive families 
supports earlier results on transcription of  other repetitive 
sequences on the Y chromosome (Vogt et al. 1982; Lif- 
schytz et al. 1983; Lifschytz and Hareven 1985). Further- 
more, strand specificity o f  transcription as first suggested 
by Lifschytz and Hareven (1985) supports the hypothesis 
of  a head to tail arrangement of  all repetitive elements with- 
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in a particular family specific sequence cluster on the Y 
chromosome. At first sight this model seems to be jeopar- 
dized by the simultaneous occurrence of similarly sized 
transcripts of opposite polarity from one and the same re- 
petitive sequence, e.g. YLIII~ + (L )and  YLII~I- (L). This 
inconsistency, however, can be explained by the results of 
in situ hybridization experiments of 3H-labelled in vitro 
transcripts on spermatocyte nuclei (see Fig. 4A, B). 

In situ hybridization with strand-specific transcripts 
of Y chromosomal repetitive sequences 

The in situ hybridization experiments with asymmetric ( + )  
and ( - )  in vitro transcripts of our four sequence families 
were started primarily to detect in vivo transcripts of these 
sequences on the various lampbrush loops in spermatocyte 
nuclei. The relationship of our YsI and YsIa subclones 
(Wlaschek et al. 1988) to the large family of the Ns-asso- 
ciated clones YDh20/23 (Lifschytz et al. 1983; Lifschytz 
and Hareven 1985) and by9/ayl (Vogt et al. 1982; Vogt 
and Hennig 1983, 1986a, b) had already been established 
by earlier crosshybridization experiments (kindly performed 
by Vogt et al.; personal communication). Therefore YsI~o 
and YsIa4 subclones (Fig. 2) were expected to hybridize 
to Ns-specific transcripts (Fig. 1 B, C). On the other hand, 
none of our other sequence families (YLI-YIII) showed sub- 
stantial crosshybridization (kindly tested by Lifschytz et al. ; 
personal communication) or sequence homology with the 
published clones YDhl8  and YDh22 thought to specify 
the transcribed sequences on the lampbrush loops C1 and 
Tr, respectively (Lifschytz et al. 1983; Hareven et al. 1986). 
Similarly, the clones of other sequences associated with the 
lampbrush loops Ps and Th on the long arm of the Y chro- 
mosome (Hennig etal.  1983; Huijser and Hennig 1987) 
were not related to our isolates. Thus at the outset of this 
study we were faced with the problem of having to correlate 
three different sequence families (YLI YLIII) with four dif- 
ferent lampbrush loops, each already involved with tran- 
scription of at least one other repetitive Y chromosomal 
sequence family. 

Unfortunately, the morphology of spermatocyte prepa- 
rations is affected adversely by the fixation and hybridiza- 
tion procedure. For these reasons wild-type spermatocytes 
are not suitable for the simultaneous visualization and iden- 
tification of all different Y chromosomal lampbrush loops. 
A more reliable identification of particular lampbrush loops 
(or of parts of them) can be obtained when the in situ 
hybridization experiments are performed in parallel with 
spermatocytes of two strains containing the complementary 
halves of the Y chromosome (combination stocks I and II, 
Hess 1967). One half harbours the Ns, C1 and Tr whereas 
the complementary half contains the Ps and Th as shown 
schematically in Figure 1 C where the approximate location 
of the breakage point between both halves is indicated by 
the flash symbol. 

All experiments with (S) and (L) clones were performed 
under RNA/RNA hybridization conditions according to 
Cox et al. (1984) as detailed under Materials and methods. 
The results obtained from hybridization experiments with 
the long clones are summarized in the two homologous 
panels of Figure 4 for the NsC1Tr and the PsTh half of 
the Y chromosome, respectively. To facilitate an under- 
standing of the complex hybridization pattern in both pan- 

els the in situ hybridization results with a particular ( + )  
and ( - )  transcript pair (indicated by + and - on top 
of panels) is shown adjacent to the RNA blot pattern to 
which this pair gives rise (reproduced from the in vitro 
transcripts of the (L) clones in Fig. 3A). In this way the 
size and distribution of each particular transcript in sperma- 
tocyte nuclei with sequence homology to our clones can 
be seen directly when the ( + )  and ( - )  lanes of the RNA 
filters in the middle are compared with hybridization pat- 
terns in the corresponding frames on the left and right side 
of the panels, respectively. Although the autoradiographs 
shown in Figure 4 are exclusively the results of in situ hy- 
bridization experiments for (L) and S*) clones, the in situ 
hybridizations in Figure 4A and B include the results of 
the corresponding (S) clones. Whether (L) and (S) probes 
give identical patterns of hybridization is indicated by (L) 
and (S) symbols within each particular frame of both pan- 
els. In those cases where (S) is missing no localized hybrid- 
ization signals are detectable for (S) clones. In this way 
the results of both series of probes can be discussed togeth- 
er. 

YsI- and Ysla-related sequences together represent up 
to 9% of Y chromosomal DNA (Wlaschek et al. 1988). 
Both subfamilies are organized in separate sequence clusters 
most probably situated side by side on the short arm of 
the Y chromosome (Wlaschek et al. 1988). YsI, the major 
subfamily, comprising about 75% of the total DNA in both 
subfamilies, contains degenerated ABB repeats of about 
600 bp which are homologous to clone YDh20 (Lifschytz 
et al. 1983; Lifschytz and Hareven 1985). By contrast, the 
minor subfamily Ysla, equivalent to about 25% of the 
DNA in both subfamilies is characterized by shorter degen- 
erated AB repeats of 400 bp homologous to clone YDh23 
(Lifschytz etal. 1983; Lifschytz and Hareven 1985) and 
clone ayl (Vogt and Hennig 1986a, b). In spite of their 
relative abundance at the DNA level only a small fraction 
of these sequences can be involved in transcription because 
the lampbrush loops Ns on the short arm of the g chromo- 
some probably do not contain more than 0.5% of Y chro- 
mosomal DNA (Grond et al. 1983). However, when total 
RNA of spermatocyte nuclei is investigated for the presence 
of transcripts of both subfamilies a much stronger hybrid- 
ization signal is obtained for all those experiments where 
in vitro ( - )  transcripts from short YsIa4 subclones (S*) 
were used instead of those from short YsIlo fragments (S*) 
(Fig. 3A). If  the 3H-labelled analogues of both subfamilies 
are used for analogous in situ hybridization experiments 
these differences in transcriptional activities are confirmed 
by the observation that hybridization to Ns transcripts is 
clearly restricted to YsIa4 probes (S* in Fig. 4A, B: a', 
b'). Indeed, the corresponding YsIlo-  in vitro transcripts, 
although exposed for a longer time, yield unspecific back- 
ground labelling for both probes (Fig. 4A, B: a, b). Logi- 
cally, transcription must be restricted mainly to sequences 
of the YsIa subfamily. The weak positive reaction of YsI 
sequences on RNA filters (Fig. 3A) may be the result of  
substantial sequence homology between both subfamilies 
(Wlaschek etal. 1988). A supplementary experiment in 
which equal amounts of sonicated and denatured DNAs 
of various YsI and YsIa phages were immobilized as dots 
on nitrocellulose filters (dot blot) and hybridized with oli- 
gonucleotide-primed cDNA from total RNA of larval testes 
anlagen strongly supports the hypothesis of selective tran- 
scription of YsIa sequences. All dots of YsIa-related phages 
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Fig. 4A, B. Localization of transcripts in nuclei of primary spermatocytes of Drosophila hydei by in situ hybridization with asymmetric 
(+)  and ( - )  in vitro transcripts from several Y chromosomal repetitive sequences. A and B show the results of homologous experiments 
with identical sets of ~H-labelled in vitro transcripts but with spermatocytes containing the Ns,C1,Tr or the Ps,Th fragment of the 
Y chromosome, respectively (indicated by 1/s~cITr and yP~rh at the bottom of the panels). On the left and right side of both panels 
are depicted the results of experiments with (+)  and ( - )  in vitro transcripts, respectively (indicated on the top of each side). The 
RNA filters in the middle were taken from Figure 3 to allow a comparison with the amount and size of the various in vivo transcripts 
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within the nuclei of the two different genotypes. The autoradiographs in both panels are those obtained from in situ hybridizations 
with in vitro transcripts of long (L) clones. Whether short (5) and (L) probes gave the same result with the various genotypes of 
spermatocytes is indicate by the S and L labels within the upper corners of each particular frame of both panels. In those cases 
where S is missing no localized hybridization signals were detectable for (S) clones. Although homologous experiments for small (S*) 
subclones from YsIlo and Ysla 4 were performed depicted under a, b and a', b' in both panels, respectively, the filter in the middle 
is that of YsIlo and therefore marked by an asterisk. Bar represents 10 gm 
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(5, 7, 9) show stronger signals than their YsI relatives (3, 
4, 6, 8) (Fig. 3 B). 

The YLIII sequence family probably amounts to about 
3% of Y chromosomal DNA (estimation from dot blots, 
Brinemann) and is located in the middle part of the long 
arm of the Ychromosome (Fig. 1 C). Again Ychromosomal 
strand-specific transcripts of heterogeneous length exist. 
They can be identified in the X/Y lanes of RNA filters 
hybridized with ( - )  transcripts of YLIII1 (L) and (S) sub- 
clones and appear above a dominant RNA species of de- 
fined length visible in X/Y and X/O lanes (Fig. 3 A). Wheth- 
er the homologous Y chromosomal transcripts originate 
on the Ps (Fig. 4B: d) is uncertain because no such Ps- 
specific hybridization can be detected with the (S) clone. 
The RNAs of defined sizes which crossreact with ( - )  tran- 
scripts of YLIII1 (L) and (S) subclones are found in similar 
amounts in X/Y and X/O lanes (Fig. 3A). Therefore they 
cannot originate from Y chromosomal sequences. In corro- 
boration of this finding these RNAs are distributed 
throughout spermatocyte cells without any visible prefer- 
ence for the nucleus (Fig. 4A, B: c, d). The ( + )  transcripts 
of YLIII1 (L) and (S) clones also detect a single RNA of 
defined size common to X/Y and X/O genotypes. The sig- 
nal, however, is much weaker for the (S) probe (Fig. 3). 
We therefore have to assume that the twin dot like hybrid- 
ization pattern (Fig. 4B: c) which is restricted to the ( + )  
transcript of the (L) clone is caused by a sequence element 
within the (L) clone not present in the sequenced (S) probe. 
On the other hand the twin dot pattern demonstrates the 
accumulation of a defined RNA species in the Co, a re- 
markable substructure of the Ps (Fig. 1 A, B). 

Other unexpected results are obtained from comparable 
experiments with SP6 in vitro transcripts of the sequence 
family YLII. These sequences probably constitute up to 7% 
of Y chromosomal DNA (estimation from dot blots, Brine- 
mann) and the vast majority of them are located on the 
distal part of the long arm (Fig. 1 C). All crossreacting tran- 
scripts are of heterogeneous size and originate exclusively 
from the Y chromosome. Most of them are homologous 
to the ( + )  transcripts of YLIII~ (L) and (S) subclones 
(Fig. 3A) and are found in comparable quantities in both 
Tr and Th (Fig. 4A, B: e). Interestingly, lampbrush loop 
transcripts homologous to the ( - )  in vitro transcript of 
the YLIII~ (L) clone are also detected. In this case the tran- 
scripts of heterogeneous length are localized on the Ps 
(Fig. 4A, B: f). Since the corresponding (S) clone does not 
show the additional signal this discrepancy may again be 
assumed to result from additional sequences present in the 
long clone. 

Characteristic hybridization patterns also arise when ei- 
ther of the asymmetric SP6 in vitro transcripts of YLI se- 
quences are used. These sequences probably make up 3.6% 
of Y chromosomal DNA (estimation from dot blots, Brine- 
mann) and are arranged on the long arm of the Y distally 
to YLII (Fig. 1 C). A tenfold smaller amount of this se- 
quence family is situated on the heterochromatic arm of 
the X chromosome (Wlaschek et al. 1988). The Y chromo- 
somal strand-specific transcripts of heterogeneous length 
are detected by the ( + )  transcripts of YLI~7 (L) and (S) 
subclones (Fig. 3A) on Tr and Tr (Fig. 4A, B: g). But hy- 
bridization to the threads is much stronger and shows a 
clear lampbrush-like pattern. Otherwise, as in the case of 
the preceding examples, only the long (L) clone of YLI 
(--)  reacts with a RNA species of defined length, not tran- 

scribed from the Y chromosome. This sequence is distrib- 
uted throughout the whole spermatocyte cell (Fig. 4A: h) 
or accumulated on the Ps (Fig. 4 B: h). 

Discussion 

The rationale for our in situ experiments is based on the 
assumption that each pair of family specific subclones, (L) 
and (S), used for the preparation of asymmetric in vitro 
transcripts was constructed exclusively from family specific 
repeats. Whereas this assumption has been verified by se- 
quence analysis for all small (S) subclones the analogous 
conclusion for the longer (L) subclones, originally derived 
from crosshybridization experiments (Wlaschek et al. 1988), 
is not supported by the results of the more detailed RNA 
analysis presented above. In contrast, several differences 
in hybridization patterns for corresponding (L) and (S) 
probes obtained under otherwise identical reaction condi- 
tions indicate the presence of additional sequences unre- 
lated to the family specific repeats. However, the compari- 
son between experiments using an individual sequenced (S) 
clone and its longer but unsequenced (L) analogue allow 
us to discriminate whether the hybridization signals docu- 
mented in Figures 3 A and 4A, B are really caused by RNA/ 
RNA duplex formation with in vitro transcripts of the se- 
quenced Y chromosomal repeats or whether they indicate 
the presence of unrelated transcribed sequences within the 
(L) clones. Other than this, our conclusions are based on 
the observation that growing spermatocytes of third instar 
larvae and of adult testes show exactly the same nuclear 
structures. Therefore the assumption is made that the total 
RNA from larval testes anlagen, used for RNA blot analy- 
sis in Figure 3 is not substantially different from that in 
spermatocytes from adult testes employed for the in situ 
hybridizations in Figure 4 A, B. Because of the substantially 
different in situ hybridization patterns observed for all pairs 
of complementary ( + )  and ( - )  in vitro transcripts in Fig- 
ure 4A, B we can exclude the formation of misleading 
RNA/DNA hybrids. Protein/RNA complexes are also not 
stable under the in situ hybridization conditions used, as 
verified by separate filter binding assays (not shown). For 
these reasons the hybridization pattern of each particular 
in vitro transcript should be a faithful map of the distribu- 
tion of all complementary RNA sequences in spermato- 
cytes. However, at present we do not know whether all 
complementary sequences are accessible to the labelled 
probes to a comparable extent. Since a quantitative com- 
parison of the extent of transcription of the different se- 
quence families is severely affected by this uncertainty we 
will not consider it further. 

Repeats of the same sequence family are transcribed 
on various lampbrush loops 

Many of our experimental results confirm published data 
about transcripts of other families of repetitive DNA on 
the Y chromosome of D. hydei (Vogt et al. 1982; Lifschytz 
et al. 1983; Lifschytz and Hareven 1985; Vogt and Hennig 
1986a, b; Wlaschek et al. 1988). All four sequence families 
show the same principal mode of transcription. Their tran- 
scripts are strand specific, heterogeneous in size and asso- 
ciated with defined lampbrush loop structures in spermato- 
cyte nuclei, e.g. transcripts detected by in vitro RNA probes 
of YsI 1 o - (S*) and Ysla4 - (S*), YLIII 1 - (L and S), YLII i I + 
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(L and S), YLI I l I -  (L) and YtIlv + (L and S) (Fig. 4A, 
B). The one exception to this generalization, the YLII se- 
quences, which may possibly give rise to transcripts with 
opposite polarities can be explained by the different hybrid- 
ization pattern obtained with ( + )  and ( - )  probes (Fig. 4 B: 
e, f). Whereas the transcripts localized in the Tr and Th 
show the same polarity by their hybridization to YLIII~ + 
(L and S) probes, those on the Ps react with YLII~ (L) 
and are therefore transcribed from the opposite strand. 
However, these results are not confirmed by experiments 
with the corresponding small sequenced clone (Fig. 3A). 
Therefore other unrelated sequence elements within the (L) 
clone may be responsible for the Ps-specific reaction. I f  
the sequenced YcII-specific repetitive element is indeed the 
cause of both types of signals the above generalization 
about strand-specific transcription should be refined: if 
transcripts of opposite polarity exist for a particular repeti- 
tive Y chromosomal DNA they are not found within the 
same visible domain of D. hydei lampbrush loops. 

A major revision must be made to the model that corre- 
lates a single family of  repetitive sequences with a particular 
lampbrush loop in spermatocyte nuclei (Lifschytz et al. 
1983). YLII and YLI sequences are clearly not restricted 
to a single lampbrush loop but are transcribed to a similar 
extent on Tr and Th (e.g. Fig. 4A, B). Since spermatocytes 
were used which did not simultaneously contain both Y 
chromosomal parts migration or translocation of Y chro- 
mosomal transcripts between the Tr and Th loops can be 
excluded. We cannot say at present whether YLI- and YLII- 
specific repeats are found within common transcripts on 
Tr and Th or whether each of them is restricted to smaller 
subdomains within one particular lampbrush loop. The iso- 
lation of a clone (dhMiF2) with weak crosshybridization 
to YLI and YLII phages (Huijser, unpublished observation) 
is in favour of mixed transcripts. Otherwise, loop transcripts 
with sequence homology to YtI~v + in vitro transcripts are 
clearly associated with the axis of the so-called proximal 
compact section of the Th (Thpc in Fig. 1 A, B) in contrast 
to those homologous to the YLIIll + probe which are de- 
tected on the proximal diffuse part ot the same lampbrush 
loop (Thpd in Fig. 1 A, B). In the case of Tr three different 
repetitive sequences are transcribed on one particular lamp- 
brush loop: the 'Tr-specific' clone YDh22 (Lifschytz et al. 
1983; Hareven et al. 1986) and our YLI and YLII repeats 
(Wlaschek et al. 1988). Recently, the number of repetitive 
Y chromosomal sequences known to be transcribed on par- 
ticular lampbrush loops of D. hydei has been further in- 
creased by the results of Huijser and Hennig (1987). They 
have shown by transcript hybridization that transcripts of 
the so-called ' ral ly '  sequences (a repetitive element derived 
from 26S rRNA) are also detected on two different lamp- 
brush loops, Ps and Th. 

Until now, no such diversity of repetitive sequences 
transcripts has been found among Ns-specific transcripts 
(Vogt et al. 1982; Lifschytz and Hareven 1985) although 
the clones YDh20 and YDh23 (Lifschytz et al. 1983) were 
originally thought to be homologous to transcripts of two 
different subdomains of the Ns proposed by Hess (1967). 
Recently, the comparison with other sequenced Ns-specific 
clones has shown that YDh20 and YDh23 do not represent 
different unrelated sequences but belong to the related sub- 
families YsI and YsIa, respectively (Wlaschek et al. 1988). 
When the results of quantitative estimations and DNA se- 
quence analysis of both subfamilies (Wlaschek et al. 1988) 

are compared with the corresponding data for their tran- 
scripts presented within the upper sections the following 
conclusions can be drawn. (1) The YsI and YsIa subfamilies 
together constitute about 9% of Y chromosomal DNA of 
D. hydei and are located exclusively on the short arm of 
the Y. (2) In genomic DNA YsI and YsIa sequences are 
found in a quantitative ratio of  about 3 : 1. (3) Both subfa- 
milies form separate head to tail clusters of degenerated 
major repeat units. (4) Transcripts originating on the lamp- 
brush loops Ns are predominantly of the YsIa subfamily. 
(5) The transcripts are heterogeneous in length and strand 
specific. 

When the information about transcription of all pub- 
lished families of repetitive DNA on the Y chromosome 
of D. hydei is taken and compared with the localization 
of transcripts along the chromosome (e.g., Fig. 1 C) it be- 
comes obvious that a particular sequence can often be 
found in transcripts of loops far away from the mapped 
position of the corresponding genomic cluster on the Y. 
YLI sequences, for example, are transcribed efficiently on 
Tr in the middle of the Y although the YLI cluster is clearly 
located near to the end of the long arm (Wlaschek et al. 
1988). Consequently the copy number of a repetitive se- 
quence at a certain position on the Y chromosome does 
not seem to be correlated directly with its degree of tran- 
scription on one particular lampbrush loop. More likely 
the opposite may be true: only those repetitive elements 
which are surrounded by or intermingled with nonrepetitive 
sequences are found within transcripts of Y chromosomal 
lampbrush loops, whereas pure stretches of tandemly ar- 
ranged repetitive elements form the visible clusters of trans- 
criptionally inactive heterochromatin along the Y. 

Although this interpretation has to be proved directly 
by in situ hybridization on metaphase chromosomes all 
available data about transcription of repetitive DNA fami- 
lies on the Y chromosome of D. hydei are compatible with 
the above model. When prophase chromosomes of D. hydei 
are stained with Hoechst 33258 several fluorescent blocks 
can be observed along the Y (Bonaccorsi et al. 1981). An 
interpretation of this peculiar heterochromatic structure can 
be derived from an analogous, but much more detailed 
analysis of the Y chromosome of D. melanogaster (Gatti 
and Pimpinelli 1983), in which the dull regions between 
the fluorescent blocks have been correlated with various 
fertility genes. If  this model applies to the Y chromosome 
of D. hydei then the dull fluorescent regions should repre- 
sent the loci from which the different fertility gene-asso- 
ciated lampbrush loops are unfolded. A preliminary de- 
cision about the mapping of the various clusters of repeti- 
tive sequences on or between fluorescent blocks can be 
made from quantitative estimations. YsI+YsIa- ,  YLI-, 
Y-II- and YLIII-related sequences each amount to several 
percent of Y chromosomal DNA (see above and Fig. 1 C). 
Consequently the amount of  DNA in even a single family 
clearly exceeds the amount found within the longest lamp- 
brush loops (for a recent review, see Hennig 1985). Further 
support for a correlation of fluorescent blocks with clusters 
of repetitive DNA results from the detailed studies on se- 
quence organization in the short arm of the Y chromosome. 
All published sequences (Lifschytz et al. 1983; Vogt and 
Hennig 1983, 1986a, b) are members of two related subfa- 
milies YsI and YsIa characterized by their ABB (600 bp) 
and AB (400 bp) repeats, respectively (Wlaschek et al. 
1988). Both subfamilies are arranged in separate clusters. 
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Interestingly, only the minor family YsIa (25% of total 
YsI-related sequences) is transcribed on the Ns. But pre- 
cisely the YsIa sequences seem to be intermingled with 
shorter pieces of unrelated sequences (also found in low 
copy numbers elsewhere in the genome of D. hydei) as 
shown by sequence analysis of the MY3 clone (Vogt and 
Hennig 1986a, b). Essentially the same conclusions can be 
drawn from our results of comparative transcript analysis 
for (S) and (L) clones containing the YLI- and YLIII-specific 
repeats (Fig. 3A). The identical pattern of crossreacting 
transcripts in X / Y  and X/O lanes and its exclusive response 
to in vitro transcripts of the longer (L) clones demonstrates 
the presence of additional sequences within these clones. 
At present it is not known whether these DNA sequences 
which are interspersed in the repetitive repeats of the longer 
clones and which are also found as low copy sequences 
elsewhere in the genome can be detected as integral parts 
of the heterogeneous transcripts of the loops. Vogt and 
Hennig (1986 a, b) succeeded in separating the ayl repetitive 
sequence from its non-repetitive neighbour. Unfortunately 
they did not test the presence of this non-repetitive element 
within the Ns transcripts. Independently of a final proof 
for the mosaic-like structure of Y chromosomal fertility 
genes and their heterogeneous transcripts (Vogt and Hennig 
1986a, b) the accumulation of transcripts of homogeneous 
length, originating from other chromosomes (see below), 
in the Ps (Fig. 4B: e) and in the Co (Fig. 4B: c) is a further 
indication of the structural complexity of Y chromosomal 
lampbrush loops. 

Several RNAs not coded by the Y chromosome 
are associated with Y chromosomal lampbrush loops 

Whereas our results regarding the localization of Y chromo- 
somal transcripts in spermatocyte nuclei of D. hydei are 
in general accordance with most other data, our detection 
of the loop-specific accumulation of transcripts from other 
chromosomes is a novel observation. Since we do not know 
the complete nucleotide sequences of the longer clones used 
for the preparation of in vitro transcripts of the (L) type 
at present we cannot provide further details about the char- 
acter of these sequences. However, the specific association 
of crossreacting RNAs with the Co and Ps is obviously 
(Fig. 4B: c, d, f, h) very similar to another recently pub- 
lished hybridization pattern (Huijser et al. 1987). 

In these transcript hybridization experiments 3H-la- 
belled poly-( rC-rA)  and po ly - ( rG- rU)  polymers have 
been used to demonstrate strand-specific transcription of 
p o l y - ( d C - d A / d G - d T )  repeats on various lampbrush 
loops of D. hydei. Whereas poly(CA) produced a strong 
signal on the Co poly(GU) preferentially bound to the Ps. 
The same hybridization pattern was observed with our (+ )  
and ( - )  in vitro transcripts of the YLIII1 (L) clone 
(Fig. 4B: c, d). Although the authors did not investigate 
the size of the crossreacting RNA species the peculiar orga- 
nization of YLIII sequences could be the reason for this 
phenomenon. Within the degenerated (GTCT)n sequence 
of the YLIII1 clone longer stretches of (GT)n (n = 4 -  5) are 
observed (Wlaschek et al. 1988). When the sequence polar- 
ity of both in vitro transcripts is considered then the (+ )  
transcript contains (CA), and the ( - )  strand the (GU)n 
stretches. If longer (GT)n stretches occur in YLIII it would 
be possible to explain why this probe and the simple hetero- 
polymer could recognize the same RNA species. In vitro 

transcripts of the sequenced YLIII1 (S) clone do not yield 
Ps- and Co-specific hybridization. Whether this difference 
between these YLIII1 clones is caused by substantially lon- 
ger stretches of (GT)n within the (L) clone cannot be de- 
cided without further sequence analysis. 

At present we do not understand the significance and 
molecular function of the various RNA and protein species 
in the different lampbrush loops. In general, the protein 
coding capacity of all the families of Y chromosomal repeti- 
tive DNA is low. Moreover, these sequences have many 
features in common with the vast number of so-called sim- 
ple sequence and satellite DNAs with unknown functions 
(Miklos 1985). Thus the presence of Ychromosomal repeti- 
tive sequences within all RNAs of heterogeneous length 
associated with the loops, although indicative of the Y chro- 
mosomal origin of these transcripts, does not prove any 
essential function for these repetitive elements. Indeed, sev- 
eral examples of satellite sequences transcribed on different 
lampbrush loops of the newt have been published (Varley 
et al. 1980; Diaz et al. 1981). In these cases simple sequence 
repeats are transcribed in the course of unprecisely termin- 
ated transcription of adjacent normal genes. In spite of 
these similarities between Y chromosomal repetitive DNA 
and analogous non-functional DNA from other sources the 
repetitive elements found within transcripts of Y chromo- 
somal lampbrush loops may fulfil some 'gene-like' func- 
tions, perhaps by the formation of specific RNP complexes. 

In support of this suggestion, the association of proteins 
with particular loops has been demonstrated by immuno- 
staining with a set of specific antibodies (Hulsebos et al. 
1984; G1/itzer 1984; G1/itzer and Kloetzel 1985, 1986). In 
several cases the stained loop regions coincide exactly with 
those labelled by in situ transcript hybridization reported 
here (Glfitzer and Biinemann 1987). For this reason the 
specific morphology of the loops and their substructures 
has been interpreted as the visible result of the accumulation 
of specific RNP complexes. This specific accumulation 
might reflect complex formation between each of the var- 
ious repetitive elements frequently found within the ex- 
tended transcripts on particular lampbrush loops and a spe- 
cific nuclear protein (and RNA?). At present we do not 
know whether the RNAs of defined length, not coded by 
the Y chromosome and homologous to in vitro transcripts 
of YLIII § YLIII- and YLI- (Figs. 3, 4) are bound to cer- 
tain lampbrush loops via RNA/RNA binding due to se- 
quence homology with Y chromosomal transcripts or via 
proteins associated with these transcripts. 

Whatever the mechanism, only the detailed molecular 
analysis of further components involved in the complex 
RNP structures associated with the lampbrush loops will 
help to decipher the function of the 'fertility genes'. At 
present the work of all groups suffers from the lack of 
cDNA clones derived from lampbrush loop transcripts. 
Hence we cannot be sure that any one of our sequenced 
clones isolated from libraries of genomic DNAs is exten- 

sively represented in the loop-specific transcripts. A further 
step towards an understanding of the fertility genes would 
be to answer the questions of whether the loop-associated 
RNAs and proteins are really stored for use later in sper- 
miogenesis (G1/itzer 1984) or whether the extended loop 
structures play an essential role in the formation of the 
correct nuclear matrix within spermatocytes (Hareven et al. 
1986). In addition, the processes which enable the coordin- 
ated activation and expression of these huge genes, several 
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thousand kilobases in length (Hackstein et al. 1982), must 
be studied. This activation procedure is of special interest 
because all fertility genes are embedded within the hetero- 
chromatin of the Y chromosome. Recently, evidence ~vas 
presented for a gene on chromosome 3 which controls the 
unfolding of the complete set of Y chromosomal lampbrush 
loops (Hackstein et al, 1987). 

Independently of the solution to these questions about  
the Y chromosome of D. hydei the spermatocyte nucleus 
of this fly offers a unique object for research into nuclear 
structures and RNP complexes in general. Its enormous 
size (30 x 50 gm) enhances the resolution of many cytologi- 
cal staining and labelling techniques by about  one order 
of magnitude compared with normal  cell nuclei. Most of 
the models of possible functions for the fertility genes on 
the Y chromosome of D. hydei are based on observations 
made possible by this special 'magnifying glass' for nuclear 
structures. 
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