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ABSTRACT

Vertebrate ALDH1A-like genes encode cytosolic enzymes capable of metabolizing all-trans-
retinaldehyde to retinoic acid, a molecular ‘signal’ guiding vertebrate development and
adipogenesis. Bioinformatic analyses of vertebrate genomes were undertaken using known
ALDH1A1, ALDH1A2 and ALDH1A3 amino acid sequences. Comparative analyses of the
ALDH1A-like human genes provided evidence for distinct modes of gene regulation and expression
with the identification of transcription factor binding sites (TFBS), CpG islands and micro-RNA
binding sites. Phylogenetic analyses of a primitive vertebrate genome (lamprey) and representative
vertebrate genomes indicated that three ALDH1A-like genes were present for most vertebrates. The
ALDHIAI gene was absent in many bony fish genomes examined, with the ALDH1A43 gene also
absent in the medaka and tilapia genomes. Multiple ALDH 1A 1-like genes were identified in mouse,
rat and marsupial genomes. Vertebrate ALDH1A1, ALDHIA2 and ALDH1A3 subunit sequences
were highly conserved throughout vertebrate evolution. Comparative amino acid sequence studies
showed that mammalian ALDH1A?2 sequences were more highly conserved than for the ALDH1A1
and ALDH1A3 sequences. Phylogenetic analyses suggested that ALDH1A?2 is the likely primordial
gene in early vertebrates. Subsequent gene duplication events have apparently generated ALDHIAI,
ALDHIA2 and ALDHIA3 genes in most vertebrate genomes, with the exception of some bony fish.

Keywords: Aldehyde dehydrogenases; retinaldehyde dehydrogenase; retinal; retinoic acid; ALDHIAT;
ALDHI1A2; ALDHI1AS3; vertebrates; gene duplication; evolution; phylogeny; primordial gene; transcription
factor binding sites; CpG islands; miRNA binding sites.

Abbreviations: ALDH: aldehyde dehydrogenase; BLAST: basic local alignment search tool; BLAT: blast-
like alignment tool; NCBI: National Center for Biotechnology Information; KO: knock out; AceView:
NCBI based representation of public mRNAs; TFBS: transcription factor binding sites; UTR: untranslated

region; CpG: region of high density of guanine-cytosine dinucleotides; miRNA: small noncoding RNA
miRNA binding site in the 3’UTR; mRNA: messenger RNA; RA: retinoic acid (or retinoate).

INTRODUCTION
Vertebrate aldehyde dehydrogenase (ALDH; EC 1.2.1.3) genes encode many enzymes

performing diverse roles in aldehyde metabolism in the body (http://aldh.org/superfamily.php) [1].

Several related ALDHI and ALDH?2 like genes and encoded enzymes have been described,
including three retinaldehyde dehydrogenases, designated as ALDH1A1l (or RALDHI1) [2,3],
ALDHI1A2 (or RALDH2) [4] and ALDH1A3 (or RALDH3 and ALDH6) [5-8]. These genes are
separately localized on the human genome: ALDHIA1 on chromosome 9, encoding cytosolic liver,
red cell, adipose tissue, cornea, lens and stem cell ALDH1Al [2,3,10-16]; ALDHIA2 on

chromosome 15, encoding embryonic forebrain cytosolic ALDH1A2, which plays a major role in



generating retinoic acid as a signal for guiding development [17-21]; and ALDHIA3, also on
chromosome 15, encoding cytosolic ventral sensory gland ALDH1A3 functioning as a molecular

signal during neural development [6-8].

This study describes the predicted sequences, structures and phylogeny of vertebrate ALDHI1A1,
ALDHIA2 and ALDHI1A3 genes and enzymes and compares these results for those previously reported for
the corresponding human (Homo sapiens) and mouse (Mus musculus) genes and proteins [2,4,5,22,23].
Sequences for vertebrate ALDH1A1, ALDHIA2 and ALDH1A3 enzymes and gene locations for
ALDHIAI, ALDHIA2 and ALDH1A3 genes were obtained using data from respective genome sequences.
This paper also describes evidence for distinct modes of gene regulation and expression with transcription
factor binding sites (TFBS), CpG islands and micro-RNA binding sites identified for the human ALDHIAI,
ALDHIA2 and ALDHI1A3 genes. Phylogenetic analyses also describe the relationships and potential origins
of ALDHIAI, ALDHIA2 and ALDHI1A3 genes during vertebrate evolution as well as evidence for

ALDHI1A?2 serving as the primordial gene during early vertebrate evolution.

MATERIALS AND METHODS

Vertebrate ALDHI1A1, ALDHIA2 and ALDH1A43 gene and enzyme identification

ALDHI1A1, ALDH1A2 and ALDHI1A3 sequences for representative vertebrate species were

retrieved from two major databases (NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and ExPASy

(http://www.expasy.org) [24]) using human ALDH1A1 ([2,22], ALDH1A2 [17] and ALDH1A3 [5]

sequences to seed searches. Identification of these genes in vertebrate genomes was based on high
predictive scores (>850) and sequence coverage (>98%) for ALDH proteome sequences listed by NCBI, in
each case (Table 1 and Supplementary Tables 1s, 2s and 3s). BLAT searches were performed using
relevant ALDH1A1, ALDH1A2 and ALDH1A3 protein sequences to confirm the presence or absence of
these genes among the vertebrate species examined using the UCSC Genome Browser [25]. Gene
locations, predicted gene structures and ALDH1A1, ALDH1A2 and ALDH1A3 protein subunit sequences
were obtained for each ALDH examined showing identity with the respective ALDH sequences (Table 1;
Tables 1s, 2s and 3s). Representations of human ALDHI1A1, ALDHIA2 and ALDH1A3 gene structures were

obtained using the AceView (http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/) web browser.

Identification of potential ALDHIAI, ALDHIA2 and ALDHI1A3 gene regulatory sites, including



transcription factor binding sites (TFBS) and CpG islands within the respective gene promoter regions, and
miRNA binding sites within the 3’UTR regions, was undertaken using the UCSC Human Genome Browser
[25].

Amino acid sequence alignments and phylogenetic analyses

All vertebrate ALDH1A1, ALDH1A2 and ALDH1A3 sequences were subjected to phylogenetic

analysis using bioinformatic programs, coordinated using the http://www.phylogeny.fr/ portal, to enable

alignment (MUSCLE), curation (Gblocks), phylogeny (PhyML) and tree rendering (TreeDyn) to
reconstruct phylogenetic relationships [26]. Sequences were identified as members of one of the
ALDHI1A1, ALDHIA2 or ALDH1A3 groups, including the proposed primordial vertebrate ALDHI1A42

gene and protein identified for the primitive vertebrate, lamprey (Petromyzon marinus) [27].

RESULTS AND DISCUSSION

Alignments of vertebrate ALDH1A1, ALDH1A2 and ALDH1A3 amino acid sequences

Amino acid sequence alignments for human (Homo sapiens) ALDH1A1 [22], ALDHIA2 [17],
ALDHI1A3 [5], tilapia or nile perch (Oreochromis niloticus) ALDH1A1, zebra fish (Danio rerio)
ALDHI1A2 and ALDH1A3 (see Table 1) are shown in Figure 1. Comparisons of these sequences with the
sheep ALDH1A1 (PDB: 1BXSA) [28] and rat ALDH1A2 (PDB: 1BI9) [29] sequences, for which tertiary
structures have been described, enabled identification of key residues contributing to catalysis, structure
and function. Active site residues (human ALDH1A2 numbers used) binding the substrate (Glu286 and
Cys320) or stabilizing the transition state for the catalyzed reaction (Asn187) were conserved for all of
these ALDHIA1, ALDHIA2 and ALDH1A3 sequences. A dinucleotide-binding motif and NAD" binding
domain (263Gly-Ser-Thr-Glu-Val-268Gly) [28,29] was conserved for these vertebrate ALDH1A-like
sequences examined, with the exception of a 266Glu/Ala substitution for the tilapia ALDHIA1 sequence
(Figure 1). Exon 1 N-terminal sequences were divergent and varied in length from 22 (human ALDH1A1)
to 74 (tilapia ALDH1A1 for exons 1 and 2) residues (Figure 1). Percentage identities for these aligned
human and teleost fish ALDH1A1, ALDH1A2 and ALDH1A3 sequences were in the range of 69-72%

indicating that these sequences were strongly conserved throughout vertebrate evolution.



Predicted gene locations, exonic structures and amino acid sequences for vertebrate ALDH1A1,

ALDHIA2 and ALDH1A3 genes and proteins

Table 1 and Tables 1s, 2s and 3s (supplementary data) summarize the predicted locations, sizes
and numbers of coding exons for vertebrate ALDHIA1, ALDHIA2 and ALDH1A3 genes examined, and of
encoded ALDH1A-like subunit amino acid sequences. These were based on BLAST interrogations of

ALDHIAI, ALDHIA?2 and ALDH1A3 databases (http://blast.ncbi.nlm.nih.gov/Blast.cgi) using the reported

sequences for human ALDH1A1 [2,22], ALDH1A2 [17] and ALDH1A3 [5] and BLAT analyses of

vertebrate genomes using the UC Santa Cruz Genome Browser (http://genome.ucsc.edu/cgi-bin/hgBlat)

[25]. In nearly all cases, there were 13 coding exons observed (Table 1; Tables 1s, 2s and 3s), whereas
tilapia (Oreochromis niloticus) ALDHIAI contained an additional coding exon contributing to an extended
N-terminal sequence for this protein (Figure 1). Other African lake fish ALDH1A1 sequences examined,
zebra mbuna (Maylandia zebra) and red zuma (Haplochromis nyererei), also exhibited extended N-
terminal amino acid sequences, with 553 residues. In contrast to all other vertebrate genomes, bonyfish
genomes contained only one (ALDH1A2: medaka, Oryzias latipes) or two ALDH1A-like genes [ALDHI1A1
and ALDH1A2, for tilapia (Oreochromis niloticus); and ALDHI1A2 and ALDH1A3, for pufferfish (Takifugu
rupides) and stickleback (Gasterosteus aculeatus)], whereas the primitive vertebrate genome (lamprey,
Petromyzon marinus), contained only the ALDH1A2 gene. This suggested that ALDHI1A2 served as the
primordial vertebrate ALDH1A-like gene, from which ALDHI1A1 and ALDH1A3 have been generated by

subsequent gene duplication events.

Figure 2 gives a diagrammatic illustration of comparative locations for ALDHA-like genes for
several vertebrate genomes. For those genomes containing both ALDH1A42 and ALDH1A3 genes, these are
located on the same chromosome in all cases, with the exception of the rat ALDHIA2 and ALDH1A3 genes,
which are located on chromosomes 8 and 1, respectively (also see Tables 2s and 3s). The consistent
colocation of these genes suggested that an unequal crossover event of an ancestral ALDHIA2 gene
resulted in the appearance of these genes. In addition, multiple ALDH1A1-like genes were observed on
mouse chromosome 19 and rat chromosome 1, and on opossum chromosome 6, for which 4 ALDH14-like
genes were observed in closely located positions, which is suggestive of further unequal crossover gene

duplication events of the ancestral ALDH1A1 genes, in each case.



ALDHIA1, ALDHI1A2 and ALDHI1A3 gene regulation sites

Predicted transcription factor binding sites (TFBS) identified in the promoter regions for human

ALDHIAI, ALDHI1A2 and ALDH1A3 genes are summarized in Table 2:

ALDHI1ATI: Cellular distribution studies for mammalian ALDH1AT1 have reported high levels for this
enzyme in liver [22,28,30] and erythrocytes [9]. At least 12 TFBS were observed for the ALDHIA1
promoter region, including those contributing to a high level of gene expression in liver (HLF and HNF3B)
erythroid cells (GATAI) and during neuronal development (LHX3; POU3F2; AREB6) ([17,21]. The
promoter region for the human ALDH1A1 gene has previously been shown to contain an ATA box and a
CCAAT box upstream of the transcription initiation site (32 and 74bps, respectively) [2], which also play a
role in up-regulating mouse adult and embryonic B-like globin genes. Moreover, the rat ALDHI1A1
promoter has been described, with TATA and CCAAT cis-acting elements identified, as well as Sp1, AP1
and OCT/POU2F1 sites shown to be critical for promoter activity [31]. Promoter polymorphisms for

human ALDH1A1 have been identified which may influence alcohol consumption behavior [32].

ALDH]1A2: cellular distribution and development studies for mammalian ALDH1A2 have reported high
levels of this enzyme in many tissues of the body, particularly the embryonic trunk region, where it appears
in the mouse at E7.5-E10.5, and transiently at E8.5-E9.5 in the ventral optic vesicle and surrounding
frontonasal region [17-20]. Studies using ALDH1A2 knock out mice have shown that it is essential for the
development of posterior pharyngeal arches and the enteric nervous system [21]. At least 4 TFBS were
identified in the human ALDHIA2 gene promoter region, including the general transcription factor TATA
box, as well as binding regions for early growth response proteins 2-4 (Table 2). HOXA13 also regulates
mouse Aldhla2 gene expression in association with retinoic acid signaling and limb morphogenesis [33].
Bone morphogenetic protein (BMP) plays a critical role in skeletogenesis, with ALDH1A2 serving as a
major target of BMP signaling [34]. ALDH1A2 mediated retinoic acid synthesis also regulates early mouse

embryonic forebrain development by fibroblast growth factor and sonic hedgehog signaling pathways [35].

ALDH1A3: cellular distribution and development studies for mammalian ALDH1A3 have reported high
levels of this enzyme in the ventral region of the retina [6-8]; the urogenital tract and sex gland epithelia;

and the differentiating intestinal lamina propria [21]. Studies using ALDH1A3 knock out mice reported a



suppression of retinoic acid synthesis, malformations in ocular and nasal regions and choanal atresia, which
is responsible for respiratory distress and subsequent death at birth [36]. At least 7 TFBS were identified in
the human ALDHIA3 gene promoter region, including HOXA3 and HOXAS5, which assist with the
positioning on the anterior-posterior axis during development; and PPARG, forming a dimer with the

retinoic acid receptor (Table 2).

Table 3 summarizes the locations of other potential gene regulation sites for the human ALDHIAI,
ALDHIA2 and ALDHI1A3 genes, including CpG islands and miRNA binding sites, located in the promoter
and 3’-UTR regions respectively. Large CpG islands were located in the ALDH1A2 (CpG146) and
ALDHIA3 (CpG189) gene promoter regions which may play a role in regulating gene expression during
development or participate in gene inactivation via hypermethylation, as reported for tumor suppressor
genes in cancer cells [37]. In contrast, human ALDHIAI lacked a CpG island in its promoter region which
may reflect the housekeeping roles proposed for this gene in coordinating hepatic gluconeogenesis and
lipid metabolism [38], participating in the metabolism of neural catecholamines [39] and serving as a
marker for stem cells in the body [13]. This is in contrast to the specialist roles established for ALDHIA2

and ALDH1A3 in directing limb, neuronal, retinal and skeletal development in the body [6,7,17,21].

Multiple miRNA binding sites were observed for the 3’-UTR regions for human ALDH1A2 and
ALDH1A3 genes, whereas the 3’-UTR region for the ALDH1A1 gene contained no detectable mi-RNA
binding site (Table 3). Mi-RNA binding sites usually play key roles in the transcriptional and translational
control of gene expression, principally via mRNA cleavage of target genes or translational repression by
base pairing with 3’UTRs of target mRNAs [40]. The mi-R137 binding site identified for the ALDHI1A2
gene have been previously investigated in relation to impacts on nervous system development [41]. Itis a
recognized candidate for influencing the functional connectivity of dorsolateral prefrontal-hippocampal

regions during neural development and has been designated as a ‘schizophrenia candidate’.

Phylogeny and evolution of vertebrate ALDH1A1, ALDH1A2 and ALDH1A3 sequences

A phylogram (Figure 3) was calculated by the progressive alignment of vertebrate ALDH1A1,
ALDH1A2 and ALDH1A3 amino acid sequences, using the primitive vertebrate lamprey (Petromyzon

marinus) ALDH1A2 sequence [27] to ‘root’ the tree. ALDH1A-like sequences were identified for all



mammalian, bird, lizard and frog genomes examined, whereas fish genomes displayed a more restricted
distribution pattern for ALDHI1A1 and ALDHIA3 genes. This is predominantly consistent with a previous
report on vertebrate ALDHA-like gene evolution [42]. The phylogram demonstrated separation of these
sequences into three distinct groups during vertebrate evolution (ALDH1A1, ALDHIA2 and ALDHIA3
sequences) and suggested that these genes have been derived from an ancestral vertebrate ALDHIA2 gene.
Caiiestro and coworkers [42] have concluded from their study that the ALDHIAI gene has been lost from
teleost fish genomes. Evidence is presented here, however, for a restricted distribution of this gene among
African river or lake teleost species, including tilapia (or nile perch) (Oreochromis niloticus), zebra mbuna
(Maylandia zebra) and red zuma (Haplochromis nyererei) (Figure 3; Table 1s). It would appear that any
teleost ALDHIAI gene loss has not taken place for all teleost genomes. Moreover, the teleost ALDHIA3
gene was absent from the medaka (Oryzias latipes) and tilapia (Oreochromis niloticus) genomes which is

consistent with previous studies [42].

Figures 1s, 2s and 3s (supplementary data) show phylograms derived from the progressive
alignment of all vertebrate ALDH1A-like, ALDH1A2-like and ALDH1A3-like sequences examined
respectively, including those derived from African river and lake teleost fish genomes, and from a
cartiliginous species (elephant shark-Callorhynchus milii). The tree was ‘rooted’ using the lamprey
ALDH1A2 sequence (also see Table 1s). Multiple ALDH1A1-like genes were observed in mouse and rat
genomes (designated ALDHI1A1 and ALDH1A7), and in marsupial genomes (designated ALDHIAI,
ALDHIAS8, ALDH1A49 and ALDH1A10), confirming previous reports [43-45]. The ALDHIA7 gene has
been shown to be phenobarbital-induced in rat liver, as compared with the constitutively expressed
ALDHIAI gene, and does not function biologically in retinoic acid synthesis during development in the
mouse [43]. The rat ALDH1A1 and ALDH1A7 sequences showed 84% identity [29], confirming their
ALDHI1A1-like status. The mouse and rat ALDHI1A1 and ALDH1A7 genes were closely localized on
chromosomes 9 and 1 respectively, in opposed transcription orientations, which suggests that these genes
have arisen via an unequal crossover gene duplication mechanism. In addition, the ALDH1AI-like
phylogenetic tree (Figure 1s) suggested that this duplication has taken place prior to the separation of the
mouse and rat lineages. Similarly, several marsupial ALDH1A1-like gene duplication events have

apparently occurred prior to the separation of the South American (opossum-Monodelphis domestica) and



Australian (Tasmanian devil-Sarcophilus harrisii) lineages, which generated the ALDHI1A9-ALDH1AS-

ALDHIAI-ALDH1A10 gene cluster on opossum chromosome 6 (Figure s, Figure 2, Table 1s).

Figure 4 summarizes a working hypothesis for the evolution of vertebrate ALDH1A-like genes:

1. A proposed primordial ALDH1A2-like gene was derived from an invertebrate ancestor and was

present in an early vertebrate genome (lamprey-Petromyzon marinus).

2. Successive ALDHIA2 gene duplication events, either by polyploidy or unequal gene duplication
events, previously reported for teleost genomes [42,46], generated ancestral teleost fish

ALDHIAI, ALDHI1A2 and ALDH1A3 genes.

3. Subsequent gene loss events occurred for the ALDH1A1 gene for most teleost species, with
exception of African lake species genomes examined, and for the ALDH1A43 gene within some

fish genomes.

4. ALDHIAI, ALDHIA2 and ALDHIA3 genes were retained throughout subsequent vertebrate

evolution, but with a 4-7 times slower divergence rate observed for the ALDH1A42 gene.

5. Unequal crossover gene duplication events occurred for the marsupial and rodent ancestral
ALDHIAI genes, generating multiple ALDH1A-like genes, including the ALDHIA7 gene within
mouse and rat genomes, and several ALDH1A41-like genes in opossum and Tasmanian devil

genomes.

CONCLUSIONS

BLAST and BLAT analyses of several vertebrate genome databases were undertaken using
amino acid sequences reported for human ALDH1A1, ALDH1A2 and ALDH1A3 for interrogation
of vertebrate genome sequences. Predicted amino acid sequences for these vertebrate ALDH1A-like
subunits showed a high degree of sequence identities (69-100%). Bioinformatic analyses identified
potential gene regulation sites, including transcription factor binding sites (TFBS) and CpG islands
within the human ALDHIAI, ALDHI1A2 and ALDHIA3 gene promoter regions, as well as mi-RNA

binding sites in the 3’-UTR regions for these genes. Distinct gene regulatory sites were identified in



each case. Phylogenetic analyses supported an hypothesis concerning the molecular evolution of
vertebrate ALDHIAI, ALDHIA2 and ALDHI1A3 genes, being derived from gene duplication events
from a single ALDHI1A2 gene observed in the primitive vertebrate (lamprey: Petromyzon marinus)
genome; followed by gene loss of the ALDHIAI gene within most teleost genomes, as well as the
ALDHIA3 gene within some teleost species; and subsequent gene duplication events of ancestral
rodent and marsupial ALDHIAI genes, generating multiple ALDHIA1 genes within the rodent and
marsupial genomes examined. These studies also suggested that ALDHIA?2 is the likely primordial
ALDH1A-like gene originating in an invertebrate ancestor.
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LEGENDS FOR FIGURES

Figure 1: Amino acid sequence alignments for human ALDH1A1, ALDH1A2, ALDH1A3, tilapia
ALDH1AL, zebra fish ALDH1A2 and ALDH1A3 sequences
(colored version)



See Table 1 for details of ALDH1A1, ALDHIA2 and ALDH1A3 genes and proteins; * shows identical residues for
ALDH subunits; : similar alternate residues; . less similar alternate residues; active site residues (based on [27,28]) are
shown as -; -; and Cys; bold font shows known or predicted exon junctions; exon numbers refer to the human
ALDHIA1 gene; coenzyme binding domain is in green.

Figure 1: Amino acid sequence alignments for human ALDH1A1, ALDH1A2, ALDH1A3, tilapia
ALDH1AL, zebra fish ALDH1A2 and ALDH1A3 sequences
(black and white version)

See Table 1 for details of ALDH1A1, ALDH1A2 and ALDH1A3 genes and proteins; * shows identical residues for
ALDH subunits; : similar alternate residues; . less similar alternate residues; active site residues (based on [27,28]) are
shown as Asn; Glu; and Cys; bold font shows known or predicted exon junctions; exon numbers refer to the human
ALDHI1A1 gene; coenzyme binding domain is shown.

Figure 2: Comparative ALDH1A-like vertebrate gene locations on vertebrate chromosomes
(colored and black and white versions)

See Tables 1, 1s, 2s and 3s for sources of ALDH1A-like gene locations; arrows give transcription directions;
chromosomal lengths are not drawn to scale; GL refers to the scaffold identification for lamprey DNA.

Figure 3: Phylogenetic tree for vertebrate ALDH1A-like sequences
(colored and black and white versions)

The tree is labeled with the gene name and the name of the vertebrate. Note the major clusters for the vertebrate
ALDHI1A1, ALDH1A2 and ALDH1A3 sequences. The tree is ‘rooted’ with the lamprey ALDH1A2 sequence. See
Tables 1, 1s, 2s and 3s for details of ALDH1A-like genes and proteins. Note the absence of ALDH1A1 and ALDH1A3
sequences for some fish species, whereas ALDH1A2 sequences were observed for all vertebrate genomes examined. A
genetic distance scale is shown. The number of times a clade (sequences common to a node or branch) occurred in the
bootstrap replicates is represented as a fraction out of 100. Only replicate values of 0.9 or more are highly significant,
with 100 bootstrap replicates performed in each case.

Figure 4: A proposal for the evolutionary appearance of the vertebrate ALDH1A4-like genes
(colored and black and white versions)

Proposed evolutionary appearance of vertebrate ALDH1A-like genes and proteins. Note the presence of at least three
ALDH]14-like genes throughout vertebrate evolution with the exception of teleost fish and the 4-7 times slower rate of
sequence divergence for vertebrate ALDH1A2 proteins.

LEGENDS FOR SUPPLEMENTARY FIGURES
Figure 1s (supplementary data): Phylogenetic tree for vertebrate ALDH1A1 sequences

The tree is labeled with the gene name and the name of the vertebrate. Note the two major clusters for the vertebrate
ALDHI1A1 sequences: African river and lake fish species; and other vertebrates, including mammals, birds, lizard and
frog. The tree is ‘rooted’ with the lamprey ALDH1A?2 sequence. See Table 1s for details of ALDHI1A41 genes and
proteins. Note the absence of ALDH1A1 for some fish species. A genetic distance scale is shown. The number of times
a clade (sequences common to a node or branch) occurred in the bootstrap replicates is represented as a fraction out of
100. Only replicate values of 0.9 or more are highly significant with 100 bootstrap replicates performed in each case.

Figure 2s (supplementary data): Phylogenetic tree for vertebrate ALDH1A2 sequences

The tree is labeled with the gene name and the name of the vertebrate. Note two major clusters for the vertebrate
ALDHI1A2 sequences: teleost fish species; and other vertebrates, including mammals, birds, lizard and frog. The tree is
‘rooted’ with the lamprey ALDH1A?2 sequence. See Table 2s for details of ALDHIA42 genes and proteins. A genetic
distance scale is shown. Note the zero or very small genetic distances observed, particularly for mammalian ALDH1A2
protein sequences. The number of times a clade (sequences common to a node or branch) occurred in the bootstrap
replicates is represented as a fraction out of 100. Only replicate values of 0.9 or more are highly significant with 100
bootstrap replicates performed in each case.



Figure 3s (supplementary data): Phylogenetic tree for vertebrate ALDH1A3 sequences

The tree is labeled with the gene name and the name of the vertebrate. Note the two major clusters for the vertebrate
ALDH1A3 sequences: teleost fish species; and other vertebrates, including mammals, birds, lizard and frog. The tree is
‘rooted’ with the lamprey ALDH1A?2 sequence. See Table 3s for details of ALDHIA43 genes and proteins. A genetic
distance scale is shown. The number of times a clade (sequences common to a node or branch) occurred in the
bootstrap replicates is represented as a fraction out of 100. Only replicate values of 0.9 or more are highly significant
with 100 bootstrap replicates performed in each case.

LEGENDS FOR TABLES

Table 1: Vertebrate aldehyde dehydrogenase (ALDH1A1, ALDHI1A2 and ALDH1A3) genes and
enzymes

RefSeq refers to the NCBI reference sequence; !predicted NCBI sequence; na-not available; *gene scaffold
ID; * refers to Contig ID; bps refers to base pairs of nucleotide sequence.

Table 2: Human ALDHIA1, ALDHI1A2 and ALDHI1A3 gene promoter transcription factor binding
sites (TFBS)

Transcription factor binding sites (TFBS) were identified within human ALDHIAI, ALDHI1A2 and
ALDHI1A3 gene promoters using the UCSC human genome browser [25]; data and references concerning
each TFBS are described using the UNIPROT website (www.uniprot.org).

Table 3: Human ALDHIA1, ALDHI1A2 and ALDHI1A3 CpG islands and miRNA binding sites

The UCSC human genome browser [25] was used to identify CpG islands within the human ALDH1A42 and
ALDHI1A3 gene promoters; and miRNA binding sites within the human ALDH1A42 and ALDHIA3 gene 3’-
UTR regions.

LEGENDS FOR SUPPLEMENTARY TABLES

Table 1s (supplementary data): Vertebrate aldehyde dehydrogenase ALDH1A1 genes and enzymes

RefSeq refers to the NCBI reference sequence; *predicted NCBI sequence; na-not available; “gene scaffold
ID; bps refers to base pairs of nucleotide sequence.

Table 2s (supplementary data): Vertebrate aldehyde dehydrogenase ALDH1A2 genes and enzymes

RefSeq refers to the NCBI reference sequence; *predicted NCBI sequence; na-not available; “gene scaffold
ID; bps refers to base pairs of nucleotide sequence.

Table 3s (supplementary data): Vertebrate aldehyde dehydrogenase ALDH1A3 genes and enzymes

RefSeq refers to the NCBI reference sequence; *predicted NCBI sequence; na-not available; “gene scaffold
ID; bps refers to base pairs of nucleotide sequence.



Figures

Figure 1 colored

| € exon 1 >|€ exon 2 >|€
M. TPDLPVLLTDLKIQYTKIFINNEWHDSVSGKKFPVFNPATEEELCQVEEGDKEDVDKAVKAAR 68 human 1Al
MPVIGVGMHQSGGTASASPTERKHYSLSSQPANGYEHQSGNGFNHQDHNSQNADGLETNALPTPIANPQIVYTKVF IGNEWHESCSGRKIPVYNPTTEKLLCEVEEADSDDVDKAVRSAR 120 tilapia 1Al
M TSSKIEMPGEVKADPAALMASLHLLPSPTPNLEIKYTKIFINNEWQNSESGRVFPVYNPATGEQVCEVQEADKADIDKAVQAAR 85 human 1a2
M TSSEVELPGEVKNDPAALMASLHLMPSPVPNPEIKYTKIFINNEWHDSVSGKVFHTYNPATGEKICDVQESDKADVDKAVQAAR 85 2z fish 1A2
M. ATANGAVENGQPDRKPPALPRPIRNLEVKFTKIFINNEWHESKSGKKFATCNPSTREQICEVEEGDKPDVDKAVEAAQ 79 human 1a3
M AQNGTIENGDSRNTSPPPLPQPVKITEIKHTKIFINNEWHTSSKGKQFPTINPATGVKICDIEEADKADVDEAVKAAK 79 2z fish 1A3
* E T3 LKRpRR kkkg ok kg, kkgk shpgak, ok, kgkgkk, gk

exon 3 >|€ exon 4 >|€ exon 5 >|€ exon 6

QAFQIGSPWRTMDASERGRLLYKLADLIERDRLLLATMESMNGGKLYSNAYLNDLAGCIKTLRYCAGWADKIQGRTIPIDGNFFTYTRHEPIGVCGQIIPWNFPLVMLIWKIGPALSCGN 188 human 1Al
AAFQMGSPWRSMDASDRGHLLNRLADLVERDRLLLATLEALNCGKVFLMAYFVDLMATIKTLRYYSGWADKIHGKTIPVDGEYFTYTRHEPIGVCGQIIPWNFPLMMFVWKIAPALCCGN 240 tilapia 1Al
LAFSLGSVWRRMDASERGRLLDKLADLVERDRAVLATMESLNGGKPFLQAFYVDLQGVIKTFRYYAGWADKIHGMTIPVDGDYFTFTRHEPIGVCGQIIPWNFPLLMFAWKIAPALCCGN 205 human 1a2
SAFSLGSVWRKMDASERGKLLFKLADLVERDSAYLATLESLDSGKPFLPCFFVDLQGIIKTFRYYAGWADKIHGSTIPIDGEFFTLTRHEPIGVCGQIIPWNFPLVMTAWKLGPALSCGN 205 z fish 1A2
VAFQRGSPWRRLDALSRGRLLHQLADLVERDRATLAALETMDTGKPFLHAFFIDLEGCIRTLRYFAGWADKIQGKTIPTDDNVVCFTRHEPIGVCGAITPWNFPLLMLVWKLAPALCCGN 199 human 1a3
AAGQRGSVWRRMDASSRGRLLNRLADLLERERAVLATLESKDTGKPFLEAFFVDLDGSIKTLRYYAGWTDKIHGKTMPVDENFVCFTKHEPIGVCGAIIPWNFPLLMLMWKIAPALACGN 199 z fish 1A3
KL Rk Ak Ak Kkgpkk sRRRRIRKD  RRTiRr ;KR 1 L1 KA L RkiRh DKRIAKKIR K1k K 3, RRKRARAKR K KKEAKKIR  kkp KKk Kk
-) | € exon 7 -) | € exon 8 >|€ exon 9

TVVVKPAEQTPLTALHVASLIKEAGFPPGVVNIVPGYGPTAGAAISSHMDIDKVAFTGSTEVGKLIKEAAGKSNLKRVTLELGGKSPCIVLADADLDNAVEFAHHGVFYHQGQCCIAASR 308 human 1al
TVVIKPAEQTPLSALHMAALIKEAGFPPGVVNVLPGYGQTAGCAISHEMDIDKVAFTGSTAVGKLIQKAAGESNLKRVTLELGGKNPNIVFADCDLEYAVEQAHSGLFFNQGQCCLAGSR 360 tilapia 1Al
TVVIKPAEQTPLSALYMGALIKEAGFPPGVINILPGYGPTAGAAIASHIGIDKIAFTGSTEVGKLIQEAAGRSNLKRVTLELGGKSPNIIFADADLDYAVEQAHQGVFFNQGQCCTAGSR 325 human 1a2
TVVLKPAEQTPLTCLYLGALIKEAGFPPGVVNILPGYGPTAGAAISSHMGIDKVAFTGSTEVGKLIQEAAGKSNLKRVTLELGGKSPNIIFADADFELALEQAHQGVFFNNGQCCTAGSR 325 z fish 1A2
TMVLKPAEQTPLTALYLGSLIKEAGFPPGVVNIVPGFGPTVGAAISSHPQINKIAFTGSTEVGKLVKEAASRSNLKRVTLELGGKNPCIVCADADLDLAVECAHQGVFFNQGQCCTAASR 319 human 1a3
TVVLKPAEQTPLTALHVAALIKEAGFPPGVVNVVPGFGPTAGAAIAGHMNIDKLAFTGSTEVGQLVKAAAASSNLKRVTLELGGKNPCIVFADSDLQLAVEETQKGAFFNQGQACTAASR 319 z fish 1A3
ks krr: T T P Pt N

> | € exon 10 > (— exon 1
IFVEESIYDEFVRRSVERAKKYILGNPLTPGVTQGPQIDKEQYDKILDLIESGKKEGAKLEC WGNKGYFVQPTVFSNVTDEMRIAKEEIFGPVQQIMKFKSLDDVIKRANNTFYGL 428 human 1al1
VFVEEPIYEEFVRRSVEKARSKVLGNPLLPGVDQGPQIDQKQFDKIMELIESGKREGATLECGGSPGGQQGLFIQPTVFSNVRDEMRIAKEEIFGPVQQIMCFRSINEVIQRANATQYGL 480 tilapia 1Al
IFVEESIYEEFVRRSVERAKRRVVGSPFDPTTEQGPQIDKKQYNKILELIQSGVAEGAKLECGGKGLGRKGFFIEPTVFSNVTDDMRIAKEEIFGPVQEILRFKTMDEVIERANNSDFGL 445 human 1a2
IFVEEPIYDEFVRRSVERAQRRKVGNPFDPTTEHGPQVSEEQQRRVLELIQSGITEGAKLECGGKAPPTKGFFVEPTVFSNVKDHMRIAKEEIFGPVQQIMKFKTIEEVIERANNTEYGL 445 z fish 1A2
VFVEEQVYSEFVRRSVEYAKKRPVGDPFDVKTEQGPQIDQKQFDKILELIESGKKEGAKLECGGSAMEDKGLFIKPTVFSEVTDNMRIAKEEIFGPVQPILKFKSIEEVIKRANSTDYGL 439 human 1a3
VYVQEPVYEEFVRLSVERAKNIVIGDPMEPRTSHGPQIDQHQFEKILALVDSGKKEGAKLEFGGCAVEDRGLF IHPTIFSDVKDHMRIAKEEIFGPVQCIMKFECQQDVIDRANSSQFGL 439 z fish 1A3

Dikik gk kkkk kK k3 sk k3 L skkKgs ik 113 Kiihk KKK KK Kk sk kg kkgRkgh K RKKRRKRRKKNKE kg K, gikk kkk g ghk
>€ exon 12 >|€ exon 13 >

SAGVFTKDIDKAITISSALQAGTVWVNCYGVVSAQCPFGGFKMSGNGRELGEYGFHEYTEVKTVTVKISQKNS~ 501 human 1Al Human ALDH1A2 key residues
AAGVFTNDINKALTVSSALQAGMVWVNCYNAMSIQCPFGGFKMSGNGRELGEYALQEYTEIKAVTIRISQKSS~ 553 tilapia 1Al transition state stabilizer
VAAVFTNDINKALTVSSAMQAGTVWINCYNALNAQSPFGGFKMSGNGREMGEFGLREYSEVKTVTVKIPQKNS- 518 human 1a2 1y263..61y268 nucleotide binding
ARAVFTRDISKAMTISAAVQAGTVWINCYNALSCQCPFGGFKMSGNGRELGEIGLKEYTELKTITMKMSGKTS- 518 z fish 1A2 proton acceptor
TAAVFTKNLDKALKLASALESGTVWINCYNALYAQAPFGGFKMSGNGRELGEYALAEYTEVKTVTIKLGDKNP- 512 human 1A3 Cys320 active site nucleophile
TAAVFTRDVQRAMSVSAALEAGTVWVNCYNALHAQTPFGGYKMSGNGRELGEYALAEYTEVKAITIKLSEQLRL 513 z fish 1A3

Kokkk, s3.sks.ssikasik KKgkkk Lz K KAk RRRAKAKKN; KA g Akskskpskss:  :

Figure 1 black and white

| € exon 1 >« exon 2 >|€
M. SSSGTPDLPVLLTDLKIQYTKIFINNEWHDSVSGKKFPVFNPATEEELCQVEEGDKEDVDKAVKAAR 68 human 1A1
MPVIGVGMHQSGGTASASPTERKHYSLSSQPANGYEHQSGNGFNHQDHNSQNADGLETNALPTPIANPQIVYTKVF IGNEWHESCSGRKIPVYNPTTEKLLCEVEEADSDDVDKAVRSAR 120 tilapia 1Al
M TSSKIEMPGEVKADPAALMASLHLLPSPTPNLEIKYTKIF INNEWQNSESGRVFPVYNPATGEQVCEVQEADKADIDKAVQAAR 85 human 1A2
M TSSEVELPGEVKNDPAALMASLHLMPSPVPNPEIKYTKIF INNEWHDSVSGKVFHTYNPATGEKICDVQESDKADVDKAVQAAR 85 2z fish 1A2
M ATANGAVENGQPDRKPPALPRPIRNLEVKFTKIFINNEWHESKSGKKFATCNPSTREQICEVEEGDKPDVDKAVEAAQ 79 human 1A3
M “JNGTIENGDSRNTSPPPLPQPVKITEIKHTKIFINNEWHTSSKGKQFPTINPATGVKICDIEEADKBDVDEAVKAAK 79 =z fish 1A3
* 33 Lkkgkk Kkkg k kg o3, kkgk  gkgggk ok, kgkgkk, gkg

exon 3 >|€ exon 4 >|€ exon 5 >|€ exon 6

QAFQIGSPWRTMDASERGRLLYKLADLIERDRLLLATMESMNGGKLYSNAYLNDLAGCIKTLRYCAGWADKIQGRTIPIDGNFFTYTRHEPIGVCGQIIPWNFPLVMLIWKIGPALSCGN 188 human 1al
AAFQMGSPWRSMDASDRGHLLNRLADLVERDRLLLATLEALNCGKVFLMAYFVDLMATIKTLRYYSGWADKIHGKTIPVDGEYFTYTRHEPIGVCGQIIPWNFPLMMFVWKIAPALCCGN 240 tilapia 1Al
LAFSLGSVWRRMDASERGRLLDKLADLVERDRAVLATMESLNGGKPFLQAFYVDLQGVIKTFRYYAGWADKIHGMTIPVDGDYFTFTRHEPIGVCGQIIPWNFPLLMFAWKIAPALCCGN 205 human 1a2
SAFSLGSVWRKMDASERGKLLFKLADLVERDSAYLATLESLDSGKPFLPCFFVDLQGIIKTFRYYAGWADKIHGSTIPIDGEFFTLTRHEPIGVCGQIIPWNFPLVMTAWKLGPALSCGN 205 z fish 1A2
VAFQRGSPWRRLDALSRGRLLHQLADLVERDRATLAALETMDTGKPFLHAFFIDLEGCIRTLRYFAGWADKIQGKTIPTDDNVVCFTRHEPIGVCGAITPWNFPLLMLVWKLAPALCCGN 199 human 1a3
AAGQRGSVWRRMDASSRGRLLNRLADLLERERAVLATLESKDTGKPFLHAFFVDLDGSIKTLRYYAGWTDKIHGKTMPVDENFVCFTKHEPIGVCGAITPWNFPLLMLMWKIAPALACGN 199 z fish 1A3

d, kk ok gk kkpkk ghkkkkgkdk: Kkgiky 3 Rk g TS Fpkpkk pkkgkkkgk kpk * g Kgdkdkkkdok k kkdkkkkghk  kkgp ok kkok

> € exon 7 > € exon 8 >|€ exon 9
TVVVKPAEQTPLTALHVASLIKEAGFPPGVVNIVPGYGPTAGAAISSHMDIDKVAFTGSTEVGKLIKEAAGKSNLKRVTLELGGKSPCIVLADADLDNAVEFARHGVFYHQGQCCIAASR 308 human 1a1
TVVIKPAEQTPLSALHMAALIKEAGFPPGVVNVLPGYGQTAGCAISHHMDIDKVAFTGSTAVGKLIQKAAGESNLKRVTLELGGKNPNIVFADCDLEYAVEQAHSGLFFNQGQCCLAGSR 360 tilapia 1Al
TVVIKPAEQTPLSALYMGALIKEAGFPPGVINILPGYGPTAGAAIASHIGIDKIAFTGSTEVGKLIQEAAGRSNLKRVTLELGGKSPNIIFADADLDYAVEQAHQGVFFNQGQCCTAGSR 325 human 1a2
TVVLKPAEQTPLTCLYLGALIKEAGFPPGVVNILPGYGPTAGAAISSHMGIDKVAFTGSTEVGKLIQEAAGKSNLKRVTLELGGKSPNIIFADADFELALEQAHQGVFFNNGQCCTAGSR 325 z fish 1A2
TMVLKPAEQTPLTALYLGSLIKEAGFPPGVVNIVPGFGPTVGAAISSHPQINKIAFTGSTEVGKLVKEAASRSNLKRVTLELGGKNPCIVCADADLDLAVECAHQGVFFNQGQCCTAASR 319 human 1A3
TVVLKPAEQTPLTALHVAALIKEAGFPPGVVNVVPGFGPTAGAATAGHMNIDKLAFTGSTEVGQLVKAAAASSNLKRVTLELGGKNPCIVFADSDLQLAVEETQKGAFFNQGQACTAASR 319 z fish 1A3

*ike B B

ik Kk KKy K KikiAAKRKK Akg

s Rk, RRRRRRRKKKRRR K kg Kk kgg kpk g3 Kk kp,gkk % K kk
>|€ exon 10 >|€ exon 11
IFVEESIYDEFVRRSVERAKKYILGNPLTPGVTQGPQIDKEQYDKILDLIESGKKEGAKLECGGGPWGNKGYFVQPTVFSNVTDEMRIAKEEIFGPVQQOIMKFKSLDDVIKRANNTFYGL 428 human 1Al
VFVEEPIYEEFVRRSVEKARSKVLGNPLLPGVDQGPQIDQKQFDKIMELIESGKREGATLECGGSPGGQQGLFIQPTVFSNVRDHMRIAKEEIFGPVQQIMCFRSINEVIQRANATQYGL 480 tilapia 1Al
IFVEESIYEEFVRRSVERAKRRVVGSPFDPTTEQGPQIDKKQYNKILELIQSGVAEGAKLECGGKGLGRKGFFIEPTVFSNVTDDMRIAKEEIFGPVQEILRFKTMDEVIERANNSDFGL 445 human 1A2
IFVEEPIYDEFVRRSVERAQRRKVGNPFDPTTEHGPQVSEEQQRRVLELIQSGITEGAKLECGGKAPPTKGFFVEPTVFSNVKDHMRIAKEEIFGPVQQIMKFKTIEEVIERANNTEYGL 445 z fish 1A2
VFVEEQVYSEFVRRSVEYAKKRPVGDPFDVKTEQGPQIDQKQFDKILELIESGKKEGAKLECGGSAMEDKGLF IKPTVFSEVTDNMRIAKEEIFGPVQPILKFKSIEEVIKRANSTDYGL 439 human 1A3
VYVQEPVYEEFVRLSVERAKNIVIGDPMEPRTSHGPQIDQHQFEKILALVDSGKKEGAKLEFGGCAVEDRGLFIHPTIFSDVKDHMRIAKEEIFGPVQCIMKFECQQODVIDRANSSQFGL 439 z fish 1A3

sakgk gk kkkk KAk kg sk kg L kkKgLg.k 113 Kiihh KKK KK KK sk g KkgRKak K KRRRRRRRKKKNN kg k,  ggkk kkk g gh¥
> € exon 12 >|€ exon 13 >
SAGVFTKDIDKAITISSALQAGTVWVNCYGVVSAQCPFGGFKMSGNGRELGEYGFHEYTEVKTVTVKISQKNS- 501 human 1a1 Human ALDH1A2 key residues
AAGVFTNDINKALTVSSALQAGMVWVNCYNAMSIQCPFGGFKMSGNGRELGEYALQEYTEIKAVTIRISQKSS- 553 tilapia 1Al Asnl87 transition state stabilizer
VAAVFTNDINKALTVSSAMQAGTVWINCYNALNAQSPFGGFKMSGNGREMGEFGLREYSEVKTVTVKIPQKNS~ 518 human 1A2 Gly263..G1ly268 nucleotide binding
AAAVFTRDISKAMTISAAVQAGTVWINCYNALSCQCPFGGFKMSGNGRELGEIGLKEYTELKTITMKMSGKTS- 518 z fish 1A2 Glu286 proton acceptor
TAAVFTKNLDKALKLASALESGTVWINCYNALYAQAPFGGFKMSGNGRELGEYALAEYTEVKTVTIKLGDKNP- 512 human 1A3 Cys320 active site nucleophile

TAAVFTRDVQRAMSVSAALEAGTVWVNCYNALHAQTPFGGYKMSGNGRELGEYALAEYTEVKAITIKLSEQLRL 513 z fish 1A3

G dkkk pa skg,ssikpzak kkpkkk g Kk KAkkghkkkhkkkkgkk g kkpkskgsikgzp:



Figure 2

ALDH1A1
Human chr9 6 -LDH A2 ALDH1,
Human chr15 6 & é_
ALDH1A1 ALDH1A7
Mouse chr19 6 ‘ &

1A3 ALDH1,
Mouse chr9 6 ‘H
ALDH1A1 ALDH1A7
Rat chri 6 “—
Rat chr8 6
Opossum chré
Opossum chr1
ALDH1A1
Chicken chrZ

ALDH1. ALDH1A3
Chicken chr10 ‘ ‘
ALDH1A3 1A2
Zebra fish chr? %

ALDH1A3 ALDH'
Stickleback chrll * ;

ALDH1A2

Medaka chr3 ‘
ALDH1A2

Lamprey GL481598 —*

chromosomal lengths not to scale




Figure 3

0.1

f 1A2
0.96 chickl1A2
o opossumlA2
oo tasdevil1A2
rhumanl1A2
—— Oratl A2
mouselA2
baboonl A2
oo zfish1A2
—"“—ifr medakal A2
tilipial A2
froglA3
0.98 lizard1 A3
0.99 chickl A3
ooy mousel A3
oy ratlA3
1 olop humanl A3
baboonlA3
sgopossumlA3
tasdevillA3
L1 ———_=fshiad
stickleback1A3
froglAl
0, lizard1 A1
091 chicklA1l
e mouselAl
d.s4 ratl Al
. 1 mousel A7
_ ratl A7
sheeplAl
sy humanlAl
baboonlAl
0.64 opossumlA1l
tasdevillA1l
opossumlAS
tasdevillAS
opossumlA9
@93 opossumlA10
tasdevill A9
0 bunalAl
1 redzumalAl
ltilapialA1l
e eshark1 AL
lampreylA2

ALDH1A2

ALDH1A3

ALDH1A1



Figure 4
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Table 1

Vertebrate

Human
Mouse
Mouse
Opossum
Chicken
Frog
Tilapia
Human
Mouse
Opossum
Chicken
Frog
Zebra fish
Human
Mouse
Opossum
Chicken
Frog
Zebra fish

Table 2

Human
ALDH1A

Gene

ALDH1A1

ALDH1A2

ALDH1A3

Species Gene
Homo Sapiens ALDH1A1
Mus musculus Aldhlal
Mus musculus Aldhla7
Monodelphis domestica ALDH1A1
Gallus gallus ALDH1A1
Xenopus tropicalis ALDH1A1
Oreochromis niloticus ~ ALDH1A1
Homo Sapiens ALDH1A2
Mus musculus Aldhla2
Monodelphis domestica ALDH1A2
Gallus gallus ALDH1A2
Xenopus tropicalis ALDH1A2
Danio rerio ALDH1A2
Homo Sapiens ALDH1A3
Mus musculus Aldhla3
Monodelphis domestica ALDH1A3
Gallus gallus ALDH1A3
Xenopus tropicalis ALDH1A3
Danio rerio ALDH1A3
ALDH1A Gene 5'TFBS
Chromosomal
Location
9:75,515,578-75,568,233 CREBP1
HLF
E4BP4
HNF3B
EVi1
LHX3
POU3F2
POU2F1
EVI1
OCT/POU2F1
GATA1
AREB6
15:58,245,611-58,306,295 TATA
EGR4
EGR3
EGR2
15:101,420,009-101,456,830 PPARG
GATA2
HOX13/HOXAS
PAX4
HOXA3
S8/NF-E2
PPARG

GenBank

Coding Exons

Amino

RefSeq ID Chromosome Gene UNIPROT
Prediction™? D location (strand) Size (bps) D acids
NM_000683 AK293176 9:74,705,947-74,757,736 13 (-ve) 52,656 P00352 501
NM_013467 BC0O54386 19:20,601,982-20,643,462 13 (+ve) 41,481 P24543 501
NM_011921  BC046315 19:20,692,953-20,727,556 13 (-ve) 34,604 035945 501

XP_001373199" na 6:92,999,463-93,042,087 13 (+ve) 42,625 na 508
NM_204577 X58869 2:35,753,405-35,787,275 13 (-ve) 33,871 P27463 509
NM_001032315 BC096010 *GL172794:265,843-296,760 13 (sve) 30,918 QsPwi3 502
XP_003445644' na 1G12:10,049,008-10,053,564 14 (+ve) 4,557 13)XA1 553
NM_003888 BC0O30589 15:58,247,398-58,357,848 13 {-ve) 110,451 094788 518
NM_009022 BCO75704 9:71,063,654-71,141,482 13 (+ve) 77,829 Q62148 518
XP_001368154" na 1:163,077,208-163,186,017 13 (+ve) 108,810 F6PGG8 518
NM_204995  AF181680 10:6,607,160-6,659,397 13 (+ve) 52,238 093344 518
NM_001045731 BC157513 *GL172944:1,126,660-1,157,292 13 (+ve) 30,633 F6QDK2 518
NM_131850 AF315691 7:31,664,192-31,703,960 13 (-ve) 39,769 Q90Y03 518
NM_000693 BC069274 15:99,237,636-99,272,498 13 (+ve) 34,863 P47835 512
NM_053080 BC058277 7:66,392,692-66,427,412 13 (-ve) 34,721 Q9JHWS 512
XP_003340034’ na 1:139,416,365-139,472,530 13 (+ve) 56,166 F7DI08 512
NM_204669 AF152358 10:16,932,409-16,964,722 13 (+ve) 32,214 QsDD46 512
XP_002939310" na *GL173099:391,077-414,061 13 (-ve) 22,985 F78V06 512
NM_001044745 DQ105978 7:10,543,820-10,624,872 13 (-ve) 81,053 QOH2G3 513
5'TFBS TFBS Role
Chromosomal
Location
9:75,569,684-91 Cyclic AMP-dependent transcription factor ATF-2 regulates cell growth genes

9:75,569,683-92
9:75,569,682-93
9:75,569,624-38
9:75,568,896-904
9:75,568,192-201
9:75,568,189-202
9:75,568,017-29
9:75,568,032-46
9:75,568,017-29
9:75,567,996-8,005
9:75,567,936-48
15:58,357,933-47
15:58,357,756-67
15:58,357,756-67
15:58,357,756-67
15:101,420,191-213
15:101,420,178-87
15:101,420,111-40
15:101,419,984-20,004
15:101,419,965-73
15:101,418,463-73
15:101,419,738-54

Hepatic leukemia factor: highly expressed in liver and functioning as a gene promoter

Nuclear factor interleukin-3-regulated protein acts as a transcriptional regulator

Hepatocyte nuclear factor 3-beta: involved in embryonic development and gene regulation

Oncogene playing a role in d

and dif

cell p

LIM/homeobox protein LHX3: involved in motor neuron development

POU domain, class 3, transcription factor 2: neuroectodermal cell lineage expression

Erythroid transcription factor: may serve as a general switch for erythroid development

POU domain, class 2, transcription factor 1: gene promoter

Oncogene playing a role in d

cell

and di

POU domain, class 2, transcription factor 1: gene promoter

Zinc finger E-box-binding homeobox 1: positively regulates neuronal differentiaition

TATA-box-binding protein: general transcription factor

Early growth response protein 4: transcriptional reg

reguired for dif

Early growth response protein 3: p) ion factor during growth and development

Early growth response protein 2: probable transcription factor during growth and development

Peroxisome proliferator-activated receptor gamma: heterodimer with retinoic acid receptor

Endothelial transcription factor GATA2: regulates in-1 gene expression in ial cells

Homeobox protein HOX-AS: transcription factor assisting with positioning on the anterior-posterior axis

Paired box protein PAX4: transcriptional regulator in pancreatic islet beta cells during development

Homeobox protein HOX-A3: transcription factor assisting with positioning on the anterior-posterior axis

Transcription factor NF-E2: component of NF-E2 complex regulating erythroid differentiation

Peroxisome proliferator-activated receptor gamma: heterodimer with retinoic acid receptor

Subunit ‘
MW
54,862
54,468
54,588
55,506
55,809
55,216
60,452
56,724
56,626
56,663
56,732
56,743
56,580
56,108
56,157
56,663
56,312
56,278
55,880

UNIPROT ID

P15336
Q16534
Q16643
Q9y61
Q03112
Q9UBR4
P20265
P14853
Q03112
P14853
P15976
P37275
P20226
Q05215
Q06883
P11161
P37231
P23763
P20713
043316
043365
Q16621
P37216



Table 3

Human
ALDHIA

Gene

ALDH1A1
ALDH1A2

ALDH1A3

ALDH1A Gene
Chromosomal

Location

9:75,515,578-75,568,233
15:58,245,611-58,306,295

5'CpG Island
(Size)

na
CpG146 (1,467)

15:101,420,009-101,456,830 CpG189 (1,872)

5' CpG Island
Chromosomal

Location

na
15:58,357,310-8,776

15:101,419,262-21,133

miRNA
Binding
Site

na
miR-137

miR-23ab

miR-340/340-5p

miR-125/351

miR-340/340-5p
miR-144
miR-101

miRNA Binding Site
Chromosomal

Location

na
15:58,245,644-5,651
15:58,245,700-707
15:58,245,904-910
15:101,455,261-67
15:101,456,591-97
15:101,456,666-73
15:101,456,667-73
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Supplementary Table 1s

Animal Species
Human Homao sapiens
Chimpanzee Pan troglodytes
Gorilla Gorilla gorilla
Orangutan Pongo pygmaeus abelii
Gibbon Nomascus leucogenys
Rhesus Macaca mulatta
Baboon Papio anubis
Squirrel key Saimiri boliviensis bolivie
Marmoset Callithrix jacchus
Mouse Mus musculus
Rat Rattus norvegicus
Guinea pig Cavia porceilus
Bovine Bos taurus
Horse Equus caballus
Sheep Ovis aries
Dog Canis familiaris
Rabbit Oryctolagus cuniculus
Cat Felis catus
Microbat Myotis lucifugus
Squirrel Sper hilus tridec
Op Monodelphis domestica
Tasmanian devil Sarcophilus harrisii
Chicken Gallus gallus
Zebra finch Taeniopygia guttata
Lizard Anolis caroliensis
Painted turtle Chrysemys picta bellii
Clawed frog Xenopus tropicalis
Nile tilapia Oreochromis niloticus
Zebra mbuna Maylandia zebra
Red zuma Haplochromis nyererei
Coelacanth Latimeria chalumnae

ALDH1A1
Like Gene
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A7
1A1
1A7
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A8
1A9
1A10
1A1
1A8
1A9
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1
1A1

RefSeq ID
*Prediction
NM_000689

NM_001246547
*XP_004048178
NM_001134137
*XP_003267459
*XP_001097604
*XP_003911858
*XP_00395663
*XP_002742893
NM_013467
NM_011921
NM_022407
NM_017272
*XP_003472266
NM_174239
*XP_001489398
NM_001009778
NM_001286977
NM_001082013
*XP_003995456
*XP_006086871
*XP_005324163
*XP_001373199
*XP_001373180
*XP_001373128
*XP_001373217
*XP_003761680
*XP_003761681
*XP_003761682
NM_204577
*XP_002191253
*XP_003216527
*XP_005297807
NM_001032315
*XP_003445644
*XP_004544286
*XP_005729529
*XP_006001724

GenBank ID

AK293176
AK306936
na
CR860845
na
EHH24175
na
na
JAB02181
BC044729
BC032880
BC061526
M23995
na
BC105193
na
U12761
na
AY038801

na

g 28888 88 8

2

X58869
na
na
na
BC096010

na

na
na
na

Chromosome location
(coding exons)
9:75,515,578-75,568,233
9:71,454,106-71,506,191
9:54,474,056-54,527,666
9:67,652,586-67,705,567
1a:62,182,640-62,234,258
15:82,577,303-82,635,649
15:79,690,145-79,748,760
~JH378181:1,427,603-1,477,107
1:96,110,361-96,170,206
19:20,676,502-20,717,453
19:20,693,466-20,727,512
1:223,731,703-223,772,728
1:223,822,536-223,875,238
As5c21:24,314,670-24,360,663
8:51,199,516-51,252,053
23:18,267,750-18,307,245
2:67,700,675-67,747,206
1:84,940,455-84,994,244
1:59,419,969-59,477,825
D4:14,991,454-150,497,711
AGL429798:2,625,399-2,671,968

~JH393313:8,886,595-8,918,323
6:92,999,463-93,042,087
6:92,858,372-92,918,445
6:92,781,115-92,828,272
6:93,064,310-93,110,122
AGL841510:944,679-1,004,465
AGL841510:1,019,525-1,058,360
AGL841510:1,110,807-1,135,923
2:35,753,405-35,787,275
2:16,187,1456-16,218,424
2:47,938,559-47,973,618
AJH584686:7,804,796-7,850,048
AGL172794:265,843-296760
ALG12:10,049,008-10,053,564
na
na
~JH127281:26,249-83,125

Coding Exons UNIPROT

(strand)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (+ve)
13 (-ve)
13 (-ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (-ve)
13 (+ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (+ve)
14 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (-ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
14 (+ve)
na
na
13 (+ve)

ID
P00352
G2HIM2
na
Q5R5L2
G1QKGY
FEYY71
na
na
F7IE41
P24563
035945
P51647
P13601
na
P48644
P15437
P51977
JINS92
Qsmil7
M3WAv4
G1P8s4
13M206

na

2 28 28 28 8

na
P27463
HOYRB4
G1KMCO
na
Q4VBE1

na

na
na
na

Amino
acids
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
501
436

% Identity
Human 1A1
100.0
100.0
99.8
99.0
99.8
98.8
99.2
97.8
96.2
87.0
84.4
86.4
84.2
91.0
918
90.6
91.6
89.0
915
928
93.8
924
834
78.4
86.3
838
85.8
84.8
854
834
83.8
83.2
80.6
77.6
71.9
715
715
75.9



Supplementary Table 2s

Animal Species
Human Homo sapiens
Chimp Pan troglodytes
Gorilla Gorilia gorilla
Orangutan Pongo pygmaeus abelii
Gibbon Nomascus leucogenys
Rhesus Macaca mulatta
Squirrel key Saimiri boliviensis bolivie
Marmoset Callithrix jacchus
Mouse Mus musculus
Rat Rattus norvegicus
Hamster Mesocricetus auratus
Naked Mole rat Heterocephalus glaber
Bovine Bos taurus
Horse Equus caballus
Sheep Ovis aries
Dog Canis familiaris
Rabbit Oryctolagus cuniculus
Pika Ochotona princeps
Tenrec Echinops telfairi
Squirrel Spermophilus tridecemlineatus
Panda Ailuropoda melanoleuca
Rhinoceros Ceratotherium simum simum
Ferret Mustela putorius furo
Shrew Tupaia chinensis
Alpaca Vicugna pacos
Orca Orcinus orca
Mole Chrsochloris asiatica
Manatee Trichechus manatus latirostris
Megabat Pteropus vampyrus
(o] Monodelphis domestica

Tasmanian devil Sarcophilus harrisii

Chicken Gallus gallus
Zebra finch Taeniopygia guttata
Budgerigar Melopsittacus undulatus
Pigeon Columbia livia
Goose Anser anser
Falcon Falco peregrinus
Fly catcher Ficedula albicollis
Painted turtle Chrysemys picta
Alligator Alligator mississippiiensis
Toad Xenopus tropicalis
Clawed Toad Xenopus laevis
Zebra fish Danio rerio
Medaka Oryzias latipes
Nile tilapia Oreochromis niloticus
Pufferfish Takifugu rubripes
Eel Polypterus senegalus
Lamprey Petromyzon marinus

ALDH1A2
Like Gene
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2
1A2

RefSeq ID
*Prediction
NM_003888
*XP_001172159
*XP_004056304
NM_001134137
*XP_003267079
*XP_001090504
*XP_003929025
*XP_003929025
NM_009022
NM_053896
*XP_005075520
*XP_004855794
*XP_002690901
*XP_001500420
*XP_004010617
NM_001287089
*XP_002717750
*XP_004578103
*XP_004709506
*XP_005316673
*XP_002920715
*XP_004421679
*XP_004777346
*XP_006141843
*XP_006211033
*XP_004274720
*XP_006831667
*XP_004374664
*XP_006920386
*XP_001368154
*XP_003755761
NM_204995
NP_001070153
*XP_005145967
*XP_005511200
na
*XP_005230668
*XP_005052056
*XP_005309446
*XP_006264050
NM_001045731
NM_001090775
NM_131850
NM_001104821
*XP_003442313
NM_001033639
na

na

1D

ch 1 i

BC030589
na
na
CR860845
na
V635656
na
JABO7275
BC075704
BC098910

na

g 2888882882388 8 8

2

JP005442

2

2 2 8 8 8 8

na
AF181680

na

na

na
HQ260987

na

na

na

na
CR942326
BC128678
AF339837
DQ837366

na
AB197675
HQ876171
F1536260

(coding exons)
15:58,247,398-58,357,848
15:55,297,531-55,408,118
15:37,075,785-37,192,713
15:54,823,180-54,939,280

6:77,050612-77,184,830
7:35,112,260-35,226,090
~JH378136:16,995,995-17,110,411
10:1107,556-215,404
9:71,063,654-71,141,482
8:75,692,108-75,768,930
na
~JH602094:13,756,483-13,843,533
na
1:133,332,590-133,421,757
7:49,204,039-49,320,319
30:23,076,195-23,170,341
17:14,307,940-14,432,553
na
AJH980330:16,131,533-16,243,924
~JH393281:19,177,744-19,262,919
AGL192773:196,483-289,428
AJH767728:38,290,721-38,382,169
AGL897139:1,244,668-1,335,844
na
AKB632553:3,396,561-3,494,485
na
na
~JH594636:3,662,704-3,757,042
116:321,334-406,795
1:163,077,208-163,186,017
AGL834490:990,311-1,101,789
10:6,607,160-6,659,397
10:6,786,462-6,838,408
~JH556567:3,463,590-3,512,251
na
na
na
na
JH584895:651,699-730,152
JH733284:440,063-517,529
GL172944:1,126,660-1,157,292
na
7:31,664,192-31,703,960
3:20,047,026-20,069,315
ALG1:12,722,665-12,750,058
13:15,928,438-15,945,015
na
AGL481598:469-3317

Coding Exons UNIPROT

(strand)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (-ve)
13 (+ve)
13 (+ve)
na
13 (+ve)
13 (-ve)
13 (+ve)
13 (+ve)
13 (-ve)
13 (+ve)
na
13 (-ve)
13 (-ve)
13 (+ve)
13 (-ve)
13 (+ve)
na
13 (-ve)
na
na
13 (-ve)
13 (-ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (-ve)
na
na
na
na
13 (+ve)
13 (+ve)
13 (+ve)
na
13 (-ve)
13 (+ve)
13 (+ve)
13 (+ve)
na

na

D
094788
H2Q912
G3QXF4
H2NNC?

na
12¢vL1

na
F7H8D6
Q62148
Q63639
na
G3X6U1
G3X6U1
F7CVL4
na
F1PGT3
G1TCP3
na

na

na
G1LVHS

na
M3X2Z73

na

2 2 8 8

na
FEPGGE
G3WFU4
003354
na
na
na
na
na
U3KCL4
na
na
F6QDK2
Q9DEXS
B3DKMO
QOSHWO
I3JENO
na
na

na

Amino % Identity

acids
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
518
502
518
523

Human 1A2
100
99.6
99.6
99.4
99.2
99.4
99.4
99.4
973
975
97.5
973
99.2
100
99.0
100
100
99.8
98.1
99.0
99.4
99.6
99.2
99.4
99.0
98.8
99.2
98.1
98.8
975
975
96.0
94.6
96.0
96.1
95.6
96.0
95.8
96.5
95.2
911
903
79.3
80.9
821
82.3
89.4
67.0



Supplementary Table 3s

Animal Species

Human Homo sapiens

Chimp Pan troglodytes

Gorilla Gorilia gorilla
Orangutan Pongo pygmaeus abelii

Gibbon Nomascus leucogenys

Rhesus Macaca mulatta

Squirrel monkey Scimiri boliviensis boliviensis

Marmoset Cailithrix jacchus
Mouse Mus musculus
Rat Rattus norvegicus
Hamster Mesocricetus auratus
Squirrel Ictidomys tridecemlineatus
Horse Equus caballus
Dog Canis familiaris
Pika Ochotona princeps
Tenrec Echinops telfairi
Rhinoceros Ceratotherium simum simum
Ferret Mustela putorius furo
Manatee Trichechus manatus latirostris
op Monodelphi ico
Tasmanian devil Sarcophilus harrisii
Chicken Gallus gallus
Zebra finch Taeniopygia guttata
Fly catcher Ficedula albicollis
Painted turtle Chrysemys picta
Toad Xenopus tropicalis
Clawed Toad Xenopus laevis
Zebra fish Danio rerio
aculeatus

Pufferfish Takifugu rupides

ALDH1A3
Like Gene
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3
1A3

RefSeq ID
*Prediction
NM_000693
*XP_001142882
*XP_004056883
*XP_002825935
*XP_004093199
NM_001266556
*XP_003840611
*XP_002749112
NM_053080
NM_1153300
*XP_005084482
*XP_005320140
*XP_001490605
XP_003633013
*XP_004593209
*XP_004717516
*XP_004431847
*XP_004759897
*XP_004372703
*XP_003340034
*XP_003755635
NM_204569
*XP_002199949
*XP_005051790
*XP_005294883
*XP_002939310
NM_001095605
NM_001044745
*ENSGACTO00000018580
NM_001160185

D Ch I {
(coding exons)
BC069274 15:58,99,237,636-99,272,498
na 15:98,414,516-98,449,731
na 15:80,999,651-81,037,527
na 15:98,093,520-98,129,114
na 6:120,108,751-120,137,530
V636026 7:80,359,733-80,393,939
na AJH378234:2,758,968-2,793,253
na 6:7,030,295-7,067,269
BC038646 7:66,392,692-66,427,412
BC166415 1:120,847,749-120,881,883
na na
na AJH393293:2,932,768-2,967,215
na 1:106,035,852-106,071,058
na 3:40,132,844-40,168,603
na 324:292,359-320,976
na ~JH980445:884,717-926,472
na ~JH767761:4,566,113-4,601,420
na AGL896971:5,877,137-5,912,173
na AJH594625:12,268,931-12,318,233
na 1:139,416,365-139,472,530
na AGLB34481:548,516-593,494
AF152358 10:16,932,409-16,964,722
na 10:6,786,462-6,838,408
na na
na AJH584649:994,583-1,040,200
na AGL173099:391,077-414,061
BC169603 na
EF375713 7:10,543,820-10,624,872
na 11:251,902-276,710
AB435248 AHE592038:6,317-14,928

Coding Exons UNIPROT

(strand)
13 (+ve)
13 (+ve)
13 (+ve)
13 (+ve)
13 (sve)
13 (+ve)
13 (+ve)
13 (-ve)
13 (-ve)
13 (-ve)
na
13 (-ve)
13 (+ve)
13 (-ve)
13 (+ve)
13 (-ve)
13 (-ve)
13 (+ve)
13 (-ve)
13 (+ve)
13 (sve)
13 (+ve)
13 (+ve)
na
13 (-ve)
13 (+ve)
na
13 (-ve)
13 (+ve)
13 (-ve)

D
P47835
H2Q912

G3QXF4
na

na
F7H3Z0

na
F7IH81

Q9JHW3
Q8K4D8
na

na
F6Y0Q6
E2R543

na

na

na
M3X273

na
F70D108

G3W6D5
QsDD46
HOZF04
U3K6Q3
na
F78V06
Q58YED
QOH2G3
G3PLR3
na

Amino
acids
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
513
511
511

% Identity
Human 1A3
100
99.8
99.4
98.6
98.4
97.9
97.9
97.1
94.0
93.6
93.4
95.5
93.4
93.0
94.1
91.8
94.1
93.4
93.6
88.7
86.3
86.1
86.1
86.5
86.7
80.9
79.9
69.3
67.9
66.3



