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ABSTRACT 

Allograft inflammatory factor 1 (AIF-1) is a highly conserved gene involved in inflammation, cloned 

and characterized in several evolutionary distant animal species. Here, we report the molecular 

identification, characterization and expression of AIF-1 from the common sea urchin Paracentrotus 

lividus. In this species, AIF-1 encodes a predicted 151 amino acid protein with high similarity to 

vertebrate AIF-1 proteins. Immunocytochemical analyses on coelomocytes reveal localization of the 

AIF-1 protein in amoebocytes (perinuclear cytoplasmic zone) and red sphaerulocytes (inside granules), 

but not in vibratile cells and colorless sphaerula cells. The significant increase of AIF-1 expression 

(mRNA and protein) found in the coelomocytes of the sea urchin after Gram+ bacterial challenge 

suggests the involvement of AIF-1 in the inflammatory response. Our analysis on P. lividus AIF-1 

contributes to elucidate AIF-1 function along the evolutionary scale and consolidate the key 

evolutionary position of echinoderms throughout metazoans with respect to the common immune paths. 

 

 

 

 

 

Keywords: 

Allograft inflammatory factor 1, Paracentrotus lividus, coelomocytes, amoebocytes, red cells, bacterial 

challenge. 

 

 

  



1. INTRODUCTION 

A highly complex biological regulatory network protects all invertebrates from pathogens. As in 

vertebrates, inflammation is the first defense line of such protective network [1]. The inflammation 

process involves coordinated cellular events and it is induced by tissue injury or microbial infection 

[2]. In this respect, inflammation plays an important part in wound repair and during microbial 

infections [3]. 

Allograft inflammatory factor 1 (AIF-1) is an inflammation-responsive protein that influences the 

immune system and modulates diverse inflammatory disease states. This highly conserved Ca2+-binding 

EF-hand cytokine was firstly identified and cloned from activated macrophages of rat heart grafts 

subject to chronic cardiac rejection [4]. AIF-1-type proteins were later identified in many vertebrates, 

but also invertebrates, including sponges [5], cnidarians [6], mollusks [7,8,9,10,11,12,13,14], annelids 

[15,16] and echinoderms [17,18]. About echinoderms, AIF-1 has first been cloned and characterized in 

the Antarctic sea urchin Sterechinus neumayeri [17] and then in the Japanese sea cucumber 

Apostichopus japonicus [18]. All the AIF-1 proteins reveal high degree of similarity, suggesting an 

evolutionary conservation [1]. 

The echinoderm immune system lacks the hallmarks of adaptive immunity [19], while it shares with all 

animals the same innate immune reactions. Recognition is mediated by pattern recognition receptors 

(PRRs), which lack the discriminative capacity of the immunoglobulin-based receptors of the vertebrate 

adaptive immune system [20,21]. Notably, sea urchins rapidly clear their coelomic cavity from 

microbes, foreign cells, and other materials by means of phagocytic coelomocytes [22,23]. It is widely 

accepted that echinoderm coelomocytes play an important role in immune responses, but their 

classification is a critical issue, due to variations in cell type and number. Many morphologically 

distinct classes of coelomocytes (amoebocytes/phagocytes, red and uncolored sphaerula cells, and 

vibratile cells) can be distinguished [24]. Amoebocytes/phagocytes are macrophage-like cells that 

beside their phagocytic activity play a fundamental role in encapsulation and clotting [19,25]. On the 

other side, sphaerula cells are characterized by the presence of large granules in their cytoplasm and 

have been associated with antibacterial activity [26], inflammatory responses [27], extracellular matrix 

remodeling [28] and wound healing [29]. The red sphaerula cells, characterized by the presence of 

echinochrome A, possess antibacterial activity [30]. Finally, vibratile cells are involved in the response 

to injury, being generally associated with clotting reactions [31]. 



Here we report the molecular identification and functional characterization of AIF-1 of the common 

sea urchin Paracentrotus lividus and its localization in a sub-set of coelomocytes. Moreover, we report 

that AIF-1 expression varies in sea urchin coelomocytes after Gram+ bacterial challenge. 

 

2. MATERIALS AND METHODS 

2.1. Animal collection and samples preparation 

Adult specimens of P. lividus were collected (SCUBA diving) in the coastal area of Porto Cesareo 

(Northern Ionian Sea, Lecce, Italy) at a depth of 5-10 m. The animals were immediately transferred in 

laboratory at the Department of Biological and Environmental Sciences and Technologies, University 

of Salento, and maintained in aquaria filled with circulating filtered (0.22 m) seawater (FSW) and 

under controlled conditions for 24 h before use. 

Coelomocytes were recovered from sea urchins by cutting the peristomal membrane and harvesting the 

coelomic fluid. From each individual, an aliquot of coelomic fluid was fixed for immunocytochemistry 

(formalin 4% in FSW) after evaluation of cell viability by Trypan blue and cell counting. For 

downstream molecular analyses, the remaining coelomic fluid was centrifuged at 400 x g for 10 min (4 

°C). The pellets containing the coelomocytes were collected together, resuspended in RNALater 

(Ambion) and sonicated on ice with an ultra-sound probe (Sonifer sonicator Model 250/240, Brain 

Ultrasonic Corporation), for 4 min at 50% duty cycles. 

2.2. Total RNA and protein extraction 

After storage in RNALater, coelomocytes were processed for RNA and protein extraction by using the 

AllPrep DNA/RNA/Protein mini kit (Qiagen) protocol and reagents, according to the manufacturer’s 

instructions. The protocol was implemented with the on-column DNase digestion protocol to avoid 

genomic DNA interference during the following PCR assays. At the end of the extraction protocol, 

RNA aliquots were stored in RNase-free conditions at -80 °C until use. RNA concentrations were 

calculated by spectrophotometry, and the λ260/λ280 ratios were calculated to evaluate RNA purity. All 

the RNA extractions were tested by loading RNA samples onto agarose gels. Protein concentrations in 

extracts were calculated by the Bicinchoninic Acid Kit for Protein Determination (BCA1 kit; Sigma 

Aldrich), according to the manufacturer’s protocol. 

2.3. Primer design and qPCR assays 

The reference sequence of AIF-1 mRNA (Acc. no. FJ824731.2) of Sterechinus neumayeri (the 

Antarctic sea urchin) was used to select two oligonucleotide sequences as primer pair (forward primer 

5’-3’ sequence AAGTGGAGACCTCGACGACA; reverse primer 5’-3’ 



TTCTTTGGAGGTGGCCCAAC) for consequent RT-PCR assays on RNA extracted from P. lividus 

coelomocytes. To validate primer sequences, the AmplifX software version 1.5.4 was used 

(http://ifrjr.nord.univ-mrs.fr/AmplifX) to analyze GC content, end stability and self/cross-dimer 

formation. Oligonucleotides were purchased from Eurofins Genomics (Germany). Sequencing of the 

PCR product (240 bp) obtained by using the selected primers was performed and a partial cDNA 

sequence was submitted to the GenBank database (www.ncbi.nlm.nih.gov/genbank/; GenBank 

Submission ID 1952522). 

Reverse transcriptions on the extracted RNA samples were performed on 0.25-1 µg RNA using the 

Bio-Rad iScript Select cDNA Synthesis kit (Bio-Rad) according to the manufacturer’s instructions and 

in the presence of random primers. Before qPCR analysis, primer pairs were tested for efficiency, 

according to the amplification efficiency parameters for genes of interest and internal controls proposed 

by Schmittgen and Livak [32]. qPCR was performed using the iQ SYBR Green Supermix protocol 

(Bio-Rad) with a Rotor-Gene 3000 (Corbett Research, St. Neots, UK) real-time thermal cycler. To 

assess gene expression quantitatively, the P. lividus 18S RNA gene was used as internal control to 

normalize mRNA amplifications (18S forward primer 5’-3’ sequence 

CCTGCCAGTAGTCATATGCTT; reverse primer 5’-3’ CTCGATCCAATGAACCAAACT). Gene 

expression relative quantification was calculated by analyzing the output threshold values (Ct) by the 

comparative Ct method, as previously described [32], and qPCR data were shown as 2-ΔCT values. ΔCt 

values (ΔCt = target gene Ct – standard gene Ct) were obtained from three different rounds of qPCR for 

both the target mRNA and the 18S internal control, of three biological replicates. Statistical analysis 

was performed after the 2-ΔCt transformation [32]. 

2.4. Discontinuous density gradient 

The coelomic fluid from healthy sea urchins was harvested directly in an isosmotic anticoagulant 

solution (20 mM Tris, 0.5 M NaCl, 70 mM EDTA, pH 7.5) (ISO–EDTA) by cutting the peristomal 

membrane. After centrifugation (900 x g for 10 min at 4 °C), the coelomocytes were washed two times 

in ISO–EDTA and resuspended at 5 x 106 cells/ml in ISO–EDTA. Coelomocyte number was calculated 

by a haemocytometer chamber and cell viability evaluated by Trypan blue exclusion test. Four milliliter 

coelomocytes suspension (1.5 x 106/ml) were layered on the top of an Iodixinol (Optiprep; Nycomed 

Oslo, Norway) discontinuous density gradient. The gradient was prepared as follows: one milliliter of 

10, 20, 30 and 70% (v/v) iodixinol stock solutions in 0.5 M NaCl containing 10 mM EDTA were layered 

into a 15 ml centrifuge tube. The gradient was then centrifuged in a swing-out rotor (800 x g for 30 min 

at 7 °C). The resulting cell populations on the top of 10, 20, 30 and 70% Iodixinol layer, referred to as 



bands P1, P2, P3 and P4, respectively, and containing the coelomocytes were collected. Each cell 

population was gently removed, washed two times with ISO–EDTA and identified according to Smith 

[33]. 

2.5. Immunocytochemistry 

For immunocytochemistry, coelomocytes from each population were resuspended in PBS and allowed 

to settle on a cover glass for 30 min before fixation in 4% paraformaldehyde. Cells were washed with 

PBS (3 times for 5 min), pre-incubated for 30 min with PBS containing 1% (w/v) bovine serum albumin 

(BSA) and 1% (v/v) normal donkey serum, then incubated overnight at 4 °C in primary rabbit 

polyclonal antibody (Proteogenix, France) raised against the C-terminal region of human AIF-1 

(antigenic sequence: TGPPAKKAISELP) (dilution 1:5,000). An aliquot of rabbit pre-immune serum 

was collected from the animal prior to begin the polyclonal serum production. The washed specimens 

were incubated for 1 h at room temperature with the goat anti-rabbit fluorescein isothiocyanate (FITC)-

conjugated antibody (λex 493 nm, λem 518 nm) secondary antibody diluted 1:200 (Abcam, Cambridge, 

UK).  

Nuclei were counterstained by incubating cells for 15 min with 4,6-diamidino-2-phenylindole (DAPI, 

0.1 mg/ml in PBS, λex 340 nm, λem 488 nm). Coverslips were mounted in Citifluor (Citifluor, London, 

UK) on glass slides and examined with a confocal laser microscope (LSM 710 Zeiss). In controls, 

primary polyclonal anti-human AIF-1 antibody was substituted with rabbit pre-immune serum 

(1:20,000) or primary antibody was omitted and cells were treated with BSA-containing PBS and 

incubated only with the secondary antibody. 

2.6. Western blotting 

Following electrophoresis on 4-15% polyacrylamide gels, proteins were electro-transferred to 

nitrocellulose membrane (Trans-Blot Turbo Mini Nitrocellulose Transfer packs; Bio-Rad) using a 

Trans-Blot Turbo Transfer System (Bio-Rad). After protein transfer, the membranes were blocked for 

1 h in 5% (w/v) milk in PBS at room temperature, and then immunoblotted in 5% milk and 0.1% (w/v) 

Tween-20 in PBS with the rabbit polyclonal anti-human AIF-1 primary antibody (dilution 1:10,000); 

in control experiments, rabbit pre-immune serum (1:10,000) was adopted. After rinsing, blots were 

incubated with HRP-conjugated goat anti-rabbit secondary antibody (Sigma Aldrich), and immune 

reactive bands were detected using an enhanced chemiluminescence method (ECL kit; BioRad). 

Densitometric quantitative analysis was carried out by using the ImageJ software (v 1.48) (National 

Institutes of Health, Bethesda, MD, USA). The pixel intensity for each region was analyzed, the 



background was subtracted and the protein expression results were normalized with respect to protein 

concentration values of the loaded samples. 

2.7. In silico sequence search and phylogenetic analysis 

The nucleotide sequence of the partial cDNA (mRNA) of P. lividus was blasted 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) in the GenBank database according to standard procedures. 

Four P. lividus ESTs (Expressed sequence Tags; GenBank Acc. Nos. AM551156.1, AM587832.1, 

AM561595.1, AM187178.1) and one TSA (Transcribed GeneBank Acc. No. GCZS01073201.1) 

inferred by BLAST were submitted to multiple sequence alignment by ClustalO 

(http://www.ebi.ac.uk/Tools/msa/clustalo/). The amino acid sequence prediction was performed by 

ORF finder (https://www.ncbi.nlm.nih.gov/orffinder/).  

To identify orthologs of the P. lividus predicted protein product, we performed a BLAST analysis 

against the genome of several species using the ENSEMBL (http://www.ensembl.org/index.htmL) and 

NCBI (http://www.ncbi.nlm.nih.gov) databases. Sequences with high blast scores were considered, 

alignments were performed on ortholog proteins using ClustalO, and a neighbor joining (NJ) tree was 

built using MEGA7 (http://www.megasoftware.net). Conserved motifs have been searched by Simple 

Modular Architecture Research Tool 7 (SMART 7) (http://smart.embl-heidelberg.de/). 

2.8. Bacterial challenge 

To stimulate the immune response, experimental bacterial challenges were conducted with 30 sea 

urchins by injecting a suspension (200 l per urchin; 1 x 106 bacteria/ml FSW) of heat-inactivated 

Micrococcus lysodeikticus (Gram+) into the coelomic cavity. A second group of 30 animals was 

injected with FSW (200 l per urchin) and used as a control.  

One, 3 and 24 h after bacterial injection, coelomocytes were recovered from stimulated and control 

groups (10 animals per time) as described above and processed for RNA extraction. 

2.9. Statistical analysis 

All experiments were repeated three times for each treatment condition. Unless otherwise stated, all 

data were expressed as mean value ± S.E.M.; data were analyzed by a two-tailed unpaired Student’s t-

test and significant differences were considered at P < 0.05. 

 

3 RESULTS 

3.1. Detection and identification of AIF-1 gene expression in P. lividus coelomocytes 

Based on Sterechinus neumayeri (the Antarctic sea urchin) AIF-1 mRNA, oligonucleotide sequences 

were selected as primer pair to be used in subsequent RT-PCR analysis to identify an AIF-1-related 



mRNA on total RNA extracted from P. lividus coelomocytes. Sequencing of the derived cDNA 

amplicon (expected size 240 bp) revealed 89.58% identity with the corresponding sequence region of 

S. neumayeri AIF-1 mRNA (see Supplemental Table S1). 

3.2. In silico identification of the putative P. lividus AIF-1 nucleotide coding and amino acid 

sequences 

The nucleotide sequence of the partial cDNA (mRNA) of P. lividus was used for a BLAST mining in 

the GenBank database. This led to the identification of a few P. lividus sequences, namely four ESTs 

(GenBank Acc. Nos. AM551156.1, AM587832.1, AM561595.1, AM187178.1) and one TSA 

(GeneBank Acc. No. GCZS01073201.1). Sequence alignment by ClustalO led to the identification of 

a complete nucleotide contig containing a putative coding sequence (cds) 456 bp long. Consequent 

ORF analysis predicted a peptide sequence of 152 amino acids (Fig. 1) for the putative P. lividus AIF-

1. 

 

 

Fig. 1. Nucleotide coding sequence (cds) and predicted amino acid sequence of the putative 

Paracentrotus lividus AIF-1 inferred by ORF finder. Numbers on the left refer to the 

nucleotide (upper row) and amino acid (lower row) positions. Nucleotides are numbered, 



starting from the first putative ATG initiation codon. Asterisks indicate the stop codon. The 

nucleotide sequence corresponding to the cloned and sequenced amplicon is underlined. 

 

3.3. Phylogeny and comparative analysis of P. lividus AIF-1 

The evolutionary relation of P. lividus AIF-1 was studied with respect to other metazoans. By multiple 

sequence alignment, the predicted AIF-1 sequence of P. lividus was compared to a conspicuous number 

of sequences of (orthologous) AIF-1- and (closest paralogous) AIF-1l-type proteins. The optimal tree 

from the alignment was generated (see Supplemental Fig. S1 and Supplemental Table 1), indicating 

that the putative P. lividus AIF-1 is comprised in the echinoderm cluster of the AIF-1-type proteins and 

that the echinoderm composes, with the hemichordate and the chordate, the root branch from which 

vertebrate AIF-1- and AIF-1l-type groups have diverged by duplication (Fig. 2A). 

The multiple alignment among P. lividus AIF-1, human AIF-1 and human AIF-1l amino acid 

sequences, as obtained by ClustalO using default parameters (for comparison see Supplemental Fig. 

S1), is reported in Fig. 2B. Along the aligned sequences, the conserved EF-hand calcium binding motifs 

in P. lividus AIF-1, as identified by SMART analysis, are indicated. 

 

Fig. 2. (A) Evolutionary relationships of taxa. The evolutionary history was inferred using the 

Neighbor-Joining method [34]. The optimal tree is shown for AIF-1- and AIF-1L-type 



(sum of branch length = 4.79430556) proteins. The percentage of replicate trees in which 

the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next 

to the branches [35]. The evolutionary distances were computed using the Poisson 

correction method [36] and are in the units of the number of amino acid substitutions per 

site. The analysis involved 20 and 23 amino acid sequences for AIF-1- and AIF-1L-type 

proteins, respectively. All positions containing gaps and missing data were eliminated. 

There were a total of 136 positions in the final dataset. Evolutionary analyses were 

conducted in MEGA7 [37]. (B) Multiple alignment among common urchin AIF-1 and 

human AIF-1 and AIF-1L amino acid sequences was obtained by ClustalO using default 

parameters. The pairwise scores (Clustal 2.1) for common urchin Paracentrotus lividus 

AIF-1 vs. human AIF-1 and human AIF-1L sequences are representatively shown in the 

table. Amino acids from coding exons (exons 1 to 6 if one refers to human AIF-1 and to 

human AIF-1L) are alternately indicated by black and blue letters. Residue overlap splice 

sites are indicated by red letters. Along the aligned sequences, EFh indicates the EF-hand, 

calcium binding motif, as assessed by SMART 7 [38]. Hs, Homo sapiens; Pl, 

Paracentrotus lividus. Further details are given in Supplemental Figure S1 and 

Supplemental Table 1. 

 

3.4. AIF-1 in P. lividus coelomocytes 

The Aif-1-related protein product in P. lividus coelomocytes was revealed by immunocytochemistry 

assays, using a rabbit polyclonal anti-human AIF-1 antibody.  

From discontinuous Iodixinol gradient, four distinct cell populations (P1, P2, P3, P4) with enrichment 

in a specific cell type were obtained (Fig. 3A). In sea urchins, about 75% of circulating cells showed a 

positive reaction to this antibody. Cell population P1 was mainly composed of amoebocytes (91 ± 

3.2%), P2 of vibratile cells (83.5 ± 1.8%) P3 of colorless sphaerulocytes (89.3 ± 4.6%) and P4 of red 

cells (95.2 ± 7.4%). The immunocytochemical analysis of AIF-1, performed on the four cell 

populations, revealed a positive reaction in cells from P1 and P4 (Fig. 3B). The characteristics of 

expression changed between the two cell types, being the protein localized around the nucleus in 

amoebocytes and preferentially expressed in the granules in red sphaerula cells (Fig 3B). The protein 

was completely absent in vibratile cells and rarely expressed in colorless sphaerulocytes. 



 

Fig. 3. Separation of Paracentrotus lividus coelomocytes and AIF-1 protein expression. (A) The 

result of an Iodixinol discontinuous gradient; (B) Cells from the four bands, named P1, P2, 

P3, and P4, respectively). Bar = 20 m for P1, P2, P3; 10 m for P4; 5 m for amoebocytes 

and red sphaerulocytes). 

 

3.5. AIF-1 expression in P. lividus coelomocytes after bacterial challenge 

P. lividus specimens underwent immune challenge by coelomic injection of M. lysodeikticus. In sea 

urchins exposed to the bacterial injection, no significant changes (P > 0.05) in the total amount of living 

coelomocytes were evidenced after 1, 3 and 24 h (data not shown). AIF-1 mRNA expression was 

quantitatively evaluated by qPCR in control (Ctrl) and treated specimens (T) at 1, 3 (short-term) and 

24 h (long-term) time point after injection. AIF-1 mRNA levels were found to significantly increase in 

the challenged coelomocytes 24 h after injection (~10-fold vs. control) (Fig. 4A), while no significant 

changes were detected 1 and 3 h after injection. Western blot analysis performed using the anti-human 

AIF-1 antibody confirmed a strong up-regulation also at the protein level (Fig. 4B). No immune reactive 

band were detected in the control immunoblot performed with rabbit pre-immune serum. 

 



 

Fig. 4. Quantitative analysis of the expression of AIF-1 gene products in Paracentrotus lividus 

coelomocytes after bacterial challenge. (A) Transcriptional effects on AIF-1 mRNA. 

Quantitative expression analysis by qPCR was performed on RNA extracted from control and 

treated coelomocytes 1 and 24 h after bacterial challenge. Expression of the target mRNA is 

represented as 2-ΔCt function value, obtained from amplification data (Ct, Threshold cycle), 

normalized by the related 18S RNA values (internal control for calibration; Schmittgen and 

Livak, 2008). 2-ΔCt values are relative to the control mean value (Ctrl = 1) and are expressed 

as fold change on the Y axis. Statistical analysis between datasets: ONE-WAY ANOVA and 

Bonferroni’s post-hoc test (different letters indicate significantly different values; P < 0.05). 

Mean values derive from n=3 independent assays. (B) AIF-1 detection by Western Blot assay 

on protein extracts from control and treated coelomocytes 24 h after bacterial challenge. The 

immunoreactive bands detected by the anti-human AIF-1 antibody (expected molecular weight 

~17 KDa) are reported. 

 

4 DISCUSSION 

The echinoderm immune system involves humoral and cellular components [39]. In these organisms, 

coelomocytes, a heterogeneous cell population that moves freely in all coelomic spaces, are the immune 

competent cells. As main effectors of the immune response, coelomocytes are able to discriminate self 

from non-self and to act as primary mediators of allograft rejection [40,24]. Due to their role in immune 

processes, echinoderm circulating cells functionally resemble vertebrate macrophages [40] and are 

responsible for the production of pro-inflammatory factors [41]. In the presence of bacteria, allogenic 

stimulation and injury, sea urchin coelomocytes produce a typical gene activation response [42]. One 

gene family that is highly up-regulated in response to immune challenge is e.g. the Sp185/333 family 

[43,44]. In Strongylocentrotus purpuratus these genes respond to marine bacteria showing significantly 

elevated expression in three subpopulations of phagocytes [45].  



In this paper, we have described the constitutive expression of the AIF-1 gene in the P. lividus sea 

urchin coelomocytes, and its modulation upon Gram+ bacterial challenge. 

The AIF-1 of the sea urchin P. lividus has been identified and characterized by means of a suitable 

combination of wet (experimental) and dry (in silico) molecular approaches. Namely, a reverse 

transcription-polymerase chain reaction molecular approach first allowed generation of a cDNA that 

represented the partial sequence of an AIF-1 transcript in P. lividus coelomocytes. Then, this cDNA 

fragment sequence was used successfully as a mining probe to blast into the nucleotide databases, which 

led to detection of five unclassified expressed sequences from P. lividus. Alignment of these sequences 

revealed the complete cds and, consequently, the predicted amino acid sequence of P. lividus AIF-1. 

That the newly-identified P. lividus is an AIF-1-type protein is further corroborated by the following 

pieces of evidence: a) it clusters with AIF-1 sequences from sea urchins (S. neumayeri and S. 

purpuratus) and sea cucumbers (A. japonicas, Sclerodactyla briareus and Parastichopus californicus); 

b) together with the other Echinoderms, Hemichordate and Chordate AIF-1 composes the root branch 

to the vertebrate orthologous AIF-1 and paralogous AIF-1L groups of genes (alias Ionized calcium-

binding adapter molecule 1, Iba1, and 2, Iba2) that result from gene duplication process; c) it shares 

higher similarity with vertebrate AIF-1 than with vertebrate AIF-1l proteins (for details, see 

Supplemental Table 1). The use of an anti-human AIF-1 antibody on proteins extracted from P. lividus 

coelomocytes reveals the presence of a ~17 KDa protein product in Western blot assays, which is 

coherent with a predicted 151 amino acid long protein. Moreover, as it emerges from the 

immunocytochemistry assays, there is a remarkable difference in the localization of the 

immunodetected protein, according to the cell type. Notably, the anti-AIF-1 signal was found in 

amoebocytes, where it is located at the perinuclear cytoplasm, and in red cells, where it appears confined 

in vesicles/granules. The involvement of amoebocytes in inflammatory processes has been suggested 

by Mangiaterra and Silva [46] after their observation on the cells ability to recognize non-self particles 

(i.e. yeast cells) and to phagocytize them. Our data, evidencing the presence of the AIF-1 in the 

cytoplasm of amoebocytes, agrees and confirms this hypothesis. Also, red cells, that are known to be 

the echinochrome producers [47], are positive to the immunoassays with the anti-AIF-1 antibody. In 

this case, the signal is confined in discrete sub-cellular inclusions. Noteworthy, sea urchin red cells, 

characterized by the presence of the red pigment, are able to inhibit bacterial growth [30], and their 

involvement in inflammatory-like reactions has been underlined in previous studies describing their 

presence in green sea urchin (Strongylocentrotus droebachiensis) from Nova Scotia that were affected 

by a disease causing mass mortality [48]. The absence of response in the two other cell populations (i.e. 



vibratile cells and colorless sphaerula cells) further suggests that amoebocytes and red sphaerula cells 

are directly and competently involved in the inflammatory process.  

The classification of the circulating cells of the echinoderms usually results from morphological 

observations [19]. Indeed, with the lack of a clear identification of specific epitopes expressed on the 

cell membranes, the distinction among the various circulating cell types remains rather confusing. 

However, some studies have shown that in the sea urchin the identification and characterization of a 

phagocytes sub-population is made possible by NK cell surface markers [49], against which monoclonal 

antibodies have been generated [50]. Also in sea cucumber, the production of monoclonal antibodies 

allows the identification of coelomocytes sub-groups [19]. Furthermore, in the purple sea urchin S. 

purpuratus the sub-populations of discoidal and polygonal phagocytes have been characterized by the 

expression of the sea urchin complement homolog SpC3 [51]. Similarly, Brockton and coworkers [52] 

evidenced that there are sub-populations of phagocyte morphotypes that express 185/333 proteins (see 

above; for review see also Smith [53]. In this view, the AIF-1 cell-specific expression in the different 

coelomocytes can represent a novel marker for monitoring immune dynamics upon inflammatory 

and/or infectious states. 

As already stated, among echinoderms, AIF-1 has firstly been cloned and characterized in the Antarctic 

sea urchin S. neumayeri [17]. In this species, coelomocytes show increased expression of AIF-1 after 

bacterial stimulation (injection of a mixture of heat-killed bacterial strains into the coelomic cavity) 

with highest expression measured 24 h post-injection. Later, also in the sea cucumber A. japonicus [18] 

a significant increase of the expression levels of AIF-1 transcripts has been detected in coelomocytes 

after bacterial challenge (injection of a living bacterial strain into the coelomic cavity); but, this immune 

challenge results in a peak of expression 4 h post-injection. In this work, P. lividus sea urchins were 

exposed to heat-inactivated M. lysodeikticus bacteria in the coelomic cavity, which induces strong up-

regulation of the AIF-1-related mRNA and protein product(s) in coelomocytes 24 h post-injection. Our 

finding fully overlaps the results obtained in S. neumayeri coelomocytes, suggesting a common time 

course in terms of immune response to a bacterial challenge. In our opinion, the peak of expression 

observed in a shorter time in A. japonicus can be due to the type of challenge (heat-inactivated vs. living 

bacterial cells). This idea is supported by observations in mollusk species: in disk abalone [7], in pearl 

oyster [10] and in Zhikong scallop [11] the injection of living bacteria induced an expression peak 

around 12 h post-injection.  

 

 



5 CONCLUSIONS 

Here, we report for the first time the molecular identification of the AIF-1 gene in the common sea 

urchin P. lividus, which is structurally related to the AIF-1 protein family. Novel insights into AIF-1 

protein localization in the different immune coelomocyte types were also evidenced. Furthermore, we 

demonstrate AIF-1 gene expression variations due to a bacterial (M. lysodeikticus) challenge. These 

findings give novel hints to fully assess the role of AIF-1 in the defense processes within Echinoderms 

and across animal species, and to fully elucidate the key evolutionary position of Echinoderms in the 

development of the common immune paths of metazoans.  
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SUPPLEMENTAL MATHERIAL 

H_sapiens_AIF-1L|NP_113614.1|Mammals                             ----MSGELSNRFQGGKAFGLLKARQERRLAEINREFLCDQKYSDEE--NLPEKLTAFKE 54 

P_troglodytes_AIF-1L|XP_009455805.2|Mammals                      ----MSGELSNRFQGGKAFGLLKARQERRLAEINREFLCDQKYSDEE--NLPEKLTAFKE 54 

S_scrofa_AIF-1L|XP_003353736.1|Mammals                           ----MSVALSNRFQGGKAFGLLKARQERRLAEINREFLCDQKYSDEE--NLPEKLAAFKE 54 

M_musculus_AIF-1L|NP_660126.1|Mammals                            ----MSVALSNRFQGGKAFGLLKARQEKRLEEINREFLCDQKYSDEE--NLPEKLAAFKE 54 

R_norvegicus_AIF-1L|NP_001102048.1|Mammals                       ----MSVALSNRFQGGKAFGLLKARQEKRLEEINREFLCDQKYSDEE--NLPEKLAAFKE 54 

P_cinereus_AIF-1L|XP_020829223.1|Mammals                         MDFGMSVALSKRFQGGKAFGLLKARQGRRLEEINREFLCDQKYSDEE--NLEEKLTAFKE 58 

M_gallopavo_AIF-1L|XP_003211327.1|Birds                          ---------MAAPRRPSGGGLRRAPQDGRLDEINKEFLCDPKFSDEE--DLEEKLAVFKE 49 

P_humilis_AIF-1L|XP_005527341.1|Birds                            ---------MAAPRRPSGGGLRRAPQDGRLEEINKEFLCDPKFSNEK--DLEEKLAVFKE 49 

Z_albicollis_AIF-1L|XP_005495285.1|Birds                         ---------MAAPRRPSGGGLRRAPHDGRLDEINKEFLCDPKFSNEK--GLEEKLAVFKE 49 

A_mississippiensis_AIF-1L|XP_006260056.1|Crocodiles              ----MALAINSRVQGGKAFGLLRARQQGRLEEINKEFLCDPKFSDEE--DLEEKLAVFKE 54 

P_bivittatus_AIF-1L|XP_007422376.1|Lizards&Snakes                ----MSVMLSNAHQGGKAFRLLKAEQEGRLEEINKEFLCDPKFSDEE--DLEEKLAVFKE 54 

P_mucrosquamatus_AIF-1L|XP_015675830.1|Lizards&Snakes            ----MSVMLNDAPQGGKALRLLKAEQEGRLEEINKEFLCDPKFSDEE--DLEEKLVVFKE 54 

G_japonicus_AIF-1L|XP_015279748.1|Lizards&Snakes                 ----MSLMLNNSYQGGKAFGLLKAKQQGRLEEINKEFLCDPKFSDEE--NLEEKLAVFKE 54 

M_terrapin_terrapin_AIF-1L|GEXO01056240|Turtles                  ----MAVTLNSRFQGGKAYGQRRAQQEGRLEEINKEFLCDPKFSDEE--DLEEKLAVFKE 54 

T_scripta_elegans_AIF-1L|JW463886.1|Turtles                      ----MAVTLNSRFQGGKAYGQRRAQQEGRLEEINKEFLCDPKFSDEE--DLEEKLAVFKE 54 

X_tropicalis_AIF-1L|XP_012823580.1|Frogs&Toads                   ------MSSNNIKQGGKAFVIQKAQQEHRLEEVNKEFLRDEKYKDDE--DLDKKLLSFKK 52 

X_laevis_AIF-1L_homeolog|NP_001086148.1|Frogs&Toads              ------MSSNNIKQGGKAFVIQKAQQEHRLEEVNKEFLKDEKYKDDE--DLDKKLMSFKK 52 

N_parkeri_AIF-1L|XP_018414044.1|Frogs&Toads                      ----MTSNNNNRMQGGKAFGILKAQQEMRLEEVNQEYLSDEKYKDED--DLKEKLESAKK 54 

T_wenxianensis_AIF-1L|GESS01071467|Salamanders                   ------MSSSQRLQGGKAFGQLRAQQEARLEEVNQEFLNDEKYNDEE--DLEEKLVSFRK 52 

A_mexicanum_AIF-1L|gb|GFBM010777568.1|Salamanders                ------MTSYQRLQGGKAFGQLKAQQEARLEEVNQEFLSDDKYSDDE--DLAEKLASFRK 52 

H_chinensis_AIF-1L|GAQK01004628.1|Salamanders                    ------MTANQRRQGGKAFGQLKAQQEARLEEVNQEFLYDEKYNDEE--DLEEKLASFRV 52 

L_paradoxa_AIF-1L|GEHZ01004516|Lungfishes                        ------MPHKGELQGGKAFGRLKAQQEERLEEINKEFLSDQKYSDED--DLEEKLVSFKE 52 

L_menadoensis_AIF-1L|GAPS01029676.1|Coelacanths                  -------MALNGLQGGKAFGLMKTQQEERLTEVNKEFLEDQKYSDVE--DLAEKLESFKK 51 

L_chalumnae_AIF-1L|XP_014340846.1|Coelacanths                    -------MALNGLQGGKAFGLMKTQQEERLTEVNKEFLEDQKYSDVE--DLAEKLESFKK 51 

E_lucius_AIF-1L|XP_010876554.1|Ray-finned_fishes                 ------MPVNQKFQGGKAFGLLKAQQRERCEEINKEYMEDQKYRDEE--DLPEKLDSFKN 52 

N_furzeri_AIF-1L|SBP42773.1|Ray-finned_fishes                    ------MPASKNVQGGKAFGLLKEQQKQKLDEINKEYLEDQKYRDEE--GLAEKLEGLKN 52 

T_rubripes_AIF-1L|XP_003965299.1|Ray-finned_fishes               ------MPSSKNVQGGKAFGLLKEQQRHKLEEINQEYLEDQKYRDEE--DLADKLEGLKN 52 

L_ocellata_AIF-1L|GEZH01001104|Sharks&Rays                       ------MPSGQQAQGGKMFGILRAQQEERLAGVNKEFLEDQKYKDEE--NLAENLESFKK 52 

C_milii_AIF-1L|JK885039.1|Sharks&Rays                            ------MPSRQQVQGGKVFGLLKAQQEERLNCINKEFLEDEKYNDVD--ELLENLESFKK 52 

 

P_lividus_AIF-1|Sea_urchins                                      -MP-RTTFDRTNVQGGKDWGKAKQRQTEQIDDEIEDIITKNTYPEVE--DLDEKLTAYKD 56 

S_neumayeri_AIF-1|ACO40483.2|Sea_urchins                         -MP-RTTFDRSNVQGGKQWGQAKQRQTDQIDDEIDSIITQNTYPEVE--ELDEKLVAYKD 56 

S_purpuratus_AIF-1|CX198644.1|Sea_urchins                        -MP-RTTFDRSNVQGGKQWGQAKQKQVEEIDDEIETIITQNVYPEVE--ELEEKLAAYKD 56 

S_briareus_AIF-1|GAUT01001868.1|Sea_cucumbers                    -MP-GAKVNHGNVQGGKHWGKLKEEQDVRLSNINEEIITNGDYSEYE--DLEEKLEAFKV 56 

A_japonicus_AIF-1|HADF01043973.1|Sea_cucumbers                   -MP-GSKLDHGNVQGGKQWGRLKEEQNVRLTEINEQVVANGDYKEYDPEELEEKLVAFKD 58 

P_californicus_AIF-1|GAVO01008491.1|Sea_cucumbers                -MP-GNKLDHGNVQGGKQWGRLKEEQNVRLTEVNEQVVANGDYKEYDPEELEEKLVSFKD 58 

S_kowalevski_AIF-1|FF529285.1|Hemichordates                      ----MPMLEEVDKQGGKAWGELKKKQEADLDLLNQEIINEDLYKDEE--DLEEKLVQFKA 54 

B_clavigerus_AIF-1|FN987907.1|Hemichordates                      ------MSTMIDHQGGKAYGKLKKQQADKIDGENLDIIREDIYPEVE--ELEEKLEQFKV 52 

B_belcheri_AIF-1|JZ810295.1|Lancelets                            -MPTLASADSLDYQGGKQYGELKRRQEEILDEINQEFLTDDDYKEVE--DLADRLESSKK 57 

B_floridae_AIF-1|BW869695.1|Lancelets                            -MPTLASAGSLDHQGGKQYGELKRRQEEMLDEINQEFLTDDDYKEVE--ELADRLESSKK 57 

R_typus_AIF-1|XP_020372274.1|Sharks&Rays                         ----------MNPQGGKAFGILKAQQDDRLESINKEFLNNPKYNTDK--NLDEKLTAFKQ 48 

L_ocellata_AIF-1|GEZH01001135|Sharks&Rays                        ----------MDRQGGKAFGILKAQQDDRLEAINKDYLENPEYNANP--HLEDMLRAFKE 48 

T_rubripes_AIF-1|CAD45006.1|Ray-finned_fishes                    --------MEKNVQGGKAYGLLKSHQEEKLNSINEAFQSDPQYAEEE--DLGSKLEMFKN 50 

N_furzeri_AIF-1|SBP39034.1|Ray-finned_fishes                     --------MDNSPQGGKAYGLLKSQQEEKLNSINEAFLSDQKYAEEE--DLASKLDLFKN 50 

E_lucius_AIF-1|NP_001297949.1|Ray-finned_fishes                  --------MEKHLQGGKAFGYLKSQQEEKLNSINEIFLSDPKYADEE--DFNSKLGKFKN 50 

L_menadoensis_AIF-1|GAPS01017084.1|Coelacanths                   ------MSSAQNPQGGKVFGQMKAQQEEQLDSVNQEFLSDPKYSTEE--ELSDKLEAFKK 52 

L_paradoxa_AIF-1|GEHZ01090957|Lungfishes                         ------MSGKLNSQGGKAFGLLKAQQEERLDFINKEFLDDPKYNTDE--DLDDKLVLFKR 52 

H_chinensis_AIF-1|GAQK01075272.1|GAQK01082548.1|Salamanders      --------MDSKARGGKAFGQLKAKQEEELDALNKVFMDDPKYNTDE--DLEGKLQLFKK 50 

A_mexicanum_AIF-1|gb|GFBM010655324.1|Salamanders                 ------MDGGDKARGGKAFGQLKAKQEEVLDTLNKVFMDDPKYNTDE--DLEEKLQLFKK 52 

T_wenxianensis_AIF-1|GESS01078843|Salamanders                    ------MDSREKARGGKAFGQLKAKQEEELDALNKVFMDDPKYNTDE--DLEEKLQLFKK 52 

T_scripta_elegans_AIF-1|JW271941.1|Turtles                       ------MSSQKNPQGGKAFGALKAQQEEGLDSLNKEFLDDPKYSTDE--DLPEKLEAFKK 52 

M_terrapin_terrapin_AIF-1|GEXR01058244|Turtles                   ------MSSQKNPQGGKAFGALKAQQEEGLDSLNKEFLDDPKYSTDE--DLPEKLEAFKK 52 

G_japonicus_AIF-1|XP_015277931.1|Lizards&Snakes                  ----------MNPQGGKAFGVLKAQQEEFLDSLNKEFLDDPKYSMDE--DLGEKLEMFKK 48 

P_mucrosquamatus_AIF-1|XP_015675308.1|Lizards&Snakes             ----------MNPQGGKAFKALKVQQEELLDSINKEFLESPKYNTDE--DLAEKLELFKK 48 

P_bivittatus_AIF-1|XP_007437959.1|Lizards&Snakes                 ----------MNPQGGKAFGALKAQQEELLDSINKEFLESPKYSTDE--DLAEKLELFKK 48 

A_mississippiensis_AIF-1|KYO39303.1|Crocodiles                   ------MGCKPNYQGGKDFGARKAQQEAQLDSINQEFLDHPKYGQDE--GLPSQLETFKK 52 

P_cinereus_AIF-1|XP_020829866.1|Mammals                          ------MNQTRDFQGGKEFGLLKAQQEERLDKINQEFLDDPKYSNDE--DLHPKLEAFKK 52 

R_norvegicus_AIF-1|NP_058892.1|Mammals                           ------MSQSKDLQGGKAFGLLKAQQEERLDGINKHFLDDPKYSSDE--DLQSKLEAFKT 52 

M_musculus_AIF-1|NP_062340.1|Mammals                             ------MSQSRDLQGGKAFGLLKAQQEERLEGINKQFLDDPKYSNDE--DLPSKLEAFKV 52 

S_scrofa_AIF-1|NP_001123422.1|Mammals                            ------MSQTLDLQGGKAFGLLKAQQEERLNEINKQFLDDPKYSSDE--DLSSKLEAFKQ 52 

P_troglodytes_AIF-1|XP_001154743.1|Mammals                       ------MSQTRDLQGGKAFRLLKAQQEERLDEINKQFLDDPKYSSDE--DLPSKLEGFKE 52 

H_sapiens_AIF-1|NP_001614.3|Mammals                              ------MSQTRDLQGGKAFGLLKAQQEERLDEINKQFLDDPKYSSDE--DLPSKLEGFKE 52 

                                                                             :  .     :  :                :       :   *   :  

 

 

H_sapiens_AIF-1L|NP_113614.1|Mammals                             KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKMISEVTGGVS-DTISYRDFVNMML 113 

P_troglodytes_AIF-1L|XP_009455805.2|Mammals                      KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKMISEVTGGVS-DTISYRDFVNMML 113 

S_scrofa_AIF-1L|XP_003353736.1|Mammals                           KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKMISEVTGGGS-DTISYRDFVNMML 113 

M_musculus_AIF-1L|NP_660126.1|Mammals                            KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKMISEVTGGVS-DTISYRDFVNMML 113 

R_norvegicus_AIF-1L|NP_001102048.1|Mammals                       KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKMISEVTGGVS-DTISYRDFVNMML 113 

P_cinereus_AIF-1L|XP_020829223.1|Mammals                         KYMEFDLNNEGEIDLMSLKRMMEKLGVPKTHLEMKKIISEVTGGVS-DTISYRDFVNMML 117 

M_gallopavo_AIF-1L|XP_003211327.1|Birds                          KYMEFDLNNQGEIDLMSVKRMMEKMGVPKTHLELKKMISEVTGGVS-ETISYQDFVNVML 108 

P_humilis_AIF-1L|XP_005527341.1|Birds                            KYMEFDLNNQGEIDLMSVKRMMEKLGAPKTHLELKRMISEVTGGVS-DTISYQDFVNVML 108 

Z_albicollis_AIF-1L|XP_005495285.1|Birds                         KYMEFDLNNQGEIDLMSVKRMMEKLGAPKTHLELKRMISEVTGGVS-DTISYQDFVNLML 108 

A_mississippiensis_AIF-1L|XP_006260056.1|Crocodiles              KYMEFDLNNQGEIDLMSVKRMMEKLGAPKTHLELKKMISEVTGGVS-ETISYQDFVNVML 113 

P_bivittatus_AIF-1L|XP_007422376.1|Lizards&Snakes                KYMEFDLNNQGEIDLMSVKRMMEKMGMPKTHLELKKMISEVTGGIS-ETISYHDFVTLML 113 

P_mucrosquamatus_AIF-1L|XP_015675830.1|Lizards&Snakes            KYMEFDLNNQGEIDLMSVKRMMEKMGTPKTHLELKKMISEVTGGIS-ETISYHNFITMML 113 

G_japonicus_AIF-1L|XP_015279748.1|Lizards&Snakes                 KYMEFDLNNHGEIDLMSVKRMMEKLGAPKTHLELKRMISEVTGGVS-ETISYQDFVNVML 113 

M_terrapin_terrapin_AIF-1L|GEXO01056240|Turtles                  KYMEFDLNNHGEIDLMSVKRMMEKLGAPKTHLELKKMISEVTGGVS-ETISYQDFVNVML 113 

T_scripta_elegans_AIF-1L|JW463886.1|Turtles                      KYMEFDLNNQGEIDLMSVKRMMEKLGAPKTHLELKKMISEVTGGVS-ETISYQDFVNVML 113 

X_tropicalis_AIF-1L|XP_012823580.1|Frogs&Toads                   KYMEFDLNQQGELDMMGLKKMMENLGAAKTHLEVKKLIYEVTGGKN-DAITYRDFVTMML 111 

X_laevis_AIF-1L_homeolog|NP_001086148.1|Frogs&Toads              KYMEFDLNHQGELDMMGLKKMMENLGAAKTHLEVKKLIYEVTGGKS-EAISYRDFVTMML 111 

N_parkeri_AIF-1L|XP_018414044.1|Frogs&Toads                      KFMDFDLNDQGEIDMMGLKMMMEKMGVPKTHLEVKKMITEVTGGNS-DAICYQDFVKMVL 113 

T_wenxianensis_AIF-1L|GESS01071467|Salamanders                   KYIDFDLNDQGEIDMMALKMMMEKLGVPKTHLEVKKMISEVTGGTC-DTICYRDFVKMML 111 

A_mexicanum_AIF-1L|gb|GFBM010777568.1|Salamanders                KYMDFDLNDQGEIDMMGLKMMMEKLGVPKTHLEVKKMIYEVTGGAS-ETICYRDFVTMML 111 

H_chinensis_AIF-1L|GAQK01004628.1|Salamanders                    KYMDFDLNDQGEIDMMALKMMMEKLGVPKTHLEVKKMISEVTGGVS-ETICYRDFVTMMM 111 

L_paradoxa_AIF-1L|GEHZ01004516|Lungfishes                        KYVEFDLNDQGEIDMMGLKRMMEKLGVPKTHLEVKKMISEVTGGCS-ETINYRDFVKMML 111 

L_menadoensis_AIF-1L|GAPS01029676.1|Coelacanths                  KYVEFDLNNQGEIDVMALKRMMEKLGVPKTHLQMKKMISEVTGGSS-ETICYRDFVKMML 110 

L_chalumnae_AIF-1L|XP_014340846.1|Coelacanths                    KYVEFDLNNQGEIDVMALKRMMEKLGVPKTHLQMKKMISEVTGGSS-ETICYRDFVKMML 110 

E_lucius_AIF-1L|XP_010876554.1|Ray-finned_fishes                 KYAEFDLNDQGEIDMMGLKRMMEKLGVPKTHLEMKKMISEVTEGSS-DSINYRDFVKMML 111 

N_furzeri_AIF-1L|SBP42773.1|Ray-finned_fishes                    KYAEFDLTDEGEIDMMGLKRMMEKLGVPKTHLELKKMIVEASGGSS-NTINYRDFVKMML 111 

T_rubripes_AIF-1L|XP_003965299.1|Ray-finned_fishes               KYAEFDLNDQGEIDLMGLKRMMEKLGVPKTHLELKKMIVEVTGGNS-NAINYRDFVKMML 111 

L_ocellata_AIF-1L|GEZH01001104|Sharks&Rays                       KYMEFDLNDQGDIDLMSLKQMLEKLGVPKTHLEVKKMIAEATGGSS-ETISYRNFVIMML 111 

C_milii_AIF-1L|JK885039.1|Sharks&Rays                            KYVEFDLNDHGDIDLMSLKQMLEKLGVPKTHLEVKKMITEVTGGSS-ETISYRDFVTMML 111 

 

P_lividus_AIF-1|Sea_urchins                                      QFITYDLDGSGDLDDNDVRVMMEKLGQPKNHIEIRKMIKEIDLNGS-GTINFREFVQMML 115 

S_neumayeri_AIF-1|ACO40483.2|Sea_urchins                         QFITYDLDGSGDLDDNDVRVMMEKLGQLKNHIEIRKMIKEIDLNGS-GTINFREFVQMML 115 

S_purpuratus_AIF-1|CX198644.1|Sea_urchins                        QFITYDLDGSGDLDDNDVRVMMEKLGQPKNQIEIRKMIKEIDLNGS-GTINYKEFVHMML 115 

S_briareus_AIF-1|GAUT01001868.1|Sea_cucumbers                    RFMEYDLDNSDDLDVTDVSMMMEKLGKPKNIIEIRKIIAEVDLNNS-GTIGYNEFIQMML 115 

A_japonicus_AIF-1|HADF01043973.1|Sea_cucumbers                   QFMEYDLDNSDDLDVTDVSKMMEKLGKPKNIIEVRKIIAEVDTNNS-GTIGYNEFLQMML 117 

P_californicus_AIF-1|GAVO01008491.1|Sea_cucumbers                QFMEYDLDNSDDLDVTDVSKMMEKLGKPKNIIEVRKIIAEVDTNNS-GTIGYNEFLQMML 117 

S_kowalevski_AIF-1|FF529285.1|Hemichordates                      QFMEYDNDHSGDLGLMDVQLMMEKLGQPKNQLELKKIIAEVDLNNS-GTICYREFVVMML 113 

B_clavigerus_AIF-1|FN987907.1|Hemichordates                      KFIDYDADDSGDLGLMDLKLMMEKLGQAKTHMELKKMLAEVDTNNS-GTITYREFVSMML 111 

B_belcheri_AIF-1|JZ810295.1|Lancelets                            TFMEMDENNNGELGMMEVKRMMEKLDQAKTHLELKKMITEVDTTGR-GVITYRDFLGMML 116 

B_floridae_AIF-1|BW869695.1|Lancelets                            TFMEMDENNNGELGMMEVKRMMEKLDQAKTHLELKKMIAEVDTTGR-GVITYRDFLGMML 116 

R_typus_AIF-1|XP_020372274.1|Sharks&Rays                         KYMEFDLNDQGDIDIMGLKRMLEKLGAAKTHLELKKMIKEVVGDMS-ETISYSAFVKMML 107 

L_ocellata_AIF-1|GEZH01001135|Sharks&Rays                        KYMEFDLNNQGDIGTMGLKKMLENLGAAKTHLELKKMIREVTGDMS-DTISYQDFVKMML 107 

T_rubripes_AIF-1|CAD45006.1|Ray-finned_fishes                    KYMEFDLNDQGDIDIMGLKRMLEKLGVAKTHLELKKMMSEVIGGASKDTISYHDFLNMML 110 

N_furzeri_AIF-1|SBP39034.1|Ray-finned_fishes                     KYMEFDLNDKGEIDMMGLKRMLEKLGLTKTHLELKKMMSEVAGGPSKYSISYNDFLNMML 110 

E_lucius_AIF-1|NP_001297949.1|Ray-finned_fishes                  KYMEFDHNDQGDLDIMGLKRMLEKLGVAKTHLELKKMISEVVGNTTQETFCYTDFLNMML 110 

L_menadoensis_AIF-1|GAPS01017084.1|Coelacanths                   KYMEFDLNAQGDIDMMGLKRMLEKLGAAKTHLELKKMITEVTGGVS-ETICYRDFIRMML 111 

L_paradoxa_AIF-1|GEHZ01090957|Lungfishes                         KYMEFDLNDQGDIDVMALKRMLEKLGAPKTHLELMKLIREVTGGSS-DTINYKDFIRMML 111 

H_chinensis_AIF-1|GAQK01075272.1|GAQK01082548.1|Salamanders      KFMDFDLNDHGDIDLMSLKRMLEKLGAPKTHLELKKMIAEVAGGAS-ETIPYPDFVRMML 109 

A_mexicanum_AIF-1|gb|GFBM010655324.1|Salamanders                 KFMDFDLDDHGDIDLMSLKRMLEKLGAPKTHLELKKMIREVTGGVS-ETIPYQDFVRMML 111 

T_wenxianensis_AIF-1|GESS01078843|Salamanders                    KFMDFDLNDNGDIDMMGLKRMLEKLGAPKTHLELKKMITEVTGGAS-DTISYQDFVRMML 111 

T_scripta_elegans_AIF-1|JW271941.1|Turtles                       KYMEFDLNGEGDIDIMALKRMLEKLGAAKTHLELKKMITEVTGGQS-ETISYRDFVRMML 111 

M_terrapin_terrapin_AIF-1|GEXR01058244|Turtles                   KYMEFDLNGEGDIDIMALKRMLEKLGAAKTHLELKKMITEVTGGQS-ETISYRDFVRMML 111 

G_japonicus_AIF-1|XP_015277931.1|Lizards&Snakes                  KYLEFDLNAQGDIDIMALKRMLEKLGAAKTHLELKKMITEVTGGMS-ETICYQDFARMML 107 

P_mucrosquamatus_AIF-1|XP_015675308.1|Lizards&Snakes             KYMEFDLNAQGDIDIMALKRMLEKLGAAKTHLELKKMITEATGGMR-ETINYHDFVAVML 107 

P_bivittatus_AIF-1|XP_007437959.1|Lizards&Snakes                 KYMEFDLNAQGDIDIMALKRMLEKLGAAKTHLELKKMITEVTGGMS-ETICYRDFVSVML 107 

A_mississippiensis_AIF-1|KYO39303.1|Crocodiles                   KYMEFDLNSDGEIDLMSLKQMLEKLGVAKTHLELKRLLHKATGGTS-DTISYRSFVRLLL 111 

P_cinereus_AIF-1|XP_020829866.1|Mammals                          KYMEFDLNGDGNIDIMSLKRMLEKLGVPKTHLELKKLIREVASGSG-ETICYPDFLRMML 111 

R_norvegicus_AIF-1|NP_058892.1|Mammals                           KYMEFDLNGNGDIDIMSLKRMLEKLGVPKTHLELKKLIREVSSGSE-ETFSYSDFLRMML 111 

M_musculus_AIF-1|NP_062340.1|Mammals                             KYMEFDLNGNGDIDIMSLKRMLEKLGVPKTHLELKRLIREVSSGSE-ETFSYSDFLRMML 111 

S_scrofa_AIF-1|NP_001123422.1|Mammals                            KYMEFDLNGNGDIDIMSLKRMLEKLGVPKTHLELKKLIKEVSSGSG-ETFSYSDFLKMML 111 



P_troglodytes_AIF-1|XP_001154743.1|Mammals                       KYMEFDLNGNGDIDIMSLKRMLEKLGVPKTHLELKKLIGEVSSGSG-ETFSYPDFLRMML 111 

H_sapiens_AIF-1|NP_001614.3|Mammals                              KYMEFDLNGNGDIDIMSLKRMLEKLGVPKTHLELKKLIGEVSSGSG-ETFSYPDFLRMML 111 

                                                                 :   *    .::.   :  *:*::.  *. ::: ::: :         : :  *  ::: 

 

 

H_sapiens_AIF-1L|NP_113614.1|Mammals                             GKRSAVLKLVMMFEGKANESSP-KPVGPPPERDIASLP----- 150 

P_troglodytes_AIF-1L|XP_009455805.2|Mammals                      GKRSAVLKLVMMFEGKANESSP-KPVGPPPERDIASLP----- 150 

S_scrofa_AIF-1L|XP_003353736.1|Mammals                           GKRSAVLKLVMMFEGKANESSP-KPVGPPPERDIASLP----- 150 

M_musculus_AIF-1L|NP_660126.1|Mammals                            GKRSAVLKLVMMFEGKANESSP-KPAGPPPERDIASLP----- 150 

R_norvegicus_AIF-1L|NP_001102048.1|Mammals                       GKRSAVLKLVMMFEGKANESSP-KPAGPPPERDIASLP----- 150 

P_cinereus_AIF-1L|XP_020829223.1|Mammals                         GKRSAVLKLVMMFEGKANENAP-KPAGPPPERDIASLP----- 154 

M_gallopavo_AIF-1L|XP_003211327.1|Birds                          GKRSAVLKLVMMFEGKANESNP-KPSGPPPERDIASLP----- 145 

P_humilis_AIF-1L|XP_005527341.1|Birds                            GKRSAVLKLVMMFEGKANESNP-KPSGPPPERDIASLP----- 145 

Z_albicollis_AIF-1L|XP_005495285.1|Birds                         GKRSAVLKLVMMFEGKANESSR-KPSGPPPERDIASLP----- 145 

A_mississippiensis_AIF-1L|XP_006260056.1|Crocodiles              GKRSAVLKLVMMFEGKANENNP-KPSGPPPERDIASLP----- 150 

P_bivittatus_AIF-1L|XP_007422376.1|Lizards&Snakes                GKRSAVLKLVMMFEGKSQDSTP-KVSGPPPERDLSSLP----- 150 

P_mucrosquamatus_AIF-1L|XP_015675830.1|Lizards&Snakes            GKRSAVLKLVMMFEGKSQETAP-KFSGPPPERDLSSLP----- 150 

G_japonicus_AIF-1L|XP_015279748.1|Lizards&Snakes                 RKRSAVLKLVMMFEGKASESIP-KPSGPPPERDIASLP----- 150 

M_terrapin_terrapin_AIF-1L|GEXO01056240|Turtles                  GKRSAVLKLVMLFEGKANENTP-KPSGPPPERDIASLP----- 150 

T_scripta_elegans_AIF-1L|JW463886.1|Turtles                      GKRSAVLKLVMLFEGKANENTP-KPSGPPPERDIASLP----- 150 

X_tropicalis_AIF-1L|XP_012823580.1|Frogs&Toads                   GKRSAVMKFIMLFEGKNEVTCP-KPKGPPPKRDISSLP----- 148 

X_laevis_AIF-1L_homeolog|NP_001086148.1|Frogs&Toads              GKRSAVMKFIMMFEGKNEVTCP-KPKGPPPKRDISSLP----- 148 

N_parkeri_AIF-1L|XP_018414044.1|Frogs&Toads                      GKRSFVLKIIMMFEEKANETAP-RPVGPPPRRHISSLP----- 150 

T_wenxianensis_AIF-1L|GESS01071467|Salamanders                   GKRSPVLKLIMAFEGRTKENGQ-RPVGPPPKRDITSLP----- 148 

A_mexicanum_AIF-1L|gb|GFBM010777568.1|Salamanders                GKKSAVLRLIMAFEGRARENCP-RPAGPPPKRDITSLP----- 148 

H_chinensis_AIF-1L|GAQK01004628.1|Salamanders                    GKRSAVLKLIMMFEGRAKENCP-RPAGPPPKRDITSLP----- 148 

L_paradoxa_AIF-1L|GEHZ01004516|Lungfishes                        GKRSAVLKLVMMFEGKATVNN--APLGPPPKRDIASLP----- 147 

L_menadoensis_AIF-1L|GAPS01029676.1|Coelacanths                  GKRSAVLKLVMMFEGKASDNSPSKSLGPPPKRDIASLP----- 148 

L_chalumnae_AIF-1L|XP_014340846.1|Coelacanths                    GKRSAVLKLVMMFEGKASDNSPSKSLGPPPKRDIASLP----- 148 

E_lucius_AIF-1L|XP_010876554.1|Ray-finned_fishes                 GKRSAVLKLVMIFEDKANGA-SCKPDGPPPKRDIASLP----- 148 

N_furzeri_AIF-1L|SBP42773.1|Ray-finned_fishes                    GKRSAVLKLILVFEDKANST-PFKPDGPPPKRDITSLP----- 148 

T_rubripes_AIF-1L|XP_003965299.1|Ray-finned_fishes               GKRSAVLKLVLIFEDKANGS-PCKPDGPPPKRDINSLP----- 148 

L_ocellata_AIF-1L|GEZH01001104|Sharks&Rays                       GKCSTVLRLIMMFEGKSDGNDS-KPTRPPAKRDISSLP----- 148 

C_milii_AIF-1L|JK885039.1|Sharks&Rays                            GKRSGVLKLIMMFESKNGGNDE-KPAGPPAKRDISSLP----- 148 

 

P_lividus_AIF-1|Sea_urchins                                      GGKTSIMRMILMFEEKNKEKE--KPVGPPPKKSFSDLP----- 151 

S_neumayeri_AIF-1|ACO40483.2|Sea_urchins                         GGKTSIMRMILMFEEKNKEKE--KPVGPPPKKSFSDLP----- 151 

S_purpuratus_AIF-1|CX198644.1|Sea_urchins                        GGKSSIMRMILMFEEKMKAKE--IPTGLPPKKSFSDLP----- 151 

S_briareus_AIF-1|GAUT01001868.1|Sea_cucumbers                    GKKSSVLKLILMFEDKGKDQE--KPEGIAPKRSLEEMLNKPNI 156 

A_japonicus_AIF-1|HADF01043973.1|Sea_cucumbers                   GKKSSVLKLILMFEEKGKDCA--KPDGIAPKRSLEEMLNKPNI 158 

P_californicus_AIF-1|GAVO01008491.1|Sea_cucumbers                GKKSSVLKLILMFEEKGKDCA--KPDGIAPKRSLEEMLNKPNI 158 

S_kowalevski_AIF-1|FF529285.1|Hemichordates                      GKKSSILKIILMFEKKSKEAE--KPKGIPAKKTFDDLP----- 149 

B_clavigerus_AIF-1|FN987907.1|Hemichordates                      GKKNSILRIILMFEEKAKEAE--KPTGPPPKKTFDDLP----- 147 

B_belcheri_AIF-1|JZ810295.1|Lancelets                            GSKSSVLKLILMFEEKRKEKE--RPKGVAPKRDLSSLP----- 152 

B_floridae_AIF-1|BW869695.1|Lancelets                            GSKSSVLKLILMFEEKKKEKE--RPKGVAPKRDLASLP----- 152 

R_typus_AIF-1|XP_020372274.1|Sharks&Rays                         GKRSAIAKIILLYEEKAKEP-E-KPTGHPTKKTFSDLP----- 143 

L_ocellata_AIF-1|GEZH01001135|Sharks&Rays                        KKRSAIAKIIMIYEDKAKEP-R-KPIGFPTKKSFSDLP----- 143 

T_rubripes_AIF-1|CAD45006.1|Ray-finned_fishes                    GKRNAILKLILMFEGMGKEQES-KVVGPPGRKTFSDLP----- 147 

N_furzeri_AIF-1|SBP39034.1|Ray-finned_fishes                     GKRNAILKLILMFEGMGKEQEQ-RSTGPPSRKTFSDLP----- 147 

E_lucius_AIF-1|NP_001297949.1|Ray-finned_fishes                  GKRNAILRLILMFEEKGKDQEP-KETGPPRRKTFSDLP----- 147 

L_menadoensis_AIF-1|GAPS01017084.1|Coelacanths                   GKRSAILKLILMYEEKAKDSEE-KPSGPPPKKIISDLP----- 148 

L_paradoxa_AIF-1|GEHZ01090957|Lungfishes                         GKRSAIAKLILMYEEKAKDKED-SPAGPPPKKVIADLP----- 148 

H_chinensis_AIF-1|GAQK01075272.1|GAQK01082548.1|Salamanders      GKRSAILKIILMYEEKAREAEE-KPVGPPPKKVISDLP----- 146 

A_mexicanum_AIF-1|gb|GFBM010655324.1|Salamanders                 GKRSAIFKIILMYEEKAKEQEE-KPAGPPPKKVISDLP----- 148 

T_wenxianensis_AIF-1|GESS01078843|Salamanders                    GKRSAILKIILMYEEKAREQDE-KPVGPPPKKVISDLP----- 148 

T_scripta_elegans_AIF-1|JW271941.1|Turtles                       GKRSAIFKLILMYEDKAKEKEE-KPAGPPAKRAITDLP----- 148 

M_terrapin_terrapin_AIF-1|GEXR01058244|Turtles                   GKRSAIFKLILMYEDKAKEKEE-KPAGPPAKRAITDLP----- 148 

G_japonicus_AIF-1|XP_015277931.1|Lizards&Snakes                  GKRSAIFKIILMYEEKAKEKAE-KPSGPPPKKIIADLP----- 144 

P_mucrosquamatus_AIF-1|XP_015675308.1|Lizards&Snakes             GKRSAILKIILMYEK-MTEKEE-LPTGPAPKKTVGELP----- 143 

P_bivittatus_AIF-1|XP_007437959.1|Lizards&Snakes                 GKRSAILKIILMYEK-MKEKDE-VPTGPAPKKTVADLP----- 143 

A_mississippiensis_AIF-1|KYO39303.1|Crocodiles                   GPQSDIRDLILLFESKAKEQEP-SAPGPPRKRDITELP----- 148 

P_cinereus_AIF-1|XP_020829866.1|Mammals                          GKRSAILKMILMYEEKNREQ-E-KPTAPPAKKAISELP----- 147 

R_norvegicus_AIF-1|NP_058892.1|Mammals                           GKRSAILRMILMYEEKNKEH-Q-KPTGPPAKKAISELP----- 147 

M_musculus_AIF-1|NP_062340.1|Mammals                             GKRSAILRMILMYEEKNKEH-K-RPTGPPAKKAISELP----- 147 

S_scrofa_AIF-1|NP_001123422.1|Mammals                            GKRSAILKMILMYEEKAREQ-E-KPTGPPAKKAISELP----- 147 

P_troglodytes_AIF-1|XP_001154743.1|Mammals                       GKRSAILKMILMYEEKAREK-E-KPTGPPAKKAISELP----- 147 

H_sapiens_AIF-1|NP_001614.3|Mammals                              GKRSAILKMILMYEEKAREK-E-KPTGPPAKKAISELP----- 147 

                                                                   . :  ::: :*                .: . .:       

 

Supplemental Fig. 1.Amino acid sequence alignment of Aif-1-(mammals-to-echinoderms series) and 

Aif-1L-type (mammals-to-fish series) proteins. Multiple sequence alignment was generated byClustalO 

using default parameters. This multiple alignment has been usedto generate the phylogenetic tree 

reported in Fig. 3. 

 



 

Supplemental Table 1. Percent Identity Matrix of Aif-1- and Aif-1L-type amino acid sequences 

(created by Clustal 2.1). 

 
     1: L_ocellata_AIF-1L|GEZH01001104|Sharks&Rays                   100.00   80.41   62.16   62.16   65.54   66.22   66.22   66.89   66.89   66.89   60.69   57.93   57.24   61.49   64.19   62.84   63.51   62.84   65.54   67.35   64.63   64.63   62.16   67.57   69.59   67.57   69.39   69.39   70.07   55.48   54.79   55.48   56.08   53.85   59.44   61.22   61.22   62.59   61.22   61.22   60.54   

59.46   59.59   60.14   58.78   62.24   59.44   63.51   60.42   64.19   64.19   48.30   48.30   40.82   40.14   41.50   36.73   37.41   36.05   47.62   46.94 

     2: C_milii_AIF-1L|JK885039.1|Sharks&Rays                         80.41  100.00   64.19   62.84   67.57   68.24   68.24   67.57   67.57   67.57   61.38   59.31   58.62   64.19   65.54   64.19   63.51   64.19   66.89   69.39   66.67   67.35   64.19   68.24   68.92   70.27   71.43   71.43   73.47   56.16   56.16   58.22   56.76   57.34   61.54   65.31   63.27   64.63   65.99   65.31   64.63   

63.51   63.01   64.86   63.51   65.03   61.54   66.89   64.58   68.92   68.92   51.02   50.34   42.86   43.54   43.54   38.78   40.14   39.46   46.26   46.94 

     3: P_bivittatus_AIF-1L|XP_007422376.1|Lizards&Snakes             62.16   64.19  100.00   91.33   77.33   80.00   80.00   78.00   78.00   79.33   81.38   78.62   76.55   84.00   82.67   82.00   82.67   62.84   65.54   65.99   62.59   66.67   62.00   63.51   65.54   68.24   72.11   72.11   72.11   56.85   57.53   58.90   50.68   55.24   58.04   57.82   58.50   59.18   59.86   60.54   61.22   

58.11   58.90   58.11   59.46   60.84   58.74   60.81   61.11   60.81   60.81   49.66   48.99   44.30   42.95   41.61   34.23   34.23   32.89   46.31   41.50 

     4: P_mucrosquamatus_AIF-1L|XP_015675830.1|Lizards&Snakes         62.16   62.84   91.33  100.00   76.67   76.67   76.67   75.33   75.33   76.00   80.00   77.24   74.48   81.33   81.33   80.67   81.33   62.16   64.86   65.31   61.22   63.95   62.67   62.84   64.19   67.57   69.39   69.39   71.43   55.48   58.22   58.90   49.32   54.55   58.74   57.82   57.82   58.50   59.86   60.54   61.22   

58.11   58.22   57.43   59.46   60.14   58.04   60.14   62.50   60.81   60.81   49.66   48.32   44.97   44.30   42.95   33.56   34.90   34.23   47.65   41.50 

     5: P_cinereus_AIF-1L|XP_020829223.1|Mammals                      65.54   67.57   77.33   76.67  100.00   94.67   94.67   93.33   93.33   93.33   77.24   76.55   74.48   81.33   83.33   81.33   81.33   63.51   64.86   74.15   70.07   72.11   66.00   69.59   70.27   73.65   74.83   74.83   76.87   56.16   58.90   59.59   54.73   58.04   60.84   61.22   60.54   61.90   62.59   62.59   61.90   

60.14   59.59   60.14   62.16   60.84   55.94   61.49   62.50   65.54   65.54   50.00   50.66   45.03   45.03   43.05   35.10   37.75   36.42   48.32   45.58 

     6: M_musculus_AIF-1L|NP_660126.1|Mammals                         66.22   68.24   80.00   76.67   94.67  100.00  100.00   96.00   96.00   97.33   78.62   77.93   76.55   83.33   83.33   82.00   82.00   64.86   66.22   75.51   70.07   72.79   67.33   69.59   71.62   74.32   76.87   76.87   76.87   56.85   60.96   60.27   56.08   58.04   60.84   61.90   61.90   61.90   63.27   63.95   63.27   

60.81   60.27   60.81   62.84   62.24   57.34   63.51   63.19   66.89   66.89   52.35   53.02   44.30   43.62   41.61   36.24   38.26   37.58   47.65   45.58 

     7: R_norvegicus_AIF-1L|NP_001102048.1|Mammals                    66.22   68.24   80.00   76.67   94.67  100.00  100.00   96.00   96.00   97.33   78.62   77.93   76.55   83.33   83.33   82.00   82.00   64.86   66.22   75.51   70.07   72.79   67.33   69.59   71.62   74.32   76.87   76.87   76.87   56.85   60.96   60.27   56.08   58.04   60.84   61.90   61.90   61.90   63.27   63.95   63.27   

60.81   60.27   60.81   62.84   62.24   57.34   63.51   63.19   66.89   66.89   52.35   53.02   44.30   43.62   41.61   36.24   38.26   37.58   47.65   45.58 

     8: H_sapiens_AIF-1L|NP_113614.1|Mammals                          66.89   67.57   78.00   75.33   93.33   96.00   96.00  100.00  100.00   97.33   77.93   76.55   75.86   82.00   81.33   80.00   80.00   64.19   65.54   74.83   70.07   72.11   67.33   69.59   69.59   72.30   76.87   76.87   76.19   56.85   60.96   60.96   56.08   57.34   60.84   61.90   61.22   61.90   63.27   63.95   63.27   

60.14   60.96   61.49   62.16   62.24   57.34   63.51   63.19   66.22   66.22   51.68   52.35   44.30   43.62   41.61   35.57   39.60   38.26   47.65   45.58 

     9: P_troglodytes_AIF-1L|XP_009455805.2|Mammals                   66.89   67.57   78.00   75.33   93.33   96.00   96.00  100.00  100.00   97.33   77.93   76.55   75.86   82.00   81.33   80.00   80.00   64.19   65.54   74.83   70.07   72.11   67.33   69.59   69.59   72.30   76.87   76.87   76.19   56.85   60.96   60.96   56.08   57.34   60.84   61.90   61.22   61.90   63.27   63.95   63.27   

60.14   60.96   61.49   62.16   62.24   57.34   63.51   63.19   66.22   66.22   51.68   52.35   44.30   43.62   41.61   35.57   39.60   38.26   47.65   45.58 

    10: S_scrofa_AIF-1L|XP_003353736.1|Mammals                        66.89   67.57   79.33   76.00   93.33   97.33   97.33   97.33   97.33  100.00   77.93   76.55   75.86   82.00   82.00   80.67   80.67   64.19   65.54   74.83   70.07   72.11   67.33   69.59   70.27   72.30   76.87   76.87   76.19   56.85   60.96   60.96   56.08   57.34   60.14   61.90   61.22   61.90   63.27   63.95   63.27   

59.46   60.96   61.49   62.16   62.24   57.34   62.84   63.19   66.22   66.22   53.02   53.69   44.30   43.62   41.61   36.91   39.60   38.93   47.65   45.58 

11: M_gallopavo_AIF-1L|XP_003211327.1|Birds                       60.69   61.38   81.38   80.00   77.24   78.62   78.62   77.93   77.93   77.93  100.00   95.17   92.41   84.14   88.28   86.21   86.90   57.24   60.00   65.97   62.50   65.28   60.69   62.07   63.45   66.90   68.97   68.97   71.53   51.72   53.79   54.48   51.03   52.45   55.24   56.94   54.86   56.94   58.33   59.72   59.03   59.31   

57.93   58.62   57.93   59.44   55.24   60.69   61.11   60.69   60.69   47.22   47.22   41.67   38.89   38.19   33.33   34.03   32.64   43.75   40.97 

12: P_humilis_AIF-1L|XP_005527341.1|Birds                         57.93   59.31   78.62   77.24   76.55   77.93   77.93   76.55   76.55   76.55   95.17  100.00   95.86   84.83   87.59   85.52   86.21   57.93   59.31   65.28   59.72   63.89   59.31   61.38   61.38   64.83   66.21   66.21   70.14   48.97   53.10   53.79   51.03   54.55   56.64   54.86   55.56   54.17   56.25   56.94   56.25   57.93   

56.55   58.62   57.93   58.04   53.85   59.31   59.72   59.31   59.31   45.83   45.83   40.97   38.89   38.19   31.94   32.64   31.25   41.67   39.58 

    13: Z_albicollis_AIF-1L|XP_005495285.1|Birds                      57.24   58.62   76.55   74.48   74.48   76.55   76.55   75.86   75.86   75.86   92.41   95.86  100.00   82.07   83.45   82.07   82.76   55.17   56.55   63.19   59.72   61.11   56.55   59.31   58.62   62.07   64.83   64.83   67.36   46.90   51.72   52.41   51.72   53.85   55.24   54.17   53.47   53.47   54.86   56.25   55.56   

57.24   55.86   57.93   57.24   56.64   52.45   59.31   59.03   58.62   58.62   45.14   45.83   39.58   38.19   37.50   31.94   31.94   31.25   40.97   39.58 

    14: G_japonicus_AIF-1L|XP_015279748.1|Lizards&Snakes              61.49   64.19   84.00   81.33   81.33   83.33   83.33   82.00   82.00   82.00   84.14   84.83   82.07  100.00   90.00   87.33   86.67   61.49   64.19   68.03   63.95   66.67   62.00   62.84   65.54   69.59   72.11   72.11   72.79   54.11   57.53   56.16   53.38   58.04   60.14   57.82   59.18   58.50   60.54   61.22   60.54   

62.16   61.64   60.81   60.14   62.24   58.04   61.49   63.89   62.84   62.84   48.32   48.32   42.28   41.61   40.27   34.90   34.23   33.56   46.31   42.86 

    15: A_mississippiensis_AIF-1L|XP_006260056.1|Crocodiles           64.19   65.54   82.67   81.33   83.33   83.33   83.33   81.33   81.33   82.00   88.28   87.59   83.45   90.00  100.00   92.00   92.67   62.84   65.54   70.75   65.99   69.39   64.67   67.57   68.92   72.97   72.79   72.79   76.19   56.16   57.53   58.90   52.03   58.74   60.84   59.18   59.18   59.86   61.90   62.59   61.90   

62.16   62.33   61.49   62.16   64.34   60.14   62.16   65.97   64.19   64.19   51.01   51.01   44.97   42.28   41.61   36.24   36.91   36.24   46.98   43.54 

16: M_terrapin_terrapin_AIF-1L|GEXO01056240|Turtles               62.84   64.19   82.00   80.67   81.33   82.00   82.00   80.00   80.00   80.67   86.21   85.52   82.07   87.33   92.00  100.00   99.33   63.51   64.86   69.39   63.95   66.67   63.33   67.57   69.59   72.97   71.43   71.43   74.15   54.79   57.53   56.85   54.05   57.34   60.14   58.50   57.82   58.50   60.54   61.22   60.54   62.16   

62.33   60.81   60.14   62.94   58.74   62.16   64.58   63.51   63.51   49.66   49.66   42.95   40.27   39.60   35.57   34.90   34.90   46.31   43.54 

17: T_scripta_elegans_AIF-1L|JW463886.1|Turtles                   63.51   63.51   82.67   81.33   81.33   82.00   82.00   80.00   80.00   80.67   86.90   86.21   82.76   86.67   92.67   99.33  100.00   64.19   65.54   70.07   63.95   67.35   64.00   68.24   70.27   73.65   72.11   72.11   74.83   55.48   57.53   57.53   54.05   58.04   60.84   58.50   57.82   58.50   60.54   61.22   60.54   61.49   

61.64   60.81   60.81   63.64   59.44   62.84   65.28   63.51   63.51   49.66   49.66   42.95   40.27   39.60   35.57   34.90   34.90   46.31   43.54 

    18: X_tropicalis_AIF-1L|XP_012823580.1|Frogs&Toads                62.84   64.19   62.84   62.16   63.51   64.86   64.86   64.19   64.19   64.19   57.24   57.93   55.17   61.49   62.84   63.51   64.19  100.00   95.27   65.99   61.22   64.63   68.24   68.24   70.95   69.59   66.67   66.67   68.71   52.74   52.74   51.37   52.70   57.34   59.44   57.14   56.46   57.14   57.82   57.82   57.82   

55.41   55.48   58.78   60.81   58.74   56.64   62.16   60.42   62.16   62.16   51.70   50.34   38.10   38.78   40.14   33.33   36.73   36.05   44.90   43.54 

    19: X_laevis_AIF-1L_homeolog|NP_001086148.1|Frogs&Toads           65.54   66.89   65.54   64.86   64.86   66.22   66.22   65.54   65.54   65.54   60.00   59.31   56.55   64.19   65.54   64.86   65.54   95.27  100.00   65.99   61.90   65.31   68.92   67.57   72.30   71.62   68.71   68.71   70.75   54.11   54.79   52.74   52.70   58.04   60.84   58.50   58.50   59.18   59.86   59.86   59.86   

57.43   57.53   60.14   61.49   60.84   58.04   64.19   62.50   64.86   64.86   51.70   50.34   39.46   40.14   41.50   34.69   38.10   37.41   46.94   43.54 

    20: E_lucius_AIF-1L|XP_010876554.1|Ray-finned_fishes              67.35   69.39   65.99   65.31   74.15   75.51   75.51   74.83   74.83   74.83   65.97   65.28   63.19   68.03   70.75   69.39   70.07   65.99   65.99  100.00   77.03   81.76   68.03   70.07   69.39   71.43   74.83   74.83   80.14   55.17   59.31   57.93   50.34   58.04   58.74   58.50   57.82   57.82   60.54   60.54   59.86   

58.50   59.31   61.90   63.95   60.56   57.04   61.22   61.54   62.59   62.59   49.32   49.32   42.47   41.10   41.10   36.30   38.36   36.30   45.89   46.58 

    21: N_furzeri_AIF-1L|SBP42773.1|Ray-finned_fishes                 64.63   66.67   62.59   61.22   70.07   70.07   70.07   70.07   70.07   70.07   62.50   59.72   59.72   63.95   65.99   63.95   63.95   61.22   61.90   77.03  100.00   86.49   64.63   65.31   66.67   67.35   70.75   70.75   72.60   57.24   59.31   59.31   55.78   54.55   59.44   58.50   57.82   60.54   61.22   61.90   61.22   

57.82   57.93   59.86   62.59   61.97   61.27   62.59   62.24   65.99   65.99   52.05   52.05   45.21   43.84   43.15   39.73   41.10   40.41   47.26   49.32 

    22: T_rubripes_AIF-1L|XP_003965299.1|Ray-finned_fishes            64.63   67.35   66.67   63.95   72.11   72.79   72.79   72.11   72.11   72.11   65.28   63.89   61.11   66.67   69.39   66.67   67.35   64.63   65.31   81.76   86.49  100.00   68.03   67.35   68.71   68.03   71.43   71.43   74.66   58.62   60.00   60.69   54.42   57.34   59.44   58.50   57.14   58.50   59.86   59.86   59.18   

57.14   57.93   59.18   63.27   61.97   59.86   65.31   62.24   64.63   64.63   53.42   52.74   45.21   43.15   42.47   36.99   39.04   37.67   47.95   48.63 

    23: N_parkeri_AIF-1L|XP_018414044.1|Frogs&Toads                   62.16   64.19   62.00   62.67   66.00   67.33   67.33   67.33   67.33   67.33   60.69   59.31   56.55   62.00   64.67   63.33   64.00   68.24   68.92   68.03   64.63   68.03  100.00   72.97   72.97   74.32   66.67   66.67   70.75   54.11   56.16   54.79   49.32   55.94   58.04   57.14   54.42   53.74   56.46   55.78   55.10   

58.78   59.59   63.51   56.76   58.74   55.24   61.49   62.50   58.11   58.11   52.35   50.34   40.94   41.61   42.95   35.57   37.58   36.24   46.98   46.26 

    24: T_wenxianensis_AIF-1L|GESS01071467|Salamanders                67.57   68.24   63.51   62.84   69.59   69.59   69.59   69.59   69.59   69.59   62.07   61.38   59.31   62.84   67.57   67.57   68.24   68.24   67.57   70.07   65.31   67.35   72.97  100.00   83.78   86.49   71.43   71.43   76.19   54.79   56.85   55.48   54.05   53.85   57.34   57.14   57.82   57.82   57.82   57.14   56.46   

58.78   58.90   62.16   61.49   60.84   57.34   63.51   61.11   62.84   62.84   51.70   51.02   40.82   40.14   41.50   36.05   37.41   37.41   48.98   46.94 

    25: A_mexicanum_AIF-1L|gb|GFBM010777568.1|Salamanders             69.59   68.92   65.54   64.19   70.27   71.62   71.62   69.59   69.59   70.27   63.45   61.38   58.62   65.54   68.92   69.59   70.27   70.95   72.30   69.39   66.67   68.71   72.97   83.78  100.00   88.51   73.47   73.47   76.87   56.85   57.53   55.48   56.08   53.15   58.74   60.54   59.86   59.18   60.54   60.54   59.86   

60.81   61.64   64.19   60.81   63.64   58.74   66.22   63.19   65.54   65.54   53.06   52.38   42.18   40.14   41.50   37.41   38.10   37.41   48.30   48.30 

    26: H_chinensis_AIF-1L|GAQK01004628.1|Salamanders                 67.57   70.27   68.24   67.57   73.65   74.32   74.32   72.30   72.30   72.30   66.90   64.83   62.07   69.59   72.97   72.97   73.65   69.59   71.62   71.43   67.35   68.03   74.32   86.49   88.51  100.00   74.15   74.15   77.55   56.85   58.90   56.85   54.73   55.94   59.44   59.18   59.18   57.82   59.18   59.18   58.50   

63.51   61.64   62.84   63.51   63.64   59.44   66.22   63.89   65.54   65.54   51.70   51.02   43.54   41.50   42.86   37.41   37.41   36.73   49.66   48.30 

    27: L_menadoensis_AIF-1L|GAPS01029676.1|Coelacanths               69.39   71.43   72.11   69.39   74.83   76.87   76.87   76.87   76.87   76.87   68.97   66.21   64.83   72.11   72.79   71.43   72.11   66.67   68.71   74.83   70.75   71.43   66.67   71.43   73.47   74.15  100.00  100.00   80.82   58.22   58.90   56.85   52.38   53.85   57.34   61.64   59.59   60.96   63.70   63.01   62.33   

58.50   58.90   59.18   64.63   66.43   61.54   65.99   67.36   65.99   65.99   52.74   52.74   44.52   42.47   43.84   36.30   38.36   36.30   45.21   45.21 

    28: L_chalumnae_AIF-1L|XP_014340846.1|Coelacanths                 69.39   71.43   72.11   69.39   74.83   76.87   76.87   76.87   76.87   76.87   68.97   66.21   64.83   72.11   72.79   71.43   72.11   66.67   68.71   74.83   70.75   71.43   66.67   71.43   73.47   74.15  100.00  100.00   80.82   58.22   58.90   56.85   52.38   53.85   57.34   61.64   59.59   60.96   63.70   63.01   62.33   

58.50   58.90   59.18   64.63   66.43   61.54   65.99   67.36   65.99   65.99   52.74   52.74   44.52   42.47   43.84   36.30   38.36   36.30   45.21   45.21 

    29: L_paradoxa_AIF-1L|GEHZ01004516|Lungfishes                     70.07   73.47   72.11   71.43   76.87   76.87   76.87   76.19   76.19   76.19   71.53   70.14   67.36   72.79   76.19   74.15   74.83   68.71   70.75   80.14   72.60   74.66   70.75   76.19   76.87   77.55   80.82   80.82  100.00   60.00   61.38   59.31   53.06   58.45   62.68   60.96   61.64   61.64   64.38   64.38   63.70   

61.22   61.38   63.27   67.35   65.49   61.97   65.99   66.43   65.99   65.99   51.70   51.70   44.22   45.58   45.58   37.41   38.10   36.73   47.62   46.26 

    30: E_lucius_AIF-1|NP_001297949.1|Ray-finned_fishes               55.48   56.16   56.85   55.48   56.16   56.85   56.85   56.85   56.85   56.85   51.72   48.97   46.90   54.11   56.16   54.79   55.48   52.74   54.11   55.17   57.24   58.62   54.11   54.79   56.85   56.85   58.22   58.22   60.00  100.00   73.47   77.55   51.37   53.85   64.34   62.07   64.83   66.90   66.21   64.83   64.14   

58.90   59.59   58.90   61.64   63.64   60.84   66.44   63.89   63.01   63.01   48.28   46.90   41.38   40.00   39.31   40.00   41.38   39.31   49.66   52.41 

    31: N_furzeri_AIF-1|SBP39034.1|Ray-finned_fishes                  54.79   56.16   57.53   58.22   58.90   60.96   60.96   60.96   60.96   60.96   53.79   53.10   51.72   57.53   57.53   57.53   57.53   52.74   54.79   59.31   59.31   60.00   56.16   56.85   57.53   58.90   58.90   58.90   61.38   73.47  100.00   82.31   51.37   53.15   61.54   60.69   61.38   62.07   62.76   61.38   60.69   

58.90   60.96   60.96   61.64   64.34   61.54   63.70   61.11   62.33   62.33   51.72   50.34   40.69   38.62   37.93   37.93   39.31   37.24   46.21   50.34 

    32: T_rubripes_AIF-1|CAD45006.1|Ray-finned_fishes                 55.48   58.22   58.90   58.90   59.59   60.27   60.27   60.96   60.96   60.96   54.48   53.79   52.41   56.16   58.90   56.85   57.53   51.37   52.74   57.93   59.31   60.69   54.79   55.48   55.48   56.85   56.85   56.85   59.31   77.55   82.31  100.00   53.42   56.64   63.64   61.38   62.07   64.14   64.83   63.45   62.76   

60.27   62.33   63.70   63.01   65.03   62.94   65.75   65.97   65.75   65.75   49.66   48.28   44.14   41.38   40.69   40.00   43.45   41.38   48.97   52.41 

    33: A_mississippiensis_AIF-1|KYO39303.1|Crocodiles                56.08   56.76   50.68   49.32   54.73   56.08   56.08   56.08   56.08   56.08   51.03   51.03   51.72   53.38   52.03   54.05   54.05   52.70   52.70   50.34   55.78   54.42   49.32   54.05   56.08   54.73   52.38   52.38   53.06   51.37   51.37   53.42  100.00   48.95   55.24   58.50   57.82   57.14   56.46   57.82   57.14   

54.73   53.42   54.05   59.46   58.74   57.34   60.14   59.03   64.86   64.86   44.90   44.22   35.37   31.97   31.29   31.97   34.69   34.01   41.50   42.86 

    34: L_ocellata_AIF-1|GEZH01001135|Sharks&Rays                     53.85   57.34   55.24   54.55   58.04   58.04   58.04   57.34   57.34   57.34   52.45   54.55   53.85   58.04   58.74   57.34   58.04   57.34   58.04   58.04   54.55   57.34   55.94   53.85   53.15   55.94   53.85   53.85   58.45   53.85   53.15   56.64   48.95  100.00   76.22   56.64   58.74   59.44   60.14   59.44   58.74   

61.54   60.14   63.64   63.64   63.38   59.86   62.24   64.34   63.64   63.64   44.37   43.66   40.85   40.14   38.73   37.32   38.03   38.03   47.18   50.00 

    35: R_typus_AIF-1|XP_020372274.1|Sharks&Rays                      59.44   61.54   58.04   58.74   60.84   60.84   60.84   60.84   60.84   60.14   55.24   56.64   55.24   60.14   60.84   60.14   60.84   59.44   60.84   58.74   59.44   59.44   58.04   57.34   58.74   59.44   57.34   57.34   62.68   64.34   61.54   63.64   55.24   76.22  100.00   65.03   66.43   67.13   70.63   67.13   66.43   

68.53   67.83   69.23   70.63   75.35   71.83   71.33   74.83   74.13   74.13   45.77   45.07   43.66   42.96   41.55   42.96   44.37   44.37   50.70   53.52 

    36: P_cinereus_AIF-1|XP_020829866.1|Mammals                       61.22   65.31   57.82   57.82   61.22   61.90   61.90   61.90   61.90   61.90   56.94   54.86   54.17   57.82   59.18   58.50   58.50   57.14   58.50   58.50   58.50   58.50   57.14   57.14   60.54   59.18   61.64   61.64   60.96   62.07   60.69   61.38   58.50   56.64   65.03  100.00   82.99   83.67   85.03   86.39   85.71   

68.03   70.34   68.03   70.07   69.72   66.90   70.75   72.73   72.79   72.79   51.37   50.00   43.15   40.41   39.04   39.04   41.10   39.04   49.32   46.58 

    37: M_musculus_AIF-1|NP_062340.1|Mammals                          61.22   63.27   58.50   57.82   60.54   61.90   61.90   61.22   61.22   61.22   54.86   55.56   53.47   59.18   59.18   57.82   57.82   56.46   58.50   57.82   57.82   57.14   54.42   57.82   59.86   59.18   59.59   59.59   61.64   64.83   61.38   62.07   57.82   58.74   66.43   82.99  100.00   93.88   88.44   89.12   88.44   

65.99   66.21   65.99   70.75   67.61   64.79   66.67   69.93   72.79   72.79   50.00   48.63   41.78   40.41   39.04   39.73   41.10   39.04   46.58   49.32 

    38: R_norvegicus_AIF-1|NP_058892.1|Mammals                        62.59   64.63   59.18   58.50   61.90   61.90   61.90   61.90   61.90   61.90   56.94   54.17   53.47   58.50   59.86   58.50   58.50   57.14   59.18   57.82   60.54   58.50   53.74   57.82   59.18   57.82   60.96   60.96   61.64   66.90   62.07   64.14   57.14   59.44   67.13   83.67   93.88  100.00   89.80   89.80   89.12   

68.03   68.28   68.03   72.11   69.01   66.20   68.71   72.03   74.83   74.83   50.68   49.32   42.47   41.10   39.73   41.10   43.15   41.10   48.63   50.68 

    39: S_scrofa_AIF-1|NP_001123422.1|Mammals                         61.22   65.99   59.86   59.86   62.59   63.27   63.27   63.27   63.27   63.27   58.33   56.25   54.86   60.54   61.90   60.54   60.54   57.82   59.86   60.54   61.22   59.86   56.46   57.82   60.54   59.18   63.70   63.70   64.38   66.21   62.76   64.83   56.46   60.14   70.63   85.03   88.44   89.80  100.00   93.88   93.20   

68.03   69.66   70.07   71.43   69.01   66.90   69.39   72.03   74.15   74.15   50.68   49.32   43.15   42.47   41.10   39.73   41.10   39.04   47.95   48.63 

    40: H_sapiens_AIF-1|NP_001614.3|Mammals                           61.22   65.31   60.54   60.54   62.59   63.95   63.95   63.95   63.95   63.95   59.72   56.94   56.25   61.22   62.59   61.22   61.22   57.82   59.86   60.54   61.90   59.86   55.78   57.14   60.54   59.18   63.01   63.01   64.38   64.83   61.38   63.45   57.82   59.44   67.13   86.39   89.12   89.80   93.88  100.00   99.32   

68.71   71.72   70.75   72.79   70.42   68.31   69.39   74.13   76.19   76.19   51.37   50.00   41.78   41.78   41.10   39.73   41.10   39.04   48.63   49.32 

    41: P_troglodytes_AIF-1|XP_001154743.1|Mammals                    60.54   64.63   61.22   61.22   61.90   63.27   63.27   63.27   63.27   63.27   59.03   56.25   55.56   60.54   61.90   60.54   60.54   57.82   59.86   59.86   61.22   59.18   55.10   56.46   59.86   58.50   62.33   62.33   63.70   64.14   60.69   62.76   57.14   58.74   66.43   85.71   88.44   89.12   93.20   99.32  100.00   

68.03   71.03   70.07   72.11   69.72   68.31   68.71   73.43   75.51   75.51   50.68   49.32   41.10   41.10   40.41   39.04   40.41   38.36   47.95   48.63 

    42: A_mexicanum_AIF-1|gb|GFBM010655324.1|Salamanders              59.46   63.51   58.11   58.11   60.14   60.81   60.81   60.14   60.14   59.46   59.31   57.93   57.24   62.16   62.16   62.16   61.49   55.41   57.43   58.50   57.82   57.14   58.78   58.78   60.81   63.51   58.50   58.50   61.22   58.90   58.90   60.27   54.73   61.54   68.53   68.03   65.99   68.03   68.03   68.71   68.03  

100.00   89.73   88.51   75.00   71.33   68.53   71.62   77.08   75.68   75.68   47.62   46.94   42.86   40.82   40.82   45.58   45.58   44.22   54.42   55.10 

    43: H_chinensis_AIF-1|GAQK01075272.1|GAQK01082548.1|Salamanders   59.59   63.01   58.90   58.22   59.59   60.27   60.27   60.96   60.96   60.96   57.93   56.55   55.86   61.64   62.33   62.33   61.64   55.48   57.53   59.31   57.93   57.93   59.59   58.90   61.64   61.64   58.90   58.90   61.38   59.59   60.96   62.33   53.42   60.14   67.83   70.34   66.21   68.28   69.66   71.72   71.03   

89.73  100.00   90.41   72.60   70.63   68.53   71.23   74.31   73.29   73.29   48.97   48.28   42.07   40.69   40.69   45.52   44.83   44.14   54.48   55.17 

    44: T_wenxianensis_AIF-1|GESS01078843|Salamanders                 60.14   64.86   58.11   57.43   60.14   60.81   60.81   61.49   61.49   61.49   58.62   58.62   57.93   60.81   61.49   60.81   60.81   58.78   60.14   61.90   59.86   59.18   63.51   62.16   64.19   62.84   59.18   59.18   63.27   58.90   60.96   63.70   54.05   63.64   69.23   68.03   65.99   68.03   70.07   70.75   70.07   

88.51   90.41  100.00   72.97   72.73   69.23   72.97   76.39   75.00   75.00   49.66   47.62   41.50   40.14   40.14   44.90   44.90   43.54   52.38   53.06 

    45: L_paradoxa_AIF-1|GEHZ01090957|Lungfishes                      58.78   63.51   59.46   59.46   62.16   62.84   62.84   62.16   62.16   62.16   57.93   57.93   57.24   60.14   62.16   60.14   60.81   60.81   61.49   63.95   62.59   63.27   56.76   61.49   60.81   63.51   64.63   64.63   67.35   61.64   61.64   63.01   59.46   63.64   70.63   70.07   70.75   72.11   71.43   72.79   72.11   

75.00   72.60   72.97  100.00   74.13   71.33   75.00   77.08   76.35   76.35   50.34   51.02   45.58   43.54   42.86   42.86   43.54   42.18   48.98   48.98 

    46: P_bivittatus_AIF-1|XP_007437959.1|Lizards&Snakes              62.24   65.03   60.84   60.14   60.84   62.24   62.24   62.24   62.24   62.24   59.44   58.04   56.64   62.24   64.34   62.94   63.64   58.74   60.84   60.56   61.97   61.97   58.74   60.84   63.64   63.64   66.43   66.43   65.49   63.64   64.34   65.03   58.74   63.38   75.35   69.72   67.61   69.01   69.01   70.42   69.72   

71.33   70.63   72.73   74.13  100.00   90.91   77.62   84.62   81.82   81.82   54.23   53.52   44.37   40.85   40.14   42.25   42.96   41.55   52.82   53.52 

    47: P_mucrosquamatus_AIF-1|XP_015675308.1|Lizards&Snakes          59.44   61.54   58.74   58.04   55.94   57.34   57.34   57.34   57.34   57.34   55.24   53.85   52.45   58.04   60.14   58.74   59.44   56.64   58.04   57.04   61.27   59.86   55.24   57.34   58.74   59.44   61.54   61.54   61.97   60.84   61.54   62.94   57.34   59.86   71.83   66.90   64.79   66.20   66.90   68.31   68.31   

68.53   68.53   69.23   71.33   90.91  100.00   72.03   78.32   76.92   76.92   52.82   51.41   42.25   38.73   38.03   40.85   40.85   39.44   48.59   49.30 

    48: L_menadoensis_AIF-1|GAPS01017084.1|Coelacanths                63.51   66.89   60.81   60.14   61.49   63.51   63.51   63.51   63.51   62.84   60.69   59.31   59.31   61.49   62.16   62.16   62.84   62.16   64.19   61.22   62.59   65.31   61.49   63.51   66.22   66.22   65.99   65.99   65.99   66.44   63.70   65.75   60.14   62.24   71.33   70.75   66.67   68.71   69.39   69.39   68.71   

71.62   71.23   72.97   75.00   77.62   72.03  100.00   81.94   80.41   80.41   54.42   53.74   44.90   42.18   42.18   43.54   44.22   44.90   50.34   52.38 

    49: G_japonicus_AIF-1|XP_015277931.1|Lizards&Snakes               60.42   64.58   61.11   62.50   62.50   63.19   63.19   63.19   63.19   63.19   61.11   59.72   59.03   63.89   65.97   64.58   65.28   60.42   62.50   61.54   62.24   62.24   62.50   61.11   63.19   63.89   67.36   67.36   66.43   63.89   61.11   65.97   59.03   64.34   74.83   72.73   69.93   72.03   72.03   74.13   73.43   

77.08   74.31   76.39   77.08   84.62   78.32   81.94  100.00   85.42   85.42   52.45   51.75   43.36   41.26   41.26   42.66   44.76   43.36   51.75   53.15 

50: M_terrapin_terrapin_AIF-1|GEXR01058244|Turtles                64.19   68.92   60.81   60.81   65.54   66.89   66.89   66.22   66.22   66.22   60.69   59.31   58.62   62.84   64.19   63.51   63.51   62.16   64.86   62.59   65.99   64.63   58.11   62.84   65.54   65.54   65.99   65.99   65.99   63.01   62.33   65.75   64.86   63.64   74.13   72.79   72.79   74.83   74.15   76.19   75.51   75.68   

73.29   75.00   76.35   81.82   76.92   80.41   85.42  100.00  100.00   53.06   51.70   45.58   40.82   40.14   42.18   44.90   43.54   52.38   52.38 

51: T_scripta_elegans_AIF-1|JW271941.1|Turtles                    64.19   68.92   60.81   60.81   65.54   66.89   66.89   66.22   66.22   66.22   60.69   59.31   58.62   62.84   64.19   63.51   63.51   62.16   64.86   62.59   65.99   64.63   58.11   62.84   65.54   65.54   65.99   65.99   65.99   63.01   62.33   65.75   64.86   63.64   74.13   72.79   72.79   74.83   74.15   76.19   75.51   75.68   

73.29   75.00   76.35   81.82   76.92   80.41   85.42  100.00  100.00   53.06   51.70   45.58   40.82   40.14   42.18   44.90   43.54   52.38   52.38 

52: B_belcheri_AIF-1|JZ810295.1|Lancelets                         48.30   51.02   49.66   49.66   50.00   52.35   52.35   51.68   51.68   53.02   47.22   45.83   45.14   48.32   51.01   49.66   49.66   51.70   51.70   49.32   52.05   53.42   52.35   51.70   53.06   51.70   52.74   52.74   51.70   48.28   51.72   49.66   44.90   44.37   45.77   51.37   50.00   50.68   50.68   51.37   50.68   47.62   

48.97   49.66   50.34   54.23   52.82   54.42   52.45   53.06   53.06  100.00   95.39   49.01   49.01   49.01   45.03   46.36   45.70   52.35   51.70 

53: B_floridae_AIF-1|BW869695.1|Lancelets                         48.30   50.34   48.99   48.32   50.66   53.02   53.02   52.35   52.35   53.69   47.22   45.83   45.83   48.32   51.01   49.66   49.66   50.34   50.34   49.32   52.05   52.74   50.34   51.02   52.38   51.02   52.74   52.74   51.70   46.90   50.34   48.28   44.22   43.66   45.07   50.00   48.63   49.32   49.32   50.00   49.32   46.94   

48.28   47.62   51.02   53.52   51.41   53.74   51.75   51.70   51.70   95.39  100.00   49.01   49.67   49.67   44.37   44.37   45.03   52.35   53.74 

    54: S_briareus_AIF-1|GAUT01001868.1|Sea_cucumbers                 40.82   42.86   44.30   44.97   45.03   44.30   44.30   44.30   44.30   44.30   41.67   40.97   39.58   42.28   44.97   42.95   42.95   38.10   39.46   42.47   45.21   45.21   40.94   40.82   42.18   43.54   44.52   44.52   44.22   41.38   40.69   44.14   35.37   40.85   43.66   43.15   41.78   42.47   43.15   41.78   41.10   

42.86   42.07   41.50   45.58   44.37   42.25   44.90   43.36   45.58   45.58   49.01   49.01  100.00   83.33   82.05   54.97   55.63   52.98   57.05   51.02 

    55: A_japonicus_AIF-1|HADF01043973.1|Sea_cucumbers                40.14   43.54   42.95   44.30   45.03   43.62   43.62   43.62   43.62   43.62   38.89   38.89   38.19   41.61   42.28   40.27   40.27   38.78   40.14   41.10   43.84   43.15   41.61   40.14   40.14   41.50   42.47   42.47   45.58   40.00   38.62   41.38   31.97   40.14   42.96   40.41   40.41   41.10   42.47   41.78   41.10   

40.82   40.69   40.14   43.54   40.85   38.73   42.18   41.26   40.82   40.82   49.01   49.67   83.33  100.00   98.10   54.30   52.32   52.98   55.03   48.30 

    56: P_californicus_AIF-1|GAVO01008491.1|Sea_cucumbers             41.50   43.54   41.61   42.95   43.05   41.61   41.61   41.61   41.61   41.61   38.19   38.19   37.50   40.27   41.61   39.60   39.60   40.14   41.50   41.10   43.15   42.47   42.95   41.50   41.50   42.86   43.84   43.84   45.58   39.31   37.93   40.69   31.29   38.73   41.55   39.04   39.04   39.73   41.10   41.10   40.41   

40.82   40.69   40.14   42.86   40.14   38.03   42.18   41.26   40.14   40.14   49.01   49.67   82.05   98.10  100.00   53.64   51.66   52.32   55.03   48.30 

    57: S_purpuratus_AIF-1|CX198644.1|Sea_urchins                     36.73   38.78   34.23   33.56   35.10   36.24   36.24   35.57   35.57   36.91   33.33   31.94   31.94   34.90   36.24   35.57   35.57   33.33   34.69   36.30   39.73   36.99   35.57   36.05   37.41   37.41   36.30   36.30   37.41   40.00   37.93   40.00   31.97   37.32   42.96   39.04   39.73   41.10   39.73   39.73   39.04   

45.58   45.52   44.90   42.86   42.25   40.85   43.54   42.66   42.18   42.18   45.03   44.37   54.97   54.30   53.64  100.00   85.43   86.75   55.03   57.14 

    58: P_lividus_AIF-1|Sea_urchins                                   37.41   40.14   34.23   34.90   37.75   38.26   38.26   39.60   39.60   39.60   34.03   32.64   31.94   34.23   36.91   34.90   34.90   36.73   38.10   38.36   41.10   39.04   37.58   37.41   38.10   37.41   38.36   38.36   38.10   41.38   39.31   43.45   34.69   38.03   44.37   41.10   41.10   43.15   41.10   41.10   40.41   

45.58   44.83   44.90   43.54   42.96   40.85   44.22   44.76   44.90   44.90   46.36   44.37   55.63   52.32   51.66   85.43  100.00   93.38   54.36   59.18 

    59: S_neumayeri_AIF-1|ACO40483.2|Sea_urchins                      36.05   39.46   32.89   34.23   36.42   37.58   37.58   38.26   38.26   38.93   32.64   31.25   31.25   33.56   36.24   34.90   34.90   36.05   37.41   36.30   40.41   37.67   36.24   37.41   37.41   36.73   36.30   36.30   36.73   39.31   37.24   41.38   34.01   38.03   44.37   39.04   39.04   41.10   39.04   39.04   38.36   

44.22   44.14   43.54   42.18   41.55   39.44   44.90   43.36   43.54   43.54   45.70   45.03   52.98   52.98   52.32   86.75   93.38  100.00   53.69   59.18 

    60: S_kowalevski_AIF-1|FF529285.1|Hemichordates                   47.62   46.26   46.31   47.65   48.32   47.65   47.65   47.65   47.65   47.65   43.75   41.67   40.97   46.31   46.98   46.31   46.31   44.90   46.94   45.89   47.26   47.95   46.98   48.98   48.30   49.66   45.21   45.21   47.62   49.66   46.21   48.97   41.50   47.18   50.70   49.32   46.58   48.63   47.95   48.63   47.95   

54.42   54.48   52.38   48.98   52.82   48.59   50.34   51.75   52.38   52.38   52.35   52.35   57.05   55.03   55.03   55.03   54.36   53.69  100.00   68.03 

    61: B_clavigerus_AIF-1|FN987907.1|Hemichordates                   46.94   46.94   41.50   41.50   45.58   45.58   45.58   45.58   45.58   45.58   40.97   39.58   39.58   42.86   43.54   43.54   43.54   43.54   43.54   46.58   49.32   48.63   46.26   46.94   48.30   48.30   45.21   45.21   46.26   52.41   50.34   52.41   42.86   50.00   53.52   46.58   49.32   50.68   48.63   49.32   48.63   

55.10   55.17   53.06   48.98   53.52   49.30   52.38   53.15   52.38   52.38   51.70   53.74   51.02   48.30   48.30   57.14   59.18   59.18   68.03  100.00 

 


