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2. The model that best fitted the data excluded microsatellite 

heterozygosity, sampling site and host length (plus all interactions) as 

predictors and indicated that parasite load increased with decreasing 

number of MHC supertypes. Thus, even low levels of outcrossing could 

produce enough variability in immune-system genes to better resist 

parasites 

Table 1. Results of generalized linear models evaluating the effect of MHC supertype number 
on parasite loads. Model selection was applied for the best fit of the data according to AICc 
values. 

Question: How do populations cope with low immunogenetic diversity? 

Mating between close relatives (inbreeding) reduces genetic diversity, making all individuals 

equally susceptible to environmental changes or diseases but, surprisingly, some populations 

seem to manage well and even thrive with low diversity.  

Approach 

We used the self-fertilising mangrove killifish (Kryptolebias marmoratus) 

as a model to investigate the role of selection in maintaining immune-

related (MHC) diversity under high inbreeding conditions. As a negative 

correlation between genetic diversity at neutral markers (microsatellites) 

and parasite loads had been previously observed in this species, we 

hypothesised that genome-wide microsatellite heterozygosity may be 

more critical than MHC diversity alone in determining pathogen 

resistance.  

Methods 

72 fish from Calabash Caye (Belize) and 

111 from 2 different inbred laboratory  lines 

(R & DAN) were genotyped for 32 

microsatellite markers and 185-192 bp of 

the MHC class I 3rd exon (encoding for the 

peptide binding region, PBR), using 454 

sequencing. MHC alleles were grouped in 

“supertypes” based on their binding 

properties. 50 fish were also screened for 

gill and gastro-intestinal parasites. 

Results 

1. Significant negative correlation between number of selfing generations 

and MHC diversity (r = -0.464, p = <0.001), i.e. fish that had gone 

through more selfing generations had fewer MHC supertypes (Figure 

2a). Loss of alleles was not random, mean and minimal amino acid 

dissimilarity among alleles per fish increased with decreasing number of 

alleles (mean; r = -0.298, p = 0.020; minimum; r = -0.681, p = 

<0.001, Figure 2b). 

Conclusion 

MHC diversity, and not only genome-wide 

microsatellite heterozygosity, is related to 

parasite loads even when diversity is lost 

after several generations of inbreeding. 

Implications for conservation: immune-

related genes, such as the MHC, should be 

considered in captive breeding programs to 

minimize the negative consequences of 

inbreeding in endangered species. 

Hermaphrodite (top) and male (bottom) 
mangrove rivulus. Natural populations of 
K. marmoratus are composed of highly 
homozygous hermaphrodites that 
reproduce mainly by self-fertilisation or 
by outcrossing with males, present at 
low proportions (1-25%).    

Fig. 2. The number of MHC super-types decreased with selfing generations (a), as for 
neutral microsatellites. However, alleles were not lost at random, the less alleles individuals 
possessed the more dissimilar they were (b). 

Fig. 1. Gills and gastro-intestinal tract were screened for 
parasite infections under a dissecting microscope. 
Bacterial gill cysts, trichodinids and acanthocephalans 
were the most common infections 
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    a) Total parasite load 

   No. of MHC supertypes 1 8.13 0.007 

    b) Bacterial gill cysts 

   No. of MHC supertypes 1 7.41 0.010 

Sampling site 3 12.71 <0.001 

    c) Trichodinids 

   No. of MHC supertypes 1 4.36 0.044 

    d) Acanthocephalans 

   Sampling site 3 7.57 <0.001 
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