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Review of PhD. thesis „Genetics and genomics of hybrid sterility“  
by Tanmoy Bhattacharyya 

 

The thesis is written in a “classical” manner though it is based on two published papers (PNAS, 
Evolution) and two papers in preparation. It is focused on three aims concerning effects of crossing 
two laboratory strains representing house mouse subspecies Mus musculus musculus (represented 
by the wild-derived strain PWD) and M. m. domesticus (represented by the “classical” strain 
B57BL/6). More specifically, these aims were to reveal genetic (1) and mechanistic (2) basis of F1 
hybrid sterility and to test Muller’s dominance theory as an explanation of Haldane’s rule (3).  

The results can be summarized as follows.  
1) In the central X chromosome, a hybrid sterility locus Hstx2 was mapped to a 4.7 Mb region. Within 
this region two protein-coding loci, 493343610Rik and Fmr1nb, and two microRNA loci, mmu-miR-
743a and mmu-miR-465, were suggested as most likely candidates. The central role in the hybrid 
sterility thus appear to be played by the Prdm9 (Chr. 17) and Hstx2 loci with epistatic interactions 
with loci in other autosomes (e.g. Chr. 19). 

2) Male F1 hybrid sterility is mediated primarily through meiotic asynapsis manifested by pachytene 
arrest and subsequent apoptosis – the predisposition to asynapsis occurs both in males and females 
but only in males synapsis appears to be sensitive to sequence divergence between heterospecific 
chromosomes. 

3) Using female hybrids homozygous for the Hstx2PWD gene the author rejected the dominance 
theory explaining Haldane’s rule. He also showed that contrary to male meiosis Chr. 17 and the Hstx2 
locus do not control the frequency of asynaptic pachynemas in female meiosis of intersubspecific 
hybrids. This may be due to the respective X-linked recessive gene(s) being testes specific. 

4) Finally, a meiotic recombination rate controlling locus was mapped to the same 4.7 Mb interval of 
the X as the Hstx2 hybrid sterility gene suggesting an important role of meiotic recombination in 
reproductive isolation. 

Frankly speaking, I was glad to read a thesis which has not been created by a mere putting together a 
bunch of already published papers. Among advantages of such an approach is that the author may 
use as many figures as he considers necessary/useful and also he/she may explain employed 
methods in sufficient detail without referring to descriptions published elsewhere. On the other 
hand, I must admit reading this thesis was not easy for me. Partly this can be due to the fact that it 
could have been written more carefully but the main reason is that its scope is rather broad and the 
spectrum of employed methods really big. The latter is not criticism, this is appreciation. The work is 
really tremendous. At the end of some subchapters, there is stated: “This work was done in 
collaboration with ...”. If this means all other work was done by the author alone then this is 
undoubtedly impressive. 

I have no serious criticism against the thesis, just let me complain a bit about unfortunate presenting 
figures and tables in blocks far from the corresponding text, making orientation in the thesis difficult. 



 

More importantly, I missed more discussion on the number of loci affecting fertility/viability of 
mouse hybrids. It is suggested that besides Hst1 and Hstx1/Hstx2 there are probably a few other loci 
contributing to reproductive isolation. However, this number may be of the order of tens as 
theoretically predicted, for example, by Walsh (Am. Nat. 1982: 510-532) or Barton and Charlesworth 
(Annu. Rev. Ecol. Syst. 1984: 133-164), and estimated from genetic data by Macholan et al. (2007) 
and Janousek et al. (Mol. Ecol. 2012: 3032-3047). I also miss discussing Albrechtova et al. (Proc. R. 
Soc. Lond. 2012: 4803-4810) as well as a deeper discussion on Forejt et al.’s chapter in the Evolution 
of the House Mouse (for example, what about the role of chromosomes 10 and 11 mentioned 
there?). Finally, I think presenting a table summarizing roles in sterility and/or phenotypic outcomes 
of individual chromosomes and loci (Hst1, Hstx1, Hstx2, Chr. 19, maybe also Chr. 10, Chr. 11?) 
somewhere at the end of the thesis would be very useful. May I ask for presenting such a summary 
during the defence? 

Let me also ask two further (perhaps a bit naive) questions:  
1) May we call the strain B6-XPWDBB6 consomic when the X chromosome is recombinant? Why a 
strain with intact PWD and B6 X chromosomes was not used in the cross? 

2) According to the thesis, hybrid females displayed about 50% incidence of abnormalities in the 
pachytene stage relative to males. Can this frequency of defects affect the female fitness? 

Here are some minor comments which need not be addressed by the author during the thesis 
defence: 

Page 14, last paragraph: “In Pre-mating isolation, interspecific hybrids are absent between two 
species due to ecological or behavioural factors.” -> this assertion is oversimplified as also other 
factors (e.g. mechanical) can contribute. 

P19, the last but one line: Besansky et al. (2003) is misplaced as it refers to Anopheles not mice as 
suggested by the text. 

P20, Line 6: Referring to the species/subspecies status of house mice is inconsistent throughout the 
thesis; for example, musculus, domesticus, castaneus are referred to as species here while as 
subspecies elsewhere.   
The same sentence: She et al. (1990) is misplaced here as that paper gives an estimate of 350 kya, 
not 500 ky; likewise, a bit onwards: Boursot et al. (1996) estimates the divergence time to 900 kya, 
i.e. earlier than 500 kya. Given Boursot et al.’s (1993) estimate is rather approximative in the review, 
the most appropriate estimates seems to be yielded in Geraldes et al. (2008) and Macholan et al. 
(Folia Zoologica 2012: 284-307). This, of course, does not violate the assertion that the split (at least 
according to mtDNA sequences) took place around 500 kya. 

P60, middle page: “...D-M interactions of recessive to underdominant or dominant alleles...” -> I do 
not understand the term “underdominant allele”; I know terms “underdominance” (i.e. selection 
acting against heterozygotes) and “overdominance” (i.e. selection acting in favour of heterozytes). I 
also know dominant, recessive and codominant alleles but what are underdominant alleles 
(underdominant genes elsewhere)? 

P60, last four sentences: It is not clear why the author included introduction of chromosome X in 
sub-chapter 7.2 dealing with major loci on Chr. 17 and 19. 

P71, Fig. 7.5: There are no broken lines in the graphs. 



 

P95, Fig. 8.5: It is a pity that the author could not carry out experiments involving all possible types of 
hybrids! 

P129: Richard et al. (1993) should be Sage et al. (1993), likewise in P153, the corresponding reference 
should read “Sage RD, Atchley WR, Capanna E (1993)”. 

P129: Boursot et al. (1993) and Sage et al. (1993) [misreferred to as Richard et al.] are just reviews on 
house mice, not papers primarily dealing with hybrid sterility or hybrid zones. 

To conclude: I must, once more, express my conviction this thesis presents a tremendous piece of 
work of high quality. Notwithstanding the broad and ambitious scope of the aims, these were all met 
and I am happy to recommend the thesis for defence.  
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