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Why database?

Bring order to data: Organize data for the individual study or for a
whole range of studies.

Make search easy: PubMed and Google are examples on easy search
and retrieval on text. They fail to search on specific neuroscience data,
e.g., activation in basal ganglia.

Automate analysis: E.g. construct consensus across studies; compare
a new study to the existing body of work.

Develop new tools: Neuroscience makes interesting heterogeneous data
which enforce development of new tools.
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The number of articles in-
creases.

Can databases and computer-
based methods help to oga-
nize the large amount of new
data?

How should data be repre-
sented? How can they be en-
tered into a database? Which
data mining methods can be
developed? Internet services

Figure 1: Increase in the number of articles in PubMed which |jke bioinformatics?

are returned after searching on “Posterior cingulate”.
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Functional human brain mapping

Figure 2: Figure from Balslev et al. (2005).

“Activation studies” or patient-
control comparisons with PET,
fMRI or SPECT. Lesionsstudies
with MRI.

Results often represented in the
literature as 3-dimensional coordi-
nates wrt. a standardized stereo-
taxic system (“Talairach™)
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BrainMap database
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Report Coordinates

Plot Options

One of the first and most

comprehensive databases (Fox

et al., 1994: Fox and Lan-
caster, 2002)

Presently 26678
from 765 papers

locations

Graphical web-interface with
search facilities, e.g., on
author, 3D coordinate, ...

Also possible to submit

Figure 3: Screen shot of a graphical user interface to the Brain- NEW studies

Map database with Talairach coordinates plotted after a search

for experiments on olfaction.
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Figure 4: Screenshot of a program for entering data.

a study of Jernigan et al. (1998).

Here with

Smaller Brede Database si-
miliar to BrainMap

Every studie saves, e.g.,
author, article title, ab-
stract, scanner, number
of subjects, coordinates,
anatomical names, topic
under study.

Taxonomy for brain regions
and topics
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XML “Lowtech” storage

<brainTemplate>SPM95</brainTemplate>
<behavioralDomain>Motion,Execution - Saccades</behavioralDomain>
<woext>57</woext>
<analysisSoftware>SPM95</analysisSoftware>
<analysisSoftware>AIR</analysisSoftware>
<analysisSoftware>AMIR</analysisSoftware>
<Loc>

<type>loc</type>

<functionalArea>Left frontal eye field</functionalArea>

<brodmann></brodmann>

<zScore>4.82</zScore>

<coordReported>-0.050000 -0.002000 0.036000</coordReported>
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Searching on Talairach coordinate

14149

l Location search Je.g.,14 —g _15

# |Distance|x |¥v |z
1 0513 (14| &

2 3.515(11] 6
3 491151213

4 7ol12] 812
5 7810f 811
£ 8.1 514 | &
7 8313 7| 3
8 B.313| 7| 3

WOBIB [Description
6 Right caudate nucleus - Correlated with pain ratings in hot pain on right
— |handin rest, mental imagery and hypnosis (WOEXP: 238)
92 |Caudate nucleus - Mildly depressed cancer patients (WOEXP: 293)
(80 Fight caudate nucleus - Intelligence and gray matter volume negative
—  ||lcorrelation (WOE XP: 564
178 ||Right caudate - Semantic versus case (WOE XFP: 550)
178 Right caudate - Semantic versus syllable counting via case judgment
—  |[I(WOEXP: 558)
26 Right caudate nucleus - Hot pain on right hand during hypnosis (WOE XP:
—  |2358)
171 Right striaturm - Bhyme judgement and nonlinear {'convex') response in

rapid auditory processing (WOE XP . 528)

—_
—_

Right striatum - Bhyme judgement and linear increase response in rapid

auditory processing (WOEXP: 5277

Result after search for nearest coordinates to (14, 14, 9). Similar
searches possible in xBrain and Antonia Hamilton’'s AMAT programs.
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Seaching on experiments

+1:1.00000 Mentalizing versus rule solving. Playing a computer-based version of "slones, paper, scissor” while belfeving the
apponent was an other iiuman versus playing while belfeving the cpponent was a computer with a fixed rule-based algarithm,
WOEXP: 218,

Helen L. Gallagher; Anthony | Jack; Andreas Boepstori; Christopher D. Frith. {maging the inlenlional slance in a compelifive game.
Neurotmage 16(3 Pt 11:814-21, 2002, PMID: 121658285, WOBIB: 70.

+2: 0.68676 Postiraumatic stress disordar. Benzodiazaping binding fn postiratumatic stiass disorder varsus Binding in normal
subfects. WOEXP; 208,

J. 0. Bremner: B. B. Innis; 5. M. Southwick; L. Staib; 5. Zoghbi; D. 5. Chamney. Decreased benzodiazepine receplor binding in prefrontal
cartsx in combat-related postraumalic slress disorder, American Journal of Psychialry 157(7)1:1120-1126, 2000, PMID: 10873821,
WOBIB: 567,

+3: 0.67565 Forgiveness judgements. Judgemenis of visually displayed sentences about forgivensss situalions with bution
press versus judgement involving social reasoning WOEXP 451,

T. F. Farrow; Y. Zheng; . O, Wilkinson; 5. A, Spence; J. F. Deakin; N. Tarrier; P. D, Griffiths; P. W, Woodruff, fhveslgaling the funclional
anatomy of empathy and forgivensss, NeuroReport12(11):2433-2438, 2001, PMID: 11486124 FMRIDGCID: . WOBIB: 147,

+4: 064805 Case judgment versus syllable counting. Case judgment of letters from visually presented words with bution
press versus counlfng the number of syllables in a visuaflly presented word WOEXP, 553,

Bussell A, Poldrack: Anthony D, Wagner: Matthew W, Prull: John E. Desmond: Gary H. Glover: John D. E. Gabrieli. Functional
Specialization for Semalic and Phonological Frocessing in the Left inferiar Frefrontal Cortex, Neurofmage 10(1):15-35, 1999,

PKIC: 10385578, DO 10.10061/nimg. 1995.0441. FMBIDCID: . WOBIB: 178.

+5: 0.60237 Subject 3: Answering self-reflective questions versus answering semantic questions. ssff-reffsctive and
semanlic yas/no quaslions pasead thraugh headphanes were answersd with buttan prass. WOEXP: 56,

Sterling C. Johnson; Leslie C. Baxter; Lana S, Wilder; James G, Pipe; Joseph E. Heiserman; George P, Prigatano. Newral correlales of
seff-reflection. Grain 125(Pt 8):1808-14, 2002, PMID: 12135871, WOBIB: 20,

List with results after searching experiments that report similar
activations as a “mentalizing” experiment of Gallagher et al. (2002).
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Coordinates-to-volume transformation
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Coordinates in an article con-
verted to volume-data by
filtering each point (kernel
density estimation) (Nielsen
and Hansen, 2002; Turkeltaub
et al., 2002)

One volume for each article

Yellow coordinates from a
study by Blinkenberg et al.
(1996), with grey wireframe
indicating the isosurface in the
generated volume
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Taxonomy for cognitive components,

WOEXT: 41

Col d pain
WOEXT: 40 w( WOEXT: 261
Pai n Thermal pain

Memory, episodic memory, episodic memory retrieval, empathy, disgust,
5-HT2A receptor, ...
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Supervised datamining
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Volume for a specific taxo-
nomic component: *“Pain”

Volume threshold at statisti-
cal values determined by re-
sampling statistics (Nielsen,
2005).

Red areas are the most sig-
nificant areas: Anterior cin-
gulate, anterior insula, thala-
mus. In agreement with “hu-
man’ reviewer (Ingvar, 1999).
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unsupervised datamining

Construction of a matrix
X (papers x voxels)

Decomposition of this matrix
by multivariate analysis, e.g.,
principal component analysis,
clustering, independent com-
ponent analysis

z [cm]

Left image: non-negative ma-
trix factorization with compo-
nents weighting for (perhaps)
face recognition (Nielsen et al.,
2004)

Other technique: Replicator
dynamics (Neumann et al.,
2005).
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Text representation: a “bag-of-words”

‘memory’ ‘visual’ ‘motor’ ‘time’ ‘retrieval’
Fujii 6 0 1 0 4
Maddock 5 O 0 0 0
Tsukiura O O 4 0 O
Belin O O 0 0 0
Ellerman O O 0 5 0

Representation of the abstract of the articles in “bag-of-word”. Table
counts how often a word occurs

Exclusion of “stop words” :

common words (the, a, of, ...), words for brain
anatomy, and a large number of common words that appear in abstracts.
Mostly words for brain function are left.
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Grouping of words from articles

Multivariate analysis of the

e oecons T T text in  posterior cingulate
il Zgiz%?ci)(;raphica :?(::?sztion g(])c;ﬁ;rtosensory ;nptgf[;rlnents a rt | C | eS tO fl n d “t h e m eS” ’
memories emotion heat humans . .
which can be represented with
jromory poal pain weights over words and arti-
retrieval exp p
% i teirrr)':ZOdlc :2?:?)Znition g)%ﬂtosensory CleS
é memories emotion heat
g
totiova) oo Most dominating words: mem-
3 2fF episodic motor . . .
e somatosensory ory, retrieval, episodic
Fesribval pain, painful, motor, so-
1+ episodic
tme | | | matosensory
1 2 3 4
Component

facial, expressions, faces,

Figure 5: Grouped words.
eye, visual, movements
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Text and volume: Functional atlas

Automatic construction of
functional atlas, where words
for function become associ-
ated with brain areas

Blue area: visual, eye, time

Black: motor, movements,
hand

Figure 6: Functional atlas in 3D visualization.

White: faces, perceptual, face

Green: auditory, spatial, ne-
glect, awareness, langauge

Orange: semantiv, phonolog-
ical, cognitive, decision
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Funktional atlas — medial view

Grey area: retrieval, neutral,
words, encoding.

Yellow: emotion, emotions,
disgust, sadness, happiness

Light blue: pain, noxious, ver-
bal, unpleasantness, hot

Figure 7: Visualization of the medial area.
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Searching on a specific area

10

Searching for all coordinates
labeled as “posterior cingu-
late” . Here 116 “posterior
cingulate” coordinates.

One outlier: “Right postcen-
tral gyrus/posterior cingulate
gyrus” from (Jernigan et al.,
1998).

Possible to find the corre-
sponding articles for the co-
ordinates — and cluster these
articles

Finn Arup Nielsen
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Memory and pain

Is there a different be-
tween how memory and
pain coordinates dis-
tribute in posterior cin-

gulate?
Al " : :
® x5 x Xe Sagittal plot of memory
P E X% % | | :
2 b X X % 0 (red x) and pain (green
x 5% circles).
— X

| | | ‘ 3 | Apparently the memory
2_/ . coordinates have a ten-

‘ ‘ ‘ | ‘ ~ dency to liein the poste-
| . . . | ~ rior/inferior part for pos-
4 2 0 2 4 -6 -8 19 terior cingulate.
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Imaging databases

fMRIDC: fMRI Data Center stores scanning data from fMRI studies.
With Internet-based search.

Neurogenerator: Storing, information retrieval and visualization of imag-
ing data.

SumsDB: Cortex surface-based database.

Rodent databases: NeSys (projections), Mouse brain library: Nissl-
stained

BrainInfo (NeuroNames): Database of brain structures.

Connectivity databases: CoCoMac, CoCoDat, BAMS, XANAT, ...

Finn Arup Nielsen 19 October 24, 2005
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CoCoMac connectivity database

CoCoMac records anatomical
connectivity in the Macaque
De=wmees aow PDrain with data from presently

Sourcelap ¥ J
- ascending l ¥ : 3 9 5 p a p e rS .

Connectivity output list,
PrimaryProjections
SearchString: ('CD' [KEYWORDS]

34 ltems, page 142 select page: 2

HTML -= BrowuI ¥

output type

Brain region ontology (Stephan

Sourcesite PDC Hemisph, Dansity PDC Course Targetsite DC Hemisph. Laminae

Tl |Bog-19 D ? ® [ BD77-Cd A ? et al 2000)
2. IC/|Bog-19 D ? ® [ BD77-Cd A ? " .
3. [Cl|Bog-18 D 7 * I BD77-Cd A 7 [Caminzel
4, [C|Bog-18 D ? " [ BD77-Cd A 7 Caminas] s
5, [Cl|Bog-18 D ? R | BD77-Cd A ?  |[Caminad I 0o 1 i 1
5. [Cl|B0g9-18 D ? Kt ? BD77-Cd F ? [aminze) [L2] Stores fro m ' to a n d h OW
7. [Cl|rTMBES-Cd L L 0 I RTMBSS-PrMdr C L [Caminzel . .
8. [Cl|rTMBOS-Cd L L 0 I |RTMBSS-PMdr C L ‘m Es Strong the ||nk |S, What tl’a Cel’,
g, [Cl|RTMBSS-Cd L L o [ RTMB99-455Up C L |Camnad &5
10. [CI|RTMBSS-Cd L L 0 I |RTMBYSPMd: C L |Comined 2 etC .
11. [C/|RrTMBES-Cd L L 0 I RTMBE9-46inf C L [Caminzel
12. IOl |RTMBEO-Cd L L o] [ RTMB9S-Phve C L Camnag] s
13, IO/ |IRTMBSS-Cd L L o [ RTMBI9-Phy C L |Camnad i€ . . . .
14, [CI|rRTMBIOCd L L 0 I |RTMBISPMd: | C L |CoaskE V|Sua||zat|on Of connectiv-
15. [T/ |IRTMBS9-Cd L L 0 [ RTMBI99-PMdC c L
18, [Cl|RTMBES-Cd L L 0 I |RTMBSg-Prde € L |Caminad i i _
17. [Cl|RTMBES-Cd L L o] [ RTMBSS-5MA C L Caminas] s Ity’ and lySIS Of’ e. g " sma I I
18. [C/|RTMBSS-Cd L L 8] | RTMBSS-Phur C L |aminad I (
19. [T/ |IRTMBS9-Cd L L ] [ RTMBI9-5MA c L iy World Ness S porns et d l "
20. [CI|RTMBE29-Cd L L 0 I RTMBZ9-M1 C L |m i 2004)
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More information

Bibliography on Neuroinformatics

http://www.imm.dtu.dk/~fn/bib/Nielsen2001Bib/
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