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ABSTRACT

Cah or CAH) genes  encode  enzymes that catalyse the 

and enzymes from several mammalian species which have been assigned to at least15 gene families,   including  CA1-
3 and CA13, which are closely localized within a gene complex on human chromosome 8. This  paper  reports the 
amino acid sequences, gene locations, tissue expression patterns and exon structures  for mammalian  CA1, CA2 , 
CA3  and CA13 genes and proteins, including primates, other eutherian mammals and a  marsupial  mammal. The 
phylogenetic and evolutionary relationships of these genes and enzymes are described  with a hypothesis for gene 
duplication events for ancestral mammalian CA1, CA2, CA3 and CA13 genes, generating  4  families of these genes, 
which are closely localized on mammalian genomes and are differentially expressed in tissues of the body.

Keywords: Human; Mouse; Mammals; Bird; Carbonic anhydrases; Gene complex; Enzymes; Evolution

INTRODUCTION

At least fifteen families of mammalian Carbonic Anhydrase genes 

CAR; or CAH; E.C.4.2.1.2; also called carbonate dehydratases) 
have been recognized by the respective human (genenames.org) 
and mouse (informatics.jax.org) gene nomenclature authorities. 
These include: CA1, encoding the major erythrocyte enzyme [1,2]; 
CA2, the major intestinal enzyme [3,4]; CA3, the major enzyme in 
red skeletal muscle [5,6]; and CA13, with a widespread distribution 
pattern in human tissues [7,8]. These enzymes catalyze the reversible 
hydration of carbonic dioxide and contribute significantly to 
many other biological phenomena, including the formation of 
body fluids (gastric acid, aqueous humor, cerebrospinal fluid and 
saliva), respiration, bone resorption, calcification, intracellular pH 
regulation and chloride-bicarbonate exchange activity [9,10]. 

Structures for several human and animal CA1-3 and CA13 zinc 
metalloenzymes proteins have been reported, including human 
CA1 (Pdb:1AZM) [1,11]; CA2 (Pdb:12CA) [3,4]; CA3 (Pdb:1Z93) 
[5]; and CA13 (Pdb:3CZV) [8]. In addition, variants of CA have also 
been associated with human diseases, including atherosclerosis, 
cancer, obesity, epilepsy, edema and glaucoma and are the subject 
of extensive drug research [9,10,12,13]. Genetic analyses of CA1-
3 in humans and mice have reported that these genes are closely 

localized on chromosomes 8 and 3, respectively [14-16]. Subsequent 
studies have incorporated CA13 into the CA1-3 and CA13 

predicted amino acid sequences, gene locations, tissue expressions 
and exon structures for mammalian CA1, CA2, CA3 and CA13 
genes and proteins, including primates, other eutherian mammals 
and a marsupial mammal. The phylogenetic and evolutionary 
relationships of these genes and enzymes are described with a 
hypothesis for gene duplication events for ancestral mammalian 
CA1, CA2, CA3 and CA13 genes, generating 4 families of these 
genes, which are closely localized on mammalian genomes and are 
differentially expressed in tissues of the body.

MATERIALS AND METHODS

CA1, CA2, CA3 and CA13 gene and protein identification 

BLAST (Basic Local Alignment Search Tool) studies were 

undertaken using web tools from the National Center for 

Biotechnology Information (NCBI) (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) [18]. BLAST analyses used the reported human 
CA1, CA2, CA3 and CA13 amino acid sequences [1,3,5,8]. Non-
redundant mammalian protein sequence databases were analyzed 
using the blastp algorithm [18]. BLAT analyses were subsequently 

human and mouse CA  gene complex [17]. This paper reports the 
(CA  for humans and primates; Car for mouse and rat) and enzymes 
CA;(

Mammalian carbonic anhydrases (E.C.4.2.1.2; CA , Ca, 
reversible  hydration  of  carbon  dioxide  and  contribute significantly to many other biological phenomena. CA genes 
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undertaken for each of the predicted CA1, CA2, CA3 and CA13 
amino acid sequences using the UC Santa Cruz web browser [19] 
[http://genome.ucsc.edu/cgi-bin/hgBlat] to obtain the predicted 

genes, including exon boundary locations and gene sizes (Table 

[20]; Rhesus monkey (Macaca mulatta) [21]; African green monkey 

(Chlorocebus aethiops sabeus) [22]; Mouse (Mus musculus) [23]; Cow 
(Bos taurus) [24]; Opossum (Monodelphis domestica) [25]; and brown 
kiwi (Apteryx mantelli) [26]. Structures for the major isoforms 
of human CA1, CA2, CA3 and CA13 were obtained using the 
AceView website to examine predicted gene and protein structures 
to interrogate this database of human mRNA sequences (http://
www.ncbi.nlm.nih.gov/IEB/Research/Acembly/) [27].

Table 1: Mammalian and bird CA1, CA2, CA3 and CA13 genes and subunits. Transcript IDs, GenBank and UNIPROT IDs provide the sources for the 
gene and protein sequences; +ve and –ve refer to the transcription strand; brown kiwi (Apteryx rowi) CA genes were located within a gene complex on 
chromosomal segment NW_01400943v1 [26].

Species Gene location Transcript ID Exon (strand) UNIPROT ID Amino acids

Human

CA13 8:85,245,829-85,281,346 BC052602 7 (+) Q8N1Q1 262

CA1 8:85,328,563-85,338,450 BC827890 7 (-) P00915 261

CA3 8:85,438,910-85,448,150 BC004897 7 (+) P07451 260

CA2 8:85,465,271-85,480,786 M77180 7 (+) P00918 260

Rhesus monkey

CA13 8:85,792,235-85,826,005 XP_001095487 7 (+) A0A1D5QB60 262

CA1 8:85,874,315-85,884,351 XP_015001152 7 (-) P00916 261

CA3 8:85,982,152-85,990,512 XP_015001153 7 (+) F6TQ33 260

CA2 8:86,007,619-86,023,635 NM_00195417 7 (+) F6TQ14 260

Green monkey

CA13 8:80,617,898-80,651,689 XP_007999191 7 (+) A0A0D9RL50 262

CA1 8:80,699,654-80,709,377 XP_007999193 7 (-) A0A0D9RL45 261

CA3 8:80,806,899-80,815,255 XP_007999197 7 (+) A0A0D9RL40 260

CA2 8:80,831,138-80,848,058 XP_007999199 7 (+) A0A0D9RL35 260

Mouse

Ca13 3:14,645,036-14,661,571 AK162621 7 (+) Q9D6N1 262

Ca1 3:14,766,539-14,778,384 NM_009799 7 (-) P13634 261

Ca3 3:14,864,249-14,871,658 BC011129 7 (+) P16015 260

Ca2 3:14,887,833-14,900,087 NM_009801.4 7 (+) P00920 260

Cow

CA13 14:77,334,460-77,371,694 BC103269 7 (-) A0A3Q1NEZ9 262

CA1 14:77,194,103-77,204,445 BC116126 7 (+) Q1LZA1 261

CA3 14:77,029,841-77,038,943 BC102666 7 (-) Q3SZX4 260

CA2 14:76,995,220-77,010,922 BC103269 7 (-) P00921 260

CA13 3:145,719,578-145,783,031 XP_001366749 7 (-) A0A5F8GLC4 263

CA1 3:145,599,056-145,608,788 AJ417908 7 (+) Q8HY33 262

CA3 3:145,478,524-145,497,885 XP_001366645 7 (-) F6U1Y6 260

CA2 3:145,417,879-145,439,262 XP_001376657 7 (-) na 265

CA13 *3,710,625-3,725,122 XP_025931592 7 (-) na 258

CA1 *3,671,191-3,680,784 XP_025931593 7 (+) na 259

CA3 *3,580,584-3,600,882 XP_013812316 7 (-) na 265

CA2 *3,491,289-3,514,049 XP_025931607 7 (-) na 260

*NW_014004943v1

1). Genomic  sequences studied included:  Human (  Homo sapiens)

locations for each of the mammalian and other vertebrate CA 

CA

Opossum 

Kiwi
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to enable alignment (MUSCLE), curation (Gblocks), phylogeny 
(PhyML) and tree rendering (TreeDyn) to reconstruct phylogenetic 

were identified as members of the CA1, CA2, CA3 or CA13 groups 
of enzymes.

RESULTS AND DISCUSSION

Alignments and biochemical features of CA1, CA2, CA3 
and CA13 amino acid sequences

Amino acid sequence alignments for human CA1, CA2, CA3 and 
CA13 amino acid sequences are shown in Figure 1, together with the 
reported secondary structure and key amino acid residues for CA1 
[1], CA2 [3]; CA3 [5]; and CA13 [8]. The human CA1, CA2, CA3 
and CA13 sequences shown exhibited>50% identities, suggesting 
that these protein subunits are products of a single gene family, but 
with 78% or more sequence identities, comparing human, rhesus 

proteins examined contained 261 (CA1), 260 (CA2 and CA3), and 
262 (CA13) residues (Table 1) whereas the corresponding opossum 
(Monodelphis domestica) and brown kiwi (Apteryx rowi
contained similar numbers of amino acids to those for eutherian 
mammals (Table 1).

Predicted structures and properties of CA1, CA2, CA3 
and CA13 subunits

Alignments of predicted CA1, CA2, CA3 and CA13 amino acid 
sequences and estimates of sequence identities were undertaken 
using a ClustalW method (http://www.ebi.ac.uk/Tools/msa/
clustalw2/) [28]. Secondary structures for human CA subunits 
were obtained from the reported tertiary structures for human CA1 
[1]; CA2 [3]; CA3 [5]; and CA13 [8].

Human CA1, CA2, CA3 and CA13 gene expression and 
predicted gene regulation sites 

The GTEx web browser (http://gtex.org) was used to examine the 
human tissue expression profiles for CA1, CA2, CA3 and CA13 
genes [29]. The human genome browser (http://genome.ucsc.edu) 
was used to examine predicted CpG islands [30], and Transcription 
Factor Binding Sites (TFBS) (ORegAnno IDs: Open Regulatory 
Annotations) [31], for human CA1, CA2, CA3 and CA13 genes 
using the UC Santa Cruz Genome Browser [32].

Phylogenetic studies and sequence divergence

Mammalian and bird (brown kiwi) (Apteryx mantelli) CA1, 
CA2, CA3 and CA13 amino acid sequences were subjected to 
phylogenetic analysis using the http://www.phylogeny.fr/ portal 

Figure 1: Amino acid sequence alignments for human CA1, CA2, CA3 and CA13
 ( ): Zn  binding   residues   for   human CA1

: 95His; 97His; 120His; ( ):200Thr substrate binding site; ( ): Phe198 key amino acid substitution found in human and other 
CA3mammalian         sequences; ( ): Helix (H1, H2, H3, etc.); ( ): sheet B1, B2, B3, etc.; α -helices  and β -sheets  are   numbered  according  to   human

CA1 [1]; Bold font shows known or predicted exon junctions. Exon numbers (1-7) refers to human  CA1  gene.

): active site 129Tyr; (

(Table 2). Amino acid sequences for the eutherian mammalian CA 

relationships [33]. Mammalian and bird (brown kiwi) CA sequences 

monkey and mouse CA  sequences within the same family group 

) CA  sequences 

 subunits. Note: See table 1 for sources of CA  sequences; [*] - shows 
identical  residues  for  CA   subunits; [:] - similar alternate residues; [.] - dissimilar  alternate  residues;
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consistent with previous reports [2,4]. Human CA2 has a broader 
tissue expression profile, with highest expression levels being 
observed in the colon and stomach, but with significant expression 
in most tissues of the body, including the brain, red cells and 
kidney cortex. Human CA3 is almost exclusively expressed at high 
levels in skeletal muscle, as previously reported [5-7], exhibiting the 

In contrast, tissue expression levels for CA13 were much lower as 
compared with the other CA isozymes (2-18 times), and with a 
broad distribution profile.

Figure 3, presents the predicted structures of human CA1, CA2 
and CA13/CA3 gene transcripts [27]. There were 7 coding exons 
for the CA2 precursor mRNA sequence which contained several 
transcription factor binding sites in the 5’ region: SMARCA4 
(SWI/SNF-related matrix-associated actin-dependent regulator of 
chromatin subfamily A member 4), which regulates transcription of 
genes by chromatin remodelling [34]; TFAP2C (transcription factor 
AP-2 gamma), which interacts with cellular enhancer elements to 
regulate transcription, particularly during early development [35]; 
and GATA3, a transcription factor and member of the zinc-finger 
regulatory proteins [36]. SMARCA4 was also located in the 5’ region 
of the human CA1, CA13 and CA3 genes which may indicate a 
similar role for this transcription factor for each of these genes. 

although the web site used to examine precursor mRNA structures 
for CA13 and CA3 suggested that these genes were contiguous in 
sequence [27]. CpG islands were observed for each of the 5’ regions 
for CA2 (CpG124); CA13 (CpG39); and CA3 (CpG33), which 
have the potential to undergo heritable epigenetic modification by 
methylation which can alter gene expression for these genes [37].

X-ray crystallographic studies for human CA1 [1], CA2 [3], CA3 
[5] and CA13 [8], have enabled the identification of key structural 

sequences (Figure 1). The human CA1 
which was identified as a catalytic residue; while His95, His97 and 
His120 were shown to be responsible for chelating the Zinc residue 

These residues were conserved among the human CA1, CA2, 
CA3 and CA13
isozymes were similar with 15 ß-sheets and 9 alpha helices observed 
for the human CA1 isozyme [1]. A key amino acid substitution was 
observed for human CA3, in comparison with the other isozymes, 
with respect to Phe198 (Leu in this position for CA1, CA2 and 
CA13), which has been shown to result in a steric constriction in 
the active site, resulting in much lower catalytic activity for this 
enzyme [5].

Predicted gene locations, exon structures and tissue 
expression for mammalian CA1, CA2, CA3 and CA13 
genes

Table 1 and Figure 1, summarize the predicted locations and exon 
structures for CA1, CA2, CA3 and CA13 genes based upon BLAT 
interrogations of several mammalian and a bird genome using 
the sequences for the corresponding human CA1, CA2, CA3 and 
CA13 subunits (Table 1), and the UC Santa Cruz Web Browser 

the predicted exon start sites in identical or similar positions 
(Figure 1). Figure 2, describes the tissue expression profiles for 
the human CA1, CA2, CA3 and CA13 genes and enzymes [31]. 
Human CA1 was predominantly expressed in colon and red cells, 

Table 2: Percentage identities for mammalian CA1, CA2, CA3 and CA13 amino acid sequences. Numbers show the percentage of amino acid sequence 
identities. 

Human Rhesus Mouse Human Rhesus Mouse Human Rhesus Mouse Human Rhesus Mouse 

Human 
60 60 59 54 54 55 60 60 64

Rhesus 
60 60 59 54 54 55 60 60 60

Mouse 
59 59 58 55 55 56 61 62 64

Human 
59 58 58 59 60 59 61

Rhesus 
60 60 60 59 59 62 60 59 61

Mouse 
54 54 58 56 56 57 60 59 57

Human 
60 55 58 58 56 58 58 59

Rhesus 
59 59 55 59 59 56 57 58 57

Mouse 
60 60 64 59 58 57 59 59 60

Human 
60 60 61 60 60 57 58 58 57

Rhesus 
60 60 62 60 59 59 58 58 59

Mouse 
64 60 64 61 61 57 59 57 60

Note: Numbers in bold show higher sequence identities for the more closely related CA family members.

 sequences. Secondary structures among these CA 

and catalytic residues among those aligned for these human CA 

highest CA  expression levels among all human tissues examined. 

There were also 7 coding exons for the other CA  genes examined, 

at the active site, whereas 230 Thr was involved in substrate binding. 

sequence included Tyr129 

[32]. These mammalian CA  genes contained 7 coding exons with 

60 60

60
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Figure 2: Comparative tissue expression levels for human CA1, CA2, CA3 and CA13. RNA-seq gene expression profiles across 53 selected tissues (or 
tissue segments) were examined from the public database for human CA1, CA2, CA3 and CA13  based on expression levels for 175 individuals [29]  
(http://www.gtex.org).

Figure 3: Gene structures and major isoforms for human CA1, CA2, CA3 and CA13 genes. Derived from AceView website: http://www.ncbi.nlm.

Exons are in solid colour; 5’- and 3’- untranslated regions of the genes are shown as open boxes; introns are shown as a line; 5’  3’ transcription 
directions, CpG islands and transcription factor binding sites are shown; mRNA isoforms for CA13 and CA3 are represented as being contiguous 
due to their proximal locations.

Note:  Tissues: 1. Adipose-subcutaneous; 2. Adipose-Visceral  (Omentum);  3. Adrenal gland;  4. Artery-Aorta; 5. Artery-Coronary; 

CA13 expression. 

6. Artery-Tibial;  7. Bladder;  8. Brain-Amygdala;   9. Brain-Anterior  cingulate  Cortex  (BA24); 10.  Brain-Caudate  (basal ganglia);
11. Brain-Cerebellar Hemisphere;  12.     Brain-Cerebellum;  13.  Brain-Cortex;   14.  Brain-Frontal    Cortex;   15.   Brain-Hippocampus; 
16.  Brain-Hypothalamus; 17.  Brain-Nucleus accumbens  (basal   ganglia); 18.  Brain-Putamen (basal  ganglia); 19. Brain-Spinal Cord 
(cervical c-1);  20. Substantia nigra; 21. Breast-Mammary  Tissue; 22. Cells-EBV-

27.  Colon-Transverse; 
    transformed   lymphocytes;  23. Cells- Transformed

fibroblasts; 24. Cervix-Ectocervix; 25. Cervix-Endocervix; 26. Colon-Sigmoid;  28.  Esophagus-Gastroesophageal 
Brain-Junction;  29. Esophagus-Mucosa; 30.  Esophagus-Muscularis; 31. Fallopian Tube;  32.  Heart-Atrial  Appendage;     33. Heart-Left 
Ventricle; 34. Kidney-Cortex; 35. Liver; 36. Lung; 37. Minor Salivary Gland; 38. Muscle-Skeletal; 39. Nerve-Tibial;  40. Ovary; 41. 
Pancreas; 42. Pituitary; 43. Prostate; 44. Skin-Not Sun Exposed  (Suprapubic); 45.  Skin-Sun  Exposed  (Lower leg);  46. Small  Intestine-
Terminal Ileum; 47. Spleen; 48. Stomach;  49.  Testis;  50. Thyroid;  51. Uterus;  52. Vagina;  53.  Whole  Blood.  RPKM: Reads Per 
Kilobase Million, calculated from a gene model  with  isoforms  collapsed to a single gene. Box plots show median and 25th and 75th 
percentiles; points are shown as the outliers if they are above or below  1.5 times  the  interquartile range. Note the major differences 
in the scale for the y-axis, particularly for the much lower values of 

nih.gov/IEB/Research/Acembly/ [27]. Note:  Mature isoform variants are shown with capped 5’- and 3’- ends for the predicted mRNA sequences. 
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Evolution of mammalian CA1, CA2, CA3 and CA13 gene 
families

Figure 4, presents a phylogenetic analysis of eutherian and 
marsupial mammalian CA1, CA2, CA3 and CA13 sequences, 
together with sequences from a bird species (brown kiwi) (Apteryx 
rowi). The phylogenetic tree supported a proposal for a sequence 
of gene duplication events, arising from an ancestral vertebrate 
CA2 gene, generating initially the CA3 gene, which is retained 
throughout subsequent vertebrate evolution, which is subsequently 
duplicated to form the CA1 and CA13 genes, both of which are 
retained throughout mammalian evolution. It appears that the 
CA2 gene is of ancient origin, with subsequent gene duplication 
events generating the CA1, CA3 and CA13 duplicated genes, 

chromosome 8 or mouse chromosome 3. The ancient nature of 
CA2 among early vertebrates has been independently supported 
[55,56]. The CA13, CA1, CA3, CA2 gene complex is replicated 
among other eutherian and marsupial genomes, on chromosome 8 
(human, rhesus monkey and green monkey genomes); chromosome 
3 (mouse and opossum); chromosome 14 (cow); and on a brown 
kiwi chromosome segment, designated as NW_0140049943v1. It 
is apparent that the gene complex has been ‘flipped’ in the cow 
genome, with a reverse order of transcription, as compared with 
other  eutherian genomes studies (Table 1) [57]. It is likely that 
close  linkage for these genes is a product of the evolutionary 

playing a role for retaining closely linked genes on mammalian
and bird genomes, during>150 million years of evolution [58].

Functions  of  mammalian  CA1,  CA2,  CA3   and    CA13 
families

Studies of mammalian CA1 and CA2 have supported their roles 
in red cells in the conversion of carbon dioxide to carbonate and 
bicarbonate ions, and in carbon dioxide export from the lungs, 
by catalysing the reverse reaction, converting bicarbonate ions 
back to carbon dioxide [2,9]. The proximal tubule of the kidney 
is predominantly responsible for bicarbonate transport from the 
kidney, especially involving CA2 activity in human and rodent 
kidneys [38]. This is supported by studies examining the impact of 
CA2 deficiency in mice which results in a urinary concentration 
defect [39]. Figure 2, demonstrates that high levels of CA2 
expression are observed in human colon and stomach, which is 
consistent with a previous report supporting major roles for these 
enzymes in the gastrointestinal tract, including the production of 
gastric acid, bile, saliva and pancreatic juice, the absorption of salt 
and water in the GI tract and in facilitating intestinal electrolyte 
transport [40-42]. CA2 has been shown to form a transport 
metabolon with the electrogenic sodium-bicarbonate cotransporter 
(NBCe1), enhancing the bicarbonate transport capacity within 
kidney tubules [43]. Liver CA2 expression levels have been used 
as a molecular marker examining the therapy and diagnosis of 
hepatocellular carcinoma, with high CA2 expression levels being 
associated with overall survival and positive clinical treatment 
[44]. Bicarbonate ions have also been described as key factors 
in the regulation of sperm motility, and high concentrations of 
bicarbonate ions are present in the female genital tract, inducing 
an increase in sperm motility. Moreover, CA2 is distributed within 
the epididymis tract supporting sperm activity and assisting 
in fertilization [45]. Erythrocyte CAI deficiency has no major 
physiological impact, although CAII deficiency in other tissues may 
result in osteoporosis, renal tubular acidosis and brain calcification 
[46].

CA3 is highly expressed in muscle, particularly red skeletal muscles 
[47], with CA3 expression showing the highest level of expression as 

isozymes (Figure 2). CA3 expression commenced early in neonatal 
mice and served as a marker of myogenesis, but is first detected in 
the myotomes of somites, before being restricted to developing slow 
muscle fibres [48]. In rats, CA3 is highly expressed in slow twitch 
skeletal muscle, adipocytes and liver, with lower levels detected 
in heart, prostate, kidney, brain and erythrocytes [6,49]. CA3 
deficiency in skeletal muscles seems to play an important role in the 
pathogenesis of myasthenia gravis [50], causing muscle weakness 
[51]. Moreover, CA3 may play an important role as an antioxidant 
and protective agent, with the high levels of CA3 protein in skeletal 
muscle and liver acting as a reservoir of S-glutathione, through 
reversible binding to CA3 Cys188 [52]. In addition, transgenic 
expression of CA3 in mouse cardiac muscle appears to provide a 
mechanism for tolerating acidosis [53].

In contrast to CA1, CA2 and CA3, CA13 expression is uniformly 
low for all human tissues examined and appears to be performing 
a housekeeping function (Figure 2), as compared with the very 
high expression levels in stomach and red cells (CA1); colon and 
stomach (CA2) and skeletal muscle (CA3). CA13 expression is 
downregulated in colorectal cancer, together with CA1 and CA2 
expression, which may reflect a level of coordination for the gene 

Figure 4: Phylogenetic tree of mammalian and bird CA1, CA2, CA3 
and CA13 sequences. Note: A) The tree is labelled with the CA gene 
name and the name of the mammal or bird (brown kiwi); note the 
4 major clusters for the CA1, CA2, CA3 and CA13 enzymes; gene 
duplication events generating the mammalian CA1, CA2, CA3 and 
CA13 gene families are proposed to have occurred in a CA2 ancestral 
gene leading to the formation of the marsupial and eutherian mammal 
groups. A genetic distance scale is shown. The number of times a clade 
(sequences common to a node or branch) occurred in the bootstrap 
replicates are shown. Only replicate values of 0.9 or more which are 
highly significant are shown. 100 bootstrap replicates were performed 
in each case. Sequences were derived from those reported in Table 1; B) 
Shows a representation of the primordial CA2 gene duplication events 
generating the CA2CA3CA1/CA13 genes within mammalian 
genomes.

regulation for genes located within the CA  gene complex [54].

events  generating  these CA genes, with selection potentially 

all closely located within a CA  gene complex located on human 

compared with all other human tissues examined for any of the CA 
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CONCLUSION

The results of this study supported previous reports for 4 homologous 
 CA1, CA2, CA3 and 

CA13, which are encoded by closely localized genes on human 
chromosome 8 and mouse chromosome 3 genomes. Knowledge of 
this CA1, CA2, CA3 and CA13 gene cluster is also reported in 
this    paper    for   other   eutherian   and    marsupial     mammalian 
including  rhesus  monkey  (Macaca mulatta ) and   green
(Chlorocebus sabeus) chromosome 8; cow (Bos taurus) chromosome 
14; and opossum (Monodelphis domestica) chromosome 3. A similar 
 CA1 ,  CA2,    CA3    and    CA13    gene   cluster   was    also    observed 
in a New Zealand bird genome, the brown Kiwi (Apteryx mantelli). 
These genes are differentially expressed in human tissues, with very 

colon and stomach (CA1 and CA2); and skeletal muscle (CA3), 
whereas CA13 expression levels were much lower and more broadly 
distributed in human tissues. Phylogenetic studies of eutherian 
and marsupial mammalian CA1, CA2, CA3 and CA13 sequences, 
together with sequences from a bird species (brown kiwi) (Apteryx 
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the CA1 and CA13 genes, both of which are retained throughout 
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