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BACKGROUND & OBJECTIVES 
Toll-like receptors (TLRs) are an ancient group of pathogen-associated

molecular sensors involved in innate immunity that recognize a variety of

bacteria, virus, fungi and parasites. In humans and other mammals, 10 well-

characterized TLRs (TLR1-TLR10) have been described but in teleosts at least

21 TLRs have been reported and gene number is distinct across species and

their function is still largely unexplored (Liu et al., 2019). Nototheniidae are a

group of fish adapted to the extreme cold of the Antarctic and the most prevalent

teleost suborder in the Antarctica region. This Antarctic clade evolved after the

Antarctica circumpolar current barrier was formed (40-22.4 MYA, Near et al.,

2012), underwent speciation and adapted to cold stable water temperatures

(Clarke and Johnston, 1996). Specific physiological adaptations acquired by

Antarctic fish include loss of haemoglobin, high mitochondrial density and low

bone density, but the effect of the unique cold marine environment on immunity

is currently poorly explored. The objective of this study was to characterize TLR

family members in Nototheniidae fish and determine how this system evolved in

teleosts of the unique cold-stable environment of Antarctica by providing a

comprehensive comparative analysis of gene/genome evolution with the sub-

Antarctic sister lineage (same Notothenioidei sub-order) and other teleost fish

and tetrapods.
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RESULTS
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CONCLUSIONS

Figure 1: A Radial phylogenetic tree, built using Bayesian

inferance with a VT model. The tree was edited to facilitate

interpretation. The vertebrate six TLR superfamilies are

represented in diferent colours: TLR1 (orange),TLR3 (red),

TLR4 (pink), TLR5 (purple), TLR7 (blue) and TLR11 (green).

The branches for the TLR sub-families are represented.

Localization of Antartic fish TLR members are represented

by an image of N. coriceps.

❸Phylogenetic analysis of Antarctic fish TLRs

TLRs
❶Sequence comparisons 

MUSCLE /AliView platform
❷Phylogeny

BI and ML in CIPRES 

BLAST

Antarctic

TLRs Superfamilies S1 S3 S4 S5 S7 S11 Total

Antarctic fish

N. coriiceps 5 1 - 2 3 4 15

N. rossii 4 1 - 1 3 3 12

T. bernacchii 5 1 - 2 3 3 14

G. acuticeps 5 1 - 2 3 5 16

P. georgianus 5 1 - 2 3 4 15

D. mawsoni 2 1 - 1 2 4 10

Sub-Antarctic fish

C. gobio 5 1 - 1 3 3 13

Other ray-finned fish

G. aculeatus 3 1 - 3 3 3 13

D. labrax 5 1 - 1 3 4 14

D. rerio 3 1 3 2 5 10 24

L. oculatus 6 1 1 1 5 1 15

Tetrapods

H. sapiens 4 1 1 1 3 - 10

❷TLRs in Antarctic and other ray-finned fish

❶ TLR gene number is variable in Antarctic teleosts and they possess gene homologues of TLRs found in other teleosts.

Table 1: TLR gene repertoire found in fish and other vertebrates

❹Specific evolution of TLRs in Antarctic teleosts 

Figure 2: A) gene synteny analysis and B) selective pressure analysis of the

tlr5 gene. A) The homologue genome regions are represented and genes are

indicated by coloured arrows. Gene names and positions in the genome (Mb) are

indicated. B) Positive selective pressure was found int the transmembrane domain

(TM) for Nototheniidae species. Glycine – G; Glutamic acid – E; Leucine – L. Amino

acids are coloured according to their physicochemical properties. Grey means no

change and - not found.

❷ The distinct gene number across Antartic species was due to lineage or species-specific gene deletion and duplication events.

❸ Selective pressure analysis suggests that Antarctic teleost TLRs were under different evolutionary pressure mostly at the TM which may

have a role in pathogen recognition and celular signaling.

❹ Our study suggests that the Antarctic cold stable environment modulated TLR gene evolution and function in Nototheniidae fishes.

❶ General structure of TLRs in Antarctic fish and other 

vertebrates

❹Selective pressure analysis

CLUSTALW in Mega

❸Gene linkage analysis

Ensembl and NCBI databases

TLRs are transmembrane type-I proteins characterized by an extracellular domain (ECD) that

contains a variable number of leucine-rich repeats (LRR) motifs, that bind to and recognize a

diverse range of macromolecules (proteins, lipids, carbohydrates, and nucleic acids) in a

pathogens surface, a transmembrane (TM) domain and an intracellular toll-like receptor (TIR)

domain. Antarctic fish TLRs shared similar protein organization with that of other vertebrates.

The number of LRR vary within species and between different TLR subfamilies and

superfamilies. The TIR domain is absent from TLR5S.

Vertebrate TLRs are classified into six superfamilies based on sequence similarity: TLR1

(TLR 1, 2, 14/18, 15, 25, 27), TLR3 (TLR3), TLR4 (TLR4), TLR5 (TLRs 5, 5S), TLR7 (TLR 7,

8, 9) and TLR11 (TLR 11, 13, 21, 22, 23).

Notothenioidei TLRs cluster with the other vertebrates homologues. Members for all

subfamilies were found in Notothenioidei except for TLR4, TLR11 and TLR27.

TLR evolved under lineage and species-specific events. For example, tlr5 was eliminated from D. mawsoni genome (A)

and positive selective pressure at the branch and site level at the TM were detected in species where it persisted (B).

H. sapiens

D. rerio

6 species

Sub-Antarctic 

C. gobio

Other teleosts

Other 
vertebrate

15 species

9 species

2. BIOINFORMATIC ANALYSIS

Variable number
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