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Identification of ordinary glomeruli of Bombyx mori facilitates 
the understandings of neural pathways of antennal lobe neurons 
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Fig. 1 Scheme of the AL structure and AL neurons in 
Bombyx mori.

Fig. 2 Improvement of signal-noise-ratio by direct organization staining.
A) A confocal image of the raw (not stained) brain. B) A confocal image of 
the AL of male Bombyx mori after application of direct organization staining. 
C),D) Fluorescent intensities on red lines of A and B. 

Fig. 3 Neural tracts around the antennal lobe as landmarks.
 The anterior antennal lobe tractⅠ (AAT1), medial cell cluster tract  (MT), 
lateral cell cluster tract  (LT) , macroglomerular tract  (MGT), and posterior 
antennal lobe tract Ⅰ (PAT1) were identified in each preparation.

Table 1. Divisions of the AL to 6 regions based on landmarks.

Table 2. List of indentified glomeruli

Fig. 4 Marking glomeruli in the AL. 
    A)-H) show z axis slice series in each 15 µm.  a)-h) Marks that show the 
glomeruli area were superimposed on A)-H) images. The colors marked on 
the  glomeruli are the same as in Fig 5.

Fig. 5 3D reconstruction of the AL glomeruli. 
    The left and right parts show respectively the anterior and posterior view. 
Each color represents one region. A:red AD:blue A:green V:yellow, PD:pink 
and P:purple. In the MGC, toroid, cumulus and horseshoe are colored in 
yellow, light green and dark purple. All identified glomeruli were named.

Intracellular staining
While viewing the monitor of the DIC microscope (Olympus BX51) equipped with a CCD camera, an electrode which had resistances of 

50~100 MΩ was inserted into a neuronal cell body. LY contained in the electrodes was injected ionophoretically with a 0.5~1 nA constant 
hyperpolarizing current for 5 min.
The brain was fixed with 10% formaldehyde and 0.2% picric acid for 30 min at 4 C. Then the tissue was washed twice for 10 min in PBS 

and dehydrated with an ethanol series and cleared in methyl salicylate.

Microscopy and 3D reconstruction
Each stained brain was imaged frontally using a confocal microsopy  system (LSM-510, Carl Zeiss, Jena, Germany) with plan apochromat 

and x40 (n.a.=1.0) objectives.The LY-stained brains were examined with 458-nm excitation and a long-pass emission filter (>475nm) or 505-
55 bandpass filter in whole mount. The brains immersed in Alexa Fluor were examined with 543 nm excitation and a long-pass emission 
filter (>560 nm). Each optical slice image was obtained with a digital zoom x0.7x an 512x 512 size. Serial optical sections were  acquired at 
0.7-1 mm intervals throughout the entire depth of an AL. The stack of confocal image was converted to a 3D image using an image 
processing software (Amira, TGS, Berlin, Germany) and analyzed.
The shape of each glomerulus was identified visually on each optical slice. Each glomerulus was marked as an image and then reconstructed 
to 3D polygons.

Fig. 6 Division of specific glomeruli 
 A) DLLeaf appears as one glomerulus in this AL. The right picture 
is a 3D reconstruction of DLLeaf in A. B) DLLeaf seems divided in 
two in this AL. The right picture is a 3D reconstruction of DLLeaf 
in B.

Fig. 8  Emergence of a glomerulus near unidentified glomeruli. 
One slice of confocal image in the AD region of one antennal lobe. The right side picture is a 3D reconstruction of the left 
picture in the AD region. The number of glomeruli in the AD region is 11 in this AL.  B) One slice of confocal image in the AD 
region of one antennal lobe. The right side picture is a 3D reconstruction of left picture in the AD region. The number of 
glomeruli in the AD region was 10 in this AL. 

Fig. 7  Emergence of small glomeruli near a specific glomerulus.
 A) VCG3 stands right besides VLG. B) An unknown glomerulus has 
emerged between VCG3 and VLG. The right side pictures are 3D 
reconstructions of the left side.
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CFig. 9 Method of division of an AL lobe local interneuron using 
synaptic regions.
 A) The diameter of the dendrite correlated with the number of 
synapse buttons on the dendrite : the number of synapse buttons 
remarkably increased when the diameter of the dendrite was 
inferior to is 1.5mm. B) Picture: One dendritic branch was 
divided to a-e regions. C), D) and E) were regarded as 
independent synaptic regions. The tree shows the connections 
between the synaptic branches.

Fig. 10 3D reconstruction of an AL 
local interneuron.
 A) A projection image of the whole 
local interneuron. B) One confocal 
slice image of the AL local 
interneuron. Different colors show 
different regions.  C) 3D 
reconstructed image of the local 
interneuron.

Fig. 11 Whole tree showing the relation 
between all synaptic branches of the neuron 
shown in Fig. 10.

Fig. 12 Major glomeruli groups connecting local 
interneurons. The connections between glomeruli 
were studied in six local interneurons.
Specificities of the marked glomeruli were
1) A single synaptic branch connected more than 
three glomeruli.
2) Three or more than three neurons in the 6 studied 
local interneurons innervated the glomeruli groups 
described in 1).

1. In the antennal lobe of the male Bombyx mori, 39 glomeruli of   
approximately 60 glomeruli were constantly identified.
2. There was variability among individuals in the number of glomeruli   
observed. This variability could be evaluated to a maximum of 8 
  glomeruli in one antennal lobe.
3. A detailed analysis of thin branches of local interneurons showed that   
one synaptic branch has synapses in up to 5 different glomeruli.
4. Most local interneurons seem to have a single synaptic branch in a   
few specific glomerular groups.

1 We can now identify the glomerulus in which a projection   
neuron receives input. This technique will allow us to   
correlate the input and output areas of a single projection   
neuron with its physiological properties.

2 We are currently making an olfactory map of the glomeruli   
using Ca imaging.

Introduction

Materials and Methods

Results

Discussion Summary

Direct organization staining 
To visualize the structure of the brain including individual glomeruli of the antennal lobe (AL), we stained the brain of the 

silkworm moth (Bombyx mori) directly with a fluorescent dye. We used mainly Lucifer yellow CH (LY;Sigma, St Louis, MO)  and 
occasionally Alexa Fluor 568 (Molecular Probes Europe BV).  The antennal nerve and ventral nerve code were cut and the whole 
brain of the moth was isolated.
The brain was prefixed in 4% paraformaldehyde in bombyx saline (140 NaCl, 5 KCl, 7 CaCl2, 1 MgCl2, 4 NaHCO3, 5 trehalose 

and 5 N-tris (hydroxymethyl)-2- amino-ethanesulfonic acid (TES) and 100 sucrose (mM))  during  2-3 minutes, rinsed in bombyx 
saline for five minutes, put in 0.1% LY in saline for 4 hours, fixed in 4℃ 4% formaldehyde  one-eight  hour, dehydrated with a 
70%→80%→90%→95%→100%→100% alcohol series, and cleared with methyl salicylate for 5 min.

A)Variation in glomeruli often occurs around big glomeruli (Figs 6, 7).
An emerging glomerulus may originated from a big glomerulus. This would suggest a variability in the 
innervation patterns of receptor neurons although one type of receptor neuron was been reported to innervate 
a single glomerulus in Drosophila.  The emerging glomerulus may be innervated by the same receptor 
neuron as the big glomerulus but work in a different way. The occurrence of such division indicates that one 
big glomeruli may possess distinct functions and may therefore work not only as a detector of odor 
discrimination but also as a detector of direction, concentration, combination of odor or other roles.
B) Specific glomerular groups tightly connect LNs (Figs 11, 12)
1) The group comprising Flower, Flowerbase, DLLeaf etc is called the MSG. This group has been reported 
to be bigger in the female antennal lobe (Koontz and Schneider 1987). Our result shows that the MGC, the 
male sexually dimorphic glomerular organization, was tightly connected to the MSG. This connection may 
imply a relationship between the physiological functions of these two glomerular structures. 2) 5-HT has 
been reported to be effective in the area around PVLTG, LVG1 and LVG2 (Hill et al., 2003). This group may 
therefore play a 5-HT-related role in the AL of Bombyx mori.
 These two idea support our assumption that the tight connection between glomeruli by synaptic branch 
reflect the physiological role of specific glomerular groups.
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region position

A Anterior region
most anterior 8 glomeruli which can be all
identified, dorsal side of AAT1

AV Anterior Ventral region
ventral side of AAT1, anterior side of VLG,
ventral side of MG2 and VCG3 including the

AD Anterior Dorsal region
dorsal side of A region, anterior side of MGT,
dorsal to MG2 and VCG3

V Ventral region ventral side of AV anterior to the root

P Posterior region anterior side of PLG3, ventral side of PAT1

PD Posterior Dorsal region dorsal side of POT1, posterior of MGT

Future Plan

D

A

C

B

D

Table 3 Number of glomeruli in each region from 10 
distinct antennal lobe. 

Fig. 13 Preliminary data for searching the 
correlation between the input areas, the 
output areas and the physiological 
properties of the projection neurons.
A), B) and C) show the  morphology of 
projection neurons which innervate 
ordinary glomeruli.  We can observe that 
the branching pattern between B) and C) 
is different.
D)  Positions of glomeruli which were 
innervated by projection neurons shown in 
a), b) and c) .
E) Physiological property of the 
projection neuron which was stimulated 
by odors (underbar) shown in A). Scale 
bar:500ms and 10mV.  
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DLLeaf
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C

VMLeaf

Flower

DLLeaf
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D

a 10 11 7 11 7 13 59
a 10 11 7 11 7 13 59
b 10 10 7 11 7 13 58
c 10 10 7 12 7 13 59
c 10 10 7 12 7 14 60
d 10 11 7 12 8 13 61
e 10 10 8 11 8 14 61
e 10 11 7 12 8 14 62
f 10 12 7 12 7 13 61
i 10 13 7 10 8 13 61

R

L

R

R

R

R

R

R

L

L

region name place shape

A CG
dorsal of small tract and
VCG1-3

A DCG dorsal side of CG
A LCG lateral side of DCG

A AG2
dorsal side of DCG and
MCG1

A AG1 dorsal side of DCG and

A AG3
medial side of MCG1 and
AG2

A VCG4
ventral of ALTG,　lateral of
VCG3　Dorsal of AAT1

A ALTG anterior side of LCT

A MCG1
lateral side between CG
and DCG, dorsal of the along z axis

A MCG2
lateral of Yo, ventral side of
G4 　dorsal side of the tract

AD AMTG anterior on MT
AD VMTG ventral  on the MT
AD DMTG dorso-medial of MT
AD DLTG dorsal  on  LCT
AD AD0X

AV MG2
middle of two way branch
of AAT1　, medial of Yin

AV MG1
ventro-Lateral　side of MG,
Ventral side of AAT1

AV VCG0
Ventro-medial　side of CG,
medial of VCG1

AV VCG1

 most medial　one of the
three glomeruli which
wraps CG from ventral
side, dorsal of VLG

AV VCG2

middle 　one of the three
glomeruli which wraps CG
from ventral side, dorsal of
VLG

AV VCG3

lateral　one of the three
glomeruli which wraps CG
from ventral side, dorsal of
VLG

AV VLG
ventral side of cvg1-3, very
big glomeruli very big

V LVG1
ventro-lateral of M3 and
M4, 　lateral of LVG　fan

V LVG2
posterior  side between
LVG1 and LVG3

V LVG3

middle between VLG and
LVG1 ventral side of VCG1
and VCG2

V LVG4
posterior side of VLG and
LVG3

V PVLTG posterior-ventral  of LT
V V0X

 

PD LLG1 Posterior-Medial　of LC1
very big glomerulus,
along PAT1

PD LLG2
dorso-Medial side  of LLG,
ventral side of Horseshoe

very big glomerulus,
along ventral-dorsal axis

PD Flower
most dorsal, wrapped by
Flower Base smallest glomerulus

PD FlowerBase ventral side of Flower

PD DMLeaf
lateral of Flower Base,
medial of LLG2

PD VMLeaf
Ventral Medial side
ofFlower Base

PD DMG

most  posterior medial,
ventro-medial of VMLeaf,
middle of two way branch
of PAT1

PPLG1(Posterior Large G)ventral side of PAT1 along PAT1
P PLG2 ventro-lateral side of PLG1
P DOTG dorsal of OACT
P VOTG ventral of OACT
P POTG Posterior　on  root of OACT

P PLG3 most ventro-posterior
large  along medeal-
lateral axis

P P0X

italic:unidentified glomeruli   bold:glomeruli which can be easily identified.

Different individuals are marked with a different alphabetic 
letter. R/L represent respectively the right and left AL in the 
brain. The regions where variation occurred were marked with 
colors. An example of the red type of division is shown in Fig. 6. 
Blue represents the emergence of small glomeruli as shown in 
Fig. 7. Green represents emergence of glomerul near the 
unindentified glomeruli shown in Fig. 8.
The maximum variation observed in region A was 0, 3 in region 

B, 1 in AV, 2 in V, 1 in PD and 1 in P. The maximum variation in 
all regions of the brain was 8.

Basic facts
1.  The antennal lobe (AL) is the first olfactory center in 
the insect brain (Fig. 1).
2.  One glomerulus is an unit of information processing in 
the AL (Figs 1, 2).
3. Usually a few glomeruli respond to one odor (Fig. 2).
Our philosophy
4. The morphology of the AL and the neural connections 
between glomeruli reflect the properties of the 
olfactory information processing in the AL.
5. The morphology of the AL is mainly based on the 
distribution of glomeruli.
6.  An analysis of the AL and AL neurons morphology 
based on a precise identification will facilitate the 
understanding in olfactory information processing.


