Table S1 List of the a-CA sub-families with the species and accession number of the amino acid
sequences used in this study.

a-CA Sub-Family Species Name ACCESsIon 7
Homo sapiens_CAL0 AAHATA56.1
Mus musculus_ CAL10 AHH17E806.1
Macata mulatta_CA10 AFEE4410.1
Equus caballus_caio ¥P_001503286.2
Bos taurus_CAI10 ARZE50E.1
=3 Gallus gallus_caio HP_415644.1
3 Taeniopygia guttata_Ccal0 WP 0021983101
anclis carolimesis_Ca10 HP_ 003216966 1
Rattus norvegious_CALD P D02F27E18.1
¥enopus tropicalis_CAL0 HP_002932546.1
Danio rerio_CcAal0 MP_D01032158.1
Oreochromis niloticus_Ca10 ¥P_003438532.1
Maata mulal‘ta_l:.Eii ;FEEJ-EEE.L
Bos taurus_Call AAIZ3IE2E1
Homo sapiens_CAL1l AAHOZG62.1
Mus musculus_Ca11 AAH19352.1
Rattus norvegious_CA11 AALTELTS.A
Loxodonta africana_Ccai1l MNP _D03A06577.1
anclis carolimesis_Ca1l HP_DD3225067.1
Stronglocentrotus purpuratus_CA11 HP_7BATHE.2
Branchiostomna floridae_Cca11 WP_0D2611575
Drosophila melanogaster_Ccalla MP_572581.1
Tribolium castaneurn_CAlla HP_972474.2
= MNasonia vitripennis_CAlla HP_ 0034242341
3 Drosophila melanogaster_calilb MP_S572407.3
Aedes asgyti_CA11 ¥P_D016588761.1
Tribolium castaneurn_caAlilb ¥P_974173.2
Daphnia pulex_Cad EFHBE3T7.1
Daphnia galeata_ca4 unpublished
Daphnia pulex_Ca3 EFX72738.1
Daphnia galeata_CA3 unpublished
Loa loa_call XP_DD3IL37734.1
Brugia malayi_CAal1l HP_0D1300835.1
Caernorhabditis elegans_calla MP_495567.3
Trichinella spiralis_Ccail WP 0033765341
Caernorhabditis elegans_cailib MP_408083.1
Hc-mc-sapiens_c.&Tx EA?'.-'EEE!E.:L
Macaca mulatta_CAE EHHZB528.1
Mus musculus_CAB AAHI07TIA
Rattus norvegicus_CAS AAHETSEE.1
Bos taurus_CAER MNP 0010771591
Equus caballus_cas ¥P_D01496523.1
- Gallus gallus_cAg MP_418221.3
o Meleagris gallopavo_CAR ¥P_D032051211
Taeniopygia guttata_CASR HP_002197 2041
anolis caralinesis_Ccas HP_ 00321963001
¥emopus tropicalis_cas MP_0010112131
Danio rerio_CAS AAHI2740.1
oncorhynchus myvkiss_CAE MP_001118116.1
Stronglocentrotus purpuratus_CAS HP_795365.3
Homo sapiens_CA2 - NP':DDDDEEJ
Macaca mulatta_Caz MNP _0011E2346.1
Equus caballus_caz ¥P_DO1ABESA0.1
BOS taurus_CA2 NP_S48667.1
Mus musculus_CAaZ EDLO5130.1
= Rattus norvegicus_CAZ NP_062164.1
- Gallus gallus_caz NP_S50643.1
Taeniopygia guttata_CAa2 HP 0021998331
Anolis carolinesis_CAZ2 WP_D03219585.1
¥enopus tropicalis_caz AAHB9E661.1
Enopus Iaevis=l:.ﬂ.1 NF=|:IIJ-1IJB:::GIID. 1




omcorhiynchius mykiss_Ccal

o MNP 0011176921
= Dicentrarchus labrax_cal CENB2139.1
= omcorhynchus mykiss_caz NP_001117693.1
? Ictalurus punctatus_caz2 NP_0011E7560.1
a Dania rerio_CAZ NP_954685.1
Homeo 53 pien-s_c.!-.:. NP:DO:I.?zEl E]
Macaca mulatta_cal EHH2E8617.1
Equus caballus_cal ¥P_0014BE605
Mus musculus_Cal AAAZTISSL
Rattus norvegicus_CaAl AAISEERD .1
B0s taurus_CAL AAIG6127.1
¥enopus tropicalis_cal MP_002939198
Homo sapiens_l:.ﬂ-.:lz- AAH52602.1

Macaca mulatta_Cca13

¥Pp_0D1005487 1

Equus caballus_ca13

XP_DD14599584 2

Mus musculus_CA13 AAK16672.1
Rartus norvegicus_CA13 NP_D01138465.1
BOs taurus_CA13 DAAZ2563.1

Bk

Gallus gallus_cai3

¥P_DO3620859.1

Meleagris gallopave_CAa13

¥Pp_0D3205200.1

Python molurus_cai3

AEA49861.1

Anolis carolinesis_CA13

¥P_DD3219587.1

¥enopus tropicalis_Ccai13

NP_001072448.1

enopus laevis_CAL13
-

NP_DO10BESEL1
-

Petromyzon marinus_CAZ

Homao sajpiens_CAT NP_005173.1
Macaca mulatta_CA7 ¥P_DD10B5299 2
Mus musculus_CA7 NP_444300.1

Rattus norvegicus_CAT

HM_D01106165.1

Lomodonta africana_ca7

EM_003417135.1

Bs taurus_CAT

NP_001172451.1

AT

Gallus gallus_caz

MP_413152

Meleagris gallopavo_CA7

¥Pp_0D3209867.1

TaeniopyEia guttata_CA7

XP_QD2190292.1

¥enopus tropicalis_CA7

MP_001015503.1

Dania rerio_CAT

NRA_200813.1

Ictalurus punctatus_cAa7

NP_DO11E7EED.1

oreachromis nilotious_ca7

pA_003445759.1

Homao sapiens_c;!._-'-a N-P_DG:I.TSI}.:[
Macaca mulatta_CASa EHH31930.1
Equus caballus_CA5a WP_001500362.2
Bos taurus_CASa DaAZ0167.1
Mus musculus_CA5a AAH30174.1
Rattus norvegicus_CASa A4HBEE147.1
Homo sapiens_CAsh NP_00515.1
Macaca mulatta_cash EHH30558.1

Equus caballus_cash

XP_0D1490399.1

CAS

Bos taurus_CASh

MP_001074377.2

Mus musculus_CASH CAM26357.1
Rattus norvegicus_CASh AAHB1872.1
Gallus gallus_cash WP_4141585 3

Meleagris gallopavo_Cash

¥Pp_0D3209935.1

Taeniopygia guttata_cash

XP_QD2192230.2

¥enopus tropicalis_CASb

CAJB25E5.1

¥enopus |aevis_CASh

NP_D010E4650.1

Danio rerio_Cash

NP_D01104671.1
-

-
Homo sapiens_CA3

IUYN
Macaca mulatta_cA3 EHH2E618.1
Mus musculus_CA3 AAH111291
Rattus norvegicus_CA3 AAHG1980.1

Equus caballus_ca3

MP_001157426.1

A3

B0S taurus_CA3

DAAZISZE.1




Gallus gallus_ca3

MP_D01264340.1

Meleagris gallopavo_CA3

XP_DD3205196.1

TaeniopyEia guttata_ca3

¥P_DD2199827.1

anolis carolinesis_CA3

¥Pp_DD3210614.1

Branchiostoma floridae_ccaz

¥P_00255304.1

Branchiostoma floridae_cCa3

¥P_DD2E05865.1

londes scapularis_cCa

XP_D02415504.1

anthopleura elegantissima_cCa AAD32675.1

Stronglocentrotus purpuratus_cCA XP_7B299T.2

Drosophila melanogaster_cCA AAF533321

Anopheles gambiae_cCa ABFEEE18.1

< Danaus plexippus_cCA EHU779E85.1
b Tribolium castaneum_cCA WP_9743221
=) Daphnia pulicaria_cal unpublished
g Daphnia pulex_Cal EFXBE103.1
,, Daphnia galeata_cal unpuhblished
E Daphnia pulicaria_caz2 unpublishad
E Daphnia pulex_caz EFX86394.1
E Daphnia galeata_caz unpublished
Panaeus monodon_cCA ABVE5904.1

Litopenaeus vannamei_cCa ADMI16544.2

callinectes sapidus_cca ABNS1213.1

Partunus trituberculatus_cCa AFVAG144 1

Carcinus maenus_cCa ABX71208.1

Caligus rogercresseyi_cCa ACD11717.1

Caligus clemensi_cCa ACD15216.1

Lepeophtheirus salmonis_cCA ACO12707.1
Homo sapiens_cm- NP_DOO708.1

Macaca mulatta_cad ¥P_D01107970.2
Bos taurus_CAd LoR0ed66.1
Equus caballus_cad HP_D01501182.1

Mus musculus_Cad AAH127041

< Ratbus norvegicus_CA4 AMAHS97329.1
a Gallus gallus_cas ¥P_415653.1
Python molurus_cad AEA49062.1

Dianio rerio_Cad AAIDDADE

orecchromis nilotious_cad

XP_DD3456174.1

¥enopus tropicalis_cad

¥P_DO23E3BE2.1

senopus laevis_Cad
-

MP_D01075788.1
-

mus muscualus_CALS

MP_DB5035.1

Rattus norvegicus_CA1S

MP_001055371.1

Equus caballus_cal1s

¥P_DD5613008.1

Gallus zallus_cails

XP_415218

A 1S

Meleagris gallopavo_CAl3

¥P_D03211059.1

Taeniopygia guttata_cAl5

¥P_DD21050332

anolis carolinesis_CA15

¥P_DD3225153.1

¥enopus tropicalis_CALS
.

¥P_DD2331952.2
-

cag

Homao sapiens_CAG6 NP_001206.2
Macaca mulatta_Cas XP_DD1000188 2
Bos taurus_CAE DAAZ1262.1
Equus caballus_cas NP_0011374212
Mus musculus_CAG NP_D33932.2
Rattus norvegicus_C.AG NP_D01128313.1
Gallus gallus_cas ¥P_425745.3

Meleagris gallopavo_CAG

XP_DD3212306.1

Taeniopygia guttata_CAG

¥P_DD2187445.1

senopus laevis_CAB

MP_ 0011233721

¥enopus tropicalis_CAG

MNP_DO10E5550.1

Dianio rerio_CAG

XP_DD2666525.1

_
Homo sapiens_CAD

-
NP_D01207.2

Macaca mulatta_cag

¥P_DO10BE481.1

Equus caballus_cag

¥P_DD1504561 3




o Bos taurus_CAD J¥P_DO26E9T44.1
3 Mus musculus_cag AAIZ0545 11
Rattus norvegicus_CA9 EDLSE746.1
Gallus gallus_cas WP_D012333202
Danio rerio_CA9 KP_G5949E2 2
Homo sapiens-_l:.ﬂ.:ll NP:DO:I.::I:PE! E]
Macaca mulatta_cai2 EHHZ7385.1
Mus musculus_CA12 AAH35941.1
. Rattus norvegicus_CALZ NP_001074225.1
= Bos taurus_CA12 ¥P_870E7E.3
- Gallus gallus_caiz ¥P_413756.2
Mieleagris gallopavo_Cal2 WP_003209429.1
Wenopus tropicalis_ca1z CAIB14E9.1
Menopus laevis CALZ NP_D01081227.1
Homo sapiens_-l:.ﬂ.:l-i BAAES00Z.1
Macaca mulatta_CAl4 MP_001244832.1
Equus caballus_caia WP_0014891571
Bos taurus_Cald MNP 0011791341
- Kus musculus_CA14 NP_035927.1
= Rattus norvegicus_CAL4 NP_D01103125.1
= callus gallus_cals XP_003642713.1
Meleagris gallopavo_Cal4 WP 0032128281
¥enopus tropicalis_cald NP_001103521.1
Danio rerio_CA14 NP_0010327E2.1
Oreochromis niloticus_caild ¥P_DOSE10348.1
Daphnia pulex_CAGE EFXEE00E.1
Daphnia galeata_Ccass unpublished
Daphnia pulex_CAGE EFXE8011.1
Daphnia galeata_CAGE unpublished
Daphnia pulex_CcAGF EFXEED12.1
Daphnia galeata_CAGF unpublished
Daphnia pulex_CAGC EFXEE009.1
Daphnia galeata_CASC unpublished
Daphnia pulex_CABD EFXE8010.1
Daphnia pulex_CAGG EFXE8013.1
Daphnia pulicaria_cas unpublished
Daphnia pulex_CAS EF¥81683.1
Daphnia galeata_caAs unpublished
Daphnia pulex_caga EFMEE007.1
Daphnia galeata_casa unpublished
Daphnia pulex_CATD EFXEE103.1
Daphnia galeata_CATD unpublished
= Daphnia pulex_CAa7a EFXEEL00.1
"";f- Daphnia galeata_CAT7A unpublished
3 Daphnia pulex_CA7B EFXBE0101.1
2 Daphnia galeata_CAT7B unpublished
*;'2__ Daphnia pulex_CcATI EFMEE114.1
g Daphnia pulex_CATM EFXEE119.1
Caphnia galeata_ca7 unpublished
Daphnia galeata_CA7G unpublished
Daphnia pulex_CATH EFXEE113.1
Daphnia pulex_CcATL EFXEE11E.1
Daphnia pulex_CATK EFMEE116.1
Daphnia pulex_CATO EFXEE121.1
Daphnia pulex_CA7P EFXBE123.1
Daphnia galeata_CATP unpublished
Daphnia pulex_CA7] EFMEE115.1
Daphnia pulex_CATN EFXEE120.1
Daphnia pulex_CATO EFX77528.1
Daphnia galeata_CATH unpublished
Daphnia galeata_Ca7) unpublished
Daphnia pulex_CA7C EFXBE102.1
Daphnia pulex CATE EFXEE104.1




Daphnia galeata_CA7C

unpublished
Daphnia pulex_CAGH EFXEE1ED.1
Callinectes sapidus_gCA ABNS1214.1
= Portunus trituberculatus_gCa AFVA5145.1
[l Carcinus maenus_gCA ABX71209.1
] Branchiostoma floridae_gCa WP_002601262.1
,é_, : Stronglocentrotus purpuratus_gCA ¥P_7965251
&= Anopheles gambiae_gCa ACS2B257.1
= Danaus plexppus_gCa EHJ70026.1
Patella vulgata_gCa CCI509593.1
Neisseria g-::n:-rrha-eae-_m. YP_207719.1
Kingella denitrificans_Ca WP_0037E2E74.1
Pastuerella multocida_ca WP_005752370.1
Streptococous mutans CA WP_002278508 1
[ Thiorhodococous drewsii_ca WP_007041651 1
-:_; Aeromonas caviae_CA WP_0675444 1
£ Yersinia entarocolotica_CA CCO30019.1
| Sarratia sp_CA ¥P_DDE027343.1
Enterobacter cloacae_CA EULG1977.1
¥lebsiella axytoca_ca EHS520795.1

Pantoea vagans_CA

WP _13358087.1

Thermovibrio ammonificans_CA
-

YP_0D4152175.1
—




Table S2 Listing of conserved amino acid residues for each group of a-CAs along with Daphnia

a-CAs. The gray highlighted residues represent conserved sites throughout the phylogeny.

Dark green represents sites conserved in all extracellular a-CAs, medium green the GPI-

anchored CAs, light green the transmembrane CAs, pink the secretory CAs. The dark blue

represents sites that are conserved in all intracellular a-CAs, medium blue the cytosolic CAs and

red the CA-RPs. The bacterial group shows conserved sites across a-CAs. AS = active site, ZB =

zinc-binding site, SB = substrate-binding site, GPI = purported GPl-anchoring site, SuB = disulfide

bond site.
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Table S3 Ancestral states of amino acids at informative residues. Ancestral states were inferred
using a Maximum Likelihood model in MEGA 5.0 and the most probable states at a given
residue were selected. CA groups are based on the most recent common ancestor as
determine by the phylogenic analysis, for example the hypothetical ancestral Animalia a-CA
state is the predicted sequence of the most recent common ancestor of the extracellular a-CAs
and intracellular a-CAs, while the extracellular a-CA hypothetical ancestor is the most recent
common ancestor to the invertebrate and vertebrate clades of Extracellular a-CAs (Figurel).
The residues are based on the alignment performed for phylogeny construction. Codes on the
residues are as follows: SuB = disulfide bond site, AS = active site, ZB = zinc-binding site, and SB
= substrate-binding site. Shaded amino acids reflect an amino acid change from the most
common recent ancestor and the shaded amino acids in a box are amino acid change that
resulted in convergent evolution. The no. of amino acid changes reflects the number of

changes from the most common recent ancestor for that group.

MNo. of
Amino
Acid
Changes

Residue

448

CA Group

=

Bacterial
Ancestral Animalia CA
Extracellular
Invertebrate
Vertebrate
PRI
CA4
CA 15
Secretory
CAB
Transmembrane
CAS
CAl12
CAla
Intracellular
CA-RP
CAB
CALD
CAll
Cytolsolic
Invertebrate
Vertebrate
CAS
CAT
Fish CA1/2
CAl
CAZ
CA3
CAl3

et ;o o [ 214 5uB
o B B B e e - | B
Dz=z=z=z=222|314
I I T I XITIII|IN6EAS
] r<<c<<<--|aus
w000 =00 o319
= I» - |35
Do D DD DD D|3E3AS
I B B B e B L B ST
T T T TIII IT|XBSIE
m m Mmoo oo |56
T T - T = R - I - T - R - -2
I T T T I I I IT|IWMSIB
= = = = = = = <|m7
Z=z=z=z=z=22 2434
A I el ol I T 1
= e e e e =g =g = || 9]
i T = T = - < s - - o B | . (=
A = A A~~~ ]| 499 5B
0w m o= 1o o|(5]]
= 4= = = = ;o505
mmmmm= = =|512
== T = e = M = e = Ml = M = |
= ZZ=Z22=22 2|87

[ R e R ¥ e e | K
e = = = = =
o W ooh W R

T

EH W wow W m m|419

meZEIIIIIZZIZZZZZZm
SEE=<=<m==

EEEEEEEE ==
o | o | | | | | = = = = = = = T X & &= T

=

0O 0000000000 oQooggenmQag
=

ESE®m 222 mMmmMEPRFEOOS OO0 0000
=T T - T - T - R - T - T = T - T = M - R - T - T - e - R R - T - T -
Fm =SS 0 EWN A AT - =222 ==
IEIIIHZZ#EU’JIIIIIIII
L e R T R I R e I I A o
b B T s T T e W M o O o B e I IR ¥ I B O o R
r-rrrrrrereereeeecrrerecrrere B BRRE IR
Do oo DD LDLDoDDmmmmOoD oD oo
M T M T M M M MMM = == & = T
T I I I I I I T I I & XXX T TIT I IT I I
'ﬂ'ﬂ_ﬂ_ﬂ'ﬂ'ﬂ_ﬂ_ﬂ}'ﬂl_l__ﬂ_ﬂ'ﬂl_l_l_l_l_
B i i - I~ M= B~ e = R = R = M = = B = e — T = M = B9
I I I I I I I III SOOI IIIIIIXI
DS S s s S S S S S = = = = = =
{3 I T v T v T % v O v O v v O B T v N 7 O v O 7 O v B v I

L= el el e el el el el Y =l ol el el 4
—||—|—|—|—_|::_|_|_|_|z_|_|—||—E|—|—_
= o AT A A A A A A A= A A A A A A A A
= = B~ B = T = R = R = B = B = e = e = B = M = T = e = M = B = B = I =
[ o T o T o B R R R R I R B B R T R R R R T R
EE R - R = = B |
== M~ B = e = M = M = M = B = e = = M = M = M = s = e Y i e e e £
mEmeEmEmEmemmmEmm I 2N 2222222

=

L T LI " R i 4 B =)

=




Figure S1. Phylogeny of a-CAs inferred from a maximum-likelihood analysis performed with

RaxML version 8.0 with 1000 iterations. Bootstrap values are indicated at the nodes. Species

are collapsed within a larger taxonomical grouping.

Lamprey CA7
~0_| Avian CA7
= a
= Mammal CA7
P car

Pincean CAT

= o |Pmceancamz

cas

- | Mematodo cate
- F_D—,m
Tembn_CAS
w — Jimccicatia
" —— Jmesctcare
oo w00 Inmect CATIE
H - " ot one
Bhu_cas
Lanctot GAT1
n "
- - Reptile CA
- R
Vertobrats CAT0
Crédurion cCA
— T
w
ca
— ] A
|a ‘{':j Copepod cCA
- | ] Docomatecn
iy ——— T
— DoAY
" puia_CA1
- Ep
[ Domi_ca2
» Pix_caz
He cne
Piscoan CAS
] bt st
| mammmcaSa
- Mammal CASH
had Avian CASD







