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1. What is the Brain Architecture Management System

The Brain Architecture Management System (BAMS; URL.: http://brancusi.usc.edu/bkms) is an online

knowledge management system designed to handle neurobiological information at different levels of
organization of the vertebrate nervous system (NS).

BAMS handles data and metadata collated from original literature, or inserted by scientists that is
associated to four levels of organization of the vertebrate NS: expressed molecules, neuron types and classes,
brain regions, and networks of brain regions.

Structurally, BAMS consists of a relational MySQL database and several modules of middle-layer
applications written in PHP for querying the backend database and web display of data and metadata.

1.1 BAMS: general structure

The structure of BAMS is modular (the general structure is shown in Figure 1), with the Brain Parts
module as the center of the system. Brain parts are uniquely defined by a tuplet made of the name of the part,
the nomenclature used to identify and name it, the nomenclature version, and species. A brain nomenclature
is defined as an internally consistent set of terms used to name a part of the CNS. The number of terms
included in a nomenclature is variable (at least one), and the nomenclature version uniquely specifies the set.
Usually a brain nomenclature is associated with a brain atlas, but this does not constitute a constraint for
inserting it. The constraints that are taken into account are the internal consistency of terms, whether the
reference is original research, and the brain region names are associated with textual definitions, or at least
depicted on a brain atlas.

The other modules of BAMS are Connections, Relations, Cell Types, and Molecules.

Connections module of BAMS holds data and metadata about macroscopic neuroanatomical projections
between brain regions. Any neuroanatomical projection can be represented in BAMS by a set of more than
40 attributes. Details about this module can be found in Bota et al. 2005.

The Relations module stores qualitative spatial relations between brain regions, as well as cited
references.

The Cell Types module allows insertion of names and definitions of neuron types and classes, as well as
relations between them, as collated from references. The module also records neuron populations attributes,
such as position within brain region, density and pattern of staining. It also includes a neurons classification
schema, which allows specification of criteria used to hierarchically organize neuron nomenclatures. See
Bota & Swanson, 2007 for details.

The Molecules module represents data and metadata as collated from the literature and pertaining to
brain regions or neurons that are recorded in different physiological states: “normal” and “manipulated”.
Molecules are classified in two general classes: “cell associated” and “releasable by neurons”. The “cell
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associated” class is further divided in classes accepted by the IUPHAR nomenclature (http://www.iuphar-

db.org/index.jsp).
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Figure 1. The relational structure of BAMS, emphasizing the Molecules and Cell Types modules. For detailed

description of BAMS Connections and Relations modules see Bota et al. 2005.

The Molecules module allows insertion of quantitative and qualitative attributes as identified using
radioactive tracers, immunohistochemistry, or gene expression. It also includes a comprehensive schema for
metadata representation (see Figure 1). A full description of this module can be found in Bota & Swanson,
2006.




2. BAMS: web interface

BAMS interface was designed to handle data and metadata in different ways, and is organized in
modules, matching the structure of the backend database of the system.

2.1 BAMS Menu — Main Features
The options for online search and manipulation of data and metadata can be found in the Menu of
BAMS, which has the following structure:

Search Brain Parts by
Name
Species
Nomenclature
References
Cells
Molecules

Evaluate Connections Reports
Outputs
Inputs
Nomenclatures
Networks of Brain Regions

3. Searching for information in BAMS
3.1 Search Brain Parts by Name

The search of brain parts by name (direct link:
http://brancusi.usc.edu/bkms/brain/search_bname_con.php) can be performed in four different ways:

search name of brain regions, search of abbreviations of brain regions, choosing an abbreviation from a
scroll-down list and full text string search, as shown in Figure 2.



http://brancusi.usc.edu/bkms/brain/search_bname_con.php

Search brain parts by name Partial string match I
Search! | Reset

Search brain parts by abbreviation Partial string match Ii Choose an abbreviation I 6a ﬂ
Search! | Reset Search! | Reset |

Full text search || |

Search! | Reset

Figure 2. The options of search brain regions by string match with their name, abbreviations, and full text search of

their descriptions.

The general result of any search of brain regions by string match is similar to that shown in Figure 3.
It includes the name, type (gray matter, fiber tract, or ventricle) and abbreviation of retrieved brain parts,
the nomenclature and the version used to identify those, species (strain),

9 exact maches and 369 partial matches

Exact matches:

4 L Homenclature ) 1 pAMS
Brain Part Type [Abbreviation |[Nomenclature| ket Species General Description \associated
information
Bed nuclei of the stria rojections
gray matter|BST Swanson Swanson-1998 Rat |According to Ju and Swanson 1989, i
terminalis molecules.
Based on extensive connectional data (see Dong et al. 2001; and Dong and
Swanson, in preparation) we have simplified the nomenclature originally proposed
by Ju and Swanson (1989). In essence, the anterodorsal, anteroventral, and
Bed nuclei of the stria dorsolateral areas of the anterior division have been combined into an anteromedial
gray matter|BST -2004 Rat projections
terminalis area, and the subcommissural zone has been merged with the anterolateral area
of the anterior division. In addition, the rostral end of the dorsomedial nucleus has
been added to the anteromedial area, and the caudal tip of the principal nucleus of
the posterior divizion has been assigned to the interfascicular nucleus instead.
Bed lei of the stri:
BIRAD s, ! gray matter|BST -1892 Rat None provided
terminalis
bed l fth Mo d ipti ided. Th lat dapted f th 150-
ed nucleus of the aray matter|5ST et N s oot o description provided. The nomenclature was adapted from atlas, pages
stria terminalis 159
bed nucleus of the gray matter|BST \ai \ai19aT Human Mo description provided. The nomenclature was adapted from the atlas, pages
stria terminalis 313-328
Bed nucleus of the
gray matter|BST Hof Hof et al-2000 Mouse Mo description provided.
stria terminalis
Bed nuclei of the stria
gray matter|BST Dong Dong-2007 Mouse Mo description provided
terminalis
The bed nucleus of the stria terminalis (B5T) is a rostral forebrain structure closely
Bed nucleus of the . 3 3 n
irim fermials gray matter|BST Moga Moga-1983 Rat related to the amygdala, its major source of afferent input (Weller and Smith, 1982;
De Olmos et al., 1985).
..generally classified as a member of the caudal group of =eptal nuclei. The BST
forme the floor of the lateral ventricle and is bounded dorsomedially by the ventral
aspect of the lateral septal nucleus, and laterally by the internal capsule which
Bed nuclei of the stria gray matter|BST 3 Olsos de Olmos Rat =zeparates it from ca?u.date-uutarr.'en and globus paliidus (Figs. 34; 4.)’-«‘ E-A‘.B, C;6A
terminalis. to E; 7F). Caudally, it iz successively bounded by the =tria medullaris and in part by
the columns of the fornix. Rostrally, it i= bounded by the nucleus accumbens, while|
wentrally it merges with the preoptic area. Collator note: this term ie not captured in
@ hierarchy; its subparts are components of the different amygdaloid nuclei.

Partial matches:

B > 3 Nomenclature P - 2Lk
Brain Part Type |Abbreviation [Nomenclature| it Species General Description
information
cells
Bed nuclei of the stria |gray
BSTov Swanson Swanson-1998 Rat |According to Ju and Swanson 1989, projections
terminalis oval nucleus | matter
molecules.
Bed nuclei of the =tria by cells
terminalis. ,gmjrﬁ, BSTju -1998 Rat [According to Ju and Swanson 1989, projections

Figure 3. The result of search by brain parts by abbreviations. In this example, the searched string was “BST”. The

retrieved records of brain parts are associated to the part type, abbreviation, nomenclature and its version, species,




description that usually includes the definition of the brain part, according to the authors nomenclature.
Additionally, this page includes a metadata field called “BAMS associated information” which summarizes the

types of data and metadata that are registered in the system and are associated with the retrieved part.

The retrieved list of brain parts is organized according to two criteria. The first listed are those brain
parts that match exactly the searched string. Inside of each of the two sets of records (exact matches and
partial matches), the first listed are those regions that are associated to cell, molecules or connectivity
information in BAMS.

The result of free text search is split in two steps. The first step retrieves those nomenclatures and
nomenclatures versions that include brain parts with names partially matching or descriptions where
searched text was found. An example is shown in Figure 4.

The term amygdala is related to seweral brain nomenclatures. Click on the "Atlas wersion" to view all those records which are associated to amygdala.

Species I Atlas/Version I

e FanosFrankin2001 ||

Mouse

Hof, strain Hof et al.-2000
C5TBLIS

de
Olmaos

Swanson-1558

Swanson Swanson-1562

[l

Swanson-2004

Rat

P e ————

Moga

Krettedk Krattak & Price |

LL%

Mai Mai- 1557
Human
T SouserHoman2002 |
Berman- Berman/Jones-1582 |
Cat Jones I
Macaca fascicularis| < Bowden fnoimlimmeillh Il |

Figure 4. The list of nomenclatures and their versions (Atlas/Version), arranged by species, which include brain

parts that have in the term “amygdala” in their description.




This additional step was introduced just to reduce the number of records, which can be big for strings
like “amygdala”, and thus increasing the processing and display time for each user. Once a nomenclature is
chosen, the associated set of results will be posted as shown in Figure 5.

Your search retrieved a number of 14 records that match the string "amygdala”

Type of o ! Atlas . Inserted
Name of Structure | #P® %% | Abbreviation | Species| Atlas | 7%= | Reference [ General Description =
o= The olfactory amygdala is characterized by direct inputs from the olfactory bulb and reciprocal connections with ather areas
nervous
Olfactor aray Olfactory e o de system. mceﬁe \v\‘ngﬁl::::r;:iry I":;Jt In a::ltlnn xiﬁen‘enhﬁ:ﬂﬂhme rna'lan‘ Tl’a::fz‘hﬂh' all ﬂ‘:eh:u:\‘el of the: nlfalr.hry aTygt:ala rEceI \\;‘E - 2007
aJm ala maticr || amygdata Oimos| Oimes | velme1 | #erents = piriform cortex, entorhinal cortex, horizontal lim e diagonal band locus coeruleus and raphe nuclei. to other [ 10
e extra-amygdaloid area appears to project to all the olfactory amygdala. Efferents from all the nuclei in the olfactory amygdala project
‘and Midbrain|| o the piriform cortex and fundus striati
The rat
nervous
de ||de system on the basis of histochemistry and connectivity the amygdala can be divided into an "olfactory amygdala", a "medial amygdaloid | 2007-
Amyaqdala aray Amygdal Rat
Amyadala matter vodala Olmos | Olmos | Volume | group"”, a "basolateral amygdaloid group”, and a "central amygdalaid group”. 1128
Forebrain
and Widbrain
The rat |
nervous . : : _
5 is a relatively cell-poor area located lateral to the dorsal part of the medial nucleus [of amygdala] and traversed by fibers destined
Infra-amyqdaloid | gray de ||de system . ! e ° : : 2007-
e | ey, ||BSTA Rat Oimos| Olmos | Volume | | 7oF the stria terminalis. The BSTIA cells are medium sized, but are |arger and stain lighter than those in the medial amygdala. The =
pemonsthe B2 Forbrain | BSTIA corresponds to the intra-amygdaloid division of the BST described by Krettek and Price (1978 a, b}
and Widbrain
is a conspicuous ovoid collection of neurons creating an eminence on the surface of the rostromedial pole of the amygdala just at
the caudomedial end of the main body of the lateral olfactory tract [Atlas, [Paxinos and Watson, 1982] Figs 17 and 18). It is surrounded
The rat by a superficial extension of the anterior amygdala which separates the LOT from the olfactory tubercle rostrally, the anterior cortical
nervous nucleus laterocaudally, and the bed nucleus of the accessory olfactory tract and medial amygdala caudomedially. In Nissl sections,
Hucleus of the gray Lot Rst de de system. three layers can be ised in the LOT: a layer {1}, a ial dense cell layer [2), and a deep multiform cell layer (3). | 2007-
olfactory tract matter Olmos| Olmos | Volume | Layer 1 contains few scattered small to medium sized cells. Layer 2 consists of a ibed oval cell of 11-28
Eorebrain | tightly packed, deeply staining, medium sized pyramidal neurons. Layer 3 is formed by slightly larger, more loosely arranged
and Midbrain| myitiangular cells which cover the top of layer 2 like a cap. In Golgi ions, the rounded of this nucleus it
clearly from neighboring structures. Its neuronal population is made up in its greater part of pyramidal and modified pyramidal cells,
but also include stellate cells
constitutes the caudal third of the superficial amygdala lying posterior to the Me and caudomedial to the FLCo [Fig. 3E, F]. The
posterior limb of the amygdaloid fissure signals superficially its separation from the caudemedial tail of the AHi and from the
ventromedial transitional entorhinal cortex [VMEnt). Dorsally, it is capped almost completely by the remainder of the AHi and the.
The rat hippocampal formation. In cell preparations, the PMCo appears as a relatively well ibed ovoid mass of small
Posteromedial nervous and medium sized, palely staining cells which is separated from the pial surface by a molecular layer. The existence of an incipient
cortical aray —rn o de ||de system stratification in the PMCo is consistent with the earlier neurogenesis of the superficial cells {E15-E18) as compared with the deeper | 2007-
amyqdaloid matter Olmos| Olmos | Volume | lying ones (E16-E17) [Bayer, 1980). In Golgi preparations, the PMCo [Fig. 7E}, like the other two cortical subnuclei, consists of a 1203
nucleus Forebrain | majority of modified pyramids whase rather thick, sparsely branched but spiny apical dendrites project to the depth of the nucleus.
and Widbrain | Mixed with medified pyramids, it is possible to find fusiform and polymerph [stellate) cells generally located in the depth of the
nucleus. The PMCo correspends to the amygdala superficiale caudalis ventralis superficialis of Uchida {1980}, the posterior cortical
nucleus of Yu (1963}, the posterior cortical nucleus of Krettek and Price [1578b), and fo the posteromedial cortical nucleus of Turner
and Zimmer (1984}
The rat
Basolateral nervous On the basis of i and criteria, four major nuclei can be recognized as
¥ , L
Ba“":'f’.ad' 9"’3‘; amygdaloid | Rat doe‘ doT Vﬂ—f'em ‘ of the id group: lateral [La, {BL), ventral {BLV} and [BM). This ';Jg.uur?;
amyqdaloid qroup :
2myqdaield group | matter | oo ] [l F;’r:r:i" heterogeneous assemblage of neurons occupies 48.8% of the total volume of the rat amygdala {Herzog, 1982).
and Midbrain

Figure 5. The list brain parts that have in their description the term “amygdala”, and are associated with “de

Olmos” brain nomenclature. See text for details.

The table shown in Figure 5 includes two types of links: one that is associated with the retrieved brain
parts, and one associated with the cited reference. The link associated with the cited reference leads to a page
that displays details about it, which includes URL to the Pubmed abstract, if the reference is an article
published in journal indexed by this database.

The link associated with the retrieved brain parts leads to a page that summarizes the data and metadata
associated in BAMS. The example shown in Figure 6 represents a summary of the data and metadata
associated with a nucleus of the rat paraventricular hypothalamic nucleus, identified in the Swanson-1998
nomenclature. The minimal displayed information is the list of identical terms identified in other
species/nomenclatures and the definition, and the reference details of the brain part, which can be accessed
by clicking on the button “More”. An example of the metadata that can be accessed through the “More”
button is shown in Figure 7. This includes the criteria used to include the associated brain part in an
internally consistent hierarchy.

If the retrieved brain part is captured in a hierarchical tree, then the tree of super-parts (parents) including
it and the set of substructures that lie immediately under it are returned. Users can navigate along the




hierarchy of a nomenclature by accessing any structures that are either superstructures or substructures of the
retrieved brain region. If the searched region’s hierarchical tree is reconstructed up to the root (the CNS for
the rat brain nomenclature, Swanson-1998), then users can view the position of the retrieved region in the

reconstructed hierarchical tree by clicking the button “Tree,” as shown in Fig. 6.

e L BER .....5ame term found in other nomenclatures
. .
Detailz about PWHmpd. More Tree ____Open list Help?

Hierarchy level in atlas Swanson, version Swanzson-1998 is & 7 superstructures include it.

Tree of Paraventricular nucleus of the hyp nus, parvicellular division, medial parvicellular part, dorsal zone
Brain
Brainstem
Interbrain
No other subparts of Hypothalamus
PVHmMpd. Periventricular zone of the

hypothalamus
Paraventricular nucleus of the
hypothalamus
Paraventricular nucleus of the

hypothalamus, parvicellular division

Cell populations Chemoarchitecture
motor neurcendocring magnocellular vasopressin neuron releasable by neurons ” cell associated
motor neurcendocring parvicellular CRH neuron corticotropin-releasing hormene|[Enzymes
motor neurcendocring parvicellular TRH neuron enkephalin sulfhydryl oxidase

motor neurcendocring parvicellular SOM neuron neurctensin
descending neuron, sympathetic system oxytocin

was0pressin
somatostatin
methionin-enkephalin
leucine-enkephalin
melanin-concentrating hormone
hypocretinforexin
angiotensin Il

descending neuron, sympathetic/parasympathetic system

Complete chemoarchitecture profile

Efferent projections of Paraventricular nucleus of the hvpothalamus, parvicellular division, medial  Afferent projections to Paraventricular nucleus of the hvpothalamus, parvicellular division, medial
parvicellular part, dorsal zone parvicellular part, dorsal zone

Afferent projections translated from other nomenclatures

Figure 6. The output page that summarizes the data and metadata associated to a brain part in BAMS. See the text for

detailed explanation of each displayed category.




Type of
Structure

Name of
Structure

Ref

I Description of Structure | Collator |

Abbreviation | Species Atlas Version of Atlas

=}

Dur delineation of the hypothalamus is|
based on the description of Simerly
(1995). The general cytoarchitecture of
the mouse hypothalamus has been
Th described by Broadwell and Bleier (1977).
e  mouse| e
Paxinos [ Franklin-| | brain in Uiz SR T o

2001 - o aromataseimmunoreactive cells in the
hypothal; and other areas has besen
mapped by Foidart et al. (1995). See
Ruggiero et al. (1984) and Baker et al.
(109032) for a description of catecho-
laminergic cells in the hypothalamus of
the mouse.

gray

matter Hy Mouse | Paxinos/Franklin

Hypothalamus

coordinates.

The hierarchy of the Hypothalamus was constructed partially from the infermation found in the asscciated reference, as well as using additicnal criteria.The approach used by the cellator Mihail
Eota is not endorsed by the author of the nomenclature.

Same as for the associated structure

The hierarchy of this region was constructed using the rat atlas Paxinos and Focrcrmas

Collator argument i n 1998 and Simerly 1995. See also Swanson 1992,

of hy ic i ion (1995)

“: the reference was used by both cellator and author

Figure 7. The details about a brain region of interest that can be accessed by clicking on the button “More” shown in
Fig. 6. The displayed metadata include the description (definition) of the region, and the method of including it in a

internally consistent hierarchy.

In this example, the position in the hierarchy of the brain region “Hypothalamus” identified in the mouse
and defined in the neuroanatomical atlas Paxinos/Franklin-2001 (Paxinos and Franklin, 2001), is based on a
reference cited by the authors of the nomenclature and on a reference used by the collator. Users can thus
view the modes of hierarchy construction for the brain region of interest, as well as arguments and references
used by collators, in a textual format, along with references that were used.

The output web page containing information about the searched brain region (Fig. 6) also includes links
to several BAMS inference engines associated with the Cells and Molecules modules. Each of these
inference engines will be discussed below.

Search of brain parts can be performed in two additional ways (see the general structure of the Menu,
page 4): search parts by species (direct link http://brancusi.usc.edu/bkms/brain/search_bspecies.php), and

search by nomenclature (direct link http://brancusi.usc.edu/bkms/brain/search-nomenclature.php).

The interface for search brain parts by species lists the distinct species, or genera, which are recorded in
BAMS. So far, there are five distinct species (genera) recorded in BAMS: human, macaque (general),
Macaca fascicularis, cat, rat, and mouse. The various rat and mice strains are displayed in the output pages of
different queries. As for the free text search option, the result of search by species is first limited by the
nomenclature, and this type of encoding was made for the same reason: the reduction of time of processing
of queries, which can become important if the computational load is big. Different of the free text search, the
intermediary step of choosing a nomenclature includes graphically encoded metadata, that specify whether a
nomenclature is hierarchically organized, and its brain parts are associated with connectivity reports. An
example is shown in Fig.8, which is the display of nomenclatures associated in BAMS with species rat.
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Click on the "Nomenclature wversion™ to wiew all those records that are associated with the species Rat.

Sp-eciesl Nomenclature/Version I

Swanson-1993 ||
FerorT Swanson-1932 ||
Swanson-2004 ||

Paxinos/Watson-1958 “

Paxinos
Rat
Moga Mogs-1289 |
Krettek Kretiek & Prce

de Olmaos| de Clmaos Il

The nomenclature(s) in ilics (is) are hierarchically organized.

Structures from nomenclatures in green are associated to connectivity reports.
Figure 8. The intermediary step of choosing a nomenclature, which is a part of the query of search of brain regions
by species. The nomenclatures that are hierarchically organized and include brain regions that are associated with

connectivity reports, are graphically labeled (italics fonts, and font color green, respectively).

After a nomenclature is chosen, the system returns the brain parts included in it, alphabetically
arranged. If the nomenclature includes more than 50 terms, then the returned page will include only the first
50 ones, an alphabetical index, and a search by name option. The structure of this output page was designed
in such way that will be processed and displayed as fast as possible. An example of the output of search brain
parts by species is shown in Figure 9.
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Species: Rat, Atlas: Swanson, Reference: Brain Maps: Structure of the Rat Brain

Your search will retriewve more than 50 names. You may want to narrow the search, or view the names of brain structures alphabetically.

Search by name I
of structure

Mame of Structure

Search! |

ABCDEFGHIJKLMNOFRSTUVZ

The first 50 structures retriewved by your query. Click on any below to see details about them

Type of
Structure

Abbreviation

General Description of Brain Part

Abducens nerve

| fiber tract |[vin

I According to Hebel and Stromberg 1386

gray - -

Abducens nucleus r | Vi | According to Glicksmann 1880. |
Abducens nucleus gray . s e

e . | Yi_p | This is the remaining part of the abducens nucleus after eliminating the accesory abducens nucleus |
Bccesory abducens gray S

= . | ACWI| | According to Szekely and Matesz 1382, |
Bocessory facial gray £

nucleus r ACVII According to Szekeley and Matesz 1352,

BAccessory olfactory gray E - .

bulb r AOB According to Gurdjian 1325, Shipley et al. 15596,

Accessory olfactory -

bulb, glomerular aray . ACBgl None provided

layer

BAccessory olfactory gray =

bulb, granular layer | matter —— BT Iz

Figure 9. The result of search of brain regions by species. This search is initially restricted by nomenclature, as shown in
Fig. 8.

The result of search of brain regions by nomenclature is very similar to that of search by species (Fig.
9). The option of search is made of a pull-down list of available nomenclature versions, as shown in Figure
10.

Cheose a brain nomenclature from the menu below:

nemenclature| | Krettek & Price jl

Swanson-1992
Swanson-1998
His-Nomina Anatomica-1835
Paxinos/Watson-1998
Mai-1997
Bowden-Human-2002
Bowden-Macaca-2002
Berman/Jones-1932
Paxinos/Franklin-2001
Hof et al.-2000
Swanson-2004
Dong-2007

Felleman & van Essen

Moga-1989
de Olmos

Figure 10. The list of neuroanatomical nomenclatures included in BAMS, arranged in a pull-down list, which can used

for brain parts searches.
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3.2 Manipulation of neuroanatomical projections in BAMS

Neuroanatomical projections are modeled in BAMS by a complex backend database schema that
includes more than 40 variables (Bota et. al. 2005). The interfaces that have been developed range from
simple display of experimental data and metadata, to inference engines that construct possible brain regions
networks, or qualitatively translate projection reports across different nomenclatures.

The simplest way to view the pattern of connectivity of a brain region is to search for it (see section 3.2),
and the result of the search will be a page similar to Fig. 6. If the brain region is associated with projections
reports in BAMS, then two links become available to the user: “Efferent projections to” and “Afferent
projections from”.

The link “Efferent projections to” becomes visible to the user whenever the brain region is associated
with projections reports that originate from it and terminate in other regions. The output page of this link will
list all brain regions that receive neuroanatomical projections from the region of interest, and are recorded in
BAMS. If the associated brain nomenclature is hierarchically organized, then the list of inputs will be
organized accordingly. An example of such output is shown in Fig. 11.

List of regions which receive projections from: PVHmpd Target region | Humber of reports | Collator(s)

i

FVT Larry Swanzon

Parawentricular nucleus of the thalamus (PWT)
Lateral hypothalamic area (LHA) LHA
Medial preoptic nucleus (MPN)

Dorzomedial nucleus of the hypothalamus (DKH)
Periaqueductal gray (PAG)

Dorzal motor nucleus of the vagus nerve (DKMX)
Median eminence (ME)

Larry Swanzson

MPM Larry Swan=son

DMH Larry Swanson

Larry Swanzson

(e
gHaNdns

O Mihail Bota

ME Mihail Bota

Figure 11. The hierarchically organized list of brain regions that receive projections from the rat PVHmpd, identified in

the Swanson-98 nomenclature, together with associated number reports in BAMS and collators.

The output page does not only display the list of regions that receive projections from the brain region
of interest, but also the associated number of reports and collators. Clicking on the link associated with the
target region abbreviation will lead the user to the summary page shown in Fig. 6. Clicking on the buttons
included in the right-hand side table, under the field “Target region” will bring details about the target region,
as shown in Fig. 7. The details of connectivity reports that are associated to each target region can be
accessed by clicking on the buttons under the field “Number of reports”. The details of the projection from
the rat PVHmpd to the median eminence (ME) are shown in Figure 12.

13



Details about the neurcanatomical projections from PVHmpd to ME

Receivin Projection [Type of General

Sending structure < = SIE h Technigue s Collater Aszsociated reference
structure  |strength connection dezcription

Parawventricular nucleus of the ) Swansan LW, Sawchenko

] .- Median J F . . |Collator note: =ee| e 1 b
hypothalamus, parvicelular division, ) light not known  |bisbenzimide| Mihail Bota IP.E.. Wiegand S.). & Price
: 2 eminence Figure 1 page 192.
medial parvicellular part, dorzal zone J.L.. 1530

Figure 12. Projection reports details that can be accessed by clicking on the buttons that display the numbers of reports,
shown in Fig. 11. Displayed metadata include the assessed qualitative strength of the projection, the connection type (in
terms of neurotransmitters), the used technique, an annotation which can be used to associate the text most relevant to
the presence or absence of the projection, the collator’s name, and the associated reference. If the reference is a

published journal article, the URL to the PubMed abstract will also be displayed.

The link “Afferent projections from” shown in Figure 6 becomes available when the brain region of
interest is associated in BAMS with reports of regions that send neuroanatomical connections to it. The
display of sources that project to the brain region of interest and of the associated metadata is very similar to
Figs. 11 and 12.

Whenever a brain region, captured in a hierarchy, is composed of subparts, and at least one of these is
associated with connectivity reports in BAMS, then two additional links become available in the summary
web page (Fig. 6): “Inferred efferent projections”, and “Inferred afferent projections” (Fig. 13).

....3ame term found in other nomenclatures

Details about PWH. More | Tree

: ?
[--Open list Help?

Hierarchy level in atlaz Swanzon, version Swanzon-1398 iz &: § superstructures include it.

’ Tree of Paraventricular nucleus of the hypothalamus
Major Subparts

— Brain
Part ype

Paraventricular nucleus of the hypothalamus, descending division |gray matter
Paraventricular nucleus of the hypothalamus, magnecellular divisien|gray matter
Paraventricular nucleus of the hvpethalamus, parvicellular divisien (gray matter

Brainstem

Interbrain

Hypothalamus
Periventricular zone of the hypothalamus

Inferred chemoarchitecture profile

Efferent projections of Paraventricular nucleus of the hypothalamus Afferent prejections to Paraventricular nucleus of the hyvpothalamus

Inferred efferent projections of Paraventricular nucleus of the hvpothalamus Inferred afferent projections to Paraventricular nucleus of the hvpothalamus

Figure 13. The BAMS page that displays summary information about the paraventricular nucleus of the hypothalamus
(PVH). If a brain regions, such as PVH, is made of a set of subregions, and at least one of these is associated with
reports of efferent or afferent projections, then two additional links will become available to the user: “Inferred efferent
projections” and “Inferred afferent projections™. These links lead to pages that reconstruct the output, and input

respectively”, projections patterns of the brain region (PVH) from the projection reports associated to its subregions.
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The output pages of either of these links reconstruct in tabular formats the connectivity patterns of the
brain region of interest from the connection patterns of the component subparts. The inferred pattern of
inputs to the rat PVH is shown in Figure 14.

The pattern of infered afferent projections of the icular nucleus of the

& Numbers in boves represent retrieved reports sbout 2 specific projection (present or 25s2nt), Empty cells represent lack of information sbout 2 particulzr projection
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Figure 14. The inferred afferent pattern of projections of the PVVH, online reconstructed in BAMS. The pattern is
displayed in a tabular format. Numbers in boxes represent reports about a specific projection (present or absent). The

empty cells of the matrix represent lack of information about those particular projections.

3.3. Construction of brain regions networks in BAMS

The web interface of BAMS allows online construction of brain region networks from recorded
connectivity reports.

The first way of creating brain regions networks is to use the “Outputs” option from the Menu (path:
Menu->Evaluate-> Connections—>Outputs). This option will first create the matrix of output connections of a
set of brain regions that is chosen by the user. Therefore, users have to choose the set of brain regions of
interest from the set of all regions that are recorded in BAMS with at least one projection. In order to do this,
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they first have to choose the brain nomenclature they will be working with, from the list displayed by the

system (Fig. 15).

Select from the table below a nomenclature used to identify neurcanatomical projections

Swanson-1958 |

Paxinos/Watson-1558 |

Swanson-2004

Fellemsan & van Essen Il

Figure 15. The set of brain nomenclatures, from which the user has to chose in order to construct the connectivity

matrix of interest.

Once the nomenclature is chosen, the system will display all the brain regions that are associated with

efferent projections reports in BAMS, in a tabular checkboxes format as shown in Fig. 16.

Please choose up to 100 regions defined in lature Swanson-1998 and associated with efferent projections reports:
AAA  ACA ACAd  ACAv  ACB  AD ADP AHA  AHN AHMNa AHNc  AHNd  AHNp  Ald Alp AV AM AMEd  AMd AMv
r r r r r r r r r r u r r r r
AOB  AON AP APN ARH AVP AVFV B BA BLA BLAa BLAp EBMAa EMAp  BST BSTad
1 r - r | - r I u I r r r r Il r
BSTal BSTav BSTdm BSTRu  BSTH  BSTju  BSTmg  BSTov BSTpr  BSTrh  BSTsc  BSTh STv  CA1 CAlsp cAz caz  cB CEA CEAc
r r r r r r r r r r r r r r r r r r r r
CEAl  CEAm CL cLa cm coA COAa COApl  COApm  COM cp cs si Csm cun pco DG DGlb-po  DGlb-sg DMH
r r r r r r r r r r r r r r r r r r r r
DMHa DMHp DMHv DN DR o ECT ENT ENTI ENTI-6  ENTm ENTm1-6 EP EPd EPv FF N FS &P GPI
r r r r r r r r r r r r r r r r r r r r
GPm  GRN  HIP HPF HY 1AM ic IF I6L ILA ILm ) A 0] 10da IOma  lOpr 1P 1P 1PHa
i r - r i I r r I - r 1l r I r r r r i r
IPNe  1PHd  IPHNI 1PHr isl KF LA LAV Lc Lo Lot LGd Gv LGl LGvm LH LHA LM Lp LPO
r r r r r r r r r r r r r r r r i | r r r
LRN LS Lsc LScv  LScwvi LScwvld LSevlv LS Lsrdl  LSrdlld LSrmd  LSrmy  LSrvl LSrvldl LSrvidm LSv  MA MARN ~ MBO WD
r r r r r r r r r r r r r r r r r r r r
MDc  MDI  MDm MORNv ~ MEA  MEAad MEAav  MEApd WMEApd-a MEApd-b MEApd-c MEApv ~ MEPO MG M MO  MOB  MOp  MOs  moV
r r r r r r r r r r r r r r u r r r r r
MPN  MPNc  MPNI MPNm  MPO  MPT MRN ms s iy ne NDB ni Nic Nid NIS  NLOT  NOT HPC R
i r - r I I r r u r r i r I r r r r 1 r
NTS  NTSm OP ORE OREl ORBm  ORBv  ORBwl OT ov PA PAA PAG  PAGd PAGAI PAGm PAGrm PAGvI  PAR PE
r r r r r r r r r r r r r r | r r r
PEG  PBI  PBlc PBId PBle  PBIs PBIv PBmm  PCG PD PERI PF PG PGRNI  PH PIR PR3 PL Pl PV
r r r r r r r r r r r r r r r r r r r r
PO POR  POST PP PPN PPT PRC PRE PR PRING PRNT FRP PRT  PS PSCH PT PVa  PVH PVHam  PVHap
r r r r I r r r r r r I r r r r L r r
PUHdp PVHIp PVHmpd PVHmpy PVHpm PVHpv  PVI PVp PUpo PUT R RA RCH  RE RER RERd RERI RH RL R
il r r r I i r r I r r I r il r r r r il r
RM RPO  RR RSP RSPagl RSPd RSPv RSPv-a RT sBPV  sC sCdg SCH  sCig SCig-a sCigb SCigc SCsg  SF SFO
r r r r r r r r r r r r r r r r | | r u r
5@ SH sl sLD sMT  sn Shic shir 50 sor SPF SPFm  SPFp  SPIV SPVC 58 SSbid 8§51 sSm 884
r r r r r r r r u r r r r r r r r r r r
ssul  $Sp &M suB SUBd  SUBv  SUM SUMI  SUMm  SUV TEv TH ™ R RN T4z TU VAL vi il
r r r r r r r r r r r r r r r u r r r r
VIS ViSal ViSam  VISim  VISp  VMH VMHa  VMHe  VMHdm  VMHvI VNG VP VPLpc VPMpc  VTA Vi ox v z z
il r r r i il r r I r r I r il r r r r Il r

Submit I Reset |

Figure 16. Once users choose a brain nomenclature, the set of brain regions that are associated with efferent projections

reports are displayed checkboxes labeled with the regions’ abbreviations. The name of each brain region will be

displayed if the mouse is over the abbreviation. Users can choose up to 100 regions, to create the matrix of interest.

16



Once the user chose the set of brain regions of interest, the system will display all the regions that
receive connections, and are recorded in BAMS. The user can choose of subset from these targets, or all of
them. Once these regions have been chosen, the system will create the corresponding matrix of projections in
a tabular format. Figure 17 shows the connectiviy matrix between several amygdalar nuclei and the
components of the bed nuclei of the stria terminalis (BST), all of them identified in the rat nomenclature
Swanson-1998.

Complete output

The recenstructed connectivity matrix:

Sanding |AAA  |BLAa |BLAp |EMAa |BMAp |CEAc |CEAl |CEAm |COAa |COAp! [COApm
Receiving ‘ ‘ ‘

Bstaa | 1 || [l =t 2l )l =02t 0] =1 2]
st |1 || (|2t 2]l 2] st d[_2 ] = 1] =]
Bstav | 1 || [l =2l =2l 2]l 202 2] =]|_+]
CET N | N | N | N | | N | N N
Bstar |1 || [z d| 2|l 202t 0] = 1|2
mstam | 1 || [ [ = d| 2]l )| 202 d[_a 0] =] 2]
s |1 || [zt 2l 2]l =02t 2] =1 o]
s |1 || [zt 2]l ]l 2l ad[ 2] =1 =]
T | | N N Y
Bstor |1 || (]2t 2]l sl =02 d[_2 0 = 1]«
ER N | N | N | N | | |
EEC P | N | N | N N | N | W | N N
Bstee |1 || [zl =2l 2] =202 d[_2 1] =1 2]
e |1 || [ =t sl ]| 2l 2t 2t =21 2]
EE Y | | N N |

Fill the matrix Existence of connections Maximum strength [color coded) Extend this network

ml Evaluate | Evaluate Extend |

Figure 17. The user-created matrix of projections of several nuclei of the rat amygdala to the parts of the BST. Users

have several options of further processing and organizing this matrix, trough the buttons displayed.

The reconstructed connectivity matrix shown in Figure 1 is similar with the matrix shown in Figure 14,
with empty elements that mean lack of information about that particular connection. Details about each of
connection (each element of the matrix) can be accessed by clicking on the corresponding buttons. As in
Figure 14, the numbers displayed on each button mean the number of reports associated with a particular
connection. This output display includes several options for further processing and display of projections




data. The button “Fill the data” becomes available whenever there is an empty cell in the reconstructed
matrix. In this situation, the system will attempt to fill the “missing” information with connectivity data
translated from other nomenclatures. The button “Existence of connections” will re-display the reconstructed
connectivity matrix in a Boolean fashion: existent projections, absent projections and “missing” information.
The “Maximum strength” button leads to a page that re-evaluates the matrix in terms of qualitative
assessments of connections reports. This matrix will also be reordered if the brain regions are captured in a
hierarchy. The color coded matrix from Fig. 17 is shown in Fig. 18

Color coded projections matrix (maximum strengths)

Spurce C0Aa COApl COApm ELAa BLAp BMAa BEMAp CEAc CEAL CEAm AAA

Legend

I strong projection  moderate projection
I light projection I projection exists, but no strength was azzigned

nodata Innprnjertil:m

Fig 18. The matrix of outputs of several amygdalar nuclei to BST, graphically displayed as qualitative assessments of
projections strengths. The matrix is also rearranged according to the hierarchy of the rat brain nomenclature Swanson-
98.

The button “Complete output”, shown in Fig. 17, leads to the page that will display the output matrix of
the chosen set of brain regions with all brain regions included in the associated nomenclature. The processing
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time of this matrix can be significant, especially if the set of chosen output regions is large, and the

computational of the server is high.

Finally, the button “Extend this network” shown in Figure 17 becomes visible whenever the set of

target regions is associated in BAMS with reports of their efferents. Thus, this button allows users to create

networks of brain regions from the inserted connectivity reports. Clicking on this button will retrieve those

brain regions that receive projections from the targets shown in Figs. 17 and 18. Therefore, this set of targets

becomes the second set of outputs for the brain regions shown in Fig. 19.

Choose any number structures from the list of 201 targets

ACB ACVEI AD ADP AHA AHN AHNa AHNc  AHNp Ald AMBd AMBv AMd AONm  ARH ASO AV AVP
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gelatincus part
PA PAGd PAGdI PAGmM PAGrm  PAGvI PARN PBlc PBId PBle PBlex PBIi PBIs PBIv PBme PBmm PBmv PCG
PD PF PGRHI PH PIR3 PL PMd PMv PPN PRC PRN PRNc PS5 PSCH PT PVHam PVHap  PVHdp
PVHT  PVHIp PVHmpd PVHmpv PVHpm! PVHpmm PVHpv PVI PVT PVa PVp PVpo RCH  RE RECd RECm RECp RERd
RERI RERm  RERv RH RL RM RO RPA RR RS SBPV SCH 5Cdg SF SFO Sl Shc SNr
S0 S0r SPFp SPVI 55N STN SUBv-m SumMI SUMm SUT TMv TR TIvd TU VMH VMHc VMHdm  VMHvI
VTA X Zl
Submit | Reset

First

station

ABA
BLAa
BLAp
BMAa
BMAD
CEAc
CEAI
CEAm
COAa
COAp

COApm

Figure 19. The screen that can be used to choose the third set of regions for creation of customized networks. This

screen is very similar to the one shown in Fig. 16.

Second
station

BS5Tad
B5Tal
B5Tav
BS5Td
BSTdl
BSTdm
BS5Tfu
BSTif
BSTju
BSTmg
B5Tov
BSTpr
BSTrh
B5Tsc
BSTir
BSTv

The network of regions that will be constructed by BAMS will be displayed in a tree-like format, with

the first column made of the first station regions, the second made of the second station regions, listed for

each of the first-order region. The third column, which is designed in the form of an expandable trees, called

“Targets” in Figure 20. These trees are made of the third-order set of regions that receive projections from

each of the second-order regions. Users have therefore the option of expanding only those trees with outputs

of interest and view the associated details, which are provided through URL’s. Figure 20 shows the example

of the network constructed from regions used in Figs. 17-19, and a small set of motor output regions of the

rat brain that are the targets of the BST nuclei.
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Bed nuclei of the stria terminalis anterior

division anterodorsal area [BSTad|
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BSTal
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aray rostromedial division (PAGrm]
aray ventrolatersi division (PAGvi)
Bed nuclei of the stria terminalis anterior
division anteroventral area (BSTav]
... Targets
Bed nuclei of the stria terminalis anterior
division dorsomedial nucleus (B§Tdm} BSTdm
Targets
Anterior amygdaloid area {AAA} projects to 85T

! _ Kolliker-Fuse subnucleus (KF]

gray dorsolateral division (PAGdI)

Bed nuclei of the stria terminalis rhomboid i gray medial division (PAGm)]
nucleus (BSTrh d

gray venirolatersi division (PAGwi]

| Paraventricular nueleus of the B lar division, medial parvicellular part, dorsal zone (PYHmpd)

i _Paraventricular nueleus of the ing division, medial parvicellular part, ventral zone (PVHmpv]

: Hypodlossal nucleus pan

Targets
Bed nuclei of the stria terminalis, anterior
division al zone [BSTsc) EEEE
...Targets
Bed nuclei of the stria terminalis posterior
division transverse nucleus (B5Tir) AR
Basolateral nucleus of the amygdala  no further
anterior part (BLAa} projections
Bed nuclei of the stria terminalis anterior division anterodorsal area (BSTad}
Targets
Bed nuclei of the stria terminalis al area (BSTal}
. BSTal
Bed nuclei of the stria terminalis anterior division anteroventral area (B5Tav)
Targets
Bed nuclei of the stria terminalis anterior division dorsomedial nueleus (85Tdm) . BSTdm
-
... Targets
Bed nuclei of the stria terminalis ju nucleus (BSTiu} - 85T
Peri; aray ventrolateral division (PAGvi)
Basolateral nucleus of the amygdala A
posterior part (BLAp} ERUI i
Bed nuclei of the stria terminalis anterior division magnocellular nucleus [BSTma] . BSTmg
Targets
Bed nuclei of the stria terminalis rhomboid nucleus (BSTrh) . BSTH

Fig. 20. The network resultant from the matrix shown in Fig. 17 and the third set of regions chosen from the screen
shown in Fig. 19. The first set of regions is made of several nuclei of the amygdala, the second from the BST nuclei,
and the final from motor hypothalamic and brainstem regions that receive connections from the BST. The displayed

links lead to pages that include details about retrieved projections.

This matrix organized in a tabular format as shown in Fig. 20 also includes a button called “Create
graph” that will lead to a script which will construct the graphical version of it. The brain regions network
shown in Figure 21 is thus the graphical version of the matrix constructed in Figure 20 and is constructed
online.

This feature of BAMS, to construct online brain regions networks, from recorded in the backend
database of the system, represents a unique feature it. BAMS is the first system that allows users to
reconstruct the networks of the brain regions of interest.
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Figure 21. The network displayed in Fig. 19, in a graphical format. This network can be saved by users in an image

format (.png).
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BAMS includes the options of creating user-customized projections matrices and networks, starting
from the inputs of a set of regions of interest. The interface and method of constructing projection matrices
and networks are very similar to those described above. The pathway of accessing “Inputs” is
Menu->Evaluate-> Connections—> Inputs.

3.4. Inference of possible networks in BAMS.

A second way of creating online brain regions networks in BAMS is the “Networks” option of the
Menu (pathway: Menu->Evaluate-> Connections—>Networks). This method differs from the one described in
the previous sections, in how the networks are created. A complete description of the employed inference
engine and of the adopted formalism can be found in Bota et al., 2005.

The first step in creating possible networks of brain regions is to choose the brain nomenclature where
the regions have been identified, or defined. Therefore, a screen very similar to Fig. 15 will ask the user to
choose one of the nomenclatures associated in BAMS with projection reports.

Nomenclature Swanson-1998, species Rat Nomenclature Swanson-1998, species Rat

In order to start construction of networks, please choose the abbreviation  |n order to start construction of networks, please choose the abbreviation

of the originating brain region of the final neuronal station
Bealn IR (Retina) :LT,L::::::: LHA (Lateral hypothalamic area
region
Select
a b

Inferring the possible networks from R (Retina) to LHA (Lateral hypothalamic area),
lature § 1-1998, =p Rat.
Please choose the number of intermediary steps

e oo

& | -

[+

Figure 22. Users have to choose the starting point of the inferred networks (), the ending point of them (b), and the

number of intermediary steps (brain regions) between them (c).

Once the nomenclature was chosen, users will have to choose the originating brain region (Fig. 22a),
the final neuronal station of the network (Fig. 22b), and how many intermediary steps (layers of regions) will
have the inferred networks (between 1 and 3; Fig. 22 c). After the originating and final stations, and the
number of steps, were chosen, the system will display the inferred networks in a tabular format. If the
connectivity data inserted in BAMS is not sufficient, the system will suggest the increase of the number of
intermediary layers, or choosing another pair of brain regions. An example of the possible networks that can
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be inferred between the retina (R) and the lateral hypothalamus (LHA), with two intermediary steps, is

shown in Figure 23.

‘Network| Originating Region| Intermediary Station 1| Intermediary Station 2| Final Station|
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Figure 23. The first networks inferred between the rat retina and lateral hypothalamic area, with two intermediary

layers. As with other displayed abbreviations, users can also view the CNS region name.

The projections reports associated with each of the inferred networks can be accessed by clicking on

the buttons with the network numbers. An example of the data and metadata associated with each network is

shown in Figure 24.




Support information for the inferred network
R{Retina) — MPO{Medial preoptic area)

MPO{Medial preoptic area) — PRC(Precommissural nucleus)
PRC(Precommissural nucleus) — LHA(Lateral hypothalamic area)

Support information about direct projections from Retina to Medial preoptic area:

Sending | Receiving Strength of Type of N . Associated
sbructure || structure projection connection Technique General description Collator reference
Case pg351,352, fig5a-f. Soma notes 36 female Sprague-Dawley rats weighing
200-350g. 10 microliters of CT-HRP(.20%-.40%) were injected into one eye ? Levine JD. Wei
Medial Cholera toxin | behind the lens into the vitreous chamber of the eye. pressure injection over| %{ﬁ_
Retina preoptic axists not known | conjugated to| 1 min. Terminal notes in preoptic region ros. to SCN. lat. component of RHT) Gully Burns | Al Miselis RR.
area HRP labeled terminals and fibres within or lateral to the lateral haf of the medial T
preoptic area. Terminal label evident in ven. 1/2 of the lateral part of the|
medial preoptic area.
Case pg348,349, fig5d-f. Soma notes 36 female Sprague-Dawley rats weighing
200-350g. 10 microliters of CT-HRP(.20%-.40%) were injected into one eye ? Levine JD. Wei
Medial Cholera toxin | behind the lens into the vitreous chamber of the eye. pressure injection over| %{ﬁ_
Retina preoptic | light/moderate | not known | conjugated to| 1 min. Terminal notes Medial component of the RHT included labeled fibres Gully Burns | Al Miselis RR.
area HRP and terminals found naar the midline invalved the medial half of the medial T
preoptic area?terminals evident in the anterior medial preoptic area Paper|
describes a.m.p.a. as separate region .
Support information about direct projections from Madial preoptic area 10 Precommissural nucleus:
Sending Receiving Strength of Type of _ S Associated
structure structure projection connection TEo feEm == i referance
In the preoptic regions, relatively sparse numbers of marked cells were|
Medial observed in the median preoptic, anteroventral periventricular, medial
= Precommissural || . preoptic, anterodorsal preoptic, anteroventral preoptic, and parastrial nuclei, T Canteras N.§
pr:::patlc nucleus T || e el as well as in the undifferentiated part of the medial preoptic area. In addition,| [Heef Bt I Goto M., 1993
a wvery few retrogradely labeled neurons were noted in the lateral preoptic
area (Fig. 3C-F).
Support information about direct projections from Precommissural nucleus to Lateral hypothalamic area:
Sending Receiving Strength of Type of - L Associated
sbructure structure projection | connection Technique General description Collator reference
At the anterior hypothalamic level, ascending fibers coursing through the|
: Lateral hypothalamus supply dense inputs to the anterior hypothalamic nucleus,|
Precnqulréli:lus:ural hypothalamic strong not known PHAL | subparaventricular zone, rostral retrochiasmatic area, and perifornical region| Mihzil Bota I Egl;‘{t:rﬁs ’:9!;9
area of the lateral hypothalamic area in addition to a relatively sparse input to the|
other regions of the lateral hypothalamic area (Figs. 5D-G, 6B).
At the anterior hypothalamic level, ascending fibers coursing through the
. Lateral hypothalamus supply dense inputs to the anterior hypothalamic nucleus,|
prECnﬂll;r‘l:li:I::ufal hypothalamic light not known PHAL | subparaventricular zone, rostral retrochiasmatic area, and perifornical region| Mihail Bota I Eg;tt:r;s ':ng
area of the lateral hypothalamic area in addition to a relatively sparse input to the
other regions of the lateral hypothalamic area (Figs. 50-G, 6B).
Precommissesal Lateral Proceeding rostrally, large numbers of fibers from the PRC reach the preoptic Canteras ILS &
i hypothalamic light not known PHAL | region, where they appear to provide a dense input to the lateral preoptic area Mihail Bota I Goto M 1953
area in addition to a sparse input to the anteroventral preoptic nucleus (Fig. 5B,C).

Figure 24. Users can view details of each of the connections recorded in BAMS and used to infer networks. The

associated connections reports are listed for each component of the inferred network.

3.5 Handling molecule reports in BAMS

BAMS includes a fully developed Molecules module, which allows users to handle data and metadata
in different ways. The knowledge representation schema of BAMS’s Molecules module follows the general
organization and presentation of experimental data in published neuroscience research articles. Any reference
inserted in BAMS’s Molecules module can be associated with multiple experiments. An experiment is
defined as an experimental paradigm applied to a group of animals or human subjects. Each experiment may
consist of several experimental series, which are defined by the specific procedures (for example, different
antibodies or nucleic acid probes) that were applied. Each experimental series is associated with a set of
experimental data that include mapped brain regions and measured variables. The conceptual design of
BAMS’s Molecules module completely separates experimental data from metadata collated from the
reference, or inserted by collators. Metadata classes associated with data and experiments inserted in
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BAMS’s Molecules module include: mapping, experimental series, experiment, data presentation, and
physiological state. A complete description of this module can be found in Bota & Swanson, 2006.

The page that includes several ways of searching for information in molecules data and metadata is
shown in Fig. 25, and can be accessed following the path Menu—->Molecules.

To view molecules reports, use the expandable tree on the left or choose any of the search options on the right

L:_|____|'L¢D|’ecufes REESEUE £ Create reports from inserted experiments
_..acetyicholinesterase
_..angiotensin I

...Aspartate
Molecules comparison in brain regions
_.corticotropin-refeasing hormone
_..enkephalin
. GABA Search molecules presence by e of
aglycine manipulation

. growth hormone-releasing hormone
.. hypocretinforexin

. Jeucine-enkephalin
_melanin-concentrating hormone
_.methionin-enkephalin

.. neuropeptide ¥

. neurotensin

_..oxytocin

.. somatostatin

__substance P

... Vasopressin

- Cell associated molecules
.- Receptors
..__Enzwnes
..__Omermofecufes

Figure 25. The search options of molecules included in BAMS menu. Users can choose between the expandable tree
constructed from the molecules registered in BAMS, in the left hand side of the screen, or any of the three options in the

right hand of the screen.

Users can search for molecules either using the expandable tree on the left hand side in Fig. 25, or use
one of the search options listed on the right hand half of the figure.

The expandable tree is created dynamically from the molecules classification schema included in the
BAMS backend database. The links associated to each of the molecules captured in this tree leads to the list
of central nervous system (CNS) regions that express it, and the corresponding physiological state of the
animal. Clicking on the physiological state will retrieve the reports that state the presence of the molecule of
interest in the brain region chosen by users. The list of brain regions (rat, Swanson-98 brain nomenclature)
that express corticotrophin releasing hormone (CRH), the corresponding physiological states of the animals,
and the data stating CRH presence in PVHmpd, manipulated state, are shown in Fig. 26.
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Species: Rat

Parts where Experimental corticotropin-releasing hormone in: PVHmpd state
CRH iz present |condition el ICell poot p— Lab I e
manipulsted i ition in NeY Oflcetis  |labeled  [abeted |79 € ¥ annotation Reference|Collator
PAHp condition & ICRH in
state region jcount |cells cells
PVHmpd
i Collator note: see Figure 2 page 168.
PYHmpd IThe percentage of labeled cells was Swansen
manioulaied . calculated using the numbers provided (LW,
state Ehonics it t it in the legend of Fi 2and henks
treatment: everywhere|bilateral i \ 1808 40.50 0 e iz Hn 3 sossandile st I S0 Mihail Bota letadata ¥
PVHa manipulated R |assigned measured |measured [the ratio between the labeled cells in PE. Rivier J
state lthe associated region and the total Vale WW,
Experiment PS4238, received number of labeled cells in this 1983
pulated |2
Hm e 200 micrograms of colchicine Lt
state : P '
S H inthe lateral ventricle 18
hours before perfusion Collator note: experiment CRHIAVP,
manipulated
PvHpm T [Table 3 page 506. Page S05: eighteen to
: twenty hours after an injection with Watts, &.G.
manipulated e not not PEG, there was a significant 22% & Sanchez-|———————
P\Hmm ta treatment: unclear bilateral : 0.00 445 50.00 : g | Mihail Bota Metadata
slate e assigned measured |(P=0.01, Fig.1) increase of the CRH Watts, G.
manipulated mRN4 in the PVHmpd compared to 1585
e state wehicle-injected controls when
measured using the 355-cRNA probe.
PVHE manipulated
nt i Stru_ctura! i QD%.DT the nngn?ry labeled cells were E\eanson
found in the... medial part of the W
PVHip manipuizied ablation hot ek parvocellular division. Collator note: see (>~
state not known  |bilateral lexists. o 0.00 0 Figure 1b page 167. We assignedthe |~ — -~ || Mihail Bata || Metadata
Wanipulated measured |measured Ll e PE. Rivier J
PVH manipulated pt el as significantly higher than \ae W,
state structure [the normal state according to Swanson e
T Adrenal gland 1991 in Progress in Brain Research
il o watts 4.G.
Chemical — left : Very stiing|D .00 1 not significantly] Cu\lat?r note: see Figure 2 page 6284 |& Sanchez- @l Metadata
treatment: hemisphere measured |higher and Figure 3, page 62385, Wattz G
2002
- immunehistochemistry data)
| |in st hybridization data

Figure 26. The result of search of CNS regions where CRH was identified. Users can view details of records associated

with each retrieved CNS region, including qualitative density, cell counts, statistical measurements, spatial

characteristics of cells expressing the molecule, and associated annotations by clicking on links associated with

experimental conditions. For reports associated with manipulated state, users can also view type of manipulation,

injected chemicals, and details about experimental procedure. Users may also access metadata associated with retrieved

records. Records verified by original authors of collated references will also have a check mark associated with them.

The information that can accessed through the “Metadata” link, which is associated in Fig. 26 with

each retrieved record includes all three major classes described in Bota and Swanson, 2006. The table with

experimental method, anatomy and mapping metadata is shown in Fig. 27.
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F35439

Experiment acronym

Annotation Collator Author checked

Mapping of CRH neurons in the
ardrenalectomized rat brain.

Mihail Bota no

Sex: M

(n=3).

Animals [subjects)
Humber of animals: 3

Age; not specified
Mass: not specified

to survive for 3 days, 1 month

Experimental method

Experiment type: immunaohistochemistry
Meuron/glia identification method: not specified
Staining frequency: 1.4 or 1.8

Unit of mass: not specified Experimental details:
Housing conditions: normal Antigen: CRF
housing Antigen species: sheep

Annotation: The third group Source (producer): not specified

was bilaterally . . . )
adrenalectomized and allowed ||Primary antibody species: rabbit
Antibody type (monoclonal, polyclonal): polyclonal

and 2 months before perfusion ||Secondary antibody: not specified

Primary antibody; 24 ([Try22. Gly23]-CRF (1-23)

Secondary antibody species: not specified

Anatomy and histology

Immunoglobulin class: Alpha globulin
Control: not specified

Visualization method: fluorescence
Visualization medium; slide

CRF (1-23) conjugated to human alpha-globulin

Annotation: Seven different antisera to synthetic ovine CRF (or to a fragment
of CRF), which were raised in rabbits [7], were tested and all but one were

found to stain cells and fibers in the rat. Since antiserum 24 (Tr?2. Gly23}-

with bis-diazetized

penzidine] has been found to interact with rat CRF particularly well in
radicimmunaoassays [Vale, unpublished observations], it was used
extensively for the mapping studies reported here.

each brain was cut and stained with thionine.

Section
Angle: not  [Cutting method: not . ) . )
plane: ) : Preservation: freezing Thickness: 30 micrometer
specified specified
coronal
i . Annotation: In general, 1-in-4 or 1-in-8 serios of sections through the brain were
Staining Sampling: ) ) " i ) )
S stained forimmunofluorescence. In addition, an adjacent series of sections from
type: thionin{1:4 or 1:8

Mapping details

none

Coordinates:

text

images

Data presentation:

representative labeled

drawings or template
mappings of all sections

nomenclature other than that used

Mapping approach: brain region is captured in a BAMS

in the original publication

Figure 27. Users can access experimental method, anatomy and mapping metadata, associated with retrieved

experimental data.
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The option “Create reports from inserted experiments” can be used to create composite tables with data

from several references. This option will bring to the user the list of the molecules experiments that are

registered in BAMS and are associated with the collated references. Users can choose any number of these,

to create a composite table of the presence or absence of reported molecules. The interface that allows users

to choose the experiments of interest is shown in Figure 28.

Create reports from inserted experiments

Choose at least two experiments

Reference

Experiment acronym

Sawchenko, P.E. & Swangon, LW.: Immunohistochemical identification of neurons in the paraventricular nucleus of the hypothalamus that project to the medulla or to the =pinal cord in the rat

Sawchenko-Swanson-1982 73

[Watts A.G. & Sanchez-Watts G.: Interactions between heterotypic stressors and corticosterone reveal integrative mechanisme for controling corticotropin-releasing hormone gene expression in the
paraventricular nucleus

foem 7]
Watts-CRH (PEG} =

[Watts, A.G. & Sanchez-Wattz, G.: Phyziological regulation of peptide mezzenger RNA colocalization in rat hypothalamic paraventricular medial parvicellular neurons

(=== g

Swanzon LW, Sawchenko PE, Rivier J, Vale WW: Organization of ovine corticotropin-releaging factor immunoreactive celle and fibers in the rat brain: an immunchistochemical study

Swanson-1383(CRH) r
P5439 r

Lind W.R., Swanzon LW. & Ganten D.: Organization of angiotenzin Il immunoreactive cells and fibers in the rat central nervous system

Swanzon-All I_

[Wada, E., Wada, K., Boutter, J., Denerig, E., Heinemann, 5., Patrick, J. & Swanson, LW.: Distribution of alpha2, alpha3, alpha4, and beta2 neuronal nicotinic receptor sununit mRNAg in the central nervous
|=ystem: a hybridization histochemical study in the rat

Wada-nAChR r

Figure 28. A subset of the molecules experiments recorded in BAMS. The experiments are grouped by reference, and

users can choose any number of them, to create reports of presence/absence of molecules in different CNS regions (see

text below and Fig. 29)

Once a set of experiments was chosen by users, the system will display data from all of them in a

composite tabular format, together with reference information, as shown in Figure 29.
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Selected experiments:

Acronym: Sawchenko- in
Swanson-1982 reference

Acronym: Watts- in
normal reference

Acronym: Watts-CRH in
(PEG) reference

Acronym: Watts- in

Sawchenko, P.E. & Swanson, LWW.: Immunohistochemical identification of neurons in the paraventricular
nucleus of the hypothalamus that project to the medulla or to the spinal cord in the rat  Pubmed

Watts A.G. & Sanchez-Watts G. Interactions between heterotypic stressors and corticosterone reveal
integrative mechanisms for controlling corticotropin-releasing hormone gene expression in the
paraventricular nucleus  Pubmed

Watts A.G. & Sanchez-Watts G.: Interactions between heterotypic stressors and corticosterone reveal
integrative mechanisms for controlling corticotropin-releasing hormone gene expression in the

paraventricular nucleus  Pubmed

Watts, A.G. & Sanchez-Watts, G.: Physiological regulation of peptide messenger RNA colocalization in rat

CRHIAVP reference  hypothalamic paraventricular medial parvicellular neurons  Pubmed
Acronym: Watts- in Watts, A.G. & Sanchez-Watts, G.: Physiological regulation of peptide messenger RNA colocalization in rat
CRH/INT reference  hypothalamic paraventricular medial parvicellular neurons  Pubmed
Composite data
PVHpv  |PVYHmpd | PVHap |PWHpm  |PWHmm | PWHam PVHE PVHdp  |PWHmpw
Oxy + + + + + + + +
WAS + + + + + + +
S0OM + + + + + + +
met-
+ + + + + + + +
ENK
leu-ENK + + + + + +
+
CRH
+
NT -
click on =ymbolz to view az=zociated experimental data
+ molecule prezent in bazal physiclogical state
+ molecule prezent in manipulated physiclogical state

Figure 29. The result of comb

molecule absent in normal ohvsioloaical state

ining data and metadata from several experiments. First, the experiments, together with

the associated reference information are listed. Below, the composite table shows graphically the presence or absence of

molecules in both normal and

manipulated experimental conditions. Users can view details of the associated reports by

clicking on the symbols in each cell. Empty cells represent absence of information.

The option “Molecule comparison in brain regions” processes the query type “What are the CNS parts

where all the molecules of
the chosen molecules have

interest have been identified?” This engine returns a list of CNS parts where all
been identified, and the associated physiological states. This engine also returns

records of coexpression data for any pair of molecules in the chosen set. The interface for choosing the

molecules is shown in Fig.
parts is shown in Fig. 31.

30, and an example of the reconstruction of the molecular composition of CNS
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AChE

beta2
GABA

Gly

HR2ZA

-

alphai1 alphail alpha2

GABA  GlyR nAChR GlyR

[ ] r I [

beta2 betad Ca

r r

GlyR GRH H3

alphal

B CART  CRF-
nAChR GABA ' r

HiQ

[ ] [ ] I r

NR2B NR2C NR2D Oy

r r I |

alpha3 alphad-1 alphad-2 alphaf alphat alphaT GluR1 GluR2 GluR3 GluR4 AR All Asp beta betal
nAChR nAChR nAChR GABA GABA I_ I_ I_ I_ I_ I_ I_ I_ GlyR GABA
r [ ] [ r r I

R1 CRH delta o1 D2 D3 OYH ENK ER GABA GADES GADET gammaZ Gephyrin GAD
T 7Y i T S ¢ T el S (TR e

I daltz GABA secaptor subuit I l_
GluRS  GluRE KA1 KAZ leu-ENK MCH  mGluR1 mGIuR2 met MR mz NPY NT nAChR  NR1
e v e uml i R S e R R o
r
Pav PKC- PHKC- PKC- PHKC- S0Om 5P 5PR Q50X TH UCH VAS
I— alpha beta delta epsilon I— I— I— I— I— I— I—
r r r

Submit | Reset |

Fig. 30. The user interface that allows users to choose any number of molecules to be compared in terms of

presence/absence in CNS regions. As with the other checklist interfaces, users can view the name of the molecules by

going with mouse over the corresponding abbreviation.

corticotropin-releasing hormone (CRH)
Compared molecules  vasopressin (VAS)

oxytocin (Oxy)
Species: Rat
Brain Physiological condition || Data about presence of CRH in PYHmpd manipulated state:
regions .
[Cell pool AL s L age, e
ensi andars ive to
CRH ELL i Iposition in ,'ty cells llabeled llabeled -0 \Annotation Reference [Collator
condition n ICRH in
region count [cells cells
= Fmee
WAS basal state [Collstor note: see Figure 2 page 168. The ; Swwanson
chemicsl percentage of labeled cells was calculated using (LYY,
- — e [erere Inot 08 4050 o Inot nat he numbers provided !n the legend of Figure 2 ‘Savwvchenko el B 1l v
olchiine lmssigned Imeasured measured  [and represents the ratio between the labeled cells |PE, Rivier J
PvHmpd (O basal state iin the aszocisted region and the total number of  [Yale WA, record checked by authc
lakeled cels inthis experiment. 1983
_ I(Callstor note: experiment CRHILYP, Table 3 page
basal state chemical I506. Page 505 eighteen to twenty hours after an Watts A G
CRHVAS restment: e lilsteral Inat oo l4sg l50.00 nat injection with PEG, there was a significant 22%  |& Sanchez- Mihail Bota  |IMetacat
- —— lassigned measured  [(P<0.01, Fig.1) increase of the CRH mMRMA inthe  Watts G
P"Hmpd compared to vehiclz-iniected cortrals 1995
CAH Oy | (RS [when measured using the 355-cRMA probe.
Structural
[E5i — i u; .80% of the brightly lsbeled cells were found in - [Swanson
manipulation;
HAS basal stane h\at"o he... medial part of the parvocellular division. L,
iablation "
ot knawn |ilsteral lexiste o 000 o Inot it ICallstor note: see Figure 1k page 157.Wa Savvchenko pr—T— il
- Manipulated measured measured  [assigned the CRH label as significantly higher than |PE, Rivier J
PvHam  [|Oxy basal state structure he normal state according to Swanzon 199100 [Wale WA,
Progress in Brain Research 1983
Acrensl gland
CEEEED s £.5. /|
CRHVAS Chemical leverywhere left ] lvery strang|o oo o Inot s!gnmcarrt\y [Callstor note: see Figure 2 page 6284 and Figure & Sanchez- - 1l
CRHOxy — restment: lhemisphere measured highsr |3, page 6285, fatts &
2002
VAS basal state |mmunnh\$mchemlstry clata)
|n situ hybricization data
PHap Oy hasal state
CRHEVAS
CRACxy

Fig 31. Users may compare the existence of particular molecules in different CNS regions (in this example, the rat

PVHmpd). The result is a list of regions that are associated in BAMS with reports of all the searched molecules

(corticotrophin releasing hormone [CRH], oxytocin [Oxy], and vasopressin [VAS]), in either basal physiological state

or manipulated state. Coexpression data is also returned for all pairs of molecules in the set of interest. Users can access

reports of molecule presence in the retrieved CNS regions.
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The third option shown in the right half of Fig. 25, called “Search by type of manipulation,” processes

the query type “Show identified molecules and CNS parts that are associated with a specific molecule or

structural manipulation.” This engine returns the list of CNS parts and molecules associated with the

searched type of manipulation, as well as basal state data for each retrieved molecule. If any retrieved

experimental data is associated with statistical information, it also will be displayed in graphical format. An

example of the online retrieval of chemoarchitectonic data associated with systemic injection of polyethylene

glycol is shown in Fig. 32.

Region where PEG Erain region Malecule Manipul ated EB==zal

was injected state data state
data

Systamic Paraventricular nucleus of the hypothalamus, enkephalin wistts AG. & wWatts 4.5, & Sanchez-

parvicellular division, medial parvicellular part,

dorsal zone [PYHpmd]

neurctensin

corticotropin-releasing
harrons

COSXAressi0n. fewrnfersit
Frd corficofrogin-releasing
haratane

Sanchez-Walts, 5.
1335,

Aorerage number of
labeled cell=: 201
Standard error: 25.00

Watts, AG. &
Sanchez-Watts, 5.
1335,

Aurerage number of
labeled cells: 104
Standard error: 15.00

wstts AG. &
Sanchez-Walts 5.
2002,

Relative absorbance:

125 *

Stardard arrar: 4% 00

Watts, G., 1995,
Aoserage nurmber of
lzbeled cells: 105
Standard error: 15.00

no basal state data

Wiztts AG. & Sanchez-
Wstts G 1995,
Aoserage number of
lzbeled cells: 423
Standard error: 7000

LT

Felitive sheorbance, bacal ctate: 100, p value: 0.0200, Semotarion:  —

Collator note: see Figme 2 page 6254,

Wiatts AG. &
SanchezWatts, G.
1995,

Percentage
expression HT/CRH:
54.50

Standard error
percentage
expression HT/CRH:
T.o0

Izbeled cells: 422
Standard error: £3.00

Wiatts, A.G. & Sanchez-
Watts, G, 1535,
Aoserage number of
Izbeled cell=: 230
Standard error: 76.00

Swanson, LW,
Sawchenko, PLE., Lind
E.W. & Rho, J.-H., 1987,
Qualitative strength:
exists

Wiztts AG. & Szncher.
Watts 5., 2002,
Relative absorbance:
100

Standard error: .00

no basal state data

Fig. 32. Users can retrieve chemoarchitectonic data associated with a chemical or structural manipulation and compare

the presence of molecules in basal and manipulated states. Additional data and metadata can be viewed by going with

the mouse over the graphical symbols that represent statistical changes relative to the basal state.
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Molecules that are expressed in CNS regions or neurons, as well as several other inference engines, can

be accessed by users from the page that displays the summary of regions (Figs 6 and 13). Another example is

shown in Fig.33, the summary information about the rat cerebellar cortex identified in the Swanson-98

nomenclature.

Details about CBX.

More I

=
hg
b

Same term found in other nomenclatures

[ Open list

Higrarchy level in atlaz Swanson, version Swanson-1998 is 3: 2 superstructures include it.

Major Subparts

stellate neuron

Tree of Cerebellar cortex

Purkinje neuron
basket neuron

Golgi neuron, big

Part Type Brain
Vermal regiong  |gray matter| Cerebellum
Hemizpheric regicns|gray matter|
Cell populations Chemoarchitecture
rek ble by neurons cell azsociated
somatostatin Enzymes
enkephalin sulfhvdryl oxidasze
3 byrozine hvdroxylase
ge‘tﬁ |glutamic acid decarboxviaze

Golgi neuron, small
Lugaro neuron
unipolar brush neuron
cerebellar granule cell
candelabrum cell

cerebellar molecular laver interneuron

GADST

GADSS

protein kinase C alpha
protein kinase C beta
protein kinase C epsilon

Receptors

androgen receptor
dopamine receptor D1
dopamine receptor 02
histamine H3 receptor
[gephyrin

metabotropic glutamate receptor 1
metabotropic glutamate receptor 3
corticotropin-releasing factor receptor 1

Other
calretinin
calbindin DZ8K
parvalbumin
[gephyrin

inferred: nicotinic receptor

inferred: AMPA receptor

alpha2 subunit nicotinic receptor of nicotinic receptor

beta? =ubunit nicotinic receptor of nicotinic receptor

alpha?¥ subunit nicotinic receptor of nicotinic receptor

(AMPA-GIUR1 subunit of AMPA receptor|

Help?

Figure 33. The summary page of the rat cerebellar cortex, Swanson-98 nomenclature. The chemoarchitecture profile of

the CNS region is divided in the molecules classes implemented in BAMS.

The molecules that are expressed in the CNS region of interest are displayed according to the

molecules schema implemented in BAMS. Clicking on the links associated with each of the retrieved

molecules will display the data and metadata inserted in BAMS, which are related to the CNS region, and
with the molecule (Fig. 34).
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Reports of presence of CRH in PVHmpd. Time dependence of CRH

Watts A.G. & Sanchez-Watts G.. 2002: Interactions between heterotypic stressors and corticosterone reveal integrative mechanisms for controlling corticotropin-releasing
hermene gene expression in the paraventricular nucleus  Data

Reports of CRH presence in PVHmpd, normal Watts, A.G. & Sanchez-Watts G.. 1395: Physiclegical regulation of peptide messenger RNA colocalization in rat hypethalamic paraventricular medial parvicelular neurons Methods
physiological state \Data comparison

Swanson, LW., Sawchenke, PE., Lind, RW. & Rho, J.-H., 1987: The CRH Motoneuron: differential peptide regulation in neurons with possible synaptic, paracrine, and
lendocrine outputs  Data

\Watts A.G. & Sanchez-Watts G., 2002: Interactions between heterotypic stressors and corticosterone reveal integrative mechanisms for controlling corticotropin-releasing
hormone gene expression in the paraventricular nucleus  Data

Reports of CRH presence in PVHmpd, manipulated Watts A G. & Sanchez-Watts G., 13985 Physiological regulation of peptide messenger RNA colocalization in rat hypothalamic paraventricular medial parvicelular neurons Methods
physiological state Data comparigon

Swanson LV, Sawchenke PE, Rivier J, Vale WV, 1983: Organization of ovine corticotropin-releasing facter immunoreactive cells and fibers in the rat brain: an
immunohistochemical study ~ Data

ICRH coexpression reports in PVHmpd, normal \Watts A.G. & Sanchez-Watts G.. 1395: Physiclegical regulation of peptide messenger RNA colocalization in rat hypethalamic paraventricular medial parvicelular neurens
physiological state \Data

\Watts A G. & Sanchez-Watts G., 1395 Physiological regulation of peptide messenger RNA colocalization in rat hypothalamic paraventricular medial parvicelular neurons
Data

ICRH coexpression reports in PVHmpd, manipulated Methods
physiological state comparison

Sawchenko, P.E., Swanson, L.W. & Vale W.W., 1984: Corticotropin-releasing factor: co-expression within distinct subsets of oxytocin-, vasopressin-, and neurotensin-

immunoreactive neurons in the hypothalamus of the male rat ~ Data

(Cell pool positionin | |Qualitative density of CRH |Labeled cells |Percentage labeled |Relative to

Physiological condition o Hemisph |Annotation (Collator
region in PVHmpd lcount cells basal
Collator note: see Figure 2 page 168. The percentage of
labeled cells was calculated using the numbers provided in
Chemical treatment:
olchicing everywhere bilateral not assigned 608 40.50 not measured |the legend of Figure 2 and represents the ratio between the Mihail Bota | letadats
labeled cells in the associated region and the total number of
labeled cells in this experiment.
Structural manipulation ...50% of the brightly labeled cells were found in the... medial
ablation part of the parvocellular division. Collator note: see Figure 1b
not known bilateral |exists 0 0.00 not measured [page 167. We assigned the CRH label as signi higher Mihzil Bota |Me1&dala
Manipulated structure: [than the normal state according to Swanson 1991 in Progress
|Adrenal gland in Brain Research
immunohistochemistry data

Figure 34. Users can view detailed reports about the presence of a molecule in a particular CNS region. Experimental
data is grouped in four categories, which depend on the physiological state of the animal, and coexpression data.

Records verified by original authors are indicated with a green checkmark.

Records associated with the molecule of interest are grouped in four categories (molecule presence in
normal and manipulated physiological state, and coexpression of other molecules in normal and manipulated
state; see Fig. 34, by experimental condition, and by coexpression of other molecules in the same CNS
region). The system first retrieves references corresponding to each category. Every reference is associated
with a “Data” link that retrieves corresponding experimental records. If at least two experiments from
different references are retrieved in the same category and have metadata associated with them, a new link
called “Methods comparison” becomes available. Users can therefore compare methods used in all
experiments associated with metadata retrieved in one of the four categories. An example of methods
comparison is shown in Fig. 35.
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Experiments comparison

Reference: Wattz A.G. & Sanchez-Watts G., 2002:

Reference: Watts, A.G. & Sanchez-VWatts, G., 1995:

=

1ce: Swanson LW, Sawchenko PE, Rivier J, Vale WW, 1983:

Experiment acronym: Watts-CRH (PEG)
Data types:

qualitative
Mapping approach:

brain region in a BAMS nomenclature
Mapping details
Coordinates: none
[Anatomical data presentation:

text

Experiment acronym: Wattz-CRHIAVP(PEG)
Data types:

quantitative

qualitative
Mapping approach:

brain region in @ BAMS nomenclature
Mapping details
Coordinates: none
lAnatomical data presentation:

Experiment acronym: Swanzson-1383(CRH)
Data types:

quantitative

qualitative
Mapping approach:

brain region in 8 BAMS nomenclature,
constructed ulterior to the experiment
Mapping details
Coordinates: none

Experiment acronym: PS43%
Data types:

quantitative

qualitative
Mapping approach:

brain region in a BAMS nomenclature,
constructed ulterior to the experiment
Mapping details
|Coordinates: none

Housing conditions: normal heusing

Annotation: Adult male Sprague Dawley rats
(225-250 gm body weight at the beginning of the
experiment) were maintained on a 12 hr light'dark
photoperiod (lights on at 6:00 AM} with ad libitum
access to water and rat chow and were allowed
at least 5d of acclimation to the animal quarters.

Housing conditions: normal housging
Annotation: Adult male Sprague-Dawley rats
(230-320 g BW at injection) were maintained on a

12 hour light! 12 hour dark photoperiod (lights on
0700 hourg) with water and rat chow available ad
libitum. They were allowed 7 days' acclimatization
lto the animal quarters before we proceeded with
[the experiment.

Housing conditions: normal housing
Annotation: The zecond group congisted of
animals that received a single injection of colching

(4-8 microgram/microliter} =aline into either the
lateral ventricle (100-200 micrograms; n=8) or the
fourth ventricle (50 micrograms; n=2) the day
before perfusion

representative labeled images text (Anatomical data presentation: \Anatomical data presentation:
representative labeled images text text
repr tative drawings/, onto p ive labeled images representative labeled images
drawings/template mappings of all sections. drawingsitemplate mappings of all zections
|Animals (subjects): |Animals (subjects): [ Animals (subjects): \Animals (subjects):
Number: not specified  Sex: M Number:6 Sex: M Number: 10 Sex: M Number: 3 Sex: M
Weight: 225-250g Weight: 280-320g Weight: Weight: 0

Housing conditions: normal housing

Annotation: The third group was bilateraly
adrenalectomized and allowed to survive for 3
|days, 1 month and 2 months before perfusion
(n=3).

NMethod:

Neuron/glia identification method: not specified
Staining frequency: 1.2

Technigue: in situ hybridization

NMethod:

Neuron/glia identification method: not specifisd
Staining frequency: 1:2

[Technique: in situ hybridization

Method:

Neuron/glia identification method: not specifisd
Staining frequency: 1:4 or 1:8

Technigue: immunohistochemistry

Method:

Neuron/glia identification method: not specified
Staining frequency: 1:4 or 1:2

[Technique: immunohistochemistry

Measurement 1:

Measured nucleic acid: not =pecified
Source [producer): not zpecified
Probe sequence: not zpecifisd
Sequence species: not specified
Probe sequence orientation: not zpecified
Control: not zpecified

Labelling method: not specified
\isualization method: autoradiogram
\izualization medium: not specified
[Annotation: not zpecified

Measurement 1:

Measured nucleic acid: not =pecified
Source (producer): not zpecified
Probe sequence: 700 bp Rsal-Rsal CRH
Sequence species: not specified
Probe sequence orientation: not gpecified
Control: not zpecified

Labelling method: not specified
[Visualization method: DIG
[Visualization medium: not zpecified
lAnnotation: not zpecified

Measurement 2:
Measured nucleic acid: not specified
Source (producer): not specified

Measurement 1:

[Antigen: not specified

[Antigen species: not specified

Source (producer): not specified

Primary antibody: not specified

Primary antibody species: not zpecified
[Antibody type (monoclonal, polyclonal): not
=pecified

Secondary antibody: not specified
Secondary antibody species: not specified
Immunoglobulin class: not zpecified
(Control: not specified

Visualization method: fluorescence
Vigualization medium: not zpecified

[Annotation: not specified

Measurement 1:

|Antigen: not specified

|Antigen species: not specified

Source (producer): not specifisd

Primary antibody: 24 ([Try22. Gly23]-CRF (1-23)
antizerum

Primary antibody species: not zpecified
\Antibody type (monoclonal, polyclonal): not
[=pecified

Secondary antibody: not specified
Secondary antibody species: not specified
Immunoglobulin class: not specifisd
|IControl: not specified

[Visualization method: flucrescence

Visualization medium: not zpecified

Figure 35. Users may compare metadata associated with experimental data and experiments for the presence of a

molecule in a CNS region of interest.

BAMS’s Molecules module includes an inference engine for reconstructing the chemoarchitectonic

profile of a CNS region from the molecular data associated with its substructure. This engine can be accessed

from the page describing CNS parts in BAMS, shown in Figs. 6 and 13. It is similar to the projections profile

inference engine described above (section 3.3) and in Bota et al. (2005), and it displays gene expression data

as a function of experimental conditions (normal and manipulated states). An example of chemoarchitectonic

profile reconstruction of the rat PVH is shown in Fig. 36.
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Inferred chemoarchitecture pattern of the Paraventricular nucleus of the hypothalamus (PYH)
Click on symbols to arcess detailed reports

P%Hp | P%Hm | PvHd | PYHpy [PYHmpd | PYHap [PWYHopme |PYHmm |PYHam | PYHE | PYHip | PYHdp [PYHimpy [PHpml (P Homim
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n&ChR

+ |+ |+
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Figure 36. The result of a BAMS gene expression pattern reconstruction dealing with the various subdivisions of the rat
paraventricular nucleus of the hypothalamus (PVH). The reconstructed chemoarchitecture profile is similar with the
matrix displayed in Fig. 29, and includes presence or absence of molecules in both normal and manipulated

experimental conditions. Users can view details of the associated reports by clicking on the symbols in each cell.

Molecules reports inserted in BAMS are also associated with neuron types, if those were
experimentally identified and recorded in the system. Therefore, BAMS also reconstructs the chemical
phenotypes of neurons, in either of the physiological states. Thus, the neuron types records are associated in
BAMS with reports of molecules presence or absence, and these are further dissociated by the physiological
state. An example of the chemical phenotype reconstruction of a neuron type is shown in Figure 37. For
details of the Cells module, see the next section of the manual.
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Molecules expressed in cerebellar granule cell Maolecules not expressed in cerebellar granule cell
Molecule Physiclogical condition Maolecule Physiclogical condition
AMPA-GIuR2 subunit (GluR2} basal AMPA-GIuR1 subunit (GluR1} basal
AMPA-GluR4 subunit (GluR4} bkasal AMPA-GIuRS subunit [GIuR3} basal
KA-GIuRE subunit [GluRE} basal KA-GIuRS subunit {GIuRS} basal
KA-KAZ subunit (KAZ} bkasal KA-GluR7 subunit {GIuRT} basal
NEA MDA receptor subunit (HR1 basal KA-KA1 subunit (KA1} basal
NRZA NMDA receptor subunit [NR2A) bkasal NR2B NMDA receptor subunit [NRZB} basal
NR2C NIDA receptor subunit [NR2C basal NR2D NMDA receptor subunit (MR2DY basal
alphat GABA receptor subunit [alphat GABA} | basal alpha2 GABA receptor subunit [alphaZ GABA} basal
beta? GABA receptor subunit (beta? GABA) basal alphal GABA receptor subunit {alphal GABA} basal
delta GABA receptor subunit [delta GABA) bkasal gamma’l GABA receptor subunit (gamma1 GABA-R] | basal
alpha’ GABA receptor subunit (alpha5 GABA) | basal histamine H3 receptor [H3} basal
calretinin (CART]} bkasal choline acetyltransferase [CHAT) basal
metabotrepic glutamate receptor 1 (mGIluR1 basal alpha? subunit nicetinic receptor (alphaT} basal

enkephalin [ENK} basal
metabotropic glutamate receptor 3 (mGIluR3) basal
calbindin 28K [CaB} basal
parvalbumin [Pal} basal
protein kinase C alpha [PKC-alphal basal
protein kinase C beta [PKC-beta) basal
protein kinase C gamma (PKC-gammal basal
protein kinase C delta (PKC-delta) basal
protein kinase C epsilon (PRC-epsilon) basal
GABA [GABA} basal
qlycine [Gly} basal

Figure 37. BAMS’s web interface reconstructs automatically the chemical phenotype of recorded neuron types. Users
can also access details about each of the expressed molecules, as well as those that are not expressed, in the

corresponding physiological state.

3.6 Searching for neurons in BAMS

The menu for searching neurons in BAMS can be found following the path: Menu—>Cells. The webpage
that includes three ways of searching neurons and neuron populations identified in different brain regions is
shown in Fig. 38. The first two options of search are complementary, therefore, they will described together.

As with brain nomenclatures, neurons are grouped in BAMS in neuron nomenclatures. Neuron
nomenclatures are internally consistent sets of terms that describe different neuron populations (neuron types
and classes) in a specific part of the CNS. Neuron nomenclatures are defined by an author or group of
authors, and are associated with a set of references in the literature. Since the populations that make up a
specific part of the CNS can be named differently by different authors, those nomenclatures that are the most
complete to our knowledge are called “BAMS reference” and used to construct BAMS ontology (Bota &
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Choose a neurcn name [BAM S5 Reference)

Hame| 360 nm-cone -

Choose a neurcn name (other nomenclatures)

Hame| 1CA amacrne retinal cell -

Choose a brain part

HMame| Abducens nucleus -
Search

Figure 38. The search options of the Cell module interface of BAMS.

Swanson, 2008). Details about the criteria for constructing a “BAMS Reference” nomenclature can be
found in Bota & Swanson 2007, and 2008.

Users can choose either the “BAMS Reference” or “Other nomenclature” drop-down lists to look for a
neuron name. This action will return details about that neuron type or class, which include its definition,
subclasses, CNS regions where it was identified, and terms defined in other nomenclatures and related to it.

An example is shown in Fig. 39.
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1 record(s) associated with retinal ganglion cell A1:

1. retinal ganglion cell At, {aeronym: Huxlin & IHG}

Subgroup RGA1 cells (Figs. 2A, 3.5, Table 1) have a morphology similar fo that of the giant cells of Bunt (1976). They have large somata, often polygenal in

in:
Retinal ganglion cells in

shape, from which a medium- to large-gauge axon emerges (Figs. 2A, 3}. In one instance, a bifucarting axon was seen to exit the soma (see Fig. 3A). The large e collated
sl dendritic fields of RGAT cells consist of three to seven stout dendrites that emerge radially from a centrally placed soma. The dendrites are smooth and overlap s e by
. : 5 = pholog L
infrequently (Figs. 2, 3). RGA1 cells are found across the retina (Figs. 5, §jand, on average, have the largest dendritic fields of all the RGCs labelled. RGA1 calls T e WMinail
exhibited tracer coupling...they were strongly coupled to at least ten neurons (large-bodied gnalgion cells and some presumed amacrine cells-the latter gad : 3 Eota
: Huxlin K.R & Goodchild
very small somata and were found both the GCL and the INL; Fig.5). A
in:
We classified cells with a large soma and a large dendritic field as RGA, cells with a small- to medium-sized soma and a small- to medium-sized dendritic field Large-scale collated
as RGE, and cells with a small- to medium-sized soma but a medium-to-large dendritic field RGC. Seventy five RGA cells were identified. RGA cells had an morphological survey of by:
average soma diameter of 23.4 micrometers, an average dendritic-field diameter of 300.0 micrometers, and a radial pattern of branching. They are similar to rat retinal ganglion cells, Mihail
Perry's type | cells (Perry, 1979). Bota
Sun W, Li N. & He S.
call Brain regions where is identified
g Retina, ganglion cell layer (Racl)]
refinal ganglion cell A1
Related terms [summary)
3 : laiant gang (Bunf]
‘cel\ populations identical with retinal ganglicn cell A1: st anclien eell-Buss
Related terms (details)
Term b <, Definition o Annotation Reference Collator
(Acronym) cell A1
Several examples have been found of giant cells similar to
those described by Polyak in the primate refina as having
: d large somata (20 micrometers or greater) and relatively thick Subgroup RGA1 cells (Figs. 2A, 3-5, Table 1)
G':”“ anglion o Bunt dendritic branches which were smooth and spine-free, synonym have a morphology similar to that of the “giant :”;"’1'9';?&6"“’“”"“ Mihail Bota
= radiating outward from the soma to extend throughout the cells of Bunt [1976) :
inner plexiform layer. The diameter of the dendritic spread
reached 260 micrometers

Figure 39. The details about the neuron term of interest, which include its definition, the associated reference, collators,

brain regions where it was identified, terms defined in other neuron nomenclatures and related to it, the semantical

relations, and associated annotations.

Additional details about a “BAMS Reference” neuron type or class can be accessed from the page that

provides the summary information about a CNS region (Figs.6, 13, and 33). Whenever a CNS region is

associated with neuron types or classes, these will be listed in a tabular format in the summary web page.

Clicking on links associated with the retrieved neuron names will retrieve the chemical phenotypes,

distributions in the CNS region, and related terms. If the neuron type of interest is captured in the BAMS

ontology, thus in the “is a” hierarchy, the classification criteria and its parents will also be displayed. The

example of the cerebellar basket neuron is shown in Figure 40.
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Cell details
Tree of the basket neuron, nomenclature {acronymj: Chan-Palay (Chan-Palay}

neuron =" interneuron ===" localinterneuron ===="  cerebellar laver inferneuron Definition
criteria criteria criteria
Molecules expressed in basket neurcn Molecules not expressed in basket neuron
Molecule iologi diti Physiclogical condition
GADB7 [GADET basal AMPA-GIUR1 subunit [GluR1 basal
GADES (GADES) basal choline ICHAT} basal
NR1 NMDA receptor subunit [NR1) | basal alphat subunit nicotinic receptor (alpha7) | basal
GABA [GAEA) basal calretinin {CART} basal
in (ENK] basal
calbindin D28K (CaB| basal
alycine (Gl basal
Related concepts
Cell type {elass} Momenclature Definition Relation of basket
{Acronym) B Annotation Reference Collator
cerebellar molecular layer Sultan & Bower |SB] ..the data support the view that the molecular | is included
interneuron layer interneurons represent one population of The standard division of these cells into Sultan F. & Bower J.M. Minail Bota
cells, which vary continuously in their basket and stellate cells, for example,
morphology depending on the depth of the soma depends principally on two features, their
in the molecular layer different depths (basket cells are deeper

than stellate cells) and, importantly,
whether their axons contribute basket
endings onto somata of nearby Purkinje
cells [Eccles et al., 1967; Palay and Chan-
Palay, 1974}...Consistent with previous
classification schemes [Eccles et al., 1967;
Palay and Chan-Palay, 1974) the particular
feature that is most striking is the
dependence on depth for the generation of
the baskettype ending (Fig. 8). However,
our analysis shows that this property
actually varies smoothly with depth (Fig. 9).
Collator note: see also Table, page 268.

Figure 40. Information that can be retrieved in BAMS and is related neuron concepts include to the chemical phenotype,

related terms, their semantic relations, annotations, references and collators, as well as the set of parents with links to
the associated classification criteria

Any parent-child relationship between “BAMS Reference” terms can be associated in BAMS Cell
module with criteria for classification that are collated from associated references. These are the major
criteria used by various authors to classify neurons: morphology, specialized parts, input and output regions
or neurons types, regions where the neurons were identified, expressed molecules, and physiology. The
database classification criteria schema was constructed to comply with measurements performed by a broad
range of research groups, and with the most recent efforts to create a unified terminology of neuron types.
All variables included in the classification criteria are in text format, and are associated with annotations and
references. Details about the database schema implemented in BAMS can be found in Bota and Swanson
2007, and 2008.

Thus, if a “BAMS Reference” term is associated with classification criteria, these can be viewed by
clicking on the “criteria” links shown in Fig. 40. The page that will be returned will display the classification
criteria used with all the intermediary classes, up to the class of interest. An example is shown in Fig. 41: the
criteria used to classify the retinal ganglion cell A2 inner as a projection interneuron will displayed step-wise,
passing through all intermediary classes.
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Cell type retinal ganglion cell A2 inner is
in class retinal ganglion cell A2

Cell type retinal ganglion cell A2 is in
class retinal ganglion cell A

Cell type retinal ganglion cell Ais in class
retinal ganglion cell

Cell type retinal ganglion cell is in class
projection interneuron

Criterion: neuron morphology

Subcriterion 1: morphology-dendrite, branching pattern

Annotation: ...the dendrites of RGAZ2 cells branched moderately frequently in a shallow
Y-zhaped pattern.

Reference: Huxlin K.R & Goodchild A.K.

Collator: Mihail Bota

Subcriterion 2. morphology-soma, size (general)

Annotation: At all eccentricities, RGA1 cells were larger than inner- and outer-stratifying
RGAZ ganglion cells.

Reference: Huxlin K.R & Goodchild A.K.

Collator: Mihail Bota

Subcriterion 3. morphology-dendrite, dendrite thickness

Annotation: The dendrites of RGA1 cells were thicker than those of RGA? cells.
Reference: Huxlin K.R & Goodchild A.K.

Collator: Mihail Bota

Criterion: neuron morphology

Subcriterion 1: morphology-soma, size (general)

Annotation: ...Group RGA cellz..have large =omata (15-39 micrometers in diameter)...
Reference: Huxlin K.R & Goodchild A.K.

Collator: Mihail Bota

Subcriterion 2: morphology-dendrite, dendritic field radius

Annotation: Group RGA cells...have..large, radially branching dendritic fields (235-743
micrometers)...

Reference: Huxlin K.R & Goodchild A.K.

Collator: Mihail Bota

Criterion: region where it was identified
Region where retinal ganglion cell A is identified: Retina, ganglion cell layer (Rgcl)

Annotation: ..cell bodies are in the ganglion cell layer (GCL)...
Reference: Huxlin K.R & Goodchild A.K.
Collator: Mihail Bota

Criterion; target region

Axons of retinal ganglion cell are part of a major fiber tract: Optic nerve (lin)
Annotation: A retinal ganglion cell is defined as a neuron whose perikaryon lies in the
retina and which has an axon that becomes a fiber of the optic nerve.

Reference: Rodieck RY

Collator: Mihail Bota

Figure 41. Users can access classification criteria associated with each “is a” relationship. Retrieved criteria are

organized as ordered lists of variables used to define and classify the neuron concepts. Associated information includes

textual annotations, references, and collator names. The list of variables shown in this Figure is used to classify rat

retinal ganglion cells A2 inner as projection interneurons, passing through the intermediary classes.

Clicking on the classes displayed in Figure 40 will return the subclasses of each of them displayed in

a tree like format. Thus, the tree of the class “interneuron” will be more general than that of the “local

interneuron” and it will include it. Users can therefore access other neuron classes through this dynamically

created tree. An example of such tree is shown in Fig. 42.

40



14, wide __in

field - .
diffuse E|Bmm regions

s : Refina, inner nuclear la inl|
cell
1.2.1. type
{a)} narrow- in
field
unistratified ; Brain regions
amacrine
cell
1.2.2. type
(b} narrow- in
fald
unistratified ____Br?fn regions
amacrine
cell
1231
type (a) in
wide-field .
unistra.tiﬁed ____Br‘:rfrr regions
amacrine
cell
12332 oy
1. retinal amacrine 1.2.3. wide- type (b} R ~
field Pe . Brain regions
cell istratifieq Wide-field  E
12 umstratiied,, i ctratified i _Retina,_inner nuclear layer (Rinl
stratified 2 amacrine j j
crineGE" cell i Retina, ganglion cell layer il
cell
1.2.3.3.
type [c) in
wide-field i
unistra_tiﬁed ____Br?frr regions
amacrine
cell
1.2.4.1. narrow-field .. in
blsh—at!ﬂEd .. Brain regions
amacrine cell
1.2.4.
bistratified
amacrine
= 1242 widefield ..0m
bistratified e e
. B
amacrine cell [ regiens
stratified Brai .
diffuse {...Brain regions
amacrine | Retina, inner nuclear layer (Rinl
cell
in

2.4. rod bipolar cell . _
____B.rarn regions

Figure 42. A “is a” hierarchical tree dynamically reconstructed in BAMS. Users can easily navigate across cell classes

and types, and from here to the brain regions that contain those.

3.7 Searching for references in BAMS

Searching for information by reference (path: Menu->References) can be performed using any
combination of three attributes: author, book or journal, and year of publication. The screen that allows users
to search by authors, journal and year is shown in Figure 43. The database schema for handling reference
information is described in detail in Bota et al. 2005.
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Search of information by reference

Author I

Journal || Any journal j

Year Anyyearj

Search | Reset

Figure 43. The interface for searching references in BAMS. Users can choose any combination of the three fields:

author, journal, and year.

If users would like to see the entire set of publications of a certain author, then the journal and year fields
of the form shown in Fig. 43 should be left blank. In this case, the system will return all references published
by the author of interest, organized in several categories: books, book chapters, published articles, theses, etc.
An example of such search is shown in Figure 44.

This type of search retrieves not only details about references recorded in BAMS but also details about
what kinds of neurobiological information can be found in each of them (e.g., brain part definitions, fiber
pathway reports). If a search by author retrieves references associated with information of the type “fiber
tract,” then users can view reconstructed connectivity matrices from the related references. The
representation of connection matrices based on data collated from individual references is similar to that
described for the reconstruction of connectivity data for a region from information associated with the set of
its substructures. Users can organize connectivity data in two additional ways: they can view the connection
matrix as reported in a given reference in terms of connection existence or absence, or in terms of maximum

gualitative strength.
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Search of information by referance

Author | |Swanson

|anal || Any journal ﬂ
| vear | [Any year =]
Search | Reset I
Books
[Authar [Titie of Book [Volume [Series [vear [Fages |Eaition |Publisher |Egitor [uRL [Type of information

[Swanson LW. [Brain Mags: Structure of the Rat Brain

[wa [198z2[196212 [t [Eisavier

[hwra

|Swanson LW  [Brain Maps: Structure of the Rt Brain

[NA  [Not availsble [brain structures

[Wa [1s98 [198-212 [second [Etsevier

|N-fA

[Swanson L W [Beain Macs: Structues of tha Rat Beain Third Edition [N/A

[WA [Not availatie [orain structures

wia [200a (188175 [hied  [Elsaviar

[ [Not musitabie [beain structuces

[Het avaitabie |

L.W. |Brain g the basic pl 2004 |ontord University Press
Book Chapfu:
|.Am'hor Title of chapter [Tm of Book [m-n |Seriea [Yw |Pnpu [;#rm imm [Eddor iu'ﬁl. _ £
i in Progress in beain qumin 181- | . ol | ot
|L.\!\f |d-uulu medisting responses 1o stress tasearch |brain research Tl 200 :EJ | = iluillbll
Swanson Handbock of chemical [ Ejoddund A, Holdelt T. |Not §
!L.W. fihe ot neuroanatomy |B il EE'I I& Swanson LW. |availsble | e
Journal articles
[Autrore | Titte of Articie |doumat |vear [velume issue |Pages Type of information
Projections from bed nudel of the siria terminalis,
Dong H-W. & -nwbmwl.l srea: oarebeal rwnhpm intagration of 142.
LW, ; o |4 Come Neurl 2008 434 1 i
energy balsnce
Projections from bed nudlei of the siris terminalis,
m“ S Lapici i o Caea § Comp Neurol 2005 WA WA WA |Absiract
snd drinking lu'poru-s
Projections from bed nudei of the siris terminalis,
Dong H. & g Hlular nucleus: implications for cerebral
LW, o ang | Cemeewal 2005 [NA WA |NA  |Abstract |fiber tracts reports
penile eraction
|Cenquizes LA & |An Analysis of direct hippocampal cortical field CA1 [
" Comp fiber racts reports
[Swanson LW. sxonsl projections to dienosphalon in the rat o i imns A |" /A WA |Absed
Projections from bed nudei of the stris terminalis,
E“w"' FL¥y Hemcstn e division: imgli for cerebral hami § Comp Neurol 2004 (471 |4 :; \Abstract  |fiber tracts reperts
-W. of dutaiive srd i R
Projections from the rhomboid nudeus of the bed nudei
Do . Samomon. oy vta for csrebral JCompNeurnl (2004 463 gl P
By regulation of ingestive behavios
. T =
|Thempsen RLH., of a hyp Brain Res Brain Res
s LW. Ivi patiem nebwod Rev - A mll-bk
 eteirchponiomdy U O S el ki e S Ll . f{ I g
Dong HW & |crganization of sxonal from the
!L.w |area of the bed nuclei of the stria terminalis l" Come ol [‘“’ 0 ["”‘ ["" |"‘"
Daong HW, Petrovich  (Basic organization of projections fram the oval and
D, Watts AG, fusitorm nuclei of the bed nuclei of the stria terminalis in |J Comp Newral za:lnu 5 438 |420-85
Swanson LW sdult rat brain

Fig 44. The output of a search for references, by author (see mset) in BAMS. Users can inspect details of each retrieved

reference, and the types of neurobiological information found in it are also listed.

The interface that allows representation in tabular format of neuroanatomical connections reported in
an individual reference is not restricted to the construction of matrices based on combined results. Instead, it
also allows the display of data from individual experiments. Reconstruction of connectivity matrices from
individual references has an additional feature: the ability to create a composite profile of all experiments
reported in that reference. In the example shown in Fig. 45, the retrieved reference (Dong and Swanson,
2003) is associated with the reconstructed matrix of projections, and with tract tracing data for each of four
individual experiments. Additionally the interface allows combination of all experiments in a single
composite table (the link “Cases, composite” in Fig. 45).
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Summary of fiber tractz information collated from the reference Organization of sxons! projections from the
anterolateral ares of the bed nuclei of the siria terminalis, authors Dong H-W & Swanson LW, published in J Comp
Neurol

...... Cases, composite
é‘____lndi'u'idual case {Injection site)
BST17¥8(BSTal

BST19BSTal

BST124BSTal

______ BST74{BSTsg)
Efferent | psTsc || BSTal |
Afferent

ace J[_a 1]
o || 7|
e [t [ = |
e s |||
|isrvtam|| 1 || 1 |
Com (o |+ |
Com o+ |
|L5r.m.1.r.r|| z || 6 |
| BSTad || 4 || 15 |
| BSTal || 3 || 13 |
| BSTav || 5 || 15 |
Cesran |_e ||_7 |
o ||
| seee || 1 || 1 |
[ [ [ < |

Figure 45. Users can reconstruct matrices of neuroanatomical connections as reported in individual references. If a
reference is associated in BAMS with connectivity data for individual experiments, this information also becomes
available to users. This connectivity matrix was obtained by search for information by author and accessing the

associated “fiber tract reports” link as shown in Fig. 44.

4. Saving queries results in the Personal Workspace

The functionality of BAMS’s web interface has with two additional features: registered users may now
add comments to data reports, and they can also save their activity in a personal workspace. Registered users
are allowed to attach comments to brain region, projection, and molecule reports inserted in the public part of
BAMS. These comments may be accessed and viewed at any time by the registered user who inserted them.
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The BAMS Personal Workspace becomes the place where registered users can save and view reports of
interest concerning CNS regions, their input and output axonal connections, customized connection matrices,
molecules, and groups of gene expression pattern experiments. The number of reports and matrices that can
be used by registered users is unlimited.

The process of registration in BAMS is very simple: just click on the link “Register” (path:
Menu->Register) and the form with the first name, last name, and email address. The username of the newly
registered user is his or her last name and the email address becomes the password.

Once the registration is completed, users can start using the workspace (path: Menu—>Workspace). The
system will display login interface, as shown in Fig. 46.

Welcome to BAMS workspace

Thiz workspace can be used to =ave and view reports of brain
regions, neursanatomical projections, molecules prezence in brain
regions, customized projection matricez, and groups of gene
expression experiments.

To Login, enter yvour Username (your last name) and Password (vour
email addrezz) into the boxes below, then click "Login™.

If vou are ungure about whether vou hawve an account, or have
forgotten yvour pagzword, pleaze contact the Syetem Adminigtrator.

If vou do not have an account, please register, or contact the Syetem
Adminigtrator.

Login to your workspace

Username (last name): I

Pazsword (email address): I

Login |

Figure 46. The login interface to the BAMS Personal Workspace.

Once users are logged to the Personal Workspace, they can use BAMS as before. The differences that
will appear are related to the possibility of associating personal notes to results of queries, and saving these in
the workspace. An example is shown in Figure 47: the summary page of the rat PVHmpd is almost identical
with Figure 6, except the link that allows users to associate annotations with this region, and the link
necessary to save it in the personal workspace.
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.....3ame term found in other nomenclatures
e Save in workspace Add comment Help?

Details about PVHmpd. More I Tree

Higrarchy level in atlas Swanson, version Swanson-1998 is 8: 7 superstructures include it.

Tree of Paraventricular nucleus of the hypothalamus, parvicellular division, medial parvicellular part, dorsal zone

Brain
Brainstem
Interbrain
No other subparts of Hypothalamus
PVHmpd. Periventricular zone of the
hypothalamus
Paraventricular nucleus of the
hypothalamus
Paraventricular nucleus of the hypothalamus,
parvicellular division
Cell Chemoarchitecture
motor neurcendecring magnocellular vasopressin neuron releasable by neurons || cell associated |
motor neuroendocring parvicelular CRH neuron corticotropin-releasing hormene|[Enzymes
motor neuroendocrine parvicelular TRH neuron enkeohalin sulfhwdryl oxidase|
motor neuroendecring parvicelular SOM neuron neurotensin
descending neuron, svmpathetic svstem oxviocin

descending neuron, sympatheticlparasympathetic system|

¥AS0Qressin
somatostatin

methionin-enkephalin
leucine-enkephalin

melanin-concentrating hormone
hypocretin/orexin
angiotensin Il

Complete chemoarchitecture profie

Efferent projections of Paraventricular nucleus of the hvpothalamus, parvicellular division, medial parvicelular part,
dorsal zone

Afferent projections to Paraventricular nucleus of the hvpothalamus, parvicellular division, medial parvicellular part,
dorsal zone

Figure 47. The summary page of the rat PVHmpd in BAMS, for a registered user who logged to the Personal
Workspace. This page includes two additional links: “Save in workspace” that allows users to save this region, and

“Add comment”, which users to associate any number of text annotations.

This approach was also implemented in the other modules of the BAMS web interface. Therefore, users
can save CNS parts reports, projections patterns (both inputs and outputs), and molecules presence/absence

reports, and gene expression experiments. A typical Personal Workspace, with several queries saved from
each category is shown in Figure 48.
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Saved brain parts, connections & molecules

Saved brai Saved output Saved i t Mol |
ved brain saved on ved outpu Saved an ved inpu saved on olecules
parts patterns patterns presence Saved on
5 | £ | reports
AAA s gt Delete| [CEAm 20080504 1 ete] PVHmpy 20060504 | perete
21:00:05 18:31:43 18:00:24 2005-05-05
CRH mE Delete
c | g E | a1
50 HLLEEELE Delete| |BSTrh ERLTEEE Delete| |BSTrh ELTEE Delete|
11:44:01 18:31:25 18:31:35 2008-05-05
HiO (mEe Delete
2005-05-05 2005-05-05 2005-05-04 A
HPF Delete| (TR Delete| [CEAm Delete
21:16:10 19:50:18 18:31:52 2008-05-08
ENK 102224 Delete
2005-05-08 2005-05-08 2005-05-04 e
RHP Delete| |ENT Delete| |AAA Delete
10:20:57 10:21:48 20:44:35 2008-05-08
Ooey T Delete
| o
S0 112:!2:3;0%08 Letee 2006-05-14
— All " |Delete|
18:51:00

Saved projections matrices & gene expression experiments

SaveFi projections saved on Savedlgene expression saved on
matrices experiments
2008-05-07 2006-05-05
PVH-output Delete| |watis-2 Delete
14:18:45 19:33:30
2008-05-07 2005-05-05
B3T-input Delete| |Swanson-group Delete
16:07:45 21:23:49
2005-05-08 2005-05-0&
AHN-outputs Delete| |Watts-Swanson Delete
10:23:40 10:25:10
5| g
Arshad o Delete| |watts-all A Delete|
11:45:59 11:46:29

Figure 48. BAMS Personal Workspace allows registered users to store and view reports of interest concerning CNS
parts and cell types, input and output axonal connections, and a wide variety of molecules—as well as complex, axonal

connection matrices and groups of gene expression patterns. The number of saved reports in any category is unlimited.

5. Web services and downloadable forms.

Besides having a complex web interface and being open to the neuroscience community, BAMS is also
is a data and knowledge provider. This is accomplished in several ways, which include backend MySq|l
connections with other neuroinformatics groups (Senselab; http://senselab.med.yale.edu; LONI;
http://www.loni.ucla.edu, etc.), and XML pages with the data and the metadata stored in BAMS. The access
to the page that includes the XML pages is via the path: Menu—>XML. Here, users will find XML pages
organized by brain nomenclatures. The general structure of any XML page is exemplified by the snippet

below:
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<part id="p524" name="Abducens nucleus" abbreviation="VI" is_part_of idrefs="p519"
url_base_ref="ul" url_param="aidi=524">

<sources>

<source id="s835" name="Flocculus" abbreviation="FL" url_base ref="u2"
url_param="eff=835&aff=524" />

</sources>

<molecules_in_region>

<molecule_in_region id="m17" name="beta2 subunit nicotinic receptor" abbreviation="beta2
NAChR" url_base_ref="u3" url_param="aidi=524&chem=17&type=1&what=0" />

<molecule_in_region id="m15" name="alpha4-1 subunit nicotinic receptor" abbreviation="alpha4-
1 nAChR" url_base_ref="u3" url_param="aidi=524&chem=15&type=1&what=0" />

<molecule_in_region id="m16" name="alpha4-2 subunit nicotinic receptor" abbreviation="alpha4-
2 nAChR" url_base_ref="u3" url_param="aidi=524&chem=16&type=1&what=0" />

<molecule_in_region id="m19" name="sulfhydryl oxidase" abbreviation="QSOX"
url_base_ref="u3" url_param="aidi=524&chem=19&type=1&what=0" />

</molecules_in_region>

<cells>

<cell id="c241" name="motor neuron, extraocular muscles" url_base ref="u4"
url_param="aidi=524&id2=241" />

</cells>

<[part>

Since XML pages tend to become large, the loading time may become a problem, especially to those
that use Internet Explorer. In this situation, we encourage the users to contact us, to either send the XML
pages by email, or create custom (and smaller) XML scripts.

Any XML page can be saved in users’ computers and later used as base for searching BAMS for
additional information, or run different inference engines.

BAMS interface also includes a growing set of downloadable forms, written in Excel, which can be
used to either construct “in house” small databases, or populate it. These forms can be found under the
“Forms” category of the Menu (path: Menu—> Forms). So far, this category has only one downloadable Excel
form, for populating the Connections module of the system. Here, we will add Excel forms for molecules and
neuron types records.
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