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The best three distinct families of putative pheromone receptors have been identified in the
vomeronasal organ (V1Rs, V2Rs and V3Rs). All are G protein-coupled receptors but are only
distantly related to the receptors of the main olfactory system, highlighting their different role.
Objective: To characterize the Vomeronasal receptor 2 gene family in Zebra Fish (Danio rerio).
Methods: Extensive survey was done to choose top V2R genes. Different software and tools
were used to characterize those genesincluding Eggnog 2.0, MAFFT, ITOL, Weblogo and SOSUI
Signal. Results: In order to get insights into this gene family in Zebra fish, we performed an
extensive survey of V2R derived datasets. We identified 62 genes distributed among Danio rerio
encoding putative vomeronasal proteins. V2R gene family was found to be highly conserved in
this study by using Weblogo. It evolved at the level of eukaryotes. The V2R is involved mainly in
olfaction. Conclusions: The basic repertoire of V2R genes seems to be larger for most of the
speciesincluding Danio rerio and gene duplication still plays arole in lineage-specific increases
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indiversity. V2Rgene familyisveryancient, has high duplicability suggestingits essentiality.

INTRODUCTION

Evolution of pheromones have been seen in all phylum of
animals to indicate sex and dominance position and to
explain traditional social and sexual behaviour among
individuals of the same species. The vomeronasal organ
(VNO), a chemosensory organ situated at the base of the
nasal septum, is thought to be the primary mechanism in
mammals that detects these chemical signals. Different
pheromones or odorant molecules stimulate olfaction in
vertebrates, and the main sensory neurons in the olfactory
epithelium recognize these molecules through receptors
they have expressed [1]. The olfactory epithelium of fish
has been demonstrated to express receptors from the C
family of GPCRs [2, 3]. The solitary olfactory organ of the
fish has a subpopulation of microvillous sensory neurons
that express members of the olfactory C family GPCRs, in
contrasttociliated sensory neuronsthat express members
of the OR family of odorant receptors [4, 5]. Significantly,
two orthologousreceptorsfromthe zebrafishand goldfish,
designated as receptor 5.24 and receptor Z086,

respectively, are activated by amino acids [5, 6], which are
strong food signals in fish [7, 8]. These findings suggest
that the olfactory C family GPCRs could function as a family
of amino acid-sensing receptorsin teleost fish. Olfactionis
essential to vertebrates' daily activities, including prey
identification, predator avoidance, mating, and
territoriality [9]. The main olfactory system (MOS) and the
vomeronasal system (VNS) are the two separate nasal
olfactory systems found in the majority of terrestrial
animals [10, 11]. The metabotropic glutamate receptors
(mGIuR), extracellular calcium sensing receptors (CaSR),
and GABA-B receptors are all members of the GPCR "C
family," which also contains the V2R receptors [12]. The
major criteria for ligand binding are found in the long N-
terminal extracellular domain of members of this receptor
family [13, 14]. Around 60 V2R genes are encoded by the
genomes of the mouse and rat, respectively [15]. These
receptors are expressed in the subclass of Go-expressing
neurons in a manner that complements VIR/Gi expression
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[16, 17]. Zebra fish, or Danio rerio, are frequently employed
as model organisms for genetic and developmental
research. Developmental biology, cancer, toxicity,
reproductive studies, teratology, genetics, neuroscience,
environmental sciences, stem cell and regenerative
medicine, and evolution have all benefited from research
on Danio rerio. Because of its fully sequenced genome,
established genetic background, readily observable and
testable developmental characteristics, availability of
well-characterized mutations, quick embryogenic
development, and big, robust, and transparent embryos, it
is frequently employed as an experimental model. As a
result, it is crucial to characterise V2R genes in Danio rerio
and to conduct a phylogenetic and evolutionary
investigation.

METHODS

Orthologs of vomeronasal receptors were searched by
using eggNog version 2.0 and vomeronasal receptor genes
were found in 15 species of vertebrates. Multiple sequence
alignment was performed for subsequent computational
analysis. PubMed was used for literature survey.
Phylogenetic evolution of vomeronasal receptor in Danio
rerio was studied and the receptor genes were found in
species that were more closely related to it. All this was
done on PubMed. EggNog version 2.0
(http://eggnog.embl.de/version_2/) was used to get the
multiple sequence alignment and to get information about
duplicability of V2R gene. eggNOG (stands for evolutionary
genealogy of genes: Non-supervised Orthologous Groups)
is a database of orthologous groups of genes. The
orthologous groups are explained with functional
description lines (sourced by identifying a common
denominator for the genes rely on their different
annotations), with functional categories (i.e., came from
the original COG/KOG categories) [18]. Phylogenetic tree
was constructed by using MAFFT online version 6.0.
(http://mafft.cbrc.jp/alignment/software/). For this
purpose, first of all sequences of all the proteins including
ingroups, outgroups and candidate proteins were pastedin
FASTA formatin the query box. Then Phylogenetic tree was
obtained and NEWICK format was also obtained which was
used to make tree in ITOL database to make phylogenetic
tree again to compare the results. All the sequences in
newick format were pasted in the query box and were
uploaded. A tree was constructed by using ITOL. Weblogo
version 3.! (http://weblogo.berkeley.edu/logo.cgi) was
used to create sequence logos. Multiple Sequence
Alignment of all the sequences of ingroups, outgroups and
candidate proteins taken from MAFFT was pasted in the
query box to get the weblogo. Weblogo gives an idea of the
conserved amino acid sequences. NCBI protein database
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was used to get the protein sequences. TopPred was used
for the prediction of topology of Vomeronasal receptor.
SOSUl database was used to see, if this protein is a soluble
proteinandsignal peptide or not.

RESULTS

We have characterized the genes by using EggNog and
found 62 V2R genes. We have searched V2R genesin4more
species (Mus musculus, Oryctolagus cuniculus and
Xenopus laevis and Xenopus tropicalis). We took only few
representative V2R genes from other species as ingroup
for comparison. T2R was taken as outgroup from 4
different species (Danio rerio, Mus musculus, Xenopus
tropicalisand Oryctolagus cuniculus)(Figure 1Aand Table 1)
By using eggNOG version 2.0, it was revealed that V2R has
1563 proteins in 34 species which means that multiple
genes for thisreceptor are present in each of these specie
which are encoding several proteins. So, the gene for this
receptor is duplicable. BLAT results of V2R also confirm
that its gene is duplicable and has multiple copies in each
species(Figure1B).
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Figure 1: (A) Evolution of V2R genes as seen by eggNOG (B)
Duplicability of V2R genes

Species V2R Genes

Danio rerio 55

Mus musculus

Xenopus tropicalis

Xenopus laevis

alN]| S

Oryctolagus cuniculus

Table1: V2R Genesindifferent species

Figure 2 shows evolutionary analysis of V2R genes in form
of aphylogenetictree created by ITOL. V2R gene family was
found to be highly conserved in this study. It evolved at the
level of eukaryotes. The V2R is involved mainly in olfaction.
Inthe phylogenetic trees, outgroup has been observedasa
separate branch in all trees and has no link with the other
branches which shows that V2R and T2R are quite different
phylogenetically and it serves as a control here which
confirms that our phylogenetic analysis is correct,
otherwise T2Rcouldbeinbetweenthe V2R genes.
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Figure 2: Phylogenetic tree showing V2R in Danio rerio(73 genes).
Ingroupsandoutgroupsarealsoseenhere

Figure 3 shows generation of sequence Logo for V2R gene
family in Danio rerio generated by Weblogo that shows
highly conserved amino acid sequences in this family
indicative of its conservation throughout evolution and
history.
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Figure 3: Generation of sequence Logo for V2R gene family in
Daniorerio

Transmembrane topology of the vomeronasal receptor in
Danio rerio was predicted by using the database TMHMM
(Figure 4A). It showed that this receptor has 7
transmembrane domainsand length of protein sequenceis
approximately 850-900. Exp number of AAs in TMHs is the
expected number of amino acids in transmembrane
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helices. If thisnumberislargerthan18itisverylikelytobea
transmembrane protein (or have a signal peptide). If the
whole sequence is labelled as inside or outside, the
prediction is that it contains no membrane helices. Figure
4B shows another graphical diagram made by using
database TOPPRED (http://mobyle.pasteur.fr) and the
transmembrane topology of V2R in Danio rerio as predicted
by it also indicates that 7 it contains 7 helices which start
fromaminoacid sequence 600 till900.

-

- - -

Figure 4: (A) Transmembrane domains and length of protein
sequence (B) Transmembrane topology of V2R in Danio rerio by
TopPred

SOSUI signal result showed that V2R in Danio rerio is a
soluble protein and the amino acid has no signal peptide.
Table 2 reveals the amino acid sequence, length of the
amino acid sequences in each transmembrane domain,
initiation and termination of each domain, type of the
proteinstructure whichisprimaryinallthe helices.

Transmembrane c-

Type Length

region terminal
1 588 ISLTTASLLGSCICSAVVVIFA 609 [Primary| 22
2 625 SFLLLVSLKLCFLCVLLFIGOPQ| 647 |Primary| 23
3 659 GISFVLCISSILVKTMVVIAVFK 681 Primary| 23
4 702 TVLVLTALQVVICAVWLTNA 721 Primary| 20
5 746 VGFAMLLGYIGILAAVSFLLAFL| 768 |Primary| 23
6 779 AKFITFSMLIFCAVWIAFVPAYV 801 Primary| 23
7 813 IFAILASSFGLLAAIFAPKCYII 835 |Primary| 23

Table 2: Sequence of Amino Acid

DISCUSSION

By utilising EggNog to explore zebrafish draught genome
sequences, we were able to identify the V2R gene
repertoire in our work, which is consistent with the earlier
findings [18]. Our findings give a broad overview of the fish
V2R gene repertoire. In zebra fish, we discovered 55
putatively functioning V2R genes. The V2R family of
chemical receptor genesis thought to be the most variable
family of genes in fishes. The V2R gene family has a
similarly wide range of sizes inanimals. 61and 57 functional
V2R genes, respectively, have been reported in the mouse
and rat [15], but no functional V2R genes have been
discovered in humans or other primates [19, 20]. EggNog
results showed that V2R gene was evolved at the level of
eukaryotes. So, it means that it is not a new gene but was
present much earlier. It is present in metazoans,
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vertebrates and mammals too. It was not present in
bacteria. Its, appearance in during evolution and presence
in primitive to advance animals i.e.; from eukaryotes to
mammals) suggest that its role is very basic and essential
for organisms. It also gives us an idea about its
conservationthroughout evolutionand it was confirmed by
making sequence Logos of V2R sequences. Web Logos
also confirmed out hypothesis and these sequences were
found highly conserved among all the species throughout
evolution. eggNOG and BLAT results also indicated that
V2R gene is duplicable gene, which means that it has
multiple copies within same organism. If one of the gene
copies is mutated then this effect will be compensated by
the othergene copies present. So, thelethal effects will not
occur and the organism will carry its normal functions.
Table 1shows that there are many copies of V2R genesinall
these species. In the phylogenetic trees, outgroup has
been observed as a separate branch in all the three trees
and has no link with the other branches which shows that
V2R and T2R are quite different phylogenetically and it
serves as a control here which confirms that our
phylogenetic analysis is correct, otherwise T2R could be in
between the V2R genes. Ingroups were V2R genes of 4
different species i.e., Xenopus laevis, Xenopus tropicalis,
Mus musculus and Oryctolagus cuniculus. These ingroups
were present among the V2R of Danio rerio. Danio rerio is a
fish and after Danio rerio we can see the V2R of amphibian
and then mammals. It shows that during evolution first V2R
of fishes evolved and then amphibians and at last
mammals. Genes of one class or species can be seen
clusteredtogether. Web Logo shows that the sequences of
V2R proteins in all the species is highly conserved
throughout evolution. It is evident from the bold and big
size letters. The bigger the letter is, the more conserved it
is. Receptor of the V2R protein is G-protein coupled
receptor. We wanted to see that how many helices this
receptor has; are these helices transmembrane, present
inside or outside the cytoplasm and how many amino acid
sequences it has. These all are collectively called as
transmembrane topology which indicated that GPCR of
V2R has 7 transmembrane helices and has approximately
850-900 amino acid sequences. This was also showed that
it has 7 helices. V2R is a soluble protein with no signal
peptide. Table 2 indicates length of amino acid sequences
in all the helices, start and end point of each helix.
Hydropathy plot of V2Rreceptor shows cross sections of 7
transmembrane helices, its hydrophobic and polar regions
[18-201].

CONCLUSIONS

Here, we present a thorough examination of the OIfC
receptor family, a collection of C family GPCRs expressedin
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the olfactory system of zebrafish. This family, which by
evolutionary study differs from other C family GPCRs,
consists of sixty-two complete genes.

Conflicts of Interest
Theauthorsdeclareno conflict of interest.
Source of Funding

The authorsreceived no financial support for the research,
authorshipand/orpublication of thisarticle.

REFERENCES

[11 Buck LB. The molecular architecture of odor and
pheromone sensing in mammals. Cell. 2000 Mar;
100(6): 611-8.doi: 10.1016/S0092-8674(00)80698-4.

[2] Alioto TSandNgaidJ. The odorant receptorrepertoire
of teleost fish. BMC Genomics. 2005 Dec; 6(1): 1-4.
doi: 10.1186/1471-2164-6-173.

[3] Hashiguchi Y and Nishida M. Evolution and origin of
vomeronasal-type odorant receptor gene repertoire
in fishes. BMC Evolutionary Biology. 2006 Dec; 6(1): 1-
3.

[4] CaoY,0hBC, StryerL.Cloningand localization of two
multigene receptor families in goldfish olfactory
epithelium. Proceedings of the National Academy of
Sciences. 1998 Sep; 95(20): 11987-92. doi: 10.1073/
pnas.95.20.11987.

[5] Speca DJ, Lin DM, Sorensen PW, Isacoff EY, Ngai J,
Dittman AH. Functional identification of a goldfish
odorant receptor. Neuron. 1999 Jul; 23(3): 487-98.
doi: 10.1016/S0896-6273(00)80802-8.

[6] LuuP, AcherF, Bertrand HO, Fan J, Ngai J. Molecular
determinants of ligand selectivity in a vertebrate
odorant receptor. Journal of Neuroscience. 2004
Nov; 24(45): 10128-37. doi: 10.1523/JNEURQSCI.3117-
04.2004.

[7] HaraTJ. Olfaction and gustation in fish: an overview.
Acta Physiologica Scandinavica. 1994 Oct; 152(2):
207-17.doi: 10.1111/j.1748-1716.1994.tb09800.x.

[8] Hara TJ. Olfaction in fish. Progress in Neurobiology.
1975 Jan; 5: 271-335. doi: 10.1016/0301-0082(75)
90014-3.

[9] MombaertsP.Molecularbiology of odorant receptors
in vertebrates. Annual Review of Neuroscience. 1999
Mar;22:487.doi: 10.1146/annurev.neuro.22.1.487.

[10] Dulac C and Torello AT. Molecular detection of
pheromone signals in mammals: from genes to
behaviour. Nature Reviews Neuroscience. 2003 Jul;
4(7):551-62. doi: 10.1038/nrn1140.

[11] Grus WE and Zhang J. Origin and evolution of the
vertebrate vomeronasal system viewed through
system-specific genes. Bioessays. 2006 Jul; 28(7):
709-18.doi:10.1002/bies.20432.

MARKHOR VOL.3 Issue 2 Jul-Dec 2022 Copyright ® 2022. Markhor, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 23




[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

(20]

MARKHOR VOL.3 Issue 2 Jul-Dec 2022

Characterization of V2R genes in Danio rerio

Pin JP, Galvez T, Prézeau L. Evolution, structure, and
activation mechanism of family 3/C G-protein-
coupled receptors. Pharmacology & Therapeutics.
2003 Jun; 98(3): 325-54. doi: 10.1016/S0163-7258(03)
00038-X.

Han G and Hampson DR. Ligand binding to the amino-
terminal domain of the mGIluR4 subtype of
metabotropic glutamate receptor. Journal of
Biological Chemistry. 1999 Apr; 274(15): 10008-13.
doi:10.1074/jbc.274.15.10008.

Okamoto T, Sekiyama N, Otsu M, Shimada Y, Sato A,
Nakanishi S, et al. Expression and purification of the
extracellular ligand binding region of metabotropic
glutamate receptor subtype 1. Journal of Biological
Chemistry. 1998 May; 273(21): 13089-96. doi:
10.1074/jbc.273.21.13089.

Yang H, Shi P, Zhang YP, Zhang J. Composition and
evolution of the V2r vomeronasal receptor gene
repertoire in mice and rats. Genomics. 2005 Sep;
86(3): 306-15. doi: 10.1016/j.ygeno.2005.05.012.
Matsunami H and Buck LB. A multigene family
encoding a diverse array of putative pheromone
receptors in mammals. Cell. 1997 Aug; 90(4): 775-84.
doi: 10.1016/S0092-8674(00)80537-1.

Herrada G and Dulac C. A novel family of putative
pheromone receptors in mammals with a
topographically organized and sexually dimorphic
distribution. Cell. 1997 Aug; 90(4): 763-73. doi:
10.1016/S0092-8674(00)80536-X.

Fredriksson R and Schioth HB. The repertoire of G-
protein-coupled receptors in fully sequenced
genomes. Molecular Pharmacology. 2005 May; 67(5):
1414-25.doi: 10.1124/mol.104.009001.

Mundy NI. Genetic basis of olfactory communication
in primates. American Journal of Primatology:
Official Journal of the American Society of
Primatologists. 2006 Jun; 68(6): 559-67. doi:
10.1002/ajp.20252.

Zhang J and Webb DM. Evolutionary deterioration of
the vomeronasal pheromone transduction pathway
in catarrhine primates. Proceedings of the National
Academy of Sciences. 2003 Jul; 100(14): 8337-41. doi:
10.1073/pnas.1331721100.

Copyright © 2022. Markhor, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.564393/m;jz.v3i02.56

24




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

