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Abstract. The gene superfamily of ligand-gated ion
channel (LGIC) receptors is composed of members of
excitatory LGIC receptors (ELGIC) and inhibitory LGIC
receptors (ILGIC), all using amino acids as ligands. The
ILGICs, including GABAA, Gly, and GluCl receptors,
conduct Cl− when the ligand is bound. To evaluate the
phylogenetic relationships among ILGIC members, 90
protein sequences were analyzed by both maximum-
parsimony and distance matrix-based methods. The
strength of the resulting phylogenetic trees was evaluated
by means of bootstrap. Four major phylogenetic
branches are recognized. Branch I, called BZ, for the
majority of the members are known to be related to ben-
zodiazepine binding, is subdivided into IA, composed of
all GABAA receptora subunits, and IB, composed of the
g and« subunits, which are shown to be tightly linked.
Branch II, named NB for non–benzodiazepine binding,
and consisting of GABAA receptorb, d, p, andr sub-
units, is further subdivided into IIA, containingb sub-
units; IIB, containingd, and p subunits; and IIC, con-
taining r subunits. Branch IIIA, composed of vertebrate
Gly receptors, is loosely clustered with Branch IIIB,
composed of invertebrate GluCl receptors, to form
Branch III, which is designated NA for being non–
GABA responsive. Branch IV is called UD for being
undefined in specificity. The existence of primitive
forms of GABAA receptor non-b subunits in inverte-
brates is first suggested by the present analysis, and the
identities of sequences p25123 fromDrosophila mela-
nogaster,s34469 fromLymnaea stagnalis,and u14635

and p41849 fromC. aenorhabditis elegansare deter-
mined to be different from their previously given anno-
tations. The proposed branching classification of ILGICs
provides a phylogenetic map, based on protein se-
quences, for tracing the evolutionary pathways of ILGIC
receptor subunits and determining the identities of newly
discovered subunits on the basis of their protein se-
quences.
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Introduction

Ligand-gated ion channel (LGIC) receptors form a gene
superfamily (Betz 1990) composed of excitatory cation
channels gated by acetylcholine (nACh) and serotonin
(5HT3) and inhibitory anion channels gated byg-
aminobutyric acid (GABAA), glycine (Gly), and gluta-
mate (GluCl). The members of the superfamily share
high degrees of amino acid sequence similarities and are
therefore believed to have similar three-dimensional (3-
D) structures (Unwin 1993). They are likely to be hetero-
or homopentamers, with a large N-terminal extracellular
domain followed by transmembrane and cytoplasmic do-
mains (Karlin 1993). As members of the LGIC super-
family are often important pharmaceutical targets, their
3-D structural resolution would greatly facilitate the
study of drug–receptor interactions. However, the oligo-
meric and membrane-bound nature of these receptors has
so far obstructed all attempts to obtain suitable startingCorrespondence to:H. Xue; e-mail: hxue@usthk.ust.hk
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materials for 3-D structural studies by either X-ray or
nuclear magnetic resonance (NMR). The lack of infor-
mation about the origin of LGIC receptors has also ham-
pered the application of homology modeling to elucidate
the tertiary structure of these receptors.

As a result of the combined power of patch clamping
and molecular genetics, new ion channel receptors from
various phylogenetic sources are constantly being cloned
and characterized (Betz 1990). These advances along
with progress in genomic sequencing, including the com-
plete sequencing of four entire genomes from three phy-
logenetic kingdoms (Garret 1996), have made possible
an evolutionary analysis of the LGIC receptor superfam-
ily. The molecular evolution of nACh receptors, an ex-
citatory LGIC (or ELGIC) multigene family, has been
the topic of several publications (Nove´re and Changeux
1995; Ortells and Lunt 1995; Gundelfinger 1995), in
contrast to the much less discussed inhibitory LGIC (or
ILGIC) receptors. Recently, Ortells and Lunt (1995) ana-
lyzed the evolutionary history of the whole superfamily
of LGIC receptors, including 47 GABAA and Gly recep-
tors, but not the GluCl receptors. Their study was based
on nucleic acid sequences of the receptor subunits. In
contrast, the present study attempts to infer phylogenies
from protein sequences, since the greater conservation of
amino acid sequences should allow us to bring more
information to bear on ancient origins of lineages. Only
the phylogeny of ILGICs as a subissue of the phylogeny
of the whole LGIC superfamily is addressed. Accord-
ingly, 90 protein sequences of ILGIC members, includ-

ing GABAA, Gly, and GluCl receptor subunits, are sta-
tistically analyzed for their evolutionary relationships
using both cladistic and phenetic methods supported by
the use of the resampling method, bootstrap, to test the
robustness of resulting tree nodes. Known ELGIC recep-
tor subunits are used as the outgroup, which offers the
best basis for placing the root on the phylogenetic trees.
The level of sequence density employed has allowed the
delineation of four major phylogenetic branches. This
branching classification provides a basis for not only
tracing the evolutionary history of ILGICs, but also pre-
dicting the ligand specificity of newly discovered ILGIC
receptor subunits.

Materials and Methods

Sequence Data

Protein sequences were obtained from the SwissProt (release 34.0) or
PIR (release 50.0) databases or deduced from DNA sequences in the
GenBank (release 97.0) database. We used the tools provided with the
Sequence Analysis Software Package, GCG, Version 8.1.0 (Genetic
Computer Group 1994), EGCG (Rice 1996), and Entrez available at the
National Center of Biotechnology Information for database search and
sequence conversion. The sequences employed are listed in Table 1 for
vertebrates and Table 2 for invertebrates.

Alignment of Sequences

Multiple sequence alignments were performed by means of the pro-
gram PILEUP from the GCG package, according to the empirical scor-

Table 1. Fifty-eight sequences of ILGICs from vertebrates

Receptor Subunit

Accession No.

Human Bovine Rat Mouse Chicken Goldfish

GABAA a1 p14867 p08219 p18504 — p19150 —
a2 p47869 p10063 p23576 p26048 — —
a3 p34903 p10064 p20236 p26049 — —
a4 p48169 p20237 p28471 — — —
a5 p31644 — p19969 — — —
a6 s81944 — p30191 p16305 — x94342
g1 — — p23574 — — —
g2 p18507 p22300 p18508 p22723 p21548 —
g3 — — p28473 p27681 — —
g4 — — — — p34904 —
« y07637 — — — — —
b1 p18505 p08220 p15431 p50571 — —
b2 p47870 — p15432 — — —
b3 p28472 — p15433 — p19019 —
b4 — — — — p24045 —
d — — p18506 p22933 — —
p u95367 — u95368 — — —
r1 p24046 — p50572 — — —
r2 p28476 — p47742 — — —
r3 — — p50573 — — —

Gly a1 p23415 — p07727 — — —
a2 p23416 — p22771 — — —
a3 — — p24524 — — —
b p48167 — p20781 p48168 — —
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ing matrix PAM250 (Dayhoff 1979), with a gap creation weight of 6.0
and a gap length weight of 0.01. Most variable sequences from the N
and C termini are excluded from further analysis. The alignments were
cross-checked using a more sensitive program, CLUSTAW (Thompson
et al. 1994), which made no difference to the final results.

Phylogenetic Analyses

Multiple alignments of amino acid sequences were analyzed using the
PHYLIP 3.57c software package (Felsentein 1993). For cladistic analy-
sis, the program PROTPARS based on the maximum-parsimony algo-
rithm (Fitch 1971) was used to construct phylogenetic trees. For phe-
netic analysis, the program FITCH (Fitch and Margoliash 1967) was
employed. Based on sequence alignments corrected distances were
calculated according to the PAM250 scoring matrix using PRODIST of
the PHYLIP package and scaled in expected historical events per site
(Dayhoff 1979). Gaps were treated as missing data and excluded from
the calculations. The matrices were then used to construct additional
trees by the least-squares method of program FITCH from the PHYLIP
package (Fitch and Margoliash 1967). The strength of the tree topology

was tested by bootstrap analysis (Felsenstein 1985) with either 100 or
1000 (as specified in the figure legends) replications employing the
program SEQBOOT. Majority-rule consensus trees were obtained with
the program CONSENSE.

Results and Discussion

Ninety-four protein sequences (Tables 1 and 2) were
retrieved from databases. They all have some highly
characteristic sequence motif, for example, a 15-residue
cysteine (Cys) loop in the N-terminal domain, and all are
annotated as ligand-gated Cl− ion channel receptors re-
gardless of the ligand being GABA, Gly, Glu, or, in
some cases, unidentified. Eighty-eight sequences of
ninety-five were aligned with PILEUP, five of the re-
maining seven sequences bearing excessive variations
and two others being published recently (Hedblom and

Table 2. Thirty-six sequences of ILGICs from invertebrates

Lineage
Species
(common name) Acc. No.a

Receptor
(alternative name) Subunit

Suggested
identityb

Arthropoda Drosophila melanogaster x78349 LGIC (Grd, Gly-like) GA a/g-like
(fruit fly) p25123 GABA (LCCH3, gab drome) b GL/GA

q08832 GABA (gab3drome) b-like GA b

m69057 GABA (Rdl; cyclodiene resistant) GL/GA
u02042 GABA GL/GA
u58776 GluCI GluCIa

Arthropoda Aedes aegypti
(yellow fever mosquito)

s33744 GABA-like (Rdl; cyclodiene resistant) GL/GA

Mollusca Lymnaea stagnalis p26714 GABA (gablymst) b GA b

(great pond snail) s34469 GABA-like z GL
Nematoda Caenorhabditis elegans u40187 GABA-like GA/GL

z50016 GABA-like GA/GL
u14525 GluCl b GluCl b

s50864 GluCl a GluCl a

u41113 ILGIC (Cegbr 3) GluCla
u40573 ILGIC (Cegbr 2) GluCla
u64840 LGIC-like GluCl a

u14635 GABA/Gly-like GluCl
z70270 GABA b-like ILGIC
z74040 GABA b-like ILGIC
p41849 Gly-like (yo99 caeel) ILGIC
u28929 Gly a-like ILGIC
z68217 Gly-like ILGIC
u40422 GABA-like ILGIC
z46791 GABA b1-like ILGIC
z50027 GABA-like ILGIC
u64843 LGIC-like ILGIC
u40948 LGIC-like ILGIC
z49888 LGIC-like ILGIC
u40573 LGIC-like (Cegbr2) —
u42836 LGIC-like —
u59743 GluCl —
u59744 GluCl —
u64840 LGIC-like —

Nematoda Haemonchus contortus x73584 ILGIC-like Gaa/g-like?
y09796 GluCl b GluCl b

Nematoda Onchocerca volvulus u59745 GluCl GluCla

a Accession No.: underlined, suggested identity is different from previous annotation; boldface, newly suggested identity.
b GA, GABAA; GL, GluCl/Gly; ILGIC, undifferentiated ILGIC; —, not included in the present analysis.
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Kirkness 1997). Two most highly conserved regions are
revealed by the alignment. The first region covers the
15-residue Cys loop, while the second spans the three
tentative transmembrane segments M1–M3. Other re-
gions of the sequences are generally more variable than
these two. For example, a LGIC-like sequence (Acces-
sion No. x78349 (Harvey et al. 1994) fromDrosophila
melanogasterhas a long insertion of about 70 residues

between the two regions. The consensus tree obtained
from 100 bootstrap replicates is shown in Fig. 1.

To carry out a thorough search of tree topologies, the
90 sequences were divided into smaller groups and sub-
jected to further extensive analysis. Results from analyz-
ing various combinations of sequences are summarized
in Table 3. Only one example of such group analysis is
provided graphically (Figs. 2 and 3). This group is a

Fig. 1. Bootstrap majority-rule consensus tree obtained from 100
replicates (SEQBOOT, PROTPARS, and CONSENSE programs) of 88
ILGIC sequences using nACh receptor sequence ach9_rat as an out-
group with 80 informative sites. For clarity, bootstrap numbers are
omitted. Abbreviations used in Figs. 1–4: GAB, GABAA receptor;

GLY, Gly receptor; GLU, Glu receptor; a,a subunit; b,b subunit; g,
g subunit; d,d subunit; e,« subunit; p,p subunit; r,r subunit; chick,
chicken; gfish, goldfish; drome,Drosophila melanogaster;lymst,Lym-
naea stagnalis;caeel,Caenorhabditis elegans;haeco,Haemonchus
contortus;oncvo,Onchocerca volvulus.
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collection of 30 representative sequences (Figs. 2 and 3).
This sample collection included one sequence from each
subtype of the GABA, and Gly receptors, along with the
nACh receptor subunit ach9_rat as an outgroup. Se-
quences from rat were chosen from orthologs wherever
feasible. For GABAA receptorg4 andb4, for which no
rat orthologs were available, chicken sequences were
employed. Seven invertebrate sequences were also in-
cluded due to their being significantly different from the
vertebrate sequences. Among them, three were from
Drosophila melanogaster,i.e., gab_drome, x78349, and
u58776. Two of them, gab_lymst and s34469, were from
Lymnaea stagnalis,while the other two, u14525 and
y09796, were fromCaenorhabditis elegansand Hae-
monchus contortus,respectively. Other group-analysis
results are available on request.

Branches of ILGICs

Four major branches were delineated by both the maxi-
mum-parsimony (Figs. 1 and 2) and the distance matrix-
based (Fig. 3) methods. Branches I and III each can be
further subdivided into two secondary branches, A and
B, while Branch II is divided into A, B, and C (Table 3).
Alignment with either ach1_caeel or 5ht3_mouse as an
outgroup did not change these tree topologies. The
ranges of pairwise distances between and within
branches are presented in Table 4 to provide a numerical
estimation of the relationships among the sequences.
While the interbranch distances point to the relative
closeness between branches, the intrabranch distances
shown on the diagonal in Table 4 are indicative of the

relative closeness between members of the same branch.
The striking difference in pairwise distance between or-
thologs (Table 5) suggests an inconstancy in evolution-
ary rates of ILGICs. Therefore no attempt was made to
estimate the divergence times using the molecular clock
assumption.

GABAA Receptor Subunits

Fifty-three GABAA receptor sequences (Tables 1 and 2),
forty-four from mammals, five from chicken, one from
goldfish, two from fruit fly, and one from the great pond
snail, were analyzed. Among these are two newly dis-
covered subunit classes, namely,« (Davies et al. 1997)
and p (Hedblom and Kirkness 1997) subunits. All
known subtypes of GABAA receptor subunits can be
divided into the two monophyletic Branches I and II
(Figs. 2 and 3). Branch I comprises all known GABAA

receptora andg subunit sequences, plus the new class,
the « subunit. As thea and g subunits are known to
carry, respectively, the principal and the complementary
parts of benzodiazepine sites, Branch I is called BZ.
Branch I is further divided into two monophyla, named
IA for all a subunits and IB for allg and « subunits.
Branch II, composed of GABAA receptorb, d, and r
subunits as well as the new class, thep subunit, is des-
ignated NB because a majority of the members of this
branch are known not to be directly relevant to benzo-
diazepine binding. Under Branch II, allb subunits
clearly form the monophylum IIA, and allr subunits
form another monophylum, IIC. Bootstrap did not
strongly support the assignment ofd subunits as either
IIA or IIC members. They are therefore assigned to a
separated secondary branch, IIB. The newly discovered
p subunit is assigned to IIB based on our analysis.

Most recently, Davies et al. (1997) suggested the oc-
currence of a new class of human GABAA receptor sub-
units, «, based on its pharmacological property of con-
ferring insensitivity to the potentiating effects of the
intravenous anesthetic agents propofol, pentobarbital,
and pregnanolone. The sequence of the« subunit is
nearly identical to that of a putative GABA-gated chlo-
ride channel subunit expressed in the human cardiac con-
duction system (Garret et al. 1997), with the exception
that the former has one extravaline (Val) residue at po-
sition 261. The latter was not included in our analysis, to
avoid redundancy. The« subunit is shown by our analy-
sis (Figs. 2 and 3) to form a monophyletic group with all
the otherg subunits. In this sense, it may be regarded as
a type ofg subunit rather than a separate class.

Gly and GluCl Receptor Subunits

Branch III is named NA for being non–GABA respon-
sive; it is essentially a collection of chloride channel
receptors gated by either Gly or Glu. The fact that

Table 3. Branch classification of ILGIC receptor subunits

Branch Namea Members

I BZ GABAA receptora andg subunits plus
the new class,« subunit

IA GABA A receptora subunits
IB GABAA receptorg and« subunits

II NB GABA A receptorb, d, andr subunits plus
the new class,p subunit

IIA GABA A receptorb subunits
IIB GABA A receptord andp subunits
IIC GABAA receptorr subunits

III NA Gly and GluCl receptor subunits
IIIA Gly receptor subunits
IIIB GluCl receptor subunits

IV UD p41849, u28929, u40422, u40948, u64843,
z46791, z50027, z68217, z70270,
z74040, z49888

Intermediates
I-like x78349
I/II/III-like m69057, u02042, s33744, u40187,

z50016, p25123

a BZ, relevant to benzodiazepine binding; NB, not involved in benzo-
diazepine binding; NA, nonresponsive to GABA; UD, specificity un-
defined.
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GABAA and Gly receptors are closely related has long
been noted from their high sequence similarity. This
close relationship is statistically confirmed by the present
analysis. In an evolutionary analysis of the whole LGIC
receptor superfamily, including ELGICs and ILGICs,
Ortells and Lunt (1995) suggested that Gly receptors
were derived from GABAA receptors. Although the pre-
sent study does not provide strong support for this hy-
pothesis, the closeness between GABAA and Gly recep-
tors is evident from the pairwise distance values (Table
4). It has been noted that the sequences of GluCl recep-

tors are related to those of Gly and GABAA receptors
(Cully et al. 1994). Figures 2 and 3 further suggest that
GluCl receptors are closer to Gly receptors than they are
to GABAA receptors.

The clustering of Gly and GluCl receptors into Branch
III is indicated by both cladistic (Fig. 2) and phenetic
(Fig. 3) analyses, but only weakly supported by boot-
strap. This looseness in the clustering as shown by the
low bootstrapping rate and the relatively large distances
(Table 4) between Gly and GluCl suggest that contem-
porary Gly and GluCl receptors are derived from a rela-

Fig. 2. Bootstrap majority-rule consensus tree obtained from 1000 replicates (SEQBOOT, PROTPARS, and CONSENSE programs) of 30 ILGIC
sequences along with nACh receptor sequence ach9_rat as an outgroup. The reconstruction is based on the alignment shown in Appendix 1 with
267 informative sites. Thenumbers beneath the branchesgive the bootstrap values of 1000 replications.
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tively remote common ancestor. The internal stabilities
of the two secondary branches, IIIA, with all the Gly
receptors, and IIIB, with all the GluCl receptors, are
strongly established by bootstrapping. This confers sub-
stantial confidence in the identification of any potential
Gly or GluCl receptors on the basis of protein sequence
alone.

So far no GluCl receptor has been discovered in ver-
tebrates, and likewise no Gly receptor could be con-
firmed in invertebrates (Laughton et al. 1994). Three
sequences fromC. elegans,namely, p41849, u28929,
and z68217, were previously annotated as Gly or Gly-
like receptor subunits (Table 2). Instead, they are found
to be members of Branch IV (Table 3). This would sug-
gest that the specialization of Gly and GluCl receptors

must have occurred after the divergence of invertebrates
and vertebrates. Given the clustering of Branch IIIA with
Branch IIIB, Gly and GluCl receptors possibly represent
the vertebrate and invertebrate counterparts of one an-
other. This agrees with the suggestion of Vassilatis et al.
(1997), based on their gene structure comparisons and
phylogenetic analysis, that invertebrate GluCl receptors
may be orthologous to the vertebrate Gly receptors, al-
though no outgroup was employed in their analysis.

ILGIC Receptor in Invertebrates

Invertebrate ILGIC sequences are listed in Table 2. The
sequences include those obtained by Wilson et al. (1994)

Fig. 3. Bootstrap majority-rule consensus
tree obtained from 1000 replicates
(SEQBOOT, PROTDIST, FITCH, and
CONSENSE programs) of 30 ILGIC
sequences along with nACh receptor
sequence ach9_rat as an outgroup. The
reconstruction is based on the alignment
shown in Appendix 1 with 267 informative
sites. Thenumbers beneath the branches
give the bootstrap values of 1000
replications.
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from a 2.2-Mb fragment ofC. eleganschromosome III
(Wilson et al. 1994), with at least 24 open reading frames
encoding proteins bearing sequence similarity to LGIC
receptors. All 11 current members of Branch IV (Tables
2 and 3) are fromC. elegans.It remains to be seen
whether the completion of additional genome sequencing
will reveal additional Branch IV members that could
shed more light on the nature of this phylogenetic
branch. The distances between Branch IV and each of
other three branches are of the same order of magnitude
(Table 4). In view of the relatively large distances be-
tween Branch IV and the other branches, the separations
of the three other branches from Branch IV were evi-
dently remote historical events. The large intrabranch
distances within Branch IV suggest that the original di-
vergences of the various Branch IV members were like-
wise ancient occurrences.

The classification scheme developed and illustrated in
Figs. 1–3 suggests the nature of many of these inverte-
brate sequences (Tables 2 and 3) whose specifications
were hitherto unknown. These include the assignment of
u41113, u40573, and u64840 fromC. elegansto Branch

IIIB (Figs. 2 and 3, Tables 2 and 3), thereby implying a
GluCl identity, and x78349 fromDrosophila melanogas-
ter to Branch 1, thereby implying a GABAA a/g identity,
although the large insertion in its extracellular portion
may well have altered its ligand specificity.

Instances where the present branching classification
results in a revision of earlier annotations include the
placement of s34469 from the great pond snail, previ-
ously designated the GABAA receptorz subunit (Hutton
et al. 1993), closer to Gly/GluCl than to GABAA recep-
tors by both the PROTPARS (Fig. 2) and the FITCH
(Fig. 3) procedures; also, P41849 fromC. elegansis
grouped with other Branch IV sequences instead of Gly
sequences as had been suggested (Swiss-Prot annota-
tion). In yet another example,C. elegansu14635 (Wilson
et al. 1994), previously annotated as a GABAA/Gly sub-
unit (Swiss-Prot annotation), is assigned to Branch IIIB
(Figs. 2 and 3, Table 3), which implies a potential GluCl
identity.

The monophylum consisting of p25123, m69057, and
u02042 fromDrosophila melanogaster,u40187 and
z50016 fromC. elegans,and s33744 fromAedes aegypti,
represents an intermediate group. All six sequences were
previously annotated as GABA or GABA-like, but the
present study suggests that they are more likely to be
evolutionary intermediates rather than well-differenti-
ated GABAA receptor subunits. Two of these six se-
quences, namely, m69057 and s33744, are known to con-
fer cyclodiene resistance (Table 2).

In invertebrates, hitherto onlyb subunits have been
encountered, and there has been no suggestion made of
the occurrence of GABAA non-b subunits in inverte-
brates. In the present analysis, however, theDrosophila
melanogastersequence x78349 is found to cluster with
the non-b Branch I sequences (Figs. 2 and 3). The dis-
tances between x78349 and Branch I vertebrate se-
quences are 93.66–120.73, which are smaller than the
distances of 123.83–135.79 between x78349 and other
Drosophila melanogasterILGICs. Therefore x78349 is
closer to Branch I than to otherDrosophila melanogaster
sequences, with the major difference between x78349
and Branch I sequences arising from a single large in-
sertion at its amino-terminal domain (Harvey et al.
1994). In line with this tentative identification of x78349

Table 4. Distances between ILGIC branches

Branch

Branch

IA IB IIA/B IIC IIIA IIIB IV

IA 0.66–61.62 70.45–93.69 96.32–126.38 105.13–135.82 95.89–145.25 95.55–167.90 124.47–177.95
IB 1.08–40.47 93.44–111.01 110.31–125.35 98.35–130.09 103.54–152.80 117.35–162.44
IIA 0.21–98.88 93.18–114.42 93.55–121.01 97.98–150.86 119.23–169.79
IIB 5.44–48.72 109.12–129.29 104.40–154.24 121.70–159.81
IIIA 0.22–78.30 87.86–156.69 109.05–160.20
IIIB 17.58–115.59 100.69–195.52
IV 51.0–178.53

Table 5. Distances between orthologs

Subunit

Distance

Human/rat Rat/mouse

GABAA receptor
a1 1.55 —
a2 3.16 1.56
a3 3.94 1.85
a4 11.18 —
a5 4.89 —
a6 9.02 2.98
b1 1.92 0.21
b2 0.21 —
b3 2.79 —
g2 1.08 1.08
d — 0.45
r1 5.44 —
r2 9.49 —

Gly receptor
a1 2.48 0.22
a2 1.11 —
b 2.66 0.81
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as a primitive form of the GABAA receptora/g subunit,
sequence x73584 from the nematodeHaemonchus con-
tortus also displaysa/g-like properties, showing in the
C–C loop region the characteristic Cys–proline (Pro)
doublet that is unique for Branch I sequences (Fig. 4).
Based on x78349 and supported by x73584, the present
analysis therefore provides evidence for the first time of
the existence of primitive non-b GABAA receptor sub-
units among invertebrates.
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