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ABSTRACT

Target identification is a critical step following
the discovery of small molecules that elicit a
biological phenotype. G-protein coupled recap-
tors (GPCRs) are among the most important
drug targets for the pharmaceutical industry.
The present work seeks to provide an in silico
model of known GPCR protein fishing tech-
nologies in order to rapidly fish out potential
drug targets on the basis of amino acid se-
guences and seven transmembrane regions
(TMs) of GPCRs. Some scoring matrices were
trained on 22 groups of GPCRs in the GPCRDB
database. These models were employed to pre-
dict the GPCR proteins in two groups of test
sets. On average, the mean correct rate of each
TM of 38 GPCRs from two test sets (S}, and SJ,)
was found 62% and 57.5%, respectively, using
training set 18 (S},,); the mean hit rate of each
TM of 38 GPCRs from S], and S}, was found
68.1% and 64.7%, respectively. Based on the
scoring matrices of PreMod, the mean correct
rate of each TM of GPCRs from S], and S],
was found 62% and 62.04%, respectively; the
mean hit rate of each TM of GPCRs from SJ,
and S;, was found 67.7% and 68.0%, respec-
tively. The means of GPCRs in S}, based on
St.s is close to those based on PreMod; whereas
the means of GPCRs in S;, based on Sg,, is
less than those based on PreMod. Moreover, the
accuracy (“2") and validity (“2 + 1") rates of
prediction all seven TMs of 38 GPCRs by the
scoring matrices of PreMod are more than those
by Sgis, Spe and Sg,; whereas the hit rates
(94.74% and 97.37%) by PreMod are less than
those of Sj, but bigger than those of S},, and
S;... respectively. This is the reason that we
choose PreMod to predict some potential drug
targets. 22 GPCR proteins in the sense chain of
chromosome 19 constructing validation set were
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predicted and validated by PreMod whose hit
rate is up to 90.91%. Further evaluation is under
investigation.

Keywords: Pharmaceutical Targets for Drug
Development; G-Protein Coupled Receptors;
Scoring Matrices; Hit Rates

1. INTRODUCTION

G-protein coupled receptors (GPCRs) are among the
most important drug targets for the pharmaceutical in-
dustry [1]. More than 30% of all marketed therapeutics
interacts with them. GPCRs are integral membrane pro-
teins that possess seven membrane-spanning domain or
transmembrane helices with the N terminal of these pro-
teins located in extracellular and the C-terminal extended
in the cytoplasm. They comprise a large protein family
of transmembrane receptors that sense molecules outside
the cell and activate inside signal transduction pathways
and, ultimately, cellular responses. The heterotrimeric G
proteins (guanine nucleotide-binding proteins) are signal
transducers, attached to the cell surface plasma mem-
brane, that connect receptors to effectors and thus to in-
tracellular signaling pathways [2,3]. The extracellular
signals are received by GPCRs that activate the G pro-
teins, which communicate signals from many hormones,
neurotransmitters, chemokines, and autocrine and pa-
racrine factors by several distinct intracellular signaling
pathways [2]. These pathways interact with one another
to form a network that regulates metabolic enzymes, ion
channels, transporters, and other components of the cel-
lular machinery controlling a broad range of cellular
processes, including transcription, motility, contractility,
and secretion. These cellular processes in turn regulate
systemic functions such as embryonic development, go-
nadal development, learning and memory, and organis-
mal homeostasis [2]. G protein-dependent and G pro-
tein-independent pathways each have the capacity to
initiate numerous intracellular signaling cascades to me-
diate these effects [4]. G proteins are GTPases (guanosine
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triphosphatases) that cycle between a GDP-bound form
and a GTP-bound form [5]. The GTP-bound G protein is
an active form that interacts with downstream effectors
and transmits signals, during which the bound GTP is
often hydrolyzed to GDP and the G protein recycles
into the inactive GDP-bound form [5]. The hetero-
trimeric G protein complex comprises a Ga subunit, of
which there are 4 main families (Gas, Gai/o, Gaqg/11,
and Gal2/13), coupled to a combination of Gf and Gy
subunits, of which there exist 6 and 12 members, respect-
tively [2,4]. Ga subunit binds to guanine nucleotides
while Ggy subunits cannot be dissociated under nonde-
naturing conditions. The activity of G proteins is regu-
lated mainly through three classes of regulatory proteins:
GTPase-activating proteins (GAPS), guanine nucleotide-
exchange factors (GEFs), and guanine nucleotide-disso-
ciation inhibitors (GDIs) [6]. Upon activation, the GTP-
bound Go subunit dissociates from Gpgy subunits, and
serves as the major signaling messenger by interacting
with its signal acceptors (downstream effectors) [2].

Mammalian GPCRs constitute a superfamily of di-
verse proteins with hundreds of members [7,8]. GPCRs
can be grouped into 6 classes based on sequence homol-
ogy and functional similarity [9,10]: Class A (Rhodop-
sin-like receptors) [11], Class B (Secretin receptor family)
[12], Class C (Metabotropic glutamate/pheromone re-
ceptors) [13], Class D (Fungal mating pheromone recap-
tors) [14], Class E (Cyclic AMP receptors) [15], and
Class F (Frizzled/Smoothened, F/S) [16,17]. GPCRs act
as receptors for a multitude of different signals [8]. One
major group, referred to as chemosensory GPCRs (cs-
GPCRes), is receptors for sensory signals of external ori-
gin that are sensed as odors [18,19], pheromones, or
tastes [20]. Most other GPCRs respond to endogenous
signals, such as peptides, lipids, neurotransmitters, or
nucleotides [21,22]. These GPCRs are involved in nu-
merous physiological processes, including the regulation
of neuronal excitability, metabolism, reproduction, de-
velopment, hormonal homeostasis, and behavior [8]. A
characteristic feature of GPCRs differentially expressed
in many cell types in the body, together with their struc-
tural diversity, has proved important in medicinal chem-
istry. GPCRs are involved in many diseases, and are also
the target of around half of all modern medicinal drugs
[23]. Of all currently marketed drugs, >30% are modula-
tors of specific GPCRs [24]. However, only 10% of
GPCRs are targeted by these drugs, emphasizing the po-
tential of the remaining 90% of the GPCR superfamily
for the treatment of human disease [8].

Additionally, Celera’s initial analysis of the human
genome found 616 GPCRs [25] and Takeda et al. [26]
found 178 intronless nonchemosensory GPCRs, whereas
the International Human Genome Sequencing Consor-
tium reported a total of 569 “rhodopsin-like” (i.e., Class

Copyright © 2012 SciRes.

A) GPCRs [27]. Vassilatis DK and co-worker conducted
a comprehensive analysis and reported that the repertoire
of GPCRs for endogenous ligands consists of 367 recep-
tors in humans and 392 in mice. Included here are 26
human and 83 mouse GPCRs not previously identified
[8]. Phylogenetic analyses cluster 60% of GPCRs ac-
cording to ligand preference, allowing prediction of
ligand types for dozens of orphan receptors. Expression
profiling of 100 GPCRs demonstrates that most are ex-
pressed in multiple tissues and that individual tissues
express multiple GPCRs. Over 90% of GPCRs are ex-
pressed in the brain. Strikingly, however, the profiles of
most GPCRs are unique, yielding thousands of tissue-
and cell-specific receptor combinations for the modula-
tion of physiological processes.

Moreover, diverse members of GPCR superfamily
participate in a variety of physiological functions and are
major targets of pharmaceutical drugs. GPCRs are one of
the most important target classes in pharmacology and
are the target of many blockbuster drugs [28]. The pre-
sumably a-helical transmembrane regions (TMs) of
GPCRs are probably arranged with similarity to bacteri-
orhodopsin (brh) [29]. Except for low-resolution electron
diffraction [30,31] and high resolution X ray-based crys-
tallography [32] of brh, the first crystal structure of a
mammalian GPCR, bovine rhodopsin [33], was solved.
In 2007, the first structure of a human GPCR, pg,-ad-
renergic receptor, was solved [34,35]. In particular, GPCRs
are of enormous importance for the pharmaceutical in-
dustry because 52% of all existing medicines act on a
GPCR [36]. Very well-known therapeutic drugs such as
[S-blockers and anti-histamines act on GPCRs. This ex-
plains why so many three-dimensional models of GPCRs
have been built. Early structural models, such as HIV-1
co-receptor CCR5 (chemokine receptors) [37,38], and
human thromboxane receptor [39], are based on the
atomic coordinates of the brh structure; some models, e.g.
human ADP receptor (Purinergic Receptor P2Y12) [40],
are constructed by homology modeling using bovine
rhodopsin as a template. All of these modeling studies
combined with bioinformatics and chemoinformatics
become amenable to the rational design of novel drugs
targeting GPCRs in the human genome [28].

These models would contribute to a better under-
standing of the structure and the function of GPCRs, as
well as the ligand-receptor interaction. The present study
is devoted to use bioinformatics and computational mod-
eling to build up GPCRs’ theoretical modeling and fold-
ing fashions, for prediction of unknown GPCRs in the
human genome and studying the interaction between
GPCRs ant their ligands at the molecular level.

2. MATERIALS AND METHODS
Structural data of G-protein coupled receptors (GPCR)
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were taken from a new release of the GPCRDB v.7.6
(http://www.gpcr.org/7tm/htmls/entries.html) based on
the latest UniProtKB (Universal Protein Knowledgebase)
release of 15-May-2006 (http://www.ebi.ac.uk/swissprot/;
http://au.expasy.org/), which contain approximately 764
proteins. Their GPCR family profiles are updated. Their
amino acid sequences were from Genbank (http://www.
ncbi.nlm.nih.gov/Genbank/index.html) and SWISSPROT.
The secondary structure of protein residues corresponds to
the DSSP method and their seven TMs were determined
based on the GPCR superfamily.

2.1. Data Partitioning

The transmembrane domain regions of 764 known
GPCRs were each used as a query | TBLASTEN
searches of the National Center for Biotechnology In-
formation human genome database. Sequences were re-
trieved from the National Center for Biotechnology In-
formation with the accession numbers (Appendix 1).
GPCR Class A, B, and C Hidden Markov Model models
were also used as queries to search the International Pro-
tein Index proteome database [8]. Grouping of the sam-
ples was based on the phylogenetic analysis results of
Vassilatis and co-worker. Data sets were partitioned into
three sets: Training, test, and validation sets. Although
protein prediction methodology is almost always re-
ported in terms of training and test sets only, we withheld
an external validation set in order to provide an addi-
tional rigorous check on model quality. We feel this is
necessary since a high statistical correlation on the train-
ing and test sets does not necessarily indicate a highly
predictive model [41]. To properly partition our data sets
so that they each reflect the makeup of the original data
set as much as possible, we take into account the distri-
bution of both feature diversity and biological activity as
we form our training, test, and external validation sets. In
this way, we maintain the original proportions of cate-
gorical bins and structural diversity in each of the three
sets.

Training dataset is composed of 22 groups in three
types of GPCRs (Figure 1) as follows: GPCRs from
human different chromosomes ( S5.), from human same
chromosomes (S;.) (such as chromosome 3 and 11),
and from different species, based on the phylogenetic
trees [8]. The first contains five classes: Class A (S%), B
(S5), C(S}), FIS (Sf), and other (S}). Class A con-
sists of four groups: Group 1 (%), Group 2 (S%,),
Group 3 (S%,) and Group 4 (S%,), which is abstracted
into Group 14 (S%, € S%). Class B, C, and F/S each
contain one group (Sjs, Sk, and Sr,,). The others
fall into nine groups SLS,SéG,m,SéB), which forms
one group 17 (Sg1 €S} ). The first is also extracted
into one group 18 (Sglg € Sgc). The second consists of
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Figure 1. The grouping frame of the different training
datasets.

two groups: chromosome 3 (group 19, SZ,) and chro-
mosome 11 (group 20, Si,,). The third only includes
one group 21 (S4,,), consisting of Bovine, Danre, Drome,
Chick, Anoga, Dicla, Eisfo, Equas, Eulfu, Pantr, Halsh,
besides human, consisting of 3, 2, 3,3,1,1,1,1,1,1, 1,
and 2 GPCRs, respectively. All above 22 groups make
up of the training dataset (learning dataset, S*).

The following test datasets (S’ ) contains two groups
of GPCRs, group 23 from human (38 GPCRs, S,,) and
group 24 (S2T4) from different species, consisting of 3
bovine, 3 canfa, 3 drome, 3 chick, 3 mouse, 1 Arath, 1
macmu, 1 Mesbi, and 1 Micoh GPCRs, respectively,
besides 19 human GPCRs (Appendix 1). Here,

SuNSHLNSENSL, =,
St UShH USE USE =585,
St,eSt, SENSEN-NSh, =,
St eSk, ShUSEU--USk, =S5,

Sju N Sz§15 N SélG N Sén N Sézz =0,
and
SLL)18 N Ssng r-]Ssto 05321 =0.

The validation set involves 22 GPCRs from the sense
chain of chromosome 19.
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2.2. Sequence Analysis of GPCRs using
Bioinformatics

2.2.1. The Scoring Matrices of Training Sets

Take Group 1 of Class A for an example. In order to
represent the GPCRs’ TM patterns, a representative non-
redundant set of high resolution GPCRs’ TMs are chosen
as previously reported to build a training set (Tables 1
and 2). The most consistent sequences are picked up to
constitute a scoring matrix by alignment that would be
used to predict the TM regions. The amino acid se-
quences of the seven TMs of GPCRs were extracted and
aligned using ClustalW; the TM regions cluster in one
fragment (motif) which are about 12, 11, 13, 14, 10, 10,
and 12 amino acid residues for TM1-TM7 of the Group 1
(Table 2), respectively; and then their coding regions of
such amino acid fragments were chosen to constitute the
scoring matrix, which contains 4 types of nucleotides
(Figure 2).

Take TM1 of GPCRs in Group 1 of Class A for an
example. There are 42 GPCR proteins consisting of the
training set after alignment (Table 1). Figure 2 means
the scoring matrix, which was generated by assigning a
value of the stimulatory potential to each of the 4 defined
nucleotides in each position of Table 1. Based on the
matrix, we designed a simple algorithm to evaluate the
relationship significance of any sequence to the GPCRSs’
TM patterns. To each nucleotide » (A, T, G, and C)
from those 42 proteins (i) of TM1 of group 1 (Table 2),
the symbol tij stands for how many times it takes place
in each position (,€1,2,3,---,12x3), which was cal-

42
culated as follows: tij=) > nij. The score Sij of
i=1
this nucleotide denotes the proportional (weighting) it
takes place in each position j, which was calculated as

4 12x3 42
follows: SU:UJ/[ZZZ”UJ Take the adenosine

n=1 j=1 i=1
(A) for example. Based on the Table 1, the times of
adenosine is 5,12,---, at the position of 1,2,---, respect-
tively, and the sum of four nucleotides in the training set
is 1512 (36x42=1512). So, the scores (Sij(A)) of
adenosine is 0.003,0.008,--- at the position of 1,2,---,
respectively, whereas it is 0 at other position because it
does not appear (Figure 2). The rest (Thymine, Cytidine,
and Guanosine) may be deduced by analogy. The value
of the scoring matrix is 1.

2.2.2. Test Sets

According to the set theory of mathematics [42], the
GPCRs chosen above consist of different training sets
St Sy, Sk, Sk, Sk, etc, which composed a union

ShUSFUSEU--=S8"and SENSENSEN- =D
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Therefore, the test set ST) (Table 3) comes from the
complement of S* for GPCRs aggregate (Appendix 1).

According to our previous methods [40,43], we de-
fined the coding sequence (CDS) of GPCRs’ each TM as
TM-CDS unit composed of m nucleotides. At first, the
TM-CDS units are obtained using the sliding window
method one by one from 5’-terminal of GPCRs’ CDS to
3’-teminal: A sequence of / nucleotides gives rise to
/-m+1 TM-CDS units. For example, the coding se-
quences of TM1 of GPCRs in group 1 are 12 x 3 nucleo-
tides, namely m =36.

2.2.3. Validation Set

Similarly, we calculate the total scores of the coding
sequences of 22 GPCRs located at the sense chain of
chromosome 19 using the sliding window method.

2.2.4. Assessment of Model Quality

In this study, training model quality is simply the per-
cent correct classification (binning) of GPCRs’ TM seg-
ments for the test set [41]. The overall predictive power
of a given model is the percent correct classification for
the test set (%test) and for the external validation set
(Yovalidation), where the external validation set repre-
sents native holdout data. More extensive model assess-
ment was accomplished by a “dynamic partitioning” pro-
cedure, which provides a no error rate of the test and
external validation sets.

2.2.5. Statistics

Data are expressed as meantstandard deviation (S.D.)
through this paper. Statistical analyses were performed
with F-test by one-way analysis of variance (abbreviated
one-way ANOVA) and by t-test between the means of
two groups of the samples. Data was considered signifi-
cant for P <0.01 at 95 confidence limit [44]. Tests for
normality were performed with Shapiro-Wilk test be-
cause of the number of samples less than 2000 [45]. The
normality of the data was tested by the Shapiro-Wilk
statistic. All statistical testing was conducted at signifi-
cance level 0.10 and all confidence intervals had confi-
dence level 0.90 unless otherwise noted. All tests and
confidence intervals were two-sided. Confidence inter-
vals for normal data were constructed from analysis of
covariance models [45]. Here, a« = 0.10 requests 90%
confidence limits. The default value is 0.05. One way-
ANOVA, Test of Homogeneity of Variances and Multi-
ple comparisons (LSD and Tamhane’s T2), and tests for
normality were performed using SPSS version 11.5 soft-
ware.

2.2.6. The Prediction Model Algorithm

In general, our prediction model (PreMod) method
employs the scoring matrices combined with descriptor
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Table 1. TM1 sequence alignment of GPCRs in group 1 of class A by clustal W.

1113

™1
GPCRs
Interzone Amino acid sequences Alignment motif The coding sequences
OX1R_HUMAN 47 - 67 WVLIAAYVAVFVVALVGNTLV YVAVFVVALVGN tatgtggctgtgttcgtcgtggecctggtgggeaac
OX2R_HUMAN 55-75 WVLIAGYIIVFVVALIGNVLV YIIVFVVALIGN tacatcatcgtgttcgtcgtggctctcattgggaac
NPFF2_HUMAN  148-168 AIFIISYFLIFFLCMMGNTVV YFLIFFLCMMGN tactttctgatcttctttttgtgcatgatgggaaat
NPFF1_HUMAN 44 - 64 AMFIVAYALIFLLCMVGNTLV YALIFLLCMVGN tatgcgctcatcttcctgctctgcatggtgggceaac
GPR83_HUMAN 72-92 ALLIVAYSFIIVFSLFGNVLV YSFIIVFSLFGN tactccttcatcattgtcttctcactctttggcaac
NPY1R_HUMAN 45 - 65 LAYGAVIILGVSGNLALIII YGAVIILGVSGN tatggagctgtgatcattcttggtgtctctggaaac
NPY2R_HUMAN 52-72 VLILAYCSIILLGVIGNSLVI YCSIILLGVIGN tactgctccatcatcttgcttggggtaattggcaac
NPY4R_HUMAN 40- 60 VMVFIVTSYSIETVVGVLGNL YSIETVVGVLGN tacagcattgagactgtcgtgggggtcctgggtaac
CCKAR_HUMAN 42 - 67 AVQILLYSLIFLLSVLGNTLVITVLI YSLIFLLSVLGN tactccttgatattcctgctcagegtgctgggaaac
GASR_HUMAN 58 -79 ITLYAVIFLMSVGGNMLIIVVL YAVIFLMSVGGN tacgcagtgatcttcctgatgagcgttggaggaaat
NMBR_HUMAN 42 -65 IRCVIPSLYLLIHTVGLLGNIMLV YLLITVGLLGN tacctgctcatcatcaccgtgggcettgctgggcaac
GRPR_HUMAN 39-62 ILYVIPAVYGVIILIGLIGNITLI YGVIILIGLIGN tatggggttatcattctgataggcctcattggcaac
EDNRA_HUMAN 81-102 YINTVISCTIFIVGMVGNATLL SCTIFIVGMVGN tcttgtactattttcatcgtgggaatggtggggaat
EDNRB_HUMAN 102 - 126 YINTVVSCLVFVLGIIGNSTLLRII SCLVFVLGIIGN tectgecttgtgttcgtgctggggatcatcgggaac
LGR6_HUMAN 568 - 588 VWAIVLLSVLCNGLVLLTVFA VWAIVLLSVLCN gtgtgggccategtgttgetctcegtgetctgcaat
LGR4_HUMAN 545 - 565 VWFIFLVALFFNLLVILTTFA VWFIFLVALFFN gtgtggttcattticttggttgcattattiticaac
LGR5_HUMAN 562 - 582 IGVWTIAVLALTCNALVTSTV VWTIAVLALTCN gtgtggaccatagcagttctggcacttacttgtaat
V1BR_HUMAN 36 - 59 VEIGVLATVLVLATGGNLAVLLTL LATVLVLATGGN  ctggccactgtcctggtgctggegaccgggggeaac
V1AR_HUMAN 53-76 LEIAVLAVTFAVAVLGNSSVLLAL LAVTFAVAVLGN ctggcggtgactttcgeggtggecgtgetgggeaac
GNRHR_HUMAN 39-58 VTVTFFLFLLSATFNASFLL FLFLLSATFNAS ttcctttttctgetetctgegacctttaatgettct
GPR27_HUMAN 24 - 44 TLSLLLCVSLAGNVLFALLIV LSLLLCVSLAGN  ctcagcctgcetgetgtgegtgagectagcgggceaac
GPR85_HUMAN 26 - 46 SLGFIIGVSVVGNLLISILLV LGFIIGVSVVGN ttgggtttcataataggagtcagcgtggtgggcaac
OPN3_HUMAN 41-65 YERLALLLGSIGLLGVGNNLLVLVL  LGSIGLLGVGNN  ctgggctceattgggetgctgggegtcggeaacaac
OPSX_HUMAN 27 -49 IVATYLIMAGMISIISNIIVLGI LIMAGMISIISN ttgattatggcaggtatgataagtattatcagcaac
RGR_HUMAN 16 - 36 VLAVGMVLLVEALSGLSLNTL VGMVLLVEALSG  gtggggatggtgctactggtggaagctctctceggt
OPSD_HUMAN 37-61 FSMLAAYMFLLIVLGFPINFLTLYV MFLLIVLGFPIN atgtttctgctgatcgtgctgggcttccccatcaac
OPSG_HUMAN 53-77 YHLTSVWMIFVVIASVFTNGLVLAA MIFVVIASVFTN atgatctttgtggtcattgcatccgttttcacaaat
OPSR_HUMAN 53-77 YHLTSVWMIFVVTASVFTNGLVLAA MIFVVTASVFTN atgatctttgtggtcactgcatccgtcttcacaaat
MTR1A_HUMAN 30-50 LACVLIFTIVVDILGNLLVIL LIFTIVVDILGN ctcatcttcaccatcgtggtggacatcctgggcaac
MTR1B_HUMAN 43-63 LSAVLIVTTAVDVVGNLLVIL LIVTTAVDVVGN  ctcatcgtcaccaccgecgtggacgtcgtgggcaac
EDG1_HUMAN 47-71 LTSVVFILICCFIILENIFVLLTIW FILICCFIILEN ttcattctcatctgctgctttatcatcctggagaac
EDG3_HUMAN 41-65 LTTVLFLVICSFIVLENLMVLIAIW FLVICSFIVLEN ttcttggtcatctgcagcttcatcgtcttggagaac
EDG5_HUMAN 35-59 VASAFIVILCCAIVVENLLVLIAVA IVILCCAIVVEN atcgtcatcctctgttgcgecattgtggtggaaaac
EDG6_HUMAN 51-71 GLSVAASCLVVLENLLVLAAI SVAASCLVVLEN tcggtggccgecagetgectggtggtgctggagaac
CNR2_HUMAN 34-59 TAVAVLCTLLGLLSALENVAVLYLIL CTLLGLLSALEN tgcactcttctgggectgctaagtgecctggagaac
CNR1_HUMAN 117 - 142 LAIAVLSLTLGTFTVLENLLVLCVIL SLTLGTFTVLEN tcectcacgcetgggceaccttcacggtectggagaac
MC5R_HUMAN 38-61 IAVEVFLTLGVISLLENILVIGAI FLTLGVISLLEN tttctcactctgggtgtcatcagectcttggagaac
MC4R_HUMAN 44 - 69 LFVSPEVFVTLGVISLLENILVIVAI FVTLGVISLLEN tttgtgactctgggtgtcatcagettgttggagaat
PE2R1_HUMAN 36 - 62 PALPIFSMTLGAVSNLLALALLAQAAG  PIFSMTLGAVSN cccatcttctccatgacgcetgggegecegtgtccaac
PE2R4_HUMAN 20-43 PVTIPAVMFIFGVVGNLVAIVVLC PAVMFIFGVVGN ccggceggtgatgttcatcttcggggtggtgggcaac
PE2R2_HUMAN 24 - 47 SPAISSVMFSAGVLGNLIALALLA SSVMFSAGVLGN  agctccgtcatgttctcggecggggtgctggggaac
PD2R_HUMAN 22 -42 MGGVLFSTGLLGNLLALGLLA GGVLFSTGLLGN  ggcggggtgctcttcagcaccggectectgggcaac

Copyright © 2012 SciRes.
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Table 2. The amino acid sequence length and the sample number of the scoring matrix in the training datasets after sequence align-

ments.
Training Datasets TM1 T™2 TM3 T™4 TM5 TM6 T™7
cless S* Number Re” Sp” Re" Sp° Re" Sp° Re” Sp° Re” Sp° Re" Sp° Re”  Sp”
A St 44 12 42 11 44 13 43 14 43 10 41 10 41 12 43
st 38 16 37 13 38 15 36 12 35 10 35 10 38 14 34
St 32 17 30 15 32 14 32 10 30 14 31 16 32 13 29
S 20 15 19 18 18 14 20 12 20 11 19 12 20 13 20
S 44 13 43 11 35 13 44 11 42 13 35 13 42 11 41
B St 13 12 13 12 13 11 13 9 13 16 13 13 13 13 13
C St 10 15 10 10 10 16 10 20 10 12 10 20 10 15 10
F/S Sty 9 16 9 21 9 19 9 20 9 19 9 21 9 18 9
(0] Sk, 39 21 39 21 38 18 38 21 39 10 39 12 39 21 39
Sk 21 21 24 19 24 18 24 15 24 21 24 16 24 20 24
St 33 20 33 17 33 20 33 20 33 10 32 20 33 12 33
Sk 11 21 11 18 11 20 10 19 11 20 11 21 11 20 11
Sk 48 14 48 18 48 9 48 13 48 15 48 13 48 20 48
St 40 24 40 22 40 20 39 19 40 24 40 23 40 20 40
Ay 44 14 44 13 44 18 44 11 44 12 43 19 43 20 44
S, 20 19 20 18 20 19 20 15 20 20 20 19 20 21 20
St 20 18 20 15 20 21 20 15 20 18 20 21 20 21 20
Sk, 33 13 33 18 33 16 33 15 28 13 31 20 31 20 33
Chromosome Stis 39 16 33 13 35 14 35 11 36 12 34 12 35 13 29
St 27 17 22 14 24 12 25 15 27 14 26 15 26 12 25
St 22 13 17 11 21 17 22 14 22 15 15 10 22 11 20
Species Ay 20 12 19 14 13 18 20 12 20 12 18 13 20 9 17

Note: “Number” means the total sample numbers of each training dataset; “Re”, the amino acid residue length of each transmembrane region; “Sp”, the actual

sample numbers of each transmembrane region in each training dataset.

selection procedures (seven TMs) that seek to find the
optimal subset of the scoring matrices from the original
scoring matrix manifold. Partitioning data sets into
training, test, and external validation sets rigorously as-
sesses model quality. We extend this methodology by
implementation of the dynamic repeating assessment. A
flowchart of the prediction model algorithm is provided
in Figure 3, which involves the following steps. 1) Di-
vide each data set into two parts: One used to build mod-
els, the other to validate models (external validation set);
in our implementation, the external validation set is se-
lected to have a high level of diversity; 2) Further parti-
tion the 80% identified for model building to form two
more sets: Training (80%) and test (20%) sets; 3) Select
seven TMs of GPCRs as descriptors based on phyloge-

Copyright © 2012 SciRes.

netic evolution of the training set with or without cross-
validation procedure (described above); 4) Calculate the
score Sij of the training set to construct an optimized
subset of the scoring matrix based on the CDS of
GPCRs’ 7 TMs; 5) Predict the test set target values using
the scoring matrix and calculate the percent correct clas-
sification of the test set (%test); 6) Merge the training
and test sets, and build a new prediction model using
statistic analyses; 7) Predict external validation set values
using the prediction model (PreMod), and calculate the
percent correct classification of the external validation
set (Yovalidation); 8) Repeat steps 1-8 a preset number of
times (22 times); 9) Assess each model by the accuracy
described above, and generate test and external valida-
tion veracity.
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The scoring matrices of seven transmembrane regions of GPCRs in Group 1 of the training datasets (TM1-TM7: From top
to bottom).
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Table 3. The scores and the validity of prediction each transmembrane region of GPCRs in test sets by the scoring matrices of train-
ing set 18, 14 and 3.

SlélB S:14 Sj@
GPCRs Score Validity” Score Validity" Score Validity*
TML TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7

Test set 23

QSVTMO_HUMAN 0.473 0.494 0.386 0.424 0.424 0.437 0458 1 2 0.527 0.546 0.427 0.423 0.435 0.457 0.394 1 2 0,531 0.495 0.462 0.429 0.456 0.435 0.475 2 0 0 0 2 2
NPY5R_HUMAN  0.424 0.464 0.362 0.387 0.384 0.426 0434 2 2 0.436 0538 0.371 0.395 0.385 0.467 0.371 2 2 0.478 0.483 0.398 0.422 0.415 0.443 0,531 2 0 2 0 2 2
BRS3_HUMAN  0.398 0.451 0.350 0.391 0.441 0.498 0415 1 2 0.465 0.505 0.372 0.462 0.444 0553 0.419 1 2 0.475 0.467 0.402 0.489 0.435 0.549 0.490 2 0 2 2 2 2
LGR8_HUMAN  0.392 0.418 0.390 0.422 0.405 0.425 0.454 2 0 0.418 0.462 0.409 0.450 0.419 0.468 0.395 2 0 0.426 0.423 0.411 0.479 0.437 0.420 0.473 0 0 0 2 2 1
GP173_HUMAN 0.391 0.406 0.378 0.406 0.411 0.454 0.454 2 2 0.456 0.474 0.402 0.455 0.423 0.487 0431 2 2 0.427 0.444 0.422 0.470 0.427 0.495 0.506 0 1 2 0 2 2
OPSB_HUMAN  0.409 0.461 0.395 0.382 0.484 0.439 0453 2 2 0.457 0510 0.434 0.429 0.500 0.466 0.433 2 0 0.473 0.472 0.475 0.443 0,524 0.508 0.487 2 0 2 2 2 2
EDG8_HUMAN  0.425 0.444 0.399 0.407 0.419 0.468 0.514 0 0 0.472 0.499 0.451 0.460 0.433 0.491 0.425 0 2 0.474 0.461 0.430 0.499 0.443 0.467 0.562 0 0 2 2 2 2
PF2R_HUMAN 0.386 0.373 0.356 0.363 0.389 0.414 0.383 2 2 0.442 0.435 0.367 0.393 0.383 0.470 0.369 2 0 0.437 0.394 0.432 0.458 0.396 0.462 0.409 0 0 2 0 2 0
ADA2C_HUMAN  0.458 0.464 0.395 0.437 0.432 0547 0539 2 2 0,555 0.552 0.435 0.486 0.487 0.602 0.469 2 2 0,514 0.450 0.442 0.472 0.455 0554 0.602 2 0 2 2 2 2
ADRB3_HUMAN 0407 0.442 0.405 0.401 0.473 0.518 0.505 2 2 0.479 0.509 0.440 0.457 0.484 0562 0.431 2 2 0.467 0.443 0.417 0.469 0.459 0.507 0.526 0 2 0 2 2 2
SHTIE_HUMAN  0.398 0.466 0.386 0.426 0.428 0.480 0.502 0 2 0.423 0556 0.470 0.469 0.457 0529 0.400 0 2 0.423 0.449 0.445 0511 0.490 0.473 0.501 2 2 2 0 2 2
SHT6R_HUMAN 0.398 0.420 0.434 0.396 0.424 0.478 0.536 0 2 0.455 0.486 0.492 0.439 0.458 0.530 0452 2 2 0.456 0.435 0.461 0.489 0.451 0.493 0.582 0 2 2 2 2 1
TAAR2_HUMAN 0363 0.461 0.408 0.372 0.404 0440 0.446 0 0 0.404 0551 0.403 0.399 0.428 0.492 0.417 0 0 0.431 0,500 0.419 0.420 0.428 0.456 0.463 2 0 0 0 2 2
AASR_HUMAN 0400 0.447 0.406 0.376 0.421 0.434 0.508 2 2 0.504 0.510 0.446 0.416 0.455 0.473 0.451 2 2 0.473 0.444 0.449 0.474 0.478 0.436 0.542 0 0 2 2 2 2
ACM5_HUMAN 0.446 0.449 0.403 0.429 0.432 0.460 0.498 2 2 0.497 0.491 0.438 0.434 0.498 0.504 0.441 2 2 0.478 0.452 0.456 0.474 0.465 0.504 0.530 2 0 0 2 2 2
HRH4_HUMAN  0.420 0.468 0.385 0.449 0.402 0.450 0471 0 2 0425 0539 0.425 0.452 0.419 0.478 0.407 0 2 0.429 0,506 0.434 0.487 0.435 0.460 0.479 2 0 2 2 2 2
CXCR6_HUMAN  0.436 0.490 0.420 0.428 0.468 0.443 0473 2 2 0.496 0.575 0.477 0.491 0.467 0.506 0.388 2 2 0.571 0567 0.522 0.580 0,518 0.541 0.555 2 2 1 2 2 2
SSR5_HUMAN ~ 0.422 0.495 0.402 0.416 0.463 0.484 0.512 2 2 0.475 0.602 0.459 0.468 0.486 0530 0.454 2 2 0,542 0591 0,570 0.486 0.537 0.536 0.636 2 2 2 2 2 2
OPRX_HUMAN  0.448 0.490 0.433 0.429 0.496 0.484 0.571 2 2 0.484 0,594 0.475 0.465 0.505 0549 0.490 2 2 0.566 0.583 0.544 0.471 0,520 0.565 0.685 2 2 2 2 2 2
FPRI_HUMAN  0.457 0.470 0.392 0.418 0.428 0.456 0.560 2 2 0.554 0552 0.439 0.447 0.450 0.497 0.475 2 2 0,572 0558 0.545 0.541 0.482 0.515 0.697 2 2 2 2 2 2
C5ARL_HUMAN  0.475 0.476 0.450 0.412 0.423 0,516 0486 2 2 0.546 0.581 0.473 0.452 0.461 0.568 0.449 2 2 0.559 0562 0.507 0.541 0.525 0.566 0.640 2 2 2 2 1 2
GALR3_HUMAN  0.461 0.502 0.429 0.404 0.400 0.466 0538 2 2 0.549 0.604 0.454 0.453 0.455 0518 0.521 2 2 0.561 0.583 0.490 0.478 0.488 0.525 0.656 2 2 2 2 2 1
P2Y12_HUMAN  0.422 0.415 0.383 0.396 0413 0.441 0461 1 2 0.441 0.455 0.388 0.429 0.425 0.486 0.407 1 2 0,521 0.462 0.456 0.454 0.416 0.504 0.473 2 2 2 0 2 2
P2RY4_HUMAN  0.410 0.442 0.400 0.380 0.397 0.494 0.508 0 0 0.423 0510 0.443 0.422 0.443 0546 0.445 0 0 0.438 0531 0,536 0.428 0.455 0.522 0.606 2 2 0 0 2 2
PAR4_HUMAN 0.439 0.481 0.387 0.391 0.437 0.421 0.529 2 0 0.509 0.565 0.466 0.427 0.467 0.439 0.457 2 0 0.548 0.542 0.443 0.466 0.507 0.447 0.573 1 2 0 2 2 2
MRGRD_HUMAN  0.410 0509 0.425 0.407 0.395 0.456 0462 1 0 0.483 0.604 0.410 0.426 0.407 0518 0411 2 0 0.491 0599 0.461 0.469 0.449 0.466 0.539 2 0 2 2 2 2
EMRI_HUMAN  0.392 0.401 0.402 0.402 0.417 0.430 0.444 0 0 0.446 0.473 0.414 0.421 0.419 0.439 0.418 0 0 0.442 0.435 0.429 0.461 0.472 0.429 0.447 00 0 0 0 0
GLR_HUMAN 0.418 0.444 0.410 0.407 0.443 0.438 0.472 0 2 0.450 0.494 0.421 0.431 0.435 0.439 0.462 0 2 0.436 0.466 0.446 0.479 0.456 0.430 0.477 00 0 2 0 1
MGR8_HUMAN 0.386 0.382 0.384 0.364 0.397 0.421 0.399 2 2 0.422 0.438 0.405 0.388 0.406 0.430 0410 2 0 0.441 0.448 0.441 0.423 0.411 0.402 0.461 0 0 0 0 0 0
GPCSB_HUMAN  0.397 0.413 0.396 0.394 0.463 0.429 0397 0 0 0.442 0.468 0.424 0.454 0.473 0.473 0.437 0 0 0.450 0.441 0.420 0.478 0.459 0.480 0.457 1 0 0 0 0 0O
FZD6_HUMAN  0.387 0.368 0.361 0.376 0.394 0.402 0.408 0 0 0.434 0.415 0.381 0.390 0.400 0.424 0.384 0 0 0.415 0.415 0.437 0.416 0.401 0.411 0.437 00 2 1 0 0
CML2_HUMAN 0.437 0.494 0.427 0.377 0.484 0.517 0.516 2 2 0.520 0.598 0.460 0.433 0.498 0.585 0.441 2 2 0.514 0.524 0.616 0.480 0.531 0.600 0.635 2 2 2 1 2 2
NPBW2_HUMAN  0.410 0500 0.429 0.391 0.444 0,508 0523 2 2 0,437 0.605 0.456 0.427 0.481 0590 0.462 2 2 0.523 0,594 0.560 0.464 0,541 0.605 0.610 2 2 0 2 2 1
P2Y10_HUMAN  0.376 0.448 0.435 0.402 0.407 0.460 0.460 2 0 0.420 0513 0.461 0.442 0.433 0500 0.390 2 0 0453 0.475 0.551 0.439 0471 0.507 0474 2 1 0 1 2 2
GP158_HUMAN  0.389 0.390 0.364 0.364 0.393 0.406 0.412 2 1 0.425 0.438 0.390 0.403 0.404 0.421 0.402 1 1 0.441 0.430 0.402 0.447 0.422 0.451 0.491 00 0 0 0 0
T2R43_HUMAN 0.395 0.371 0.385 0.382 0.393 0.402 0.388 1 2 0.395 0.422 0.376 0.373 0.396 0.428 0.374 0 0 0.397 0.401 0.445 0.406 0.425 0.406 0.403 0 0 0 0 1 0
VNIR2_HUMAN 0374 0.434 0.364 0.364 0.392 0.401 0.406 0 0 0.418 0510 0.402 0.406 0.391 0.443 0.397 0 0 0.417 0.461 0.435 0.437 0.434 0.423 0.471 00 1 2 0 0
052A1_HUMAN  0.408 0.378 0.405 0.369 0.420 0.409 0.405 2 2 0.417 0.445 0.388 0.387 0.419 0.437 0.404 2 0 0.456 0.418 0.430 0.427 0.409 0.406 0.453 00 2 0 1 0
Test set 24

QSVTMO_HUMAN 0.473 0.494 0.386 0.424 0.424 0.437 0458 1 2 0.527 0,546 0.427 0.423 0.435 0.457 0.394 1 2 0,531 0.495 0.462 0.429 0.456 0.435 0.475 2 0 0 0 2 2
BRS3_HUMAN  0.398 0.451 0.350 0.391 0.441 0.498 0415 1 2 0.465 0.505 0.372 0.462 0.444 0553 0.419 1 2 0.475 0.467 0.402 0.489 0.435 0.549 0.490 2 0 2 2 2 2
GP173_HUMAN  0.391 0.406 0.378 0.406 0.411 0.454 0.454 2 2 0.456 0.474 0.402 0.455 0.423 0.487 0.431 2 2 0.427 0.444 0422 0.470 0427 0.495 0506 0 1 2 0 2 2
EDGB_HUMAN  0.425 0.444 0.399 0.407 0.419 0.468 0.514 0 0 0.472 0.499 0.451 0.460 0.433 0.491 0.425 0 2 0.474 0.461 0.430 0.499 0.443 0.467 0,562 0 0 2 2 2 2
ADA2C_HUMAN 0458 0.464 0.395 0.437 0.432 0.547 0539 2 2 0.555 0.552 0.435 0.486 0.487 0.602 0.469 2 2 0.514 0.450 0.442 0.472 0.455 0.554 0.602 2 0 2 2 2 2
SHTLE_HUMAN  0.398 0.466 0.386 0.426 0.428 0.480 0.502 0 2 0.423 0556 0.470 0.469 0.457 0529 0.400 0 2 0423 0.449 0.445 0,511 0490 0.473 0501 2 2 2 0 2 2
TAAR2_HUMAN 0363 0.461 0.408 0.372 0.404 0.440 0.446 0 0 0.404 0551 0.403 0.399 0.428 0.492 0.417 0 0 0431 0,500 0419 0.420 0.428 0.456 0.463 2 0 0 0 2 2
ACMS5_HUMAN ~ 0.446 0.449 0.403 0.429 0.432 0460 0.498 2 2 0.497 0.491 0.438 0.434 0.498 0504 0.441 2 2 0.478 0.452 0.456 0.474 0.465 0.504 0.530 2 0 0 2 2 2
CXCR6_HUMAN  0.436 0.490 0.420 0.428 0.468 0.443 0473 2 2 0.496 0.575 0.477 0.491 0.467 0.506 0.388 2 2 0.571 0567 0.522 0.580 0,518 0.541 0.555 2 2 1 2 2 2
OPRX_HUMAN  0.448 0.490 0.433 0.429 0.496 0.484 0571 2 2 0.484 0,594 0.475 0.465 0.505 0549 0.490 2 2 0.566 0.583 0.544 0.471 0,520 0.565 0.685 2 2 2 2 2 2
C5ARL_HUMAN  0.475 0.476 0.450 0.412 0423 0,516 0486 2 2 0.546 0.581 0.473 0.452 0.461 0568 0.449 2 2 0.559 0562 0.507 0541 0,525 0.566 0.640 2 2 2 2 1 2
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P2Y12_HUMAN 0.422 0.415 0.383 0.396 0.413 0.441 0.461 1 0 0 2 0 2 2 0.441 0.455 0.388 0.429 0.425 0.486 0.407 1 0 0 2 0 1 2 0521 0.462 0.456 0.454 0.416 0.504 0.473 2 0 2 2
PAR4_HUMAN 0.439 0.481 0.387 0.391 0.437 0.421 0529 2 2 0 0 2 2 2 0.509 0.565 0.466 0.427 0.467 0.439 0.457 2 2 2 0 2 2 2 0.548 0.542 0.443 0.466 0.507 0.447 0.573 0 2 2 2
EMR1_HUMAN 0.392 0.401 0.402 0.402 0.417 0.430 0.444 0 0 0 0 0 0 1 0.446 0.473 0.414 0.421 0.419 0.439 0418 0 0 0 0 0 0 0 0.442 0.435 0.429 0.461 0.472 0.429 0.447 0 0 0 0
MGR8_HUMAN 0.386 0.382 0.384 0.364 0.397 0.421 0.399 2 0 0 2 0 0 0 0.422 0.438 0.405 0.388 0.406 0.430 0.410 2 0 0 0 0 0 0 0.441 0.448 0.441 0.423 0.411 0.402 0.461 0 0 0 0
FZD6_HUMAN 0.387 0.368 0.361 0.376 0.394 0.402 0.408 0 0 0 0 0 0 0 0.434 0.415 0.381 0.390 0.400 0.424 0.384 0 0 0 0 0 0 0 0.415 0.415 0.437 0.416 0.401 0.411 0.437 2 1 0 0
NPBW2_HUMAN  0.410 0.500 0.429 0.391 0.444 0.508 0.523 2 2 2 2 2 2 1 0.437 0.605 0.456 0.427 0.481 0.590 0.462 2 2 2 2 2 2 1 0523 0.594 0.560 0.464 0.541 0.605 0.610 0 2 2 1
VN1R2_HUMAN 0.374 0.434 0.364 0.364 0.392 0.401 0.406 0 0 0 0 0 0 0 0.418 0.510 0.402 0.406 0.391 0.443 0.397 0 0 0 0 0 0 0 0.417 0.461 0.435 0.437 0.434 0.423 0.471 1 2 0 0
OR2C1_HUMAN 0.398 0.412 0.392 0.391 0.405 0.413 0.454 0 2 0 0 2 2 2 0.448 0.468 0.396 0.416 0.423 0.440 0407 0 0 0 0 2 2 0 0.465 0.455 0.450 0.484 0.422 0.437 0.462 2 0 2 2
AGTR1_BOVIN 0.453 0.418 0.388 0.373 0.435 0.474 0.479 2 2 2 0 2 2 1 0520 0.481 0.411 0.388 0.446 0.529 0.438 2 2 2 2 2 2 1 0557 0.515 0.501 0.484 0.493 0.549 0.549 2 2 2 1
Q3T181_BOVIN 0.394 0.475 0.384 0.427 0.452 0.517 0510 O 2 0 1 0 2 2 0.429 0.541 0.456 0.502 0.486 0.553 0.466 0 2 2 2 1 2 2 0.486 0.535 0.532 0.533 0.534 0.557 0.616 2 1 2 2
FSHR_BOVIN 0.415 0.467 0.388 0.412 0.415 0.426 0.480 2 2 0 2 0 0 2 0.477 0.526 0.425 0.424 0.425 0.460 0412 2 2 2 2 0 2 2 0.469 0.499 0.478 0.447 0.432 0.435 0.567 2 2 0 2
GNRHR_CANFA 0.374 0.437 0.409 0.386 0.451 0.429 0.434 0 2 2 1 2 1 2 0.425 0.482 0.461 0.409 0.467 0.472 0.397 0 2 2 0 2 1 0 0.412 0.440 0.467 0.437 0.444 0.475 0.474 1 2 1 0
EDNRA_CANFA 0.392 0.460 0.364 0.423 0.404 0.475 0.401 2 2 0 2 0 2 2 0.465 0.491 0.428 0.469 0.429 0.509 0.387 2 2 2 2 0 2 0 0.472 0.449 0.400 0.513 0.409 0.490 0.434 2 2 2 2
SHT1A_CANFA 0.400 0.465 0.416 0.405 0.454 0.544 0.552 2 2 2 2 2 2 2 0.455 0.560 0.452 0.440 0.479 0.610 0.473 2 2 2 2 0 2 2 0.454 0.456 0.452 0.476 0.470 0.533 0.593 0 0 2 2
OPS5_DROME 0.434 0.485 0.369 0.374 0.426 0.417 0.390 2 2 0 0 0 2 0 0.478 0.560 0.385 0.413 0.439 0.477 0401 2 2 0 0 0 2 0 0.470 0.519 0.407 0.474 0.442 0.481 0.419 2 2 2 0
GR33A_DROME 0.410 0.396 0.371 0.385 0.403 0.414 0.445 0 0 0 0 1 0 0 0.459 0.468 0.392 0.400 0.396 0.420 0424 0 0 0 0 1 0 0 0.433 0.435 0.424 0.411 0.412 0.441 0.500 0 1 1 0
MTH4_DROME 0.369 0.407 0.401 0.375 0.400 0.394 0.397 0 0 2 1 0 0 1 0.401 0.471 0.424 0.398 0.426 0.416 0.395 0 0 2 2 2 0 0 0.435 0.428 0.450 0.426 0.415 0.407 0.428 2 0 0 0
OLF6_CHICK 0.415 0.404 0.373 0.373 0.400 0.398 0.444 0 0 0 0 2 0 2 0.401 0.467 0.400 0.380 0.415 0.426 0412 0 0 0 0 0 0 0 0.419 0.418 0.459 0.402 0.421 0.413 0.454 0 0 0 2
FZD7_CHICK 0.392 0.453 0.422 0.389 0.413 0.410 0.414 0 0 0 0 0 1 0 0.428 0.510 0.429 0.430 0.426 0.438 0432 0 0 2 0 1 0 0 0.429 0.448 0.446 0.467 0.465 0.435 0.461 0 1 1 0
P2RY1_CHICK 0.453 0.514 0.437 0.407 0.448 0.493 0.551 2 2 2 0 2 2 2 0.509 0.592 0.468 0.450 0.482 0.546 0.478 2 2 2 2 2 2 2 0562 0.592 0.569 0.473 0.451 0.559 0.646 2 2 1 2
TAAR6_MOUSE 0.441 0.442 0.369 0.414 0.405 0.477 0.477 1 2 1 2 2 2 1 0.458 0.473 0.432 0.451 0.442 0.526 0.401 1 2 2 2 2 1 0 0.498 0.435 0.416 0.459 0.433 0.507 0.494 0 1 2 1
NMBR_MOUSE 0.461 0.460 0.373 0.417 0.471 0.507 0.415 2 2 2 2 2 2 2 0521 0.554 0.427 0.488 0.504 0.578 0.421 2 2 2 2 2 2 2 0.552 0.511 0.426 0.530 0.486 0.567 0.466 2 2 2 2
FFAR2_MOUSE 0.423 0.478 0.393 0.390 0.431 0.449 0.452 2 2 0 2 2 2 2 0.490 0.570 0.438 0.430 0.465 0.474 0421 2 2 1 2 2 1 0 0507 0.565 0.503 0.454 0.455 0.466 0.474 0 0 2 0
MLO10_ARATH 0.384 0.385 0.385 0.380 0.405 0.406 0.388 2 0 0 0 0 0 0 0.414 0.416 0.402 0.446 0.442 0.421 0.398 1 0 0 0 0 0 0 0.397 0.419 0.424 0.496 0.424 0.417 0.442 0 2 0 0
5HT2A_MACMU 0.389 0.453 0.413 0.409 0.462 0.442 0.454 2 2 2 0 2 2 2 0.437 0.519 0.464 0.395 0.484 0.485 0.390 2 2 2 0 2 2 0 0.446 0.460 0.426 0.426 0.463 0.449 0.457 0 2 2 2
OPSD_MESBI 0.402 0.505 0.410 0.424 0.492 0.506 0.457 2 2 0 0 2 2 2 0.453 0.597 0.421 0.468 0.514 0.543 0438 0 2 0 2 2 2 0 0.435 0.561 0.464 0.462 0.492 0.570 0.498 0 2 2 2
V1AR_MICOH 0.449 0.432 0.413 0.391 0.426 0.490 0.490 2 1 2 0 1 2 2 0509 0.474 0.470 0.417 0.452 0.574 0453 2 2 1 0 1 2 2 0.534 0.440 0.461 0.443 0.465 0.536 0.589 0 1 2 2

Note: The number “0”, “1”, and “2” donate that the predicting helical regions of GPCRs by the scoring matrices of the training set 18 (S"

) are “different

D18

from”, “partial consistent with (similar to)”, and “identical with” the actual transmembrane regions of GPCRs, respectively.

3. RESULTS

In what follows, we present three primary results,
based on application of the methods described above.

3.1. Phylogenetic Analysis and Structural
Evolution

Figure 1 displays the grouping frame of the training
datasets (learning dataset, S*), where 22 groups belong
to three types. Of the different chromosome type, there
are five classes: Class A (Groups 1-4 and Group 14),
Class B (Group 15), Class C (Group 16), Class F (Group
22), and Class O (Groups 5-13 and Group 17). Group 1
(S) Group 2 (s%,), Group 3 (S%), Group 4 (s%,),
and Group 14 (Sj14 of Class A are composed of 44, 38,
32, 20, and 44 GPCRs, respectively. Class B (Sy;), C
(Séis), and FIS (Sf,,) contain 13, 10, and 9 GPCRs,
respectively. Groups 5,6,--- and 13 (Sgs,S5e. s Seua
consist of 39, 24, 33, 11, 48, 40, 44, 20, and 20 GPCRs,
respectively; while Group 17 (Sé17 includes 33 GPCRs.
Group 18 (Spy,). Group 19 (S, ),Group 20 (S5,
and Group 21 (S},,) contain 39, 27, 22, and 20 GPCRs,
respectively. The following test datasets ST& are com-
posed of two groups: Group 23 (S3;) from human and
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Group 24 (Sy,) from different species (Appendix 1,
Table 3). Here, S NSh, #®, S5, NSL, =z,
StNSL,z®,and S, NS, 2D S;HNSh, 20,
SéG mSél? iq)’ Sé7 mSél? ;tCI)' Sé8nS(]317 ;é(D'

Ség ﬂSéU #® ' Sélo nSél? #= D ’ Séll mSél? #= D ’

Sélz mSél? #= D and Sél3 nSéU # D ; Séls mSle # D !
Sém mS/élS # D ! S;)18 ﬂSéle =0 ' SélS nSII;ZZ =D

and S}, NS, 2D.

Table 1 lists the amino acid sequences of TM1 in
Group 1 GPCRs, the common 12-residue regions of TM1
by alignment, and the corresponding coding sequences
consisting of 36 nucleotides. Table 2 displays the amino
acid sequence length and the sample number consisting
of the scoring matrix of each transmembrane region of
GPCRs in the training datasets after sequence alignments.
Different the training sets, different the amino acid
sequence length and the sample number consisting of the
scoring matrix to same TMs; the same the training sets,
different the amino acid sequence length and the sample
number consisting of the scoring matrix to different TMs.
Figure 2 illustrates the scoring matrices of seven TMs
(TM1-TM7) of GPCRs in Group 1 of Class A in the
training datasets. This is the core of prediction system of
GPCRs.
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3.2. Validation of the Models (Scoring
Matrix)

22 scoring matrices are built based on the 22 groups of
training datasets (S“) from GPCR superfamily and
validated by two groups of test sets (S”). Tables 4 and
5 display the score and the prediction accuracy of the
coding sequences of GPCRs’ trans-membrane segments
in test sets by the scoring matrices of the different
training datasets. All the data can be clearly divided into
four categories: Sy, -“2”, Sy -“1 + 2”7, S,,-“2” and
S2,-“1 + 2”. The number “2” donates that the predicting
helical regions of GPCRs by the scoring matrices of the
training set are identical with the actual TM regions of
GPCRs, while the number “1” donates the predicting
helical regions of GPCRs are partial consistent with their
actual TMs. “1 + 2” means the combination of “2” with
“1”, namely the positive prediction results. There are 22
examinations (corresponding 22 training sets) in each
category. For instance, if we use test set S;, to examine
Group 1 (Sjl) of training set, and then get seven “all
hit” (“2”) correctness rates (validity) (TM1 to TM7).
These 7 correctness rates as a whole can be deemed as
examination 1 in S,,-“2”. Under this situation, mean of
one examination’s correctness rate is the mean of the
seven correctness rates (Table 5). The rest may be de-
duced by analogy.

3.3. Statistics Analysis

One way-ANOVA, a powerful and common statistical
procedure, is used to figure out whether there are sig-
nificant differences among means of correctness rate of
the examinations. As one way-ANOVA requires, all data
that does not obey normal distribution are eliminated,
such as Groups 1, 6 and 10 of S,,-“2”, group 16 of
S3,-“1+ 27, groups 12, 16 and 22 of S.,-“2”, and groups
15, 19 and 22 of S,,-“1 + 2”. The four results of one
way-ANOVA, with F values of 21.931, 9.308, 22.807
and 7.488 for S),-“2", S, -“1 + 27, S, -“2” and
S3,-“1 + 27, respectively, indicate that there are signifi-
cant differences between means of correctness rate of
examinations at the 0.01 level in each category. Then
Test of Homogeneity of Variances is applied in order to
find a suitable method for multiple comparisons. Actu-
ally, Sy,-“1 + 2” and S,,-“1 + 2", with P values of
0.7673 and 0.7121, respectively, has homogenous vari-
ances at the 0.05 level, and LSD method of multiple
comparisons will be used. On the other hand, variances
of S,,-“2” and S,,-“2” with P values of 0.0032 and
0.0418, respectively, are not homogenous, which means
that Tamhane’s T2 should be chosen as multiple com-
parisons method. The results of multiple comparisons are
respectively visualized in Figure 4, where “X” shows
there are significant differences (at the significant level
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of 0.05) between the two examinations indicated by cor-
responding column and line (specific value of multiple
comparisons can be found in supplemental data). Finally,
the average of correctness rate of examinations of each
category are plotted respectively on Figure 5, from
which we can see that the training set of 18 has the high-
est mean of correctness rate when examined by test set in
each of the four groups although training set 18 and other
training sets such as 2, 3, 4, 14, etc. has not statistical
difference. ANOVA results reveal that there are three
scoring matrices significant, from three training datasets,
Group 3 (%), 14 (S%,),and 18 (S}, respectively
(Figure 5).

The following t-test results reveal that the mean dif-
ference of the scores between two groups, “27/“2 + 1”
and “0”, are statistically significant (P < 0.05) with the
exception of TM4 and TM5 (Table 6) based on the
scores and the validity of GPCRs in test sets (S, and
S,4) by the scoring matrices of training set S5, Sk,
and S’%, (Table 3). Especially to TM2, TM3, TM6, and
TM?7, the mean of two groups between “2”/“2 + 1” and
“0” is statistically significant (P < 0.01), which means
that the probability of the difference being due to chance
is less than 0.01. Of the seven TMs, there is significant
different between the scores of two groups in TM2 with
the t values from 4.494 to 6.959 (P < 0.001), where the
degrees of freedom of a set of data are more than 30 but
less than 40 (the critical value of t for the 0.001 level of
significance at 30 of df is 3.646). On the other hand,
t-values show that there are significant different between
the scores of two groups by the scoring matrix of S%,
(P < 0.001) except in TM1, TM6, and TM7 of S,, and
TM5 of S;, (P <0.01). But the probability that the dif-
ference between samples in TM4 of S}, and TM5 of
S, is more than 0.05 due to sampling error.

Comparison of t-values in S,, with those in S,, re-
veals that different scoring matrices have different sta-
tistical significance. To the scoring matrix of S/, and
S%.., the mean differences between the scores of two
groups in S,, are more than those in S, ; whereas the
mean differences in S;, are more than those in S,,.
The reason may be the homology of samples consisting
of training sets and test sets. The samples of S;,, and
S’ come from different GPCR sub-families whereas
those of S%, come from the same GPCR subfamily.
Similarly, the members of S,, belong to human GPCR
proteins whereas those of S;, are GPCR proteins from
different species.

Statistical graphs reveal that the mean scores of the
predicting coding sequences of GPCRs’ 7 TMs in test
sets (S, and S,,) by the scoring matrices of S%, is
higher than those by S%,, except TM2 and TM6, while
the predicting scores by S’,, are higher than those by
Sr., except TM7 (Figure 6). Figure 7 shows the histo-
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Table 4. The score of the coding sequences of GPCRs’ each trans-membrane segment in test sets by the scoring matrices of the dif-
ferent training datasets.

Training Test set 23 Test set 24

set

T™1 ™2 T™3 T™4 TM5 T™M6 ™7 T™1 T™2 T™3 T™M4 TMS T™M6 T™7

ot
1 0.445+0.035 0.481+0.033 0.416+0.021 0.426+0.030 0.457+0.031 0.520+0.034 0.473+0.039 0.454+0.034 0.490 +0.027 0.426+0.024 0.434+0.033 0.470+0.031 0.531+0.041 0.480 +0.034
2 0.461 £0.055 0.527 £0.064 0.509 +0.064 0.481+0.038 0.494+0.040 0.520+0.048 0.536+0.066 0.460+0.049 0.538 +£0.061 0.504 +0.077 0.484 +0.038 0.508 +0.044 0.534+0.056 0.538 +0.068
3 0.503+£0.052 0.519+0.054 0.508+0.058 0.475+0.033 0.478+0.037 0.500+0.049 0.550+0.070 0.500 +0.056 0.508 +0.053 0.495+0.052 0.483+0.035 0.469+0.038 0.509+0.049 0.535+0.072

4 0.469 £0.030 0.487 +£0.059 0.484+0.032 0.444+0.021 0.436+0.031 0513+0.053 0.501+0.057 0.470+0.035 0.482+0.055 0.475+0.037 0.445+0.024 0.440+0.024 0.515+0.036 0.500 + 0.057

5 0.417 £0.012  0.455+0.012 N/A N/A 0.447 £0.052 0.431+0.012 N/A 0.427 £0.018 N/A N/A N/A 0.424 £0.016 0.430 £ 0.014 N/A

6 0.518 +0.034 0.477 +0.034 N/A 0.426 +0.019 0.413+0.009 0.420+0.014 0.425+0.022 0.500+0.025 0.462+0.029 0.488+0.045 0.428 +0.018 0.410+0.005 0.460 +0.097 0.444 +0.031
7 0.439 +0.017 0.460 + 0.021 N/A N/A 0.419 +0.017 N/A 0.462 +0.017 0.457 £0.046 0.523 + 0.098 N/A 0.382+£0.036 0.418+0.013 N/A 0.501 + 0.064
8 0.452 +0.022 N/A N/A 0.388 + 0.002 0.408 +0.018 N/A 0.449+0.018 0.459 +0.040 0.626 +0.105 N/A N/A 0.404 £0.012 0.501+0.102 0.445 +0.045

9 0.461+0.029 0.431+0.032 0.504+0.030 0.414+0.015 04470034 0453+0.019 0.449+0.032 0.468+0.030 0.453+0.061 0.592+0.115 0.416+0.015 0.459+0.034 0.478+0.062 0.452+0.030

10 0.422 +0.006 N/A N/A N/A N/A N/A 0.413+0.025 0.414 £0.017 N/A N/A 0.408 + 0.001 N/A N/A 0.435 £ 0.030
1 0.457 £0.029 0.483+0.033 0.404 +0.041 0.400+0.001 0.4050.018 N/A 0.426 +0.033 0.475+0.038 0.537 £0.077 0.449+£0.073 0.421+0.023 0.407+0.023 0.600+0.097 0.442 +0.029
12 0.432 £ 0.017 N/A 0.453£0.049 0.416 £0.015 0.412 +0.002 N/A 0.421 £0.022 0.454 £0.048 0.595 + 0.088 N/A 0.415+0.022 0.402+0.016 0.582+0.050 0.430 +0.056
13 0.467 £0.025 0.471+0.034 N/A N/A 0.385 +£0.012 N/A 0.416 £0.025 0.480 +0.040 0.529 +0.051 N/A 0.447 £0.047 0.393+0.015 0.459 +0.107 N/A

14 04790045 05480040 0454%0021 0447+0.023 0464+0.025 0.509+0049 04430027 0488+0036 0540%0.042 0448+0.021 0.450+0029 0.466+0028 0523+0050 0.444+0.030
15 0510+0067 0.409+0009 0503+0086 0512+0.083 0.496+0.042 0.444+0039 0.497+0079 0.482+0053 0446+0036 0531+0.082 0.489+0038 0.415+0035 0.419+0016 0.484+0.069
16 0.474%0033 N/A  0479+0063 0.482+0066 0.477+0015 0583%0.015 0467%0.089 0448 0.051 N/A 0.451%0.032 N/A 0472£0.030 0.597 +0.129 N/A
17 04580032 0432+0019 0442%0049 0.412+0.020 0.420+0.022 N/A 0420+0.028 0.465+0.029 0.527+0.106 0.471+0058 0.406+0.019 0.427+0.018 N/A  0.430£0.027
18 04210029 0.465%0027 04100020 0402+0.024 0438+0.030 0.464+0036 04810046 0.426%0029 0465%0027 0407+0021 0411+0019 0.441+0026 04740037 0.478%0.045
19 04370029 04630031 0417+0014 0410£0.026 0443+0.031 0.460+0031 04580041 0437+0031 0460%0035 0.424+002 0414002 0.440+0032 0.467+0038 04560040
20 046440042 0.521+0039 0.394+0010 0392%0021 0435%0027 0403+0.016 0.447+0.025 0.466+0.040 0518+0031 0.405+0014 0392+0018 0428+0.027 0.408+0.021 0.457+0.033
21 0410+0020 0.444+0020 0.381+0014 0387+0018 0425%0021 0436+0.028 0415+0.024 0.418+0023 0.446+0023 03850022 0390%0020 0435+0.026 04390028 0.421+0.029
22 04690023 N/A 05650151 N/A N/A N/A N/A 0.508 + 0.083 N/A 0.580+0.129 0.638+0.177 0.622+0.168 N/A N/A
PreMod 0.421+0029 0.465+0027 04540021 0.447%0023 0438+0030 0464+0.036 0481+0.046 0.426+0029 0.465+0027 0.448%0021 0450%0029 0441%0.026 04740037 0.478+0.045
w2
1 0442£0034 0477+0037 0.413+0023 0.427+0030 0457+0030 0515%0.036 0473+0.041 0454+0.033 0.489+0027 0.423+0026 0434+0034 0470%0.031 0.524+0.041 0.475+0.036
2 0454%0049 0523+0.066 0495+0.062 0.479+0038 0.495+0039 0516+0048 0537+0.069 0456+0.046 0.525+0.064 0.493+0077 04800037 0508+0044 0525%0.057 0542 0.066
3 0494%0049 0517+0.054 0505+0.059 0.478+0039 0.477+0040 0.496+0053 0552%0071 0500%0.049 0.507+0.053 0.488+0.050 0.483+0041 0.465+0041 0507+0.050 0537+ 0.069
4 0468+0.029 0485+0057 0470+0043 0.448+0025 0.436+0.031 0506+0055 0499+0055 0.464+0036 0.477+0.053 0.467+0042 0449+0027 0.440%0022 0508+0.040 0.499 0055
5 04180052 0461%0.045 0449+0.065 0.376+0026 0.437+0043 04400029 0425+0.049 0418+0017 0469+0.041 0.439+0026 0.369+0012 04220020 0430%0.014 0422+ 0.037
6 04700035 0464%0.030 0448+0.035 0.425+0018 0.400+0017 04200012 0438%0027 0469%0021 0459+0.040 0.475+0.047 0.426+0019 0.401%0021 0473%0081 0.465%0.075
7 0443:0018 0469+0031 044840034 0.367+0002 0.425+0020 0446+0045 0454+0.019 0449+0032 047240056 0.472+0078 0.382+0026 04230014 0466+0.085 0476+ 0.053
8 04300025 0486+0.029 0443+0.030 0.399+0029 0.405+0014 04380026 0447+0022 0443%0033 0494+0.067 0.503+0.066 0.401+0025 0.406+0.009 0470+0.082 0466+ 0.075
9 0455:0029 0439%0.029 0500£0.024 0.412+0014 0.443+0033 04510020 0451+0.028 0463+0.031 0450+0.052 0.563+0.110 0.418+0021 0455+0032 0458+0.053 0470+ 0.069
10 0414+0022 04290025 0428+0033 0388+0.015 0.388+0.018 0.421+0033 0.423+0027 0.422+0025 0437+0054 0445%0056 0.396+0.029 0.393+0.020 0.473+0096 0.448+0.062
11 04530031 0.480%0031 039840018 0402+0018 04050018 0.429+0011 0436+0.026 0457+0039 04940052 0.420%0.053 041340021 0410+0020 0508+0.118 0.459%0.071
12 0422+0018 04450026 0426+0027 0418+0.014 0404+0.018 0.442+0044 0.418+0025 0.435+0039 0457+0064 0452%0.073 0.410+0.023 0.401+0019 05260102 0.442+0.054
13 0465+0022 0473+0031 04180021 0398+0.009 0.392+0.022 0.398+0.020 04300026 04740035 0502%0052 0465%0.074 0.419+0038 0.404+0030 0.446+0088 0.474+0.085
14 04770045 05430046 0455%0020 0446+0.024 0.464+0.026 0507 +0047 04450035 0482+0038 0540%0.042 0449+0.021 0.450+0.029 0.462+0031 0518+0048 0.441+0.031
15 0510+0067 0.446+0045 0497+0080 0497+0.074 0448+0.050 0.442+0037 0.489+0075 0.482+0053 0442+0033 0513+0.080 0.490+0038 0.424+0029 0.438+0032 0.484+0.054
16 04500034 04740017 04790073 0415%0.070 0.496+0.049 0.475+0095 0.455+0060 0.439+0033 04720024 0461%0.063 0.432+0.085 0.490+0052 0.474+0102 0.4730.069
17 04530030 0440%0031 0413+0027 0405%0.022 0413+0.023 0.419+0027 0.422+0032 0.462+0030 0451+0056 0431%0.051 0.403+0.023 0.424+0022 0.456+0082 0.440+0.061
18 0.421+0029 04610032 04140022 0401%0.024 0437+0.030 0.464+0036 0.481+0048 0.427+0029 0.463%0027 0408+0.025 0.409+0.020 0.439+0.026 0.4700038 0.476z0.045
19 0429+0030 04630031 0416+0015 0412+0.027 0439+0.030 0.458+0036 0.459+0042 0436+0029 0459+0035 0419+0.022 0418+0.025 0.443+0030 0.467+0038 0.454+0.039
20 0462+004 0512+0047 0.393+0016 0.387+0020 0437%0029 0400+0.016 0445+0.025 0.464+0.041 0516+0032 0.401+0018 0391+0019 0428+0.025 0.408+0.021 0.451+0.032
21 041240022 0.437+0028 0.378+0014 03950020 0423+0021 0433%0.030 0414+0.023 0.417+0024 0.446+0023 03840022 0396 %0020 0431%0.027 0.438+0.027 0.419+0.030
22 0472+0031 0.423+0045 0.501+0073 0.467+0047 0487+0026 0462+0.033 0495+0.083 0.492+0071 0.494+0101 05730154 0503%0.109 0520%0.127 0.486+0.110 0.550+0.149

PreMod 0.421+0.029 0.461+0.032 0.455+0.020 0.446+0.024 0.437 +0.030 0.464+0.036 0.481+0.048 0.427 £0.029 0.463+0.027 0.449+0.021 0.450+0.029 0.439+0.026 0.470+0.038 0.476 +0.045

Note: “The number “1” and “2” donate that the predicting helical regions of GPCRs by the scoring matrices of the training sets are “partial consistent with” and
“identical with” the actual TM regions of GPCRs, respectively.
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Table 5. The validity of prediction the coding sequences of GPCRs’ each TM segment in test sets by the scoring matrices of the dif-
ferent training sets.

Test set 23 Test set 24
Trasierling “2r “1+2” “2" “1+2”

TM1 TM2 TM3 TM4 TM5 TM6é TM7 Mean TM1 TM2 TM3 TM4 TM5 TM6 TM7 Mean TM1 TM2 TM3 TM4 TM5 TM6 TM7 Mean TM1 TM2 TM3 TM4 TM5 TM6 TM7 Mean
1 0.579 0.632 0.211 0.632 0.553 0.605 0.737 0.684 0.658 0.237 0.658 0.579 0.684 0.842 0.620 0.632 0.632 0.316 0.553 0.553 0.579 0.684 0.564 0.658 0.658 0.342 0.684 0.553 0.684 0.816 0.628
2 0.500 0.421 0.263 0.474 0.395 0.632 0.632 0.474 0.711 0.526 0.342 0.500 0.421 0.737 0.816 0.579 0.526 0.474 0.316 0.474 0.474 0.579 0.605 0.493 0.684 0.579 0.368 0.553 0.474 0.763 0.711 0.590
3 0.500 0.553 0.368 0.553 0.553 0.737 0.632 0.557 0.737 0.605 0.421 0.605 0.632 0.816 0.763 0.654 0.474 0.605 0.316 0.474 0.526 0.658 0.632 0.526 0.684 0.658 0.395 0.553 0.684 0.789 0.711 0.639
4 0.500 0.447 0.289 0.500 0.237 0.526 0.684 0.455 0.605 0.632 0.421 0.526 0.237 0.579 0.868 0.553 0.421 0.447 0.263 0.500 0.263 0.553 0.632 0.440 0.658 0.632 0.342 0.579 0.316 0.605 0.737 0.553
5 0.053 0.053 0.026 0.000 0.105 0.132 0.026 0.056 0.316 0.447 0.211 0.132 0.158 0.211 0.395 0.267 0.184 0.026 0.000 0.000 0.105 0.079 0.026 0.060 0.500 0.500 0.184 0.132 0.158 0.079 0.342 0.271
6 0.079 0.237 0.026 0.263 0.079 0.079 0.079 0.421 0.553 0.105 0.316 0.263 0.211 0.289 0.308 0.053 0.237 0.105 0.263 0.079 0.079 0.132 0.135 0.500 0.553 0.132 0.395 0.368 0.158 0.395 0.357
7 0.132 0.132 0.026 0.000 0.105 0.026 0.158 0.083 0.263 0.395 0.211 0.105 0.132 0.105 0.316 0.218 0.105 0.105 0.026 0.053 0.184 0.026 0.079 0.083 0.395 0.474 0.158 0.316 0.237 0.158 0.263 0.286
8 0.158 0.026 0.000 0.053 0.184 0.026 0.132 0.083 0.500 0.342 0.132 0.105 0.316 0.237 0.342 0.282 0.184 0.053 0.000 0.026 0.132 0.053 0.105 0.079 0.605 0.368 0.105 0.237 0.289 0.237 0.447 0.327
9 0.289 0.158 0.053 0.211 0.447 0.237 0.211 0.229 0.368 0.316 0.105 0.263 0.553 0.342 0.553 0.357 0.447 0.211 0.079 0.237 0.474 0.211 0.158 0.260 0.500 0.289 0.105 0.316 0.632 0.368 0.474 0.383
10 0.079 0.000 0.000 0.026 0.026 0.026 0.184 0.526 0.368 0.158 0.263 0.211 0.211 0.500 0.320 0.079 0.000 0.000 0.053 0.000 0.026 0.158 0.045 0.553 0.500 0.184 0.474 0.368 0.105 0.500 0.383
11 0.368 0.158 0.053 0.053 0.237 0.000 0.105 0.139 0.500 0.553 0.211 0.105 0.237 0.105 0.368 0.297 0.342 0.184 0.105 0.105 0.184 0.053 0.132 0.158 0.553 0.632 0.237 0.211 0.289 0.105 0.474 0.357
12 0.237 0.026 0.053 0.184 0.053 0.000 0.132 0.098 0.474 0.316 0.237 0.237 0.342 0.053 0.526 0.312 0.184 0.053 0.026 0.211 0.053 0.053 0.053 0.368 0.395 0.211 0.342 0.368 0.079 0.526 0.327
13 0.316 0.158 0.000 0.026 0.158 0.026 0.105 0.113 0.474 0.237 0.184 0.132 0.316 0.158 0.395 0.271 0.289 0.132 0.000 0.079 0.132 0.053 0.000 0.098 0.447 0.237 0.132 0.184 0.316 0.211 0.316 0.263
14 0.605 0.658 0.447 0.579 0.500 0.711 0.342 0.549 0.711 0.684 0.474 0.605 0.553 0.789 0.421 0.605 0.500 0.684 0.526 0.605 0.526 0.658 0.368 0.552 0.632 0.684 0.579 0.605 0.632 0.763 0.447 0.620

15 0.105 0.053 0.158 0.079 0.053 0.158 0.158 0.109 0.105 0.132 0.184 0.105 0.132 0.289 0.184 0.162 0.053 0.132 0.105 0.132 0.105 0.053 0.105 0.098 0.053 0.158 0.132 0.184 0.184 0.184 0.158
16 0.158 0.026 0.105 0.053 0.079 0.053 0.079 0.079 0.342 0.158 0.184 0.132 0.132 0.211 0.158 0.132 0.026 0.079 0.026 0.132 0.053 0.026 0.368 0.079 0.184 0.079 0.158 0.184 0.105 0.165
17 0.395 0.053 0.053 0.237 0.237 0.000 0.184 0.166 0.500 0.421 0.211 0.316 0.395 0.105 0.553 0.357 0.500 0.079 0.079 0.289 0.289 0.026 0.158 0.203 0.526 0.474 0.184 0.395 0.342 0.132 0.526 0.368
18 0.579 0.711 0.342 0.684 0.553 0.763 0.711 0.620 0.711 0.737 0.395 0.711 0.579 0.763 0.868 0.681 0.553 0.711 0.342 0.474 0.553 0.711 0.684 0.575 0.658 0.737 0.395 0.553 0.605 0.763 0.816 0.647

19 0.474 0.605 0.237 0.684 0.263 0.605 0.632 0.500 0.737 0.605 0.263 0.737 0.579 0.711 0.763 0.628 0.474 0.605 0.211 0.526 0.316 0.579 0.579 0.470 0.684 0.632 0.263 0.737 0.632 0.763 0.711
20 0.605 0.684 0.263 0.368 0.447 0.395 0.553 0.474 0.711 0.789 0.342 0.553 0.474 0.474 0.658 0.572 0.526 0.684 0.316 0.368 0.526 0.395 0.526 0.477 0.658 0.737 0.395 0.526 0.632 0.421 0.658 0.575
21 0.342 0.526 0.263 0.158 0.395 0.711 0.553 0.421 0.421 0.605 0.368 0.289 0.421 0.737 0.658 0.500 0.342 0.605 0.289 0.237 0.447 0.684 0.395 0.428 0.421 0.605 0.395 0.395 0.500 0.763 0.447 0.504

22 0.079 0.000 0.053 0.053 0.026 0.000 0.000 0.030 0.184 0.263 0.237 0.184 0.105 0.263 0.158 0.199 0.158 0.026 0.053 0.053 0.053 0.026 0.026 0.237 0.132 0.158 0.211 0.132 0.237 0.132
Total 0.275 0.416 0.302 0.434
PreMod 0.579 0.711 0.447 0.579 0.553 0.763 0.711 0.620 0.711 0.737 0.474 0.605 0.579 0.763 0.868 0.677 0.553 0.711 0.526 0.605 0.553 0.711 0.684 0.620 0.658 0.737 0.579 0.605 0.605 0.763 0.816 0.680

Note: “The number “1” and “2” donate that the predicting helical regions of GPCRs by the scoring matrices of the training sets are “partial consistent with” and
“identical with” the actual TM regions of GPCRs, respectively.

Table 6. The t-test results based on the scores and the validity of GPCRs in test sets by training set 18, 14 and 3.

Trzle"tl " N 11;13 N ,:14 N :3
Validity 2 2+1 0 2 2+1 0 2 2+1 0
vt 1, f] Sl tPon )?1 Sl t P n fz Sz n, fl S1 t P on fl S1 t pPon )?z Sz n, )?1 S1 tpPon )?1 Sl t P n fz Sz
Test set
23
TML 22 0421 0029 2.378 <005 27 0421 0029 2417 <005 11 0398 0019 23 0479 0045 3402 <0.01 27 0477 0045 3288 <001 11 0430 0022 19 0503 0052 4.043 <0.001 28 0494 0049 3777 <0.001 10 0.433 0022
TM2 27 0465 0.027 6565 <0.001 28 0461 0.032 5409 <0.001 10 0400 0026 25 0548 0.040 6.959 <0.001 26 0543 0.046 5851 <0.001 12 0459 0.027 21 0519 0.054 5705 <0001 23 0517 0.054 5590 <0.001 15 0435 0.021
TM3 13 0410 0020 3314 <001 15 0414 0022 3911 <0.001 23 0.387 0020 17 0454 0.021 6.817 <0.001 18 0455 0.020 7.209 <0.001 20 0403 0.024 14 0508 0.058 5528 <0.001 16 0.505 0.059 5266 <0.001 22 0434 0.020
TM4 26 0402 0024 1238 >005 27 0401 0024 1119 >005 11 0392 0018 22 0447 0023 4.137 <0.001 23 0446 0.024 3.953 <0.001 15 0414 0025 21 0475 0.033 2369 <0.001 23 0478 0.039 2376 <0.001 15 0451 0.025
TM5 21 0438 0030 3452 <001 22 0437 0030 3.356 <001 16 0408 0020 19 0464 0025 5631 <0.001 21 0464 0.026 5636 <0.001 17 0417 0025 21 0478 0.037 3.816 <0.001 24 0477 0.040 3566 <0.001 14 0.434 0.027
TM6 29 0464 0036 3231 <001 29 0464 0036 3231 <001 9 0423 0021 27 0509 0.049 3.300 <0.01 30 0507 0.047 3.333 <0.01 8 0448 0032 28 0500 0.049 3522 <0.001 31 0496 0.053 3.088 <0.001 7 0432 0.026
TM7 27 0481 0046 3594 <001 33 0481 0048 3451 <001 5 0406 0005 13 0443 0027 3.282 <0.01 16 0445 0.035 3.283 <0.01 22 0412 0027 24 0550 0070 4212 <0.001 29 0552 0.071 4259 <0.001 9 0448 0.028
Test set
24
TM1 21 0426 0029 3787 <0.001 25 0427 0.029 3958 <0.001 13 0.392 0018 19 0488 0.036 5.286 <0.001 23 0482 0.038 4.604 <0.001 15 0432 0022 18 0500 0.056 3.960 <0.001 26 0.500 0.050 4.453 <0.001 12 0433 0.020
TM2 27 0465 0027 6116 <0.001 28 0463 0.027 5938 <0.001 10 0405 0025 26 0540 0042 5623 <0.001 26 0540 0.042 5623 <0.001 12 0464 0030 23 0508 0.053 4553 <0.001 25 0507 0.053 4.494 <0.001 13 0.439 0016
TM3 13 0407 0021 3269 <001 15 0408 0025 3236 <0.01 23 0.386 0017 20 0448 0021 6.524 <0.001 22 0.449 0.021 6.800 <0.001 16 0.403 0.020 12 0495 0.052 4.630 <0.001 15 0488 0.050 4.275 <0.001 23 0438 0.021
TM4 18 0411 0019 3602 <001 21 0409 0020 3274 <0.01 17 0.389 0017 23 0450 0.029 4.883 <0.001 23 0450 0.029 4.883 <0.001 15 0409 0.018 18 0483 0.035 3247 <0.001 21 0483 0.041 2966 <0.001 17 0449 0.026
TM5 21 0441 0026 4.008 <0.001 23 0439 0026 3771 <0001 15 0411 0015 20 0466 0028 4.181 <0.001 24 0462 0.031 3563 <0.01 14 0428 0.023 20 0469 0038 2310 <0.05 26 0465 0.041 1921 >005 12 0.440 0.027
TM6 27 0474 0037 5044 <0.001 29 0470 0038 4616 <0.001 9 0410 0013 25 0523 0050 5548 <0.001 29 0518 0048 5476 <0.001 9 0429 0010 25 0509 0.049 5215 <0001 30 0507 0.050 5010 <0.001 8 0417 0011
TM7 26 0478 0.045 4.041 <0.001 31 0476 0.045 3944 <0.001 7 0407 0019 14 0444 0030 4.282 <0.001 17 0441 0031 3.920 <0.001 21 0410 0017 24 0535 0.072 3525 <0.001 27 0537 0.069 3775 <0.001 11 0456 0.024

Note: “n”, “ X ”, and “S” donate the sample number, mean,

matrices of training set 18, 14 and 3. X =Y x/n ; S:\/(anxz—(Zx)z)/(n(n—l)); ‘=

Copyright © 2012 SciRes.

and standard deviation (S.D.) of the scores of GPCRs in the test set (T23 and T24) by the scoring

%)/ (087 +(n,~1)5:]/(m.+ m, ~2)} (Y, +Ym,) .
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Figure 4. The results of multiple comparisons, where “X” shows there are significant differences (at the significant level of 0.05)
between the two examinations indicated by corresponding column and line. (a) S5,-“27; (b) Si-“1+27; () Si,-“2”;and (d) Sj,-“1+2".

gram of the accuracy of the coding sequences of GPCRs’
TMs in test sets (S5, and S,,) by the scoring matrices
of the different training datasets (Sp,, S%,,and S%).
At the complete consistent “2” state, the accuracy of
TM1, TM2, TM5, TM6 and TM7 of GPCRs in S., by
S;.s are higher than others, while that of TM3 and TM4
by S, are higher than others; the accuracy of TM2,
TM4, TMS5, TM6 and TM7 of GPCRs in SJ, by Sk,
are higher than others while that of TM1 and TM3 by
S* . are higher than others. At the crossover “2 + 1”
state, the accuracy of TM2 and TM7 of GPCRs in Sy,
and S;, by S, are higher; that of TM1, TM5, and
TM6 of GPCRs in S,, and S;, by S% are higher;
and that of TM3 of GPCRs in S;, and S;, by S%, is
higher, but that of TM4 of GPCRs in Sz, by S}, and
in S7, by Al4 are higher. Moreover, the accuracy of
TM1-TM7 of GPCRs in S;, by Si,, S%, and Sk

Copyright © 2012 SciRes.

are higher than that of GPCRs in S, , respectively.
Considering the mean scores, the accuracy, and t-test
values mentioned above, the scoring matrices of seven
TMs of GPCRs is composed of the scoring matrices of
TM1, TM2, TM5, TM6 and TM7 from S, and those
of TM3 and TM4 from S, . So we constructed a pre-
diction model (PreMod) based on the combined scoring
matrices for prediction of potential GPCR proteins and
further helpful to discovery of potential drug targets be-
longing to GPCR families. Comparison the prediction
values of two test sets using PreMod (Table 7) with
those of other models (S5, S%, and S%;) (Table 3)
reveals that the prediction seven TMs’ accuracy of the
former is more than the latter’s whereas the hit rate of the
former (94.74% and 97.37%) is less than that of S,
(100%) but bigger than that of S;,, and S%, (Table
8). This is the reason that we choose PreMod to predict
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Figure 5. The plot of the averages of validity of prediction each training set (examinations of each category) by two test sets (S, and

S1.), where X-coordinate and Y-coordinate axes means examinations and the averages of validity of prediction, respectively. (a) Si,-
“27 (b) Sp-“1+27;(c) S5,-“2”;and (d) SI,-“1+2".
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Figure 6. The mean score of the coding sequences of GPCRs’ 7 TMs in test sets (T23 and T24) by the scoring matrices of the dif-
ferent training datasets (D18, A14, and A3). Upper: T23; Lower: T24. Here, B, D, and F lines express D18; H, J, and L, A14; and N,
P, and R, A3. B, H, and N means “2”; D, J,and P, “2+ 1”;and F, L, and R, “0”.
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Table 7. The score and the validity of the coding sequences of GPCRs’ each trans-membrane segment in test sets by the scoring ma-
trices of PreMod.

GPCRs Score Validity Accumulation GPCRs Score Validity Accumulation

Testset23 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TML TM2 TM3 TM4 TM5 TM6 TM7 “2”  “1” “2+1" “0” Testset24 TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 “2" “1" “2+1" “0"

Q5VTMO_ Q5VTMO_
PUIMS- 0473 0494 0427 0423 0424 0437 0458 1 2 2 2 2 2 2 6 1 7T BVIWO- 0473 0494 0427 0423 042 043 048 1 2 2 2 2 2 2 6 1 7 0
NPYSR 0424 0464 0371 0395 0384 0426 0434 2 2 0 2 0 2 2 5 0 5 BRSS_ 0308 0451 0372 0462 0441 0498 0415 1 2 0 2 2 2 2 5 1 6 1
HUMAN - - - HUMAN - - -
BRSS_ 0308 0451 0372 0462 0441 0498 0415 1 2 0 2 2 2 2 5 1 6 1 S o5 0406 0402 0455 0411 0454 0454 2 2 0 2 0 2 2 5 0 5 2
HUMAN - . . HUMAN . .
LORB_ 0302 0418 0400 0450 0405 0425 0454 2 0 2 o0 o 2 1 3 1 4 3 EPO 045 0444 oas1 0460 0419 0468 054 0 2 o0 2 2 2 2 5 0 5 2
HUMAN - - - HUMAN - - -
GP173 ADA2C.
SPM7a, 0391 0405 0402 0455 0411 0454 0456 2 2 0 2 0 2 2 5 0 5 2 NOMCC 0458 o4ee 0435 0486 0432 0547 058 2 2 0 2 2 2 2 6 0 6 1
OPSB_ 0409 0461 043¢ 0429 0484 0439 0453 2 2 0 0 2 2 2 5 o 5 2 O MIE 0303 0466 0470 0469 0428 0480 052 0O 2 2 2 0 2 2 5 0 5 2
HUMAN - - - HUMAN - - -
EDGS_ TAARZ_
(D0, 0425 0444 0451 0460 0419 0468 051 O 2 0 2 2 2 2 5 0 5 2 !MRZ o033 041 0403 0309 0404 0440 0446 O 2 0 0O O 2 2 3 0 3 4
PF2R_ 0386 0373 0367 0393 0389 0414 0.383 2 0 0 0 0 0 2 2 0 2 5 ACMS_ 0.446 0449 0438 0434 0432 0460 0498 2 2 2 2 2 2 2 7 0 7 0
HUMAN O - - - HUMAN O - - -
ADAZC_ CXCR6_
ADAICL 0458 0464 043 0485 042 0547 059 2 2 0 2 2 2 2 6 0 6 1 GXCRO g4 0490 0477 0491 0468 0443 0473 2 2 2 2 2 2 2 1 0 7 0
ADRB3_ OPRX_
ADRBS, 0407 0442 0440 0457 0473 0518 0505 2 2 2 2 2 2 2 7 0 1 o SR ows 040 045 0465 04% 0484 0571 2 2 2 2 2 2 2 7T 0 1 0
SHTLE_ CSARL
HILE, 0398 0465 0470 0460 0428 0480 0502 0 2 2 2 0 2 2 5 0 5 2 AL 045 0476 0473 0452 0423 0516 048 2 2 2 2 2 2 2 1 0 7 0
SHT6R_ PavI2
SHIOR, 039 0420 0492 043 042 0478 053 0 2 2 2 2 2 1 5 1 6 1 M2 0 oas 038 0429 0413 0441 041 1 0 0 2 0 2 2 3 1 4 3
TAAR2 PARY_
[AARZ. 0363 0461 0403 03%9 0404 0440 0446 O 2 0 0 0 2 2 3 o 3 4 PR 0s0 oum oaes 0477 o4 o4 09 2 2 2 0 2 2 2 6 0 6 1
AR 0400 0447 0446 0416 0421 0434 0508 2 2 2 2 o 2 2 6 o 6 1 EMRL 039 0401 0414 0421 0417 0430 044 0 0 0 0 O o0 1 o 1 1 6
Ry 0 y y y y RN 0 y y y . .
ACMS_ 0446 0449 0438 0434 0432 0460 0498 2 2 2 2 2 2 2 7 0 1 o MR o355 038 o405 0388 0397 0420 039 2 0 0 0 0 O O 1 0O 1 6
HUMAN . . . . . HUMAN - . - -
HRHA_ 0420 0468 0425 0452 0402 0450 0471 O 2 0 2 2 2 2 5 o 5 2 [0 0387 038 0381 03 0394 0402 0408 O O O O O 0O O O O O 7
HUMAN O - - - - HUMAN O - - -
CXCR6_ NPBW2.
CXCRO, 043 049 0477 0491 0468 0443 0473 2 2 2 2 2 2 2 7 0 7 0 NBW2 040 0500 0456 0427 044 0508 0528 2 2 2 2 2 2 1 6 1 7 0
SSRS. 0422 0495 0450 0468 0463 0484 052 2 2 2 2 2 2 2 1 0o 7 0 YN g4 043 0402 0406 0392 0401 0406 O O 0 O O O O O O 0 7
(RO 0 . y . . MirvielE . y . : . y
OPRX_ 0448 0490 0475 0465 0496 0484 0571 2 2 2 2 2 2 2 7 0o 7 o ORCL 03 0412 039 0416 0405 0413 0454 O 2 0 0 2 2 2 4 0 4 3
HUMAN - - - HUMAN O - - -
FPRL AGTRL
HUMAN 0457 0470 0439 0447 0428 0456 0.560 2 2 2 2 2 2 2 7 0 7 0 BOVIN 0453 0418 0411 0388 0435 0474 0479 2 2 2 2 2 2 1 6 1 7 0
CSARL_ QaTi8L
HUMAN 0475 0476 0473 0452 0423 0516 0486 2 2 2 2 2 2 2 7 0 7 0 BOVIN 0394 0475 0456 0502 0452 0517 0510 0 2 2 2 0 2 2 5 0 5 2
GALRS 461 0502 0454 0453 0400 0466 058 2 2 2 2 2 0o 1 5 1 6 1 R 045 0467 0425 0424 0415 0426 o040 2 2 2 2 0 0 2 5 0 5 2
HUMAN  *" - - BOVIN - - - - - -
Pav12_ GNRHR_
HUMAN 0422 0415 0388 0429 0413 0441 0461 1 0 0 2 0 2 2 3 1 4 3 CANFA 0374 0437 0461 0409 0451 0429 0434 0 2 2 0 2 1 2 4 1 5 2
PORY4_ EDNRA
JORYEL 0410 0442 0443 0422 0397 04% 0508 O 2 2 0 2 2 2 5 0 5 2 SONMA 050 o460 0428 0469 0404 0475 0401 2 2 2 2 0 2 2 6 0 6 1
PARY_ SHTIA_
(/Ri 043 0481 0466 0427 043 0421 0529 2 2 2 0 2 2 2 6 0 6 1 NI 000 o465 0452 0440 04 o054 OS2 2 2 2 2 2 2 2 1 0 7 0
MRGRD. OPS5,
VIRCRO; 0410 0509 0410 042 03% 045 0462 1 2 0 0 0 2 2 3 1 4 3 O o4 o4gs 0385 0413 042% 047 030 2 2 0 0 O 2 0 3 0 3 4
EMRL GR33A_
MRIL 0392 0401 0414 0421 0417 0430 0444 0 0 0 0O 0 0 1 0 1 1 6 OROA 040 036 032 0400 0403 0414 045 O O O O 1 0 0O 1 0 1 6
OLR_ 0418 0444 0421 0431 0443 0438 042 O O 0 2 2 0 2 3 0 3 4 MW g4 0407 0424 0308 0400 0304 037 0 0 2 2 0o 0o 1 2 1 3 4
HUMAN O - - - - promE - - - -
MCRE_ 036 0382 0405 0388 0397 0421 03%9 2 0 0 ©0 0 0 0 1 0 1 6 O 045 0404 0400 0380 0400 0398 0444 0O O O O 2 O 2 2 0 2 5
HuMAN O - - cHick - - - -
GPCSB_ FZD7_
HUMAN 0397 0413 0424 0454 0463 0429 0.397 0 2 0 0 0 0 1 1 1 2 5 CHICK 0392 0453 0429 0430 0413 0410 0414 0 0 2 0 0 1 0 1 1 2 5
FZD6_ 0337 0368 0381 039 0394 0402 0408 0 0 0 0 0 o0 0 o 0 o0 7 PRV o453 0514 0468 0450 0448 0493 0S5L 2 2 2 2 2 2 2 7 0 1 0
HUMAN O - : - CHICK
oMLz TAARS_
SML2. 0437 0494 0460 0433 0484 0517 0516 2 2 2 2 2 2 2 7 0 7 0 MR o1 osm2 oaw o4t o045 047 04 1 2 2 2 2 2 1 5 2 7 0
NPBW?2_ NMBR
Mol 0410 0500 0456 0427 0444 0508 0528 2 2 2 2 2 2 1 6 1 7 0 MR o461 o040 0427 0488 0471 0507 0415 2 2 2 2 2 2 2 1 0 7 0
P2YI0_ 0376 0448 0461 0442 0407 0460 0460 2 2 1 0 1 2 2 4 2 6 1 AR o455 0478 0438 0430 0431 0449 0452 2 2 1 2 2 2 2 6 1 1 0
faxios, o y . R o . y . y . y
P15 MLOL0_
Spase. 0389 03% 039 0403 0383 0406 042 2 0 0 1 0 0 o 1 1 2 5 MO o3 035 0402 0446 0405 0405 0388 2 0 0 0 O O 0O 1 0 1 6
T2RA3_ SHT2A_
HUMAN 039 0371 0376 0373 0393 0402 0.388 1 1 0 0 2 2 2 3 2 5 2 MACMU 0389 0453 0464 0395 0462 0442 0454 2 2 2 0 2 2 2 6 0 6 1
VNIRZ o374 043¢ 0402 0406 0392 0401 0406 0 O O ©0 0 0 0 0o 0 0 0 Do o4 o505 0421 0468 0492 0506 0457 2 2 0 2 2 2 2 6 0 6 1
HUMAR 0 - - - MESBI -
OS2AL 408 0378 0388 0387 0420 0409 0405 2 0 0 0 0 2 0 2 0 2 5 VMR o4g osp 040 0417 0426 04% o040 2 1 1 o 1 2 2 3 3 6 1
HUMAN . - . . MICOH . .
w0421+ 0465+ 0454+ 0.447+ 0438+ 0.464+ 0481+ s 0426+ 0465+ 0448+ 0450+ 0441+ 0474+ 0478+
gr 021 QB0 0454 Q7 0430 0M04+ 0481 0579 0.711 0447 0579 0553 0763 0711 0211 gr 020 0G5 L DD CAS0% QAMLx 0Tt 0478 0553 0.711 0,526 0605 0,553 0.711 0,684 0184
» w 0421+ 0461+ 0455+ 0.446+ 0437+ 0464+ 0481+ w » 0427+ 0463+ 0449+ 0450+ 0439+ 0470+ 0476+
2 G B et 080 0711 0.737 0.474 0.605 0579 0.763 0.868 0263 a1 T O e oy Calie® 0,658 0.737 0,579 0.605 0.605 0.763 0,816 0316
o 0026 0" 0053
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Figure 7. The accuracy of the coding sequences of GPCRs’ TMs in test sets by the scoring matrices of the different training datasets.
Left: “2”; Right: “2 + 1”. Here, red and green poles display D18; blue and cyan, A14; and magenta and yellow, A3. Red, Blue, and

magenta mean T23 while the rest do T24.

Table 8. The validity and hit rates of prediction all seven transmembrane regions of GPCRs in test sets by the scoring matrices of

training set 18, 14, 3 and PreMod.

D18 Al4 A3 PreMod
Model
Accuracy Validity hits miss Accuracy Validity hit miss Accuracy Validity hit miss Accuracy Validity hit miss
“2” “2+1” 2 ’?r “0” “2” “2+1” 2 ’?r “0” “2” “2+1” 2 ’?r “0” “2” “2+1” 2 ’?r “0”
1 1 1 1
Times
Test ser 23 6 8 36 2 5 8 34 4 3 7 38 0 8 10 37 1
Test set 24 4 7 36 2 4 7 34 4 1 6 38 0 7 12 36 2
Percent (%)
Testset23  15.79 21.05 94.74 526 13.16 21.05 89.47 1053 7.89 1842 100 O 21.05 26.32 97.37 2.63
Testset24  10.53 18.42 9474 526  10.53 18.42 89.47 1053 2.63 1579 100 O 1842 3158 94.74 526

Note: Here, these numbers are all seven TMs.

some potential drug targets.

The test of the normality of scores of Test sets by the
Shapiro-Wilk statistic reveals that the data of model 18
and 14 fit the normal distribution and all statistical test-
ing was conducted at significance level 0.10 with all
confidence intervals at confidence level 0.90 (Table 9).
Here, the W values are between zero and one, and typical
value is 0.10. The significative p-values are more than
the default value 0.05 at the level of & = 0.10. The batch
means pass the Shapiro-Wilk test for multivariate nor-
mality. Particularly, the means of scores on the basis of
model 18 are less than those of model 14 while “2 + 1”
combined with Test set 24 model is superior to “2”
binding to Test set 23 model. Take 90% confidence in-
terval lower limit of “2 + 1” combined with Test set 24
model based on model 18 as the threshold of TM1-7 of
GPCRs for prediction of chromosome 19 (Validation
Set).

Copyright © 2012 SciRes.

Table 10 displays the score and the validity of the
coding sequences of each trans-membrane segment of 22
GPCRs located in sense chain of chromosome 19 by the
scoring matrices of Group 18 (model 18). Chromosome
19 is composed of four configs: Config 1, 2, 3, and 4,
containing 3, 0, 11, and 7 GPCRs, respectively. The pre-
diction results of these GPCRs show that there are 19, 8,
9,5, 6, 6, and 11 positive data of TM1, TM2, TM3, TM4,
TMS5, TM6, and TM7, respectively. Plot of predicted and
actual values of GPCRs in four configs of chromosome
19 shows that four TMs (i.e. TM1, TM2, TM6, and TM7)
have higher prediction accuracy while other three TMs
(such as TM3, TM4, and TM5) possess lower positive
results (Figure 8), especially TM1 and TM7 with posi-
tive rates of 19/74 and 11/25, respectively. However, the
“hits” rate is up to 20/22 if only anyone TM fits to the
actual TMs of GPCRs.

Due to the size of our data sets, pairwise computation

OPEN ACCESS
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Table 9. Normality analysis of the scores of 38 GPCRs’ 7 TMs in Test set 24 by the scoring matrices of PreMod.

Test set 23 Test set 24
90% 90%
Confidence . . Confidence . .
GPCRs Score Interval for Shapiro-Wilk Score Interval for Shapiro-Wilk
Mean Mean

StatisticW  Sig.
value P-value

StatisticW  Sig.

Mean S.D. D.E. Lower Upper df value  P-value

Mean S.D. D.E. Lower Upper df

Group 18

o

TM1 0421 0029 0.006 0410 0431 22 0949 0296 0426 0029 0.006 0415 0437 21 0924 0.107
TM2 0465 0.027 0.005 0474 0556 27 0961 0382 0465 0027 0.005 0456 0473 27 0976 0771
T™M3 0.410 0.020 0.005 0400 0420 13 0907 0169 0.407 0021 0.006 0.397 0418 13 0946  0.545
TM4 0402 0.024 0.005 0394 0410 26 0974 0717 0411 0019 0.004 0403 0418 18 0930 0.195
TM5 0438 0.030 0.007 0427 0450 21 0950 0336 0441 0.026 0.006 0432 0451 21 0963  0.587
TM6 0464 0.036 0.007 0452 0475 29 0970 0568 0474 0.037 0.007 0462 0481 27 0971  0.632
T™M7 0.481 0.046 0.009 0465 0.496 27 0976  0.765 0.478 0.045 0.009 0463 0.494 26 0964  0.466

Meanof 7 14 0031 0012 0418 0463 7 0926 0519 0443 0030 0011 0421 0465 7 0897 0313
TMs’ mean
Mean of 7
Theop 0030 0009 0003 0024 0087 7 0938 0624 0029 0009 0003 0022 0036 7 0928 0534
o

™1 0.421 0.029 0.006 0.411 0430 27 0944 0.150 0.427 0.029 0.006 0.417 0437 25 0937 0.125
T™M2 0.461 0.032 0.006 0.451 0472 28 0.942 0.126 0.463 0.027 0.005 0455 0472 28 0982  0.905
TM3 0.414 0.022 0.006 0.405 0424 15 0.940 0.380 0.408 0.025 0.006 0.396 0419 15 0963 0.738
TM4 0.401 0.024 0.005 0.393 0.409 27 0.966 0.494 0.409 0.020 0.004 0401 0416 21 0935 0.175
TM5 0.437 0.030 0.006 0.426 0.448 22  0.947 0.277 0.439 0.026 0.005 0430 0449 23 0955 0375
TM6 0.464 0.036 0.007 0452 0475 29 0.970 0.568 0.470 0.038 0.007 0.458 0.482 29 0967  0.478
T™7 0.481 0.048 0.008 0.467 0495 33 0974 0589 0.476 0.045 0.008 0.462 0490 31 0974 0.622

Meanof 7, 140 0030 0011 0418 0462 7 0948 0711 0442 0028 0011 0421 0463 7 0895  0.300
TMs’ mean
Mean of 7
Theop 0032 0009 0003 0025 0038 7 0917 0445 0030 0009 0003 0024 0036 7 0904 0.354
Group 14

-

TM1 0.479 0.045 0.009 0462 0495 23 0932 0.123 0.488 0.036 0.008 0.473 0502 19 0.979 0.930
TM2 0.548 0.040 0.008 0534 0561 25 0.918 0.046 0540 0.042 0.008 0.526 0.554 26  0.933 0.089
TM3 0.454 0.021 0.005 0.446 0.463 17 0.983 0978 0.448 0.021 0.005 0.440 0456 20 0.903 0.046
TM4 0.447 0.023 0.005 0.439 0456 22 0.982 0.941 0.450 0.029 0.006 0440 0461 23 00976 0.821
TM5 0.464 0.025 0.006 0.454 0474 19 0.964 0.647 0.466 0.028 0.006 0.455 0.466 20  0.952 0.405
TM6 0.509 0.049 0.009 0.493 0525 27 0.969 0.575 0.523 0.050 0.010 0.506 0.540 25 0.968 0.599
T™7 0.443 0.027 0.008 0.429 0456 13  0.992 0.999 0.444 0.030 0.008 0.429 0458 14 0944  0.467

Meanof 7 4 476 0038 0014 0450 0506 7 0873 0197 0480 0039 0015 0452 0508 7 0865  0.169
TMs’ mean
Mean of 7
Theop 0083 0011 0004 0024 0041 7 088 0178 0034 0010 0004 0027 0041 7 0953 0761

Copyright © 2012 SciRes. OPEN ACCESS
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Continued
w4 1”
TM1 0.477 0.045 0.009 0462 0491 27 0932 0076 0482 0.038 0.008 0469 0495 24 0980 0.894
TM2 0.543 0.046 0.009 0528 0.558 26 0936 0109 0.540 0.042 0.008 0526 0.554 26 0933  0.089
TM3 0.455 0.020 0.005 0.446 0463 18 0982 0965 0448 0.021 0.004 0441 0456 22 0905 0.038
TM4 0.446 0.024 0.005 0.437 0454 23 0981 0922 0450 0.029 0.006 0.440 0461 23 0976 0.821
TM5 0.464 0.026 0.006 0.455 0474 21 0.949 0.331 0.462 0.031 0.006 0.451 0473 24 0.972 0.709
TM6 0.507 0.047 0.009 0.493 0.522 30 0.970 0.527 0.518 0.048 0.009 0.503 0.533 29 0.967 0.481
™7 0.445 0.035 0.009 0.430 0.461 16 0.984 0.986 0.441 0.031 0.007 0.428 0.454 17 0.956 0.559
T'vl\l/?:l’nrr?;;n 0.477 0.036 0.014 0.450 0.503 7 0.865 0.169 0477 0.038 0.014 0.449 0505 7 0.871 0.191
.'}_A&ir,] g_fD? 0.035 0.011 0.004 0.026 0.035 7 0.865  0.169 0.034 0.009 0.003 0.028 0.041 7 0.971  0.903
PreMod
wp
TM1 0421 0029 0.006 0410 0431 22 0949 0296 0426 0029 0.006 0415 0437 21 0924 0.107
TM2 0465 0.027 0.005 0474 0556 27 0961 0382 0465 0027 0.005 0456 0473 27 0976 0771
TM3 0454 0.021 0.005 0446 0463 17 0983 0978 0448 0.021 0.005 0.440 0456 20 0903  0.046
TM4 0447 0.023 0.005 0439 0456 22 0982 0941 0450 0.029 0.006 0.440 0461 23 0976 0.821
TM5 0438 0.030 0.007 0427 0450 21 0950 0336 0441 0.026 0.006 0432 0451 21 0963  0.587
TM6 0.464 0.036 0.007 0452 0475 29 0970 0568 0.474 0.037 0.007 0462 0481 27 0971 0.632
T™7 0.481 0.046 0.009 0465 0.496 27 0976  0.765 0.478 0.045 0.009 0463 0.494 26 0.964  0.466
w4 1”
T™™1 0421 0.029 0.006 0411 0430 27 0.944 0.150 0.427 0.029 0.006 0.417 0437 25 0.937 0.125
T™M2 0461 0.032 0.006 0.451 0472 28 0.942 0.126 0.463 0.027 0.005 0.455 0472 28 0.982 0.905
T™M3 0.455 0.020 0.005 0.446 0.463 18 0.982 0.965 0.448 0.021 0.004 0.441 0456 22 0.905 0.038
T™M4 0.446 0.024 0.005 0.437 0454 23 0.981 0.922 0450 0.029 0.006 0.440 0.461 23 0.976 0.821
TM5 0437 0.030 0.006 0.426 0448 22 0947 0277 0439 0026 0.005 0430 0449 23 0955 0.375
TM6 0464 0.036 0.007 0452 0475 29 0970 0568 0470 0.038 0.007 0458 0482 29 0967 0478
T™M7 0.481 0.048 0.008 0467 0.495 33 0974 0589 0476 0.045 0.008 0462 0490 31 0974 0.622
Test set 23 Test set 24
90% 90%
GPCRs Accuracy &2222?}3? Shapiro-Wilk Accuracy ﬁ](;gﬂgelr}g? Shapiro-Wilk
Mean Mean
Mean S.D. D.E. Lower Upper df St?};ggw P-?/iagllue Mean S.D. D.E. Lower Upper df Ste:/t;aiecw P-?/iagllue
Group 18
“2” 0.620 0.144 0.054 0515 0.726 7 0.868 0.179 0575 0.138 0.052 0474 0677 7 0.897 0.313
“2+1” 0681 0.152 0.057 0569 0.792 7 0.903 0.352 0.647 0.144 0.054 0541 0.752 7 0.955 0.775
Group 14
“2” 0549 0.128 0.048 0.455 0.643 7 0.974 0.927 0552 0.108 0.041 0473 0631 7 0.944 0.676
“2+1” 0605 0.132 0.050 0508 0.702 7 0972 0915 0.620 0.097 0.037 0.549 0.692 7 0.954  0.767

Copyright © 2012 SciRes.
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Table 10. The score and the validity of the coding sequences of each trans-membrane segment of 22 GPCRs located in sense chain

of chromosome 19 by the scoring matrices of PreMod.

GPCRs Score

Validity Accumulation

Samples

contig TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM1 TM2 TM3 TM4 TM5 TM6 TM7 *“2” *“1”

“2+1” “0”

threshold 0.417 0.455 0.396 0.401 0.430 0.458 0.462

OR4F17_HUMAN 1

KISSR HUMAN 1 0463 0.495 0.502
(sElDP??i__:lLJJll\\AA/;\N) 1 0418 0.444 0.494 0,535
EMRL HUMAN 1 0.397

OR2Z1 HUMAN 3  0.450 0.433

ORIML HUMAN 3 0.458 0.406

OR7D2 HUMAN 3 0459 0.469
P2Y1l HUMAN 3 0421 0.399 0.423

OR7C2 HUMAN 3 0449 0.459 0.485
ORLILHUMAN 3 0.436 0.467
O10H2 HUMAN 3 0.461 0.398

O10H3 HUMAN 3  0.449 8:32;
O10H5_HUMAN 3  0.461 0.398

O10H4_ HUMAN 3  0.459

PAR4_ HUMAN 3 0439 0.481 0.437 0.529
FFARL HUMAN 4  0.441 0.470 0.413 0.439

FFAR3_HUMAN 4 0.423 0.473 0.432 0.431 0.490 0.501

FFAR2 HUMAN 4 0436 0.483 0.454 0.463
GIPR_HUMAN 4

C5AR HUMAN 4 0497 0.478 8;;‘82 0.412 0.494 0.572
CS5ARL_HUMAN 4 0475 0.476 0.450 0412 0.516 0.486
GPR32_HUMAN 4  0.432 0.476 0402 0.483 0.540

wgn

w417

g

19/22 8/22 9/22 5/22 6/22 6/22 10/22

2 2 1 2 0 2 2 5 1 6 1

2 2 2 0 0 2 2 5 0 5 2

19/22 8/22 8/22 5/22 2/22 6/22 10/22 20/22

20/22

2122

of molecular similarities required on the order of a mil-
lion individual protein segment/segment similarities.
Rather than employ the phylogenetic evolution similarity
method directly, we employed the scoring matrix ap-
proach to infer similarities in these protein sequences.

Copyright © 2012 SciRes.

Our previous work focused on the use of this technique
for computations involving building scoring matrices for
prediction. Consequently, the following work was wanted
to verify that the method yielded the expected results
within the space of known GPCRs in test sets.
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™1 1 2 3 4

0.003 0.001 0.001 0.002
0.003 0.016 0.004 0.013
0.007 0.003 0.008 0.002

o O 4 >

0.008 0.001 0.008 0.004
21 22 23 24
0.001 0.005 0 0.002
0.003 0.002 0.017 0.004
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4. DISCUSSION

Being the largest family of cell surface receptors,
GPCRs play a key role in cellular signaling pathways
that regulate many basic physiological processes, such as
neurotransmission, secretion, growth, cellular differen-
tiation, inflammatory, and immune responses [46,47].
Protein phosphorylation is an essential type of post-
translational modification that consists of the addition of
a phosphate group to serine (S), threonine (T), and tyro-
sine (Y) [48]. This process is catalyzed by a group of
enzymes called kinases, and can be reversed by phos-
phatases [47]. The phosphorylation process is catalyzed
by GPCR kinases (GRKSs) that recognize the receptors as
substrates after agonist binding [49]. This phosphoryla-
tion often modifies the cytosolic C-terminal tail and
leads to receptor uncoupling from G proteins, binding
arrestin, and further results in receptor desensitization
and deactivation [50]. Huang JH and co-work have re-
vealed that the exact positions of a phosphorylation in a
GPCR protein sequence could provide useful clues for
drug design and other biotechnology applications [47].

GPCRs are extensively targeted for drug development
in humans, especially the biogenic amine-binding GPCRs,
which are integral components of the central and periph-
eral nervous systems of eukaryotes and include receptors
that bind the neurotransmitters dopamine, histamine,
octopamine, serotonin, tyramine, and acetylcholine [51,
52]. Malaria is a devastating infection caused by proto-
zoa of the genus Plasmodium (P. falciparum). Gamo et al.
have reported multiple GPCR-interacting chemistries as
promising anti-malarial leads [53]. Analyses using his-
toric assay data revealed that some compounds had ac-
tivity, but against drug targets without obvious orthologues
in the malarial genome, such as GPCRs, nuclear recap-
tors, ion channels and transporters. They suggested sev-
eral novel mechanisms of antimalarial action, such as
inhibition of protein kinases and host-pathogen interact-
tion related targets, which provide new tools to exploit
the malarial kinome for drug discovery [53]. More than
100 different GPCRs have been identified in the ge-
nomes of multiple insect species, including malaria- and
yellow fever-transmitting mosquitoes. Hill et al. used
bioinformatics approaches to identify a total of 276
GPCRs from the Anopheles gambiae genome, which are
likely to play roles in pathways affecting almost every
aspect of the mosquito’s life cycle [54]. Meyer JM et al.
used “genome-to-lead” approach to develop new mode-
of-action insecticides for arthropod disease vectors, in-
volving 1) exploitation of an arthropod genome sequence
for novel target identification; 2) molecular, biochemical
and pharmacological target validation; 3) chemical li-
brary screening; and 4) confirmation of hits and identifi-
cation of candidate “leads” using secondary in vitro as-
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says and mosquito in vivo assays [52]. They reported the
first study to identify Aedes aegypti D1-like dopamine
receptor (AaDOP1) antagonists with in vivo toxicity to-
ward mosquitoes.

GPCRs comprise the largest family of validated drug
targets while 30% - 50% of approved drugs derive their
benefits by selective targeting of GPCRs [55]. Mutations
in GPCRs are responsible for over 30 disorders, include-
ing cancers, heritable obesity, diabetes insipidus, blind-
ness, endocrine diseases, and diseases involving the me-
lanocortin type 4 and gonadotropin releasing hormone
receptor (GnRHR) [56,57]. Many pathologies associated
with misfolded mutant receptors occur because these are
retained by the endoplasmic reticulum (ER) and do not
reach their normal site of function [57]. Normally,
GPCRs are subjected to a stringent quality control sys-
tem (QCS) in the endoplasmic reticulum [56]. This sys-
tem consists of both protein chaperones and enzyme-like
proteins. The former retains misfolded proteins while the
latter participates in catalysis of the folding process.
Moreover, the QCS insures that only correctly folded
proteins enter the pathway leading to the plasma mem-
brane. However, point mutations may result in the pro-
duction of misfolded and disease-causing proteins that
are unable to reach their functional destinations in the
cell because they are retained by the QCS even though
they may retain function [56]. On the other hand, phar-
macoperone drugs (from “pharmacological chaperone”)
are small molecules that enter cells and serve as a “mo-
lecular scaffold” to promote correct folding of other-
wise-misfolded mutant proteins and route correctly
within the cell [58]. Because these drugs are frequently
selected from candidates that were originally identified
as target specific antagonists, they also show high target
specificity as pharmacoperones, although competition for
endogenous ligands is a therapeutic complication. Ac-
cordingly Janovick et al. sought to develop assays that
would identify molecules that were not necessarily ago-
nists or antagonists [56]. In principle, the pharmacoper-
one-rescue approach applies to a diverse array of human
diseases that result from protein misfolding, such as cys-
tic fibrosis [59], hypogonadotropic hypogonadism [60],
nephrogenic diabetes insipidus [61], retinitis pigmentosa
[62], hyper-cholesterolemia [63], cataracts [64], neu-
rodegenerative diseases (Huntington’s [65], Alzheimer’s
[66], Parkinson’s [67]) and particular cancers [68]. Jano-
vick et al. have also explored molecular mechanism of
action of pharmacoperone rescue of misrouted GPCR
mutants using hGnRHR, a useful model for studying
pharmacoperones [57]. Especially, there is a naturally
occurring and highly conserved salt bridge (E*°-K121) in
hGnRHR that stabilizes the relation between trans-
membranes 2 and 3 of hGnRHR, which is required for
passage of the receptor through the cellular QCS and to
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the plasma membrane. This bridge, broken in the natu-
rally occurring hGnRHR mutant E®K, causes hypogo-
nadotropic hypogonadism because the misfolded mutant
receptor fails the cellular QCS and cannot traffic to the
plasma membrane [69]. Additionally, pharmacoperone
drugs from different chemical classes all happened to
interact identically by creating a surrogate bridge for
E®-K121. This ligand-mediated bridge plays a key role
in rescue of misrouted GPCR mutants. The method pro-
vides the basis of novel primary screens for pharma-
coperones, especially to identify structures beyond ago-
nists or antagonists. Non-antagonistic pharmacoperones
have a therapeutic advantage since they will not compete
for endogenous agonists and may not have to be washed
out once rescue has occurred and before activation by
endogenous or exogenous agonists [56]. These studies
suggest that rational design of these therapeutic agents,
e.g. ones that do not compete with endogenous ligands,
is likely to assist this therapeutic approach.

GPCRs are a large superfamily of membrane bound
signaling proteins that are involved in the regulation of a
wide range of physiological functions and constitute the
most common target for therapeutic intervention [70].
GPCRs are among the most important drug targets for
the pharmaceutical industry. Knowledge of the three-
dimensional structure of a protein is of utmost impor-
tance for drug discovery, as it serves as the basis for the
identification of novel ligands by means of computa-
tional or in silico techniques, such as de novo design and
virtual screening. 25% of the small molecule drugs ap-
proved in 2006 were discovered through structure-based
drug discovery (SBDD) [70]. Consequently, target iden-
tification is a critical step following the discovery of
small molecules that elicit a biological phenotype. There
are a serial of technologies and approaches applied in
new drug targets and biomarker identification, such as
proteomics technology, systems biology approach, mi-
croRNA technology, and computational methods. Su-
gahara et al. have identified a large number of candi-
dates for the target proteins specific to f1,4-galactosyl-
transferase-1 ($4GalT-1) by comparative analysis of f4-
GalT-1-deleted and wild-type mice using the LC/MS-
based technique with the isotope-coded glycosylation
site-specific tagging (IGOT) of lectin-captured N-gly-
copeptides [71]. Their approach to identify the target
proteins in a proteome-scale offers common features and
trends in the target proteins, which facilitate understand-
ing of the mechanism that controls assembly of a par-
ticular glycan motif on specific proteins. Research on
microRNAs (miRNAS) is a promising new research,
providing novel insights into the pathogenesis of some
diseases, biomarker identification, and treatment. The
short (approximately 22 nucleotides), endogenous, widely
distributed, single-stranded RNAs target both Mrna
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degradation and suppression of protein translation based
on sequence complementarity between the miRNA and
its targeted mRNA [72]. During evolution, RNA retrovi-
ruses or transgenes invaded the eukaryotic genome and
inserted itself in the noncoding regions of DNA, acting
as transposon-like jumping genes. MiRNAs are evolu-
tionary conserved in animals and plants, and regulate
specific target mRNAs at the post-transcriptional level,
which involved in several biological processes, including
development, cell differentiation, proliferation and apop-
tosis [73]. MiRNAs may be responsible for regulating
the expression of nearly one-third of the genes in the
human genome whereas very little is known about their
biological functions and functional targets despite the
identification of more than 1900 mature human miRNAs.
Furthermore, miRNA deregulation often results in an
impaired cellular function, and a disturbance of down-
stream gene regulation and signaling cascades, suggest-
ing their implication in disease etiology. Koskun M et al.
have identified dysregulated miRNAs in tissue samples
of inflammatory bowel disease (IBD) patients, demon-
strated similar differences in circulating miRNAs in the
serum of IBD patients, and further discovered that
miRNAs will aid in the early diagnosis of IBD and in the
development of personalized therapies [73]. Additionally,
our results represent a generalization of the validation
and identification of GPCRs using computational meth-
ods. The sequence similarity and protein diversity exhib-
ited intuitive behavior in the clustering when considering
the underlying distributions. The computations involving
the scoring matrix methods are a substantial test of such
an approach, with explicit models built that cover
roughly 90% of approved GPCRs in test sets. Our focus
in previous work was methodological for prediction of
active sites using the scoring matrix [40] while this ap-
proach showed that the scoring matrix methodology
quantitatively outperformed molecular modeling meth-
ods for prediction target proteins. In the present work,
the scoring matrix methods are used to predict potential
proteins as well as prediction of active sites at a level of
genome or amino acid sequences.

In conclusion, the present work seeks to provide an in
silico model of known GPCR protein fishing technolo-
gies in order to rapidly fish out potential drug targets on
the basis of amino acid sequences and seven TMs of
GPCRs. Some scoring matrices were trained on 22
groups of GPCRs in the GPCRDB database. These mod-
els were employed to predict the GPCR proteins in two
groups of test sets. On average, the mean correct rate of
each TM of 38 GPCRs from T23 and T24 was found
62% and 57.5%, respectively, using training set 18

(Shis ) the mean hit rate of each TM of 38 GPCRs

from T23 and T24 was found 68.1% and 64.7%, respec-
tively. Based on the scoring matrices of PreMod, the
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mean cor- rect rate of each TM of GPCRs from T23 and
T24 was found 62% and 62.04%, respectively; the mean
hit rate of each TM of GPCRs from T23 and T24 was
found 67.7% and 68.0%, respectively. The means of
GPCRs in Test set 23 based on S, is close to those
based on PreMod; whereas the means of GPCRs in Test
set 24 based on Sj,, is less than those based on Pre-
Mod. Moreover, the S7,, accuracy (“2”) and validity (“2
+ 1”) rates of prediction all seven TMs of 38 GPCRs by
the scoring matrices of PreMod are more than those by
Shiss Sh, and S’ ; whereas the hit rates (94.74% and
97.37%) by PreMod are less than those of S*, but big-
ger than those of S}, and S7,. This is the reason that
we choose PreMod to predict some potential drug targets.
23 GPCR proteins in the sense chain of chromosome 19
constructing validation set were predicted and validated
by PreMod whose hit rate is up to 95.65%. Further
evaluation is under investigation.
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Appendix: Algorithm and VBA Source Code
of Scoring Matrix

Dim n As Integer, i As Integer, j As Integer, | As Integer,
na As Integer, nt As Integer, nc As Integer, ng As Integer
n=1
Do Until Cells(n, 1) =""
n=n+1
Loop
n=n-1
Fori=1Ton-1
Forj=i+1Ton
If Len(Cells(i, 1)) <> Len(Cells(j, 1)) Then
MsgBox "Your sequences are not entered
with equal length! ™
Exit For
End If
Next j
If j<>nThen
Exit For
End If
If Len(Cells(n, 1)) <> Len(Cells(1, 1)) Then
Exit For
End If
Next i
Ifi<>n-1Andj<>nThen
Cells(n + 2,2) ="A"
Cells(n +3,2) ="T"
Cells(n +4,2)="C"
Cells(n +5,2) ="G"
I = Len(Cells(1, 1))
Fori=3Tol+2
Cells(n+1,i)=i-2
Cells(n + 1, i). NumberFormatLocal = "0"
Next i
Fori=1Tol
Forj=1Ton
If Asc(Mid(Cells(j, 1), i, 1)) = 97 Then
na=na+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 65 Then
na=na+1

Copyright © 2012 SciRes.

End If
If Asc(Mid(Cells(j, 1), i, 1)) = 116 Then
nt=nt+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 84 Then
nt=nt+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 99 Then
nc=nc+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 67 Then
nc=nc+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 103 Then
ng=ng+1
End If
If Asc(Mid(Cells(j, 1), i, 1)) = 71 Then
ng=ng+1
End If
Next j
Cells(n+2,i+2)=nal/(n*I)
Cells(n+3,i+2)=nt/(n*1)
Cells(n+4,i+2)=nc/(n*1)
Cells(n+5,i+2)=ng/(n*1)
Cells(n + 2, i + 2). NumberFormatLocal =
"0.00"
Cells(n + 3, i + 2).NumberFormatLocal =
"0.00"
Cells(n + 4, i + 2). NumberFormatLocal =
"0.00"
Cells(n + 5, i + 2). NumberFormatLocal =
"0.00"

>0 O 3
O ~ o
oo
oo ©o

>
«

Next i
Cells(1, 1).Select
End If

End Sub
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Appendix 1. G-protein couple receptors (GPCRs) of GPCRs’ database consisting of training set/test sets.

awiss-ProF ID (AC) Genename  Chrom. Locus subfamily Group”
omo sapiens

AA1R_HUMAN (P30542) ADORA1 1 1g32.1 Adenosine type 1 A2, Al4
AA3R_HUMAN  (P33765) ADORA3 1 1p21 - p13 Adenosine type 3 T23
CELR2_HUMAN (Q9HCU4) CELSR2 1 1p21 Cadherin EGF LAG (CELSR) B15
CNR2_HUMAN (P34972) CNR2 1 1p36.11 Cannabinoid Al, Al4
GNRR2_HUMAN  (Q96P88) GNRHR2 1 1912 Gonadotropin-releasing hormone type Il Al
LGR6_HUMAN  (Q9HBXS8) LGR6 1 1g32.1 LGR like (hormone receptors) Al ,Al4
ACM3_HUMAN (P20309) CHRM3 1 1941 - q44 Musc. acetylcholine Vertebrate type 3 A2
OR1C1_HUMAN  (Q15619) OR1C1 1 1944 Olfactory Il fam 1/MOR125 - 138, 156 06, 017
0O10K1_HUMAN (Q8NGX5) OR10K1 1 1923.1 Olfactory Il fam 10/MOR263 - 269 o7
010K2_HUMAN (Q61F99) OR10K2 1 1923.1 Olfactory Il fam 10/MOR263 - 269 07,017
0O10R2_HUMAN  (Q8NGXE6) OR10R2 1 1923.1 Olfactory Il fam 10/MOR263 - 269 07, 017
010T2_HUMAN  (Q8NGX3) OR10T2 1 1923.1 Olfactory Il fam 10/MOR263 - 269 o7
010X1_HUMAN (Q8NGYO0) OR10X1 1 1g23.1 Olfactory Il fam 10/MOR263 - 269 o7
010Z1_HUMAN (Q8NGY1) OR10z1 1 1923.1 Olfactory Il fam 10/MOR263 - 269 o7
010J1_HUMAN (P30954) OR10J1 1 1923.2 Olfactory Il fam 10/MOR263 - 269 o7
010J3_HUMAN (Q5JRS4) OR10J3 1 1923.2 Olfactory Il fam 10/MOR263 - 269 o7
010J5_HUMAN  (Q8NHC4) OR10J5 1 1923.2 Olfactory Il fam 10/MOR263 - 269 o7
011L1 HUMAN  (Q8NGXO0) OR11L1 1 1g44 Olfactory Il fam 11/MOR106, 121 - 122 017
013G1 HUMAN  (Q8NGZ3) OR13G1 1 1044 Olfactory 11 fam 13/MOR253 08, 017
02T10_ HUMAN  (Q8NGZ9) OR2T10 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09, 017
02T11_HUMAN  (Q8NHO01) OR2T11 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09, 017
02T12_HUMAN  (Q8NGT77) OR2T12 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09, 017
02T27_HUMAN  (Q8NH04) OR2T27 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09, D18
02T33_HUMAN  (Q8NG76) OR2T33 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
02734 HUMAN  (Q8NGX1) OR2T34 1 144 Olfactory 11 fam 2/MOR256 - 262, 270 - 285 09
02T35_ HUMAN  (Q8NGX2) OR2T35 1 1g44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2BB_HUMAN  (Q5JQS5) OR2B11 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2C3_HUMAN  (Q8N628) OR2C3 1 1g44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2G3_HUMAN (Q8NGZz4) OR2G3 1 1944 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2G6_HUMAN  (Q5TZ20) OR2G6 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2L2_HUMAN  (Q8NH16) OR2L2 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2L3_HUMAN  (Q8NGB85) OR2L3 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2L8 HUMAN (Q8NGY9) OR2L8 1 1g44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2LD_HUMAN  (Q8N349) OR2L13 1 1q44 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2M2_HUMAN  (Q96R28) OR2M2 1 1944 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
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OR2M3_HUMAN
OR2M4_HUMAN
OR2M7_HUMAN
OR2T2_HUMAN
OR2T3_HUMAN
OR2T5_HUMAN
OR2T6_HUMAN
OR2W3_HUMAN
04F29_HUMAN
OR4F5_HUMAN
O5AT1_HUMAN
O5BF1_HUMAN
OR6K2_HUMAN
OR6K6_HUMAN
OR6N1_HUMAN
OR6N2_HUMAN
OR6Y1_HUMAN
OR6F1_HUMAN
OPRD_HUMAN
OX1R_HUMAN
PTAFR_HUMAN
PF2R_HUMAN
OPN3_HUMAN
5HT1D_HUMAN
5HT6R_HUMAN
EDG1_HUMAN
VIBR_HUMAN
ADA2B_HUMAN
CALRL_HUMAN
FZD7_HUMAN
FZD5_HUMAN
NMUR1_HUMAN
NTR2_HUMAN
OR6B2_HUMAN
OR6B3_HUMAN
PTHR2_HUMAN
GPR35_HUMAN

(Q8NGB3)
(Q96R27)
(Q8NG81)
(Q61F00)
(Q8NH03)
(QBIEZ7)
(Q8NHCS)
(Q723T1)
(QBIEY1)
(Q8NH21)
(Q8NHC5)
(Q8NHC?)
(Q8NGY?2)
(Q8NGWS)
(Q8NGY5)
(Q8NGYS6)
(Q8NGX8)
(Q8NGZ6)
(P41143)
(043613)
(P25105)
(P43088)
(Q9H1Y3)
(P28221)
(P50406)
(P21453)
(P47901)
(P18089)
(Q16602)
(075084)
(Q13467)
(Q9HB89)
(095665)
(QBIFH4)
(Q8NGW1)
(P49190)
(Q9HC97)

OR2M3
OR2M4
OR2M7
OR2T2
OR2T3
OR2T5
OR2T6
OR2W3
OR4F29
OR4F5
OR5AT1
OR5BF1
OR6K2
OR6K6
ORG6N1
ORG6N2
OR6Y1
ORG6F1
OPRD1
HCRTR1
PTAFR
PTGFR
OPN3
HTR1D
HTR6
EDG1
AVPRI1B
ADRA2B
CALCRL
FzZD7
FZD5
NMUR1
NTSR2
OR6B2
OR6B3
PTHR2

GPR35

1q44
1q44
1q44
144
1q44
1q44
1q44
1q44
1p36.33
1p36.33
1q44
1q44
1923.1
1923.1
1023.1
1923.1
1923.1
1q44
1p36.1 - p34.3
1p33
1p35 - p34.3
1p31.1
1943
1p36.3 - p34.3
1p36 - p35
1p21
1032
2p13-ql13
2032.1
2933
20933-q34
237.1
2p25.1
2037.3
2037.3
2933
2037.3

Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 4/MOR225 - 248 010, 017
Olfactory Il fam 4/MOR225 - 248 010, 017

Olfactory Il fam 5/MOR172 - 224, 249, 254 011, 017
Olfactory Il fam 5/MOR172 - 224, 249, 254 011, 017
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012, 017
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012,017
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012, 017

Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Opioid type D A3,Al4
Orexin Al,Al4
Platelet activating factor A4, Al4,D18
Prostaglandin F2-alpha T23
Rhodopsin Other Al ,Al4
Serotonin type 1 A2,Al4
Serotonin type 6 T23
Sphingosine 1-phosphate Edg-1 Al ,Al4
Vasopressin type 1 Al Al4
Alpha Adrenoceptors type 2 A2
Calcitonin B15, D18
frizzled Group A(Fz1 &2 & 4&5&7-9) F22

frizzled Group A (Fz1 &2 & 4&5&7-9) F22,D18

Neuromedin U A2, Al4

Neurotensin A2, Al4
Olfactory Il fam 6/MOR103 - 105, 107 - 119 Al2
Olfactory Il fam 6/MOR103 - 105, 107 - 119 Al2
Parathyroid hormone B15
Purinoceptor P2RYS5, 8, 9, 10 GPR35, 92, 174 D18

Copyright © 2012 SciRes.
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Continued
5HT2B_HUMAN  (P41595) HTR2B 2 2036.3 - q37.1 Serotonin type 2 A2, Ald
AGTR1_HUMAN  (P30556) AGTR1 3 3021 - g25 Angiotensin type 1 S19
CELR3_HUMAN (Q9NYQ7) CELSR3 3 3p24.1-p21.2 Cadherin EGF LAG (CELSR) S19
075307_HUMAN  (075307) CCRL2 3 3p21 C-C Chemokine other 3,14
CCR1_HUMAN (P32246) CCR1 3 3p21 C-C Chemokine type 1 A3, S19
CCRL1_HUMAN (Q9NPB9) CCRL1 3 3922 C-C Chemokine type 11 A3, S19
CCR2_HUMAN  (P41597) CCR2 3 3p21 C-C Chemokine type 2 A3, 519
CCR3_HUMAN (P51677) CCR3 3 3p21.3 C-C Chemokine type 3 A3, S19
CCR4_HUMAN  (P51679) CCR4 3 3p24 C-C Chemokine type 4 A3, 519
CCR5_HUMAN (P51681) CCR5 3 3p21 C-C Chemokine type 5 A3, S19
CCR8_HUMAN (P51685) CCR8 3 3p22 C-C Chemokine type 8 A3, S19
CCR9_HUMAN (P51686) CCR9 3 3p21.3 C-C Chemokine type 9 A3, S19
CCBP2_HUMAN  (000590) CCBP2 3 3p21.3 C-C Chemokine type X A3, 519
CX3C1_HUMAN (P49238) CX3CR1 3 3p21[3p21.3 C-X3-C Chemokine S19
CXCR6_HUMAN  (000574) CXCR6 3 3p21 C-X-C Chemokine type 6 (Bonzo) T23,T24
DRD3_HUMAN (P35462) DRD3 3 3913.3 Dopamine Vertebrate type 3 A2, D18, S19
GP156_HUMAN  (Q8NFN8) GPR156 3 3013.33 GABA-B like S19
GPR15_HUMAN (P49685) GPR15 3 3011.2-q13.1 GPR S19
HRH1_HUMAN  (P35367) HRH1 3 3p25 Histamine type 1 A2, Al4, S19
MGR2_HUMAN  (Q14416) GRM2 3 3p21.2 Metabotropic glutamate group |1 C16
MGR7_HUMAN  (Q14831) GRM7 3 3p26.1 - p25.1 Metabotropic glutamate group I11 C16, S19
O5AC2_HUMAN  (Q9NZP5) OR5AC?2 3 3g12.1 Olfactory 11 fam 5/MOR172 - 224, 249, 254 011, 017, S19
OR5H2_HUMAN (Q8NGV?7) OR5H2 3 3g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5H6_HUMAN  (Q8NGV6) OR5H6 3 3012.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 0o11
OR5K1_HUMAN (Q8NHB7) OR5K1 3 3q12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5K2_HUMAN (Q8NHBS8) OR5K2 3 3q12.2 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OXYR_HUMAN (P30559) OXTR 3 3p25 Oxytocin/mesotocin S19
PTHR1_HUMAN  (Q03431) PTHR1 3 3p22-p21.1 Parathyroid hormone B15, S19
P2Y14 HUMAN  (Q15391) P2RY14 3 3021 - 25 Purinoceptor P2RY12-14 GPR87 (UDP-Glucose) A4, Al4, S19
GPR87_HUMAN  (Q9BY21) GPR87 3 3924 Purinoceptor P2RY12-14 GPR87 (UDP-Glucose) A4
P2Y13_HUMAN  (Q9BPV8) P2RY13 3 3024 Purinoceptor P2RY12-14 GPR87 (UDP-Glucose) Ad
P2Y12_ HUMAN  (Q9H244) P2RY12 3 3024 - 925 Purinoceptor P2RY12-14 GPR87 (UDP-Glucose) T23,T24
P2RY1_HUMAN (P47900) P2RY1 3 3025.2 Purinoceptor P2RY1-4, 6, 11 GPR91 A4
GPR62_HUMAN  (Q9BZJ7) GPR62 3 3p21.1 Putative/unclassified Class A GPCRs S19
GP128 HUMAN  (Q96K78) GPR128 3 3g12.2 Putative/unclassified Class B GPCRs S19
GP175_HUMAN  (Q86W33) GPR175 3 3g21.2 Putative/unclassified other S19
OPSD_HUMAN (P08100) RHO 3 3021 - 24 Rhodopsin Vertebrate type 1 Al, S19
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5HT1F_HUMAN
GPR27_HUMAN
ADA2C_HUMAN
CCKAR_HUMAN
DRD5_HUMAN
EDNRA_HUMAN
GNRHR_HUMAN
Q2M215_HUMAN
MTR1IA_HUMAN
NPFF2_HUMAN
NPY1R_HUMAN
NPY2R_HUMAN
NPY5R_HUMAN
OPSX_HUMAN
ADA1B_HUMAN
ADRB2_HUMAN
DRD1_HUMAN
HRH2_HUMAN
MGR6_HUMAN
NMUR2_HUMAN
OR2V2_HUMAN
OR2Y1_HUMAN
OR4F3_HUMAN
PE2R4_HUMAN
PAR2_HUMAN
PAR3_HUMAN
5HT1A_HUMAN
5HT4R_HUMAN
TA2R1_HUMAN
NMBR_HUMAN
BAI3_HUMAN
CNR1_HUMAN
000421_HUMAN
GABR1_HUMAN
GLPIR_HUMAN
MASIL_HUMAN

MAS_HUMAN

(P30939)
(QINS67)
(P18825)
(P32238)
(P21918)
(P25101)
(P30968)
(Q2M215)
(P48039)
(Q9Y5X5)
(P25929)
(P49146)
(Q15761)
(014718)
(P35368)
(P07550)
(P21728)
(P25021)
(015303)
(Q9GZQ4)
(Q96R30)
(Q8NGV0)
(095013)
(P35408)
(P55085)
(000254)
(P08908)
(Q13639)
(QINYW?)
(P28336)
(060242)
(P21554)
(000421)
(Q9UBSS)
(P43220)
(P35410)

(P04201)

HTR1F
GPR27
ADRA2C
CCKAR
DRD5
EDNRA
GNRHR
RXFP1
MTNR1A
NPFFR2
NPY1R
NPY2R
NPY5R
RRH
ADRA1B
ADRB2
DRD1
HRH2
GRM6
NMUR2
OR2V2
OR2Y1
OR4F3
PTGER4
F2RL1
F2RL2
HTR1A
HTR4
TAS2R1
NMBR
BAI3
CNR1
ccré
GABBR1
GLP1R
MASI1L

MAS1

3p12
3p21 - p14
4p16
4p15.1 - p15.2
4p16.1
4031.22 - ¢31.23
4q21.2
4932.1
4935.1
4921
4¢31.3 - 932
431
4931 -q32
4425
5023 - q32
5¢31 - 32
5035.1
5035.2
535
5033.1
535.3
5¢35.3
5¢35.3
5p13.1
5q13
5q13
5q11.2 - q13
5031 - 033
5p15
6021 - gter
612
6914 - q15
6027
6p21.31
6p21
6p21

6025.3 - G26

Serotonin type 1
SREB
Alpha Adrenoceptors type 2
CCK type A
Dopamine Vertebrate type 1
Endothelin
Gonadotropin-releasing hormone type |
LGR like (hormone receptors)
Melatonin
Neuropeptide FF
Neuropeptide Y type 1
Neuropeptide Y type 2
Neuropeptide Y type 5
Rhodopsin Other
Alpha Adrenoceptors type 1
Beta Adrenoceptors type 2
Dopamine Vertebrate type 1
Histamine type 2
Metabotropic glutamate group 11
Neuromedin U
Olfactory Il fam 2/MOR256 - 262, 270 - 285
Olfactory Il fam 2/MOR256 - 262, 270 - 285
Olfactory Il fam 4/MOR225 - 248
Prostaglandin E2 subtype EP4
Proteinase-activated
Proteinase-activated
Serotonin type 1
Serotonin type 4
Taste receptors T2R
Bombesin
Brain-specific angiogenesis inhibitor (BAI)
Cannabinoid
C-C Chemokine other
GABA-B subtype 1
Glucagon
Mas proto-oncogene & Mas-related (MRGs)

Mas proto-oncogene & Mas-related (MRGs)

A2, S19
Al,Al4, 819
T23,T24
Al Al4
A2,Al4
Al Al4
Al4,D18
Al, D18
Al ,Al4
Al ,Al4
Al,D18
Al, D21
T23
Al, D18
A2,Al4
A2,D18
A2
A2
C16
A2
09
09
010, 017
Al
A4, Al4
A4,D18
A2
A2
D18
Al Al4
B15
Al
A3,D18
C16
B15
A4, Al4

A4
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MGR1_HUMAN  (Q13255) GRM1 6 6024 Metabotropic glutamate group | C16
MGR4_HUMAN  (Q14833) GRM4 6 6p21.3 Metabotropic glutamate group I11 C16
0O10C1_HUMAN  (Q96KK4) OR10C1 6 6p22.1 Olfactory Il fam 10/MOR263 - 269 o7
012D3_HUMAN  (Q9UGF7) OR12D3 6 6p22.1 Olfactory 11 fam 12/MOR250 017
OR2B6_HUMAN  (P58173) OR2B6 6 6p21.3 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2H1_HUMAN  (Q9GZK4) OR2H1 6 6p21.3 Olfactory 1l fam 2/MOR256 - 262, 270 - 285 09
OR2H2_HUMAN  (095918) OR2H2 6 6p21.3 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2B2_HUMAN  (Q9GZK3) OR2B2 6 6p21.3-22.3 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2W1_HUMAN (Q9Y3N9) OR2W1 6 6p21.31 - 21.33 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2J2_HUMAN  (076002) OR2J2 6 6p21.31-22.2 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2B3_HUMAN  (O76000) OR2B3 6 6p22.1 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2J3_HUMAN (076001) OR2J3 6 6p22.1 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2A4 HUMAN  (095047) OR2A4 6 6023 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR5U1_HUMAN (Q9UGF5) OR5U1 6 6p22.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5V1_HUMAN (Q9UGF6) OR5V1 6 6p22.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OPRM_HUMAN  (P35372) OPRM1 6 6024 - ¢25 Opioid type M A3, D18
OX2R_HUMAN  (043614) HCRTR2 6 6pll - qll Orexin Al, D18
OPN5_HUMAN (Q6U736) OPN5 6 6p12.3 Rhodopsin Other Al
5HT1B_HUMAN (P28222) HTR1B 6 6913 Serotonin type 1 A2
5HT1E_HUMAN  (P28566) HTRLE 6 614 - q15 Serotonin type 1 T23,T24
Q2M1V1_HUMAN (Q2M1V1) TAARS5 6 6023 Trace amine A2,Al4
Q2M1W5_HUMAN (Q2M1W5) TAAR1 6 6023.2 Trace amine A2,D18
TAAR6_HUMAN  (Q96RI8) TAAR6 6 6023.2 Trace amine A2
TAAR8_HUMAN  (Q969N4) TAARS 6 6023.2 Trace amine A2
TAAR9_HUMAN  (Q96RI9) TAAR9 6 6023.2 Trace amine A2
TAAR2_HUMAN  (Q9P1P5) TAAR?2 6 6924 Trace amine T23,T24
CML2_HUMAN (Q99527) GPR30 7 p22 Chemokine receptor-like 2 T23
CRFR2_HUMAN  (Q13324) CRHR2 7 7p14.3 Corticotropin releasing factor B15
FZD9_HUMAN (000144) FzZD9 7 7911.23 frizzled GroupA(Fz1 &2 & 4 &5&7-9) F22
FZD1_HUMAN (Q9UP38) FzD1 7 7921 frizzled GroupA(Fz1&2&4&5&7-9) F22
MGR3_HUMAN  (Q14832) GRM3 7 7921.1-qg21.2 Metabotropic glutamate group |1 C16
MGR8_HUMAN  (000222) GRM8 7 7931.3-@32.1 Metabotropic glutamate group I11 T23,T24
ACM2_HUMAN (P08172) CHRM2 7 7931 - g35 Musc. acetylcholine Vertebrate type 2 A2,D18
0O2AE1_HUMAN (Q8NHA4) OR2AE1 7 70922.1 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
02A12_HUMAN (Q8NGT7) OR2A12 7 7935 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
02A42_HUMAN  (Q8NGT9) OR2A42 7 7035 Olfactory 1l fam 2/MOR256 - 262, 270 - 285 09
OR2A2_HUMAN  (Q6IF42) OR2A2 7 7035 Olfactory 11 fam 2/MOR256 - 262, 270 - 285 09
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OR2A5_HUMAN
OR2A7_HUMAN
OR2F1_HUMAN
OR2F2_HUMAN
OR6B1_HUMAN
OR6V1_HUMAN
OR9A2_HUMAN
OPSB_HUMAN
5HT5A_HUMAN
GPR85_HUMAN
VIPR2_HUMAN
ADA1A_HUMAN
ADRB3_HUMAN
BAIL_HUMAN
FZD3_HUMAN
FZD6_HUMAN
OR1B1_HUMAN
OR1J1_HUMAN
OR1K1_HUMAN
OR1L3_HUMAN
OR1L4_HUMAN
OR1L8_HUMAN
ORIN1_HUMAN
OR1N2_HUMAN
OR1Q1_HUMAN
OR1J2_HUMAN
OR1J4_HUMAN
OR2S1_HUMAN
013J1_HUMAN
013C2_HUMAN
013C3_HUMAN
013C4_HUMAN
013C5_HUMAN
013C8_HUMAN
013C9_HUMAN
O13F1_HUMAN
OR5C1_HUMAN

(Q96R48)
(Q96R45)
(Q13607)
(095006)
(095007)
(Q8N148)
(Q8NGT5)
(P03999)
(P47898)
(P60893)
(P41587)
(P35348)
(P13945)
(014514)
(QINPG1)
(060353)
(Q8NGRS)
(Q8NGS3)
(Q8NGR3)
(Q8NH93)
(Q8NGR5)
(Q8NGRS)
(Q8NGS0)
(Q8NGR9)
(Q15612)
(Q8NGS2)
(Q8NGS1)
(QINQN1)
(Q8NGT2)
(Q8NGS9)
(Q8NGS6)
(Q8BNGS?5)
(Q8NGS8)
(Q8NGS?)
(Q8NGTO)
(Q8NGS4)
(Q8NGR4)

OR2A5
OR2A7
OR2F1
OR2F2
OR6B1
OR6V1
OR9A2

OPN1SW
HTR5A
GPR85
VIPR2

ADRAIA
ADRB3

BAIL
FZD3
FZD6
OR1B1
OR1J1
OR1K1
ORIL3
OR1L4
ORILS
ORIN1
ORIN2
OR1Q1
OR1J2
OR1J4
OR2S2
OR13J1
OR13C2
OR13C3
OR13C4
OR13C5
OR13C8
OR13C9
OR13F1
OR5C1

7035
7035
7035
7935
7935
7935
7034

7931.3 - 432

7036.1
7931
7936.3
8p21 - p11.2
8p12 - p11.2
8024
8p21

8022.3 - q23.1

9933.2
9933.2
9933.2
9933.2
9933.2
9933.2
9933.2
9933.2
9933.2
9934.11
934.11

9p13.1-13.3
9p13.3
9g31.1
9g31.1
9931.1
9931.1
9931.1
9g31.1
9g31.1
9933.2

Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 9/MOR120 012, 017
Rhodopsin Vertebrate type 3 T23
Serotonin type 5 A2
SREB Al, D18
Vasoactive intestinal polypeptide B15, D18
Alpha Adrenoceptors type 1 A2,D18
Beta Adrenoceptors type 3 T23
Brain-specific angiogenesis inhibitor (BAI) B15
frizzled Group B (Fz 3 & 6) F22
frizzled Group B (Fz 3 & 6) T23,T24
Olfactory Il fam 1/MOR125 - 138, 156 06, 017
Olfactory Il fam 1/MOR125 - 138, 156 06, 017
Olfactory Il fam 1/MOR125 - 138, 156 06, 017
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 13/MOR253 08, 017
Olfactory Il fam 13/MOR253 08, 017
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 13/MOR253 08
Olfactory Il fam 5/MOR172 - 224, 249, 254 0o11
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Q5VTMO_HUMAN
EDG3_HUMAN
ADRB1_HUMAN
FZD8_HUMAN
NPFF1_HUMAN
NPY4R_HUMAN
GP158 HUMAN
RGR_HUMAN
NK2R_HUMAN
APJ_HUMAN
GASR_HUMAN
GPR44_HUMAN
CXCR5_HUMAN
DRD2_HUMAN
FZD4_HUMAN
LGR4_HUMAN
MRGX2_HUMAN
MRGX3_HUMAN
MRGX4_HUMAN
MRGX1_HUMAN
Q2M1V7_HUMAN
MRGRD_HUMAN
MTR1B_HUMAN
MGR5_HUMAN
ACM1_HUMAN
ACM4_HUMAN
GPR83_HUMAN
051B2_HUMAN
051B4_HUMAN
051E2_HUMAN
051A2_HUMAN
051A4_HUMAN
051A7_HUMAN
051B5_HUMAN
051B6_HUMAN
051D1_HUMAN
051G1_HUMAN

(Q5VTMO)
(Q99500)
(P08588)
(Q9H461)
(Q9GZQE)
(P50391)
(Q5T848)
(P47804)
(P21452)
(P35414)
(P32239)
(Q9Y5Y4)
(P32302)
(P14416)
(Q9ULV1)
(Q9BXB1)
(Q96LB1)
(Q96LBO)
(Q96LAY)
(Q96LB2)
(Q2M1V7)
(Q8TDS7)
(P49286)
(P41594)
(P11229)
(P08173)

(QINYM4)
(Q9Y5P1)
(Q9Y5P0)
(Q9H255)
(Q8NGJ7)
(Q8NGJ6)
(Q8NH64)
(Q9H339)
(Q9H340)
(Q8NGF3)

(Q8NGK1)

SLC31A2
EDG3
ADRB1
FZD8
NPFFR1
PPYR1
GPR158
RGR
TACR2
AGTRL1
CCKBR
GPR44
BLR1
DRD2
FZD4
LGR4
MRGPRX2
MRGPRX3
MRGPRX4
MRGPRX1
MRGPRE
MRGPRD
MTNR1B
GRM5
CHRM1
CHRM4
GPR83
OR51B2
OR51B4
OR51E2
OR51A2
OR51A4
OR51A7
OR51B5
OR51B6
OR51D1
OR51G1

10
10
10
10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

9g31 - q32
9022.1 - ¢22.2
10024 - q26
10p11.21
10q21 - 22
10q11.2
10p12.1
10023
10911 - 21
1112
11p15.4
1112 - q13.3
11q23.3
11023
11q14.2
11p14 - p13
11p15.1
11p15.1
11p15.1
11p15.1/11
11p15.4
11¢13.3
11921 - 922
11q14.3
11q13
11p12 - p11.2
11021
11p15
11p15
11p15
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4

Orexin
Sphingosine 1-phosphate Edg-3
Beta Adrenoceptors type 1
frizzled GroupA(Fz1&2& 4 &5&7-9)
Neuropeptide FF
Neuropeptide Y type 4
Putative/unclassified Class C GPCRs
Rhodopsin Other
Substance K (NK2)
APJ like
CCKtype B
Chemokine receptor-like 1
C-X-C Chemokine type 5
Dopamine Vertebrate type 2
frizzled Group A (FZ 1&2&4&5&7-9)
LGR like (hormone receptors)
Mas proto-oncogene & Mas-related (MRGs)
Mas proto-oncogene & Mas-related (MRGs)
Mas proto-oncogene & Mas-related (MRGs)
Mas proto-oncogene & Mas-related (MRGs)
Mas proto-oncogene & Mas-related (MRGs)
Mas proto-oncogene & Mas-related (MRGs)
Melatonin
Metabotropic glutamate group |
Musc. acetylcholine Vertebrate type 1
Musc. acetylcholine Vertebrate type 4
Neuropeptide Y other
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42

T23,T24
Al, D18
A2,Al4
F22
Al
Al
T23
Al
D21
S20
Al, S20
D18, S20
A3
A2,Al4, S20
F22, S20
Al, S20
A4, S20
A4
A4
A4
A4
T23
Al, S20
C16, S20
A2, Al4,S20
A2
Al, Al4, S20
05, 017, S20
05, 017
05, 017
05, D18
05
05
05
05
05
05
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051G2_HUMAN  (Q8NGKO)

05111 HUMAN  (Q9H343)
05112 HUMAN  (Q9H344)
051L1_ HUMAN  (Q8NGJ5)

051Q1_HUMAN  (Q8NH59)

051S1_HUMAN  (Q8NGJ8)
051V1_HUMAN  (Q9H2CS8)
052A5 HUMAN  (Q9H2C5)
052B2_HUMAN  (Q96RD2)

052B4_HUMAN  (Q8NGK2)
052B6_HUMAN  (Q8NGFO)
052D1_HUMAN  (Q9H346)
052E2_ HUMAN  (Q8NGJ4)

052E4 HUMAN  (Q8NGH9)

052E6_HUMAN  (Q96RD3)
052H1_HUMAN  (Q8NGJ2)
05211_HUMAN  (Q8NGKG6)
05212_ HUMAN  (Q8NH67)
052J3_HUMAN  (Q8NH60)

052K1_HUMAN  (Q8NGK4)
052K2_HUMAN  (Q8NGK3)
052M1_HUMAN  (Q8NGKS5)
052N1_HUMAN  (Q8NH53)

052N2_HUMAN  (Q8NGIO0)
052N4_ HUMAN  (Q8NGI2)
052N5_HUMAN  (Q8NH56)
052W1_HUMAN  (Q6IF63)
056A3_HUMAN  (Q8NH54)
056B4_HUMAN  (Q8NH76)

052A1_HUMAN  (Q9UKL2)
OR1S1_HUMAN  (Q8NH92)

OR1S2_HUMAN  (Q8NGQ3)

010A3 HUMAN  (P58181)
010A4 HUMAN  (Q9H209)
010A5_HUMAN  (Q9H207)
010A6_HUMAN  (Q8NH74)

010Q1_HUMAN  (Q8NGQ4)

OR51G2
ORS5111
ORS5112
ORS51L1
OR51Q1
OR5151
OR51V1
OR52A5
OR52B2
OR52B4
OR52B6
OR52D1
OR52E2
OR52E4
OR52E6
OR52H1
OR52I1
OR5212
OR52]3
OR52K1
OR52K2
OR52M1
OR52N1
OR52N2
OR52N4
OR52N5
OR52W1
OR56A3
OR56B4
OR52A1
OR1S1
OR1S2
OR10A3
OR10A4
OR10A5
OR10A6
OR10Q1

11

11

1

11

11

11

11

1

11

11

11

11

11

11

1

1

11

11

11

11

11

11

11

11

11

11

11

11

1

11

11

11

11

11

1

11

11

11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.4
11p15.5
11912.1
11g12.1
11p15.4
11p15.4
11p15.4
11p15.4
11g12.1

Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MORL1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MOR1 - 42
Olfactory | fam 51 - 52/MORL1 - 42

Olfactory Il fam 1/MOR125 - 138, 156

Olfactory Il fam 1/MOR125 - 138, 156

Olfactory Il fam 10/MOR263 - 269
Olfactory Il fam 10/MOR263 - 269
Olfactory Il fam 10/MOR263 - 269
Olfactory Il fam 10/MOR263 - 269
Olfactory Il fam 10/MOR263 - 269

05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
T23
06, S20
06
07, 520
o7
o7
o7
o7
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0O10W1_HUMAN (Q8NGF6) OR10W1 11 11g12.1 Olfactory Il fam 10/MOR263 - 269 o7
0O10AG_HUMAN  (Q8NH19) OR10AG1 11 11g12.2 Olfactory Il fam 10/MOR263 - 269 o7
O10V1_HUMAN (Q8NGI7) OR10V1 11 11q12.2 Olfactory Il fam 10/MOR263 - 269 o7
010G4_HUMAN  (Q8NGN3) OR10G4 11 11q24.1 Olfactory Il fam 10/MOR263 - 269 o7
010G7_HUMAN (Q8NGNS®6) OR10G7 11 11g24.1 Olfactory Il fam 10/MOR263 - 269 o7
010G8_HUMAN  (Q8NGNS5) OR10G8 11 11g24.1 Olfactory Il fam 10/MOR263 - 269 o7
010G9_HUMAN (Q8NGN4) OR10G9 11 11g24.1 Olfactory Il fam 10/MOR263 - 269 o7
010S1_HUMAN  (Q8NGN2) OR10S1 11 11924.1 Olfactory Il fam 10/MOR263 - 269 o7
02AG1_HUMAN  (Q9H205) OR2AG1 11 11p15.4 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09, S20
OR2D2_HUMAN  (Q9H210) OR2D2 11 11p15.4 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR2D3_HUMAN (Q8NGH3) OR2D3 11 11p15.4 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR4A5 HUMAN  (Q8NH83) OR4A5 11 11p11.12 Olfactory Il fam 4/MOR225 - 248 010, D18, S20
OR4CC_HUMAN  (Q96R67) OR4C12 11 11p11.12 Olfactory Il fam 4/MOR225 - 248 010
OR4CD_HUMAN  (Q8NGPO0) ORA4C13 11 11p11.12 Olfactory Il fam 4/MOR225 - 248 010
04A47_HUMAN (Q61F82) OR4A47 11 11p11.2 Olfactory Il fam 4/MOR225 - 248 010
OR4B1_HUMAN  (Q8NGF8) OR4B1 11 11p11.2 Olfactory Il fam 4/MOR225 - 248 010
OR4S1_HUMAN  (Q8NGB4) OR4S1 11 11p11.2 Olfactory Il fam 4/MOR225 - 248 010
OR4X1_HUMAN (Q8NH49) OR4X1 11 11p11.2 Olfactory Il fam 4/MOR225 - 248 010
OR4X2_HUMAN (Q8NGF9) OR4X2 11 11p11.2 Olfactory Il fam 4/MOR225 - 248 010
04A16_HUMAN (Q8NH70) OR4A16 11 11911 Olfactory Il fam 4/MOR225 - 248 010
OR4C6_HUMAN  (Q8NH72) OR4C6 11 11911 Olfactory Il fam 4/MOR225 - 248 010
OR4CB_HUMAN  (Q6IEV9) OR4C11 11 11qg11 Olfactory I fam 4/MOR225 - 248 010
OR4CG_HUMAN  (Q8NGLY) OR4C16 1 11qg11 Olfactory I fam 4/MOR225 - 248 010
OR4S2_HUMAN  (Q8NH73) OR4S2 11 11911 Olfactory Il fam 4/MOR225 - 248 010
OR4D6_HUMAN  (Q8NGJ1) OR4D6 11 11g12.1 Olfactory Il fam 4/MOR225 - 248 010
OR4D9_HUMAN (Q8NGES8) OR4D9 11 11g12.1 Olfactory Il fam 4/MOR225 - 248 010
OR4DA_HUMAN  (Q8NGI6) OR4D10 11 11g12.1 Olfactory Il fam 4/MOR225 - 248 010
OR4DB_HUMAN  (Q8NGI4) OR4D11 1 11g12.1 Olfactory I fam 4/MOR225 - 248 010
OR4P4_HUMAN  (Q8NGL7) OR4P4 1 11g12.1 Olfactory I fam 4/MOR225 - 248 010
OR4D5 HUMAN (Q8NGNO0) OR4D5 11 11g24.1 Olfactory Il fam 4/MOR225 - 248 010
OR5P2_HUMAN  (Q8WZz92) OR5P2 11 11p15.4 Olfactory Il fam 5/MOR172 - 224, 249, 254 011, S20
OR5P3_HUMAN  (Q8WZz94) OR5P3 11 11p15.4 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O11
O5AP2_HUMAN  (Q8NGF4) OR5AP2 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
O5AR1_HUMAN (Q8NGP9) OR5AR1 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 O11
05AS1_HUMAN  (Q8N127) OR5AS1 1 11qg11 Olfactory 11 fam 5/MOR172 - 224, 249, 254 011
OR5DD_HUMAN  (Q8NGL4) OR5D13 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5DE_HUMAN (Q8NGL3) OR5D14 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O11
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OR5DI_HUMAN  (Q8NGL1) OR5D18 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5F1_HUMAN (095221) ORS5F1 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5I11_HUMAN (Q13606) OR5I1 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5L1_HUMAN  (Q8NGL2) OR5L1 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5L2_ HUMAN (Q8NGLO0) OR5L2 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 0o11
OR5M1_HUMAN (Q8NGP8) OR5M1 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5M3_HUMAN (Q8NGP4) OR5M3 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5M9_HUMAN  (Q8NGP3) OR5M9 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5MA_HUMAN  (Q6IEU7) OR5M10 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O1l1
OR5MB_HUMAN  (Q96RB7) OR5M11 11 11q11 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5T1_HUMAN  (Q8NG75) ORS5T1 11 11g11 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5T2_HUMAN (Q8NGG2) OR5T2 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O11
OR5T3_HUMAN (Q8NGG3) OR5T3 11 11911 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O11
O5AK2_HUMAN  (Q8NH90) OR5AK2 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
O5AN1_HUMAN (Q8NGI8) OR5AN1 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5A1_HUMAN  (Q8NGJ0) OR5A1 1 11g12.1 Olfactory 11 fam 5/MOR172 - 224, 249, 254 011
OR5A2_HUMAN  (Q8NGI9) OR5A2 1 11g12.1 Olfactory 11 fam 5/MOR172 - 224, 249, 254 o011
OR5B2_HUMAN  (Q96R09) OR5B2 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5B3_HUMAN  (Q8NH48) OR5B3 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5BC_HUMAN  (Q96R08) OR5B12 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5BH_HUMAN  (Q8NGF7) OR5B17 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5DG_HUMAN  (Q8NGK9) OR5D16 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5M8_HUMAN  (Q8NGP6) OR5M8 11 11q12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5W2_HUMAN (Q8NH69) OR5W?2 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR8K1_HUMAN (Q8NGG5) OR8K1 11 11g12.1 Olfactory Il fam 5/MOR172 - 224, 249, 254 011
OR5J2_HUMAN  (Q8NH18) OR5J2 11 11912.3 Olfactory Il fam 5/MOR172 - 224, 249, 254 0O11
OR6A2_HUMAN  (095222) OR6A2 11 11p15 Olfactory Il fam 6/MOR103 - 105, 107 - 119 S20
OR6Q1_HUMAN (Q8NGQ2) OR6Q1 11 11g12.1 Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
OR6M1_HUMAN (Q8NGMS) OR6M1 11 11q24.1 Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
OR6T1_HUMAN (Q8NGN1) OR6T1 11 11924.1 Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
OR6X1_HUMAN (Q8NH79) OR6X1 11 11g24.1 Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
OR5R1_HUMAN  (Q8NHS85) OR5R1 11 11911 Olfactory Il fam 8/MOR161 - 171 013, 017, S20
OR8H1_HUMAN (Q8NGG4) OR8H1 11 11911 Olfactory Il fam 8/MOR161 - 171 013, 017
OR8H2_HUMAN  (Q8N162) OR8H2 11 11911 Olfactory Il fam 8/MOR161 - 171 013, 017
OR8H3_HUMAN  (Q8N146) ORS8H3 11 11qg11 Olfactory Il fam 8/MOR161 - 171 013
OR8K3_HUMAN (Q8NH51) OR8K3 11 11911 Olfactory Il fam 8/MOR161 - 171 013
OR8K5_HUMAN (Q8NH50) ORB8K5 11 11911 Olfactory Il fam 8/MOR161 - 171 013
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OR8U1_HUMAN  (Q8NH10)
OR8I2_HUMAN  (Q8NO0Y5)
OR8J1_HUMAN  (Q8NGP2)
OR8J3_HUMAN  (Q8NGGO0)
OR8B2_HUMAN  (Q96RDO0)
OR8B3_HUMAN  (Q8NGGS8)
OR8B4_ HUMAN  (Q96RC9)
OR8D1_HUMAN (Q8WZ84)
OR8D2_HUMAN (Q9GZM6)
OR8D4_HUMAN  (Q8NGMO9)
OR8A1_HUMAN (Q8NGGT7)
OR8B8_HUMAN  (Q15620)
OR8BC_HUMAN (Q8NGG6)
OR8G1_HUMAN  (Q15617)
OR9G1_HUMAN (Q8NH87)
P2RY6_HUMAN  (Q15077)
P2RY2_HUMAN  (P41231)
GP152_ HUMAN  (Q8TDT2)
ADMR_HUMAN  (015218)
C3AR_HUMAN  (Q16581)
FZD10_HUMAN (Q9ULW?2)
LGR5_HUMAN  (075473)
O10AD_HUMAN  (Q8NGED)
010A7_HUMAN  (Q8NGE5)
010P1_HUMAN  (Q8NGE3)
OR6C2_HUMAN  (Q9NZP2)
OR6C4_HUMAN  (Q8NGE1L)
OR6C1_HUMAN  (Q96RD1)
OR6C3_HUMAN  (QINZPO)
OR8S1_HUMAN  (Q8NHO09)
RAI3_HUMAN  (Q8NFJ5)
GPC5D_HUMAN  (Q9NZD1)
T2R43_HUMAN (P59537)
V1AR_HUMAN (P37288)
CLTR2_HUMAN  (QINS75)
EDNRB_HUMAN  (P24530)
LGR8_HUMAN  (Q8WXD0)

OR8U1
ORS8I12
OR8J1
OR8J3
OR8B2
OR8B3
OR8B4
OR8D1
OR8D2
OR8D4
OR8A1
OR8B8
OR8B12
OR8G1
OR9G1
P2RY6
P2RY2
GPR152
ADMR
C3AR1
FzD10
LGR5
OR10AD1
OR10A7
OR10P1
OR6C2
OR6C4
OR6C1
OR6C3
OR8S1
GPRC5A
GPRC5D
TAS2R43
AVPR1A
CYSLTR2
EDNRB

LGRS

11
11
11
11
11
11
1
11
11
1
11
11
11
1
11

12

12

12
12
12
12
12
12
12
12
12
12
12
12

13
13
13

11q11
11g12.1
11g12.1
11g12.1
11g24.1
11g24.1
11g24.1
11g24.1
11q24.1
11024.1
11q24.2
11q24.2
11q24.2
11q24.2

11g11

11q13.5

11135 - ql4.1
11q13.2
12q13.3
12p13.31
12q24.33

12g22 - q23
12g13.11
12013.13
12g13.13
12913.13
12913.13
12q13.2
12q13.2
12q13.11
12p13 - pl2.3
12p13.3
12p13.33
12q14 - q15
13g14.12 - q21.1
13022

13g13.1

Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 8/MOR161 - 171 013
Olfactory Il fam 9/MOR120 S20
Purinoceptor P2RY1 - 4, 6, 11 GPR91 A4, D18, S20

Purinoceptor P2RY1 - 4, 6, 11 GPR91 A4
Putative/unclassified Class A GPCRs S20

Adrenomedullin (G10D) A4, Al4

C5a anaphylatoxin A3,Al4
frizzled Group A (Fz1 &2 & 4&5&7-9) F22
LGR like (hormone receptors) Al
Olfactory Il fam 10/MOR263 - 269 o7
Olfactory Il fam 10/MOR263 - 269 o7
Olfactory Il fam 10/MOR263 - 269 o7
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012
Olfactory Il fam 6/MOR103 - 105, 107 - 119 012

Olfactory unclassified class Il 012,017
Orphan GPRC5 C16

Orphan GPRC5 C16, D18
Taste receptors T2R T23
Vasopressin type 1 Al

Cysteinyl leukotriene A4, Al4
Endothelin Al
LGR like (hormone receptors) T23
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5HT2A_HUMAN
BKRB1_HUMAN
BKRB2_HUMAN
LT4R1_HUMAN
LT4R2_HUMAN
010G2_HUMAN
010G3_HUMAN
OR4K1_HUMAN
OR4K2_HUMAN
OR4K5_HUMAN
OR4KD_HUMAN
ORA4KE_HUMAN
OR4L1_HUMAN
OR4M1_HUMAN
OR4N2_HUMAN
OR4N5_HUMAN
OR4Q3_HUMAN
05AU1_HUMAN
PE2R2_HUMAN
PD2R_HUMAN
SSR1_HUMAN
ACM5_HUMAN
OR4M2_HUMAN
OR4N4_HUMAN
04F15_HUMAN
OR4F4_HUMAN
OR4F6_HUMAN
OR1F1_HUMAN
OR2C1_HUMAN
GPC5B_HUMAN
SSR5_HUMAN
AA2BR_HUMAN
CCR10_HUMAN
CCR7_HUMAN
FZD2_HUMAN
GALR2_HUMAN
GLP2R_HUMAN

(P28223)
(P46663)
(P30411)
(Q15722)

(QINPC1)

(Q8NGC3)

(Q8NGC4)

(Q8NGD4)

(Q8NGD2)

(Q8NGD3)
(Q8NH42)

(Q8NGD5)
(Q8NH43)

(Q8NGDO)

(Q8NGD1)
(Q8IXE1)
(Q8NH05)

(Q8NGCO)
(P43116)
(Q13258)
(P30872)
(P08912)

(Q8NGB6)

(Q8NOY?3)

(Q8NGBS)
(Q96R69)

(Q8NGB9)
(043749)
(095371)

(QINZHO)
(P35346)
(P29275)
(P46092)
(P32248)
(Q14332)
(043603)
(095838)

HTR2A
BDKRB1
BDKRB2

LTB4R
LTB4R2
OR10G2
OR10G3
OR4K1
OR4K2
OR4K5
OR4K13
OR4K14
ORA4L1
OR4M1
OR4N2
OR4N5
OR4Q3
OR5AU1L
PTGER2
PTGDR
SSTR1
CHRMS5
OR4M2
OR4N4
OR4F15
OR4F4
OR4F6
ORI1F1
OR2C1
GPRC5B
SSTR5
ADORA2B
CCR10
CCR7
FZD2
GALR2
GLP2R

13
14
14

14
14
14
14
14
14
14
14
14
14
14
14
14
14
15
15
15
15
15
15
16
16
16
16
17
17
17
17

17

13q14 - q21
14¢32.1 - 432.2
14¢32.1 - 432.2
14911.2 - q12
14q11.2 - 12
14q11.2
14q11.2
14q11.2
14q11.2
14q11.2
14g11.2
14q11.2
14q11.2
14q11.2
14q11.2
14q11.2
14q11.2
14911.2
14q22
14q22.1
14q13
15026
15q11.2
15011.2
15¢26.3
1526.3
15¢26.3
16p13.3
16p13.3
16p12
16p13.3
17p12 - p11.2
17¢21.1 - q21.3
17q12 - g21.2
17q21.1
17925.3
17p13.3

Serotonin type 2 A2

Bradykinin A3,Al4

Bradykinin A3, D18

Leukotriene B4 receptor BLT1 A3,Al4
Leukotriene B4 receptor BLT2 A3
Olfactory Il fam 10/MOR263 - 269 o7
Olfactory Il fam 10/MOR263 - 269 o7
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 5/MOR172 - 224, 249, 254 011
Prostaglandin E2/D2 subtype EP2 Al
Prostaglandin E2/D2 subtype EP2 Al

Somatostatin type 1 A3, Al4

Musc. acetylcholine Vertebrate type 5 T23,T24
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 o010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 4/MOR225 - 248 010
Olfactory Il fam 1/MOR125 - 138, 156 06
Olfactory Il fam 2/MOR256 - 262, 270 - 285 T24
Orphan GPRC5 T23
Somatostatin type 5 T23
Adenosine type 2 A2
C-C Chemokine type 10 A3
C-C Chemokine type 7 A3
frizzled GroupA(Fz1&2& 4 &5&7-9) F22

Galanin A3,Al4

Glucagon B15, D18
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GLR_HUMAN  (P47871) GCGR 17 17925 Glucagon T23
OR1D2_HUMAN  (P34982) OR1D2 17 17p13-pl12|17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1A1_HUMAN (Q9P1Q5) OR1A1 17 17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1A2_HUMAN  (Q9Y585) OR1A2 17 17p13.3 Olfactory 11 fam 1/MOR125 - 138, 156 06
OR1D5 HUMAN  (P58170) OR1D5 17 17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1E1_HUMAN (P30953) OR1E1 17 17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1E2_HUMAN (PA7887) OR1E2 17 17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1G1_HUMAN  (P47890) OR1G1 17 17p13.3 Olfactory Il fam 1/MOR125 - 138, 156 06
OR3A1_HUMAN  (P47881) OR3A1 17 17p13.3 Olfactory Il fam 3/MOR255 017
OR4D1_HUMAN  (Q15615) OR4D1 17 17g23.2 Olfactory 11 fam 4/MOR225 - 248 010
Q4VBPO_HUMAN (Q4VBPO0) SSTR2 17 17924 Somatostatin type 2 A3
GALR1 HUMAN  (P47211) GALR1 18 18923 Galanin A3,D18
HRH4 HUMAN  (Q9H3NB8) HRH4 18 18q11.2 Histamine type 4 T23
MC5R_HUMAN (P33032) MC5R 18 18p11.2 Melanocortin hormone Al Al4
MC4R_HUMAN (P32245) MC4R 18 18022 Melanocortin hormone Al, D18
C5AR_HUMAN (P21730) C5AR1 19 19913.3-q13.4 C5a anaphylatoxin A3,D18
C5ARL_HUMAN  (Q9P296) GPR77 19 19913.33 C5a anaphylatoxin T23,T24
CD97_HUMAN (P48960) CD97 19 19p13 EMR1 T23,T24
EMR2_HUMAN  (Q9UHX3) EMR2 19 19p13.1 EMR1 B15
EMR3_HUMAN  (Q9BY15) EMR3 19 19p13.1 EMR1 B15, D18
FPRL1_HUMAN (P25090) FPRL1 19 19913.3-q13.4 Fmet-leu-phe A3, Al4
FPRL2_HUMAN  (P25089) FPRL2 19 19q13.3 - q13.4 Fmet-leu-phe A3
FPR1L_HUMAN  (P21462) FPR1 19 19913.4 Fmet-leu-phe T23
FFAR1_HUMAN  (014842) FFAR1 19 19913.1 Free fatty acid receptor (GP40, GP41, GP43) D18
OR1I1_HUMAN (060431) OR1I1 19 19p13.12 Olfactory Il fam 1/MOR125 - 138, 156 06
OR1M1_HUMAN (Q8NGA1) OR1M1 19 19p13.2 Olfactory Il fam 1/MOR125 - 138, 156 06
O10H1_HUMAN  (Q9Y4A9) OR10H1 19 19p13.1 Olfactory Il fam 10/MOR263 - 269 o7
O10H2_HUMAN  (060403) OR10H2 19 19p13.1 Olfactory Il fam 10/MOR263 - 269 o7
O10H3_HUMAN  (060404) OR10H3 19 19p13.1 Olfactory Il fam 10/MOR263 - 269 o7
010H4_HUMAN (Q8NGAD5) OR10H4 19 19p13.12 Olfactory Il fam 10/MOR263 - 269 o7
010H5_HUMAN (Q8NGA®6) OR10H5 19 19p13.12 Olfactory Il fam 10/MOR263 - 269 o7
OR2Z1_ HUMAN (Q8NG97) OR271 19 19p13.2 Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
O4F17_HUMAN  (Q8NGAS) OR4F17 19 19p13.3 Olfactory Il fam 4/MOR225 - 248 010
OR7A5_HUMAN  (Q15622) OR7A5 19 19p13.1 Olfactory Il fam 7/MOR139 - 155 017
PE2R1_HUMAN (P34995) PTGER1 19 19p13.1 Prostaglandin E2 subtype EP1 Al ,Al4
PAR4 HUMAN  (Q96RIO) F2RL3 19 19p12 Proteinase-activated T23, T24
P2Y11 HUMAN  (Q96G91) P2RY11 19 19p13.2 Purinoceptor P2RY1-4, 6, 11 GPR91 A4
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EDG5_HUMAN (095136) EDG5 19 19p13.2 Sphingosine 1-phosphate Edg-5 Al
EDG6_HUMAN (095977) EDG6 19 19p13.3 Sphingosine 1-phosphate Edg-6 Al
EDG8_HUMAN  (Q9H228) EDG8 19 19p13.2 Sphingosine 1-phosphate Edg-8 T23,T24
VN1R1_HUMAN (Q9GZP7) VN1R1 19 19q13.4 Vomeronasal receptors V1RL D18
VN1R2_HUMAN (Q8NFZ6) VN1R2 19 19913.42 Vomeronasal receptors VIRL T23,T24
ADA1D_HUMAN  (P25100) ADRA1D 20 20p13 Alpha Adrenoceptors type 1 A2
NPBW2_HUMAN  (P48146) NPBWR2 20 20q13.3 GPR T23,T24
HRH3_HUMAN  (Q9Y5N1) HRH3 20 20013.33 Histamine type 3 A2
NTR1_HUMAN (P30989) NTSR1 20 20q13 - 20q13 Neurotensin A2, D18
OPRX_HUMAN  (P41146) OPRL1 20 20913.33 Opioid type X T23, T24
SSR4_HUMAN (P31391) SSTR4 20 20p11.2 Somatostatin type 4 A3
AA2AR_HUMAN  (P29274)  ADORA2A 22 22911.23 Adenosine type 2 A2
GALR3_HUMAN  (060755) GALR3 22 22q13.1 Galanin T23
Q53ZR7_HUMAN  (Q53ZR7) SSTR3 22 22q13.1 Somatostatin type 3 A3
CELR1_HUMAN (Q9NYQ6) CELSR1 22 22q13.3 Cadherin EGF LAG (CELSR) B15, D18
OR2G2_HUMAN  (Q8NGZ5) OR2G2 1 - Olfactory Il fam 2/MOR256 - 262, 270 - 285 09
OR4E2_HUMAN  (Q8NGC2) OR4E2 14 - Olfactory 11 fam 4/MOR225 - 248 010
AGTR2_HUMAN  (P50052) AGTR2 X Xq22 - 923 Angiotensin type 2 A3, Al4
GRPR_HUMAN (P30550) GRPR X Xp22.2 - p22.13 Bombesin Al, D18
BRS3_HUMAN (P32247) BRS3 X XQ26 - 928 Bombesin T23,T24
CXCR3_HUMAN  (P49682) CXCR3 X Xq13 C-X-C Chemokine type 3 A3
CLTR1_HUMAN  (Q9Y271) CYSLTR1 X Xgl13.2-21.1 Cysteinyl leukotriene A4
O13H1_HUMAN (Q8NG92) OR13H1 X X(26.2 Olfactory 11 fam 13/MOR253 08
P2RY4_HUMAN (P51582) P2RY4 X Xql3 Purinoceptor P2RY1 - 4, 6, 11 GPR91 T23
P2RY8_HUMAN  (Q86VZ1) P2RY8 XY Xp22.33; Ypl1l.3 Purinoceptor P2RY?5, 8, 9, 10 GPR35, 92, 174 D18
P2Y10_HUMAN (000398) P2RY10 X Xg21.1 Purinoceptor P2RY5, 8, 9, 10 GPR35, 92, 174 T23
OPSG_HUMAN (P04001) OPN1IMW X Xq28 Rhodopsin Vertebrate type 2 Al
OPSR_HUMAN (P04000) OPN1LW X Xq28 Rhodopsin Vertebrate type 2 Al
5HT2C_HUMAN  (P28335) HTR2C X Xq24 Serotonin type 2 A2
GP173_HUMAN  (Q9NS66) GPR173 X Xpll SREB T23,T24
Other sapiens
EDNRB_BOVIN P28088 NM_174309.2 D21
OPSD_BOVIN P02699 NM_001014890.1 D21
NK2R_BOVIN P05363 NM_174469.2 D21
SIPR2_ DANRE  Q9I8K8 XM _677820.3 D21
GP173_DANRE Q91918 NM_131498.1 D21
OR1A_DROME Q9W5G6  NM_080290.3 D21
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SMO_DROME P91682
MTH8_DROME  Q9WOV7
ACM2_CHICK  P30372
GP175_CHICK  Q5ZII3
TRFR_CHICK 093603
SCTR_HUMAN  P47872

NPY2R_HUMAN  P49146
OR1_ANOGA  Q8WTE?
OPSD_DICLA  Q9YGZ4

ANR_EISFO Q75W84
FSHR_EQUAS Q95179

MSHR_EULFU (4,1) Q864F6
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BACR_HALSA  P02945
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Q3T181_BOVIN  Q3Ti181
FSHR_BOVIN P35376
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TAAR6_MOUSE  Q5QD13
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FFAR2_ MOUSE  Q8VCK6

MLO10_ARATH  Q9FKY5

5HT2A_MACMU  P50128
OPSD_MESBI 062793

V1AR_MICOH QIWTVI
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NM_204930.1
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NM_001114166.1
NC_002607.1
NM_174233.2
NM_001034738.1
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NM_204221.1
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NM_001010828.1
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NM_146187.3
NM_125994.1
NM_001032966.1
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AF069304.2
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T24
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