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Toll-like receptors (TLRs) belong to the first innate immunity molecules to detect the pathogen infection in vertebrates. Their optimal function is essential for 
successful defence against various parasites, acting either by direct triggering of effector immunological mechanisms or by co-stimulation of adaptive immunity. It may 
therefore be predicted that parasites evolve to impair this type of detection while hosts evolve to improve it. This co-evolutionary arms-race might be tracked in the 
TLR structure. As different hosts harbour distinct sets of parasites, comparative research in TLRs may provide a basis for understanding of host-parasite evolution. 
Contrary to the number of fish and mammalian TLRs described, avian inter- and intraspecific TLR-variability is only very insufficiently explored. This is especially true 
for passerine birds. In this study we therefore aimed at characterising variability in one receptor from TLRs family (TLR4) among selected passerine species and 
mapping potential evolutionarily important sites. For two species, the Great tit and the Bluethroat, we also present data for the intraspecific polymorphism.
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Analysis of selection on passerine TLR4 sequences

The dN/dS (non-synonymous/synonymous) 
ratio is used to estimate positive selection 
at every codon in the alignmentis.

REL interspecies analysis revealed 15 
positively and 55 negatively selected sites 
in passerines Tlr4.

IFEL population analysis revealed 4 or 5 
positively and 15 or 24 negatively selected 
sites in pmTlr4 (42 NS haplotypes) or in 
lsTlr4 (54 NS haplotypes), respectively.

Positively selected sites occur in both extra- 
and intracellular domains.

METHODS
Animals
- blood samples from selected passerine species: Barn swallow Hirundo rustica, Bluethroat Luscinia svecica, Common rosefinch Carpodacus erythrinus, 

Collored flycatcher Ficedula albicollis, Great tit Parus major, Great reed warbler Acrocephalus arundinaceus and House sparrow Passer domesticus
Gene analysis
- genomic DNA isolation from blood samples
- primers designed according to the known tgTlr4 sequence 
- PCR product amplification, cloning and sequencing (Applied Biosystems 3130 Genetic Analyzer)
- sequence analysis in SeqScape and BioEdit and BLAST tool (http://blast.ncbi.nlm.nih.gov/)
Description of polymorphism
- identification of single nucleotide polymorphism (SNP) sites by repeatedly found double peaks
Frequency of alleles in population
- PHASE: software for haplotype reconstruction from population data
Protein structure
- prediction of the domain composition in SMART (http://smart.embl-heidelberg.de/)
- TLR4 3D structure prediction in PHYRE2 (http://www.sbg.bio.ic.ac.uk/phyre2/) and subsequent visualization in PyMOL
Signal peptide prediction
- prediction of signal peptide cleavage site in SignalP 3.0 (http://www.cbs.dtu.dk/services/SignalP/)
Recombination
- determination of breakpoints in GARD (www.datamonkey.org)
Analysis of selection
- comparison of dN/dS substitutions by REL and IFEL analysis (www.datamonkey.org)
Phylogenetic tree
- reconstruction by Neighbor-joining method, MEGA 4 software

• We described the gene for TLR4 in seven free-living 
passerine birds.

• We revealed high levels of genetic variability in Tlr4 
both among and within individual species.

• The TLR4 aa sequence similarity tree is congruent with 
previously published phylogenetic trees.

• Both positively and negatively selected sites were 
found in the extracellular as well as in the intracellular 
domain.

• Non-conservative substitutions identified in the present 
study may affect receptor function and therefore 
deserve further attention.

CONCLUSION

TLR4 aa sequence similarity tree

- 843 amino acids (2529bp), 3 exons (105, 167 and 2257bp)

- very similar domain (LRRs, LRRCT, TM, TIR) composition 
in all passerine TLR4 sequences

- the most likely cleavage site of signal peptid assess identically 
between 27-28 aa, or between 28-29 aa

- 2 recombination breakpoints in pmTLR4: 452bp and 1568bp 
(p=0.01) and 3 recombination breakpoints in lsTLR4: 675bp, 
1293bp, 1755bp (p=0.01)

Description of passerine TLR4

Domain structure of passerine TLR4

Interspecific sequence variability in TLR4 protein across passerine species; 
aa positives compared to tgTLR4 (ACN58232.1). C-terminal domain includes 
MD2 binding site (TLR4-MD2 complex is essential for LPS recognition).

RESULTS

Polymorphism
in passerine Tlr4

lsTlr4
Individuals: 53
SNPs: 106
sSNPs: 62
nSNPs: 44
Alleles: 104
NS haplotypes: 54

pmTlr4
Individuals: 50
SNPs: 53
sSNPs: 33
nSNPs: 20
Alleles: 82
NS haplotypes: 42


