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A B S T R A C T  

The repetitive DNA sequences of the newt, Triturus viridescens, have been studied by nucleic 
acid hybridization procedures. Complementary RNA was synthesized enzymatically from 
unfractionated newt DNA. This RNA hybridized strongly to the centromeric regions of 
both somatic and lampbrush chromosomes It also bound to other loci scattered along the 
lengths of the chromosomes The amplified ribosomal DNA in the multiple oocyte nucleoli 
was demonstrated by in s~tu hybridization 

I N T I ~ O D U C T I O N  

Hybridization of radioactive DNA or RNA with 
chromosomal DNA fixed in cytological prepara- 
tions permits visualization and localization of those 
parts of the genome which are complementary to 
the radioactive nucleic acid employed in the assay 
(Gall, 1969; Gall and Pardue, 1969; John, Birn- 
stiel, and Jones, 1969; Buongiorno-Nardelli and 
Amaldi, 1970) 

This method is especially suitable for detecting 
repetitive DNA sequences In particular, the local- 
ization of the ribosomal cistrons has been studied 
in the oogonia and oocytes of the toad Xenopus 
laews (Gall and Pardue, 1969; Pardue and Gall, 
1969) and in the polytene chromosomes of some 
Diptera (Pardue et al., 1970). Recently the 5S RNA 
genes have been located in the genome of Drosophzla 
melanogaster (Wimber and Steffensen, 1970) and in 
Chinese hamster cells (Amaldi and Buongiorno- 
Nardelli, 1971). 

The cytological localization of highly repeated 
DNA sequences has also been investigated by in 
situ hybridization. It  has been shown that mouse 
satellite DNA is located in the centromeric hetero- 
chromatin (Pardue and Gall, 1969, 1970, Jones, 

1970) and that centromeric regions are enriched 
in highly reiterated sequences in several species of 
Drosophzla (Hennig, Hennig, and Stein, 1970; 
Jones and Roberston, 1970, Rae, 1970, Gall, 
Cohen, and Polan, 1971), in Rhynchosaara hol- 
laenderi (Eckhardt and Gall, 1971) and in Plethodon 
c cinereus (Macgregor and Kezer, 1971). In M~cro- 
tus agrestis, repetitive DNA is located in the hetero- 
chromatin of the sex chromosomes (Arrighi et a l ,  
1970). 

It is of interest to investigate the localization of 
repetitive DNA in the genome of other organisms. 
Because of the occurrence of lampbrush chromo- 
somes in the oocytes of salamanders, we chose to 
extend this study to these animals. The giant lamp- 
brush chromosomes, because of their structural 
differentiations, represent an appropriate material 
for studies on the DNA constitution of chromo- 
somes. This note reports experiments on the 
hybridization of radioactive complementary RNA, 
transcribed in vitro from the DNA of the newt, 
Triturus wrzdescens with interphase nuclei, mitotic, 
and lampbrush chromosomes from the same 
species. 
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M A T E R I A L S  A N D  I~ ' IETI~ODS 

Animals 
All exper iments  were performed on specimens  of 

the  newt,  T. v~K(tescens (Amphib ia ,  Urodela)  collected 
in N[assachusetts.  

DNA Isolation 

D N A  was extracted by a de tergent -phenol  pro-  
cedure.  T h e  tissues (hver, spleen, testes) were first 
homogen ized  m 1 X SSC 1, then  incuba t ed  for 2 -4  h r  
at  37°C in a solution conta in ing  0 5cy~v Sarkosyl 
(Na-lauroyl-sareosinate,  Geigy Chemica l  C o r p ,  
Ardslev, N.Y.) ,  0 1 M E D T A ,  0 0 5  ~ T n s  p H  8.4, 
100/ . tg /ml  of predigested pronase.  T h e  solution was  
extracted with an  equal  vo l ume  of water -sa tura ted  
redistilled phenol .  T h e  nucleic acids were precipi ta ted 
f rom the  aqueous  phase  with two volumes  of 95~,  
e thanol  T h e  prec;pi ta te  was washed  with 70~,  
ethanol,  redlssolved in 0.1 X SSC and  t reated with 
RNase-T~ (330 un i t s /ml ) ,  pancrea tm R N a s e  (100 
t tg /mi) ,  and  a - a m y l a s e  (100 #g / mI )  for 1 h r  at  
37°C to remove  R N A  and  con tamina t ing  carbohy-  
drates T h e  D N A  was aga in  extracted with phenol ,  
prec ipi ta ted  with 95~,  ethanol,  and  then  dissolved 
m a smal l  vo l ume  of 0.1 X SSC. 

DNA Centrifugation 

D N A  was centr i fuged to equi l ib r ium in prepara-  
t i re  CsC1 densi ty gradients  at  42,000 r p m  and  15¢C 
for 21-24  h r  in a Spinco AI-50 or Ti-50 fixed angle  
rotor. Analyt ical  CsC1 grad ien t  centr i fugat lon was 
done for 24 h r  a t  44,770 r p m  and  20°C m a Spinco 
model  E centrifuge. 

T h e  initial density of the  gradients  was approxi-  
mate ly  1.70 g ~ml at 25°C. T h e  vo l ume  of the  pre- 
para t ive  gradients  was 4.5 ml, and  each conta ined  
25-50 ttg of DNA.  30 f ractmns of 10 drops each were 
collected f rom the  p r e p a r a u v e  gradients  by  p u n c t u r -  
ing the  b o t t o m  of the  centr i fuge tubes  T h e  optical 
density of  each f rac tmn was de te rmined  a t  260 rim. 
T h e  U V  pho tographs  taken  in the  analyt ical  centri-  
fuge were analyzed  wi th  a Joyce-Loebl  mlcro-  

I The following abb~ewatzons were used m th~s pafler C, 
cytosine,  c R N A ,  c o m p l e m e n t a r y  ]KNA which  has  
been t ranscr ibed in vitro ns lng D N A - d e p e n d e n t  
R N A  polymerase ;  Cot, moles of nueleot lde per  
h ter  X seconds;  E D T A ,  e thv lenediamine te t raace-  
tate;  G, guan i ne ,  rDNA,  the  D N A  which  codes for 
r R N A ,  rR NA,  r ibosomal  R N A ;  SSC, 0 15 ~ NaC1, 
0.015 M N a  o t r a t e ,  p H  7.0, T in ,  mel t ing  t empera tu re ;  
t o l u e n e - P P O - P O P O P ,  4 g of 2 , 5  d iphenyloxazole  
and  50 m g  of 1 ,4  bis[2-(4-methyI-5-phenvloxazolyl)]-  
benzene  in  1 liter of to luene,  Tris, t r is-(hydroxy-  
me thy l ) - ami no  m e t h a n e ;  t R NA,  transfer  RN:k. 

densi tometer .  T h e  b u o y a n t  densi ty of the T. 
wrMe*cens D N A  was de te rmined  us ing ~llzc~ococeus 
lysodezktwus D N A  (buoyant  density = 1.731 g / m l )  as 
a marker  Hea t -dena tu r ed  D N A  (5 min  at 100°C in 
0 1 X SSC) and  rena tu red  D N A  (100 # g / m l  for 2 h r  
at  66°C in 2 ~< SSC) as well as DNase- t rea ted  prepara-  
tions (30 rmn at  37°C with DNase  at 20 /~g/ml)  were 
also ana lyzed  by bo th  prepara t ive  and  analv tmal  
centrifugatlons.  

In Vitro Transcr@tion of cRNA 

T h e  grad ien t  fractions, except  for those con t aming  
the cistrons coding for rRNA,  were pooled and  the  
D N A  was recovered by e thanol  precipi ta t ion 
Highly  radioact ive R N A  was t ranscr ibed f rom this 
D N A  using RNA-po lymerase  p repared  f rom frozen 
cells of Eschench~a eolz, strain A-19 (Burgess, 1969) 

T h e  transcript ion and  purification of the  c R N A  
were carr ied out  as previously described (Pardue  
et al., 1970). Approx ima te ly  2 gg  of c o m p l e m e n t a r y  
po lvnue leoude  was produced.  I t  h a d  a ca lcula ted  
specific activity of 1 1 X lO s dpnl,'k~g (about  
1 1 )( 10 7 c p m / N g  as counted  on nitrocellulose 
filters in t o l u e n e - P P O - P O P O P ) .  

C y t o l o g i c a l  H y b r i d i z a t i o n  

Slides of in terphase  nuclei ,  mitotic chromosomes ,  
and  l a m p b r u s h  chromosomes  f rom T. vzt~descens 
were prepared.  W h o l e  larvae were fixed in e thanol-  
acetic acid (3:1);  small  f ragments  of  liver o1" tail tip 
were t ransferred into 45~c acetic acid on a sll icomzed 
cover shp and  then  squashed  T h e  slides h a d  been 
previously coated with gelat in by d ipping  t h e m  into 
a solution of 0 1~.  gelat in m 0 01c~ ch rome  alum.  
T h e  prepara t ions  were frozen on dry ice, and  the  
cover slips removed  with a razor  b lade (Conger  and  
Fairchild,  1953) After 5 rain in 95~,  alcohol, the  
slides were air dried a n d  used for cytological hy-  
br idizat ion L a m p b r u s h  ch romosome  prepara t ions  
were m a d e  according to the  procedure  described by  
Gall  (1966), fixed in acetic acid vapors,  dehydra t ed  
in an  alcohoI series, and  mr dr ied T h e  cvtologicai 
hybr idizat ion was carr ied out  essentially as described 
by Gall and  Pa rdue  (1971) Each  slide received 
50 #1 of 6 X  SSC or 3 N  SSC con t a imng  c R N A  at 
concentra t ions  f rom 1 3 to 3 1 X l0 s c p m / m l .  T h e  
slides were coated wi th  K o d a k  NTB-2  l iquid emuls ion 
di luted 1 : 1 with disulled water.  T h e y  were developed 
after periods r ang ing  f rom 3 days to 12 wk (2 m m  in 
K o d a k  D19, r insed in 2C~c, acetic acid, and  3 min  in 
K o d a k  Fixer). After be ing  r insed several  t imes in 
distilled water ,  slides were s tained w~th Giemsa ' s  
and  m o u n t e d  in P e r m o u n t  

Prepara t ions  of l a m p b r u s h  chromosomes  were  also 
annea led  with c R N A  copied in vitro f rom the  r D N A  
of Xenopus T h e  c R N A  was used a t  concent ra t ions  
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from 1.7 to 7.0 X 106 cpm/ml  in either 2X SSC or 
6 X SSC. 

Control experiments were performed in which the 
cytological hybridization was carried out without the 
alkali denaturation step. 

Filter Hybridization 

Each fraction (0.14 ml) collected from the CsC1 
gradient was treated with 1 ml of 0.1 N NaOH and 
neutralized with 2 ml of 0.05 N HC1 in 9X SSC. 
The  samples were loaded onto nitrocellulose mem- 
brahe filters and the hybridization was carried out 
essentially as described by Gillespie and Spiegelman 
(1965). The filters were incubated with different 
amounts of cRNA ranging from 0.0045 #g/ml  
(5 X 104 cpm/ml)  to 0.045 t tg/ml (5 X 10 ~ cpm/ml)  
for 15-17 hr  at 66°C. Filter hybridization of gradlents 
of heat-denatured DNA (5 rain at 100°C in 0.1X 
SSC) or renatured DNA (2 hr at  66°C in 2 X SSC) 
was also carried out. In  some instances the DNA 
was sheared before the centrifugatiou by passing it 
several times through a 27 gauge needle. 

Gradient  fractions were also annealed with cRNA 
copied in vitro from the rDNA of Xenopus The 
cRNA was used at either 2.5 X 105 or 5 X 105 
cpm/ml.  Competition experiments were performed 
with a 3000-fold excess of nonradioactive Xenopus 
rRNA. The  radioactivity of filters was counted in 
toluene-PPO-POPOP in a Liquid Scintillation 
Counter, Mark I (Nuclear-Chicago, Des Plaines, Ill.). 

Melting Profile 

The thermal dissociation of the double-stranded 
DNA was monitored in a Beckman D U  spectro- 
photometer equipped with a Gilford model 2000 
multiple sample absorbance recorder. The melting 
temperature determination was carried out as 
described by 1VIandel and Marmur  (1968). The 
DNA (15 5 /zg) had been collected from a CsC1 
gradient precipitated with ethanol and redissolved in 
0.1X SSC. The  fractions containing the rDNA 
cistrons had  been discarded. 

R E S U L T S  

Analytical Centrifugation of 
T. viridescens DNA 

T h e  buoyan t  density of the  ma in  peak of T. 

viridescens D N A  as calculated by  CsC1 centrifuga- 

t ion is 1.704 g / m l  (Fig. 1 a). 

Analyt ica l  centr i fugat lon of a greater  a m o u n t  of 

D N A  demons t ra ted  three minor  peaks on the 

l ighter  side of the  m a i n  b a n d  and  a shoulder on the 

heavy side (Fig I b). The  buoyan t  densities of the 
l ighter  peaks are 1.691, 1 688, and  1.681 g /ml .  One  
of the minor  bands  (probably  the one having  a 
buoyan t  density of 1 688 g /ml )  is resistant to 
DNase t r ea tment  and  also is p rominen t  when  
viewed by Schlieren optics. This  b a n d  is p robably  a 
carbohydra te  contaminant .  The  heavier  shoulder 
has a buoyan t  density of 1.717 g /ml .  I t  may in- 
clude the cistrons complementary  to r R N A  (see 
Fig. 16). Using the formula  of Schildkraut,- 
M a r m u r ,  and  Doty (1962), we can  estimate the 
G -1- C content  of the ma in  peak as 44.8%. 

In  some cases i t  is possible to reveal  rapidly rena-  
tur ing  fractions which have  the same buoyan t  
density as the ma in  peak, or to accentuate  the den,  
sity difference between the ma in  peak and  a l ight  
satellite by equi l ibr ium centrifugation of DNA 
which has been dena tured  and  then  rena tu red  
(Waring and  Britten, 1966). U n d e r  such circum- 
stances the rapidly renatur ing  sequences display 
the density characterist ic of double-s t randed se- 
quences, whereas the ma in  peak retains the  heavier  
density of single-stranded mater ia l  Such an  exper- 
imen t  wi th  sheared, dena tured  and  rena tured  T. 
vzridescens DNA showed only a single peak at  
P = 1 716 g / m l  in the analyt ical  ultracentrifuge. 
This  exper iment  is relatively insensitive and  would 
not  detect  a small fraction of rapidly reassociating 
DNA, especially if i t  did not  re tu rn  completely to 
its nat ive density. 

Hybridization of eRNA with CsC1 
DNA Gradients 

Hybrid iza t ion  experiments on nitrocellulose ill- 
ters have been carr ied out  in  order  to determine 
the buoyan t  density of the repeti t ive I )NA se- 
quence,  i.e., those which hybridize wi th  the cRNA 
at  low C 0t values (Britten and  Kohne,  1966). Fig. 2 
shows the result of one of these experiments:  the 
major  hybr id iza t ion  occurs wi th  ma in  peak se- 
quences. After dena tura t ion  alone or dena tu ra t ion  
followed by renaturat ion,  the hybr id iz ing se- 
quences remain  wi th  the ma in  peak and  the hy- 
bridized gradients are similar to the one shown in 
Fig. 2 I n  the lat ter  experiments the DNA was 

sheared to less t han  5 X 106 daltons before de- 

natura t ion.  

Annea l ing  gradient  fracuons wi th  c R N A  made  

from the  rDNA of Xenopus enabled  the position of 

the  cistrons coding for r R N A  to be visualized in 

the  CsC1 gradients  (Fig. 3). After  compet i t ion 
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experiments,  performed with a 3000-fold excess of 
nonradioactive rRNA from Xenopus, there was no 
significant radioactivity on the filters 

Melt ing Profile 

The melting profile of T. wrzdescens DNA is 
shown in Fig. 4. The T m  is 72°C in 0 lx SSC cor~ 

responding to a calculated G + C content of 
44. 1% (Mandel  and Marmur ,  1968) 

Hybridization of e R N A  with 

Cytological Preparations 

INTERPHASE NUCLEI' After in sztu hybridization 
with cRNA copied from whole DNA the interphase 
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nuclei are more  heavily labeled in the heterochro-  
ma t i c  zones t han  in the euchromat ic  ones (Fig 5) 
He te rochromat in  is easily recognizable not  only 
by its condensed state bu t  also because, after the 
hybr id iza t ion  procedure,  it stains more  intensely 
wi th  the Giemsa  dye t han  the e u c h r o m a t m  
(Pardue  and  Gall ,  1970) In  each nucleus some of 
the  he te rochromatm port ions are not  heavily la- 
beled. Nuclei  in prophase  show the  same pa t t e rn  of 
labeling, a l though  the he te rochromat in  is sepa- 
ra ted  into more  numerous  par ts  (Fig. 6). 

MITOTIC CHROMOSOMES:  Mitot ic  chromosomes 
are labeled with c R N A  th roughou t  the i r  lengths, 
bu t  display a h igher  silver grain densi ty near  the 
centromeres,  more  precisely, the he t e rochromatm 
lying on each side of tile cent romeric  constrict ion 
is the most heavily labeled pa r t  (Figs. 7 and  8) 
This  chromat in ,  as well as t ha t  of the chromocen-  
ters of in terphase nuclei and  of the centromeres of 
l a m p b r u s h  chromosomes, is the most  intensely 

stained after Giemsa  s ta inmg in slides t reated for 
cytological hybr id iza t ion  Occasionally the telo- 
metes  show a n u m b e r  of grains exceeding the 
average (Fig 8) 

LAMI~BRUSH CHROMOSOMES The  l a m p b r u s h  
karyotype of T. vmdescens consists of 11 bivalents  
identif iable on the basts of their  length, cent romere  
position, and  morphological  landmarks  (Gall, 
1954) Two chromosomes bear  a sphere in a sub- 
te rminal  posit ion (numbers  5 and  10); one of the  
long chromosomes (number  7) carries the nucle- 
olus-organizing region, close to the r ight  telomere, 
a n d  two pecul iar  enlarged bodies at  the other  ex- 
tremity.  The  cent romere  region is represented by  
conspicuous Feulgen-posmve bars up to 10/~ long. 
These bars do not  bear  loops and  so appear  as short  
gaps m the generally fuzz}- appea rance  of the chro- 
mosomes A granule  of varying size which  stares 
blue wi th  Glema ' s  is often seen imbedded  m the 
cent romere  ba r  or on one side of tt 
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l~Gtmm 4 Ultraviolet absorbanee-temperature profile of T. virideseens DNA (rDNA excluded). The 
hyperchromic increase of this preparation was 83.9%. The DNA was melted in 0.1X SSC. The Tm was 
7~°C, corresponding to a calculated G q- C content of 44.1%. 

After  cytological hybr id iza t ion  with c R N A  the 
l ampbrush  chromosomes show silver grains scat- 
tered along the i r  axes. Some of the loops are la- 
beled after long periods of exposure. T h e  centro~ 
mere  regions show a preferential  hybr id iza t ion 
similar to t h a t  observed for the centromeric  hetero-  
ch roma t in  of mitot ic  chromosomes (Figs. 9 and  
10). T h e  granu le  inserted at  the  centromere ba r  is 
not  labeled In  a few instances the telomeric re- 
gions and  the  chromosome axes on which  the 
spheres are inserted show a n u m b e r  of grains ex- 
ceeding the average (Figs 11 and  12). Nucleoli, 
spheres, and  globules are not  labeled. 

After  anneal ing wi th  R N A  complementa ry  to 

the rDNA from Xenopus, l ampbrush  chromosomes 
do not  show any hybridizat ion;  however,  nucleoli, 
bo th  free in  the  nuclear  sap or  a t tached  to the  
nucleolus-organizer region, are labeled I n  some 
instances nucleoli exhibi t  a localized labeling (Figs. 
13 and  14). 

The  control  experiments,  performed wi th  cyto- 
logical prepara t ions  not  submi t ted  to the  DNA 
dena tura t ion  step, showed no detectable  label 

D I S C U S S I O N  

The  anneal ing of cRNA to the  ]:)NA of cytological 
preparat ions  f rom T. viridescens resulted in a widely 
distr ibuted hybridizat ion;  there was, however, 

Fmv~ns 5-8 Radioautographs of nuclei in interphase (Fig. 5), prophase (Fig. 6), and metaphase 
(Figs. 7 and 8) from a larva of T. virldescens after hybridizahon with radioactive cRNA transcribed 
in vitro from T. virideseen~ DNA (rDNA excluded). Fig. 5: There is a general distribution of silver 
grains over the nucleus; the chromoceuters appear to be heavily labeled. Fig. 6: The prophase nucleus 
shows that  the chromocenters correspond to the centromeric heterochromatin. Figs. 7 and 8: Silver grains 
are widespread all over the chromosomes; the most intense labeling is over the cenh'omeric hetero- 
chromatln. The $nset in Fig. 8 shows a heterobrachial chromosome with dense labeling over a telomeric 
region. The cRNA was used at  a concentration of 1.$ X 106 cpm/ml in 6X SSC. The hybridization 
was carried out for 15 hr  at  66°C. ~Exposure~ 49 days. Giemsa stain. 10/~ = 1~.~ ram; 5# = 7.6 ram. 
Figs. 5-8: X 1~0 ;  in~et in Fig. 8: X 15~0. 
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FIGURES 9--1~ Radioautographs of lampbrush chromosome preparations from T. viridescens after 
hybridization with radioactive cR NA transcribed in vitro from T wridescens D N A  (rDNA excluded) 
Figs. 9 and  l0 Silver grains are distr ibuted along the chromosome axes; the centromeric he te rochromatm 
(arrows) is intensely labeled. Nucleoli are not  labeled. Figs. l l  and 12 show respectively the  chromo- 
some axes where the  sphere is inserted and  two homologous telomer[c regions more heavily labeled 
t han  other areas of the  chromosomes Sphere (S) and  nucleoli (N) are not  labeled. The  c R N A  was used 
a t  a concentrat ion of 3.1 X 106 c p m / m l  in 6X SSC. The  hybrichzatlon was carried out  for 17 hr 
a t  66°C Exposure, 56 days (Figs. 9-11) and  70 days (Fig. 12). Giemsa stain. 10D = 15.~ ram. X 15~0. 
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FrancEs 18 and 14 ttadioautographs of ]ampbrush chromosome preparations from T. viridescens after 
hybridization with radmactive t lNA transcribed in vitro from Xenopus rDNA Fig 15 Several labeled 
nucleoli and unlabeled segments of lampbrush chromosomes. Fig 14~ Eccentrically labeled nueleoh. 
The eRNA. was used at a eoneentration of 1.7 X l0 s cpm/ml m 6X SSC The hybridization was carried 
out for 15 hr at  66°C. :Exposure, 70 days. Giemsa stain. 10# = 15.~ ram. X 15~20 

preferential  b inding  to the  cent romeric  hetero-  
chromat in  

U n d e r  our  exper imenta l  conditions, only re- 
d u n d a n t  DNA sequences should exhibi t  hybridiza-  
t ion (Bri t ten and  Kohne ,  t966, 1968) T h e  labeling 
pa t te rns  of the mi touc  and  l ampbrush  chromo- 
somes show, therefore, tha t  repetiUve D N A  is 
-widely distr ibuted in the genome of T vir,descenf 

Biochemical methods have  demonst ra ted  the 
presence of repeti t ive DNA in the genome of every 
eukaryotic specms so far examined  (Brit ten an d  
Kohne,  1968) The  a m o u n t  of repeated sequences 
varies in different species f rom 20% to at  least 8 0 %  
of the total  nuclear  DNA unde r  s tandard  criteria 

of measurement  Var iab le  numbers  of identical  or 
similar repeated  sequences are included in differ- 
ent  "famil ies ,"  which  are interspersed in the 
length  of the  genome Some of these sequences are 
known to be transcribed,  since in vivo-labeled 
R N A  will hybridize to the D N A  of h igher  organ-  
isms at low Cot values. Fur thermore ,  different 
families of repeated sequences seem to be t ran-  
scribed in different tissues and  embryonic  stages 
(see Bri t ten and  Kohne,  1970) 

T h e  hybr id iza t ion  of c R N A  to mitot ic  an d  
l a m p b r u s h  chromosomes has also shown tha t  
b inding  occurs preferential ly to the D N A  of the  
cent romer ic  he te rochromat in  T h e  labeling oh- 
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served in interphase nuclei demonstrates that the 
centromeric regions are associated in chromo- 
centers Since the rate of hybridization is propor- 
tional to the concentration of complementary 
sequences, the high level of hybridization indicates 
that the centromeric heterochromatin contains 
highly repeated sequences. This interpretation is 
supported by the situation observed in other organ- 
isms in which repetitious DNA is included in the 
centromeric heterochromatin (see Introduction) 
In  particular, in the mouse the light satellite DNA 
(Waring and Britten, 1966), formed of a sequence 
between 8 and 13 nueleotide pairs long and re- 
peated up to millions of times (Southern, 1970), 
is located in the centromeric heterochromatin 
(Pardue and Gall, 1969, 1970;Jones, 1970) These 
results raise questions about possible relationships 
between highly repetitive DNA and centromere 
structure and function (see Brinkley and Stubble- 
field, 1970): there is, in fact, evidence that the 
centromeric heterochromatin may affect the 
behavior of the centromere (Lindsley and Novitski, 
1958; Crouse, 1960). Moreover, the presence of 
highly repetitive DNA in the centromeric hetero- 
chromafin could provide a biochemical basis for 
phenomena involving centromeres: in D. rnelano- 
gaster, somatic crossing-over takes place prefer- 
entially in tile centromere region (Stern, 1936), 
and in human lymphocytes it has been demon- 
strated that sister chromatid exchanges occur also 
at the centromeres (Cuevas-Sosa, 1967). Centro- 
merle fusions have been observed in lampbrush 
chromosomes (Gall, 1954; Callan and Lloyd, 
1960); and the chromocenters of polytene nuclei 
(Heitz, 1934) and of interphase nuclei of some 
species (for instance mouse: see Pardue and Gall, 
1970) are examples of centromere associations. 
The hybridization of cRNA at the tel.mere regions 
indicates that they also contain repetitive DNA 
and suggests a biochemical similarity between 
centromeres and tel.meres (see Eckhardt and 
Gall, 1971). These aspects, however, require 
further study to be clarified. 

Hybridization on lampbrush chromosomes 
showed that repetitive DNA is also located at the 
sphere loci Although it is known that spheres 
probably contain acidic proteins (Gall, 1954) and 
incorporate radioactive amino acids but not RNA 
precursors (Mancino, Barsacchi, and Nardi, 1968), 
their functional meaning remains unknown. In  
lampbrush preparations made from oocytes under- 
going maturation, after either a gonad,tropic 

injection to the females or an in vitro treatment of 
oocytes with progesterone, the chromosomes lack 
spheres but display instead prominent loops at 
the sphere loci (G. Barsacchi and A A. 
Humphries, J r ,  unpublished observation). After 
cytological hybridization with cRNA these newly 
formed loops showed a moderate number of 
grains, indicating that they contain repetitive 
DNA. These observations may induce one to 
speculate about the possible relationships be- 
tween the sphere loci and phenomena connected 
with oocyte maturation: if such a relationship 
exists, the repetitive DNA located at the sphere 
loci could be functionally related to the need for a 
large amount of a particular gene product. 
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