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Abstract

Since the discovery of odorant receptors (ORs) in rodents, most ORs have remained orphan receptors. Even for deorphanized ORs
in vitro, their in vivo properties are largely unknown. Here, we report odor response profiles of two highly homologous mouse ORs,
MOR29A and MOR29B, both in vivo and in vitro. The BAC transgenic mouse was generated, in which olfactory sensory neurons
(OSNs) expressing the transgenes MOR29A and MOR29B were differently tagged with IRES-gapECFP and IRES-gapEYFP,
respectively. MOR29A- and MOR29B-expressing OSN axons converged on separate but nearby loci on the dorsal surface of the
olfactory bulb (OB). Optical imaging of intrinsic signals in the OB identified five different phenyl ethers as candidate ligands for
MOR29B. Based on in vitro calcium imaging with the isolated OSNs and luciferase assay with heterologous cells, only guaiacol and
vanillin were found to be potent agonists for MOR29A and MOR29B. Because of its accessible glomerular locations in the dorsal OB
and defined odor response profiles both in vivo and in vitro, the MOR29A ⁄ 29B tagging mouse will serve as an excellent tool for
studying both odor-signal processing and neural circuitry in the OB.

Introduction

In the mouse main olfactory system, inhaled odorants dissolved in the
olfactory mucosa of the olfactory epithelium (OE) are detected with a
repertoire of approximately 1000 different odorant receptors (ORs;
Buck & Axel, 1991). It is well-established that each olfactory sensory
neuron (OSN) expresses only one functional OR gene in a monoallelic
manner (Chess et al., 1994; Malnic et al., 1999; Serizawa et al., 2000,
2003). Furthermore, OSN axons expressing a given OR species
converge on one of approximately 1000 glomeruli in each mirror map
of the right and left olfactory bulb (OB; Ressler et al., 1994; Vassar
et al., 1994; Mombaerts et al., 1996). Thus, odorant stimuli that
activate a specific set of OSNs in the OE are converted to a
topographic map of activated glomeruli in the OB (Mori et al., 2006).

The OB is the first relay station for olfactory signal processing in
the brain, where each mitral ⁄ tufted (M ⁄ T) cell receives inputs from
homotypic OSN axons. It is important to study how the odor signals
are represented, categorized and processed in the OB. Electrophys-
iological and imaging studies of the OB revealed a domain
organization of the olfactory map – glomeruli for odor ligands with
similar functional groups tend to cluster in a particular region of the
OB (Mori et al., 2006). At least in the dorsal region of the OB, there
appear to be multiple functional domains for distinct innate responses
such as fearful, aversive, attractive and social behaviors (Kobayakawa
et al., 2007; Matsumoto et al., 2010).
Since the discovery of OR genes, identification of OR ligands has

been challenging because ORs are poorly expressed in the heterol-
ogous expression system. To date, dozens of ORs have been
deorphanized (Saito et al., 2004, 2009); however, odor response
profiles in vivo do not faithfully mirror those found in vitro (Oka et al.,
2006; Zhuang & Matsunami, 2007). Although numerous OR genes
have been tagged with fluorescent protein genes, odor response
profiles in vivo have been described only for a few OR species
(Mombaerts, 2004).
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Our group has been working on the MOR28 cluster located in the
mouse chromosome 14, which includes seven OR genes, MOR28, 10,
83, 29A, 29B, 30A and 30B (Tsuboi et al., 1999; Nagawa et al., 2002).
Possibly due to gene conversion during evolution, MOR29A and
MOR29B genes have been kept quite similar to each other; their
protein products share the 95% amino-acid sequence homology. In
order to study the odor receptive range and axonal projection of these
highly homologous ORs, we generated a mouse line in which the
transgenic MOR29A and MOR29B were differently tagged with two
fluorescent protein genes, enhanced cyan-fluorescent protein (ECFP)
and enhanced yellow-fluorescent protein (EYFP), respectively.
MOR29A and MOR29B glomeruli were identified in adjacent areas
on the dorsal surface of the OB.
In the present study, we have analyzed odor response profiles of

MOR29A and MOR29B, both in vivo and in vitro. It was found that
guaiacol and vanillin are potent agonists for MOR29A and MOR29B
in vitro. These results will help us understand how odor signals are
processed and control the neural circuits in the OB.

Materials and methods

Transgenic mice

Our animal research was approved by the Committees for Animal
Experimentation in both the University of Tokyo and Nara Medical
University, and was conducted in accordance with their guidelines.
MOR29A ⁄ 29B BAC transgenic mice were generated using a
C57BL ⁄ 6 mouse BAC clone (RPCI-23 339P24) as described
previously (Nakatani et al., 2003). The internal ribosome entry site
(IRES)-gapECFP and IRES-gapEYFP cassettes were introduced just
after the stop codons of MOR29A and MOR29B, respectively. The N-
terminal 20-aa sequence of mouse GAP-43 was used as a gap tag
(Serizawa et al., 2000).

Fluorescent images

Mice were deeply anesthetized with sodium pentobarbital
(2.5 mg ⁄ animal) and perfused intracardially with 4% paraformalde-
hyde. For whole-mount inspections, OBs were dissected from fixed
samples and mounted on coverslips. Cryostat sections of 16 lm
thickness were collected on glass slides. Fluorescent images of whole-
mount OBs and OE sections were photographed with a fluorescence
microscope, Model IX70 (Olympus, Tokyo, Japan), equipped with a
cooled CCD camera, the ORCA-ER (Hamamatsu Photonics, Ham-
amatsu, Japan). Acquisition and quantification of digital photos were
done with AQUACOSMOS (Hamamatsu Photonics).

Optical imaging of intrinsic signals

Optical and fluorescent imaging was performed on adult male
MOR29A ⁄ 29B transgenic mice (n = 4) as described previously
(Uchida et al., 2000; Matsumoto et al., 2010). Dorsal views of
glomeruli in the OB were constructed and superimposed onto the
optical imaging signals using ECFP ⁄ EYFP fluorescence signals and
blood vessels as references.

Fura-2 calcium imaging of dissociated OSNs

Candidate agonists for MOR29A and MOR29B were first screened by
intrinsic signal imaging of the OB. The identified molecules were then
analyzed using fura-2 calcium imaging of isolated OSNs as described

previously (Imai et al., 2006). Odorants in Ringer’s solution were
applied for 10 s at 1- to 3-min intervals. Data were acquired with an
AQUACOSMOS RATIO imaging system (Hamamatsu Photonics).
Fura-2 fluorescence at 510 nm was acquired every 2 s with excitation
at 340 ⁄ 380 nm.

Luciferase assays using the Hana2i cell line

Flip-In-293 cells (Invitrogen, Carlsbad, CA, USA) were used to
establish a stable cell line, termed Hana2i, expressing RTP1S and
Ric8b. Ric8b was bicistronically expressed using a synthetic IRES
sequence (Chappell et al., 2000). Hana2i cells were grown in DMEM
supplemented with 10% FBS. Hana2i cells in a 96-well format were
transfected with 150 ng ⁄ well pME18S-F-R-OR, 25 ng ⁄ well CRE-
Luc2P (pGL4.29[luc2P ⁄ CRE ⁄ Hygro]; Promega, Madison, WI, USA)
and 25 ng ⁄ well TK-hRluc (pGL4.74[hRluc ⁄ TK]; Promega) using
Lipofectamine 2000 (0.5 lL ⁄ well; Invitrogen) and incubated for 24 h.
The medium was then replaced with DMEM containing odor
ligands, and cells were further incubated for 4 h. Luc2P and hRluc
activities were differentially quantitated using the Dual-Glo Luciferase
assay system (Promega). Luminescence was measured using a
TriStar LB941 luminometer (Berthold, Bad Wildbad, Germany). The
pME18S-F-R-OR vector contains the SRa promoter, N-terminal
FLAG and bovine rhodopsin (N-terminal 20 aa) tags, and an OR
coding sequence. The complete N-terminal tag sequence is
MDYKDDDDKEFMNGTEGPNFYLE. RTP1S, Ric8b and OR coding
sequences were PCR-amplified from OE cDNA or genomic DNA
from C57BL ⁄ 6 mice.

Results

OSN axons expressing MOR29A and MOR29B converged on
distinct but nearby glomeruli in the dorsal OB

A previous study suggested that gene conversion during evolution has
maintained a high homology between the MOR29A and MOR29B
genes (Nagawa et al., 2002). To describe the axonal projection profiles
of these closely related OR genes, we generated bacterial artificial
chromosome (BAC) transgenic mice. To differently label the two
neighboring OR genes, we generated transgenic mice in which
MOR29A and MOR29B genes had been tagged with IRES-gapECFP
and IRES-gapEYFP, respectively, on a BAC clone (Fig. 1A; desig-
nated MOR29A ⁄ 29B). Three BAC transgenic lines were obtained,
and one line (no. 1A) was further analyzed because transgenic
MOR29A and MOR29B were expressed in a moderate number of
OSNs in this line. The MOR29A and MOR29B transgenes were
expressed in a mutually exclusive manner within the D-zone (zone 1)
of the OE (Fig. 1B). Although local permutations have been observed
(Strotmann et al., 2000), the axons of differently labeled OSNs
converge on nearby loci in the dorsolateral and medial OBs –
glomeruli for these two ORs were typically separated by a few to
several glomeruli (200 ± 100 lm (mean ± SEM), n = 11; Fig. 1C–E).

MOR29B glomeruli respond to five different phenyl ethers

Glomeruli for MOR29A and MOR29B were located on the dorsal OB,
where activation patterns for odorants have been extensively studied.
We therefore utilized optical imaging of intrinsic signals in the OB
(Rubin & Katz, 1999; Uchida et al., 2000; Igarashi & Mori, 2005;
Takahashi et al., 2004; Matsumoto et al., 2010) to screen for odor
ligands for MOR29A and MOR29B. Two types of fluorescence, ECFP
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and EYFP, served as references for MOR29A and MOR29B
glomeruli (Fig. 2). Intrinsic optical signals (absorption at 705 nm)
are thought to reflect presynaptic activity within the glomeruli, i.e.
OSN axon termini (Gurden et al., 2006). Aliphatic acids, aliphatic
aldehydes, aliphatic alcohols, aliphatic ketones and various other
aromatic compounds have been tested in ligand screening because
these odorants are known to activate glomeruli in the anterodorsal
region of the OB (Uchida et al., 2000; Takahashi et al., 2004;
Matsumoto et al., 2010). Some aromatic odorants with phenyl ether
groups (Mori et al., 2006), such as guaiacol (> 0.035% changes in
n = 8 ⁄ 8 half bulbs), veratrol (n = 6 ⁄ 8), creosol (n = 5 ⁄ 8), vanillin
(n = 3 ⁄ 4) and anisole (n = 7 ⁄ 8), specifically and reproducibly

changed the intrinsic optical signals in MOR29B glomeruli (Fig. 2;
for odorant structure, see Fig. 3). We did not observe any intrinsic
signal responses corresponding to MOR29A glomeruli, probably
because MOR29A glomeruli were relatively small. These results
indicate that the phenyl ethers described above are good candidates for
in vivo agonists for MOR29B.

OSNs expressing MOR29A and MOR29B responded to
guaiacol and vanillin

We then performed fura-2 calcium imaging of isolated OSNs
expressing MOR29A and MOR29B using these identified ligands

A

C

D

B

Fig. 1. Generation of MOR29A ⁄ 29B BAC transgenic mice. (A) Schematic representations of a genomic structure of the MOR28 cluster and a MOR29A ⁄ 29B
BAC transgenic construct. In a BAC clone containing the MOR28 cluster (MOR28-10-83-29A-29B), MOR29A and MOR29B genes were tagged with gapECFP and
gapEYFP, respectively, through internal ribosome entry sites (IRES). H, the locus control region for the MOR28 cluster; g, N-terminal 20-aa sequence from mouse
GAP-43, allowing plasma membrane localization. (B) Expression of transgenic MOR29A and MOR29B in the OE. Schematic representation of the OE section (left
panel) shows D-zone (zone 1) in orange. Coronal sections of the OE are shown in photos. The MOR29A (cyan) and MOR29B (yellow) transgenes were expressed in
a mutually exclusive manner within the D-zone of the OE. (C and D) Axonal projection of OSNs expressing MOR29A (cyan) and MOR29B (yellow). Whole-mount
views of (C) the dorsolateral and (D) the medial OBs are shown on the left. The distribution of MOR29A and MOR29B glomeruli (n = 11 for dorsolateral OBs and
n = 11 for medial OBs) is schematically illustrated on the right. Major and ectopic glomeruli are indicated by circles and crosses, respectively. The positions of the
major glomeruli are summarized in the middle. Bars represent SEM of glomerular positions along anterior–posterior, dorsal–ventral or medial–lateral axes. The
axons of differentially labeled OSNs converge on nearby loci (1–3 glomeruli apart) in the DII domain of the dorsal OB (upper panel). A, anterior; P, posterior; L,
lateral; M, medial; D, dorsal; V, ventral. Scale bars, 200 lm.

Fig. 2. Optical imaging of intrinsic signals in the OB from MOR29A ⁄ 29B transgenic mice. The mice were exposed to various odorants, and the dorsal surface of
the OB was imaged for intrinsic signals. The images are superimposed with fluorescence images, depicted by blue (MOR29A glomerulus) and green (MOR29B
glomerulus) spots. A, anterior; P, posterior.
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(Fig. 3). Calcium imaging demonstrated that OSNs expressing
MOR29B responded to only guaiacol and vanillin among the
candidate molecules tested at 500 lm. Some ligands that appeared
to change the intrinsic signals in the OB (i.e. creosol, veratrol and
anisole) did not elicit calcium signals in isolated OSNs.MOR29BOSNs
were responsive to guaiacol in a dose-dependent manner, with an EC50

value of approximately 30 lm (Fig. 4A). MOR29B OSNs also
responded to vanillin with a slightly larger EC50 value (Figs 3 and 4).

Guaiacol and vanillin also activated MOR29A OSNs (Fig. 4B). It
should be noted that both MOR29A and MOR29B OSNs responded to
forskolin, an activator of adenylyl cyclase, in the control experiments.
Antagonistic odorants have previously been identified for a mouse

OR, MOR-EG (Oka et al., 2004). To test the generality of this
receptor antagonism, we examined whether chemicals related to
guaiacol could suppress the responses of MOR29B OSNs. Increasing
concentrations of phenol reversibly inhibited the response to 100 lm

A

B

Fig. 3. Molecular receptive range of MOR29B in OSN calcium imaging. (A) As determined by fura-2 calcium imaging, OSNs expressing MOR29B specifically
responded to 500 lm guaiacol. The inset shows EYFP fluorescence, and an arrow depicts the cell analyzed by calcium imaging. The ratio of fluorescence intensities
at 510 nm with excitation at 340 ⁄ 380 nm is shown (left panel). Note that MOR29B OSNs responded to both 50 lm forskolin (an activator of adenylyl cyclase) and
high K+ (100 mm). (B) The molecular receptive range of MOR29B OSNs as determined by calcium imaging experiments. MOR29B OSNs responded to guaiacol
and vanillin at concentrations of 500 lm, but not to the other derivatives at this concentration. OSNs responsive to 50 lm forskolin were analyzed. All odorants were
tested on at least two OSNs. Responses to guaiacol or vanillin were confirmed at the end of each imaging session.
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guaiacol with an IC50 value of approximately 3 mm (Fig. 5).
These results indicated that phenol acts as a weak antagonist for
MOR29B.

MOR29A and MOR29B were activated by guaiacol and vanillin
in a heterologous expression system

We further examined the odor response profiles of MOR29A and
MOR29B in a reconstituted system in vitro. ORs are poorly expressed
in heterologous cells. RTP1S, a chaperone ⁄ accessory molecule for
ORs, has been reported to dramatically enhance the cell surface
expression of ORs in HEK293 cells (Zhuang & Matsunami, 2007).
Ric8b, a putative guanine nucleotide exchange factor for Gaolf, has
also been reported to augment OR-cAMP signals (Von Dannecker
et al., 2006). We therefore generated a HEK293-derived cell line,
Hana2i, in which RTP1S and Ric8b are stably expressed from a

defined Flp-In locus (Fig. 6A). A rhodopsin N-terminal sequence
(rho-tag) was added to ORs to further facilitate cell surface expression.
To quantify cAMP signals, we performed a dual luciferase assay: cells
were transfected with three expression vectors, cAMP response
element – firefly luciferase (CRE-luc2P), thymidine kinase promoter –
Renilla luciferase (TK-hRluc), and SRa promoter – OR
(SRa-FLAG::rho::OR). When expressed in Hana2i cells, MOR29B
exhibited robust responses to guaiacol and vanillin (Fig. 6B).
Normalized luciferase activity was increased approximately 100-fold
at the maximum, which was a much larger increase than that seen in
the other ORs, including MOR29A, MOR-EG, M71, M72 and I7 (data
not shown). The EC50 value for MOR29B was approximately 30 lm,
which was equivalent to that obtained in calcium imaging experiments
with the isolated OSNs (Fig. 4B). As in the calcium imaging
experiments, vanillin activated MOR29B with a slightly larger EC50

value than guaiacol in the Hana2i cells. Similar, albeit smaller,

A

B

Fig. 4. Dose–response correlation of odor responses in MOR29A and MOR29B OSNs. (A) OSNs expressingMOR29B responded to both vanillin and guaiacol in a
dose-dependent manner, as determined by fura-2 calcium imaging. An arrow in the inset depicts the cell analyzed by calcium imaging. (B) Dot-plot representation of
calcium responses of MOR29A and MOR29B OSNs to guaiacol and vanillin.
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responses were observed with MOR29A (Fig. 6C). These results
confirm that guaiacol and vanillin are potent agonists for MOR29A
and MOR29B in vitro.

Discussion

Molecular receptive range of MOR29B

In the present study, we have generated a BAC transgenic mouse in
which the two tandemly linked OR genes,MOR29A andMOR29B, are
differently tagged with IRES-gapECFP and IRES-gapEYFP, respec-
tively. We attempted to identify odor ligands for these two highly
homologous ORs both in vitro and in vivo. We performed optical
imaging of intrinsic signals in the transgenic mouse OB and then
screened for odor molecules that activate MOR29A and MOR29B
glomeruli. As guaiacol and its related phenyl ethers specifically
activated MOR29B glomeruli in vivo, we also examined calcium
imaging in vitro using the isolated OSNs expressing MOR29B.
Among various aromatic compounds, only guaiacol and vanillin

activated MOR29B-expressing OSNs in vitro. It has been reported that
MOR-EG responds to vanillin and eugenol but not to guaiacol (Katada
et al., 2005). Thus, the molecular receptive range of MOR29B
partially overlaps with that of MOR-EG. Previous structure–function
studies of MOR-EG indicated that eugenol is recognized by a cavity
formed by helices 3, 5 and 6 (Katada et al., 2005). As MOR29B is
robustly expressed in HEK293 cells in the presence of chaper-
one ⁄ accessory proteins, it will be interesting to study the structure–
function relationships underlying ligand recognition by MOR29B,
comparing with those of MOR-EG.

Domain and cluster organization in the OB

Vertebrate OR genes are phylogenetically divided into two distinct
classes: class I and class II (Zhang & Firestein, 2002). Class I ORs are
expressed exclusively in the D zone of the OE, and OSNs expressing
them project their axons to the most anterodorsal area in the OB (DI

domain; Tsuboi et al., 2006). In addition to the class I ORs,

Fig. 5. Phenol antagonizes the guaiacol-induced calcium responses in MOR29B OSNs. In fura-2 calcium imaging experiments, OSNs expressingMOR29B (EYFP)
responded to 100 lm guaiacol. However, these responses were reversibly inhibited by increasing concentrations of phenol. Responses to guaiacol were completely
abolished by 10 mm phenol.
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approximately 300 class II ORs are also expressed in the D zone of the
OE, but their corresponding glomeruli reside on the periphery of the
class I area in the OB (DII domain). The remaining class II ORs are
expressed in the V zone of the OE, and their glomerili are found in the
ventrolateral area in the OB (V domain; Kobayakawa et al., 2007;
Bozza et al., 2009; Matsumoto et al., 2010). The OB is also divided
into distinct subdomains at clusters on the basis of the chemical
natures and structural features of odor ligands (Mori et al., 2006).

We and others have previously reported that OSNs expressing
similar OR genes tend to project their axons to closely proximal areas
in the OB (Tsuboi et al., 1999; Strotmann et al., 2000; Feinstein &
Mombaerts, 2004). This phenomenon is probably due to the tendency
of homologous ORs to generate close levels of cAMP signals, and
thereby produce axon guidance molecules (e.g. Neuropilin-1) at
similar levels (Imai et al., 2006, 2009). In the present study, we found
that two homologous ORs, MOR29A and MOR29B, are both
activated by guaiacol and vanillin, as determined by calcium imaging.
These results suggest that both MOR29A and MOR29B glomeruli
belong to ‘Cluster C’, which commonly responds to odorants with
phenyl-ether groups (Mori et al., 2006). We also found that other
homologous mouse ORs, M71 and M72, are activated by acetoph-
enone in Hana2i cells (data not shown). A tendency for homologous
ORs to recognize similar odorants, and at the same time to direct OSN
axons to similar areas in the OB, may be an additional mechanism
underlying the generation of odor domains and clusters in the OB.
This idea is also supported by a previous study of eugenol-responsive
ORs in vivo (Oka et al., 2006).

Possible factors affecting in vitro vs. in vivo response profiles

Although guaiacol and vanillin elicited robust responses in both
MOR29B glomeruli and MOR29B OSN soma (Figs 2 and 4), some

ligands that activated MOR29B glomeruli did not activate MOR29B
OSNs based on calcium imaging of the isolated OSNs. Furthermore,
guaiacol and vanillin were potent agonists of MOR29A and MOR29B
as determined by OSN calcium imaging (Fig. 4), while they did not
induce significant responses in MOR29A glomeruli (Fig. 2). Because
some of these discrepancies may be related to technical issues, for
example poor spatial and focal resolution in OB imaging, we cannot
exclude the possibility that dim signals are originating in neighboring
glomeruli. In contrast to our results with MOR29B, Oka et al. (2006)
reported that MOR-EG responded to more odorants in vitro.
Several factors could underlie the discrepancies in the in vivo and

in vitro odor responses of MOR29A and MOR29B. First, differences
in vapor pressure could affect in vivo sensitivity – some odorants are
efficiently delivered to the nostril by airflow whereas others are not.
Second, the solubility of odorants in olfactory mucosal fluid could also
affect in vivo sensitivity. As equilibrium constants should vary
depending on chemical species, predissolved molecules and solvents,
odorant concentrations in the odor source or in the air phase cannot
easily predict the final odorant concentrations in olfactory mucosal
fluid. As a result, for some odorants, saturation concentrations in
mucosal fluid may exceed those in saline solution. Furthermore,
odorant binding proteins and metabolic enzymes in the mucosa may
also account for these differences (Xu et al., 2005; Oka et al., 2006).
Third, antagonistic molecules in the olfactory mucosal fluid may also
affect in vivo responses (Oka et al., 2004); in our OSN calcium
imaging experiments, responses of MOR29B-expressing OSNs to
guaiacol were suppressed by increasing concentrations of phenol
(Fig. 5). Finally, inhibitory glomerular neuronal circuits via periglom-
erular cells in the OB may presynaptically suppress the activity of
OSN axon termini (Aroniadou-Anderjaska et al., 2000; McGann
et al., 2005; Murphy et al., 2005; Vucinić et al., 2006). The lack of
responses in MOR29A glomeruli may be partly due to such circuit-

A B

C

Fig. 6. Luciferase assay in a heterologous cell line, Hana2i. (A) Schematic diagram of the Hana2i cell line and the dual luciferase assay. Expression of Luc2P, under
the control of the CRE promoter, indicates a level of cAMP signals induced by the odorant-OR interaction. Expression of hRluc is constitutive, driven by the TK
promoter. (B and C) Luciferase assay of Hana2i cells transfected with either (B) the MOR29B or (C) the MOR29A expression vector. After transfection, cells were
incubated with odorant-containing media for 4 h, and the activities of Luc2P and hRluc were separately measured. The level of Luc2P ⁄ hRluc expression in the
absence of odorants was defined as 1. Data are expressed as mean ± SEM (n = 3). Results are representative of three independent transfection experiments.
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level inhibition. It will be interesting to quantitatively investigate these
phenomena in future studies.

A transgenic tool for the study of OB neural circuitry

In the present study, we have identified the odor ligands for MOR29B
both in vivo and in vitro, i.e. using optical imaging of intrinsic signals,
OSN calcium imaging and a Hana2i cell luciferase assay. Although
several odor–OR pairs have been established in transgenic mice (e.g.
I7 fi M71, M71, MOR-EG, MOR23), MOR29B and its ligands are
particularly useful for the study of olfactory circuitry for several
reasons (Bozza et al., 2002; Oka et al., 2006; Grosmaitre et al.,
2006). First, MOR29B glomeruli are located on the dorsal surface of
the OB and are easily accessible for optical imaging and electrophys-
iological experiments. Second, guaiacol and vanillin elicit robust and
specific responses in MOR29B glomeruli. Third, in contrast to the rI7
fi M71 knockin mouse using the rat OR gene (Bozza et al., 2002),
the transgenic MOR29B appears to recapitulate the endogenous one.
Fourth, MOR29B is efficiently expressed in heterologous cells in the
presence of chaperone ⁄ accessory proteins, allowing in-depth studies
of ligand–receptor interactions. The MOR29A ⁄ 29B transgenic mouse
described in this study permits the odor-evoked activation of a defined
glomerulus in accessible locations and, thus, would serve as an
excellent tool for electrophysiological and developmental studies of
OB neural circuitry. Our next step is to understand how the odor
information is processed in the OB and how the odor-derived signals
control the OSN projection and circuit plasticity. Are second-ordered
neurons, M ⁄ T cells, naı̈ve with respect to projections? Are M ⁄ T cells
instructed by OSNs? What mediates the synapse formation between
the OSN axons and primary dendrite of M ⁄ T cell? These interesting
questions are to be answered in the future. The transgenic
MOR29A ⁄ 29B system will serve as an excellent model system for
studying the axon wiring and neural-circuit formation in the OB.
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