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Nucleotide Isolation, Reverse Transcription, and Sequence Assembly.
The LGALS1 gene coding sequences were obtained from Colo-
bus guereza, Cercopithecus nictitans, and Varecia variegata using
genomic DNA as template. Homo sapiens, Cercopithecus cephus,
Macaca mulatta, Papio anubis, and Ateles fusciceps coding se-
quences were obtained from cDNA templates. These sequences,
along with available vertebrate LGALS1 nucleotide sequences
(Ensembl version 47, National Center for Biotechnology Infor-
mation GenBank and Trace Archive) were used for phylogenetic
analyses. Supporting information (SI) Dataset S1 shows the
species used and their accession numbers.

Total RNA was isolated from H. sapiens, C. cephus, P. anubis,
and A. fusciceps placentas, as well as from H. sapiens extraem-
bryonic membranes using TRIzol Reagent (Invitrogen), RNeasy
MinElute Cleanup kit, and RNase-Free DNase (Qiagen) ac-
cording to the manufacturers’ recommendations. The 28S/18S
ratio and the RNA integrity number were assessed using a
Bioanalyzer 2100 (Agilent Technologies). Total RNA was then
reverse transcribed with a TaqMan Reverse Transcription Re-
agent kit using random hexamers (Applied Biosystems) for H.
sapiens, SuperScript III Reverse Transcriptase (Invitrogen) for
P. anubis, and BD PowerScript Reverse Transcriptase (BD
Biosciences) for A. fusciceps samples. Genomic DNA was iso-
lated from fresh frozen tissues of C. guereza and V. variegata
using the DNAeasy Kit (Qiagen).

The amplification of LGALS1 exon sequences from genomic
and complementary DNAs were performed by ‘‘primer walk’’
using multiple primer combinations. Primers (Dataset S7) were
designed with Primer3 software (1) based on the human
LGALS1 gene (NC�000022) and mRNA sequences
(NM�002305) available at GenBank and also determined by this
study. PCR was performed using reagents in the TaqPCR Core
Kit (Qiagen). A. fusciceps cDNA was amplified by using a
SMART RACE cDNA Amplification Kit (BD Biosciences).
Thermal cycling conditions for PCR were based on the manu-
facturer’s recommendation and were performed on a Master-
cycler gradient or a Mastercycler ep gradient S (Eppendorf).

The LGALS1 coding sequences determined in this study were
obtained from genomic DNA (n � 3) or cDNA (n � 5).
Sequence reads were imported into Sequencher 4.6 (Gene
Codes), separate files were created for each species, and trimmed
sequences were assembled into contigs with assembly parame-
ters of at least 75% minimum match and a 10 base overlap
between sequence fragments. The eight newly generated se-
quences were deposited into GenBank (Dataset S1).

Nucleotide Sequence Analyses. LGALS1 coding sequences were
obtained for 34 species as described earlier. From the multiple
related coding sequences in G. gallus and X. laevis, those with the
highest sequence similarity to H. sapiens LGALS1 were selected
for inclusion in the study. Multiple sequence alignments of
promoter regions, coding nucleotide, and deduced amino acid
sequences were performed using MacClade 4.08 (Sinauer As-
sociates) (2), MEGA 4.0 (3), and/or MUSCLE (4). Clustal
alignments implemented in MEGA were curated visually. The
evolutionary conservation of the 2-kb promoter regions and first
exons in 12 species was examined by pair-wise p-distance com-
parison with MEGA 4.0 and by ‘‘phylogenetic shadowing’’ with
eSHADOW (5), setting the sliding window size for 5 bp and the
hidden Markov model island parameters as follows: eS, 0.85; eF,
0.77; T, 0.1. The most conserved 500 bp comprising the first

exons and the 5� upstream sequences were compared using
Foot-Printer 3.0 searching 8- to 12-bp sequences conserved with
a maximum of two mutations per sequence and one mutation per
branch. Only a subset of species was used for footprinter analysis
because of the low quality of the draft genome sequences.
Transcriptional Element Search System and Footer 2.0 were
used to predict putative transcription factor binding sites. To test
whether the amount of cis element evolution was greater on the
placental stem compared with the therian stem lineage, we
compared the proportion of cis element gains and losses per
million years of evolutionary time (6) on these two lineages.

Phylogenetic Analysis. The aligned sequences were analyzed using
maximum parsimony algorithms implemented in PAUP* version
4b.10 (7) and MacClade version 4.08 (2) and the maximum
likelihood codon model implemented in PAML version 3.15 (8).
Parsimony inferred ancestral sequences and character state
transformations were inferred using the ACCTRAN and DEL-
TRAN algorithms. Maximum likelihood (i.e., empirical Bayes)
marginal reconstruction of ancestral sequences was imple-
mented using the codon model in codeml. The gene tree was
inferred by a heuristic search of 500 bootstrap replicates. The
starting trees in each replicate were generated using random
addition of sequences, and the branch swapping was performed
using the tree bisection-reconnection algorithm. The strength of
selection on the LGALS1 gene was measured using the non-
synonymous/synonymous rate ratio (dN/dS � �). Using a classic
branch test (9) of adaptive evolution as implemented in PAML
version 3.15 (8), one, two, and three � models were compared
using likelihood ratio tests to determine whether different ratios
existed for placental mammal crown group, the stem placental
lineage, and non-placental species. The number of non-
synonymous and synonymous substitutions were inferred for the
stem placental lineage in codeml that allowed us to determine
whether the � ratios were different among these lineages (9). We
also performed branch-site tests to determine whether individ-
ual codons had experienced selection during the emergence of
the placenta. A potential criticism of this type of test is that it
returns too many false-positive results (10); however, the im-
proved branch-site test we used circumvents this issue (11).
PAML analyses were conducted on a most parsimonious gene
tree and on the presumed species tree. To reconcile the gene tree
to the species tree (12) in order to infer gene duplications and
losses, the Notung 2.5 software (13) was used.

In Silico LGALS1 Gene Expression Analysis. Search of the SAGE
Genie database (14) yielded 298 libraries with levels of LGALS1
expression. SAGE data were then exported from these libraries
and relative LGALS1 expression levels (tags per 200,000) were
evaluated.

Amino Acid Sequence Analysis. Amino acid substitutions in galec-
tin-1 on the stem of placental mammals were color-coded on the
x-ray crystallographic model of human galectin-1 accessed from
the MMDB Database (National Center for Biotechnology In-
formation, National Library of Medicine, National Institutes of
Health) by Yasara 7.9.3.

Quantitative Real-Time RT-PCR. The LGALS1 TaqMan Gene Ex-
pression Assay (Hs00169327�m1) and RPLPO TaqMan Endog-
enous Control (4326314E; Applied Biosystems) were used for
relative quantification of LGALS1 gene expression in H. sapiens
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placentas (n � 6) and extraembryonic membranes (n � 6)
containing maternal decidua. Both genes were run in triplicate
to allow the assessment of technical variability.

Immunohistochemistry. Immunostaining was performed on 5-�m-
thick paraffin sections of H. sapiens, C. nictitans, A. fusciceps, and
V. variegata placentas with goat anti-human galectin-1 IgG

(R&D Systems) using a Discovery autostainer (Ventana Med-
ical Systems). Sections were incubated for 1 h at 1:50 dilution
following antigen retrieval in a citrate-based buffer (pH 6.0). A
biotinylated horse anti-goat IgG (Vector Laboratories) at 1:400
dilution, HRP-conjugated streptavidin and 3,3�-diaminobenzi-
dine chromogen (Ventana Medical Systems) were used for the
detection.
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Fig. S1. Evolution of cis elements in the LGALS1 5� promoter. A phylogenetic tree depicting the evolutionary relationships among species with publicly available
LGALS1 5� promoter sequences. Parsimony inferred gains (black tick marks) and losses (red tick marks) were reconstructed using the DELTRAN algorithm. In total,
there were 32 gains and five losses of cis elements among the studied taxa. The stem of placental mammals underwent a gain of 10 cis-elements including a half
estrogen response element. There was also gain of six and loss of one cis element on the primate stem. The proportion of cis element gains and losses per million
years of evolutionary time (1) was significantly higher on the placental stem compared with the therian stem lineage (Fisher’s exact test, P � 0.009).
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Fig. S2. Most parsimonious gene tree for galectin-1. The tree shown is one of eight most parsimonious trees inferred from nucleotide sequences with a score
of 1,061. Bootstrap percent values (out of 500 random addition sequence replicates) of branch support greater than 25 are indicated above branches. As can
be seen from the topology presented, neither primates nor artiodactyls were reconstructed as monophyletic orders. Additionally, there are some highly unlikely
groupings depicted in the tree (e.g., bat grouping with armadillo). Additionally, monophyletic Eutherian and mammalian clades were not recovered.
Explanations for the differences between the gene and species tree include independent gene gain and loss (2), rate heterogeneity and/or lack of sufficient
sequence variation in particular lineages.
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Fig. S3. Multiple sequence alignment of galectin-1 aa sequences. �-strands and residue positions in human galectin-1 are indicated at the top. Residues identical
to those in the human sequence are represented with dots, substitutions with the amino acid code of the differing residues, missing data with question marks,
and gaps in the WGS sequences with dashes. Residues involved in carbohydrate binding are conserved in all investigated taxa, with only conservative
replacements for Val-59 and Arg-73. Two residues in the growth-inhibitory domain are conserved in 100%, two in 93%, and one in 87% in the studied taxa. Seven
of nine residues implicated in dimerization of galectin-1 are conserved in 100% in placental mammals with 96% and 78% conservation of two additional residues,
respectively. All substitutions in these positions are conservative in lower vertebrates except in two taxa. Cysteines shared by placental mammals are important
for the regulation of immune functions adaptive to the redox status.
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