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The Pattern of Polytene Chromosome Conjugation and Crossing- 
over in Interspecific Hybrids of Drosophila 
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Summary. The pairing of polytene chromosomes was investigated in the hybrids between three closely related species of 
Drosophila belonging to the virilis species group. It  was found that within the same hybrid different chromosome bands 
lost the ability to pair by differing degrees. Furthermore, the same chromosome sections paired with different fre- 
quencies depending on the hybrid involved. This study revealed that poor polytene chromosome pairing in the hy- 
brids is not due to specific genetic interaction in the hybrids, but depends solely on the properties of the homologous 
loci themselves. It  was also of interest to find whether the pattern of polytene chromosome somatic pairing resembled 
in some way the picture of chromosome synapsis during meiosis. To obtain evidence for this, crossing-over in the hy- 
brid 5th chromosome was analyzed both genetically and cytologically (from salivary gland chromosome observations). 
It  was found that the sections of the fifth chromosome which were characterized by a high frequency of conjugation 
in the salivary glands of hybrids also exhibited a high frequency of crossing-over in hybrid females. It  may be con- 
cluded that sections of the poly*ene chromosome characterized by a low frequency of conjugation behave in the same 
manner in meiosis, and thus rarely take part in genetic recombination. 

Introduct ion 
For many years, biologists have been challenged by  

problems of chromosome pairing. The most inter- 
esting studies in this field have been made using the 
distant plant hybrids characterized by  the abnormal 
formation of bivalents in meiotic prophase, However, 
the discovery of polytene chromosomes (Painter, 
t933) in salivary gland nuclei of Drosophi la  gave a 
new subject for the s tudy of chromosome pairing 
(the so called "somatic synapsis"). As in the case of 
plant hybrids, the conjugation of polytene chromo- 
somes in interracial or interspecific Drosophi la  hy- 
brids was found to be incomplete in comparison with 
"pure"  species whose salivary gland chromosomes 
were intimately paired throughout  their whole length 
(P~itau, t935; Kerkis, t936; Dobzhansky and Tan, 
1936; Horton,  1939; Cordeiro, 1968). In summarizing 
the contradictory hypotheses concerning the causes 
of incomplete polytene chromosome conjugation in 
distant hybrids, Dobzhansky and Tan (1936) postu- 
lated three possible causes : very  minute heterozygous 
rearrangements may  prevent pairing because of a 
"conflict of the at tractive forces"; specific inter- 
actions of genes may determine chromosome synapsis 
in the hybrid genotype;  finally, point mutations 
disturbing the identi ty of homologous loci may  lead 
to their "es t rangement"  (Kerkis, t936) and the sub- 
sequent weakening of at tractive forces between them. 

Because of the scarcity of information about the 
nature of polytene chromosome conjugation it was 
decided to restrict these studies to salivary gland 
chromosomes of Drosophi la  interspecific hybrids. 
From the genetic point of view, the most interesting 
and puzzling problem seemed to be the incomplete 
pairing of polytene chromosomes in those regions 

which exhibit a quite symmetrical disc order and a 
similar number of discs. In the genetic literature the 
pat tern of " s o m a t i c  synapsis" in lcolytene chromo- 
somes was often taken as a model of what takes place 
at meiosis. But  such an extrapolation without ex- 
perimental proof is untenable. The question now 
arises: Is there any correspondence between the 
pat tern of "somatic synapsis" and the picture of 
homologous chromosome pairing in meiosis ? 

Unfortunately,  it is not possible to compare di- 
rectly the two types of pairing. But  it is possible to 
at tack the problem by studying the frequency of 
crossing-over in those chromosome regions exhibiting 
relatively intimate synapsis in the polytene chromo- 
somes of interspecific Drosophi la  hybrids and in the 
regions characterized by  constant lack of conjugation. 
If there is any correspondence between the schemes 
and forces involved in the two types of synapsis, we 
should expect a significant decrease in crossing-over 
frequencies in the asynapsed regions when compared 
with those chromosome sections exhibiting a high 
frequency of conjugation in the salivary gland nuclei 
of hybrids. 

Materials and Methods  

Three species of the Drosophila virilis group -- D. viri- 
lis, D. texana and D. littoralis (Patterson and Stone, t952) 
were used in the present studies. D. littoralis, found and 
described in the USSR by Sokolov (1959), does not cor- 
respond to the species with the same name in the Patter- 
son and Stone classification. All three species can be 
hybridized under experimental conditions and produce 
viable and fertile hybrids. The interspecific hybrids were 
obtained in the following crosses: 

I ~? virilis • ~ texana 
I I ,  virigs • ~ littoralis 

III  ~ lexana • d littoralis 
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Fig. t. The distal end of the fifth chromosome of D. virilis 
(Hsu, t952), subdivided into sections 

Aceto-orcein smear  prepara t ions  of the  sa l ivary  glands of 
th i rd  ins tar  hybr id  la rvae  were made.  The  quan t i t a t i ve  
analysis of the  f if th ch romosome conjuga t ion  in the  
sa l ivary  g l a n d  nuclei  of the  hybr ids  was performed.  As 
an aid to analysis, the  dis tal  end of the  f if th chromosome 
was subdivided into  21 a rb i t r a ry  sections.  The  l imits  
of these sect ions are indica ted  in Fig. I on the  cytological  
map  (Hsu, 1952) of the  D.  v ir i l i s  f if th chromosome.  

To compare  the  conjuga t ion  of the  f if th chromosomes  
in the  hybrids ,  500 chromosomes  of hybr id  (I), 390 in 
hybrid (II) and 3t0 in hybr id  (III) were examined.  

To obta in  da t a  on the  role of the  genome in incomple te  
po ly tene  chromosome conjugat ion  in the  interspecific 
hybr id ,  the s tock of D. v ir i l i s  car ry ing  recessive marke r  
genes scarlet  (st) and eosinoid (es) eye colours in the  fif th 
chromosome and a wi ld- type  s tock of D.  t exana  were 
used. By  means  of e leven backcrosses one D.  t exana  fif th 
chromosome in the  heterozygous  condi t ion  was t ransferred 
into  an otherwise  in tac t  D.  v ir i I i s  genotype.  Fur the rmore ,  
a re la t ive ly  small  section of a D.  t exana  fif th chromosome,  
including the  wild type  alleles st and es incorpora ted  into 
the  D.  v i r i l i s  f if th chromosome by  spontaneous  crossing- 
over,  was also t ransferred by  backcrossing into the  D.  v ir i -  
l i s  genotype.  A compara t ive  analysis  was made  of the  
mode  of pair ing in the  f i f th  chromosomes  of F 1 v ir i l i s  • 
t e x a n a  hybrids ,  and in the  genotype  of D.  v i r i l i s  into 
which  a t e xana  f if th chromosome had been subs t i tu ted  
( F B n ) .  (Three hundred  5 th sa l ivary  gland chromosomes  
were examined  in each case.) 

Crossover studies 
The  f requency of crossing-over  in the  f if th ch romosome 

be tween  the  two markers  st and es was measured  in three  
di f ferent  genotypes :  in the  pure  D.  v ir i l i s  species (I); in 
F 1 v i r i l i s  • t e xana  hybr ids  (II) ; and in t he  case where  t he  
f i f th  chromosome of D.  t exana  in he terozygous  condi t ion  
had been t ransferred by  eleven back-crosses in to  the  
D .  v ir i l i s  genotype  (III) .  P re l iminary  cytological  experi-  
ments  showed' t h a t  in the  last  case in F B I I  all  o ther  
D.  t e x a n a  chromosomes  excep t  the  f if th were replaced by  
D.  v i r i l i s  chromosomes.  

All  t e s t  crosses were carr ied out  fol lowing a s tandard  
procedure  in order  to  minimize  var ia t ions  in recombina-  
t ion f requency  due to ma te rna l  age and tempera ture .  
Females  heterozygous  for the  f i f th  ch romosome to  be 
tes ted  were col lected as virgins and ind iv idua l ly  ma ted  
wit t l  nlales of D.  v ir i l i s  homozygous  for the  recessive 
markers .  

The Cytological Studies of Crossing-Over 
The hybr id  females f rom v ir i l i s  by  t e xana  crosses were 

backcrossed to  D.  vir i l is  males (FB1) to inves t iga te  the  
crossing-over  cytological ly .  

The  crossing-over  in t he  dis tal  end of the  f if th chro- 
mosome was easily observed by  the  change in the  typ ica l  
po ly tene  chromosome conjuga t ion  scheme when s tudying  
sa l ivary  gland chromosomes  in F B I  (fig. 2, 3, 4). To 
prove  the  genetic  va l id i ty  of the  cyto logica l ly  Observed 
crossovers,  flies, phenotyp ica l ly  identif ied as crossovers 
be tween  st and es in F B 1  progeny  were col lected and indi- 

Fig. 2. The typical picture of fifth chromosome conjugation in 
D. virilis • D. texana F 1 hybrids (The position of the gene mar- 

kers is indicated) 

Fig. 3. The cytologically observed crossover in F B j  (The arrow 
indicates the place of exchange) 

Fig. 4. A cytologically seen crossover in F B  1 resulting from 
a double exchange 

v idua l ly  crossed to D.  v ir i l i s  flies (FB2) .  In  this series of 
exper iments  the  cytological  posi t ions of the  genetic ex- 
change were identif ied in the  po ly tene  chromosomes  of 
F B e  larvae.  
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R e s u l t s  a n d  D i s c u s s i o n  

PoIytene chromosome conjugation in interspecific 
hybrids and the role of the hybrid genome. 

The results of the quantitative study of polytene 
chromosome conjugation in three interspecific hy- 
brids are shown in Fig. 5. It is noteworthy that the 
disc pattern in the distal ends of the fifth chromo- 
somes is quite similar in all three species crossed�9 
Thus the interspecific hybrids studied differ from the 
hybrids between two subspecies of Chironomus des- 
cribed by Keyl (1965) in which, within unpaired 
chromosome segments, the bands appear to corres- 
pond in their linear arrangement but vary in their 
size and relative DNA content. 

It is evident from Fig. 5 that different loci in the 
same hybrid lose the ability to conjugate by differing 
deglees. Some chromosome sections paired quite 
frequently while others only rarely paired with their 
homologues. Furthermore, as illustrated in figure 5, 
the disturbances in pairing differed significantly in the 
three hybrids: virilis • texana hybrids (I) were cha- 
racterized by the poorest conjugation; texana • lit- 
toralis hybrids (III) showed more complete pairing; 
and virilis • littoralis hybrids occupied an intei- 
mediate position. As it was evident that hybrids 
between closely related species exhibited different 
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modes of polytene chromosome pairing, it became 
important to know whether the poor conjugation 
was due to the specific action of imbalanced genoty- 
pes in hybrids or whether the ability to conjugate 
depends solely on the properties of the homologous 
loci themselves. To do this quantitatively, conju- 
gation of the distal ends of D. texana and D. virilis 
fifth chromosomes was studied in F 1 virilis • texana 
hybrids (I), and in the D. virilis genotype where the 
whole D. texana fifth chromosome (II) or its region 
(cut by crossing-over) (III) have been transferred by 
backcrossing. 

The results of this study are presented in Fig. 6. 
It is obvious that there is no significant difference in 
the frequency of conjugation in all three cases. 

It should be emphasized that the D. virilis and 
D. texana fifth chromosomes exhibited quite similar 
modes of conjugation in the F 1 hybrid between these 
species and in the D. virilis genome. Furthermore, a 
rather small section of the D. texana fifth chromo- 
some also conjugates with a homologous region of the 
D. virilis fifth chromosome in the genotype of D. 
virilis just as in F z hybrids. 

These results permit the conclusion that incom- 
plete polytene chromosome pairing in interspecies 
hybrids depends on the properties of the chromosome 
loci. 
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Fig. 5. The conjugat ion of the  fif th chromosome in the inter-  
specific hybr ids  : 

Q D virilis • 6 D. texana I 
Q D. virilis • D. littoralis II 
Q D. texana • c~D. littoralis I I I  
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Fig. 6. The conjugat ion of the  distal  ends of JO. virilis and 
D. texana 5th chromosomes  in different genotypes :  I = in 
D. v i r i l i s x D ,  texana F 1 hybr ids ;  II = in the  genotype of 
D. virilis (FBzl);  I I I =  The conjugat ion of the  section of 

D. texana fifth chromosome in the genotype of D. virilis 
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These observations are also in good agreement with 
the modern concept of chromomeric organization of 
the chromosome. According to this hypothesis, the 
chromomere is regarded as a molecular unit of repli- 
cation and transcription and is relatively independent 
of other chromomeres in its activity (Plaut and Nash, 
t964; Beermann, t966; Pelling, 1966). 

(According to the polytene hypothesis, Koltzoff, 
t934, bands of polytene chromosomes result from the 
specific association of thousands of identical chromo- 
meres at the same level.) Based on the studies re- 
ported here, the ability to conjugate must now be 
added to such autonomous properties of the chromo- 
mere as replication and transcription. There is good - -  
reason to believe that  units of conjugation within the 
polytene chromosomes are no larger than one or Experiment 
several discs. Mutation, by differentially altering the 
nucleotide sequences in the homologous loci of chro- 
mosomes of related species in the process of divergent 
evolution, might account for the poor pairing of chro- 
mosomes in interspecific hybrids. The investigation 
by  Laird and McCarty (1968), who found relatively 
profound differences in the base composition and 
nucleotide sequences when comparing the DNA of 
closely related Drosophila species (e.g.D. melanogas- 
ter and D. simulans) ,  provides experimental support 
for this speculation. The extent  to which the attrac- 
tion between homologous loci is decreased in the 
interspecific hybrids probably depends on quanti- 
tative molecular changes which have occurred in the 
chromosomes of related species. Thus in hybrids 
between closely related species, the degree of poly- 
tene chromosome pairing abnormalities may be used 
as an important  feature in estimating the phylo- 
genetic position of the species concerned. Based on 
the study of polytene chromosome conjugation in the 
hybrids, the three species constitute the following 
series: D. viril is - -  D. littoralis - -  D. texana. This 
seriation corresponds to Sokolov's suggestion (t959) 
on the relationship of these species within the viril is 
group. 

in the region characterized by  incomplete pairing of 
the polytene chromosomes in viri l is  • texana hybrids 
(fig. 3)- 

These experiments were based on the expectation 
that  if the correspondence between the two types of 
pairing really exists the frequency of crossing-over 
between the two markers should be much lower in 
hybrids than in pure species. Table t summarizes 
the crossing-over date between st and es in three 
different genotypes. 

Table 1. The frequency of crossing-over between st and es in 
throe different genotypes 

Studies on the correspondence between polytene chro- 
mosome synapsis  and pattern of  crossing-over in  inter- 
specific viri l is  texana hybrids. 

So far, the data  have been concerned with com- 
parative studies of conjugation in interspecific hy- 
brids. When it became evident that  incomplete 
pairing in the hybrids did not depend on a specific 
interaction of genes determining synapsis of chromo- 
somes, but  rather that  the homologous conjugation 
may be regarded as an autonomous property of chro- 
mosome sections, it became important  to learn whe- 
ther  the scheme of salivary gland chromosome conju- 
gation resembles in some way the pat tern of chro- 
mosome synapsis in meiosis. This question may be 
approached through the study of crossing-over be- 
tween markers (st and es) localized by  Fujii (1942) 

Total Number Crossing-over number of cross- (% -J- m) 
of tlies overs 

1. Standard D. virilis 
species 3216 497 t5,4• 

2. Virilis • lexana F 1 
hybrids 2348 470 20,0-t-0,82 

3. The hybrid fifth 
chromosome in 
D. virilis genotype 
(after eleven back- 
crosses) tt13 25 2,2-t-0,43 

These data  seem rather contradictory. The ex- 
pected decrease in crossing-over frequency in F 1 
hybrids was not found. Instead, a significant in- 
crease in the crossing-over frequency between the 
markers was observed in the hybrids in comparison 
with the unchanged D. viri l is  standard. However this 
contradiction can be easily explained. Recent ex- 
periments (Evgenev, 1970) showed that  the unex- 
pected high-frequency of crossing-over in the fifth 
chromosome of viril is • texana F I hybrids results 
from the interchromosomal effect of heterozygous 
inversions contained in the hybrid genotype. After 
these inversions were eliminated by  backcrossing a 
dramatic decrease in crossing-over frequency in the 
hybrid fifth chromosome was observed (F Bn). 

Thus, the very low frequency of crossing-over ob- 
served in experiment 3 (Table t) favours the hypo- 
thesis of the correlation between the extent  of 
"somatic synapsis" in Drosophila salivary gland 
nuclei and the meiotic pairing of chromosomes ne- 
cessary for genetic recombination. 

To obtain further experimental  proof of our hypo- 
thesis, crossing over was studied cytologically among 
the progeny of hybrid females. The frequency of 
exchanges in synapsed and asynapsed regions was 
determined (cf. Materials and Methods). While 
carrying out this experiment we were asking whether 
these cytologically observed crossovers would cor- 
respond to genetic ones. To answer this question we 
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Fig. 7. The distribution of crossing-over in the distal ends of the 
fifth chromosomes in D. virilis • D. texana hybrids (F1) 

cytological ly  s tudied the poly tene  chromosomes of the 

of phenotyp ica l ly  observed crossovers ( ~  + p rogeny  
\s~ es + es~ 

and  st  es] (see Materials and Methods). The analysis 

indica ted  tha t  all cytological ly  observed places of 
crossing-over were s i tua ted  in the region between 
st  and es markers.  These exper iments  p roved  tha t  
cytological ly  seen changes in polytene  chromosome 
conjugat ion  in the first backcross  (F B1) real ly result  
f rom crossing-over in v i r i l i s  X t e x a n a  hybr ids  fe- 
males. 

The results of the cytological  studies of crossing- 
over in the f if th chromosome of the  hybr ids  are 
shown in Figure 7. F r o m  a compar ison of Fig. 7 and 
Fig. 8 (which represents  the da t a  of poly tene  chro- 
mosome conjugat ion  studies in v i r i l i s  • t e x a n a  F 1 
hybrids)  it is obvious t h a t  there is a posit ive corre- 
la t ion between the  pa t t e rn  of sa l ivary gland fifth 
chromosome conjugat ion  in hybr ids  and the distri- 
bu t ion  of crossing-over in this chromosome in hybr id  
females. 

In  o ther  words, the sections of the  chromosome 
character ized b y  a high f requency  of conjugat ion  in 
the sal ivary glands of hybr ids  also exhibi ted a high 
f requency of crossing-over in hybr id  females. Thus  
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Fig. 8. The frequency of conjugation in the distal ends of the 
fifth chromosomes in D. virilis • D. texana hybrids (F1) 

this set of experiments  fur ther  suppor ts  the va l id i ty  
of the supposed correspondence between the pa t te rns  
of " somat ic  synaps is"  in the sal ivary gland nuclei 
and of meiotic synapsis necessary for genetic ex- 
change.  
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