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Fig S1: Gene Ontology (GO) term enrichment of excluded orthogroups. To keep
computational times reasonable we restricted our analysis to orthogroups containing
a maximum of 1500 genes. We annotated and functionally characterised the excluded
orthogroups and found that they were mostly associated with immune processes,
metabolisms, and cell signalling. Although processes related to cell signalling and
immunity have substantial functional significance in organisms, our sampled gene
sets encompassed a more diverse array of processes (Fig S6).
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Fig S2: GO term enrichment of the convergent substitutions. GO term enrichment
of the convergent genes showed that they were inolved in processes related to
biomolecule metabolism, response to hormones or stimuli such as heat, and processes
of embryonic development and tissue morphogenesis. This underscores the potential
multifunctional nature of these convergent genes.
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Fig S3: Check for spurious convergence: There can be certain instances of spurious
convergence events even when stringent convergence metrics are used. This can often
occur due to misalignment of sequences, which might be due to splice variants
represented inconsistently among different species. Fukushima and Pollock also
encountered this in their original publication when analysing human and mouse
sequences (Supplementary text 12 in (1). This suggests that spurious convergence
events are not restricted to any specific dataset but is an artefact that has to be
corrected. (A) The characteristic of these spurious convergence events is their
unnatural localisation on the protein structures that can be detected in the output of
the CSUBST site function. A workaround would be to select convergence events that
are not located at proximity to one another. We perform this ad-hoc filtering by
selecting orthologs where the individual substitutions have a high OCN value and are
well separated on the protein structure. (B) This helps us identify reliable patterns of
convergence as shown. In the above plots black and grey vertical bars represent non-
synonymous and synonymous substitutions repsectively. The black horizontal bars in
panel A represent gaps in mapping the alignment to the protein structure. The
posterior probability of any2spe represents the site-wise posterior probabilities of a
substitution from a differnt acestral amino acid to a specific extant amino acid, i.e.
convergent substitutions, while any2diff represents a substitution from any ancestral
amino acid to a different extant amino acid. These demarkations were used in Fig 2 of
the main text.
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Fig S4: Observed rate of convergence (OCN) versus orthogroups’ characterisitcs. We
checked for the presense of any potential bias in between OCN values and the average
length and number of genes in each orthogroup (top panel). Using a Pearson’s
correlation test we found no significant relationship between gene number or gene
length and the OCN metric, suggesting that the OCN value strictly depends on
sequence variation, and that such bias is not a concern in our data. We removed
outliers with high OCN values and observed the same lack of correlation (bottom
panel).
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Fig S5: Copy number distribution of the convergent orthogroups. Top panel shows
the number of gene copies present in the convergent orthogroups across teleost family
and order. Bottom panel shows the mean Benjamini-Hochberg corrected P values for
a one sided KS test to determine difference in gene copy number distributions between
convergent orthogroups and background sets. Beyond the global trend of high copy
number in the convergent orthogroups, we also observed similar trends within
individual clades. At the order level, 86% (31 out of 36) of clades showed evidence of
higher copy numbers among convergent genes, and at the family level, 83% (61 out of



73) showed the same pattern. Thus, while the majority of clades had higher copy
numbers in convergent orthogroups, this trend was not universal across all teleost
lineages
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the distribution of convergent orthogroups versus sampled

genes from each order. We use the Kolmogorov-Smirnov test (KS test) to compare

distributions of total number of genes sampled versus number of convergent genes
estimated (top panel). The rationale is to check whether the relative distributions of

the convergent genes are different from that of the number of genes that were

ing

: Compari

Fig S6

sampled. This will tell us whether the deviation between the number of gene sampled

in each order/family and the number of genes found convergent is meaningful. The

KS test is done with bootstrapping which is suitable for frequency distributions of

See

(number of genes in  each  order).
https://rdrr.io/cran/kldtools/man/ksboot.html. Observe that the shape of the empirical

variables

discrete

cumulative probability distributions (ECDF) are different for the convergent genes

(red) and total sampled genes (blue). The differences in frequencies is further

visualised in the ar plots.
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Fig S7: Ecological characteristics of species with convergent genes. The bar plots
show ecological characteristics of species that harbour convergent substitutions. The
data were obtained from the FishBase database. The proportions are based on species
with available data. The gene names or orthogroups with a high number of species
are labelled. We performed tests of independence to infer whether there is any
relationship between convergence in one orthogroup and the ecological characters.
After correcting for multiple testing, only 4 orthogroups show a significant
relationship. However, these relationships are with the undefined food variable
‘other’. As a result, we cannot make any biological relevant inference from this
relationship.



0G0000107 | | ©G0000135 | |OG0000170 | [OG0O000195| [OG0000233 | |OG0000236 | | ©G0000240 | | ©G0000243 LOG0000295 0G0000348

1.00
L) S Py [
o % o :
: (]
0.25
6‘0 8'0 1(‘)0 2(‘]0 3(‘)0 4(;0 6‘0 9‘0 1501;0 25‘50 3(‘)0 35‘50 4(')0 150 260 25‘30 0 1(‘)02(‘)03(‘)04(‘)0 1002(‘)03(‘)04(‘]05(‘)06(‘)04‘0 8‘0 150 1(‘30 3(‘]0 6(‘]0 9(‘]0 12‘00 1(‘)0 2(‘)0 300

0G0000385 | |OG0000454 | | OG0000460 | |OG0000479 | [OG0O000546 EG0000762 0G0000809 OGOOOO% 0G0000943 | | ©G0001037
1.00 '_'
0.75 ® q (] b e%p

(]

0.50
o ._I_l T L ‘ T T T

T T T T T T T
100 150 200 250 250 500 750

T T T T T T T T T T T T
100150200250300850 400500600700800900 200 300 400 500 200

T T T T T
400 600 400 600 800

T T T T T T T T
50 100 150 200 200 400 600 8001000

-LO'GOOO1 120 | |OG0001196 EOG0001257J 0G0001287 | |0G0001448 | |OG0001509 | |OG0001547 | | OG0001663 | [OG0001676 | | OGO001781
1.00
0754 < © 9 °6 1 ”
0504 © & o o °
0.25
0 100200300400500 0 2505007501000250 250 500 7501000 0 500 1000 O 200 400 600 50 100 150 200 0 50 100150200250 100200300400500 300 400 500 200 400 600 800
0G0001823 BGOOOZOS# 0G0002108 | [0G0002113 | |OG0002300 | [OG0002454 | |©G0002521 | |OG0002545 | | OG0002681 OG0002718J
10T oS L4 o | L4 L4
0.75 ] Q L
0.50 Ps
0.25 o (] e B °
100 200 300 400 500 100015002000 800 10001200 200 400 600 800500 750100012501500 500 700 900 250 500 750 100200300400500 200300400500600 100 200 300
0G0002745 | |OG0002859 OG000300ﬂ OG0003321J 0G0003376 | [OG0003603 | [OG0003637 | | OG0003642 L0_200037:24 ‘OG0003806J
1.00 -—-—J L—'— “—J L—J
] [
0754 ® ¢ o 9 p o J ] i
0.50 o °
0.25 o
0 200400 600 800 200 400 600150 200 250 100 200 300 400100150200250300350 100 200 300 400 100200300400500 0 200 400 600 1000120014001600 500 1000 1500
0G0003815| |OG0004038 | [OG0004372 000004913 0G0004928 | [OG0005097 | |OG0005130| |OG0005697 | | OG0005761 | | OG0006051
1.00 — ] 5| 'E_W_J —“—'J
0.75 ’. 4 o d /] q
0.50 6
0.25 4
T T T T T T T T T T lo T T T T T T T T T T T T T T T T T T T T T T T T a-'_
150200250300350 50 100 150 200 200 400 600 0 200 400 0 50 100 150 200 400 600 800 0 250 500 7501000 200 300 400 500 400 800120016000 100 200 300

0G0006328 | |OG0006758 | | OG0007270 | [OG0007293 | |OG0007347 | |OG0007584 | | OG0007789 | | OG0007954 | (OG0008369 | | OGO008574
10T & @ T e |
0.75 [ B o |P
0504 @ °
0.25 P
200 400 600 500 7501000125010 200 300 40000200300400500800 500 1000 100 200 300 400 5001000150000 O 500 1000 O 500 10001500 0 50 100 150 200
0G0009762 | |0G0009887 | | OG0010204 | [OG0010651 | {OG0011063 | |OG0011077 | |OG0011147 | |OG0011512 | [OG0011822 | | OG0012202
1.00 ry L—‘—wJ I
0.75
0.50 P!
0.25 d o S
500 750 100012501500 1001502002506008500 300 600 900 100 150 200 250 200 300 0 500 1000 15000 250 500 750 O 100 200 300 100 200 200 400 600
0G0012365 | |0G0012467 | | OG0012613 | |[OG0012978 | | ©G0013361 | [OG0013516 | | OG0013979
10— g T
ors{ P » R |4
0.50
0.25

T T T T T T
600 800 10001200 200 300 400

T T T T T T

T T
100 200 300 70(BOMOGOODIORO0

Continued on next page

T T T T T T T T T T T T T
200 300 400 500 200 300 400 500 600 100200300400
Codon site

selection

® diversifying
low evidence

® purifying



n
2
‘» selection
©
% . purifying
g low evidence
8 . diversifying
()
o 19
+
purifying low evidence diversifying
Selection

Fig S8 Fast Unconstrained Bayesian Approximation (FUBAR) of selective regime.
Using FUBAR we estimated selective regime at each convergent site across the
teleosts. (A) The OCNany-to-specitic convergent metric value and the selective regime
experienced by that site. This figure shows all non-zero OCNany-to-specific values. In our
analyses we only considered sites with an OCNany-to-specific above 0.5. (B) The proprtion
of convegent sites and their underlying selective regimes.
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Fig S9: The proportion of tissue specific genes in convergent genes and genes overall
for different tissue types: We collected gene expression data for the brain, eye, heart,
liver, muscle tissue, ovary, and testis across eleven species (Astyanax mexicanus,
Astatotilapia calliptera, Danio rerio, Esox lucius, Gasterosteus aculeatus, Gadus morhua,
Neolamprologus brichardi, Nothobranchius furzeri, Oryzias latipes, Salmo salar, and
Scophthalmus maximus). We classified a gene as tissue-specific if it had a tau > 0.8 and
its expression in the target tissue was greater than the sum of its expression in other
tissues. Since we are comparing tissue specificity across different species, we identified
genes that are tissue-specific in the same tissue across all the species sampled. These
criteria ensured we captured robust signals for tissue specificity. Around one-third of
these genes had signals of convergent evolution with the largest being in the liver. We
observed that the proportion of convergent genes that are tissue specific is no different
from the total proportion of tissue specific genes in our dataset. However, using
Fisher’s exact test we found a significant difference in the convergent/non-convergent
ratio between tissue-specific and non-tissue-specific genes only for the liver and not
for other tissues; in other words, our convergent gene set had a higher proportion of
liver-specific genes than expected by chance.
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Fig S10: Expression of convergent orthogroups in species harbouring convergent
substitutions. Using Bgee expression we show that the convergent genes have a wide
spatial and temporal breadth, being expressed across multiple tissues and different
developmental stages. (A) Solute-carrier protein slc22a2, shows high expression in the
liver and pyloric caecum across multiple larval stages of Salmo salar, with a subsequent
expression in the kidney in the post-juvenile stages. (B) N-acetylneuraminic acid
synthase (NANS) is highly expressed in the anal fin, skin, and eye of Astatotilapia
calliptera, as well as in the spleen during the early juvenile stages. We also observed a
difference in expression between gene copies, with nansa showing high expression
across the anal fin, eye, and skin, whereas nansb was expressed only in the anal fin.

Anatomical entity

This divergence in expression patterns between paralogs may reflect a partitioning of
functional roles across gene copies. (C) Tectonic family member 2, tctn2 was expressed
in multiple tissues in Neolamprologus brichardi, with the highest expression in testis.
The gene had comparable levels of expression in brain and eye across both
Astatotilapia calliptera and Neolamprologus brichardi, suggesting conserved function.
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Fig S12: Expression divergence between paralogs. Single-cell RNA-seq data of 16
hours post fertilization and 19 hours post fertilization embryos showing difference in
gene expression between paralogs. Similar trend was observed for all other time-

points.
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Fig S13: Phylogenetic tree of species. Phylogenetic tree of 143 teleost fish species used in the
study.



