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T ANGLED nuclear  threads: EMIL HEITZ is frequently 
said to have discovered, together with HANS 

BAUER, polytene chromosomes in Diptera. What is in- 
correct in this statement is the word “discovered.” Pri- 
ority for this should  go to BALBIANI (1881). But at that 
time the  phenomenon was understood as a tangled con- 
tinuous  thread, called spireme (TANZER  1922; KAUFMANN 
1931). An early suspicion that  the oversized structure 
might consist of individual chromosomes was coupled 
to the  idea of a  constant  number of elements ( R A ”  
BOUSEK 1912; for review, BEERMANN 1962). This postu- 
late could not be tested as long as tissues containing 
giant nuclei were cut  into microslices. The difficulty was 
overcome when the  technique of  tissue squashing was 
applied by a botanist at Hamburg University. Hetero- 
chromatin could now be  studied as a  general  property 
of chromosomes. 

It is fitting to discuss the history  of ideas about  hetero- 
chromatin at  the  present time. There has been  a  recent 
resurgence of interest in heterochromatin, as molecular 
methods provide a way to study the subject at a  deeper 
level. This is also evidenced by several recent articles in 
GENETICS, including one by  LE et al. in this issue. 

The  Heitz method Avoiding the time-consuming 
use of a microtome, HEITZ (l926,1928a,b, 1933a) fixed 
plant material in two parts of alcohol and  one part of 
acetic acid. He  then stained it in carmine acetic acid 
(45%)  and  prepared, with needles, a single cell  layer. 
STEVENS (1908) and BELLING (1926) had  introduced 
similar methods. However, to obtain the best metaphase 
spreads free of cytoplasm, HEITZ  applied  gentle pres- 
sure to the cover  slip. Thus,  the specimen was attached 
to the slide and was prevented from being carried off 
when the slide was thoroughly boiled. Later, the  more 
delicate Dipteran tissues  were not boiled but cautiously 
heated.  “The described preparation can be done within 
a  moment after some practice. Within half an  hour, 4- 
6 specimens can be produced”  (HEITZ 1933b, p. 726; 
1936). This technique, nicknamed hei(t)zen (heating), 
was adopted first at  the Kaiser-Wilhelm Institute in Ber- 
lin-Dahlem (STERN 1931;  GEITLER  1962; G. MELCHERS, 
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personal communication) and at Wurzburg University 
(HAUPT 1932; J. GREHN, personal communication). 

The  longitudinal differentiation of mitotic chromo- 
somes became apparent,  and  the terms euchromatin 
and heterochromatin were coined (HEITZ 192813). 
Chromatin is the substance that transforms into chro- 
mosomes during mitosis ( BOVEIU 1904). According to 
this view, euchromatin is chromatin  proper,  the chro- 
mosomes that  are structurally altered  during telophase 
so that  their individuality is not recognized in the nu- 
cleus. Heterochromatin behaves differently from eu- 
chromatin in morphogenesis; specific (parts of) 
chromosomes do not participate in telophase reorgani- 
zation (HEITZ  1935). 

Heterochromatin in Bryophyta: Using the liverwort 
Pellia epiphylla Uungmaniidae) and exploiting pro- 
phases, metaphases and telophases as well  as interphase 
nuclei, HEITZ found evidence that identical chromo- 
some sections are constantly heterochromatic  (hetero- 
pycnotic). Heterochromatin was found without excep 
tion in all genera of  acrogynic  liverworts (HEITZ 1928b, 
p. 796), whereas in anacrogynic species the  heterochro- 
matin of autosomes depends  on  the presence of a  heter- 
opycnotic minute chromosome (p. 801). “With  70  spe- 
cies  of true mosses from 20 families, always one 
chromosome behaves differently. It  does  not disappear 
in telophases as do the  other chromosomes” (p. 815). 
HEITZ provided evidence that heteropycnosis is not an 
artifact. “Initially, it was expected  that it must also be 
observed in vivo, at least in resting nuclei (in in- 
terphase). Nuclei of fully  grown  cells  lying at the  outer 
cell wall and  not greatly obscured by chloroplasts show 
the  heterochromatin very  well” (p.  790).  “The cause 
of heteropycnosis can only  lie  in the  concerned chro- 
mosomes themselves” (p.  815). 

“It may arouse amazement that  the  outlined facts 
were up to now overlooked. However, without the boil- 
ing  method  I would not have  visualized the regularity 
of the  phenomenon so soon. The advantage of my 
method,  apart from saving time, is that only chromatin 
becomes intensely stained, whereas  plasma and above 
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all the nucleoli scarcely  take color. Thus, one  need  not 
search for  the  right  degree of differentiation, since any 
properly prepared specimen is, by itself, correctly dqfer- 
entiated” (p. 802). Boiling in aceto-carmine had pro- 
duced  the first C-banding patterns ( PASSARGE 1979). 

Heterochromatin  “in plants and in substantial details 
also in animals was hitherto  an unknown phenome- 
non”  (HEITZ  1928b).  Therefore,  he  started  a series of 
cytological investigations searching for heteropycnosis 
in somatic cell nuclei of Diptera. 

Heterochromatin in Drosophila: The Physical Basis of 
Heredity by  THOMAS HUNT MORGAN (1919) became well 
known  in Germany through an authorized translation 
by HANS NACHTSHEIM (MORGAN 1921).  The book and 
contact with the “genetics community” (HARWOOD 
1993) stimulated EMIL HEITZ (1933b) to  breed at least 
five Drosophila species in the  greenhouse. Drosophila 
funebris was caught in the Botanical Institute Hamburg. 
The species was  easily recognized, from the chromo- 
somes. D. melanogaster was received from CURT STERN, 
Kaiser  Wilhelm Institute  for Biology in Berlin-Dahlem. 
D. simulanswas from the Institute for Experimental Biol- 
ogy  in  Moscow, mailed by Fraulein Dr. FROLOWA 
(1925). D. hydei and D. virilis, “originally from the 
United States,” were from RUDOLF GEIGY,  Zoological 
Institution at Basel. 

The first attempt was made with the MORGAN fly. 
HEITZ (1930) was surprised that cells from different 
organs of larvae and adults gave pictures similar to those 
known in  true mosses. He saw one  and sometimes two 
vacuolated and intensely stained blobs of chromatin 
during  interphase. 

Since D. melanogaster appeared  “rather unfavorable 
with respect to cytology,” HEITZ (193313) continued 
with D. funebris. Its  karyotype was known to  contain two 
remarkably large chromosomes of similar length in 
both sexes (METZ 1916, 1926). However,  while one of 
these chromosomes (the Y) was totally heteropycnotic, 
the  other was differentiated into  a  euchromatic half 
and  a proximal heterochromatic section. With the find- 
ing of partial heteropycnosis in the X,  a new “structural 
type” of sex chromosome was detected. This was in 
contrast to the known “quantitative type” where Xand 
Yare of different sizes. 

After these preliminary examinations, HEITZ (1934a) 
returned to D. melanogaster and added D. virilis. The 
sex chromosomes of these species likewise  were  of the 
structural type just described for D. funebris. Further- 
more, partial heteropycnosis characterized the au- 
tosomes. The fact that  heterochromatin is proximally 
localized in any autosome was termed “equilocal heter- 
ochromacy.” Figure 1 summarizes the findings on het- 
erochromatin distribution in somatic nuclei of the 
three Drosophila species. 

Introductory remarks (HEITZ 193313) described the 
main research impetus. (i) Chromosomes are  the mate- 
rial substratum of genes. (ii)  The genes are linearly 

arranged  according  to MORGAN’S conclusions from 
transmission genetics. Now, for  the first time, the new 
technique  demonstrated  a longitudinal differentiation 
in cytological entities, euchromatin and heterochroma- 
tin. Heteropycnosis characterized not only  sex chromo- 
somes (SHOWALTER 1928) but likewise autosomes. Fur- 
thermore,  heterochromatin was a  phenomenon of 
general biology occurring in both animals and plants. 
Therefore, Professor WINKER (who had coined the 
term genomein 1920) “generously put at my disposal the 
resources of the Botanical Institute for these studies.” 

HEITZ (1929,  1932) had imagined that “euchromatin 
is genicly  active, heterochromatin genicly  passive.  Het- 
erochromatic chromosomes or pieces of chromosomes 
contain no genes or somehow passive genes.” However, 
the results from MORGAN’S laboratory (MORGAN et al. 
1925; MULLER and STONE 1930; MULLER and PAINTER 
1932) forced a revision: “My ideas are  not correct, be- 
cause genes which  lie  within the heterochromatin do 
intervene in the developmental process of an organism. 
Nevertheless, the density of genes in a chromosome is 
related to the longitudinal differentiation in euchroma- 
tin and heterochromatin. Euchromatic pieces are rich, 
whereas heterochromatic ones are at least poor in genes. 
One has to suppose further  that  the genes are evenly 
and linearly distributed within the euchromatin” (HEITZ 
1934a, p. 266). Interestingly, he discussed whether the 
Drosophila genes light and rolled are within the euchro- 
matic or heterochromatic environment (p. 264). 

Polytene  chromosomes: HEITZ was promoted from 
Privatdozent to extraordinary professor in July, 1932. At 
that time, BAUER worked as a postdoctoral fellow and 
scientific volunteer in the Institute for Marine and 
Tropical Diseases at  Hamburg.  There  he became ac- 
quainted with the Feulgen procedure as being specific 
for the chromosomal substance (BAUER 1932).  HEITZ 
(1931) also was aware  of this, but  he  preferred boiling 
in carmine acetic acid because he could not discrimi- 
nate  heterochromatin and euchromatin with the Feul- 
gen technique  (HEITZ 1935, p.  409).  A joint venture 
had  been started with a very convenient subject contrib- 
uted by HEWN WEBER (1933),  a recognized ento- 
mologist at Danzig. The results from the black “hairy 
garden midge” were considered so important  that  the 
manuscript was submitted on July  31,  1932. Thus, “Evi- 
dence for the chromosomal nature of nuclear loops in 
the tangled nuclei of Bibio hurtulunus L.” (HEITZ  and 
BAUER 1933) appeared  ahead of the Drosophila papers. 

The authors  had followed their  standard  procedure 
of chromosome analysis:  first of all, one has to investi- 
gate mitotic prophases and metaphases, after which  PO- 
lytene structures can be analyzed. Somatic mitoses  were 
obtained from neuroblasts and follicular epithelium  of 
ovaries. Prophases in B. hortulunus showed five pairs of 
chromosomes that separated into 10 metacentric ele- 
ments in metaphase (p.  69). 

Tangled nuclei were found in  salivary glands, midgut, 




