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Abstract. Previous estimates of the size of Drosophila 
melanogaster chromosome 4 have indicated that it is 1% 
to 4% of the genome or ~6  Mb. We have used pulsed 
field gel electrophoresis (PFGE) to separate megabase- 
sized molecules of D. melanogaster chromosomal DNA. 
Southern blots of these gels were probed with DNA frag- 
ments from the cubitus interruptus and zJh-2 genes, which 
are located on chromosome 4. They each identify the 
same-sized distinct band that migrates at approximately 
5.2 Mb in DNA preparations from the Kc cell line. We 
interpret this band to be intact chromosome 4. In DNA 
obtained from embryos of various D. melanogaster wild- 
type strains, this chromosome band showed strain- 
specific size variation that ranged from 4.5 to 5.2 Mb. The 
D. melanogaster chromosome 4 probes also identified a 
single, 2.4 Mb band in embryonic DNA from Drosophila 
simulans. We conclude that D. simulans chromosome 4 is 
substantially smaller than that of D. melanogaster, pre- 
sumably owing to differences in the amount of hete- 
rochromatic DNA sequences. Our simple DNA prepara- 
tion from embryos and PFGE conditions should permit 
preparative isolation of chromosome 4 DNA and will 
facilitate the molecular mapping of this chromosome. 

Introduction 

Chromosome 4 in Drosophila rnetanogaster is considera- 
bly smaller than the X, Y, second or third chromosomes. 
In standard metaphase spreads chromosome 4 appears 
only as a dot and is thought to be an acrocentric chro- 
mosome (Hochman 1973; Roberts 1972). In the much 
larger, more specialized polytene chromosomes of the 
salivary gland, chromosome 4 is a small segment that 
extends from the chromocenter with about 50 distinct 
bands, or 1% of the total number of polytene bands. 
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The polytene banded region represents euchromatic 
DNA only and does not include the centromeric hetero- 
chromatin present on chromosome 4. Size estimates ob- 
tained from ultraviolet absorbance measurements of 
metaphase chromosomes suggest that chromosome 4 is 
3.5% of the genome (Hochman t973; Rudkin as cited 
in Kavenoff and Zimm 1973), or --~6 Mb, based on a 
total genome size of 170 Mb. This size estimate of chro- 
mosome 4 is subject to uncertainty and has not yet been 
confirmed by other means. 

Chromosome 4 is an atypical Drosophila chromo- 
some. There is normally no crossing over on this chro- 
mosome in either sex. This has hampered genetic analy- 
sis of chromosome 4 genes. Unlike the other much larger 
chromosomes (the Y chromosome excepted), aneuploidy 
for chromosome 4 can be tolerated even though relative- 
ly mild phenotypic alterations do accompany such muta- 
tions (see Lindsley and Zimm 1992). Another unusual 
feature of this chromosome is that the euchromatic re- 
gions of chromosome 4 contain a higher frequency of 
repeated DNA sequences than the corresponding regions 
of other Drosophila chromosomes (Miklos et al. 1988). 
These repeated sequences appear not to be limited to 
the centromeric heterochromatin as on the other chro- 
mosomes but are dispersed in the euchromatic region 
of chromosome 4. There have been at least 37 essential 
loci plus at least 6 other loci with recessive visible alleles 
mapped to chromosome 4, and statistical estimates indi- 
cate that the total number of mutable loci is 70-80 
(Hochman 1973). 

The lack of recombinational mapping makes molecu- 
lar mapping of this chromosome essential for Drosophila 
studies. Its small size and the presence of interspersed 
repeated sequences (as well as centromeric repeated se- 
quences) also make chromosome 4 an ideal model for 
the study of normal higher eukaryotic chromosome 
structure. At the maximum estimated size of 6 Mb, this 
chromosome should be amenable to separation and iso- 
lation by pulsed field gel electrophoresis (PFGE). The 
use of low voltage and long switching times has permit- 
ted the separation of whole chromosomes from Schizo- 
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saccharomyces pombe (3 .5-5.7  Mb) ,  as well as f rom 
o the r  lower  euka ryo t e s  such as Neurospora, whose  larg-  
est c h r o m o s o m e s  are  > 10 M b  (Fan  et al. 1989; O r b a c h  
e t a l .  1988). In  Drosophila, a m i n i c h r o m o s o m e  o f  
1.3 M b ,  con ta in ing  cen t romer i c  and  t e rmina l  regions  o f  
the X c h r o m o s o m e ,  has  been resolved  ( K a r p e n  and  Spra-  
d l ing 1990), bu t  to o u r  k n o w l e d g e  there  has  been no 
inves t iga t ion  o f  c h r o m o s o m e  4 us ing P F G E .  

We have  o b t a i n e d  c h r o m o s o m e  sized D N A  f rom 
D. melanogaster cu l tu red  cells and  e m b r y o s  us ing s imple  
i so la t ion  techniques .  Us ing  P F G E ,  S o u t h e r n  b lo t t ing ,  
and  p robes  for  c h r o m o s o m e  4 specific gene sequences 
we have  s e p a r a t e d  and  ident i f ied  c h r o m o s o m e  4. This  
is the first  desc r ip t ion  of Drosophila c h r o m o s o m e  4 us ing  
P F G E .  A survey o f  d i f ferent  s t ra ins  showed  tha t  the  
size o f  c h r o m o s o m e  4 var ies  wi th  s t ra in  specif ic i ty  f rom 
4.5 to  5.2 M b .  

Materials and methods 

to facilitate transfer of large fragments. Probes were 32p labeled 
by the oligo-labeling procedure of Feinberg and Vogelstein (1983, 
1984) using DNA fragments isolated in low gel temperature agar- 
ose. Two probes from chromosome 4 were used: a 2.0 kb BglII 
fragment 5' to the cubitus interruptus (ci) gene (Orenic et al. 1990; 
Locke and Tartof 1993) which will be referred to as the ci probe 
and a 3.6 kb EcoRI fragment containing sequences of a cDNA 
clone of the zinc finger homolog-2 (zfh-2) gene (Lundelt and Hirsh 
1992; Fortini et al. 1991), which will be referred to as the zfh-2 
probe. Sequences for ci and zfh-2 are located at 101EF and 102C, 
respectively, on chromosome 4. For a control, non-chromosome 4 
probe, an 8.5 kb SalI fragment containing the yellow gene and 
flanking sequences (Geyer and Corces 1987) was used and will 
be referred to as the yellow probe, yellow is located near the tip 
of the X chromosome, at 1B. The rosy gene sequences used were 
the 7.2 kb HindIII fragment from Carnegie 20 (Rubin and Sprad- 
ling 1983). rosy is located at 87D on chromosome 3. 

These probe sequences are all single copy in the genome. When 
the same blot was hybridized sequentially to several probes, the 
previous probe was always removed first by treatment with 0.5 M 
NaOH at 42 ~ C. 

Drosophila stocks. The D. melanogaster strains used in this study 
are described in Lindsley and Zimm (1992) and grown at 22 ~ or 
25~ on standard sucrose medium. Stocks were acquired from 
the Bowling Green, Umefi, or Indiana University Drosophila Stock 
centers except where noted. 

Preparation of chromosome sized DNA. Drosophila Kc cells (Echa- 
lier 1976) were grown at room temperature in Shields and Sang 
M3 insect medium (Sigma) supplemented with 0.25% Difco Bacto- 
peptone, 0.05% Difco Bacto TC-Yeastolate and 5% heat-inactivat- 
ed calf serum. Chromosome sized genomic DNA was obtained 
from these ceils by standard methods used for yeast and vertebrate 
cell lines (Schwartz and Cantor 1984). 

Chromosome sized DNA was also obtained from embryos. 
Flies were permitted to lay eggs on grape agar plates for the times 
indicated (usually 6-18 h). Eggs were collected and washed with 
ice-cold 0.1% Triton-Xl00 solution and then dechorionated with 
bleach. After additional washing to remove the bleach, samples 
of 10-100 ~tl of eggs were gently disrupted using a plastic micro 
tissue homogenizer (no. 749520-0000, Kontes Scientific Glassware/ 
Instrument, Vineland, N.J.) in 150 lal of Hanks' balanced salt solu- 
tion (Gibco). This was quickly mixed with an equal volume of 
molten 1% Incert agarose (FMC) and poured into a plug forming 
mold (BioRad). After 10-20 rain at 4~ the solidified plug was 
placed in 2-4ml of ESP (0.1 M EDTA, 1% SDS, and 50 gg/ml 
Proteinase K) and incubated with gentle shaking at 45~ ~ C for 
48-72 h, after which plugs were stored at 4~ in this solution. 
Before loading into the pulsed field gel well, each plug was washed 
twice with the appropriate PFGE running buffer. 

PFGE Procedures, Southern bloIs, and DNA probes. DNA was sep- 
arated using a CHEF DR II apparatus (BioRad). A number of 
different conditions were used (see Results), however all gels were 
0.7% agarose and run at 50 V at 14~ ~ C. For 1 x TBE running 
buffer the run time was generally 7 to 8 days at the switch times 
indicated in Results. For a decreased run time, we used larger 
pore sized Chromosomal Grade Agarose (BioRad), 0.5 • TAE, and 
a shorter switch time. Bands were sized on autoradiographs by 
comparison with known chromosomes of S. pombe and the two 
largest chromosomes of Saccharomyces cerevisiae. Since high mo- 
lecular weight bands near the origin can undergo mobility reversals, 
the identity of the S. pombe chromosome I at 5.7 Mb was always 
confirmed by probing with S. pombe cdrl DNA sequences, which 
are located between cdc3 and cdcl6 on chromosome 1 (Feilotter 
et al. 1991). 

Prior to vacuum transfer to GeneScreenPlus membrane (Du- 
Pont), DNA in the gels was depurinated (0.5 M HC1, 5-10 rain) 

Results 

Chromosome 4 from Drosophila Kc cell line DNA 

The m e t h o d o l o g y  for  i so la t ing  c h r o m o s o m e  sized D N A  
f rom yeas t  and  m a m m a l i a n  cu l tu red  cells was used to 
p r e pa re  a g a r o s e - e m b e d d e d  D N A  f rom a D. melanogas- 
ter K c  cell line. The  s e pa ra t i on  o f  D N A  f rom K c  cells, 
e m b e d d e d  at  d i f ferent  concen t ra t ions ,  is shown in 
Fig. 1 a. These  P F G E  cond i t ions  showed  c lear  separa -  
t ion  o f  the three  S. pombe c h r o m o s o m e s  (3.5, 4.6, a n d  
5.7 Mb) ,  which  spans  the  e s t ima ted  size o f  c h r o m o -  
some 4 ( lane 5). N o  visible b a n d  c o r r e s p o n d i n g  to chro-  
m o s o m e  4 was a p p a r e n t  in the K c  lanes o f  the e t h i d i u m  
b r o m i d e  s ta ined  gel ( lanes 3 and  4), a l t h o u g h  the smal l  
a m o u n t  o f  sheared  D N A  presen t  m a y  have  obscu red  
a diffuse,  fa in t  band .  

P r o b i n g  a S o u t h e r n  b lo t  o f  this gel wi th  ci sequences 
( loca ted  on  c h r o m o s o m e  4) showed  h y b r i d i z a t i o n  to a 
non- re so lv ing  zone  o f  compres s ion  (zc) d i rec t ly  be low 
the well  and  to a b a n d  at  5.2 M b  (Fig.  1 b). U n d e r  cer ta in  
P F G E  cond i t ions ,  a d is t inc t  zone  o f  c o m p r e s s i o n  was 
n o t  seen. W h e n  the zone  o f  c o m p r e s s i o n  was absent ,  
the  ci p r o b e  t rybr id ized to on ly  the  well and  a 5.2 M b  
b a n d  (da t a  n o t  shown) .  R e p r o b i n g  the b lo t  in Fig. 1 
wi th  the  c h r o m o s o m e  4 zfh-2 sequences  p r o d u c e d  a pa t -  
tern  tha t  cou ld  be s u p e r i m p o s e d  a n d  was ind is t inguish-  
able  in size a n d  m o r p h o l o g y  f rom tha t  o f  the  ci p r o b e  
(Fig. I c). There  were also several  smal le r  fa int  bands  
evident ,  which  were p r o b a b l y  d e g r a d a t i o n  ar t i facts .  To 
show tha t  h y b r i d i z a t i o n  to this 5.2 M b  b a n d  was specific 
for  c h r o m o s o m e  4 p robes ,  the b lo t  was p r o b e d  with  yel- 
low gene sequences f rom the X c h r o m o s o m e  (Fig. 1 d). 
A l t h o u g h  h y b r i d i z a t i o n  signal  was seen in the wells, zone  
o f  c o m p r e s s i o n  a n d  di f fused a long  the lane, no hybr id -  
i za t ion  to the  5.2 M b  b a n d  was seen wi th  the yellow 
probe .  P re l imina ry  exper imen t s  have  ind i ca t ed  tha t  a 
p r o b e  for  the rosy locus on  c h r o m o s o m e  3 also does  
no t  hybr id ize  to the 5.2 kb  b a n d  (da t a  no t  shown).  Be- 
cause d i f ferent  a m o u n t s  o f  D N A  were l o a d e d  in ad jacen t  
lanes,  the  effect o f  c o n c e n t r a t i o n  on  mob i l i t y  cou ld  be 
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Fig. 1 a-d. Separation of Drosophila chromosome 4 by pulsed field 
gel electrophoresis (PFGE) of Kc cell line DNA. DNA from agar- 
ose-embedded cells at two concentrations was used (lane 3, 6.2 x 
10 6 cells/well; lane 4, 1.3 x 10  6 cells/well). Undigested DNA embed- 
ded in low gel temperature agarose was separated in a 0.7% agarose 
gel in 1 x TBE at 50 V for 180 h at 15 ~ C with a linearly ramped 
switch time, which varied from 2500 to 4500 s. The DNA in gel 
a was transferred to a nylon membrane and consecutively probed 

with ci (b), yellow (d), and zfh-2 (e). Bands were sized using Schizo- 
saeeharomyees pombe (lane 5) and Saeeharomyees cerevisiae (lane 1) 
chromosomes as standards. Autoradiograms were compared by 
alignment of the lambda concatamer lane (no. 2), which hybridized 
to radiolabeled lambda DNA present in the probe mixture, zc 
zone of compression. Exposure times: b 6 days, e 1 day, and d 
14 days 

examined. The mobility of  the hybridization band was 
not significantly altered with these different concentra- 
tions of  D N A  from cultured Kc cells. 

Results similar to those from Kc cells were seen with 
D N A  preparations from Oregon R embryonic tissue. 
D N A  from embryos of  a Drosophila strain with a single 
P-element transposon insert, ciD-placZ, located on chro- 
mosome 4 (Eaton and Kornberg 1990), was separated 
and sequentially probed with ci and then with plasmid 
sequences that are present in the P-element insertion. 
Both probes produced a band of  hybridization signal 
at about  5.2 Mb (data not shown), and these bands were 
superimposable, indicating that the plasmid sequences 
of  the inserted P-element correspond to that of ci. Both 
have been localized to chromosome 4 (Eaton and Korn- 
berg 1990; Locke and Tartof  1993). 

The possibility of  fragments even larger than the 
5.2 Mb band was examined with P F G E  conditions de- 
signed for this purpose (7000-10000 s; i x TBE;  168 h; 
Chromosomal Grade Agarose). In this gel the S. pombe 
chromosomes had migrated as an unseparated group 
of  bands past the middle of  the gel permitting larger 
fragments to resolve above (not shown). Owing to the 
lack of  appropriate size markers we do not know the 
limit of  resolution for this gel, but it is probably less 
than 10 Mb based on the conditions of  Orbach et al. 
(1988). In this gel no chromosome 4-specific band larger 
than the S. pombe region was seen. 

The co-localization of  the hybridization of  three chro- 
mosome 4 sequences (ci, zJh-2, and plasmid sequences 
in ciD-placZ), but not  the Xchromosome yellow or chro- 
mosome 3 rosy sequences, to the 5.2 Mb band is consis- 

tent with this band representing intact chromosome 4 
separated from the other chromosomes on the gel. 

Size variation of  chromosome 4 between strains 

Preliminary experiments with DNA of embryos sug- 
gested that the size of the chromosome 4 band varied 
slightly among different strains. To explore this size het- 
erogeneity we examined D N A  isolated from embryos 
of  a variety of  wild-type strains. Although the concentra- 
tion and amount  of  shearing of the D N A  varied with 
each preparation (Fig. 2a), a characteristic band show- 
ing hybridization with the ci and zJh-2 probes but not 
yellow was seen in each lane (only zJh-2 is shown; 
Fig. 2b). The size of  the chromosome 4 band in these 
D. melanogaster strains varied from 4.5 to 5.2 Mb. Of 
the eight strains examined, the sizes appeared to fall 
into three groups: 4.5 Mb in strains Samarkand, ~z2, and 
Urbana  (lanes 2, 5, and 9 respectively), 4.8 Mb in strains 
Canton S and Harwich (lanes 7 and 8 respectively), and 
5.2 Mb in strains Oregon R, Florida 9, and Crimea 
(lanes 1, 3, and 4 respectively). The observed differences 
in mobility appear to reflect genuine chromosome size 
heterogeneity for two reasons. First, the size differences 
do not correlate with the amount  of D N A  in the well 
or in the lanes suggesting this is not a factor in determin- 
ing the mobility. Figure 1 shows that changes in D N A  
amount  do not alter the mobility of  the 5.2 Mb band. 
Second, these differences are reproducible. Different gels 
show repeatable differences between strains. 

In addition to the various D. melanogaster strains, 
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Fig. 2a, b. Variation in the size of chromosome 4 between different 
Drosophila strains and species. Undigested DNA of embryos em- 
bedded in low gel temperature agarose was separated in a 0.7% 
Chromosomal Grade Agarose gel in 0.5 x TAE at 50 V for 108 h 
at 14~ with a linearly ramped switch time, which varied from 
1900 to 3 400 s. The resulting blot was probed with zfh-2 and the 
gel (a) and autoradiogram (b) are shown. Band sizes were deter- 
mined by comparison with Schizosaecharomyces pombe and Sac- 

charomyces cerevisiae chromosomes (lane 6, left and right side re- 
spectively). Drosophila melanogaster strains are as follows: lane 1, 
Oregon R; lane 2, Samarkand; lane 3, Florida 9; lane 4, Crimea; 
lane5, n2; lane 7, Canton S; laneS, Harwich; lane9, Urbana. 
Lane 10 contains DNA from a wild-type strain of Drosophila simu- 
lans. The white arrowhead in a indicates the position of the visible 
D. simulans ethidium bromide-stained band. Exposure time, b 10 h 

a sample of  a wild-type strain of  the sibling species, 
Drosophila simulans, was examined using D N A  prepared 
in the same manner (Fig. 2, lane 10). The fourth chromo- 
somes in the two species are homologous and, conse- 
quently, the D. simulans homologs of  the zfh-2 and ci 
genes should be located on its chromosome 4. The gene 
sequences between these species are highly conserved. 
We found the zfh-2 and ci probes hybridized strongly 
to a band at 2.4 Mb in the D. simulans lane, approxi- 
mately half  the size of the D. melanogaster chromo- 
some 4 band (only zfh-2 is shown in Fig. 2). The addi- 
tional weak hybridization signal below the 2.4 Mb band 
is due to a D N A  migration artifact of compressed 
sheared D N A  since it also hybridizes to the yellow probe 
(not shown). Unlike the D. metanogaster strains, the 
D. simulans lane lacks a smear upward from the chromo- 
some 4 band. This indicates that, unlike the much larger 
D. melanogaster chromosome, a greater proport ion of  
the D. simulans chromosomes may be entering the gel 
and that most of  the chromosomes are entering the gel 
together. This may explain the distinct D N A  band in 
the ethidium bromide stained gel that is visible in the 
D. simuIans lane (white arrowhead). It corresponds ex- 
actly to the position of  the chromosome 4 probe hybrid- 
ization signal. We interpret this band as chromosome 4 
D N A  of  D. simulans. We have not  observed an ethidium 
bromide stained band of this clarity in the D. melanogas- 
ter chromosome 4 bands. The compression in the lower 
portion of this gel causes the largest two S. cerevisiae 
chromosomes to form sharp bands (Fig. 2, lane 6, right 
side) whereas the S. pombe chromosomes become more 
diffuse the larger they are (Fig. 2, lane 6, left side). The 
sharpness of  the smaller sized D. simulans chromosome 4 

band is presumably due to these specific P F G E  condi- 
tions. 

Discussion 

Size and structure o f  chromosome 4 

We have shown that two chromosome 4 sequences of  
D. melanogaster consistently hybridize to a band that 
is approximately 5.2 Mb, and that we feel corresponds 
to an intact chromosome 4. This band is found in D N A  
isolated from both Kc cells and embryos. Thus this chro- 
mosome can be easily separated by the P F G E  conditions 
previously determined for megabase sized S. pombe 
chromosomes. It appears that not all chromosome 4 
D N A  enters the gel from an agarose plug as there is 
considerable hybridization to DNA that either remains 
in the well or in the non-resolving zone of  compression 
if one is present. In addition, there is often a smear 
between the well or zone of  compression and the chro- 
mosome 4 band (Figs. 1, 2). This hybridization smear 
could be due to residual chromosomes that continue to 
escape from the well later in the run, after the initial 
flow of  most chromosomes from the well has taken 
place. 

The length of the euchromatic port ion of chromo- 
some 4 can be estimated. The 50 polytene bands on 
chromosome 4 account for 1% of  the total number in 
the genome. The total length of  the euchromatic banded 
region has been estimated to be about  l l 0  Mb (Sorsa 
1988), which makes the chromosome 4 port ion about  
1.1 Mb. An independent estimate of  the euchromatic re- 
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gion, based on an average polytene band size of 21 kb 
(Spierer et al. 1983), gives a similar result of approxi- 
mately 1.1 Mb for chromosome 4. Our estimate of the 
total size of chromosome 4 compares well with, and re- 
fines, that obtained from ultraviolet absorbance mea- 
surements of metaphase chromosomes, which was 3.5% 
of the genome, or ~ 6 Mb (Rudkin as cited in Kavenoff 
and Zimm 1973). The difference between our total size 
estimate (4.5-5.2 Mb) and the length of euchromatic 
DNA sequences (1.1 Mb) probably represents hetero- 
chromatic sequences (3.4-4.1 Mb) that are underrepli- 
cated during polytene chromosome formation. 

Strain-to-strain variation in size 

A difference in chromosome 4 size was observed among 
the wild-type D. melanogaster strains. This variation is 
not due to mobility artifacts but represents genuine 
length differences among the chromosomes and presum- 
ably reflects differences in the amount of heterochro- 
matic sequences. Were differences of this magnitude lo- 
cated in the euchromatic region the polytene banding 
pattern would surely be affected, however such strain 
specific differences are not seen. Simple satellite se- 
quences have been localized to chromosome 4. Specifi- 
cally, the repeats (AATAT)n and (AAGAG)~ hybridize 
to heterochromatic band regions 59 and 60, respectively 
(Lohe et al. 1993). The higher order size of these repeats 
has been estimated to be 2.7 and 0.17 Mb, respectively 
(Lohe et al. J993). The production of whole chromo- 
some length polymorphisms may be due to unequal 
crossing over, which is proposed to occur within such 
tandem arrays (Smith 1976). In fact, polymorphisms in- 
volving heterochromatic regions (which presumably con- 
tain tandem arrays of satellite sequences) are found in 
many species (reviewed by John and Miklos 1979). How- 
ever, DNA sequence analysis of chromosome 4 euchro- 
matic sequences suggested that this chromosome is un- 
usual in that it lacks the extent of polymorphism found 
on other chromosomes (Berry et al. 1991). As chromo- 
some 4 lacks normal recombination, the lack of euchro- 
matic sequence polymorphism was attributed to a rela- 
tively recent "chromosome sweep", where the whole 
chromosome, acting as a single unit, spreads through 
a population. A similar lack of DNA sequence polymor- 
phism was also observed among the fourth chromo- 
somes from several D. simulans wild-type strains (Berry 
etal. 1991). Our observation of whole chromosome 
length polymorphisms may have arisen because we used 
wild-type strains isolated from diverse locations. This 
may have provided a more extensive sample in which 
polymorphisms could be found. Alternatively, these 
polymorphisms could have arisen since any chromosome 
sweep. The fact that the eight strains we examined fell 
into three size groups may indicate evolutionary rela- 
tionships among chromosome 4 in these strains. If so, 
then the presence of P-elements in two strains (~2 and 
Harwich) with different sized chromosomes suggests that 
the size change predates the arrival of P-elements as 
proposed by the recent invasion hypothesis for P-de- 

ment distribution (Kidwell 1983). The heterochromatin 
polymorphisms we observed do not appear to have any 
phenotypic effect. 

This strain-to-strain variation in chromosome size 
makes characterizing any previously described muta- 
tions that cytogenetically alter the polytene banding pat- 
tern of chromosome 4 equivocal. For example, we found 
that the mutation ey D (Tp(2;4)ey  D, ey D alpe~ which 
has an insertion of about a dozen polytene bands, has 
a chromosome smaller than Oregon R wild-type upon 
PFGE analysis (data not shown). We suggest that the 
parental line for ey D possessed a small chromosome 4 
and that despite the insertion of chromosomal material, 
as seen by the presence of extra polytene chromosome 
bands, it is still smaller than Oregon R wild type. Assay- 
ing changes in chromosome 4 size due to mutations by 
PFGE would therefore require the parental strain for 
comparison if results are to be credible. This type of 
PFGE analysis will be useful for studying newly induced 
deletions, particularly large P-element mediated ex- 
cisions. 

Our estimate of the D. simuIans chromosome 4 size 
is considerably smaller than that of D. melanogaster 
(2.4 vs 4.5-5.2 Mb). Comparison of the salivary gland 
polytene chromosomes between D. melanogaster and 
D. simulans shows a similar size and number of bands 
(reviewed in Lindsley and Zimm 1992) indicating that 
the euchromatic components of the chromosomes are 
similar. The difference in size we observed would suggest 
that there is a considerably smaller heterochromatic 
component to the D. simulans chromosome as compared 
with D. melanogaster. Such a difference may be relevant 
to the expression of genes on chromosome 4. In a D. me- 
lanogaster genetic background in which one D. simulans 
chromosome 4 (4-sire) has been introgressed, the D. si- 
mulans chromosome 4 can substitute for almost all func- 
tions, indicating a similar genetic content to that of 
D. melanogaster chromosome 4 (Muller and Pontecorvo 
1940). One exception to this complementation is a locus 
associated with male fertility: homozygous 4-sire males 
are sterile (Muller and Pontecorvo 1942; Orr 1992). This 
locus has been mapped in D. melanogaster to the proxi- 
mal region of the chromosome near the centromeric het- 
erochromatin. Another exception is that the 4-sire chro- 
mosome permits the expression of a recessive cubitus 
interruptus (ei) mutation when heterozygous (Uphoff 
1949). Mutant expression of recessive ei mutations may 
be a chromosome pairing dependent phenomenon (Eph- 
russi and Sutton 1944; Locke and Tartof 1993). The 
disparity in size between the heterochromatic regions 
may affect the pairing of this locus, which is also located 
proximal on the chromosome, thereby influencing its 
expression. 

The results show that PFGE could be used to deter- 
mine the sizes of dot chromosomes in Drosophila species 
more accurately than classical cytogenetic methods. We 
have shown that the size varies between strains within 
one species and also varies between species. The size 
of the chromosome 4 homologs may also vary between 
strains in other species. 
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The s e p a r a t i o n  o f  D. melanogaster c h r o m o s o m e  4 by  
P F G E  shou ld  advance  the analys is  o f  the  c h r o m o s o m e  
as a whole .  D N A  p r e p a r a t i o n s  tha t  show li t t le shear ing  
(e.g. Fig. 2, lane  2) will pe rmi t  P F G E  to be used  as an 
ana ly t i ca l  tool  fu r ther  to descr ibe  c h r o m o s o m e  4 length  
changes  in any  exis t ing o r  fu ture  s tock  and  to local ize  
the site (or  sites i f  they  are  d i spersed  a long  the c h r o m o -  
some)  o f  these length  var ia t ions .  I t  shou ld  also be poss i -  
ble to use P F G E  to i so la te  c h r o m o s o m e  4 D N A  p r e p a r a -  
tively. This  will faci l i ta te  the cons t ruc t i on  o f  c h r o m o -  
some specific c lone  l ibrar ies  wi th  which  the m o l e c u l a r  
m a p p i n g  o f  this  c h r o m o s o m e  can  proceed .  Cur ren t ly  
there  is a pauc i ty  o f  large c loned  sequences f rom chro-  
m o s o m e  4. The  smal ler  sized D. simulans c h r o m o s o m e  4 
m a y  offer  a d d i t i o n a l  ma te r i a l  t ha t  can  be used  to facili- 
ta te  and  c o r r o b o r a t e  c lon ing  and  m a p p i n g  efforts  wi th  
D. melanogaster c h r o m o s o m e  4. 
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