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Summary 
 
The thesis presented by Janoušek describes the investigation of the genomic patterns found in a hybrid zone 
between two house mouse subspecies (Mus musculus domesticus and Mus musculus musculus, abbreviated 
domesticus and musculus in this review). These two subspecies have split roughly 0.5 million years ago but 
have come back into contact relatively recently (approx. 5000 years ago) along a North-South corridor in Central 
Europe. Multiple lines of evidence suggest that hybrids, despite general viability and fertility, show hybrid 
inferiority and are removed from the hybrid zone by disruptive selection. A major contributor to such hybrid 
inferiority are intrinsic incompatibility between genes that have diverged between the subspecies. Investigations 
into the genetic patterns of variation across the hybrid zones suggests that the zones show stability arising from 
migration and hybrid removal, resulting in a type of zone called "tension zones". Evolutionary theory 
development in the past decades suggest a number of properties in such tension zones that can be tested 
empirically.  
 
Janoušek uses a genome-wide SNP dataset to investigate the molecular patterns and the extent of selection 
against migrant and hybrids in the hybrid zones along two to three transects, which are sets of samples across 
the width of the hybrid zone. This dataset, comprised of 1401 diagnostic SNPs  between domesticus and 
musculus mice, allowed the investigation of the proportion of admixed genomes in individual mice. This platform 
allowed detailed determination of both genome-wide ancestry (here referred to as "hybrid index", ranging from 0 
or domesticus, to 1 or musculus) and per-locus genotypes at any locus or sampling site. Throughout his thesis 
and the associated papers, Janoušek and co-workers to use the "genomic cline" methodologies developed by 
Gompert and Buerkle to combine the dataset from the many localities throughout the whole transect and 
estimate the distribution of specific per-locus genotypes given an individual's hybrid index. This methodology 
has the advantage increased sample size by analyzing the whole sampled transect from heterogeneously 
sampled localities. It also avoids the issue of defining the exact transect that is perpendicular to the hybrid zone, 
a task complicated by the fact that different genes may exhibit different gradients across the zone. The 
methodology also allows the comparison of individual markers against the genomic background within a well-
defined statistical framework.  
 
In the first paper, Janoušek and co-workers investigated in a Czech and a Bavarian transect the patterns of X 
chromosome introgression and clinal selection, as suggested by an "epistatic" interaction pattern (epistatic here 
refers to the interaction of a particular marker against the genomic background, i.e., selection against gene flow 
in a cline). The authors have identified a large proportion of X chromosome markers showing impeded gene 
flow, and have attempted to identify regions where both transcects showed shared patterns. Here Janoušek 
showed good resourcefulness by using the log-likelihood comparisons between two markers to evaluate 
similarity between marker introgression patterns. They then compared the proportion and location of such 
shared introgression regions against autosomal markers. The authors reported that there are far fewer 
autosomal regions showing similar selection against hybrids, as well as regions that behave similarly in the two 
transects. The authors compared the regions against other published genetic mapping results on sperm 
morphology and viability and showed that there is overlap between their reported regions and previously 
reported intervals that influence sperm characteristics. 
 
The second paper describes their attempt to investigate a particular autosomal region on chromosome 11. They 
investigated the patterns of general differentiation from musculus and domesticus mice from outside of the 
hybrid zone, and used that data to identify genes that may underlie the selection against 
introgression. The authors proposed that the novel gene 1700093K21Rik shows variation 



pattern consistent with the introgressed haplotypes and it is expressed in spermatogenic tissues. They 
hypothesized that this may be the gene corresponding to the region under shared selection in the Czech and 
Bavarian transects. Molecular modelling suggests that mutations between domesticus and musculus mice may 
lead to disrupted structural domains in the gene, possibly affecting its protein maturation in the cell. 
 
The third paper expands on the results discussed in paper I, and investigated the genomic features that are 
associated with regions showing patterns consistent with strong clinal selection, vs. those that freely introgress 
across the zone. The authors explored genetic differentiation at the subspecies level as well as recombination 
rate variation. They have also looked at the genes located close to such regions and the functional categories 
that may be associated with selected regions vs. introgressed regions. Here Janoušek and co-workers applied 
an updated Bayesian genomic cline methodology, also developed by Gompert and Buerkle. The authors 
showed that in regions under clinal selection, there is an association with increased genetic differentiation at the 
subspecies level, as well as decreased recombination rate. The latter is likely driven by a male-specific 
decrease in recombination rate. They also found that gene ontology categories most likely associated with clinal 
selection to be located in internal or nuclear cellular compartments, whereas introgressing genes tend to act in 
the cell periphery. 
 
General review 
 
In general I find this thesis to be well-executed and showed a thoughtful and original attempt to investigate the 
genome dynamics in the mouse hybrid zone by a good use of the focal data set, supplemented by a clever use 
of other publicly available data. The mouse hybrid zone system represents one of the best systems to study 
such phenomena and Janoušek's thesis push this further by systematically comparing the patterns across 
different transects, in an attempt to control for local stochasticity. The use of the genomic cline analysis was a 
solid choice, even though it is not entirely without flaw (see below for specific criticism). In Paper I, it appeared 
that there is relatively less critical scepticism with the analytical results, which may lead to an over-interpretation 
of the results. On the other hand, the general conclusions may well hold, and this reviewer accepts that this is a 
decent attempt to investigate the system. Janoušek has also shown a resourcefulness by using other publicly 
available data to shed light on their analytical results. I find the GO category analysis in Paper III one of the few 
such analyses that seems to have really brought some novel insight into the problem and the results quite 
fascinating. This again is testament to Janoušek's contribution to the field. The development of particular follow-
on analysis beyond the basic results from the genomic cline analysis also shows a proficiency and a command 
of the data that promises a bright future for Janoušek. 
 
I applaud Janoušek for writing a solidly-executed thesis. Janoušek has clearly benefitted from his international 
collaboration in a way that broadens the analytical scope and shows originality. The work brings fresh insight 
into the hybrid zone systems in particular, but also sheds light on the genome interactions under divergent 
evolution scenarios. This is a strong thesis of good quality. 
 
Criticisms 
 
1. Genomic clines and the null distribution.  
I find the analysis in Paper I to be somewhat non-critical of the basic assumptions in the genomic cline analysis. 
In particular, the authors used the autosomal markers to generate the null distribution. This suffers from two 
major problems: first, the underlying effective population size of the X chromosome is smaller than in 
autosomes. Therefore under allopatry one would expect increased divergence (either due to drift or different 
local adaptations) and therefore a stronger likelihood for genes to evolve incompatibilities compared to the rest 
of the genome. Two, in speciation genetics literature one already expects a larger X and faster X effect. These 
two factors are intertwined and I am not convinced that the authors have sufficiently accounted for it. The use of 
parallelism here does not in itself deal with that problem. The main issue comes from possibly an overly 
confident and narrow "neutral/null" distribution, such that most of the markers were determined to be under 
selection. This could of course reflect the true biology (point 2 above), but it could also simply be because the 
null distribution is badly matched with the X chromosome data. One should deal with this issue by either 
applying a correction to the variance estimated from the autosomal markers, or identify other datasets to 
generate a reasonable estimate. Here I find the discussion or the way the results were discussed a little bit 
weak, e.g., referring to regions showing clinal selection against hybrids to be "epistatic" throughout. Although 
this is technically correct, this shows that the discussions lacked a deeper handle on the hybrid zone biology 
here and undermines my confidence that the authors have thoroughly explored all the weakness in their 
analysis. 
 
2. Permutation 
The authors indicated in Paper I that they evaluated the p-value using 1000 permutations. However I was not 
able to determine exactly how this permutation was performed. Given the inherent genetic structure in the 
dataset, it seems to me that the permutations need to be performed in very exact ways in order to preserve key 



 

features of the original dataset. For example, it would be inappropriate to permute the hybrid index against the 
specific genetic markers. Nor would changing any labels of any sample or any marker be at all relevant, 
because it would still have the same underlying genetic data. Again, this may lead to over-interpretation of the 
data. 
 
An impact of this is that I am completely confused by Table 2 in Paper I, in that I do not know how the 
significance thresholds were determined and how the cut-off p <= 0.01 was described as more stringent than p 
<= 0.001.  
 
3. Expression levels of 1700093K21Rik 
Short of requesting a knock-out, at least an investigation into the expression level of 1700093K21Rik and its 
locations (e.g., in situ hybridization) in the relevant tissues in domesticus and musculus mice would go a very 
long way towards convincing me that the gene is truly relevant to the reproductive processes in general. Again, 
here the molecular modelling suggests a lack of critical thinking with regards to the results generated by such 
analyses. Since the transcriptome data is possibly available, it would make sense to look at not just its 
sequences but the expression level of the candidate gene in question. 
 
Questions 
 
- In the example of Prdm9, please indicate the context under which it was mapped to be a "speciation gene", its 
phenotype in the laboratory mouse background, its impact upon inactivation on chromatin condensation, and its 
genetic impact. Does it act alone, or does it interact with specific genetic background factors? If it shows 
epistatic interaction, please indicate where the likely interacting genetic partner is. 
 
- Please describe the permutation procedure described in Paper I and what kind of background distribution it 
serves to establish for evaluation of p-value. 
 
- Please compare and contrast the classical cline analysis vs. genomic cline analysis. Also, compare and 
contrast the genomic cline analysis as used in the associated papers with Barton's concordance analysis.  
 
- Please describe Barton's coupling coefficient in function of its component parameters. Please also describe 
the conditions under which mutations are subjected to selection as individual loci; and conditions under which 
selection cannot distinguish the effects of individual loci? (Note: please check the statement on p. 29 of the 
thesis, right column - the sentence in the paper seems to have the effect backwards) 
 
- Please compare the regions shown to be shared between the two transects and their introgression pattern to 
those originally reported by Payseur et al. 2004. Please discuss the possible reasons for similarities as well as 
differences. 
 
- Please discuss if one were to demonstrate the candidate gene 1700093K21Rik and its role in mediating 
reduced introgression, what are the major experiments to do so? 
 
- In comparisons between humans and chimps, increased divergence is associated with increase recombination 
rates. In many other systems, increase diversity is also associated with high recombination rate. Please discuss 
in the context of Hill-Robertson effect (on the efficiency of selection on linked sites) in self-contained populations 
showing panmixia vs. hybrid zones. If the candidate is aware of Barton-Kirkpatrick 2006 Genetics, please also 
discuss the relationship between divergence, recombination rate and adaptation in the context of locally 
adapted populations. 
 
- Please discuss in the context of other "speciation" genes and their roles in the cell and how this may fit with 
your GO category analytical results in Paper III. 
 
 

 
Yingguang Frank Chan, PhD. 
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