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Random Walking 

Can Large Insertions and Deletions 
between Genes Affect Development? 

In a "News and Views" article published in Nature, 
Bruce Alberts and Rolf  Sternglanz (1990) address 
the matter of inhibition of gene transcription through 
cOmPaction ofdeoxyribonucleoprotein. This has for 
a long time been a recurrent theme in developmental 
molecular biology. It was first suggested by cytolo- 
gists that in regards to compaction different sectors 
of the genome behave differently in different cells 
and at different times of  development (Gersh 1973). 
The potential importance in this respect ofsectorial 
Variations in DNA sequence motifs and base com- 
position has been pointed out (Zuckerkandl 1988). 
The data in particular of  Daneholt and his associates 
(.~jrrkroth et al. 1988) on Balbiani rings, the over- 
S~zed Puffs in polytene chromosomes of  Chirono- 
mus, signal a probable inverse correlation between 
rates of transcription and degrees of  compaction. 

Compaction ofchromatin has been implicated in 
the mechanism of  position effect variegation. In a 
fraction o f  the cells in a tissue, said to be variegating, 
a group of  genes can be inhibited after being trans- 
Posed into the immediate neighborhood of  hetero- 
chromatin, a particularly compacted form of  chro- 
matin. There has been a recently regained interest 
in this process of  variegated gene expression. The 
Process is characterized by a directional "spreading 
effect', of transcriptional inhibition, in which genes 
PrOximal to the insertion point in a translocation 
are more frequently inactivated than more distal 
genes (Spofford 1976). According to Alberts and 
~ternglanz (1990), position effect variegation may 

rage Upon a highly cooperative "crystallization" 
event, "which is nucleated from special chromo- 
SOrnal sites and then spreads along the chromosome 
to take in hundreds of  kilobases of  DNA."  This 
COncept dates back many years, since it was pointed 
out in 1974 that "a heterochromatic region . . .  is 
COnsidered to be a center of  nucleation of  its o w n . . .  
structure, something like a crystal seed that is able 

to induce adjacent regions of  euchromain to co- 
crystallize" (Zuckerkandl 1974). The co-crystalli- 
zation was then attributed to the action of  unknown 
locking molecules that lock in a high-order chro- 
matin structure. The nature of  some such molecules 
has been determined (Blumenfeld et al. 1978; Hsieh 
and Brutlag 1979; Moore et al. 1979; Strauss and 
Varshavsky 1984; James and Elgin 1986; Eissenberg 
1989). One of  them possesses five specially spaced 
zinc fingers (Reuter et al. 1990). The observed cor- 
relation between the amount of  cellular heterochro- 
matin and the extent of  variegation was explained 
by a competition between heterochromatic regions 
for the locking macromolecules, namely by mass 
action effects played out between heterochromatin 
and protein species binding to it (Zuckerkandl 1974). 
Recently, this concept was further developed by 
Locke et al. (1988). There appear to be a number 
of  factors (Locke et al. 1988; Wustman et al. 1989) 
that contribute to heterochromatization. 

Position effect variegation was conceived in 1974 
(Zuckerkandl 1974) as being brought about by the 
spreading of  certain DNA-binding proteins, starting 
from a presumably heterochromatic center o f  nu- 
cleation, as a function of  DNA replication and there- 
fore of  developmental time. Alternatively, the ini- 
tiator site may be a mobile element not related to 
satellite DNA (Tartofet al. 1984). Such a molecular 
spreading effect appeared potentially applicable to 
gene complexes whose member  genes are transcrip- 
tionally activated or inactivated in the order of  their 
occurrence on the chromosome, such as mamma- 
lian globin gene complexes, the bithorax complex 
in Drosophila, or the "constant" exons in complexes 
of  mammalian immunoglobulin heavy chain genes. 
The concept implied directionaUy travelling DNA- 
bound proteins or protein modifications. As the 
physical progression of  the macromolecular agent 
was presumed to be limited to the time of  DNA 
replication, the concept offered in principle the basis 
for a developmental molecular clock. Essentially the 
same concept, minus perhaps the titration of  the 
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" sp read ing"  protein(s) by compet ing  D N A ,  was lat- 
er e labora ted  independent ly  and  was publ ished by 
Stubblefield (1986). 

In  our  discussions regarding the b i thorax  com-  
plex, which took  place in 1978-1979 and  again in 
1983, Ed Lewis (1978) r ema ined  unconvinced  o f  
the above  mechan i sms ,  p r imar i ly  because rear- 
rangements  tha t  b reak  up the complex  do not  nec- 
essarily alter the sequential  ac t iva t ion  o f  the genes. 
This  was, however ,  no t  a compel l ing  reason to aban-  
don  the hypothesis ,  as po in ted  out  by  G a r y  Struhl 
(personal  communica t i on ;  Struhl 1984), because the 
complex  could include m o r e  than a single sector o f  
origin of  directionaUy spreading " t r an s con fo rma-  
t ional"  prote ins  (bringing abou t  conformat iona l  
change). The  appl icat ion o f  the concepts  to globin 
gene c o m p l e x e s - - a n  appl icat ion for which I have  
been a t t empt ing  to gather evidence  since 1980 and 
recently again in col labora t ion  with Morr i s  G o o d -  
man ,  D a n  Tagle, and  Teni  Bou l ikas - -has  so far not  
been convincing,  because o f  the p ropor t ion  o f  ap-  
parent  except ions to the case tha t  we a t t emp ted  to 
make.  Nonetheless ,  the latest data  bearing on the 
m e c h a n i s m  o f  hemoglob in  switching in h u m a n s  
(Enver  et al. 1990) appea r  to be compat ib le  with the 
deve lopmen ta l  clock hypothesis .  The  evidence  can 
be taken to suggest tha t  in the cell the ups t r eam 
" l o c u s  a c t i v a t i n g  r e g i o n "  ( L A R )  will  a c t i v a t e  
p r o m p t l y  any  p rox ima l  gene and  will ac t ivate  more  
distal genes only at later deve lopmenta l  s tages- - the  
later, the greater  the dis tance f rom the L A R - - i r r e -  
spect ive o f  which globin genes are used in the L A R /  
globin gene constructs.  

Fur ther  considera t ion m a y  then  be granted to the 
hypothesis  stating that  t ranscr ipt ion in successive 
genes o f a  gene complex  could in certain cases occur  
at deve lopmen ta l  t ime  intervals  correlated with the 
physical  distance between the genes along the chro- 
m o s o m e .  I f  such were the case, pseudogenes located 
within a gene complex  would  affect the develop-  

men ta l  clock o f  the complex  by  increasing the dis- 
tance between funct ional  genes. Sizable insertions 
and  delet ions o f  noncoding  sequences in the neigh- 
b o r h o o d  o f  genes could play an evolu t ionary  role in 
affecting the deve lopmen ta l  t iming  o f  gene expres- 
sion. 
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