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BrainMap has released Version 1.1 of its software ( 5 nger 7
and Scr . With the release of this version, we require that you
manually login to Sleuth with your username and d, even if you
previously set the software to remember these fields. This is a required
action, since we are moving from an old version of the Oracle database
to an improved database. Under this new database structure, it is now
possible to perform all AND and OR searches at the Experiment level.
This facilitates greater precision in obtaining search results.

Also in Version 1.1, we have released a new anatomical template used
for viewing ALE results. This template corrects a small defect in the
previous template and offers a better representation of Talairach space.
We also updated the masks in GingerALE to match the revised template.
GingerALE automatically changes the mask to match ALE images. Thus,
if you open existing ALE files that were created prior to this release,
GingerALE will utilize the mask that was previously implemented.
Nevertheless, to ensure that your images are as accurate as possible, we
suggest that re-run your meta-analysis using the new mask/template.

BrainMap is an online database of published functional neuroimaging
(fMRI and PET) experiments with coordinate-based (x,y,z) activation
locations in Talairach space. The goal of BrainMap is to provide a
vehicle to share methods and results of studies in specific research
domains, such as language, memory, attention, emotion, and
perception. BrainMap can also be used to perform meta-analyses of
similar research studies.

BrainMap was created and developed at the C
the University of Texas Health Science Center San Antonio (UT

There are 3 different applications in the BrainMap software suite:

i database searches and Talairach coordinate plotting (this
application requires a username and ¢ word)
performs meta-analyses via the activation likelihood
estimation (ALE) method; also converts coordinates between MNI and
Talairach spaces using |
A : database entry of published functional neuroimaging papers
with coordinate results

A web application accessing the full set of database search criteria is
also available, called BrainMapWeb. After a query, a list of citations
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the author's last name below:

Current Database Status

Papers: 1385
Experiments: 6287
Paradigm Classes: 76
Locations: 50056

BralnMap Project Funding

BrainMap is currently funded by the
1 Brain Proje of the National
Institute of Mental Health (NIMH),

Current Software Versions

Scribe v.1.1

a database of functional
neurolmaging results

a comprehensive tool for
ALE meta-analyses

http://brainmap.org




BrainMap: The Concept

Database of functional neuroimaging studies
Archives coordinate data, not raw data, not SPIs

Searchable by paradigm, cognitive domain,
subject groups, ROIs, anatomical labels, etc.
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Meta-Analysis: the post hoc
combination of independently

performed studies to better
estimate a parameter of interest

Location-effects: emerging as a tool for modeling neural systems

Combines statistically significant effects to create predictive models




Why Meta-Analyses ?

fMRI and PET are powertul for localising brain functions

but ...
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Why Meta-Analyses ?
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Forms of Meta-Analyses

cant kft postertor MTL activation foe woeds. and a sgnificant
tihateral posterice MTL activation foe abjects and faces. Direct
camparisons between the two hemispheres reveakd kft=right
acthvation for woeds and right=>kft activation foe faces.

Wharsas the previous studies all sxamined encoding of 1solated
wards, objects, sceres, or faces. Aguirre et al. (1996) axamined
encoding of a complex spattal environment. In the encoding
condition, partklpants actively explored the complex environ-
ment in ceder to remember It for a later test; In the control
condition, they continually mowved through a sparse clrcular
coeridar. Aguirre ot al. (1996) reperted activaticn of parahl ppecam-
pal cortex bilaterally in the enceding condition compared to the
cantrol condliticn.

Retrieval Studies

Only a tandful of IMR] experiments have provided evidence of
MTL activattons during memeey retrieval. In addition to the
expariment Imvalving enceding scans describad sartier, Gabetall ot
al. (1997) also scanned subjects after they had studied line
drarwings of objects. &.b]octs were shown woeds and were asked to
recall whather they had scen a drawing with that mame. [n ane
condition, mast of the wards were the names of previously studied
drawings and in another condition mast of the words were names
of drawings that had not besn presented. Retrieval of previcasly
studled drawings was assachited with an anterdar MTL acthaticn
In the vicinity of the sublculum. In an attempt to incremse the
similarity betwesn this retrieval study and the previously described
pleture enceding study, Gabricli et al. (1997) ran an additional
two subjects on a retrieval task in which pictures were presented
and subjects attempted to recall previcusly studied woeds. They
found greater acivation In the sublculum dwing a retrieval
candition In which plctures primarty coeresponded to previously
studled words compared to a retrieval condition in which pictures
camesponded mainty to noastudied words.

In contrast to these antsrice MTL rotrteval activatiors. three
cther studies hawe repected evidence of moce pasterior MTL
acthvations during retrieval. In two related expsriments (ane using
ablacked destgn, the other an event-relited desgn), Schacter et al.
(1597a) exposed participants to lists of semantically assodated
words. Subjects were then scanned as they made old/mew
recognition Judgments about previously studied wards or related
lures (15, “false targets”) that were semantic asscciates of the
previously studied words but bad not actually been presented
during the study trials. Compared to a fixatton control condition,
recognition of peeviously studied words and false targoets was
ascciated with activation in the left parahippocampal cortex

Aguime et al. (1996) wxamined retrieval of a recently loarned
complex environment (as described carlter). Stmilar to their
findings concerning encoding of the erviranment, Aguirre t al.
(1596) roperted bilateral parahlppocampal acthvation dwring
retrieval. Aguirre and D'Espeetto (1997) scanned subjocts while
they attempted to recall different aspects of a “Wirtual town’” that
they had became famillar with 2 to 3 days price to scanning. In
the appearance condition, participants were shown a scene fram
the town and asked to indicate whather 1t matched a name that

FMRI AND PET STUDIES OF ENCODING AND RETRIEVAL 1

was provided. In the pasition condition. the same stimull wore
presented, followed by an arrow and the name of another targst
location: participants were required to Indicate the direction of the
cthar target relative to the presentad target. Compared to a contral
condition where subjects viewed scramblkd visual scenes, there
was significant bilateral parahippocampal activation in bath
experimental conditions.

SUMMARY OF FMRI FINDINGS

In summary, the findings from MR] studies converge an the
cbsarvation that pesterice reglans of the MTL, irvohing mainly
the parahlppocampal gyrus and caudal aspects of the Wippocam-
pus, play an impectant rok in memary encoding procssses. This
finding has been obtained In studks using verbal materals
(Fernandex et al. 1998; Wagner ot al., 1988), norverbal matertals
(Aguirre at al., 1996 Stern ot al., 1986; Aguirre and D'Espasito,
1997; Gabetell ot al. 1987 Brewer ot al, 1998), or both
(Rambouts et al,, 1997, Kelky ot al, 1998); with a vartety of
analysks stratogks, Inchiding subtraction (Aguirre et al., 1986;
Starn ot al., 1996; Aguirre and D' Espostto, 1997; Gabesslt et al.,
1987; Rombouts et al., 1997; Kelley et al., 1998: Vagner et al.,
1998), comolational technigues (Fermandex ot al., 1998), and
event-relatod procedures (Brawsr ot al, 1988; Wagner ot al.,
1998). and both when novelty detection processes are possible
contributors to the cbserved activations (Stern et al., 1986;
Gabetelt ot al.,, 1997; Rombouts et al., 1897) and when they are
not (Aguirre et al., 1996; Aguirre and D "Esposito, 1997 Beower ot
al., 1998; Fernandez et al., 195€; Kalley ot al., 1998 Vagner etal.,
1998). Althcugh some studies have also produced evidence of
moee anterice MTL activation during enceding (Stern et al.,
1996; Rombeuts et al., 1997; Wagner ot al. 1988), all of the
reviewed studies reported pastertor MTL activaticn during encod-
ing. By contrast. too fow EMR] data are avathible concerning MTL
activations during retrieval In ceder to permit any firm conchi-
slons abeut their rostrocaudal bation (for a schematic depicticn
of all sncoding and retrieval foct, see Figure 1).

PET STUDIES OF ENCODING
AND RETRIEVAL

The data from MR studies of enceding appear compalling
and consistent. It thus may be surpeising that Lepage ot al. (1928)
recently reperted a meta-analysts of PET studies that appears to
ylokd a different and perhaps cppedte concludan from the IMRI
studies. L:ng: etal. (1998) summartzed results from a database
of 52 PET studies that cbtained evidence of 34 individual MTL
activations during encoding or retrieval. They noted a highly
candstent pattern of findings: MTL activations during encoding
tencled to fall in the rostral peetions of the restrocaudal axis,

cbject maming and coloe name generation both ylelded posterior
MTL activations. Compared to episadic retrieval of uncommon
calars, calor mame generation yiekded anterior MTL activation.

Beauregard et al. (1998)

In this study. incidental word encoding was compared to a
lower devel visual baseline. During woed encoding, subjects
doctded whether weeds belonged to the categeey “toals.” Com-
pared to viewing a string of number sgres (#%#4¥), ward encoding
resutted in left MTL actvation.

N.Kapur et al. (1995

In this study, both the enceding and the retrieval of facial
stimull were compared to a rest contrel. From these compariscns.
Lepage ot al. (1958) included a metreval MTL activation.
However, a posterior MTL acthvation resulting from encoding
(slaborating on factal stimuti by making gender classifications)
was not included.

Schacter et al. (1995)

Lapqgv et al. (1988) included data from a retrieval comparison
in which subjects made recognition judgments about a block of
peoviously studied “impossibk” objects compared to a pasdve
viewing condition. However, they did nat Include analogous data
showing posteriar MTL activation from a retrieval comparison in
which subjects made recognition judgments about a block of
peoviously studied “posstbl” cbjects compared to a pasdwve
viewing conditicn. In addition. Lopage et al. (1998) did not
Inclode a comparison that meets thelr elaborative encoding
aiterion, In which subjects made pasdble/impessible chject
decidons about mw (Le., previcusty nonstudied) objects. Far
Impasdble cbjects, the cbject decldon wersus passiwe viewing
campartsan yklded a ggnificant postertioe MTL activation; there
was no corresponding activation foe posstble objects. As with the
preceding six studies, this type of elaborative decision is similar to
desp versus shallow encoding compariscns that were Included by
Lepage etal. (1986).

Bottiniet al. (1994

Participants were presented with sentences and decided whethar
(1) each sentence repeesents a phausible metaphor, or (2) whether
cach sentence 1s plusible at the titeral Jevel. Both of these tasks
require conskderable slaborathve procsssing of the sentences. [n the
cantrol condition, subjects viewed a sentence-like string of eight
to nine woeds and were asked to Judge whether ane of the wards is
an oethographically legal non-word. Compared to the control
task, the combined sentence procesdng conditions resulted In
anterice MTL activaticn.

Priceet al. (1994

In this study of woed processing, participants parformed three
tasks! lexdcal decksion on words and pssudowoeds, reading words
aloud, and foature decision on false fonts. Acrees two versiors of

Textual Review

FMRI AND PET STUDIES OF ENCODING AND RETRIEVAL 15

each task, the rate of stimulus presentation was varked, stimuli
were presentod for either 130 ar 1,000 ms. At both presentaticn
rates, compared to the basline feature-detection task, lexical
decksion yieMed posterior MTL activation. Lexical decision,
which necessitates ehiborative processing of each stimulus, is
farmally smilar to the cbject decision task used in the Schacter et
al. (1895) study. [n additicn to thase foct. MTLactivations related
to word encoding were noted when woed reading was compared
to basaline. At bath presentation rates, there was a more anteriar
MTL activation during the word reading condition. We have
included these findings in cur Table 2.2

Bookheimer et al. (1995)

Particlpants were presented woeds, drawings of commen
cbjects, and meaningless line drawings (similar In appearance to
the false fonts of Price et al., 1994). Com;vr;d to visual scanning
of the meaningless drawings, reading woeds aloud resulted In
pasterior MTL activation. Compared to the same basaline, silent
cbject maming also yleked posterior MTL activaticn. Both of
thes: comparisons are gmilar to the word reading versus baseline
camparisan of Price ot al. (1994).

Martin et al. (1996)

[n this study, participants passtvely viewed nonsenss objects,
ramed real objects from coe of two catsgaries (tools and antmals),
and viewed a vzl naise field. As in a stody by Martin at al.
(1997: s00 below for discusdon) that was Included by Lopage et al.
(1998), compared to the nolse-fiekd bascline, passhe viewing of
narsense objects yiklded anterice MTL activations. This compari-
son abso revealed a posterice MTL activation in parahippocampal
gyrus. [n contrast to Martin t al. (1997) and Boakhatmer ot al.
(1985), comparison of sdlent abject maming to the low-level
bassline did net result in differential MTL activation (although as
natad by Martin ot al. [1997, p. 582], this comparison did ykld
activity madial and superice to the hippocampus (-14 -28 4).

Zelkowicz et al. (1998)

This study tncloded four main conditiors. each of which was
compared to a fixatton conwral: (1) Wewing line drawings of
comman objects; (2) naming drawings of common cbjects’ (3]
viewing norserss cbjects” and (4) speaking (saying *Hiya') while
viewing nonsense cbjects. As in the studies by Martin st al. (1956,

*We thank M. Lepage for calling cur attsnticn 1o the Price ot al.
(1994) study. Note that, althcugh the lexical decision conditionin
Prico ct al. (1984) clearly satizfles Lopage ot al.'s (1928) sncoding
critoria, becauze Lepage st al. (1998) amphasized that sncoding
conditiore nvolve cither slaborative procezsing or intenticnal
Iearning (or beth), simple word raading may seam to violats these
criteria. Howswer, it iz possible that word reading involvas greater
lewvels of encoding than doas tha contrel condition, and therafore
incluzion of this comparizen may ba waranted (M. Lepage,
perzonal communication). Similar coreiderations apply to the
=tudies by Bookhsimer ot al. (1935), Martin ot al. (1936), and
Zolkowicz ot al. (1988), as well as a =tudy by Martin ot al. (1997)
that was originally included by Lepaga st al. {1998).

Schacteret et al., 1999
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Forms of Meta-Analyses

I higher-order
B movement-related

® M1

Graphic Representation

Picard and Strick, 2001




Activation Likelihood Estimation

Quantitative
Coordinate-Based
Voxel-Wise
Meta-Analysis Method

originally developed by Turkeltaub et al. (2002), extended by Laird et al. (2005a)




Representation of Activation Foci

Reported coordinates are not treated as points
but centers of probability distributions

Each reported activation 1s modeled by a 3D
Gaussian distribution

X

A




ALE Meta-Analysis

Think of coordinate as center of probability distribution, not as a single
point of activation

For multiple sets of coordinates, evaluate the union ot these
distributions for all brain locations to create a whole brain statistical
map

Estimates the likelihood of activation for each voxel in the brain

the event that the focus 1s 1n a ) 5
4 glven voxel exp(—dl. / 20’ )
Pr(X i) = 372
3
Euclidean distance (277: ) O

AV

m standard deviation Turkeltaub et al. Neuroimage 16: 765-780 (2002)




ALE Meta-Analysis
Single Word Reading (Turkeltaub et al., 2002)

Sagittal

Published

Coordinates:
11 Papers
172 foci

Diftuse

pattern of
activation

Find studies of interest:
MEDLINE, PubMed, review
articles

Limit to those that report
standardized coordinates

Contrasts: Activation Condition -
Control Condition

Input coordinates to ALE software

Nonparametric permutation test to
determine statistically significant
ALE values

Interpret resultant map




ALE Results: Single Word Reading

Meta-Analysis Validation ({MRI)

Bi1 primary motor
Sup frontal gyrus

Bi sup temporal sulci
L fusiform gyrus

Bi1 cerebellum

ALE score

—0.015289

- —0.00572

Turkeltaub et al., 2002




Activation Likelithood Estimation (ALE)

[Nlustration: meta-analysis on cortical

activation In finger tapping studies

BrainMap Database Search

38 papers
73 experiments

347 subjects

663 activation foci




Meta-Analysis on Finger Tapping

T.ocation of activation foci

Where do the reported foci
converge ?




Gaussian Representation of Activations

Gerardinet al., 2000




Activation Likelihood Estimates

Detined as the union over all experiments

Which of these values are significant?




Meta-Analysis on Finger Tapping

| v Al
g, » Z -

fMRI experiment

Witt et al., In Press; Eickhoft et al., In Review




Modifications to ALE: GingerALE

® O © GingerALE: VerbGenRevised

@ GingerALE

176 Foci

GUI, image-based, Talairach space

FWHM (mm)
Standard Deviation  5.09
ALE Prefix \
Loaded VerbGenRevised.nii

Permutation test corrected for

Permutations
Elapsed Time

e multiple comparisons

Loaded VerbGenRevised_pvals5k.nii: ( Compute

False Discovery Rate
q (FDR level) 0.05

oID [0.0436

o E— Allow for comparisons between two

Done

Thresholding gI‘O up S Of fOCi

Chosen P Value '0.0034
Output Prefix

‘Done

Clusters

Min. Volume (mmA3) 250

Cluster Prefix 'VerbGenRevise _clus

Laird et al., Hum Brain Mapp 25, 155-164, 2005




Somatotopic mapping within the

cingulate motor area:
Evidence from an ALE meta-analysis of the
Stroop task

Angela Laird', Kathryn McMillan®, Jack Lancaster', Peter
Kochunov!, Peter Turkeltaub?, Jose Pardo*, Peter Fox!

'University of Texas Health Science Center San Antonio
*Vanderbilt University
*Georgetown University Medical Center
*Minneapolis Veterans Aftairs Medical Center




The Stroop Eftect

The Stroop task 1s universally recognized as a standard 1n
examining attentional control

Correct performance in color naming competes with tendency
for word reading

Objective: identify regions ot concordance to understand the
detection of contlict and response selection




Literature Search

Find studies of interest (Medline, PubMed, BrainMap)
Limit studies to those that report standardized coordinates

Simple contrasts: Incongruent - Control

Filter task variations

Normal subjects only ) 19 contrasts
Group data 205 foci
No deactivations




Coordinate Data from Stroop Studies

1. Pooled Stroop
205 toci

2. Verbal Stroop
152 foci

3. Manual Stroop
53 toci

ALE analysis
10 FWHM

5000 permutations

BrainMapDBJ Search & View

[ Searchr [ Search Result l Workspace ' Plot l

-10 Q0 127 0 50

b
+20

-an A A A

1y

yYyYyvy

Current location (mn Current slice

O C:) Q X: Y: Z: = +1] Report Coordinates




Pooled Stroop
ACG, b1 frontal,
L IPL,

L precuneus,
Bilateral insula

Verbal Stroop
Bilateral insula,
L IFG, BA 44,
ACG

Manual Stroop
ACG,
L IPL,
L MiFG,
L precuneus




Overlap of Verbal vs. Manual

ACG
(2, 16, 41)

L IFJ (between
precentral and inf
frontal gyri)
(-44, 6, 34)

L IPL
(-86, -52, 44)

Verbal
ERITEN

p<0.05




Overlap of Verbal vs. Manual

Viewed composite map
(P<0.05)

High ALE values found

along cingulate sulcus,
rostral to vertical plane
passing through AC 2 regions in

rCZa
Observed multiple distinct

regions for verbal and
manual responses 2 regions 1n

rCZp




Somatotopy 1n the ACG

VCA VCP )

Paus et al., J Neurophys 70: 453-69 (1993)




Somatotopy 1n the ACG

SIS Su S Ty PR R SR S S My M e e
50 45 40 35 30 25 20 15 10 5 -10 -15 -20

Picard and Strick, Cereb Cortex 6: 342-53 (1996)




Conclusions

Verbal and manual Stroop meta-analysis ALE
1dentified 3 regions crucial to task performance

Examined cingulate motor areas and provided
evidence for somatotopy based on response

modality

Determined verbal and manual region in both the
rCZa and the rCZp (rostral cingulate motor zone)

Laird et al., Hum Brain Mapp 25, 6-21, 2005




Completed Meta-Analyses Grouped By Paradigm

Primary Systems
Action, Perception (Audition, Vision, Gustation, Olfaction,
Somatosensation (including Pain), Interoception

Higher Cognition
Calculation, Emotion, Language Comprehension and Production,
Mental Rotation, Stroop, n-back, Steinberg, Simon, Paired Associate
Recall, Picture Naming, Music Production, Word Generation

Comparison of Subject Groups
Viewing of Sad Images in Depressed vs. Normals, Executive Function
in Schizophrenics vs. Normals, Reading in Chinese vs. English,
Stuttered vs. Normal Speech, Executive Function in OCD vs. Normals




Meta-Analysis of Structural

Neuroimaging Studies

Brain morphology studies - ROI approaches
— Manually or automatically delineated ROIs

— Procedures differ between labs (difficult to compare)

— Compounded by different labels

— Choice of regions introduces bias, other regions ignored

—— Traditional review methods are less than optimal




Voxel-Based Morphometry

“voxel-wise comparison
of the local

concentration of gray
matter (or WM or CSF)

between two groups of

subjects”

Contours of extracted GM and WM on high-res T1 images

Ashburner and Friston, 2000




Voxel-Based Morphometry

High resolution neuroimages from two populations (e.g.,
diseased and controls)

Spatial normalization; segmentation into GM, WM and
CSF; smoothing

Analyze the group-level differences between aligned voxels

Output images of maps that identity significant differences
between groups

—— 1,%,z coordinates In stereotactic space

An Expansion ot BrainMap?




Meta-Analysis of VBM 1n Schizophrenia

e Inclusion Criteria

— Reported whole brain results in x,y,z format
— Included SCZ and healthy comparisons
— Followed VBM protocols (Ashburner and Friston, 2000)

e Exclusion Criteria

— Reported changes over time
— Included individuals at risk for SCZ

— Treatment effects, substance use effects

> 31 papers with 1,195 patients and 1,262 healthy controls




Anatomic Likelihood Estimation (ALE)

CT > SCZ (315 foci)

SCZ > CT (64 foci)

icbm2tal; or Brett’s tal2min, then icbm2tal
GingerALE environment

FWHM = 12mm

510100 permutations; P<0.01, corrected




VBM ALE Meta-Analysis:

Gray Matter Anomalies in Schizophrenia

z =26

- Increases 1n Controls

(CT > SCZ)

Bilat insula, L. parahipp, dACC,
vACC, subgenual ACC, thalamic,
L mid front gyrus

Increases 1in Patients

(SCZ > CT)

Bilat putamen, R head of caudate

Glahn et al.,, Biol Psych, In Press;
Ellison-Wright et al., Am J Psych, In Press




Why Meta-Analysis?

1. Resolve contlict between existing studies

Example: Somatotopy of ACC in Stroop meta-analysis

2. Generate new hypotheses

Example: Importance of IFJ in contlict resolution
(Dermifss et al, 2008) e

A Switching




Why Meta-Analysis?

3. Spatial pattern matching to identity I[CA/PCA components

4. Isolate ROIs for studies of effective connectivity




ILLM1 TMS ALE Meta—Analysis

LMI}HH(I Q
LPPC &

9 papers z =60 z =56

11 experiments
102 foci

[LMI = left motor cortex
LLPPC = posterior parietal cortex
SMA = supp. motor area LTHv] THv

Cing = ant. cingulate
LPMv = left ventral premotor
THv] = ventral lateral thalamus LSII RSII

THvpl = ventral posterolateral  , _ 4

zZ= z2=12
RCer = right cerebellum O
LTHyv p
z=4 zZ=-4 z=-8

P<0.05, FDR-corrected




Results

= 1%t level paths
= 2nd Jevel paths
= 3" level paths

Final model fit was
outstanding
— X%(88) = 22.150, P = 0.981
— CFI=1.0
— TLI =1.0
— RMSEA = 0.000
— 90% Clzpspa = 0.00-0.00




Plausibility of Results

Excellent agreement

— TMS ALE & TMS/PET data
— TMS ALE & Finger Tapping ALE

— Path connections in human and primate literature (FI ) e.g., direct paths
from LMI, , to SMA, Cingulate, SII, Thalamus, Cerebellum

May provide closer approximation to animal models




Future Meta-Analytic Work

Behavioral Domain Profile

» |l Action 3/1499
¥ [ Cognition 98/11513
Attention 21/898
v [ Language 30/3759!
Orthography 0.
Phonology 0/16
Semantics 1
Speech 16/699
Syntax 0/64
¥ [ Memory 39/1976
Explicit 24
Implicit
Working 15/56¢
Music 0/44
Reasoning 0/184
Soma 0/35
Space 1/150
Time 0/23
& Emotion 265/1500
Anger 21/38 -
Anxiety 1/61
Disgust 29/89
Fear 64/129
» [ Happiness 61/107 o
Sadness 46/118 <
[ Interoception 0/143
[ Perception 34/2118
Audition 1/239
Gustation 0/13
Olfaction 0/47
» ([ Somesthesis 0/721
» [ Vision 33/1098
» (3 Pharmacology 10/204

Cog.Lang.ortho
Cog.Lang.phol
Cog.Lang.sem
Cog.Lang.sp
Cog.Lang.syn
Cog.Mem
Cog.Mem.exp
Cog.Mem.work
Cog.Music
Cog.Reason

-3
°
o

Update

Cog.Space

Cog.Time

Emo.Anx

Emo.Dis

Per.Gust

Working towards
an atlas of brain
function

Action, language,
memory, attention,
perception




Future Meta-Analytic Work

Using meta-analysis to study functional connectivity (via co-occurrence patterns)

Amygdala Connectivity

PC/BA31

VvACC, BA 32 Precuneus

Deactivations

ROI-Based
Coactivations

Conjunction

Left Amygdala
Connect tivity




Acknowled gements .

UTHSCSA - RIC UTHSCSA — Psychiatry
Peter Fox, M.D. David Glahn, Ph.D.
Jack Lancaster, Ph.D. Jennifer Robinson, Ph.D.
Matthew Cykowski, M.D. Texas Lutheran University
Shalini Narayana, Ph.D. Cody Riedel, B.S.
Donald Robin, Ph.D. Robert Laird, Ph.D.
Crystal Franklin, B.S. Texas State University
Jacob Robbins, B.S.

Sarah Thelen, B.S.
Karl Li

Special thanks to:
Simon Eickhotf, M.D. (Research Center Jiilich, Germany)
Jane Neumann, Ph.D. (Max Planck Institute, Leipzig, Germany)
Baxter Rogers, Ph.D. and Ratie McMillan, Ph.D. (Vanderbilt University)
Suzanne Witt, M.S. and Beth Meyerand, Ph.D. (University of Wisconsin)
Cameron Carter, M.D. and Mike Minzenburg, M.D. (UC-Davis)
Ed Bullmore, Ph.D. and Ian Ellison-Wright, M.R.C.P. (University of Cambridge)

Funding:
Human Brain Project (NIMH) (R01-MH074457-01A1; PI = Peter T. Fox)

Larry Price, Ph.D.




