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In this study rearrangements were revealed between the linkage maps of the Z-chromosome of the 
collared (Ficedula albicollis)  and the pied flycatcher  (Ficedula hypoleuca),  assumed to  play an 
important role in the divergence of these two closely related species. This is the first time a linkage 
map has been constructed for the Z-chromosome of the pied flycatcher and the second time for the 
collared flycatcher. However the present Z-linkage map of the collared flycatcher covers a larger 
portion of the Z-chromosome than the previous map. Rearrangements were also apparent from the 
comparison between the Z-linkage maps of the two flycatchers and chicken.

Models  of  “chromosomal  speciation”  implicate  rearrangements  within  chromosomes,  such  as 
inversions and translocations, to be responsible for the creation of reproductive barriers between 
closely related species. Their theory predicts that reduced recombination between the rearranged 
regions impedes gene flow among species with fixed rearrangements,  facilitating the process of 
speciation. Accordingly, one rearrangement that can be explained by two inversion events was found 
from the  comparison  of  the  linkage  maps  of  the  Z-chromosome  of  the  pied  and  the  collared 
flycatcher. In addition to that, many rearrangements of more complex nature were evident from the 
comparison of the Z-linkage map of each flycatcher with chicken. The importance of this finding is 
the fact  that  these structural changes are likely to be involved in the split  of each of these bird 
lineages. 

The European black and white flycatchers occupy different parts of the continent but also co-exist in 
two regions, Central Europe and the Baltic isles of Gotland and Öland. In these sympatric zones, 
individuals from each species mate with each other and produce hybrids at low frequencies. Even 
though the pied and the collared flycatcher are very similar in their  colouration, pied flycatcher 
males of the sympatric area in Central Europe exhibit  different plumage colouration, thought to 
inhibit reproduction between the two species. Genes responsible for male plumage characteristics 
and female mate preferences were found to be located on the sex chromosome (Z) of these birds. 
Thus studying the organization and structure of the Z sex chromosome was of great interest,  to 
understand in detail the processes that led to reproductive isolation between these two wild bird 
species. 

DNA samples were collected from families of both flycatchers, which were subsequently genotyped 
for a large marker set of single nucleotide polymorphisms (SNPs). The SNPs were coming from 74 
introns, equally distributed across the Z-chromosome. Advanced genotyping technology allowed for 
highly  parallel  genotyping  at  the  SNP platform of  Uppsala  University.  The  method  of  linkage 
mapping was then applied on the data sets of both species to generate the genetic maps: the order of 
the  markers  across  the  Z-chromosome  with  the  genetic  distance  between  them  estimated  in 
centiMorgans (cM). These maps can therefore be used for comparative studies as well as for QTL 
mapping, the detection of genetic regions responsible for varying phenotypic traits.
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