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The influence of the environment on two congeneric fishes, Gillichthys mirabilis and Gillichthys seta, that live in the
Gulf of California at temperatures of 10–25 �C, and up to 42–44 �C, respectively, was addressed by analyzing their
genomes. Compared with G. mirabilis, G. seta showed some striking features. Substitution rates in the mitochondrial
genes were found to be extremely fast, in fact faster than in noncoding control regions (D-loops), from which a divergence
time of less than 0.66–0.75 Mya could be estimated. In the nuclear genome, 1) both AT / GC/GC / AT and
transversion: transition ratios in coding sequences (CDSs) were relatively high; moreover, the ratios of nonsynonymous/
synonymous changes (Ka/Ks) suggested that some genes were under positive selection; 2) DNA methylation showed
a very significant decrease; and 3) a GC-rich minisatellite underwent a 4-fold amplification in the gene-rich regions.
All these observations clearly indicate that the environment (temperature and the accompanying hypoxia) can rapidly
mold the nuclear as well as the mitochondrial genome. The stabilization of gene-rich regions by the amplification of the
GC-rich minisatellite and by the GC increase in nuclear CDSs is of special interest because it provides a model for the
formation of the GC-rich and gene-rich isochores of the genomes of mammals and birds.

Introduction

Classically, sequence changes in the genome are visu-
alized as resulting from point mutations and recombination.
We found, however, that the vertebrate genomes underwent
massive regional GC increases at the emergence of mam-
mals and birds (Macaya et al. 1976; Thiery et al. 1976). We
proposed (Bernardi and Bernardi 1986; see also Bernardi
2004, 2007) that these changes were due to the need of
maintaining the thermodynamic stability of DNA, RNA,
and proteins (GC-rich codons preferentially encode amino
acids that stabilize proteins; Bernardi and Bernardi 1986;
CostantiniandBernardi2008).This‘‘thermodynamicstability
hypothesis’’ was supported by the finding that the GC increase
affected only the gene-rich and not the gene-poor regions of
the genome. Indeed, the gene-rich regions are characterized
byanopenchromatinstructure(Sacconeetal.2002;DiFilippo
and Bernardi 2008) and need an increased GC level to main-
tain stability at the increased body temperature, 37–41 �C, of
mammals and birds, whereas the gene-poor regions are
stabilized by their tightly closed chromatin structure. Because
the thermodynamic stability hypothesis is based on a very
general principle, one would expect to find it verified in
other organisms as well. Indeed, a correlation was found
between the optimal growth temperature and genome GC
within prokaryotic families (Musto et al. 2004, 2006).

A critical test to determine whether an environmental
factor, such as temperature, can affect the structure of the
nuclear genome of vertebrates is provided here by compar-
ing the compositional patterns, the DNA methylation, and
the nucleotide substitutions in the nuclear genes of two con-
generic gobies that live at very different temperatures Gil-

lichthys mirabilis and Gillichthys seta (Huang and Bernardi
2001; Fields et al. 2002; see fig. 1). Nucleotide substitutions
were also investigated in the mitochondrial genes and non-
coding control regions (D-loops): Gobioid fishes were re-
cently investigated in both phylogenesis and population
genetics (Akihito et al. 2000, 2008).

The long-jawed mudsucker G. mirabilis inhabits salt-
water creeks in coastal California, Baja California, and the
northern Gulf of California. The short-jawed mudsucker G.
seta, a paedomorphic variant ofG. mirabilis (Barlow 1961),
is restricted to the uppermost tide pools, in the northern Gulf
of California, that are reached by sea water only rarely at the
highest spring tides. Although G. mirabilis lives at 10–25 �C,
G. seta experiences temperatures that may reach 42–44 �C
(among the highest temperatures encountered by any fish;
Nelson 2006) and an accompanying hypoxia. Gillichthys
mirabilis was previously studied in its hypoxia-induced
gene expression (Gracey et al. 2001) and its response to
heat stress (Hochachka and Somero 2002; Cossins and
Crawford 2005; Buckley et al. 2006).

The sister relationship of these two species solves the
problem with which we were confronted in our initial work
(Bernardi andBernardi1986)ontwootherfishes livingathigh
temperature, the Death Valley pupfish, Cyprinodon salinus,
and the Lake Magadi tilapia,Oreochromisalcalicus grahami,
which showed regional GC increases in their genomes, but
could only be compared with evolutionarily distant species.

In this study, we used two experimental approaches,
working at the genome level and at the level of orthologous
coding sequences (CDSs), respectively.

Materials and Methods
Fish Samples and Nucleic Acid Preparation

Gillichthys mirabilis was collected from Estero Mo-
rhua, Sonora, Mexico, and G. seta from Estero la Pinta (a
site ca. 5 km away). DNA and mRNA were prepared from
either liver or muscle, using the method of Kay et al. (1952)
and the Invitrogen Fast Track 2.0 Kit, respectively.
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Ultracentrifugation

Analytical ultracentrifugation was performed using
a Beckman Optima XL-A ultracentrifuge. GC values were
calculated from the buoyant densities according to Schildk-
raut et al. (1962). Shallow gradient ultracentrifugation (De
Sario et al. 1995) was performed using a Beckman Optima
XL-100K ultracentrifuge; 200 lg, 120 lg, and 50 lg of to-
tal DNA were run according to whether fractions had to be
used for subsequent analytical ultracentrifugation analysis,
cloning, or hybridization analysis, respectively.

Cloning of Shallow Gradient Fractions

Three G. seta DNA shallow gradient fractions averag-
ing 44–45% GC were pooled, dialyzed against distilled
water, digested for 3 h at 37 �C with restriction enzyme AluI
(one of the only two restriction enzymes tested that were able
to degrade repeated DNA from G. seta, the other one being
PstI), and run in a 1.5% agarose gel. Gel slices corresponding
to 400-2,500-bp fragments were cut off. DNA was extracted
using the QIAquick Gel Extraction Kit by Qiagen, Milan,
Italy and cloned using the EcoRV site of a pBluescript plas-
mid. Transformation was performed on electrocompetent Es-
cherichia coli cells and positive clones were sequenced.
Sequence similarity was calculated by the sequence identity
matrix of the Bioedit program.

cDNA Preparation and Polymerase Chain Reaction
Amplification

cDNAs from G. mirabilis and G. seta were synthesized
on mRNAs templates using the Invitrogen Copy Kit; cDNA
libraries were prepared by Invitrogen, Milan, Italy and
cloned in pCMV-SPORT 6.1. Polymerase chain reaction
(PCR) amplifications were performed in a 50-ll final volume
of 1� PCR buffer (Roche, Milan, Italy) containing also
MgCl2, 0.5 lM primers, 0.2 mM dinucleotide triphosphate
and 0.04 U/ll Taq polymerase.

Hybridization

An aliquot of each shallow gradient fraction was di-
luted 70 times with 0.4 M NaOH to a final volume of

200 ll. In all, 100 ll of each diluted fraction was dot blotted
on a positively charged nylon membrane (Hybond-Nþ,
Amersham Pharmacia, Cologno Monzese, Milan, Italy).
DNA probes (either cDNAs or PCRs) were radiolabeled us-
ing the Random Oligo Labeling method and [a-32P]CTP
and [a-32P]ATP as radioactive nucleotide precursors.

Hybridization was performed overnight at 65 �C in a 1
M ethylenediaminetetraacetic acid (EDTA), 0.5 M Na2H-
PO4 (pH7.2), and 7% sodium dodecyl sulfate (SDS) solu-
tion. Filters were then washed once at room temperature in
a 2� standard saline citrate (SSC) and 0.1% SDS solution,
once at 65 �C for 30 min in a 2� SSC and 0.1% SDS so-
lution and for an additional 30 min at the same temperature
in a 0.5� SSC and 0.1% SDS solution. Hybridization in-
tensity analysis was performed using a Typhoon Trio
(Amersham Biosciences, Milan, Italy) and the associate in-
tensity quantification software.

Gene Collection and Analysis

This operation was very laborious and time consuming
because we needed a collection of CDS as completely se-
quenced as possible from both species. The strategy used
can be described as follows: 1) 12 complete CDS of G. mir-
abilis available in GenBank were used as templates for de-
signing primers for PCR amplification of the orthologous
CDS from G. seta cDNA; 2) the other, partial, CDS were
derived from our cDNA library of G. mirabilis (some of
these sequences were also found as partial sequences in
GenBank); 3) partial CDS were sequenced and used to find
complete orthologous sequences in Tetraodon nigroviridis,
Takifugu rubripes, Danio rerio, and Oryzias latipes; the
heterologous fish sequences were then used to design de-
generate primers for PCR amplification of the orthologous
sequences present in G. mirabilis and G. seta cDNAs. In the
case of eno1 gene, two paralogous genes were found. It
should be noted that the genes that were sequenced can
be assumed to correspond to a representative set of Gillich-
thys genes because 12 G. mirabilis sequences were from
GenBank and the other 56 sequences originated from
our cDNA libraries of both fishes.

After alignment of the homologous genes of the two
species, compositional (AT / GC; GC / AT) changes in

FIG. 1.—The longjaw mudsucker, Gillichthys mirabilis (left), and the shortjaw mudsucker, Gillichthys seta (right), are the sole members of the
genus. It has been postulated that G. seta is a paedomorphic of G. mirabilis (Barlow 1961; Bois and Jeffreys 1999). Both species are found intertidally,
with G. mirabilis being predominantly in the lower intertidal in California and northern Gulf of California and G. seta being predominantly in the upper
intertidal and restricted to the northern Gulf of California. Although G. seta inhabits waters that reach very high temperatures (up to 44 �C) and which
are frequently low in oxygen, G. mirabilis behaviorally avoids temperatures higher that 23 �C (De Vlaming 1971). The images shown were taken from
Smithsonian Tropical Research Institute and from Giacomo Bernardi (see also the link http://biogeodb.stri.si.edu/sftep/gallery.php?show5g&id5566).
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first, second, and third codon position along with nonsy-
nonymous (NS) and synonymous (S) changes were calcu-
lated. The MEGA version 4.0 program (Tamura et al. 2007)
was used to estimate the rates of synonymous (Ks) and non-
synonymous (Ka) distances of the coding region following
Pamilo–Bianchi–Li method (Li 1993; Pamilo and Bianchi
1993).

Mitochondrial Genome Analysis

The complete mitochondrial genomes of G. mirabilis
and G. seta were sequenced (see supplementary table 2,
Supplementary Material online). In order to determine
whether there was evidence of selection on mitochondrial
genes, we used a comparative method, similar in concept to
the classical neutrality test (Hudson et al. 1987). We took
a region that is presumably under weak selection, the non-
coding control region (the D-loop), and determined the ratio
of divergences between a given gene and the control region
between the two species. Under the hypothesis of purifying
selection and neutrality, these ratios are expected to be
smaller than 1 because the control region being a noncoding
region is more free to vary than protein-coding genes.

Results
The Compositional Patterns of the Nuclear Genomes

The GC profiles of the genomes of G. mirabilis and
G. seta were visualized by analytical cesium chloride cen-
trifugation (fig. 2A). As usual with most fish genomes
(Bernardi and Bernardi 1990; Bucciarelli et al. 2002),
a fairly symmetrical DNA profile was observed for G. mir-
abilis. Although we do not have an outgroup for Gillichthys
(the outgroup for this species pair is unknown), this result
suggests that the profile of the ancestral genome must have
looked like the genome of G. mirabilis. In contrast, G. seta
exhibited a shoulder on the GC-rich side of the main peak.
After the two DNAs had been subjected to preparative ul-
tracentrifugation in shallow CsCl density gradients (fig.
2B), the analytical CsCl profiles of the first two fractions,
largely corresponding to the main peak, were identical in
both species (fig. 2C and D). In contrast, the two GC-rich
fractions showed a gradual increase in buoyant density
in G. mirabilis, whereas a shoulder at about 40% GC
and a major peak at about 46% GC appeared in G. seta
(fig. 2E and F).

The Distribution of Genes in the Nuclear Genome

When cDNAs from both fishes were hybridized on
shallow gradient fractions from both DNAs (fig. 3), the hy-
bridization profiles in G. mirabilis largely followed the main
DNA band, only a small shoulder appearing in the GC-rich
range (44–47% GC). In contrast, the G. seta profiles showed
a major peak in the GC-rich fractions (44–45% GC) and a mi-
nor peak corresponding to the main DNA band. Only small
compositional differences were found in the GC levels of
orthologous CDSs and such differences could not justify
the shift of G. seta genes to higher densities. We explored,

therefore, the possibility that the shift was due to the expan-
sion of interspersed GC-rich sequences.

The Expansion of a Minisatellite in the G. seta Genome

When the GC-rich DNA fractions ofG. setawere cloned
after AluI digestion, 10% of the 1,000 clones analyzed,
consisted of arrays of a 38-bp tandem repeat sequence (5#-
CTGGTTTGGGTTGGACCTGTTTCAGTCCCGTGT-
GAGTC-3#) that exhibited a similarity of 80% among each
other.The repeats showeda comparatively veryhighGClevel
(52% vs. 38% for the main peak), a very strong strand asym-
metry (A: 10.8%, G: 33.1%, C: 18.7%, and T: 37.4%), sizes in
the 180- to 660-bp range, and short internal repeats (see sup-
plementary fig. 1, Supplementary Material online). Specific
primers designed on the basis of G. seta AluI repeats allowed
us to sequence the corresponding family from G. mirabilis,
which showed an interspecific similarity of 81%. The tandem
repetition of a 38-bp sequence, itself made of shorter repeats,
showedthattheAluIsequencewasatypicalminisatellite.Even
if this GC-rich minisatellite will also be called, for the sake of
convenience, ‘‘AluI sequence’’ or ‘‘AluI repeat,’’ after the re-
striction enzyme that cut it, it has absolutelynothing todo with
the Alu sequences of the primate genome.

When AluI repeat from G. seta and G. mirabilis were
hybridized on the shallow gradient fractions of the corre-
sponding species, they produced a hybridization profile
characterized by a minor peak at 40–45% GC and a major
peak around 47% GC (fig. 4). The amount of the AluI se-
quences in the two genomes were then quantified by hy-
bridization with total DNAs from both species and
shown to be 2.5 times more abundant in G. seta compared
with G. mirabilis. If one considers, however, that changes
essentially concerned the gene-rich regions (see fig. 4), the
increase could be estimated to be at least 4-fold in these
regions. In contrast, the cloned DNA fragments obtained
from PstI digestion (another family of repeats; see supple-
mentary fig. 2 [Supplementary Material online] for the se-
quence) did not show any difference in amount in the two
fishes and its hybridization followed the profile of the main
peak (fig. 4). The presence of similar or identical AluI re-
peats in intergenic sequences of Zebrafish, Stickleback,
Medaka, and Tetraodon and the existence of ‘‘single-copy’’
sequences flanking the AluI repeats in G. seta indicated that
they were interspersed in the genome.

Nucleotide Substitutions in Nuclear Genes

In all, 34 pairs of orthologous nuclear CDS from the
two species were investigated (see supplementary tables 1
and 2, Supplementary Material online). Their list is shown
in table 1 along with their sequenced sizes (49,331 bp out of
a total size of 57,262 bp), the total number of nonsynony-
mous (NS) and synonymous (S) changes, the corrected pro-
portion of nonsynonymous (Ka) and synonymous (Ks)
changes, the number of transitions (tr) and transversions
(tv), and the number of the compositional changes (AT
/ GC, GC / AT). A presentation of all nucleotide
changes is given in supplementary table 3 (Supplementary
Material online).

The Environment Molds the Genome by Selection 1237
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The data of table 1 indicate that at least two Ka/Ks
values, 0.43 (dio1) and 0.69 (E3), may be indicative of an
acceleration in amino acid substitution rates, very likely
due to positive selection (see Tang and Wu 2006). More-

over, the transition:transversion ratio was well below the
usual 2–10 range in 18 genes (;53% of the sample). An-
other remarkable feature exhibited by G. seta genes was
the overall excess of AT / GC over GC / AT changes

FIG. 2.—(A) Analytical ultracentrifugation profiles of DNAs from Gillichthys mirabilis and Gillichthys seta; buoyant density values were
converted to GC values (see Materials and Methods). Optical density values at 260 nm (A260) are given on the ordinate. (B) Preparative shallow
gradient profiles of DNAs; in this case, abscissa values are fraction numbers. (C–F) Analytical ultracentrifugation profiles of shallow gradient fractions
indicated by the arrows in (B). The two vertical lines correspond to the modal buoyant density of the main peak and of the heavy fraction of G. seta,
respectively. Blue color corresponds to G. mirabilis and red color to G. seta.
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(see supplementary fig. 3, Supplementary Material online),
this trend being especially pronounced in those genes with
high Ka:Ks ratios. Note that although the direction of
changes cannot be determined for every single site (due

to the lack of an appropriate outgroup), this excess is un-
ambiguously indicated by the overall values which show
a clear predominance of G and C in G. seta at evolution-
arily variable sites. This contrasts with the normal AT bias
found in vertebrate genomes (Eyre-Walker 1999;
Smith and Eyre-Walker 2001; Alvarez-Valin et al. 2002;
Bernardi 2004, 2007) Finally, an assessment of 5-methylC
in the two nuclear genomes showed a significantly lower
level (1.54%) in G. seta compared with G. mirabilis
(2.20%).

Nucleotide Substitutions in the Mitochondrial Genomes

We also sequenced the mitochondrial genomes from
the two fishes and observed a NS:S ratio equal to 0.15,
which is not indicative of positive selection. Selection
was, however, also investigated by comparing the diver-
gence in the protein-coding genes with the divergence at
the control region (the most variable, presumed nearly neu-
tral mitochondrial locus). Out of 13 protein-coding gene
pairs, 12 exhibited a higher or a similar divergence com-
pared with the control region, whereas a lower divergence
was expectedly found for all five pairs of sister fish species
whose complete mitochondrial genomes were available
(fig. 5). Incidentally, preferential AT to GC changes were
not observed, but an analysis of amino acid changes re-
vealed a remarkable increase in G. seta of alanine, at the
expense of serine and threonine (see supplementary table 4
[Supplementary Material online]; an assessment of amino
acid changes could not be done in the case of proteins en-
coded by nuclear genes because of the small number of
changes). The usually conserved ribosomal genes (12S
rRNA and 16S rRNA) also showed a higher relative rate
compared with the other sister species.

FIG. 3.—Hybridization of Gillichthys mirabilis and Gillichthys seta cDNAs on shallow gradient fractions of both genomes. The solid curves show
the A260 profiles of the shallow gradient and the dotted curves the hybridization signals. Blue color corresponds to G. mirabilis and red color to G. seta.

FIG. 4.—Hybridization of the Gillichthys seta AluI sequences on
shallow gradient fractions. The solid curves represent the shallow gradient
A260 profile and the dotted curves the hybridization signals. The
hybridization of the G. seta PstI sequence (another repeated sequence,
whose primary structure is shown in supplementary fig. 2, Supplementary
Material online) on shallow gradient fractions of G. seta DNA is
represented by the green dotted curve. As in figures 2 and 3, blue color
corresponds to Gillichthys mirabilis and red color to G. seta.
Hybridization levels (radioactivity) are normalized to match the A260
profiles. The vertical lines delimit the hybridization peak used to estimate
their percentage on the total hybridization.
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Reassessment of Divergence Time between G. mirabilis
and G. seta

Based on mitochondrial cytochrome b sequences,
the divergence between G. mirabilis and G. seta was
originally dated at 4.6–11.6 Mya (Huang and Bernardi
2001). Because the mutation rate in protein-coding

genes is now known to be much faster than originally

thought, this divergence time certainly was a vast overes-

timate. A divergence assessment based on the control

region, 10.4%, is likely to provide a more realistic estima-

te for the time of divergence between these species. On
the basis of divergence of the control regions, which

are assumed to be under less selective pressures, and

using fish calibrated control region molecular clocks

(Domingues et al. 2005), the divergence time may now

be estimated at less than 0.66–0.75 Mya. Incidentally,
the short divergence time is confirmed by the lack
of AT / GC changes in the stems of (nuclear) 18S
ribosomal RNA, a molecule which undergoes such
changes in vertebrates living at high temperature (Varriale
et al. 2008).

Discussion

The striking observations made on the nuclear and mi-
tochondrial genomes of the two fishes can be summarized
and commented upon as follows.

(i) The mitochondrial genomes of G. seta and G.
mirabilis exhibit faster substitution rates in all protein
CDSs (except for COX-1) compared with D-loops, as

Table 1
List of the Orthologous CDS Investigated

Gene CDS Size Sequenced % NSa Sa NS/Sa Kab Ksb Ka/Ks trc tvc tr/tvc AT / GCd GC / ATd AT / GC:GC / ATd

1 E3 1,041 86 7 4 1.8 0.011 0.016 0.69 7 4 1.8 6 4 1.5
2 gygl 1,018 85 8 7 1.1 0.011 0.036 0.31 8 7 1.1 9 4 2.3
3 dio1 765 82 4 3 1.3 0.009 0.021 0.43 4 3 1.3 2 3 0.7
4 Qtrtd1 1,030 79 5 7 0.7 0.008 0.036 0.22 7 5 1.4 5 4 1.3
5 NDPK-B 450 94 1 2 0.5 0.003 0.014 0.21 2 1 2.0 0 2 GC / AT
6 RL27 411 94 2 4 0.5 0.008 0.032 0.25 5 1 5 4 2 2.0
7 RL11 537 95 2 4 0.5 0.006 0.022 0.27 6 0 tr 4 2 2.0
8 ampd 2,199 78 2 4 0.5 0.002 0.009 0.22 4 2 2.0 2 3 0.7
9 S23 432 94 3 7 0.4 0.012 0.071 0.17 8 2 4.0 8 1 8.0
10 eno1 1,299 93 3 11 0.3 0.003 0.039 0.08 8 6 1.3 8 6 1.3
11 eno1b 1,299 93 2 11 0.2 0.002 0.039 0.05 8 5 1.6 7 6 1.2
12 sdhb 882 82 1 3 0.3 0.002 0.018 0.11 2 2 1.0 2 1 2.0
13 atp5b 1,554 98 2 8 0.3 0.002 0.019 0.11 7 3 2.3 1 8 0.1
14 GDI 621 78 1 4 0.3 0.002 0.032 0.06 3 2 1.5 2 2 1.0
15 rplp1 342 92 1 6 0.2 0.004 0.050 0.08 5 1 5.0 4 2 2.0
16 aco2 2,428 76 4 22 0.2 0.003 0.041 0.07 16 10 1.6 15 9 1.7
17 TPI 747 95 1 6 0.2 0.002 0.030 0.07 5 2 2.5 5 2 2.5
18 GADPH 1,002 94 1 6 0.2 0.001 0.019 0.05 6 1 6.0 4 3 1.3
19 pgam2 768 85 1 11 0.1 0.002 0.059 0.03 10 2 5.0 11 1 11.0
20 S19 444 93 0 2 S 1 1 1.0 1 1 1.0
21 GABA 369 93 0 1 S 1 0 tr 0 1 GC / AT
22 RL23 423 94 0 1 S 1 0 tr 1 0 AT / GC
23 S13 456 94 0 2 S 1 1 1.0 1 1 1
24 RL24 474 95 0 1 S 0 1 tv 0 0 —
25 NRGN 198 87 0 2 S 2 0 tr 1 1 1
26 LDH-A 999 100 0 3 S 2 1 2.0 1 2 0.5
27 pvalb1 330 93 0 1 S 0 1 tv 1 0 AT / GC
28 RXR 1,114 60 0 3 S 2 1 2 2 0 AT / GC
29 S5 612 94 0 4 S 4 0 tr 1 3 0.3
30 S18 459 94 0 4 S 6 1 6.0 2 5 0.4
31 znf207 1,443 63 0 4 S 2 2 1.0 2 2 1.0
32 btub 1,338 92 0 14 S 11 3 3.7 5 8 0.6
33 S8 627 96 0 0 S
34 HSPG 520 93 0 0
Total 28,631 85e 51 172 154 71 117 89
Sequencedf 49,331 1.3
Average ratio 0.5 2.2

NOTE.—Full and sequenced sizes of CDS (in base pairs), and the number of nonsynonymous and synonymous nucleotide changes, transitions and transversions, and

AT / GC and GC / AT changes from Gillichthys mirabilis to Gillichthys seta (see supplementary tables 1–4 [Supplementary Material online] for additional information)

are presented.
a NS and S indicate nonsynonymous or synonymous changes, respectively. In the ratio column, S indicates the presence of only synonymous changes.
b Ka and Ks indicate the rates of nonsynonymous or synonymous substitutions, respectively.
c Transitions and transversions are indicated by tr and tv. In the ratio column, tr and tv indicate the presence of only transitions and only transversions.
d AT / GC and GC / AT changes and their ratios are shown. Here, AT / GC means that either T and A is observed in G. mirabilis and G or C in G. seta.

Likewise, GC / AT means that G or C is observed in G. mirabilis and A or T in G. seta.
e Weight average.
f This size concerns the orthologous genes from both fishes.
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opposed to the other pairs of congeneric fishes
investigated, which exhibit the expected trend of
faster D-loops. This is the first report of such an
acceleration in substitution rates in mitochondrial
genes. This finding raises two questions concerning
the cause of such high rates and the functional
consequences of the changes, respectively. These
questions are of great interest because of their
potential connection with the environmental changes
(temperature and the accompanying hypoxia) but
require further work to be answered.

(ii) The strong decrease of nuclear DNA methylation in
G. seta compared with G. mirabilis fits with previous
observations on the decrease of mC (5-methylcytosine)
with increasing body temperature in fishes (Varriale
and Bernardi 2006). This may open up genome
regions that were locked by methylation.

(iii) As far as the nucleotide substitutions in nuclear genes
are concerned, it should be stressed that the direction
of changes is G. mirabilis / G. seta as indicated by
G. seta being a paedomorphic variant of G. mirabilis
(Bois and Jeffreys 1999). The excess of AT / GC
over GC / AT changes (a feature particularly
evident in genes with high Ka:Ks ratios) observed in
G. seta is an indication that CDSs in this species are
also undergoing a GC increase. Understandably, this
increase takes place at a lower pace than the overall
GC increase of the gene-rich regions. These different
rates can be readily explained by the evolutionary
intrinsic rates responsible for them because changes in
the copy number of a repetitive sequence (such as the
GC-rich AluI repeat; see below) are more rapid than
point mutations (Bois and Jeffreys 1999; Richard and
Paques 2000). Concerning the low transition:transver-
sion ratio, it should be recalled that very low ratios
were found when comparing orthologous gene from
cold- and warm-blooded vertebrates (Perrin and
Bernardi 1987).

(iv) The proportion of genes that are very likely under
positive selection in G. seta (possibly an underestimate
due to methodological limitations) appears to be high.
It should be recalled that positive selection is classically
considered to be very rare. In agreement with this view,
only four genes of cichlid fishes (prime examples of

adaptive radiation) out of 12,000 tested were found to
be under positive selection (Salzburger et al. 2008).
Examples of positive selection are, however, increasing
in the literature (see, e.g., Endo et al. 1996; Bustamante
et al. 2005; Voight et al. 2006; Sabeti et al. 2007).

(v) The expansion of the GC-rich AluI repeats in the
G. seta genome clearly is the main factor respon-
sible for the gene shift because, as already men-
tioned, the compositional changes in CDSs are too
small to account for it. At the same time, this
phenomenon contributes to the stabilization of the
gene-rich regions.

It is interesting to compare this expansion of the min-
isatellites with what happens in the transition from cold- to
warm-blooded vertebrates. In the latter case, the GC in-
crease in the gene-rich regions of the genome involved both
coding and non-CDSs and took place in a process which
extended over very long evolutionary times (see Bernardi
2004; Costantini and Bernardi 2008). In the case of the
compositional genome transition from G. mirabilis to G.
seta, CDSs were only at the beginning of the GC increase
process. In contrast, the instability and proneness to expan-
sion of minisatellites (Bois and Jeffreys 1999; Richard and
Paques 2000) were favored by the temperature increase, the
major environmental change in the case under consider-
ation, and were fast. Whether the AluI repeats influence
the expression of contiguous genes, a possibility indicated
by recent work (Arhondakis et al. 2008; Mahmud et al.
2009), needs further investigations.

At this point, we will consider other factors and mech-
anisms that might have played a role in the genome changes
observed in G. mirabilis and G. seta as well as in the for-
mation of GC-rich isochores in the genomes of mammals
and birds. 1) Major changes in population size are certainly
present, G. seta having a population size orders of magni-
tude smaller than that of G. mirabilis, but the acceleration in
mutation rate in G. seta does not account for observations,
such as the amplification of minisatellite and the high ratio
of AT / GC/GC / AT. 2) As far as life history strategies
are concerned, little changes have been observed (Barlow
1961). 3) Biased gene conversion or changes in the pattern
of mutational biases that have been proposed to explain the
formation of GC-rich isochores can hardly be invoked in
the Gillichthys case where the nucleotide changes, although

FIG. 5.—Histograms representing the ratios of sequence divergence between mitochondrial genes and the control region of congeneric fish species.
The horizontal broken line indicates a ratio of 1. The cytochrome oxydase 2 (COX2) gene of the tuna pair was an exception, possibly related to the
unusual thermal control of these species. Species pairs are Gillichthys mirabilis–Gillichthys seta (red), Beryx decadactylus–Beryx splendens (pale
green), Salvelinus alpinus–Salvelinus fontinalis (pale blue), Thunnus alalunga–Thunnus thynnus thynnus (black), Anguilla anguilla–Anguilla rostrata
(royal blue), and Chaunax tosaensis–Chaunax abei (dark green).
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very clear, are limited, and the major quantitative phenom-
enon is the amplification of a GC-rich minisatellite.

In conclusion, our results indicate that the environ-
ment can not only affect the gene expression pattern
(Gracey et al. 2001; Buckley et al. 2006) but also mold
the genome through natural selection. As such, the changes
observed in G. mirabilis and G. seta provide a model for the
genome changes that accompany the emergence of mam-
mals and birds. It has not escaped our notice that such mold-
ing of the genome may also affect the tempo and mode of
speciation of Gillichthys.

Supplementary Material

Supplementary figures 1–3 and supplementary tables
1–5 are available at Molecular Biology and Evolution on-
line (http://www.mbe.oxfordjournals.org/).
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SUPPLEMENTARY INFORMATION 

 

Supplementary Tables 

 

Supplementary table 1. List of the coding sequences analyzed and the corresponding proteins 

and mRNAs. 

 

Supplementary table 2. Sequences of pairs of orthologous nuclear and mitochondrial genes 

from G. mirabilis and G. seta. 

 

Supplementary table 3. The AT→GC and GC→AT changes are indicated in red and in 

blue,respectively. Changes due to different paralogous in G. mirabilis and G. seta are highlighted 

in pink and green respectively. The presence of changes due to different paralogous in both 

species are highlighted in yellow. 

 

Supplementary table 4. Aminoacid changes due to nucleotide changes in mitochondrial genes.  

 

Supplementary tables 5 is only provided for the convenience of the Referee 

 

Supplementary table 5. Information on the functions of the proteins or RNAs encoded by the 

genes analyzed.  
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Supplementary figure legends 

 

Supplementary Figure 1. (A) Size distribution (bp) of AluI sequences. (B) Di- and tri-

nucleotide distribution in the Alu I sequences.  

 

Supplementary Figure 2. Sequence of a PstI clone from G. seta.  

 

Supplementary Figure 3. Ratios of changes towards GC or AT shown by orthologous genes 

from G. seta vs G. mirabilis. Graphs are subdivided in areas that show genes with changes only 

toward GC (red bars indicate the total number of changes), toward both GC and AT (blue bars), 

only toward AT (green bars). Ordinates indicate the total number of changes for red and green 

bars and the AT→GC/GC→AT ratios for blue bars. The G↔C, A↔T area comprises CDS 

where changes did not alter the base composition.  

 

 



SUPPLEMENTARY TABLE 1. List of the coding sequences analyzed and 
of the encoded proteins and RNAs 
 

 accession numbera gene description 

ENZYMES    

1 FJ208944/ FJ208947 Eno1  alpha enolase 

2 FJ222247/FJ208963 NDPK-B* nuclease diphosphate kinase B 

3 FJ222245/FJ211847 GAPDH glyceraldehyde 3-phosphate dehydrogenase 

4 FJ208985/ FJ208986 TPI triose phosphate isomerase 

5 FJ208983/ FJ208984 sdhb succinate dehydrogenase complex, subunit B 

6 FJ204312/ FJ204313 ampd  adenosine monophosphate deaminase 

7 FJ208967/ FJ208968 pgam2 phosphoglycerate mutase 2  

8 FJ208959/ FJ208960 dio1 iodothyronine deiodinase 1 

9 FJ20894310/ FJ20894311 aco2 aconitase 

10 FJ208948/ FJ208949 atp5b F1 ATP synthase beta subunit 

11 AF079460/ AF079533 LDH-A* lactate dehydrogenase-A  

12 FJ208951/ FJ208952 Qtrtd1 FLJ12960 protein (tRNA-guanine-transglycosylases) 
RIBOSOMAL PROTEINS 

13 FJ208976/ FJ208977 S5 40S ribosomal protein S5 

14 FJ222253/FJ2089678 S8 40S ribosomal protein S8 

15 FJ208979 S13* 40S ribosomal protein S13 

16 FJ208980/FJ211848 S18 40S ribosomal protein S18 

17 FJ208981 S19* 40S ribosomal protein S19 

18 FJ208982 S23* 40S ribosomal protein S23 

19 FJ222252/FJ2089673 rplp1* 60S acidic ribosomal protein RP1 

20 FJ222248/FJ208969 RL11* 60S ribosomal protein L11 

21 FJ222249/FJ2089670 RL23* 60S ribosomal protein L23 

22 FJ222250/FJ2089671 RL24*           60S ribosomal protein L24 

23 FJ222251/FJ2089672/ RL27* 60S ribosomal protein L27 
MISCELLANEOUS  

26 FJ222243/FJ208950 btub beta tubulin 

27 FJ208987/ FJ208988 znf207 zinc finger protein 207 

28 FJ208965/ FJ208966 pvalb1 parvalbumin 1 

29 FJ208955/ FJ208956 gygl               glycogenin 

30 FJ208961/ FJ208962 E3 type II keratin E3 

31 FJ222244/FJ208953 GABA*  GABA(A) receptor associated protein 

32 FJ2089674/ FJ2089675 RXR             retinoid X receptor 

33 FJ208954/ FJ208955 GDI Rho GDP dissociation inhibitor alpha 

34 FJ208964 NRGN*         neurogranin 

35 FJ222246/FJ208958 HSPG*         basement membrane-specific heparan sulfate proteoglycan  
 
 

a  The first accession number refers to G. mirabilis and the second to G.seta. 
* From GenBank; all other sequences were from our cDNA libraries from the two fishes. 
 
 



MITOCHONDRIAL GENES        
 
**FJ211845/ FJ211846                
  ND6 NADH dehydrogenase subunit 6 
  ND2 NADH dehydrogenase subunit 2 
  ND4 NADH dehydrogenase subunit 4 
  ATP6  F1F0 ATPase complex subunit 6 
  ND5 NADH dehydrogenase subunit 5 
  ND1 NADH dehydrogenase subunit 1  
  ND3 NADH dehydrogenase subunit 3 
  Cyt-b cytochrome b 
  COX-2 cytochrome c oxidase subunit 2 
  COX-3 cytochrome c oxidase subunit 3 
  ND4L NADH dehydrogenase subunit 4L 
  ATP8 ATP synthase F0 subunit 8 
  COX-1 cytochrome c oxidase subunit 1 
  16S 16S ribosomal RNA 
  12S 12S ribosomal RNA 

 
**accession number of G. mirabilis and G. seta mitochindrion, complete genomes 



SUPPLEMENTARY TABLE 2. 
 
 
A. SEQUENCES OF NUCLEAR GENES 
 
 
>mira_aco2 
ACTTCCTACGTCAACTACGACAAACTCCGCTCCAACGTGGACATTGTCAAGAAAAGACTCAGCCGGCCGC
TCACTTTGTCAGAGAAGATCGTGTACGGTCACCTCGATGACGCCCAAAACCAGGAGATCGATCGAGGGCG
CACCTACCTTCGCCTGCGCCCGGACCGCGTGGCCATGCAGGACGCCACTGCTCAGATGGCCATGCTGCAG
TTCATCAGCAGCGGCCTCCCAAGGGTCGCTGTGCCCTCCACCATTCACTGTGACCACTTGATCGAGGCCCA
GATCGGAGGCGAGAAGGATCTGGCCAGAGCAAAGGACATTAACCAAGAAGTGTACACCTTCCTGTCTAG
TGCTGGTGCCAAATATGGTGTTGGCTTTTGGAAACCAGGTTCTGGAATTATCCATCAGATCATACTGGAGA
ACTACGCTTATCCAGGGGTCATGCTGATCGGCACAGATTCCCACACGCCCAACGGTGGTGGGCTCGGCGC
CATTTGCATTGGAGTCGGAGGAGCTGATGCTGTCGATGTCATGGCAGGAATCCCCTGGGAGCTCAAGTGT
CCCAAGGTGATTGGAGTGAAGCTGACGGGATCCCTCTCTGGGTGGACTTCTCCAAAGGATATCATCTTAA
AAGTGGCTGGCATCTTAACGGTCAAAGGGGGCACTGGAGCCATTGTGGAGTACCATGGGCCGGGAGTCG
ACTCAATTTCTTGCACAGGAATGGCTACTATTTGCAACATGGGAGCAGAGATTGGAGCCACTACTTCAGT
GTTTCCCTACAACCACAGAATGAAAACGTATTTGGAAAAGACTGGACGTGGAGAAATTGCTGCTCTTGCT
GATGAAAACGCAGACTTGCTGGTGCCCGATGAAGGCTGTGAATATGATCAGATCATTGAGCTCAATTTGA
ATGAGCTGAAACCCCACATTAATGGACCTTTCACCCCTGACTACGCCCACCCTGTTTCTTCTATTGGTGCC
ACTGCCAAGGAAAAAGGCTGGCCCCTGGAGGTCAAAGTTGGACTTATTGGAAGCTGTACCAACTCCAGCT
ATGAGGACATGGGTCGTTCTGCTTCATTGGCCAAGCAGGCTTTGGACAAGGGCCTAAAGTGCAAAGCTGA
ATTCACAGTGACTCCAGGCTCTGAGCAGATTCGTGCCACTATTGAGAGAGATGGATATTCGAAGATCTTC
CATGATGTTGGAGGGATTGTTTTGGCCAATGCGTGTGGACCTTGCATCGGACAGTGGGACCGACGAGATG
TTAAGAAAGGAGAAAAGAACACAATTGTGACATCATTCAACAGGAACTTCACTGCCAGAAATGATGCCA
ACCCAGCTACACATGCTTTTGTCACATCTCCTGAGATTGTCACCGCTCTTGCCATTGCCGGTACACTAGAC
TTCAACCCCGAGACAGATTTCCTCACAGCCGCCAATGGTGAGAAGTTCAAGCTGGAGCCCCCATTCGGAG
ATGAGCTGCCCGCCAAAGACTTTGACCCTGGCCAGGACACCTACCAGCACCCACCCCCAGATGGCAGCAG
TCTCAGTGTCGACGTCAACCCAACAAGCAACAGACTCCAACTGCTGGAGCCTTTTGACAAATGGAGTGGA
AAAGACCTGGAAGATATGAAGGTTTTGATAAAGGTGAAAGGCAAGTGCACCACTGACCACATTAGTGCG
GCTGGACCTTGGCTGAAGTTCCGTGGTCACTTGGACAACATCTCCAACAACATGCTGATTGGAGCAGTGA
ACAGCGAGAATGACGCAATTAACAAGATCAAGAACCGTTTGACAGGAGAATTTGGAGGAGTGCCAGATG
TGGCCCGTCACTACAAAGCTA 
>seta_aco2 
ACTTCCTACGTCAACTACGACAAACTCCGCTCCAACTTGGACATTGTCAAGAAAAGACTCAGCCGGCCCC
TCACTTTGTCAGAGAAGATCGTGTACGGCCACCTCGATGACGCCCAAAACCAGGAGATCGATAGAGGGC
GCACCTACCTTCGCCTGCGCCCGGACCGCGTGGCCATGCAGGACGCCACTGCTCAGATGGCCATGCTGCA
GTTCATCAGCAGCGGCCTCCCAAGGGTCGCTGTGCCCTCCACCATTCACTGTGACCACTTGATCGAGGCCC
AGATCGGAGGCGAGAAGGATCTGGCCAGAGCGAAGGACATTAACCAAGAAGTGTACACCTTCCTGTCTA
GTGCTGGTGCCAAATATGGTGTTGGCTTTTGGAAACCAGGTTCTGGAATTATCCATCAGATCATACTGGAG
AACTACGCTTATCCAGGGGTCATGCTGATCGGCACAGATTCCCACACGCCCAACGGTGGTGGGCTCGGCG
CCATTTGCATTGGAGTCGGAGGAGCTGATGCTGTCGATGTCATGGCAGGAATCCCCTGGGAGCTCAAGTG
TCCCAAGGTGATTGGAGTGAAGCTGACGGGAGCCCTCTCTGGGTGGACTTCTCCAAAGGATATCATCTTA
AAAGTGGCTGGCATCTTAACGGTCAAAGGGGGCACTGGAGCCATTGTGGAGTACCATGGGCCGGGAGTC
GACTCAATTTCTTGCACAGGAATGGCTACTATTTGCAACATGGGAGCAGAGATTGGAGCTACTACTTCAG
TGTTTCCCTACAACCACAGAATGAAAACGTATTTGGAAAAGACTGGACGTGGAGAAATTGCTGCTCTTGC
TGATGAAAACGCAGACTTGCTGGTGCCCGATGAAGGCTGTGAATATGATCAGATCATTGAGCTCAATTTG
AATGAGCTGAAACCCCACATAAATGGACCTTTCACCCCTGACTACGCCCACCCTGTTTCTTCTATTGGTGC
CACTGCCAAGGAAAAAGGCTGGCCCCTGGAGATCAAAGTTGGGCTTATTGGAAGCTGTACCAACTCCAGC
TATGAGGACATGGGTCGTTCTGCTTCATTGGCCAAGCAGGCTTTGGACAAGGGCCTAAAGTGCAAAGCTG
AATTCACAGTGACTCCAGGCTCCGAGCAGATTCGTGCCACTATTGAGAGAGATGGATATTCAAAGATCTT
CCATGATGTCGGAGGGATTGTTTTGGCCAATGCGTGTGGCCCTTGCATCGGACAGTGGGACCGACGAGAT
GTTAAGAAAGGAGAGAAGAACACGATTGTGACGTCATTCAACAGGAACTTCACCGCCAGAAATGATGCC
AACCCAGCTACACATGCTTTTGTCACATCTCCTGAGGTTGTCACCGCTCTTGCCATTGCCGGTACACTAGA
CTTCAACCCCGAGACAGATTTCCTCACAGCCGCCAATGGTGAGAAGTTCAAGCTGGAGCCCCCATTCGGA
GATGAGCTGCCCGCCAAAGACTTTGACCCTGGCCAGGACACCTACCAGCACCCACCCCCAGATGGCAGCA
GTCTCAGTGTTGACGTCAACCCAACCAGCAACAGACTCCAACTGCTGGAGCCTTTTGACAAATGGAGTGG
AAAAGACCTGGAAGATATGAAGGTTTTGATAAAGGTGAAAGGCAAGTGCACCACCGACCACATTAGTGC
AGCTGGACCTTGGCTGAAATTCCGTGGTCACTTGGACAACATCTCCAACAACATGCTGATCGGAGCAGTG



AACAGTGAGAATGACGCAATTAACAAGATCAAGAACCGTTTGACAGGAGAATTTGGAGGAGTGCCAGAT
GTGGCCCGTCACTACAAAGCTA 
 
>mira_ampd 
GTCGCAATGCCAGAGAAGACCGATGATAAGATGCGGGCCTTTGCTGAGCAAGTCTTTGCAGCTGACGCCA
AAGACGAGAGCGTTCGTGATGAGGTCTCCATGTTTGACGTGGCTGAGCACTGTCCAATCATTCATCAGGA
GATGGCCCACCATCTGCACACTGATGATGATATGGAGAAGCGTAAGAGGCACCAGCGCGTCTGCACCATG
GGCACCACAGCCACGAAGGGAGCTGCTGCCCCTGTGATGACGGTGCAGGTGGAAACCCCCACGTACCTG
GAAGTACCAGACTTCCAGAGAGTGGCTGTCATTGGAGACTATGCTTCTGGGGTGACCATGGATGACTTTG
AGCTGGCCTGTAAAGGTCTGTACCGTGCCTTAACCATCAGGGAGAAGTACATGAGGCTGGCCTACCAGCG
CTTCCCAGGCACTGTCTCCAGTTACCTGCGCGAGCTCGAGGGGGATTCCTTCAGACTTGAGGACCAGGTTC
AGCCAGTGTTCACTCCTCCTCCGAAGAATGGAGAGGATCCCTTTGACACCAAGGACTTTCCTCCAAACCT
GGGATATGTGGCCCGTATGAAGGATGGTGTCATCTATGTGTACAATGATGCTGCTGCTGCAGACAAACAC
CAGCCCAAAGACTTGCCCTGCCCCGACTACGACACCTTCATCGATGACATGAACTTTCTCATAGCTCTCAT
CGCACAGGGCCCAACTAAGACTTATACACATCGCCGCCTTAAGTTCCTCATGTCTAAnTTCAATGTGCATG
AGATGCTGAATGAGATGGAGGAGATGAAAGAGCTGAAGGTCAACCCCCACAGAGACTTCTACAACGTCA
GAAAGGTGGACACCCACATCCATGCTGCAGCCTGCATGAACCAGAAGCACCTGCTGCGCTTCATCAAAAG
GTCTTACCGTGTGGACGCAGACCGGGTGGTCCATAACCTCAAAGGTCGAGAGGTCACCATGAAGGAACTG
TTTGAGTCCCTCAACCTGCATCCTTATGACTTGACTGTGGACTCCCTGGACGTGCACGCTGGCAGGCAAAC
CTTCCAACGCTTTGACAAGTTCAACGCCAAGTACAACCCTGTAGGAGCCAGTGAGCTGCGAGACCTTTAT
ATGAAAACAGAGAACCACATTGGAGGAGAGTATTTTGCCACCATTATCAAGGAAGTGGCTAGTGACCTG
GAGGATGCCAAGTATCAATACGCTGAGCCCCGTCTGTCCATCTATGGCTGCAATGCTAACGAGTGGAGCA
AGCTCTCTAGCTGGTTTGTCAGGCACAGAGTCTACTCACCACAGCTCAAGTGGATGATCCAGGTCCCTAG
GATCTATGACATCTTTAGAGGCAGGAACTTTGTGCCCCACTTTGGAAAAATGCTGGAGAACATTTTCCTGC
CTGTGTTCCAGGCCACCATTGACCCCCAGTCCAACCCTGACCTGAGCATCTTCCTGAAGCATGTGACCGGC
TTTGACAGTGTGGATGATGAGTCCAAACACAGTGGACACATGTTCTCCACTAAGAGCCCCAAACCCGAGG
AGTGGGACATTACTAAGAACCCCTCCTACACCTATTACATTTACTACATGTACGCCAACATCGCAGTGCTC
AACCAACTTCGCAAnCAGAGGGGTATGAACACATTCATGTTCAGGCCTCACTGTGGTGAGGCTGGAGCCA
TCACACATCTGCTGGC 
>seta_ampd 
GTCGCAATGCCAGAGAAGACCGATGATAAGATGCGGGCCTTTGCTGAGCAAGTCTTTGCAGCTGACGCCA
AAGACGAGAGCGTTCGTGATGAGGTCTCCATGTTTGACGTGGCTGAGCACTGTCCAATCATTCATCAGGA
GATGGCCCACCATCTGCACACTGATGATGATATGGAGAAGCGTAAGAGGCACCAGCGTGTCTGCACCATG
GGCACCACAGCCACGAAGGGAGCTGCTGCCCCTGTGATGACGGTGCAGGTGGAAACCCCCACGTACCTG
GAAGTACCAGACTTCCAGAGAGTGGCTGTCATTGGAGACTATGCTTCTGGGGTGACCATGGATGACTTTG
AGCTGGCCTGTAAAGGTCTGTACCGTGCCTTAACCATCAGGGAGAAGTACATGAGGCTGGCCTACCAGCG
CTTCCCAGGCACTGTCTCCAGTTACCTGCGTGAGCTCGAGGGGGATTCCTTCAGACCTGAGGACCAGGTTC
AGCCAGTGTTCACTCCTCCTCCGAAGAATGGAGAGGATCCCTTTGACACCAAGGACTTTCCTCCAAACCT
GGGATATGTGGCCCGTATGAAGGATGGTGTCATCTATGTGTACAATGATGCTGCTGCTGCAGACAAACAC
CAGCCCAAAGACTTGCCCTGCCCCGACTACGACACCTTCATCGATGACATGAACTTTCTCATAGCTCTCAT
CGCACAGGGCCCAACTAAGACTTATACACATCGCCGCCTTAAGTTCCTCATGTCTAAGTTCAATGTGCATG
AGATGCTGAATGAGATGGAGGAGATGAAAGAGCTGAAGGTCAACCCCCACAGAGACTTCTACAACGTCA
GAAAGGTGGACACCCACATCCATGCTGCAGCCTGCATGAACCAGAAGCACCTGCTGCGCTTCATCAAAAG
GTCTTACCGTGTGGACGCAGACCGGGTGGTCCATAACCTCAAAGGTCGAGAGGTCACCATGAAGGAACTG
TTTGAGTCCCTCAACCTGCATCCTTATGACTTGACTGTGGACTCCCTGGACGTGCACGCTGGCAGGCAAAC
CTTCCAACGCTTTGACAAGTTCAACGCCAAGTACAACCCAGTAGGAGCCAGTGAGCTGCGAGACCTTTAT
ATGAAAACAGAGAACCACATTGGAGGAGAGTATTTTGCNACCATTATCAAGGAAGTGGCTAGTGACCTG
GAGGATGCCAAGTATCAATACGCTGAGCCCCGTCTGTCCATCTATGGCTGCAATGCTAACGAGTGGAGCA
AGCTCTCTAGCTGGTTTGTCAGGCACAGAGTCTACTCACCACAGCTCAAGTGGATGATCCAGGTCCCTAG
GATCTATGACATCTTTAGAGGCAGGAACTTTGTGCCCCACTTTGGAAGAATGCTGGAGAACATTTTCCTGC
CTGTGTTCCAGGCCACCATTGACCCCCAGTCCAACCCTGACCTGAGCATCTTCCTGAAGCATGTGACCGGC
TTTGACAGTGTGGATGATGAGTCCAAACACAGTGGACACATGTTCTCCACTAAGAGCCCCAAACCCGAGG
AGTGGGACATTACTAAGAACCCCTCCTACACCTATTACATTTACTACATGTATGCCAACATCGCAGTGCTC
AACCAACTTCGCAAACAGAGGGGTATGAACACATTCATGTTCAGGCCTCACTGTGGTGAGGCTGGAGCCA
TCACACATCTGCTGGC 
 
>mira_eno1 
TGGAACCCCACTGTGGAGGTCGATCTCTACACCAAGAAAGGTCTTTTCAGAGCTGCAGTTCCCAGTGGTG
CTTCCACAGGCATCTATGAGGCCTTGGAGCTCCGTGACAATGACAAAACACGTTACATGGGCAAAGGTGT
CTCTAGGGCTGTTGAGTATATAAATGAGTTTATTGCCCCTGCACTGGGTAACCAGAATGTGAGTGTTCTGG
AGCAGGAGAAGGTTGATAAGCTGATGTTGGACATGGATGGAACAGAAAACAAATCTAAGTTTGGTGCTA
ATGCCATCCTGGGAGTGTCCCTGGCTGTGTGCAAGGCTGGTGCAGCAGAGAAGGGCGTGCCTTTGTACCG



CCACATCGCTGACCTGGCTGGTAACCCTGAAGTCATCCTCCCTGTGCCTGCTTTCAACGTCATCAATGGAG
GTTCTCATGCCGGCAACAAGCTGGCCATGCAGGAGTTCATGATCCTGCCTGTGGGAGCCAGTTGCTTCAA
AGACGCCATGCGCATCGGCGCTGAAGTCTATCACAACCTCAAGAATGTCATCAAAGAGAAATATGGAAA
GGATGCCACCAATGTTGGCGATGAGGGTGGATTTGCGCCAAATATTCTGGAAAACAAAGAAGCACTGGA
GCTGCTGAAGAATGCCATTGCCAAGGCAGGCTACACTGACAAGATTGTGATTGGCATGGATGTAGCCGCC
TCTGAGTTTTACAAAGGTGGAAAGTACGACCTGGACTTCAAGTCACCGGACGACCCCAGTCGCTACATCA
GCCCTGACCAGCTGGCTGACCTGTACAAGGGCTTTGTTAAAGATTATCCAGTGGTGTCCATCGAAGATCC
ATTTGACCAGGATGACTGGGCGGCTTGGAGCAATTTTACGGCCACAACCAGTATCCAGGTTGTGGGTGAT
GACCTGACTGTCACCAACCCCAAACGTATTGCTAAAGCTGTGTCAGATAAGGCCTGCAACTGCCTGCTGC
TCAAAGTGAACCAGATTGGCTCCGTCACGGAGTCTCTGCAGGCCTGCAAGATGGCACAGAGTAATGGCTG
GGGTGTGATGGTCAGCCACCGCTCTGGAGAGACTGAGGACACCTTTATTGCCGATCTGGTTGTTGGTCTCT
GCACTGGACAGATCAAGACCGGAGCACCTTGCCGATCTGAACGTTTGGCCAAGTACAATCAGCTGCTTAG
GATTGAAGAGGAAC 
>seta_eno1 
TGGAACCCCACTGTGGAGGTCGATCTCTACACCAAGAAAGGTCTTTTCAGAGCTGCAGTGCCCAGTGGTG
CTTCCACAGGCATCTATGAGGCCTTGGAGCTCCGTGACGATGACAAAACACGTTACATGGGCAAAGGTGT
CTCTAGGGCTGTTGAGTATATAAATGAGTTAATTGCCCCTGCACTGGGTAACCAGAATGTGAGTGTTCTGG
AGCAGGAGAAGGTTGATCAGCTGATGTTGGACATGGATGGAACAGAAAACAAATCTAAGTTTGGTGCTA
ATGCCATCCTGGGAGTGTCCCTGGCTGTGTGCAAGGCTGGTGCAGCAGAGAAGGGCGTGCCTTTGTACCG
CCACATCGCTGACCTGGCTGGTAACCCTGAAGTCATCCTCCCTGTCCCTGCTTTCAACGTCATCAATGGAG
GTTCTCATGCCGGCAACAAGCTGGCCATGCAGGAGTTCATGATCCTGCCTGTGGGAGCCAGTTGCTTCAA
AGACGCCATGCGCATCGGCGCTGAAGTCTATCACAACCTCAAGAATGTCATCAAAGAGAAATATGGAAA
GGATGCCACCAATGTTGGCGATGAGGGTGGATTTGCACCAAATATTCTGGAGAACAAAGAAGCACTGGA
GCTGCTGAAGAATGCCATTGCCAAGGCAGGCTACACTGACAAGATTGTGATTGGCATGGATGTCGCCGCC
TCTGAGTTTTACAAAGGTGGAAAGTACGACCTGGACTTCAAGTCACCGGACGACCCCAGTCGCTACATCA
GCCCTGACCAGCTGGCTGACCTGTACAAGGGCTTTGTTAAAGATTACCCAGTGGTGTCCATCGAAGATCC
ATTTGACCAGGATGACTGGGCTGCTTGGAGCAATTTTACGGCCACAACCAGTATCCAGGTTGTGGGTGAT
GACCTGACTGTCACCAACCCCAAACGTATTGCTAAAGCTGTGTCAGATAAGGCCTGCAACTGCCTACTGC
TCAAAGTGAACCAGATTGGCTCCGTCACGGAGTCTCTGCAGGCCTGCAAGATGGCACAGAGTAATGGCTG
GGGTGTGATGGTCAGCCACCGCTCTGGAGAGACTGAGGACACCTTCATTGCTGATCTGGTTGTTGGTCTCT
GCACTGGACAGATCAAGACCGGAGCACCTTGCCGATCTGAACGTTTGGCCAAGTATAATCAGCTGCTTAG
GATTGAAGAGGAAC 
 
>mira_eno1b 
TGGAACCCCACTGTGGAGGTCGATCTCTACACCAAGAAAGGTCTTTTCAGAGCTGCAGTTCCCAGTGGTG
CTTCCACAGGCATCTATGAGGCCTTGGAGCTCCGTGACAATGACAAAACACGTTACATGGGCAAAGGGGT
CAAAAAAGCAGTTAAACATATCAATAAAACCTTGGCACCTGCTTTGTTTAATAAGAATGTGAGTGTTCTG
GAGCAGGAGAAGGTTGATAAGCTGATGTTGGACATGGATGGAACAGAAAACAAATCTAAGTTTGGTGCT
AATGCCATCCTGGGAGTGTCCCTGGCTGTGTGCAAGGCTGGTGCAGCAGAGAAGGGCGTGCCTTTGTACC
GCCACATCGCTGACCTGGCTGGTAACCCTGAAGTCATCCTCCCTGTGCCTGCTTTCAACGTCATCAATGGA
GGTTCTCATGCCGGCAACAAGCTGGCCATGCAGGAGTTCATGATCCTGCCTGTGGGAGCCAGTTGCTTCA
AAGACGCCATGCGCATCGGCGCTGAAGTCTATCACAACCTCAAGAATGTCATCAAAGAGAAATATGGAA
AGGATGCCACCAATGTTGGCGATGAGGGTGGATTTGCGCCAAATATTCTGGAAAACAAAGAAGCACTGG
AGCTGCTGAAGAATGCCATTGCCAAGGCAGGCTACACTGACAAGATTGTGATTGGCATGGATGTAGCCGC
CTCTGAGTTTTACAAAGGTGGAAAGTACGACCTGGACTTCAAGTCACCGGACGACCCCAGTCGCTACATC
AGCCCTGACCAGCTGGCTGACCTGTACAAGGGCTTTGTTAAAGATTATCCAGTGGTGTCCATCGAAGATC
CATTTGACCAGGATGACTGGGCGGCTTGGAGCAATTTTACGGCCACAACCAGTATCCAGGTTGTGGGTGA
TGACCTGACTGTCACCAACCCCAAACGTATTGCTAAAGCTGTGTCAGATAAGGCCTGCAACTGCCTGCTG
CTCAAAGTGAACCAGATTGGCTCCGTCACGGAGTCTCTGCAGGCCTGCAAGATGGCACAGAGTAATGGCT
GGGGTGTGATGGTCAGCCACCGCTCTGGAGAGACTGAGGACACCTTTATTGCCGATCTGGTTGTTGGTCTC
TGCACTGGACAGATCAAGACCGGAGCACCTTGCCGATCTGAACGTTTGGCCAAGTACAATCAGCTGCTTA
GGATTGAAGAGGAAC 
>seta_eno1b 
TGGAACCCCACTGTGGAGGTCGATCTCTACACCAAGAAAGGTCTTTTCAGAGCTGCAGTGCCCAGTGGTG
CTTCCACAGGCATCTATGAGGCCTTGGAGCTCCGTGACGATGACAAAACACGTTACATGGGCAAAGGGGT
CAAAAAAGCAGTTAAACATATCAATAAAACCTTGGCACCTGCTTTGTTTAATAAGAATGTGAGTGTTCTG
GAGCAGGAGAAGGTTGATCAGCTGATGTTGGACATGGATGGAACAGAAAACAAATCTAAGTTTGGTGCT
AATGCCATCCTGGGAGTGTCCCTGGCTGTGTGCAAGGCTGGTGCAGCAGAGAAGGGCGTGCCTTTGTACC
GCCACATCGCTGACCTGGCTGGTAACCCTGAAGTCATCCTCCCTGTCCCTGCTTTCAACGTCATCAATGGA
GGTTCTCATGCCGGCAACAAGCTGGCCATGCAGGAGTTCATGATCCTGCCTGTGGGAGCCAGTTGCTTCA
AAGACGCCATGCGCATCGGCGCTGAAGTCTATCACAACCTCAAGAATGTCATCAAAGAGAAATATGGAA
AGGATGCCACCAATGTTGGCGATGAGGGTGGATTTGCACCAAATATTCTGGAGAACAAAGAAGCACTGG



AGCTGCTGAAGAATGCCATTGCCAAGGCAGGCTACACTGACAAGATTGTGATTGGCATGGATGTCGCCGC
CTCTGAGTTTTACAAAGGTGGAAAGTACGACCTGGACTTCAAGTCACCGGACGACCCCAGTCGCTACATC
AGCCCTGACCAGCTGGCTGACCTGTACAAGGGCTTTGTTAAAGATTACCCAGTGGTGTCCATCGAAGATC
CATTTGACCAGGATGACTGGGCTGCTTGGAGCAATTTTACGGCCACAACCAGTATCCAGGTTGTGGGTGA
TGACCTGACTGTCACCAACCCCAAACGTATTGCTAAAGCTGTGTCAGATAAGGCCTGCAACTGCCTACTG
CTCAAAGTGAACCAGATTGGCTCCGTCACGGAGTCTCTGCAGGCCTGCAAGATGGCACAGAGTAATGGCT
GGGGTGTGATGGTCAGCCACCGCTCTGGAGAGACTGAGGACACCTTCATTGCTGATCTGGTTGTTGGTCTC
TGCACTGGACAGATCAAGACCGGAGCACCTTGCCGATCTGAACGTTTGGCCAAGTATAATCAGCTGCTTA
GGATTGAAGAGGAAC 
 
>mira_atp5b 
CTTCAGGCTCTGAAGCCTGGGGCCCAGCCTCTCAAAGCCCTTGTTGGATCCCCGGCTGTCCTCTCACGTCG
AAACTATGTCGCTCCTGCCGCCGCCGCGGCCACAGCCAGCGGGCGGATCGTGGCTGTCATTGGGGCCGTG
GTGGACGTCCAGTTCGACGAGGGCCTTCCTCCCATCCTCAACGCTCTGGAGGTCAAAGGCCGCGACTCCA
GGCTTGTCCTAGAGGTGGCACAACATCTTGGGGAGAGCACTGTGCGAACCATTGCTATGGATGGTACTGA
GGGGTTGGTTCGTGGGCAGCAAGTCCTGGACACCGGCGCGCCCATCAGAATCCCTGTTGGCCCGGAGACC
TTGGGCAGGATTATGAATGTTATTGGCGAACCCATTGACGAGAGGGGGCCCATCTCAACCAAGCAGACTG
CCCCAATTCATGCAGAGGCCCCCGAGTTCACAGACATGAGCGTGGAGCAGGAAATTCTTGTCACTGGCAT
TAAAGTTGTGGACCTGCTCGCACCTTATGCCAAGGGGGGCAAGATCGGTCTGTTTGGTGGTGCTGGTGTC
GGCAAAACTGTGTTGATCATGGAGCTTATCAACAATGTGGCTAAGGCCCATGGTGGTTACTCTGTGTTTGC
CGGTGTTGGAGAGCGCACTCGTGAGGGAAATGACTTGTATCATGAGATGATCGAGTCTGGTGTCATTAAC
CTGAAAGACACAACCTCCAAGGTGGCGCTGGTGTACGGACAGATGAACGAGCCCCCTGGTGCCCGTGCTA
GAGTGGCTCTCACTGGTCTGACCGTGGCTGAATATTTCCGTGACCAAGAAGGTCAAGATGTACTGCTGTTC
ATTGACAACATCTTCCGCTTCACACAGGCTGGTTCTGAGGTGTCTGCCCTTCTGGGTCGTATTCCATCAGC
TGTGGGTTATCAGCCAACTTTGGCCACTGACATGGGTACCATGCAGGAGAGAATTACCACCACAAAGAAG
GGTTCAATTACATCTGTGCAGGCTATTTATGTGCCGGCTGATGACTTGACTGACCCTGCCCCCGCCACGAC
CTTTGCTCACTTGGATGCCACCACTGTGTTGTCTCGAGCTATTGCTGAGCTGGGTATCTATCCTGCTGTGG
ACCCCTTGGACTCCACCTCCCGTATCATGGACCCCAACATTGTGGGTGCTGAGCATTATGATGTTGCCCGT
GGTGTGCAAAAAATCCTTCAGGATTACAAATCCCTGCAGGATATCATCGCTATCCTGGGAATGGATGAAT
TGTCTGAGGAGGATAAACTGACAGTGGCCCGTGCCCGTAAGATCCAGCGTTTTCTGTCACAGCCCTTCCA
GGTGGCAGAAGTTTTCACCGGACACATGGGCAAGCTGGTGCCACTGAAGGAGACCATCAAAGGCTTCAA
GGCCATCCTTGGGGGTGAATATGATGCCCTGCCTGAGCAGGCGTTCTACATGGTTGGTCCCATtGAGGAAG
tTGTCCAGAAGGCCGAGAAGCTCGCCGAGGAGCACTCT 
>seta_atp5b 
CTTCAGGCTCTGAAGCCTGGGGCCCAGCCTCTCAAAGCCCTTGTTGGATCCCCGGCTGTCCTCTCACGTCG
AAACTATGTCGCTCCTGCCGCCGCCGCGGCCACAGCCAGTGGGCGGATCGTGGCTGTCATTGGGGCCGTG
GTGGACGTCCAGTTCGACGAGGGCCTTCCTCCCATCCTCAACGCTCTGGAGGTCAAAGGCCGCGACTCCA
GGCTYGTCCTAGAGGTGGCACAACATCTTGGGGAGAGCACTGTGCGAACCATTGCTATGGATGGTACTGA
GGGGTTGGTTCGTGGGCAGAAAGTCCTGGACACCGGCGCGCCCATCAGAATCCCTGTTGGCCCGGAGACC
TTGGGCAGGATTATGAATGTTATTGGCGAACCCATTGACGAGAGGGGGCCCATCTCAACCAAGCAGACTG
CCCCAATTCATGCAGAGGCCCCTGAGTTCACAGACATGAGCGTGGAGCAGGAAATTCTTGTCACTGGCAT
TAAAGTTGTGGACCTGCTTGCACCTTATGCCAAGGGGGGCAAGATCGGTCTGTTTGGTGGTGCTGGTGTC
GGCAAAACTGTGTTGATCATGGAGCTTATCAACAATGTGGCTAAGGCTCATGGTGGTTACTCTGTGTTTGC
CGGTGTTGGAGAGCGCACTCGTGAGGGAAATGACTTGTATCATGAGATGATCGAGTCTGGCGTCATTAAC
CTGAAAGACACAACCTCCAAGGTGGCGCTGGTGTACGGACAGATGAACGAGCCCCCTGGTGCCCGTGCTA
GAGTGGCTCTCACTGGTCTGACCGTGGCTGAATATTTCCGTGACCAAGAAGGTCAAGATGTACTGCTGTTC
ATTGACAACATCTTCCGCTTCACACAGGCTGGTTCTGAGGTGTCTGCCCTTCTGGGTCGTATTCCATCAGC
TGTGGGTTATCAGCCAACTTTGGCCACTGACATGGGTACCATGCAGGAGAGAATTACCACCACAAAGAAG
GGTTCAATTACATCTGTGCAGGCTATTTATGTGCCGGCTGATGACTTGACTGACCCTGCCCCCGCCACCAC
CTTTGCTCACTTGGATGCCACCACTGTGTTGTCTCGAGCTATTGCTGAGCTGGGTATCTATCCTGCTGTGG
ACCCCTTGGACTCCACCTCCCGTATCATGGACCCCAACATTGTGGGTGCTGAGCATTATGATGTTGCCCGT
GGTGTGCAAAAAATCCTTCAGGATTACAAATCCCTGCAGGATATCATCGCTATCCTGGGAATGGATGAAT
TGTCTGAGGAGGATAAATTGACAGTGGCCCGTGCCCGTAAGATCCAGCGTTTTCTGTCACAGCCCTTCCA
GGTTGCAGAAGTTTTCACCGGACACATGGGCAAGCTGGTGCCACTGAAGGAGACCATCAAAGGCTTCAA
GGCCATCCTTGGGGGTGAATATGATGCCCTGCCTGAGCAGGCGTTCTACATGGTTGGTCCCATTGAGGAA
GTTATCCAGAAGGCCGAGAAGCTCGCCGAGGAGCACTCT 
 
>mira_btub 
GTCCATCTTCAGGCCGGCCAGTGCGGCAACCAGATCGGTGCCAAGTTCTGGGAAGTGATCAGCGACGAGC
ACGGCATTGACCCGACTGGAACATACCACGGGGACAGTGACCTGCAGTTGGACAGGATCAATGTCTATTA
CAATGAAGCCTCCGGTGGCAAATATGTGCCCCGTGCTGTGCTGGTGGATCTGGAGCCGGGGACCATGGAC
TCTGTGAGGTCCGGTCCCTTCGGCCAGGTCTTCAGGCCTGATAACTTTGTCTTTGGTCAGAGCGGAGCTGG



TAACAACTGGGCTAAGGGCCATTACACAGAGGGTGCAGAGCTGGTGGACTCTGTTCTAGATGTAGTGAGG
AAGGAGGCAGAAAGCTGTGACTGTCTGCAGGGCTTTCAGCTTACACACTCCCTGGGAGGAGGCACAGGCT
CTGGTATGGGCACTCTGCTTATCAGCAAAATCCGTGAAGAGTACCCAGACCGTATCATGAACACCTTCAG
CGTGGTGCCTTCTCCCAAAGTGTCAGACACTGTCGTAGAGCCCTACAACGCCACACTATCAGTTCACCAG
CTGGTAGAGAACACAGACGAGACCTACTGTATCGACAACGAAGCTCTGTACGACATCTGTTTCCGCACCC
TCAAACTCACCACACCCTCCTACGGCGATCTCAACCACCTGGTTTCTGCCACCATGAGCGGAGTCACCACC
TGCCTCAGGTTCCCCGGGCAGCTCAACGCTGACCTGCGGAAACTGGCAGTCAACATGGTGCCCTTCCCCC
GTCTTCACTTCTTTATGCCTGGCTTCGCTCCTCTCACAAGCAGAGGCAGCCAGCAGTACAGGTCCCTCACT
GTCCCAGAACTCACACAGCAGATGTTCGACGCCAAGAACATGATGGCTGCATGCGACCCTCGCCACGGCC
GCTACCTCACCGTGGCTGCCATCTTCAGAGGCCGCATGTCCATGAAGGAAGTGGACGAGCAGATGCTCAA
TGTGCAGAACAAGAACAGCAGCTACTTCGTGGAATGGATCCCCAACAACGTGAAGACCGCTGTGTGCGA
CATTCCTCCCCGTGGGCTCAAGATGGCCGCCACCTTCATCGGCAACAGCACTGCCATCCAGGAGCTGTTC
AAGCGCATCTCTGAGCAGTTCACTGCCATGTTCAGGCGCAAGGCTTTCCTCCACTGGTACACCGGCGAGG
GCATGGATGAGATGGAGTTCACTGAGGCGGAGAGCAACA 
>seta_btub 
GTCCATCTTCAGGCCGGCCAGTGCGGCAACCAAATCGGTGCCAAGTTCTGGGAGGTGATCAGCGACGAGC
ACGGCATTGACCCGACTGGAACATACCATGGGGACAGTGACCTGCAGTTGGACAGGATCAATGTCTATTA
CAATGAAGCCTCTGGTGGCAAATATGTGCCCCGTGCTGTGCTGGTGGATCTGGAGCCAGGGACCATGGAC
TCTGTGAGGTCCGGTCCCTTCGGCCAGGTCTTCAGGCCTGATAACTTTGTCTTTGGTCAGAGCGGAGCTGG
TAACAACTGGGCTAAGGGCCATTACACGGAGGGTGCAGAGCTGGTGGACTCTGTTCTAGATGTAGTGAGG
AAGGAGGCAGAAAGCTGTGACTGTCTGCAGGGCTTTCAGCTTACACACTCCCTGGGAGGAGGCACAGGCT
CTGGTATGGGCACTCTGCTTATCAGCAAAATCCGTGAAGAGTACCCAGACCGTATCATGAACACCTTCAG
CGTGGTGCCTTCTCCCAAAGTGTCAGACACTGTCGTAGAGCCCTACAACGCCACGCTATCAGTTCACCAG
CTGGTAGAGAACACAGACGAGACCTACTGCATCGACAACGAAGCTCTGTACGACATCTGTTTCCGCACCC
TCAAACTCACCACACCCTCCTACGGCGATCTCAACCACCTGGTTTCAGCCACCATGAGCGGAGTCACCAC
CTGCCTCAGGTTCCCCGGGCAGCTCAACGCTGACCTGCGGAAACTGGCAGTCAACATGGTGCCCTTCCCC
CGTCTTCACTTCTTTATGCCTGGCTTCGCTCCCCTCACAAGCAGAGGCAGCCAGCAGTACAGGTCCCTCAC
TGTCCCAGAACTCACACAGCAGATGTTCGACGCCAAGAACATGATGGCTGCATGCGACCCTCGCCACGGC
CGCTACCTCACCGTGGCTGCAATCTTCAGAGGCCGCATGTCCATGAAGGAAGTGGACGAGCAGATGCTCA
ATGTGCAGAACAAGAACAGCAGCTACTTTGTGGAATGGATCCCCAACAACGTGAAGACCGCTGTGTGTGA
CATTCCTCCCCGTGGGCTCAAGATGGCAGCCACCTTCATCGGCAACAGCACTGCCATCCAGGAGCTGTTC
AAGCGCATCTCTGAGCAGTTCACTGCCATGTTCAGGCGCAAGGCTTTCCTCCACTGGTACACCGGCGAGG
GCATGGATGAGATGGAGTTCACTGAGGCGGAGAGCAACA 
 
>mira_Qtrtd1 
ATGCAATTAAAGTTGAGTCGGGTGGTCCAGGGGAAATTCCGACTGGGAGTTTTGAGGGGAGTAGGCAGC
ACCACGGGAGAGTACTCTTTGGACATTCCGGGTTGTCTGTTGTACACACACCTCGGTACAGTCCCTCATCT
AACCCAAGACACGCTGCACACATTGAAGCACCTCCCATGTGTCTCCCAGGTCACACTNTCCGCTATAGCA
GAACACCAAGAAGTCTTAGAGGAGTTTAAGGATGGTTTCCGGGAGTTTGCAGGTCTTCGTGATACTCTCTT
GTACTGCTCACTTCATGACCCTGCAGCTTCTTGCCCATCAGGGTATACAACAAACAAGACTGTGTCGGTCT
GGGGCAGTGGTGGACGAATAGAGCTCACGGTGGCAAAGTTTATGGCATTGCTAAAGACTGTGCAACCAG
ACTGGTACCAGACCATGGCAGATGGTGAGACACGGCAAAGCAGCACCTCCCGAAAAAGGGTTAGGAAAT
CTGTGGATCGAACCCTAAACCATTTGGACGAGTGTCTTCTGGCGCACCAAACGTCACCGGAGTTGGAAGG
AATGGAGATATTTGGAGTGGTAGAGGGAGGAGATATCCTGGAGGAGAGAGTGCGTTCTGCCAGGGAGAC
GGCTAAGAGACCAGTGACGGGTTTTTGTTTGGATGGTCTGCAGACGGGTTCCATGGACCAGGTTNTGAGA
ACTGAACTCCTCACTGCTGTGAACAGACAACTACCTGAGGATAAGCCCAGGTTGCTGCAGGGTGTGGGGC
GTCCCGATGAGGTGCTGGCATGTGTGGAGGCTGGAGTGAC 
>seta_Qtrtd1 
ATGCAATTAAAGTTGAGTCGGGTGGTCCAGGGGAAATTCCGACTGGGAGTTTTGAGGGGAGTAGGCAGC
ACCACGGGACAGTACTCTTTGGACATTCCGGGTTGTCTGTTGTACACACACCTCGGTACAGTCCCTCATCT
AACCCAAGACACGCTGCACGCATTGAAGCACCTCCCATGTGTCTCCCAGGTCACACTATCCGCTATAGCA
GAACACCAAGAAGTCTTGGAGGAGTTTAAGGATGGTTTCCGGGAGTTTGCAGGTCTTCGTGATACTCTCTT
GTACTGCTCACTTCATGACCCTGCAGCTTCTTGCCCTTCAGGGTACACAACAAACAAGACTGTGTCGGTCT
GGGGCAGTGGTGGACGAATAGAGCTCACGGTGGCAAAATTTATGGCATTGCTAAAGACTGTGCAACCAG
ACTGGTACCAGACCATGGCAGATGGTGAGACCTGGCAAAGCAGCACCTCCCGAAAAAGGGTTAGGAAAT
CTGTGGATCGAACCCTAAACCATTTGGACGAGTGTCTTCTGGCGCACCAAACGTCACCGGAGTTGGAAGG
AATGGAGATATTTGGAGTGGTAGAGGGAGGAGATATCCTGGAGGAGAGAGTGCGTTCTGCCAGGGAGAC
GGCTAAGAGACCAGTGACTGGTTTTTGTTTGGATGGTCTGCAGACGGGCTCCATGGACCAGGTTCTGAGA
ACTGAACTCATCACTGCTGTGAACAGAGAACTACCTGAGGATAAGCCCAGGTTGCTGCAGGGTGTGGGGC
GTCCCGATGAGGTGCTGGCATGTGTGGAGGCTGGAGTGAC 
 
 



>mira_GABA 
AAAGAAGAGCACCCATTTGAGAAGAGACGGTCTGAAGGCGAGAAAATAAGAAAGAAATATCCGGACAG
GGTACCAGTAATTGTGGAAAAAGCCCCCAAAGCCAGAATAGGAGATCTGGACAAGAAAAAATATCTTGT
TCCTTCGGACTTGACAGTGGGCCAGTTTTACTTCCTTATCCGGAAAAGAATCCACTTGAGAGCTGAAGATG
CTCTCTTCTTCTTTGTAAACAATGTCATTCCACCAACCTCAGCTACCATGGGACTGTTGTACCAGGAGCAT
CACGAAGAGGACTTTTTCCTCTACATTGCCTACAGTGATGAGAGTGTGTATGGGAACAGC 
>seta_GABA 
AAAGAAGAGCACCCATTTGAGAAGAGACGGTCTGAAGGCGAGAAAATAAGAAAGAAATATCCGGACAG
GGTACCAGTAATTGTGGAAAAAGCCCCTAAAGCCAGAATAGGAGATCTGGACAAGAAAAAATATCTTGT
TCCTTCGGACTTGACAGTGGGCCAGTTTTACTTCCTTATCCGGAAAAGAATCCACTTGAGAGCTGAAGATG
CTCTCTTCTTCTTTGTAAACAATGTCATTCCACCAACCTCAGCTACCATGGGACTGTTGTACCAGGAGCAT
CACGAAGAGGACTTTTTCCTCTACATTGCCTACAGTGATGAGAGTGTGTATGGGAACAGC 
 
>mira_GAPDH 
AATGGATTCGGCCGCATCGGTCGCCTGGTGACTCGTGCCGCCTTCAACTCCAAGAAGGTCGAGATTGTGG
CCATCAACGACCCATTCATCGACCTGGAGTACATGGTCTACATGTTCAAGTACGACTCCACTCACAGCCG
CTTCAAGGGTGAGGTCAAAATCGAGGGCGACAAGCTGGTCATCGATGGACACAAAGTCACCGTCTTCCAC
GAGAGGGACCCTGCCAACATCAAGTGGGGCGAGGCTGGAGCCGAGTACGTGGTGGAGTCCACTGGAGTG
TTCACCACCATCGAGAAGGCCTCTGCTCACCTGAAGGGCGGTGCCAAGAGGGTGATCATCTCCGCCCCCA
GTGCCGACGCCCCCATGTTTGTGATGGGCGTCAACCACGAGAAGTACGACAAGGCCGCGACGGTCGTCAG
CAACGCCTCCTGCACCACAAACTGCCTGGCTCCTCTCGCCAAGGTCATCAACGACAACTTCGGCATCGTTG
AGGGTTTGATGAGCACCGTCCACGCCATCACCGCCACCCAGAAGACCGTGGATGGTCCTTCCGGAAAGCT
GTGGAGAGACGGCCGTGGAGCGAGTCAGAACATCATCCCCGCCTCGACCGGAGCGGCCAAGGCTGTGGG
CAAAGTCATCCCCGAGCTCAACGGAAAGCTGACCGGCATGGCTTTCCGCGTCCCCACACCCAACGTCTCT
GTGGTCGACCTGACCGTGCGCCTGGAGAAGCCCGCCAAGTACGAGGACATCAAGAAGGTGGTGAAGGAA
GCTGCCAACGGTCCTCTGAAGGGCTATCTGGGATACACCGAAGACCAGGTCGTGTCCACAGACTTCAACG
GTGACACTCACTCCTCCATCTTCGACGCTGGCGCTGGCATCGCTCTGAATGAGCACTTTGTCAAGCTGGTC
TCATGGTACGACAACGAGTTCGGCTAC 
>seta_GAPDH 
AATGGATTCGGCCGCATCGGTCGCCTGGTGACTCGTGCCGCCTTCACCTCCAAGAAGGTCGAGATTGTGG
CCATCAACGACCCATTCATCGACCTGGAGTACATGGTCTACATGTTCAAGTACGACTCCACTCACAGCCG
CTTCAAGGGTGAGGTCAAAATCGAGGGCGACAAGCTGGTCATCGATGGACACAAAGTCACCGTCTTCCAC
GAGAGGGACCCTGCCAACATCAAGTGGGGCGAGGCTGGAGCCGAGTACGTGGTGGAGTCCACTGGAGTG
TTCACCACCATCGAGAAGGCCTCTGCTCACCTGAAGGGCGGTGCCAAGAGGGTGATCATCTCCGCCCCCA
GCGCCGACGCCCCCATGTTTGTGATGGGCGTCAACCACGAGAAGTACGACAAGGCCGCGACGGTCGTCA
GCAACGCCTCCTGCACCACAAACTGCCTGGCTCCTCTCGCCAAGGTCATCAACGACAACTTCGGCATCGTT
GAGGGTTTGATGAGCACCGTCCACGCCATCACCGCCACTCAGAAGACCGTGGATGGTCCTTCTGGAAAGC
TGTGGAGAGACGGCCGTGGAGCGAGCCAGAACATCATCCCCGCCTCGACCGGAGCGGCCAAGGCTGTGG
GCAAAGTCATCCCCGAGCTCAACGGAAAGCTGACCGGCATGGCTTTCCGCGTCCCCACACCCAACGTCTC
CGTGGTCGACCTGACCGTGCGCCTGGAGAAGCCCGCCAAGTACGAGGACATCAAGAAGGTGGTGAAGGA
AGCTGCCAACGGTCCTCTGAAGGGCTATCTGGGATACACCGAAGACCAGGTTGTGTCCACAGACTTCAAC
GGTGACACTCACTCCTCCATCTTCGACGCTGGCGCTGGCATCGCTCTGAATGAGCACTTTGTCAAGCTGGT
CTCATGGTACGACAACGAGTTCGGCTAC 
 
>mira_GDI 
CTGGCGGCCATCGCAGCAGAGAACGAGGACGAATCCTCGGTCAACTACAAGGCCCCCGCCCAGAAGAGC
CTCAAGGAGATCCAGGAGCTCGACGCCGAAGACGAGAGCCTGCGCAAGTACAAGGAGGCGCTGCTAGGG
GGCGTCGCAGAGGTGGTAGAAGATCCAAATGTCTCAAATGTCCAGGTGACGCGGATGACCCTGATGTGTG
AGACTGCAACAAAGCCACTGTTCCTCGACCTTGAAGGAGATTTGGAAAAATTTAAGAAGAACCCAATCGT
CTTGAAAGAAGGCGTGGAATACAAGATAAAGATCACCTTCAAGGTGAACAAAGAAATAGTGTCCGGACT
CCGGTACAACCAGCAGACGTTCAGGAAAGGAGTGAAAGTGGACAAGTCCAACTACATGGTGGGCAGCTA
CGGACCCCGGCCAAAGGAAGCCTACGAGTTCCTCACGCCCCTGGAGGAGGCCCCCAAAGGCATG 
>seta_GDI 
CTGGCGGCCATCGCAGCAGAGAACGAGGACGAATCCTCGGTCAACTATAAGGCCCCCGCCCAGAAGAGC
CTCAAGGAGATCCAGGAGCTCGACGCCGACGACGAGAGCCTGCGCAAGTACAAGGAGGCGCTGCTAGGG
GGCGTCGCAGAGGTGGTAGAAGATCCAAATGTCTCAAATGTCCAGGTGACGCGGATGACCCTGATGTGTG
AGACTGCAACAAAGCCACTGTTCCTCGACCTTGAAGGTGATTTGGAAAAATTTAAGAAGAACCCAATCGT
CTTGAAAGAAGGCGTGGAATACAAGATAAAGATCACCTTCAAGGTGAACAAAGAAATAGTGTCCGGGCT
CCGGTACAACCAGCAGACGTTCAGGAAAGGAGTGAAAGTGGACAAGTCCAACTACATGGTGGGCAGCTA
CGGACCCCGGCCAAAGGAAGCCTATGAGTTCCTCACGCCCCTGGAGGAGGCCCCCAAAGGCATG 
 
>mira_gygl 



CTGGCTACCAATGACAGTTATGCCCGAGGAGCTATGGTACTTGGCAAGTCCCTGCGAAACCACAACACTG
CAAAGAAGCTGGTAGCCCTTATTGGTCCACACGTTTCAGAGCAATGCAAGGCGGTGCTGCAGAGGATCTT
TGACGAGGTGCGGGTGGTGAATGTGCTGGACAGTGGAGACACGGCGCATCTGGCCATGATGAAGAGACC
GGACCTGGGTGTGACCTTCACCAAACTCCACTGCTGGACCCTCACACACTTCTCCAAATGTGTCTTTATGG
ACGCAGACACTCTGGTGCTCGCCAACATTGACGAGCTGTTTGACAGAAAGGAGTTGTCCGCTGCCCCTGA
CCCTGGCTGGCCTGACTGCTTTAACTCTGGGGTGTTTGTGTTTTGTCCTTCAATGGAGACATATGGCAAAC
TGCTGCAGTACTGCACTGAACATGGCAGCTTTGACGGAGGCGACCAAGGAATCCTGAATGGTTTTTTTGG
AGACTGGTCCACAGCTGACATCTCCAAACATCTTCCCTTCATCTATAATCTCAGCAGCATAGCCATCTACA
CATATATGCCCGCGTTTAAACAGTTTGGTGGCAATGCCAAGGTCGTTCATTTCCTTGGTAAAACAAAGCCA
TGGAATTACACCTTTGACCCCAAAGCCAAGCGCATTTCTGGCAATGTGCACGAGGCCATGTCACACCCCA
CCTTCCTCATGGACTGGTGGATGCTGTATTCCAGTGCGGTGGTGCCTATGCTGTACGAGCAATATGGAGAC
CAGCCTTTCCACTCTGGATGTGTGAAGGGGGAGAGCCAAGCGCAGGCTCTTCAACCCCTCGTCTCCTCAG
AAGAGCGGCGGG 
>seta_gygl 
CTGGCTACCAATGACAGTTATGCCCGAGGAGCTATGGTACTGGGCAAGTCCCTGCGAAACCACAACACTG
CAAAGAAGCTGGTAGCCCTTATTGGTCCACACGTTTCAGAGCAATGCAAGGCGGTGCTGCAGAGGATCTT
TGACGAGGTGCGGGTGGTGAATGTGCTGGACAGTAGGGACACGGCGCATCTGGCCATGATGAAGAGACC
GGACCTGGGTGTGACCTTCACCAAACTCCACTGCTGGACCCTCACACACTACTCCAAATGTGTCTTTATGG
ACGCAGACACTCTGGTGCTCTCCAACATTGACGAGCTGTTTGACAGAAAGGAGTTGTCTGCTGCCCCTGA
CCCCGGCTGGCCTGACTGCTTTAACTCGGGGGTGTTTGTGTTTTGTCCTTCAATGGAGACGTATGGCAAAC
TGCTGCAGTACTGCACCGAACATGGCAGCTTTGACGGAGGCGACCAAGGAATCCTGAATGGTTTTTTTGG
AGACTGGTCCACAGCTGACATCTCCAAACATCTTCCCTTCATCTATAATCTCAGCAGCATTGCCATCTACA
CATATATGCCCGCGTTTAAAAAGTTTGGTGGCAATGCCAAGGTCGTTCATTTCCTTGGTAAAACAAAGCC
ATGGAATTACACCTTTGACCCCAAAGCCAAGCGCATTTCTGGCAATGTGCACGAGGCCGTGTCACACCCC
ACCTTCCTCGTGGACTGGTGGATGCTGTATTCCAGTGCGGTGGTGCCTCTGCTGTACGAGCAATATGGAGA
CCAGCCTTTCCACTCTGGATGTGTGAAGGGGGAGAGCCAAGCGCAGGCTCTTCAACCCCTCGTCTCCTCA
GAAGAGCGGCGGG 
 
>mira_HSPG 
GCTTTGATTCTCACTCTTTTGTCATCTGCAGTGTGGAGTGAGGCCCCTGTTGTCACTGTAGAGCCAAAGGT
CGTCACTGTCCGCCAGGGGGAGTCCGTGAGCTTCAGATGCCAAGTGGGAAGCGCGTCACCGTCAAACGTG
GTGTGGAGAAAAACCAACAGCCAGGAGCTGCCAGACAACGTCAAGATCGGTCCGGATAATCTCCTGTTG
ACCCTTGTCAATGTGCGCCCCCAGAACCAGGGCCAGTACCGCTGTGTGGCGGAGGTCCCCAGAGGCAGAG
CGTATGACACAGCAACCCTAAACGTCAAATTCCCACCTAAAGTCCAGCTGAGCCCAGCAGGACCCCTTAG
AGTCAGGATAGGAAACCCTCTGGCGGTGAAGTGTAGTTCCATGGGCCGACCACGCCCAAAGTTGACCTGG
AAACGCCAGGGTTCCACACTACAGCTGGTGACCACCACTACAAGTGACGTCAACACCATCCA 
>seta_HSPG 
GCTTTGATTCTCACTCTTTTGTCATCTGCAGTGTGGAGTGAGGCCCCTGTTGTCACTGTAGAGCCAAAGGT
CGTCACTGTCCGCCAGGGGGAGTCCGTGAGCTTCAGATGCCAAGTGGGAAGCGCGTCACCGTCAAACGTG
GTGTGGAGAAAAACCAACAGCCAGGAGCTGCCAGACAACGTCAAGATCGGTCCGGATAATCTCCTGTTG
ACCCTTGTCAATGTGCGCCCCCAGAACCAGGGCCAGTACCGCTGTGTGGCGGAGGTCCCCAGAGGCAGAG
CGTATGACACAGCAACCCTAAACGTCAAATTCCCACCTAAAGTCCAGCTGAGCCCAGCAGGACCCCTTAG
AGTCAGGATAGGAAACCCTCTGGCGGTGAAGTGTAGTTCCATGGGCCGACCACGCCCAAAGTTGACCTGG
AAACGCCAGGGTTCCACACTACAGCTGGTGACCACCACTACAAGTGACGTCAACACCATCCA 
 
>mira_dio1 
ACGATACTTATGTTTTGCTACATGATTGGTCTCAATTTGACGTTGAGGATTATTCATTTTATCTCACCAAAC
ATCTTCAAGAAACTCTCGCTGTCAATGGGGGAAAAGTTTACAATGACACAAAACCCCAGTTTCACGTTTG
AAGACTGGGGCCTGACTTTTATCTCGCTTTCCTTCATCAAAGTAGCTTCGCGTCACATGTGGCTTTCAATG
GGACAGGACGCGTTTGAAGGGCGGCCAGCGCCAGACTCACCTGTGGTCACCATGGAGGGACACGAGTCC
AGCATCTTCAAGTTCATGAAAGACAACAGACCGCTGGTCCTAAACTTTGGCAGCTGCACCTGACCACCCT
TCATGTTCAAACTTGGGGAGTTTAAAGAACTCGTCCAGGACTTCCGTGAGGTGGCAGACTTCCTGGTGGT
CTACATTGCAGAAGCACACTCATCAGATGGTTGGGCCTTTTCCAACAACTACGACATAAACCAGCATCAG
AGTCTTGAAGACCGGCTGTCTGCTGCACGTATCCTGGTTCAGAAGGACCCCCTGTGTCCAGTGGTGGTGG
ATGAAATGTCCAATTGCGCTGCTATAAAATATGGAGCGCTGCCCGAGAGGCTGTATG 
>seta_dio1 
ACGATACTTATGTTTTGCTACATGATTGGTCTCAATTTGACGTTGAGGATTATTCATTTTATCTCACCAAAC
ATCTTCAAGAAACTCTCGCTGTCAATGGGGGAAAAGTCTACAATGACACAAAACCCCAGTTTCACGTTTG
AAGACTGGGGCCTGACTTTTATCTCGCTTTCCTTCATCAAAGTAGCTTCGCGTCACATGTGGCTTTCAATG
GGACAGGAGGCGTTTGAAGGGTGGCCAGCGCCAGACTCACCTGTGGTCACCATGGAGGGACACGAGTCC
AGCATCTTCAAGTTCATGAAAGACAACAGACCGCTGGTCCTAAACTTTGGCAGCTGCACCTGACCACCAT
TCATGTTCAAACTTGGGGAGTTTAAAGAACTCGTCCAGGACTTCCGTGAGGTGGCAGACTTCCTGGTGGT



CTACATTGCAGAAGCACATTCATCAGATGGTTGGGCCTTTTCCAACAACTACGACATAAACCAGCATCAG
AGCCTTGAAGACCGGCTGTCTGCTGCACGTATCCTGGTTCAGAAGGACCCCCTGTGTCCAGTGGTGGTGG
ATGAAATGTCCAATTGCGCTGCTATAAATTATGGAGCGCTGCCCGAGAGGCTGTATG 
 
>mira_E3 
CTGAACCTGGATATCGACCCCAACATCCAGATTGTGCGCAGCCAGGAGAAGGAACAGATGAAGAGCCTC
AACAACCGCTTCGCGTCATTCATTGACAAGGTGCGCTTCTTGGAACAACAGAACAAAATGCTGGAGACCA
AATGGAGCTTGCTTCAGGATCAAACCACTTCCCGCTCCAACATTGACGCCATGTTCGAGGCCTACATCGCC
AACCTGCGCAGACAGCTTGATGGGCTCGGCAATGAGAAGGTCAAGCTGGAGGGAGAGCTGAGGAACATG
CAAGGCCTGGTGGAGGACTTCAAGAACAAATATGAGGATGAAATCAACAAGCGTGCCTCTGTGGAAAAT
GAATTTGTGCTCATCAAGAAGGATGTTGATGGTGCCTACATGAACAAGGTTGAGCTGGAGGCAAAGGTCG
ACTCCCTCACAGACGAAATCAACTTCCTCAGAGCAGTCTACGAAGCAGAACTGTCTGAGCTCGGAGGACA
GATCAAGGACACCTCAGTCATTGTGGAGATGGACAACAGCCGTGGCTTGGACATGGATGCCATTGTAGCT
GAAGTTAGGAAACAGTATGAGGACATTGCTAACAAGAGCCGTGCCGAGGCTGAGAACTGGTATCAAGCT
AAGTTTGAACAGATGCAGACTTCTGCTGGACAGTACGGAGAGGACCTTCGCTCCACCAAGAGCGAGATTG
CTGAGATTAACCGCATGATCAGCCGCCTCCAGAATGAGATTGAGGCCGTCAAGGGACAACGTGCCAACCT
GGAGACCCAGATCGCAGAGGCTGAGGAGCGCGGAGAGCTGGCAGTGAAGGACGCCAAGGCTCGTATCGC
TGACCTGGAGGAAGCACTCCAGAGAGCCAAGCAAGACATGGCCCGACAAGTCCGG 
>seta_E3 
CTGAACCTGGATATCGACCCCAACATCCAGATTGTGCGCAGCCAGGAGAAGGAACAGATGAAGAGCCTC
AACAACCGCTTTGCGTCATTCATTGACAAGGTGCGCTTCTTGGAACAACAGAACAAAATGCTGGAGACCA
AATGGAGCTTGCTTCAGGATCAAACAACTTCCCGCTCCAACATTGACGCCATGTTCGAGGCCTACATCGC
CAACCTGCGCAGACAGCTTGATGGGCTCGGCAATGAGAAGGTCAAGCTGGAGGGAGAGCTGAGGAACAT
GCAAGGCCTGGTGGAGGACTTCAAGAACAAATATGAGGATGAAATCAACAAGCGTGCCTCTGTGGAAAA
TGACTTTGTGCTCATCAAGAAGGATGTTGATGGTGCCTACATGAACAAGGTTGAGCTGGAGGCAAAGGTC
GACTCCCTCACAGACGAGATCAACTTCCTCAGAGCAGTCTACGAAGCAGAACTGTCTGAGCTCGGAGGAC
AGATCAAGGACACCTCAGTCATTGTGGAGATGGACAACAGCCGTGGCTTGGACATGGATTCCATTGTAGC
TGAAGTTAGGAAACAGTATGAGGACGTTGCTAACAAGAGCCGTGCCGAGGCTGAGAGCTGGTATCAAGC
TAAGTTTGAACAGATGCAGACTTCTGCTGGACAGTACGGAGAGGACCTTCGCTCCACCAAGAGCGAGATT
GCTGAGATTAACCGCATGATCAGCCGCCTCCAGAATGAGATTGAGACCGTCAAGGGACAACGTGCCAAC
CTGGAGTCCCAGATCGCAGAGGCTGAGGAGCGCGGAGAGCTGGCAGTGAAGGACGCCAAGGCTCGTGTC
GCTGACCTGGAGGAGGCACTCCAGAGAGCCAAGCAAGACATGGCCCGACAAGTCCGG 
 
>mira_NDPK-B 
ATTGCTGTGAAACCCGACGGCGTTCAGAGAGGTTTGTGTGGAGACATCATCCACCGCTTCGAGAAGAGGG
GATTCCAACTCGTCGCCGCCAAGTTCATCCAGGCCACTGAGGACTTCATGAAGAACCACTACCTGGACCT
GAAGGACATGCCCTTCTACGGAGGACTGTGCAAGTACATGTCGTCTGGACCTGTGTTCGCCATGGTGTGG
GAGGGTGAGAACATCGTGAAGCTCGGGAGGATGATGCTCGGTGAGACAAACCCCGCAGACTCCAAACCC
GGCAGTATCCGTGGAGACCTGTGCATCAACATCGGCAGGAACATCATCCACGGCAGCGACACTCTGGAG
AATGCCAAACGCGAGGTCGCACTGTGGTTCAAGCCCGAGGAGTTTGTCACTTACACTTCCTGCTTCAAGC 
>seta_NDPK-B 
ATTGCTGTGAAACCCGACGGCGTTCAGAGAGGTTTGTGTGGAGACATCATCCACCGCTTCGAGAAGAGGG
GATTCCATCTCGTCGCCGCCAAGTTCATCCAGGCCACTGAGGACTTCATGAAGAACCACTACCTGGACCT
GAAGGACATGCCCTTCTACGGAGGACTGTGCAAGTACATGTCGTCTGGACCTGTGTTCGCCATGGTGTGG
GAGGGTGAGAACATCGTGAAGCTCGGGAGGATGATGCTCGGTGAGACAAACCCTGCAGACTCCAAACCC
GGCAGTATCCGTGGAGACCTGTGCATCAACATCGGCAGGAACATCATCCATGGCAGCGACACTCTGGAGA
ATGCCAAACGCGAGGTCGCACTGTGGTTCAAGCCCGAGGAGTTTGTCACTTACACTTCCTGCTTCAAGC 
 
>mira_NRGN 
CAGGAGGAGTGCAGCCGGCCCCAGGAGGAGGAGGACATCATGGACATCCCGTTAGATGACCCTGAGGCC
AACAGGGCAGCTGCTAAGATCCAGGCGGGTTTCCGTGGCCACATGACCCGCAAGAAGATGAAGCCTGAG
GACAAATCAGAGGGGGAGGAGAGACAGGAG 
>seta_NRGN 
CAGGAGGAGTGCAGCCGGCCCCAGGAGGAGGAGGACATCATGGACATCCCGTTAGATGACCCCGAGGCC
AACAGGGCAGCTGCTAAGATCCAAGCGGGTTTCCGTGGCCACATGACCCGCAAGAAGATGAAGCCTGAG
GACAAATCAGAGGGGGAGGAGAGACAGGAG 
 
>mira_pvalb1 
GACATCGCTGCAGCCCTGGAAGGGTGCAAAGGAGCTGACACATTCGACCACAAGAAGTTCTTCAAGGCTT
GCGGTCTGGCTGGCAAGTCCTCTGATGATGTCAAGAAGGCCTTCGCTATCATTGACCAGGACAAGAGTGG
ATTCATTGAGGAGGATGAACTGAAGCTGTTCCTGCAGAACTTCAAGTCGGGTGCACGTGCTCTGACCGAT



GGTGAGACCAAGACTTTCCTCAAGGCCGGTGACAGTGACGGAGATGGCAAGATTGGCGCTGATGAGTTC
GCAGTCGCTGATGAGTTCGCAGTC 
>seta_pvalb1 
GACATCGCTGCAGCCCTGGAAGGGTGCAAAGGCGCTGACACATTCGACCACAAGAAGTTCTTCAAGGCTT
GCGGTCTGGCTGGCAAGTCCTCTGATGATGTCAAGAAGGCCTTCGCTATCATTGACCAGGACAAGAGTGG
ATTCATTGAGGAGGATGAACTGAAGCTGTTCCTGCAGAACTTCAAGTCGGGTGCACGTGCTCTGACCGAT
GGTGAGACCAAGACTTTCCTCAAGGCCGGTGACAGTGACGGAGATGGCAAGATTGGCGCTGATGAGTTC
GCAGTCGCTGATGAGTTCGCAGTC 
 
>mira_pgam 
GAGAGCCAGTGGAACCAGGAGAACCGTTTCTGCGGCTGGTTCGATGCCGACCTCAGTGAGAAAGGTGTG
GAGGAGGCCAAGCGTGGAGCCCAGGCCATCAAAGACGCCGGCATGAAGTTTGACATCTGCTACACTTCC
GTGCTCAAGCGTGCTATCATGACACTGTGGACCATCATGGAGGGTACGGACCAGATGTGGCTGCCTGTGA
TTCGTACCTGGCGTTTGAATGAGCGTCACTACGGTGGCCTCACGGGTCTTAATAAGGCGGAGACTGCANA
AAAGCACGGCGAGGAGCAGGTGAANATATGGAGACGTTCGTTTGATATCCCTCCTCCTCCCATGGACAAG
GACCATCCTTACCACAAGATCATCAGTGAGTCACGTCGCTACAAGGGCCTGAAACCTGGTGAACTGCCCA
CTTGTGAATCCCTCAAGGACACCATTGCCCGTGCCCTGCCTTTCTGGAACGACGTCATTGCTCCAGAAATC
AAAGCTGGGAAAAACGTAATCATCGCGGCCCACGGCAACAGTCTTCGTGGCATCGTGAAGCACTTGGAA
GGTATGTCCGACGCAGCCATCATGGAGCTCAACCTTCCCACCGGGATCCCAATTGTGTATGAACTGGATG
CCGACCTCAAGCCCGTCAAACCCATGTCTTTCCTG 
>seta_pgam 
GAGAGCCAGTGGAACCAGGAGAACCGTTTCTGCGGCTGGTTCGATGCCGACCTCAGTGAGAAAGGTGTG
GAGGAGGCCAAGCGCGGGGCCCAGGCCATCAGAGACGCCGGCATGAAGTTTGACATCTGCTACACTTCC
GTGCTCAAGCGTGCTATCATGACACTGTGGACCATCATGGAGGGTACGGACCAGATGTGGCTGCCTGTGA
TTCGCACCTGGCGTTTGAATGAGCGTCACTACGGCGGCCTCACGGGTCTTAACAAGGCGGAGACGGCAGA
AAAGCACGGCGAGGAGCAGGTGAAGATATGGAGACGTTCGTTTGACATCCCTCCTCCTCCCATGGACAAG
GACCATCCTTACCACAAGATCATCAGTGAGTCACGTCGCTACAAGGGCCTGAAACCTGGTGAGCTGCCCA
CTTGTGAATCCCTCAAGGACACCATTGCCCGTGCCCTGCCTTTCTGGAACGACGTCATCGCTCCAGAAATC
AAAGCTGGGAAAAACGTAATCATCGCGGCCCACGGCAACAGCCTTCGTGGCATCGTGAAGCACTTGGAA
GGTATGTCCGACGCAGCCATCATGGAGCTCAACCTTCCCACCGGAATCCCAATTGTGTATGAACTGGATG
CCGACCTCAAGCCCGTCAAACCCATGTCTTTCCTG 
 
>mira_RL11 
GAGAAGAAGGAGAACCCCATGAAGGAGCTGCGCATCCGCAAGCTCTGCCTGAACATCTGTGTGGGAGAG
AGCGGAGACAGACTGACCAGAGCCGCCAAAGTGCTGGAGCAGCTCACCGGACAAACCCCTGTGTTCTCC
AAGGCCCGCTACACTGTGCGATCCTTCGGCATCCGCAGAAATGAAAAGATTGCTGTCCACTGCACCGTCC
GAGGGGCCAAAGCCGAGGAGATCCTGGAGAAAGGACTCAAGGTGCGCGAGTACGAGTTGAGGAAAAAC
AACTTCTCAGACACCGGAAACTTCGGCTTTGGAATCCAGGAACACATCGATCTGGGAATCAAATACGACC
CCAGCATCGGAATCTACGGACTGGACTTCTACGTGGTTCTGGGCAGACCCGGGTTCAGCATCGCCGACAA
GAAGCGGAAACGAAGCCGCATCGGCTACAGGCACCGCATCCGCAAAGAAGAATCTATGCGCTGGTTCCA
GCAGAAATACGACGGTATCATC 
>seta_RL11 
GAGAAGAAGGAGAACCCCATGAAGGAGCTGCGCATCCGTAAGCTCTGCCTGAACATCTGTGTGGGAGAG
AGCGGAGACAGACTGACCAGAGCCGCCAAAGTGCTGGAGCAGCTCACCGGACAAACCCCTGTGTTCTCC
AAGGCCCGCTACACTGTGCGATCCTTCGGCATCCGCAGAAATGAAAAGATTGCTGTCCACTGCACCGTCC
GAGGGGCCAAAGCCGAGGAGATCCTGGAGAAGGGACTCAAGGTGCGCGAGTACGAGTTGAGGAAAAAC
AACTTCTCAGACACCGGAAACTTCGGCTTTGGAATCCAGGAACACATCGATCTGGGAATCAAATACGACC
CCAGCATCGGAATCTACGGACTGGACTTCTACGTGGTTCTGGGCAGACCCGGGTTCAGCATCGCCGACAA
GAAGCGGAAACGAGGCCGCATCGGCTACAAGCACCGCATCCGCAAAGAGGAGTCTATGCGCTGGTTCCA
GCAGAAATACGACGGTATCATC 
 
>mira_RL23 
CGTGGAGGATCTTCTGGAGCCAAGTTCCGCATCTCCCTGGGTCTGCCAGTGGGAGCGGTCATCAACTGCG
CAGACAACACAGGGGCCAAGAACCTGTACATCATCTCCGTGAAGGGCATCAAGGGCCGTCTGAACCGCC
TGCCCGCTGCCGGAGTGGGAGACATGGTGATGGCCACAGTGAAGAAGGGCAAGCCTGAGCTCAGGAAGA
AGGTGCATCCTGCGGTGGTGATCCGGCAGCGGAAGTCGTATCGAAGAAAAGATGGAGTGTTTCTATACTT
TGAAGACAACGCGGGGGTCATAGTAAATAACAAAGGAGAAATGAAAGGTTCAGCCATCACAGGCCCCGT
GGCCAAAGAGTGTGCAGACCTCTGGCCCAGGATCGCCTCCAACGCC 
>seta_RL23 
CGTGGAGGATCTTCTGGAGCCAAGTTCCGCATCTCCCTGGGTCTGCCAGTGGGAGCGGTCATCAACTGCG
CAGACAACACAGGGGCCAAGAACCTGTACATCATCTCCGTGAAGGGCATCAAGGGCCGTCTGAACCGCC
TGCCCGCTGCCGGAGTGGGGGACATGGTGATGGCCACAGTGAAGAAGGGCAAGCCTGAGCTCAGGAAGA



AGGTGCATCCTGCGGTGGTGATCCGGCAGCGGAAGTCGTATCGAAGAAAAGATGGAGTGTTTCTATACTT
TGAAGACAACGCGGGGGTCATAGTAAATAACAAAGGAGAAATGAAAGGTTCAGCCATCACAGGCCCCGT
GGCCAAAGAGTGTGCAGACCTCTGGCCCAGGATCGCCTCCAACGCC 
 
>mira_RL24 
TGCAGTTTTAGCGGGTACAAAATATACCCGGGCCATGGCCGCCGATACGCCAGGATAGACGGAAAGGTG
TTCCAGTTTTTGAACGCCAAATGTGAATCTGCTTTCCTGGCCAAAAGGAATCCACGACAGATAAATTGGA
CTGTGCTCTACAGGCGCAAGCACAAGAAGGGTCAGTCGGAGGAAGTGACAAAGAAGCGTACCCGCCGCG
CTGTTAAGTTCCAGAGGGCCATCACAGGGGCCTCCTTGGCTGAGATTATGGCCAAGAGGAACCAGAAACC
TGAGGTCCGCAAAGCCCAGAGGGAGCAGGCCATCAGAGCTGCTAAGGAGGCAAAAAAGGCAAAGCAGG
CAACCAAAAAGCCAGCGGCTGCTAGTGCAAAGACCTCAGCAAAGACTGCACAGAAACCCAAGATCGCCA
AGCCCATGAAGATCAGTGCACCTCGTGTT 
>seta_RL24 
TGCAGTTTTAGCGGGTACAAAATATACCCGGGCCATGGCCGCCGATACGCCAGGATAGACGGAAAGGTG
TTCCAGTTTTTGAACGCCAAATGTGAATCTGCTTTCCTGGCCAAAAGGAATCCACGACAGATAAATTGGA
CTGTGCTCTACAGGCGCAAGCACAAGAAGGGTCAGTCGGAGGAAGTGACAAAGAAGCGTACCCGCCGCG
CAGTTAAGTTCCAGAGGGCCATCACAGGGGCCTCCTTGGCTGAGATTATGGCCAAGAGGAACCAGAAAC
CTGAGGTCCGCAAAGCCCAGAGGGAGCAGGCCATCAGAGCTGCTAAGGAGGCAAAAAAGGCAAAGCAG
GCAACCAAAAAGCCAGCGGCTGCTAGTGCAAAGACCTCAGCAAAGACTGCACAGAAACCCAAGATCGCC
AAGCCCATGAAGATCAGTGCACCTCGTGTT 
 
>mira_RL27 
AAGCCTGGGAAGGTGGTGATGGTCCTGGCTGGACGCTACGCCGGACGCAAAGCTGTCATCGTCAAAAAC
ATCGACAACGGCACGACGGACCGCCCGTACAGCCACGCTCTGGTCGCCGGCATCGACCGCTACCCCCGAA
AAGTCACCACCACCATGGGCAAGAAGAAGATCGCCAAAAGGTCCAAGATCAAGGCTTTCGTCAAGGTCT
TCAACTATAACCACCTGATGCCCACCAGATACTCCGTGGACATCCCTCTGGACAAAACTGTGGTGAACAA
AGACGTGTTCCGGGACCCGGCGCTCAAACGCAAAGCCCGGCGAGAGGCCAAGGTCAAGTTTGAGGAGAG
GTACAAGACGGGCAAAAACAGGTGGTTCTTCCA 
>seta_RL27 
AAGCCTGGGAAGGTGGTGATGGTCCTGGCTGGACGCTACGCCGGACGCAAAGCTGTCATCGTCAAAAAC
ATCGACGACGGCACGACGGACCGCCCGTACAGCCACGCTCTGGTCGCCGGCATCGACCGCTACCCCCGAA
AAGTCACCACCACCATGGGCAAGAAGAAGATCGCCAAGAGGTCCAAGATCAAGGCTTTCGTCAAGGTCT
TCAACTACAACCACCTGATGCCCACCAGATACTCCGTGGACATCCCTCTGGACAAAACGGTGGTGAACAA
AGACGTGTTCCGGGACCCGGCGCTCAAACGCAAAGCCCGGCGAGAGGCCAAGGTCAAGTTTGAGGAGAG
GTACAAGACGGGCAAAAACAAGTGGTTCTTCCA 
 
>mira_rplp1 
TCCGAACTTGCCTGCATTTATTCTGCCTTGATCCTCCACGACGATGAAGTCACCGTCACCGAGGACAAGCT
GAATGCTCTGATCAAGGCAGCCGGTGTCACTGTGGAGCCTTTCTGGCCCAGTCTTTTTGCAAAGGCGCTGT
CCAGTGTGGACATCGGCAGCCTGATCTGCAACGTTGGCGCCGGAGGTGGTGCTCCTGCTGGGGCCCCCGC
TGCTGGAGCTGCTCCTTCAGGTGGAGACGCACCAGCTAAAGAGGAGGAGAAGAAGGAAGAAAAGAAGG
AAGAGTCTGAGGAGTCCGACGATGACATGG 
>seta_rplp1 
TCCGAACTTGCCTGCATTTACTCTGCCTTGATCCTCCACGACGATGAAGTCACCGTCACCGAGGACAAGCT
GAATGCTCTGATCAAGGCGGCCGGTGTCACTGTGGAGCCTTTCTGGCCCAGTCTTTTTGCAAAGGCGCTGT
CTAGTGTGGACATCGGCAGCCTGATCTGCAACGTTGGCGCCGGAGGTGGCGCTCCTGCTGGGGCCCCCGC
TGCTGGAGCTGCYCCTTCAGGTGGAGAGGCACCAGCTAAAGAGGAGGAGAAAAAGGAAGAAAAGAAGG
AAGAGTCTGAGGAGTCCGACGATGACATGG 
 
>mira_RXR 
GGGATGAANAGAGAAGCTGTGCAGGAGGAGAGACAGCGTGGGAAAGAGCGCGGTGACAGTGAAGTGGA
GTCTACAAGCTGTTTCAATGAGGAAATGCCTGTGGACAAGATTCTGGATGCAGAGTTGGCAGTGGAGCCC
AAAACAGAGCCGTACTCTGAAGGAGGCTCAGGCAACTCGACCAACGACCCTGTCACAAACATTTGCCAA
GCAGCAGACAAGCAGCTCTTCACTTTGGTAGAGTGGGCCAAGAGGATACCGCACTTCTCTGAACTTCCTC
TGGACGACCAAGTTATCTTACTTCGAGCAGGCTGGAATGAGCTGCTCATAGCCTCATTCTCACATCGCTCG
GTCACAGTGAAAGACGGTATCCTGTTGGCCACAGGGCTCCACGTCCACAGGAGTAGTGCCCACAGCGCTG
GGGTGGGATCTATCTTTGACAGAGTTTTGACAGAGCTAGTTTCTAAAATGAAAGACATGCAGATGGATAA
GACAGAACTTGGCTGTCTACGAGCCATTGTTCTCTTTAACCCAGATGCAAAGGGTCTATCTAATCCATCTG
AAGTAGAAGCACTGAGGGAAAAAGTCTATGCTTCGTTAGAGTCATATACAAAACAAAAATATCCAGACC
AGCCAGGCAGGTTTGCAAAGCTACTTCTGCGCCTT 
>seta_RXR 



GGGATGAAGAGAGAAGCTGTGCAGGAGGAGAGACAGCGTGGGAAAGAGCGCGGTGACAGTGAAGTGGA
GTCTACAAGCTGTTTCAATGAGGAAATGCCTGTGGACAAGATCCTGGATGCAGAGTTGGCTGTGGAGCCC
AAAACAGAGCCGTACTCTGAAGGAGGCTCAGGCAACTCGACCAACGACCCTGTCACAAACATTTGCCAA
GCAGCAGACAAGCAGCTCTTCACTTTGGTAGAGTGGGCCAAGAGGATACCGCACTTCTCTGAACTTCCTC
TGGACGACCAAGTTATCTTACTTCGAGCAGGCTGGAATGAGCTGCTCATAGCCTCATTCTCACATCGCTCG
GTCACAGTGAAAGACGGCATCCTGTTGGCCACAGGGCTCCACGTCCACAGGAGTAGTGCCCACAGCGCTG
GGGTGGGATCTATCTTTGACAGAGTTTTGACAGAGCTAGTTTCTAAAATGAAAGACATGCAGATGGATAA
GACAGAACTTGGCTGTCTACGAGCCATTGTTCTCTTTAACCCAGATGCAAAGGGTCTATCTAATCCATCTG
AAGTAGAAGCNCTGAGGGAAAAAGTCTATGCTTCGTTAGAGTCATATACAAAACAAAAATATCCAGACC
AGCCAGGCAGGTTTGCAAAGCTACTTCTGCGCCTT 
 
>mira_S5 
GCTCCAGCCGTGGCTGAGACCCCCGAGATCAAGCTCTTTGGAAAATGGAGCACAGACGATGTYCAGATCA
ATGACATCTCCCTCCAGGATTACATTGCCGTCAAAGAGAAGTACGCCAAGTACCTGCCGCACTCTGGAGG
CCGTTACGCCGCCAAGCGTTTCAGAAAGGCCCAGTGCCCCATCGTGGAGCGCCTCACAAACTCCATGATG
ATGCACGGACGCAACAACGGCAAGAAGCTGATGACCGTCCGCATCGTCAAGCACGCGTTCGAGATCATC
CACCTGCTCACGGGAGAGAACCCGCTGCAGGTTTTGGTGAACGCCATCATCAACAGCGGACCTCGTGAGG
ACTCGACTCGTATCGGACGTGCCGGCACCGTGAGGAGGCAGGCCGTGGACGTGTCGCCTCTGCGCCGGGT
CAACCAGGCCATCTGGCTCCTGTGCACCGGCGCGAGGGAAGCCGCGTTCAGAAACATCAAGACCATCGCC
GAGTGCCTGGCCGACGAGCTGATCAATGCCGCCAAGGGTTCCTCTAACTCCTACGCCATCAAGAAGAAAG
ACGAGTTGGAGAGA 
>seta_S5 
GCTCCAGCCGTGGCTGAGACCCCCGAGATCAAGCTCTTTGGAAAATGGAGCACAGACGATGTTCAGATTA
ATGACATCTCCCTCCAGGATTACATTGCCGTCAAAGAGAAGTACGCCAAGTACCTGCCGCACTCTGGAGG
CCGTTACGCCGCCAAGCGTTTCAGAAAGGCCCAGTGCCCCATCGTGGAGCGCCTCACAAACTCCATGATG
ATGCACGGACGCAACAACGGCAAGAAGCTGATGACCGTCCGCATCGTCAAGCACGCGTTCGAGATCATC
CACCTGCTCACGGGAGAGAACCCGCTGCAGGTTTTGGTGAACGCCATCATCAACAGTGGACCTCGTGAGG
ACTCGACTCGTATCGGACGCGCCGGCACCGTGAGGAGGCAGGCCGTGGACGTGTCGCCTCTGCGCCGGGT
CAACCAGGCCATCTGGCTCCTGTGCACCGGCGCGAGAGAAGCCGCGTTCAGAAACATCAAGACCATCGCC
GAGTGCCTGGCCGACGAGCTGATCAATGCCGCCAAGGGTTCCTCTAACTCCTACGCCATCAAGAAGAAAG
ACGAGTTGGAGAGA 
 
>mira_S8 
GACAACTGGCACAAACGCCGCAAGACCGGCGGCAAACGCAAGCCGTACCACAAGAAGAGAAAGTATGA
GCTCGGCAGGCCTCCCGCAAACACAAAGATCGGACCTCGCCGTATCCACACCGTGAGGGTCCGCGGTGGC
AACAAGAAGTACAGGGCTCTGAGGCTGGATGGCGGAAACTTCTCTTGGGGCTCCGAGTGCTGCACGCGTA
AAACCAGGATCATCGACGTGGTCTACAACGCCTCCAACAACGAGCTGGTCCGAACCAAGACCCTGGTGA
AGAACTGCATCGTTCTGGTGGACTCGCTGCCCTACAGACAGTGGTACGAGGCCCACTACGCCACTCCTCT
GGGACGCAAGAAGGGAGCCAAGCTGACTCCCGAAGAGGAGGAGGTTCTGAACAAGAAGAGGTCGAAGA
AAACTCAGAAGAAATACGACGAACGCAAAAAGACGGCCAAGATCAGCACGCTCTTAGAGGAGCAGTTCC
AGCAGGGAAAGCTGCTCGCTTGCATCGCCTCCAGACCGGGCCAGTGCGGCAGAGCAGACGGCTACCTCCT
GGAGGGCAAGGAGCTCGAGTTCTACCTGAGGAAAATCAAG 
>seta_S8 
GACAACTGGCACAAACGCCGCAAGACCGGCGGCAAACGCAAGCCGTACCACAAGAAGAGAAAGTATGA
GCTCGGCAGGCCTCCCGCAAACACAAAGATCGGACCTCGCCGTATCCACACCGTGAGGGTCCGCGGTGGC
AACAAGAAGTACAGGGCTCTGAGGCTGGATGGCGGAAACTTCTCTTGGGGCTCCGAGTGCTGCACGCGTA
AAACCAGGATCATCGACGTGGTCTACAACGCCTCCAACAACGAGCTGGTCCGAACCAAGACCCTGGTGA
AGAACTGCATCGTTCTGGTGGACTCGCTGCCCTACAGACAGTGGTACGAGGCCCACTACGCCACTCCTCT
GGGACGCAAGAAGGGAGCCAAGCTGACTCCCGAAGAGGAGGAGGTTCTGAACAAGAAGAGGTCGAAGA
AAACTCAGAAGAAATACGACGAACGCAAAAAGACGGCCAAGATCAGCACGCTCTTAGAGGAGCAGTTCC
AGCAGGGAAAGCTGCTCGCTTGCATCGCCTCCAGACCGGGCCAGTGCGGCAGAGCAGACGGCTACCTCCT
GGAGGGCAAGGAGCTGGAGTTCTACCTGAGGAAAATCAAG 
 
>mira_S13 
GCTCCCGGAAAGGGCCTGTCCCAGTCCGCTCTGCCGTACAGACGCAGTGTGCCCACATGGCTGAAGCTGA
CGTCTGATGATGTCAAAGAGCAGATCTTTAAACTGGCCAAGAAAGGTCTGACTCCCTCCCAGATCGGTGT
TATCCTTCGTGACTCTCATGGTGTGGCTCAGGTCCGATTCGTCACTGGAAACAAGATCCTCAGGATCCTGA
AGTCCAAAGGTTTGGCCCCAGATCTGCCTGAGGATCTGTACCATCTGATCAAGAAGGCTGTGGCCGTGCG
CAAACATCTGGAGAGGAACAGGAAGGACAAAGATGCCAAGTTCCGTCTGATTCTGATCGAGAGCCGGAT
CCACAGATTGGCTCGTTATTACAAAACCAAGAGAGTCCTCGCTCCCAACTGGAAGTACGANTCGTCCACA
GCTT 
>seta_S13 



GCTCCCGGAAAGGGCCTATCCCAGTCCGCTCTGCCGTACAGACGCAGTGTGCCCACATGGCTGAAGCTGA
CGTCTGATGATGTCAAAGAGCAGATCTTTAAACTGGCCAAGAAAGGTCTGACTCCCTCCCAGATCGGTGT
GATCCTTCGTGACTCTCATGGTGTGGCTCAGGTCCGATTCGTCACTGGAAACAAGATCCTCAGGATCCTGA
AGTCCAAAGGTTTGGCCCCAGATCTGCCTGAGGATCTGTACCATCTGATCAAGAAGGCTGTGGCCGTGCG
CAAACATCTGGAGAGGAACAGGAAGGACAAAGATGCCAAGTTCCGTCTGATTCTGATCGAGAGCCGGAT
CCACAGATTGGCTCGTTATTACAAAACCAAGAGAGTCCTCGCTCCCAACTGGAAGTACGAGTCGTCCACA
GCTT 
 
>mira_S18 
GAGAAGTTCCAGCACATTCTTCGTGTCCTGAACACGAACATCGATGGGAGGAGGAAGATCGCCTTCGCCA
TCACCGCCATCAAGGGCGTCGGCCGACGTTACGCTCACGTCGTCCTGAGGAAAGCTGACATCGACCTGAG
CAAGAGAGCGGGAGAGCTCACCGAGGAAGAGGTGGAGCGGGTGGTGACCATCATGCAGAATCCTCGTCA
GTACAAGATCCCAGACTGGTTCCTGAACAGACAAAAGGACGTGAAGGACGGAAAGTACAGCCAGGTTCT
GGCCAACGGTTTGGACAACAAGCTGAGAGAGGATCTGGAGAGGCTGAAGAAGATCCGGGCTCACCGCGG
ACTCCGGCACTTCTGGGGCCTGCGTGTGCGCGGTCAGCACACTAAGACCACCGGCCGTCGCGGTCGCACT
GTCGGAGTG 
>seta_S18 
GAGAAGTTCCAGCACATTCTTCGTGTCCTGAACACGAACATCGATGGGAGGAGGAAGATCGCCTTCGCCA
TCACCGCCATCAAGGGCGTCGGCCGACGTTACGCTCACGTCGTCCTGAGGAAAGCTGACATCGACCTGAG
CAAGAGAGCGGGAGAGCTCACCGAGGAAGAGGTGGAGCGGGTGGTGACCATCATGCAGAACCCTCGTCA
GTACAAAATCCCAGACTGGTTCCTGAACAGACAAAAGGACGTGAAGGACGGAAAGTACAGCCAGGTTCT
GGCCAACGGTCTGGACAACAAGCTGAGAGAGGATCTGGAGAGGCTGAAGAAGATCCGGGCTCACCGCGG
ACTCCGGCACTTCTGGGGCCTGCGTGTGCGCGGTCAGCACACTAAGACCACCGGCCGTCGCGGTCGCACT
GTTGGAGTG 
 
>mira_S19 
GTGAAAGACGTCAACCAGCAGGAGTTTGTCCGTGCCCTGGCGGCCTTCCTGAAGAAGTCAGGAAAGCTGA
AGGTGCCTGACTGGGTGGACCTGGTCAAGCTGGGCAGGCACAAGGAGCTGGCCCCCAGTGACGAGAACT
GGTTCTACATCAGAGCTGCGTCCACAGTGCGTCACCTGTACCTGCGTGGAGGTGCTGGGGTTGGCTCCAT
GACAAAGATTTATGGAGGTCGCCAAAGGAACGGTGTCTGCCCTGCTCACTACAGTGTAGGCTCCAAGAAT
GTGGCCCGCAAAGTTCTGCAGGCCCTGGAGCTGCTCAAGATGATCGAGAAGGATCCCAATGGTGGTCGCA
GACTCACGGCCCAGGGAACCAGGGATCTGGACAGAATTGCTGGCCAGGTCTCTGCTGCAA 
>seta_S19 
GTGAAAGACGTCAACCAGCAGGAGTTTGTCCGTGCCCTGGCGGCCTTCCTGAAGAAGTCAGGAAAGCTGA
AGGTGCCTGACTGGGTGGACCTGGTCAAGYTGGGCAGGCACAAGGAGCTGGCCCCCAGTGACGAGAACT
GGTTCTACATCAGAGCTGCGTCCACAGTGCGTCACCTGTACCTGCGTGGAGGTGCTGGGGTTGGCTCTATG
ACAAAGATTTATGGAGGTCGCCAAAGGAACGGTGTCTGCCCTGCTCACTACAGTGTAGGCTCCAAGAATG
TGGCCCGCAAAGTGCTGCAGGCCCTGGAGCTGCTCAAGATGATCGAGAAGGATCCCAATGGTGGTCGCA
GACTCACGGCCCAGGGAACCAGGGATCTGGACAGAATTGCTGGCCAGGTCTCTGCTGCAA 
 
>mira_S23 
GGTCTGCGTACGGCTCGTAAGCTCCGTAACCACCGCCGTGAGCAGAAATGGCACGATAAACAGTACAAG
AAAGCTCATCTGGGCACAGCGCTGAAGGCCAACCCTTTCGGAAGCGCCTCCCACGCCAAGGGCATCGTCC
TGGAAAAAGTTGGTGTTGAAGCCAAGCAGCCTAACTCTGCCATCAGGAAGTGTGTGAGGGTCCAGCTCAT
CAAGAACGGAAAGAAGATCACCGCTTTCGTGCCCAACGACGGCTGCCTCAACTTCNTTGAAGAGAACGAT
GAAGTTCTGGTGGCAGGATTCGGTCGTAAANGTCACGCTGTGGGAGATATTCCCGGAGTCCGGTTCAAGG
TGGTGGAAATGGCCAACGTGTCNTTGCTGGCTTTGTACAAAGGCNAAAAGG 
>seta_S23 
GGTCTGCGTACGGCTCGTAAGCTCCGTAACCACCGGCGTGAGCAGAAATGGCACGATAAACAGTACAAG
AAGGCTCATCTGGGCACCGCGCTGAAGGCCAACCCTTTCGGAGGCGCCTCCCACGCCAAGGGCATCGTCC
TGGAGAAAGTTGGTGTTGAGGCCAAGCAGCCTAACTCTGCCATCAGGAAGTGTGTGAGGGTCCAGCTCAT
CAAGAACGGAAAGAAGATCACCGCTTTCGTGCCCAACGACGGCTGCCTCAACTTCATTGAGGAGAACGAT
GAGGTTCTGGTGGCAGGATTCGGTCGTAAAGGTCACGCTGTGGGAGATATTCCCGGAGTCCGGTTCAAGG
TGGTGAAAGTGGCCAACGTGTCATTGCTGGCTTTGTACAAAGGCAAAAAGG 
 
 
>mira_sdhb 
ATGTCCGCGGCTTGCTTCGCTTTGAGCAAGAATGTTTTGGCTTTTCGGAACGCTGGGGCCATTATGCTGGT
GCGATACGCTCAGACAGCAGCTGCTCCAGCTCCTGAACCGCGCATAAAGAAGTTCCAGATTTACCGTTGG
GATCCCGACACTCCAGGAGACAAACCTCGGATGCAGACATATGAGATCAACTTGGACACTTGTGGACCAA
TGGTTTTAGACGCACTCATTAAAATCAAGAATGAGATGGACCCAACTCTCACATTCAGGCGCTCTTGCAG
AGAAGGAATCTGTGGCTCCTGCGCGATGAACATTAATGGAGGCAACACACTGGCCTGTCTCAACAAAATA



GACACCAACACAAGCAAACCCACTAAGATTTACCCACTGCCACACATGTACGTGGTGAAGGACCTGGTTC
CGGACATGAGCAACTTCTACGCACAATACAAATCCATAGAACCGTACCTGAAAAAGAAGGATGAGAGTC
AAGAGGGGAAGAATCAGTATTACCAGTCAGTGGAGGACAGACAGAAACTGGACGGCCTGTATGAGTGTA
TCCTGTGTGCCTGCTGCAGCACCAGTTGTCCCAGCTACTGGTGGAACGGAGACAAGTACCTGGGCCCCGC
CGTCCTCATGCAGGCTTACCGTTGGATGATCGACTCTCGTGATGAGTTCACTGAGGAGCGACTGTCTAAAC
TGCAGGACCCGTTCTCTCTGTAT 
>seta_sdhb 
ATGTCCGCGGCTTGCTTCGCTTTGAGCAAGAATGTTTTGGCTTTTCGGaACGCCGGGGCCATTATGCTGGT
GCGATACGCTCAGACAGCAGCTGCTCCAGCTCCTGAACCGCGCATAAAGAAGTTCCAGATTTACCGTTGG
GATCCCGACACTGCAGGAGACAAACCTCGGATGCAGACATATGAGATCAACTTGGACACTTGTGGACCA
ATGGTTTTAGACGCACTCATTAAGATCAAGAATGAGATGGACCCAACTCTCACATTCAGGCGCTCTTGCA
GAGAAGGAATCTGTGGCTCCTGCGCGATGAACATTAATGGAGGCAACACACTGGCCTGTCTCAACAAAAT
AGACACCAACACAAGCAAACCCACTAAGATTTACCCACTGCCACACATGTACGTGGTGAAGGACCTGGTT
CCGGACATGAGCAACTTCTACGCACAATACAAATCCATAGAACCGTACCTGAAAAAGAAGGATGAGAGT
CAAGAGGGGAAGAATCAGTATTACCAGTCAGTGGAGGACAGACAGAAACTGGACGGCCTTTATGAGTGT
ATCCTGTGTGCCTGCTGCAGCACCAGTTGTCCCAGCTACTGGTGGAACGGAGACAAGTACCTGGGCCCYG
CCGTCCTCATGCAGGCTTACCGTTGGATGATCGACTCTCGTGATGAGTTCACTGAGGAGCGACTGTCTAAA
CTGCAGGACCCGTTCTCTCTGTAT 
 
>mira_TPI 
AACGGCGACAAGAAGAGCCTTGGCGAGCTCATTCAGACCATGAACGGAGCCACGGTGGACCCCAACGTC
GAGGTGGTGTGCGGCGCTCCCACCATCTACCTGGACTTTGTCAGGTCCAAGCTCGACGCCAAGTTCGGCG
TTGCCGCTCAGAACTGCTACAAGGTTCCCAAGGGGGCCTTCACTGGGGAGATCAGCCCTGCGATGATCAA
GGACTGCGGGATCAACTGGGTCATCCTGGGACACTCTGAGAGACGCCACGTGTTCGGAGAGAGCGACGA
GCTGATCGGGCAGAAGACGGCTCACGCGCTGGAGAGCGGACTGGGAGTCATCGCCTGCATCGGGGAGAA
GCTGGACGAGCGGGAGGGGGGCATCACTGAGAAGGTGGTGTTTGCCCAGACCAAAGTCATCGCAGACAA
TGTGAAGGACTGGAGCAAAGTGGTGCTGGCTTACGAGCCCGTGTGGGCCATTGGCACCGGGAAAACCGC
CTCTCCACAGCAGGCTCAGGAAGTCCATGATAAACTGAGGGAATGGCTCAAGGCCAACGTGTCCGAGGC
AGTGGCCAACTCTGTGCGGATCATCTATGGAGGTTCTGTGACCGGCGGCACCTGCAAAGAGCTCGCCTCA
CAGAAGGACGTGGATGGGTTCCTCGTGGGCGGAGCCTCTCTGAAGCCAGAGTTCATTGAAATCATTAATG
CAAAGAAATAA 
>seta_TPI 
AACGGCGACAAGAAGAGCCTCGGCGAGCTCATTCAGACCATGAACGGAGCCACGGTGGACCCCAACGTC
GAGGTGGTGTGCGGCGCTCCTACCATCTACCTGGACTTTGTCAGGTCCAAGCTCGACGCCAAGTTCGGCG
TTGCCGCTCAGAACTGCTACAAGGTTCCCAAGGGGGCCTTCACTGGGGAGATCAGCCCGGCGATGATCAA
GGACTGCGGGATCAACTGGGTCATCCTGGGACACTCTGAGAGACGCCACGTGTTCGGAGAGAGCGACGA
GCTGATCGGGCAGAAGACGGCTCACGCGCTGGAGAGCGGGCTGGGAGTCATCGCCTGCATCGGGGAGAA
GCTGGACGAGCGGGAGGGGGGCATCACTGAGAAGGTGGTGTTTGCCCAGACCAAGGTCATCGCAGACAA
TGTGAAGGACTGGAGCAAAGTGGTGCTGGCTTACGAGCCCGTGTGGGCCATTGGCACCGGGAAAACCGC
CTCTCCACAGCAGGCTCAGGAAGTCCATGATAAACTGAGGGGATGGCTCAAGGCCAACGTGTCCGAGGC
AGTGGCCAACTCTGTGAGGATCATCTATGGAGGTTCTGTGACCGGCGGCACCTGCAAAGAGCTCGCCTCA
CAGAAGGACGTGGATGGGTTCCTCGTGGGCGGAGCCTCTCTGAAGCCAGAGTTCATTGAAATCATTAATG
CAAAGAAATAA 
 
>mira_znf207 
TGCTGGTATTGTAATCGAGACTTCGATGATGAAAAGATTCTTATTCAGCATCAAAAGGCTAAACATTTTAA
ATGCCACATCTGCCACAAGAAACTATACACTGGCCCTGGTTTAGCCATCCACTGTATGCAGGTTCACAAG
GAGACAATTGATAGTGTTCCAAATGCAATTCCGGGACGAACGGACATTGAGCTGGAGATCTACGGCATGG
AAGGAATACCAGAGAAAGATATGCAGGAAAGACGACGGACGTTGGAACAAAAATCTCAAGAAAGTCAA
AAAAGGAAAAATCAGGATGACTCTGATGAGGATGATGACGATGATGAGCCTGGACCTTCAGCTCAAACT
TCTGTTCAACCTCAGGCTGCCTACGTGGCTCCCATGGCCCAGCCTGGGATGCCTGTAGCTGGGGCACCAG
GGTTACCTCCTGGAGGATACCAAGGTATGCCTCCTATGATGCCAGGTGTTCCTCCAATGATGCATGGTATG
CCTCATGGAATGCATGGGATGCCACCAGGCATGATACCAATGGGTGGAATGATGCCTCCCATGATGCCTG
GGATGCCTGGAATACCTCCAGGAATGCCTCCTCACATGGCTCCACGGCCTGGAATGCCTCACATGACGCC
AGCTCCCGCAGGAGCGATCCCGACCCGACCAGCTTCAGCAGCACAACCTGCTGTCACTAAGCCTTTGTTT
CCCAGTGCAGCTCAGGCCCAGCAAAGTGCATCAGGAGTTGCTGCTTCCACAGCAGCCACATCTGACCCTC
CCAAAGCAACATTCCCCGCCTATACTCAGCCCTCTGTCTCTGCCTCCTCTTCTTCCACTTCTGCTTCTAATC
CTTCTAGCAGCACTGTGGCCAAACCCCCGGCCACAGTGACTAGTAAACCTGCCACACTAACCACCAC 
>seta_znf207 
TGCTGGTATTGTAATCGAGACTTCGATGATGAAAAGATTCTTATTCAGCATCAAAAGGCTAAACATTTTAA
ATGCCACATCTGCCACAAGAAACTATACACTGGCCCTGGTTTAGCCATCCACTGTATGCAGGTTCACAAG
GAGACAATTGATAGTGTTCCAAATGCAATTCCGGGACGAACTGACATTGAGCTGGAGATCTACGGCATGG



AAGGAATACCAGAGAAAGATATGCAGGAAAGACGACGGACGTTGGAACAAAAATCTCAAGAAAGTCAA
AAAAGGAAAAATCAGGATGACTCTGATGAGGATGATGACGATGATGAGCCTGGACCTTCAGCTCAAACT
TCTGTTCAACCTCAGGCTGCCTACGTGGCTCCCATGGCACAGCCTGGGATGCCTGTAGCTGGGGCACCAG
GGTTACCTCCTGGAGGATACCAAGGTATGCCTCCTATGATGCCAGGTGTTCCTCCAATGATGCATGGCATG
CCTCATGGAATGCATGGGATGCCACCGGGCATGATACCAATGGGTGGAATGATGCCTCCCATGATGCCTG
GGATGCCTGGAATACCTCCAGGAATGCCTCCTCACATGGCTCCACGGCCTGGAATGCCTCACATGACGCC
AGCTCCCGCAGGAGCGATCCCGACCCGACCAGCTTCAGCAGCACAACCTGCTGTCACTAAGCCTTTGTTT
CCCAGTGCAGCTCAGGCCCAGCAAAGTGCATCAGGAGTTGCTGCTTCCACAGCAGCCACATCTGACCCTC
CCAAAGCAACATTCCCCGCCTATACTCAGCCCTCTGTCTCTGCCTCCTCTTCTTCCACTTCTGCTTCTAATC
CTTCTAGCAGCACTGTGGCCAAACCCCCGGCCACAGTGACTAGTAAACCTGCCACACTAACCACCAC 
 
>mira_LDH-A 
ATGTCCACCAAGGAGAAGCTCATCAGCCATGTGTCGAAGGAGGAGGCCGTCGGCAGCAGGAACAAAGTG
ACGGTTGTGGGCGTGGGCATGGTGGGAATGGCCTCCGCTATCAGCATTCTGCTCAAGGATCTGTGTGATG
AGCTGGCCCTGGTTGATGTAATGGAGGACAAACTCAAGGGTGAGGTCATGGACTTGCAGCATGGCTCCCT
CTTCCTGAAGACCCACAAAATTGTGGCTGACAAAGACTACAGTGTCACAGCCAACTCCAGGGTGGTGGTG
GTGACCGCCGGCGCCCGCCAGCAGGAGGGCGAGAGCCGTCTCAACCTGGTGCAGCGCAACGTCAACATC
TTCAAGTTCATCATCCCCAACATCGTCAAGTACAGCCCCAACTGCATCCTGATGGTGGTCTCCAACCCAGT
GGACATCCTGACCTACGTGGCCTGGAAGCTGAGCGGGTTCCCCCGCCACCGCGTCATCGGCTCTGGCACC
AACCTGGACTCTGCCCGCTTCCGCCACATCATGGGAGAGAAGCTCCACCTCCACCCTTCCAGCTGCCACG
GCTGGATCGTCGGAGAGCACGGAGACTCCAGTGTGCCCGTGTGGAGTGGAGTGAACGTTGCTGGAGTTTC
TCTGCAGACCCTAAACCCAAAAATGGGGGCTGAGGGTGACAGCGAGAACTGGAAGGCGGTTCATAAGAT
GGTGGTTGATGGAGCCTACGAGGTTATCAAGCTGAAGGGCTACACTTCCTGGGCCATCGGCATGTCCGTG
GCTGACCTGGTGGAGAGCATCGTGAAGAACCTGCACAAAGTGCACCCAGTGTCCACGCTGGTCAAGGGC
ATGCACGGAGTGAAGGACGAGGTCTTCCTGAGTGTCCCCTGCGTCCTGGGCAACAGCGGCCTGACAGACG
TGATTCACATGACGCTGAAGGCCGACGAGGAGAAGCAGCTGGTGAAGAGCGCCGAGACCCTGTGGGGCG
TGCAGAAGGAGCTCACCCTGTGA 
>seta_LDH-A 
ATGTCCACCAAGGAGAAGCTCATCAGCCATGTTTCGAAGGAGGAGGCCGTCGGCAGCAGGAACAAAGTG
ACAGTTGTGGGCGTGGGCATGGTGGGAATGGCCTCCGCTATCAGCATTCTGCTCAAGGATCTGTGTGATG
AGCTGGCCCTGGTTGATGTAATGGAGGACAAACTCAAGGGTGAGGTCATGGACTTGCAGCATGGCTCCCT
CTTCCTGAAGACCCACAAAATTGTGGCTGACAAAGACTACAGTGTCACAGCCAACTCCAGGGTGGTGGTG
GTGACCGCCGGCGCCCGCCAGCAGGAGGGCGAGAGCCGTCTCAACCTGGTGCAGCGCAACGTCAACATC
TTCAAGTTCATCATCCCCAACATCGTCAAGTACAGCCCCAACTGCATCCTGATGGTGGTCTCCAACCCAGT
GGACATCCTGACCTACGTGGCCTGGAAGCTGAGCGGGTTCCCCCGCCACCGCGTCATCGGCTCTGGCACC
AACCTGGACTCTGCCCGCTTCCGCCACATCATGGGAGAGAAGCTCCACCTCCACCCTTCCAGCTGCCACG
GCTGGATCGTCGGAGAGCACGGAGACTCCAGTGTGCCCGTGTGGAGTGGAGTGAACGTTGCTGGAGTTTC
TCTGCAGACCCTAAACCCAAAGATGGGGGCTGAGGGTGACAGCGAGAACTGGAAGGCGGTTCATAAGAT
GGTGGTTGATGGAGCCTACGAGGTTATCAAGCTGAAGGGCTACACTTCCTGGGCCATCGGCATGTCCGTG
GCTGACCTGGTGGAGAGCATCGTGAAGAACCTGCACAAAGTGCACCCAGTGTCCACGCTGGTCAAGGGC
ATGCACGGAGTGAAGGACGAGGTCTTCCTGAGTGTCCCCTGCGTCCTGGGCAACAGCGGCCTGACAGACG
TGATTCACATGACGCTGAAGGCCGACGAGGAGAAGCAGCTGGTGAAGAGCGCCGAGACCCTGTGGGGCG
TGCAGAAGGAGCTCACCCTGTGA 
 
 



B. SEQUENCES OF MITOCHONDRIAL GENES 
 
12S_G.mirabilis  
CAAAAGCTTGGTCCTGACTTTACTGTCAGCTTTGGTTATATTTATACATGCAAGTATCCGCATCCCTGTGA
GAATGCCCTACGTGTCCTCCCCCCGGAACAAAGGAGCAGGCATTAGGCACAACCACATGTTAGCCCACAA
CGCCTTGCTTAGCCACACCCCCAAGGGAACTCAGCAGTAATAGACATTAAGCAATAAGTGAAAACTTGAC
TTAGTTAAACCAAGAGGGCCGGTAAAACTCGTGCCAGCCACCGCGGTTATACGAGAGGCCCAAGTTGAC
AAATGCCGGCGTAAAATGTGGTTAATATGACACTTCACTAAAGCTAAACATCTTCAAAGCTGTTATACCC
TCATGAAGACAGGAAGACCTCCCACGAAAGTGGCTTTAAACAATATTATTCCACGAAAGCTAGGAAACA
AACTGGGATTAGATACCCCACTATGCCTAGCCTTAAACACAAGTAATAACTTTACATCTTTGCTTGCCAGG
GAACTACGAGCCCCAGCTTAAAACCCAAAGGACTTGGCGGTGCTTTAGACCCCCCTAGAGGAGCCTGTTC
TAGAACCGATAACCCCCGTTTAACCTCACCCTCCCTTGTTTTCCCCGCCTATATACCGCCGTCGTCAGCTTA
CCCTATGAAGGACTAACAGTGAGCTCAATTGGCACAGCCTAAAACGTCAGGTCGAGGTGTAGCGTACGA
GAGGGGAAGAAATGGGCTACATTCACTGAACCAGTGCACACGAACAGTGCCTTGAAATCAGGCATTTAA
AGGAGGATTTAGCAGTAAGATGGAGAATAGAGTGCTCCTCTGAAAACGGCCCTGAAGCGCGCACACACC
GCCCGTCACTCTCCCCAAAGATACCCCAACTATAATTAAAAAGATTTTTCGACAAAGGGGAGGCAAGTCG
TAACATGGTAAGTGTACCGGAAGGTGCACTTGGAAAAAC 
 
12S_G.seta 
CAAAAGCTTGGTCCTGACTTTACTGTCAGCTTTGGTTATATTTATACATGCAAGTATCCGCACCCCTGTGA
GAATGCCCTACATGTCCCCCCCCCGGAACAAAGGAGCAGGCATTAGGCACAACTAAATGTTAGCCCACAA
CGTCTTGCTTAGCCACACCCCCAAGGGAACTCAGCAGTAATAAACATTAAGCAATAAGTGAAAACTTGAC
TTAGTTAAACCAAGAGGGCCGGTAAAACTCGTGCCAGCCACCGCGGTTATACGAGAGGCCCAAGTTGAC
AAATGCCGGCGTAAAATGTGGTTAATATGATACTTCACTAAAGCTAAACATCTTCAAAGCTGTTATACCCT
TATGAAGACAGGAAAACCTCCCACGAAAGTGGCTTTAAACAATATTATTCCACGAAAGCTAGGGAACAA
ACTGGGATTAGATACCCCACTATGCCTAGCCTTAAACACAAGTAATAACTTTACATCTTTGCTTGCCAGGG
AACTACGAGCCCCAGCTTAAAACCCAAAGGACTTGGCGGTGCTTTAGACCCCCCTAGAGGAGCCTGTTCT
AGAACCGATAACCCCCGTTCAACCTCACCCTCCCTTGTTTCTCCCGCCTATATACCGCCGTCGTCAGCTTA
CCCTATGAAGGACTAACAGTGAGCTCAATTGGTACAACCCAAAACGTCAGGTCGAGGTGTAGCGTACGA
GAGGGGAAGAAATGGGCTACATTCACTGGACCAGTGTACACGGACAATGCCTTGAAATCAGGCATTTAA
AGGAGGATTTAGCAGTAAGATGGAGAATAGAGTGCTCCTCTGAAAACGGCCCTGAAGCGCGCACACACC
GCCCGTCACTCTCCCCAAAGATATCCCAACTATAATTAAAAAGATTTTTCAACAAAGGGGAGGCAAGTTG
TAACATGGTAAGTGTACCGGAAGGTGCACTTGGAAAAAC 
 
16S_G.mirabilis  
GCACCTCCTAACAGCTAGCCCCCCCCTCCAACAACAACAAACAATATTAATAACCCCACACCCCCCCCTC
CACACAACAAACAAACCATTTTTCCTCCCTAGTATGGGCGACAGAAAAGGACCACTGGCGCAATAGAAA
AAGTACCGCAAGGGAAAGCTGAAAGAGAAATGAAACAACCCAGTAAAGAGGCACAAAGCAGAGACACC
CCCTCGTACCTTTTGCATCATGATTTAGTTAGTAGCCCTCAAGCAAAGTGCCCTTTAGTTTGAGCCCCCGA
AACTTGGCGAGCTACTCCAGGACAGCCTATTTAGGGCAAACCCGTCTCTGTAGCAAAAGAGTGGGAAGAT
CTTTGAGTAGAGGTGACAGACCTACCGAGCTAAGTTATAGCTGGTTGCCTACAAAATGAATAGAAGTTCA
GCCTTAATTCTTCTTCCCTCAAAACTGCACACACTACCGAGTGACACAAAGAAAATTTAAGAGTTATTCAA
GGGGGGAACAGCCCCCTTGAAAAAGGACACAACCTTGTTAAAGCAGGCTAAAGATTAAAATACTTAAGG
CAAAGTACCTTGGTGGGCCTAAAAGCAGCCACCCCTACAGATAGCGTTAAAGCTCAAGTACCTCCCTCCT
CCCTAATCCGTACAACATAATCTAAAGCCCCTTTCACAATAGTAGGCCTTTTCATGCAACCATGAAAGAG
ACACTGCTAAAATGAGTAATAAGAGGGCCGCCCCTCTCCCAACACCTATGTAACTCAGAACGAACCCATC
ACTGAAAATTAACGCCCCCAACAAAAGAGGGCCCTGGGAAAACCCAACATAACCTAGAAATCCACCCAA
AACCTAGCGTTAACCCCACACAGGTGTGTTTTAGGAAAGACTAAAAGAAAAAGAAGGAACTCGGCAAAC
ATTGGCCTCGCCTGTTTACCAAAAACATCGCCTCTTGCAACAACTGTATAAGAGGTCCCGCCTGCCCTGTG
ACTACATTAGTTTAACGGCCGCGGTATTTTGACCGTGCGAAGGTAGCGTAATCACTTGTCTTTTAAATGGA
GACCTGTATGAATGGCATAACGAGGGCTAAGCTGTCTCCTTTTTCCAGTCAATGAAATTGATCTTCCCGTG
CAGAAGCGGGAATAAAACCATAAGACGAGAAGACCCTATGGAGCTTAAGACACAAGGCAGTCCATGTAA
AATACCTGGCTTAAACAGAATTAACCAAGTGGTACCTGCCCTTTTGTTTTTGGTTGGGGCGACCGTGGGGA
AACAAACATCCCCCATGCGGAATGGGGCCCACCCCCTTAAAGCTAGAGCGACAGCTCCAGCTAACAGAA
TATCTGACCTACAAGATCCGGCAAAGCCGATCAACGGACCGAGTTACCCTAGGGATAACAGCGCAATCCC
CTTTTAGAGCCCATATCGACAAGGGGGTTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGC
CGCTATTAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGAAATCCAG
GTCAGTTTCTATCTATGAGTGCTCTTTTCTAGTACGAAAGGACCGAAAAGAAGAGGCCCATGCTAAAAGT
ATGCCTCCCCCTTACCTAAGGAAACCAACTAAAATAGGTAAAAGGGCACAGCACCCTGCCTGAGAAAAA
GGCAA 
 
16S_G.seta 



GCACCCCCTAACAGCTAGCCCCCCCCTCCAAAATCAACAAACACCATTAATAACCCCACACACACCCCCC
CCCCCAACAAACAAACCATTTTTCCTCCCTAGTATGGGTGACAGAAAAGGACACATGGCGCAATAGAAAA
AGTACCGCAAGGGAAAGCTGAAAGAGAAATGAAACAACCCAGTAAAGAGGCATAAAGCAAAAACACCC
CCTCGTACCTTTTGCATCATGATTTAGTTAGTAACCCTCAAGCAAAGTGCCCTTTAGTTTGAGCCCCCGAA
ACTTGGCGAGCTACTCCAGGACAGCCTATTTAGGGCAAACCCGTCTCTGTAGCAAAAGAGTGGGAAGATC
TTTGAGTAGAGGTGATAGACCTACCGAGCTAAGTTATAGCTGGTTGCCTACAAAATGAATTGAAGTTCAG
CCTTAACTCTTTTTCCCTCAAAACTGCACATGGTCCCAAGTGACCCGAAAAAAATTTAAGAGTTATTCAAG
GGGGGAACAGCCCCCTTGAAAAAGGACACAACCTTGTTAAAGTAGGCTAAAGATTAAAGTGCTTAAGGC
AAAGTACCTTGGTGGGCCTAAAAGCAGCCACCCCTACAGATAGCGTTAAAGCTCAAGTACCTCCCTCCTC
CCTAATCCGTACAACATAATCTAAAGCCCCTTTCACAATAGTAGGCCTTTTCATGCAACCATGAAAGAGA
CACTGCTAAAATGAGTAATAAGAGGGCCGCCCCTCTCCCAACACCTATGTAACTCAGAACGAACCCGTCA
CTGAAAATTAACGCCCCCAATAAAAGAGGGCCCTGGGAAACCCCAAACTAATCTAGAAACCCACCCAAA
ACCTAGCGTTAATCCCACACAGGTGTGTTTTAGGAAAGACTAAAAGAAAAAGAAGGAACTCGGCAAACA
TTGGCCTCGCCTGTTTACCAAAAACATCGCCTCTTGCAACAAACGTATAAGAGGTCCCGCCTGCCCTGTGA
CTACATTAGTTTAACGGCCGCGGTATTTTGACCGTGCGAAGGTAGCGTAATCACTTGTCTTTTAAATGAAG
ACCTGTATGAATGGCATAACGAGGGCTAAGCTGTCTCCTTTTTCCAGTCAATGAAATTGATCTTCCCGTGC
AGAAGCGGGAATAGAGCCATAAGACGAGAAGACCCTATGGAGCTTAAGACACAAGGCAGCCCATGTAAA
ACACCTGGCTTAAACAGAGTTAACCAAGTGGTACCTGCCCTTTTGTTTTTGGTTGGGGCGACCGCGGGGA
AACAAATATCCCCCATGTGGAATGGGGCCCACCCCCTTAAAGCTAGAGCTACAGCTCCAGCTAACAGAAT
ATCTGACCTACAAGATCCGGCAAAGCCGATCAACGGACCGAGTTACCCTAGGGATAACAGCGCAATCCCC
TTTTAGAGCCCATATCGACAAGGGGGTTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGCC
GCTATTAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGAAATCCAGG
TCAGTTTCTATCTATGAGTGCTCTTTTCTAGTACGAAAGGACCGAAAAGAAGAGGCCCATGCTCAAAGTA
TGCCTCCCCCTTACCTAAGGAAACCAACTAAAATAGGTAAAAGGGCACAAAACCCTGCCTGAGAAAAAG
GCAA 
 
NADH-1_G.mirabilis  
ATGCTTTCCACAATTTTAACCCACGTACTTAACCCCCTTGCCTACATTGTCCCTGTCCTTCTAGCTGTTGCA
TTCCTTACACTTTTGGAACGTAAAGTCCTTGGCTATATACAGCTACGAAAAGGCCCAAATGTTGTTGGCCC
TTTTGGCTTACTACAGCCAATTGCGGATGGTGTAAAACTCTTTATTAAAGAACCAGTACGCCCTTCTACTT
CCTCCCCCTTTTTATTCTTATTAGCCCCAATGCTTGCCCTCACCTTAGCCCTCACACTTTGGGCCCCCCTCC
CTCTTCCCCACCCTGTCACAGACTTAAACTTAAGCATCCTCTTTATTCTCGCTTTATCCAGCCTTGCTGTAT
ACTCAATTTTAGGCTCTGGATGAGCCTCCAACTCTAAATATGCCCTCATTGGAGCATTACGAGCAGTTGCA
CAGACAATTTCATATGAGGTGAGCTTAGGACTAATTCTGTTAAGCACTATCATTTTTACAGGGGGCTTTAC
CCTCCAGACATTTAGTGTAGCTCAAGAAAGTATTTGATTGCTTCTCCCAGCATGACCCCTAGCAGCAATAT
GATACATCTCTACATTGGCCGAAACCAATCGAGCCCCCTTTGACCTCACAGAAGGGGAATCTGAACTTGT
TTCGGGCTTTAATGTAGAGTATGCAGGGGGCCCCTTCGCTCTTTTCTTCCTTGCAGAGTATGCTAACATCC
TGCTAATGAACACCCTCTCTGCTGCTCTTTTCCTGGGGGCCTATCACCTTCCCCACTTCCCTGAACTAACAT
CTGTAAATCTCATGACAAAGGCAGCTCTTCTTTCTGTTCTTTTCCTATGGGTTCGAGCCTCCTACCCCCGCT
TCCGCTATGACCAACTCATACATCTTATCTGGAAGAACTTTCTCCCCCTCACTCTCTCCCTGGTCATCTGAC
ACTTTTCACTCCCCCTTGCACTTGCTGGTCTACCCCCCCAACTTTAA 
 
NADH-1_G.seta 
ATGCTTTCCACAATTCTCACCCATGTCCTAAATCCCCTTGCATATATTGTTCCTGTACTCCTCGCTGTTGCA
TTCCTCACACTCTTGGAACGGAAAGTCCTTGGGTATATACAACTACGAAAAGGCCCAAATGTTGTGGGCC
CTTTTGGCTTACTACAACCTATTGCTGATGGAGTCAAGCTCTTTATTAAAGAACCAGTACGGCCTTCTACT
TCCTCCCCTTTTTTATTTCTCCTTGCCCCAATGCTTGCCCTCACCTTAGCCCTTACACTTTGAGCCCCCCTCC
CTCTCCCCCACCCAGTTACAGACTTAAACTTAAGCATCCTTTTTATTCTTGCTTTATCAAGCCTTGCTGTCT
ACTCCATTTTAGGGTCTGGCTGGGCCTCCAACTCCAAATATGCTCTCATTGGGGCATTACGGGCAGTTGCA
CAAACAATTTCATATGAAGTTAGTCTAGGGTTAATTCTGTTAAGCACAATCCTCTTTACAGGAGGCTTTAC
CCTTCAGACATTTAGTGTTGCTCAAGAAAGCATTTGACTTCTTCTCCCTGCATGACCTCTTGCAGCAATAT
GATACATCTCTACACTAGCCGAGACCAACCGAGCCCCCTTTGACCTCACAGAGGGGGAATCCGAGCTTGT
TTCAGGCTTCAATGTAGAATATGCTGGAGGTCCTTTTGCCCTTTTTTTCCTTGCAGAATATGCTAATATTCT
CCTAATAAATACTCTTTCTGCCACCCTTTTTCTAGGGGCCTACCACCTTCCCCACTTCCCTGAGATTACCTC
TATTAATCTTATAACAAAAGCAGCCCTTCTATCTATTCTTTTCCTATGGGTTCGAGCTTCCTACCCCCGCTT
CCGTTATGATCAGCTTATACATCTAATTTGGAAGAATTTTCTCCCCCTTACACTCTCATTGGTTATCTGGCA
CTTTTCACTTCCCCTTGCCCTTGCTGGTCTCCCCCCGCAGCTTTAA 
 
NADH-2_G.mirabilis  
ATGCACCCCTACACACTTACCCTCCTTTTCTTTGGCCTTGTTCTAGGCACTACCCTCACTGCCACCAGCTCC
CACTGATTGCTTGCATGGATGGGCCTTGAGATCAATACCCTGGCAATTATTCCCCTCATAGCACAACAAA
ACCACCCCCGGGCAATTGAAGCCACCACCAAATATTTCTTAACACAAGCCACTGCTGCTGCCACCCTTCTT



TTTGCCAGTCTAACAAATGCCTGACTCACAGGACAATGAGACATTCAACTAATGACCCACCCCGTCCCCA
CAACCATAATTATTTTAGCCCTCTCTTTAAAACTTGGACTAGCCCCCCTCCACACCTGACTCCCAGAGGTT
CTTCAAGGCTTAGACCTTACTACAGGCTTGATTCTATCAACCTGGCAGAAATTAGCCCCCTTTGCCCTTCT
CCTCCAAATCCCTGCTGCCAGCCAAGAACTCTTTGTCCTCCTAGGACTTGCCTCCACTCTTGTGGGAGGCT
GAGGCGGGCTAAATCAAACCCAGCTACGCAAGATTCTTGCATACTCTTCTATTGCCCACCTTGGCTGGATA
CTTCTAATTATTCAGTATGCCCCTACCTTGACCCTCCTTGCCCTTGTGACATATCTTGTCATGACCTCCTCC
CTGTTCCTTACCTTAAGCTTTAACAGCACAACTAATGTTAATTCCTTGGCAACAGCCTGAGCAAAGGCCCC
CCTTATTACCACTCTTGCCCCCCTCTTGCTTCTTTCCCTGGGGGGCCTCCCCCCAATGACAGGCTTTATGCC
CAAGTGACTCATTCTACAAGAGCTTACTAAACAGCACCTCCCCATGACCGCCACATTTGTGGCTTTGACTG
CCCTTTTAAGCCTCTACTTCTACCTTCGCCTATCCTATGCCATAACTCTCACCCTCTCCCCCAACAATGTGG
CAGGCCTAACCCCCTGGCGCCTCCCCCCAACACACTTCACCCTGCCCCTCTCCATGGCCACCCTCTCTACA
GTACTCCTTCTGCCCTTGACCCCTGCAATTTCTGCCCTCCTAAACCTTTAA 
 
NADH-2_G.seta 
ATGCACCCCTACACACTTACCCTCCTTTTCTTTGGCCTTATTCTAGGCACCACCATTACTGCTACTAGTTCC
CACTGGCTACTTGCATGGATGGGCCTCGAAATCAACACTCTGGCAATTATTCCCCTAATAGCACAACAAA
ATCATCCCCGAGCAATTGAAGCAACCACCAAGTATTTCTTGACACAAGCAACTGCTGCTGCCACTCTCCTT
TTTGCTAGTGTAACAAATGCTTGACTCACAGGTCAATGAGACATTCAAATGATAACCCACCCCCTCCCTAC
AACTATAATCATTTTGGCCCTTTCCCTAAAAGTGGGGTTAGCTCCCCTCCACACCTGACTCCCAGAAGTTC
TTCAAGGCTTGGACCTTACTACAGGCTTGATTCTCTCAACATGACAGAAGTTAGCCCCCTTTGCCCTCCTC
ATCCAAATCCCCACTGCCAACCAAGAGCTGCTGGTTCTCCTAGGCCTCACCTCCACCCTTATTGGAGGATG
GGGAGGGCTTAATCAAACACAACTCCGTAAAATCCTCGCATACTCCTCCATCGCCCACCTTGGCTGAATG
CTTCTAATTATTCAATATGCCCCTTCCTTAACCCTCCTTGCCCTTGTAACATATCTCATCATAACCTCCTCA
CTATTTCTTGCATTCAACTTTAATAGCACTACCAATGTTAATTCTTTAGCAACAGCCTGAGCAAAAGCCCC
CCTTCTTACCACCCTTGCCCCCCTCTTGCTTCTTTCTCTAGGAGGACTCCCCCCCATGACAGGCTTTATGCC
CAAATGACTTATTCTTCAAGAACTCACTAAACAACACCTTCCCTTAACTGCCACCTTTGCAGCTTTAACTG
CTCTTTTAAGCCTATACTTCTACCTTCGATTATCTTATGCCATAACTCTCACCCTCTCCCCAAATAACATAG
CAAGCCTGGCCCCCTGACGCCTCCCTCCAACCCACCTAACCCTCCCCTTCGCCTTCGTCACCCTTTCTGCTG
TGCTCCTTCTTCCCCTAACCCCTGCAGTTTCTGCCCTCCTAACCCTTTAA 
 
COX-1_G.mirabilis  
GTGGCAATCACACGTTGATTCTTTTCGACCAACCATAAAGACATTGGCACCCTCTATCTTGTATTTGGTGC
CTGAGCTGGGATAGTGGGAACAGCACTAAGCCTTCTTATTCGAGCAGAACTAAGCCAACCTGGAGCCCTC
CTAGGGGATGATCAAATTTACAATGTCATTGTGACTGCACATGCCTTTGTAATAATTTTCTTTATAGTAAT
ACCAATTATGATTGGAGGGTTTGGAAACTGATTAATCCCCCTAATGATTGGGGCCCCTGATATAGCTTTCC
CCCGAATGAATAATATGAGCTTCTGACTCCTCCCTCCATCATTCCTCCTCCTGCTAGCTTCTTCTGGAGTTG
AAGCTGGGGCAGGGACCGGCTGAACAGTTTACCCGCCTCTTGCAGGCAATCTTGCACATGCTGGAGCCTC
TGTTGACCTAACAATCTTCTCTCTTCACCTTGCAGGGATCTCTTCTATCCTCGGAGCAATCAATTTTATTAC
AACAATTTTGAATATGAAGCCCCCCGCTATCTCACAGTACCAAACACCCCTTTTTGTGTGGGCTGTCTTAA
TTACTGCTGTCCTCCTTCTCCTTTCACTCCCTGTTCTTGCAGCTGGAATTACCATGCTTTTAACAGACCGAA
ACCTCAATACAACCTTCTTTGACCCTGCAGGAGGAGGAGACCCCATTCTGTACCAACACCTCTTCTGGTTC
TTTGGGCACCCAGAGGTCTACATCTTGATTCTTCCAGGATTTGGTATAATCTCCCACATTGTGGCCTACTA
TGCTGGCAAAAAAGAACCCTTTGGGTACATGGGAATAGTTTGAGCAATAATGGCCATTGGTCTGTTGGGC
TTTATTGTCTGAGCCCACCACATATTTACAGTGGGCATAGATGTAGACACTCGAGCATACTTTACTTCAGC
AACAATGATTATTGCCATCCCTACTGGTGTAAAAGTCTTTAGCTGGCTTGCTACCCTTCATGGGGGCTCAA
TCAAGTGAGAAACTCCCTTACTCTGAGCATTAGGCTTTATTTTCCTTTTTACTGTAGGGGGCTTAACCGGC
ATTGTCTTGGCTAATTCTTCCCTAGATATCACCCTCCATGACACCTACTATGTTGTAGCCCACTTCCACTAT
GTTCTATCCATGGGGGCTGTATTTGCAATTATGGCTGGATTCGTACACTGATTCCCCCTCTTCACAGGGTA
CACACTCCACACCACCTGATCCAAAATTCACTTTGGGGTGATGTTTCTAGGAGTAAACTTAACTTTCTTCC
CCCAGCATTTCCTAGGCCTAGCTGGGATGCCTCGCCGATATTCAGACTACCCAGATGCCTACACCCTCTGA
AATACCCTCTCTTCCCTAGGCTCCCTAATTTCCCTCACAGCTGTAATTATGTTCCTCTTCATTCTATGAGAG
GCATTTGCTGCTAAACGAGTTGTCTCTTCTGTAGAGCTCACTGCAACAAACATTGAATGGCTCCATGGCTG
CCCTCCCCCCTACCACACATTCGAAGAGCCTGCCTTTGTTCAAGTTCAACCGACCTACTAA 
 
COX-1_G.seta 
GTGGCAATCACACGTTGATTCTTTTCGACCAACCATAAAGACATTGGCACCCTCTATCTTGTATTTGGTGC
CTGAGCTGGGATAGTGGGAACAGCACTAAGCCTTCTTATTCGAGCAGAACTAAGCCAACCTGGAGCCCTC
CTAGGGGATGATCAAATTTACAATGTCATTGTGACTGCACATGCCTTTGTAATAATTTTCTTTATAGTAAT
ACCAATTATGATTGGAGGGTTTGGAAACTGATTAATCCCCCTAATGATTGGGGCCCCTGATATAGCTTTCC
CCCGAATGAATAATATGAGCTTCTGACTCCTCCCTCCATCATTCCTCCTCCTGCTAGCTTCTTCTGGAGTTG
AAGCTGGGGCAGGGACCGGCTGAACAGTTTACCCGCCTCTTGCAGGCAATCTTGCACATGCTGGAGCCTC
TGTTGACCTAACAATCTTCTCTCTTCACCTTGCAGGGATCTCTTCTATCCTCGGAGCAATCAATTTTATTAC



AACAATTTTGAATATGAAGCCCCCCGCTATCTCACAGTACCAAACACCCCTTTTTGTGTGGGCTGTCTTAA
TTACTGCTGTCCTCCTTCTCCTTTCACTCCCTGTTCTTGCAGCTGGAATTACCATGCTTTTAACAGACCGAA
ACCTCAATACAACCTTCTTTGACCCTGCAGGAGGAGGAGACCCCATTCTGTACCAACACCTCTTCTGGTTC
TTTGGGCACCCAGAGGTCTACATCTTGATTCTTCCAGGATTTGGTATAATCTCCCACATTGTGGCCTACTA
TGCTGGCAAAAAAGAACCCTTTGGCTACATGGGGATGGTCTGGGCTATAATAGCCATCGGTCTATTGGGC
TTCATTGTCTGAGCCCACCACATATTTACTGTAGGAATGGATGTTGACACTCGAGCATACTTTACCTCAGC
AACAATAATTATTGCCATTCCTACCGGGGTAAAAGTCTTTAGTTGGCTCGCCACCCTCCATGGTGGCTCAA
TTAAATGGGAAACCCCCCTACTTTGATCATTAGGCTTTATTTTCCTTTTTACTGTGGGGGGCTTGACTGGTA
TTGTTTTAGCTAACTCCTCCCTAGATATTACTCTCCATGACACCTACTATGTTGTTGCCCACTTCCATTATG
TGTTGTCCATAGGCGCTGTATTTGCAATTATGGCTGGGTTTGTACACTGATTTCCCCTCTTTACAGGCTATA
CACTACACACCACATGGTCCAAAGTACATTTTGGGGTTATATTCCTAGGAGTAAACTTAACCTTTTTCCCC
CAACATTTTTTAGGTCTCGCGGGGATGCCTCGCCGATACTCAGACTACCCAGACGCCTACACCCTCTGAAA
TACAGTTTCTTCCTTAGGCTCCCTAATTTCCCTTACAGCTGTAATTATGTTCCTCTTCATTCTTTGAGAGGC
CTTTGCTGCTAAACGAGTTGTGTCTTCTGTGGAACTCACTGCAACAAACATTGAGTGACTTCATGGCTGCC
CTCCCCCCTACCACACATTTGAGGAGCCTGCCTTTGTTCAAGTTCAACCCACCCACTAA 
 
COX-2_G.mirabilis  
ATGGCCCATCCCTCACAACTAGGATTTCAAGACGCAGCATCCCCTGTAATAGAAGAACTTCTTCATTTTCA
TGACCACACCCTAATAATTGTTTTTCTTATCAGCACCCTTGTACTTTACATTATTGTAGCCATGGTTTCAAC
TAAGCTCACTAACATGAACCTCCTTGACTCACAAGAAATCGAAATTATCTGAACAATTCTTCCTGCAATTA
TCCTCATTCTTATTGCCCTCCCCTCCCTACGGATCCTGTACCTAATGGACGAGATTAATAACCCTCACTTAA
CAGTAAAAGCAATTGGGCACCAGTGATACTGAAGCTATGAATATACTGACTACCAAGAAATTGCCTTTGA
CTCCTACATAGTCCCAACACAAGACTTAGCCCCAGGGCAATTCCGCCTCCTAGAAGTAGACCACCGGATA
GTGGTCCCCACTGAGGCCCCTATCCGGGTCCTTGTAACAGCAGAGGATGTCCTTCACTCATGAGCTGTCCC
TGCTCTTGGTATTAAAATGGATGCTGTTCCTGGCCGCTTGAACCAAACTGCTTTTATTGCCTCCCGCCCTG
GTGTCTTCTATGGTCAATGTTCAGAGATCTGTGGTGCTAATCACAGCTTTATGCCTATTGTTGTAGAAGCT
GTCCCTCTAAAGTTTTTCCAGGACTGATCCACCCTAATACTCGAAGACGCCT 
 
COX-2_G.seta 
ATGGCCCATCCCTCCCAACTAGGATTTCAAGACGCAGCATCCCCTGTAATAGAAGAGCTTCTTCATTTTCA
TGACCATGCCCTAATAATTGTCTTTCTTATCAGCACCCTTGTGCTTTACATTATTGTTGCCATAGTCTCAAC
TAAACTCACAAACATGTATCTCCTCGATTCACAAGAAATCGAAATCATCTGGACAATTCTTCCTGCCATCA
TTCTCATTCTTATTGCCCTCCCCTCCCTACGAATCCTGTATCTAATAGACGAAATTAACAACCCCCACTTAA
CAGTTAAAGCAATTGGGCACCAATGGTATTGAAGCTACGAATACACTGACTATCAAGAAATTGCCTTCGA
CTCCTACATAGTTCCAACACAAGACTTGGCACCAGGCCAATTCCGACTCCTAGAAGTTGACCACCGGATA
GTGGTCCCAACTGAAGCCCCTGTCCGAGTCCTTGTAACAGCCGAAGATGTCCTTCACTCCTGAGCTGTTCC
TGCTCTAGGAGTAAAAATAGATGCTGTACCTGGCCGCTTAAACCAAACTGCTTTCATTGCCTCCCGCCCAG
GTGTTTTCTATGGCCAATGCTCAGAAATCTGTGGTGCCAACCACAGCTTTATGCCAATTGTTGTGGAAGCT
GTCCCTCTAAAATTCTTCCAAGACTGATCCACACTTATGCTTGAAGACGCCT 
 
ATPase8_G.mirabilis  
ATGCCCCAATTGAACCCCGCCCCCTGGTTCACCATCTTGGTCTTTTCATGACTTGTTTTCCTTACAATTGTT
GTACCAAAAACATTAAATCACATTTCCCCCAATGAACCCTCTGCCCAAACCAAAAAACCCTCTAAAACCT
ATACCTGACCCTGAATGTGATAA 
ATPase8_G.seta 
ATGCCCCAATTGAACCCTGCCCCCTGGTTCGCCATCTTAGTCTTTTCATGACTTGTCTTCCTTACAATCATT
GTACCAAAAACATTAAATCACATTTTCCCCAATGAGCCCTCTGCCCAAAGCACAAAAACCCCTAAAACCA
ATGCCTGACCCTGAATTTGATAA 
 
ATPase6_G.mirabilis 
ATAACAAGCTTTTTCGAACAGTTTATAAGCCCTTCTCTTCTTGGGATCCCCTTAATAGCCATTGCTTTCATT
ATTCCCTCCCTTTTTTTCCCTTCCCCTGCCACACGGTGATTAACCAACCGACTACTAACACTACAAAACTTC
TTCATTGTTCGCTTCACCTCCCAACTACTTCTGCCAATCAATAAAGGAGGGCACAAGTGAGCCTTAATTTT
AACATCCCTAATAATTTACCTTATCTCCCTTAATATTCTAGGCCTCCTGCCATACACCTTCACCCCTACAAC
ACAACTTTCATTAAACCTAGGCTTTGCTGTTCCCCTATGACTGGCAACAGTCCTAATAGGCCTACGAAATC
AGCCCACTGCTGCTCTTGGCCATTTGCTCCCAGAAGGCACCCCCGGCCCACTAATCCCCGTCCTTATTATT
ATCGAAACAATTAGCCTTTTCATCCGCCCTCTTGCCCTAGGGGTGCGGCTTACTGCAAACCTCACAGCAGG
CCACCTCTTAATGCAACTCATTGCTACAGCTGCCTTTGTCCTCCTTTCTTCTATGCCTACAGTGGCAATTCT
CACAACCATTGTTCTATTCTTACTCACCCTTCTAGAAGTCGCAGTTGCTATAATTCAAGCCTATGTCTTTGT
TCTTTTAATAAGCCTCTACCTACAAGAAAACGTTTA 
 
ATPase6_G.seta 



ATAACAAGCTTCTTCGACCAATTTATAAGTCCCTCTCTTCTTGGTATCCCCTTGATAGCCCTTGCTTTCGTT
ATTCCCTCTCTTTTTTTCCCCTCCCCCGCCACACGATGATCAACCAACCGGCTACTTACCCTTCAAAGCTTC
TTCATTGTTCGCTTTACATCCCAATTGCTTCTCCCCATCAATAAAGGAGGACATAAGTGAGCCTTAATTTT
AACATCCCTAATAATTTTTCTGATCTCCCTCAATATCCTGGGCCTCCTACCCTACACATTCACTCCTACAAC
TCAACTCTCGCTGAATATGGGCCTTGCTGTTCCCCTATGATTGGCCACAGTACTAATAGGACTACGAAACC
AACCTACTGCTGCTCTTGGGCATTTACTTCCAGAAGGCACACCTGGCCCCCTGATCCCTGTCCTCATTATC
ATCGAAACAATTAGCCTTTTTATTCGCCCCCTAGCCCTAGGTGTACGACTTACTGCAAACCTTACAGCAGG
TCACCTCTTGATGCAACTTATTGCTACCGCTGCCTTTGTGCTCCTTTCAGCTATACCCACAGTAGCGATTCT
TACAACCCTAGTTCTATTCTTACTAACCATCCTAGAAGTTGCAGTTGCTATAATCCAGGCATATGTCTTTGT
ACTTTTAATAAGCCTCTACCTCCAAGAAAACGTTTA 
 
COX-3_G.mirabilis 
ATGGCCCACCAAGCACATGCATACCACATAGTAGACCCCAGCCCATGGCCCCTTACAGGAGCCATTGCCG
CACTCCTAATAACATCTGGCCTTGCCATTTGATTCCACTACAACACAATAACACTTATTGGTCTAGGCACC
GTCCTACTCTTACTGACAATGTTTCAGTGATGACGAGACATTGTTCGAGAAGGGACCTATCAAGGCCACC
ACACGCCCCCAGTTCAAAAGGGCCTCCGCTATGGGATAATTCTTTTCATTACATCTGAAGTTTTCTTCTTCC
TAGGCTTCTTTTGAGCATTTTTCCATGCAAGCCTTGCCCCCACCCCTGAAATTGGAGGATGCTGACCCCCA
ACAGGAATTACTGCCCTGGACCCCTTTGGGGTCCCCCTCCTTAACACTGCCGTTCTTCTTGCATCAGGAGT
AACAGTTACCTGGGCCCACCACAGCATTATAGAGGGGGAACGGAAACAAGCCATTCAAAGTCTTACCCTA
ACCATCTTACTAGGTGCATACTTTACCTTCCTTCAAGGTATGGAGTACTATGAAGCCCCCTTTACAATTGC
AGACGGAGTCTATGGCTCCACTTTCTTTGTAGCTACTGGATTCCATGGACTACATGTTATCATTGGTACTA
CTTTCCTTGCCATCTGCCTCCTCCGTCAAATCAACTACCACTTCACAGTGGAGCACCACTTTGGATTTGAA
GCAGCAGCATGATACTGACACTTTGTGGATGTAGTCTGACTATTCCTATACATTTCTATTTACTGATGAGG
CTCCT 
 
COX-3_G.seta 
ATGGCCCACCAAGCACATGCATACCATATAGTAGACCCCAGCCCCTGGCCCCTTACAGGGGCCATTGCCG
CACTTCTAATAACATCTGGCCTCGCCATTTGGTTTCACTACAACACAATGACACTTATAGGCTTAGGCACA
ATTTTACTTTTGCTAACAATGTTTCAATGATGACGAGACATTGTACGAGAAGGAACCTACCAGGGACACC
ATACACCTCCGGTTCAAAAAGGCCTCCGCTATGGGATACTTCTTTTCATCACATCTGAAGTTTTCTTTTTCC
TAGGCTTCTTTTGAGCATTTTTTCATGCGAGTCTTGCCCCCACCCCTGAAATTGGAGGATGCTGACCCCCC
ACAGGAATTACTGCACTAGATCCCTTTGGGGTCCCCCTCCTCAACACTGCTGTTCTTCTTGCCTCAGGTGT
GACAGTTACCTGAGCCCACCACAGCATCATAGAAGGAGAACGAAAACAAGCTATTCAAAGCCTTGCCCT
AACCATCCTACTAGGAGGGTACTTTACTTTCCTTCAAGGCATAGAGTACTATGAAGCCCCATTTACAATTG
CAGATGGAGTCTATGGCTCCACTTTCTTTGTAGCTACAGGTTTCCACGGACTACACGTTATTATTGGCACG
ACTTTCCTTGCCATCTGCCTTCTCCGACAAATCAATTACCACTTTACAGTTGAACACCACTTTGGGTTTGAG
GCAGCAGCATGATACTGACATTTTGTAGACGTAGTCTGGCTATTCCTTTATATCTCTATTTACTGATGAGG
CTCCT 
 
ND3_G.mirabilis 
ATGAACCTCATCTCCACAGTCATATTTATTGCCATTGCACTCTCAACAATTTTAGCAATTGTCTCCTTTTGG
CTCCCCCTCATAACACCAGATCAAGAGAAGGTATCCCCCTATGAATGCGGCTTTGACCCTCTTGGCTCTGC
TCGCCTCCCCTTTTCAATGCGTTTCTTCCTAGTTGCCATCCTCTTCCTCTTGTTTGACCTTGAAATTGCTTTA
CTCTTGCCCCTCCCCTGGGCAGATCAACTACCTTCCCCCCTCTTTTCTTTCTTTTGAGCCACCCTCCTCCTCC
TGCTCCTAATCCTTGGCCTAATTTATGAATGAACTCAGGGGGGACTGGAGTGGGCTGAGTAG 
 
ND3_G.seta 
ATGAACCTCATTTCCACAGTCATGTTTATTGCCATTGCACTCTCGACAATCCTAGCAATTGTCTCCTTTTGA
CTTCCCCTCATAGCACCTGACCAAGAAAAGGTCTCCCCCTATCAATGCGGCTTTGACCCTCTTGGCTCTGC
CCGCCTCCCCTTTTCAATACGTTTTTTCCTGGTCGCCATCCTCTTCCTCCTCTTCGACCTTGAAATTGCATTA
CTTTTGCCCCTTCCATGAGCAGACCAACTACCCTCCCCCCTCTTTTCCTTCTTCTGAGCAACCCTCCTCCTC
TTGCTCCTGATCTTGGGCCTAATCTATGAATGAACTCAAGGAGGCCTAGAATGAGCTGAATAG 
 
ND4_G.mirabilis 
ATGCTAAAAATTCTTATCCCAACAATTATGCTAGTCCCCACGACCTGGCTAGTTCCACATAAGTTTATTTG
ACCCACAGCTCTCACCCATAGCCTCCTTATTGCTTTTTTTAGCCTCTCCTGGCTGAGTGCCCCCAGTGAGAC
AGGATGATCTTCCATAAATAACTTTCTAGCCTTAGACCCCCTCTCAACACCTCTTTTGGTATTAACTTGCTG
GCTCCTCCCCCTTATAGTTCTTGCAAGCCAAAACCACCTTGCCCCCGAGCCCCCAAGCCGACAACGCATAT
ATGTGTCCCTCCTTACATCTCTCCAAATTTTCCTTATCCTAGCCTTTTCAGCAACAGAGGTTCTTTTGTTTTA
TGTAATGTTTGAGGCGACCCTCATCCCCACACTTATCCTCATCACACGGTGGGGGAACCAAGAAGCCCGA
CTGAGCGCAGGGACATACTTCTTGTTTTACACTTTAGCAGGATCCCTCCCCCTACTAGTTGCCCTCTTGATT
CTGCAGAATACCACAGGAAGCTTGTCCCTTCTTACCCTCCCTTATGCAAACACCTTCCCCCTTCTCACAGT



CGGGGATAAGCTCTGGTGGGCTGGGTGTCTACTCGCCTTCCTTGTCAAAATGCCCCTCTATGGAATGCATC
TCTGACTTCCAAAAGCCCATGTTGAAGCCCCCATTGCTGGCTCCATAGTACTTGCCGCCGTTCTCCTCAAA
CTAGGGGGCTATGGCATAATGCGTATAATAATTGTACTGGAACCCCTTACTAAACAGCTAAGCTACCCCT
TCATTATCCTCTCCCTTTGAGGCATCATCATGACAGGCTCCATCTGCTTACGCCAAACGGACCTCAAGTCG
CTCATTGCCTACTCCTCTGTTGGTCACATGGGCCTTGTGGCAGGAGGTATCTTAATTCAAACCCCCTGAGG
CTTCACTGGCGCACTTATCCTCATAATTGCACACGGCCTCACATCCTCTGCCCTTTTTTGTTTAGCAAACAC
CAACTATGAACGCACCCACACCCGAACAATGCTTCTTGCACGGGGCATACAGATGCTTCTCCCTCTCATA
ACCTCTTGATGATTTATTGCAAGTCTAGCAAACCTTGCCCTTCCCCCCCTCCCTAACCTGATAGGGGAACT
AATAATTATCTCTTCCCTTTTCAACTGATCTTGAACAACCATCCTCCTGACAGGAGCTGGGACCCTCATTA
CAGCTGCCTACTCCCTGTACATGTTCTTAATGACCCAACGTGGCCCTGTTCCTCAACACATTATTGCACTA
GACCCCTCCCACACCCGAGAGCACCTCCTGCTCACACTTCATCTCCTCCCTCTGCTTCTACTTATCACAAG
CCCCTCCCTAATCTGAGGGTGGGCTGCCT 
 
ND4_G.seta 
ATGCTAAAAATTCTTATCCCAACAATTATGCTTATCCCCACAACATGGCTAGTTTCACATAAACTTATCTG
GCCCACAGCACTTGCCCACAGCCTTCTTATTGCTTTTTTTAGCCTTTCCTGGCTCAACAACACTACTGAGAC
TGGCTGGTCCACTATAAATAATTTCCTAGCCCTAGACCCCCTCTCCACCCCCCTCCTAGTCCTAACTTGCTG
GCTCCTCCCCCTTATAGTTCTTGCAAGCCAAAACCATCTGTCTCTAGAGCCCACAAATCGCCAACGCATAT
ATGTTACCCTCCTCACATCTCTCCAAATTTTCCTTATCATAGCCTTTTCAGCAACAGAAGTTCTTTTGTTCT
ATGTAATGTTTGAAGCAACCCTTATCCCTACACTTATTCTTATTACACGGTGGGGAAATCAAGAAGCACGC
CTAAATGCCGGAACATACTTTTTATTCTATACTTTAGCAGGTTCCCTCCCCCTATTAGTGGCTCTCTTAATC
CTACAAAATACCACAGGAAGCTTATCCCTCTTAACTCTCCCGTATGCAGATACTTTCCCCCTTGTCTCAAT
TGCTGACAAACTCTGATGGGCCGGGTGCTTACTCGCCTTCCTTGTTAAAATACCCCTCTATGGGATACATC
TCTGACTCCCAAAAGCCCATGTTGAAGCCCCCATTGCAGGTTCCATAGTACTTGCTGCTGTCCTCCTCAAA
CTAGGGGGCTATGGAATAATACGTATAATAATTATACTAGAGCCTCTAACTAAAGAACTAAGCTACCCCT
TCATTATCCTTGCCCTCTGGGGGGTAATTATAACAGGTTCCATCTGCTTACGCCAAACAGACCTTAAAGCC
CTCATTGCCTACTCCTCTGTGGGCCACATGGGCCTTGTAGCAGGGGGCATCTTAATCCAAACCCCTTGGGG
ATTCACGGGGGCACTTATTCTCATGATTGCTCATGGGCTCACCTCCTCTGCCCTTTTTTGTTTGGCAAATAC
CAACTATGAACGTACCCACACCCGTACAATACTTCTTGCACGAGGCATACAAATGCTTCTTCCCCTCATAG
CCTCTTGATGGTTTATTGCAAGCCTAGCAAATCTTGCCCTTCCCCCCCTCCCCAACCTCATAGGGGAGCTC
ATAATTATCTCTTCCCTTTTTAACTGATCTTGAACAACCATCCTCCTTACAGGGGCTGGGACTCTAATTACA
GCTGCCTATTCCCTGTACATGTTCTTGATAACGCAACGGGGCCCTGTCCCCCAACACATTATTGCATTAGA
TCCTCCCCACACCCGAGAACATCTACTGCTCGCACTTCACCTCCTTCCCCTACTTCTACTTATCGCAAAACC
TGCCCTGATCTGAGGATGGACTGCCT 
 
ND4L_G.mirabilis 
ATGACCCCTACGCACTTTGCTTTTTCAACAGCCTTTCTTCTAGGACTAGCAGGCCTAGCATTCCACCGCAC
ACACCTCCTCTCAGCCCTCCTATGCCTAGAGGGCATAATGCTCTCACTCTTTCTTGCCCTCTCACTCTGAAC
CCTTGAGCTAAACACAACAAACTTTTCTGCCTCCCCCATACTCCTCCTGGCCTTCTCTGCCTGTGAAGCAA
GTGCAGGCCTTGCACTACTAGTTGCAACAGCCCGTACACATGGCACAGACCGCCTTCAAAACTTTAACCT
CCTACAATGCTAA 
 
ND4L_G.seta 
ATGACCCCTACGCACTTTGCCTTTTCAGCAGCCTTTCTGCTAGGTCTAGCAGGCCTAGCCTTCCACCGCAC
ACATCTTCTCTCAGCCCTCCTATGTCTAGAGGGCATAATACTATCACTTTTTCTTGCCCTCTCTCTCTGGAC
CCTCGAGCTAGACACAACAAACTTTTCAGCCTCCCCAATGCTACTCCTAGCCTTCTCTGCCTGTGAAGCAA
GTGCAGGCCTAGCCCTCCTGGTCGCAACAGCCCGAACACACGGCACAGACCGCCTTCAAAACTTTAATCT
CCTACAATGCTAA 
 
ND5_G.mirabilis 
ATGCACCCTACACCTGTCATAATAACTACAACCCTTCTTCTTATTTTTACTCTACTTATCTACCCTGTCCTG
ACAACCTTCTCCCCTACACCTAAAACCCCCACCTGAGCCCTACTTCAAGTCAAGACAGCCATCAAGATAG
CTTTTTTTGTGAGCCTCCTCCCCCTGTTTCTTTTTCTTGCAGAAGGGACAGAAACTGTTGTCACTAACTGAA
ACTGAACAAACACCCTTATTTTTGATGTAAATATTAGCTTTAAGTTCGACTTTTATTCCCTAATCTTTACCC
CCATTGCACTATATGTCTCTTGGTCCATTTTAGAATTTGCATCTTGATATATACACTCAGACCCCTACATAA
ACCGATTTTTTAAGTACCTTCTAGTCTTCTTAATTGCCATAATTATCCTTGTTACTGCCAATAACATATTCC
AGGTCTTTATTGGTTGAGAGGGAGTAGGAATCATATCTTTCCTTTTGATTGGCTGATGATATGGCCGAGCT
GATGCAAACACAGCAGCCCTTCAAGCAGTAATTTATAACCGAGTTGGGGATATTGGCCTAATTTTTGCTAT
AGCTTGAATAGCAACAAACCTTAATTCCTGGGAAATCCAACAGATTTTCTCTGCAGCCCATGGCTTAGAC
CTCACACTTCCCCTCTTTGGACTGGTCCTGGCTGCTACCGGAAAATCCGCCCAGTTTGGCCTACACCCATG
ACTGCCCTCTGCCATGGAAGGCCCTACGCCGGTCTCTGCCCTACTGCACTCCAGCACAATAGTTGTTGCCG
GAATTTTTCTGCTTGTCCGAATAAGCCCCCTTATAGAGACCAACCCACTTATCCTCTCAACCTGCCTCTGC



CTGGGAGCCCTAACCACCTTATTTACAGCAACTTGTGCTTTGACACAGAATGACATCAAAAAAATCGTAG
CCTTTTCAACCTCAAGCCAGCTTGGCCTAATAATGGCTACAATTGGCCTCAACCAACCCCAACTAGCCTTT
CTACACATCTGCACACATGCTTTCTTTAAAGCCATGCTTTTTCTCTGCTCTGGCTCCATCATTCACAGCTTG
AATGATGAACAAGACATCCGCAAGATGGGGGGCATGCACCACTTAACCCCCTTCACCTCCACCTGCCTTA
CAATTGGCAGCCTTGCCTTAACAGGGACCCCTTTCTTAGCGGGCTTTTTCTCTAAGGATGCCATTATTGAA
GCCCTAAACACATCCCACCTAAATGCCTGAGCCCTTGCCCTAACCCTACTTGCCACCTCTTTTACTGCTATT
TATAGCCTCCGTATTATCTTTTTTGTCTCAATGGGCCACCCACGATTCAACTCTCTCTCCCCTATTAATGAG
AACAACCCAGCAGTTCTCAATCCCATCAAACGCCTTGCATGGGGGAGCATCATTGCAGGGCTCCTCATTA
CCGCAAACATTGCCCTCCCAAAAACCCCTATTATAACAATACCCCCCCTTCTTAAGCTTGCTGCCCTGGTT
GTAACCATTCTAGGCCTCTTGGTTGCACTAGACCTTGCTAGCCTCACTAATAAGCAATTTAAACCAACCCC
CCAACTTCTGACCCACAACTTCTCCAACATACTAGGCTTCTATCCGTCTATTATACACCGCCTCCCCTCTCA
ACTAAATCTTTTATTAGGTCAATATGTTGCTGCCCAAATAATTGACCAAACATGACTGGACAAAACTGGC
CCAAAGGCAGCCCACACAATAAACCTGCCCCTCATTACAACCACTAGCAATGCACAACAAGGTATAGTTA
AAACGTTCCTAGCTCTATTCTTTCTCACTTTCATCCTCGCACTCCTACTACTTAACATTTAA 
 
ND5_G.seta 
ATGCACCCCACACCTCTCATAATAACTACCTCTCTTATTCTTATTTTTACCTTACTTATTTACCCTGTCCTCA
CAACCTTCTCCCCTACACCTAAAACCCCCACCTGGGCCCTCCTTCAGGTTAAAACAGCCATCAAACTAGCT
TTTTTTGTGAGCCTCCTCCCCCTATTTCTTTTTTTTGCAGAAGGGGCAGAAACAGTTGTTACTAATTGAAAC
TGAACAAACACCCTTATCTTTGATGTAAATATTAGCTTTAAATTTGACTCTTATTCCCTAATCTTTACCCCA
ATTGCACTATATGTCTCTTGGTCTATTTTAGAATTTGCATCTTGGTACATGCATGCAGACCCGTATATAAA
CCGGTTTTTTAAGTACCTTCTAGTTTTCTTAGTTGCTATAATTGTTCTTGTCACTGCCAATAACATATTCCA
AATTTTTATTGGCTGAGAGGGAGTAGGCATTATATCTTTCCTTTTAATTGGCTGATGGTATGGCCGTGCTG
ATGCCAATACAGCAGCTCTCCAAGCGGTCGTCTACAACCGAGTTGGGGACATTGGCCTAATTTTTGCTATA
GCCTGAATAGCAACAAACCTTAATTCCTGAGAAATACAACAAATTTTCTCTGCAGCCCCTGACTTCAACCT
CACCCTTCCTCTATTTGGGCTAGTGCTGGCTGCCACTGGCAAGTCTGCCCAGTTTGGGCTTCACCCATGAC
TGCCTTCTGCCATGGAGGGACCCACGCCGGTCTCTGCCCTACTACACTCAAGCACAATAGTTGTAGCTGGC
ATTTTTCTGCTTGTCCGAATGAGTCCTCTCATAGAAAACAACCCCCTCATCCTCTCAACCTGCCTCTGCCTA
GGAGCCCTAACAACCCTATTTACAGCAACCTGTGCTTTAACCCAAAATGACATCAAAAAAATTGTAGCCT
TTTCAACCTCAAGCCAGCTTGGTCTAATGATAGTTACAATTGGATTAAACCAACCCCAACTGGCTTTCCTA
CATATCTGTACACATGCTTTCTTTAAAGCTATACTTTTTCTCTGCTCGGGCTCTATTATTCATAGTCTAAAT
GATGAGCAGGACATCCGCAAAATGGGGGGTATGCATCATTTAACCCCTTTTACCTCCACCTGCCTAACAG
TGGGAAGCCTTGCCTTAACAGGCAACCCCTTTTTAGCTGGCTTTTTCTCTAAAGACGCCATTATTGAAGCC
CTAAACACATCCCACCTCAATGCCTGAGCCCTCACCTTAACTCTACTTGCCACCTCTTTTACTGCTATCTAC
AGTCTCCGTGTTGTTTTCTTTGTTTCCATGGGTCACCCACGGTTTAACTCTCTCTCTCCAATTAATGAAAAT
AACCCAGCAGTTCTCAACCCCATCAAACGCCTCGCGTGAGGGAGCATCATTGCAGGTCTACTTATTACCTC
AAATATTACCCTCCCAAAAATTCCAATTATAACAATACCCCCCCTCCTTAAACTTGCTGCTCTGGTTGTTA
CCATTCTAGGCCTTTTAATAGCACTAGAACTTGCTAACCTCACAAGTAAACAATTCAAACCCACCCCCCAG
CTGCAAACCCACCACTTCTCCAACATACTAGGCTTTTATCCCCCCATTATCCACCGCCTCCCCACCCAACT
AAACCTTTTACTCGGCCAATACGTTGCTGCCCAAATGATTGACCAAACATGGCTAGACAAAGCAGGCCCA
AAAGCAGTCCATACAATAAACCTCCCCCTAGTTACAACCACTAGTGATGCTCAACAAGGCATGGTCAAGA
CTTTCCTCGCCCTATTTTTTCTCACCTTTACACTTGCCCTGCTTCTATTGTGTATTTAA 
 
ND6_G.mirabilis 
ATGTTTTATGTGATATGTATTTTTATGATGGGGCTAGTATTGGGTTTGGTTGTGGTTGCTTCTAATCCCTCC
CCCTATTTTGGGGCTCTTGGGTTGGTTGTCGTGTCTGGGATGGGCTGTGGGATTTTAATGGGGCATGGGGC
TCCTTTCCTTTCGCTTGTCTTGTTCCTAATTTATTTGGGGGGGATATTGGTTGTGTTTGCATATTCTGCTGCC
CTTGCTGCTGAGCCTTATCCTGAAACTTTAGGGAGTCGATCAGTTTTAGTAAATGCTGGGGGATATATGCT
GGCCATTCTTGGGGGAAGTGGGTTGCTCTGGGGGGAGTGATTTGGGGGGTTGTGGTTTACATCTGATGAG
GGGGCAGAGTTTGCTTTAACTCGTGGGGATGCTGGAGGGGTGGGACTAATATATTCTTCTGGGGGAGCTA
TGCTTGTGTTAAGTGGGGGAGTGCTCTTACTAACACTGTTTGTTGTGTTAGAGGTATGTCGTGGGTTCAGT
CGAGGCACTCTTCGGGCTGTTTAA 
 
ND6_G.seta 
ATGTCTTATGTGATATGTATTTTTATGGTGGGATTGGTGTTTGGCTTAGTGGTGGTTGCTTCTAACCCCTCC
CCTTACTTTGGGGCCCTTGGACTAGTTGTGGTGTCTGGAATGGGCTGTGGAGTTTTAATGGGGCATGGGGC
GCCCTTTCTTTCACTTGTTCTATTTTTGATCTATCTGGGAGGGATGTTAGTTGTGTTTGCATATTCTGCTGCT
CTTGCTGCTGAACCTTACCCAGAGACTTTGGGGAGTCGGTCGGTTATAGTAAATGCTGGGGGATACTTGTT
TACTATTGTTATGGGAGCAGGGTTGTTTTGAGGGGAGTGATTTGGGGGCCTTTGGTTTACACCTGATGAGG
GGGCGGAGTTTGCTTTAATCCGGGGAGATGCTGGGGGGGTGGCGCTAATGTTCTCGTCTGGGGGTGTAAT
ACTTGTACTAAGTGGGGGTGTGCTTCTATTAACATTATTTGTAGTGCTAGAGGTGTGCCGGGGCTTTAGCC
GGGGGACTCTTCGGGCTGTTTAA 



 
 
CYT-B_G.mirabilis 
ATGACTAGCCTACGAAAAACCCACCCCCTTCTTAAAATCGCAAACCATGCACTAGTTGACCTCCCTGCCCC
ATCCAATATTTCTGCTTGATGGAACTTTGGCTCCCTACTGGGCCTCTGTCTAATTGCCCAAATTGTCACAG
GACTATTCCTTGCAATACACTACACCTCTGACATTGCCACAGCCTTTTCTTCAGTCGCCCACATCTGCCGA
GATGTAAACTTTGGGTGACTCATCCGAAACATGCATGCTAATGGAGCCTCCTTTTTCTTCATCTGCATCTA
CATGCACATTGGGCGAGGCTTATACTATGGATCATACCTCTACAAGGAGACCTGAACCATTGGTGTCATC
CTCCTCCTACTTGTAATAATGACTGCCTTTGTTGGGTATGTTCTCCCTTGGGGTCAAATGTCTTTTTGGGGG
GCCACAGTCATCACCAACCTTCTTTCAGCTGTCCCCTACGTAGGGGGCACACTTGTTCAGTGAATCTGGGG
GGGATTTTCAGTTGACAATGCCACACTCACACGTTTCTTTGCATTTCACTTTCTTCTCCCCTTTGTGGTACT
TGCCGCTACCCTCCTTCACCTACTTTTCCTCCATGAAACAGGCTCAAATAACCCAGCAGGCCTCAACTCTG
ATGCTGATAAAATCCCATTTCACCCCTACTTCTCCTACAAAGACCTCCTTGGCTTCGCCCTAATACTACTTG
CTCTTGCTTCTCTTGCCCTCTTTTCTCCTAACTATCTTGGGGACCCGGACAATTTTACCCCTGCAAACCCCC
TTGTAACTCCTCCCCACATTAAACCAGAATGGTACTTTCTCTTTGCCTATGCCATTCTTCGTTCTATCCCTA
ACAAACTAGGAGGAGTGCTTGCCCTCCTTGCCTCCATCTTAGTATTACTTCTTGTACCATTCCTGCACACCT
CCAAACAACGAAGCTTAACTTTCCGCCCCCTTTCTCAATTCCTCTTTTGAACCCTAGTGGCAGATGTCCTC
ATCCTCACCTGAATTGGGGGCATGCCAGTAGAGCACCCTTACATTATCATTGGACAAATTGCATCCTTCAT
CTATTTTTCCATTTTCCTTGGCCTTTTCCCCATCGCTGGCTGATTAGAAAACAAACTTCTACAAATAACT 
 
CYT-B_G.seta 
ATGACTAGCCTACGAAAAACCCACCCCCTTCTTAAAATTGCAAATCATGCACTAGTTGACCTCCCTGCCCC
CTCCAACATTTCAGCTTGATGAAACTTCGGCTCCTTGCTTGGCCTCTGTCTTATTGCCCAAATTGTTACAGG
GCTATTCCTTGCAATACACTATACTTCTGATATTGCTACAGCTTTTTCTTCAGTCGCACACATCTGCCGAGA
TGTAAACTTCGGGTGACTCATCCGAAATATACATGCCAATGGAGCCTCCTTTTTCTTTATCTGTATCTACAT
GCACATTGGGCGAGGCTTATATTATGGCTCTTACCTCTATAAAGAAACCTGAACTATTGGTGTAGTCCTTC
TATTACTTGTCATGATGACTGCATTTGTGGGCTATGTCCTGCCTTGGGGCCAAATGTCTTTTTGGGGGGCC
ACAGTCATTACTAATCTTCTCTCAGCTGTCCCCTATGTAGGCGGCACCCTCGTTCAATGAATCTGAGGAGG
ATTTTCAGTTGATAATGCCACCCTCACACGCTTCTTTGCATTCCACTTTCTTCTCCCATTTGTAGTCCTTGCT
GCTACCCTCCTTCACCTACTTTTCCTCCATGAAACAGGCTCAAATAACCCAGCAGGACTTAACTCCGATGC
CGACAAAATCCCCTTTCACCCTTACTTCTCCTACAAAGACCTTCTTGGCTTTGCCCTAATACTCCTTGCCCT
CGCTTCTCTAGCTCTCTTTTCCCCCAACTATCTTGGAGACCCAGACAATTTCACCCCTGCAAACCCCCTTGT
TACTCCCCCCCATATTAAACCAGAATGGTACTTTCTCTTTGCCTATGCGATTCTTCGGTCTATCCCTAACAA
ACTAGGAGGTGTACTTGCCCTCCTTGCCTCTATTCTAGTACTACTACTTGTGCCATTTCTACACACCTCCAA
ACAACGAAGCTTGACTTTCCGCCCCCTCTCTCAGTTCCTTTTTTGAGCCCTCGTGGCAGACGTCCTCATCCT
TACATGGATTGGGGGCATACCAGTAGAACACCCCTACATTATTATTGGGCAAATTGCATCCTTCATCTACT
TTTCCATTTTTCTTGGCCTCTTCCCTATGGCTGGTTGATTAGAAAACAAGCTTCTGCAAATAACT 
 
 
 
D-loop_G.mirabilis 
TAAGTACATATATGTATTTACACCATATATTTATATACAACATATCAATAATGTATAAGGACACAGTATGT
ATTATAACCATGAATATATTTAGACCATTAAAACATCACCATGTCAGATAAGTCGACCACAGGACATGAA
CACAAGATCCTCATAAATGGTCCGTAAATAAGACCTTTCGAGTATAAAAGACAAAAAAAGACCTTCAACC
AATCATTAAATAACCCTTGCATATAATCTTATACAAGCCTCAAAGTAAAGAACATATATGGAGAGGGATG
ACATTACTTTTAAGCAATGTAACGTCGTTTAATGAAGGTGAGGGACAAGTATTTGTGGGGGTTTCACACA
GTGAATTATTCCTGGCATTTGGCTCTACATCTCAAGTCCAATACTTGCTCTACTTCCCCAATCTTTCACTGG
CCCTGGCATAAGTTATTGGTGGAGTTCATATTCAGCTGTGATCCCACATGCCGGGCATTCATTCTAATGGG
CATGGTTATTTTTTTTTTTTTCCTTTTCACTTGGCATTTCAGAGTGCAGCGCTAAAGGTTAGCTGACAAGGT
AGAACATTTTCTTGCATTTAATAGAATTAATGCATGCATTAAAATTTAAACAGAAGCATTGCATAACTGAT
TTCAAGAGCATAAATAATTAGTGATTTCTCCTAAAAGATCTAAGATCACCCCCTTCGTTTTTAGGCGAAAA
CCCCCCCACCCCCCAAAACTCGTAGGCTGGTATTTATCCTGGAAACCCCCCGGAAAACAGGAAAGCCTCG
AGCTGGGTGTTTGAGCCCCTAAAACGCATCTATTTACATTATTAAAATAATATTTTT 
 
D-loop_G.seta 
TAAGTACATATATGTATTTACACCATATATTTATATACAACATATCAATAATGTACTAGGACACACTATGT
AATATAACCATCAATATATTTAGACCATTAAACCAACACCATGTCAGATAAGCCGAACACCTGACATGAA
AAGAATATCCACATTTAAAGTCCGTAAATAATACTTTCCAATCACCAAGGATATAATAGAAATTTTGACT
GATATGTAATTAAACCTAGCATATAAGCCAGTATAAGACTCAAATTATCAAACATATATGGAGAGGGATG
ACATTACTTTTAAGCACGGTAACGTCGTTTAATGATGGTGAGGGACAATTAATCGTGGGGGTTTCACACA
GTGAATTATTCCTGGCATTTGGCTCTACATCTCAAGTCCAATACTTGCTCTATTTCCCCACTCTTTCACTGG
CCCTGGCATAAGTTATTGGTGGAGTTCATACTCAGCTGTGATTCCACATGCCGAGCAGTCATTCTAATGGG



CATGGTTATTTTTTTTTTTTTCCTTTTCACTTGGCATTTCAGAGTGCAGCGCGAAAGGTTAGATGACAAGGT
TGAACATTTTCTTGCATTAAATAGAATTAATGCATGCATTAAAATTTAAATAGAAGCATTGCATAACTGAT
TTCAAGAGCATAAATAATTAGTGATTTCTCCTAAAAGATCTAAGATTACCCCCTTTGGTTTTGGGGGAAAA
CCCCCCTACCCCCCAAAACTCGTAGGCTGTTATTTATCCTGGAAACCCCCCGGAAAACAGGAAAGCCTCG
AGCTGGGTATTTGGGCCCCTAAAACGCATCTATTTACATTATTAAAATAATATTTTT 
 



GENES Synonymous positions Non-Synonymous positions
1 3 1-3 1 2 3 1-2 2-3 1-3 1-2-3

eno1 b GAA-GAG (Glu) AAT-GAT(Asn-Asp)

CTG-CTA(Leu) AAG-CAG(Lys-Gln)

GCC-GCT(Ala)

GTG-GTC(Val)

GTT-GTG (Val)

TAT-TAC (tyr)

GCG-GCA(Ala)

GTA-GTC(Val)

GCG-GCT(Ala)

TTT-TTC(Phe)

TAC-TAT(Tyr)

eno1 GAA-GAG (Glu) AAT-GAT(Asn-Asp) TTT-TTA(Phe-Leu)

CTG-CTA(Leu) AAG-CAG(Lys-Gln)

GCC-GCT(Ala)

GTG-GTC(Val)

GTT-GTG (Val)

TAT-TAC (tyr)

GCG-GCA(Ala)

GTA-GTC(Val)

GCG-GCT(Ala)

TTT-TTC(Phe)

TAC-TAT(Tyr)

NDPK-B CAA-CAT (gln-hys)

CCC-CCT (Pro)

CAC-CAT (His)

GAPDH AGT-AGC(Ser) AAC-ACC(Asn-Thr)

ACC-ACT(Thr)

SUPPLEMENTARY TABLE 3. Nucleotide and aminoacid substitutions in the analyzed genesa.



TCC-TCT(Ser)

AGT-AGC(Ser)

TCT-TCC(Ser)

GTC-GTT(Val)

LDH-A AAA-AAG (Lys)

ACG-ACA (Thr)

GTG-GTT (Val)

TPI CTT-CTC(Leu) GAA-GGA (Glu-Gly)

CCC-CCT(Pro)

CCT-CCG(Pro)

GGA-GGG(Gly)

AAA-AAG(Lys)

CGG-AGG(Arg)

sdhb AAA-AAG (Lys) CCA-GCA (Pro-Ala)

GCT-GCC (Ala)

CTG-CTT(Leu)

pgam CGT-CGC (Arg) AAA-AGA (Lys-Arg)

ACT-ACG (Thr)

ATT-ATC (Ile)

GGA-GGG (Gly)

AAT-AAC (Asn)

GAA-GAG (Glu) 

CGT-CGC (Arg)

GGT-GGC (Gly)

GAT-GAC (Asp)

AGT-AGC(Ser)

GGG-GGA(Gly)

dio1 CCC-CCA(Pro) CGG-TGG (Arg-Trp) GAC-GAG (Asp-Glu)

CAC-CAT(His) AAA-AAT(Lys-Asn)

AGT-AGC(Ser) TTT-TCT (Phe-Ser)



Qtrtd1 ACA-ACC (Thr) ACA-GCA (Thr-Ala)

TAT-TAC (Tyr) CGG-TGG (Arg-Trp)

TTA-TTG (Leu) GAG-CAG (Glu-Gln)

AAG-AAA (Lys) CTC-ATC(Leu-Ile)

CCA-CCT (Pro) CAA-GAA(Gln-Glu)

ACG(ACT(Thr)

GGT-GGC(Gly)

atp5b AGC-AGT(Ser) CAA-AAA(Gln-Lys)

CTG-TTG (Leu) CCC-CCT(Pro) GTC-ATC(Val-Ile)

CTC-CTT(Leu)

GCC-GCT(Ala)

GGT-GGC(Gly)

ACG-ACC(Leu)

GTG-GTT(Val)

S5 CGT-CGC (Arg)

AGG-AGA (Arg)

AGC-AGT (Ser)

ATC-ATT (Ile)

S8

S13 GTT-GTG (Val)

CTG-CTA(Leu)

S18 TTG-CTG (Leu)

AAT-AAC (Asn)

GTC-GTT(Val)

AAG-AAA (Lys)

S19 GTT-GTG(Leu-Val)

TCC-TCT (Ser)

S23 GAA-GAG (Glu) AGC-GGC (Ser-Gly) 

GAA-GAG (Glu) ATG-GTG (Met-Val)



ACA-ACC (Thr) GAA-AAA (Glu-Lys)

GAA-GAG (Glu)

AAA-AAG (Lys)

GAA-GAG (Glu)

CGC-CGG(Arg)

rplp1 GGT-GGC (Gly) TTC-CTC (Phe-Leu) GAC-GAG(Asp-Glu)

GCA-GCG (Ala)

TCC-TCT (Ser)

AAG-AAA(Lys)

RL11 AAA-AAG (Lys) AGC-GGC(Ser-Gly)

CGC-CGT(Arg) AGG-AAG(Arg-Lys)

GAA-GAG(Glu)

GAA-GAG(Glu)

RL23 GGA-GGG (Gly)

RL24 GCT-GCA (Ala)

RL27 TAT-TAC (Tyr) AAC-GAC (Asn-Asp)

AAA-AAG (lys) AGG-AAG(Arg-Lys)

ACT-ACG(Thr)

btub ACA-ACG (Thr)

CAG-CAA (Glu)

GAA-GAG(Glu)

CAC-CAT(His)

TCC-TCT(Ser)

CCG-CCA(Pro)

ACA-ACG(Thr)

TGT-TGC(Cys)

TCT-TCA(Ser)

CCT-CCC(Pro)

GCC-GCA(Ala)

TTC-TTT(Phe)



TGC-TGT(Cys)

GCC-GCA(Ala)

znf207 GCC-GCA (Ala)

ACG-ACT (Thr)

GGT-GGC(Gly)

CCA-CCG(Pro)

pvalb1 GGA-GGC (Gly)

gygl TCT-TCG (Ser) GCC-TCC (Ala-Ser) TTC-TAC (Phe-Tyr) GGA-AGG (Gly-Arg)

CCT-CCC (Pro) CAG-AAG(Gln-Lys)

ACT-ACC (Thr) ATG-GTG(Met-Val)

CTT-CTG (Leu) ATG-GTG(Met-Val)

ACA-ACG (Thr) ATG-CTG(Met-Leu)

TCC-TCT (Ser)

ATT-ATA(Ile)

E3 TTC-TTT (Phe) GCC-TCC(Ala-Ser) AAC-AGC(Asn-Ser) GAA-GAC (Glu-Asp)

ACC-ACA (Thr) ATT-GTT(Ile-Val)

GAA-GAG (glu) GCC-ACC(Ala-Thr)

GAA-GAG (glu) ACC-TCC(Thr-Ser)

ATC-GTC(Ile-Val)

GABA CCC-CCT (Pro)

RXR ATT-ATC(Ile)

GCA-GCT(Ala)

GCT-GCC(Gly)

GDI TAC-TAT (Tyr) GAA-GAC (Glu-Asp)

GGA-GGT (Gly)

GGA-GGG(Gly)

TAC-TAT(Tyr)

NRGN CCT-CCC (Pro)



CAG-CAA(Gln)

HSPG

ampd CCT-CCA(Pro) AAA-AGA(Lys-Arg)

TAC-TAT(Tyr) CTT-CCT (Leu-Pro)

CGC-CGT (Arg)

CGC-CGT (Arg)

aco2 CGA-AGA(Arg) GTG-TTG(Val-Leu)

CCG-CCC(Pro) TCC-GCC(Ser-Ala)

GGT-GGC(Gly) GTC-ATC(Val-Ile)

GCA-GCG(Ala) ATT-GTT(Ile-Val)

GCC-GCT(Ala)

ATT-ATA(Ile)

GGA-GGG(Gly)

TCT-TCC(Ser)

TCG-TCA(Ser)

GTT-GTC(Lys)

GGA-GGC(Gly)

GAA-GAG(Glu)

ACA-ACG(Thr)

ACA-ACG(Thr)

ACT-ACC(Thr)

GTC-GTT(Val)

ACA-ACC(Thr)

ACT-ACC(Thr)

GCG-GCA(Ala)

AAG-AAA(Lys)

ATT-ATC(Ile)

AGC-AGT(Ser)

a
AT→GC,GC→AT and AG↔TC changes are indicated in red, blue and black respectively.

Nucleotide and aminoacid substitutions in the analyzed mitochondrial genes is available upon request.



SUPPLEMENTARY TABLE 4. Aminoacid changes due to changes in mitochondrial genes

G. Mirabilis → G. Seta number G. Mirabilis → G. Seta number
Ala → Ser 2
Ala → Gly 1 Gly → Ala 2
Ala → Thr 3 Thr → Ala 15
Ala → Val 2
Ala → Asn 1
Ala → Ser 1 Ser → Ala 7
Ala → Thr 4
Ala → Val 2 Val → Ala 1
Asn → His 1
Asn → Thr 1 Thr → Asn 2
Asn → Ser 2 Ser → Asn 1
Asn → Cys 1
Asn → Tyr 1 Tyr → Asn 1
Asn → Asp 3 Asp → Asn 1
Asp → Glu 2 Gly → Ser 1
Gln → Glu 1 Glu → Gln 1
Glu → Asp 1
Gly → Asp 1
Gly → Met 1
His → Pro 1
Ile → Val 2
Ile → Met 1
Ile → Thr 1 Thr → Ile 2
Ile → Val 14 Val → Ile 10
Ile → Leu 6 Leu → Ile 6

Leu → Met 3 Met → Leu 3
Leu → Phe 1 Phe → Leu 4
Leu → Val 4 Val → Leu 3
Leu → Phe 6
Leu → Gln 1
Leu → Ser 1
Lys → Thr 1
Met → Val 1 Val → Met 3
Met → Phe 1
Met → Met 1
Phe → Ser 2 Ser → Phe 1
Pro → Ser 1 Ser → Pro 3
Pro → Thr 3
Pro → Leu 1
Ser → Asn 5
Ser → Lys 1
Ser → Thr 4 Thr → Ser 4
Trp → Trp 1
Tyr → His 1
Tyr → Phe 2



SUPPLEMENTARY TABLE 5. List of the proteins encoded by the genes analyzed. 
 
 
dio1 Iodotyrosine deiodinase an enzyme that catalyzes the removal of iodine from monoiodotyrosine and 
diiodotyrosine. The reaction is a step in the conservation of iodine by the thyroid. Congenital deficiency of the enzyme 
results in severe loss of iodine, resulting in hypothyroidism and goiter. 
 
RL27 The ribosomal protein L27 in the Escherichia coli 50S ribosomal subunit is positioned on the interface of the 
subunits. A series of biochemical and genetic approaches, showed that protein L27 resides near the peptidyltransferase 
center, which is the functionally essential region of the ribosome. Notably, protein L27 in the 70S ribosome was most 
efficiently labeled by the 3’-end of tRNA, in either the A-site or the P-site, suggesting that it must be a central element 
for tRNA binding 
 
GAPDH Glyceraldehyde-3-phosphate dehydrogenase an enzyme of the oxidoreductase class that catalyzes the 
phosphorylation of glyceraldehyde 3-phosphate, one of two reactions by which high-energy phosphate is generated in 
the Embden-Meyerhof pathway. Abbreviated GAPD. 
 
RL11 L11 is associated with a highly conserved 58-nucleotide domain of large subunit ribosomal RNA (L11 binding 
domain RNA (L11 BD RNA)), which constitutes a “knob” on the surface of the large subunit. A C-terminal domain of 
the protein, L11-C76, sits in the distorted minor groove of the L11 BD RNA, binds the folded RNA with high affinity, 
and in Escherichia coli ribosomes, is essential for the RNA to form its native tertiary structure. 
 
 
GABA Microtubule-associated anchor protein involved in autophagy and membrane trafficking (Gracey et al., 2001; 
gene studied in the paper “Hypoxia-induced gene expression profiling in the euryoxic fish Gillichthys mirabilis”) 
 
TPI Triose-phosphate isomerase an enzyme of the isomerase class that catalyzes the reversible interconversion of 
glyceraldehyde 3-phosphate and dihydroxyacetone phosphate in the Embden-Meyerhof pathway. Deficiency of the 
enzyme, an autosomal recessive trait, causes hemolytic anemia, neuromuscular dysfunction, and susceptibility to 
infection.  
 
Pvalb1 Parvalbumins are calcium (Ca)-binding proteins of low molecular weight 
 
RL24 A short fragment of domain I of 23S rRNA (GG295–343CC, 53 nt) binds independently and simultaneously the 
ribosomal proteins L4 and L24, two key proteins for the early assembly of the large subunit of bacterial ribosomes. L24 
is one of the two assembly initiator proteins of the 50S subunit , and L4 is essential for the formation of the first 
assembly intermediate particle 
 
eno1 alpha enolase Multifunctional enzyme that, as well as its role in glycolysis, plays a part in various processes such 
as growth control, hypoxia tolerance (Gracey et al., 2001 found that it is one of the enzymes affected by hypoxia) and 
allergic responses. May also function in the intravascular and pericellular fibrinolytic system due to its ability to serve 
as a receptor and activator of plasminogen on the cell surface of several cell-types such as leukocytes and neurons. 
 
sdhb Succinate dehydrogenase an enzyme of the oxidoreductase class that catalyzes the oxidation of succinate to 
fumarate, using ubiquinone as an electron acceptor. It occurs in mitochondria as a membrane-bound complex, an iron-
containing flavoprotein (FAD) with an associated iron-sulfur protein. The reaction is part of the tricarboxylic acid cycle 
 
S23 This protein constitute, together with other S proteins, the ribosomal binding site for mRNA in the 40S initiation 
complex. 
 
gygl Glycogenin is the initiator protein for glycogen synthesis in both muscle and liver cells. Glycogen is synthesized 
during periods of nutritional sufficiency and acts as a storage reserve of glucose during fasting periods. The protein is 
an interesting enzyme since it catalyzes the addition of linear chains of glucose covalently attached to itself 
(autocatalytic). The point of attachment is Tyrosine-194 in the muscle form of the enzyme and a chain of up to ten 
glucoses can be added. At this point glycogen synthase and the branching enzyme take over and complete the synthesis 
of the glycogen particle. 
 
ampd Adenosine deaminase an enzyme of the hydrolase class that catalyzes the deamination ofadenosine to form 
inosine, a reaction of purine metabolism. 
 



RL23 The ribosomal protein L23 is highly conserved, binds tightly to the LSU-rRNA (28S/23S large subunit rRNA), 
and may be situated near the peptidyl transferase site in the ribosome. It is a 'primary rRNA-binding protein', in that it is 
one of the first to be assembled on the rRNA during ribosome biosynthesis, and its binding does not depend on other 
protein factors. 
 
btub Tubulin a globular protein that is the structural constituent of microtubules 
 
znf207 A zinc finger is a Protein domain that can bind to DNA. A zinc finger consists of two antiparallel Beta sheet, 
and an Alpha helix. The zinc ion is crucial for the stability of this domain type - in absence of the metal ion the domain 
unfolds as it is too small to have a hydrophobic core. One very well explored sub-set of zinc-fingers (the C2H2 class) 
comprises a pair of Cysteine residues in the beta sheets and two Histidine residues in the alpha helix which are 
responsible for binding a Zinc ion. The two other classes of zinc finger proteins are the C4 and C6 classes. The structure 
of each individual finger is highly conserved and consists of about 30 amino acid residues, constructed as a ββα fold 
and held together by the zinc ion. The α-helix occurs at the C-terminal part of the finger, while the β-sheet occurs at the 
N-terminal part. 
 
E3 Keratin insoluble protein substance that is the chief structural constituent of hair, nails, horns, and hooves 
 
S19 The small ribosomal subunit protein S19 is known to form a complex with S13 that binds strongly to ribosomal 
RNA. Experimental evidence has revealed that S19 is moderately exposed on the ribosomal surface, and is designated a 
secondary rRNA binding protein. 
 
GDI GDP dissociation inhibitors (GDIs) are proteins that regulate the GDP-GTP exchange reaction of members of the 
rab family, small GTP-binding proteins of the ras superfamily, that are involved in vesicular trafficking of molecules 
between cellular organelles. 
 
Qtrtd1 queuine tRNA-ribosyltransferase domain containing 1 (qtrtd1) Functionally, the gene has been proposed to 
participate in processes (queuosine biosynthetic process, queuosine biosynthesis, tRNA modification). Proteins are 
expected to have molecular function (queuine tRNA-ribosyltransferase activity) and to localize in cytoplasm.  
 
aco2 Aconitase an enzyme of the lyase class that catalyzes the interconversion of citrate and isocitrate, a reaction of the 
tricarboxylic acid cycle. The enzyme, a nonheme iron protein, is named for the cis-aconitate formed as an intermediate 
in the dehydration and rehydration reaction. 
 
rplp1 P1 and P2 acidic ribosomal proteins form the P1-P2 heterodimer that bound to P0 and formed a pentameric 
complex in the ribosome. This complex binds to the GTPase-associated domain of 28S rRNA and plays a crucialrole in 
kingdom-specific interaction between 80S ribosomes with eucaryotic elongation factor 1α (eEF-1α) and elongation 
factor 2 (eEF-2). 
 
S5 is known to be important in the assembly and function of the 30S ribosomal subunit. 
 
RXR The retinoid X receptor (RXR) is a member of nuclear hormone receptor family proteins. RXR plays a central 
role in regulating the activity of other nuclear hormone receptors by acting as a partner for heterodimers. 
 
S18 Binds as a heterodimer with protein S6 to the central domain of the rRNA, where it helps stabilize the platform of 
the 30S subunit 
 
S13 The ribosomal protein S13 is found in the head region of the small subunit, where it interacts with the central 
protuberance of the large ribosomal subunit and with the P site-bound tRNA through its extended C terminus. S13 
provides a direct link between the tRNA-binding site and the movements in the head of the small subunit seen during 
translocation, thereby providing a possible pathway of signal transduction. 
 
Atp5b ATP synthase is an enzyme complex of the mitochondrial membrane that catalyzes the phosphorylation of ADP 
to form ATP. The energy for the synthesis of ATP is produced at three sites in the electron transport chain and oxidative 
phosphorylation and electron transport are coupled via translocation of protons across the mitochondrial membrane. 
When removed from the membrane, the enzyme acts as an ATPase. 
 
pgam Phosphoglycerate mutase is an enzyme of the isomerase class that catalyzes the interconversion of 3-
phosphoglycerate and 2-phosphoglycerate, a step in the Embden-Meyerhof pathway (glucose metabolism). The enzyme 
requires the presence of a small amount of 2,3-bisphosphoglycerate, which is also an intermediate. 
 



NDPK-B Nucleoside diphosphate kinase domains are present in a large family of structurally and functionally 
conserved proteins from bacteria to humans that generally catalyze the transfer of gamma-phosphates of a nucleoside 
trip. The ATP gamma phosphate is transferred to the NDP beta phosphate via a ping-pong mechanism, using a 
phosphorylated active-site intermediate. 
 
NRGN acts as a modulator of calmodulin-dependent signal transduction. Neurogranin is a calmodulin-binding protein 
participating in the protein kinase C signaling pathway. Neurogranin is the main postsynaptic protein regulating the 
availability of calmodulin, binding to it in the absence of calcium. Phosphorylation by protein kinase C lowers its 
binding ability. NRGN gene expression is controlled by thyroid hormones. 
 
HSPG is a basement membrane-specific heparan sulfate proteoglycan core protein precursor-like protein. A basement 
membrane is a thin layer of dense material found in various animal tissues interposed between the cells and the adjacent 
connective tissue. It consists of the basal lamina plus an associated layer of reticulin fibers. hypoxia-induced reductions 
in membrane permeability or ‘‘channel arrest’’ is a mechanism to reduce the energetic costs of ion-balancing ATPases. 
HS prtoeog is one of the none differentially expresse genes identified (by Gracey e al., 2001) which appeared to be 
linked to this phenomenon. 
 
LDH-A muscle-type lactate dehydrogenase-A (LDH-A). It catalyses the interconversion of pyruvate and lactate with 
concomitant interconversion of NADH and NAD+. At high concentrations of lactate, the enzyme exhibits feedback 
inhibition and the rate of conversion of pyruvate to lactate is decreased. 
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GGTGGATCACTGATTTCCTGACGGATCGGAGGCAGTGCGTGCGGCTGGGGAAGAATGT
CTCAGACACTCGGACAATCAGCACAGGAGCTCCACAGGGCTGTGTACTTTCCCCTCTGC
TCTTCTCCCTGTACACAAACTGCTGCACCTCCAGCCACGACTCCGTCAAACTGATCAAGT
TTGCGAACGACACCACCCTCATCGGGCTCATCTCAGACGGGGATGAGTCTGTCTACAGG
AGGGAGGTGGACCGGCTGGTGTCCTGGTGCAGTGGTAACAACCTGGAGTTCAACACCC
AGAAGACAGTGGAGATGATTGTGGACTTCAGGAAAGTCACAGCCCCCCAGCCCCACCTC
ACTATCACGGACTCCCCCATCACCACCGTGGACTCCCTCCGCTTCCTCGGCACCACCAT
CACCCAGGACCTCAAGTGGGAGCCCACCATCAGCTCCCTCATCAAGAAGGCCCAGCAG
AGGATGTACTTCCTGCGGCAGCTGAGGAAAGCCAAGCTGCCAGCGCAGATGATGGTGC
AGTTTTACACGGCCATCATTGAGTCCATCATCACCTCCTCCATCACCGTGTGGTACGCTG
GAGCCACAGCCAGGGGACAAACAGAGACTACAGCGC

A 147 23.55%
G 160 25.64%
C 201 32.21%
T 116 15.59%

Supplementary fig. 2
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