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RESEARCH Federal Award Date: 
Department of Health and Human Services 
National Institutes of Health 

NATIONAL INSTITUTE OF BIOMEDICAL IMAGING AND BIOENGINEERING 

Grant Number: 5R01EB015611-05 
FAIN: R01EB015611 

Principal lnvestigator(s): 
PETER V KOCHUNOV , PHO 

Project Title: Solar-Eclipse Computational Tools for Imaging Genetics 

Paffrath, Dennis Joseph 
AVP, Sponsored Programs Administration 
University of Maryland, Baltimore 
620 West Lexington Street, 4129 
Baltimore, MD 212011508 

Award e-mailed to: nga@ordmail.umaryland .edu 

Period Of Performance: 
Budget Period : 08/01/2017 - 07/31/2018 
Project Period : 08/01/2012 - 07/31/2020 

Dear Business Official: 

07/19/2017 

The National Institutes of Health hereby awards a grant in the amount of $400,000 (see "Award 
Calculation" in Section I and "Terms and Conditions" in Section Il l) to UNIVERSITY OF 
MARYLAND BAL Tl MORE in support of the above referenced project. This award is pursuant to 
the authority of 42 USC 241 42 CFR 52 and is subject to the requirements of this statute and 
regulation and of other referenced, incorporated or attached terms and conditions. 

Acceptance of this award including the "Terms and Conditions" is acknowledged by the grantee 
when funds are drawn down or otherwise obtained from the grant payment system. 

Each publication, press release, or other document about research supported by an NIH award 
must include an acknowledgment of NIH award support and a discla imer such as "Research 
reported in this publication was supported by the National Institute Of Biomedica l Imaging And 
Bioengineering of the National Institutes of Health under Award Number R01 EB015611 . The 
content is solely the responsibi lity of the authors and does not necessarily represent the official 
views of the National Institutes of Health ." Prior to issuing a press release concerning the 
outcome of this research, please notify the NIH awarding IC in advance to allow for coordination . 

Award recipients must promote objectivity in research by estab lishing standards that provide a 
reasonab le expectation that the design , conduct and reporting of research funded under NIH 
awards will be free from bias resulting from an Investigator's Financial Conflict of Interest (FCOI), 
in accordance with the 2011 revised regulat ion at 42 CFR Part 50 Subpart F. The Institut ion 
shall submit all FCOI reports to the NIH through the eRA Commons FCOI Module . The regulation 
does not apply to Phase I Small Business Innovative Research (SBIR) and Small Business 
Technology Transfer (STTR) awards. Consult the NIH website 
http://g rants.nih.gov/grants/policy/coi/ for a link to the regulat ion and additional important 
information . 

If you have any questions about this award, please contact the individual(s) referenced in Section 
IV. 

Sincerely yours, 
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Florence Turska 
Grants Management Officer 
NATIONAL INSTITUTE OF BIOMEDICAL IMAGING AND BIOENGINEERING 

Additional information follows 
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SECTION I - AWARD DATA - 5R01 EB015611 -05 

Award Calculat ion (U.S. Dollars) 
Salaries and Wages 
Fringe Benefits 
Personnel Costs (Subtotal) 
Consultant Services 
Materials & Supplies 
Travel 
Other 
Subawards /Consort ium/Contractual Costs 

Federal Direct Costs 
Federal F&A Costs 
Approved Budget 
Total Amount of Federal Funds Obligated (Federal Share) 
TOTAL FEDERAL AWARD AMOUNT 

AMOUNT OF THIS ACTION (FEDERAL SHARE) 

SUMMARY TOTALS FOR ALL YEARS 
YR THIS AWARD CUMULATIVE TOTALS 
5 $400,000 
6 $400,001 
7 $400,001 

$120 ,044 
$34,647 

$154 ,691 
$7,000 
$3,500 
$3,500 
$6,817 

$128 ,840 

$304 ,348 
$95,652 

$400 ,000 
$400 ,000 
$400 ,000 

$400,000 

$400,000 
$400,001 
$400,001 

Recommended future year tota l cost support , subject to the availability of funds and satisfactory 
progress of the project 

Fiscal Information: 
CFDA Name: Discovery and Applied Research for Technological Innovations to 

Improve Human Health 
CFDA Number: 
EIN: 
Document Number : 
PMS Account Type : 
Fiscal Year: 

IC CAN 
EB 8015183 

93.286 
1526002036A1 
REB015611B 
P (Subaccount) 
2017 

2017 
$400,000 

2018 2019 
$400,001 $400 ,001 

Recommended future year tota l cost support, subject to the availability of funds and satisfactory 
progress of the project 

eRA 
NIH Admin istrative Data : c ommons 
PCC: HBIR / QC: 414E / Released : User Name 07/18/2017 
Award Processed : 07/19/2017 12:11 :18 AM 

SECTION II - PAYMENT/HOTLINE INFORMATION - 5R01EB015611-05 

For payment and HHS Office of Inspector General Hotline information, see the NIH Home Page 
at http://grants .nih.gov/gra nts/policy/awardconditions.htm 

SECTION Ill - TERMS AND CONDITIONS - 5R01 EB015611-05 

This award is based on the applicat ion submitted to, and as approved by, NIH on the above-t itled 
project and is subject to the terms and conditions incorporated either directly or by reference in 
the fo llowing: 

a. The grant program legislation and program regulation cited in this Notice of Award . 
b. Conditions on activities and expend iture of funds in other statutory require ments, such as 

those included in appropriations acts. 
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c. 45 CFR Part 75. 
d. National Policy Requirements and all other requirements described in the NIH Grants 

Policy Statement, including addenda in effect as of the beginn ing date of the budget 
period. 

e. Federal Award Performance Goals: As required by the periodic report in the RPPR or in 
the final progress report when applicable. 

f. This award notice, INCLUDING THE TERMS AND CONDITIONS CITED BELOW. 

(See NIH Home Page at http://grants.nih.gov/grants/policy/awardconditions.htm for certain 
references cited above.) 

Research and Development (R&D): All awards issued by the Nationa l Institutes of Health (NIH) 
meet the definition of "Research and Development " at 45 CFR Part§ 75.2. As such, auditees 
should identify NIH awards as part of the R&D cluster on the Schedule of Expenditures of Federal 
Awards (SEFA). The auditor should test NIH awards for compliance as instructed in Part V, 
Clusters of Programs. NIH recognizes that some awards may have another classification for 
purposes of indirect costs. The auditor is not required to report the disconnect (i.e., the award is 
classified as R&D for Federal Audit Requirement purposes but non-research for indirect cost rate 
purposes), unless the auditee is charging indirect costs at a rate other than the rate(s) specified in 
the award document(s). 

An unobligated balance may be carried over into the next budget period without Grants 
Management Officer prior approval. 

This grant is subject to Streamlined Noncompet ing Award Procedures (SNAP). 

This award is subject to the requirements of 2 CFR Part 25 for institutions to receive a Dun & 
Bradstreet Universal Numbering System (DUNS) number and maintain an active registration in 
the System for Award Management (SAM). Should a consortium/subaward be issued under this 
award, a DUNS requirement must be included. See 
http://qrants.nih.gov/qrants/policy/awardconditions.htm for the full NIH award term implementing 
this requirement and other additional information. 

This award has been assigned the Federal Award Identification Number (FAIN) R01 EB015611. 
Recipients must document the assigned FAIN on each consortium/subaward issued under this 
award . 

Based on the project period start date of this project , this award is likely subject to the 
Transparency Act subaward and executive compensation reporting requirement of 2 CFR Part 
170. There are conditions that may exclude this award; see 
http://grants.nih.gov/grants/policy/awardconditions.htm for additional award applicability 
information. 

In accordance with P.L. 110-161, compliance with the NIH Public Access Policy is now 
mandatory. For more information, see NOT-OD-08-033 and the Public Access website: 
http://publicaccess.nih.gov/. 

In accordance with the regulatory requirements provided at 45 CFR 75.113 and Appendix XII to 
45 CFR Part 75, recipients that have currently active Federal grants, cooperative agreements. 
and procurement contracts with cumulative total value greater than $10,000,000 must report and 
maintain information in the System for Award Management (SAM) about civil, criminal, and 
administrative proceedings in connection with the award or performance of a Federal award that 
reached final disposition within the most recent five-year period. The recipient must also make 
semiannual disclosures regarding such proceedings. Proceedings information will be made 
publicly available in the designated integrity and performance system (currently the Federal 
Awardee Performance and Integrity Information System (FAPIIS)) . Full reporting requirements 
and procedures are found in Appendix XII to 45 CFR Part 75. This term does not apply to NIH 
fellowships. 
Treatment of Program Income: 
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Addit ional Costs 

SECTION IV - EB Special Terms and Conditions - 5R01EB015611-05 

SALARY CAP 
None of the funds in this award shall be used to pay the salary of an individual at a rate in excess 
of the current salary cap per year. Therefore , this award and/or future years are adjusted 
accordingly , if applicable . Current salary cap levels can be found at the following URL's: 
https://grants.nih .gov/grants/guide/notice-fil es/NOT-OD-17 -049 . html 
http://grants.nih.gov/grants/policy/salcap summary.htm 

GRADUATE STUDENT COMPENSATION 
The maximum amount NIH will award for compensation of a graduate student (salary, fringe 
benefits and tu ition remission) receiving support from a research grant is the zero-level 
Kirschstein-NRSA stipend in effect when NIH issues the grant award (see current levels posted at 
https://grants.nih.gov/grants/g uide/notice-files/NOT-OD-17-003.html 

CONSORTIUM/CONTRACTUAL COSTS 
This award includes funds for consortium activity with: 
- University of Texas Health Science Center at San Antonio 
- University of Oxford, United Kingdom 

Consortia are to be established and administered as described in the NIHGPS section 15 
Consortium Agreements. 
http://grants.nih.gov/grants/policy/nihgps/ HTML5/section 15/15 consortium agreements .htm 

The NIBIB home page is http://www.nibib.nih.gov/ 

STAFF CONTACTS 

The Grants Management Specialist is responsible for the negotiation , award and administrat ion of 
this project and for interpretation of Grants Administration policies and provisions. The Program 
Official is responsible for the scientific , programmatic and technical aspects of this project. These 
individuals work together in overall project administration. Prior approval requests (signed by an 
Authorized Organizat ional Representative) should be submitted in writing to the Grants 
Management Special ist. Requests may be made via e-mail. 

Grants Management Specialist: Angelos Bacas 
Email: ab329b@nih .gov Phone: (301) 451-4785 Fax: (301) 451-5735 

Program Official : Edward Ramos 
Email: ed.ramos@n ih.gov Phone: 301-594-3715 

SPREADSHEET SUMMARY 
GRANT NUMBER: 5R01EB015611 -05 

INSTITUTION : UNIVERS ITY OF MARYLAND BAL Tl MORE 

Budqet Year 5 Year6 Year? 
Salaries and Waqes $120,044 $116 ,623 $116,623 
Frinqe Benefits $34,647 $33,407 $33,407 
Personnel Costs (Subtotal) $154,691 $150 ,030 $150,030 
Consultant Services $7,000 $7 ,000 $7,000 
Materials & Supplies $3,500 $3 ,500 $3,500 
Travel $3,500 $3 ,500 $3,500 
Other $6,817 $5 ,336 $5,336 
Subawards/Consortium/Contractual Costs $128,840 $138 ,330 $138,330 
TOTAL FEDERAL DC $304,348 $307 ,696 $307,696 
TOTA L FEDERAL F&A $95,652 $92,305 $92,305 
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I TOTAL COST 1 $400 ,000 1 $400,001 1 $400,001 

Facilities and Administrative Costs Yea r 5 Year6 Year? 
F&A Cost Rate 1 54.5% 54.5% 54.5% 
F&A Cost Base 1 $175 ,508 $169 ,367 $169,367 
F&A Costs 1 $95,652 $92,305 $92 ,305 
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RPPR FINAL 

A. COVER PAGE 

Project Title: Solar-Eclipse Computational Tools for Imaging Genetics 

Grant Number: 5R01 EB015611-05 Project/Grant Period: 08/01/2012 - 07/31/2020 

Reporting Period: 09/15/2016 - 07/31/2017 Requested Budget Period: 08/01/2017 - 07/31/2018 

Report Term Frequency: Annual Date Submitted: 05/15/2017 

Program Director/Principal Investigator Information: Recipient Organization: 

PETER V KOCHUNOV, MS MS PHO UNIVERSITY OF MARYLAND BALTIMORE 
UNIVERSITY OF MARYLAND BALTIMORE 

Phone number: ( 41 O) 402-611 O 620 W LEXINGTON ST, 4TH FL 
Email: !Personal Info I BALTIMORE , MD 212011508 

DUNS: 188435911 
EIN: 1526002036A1 

RECIPIENT ID: 

Change of Contact PD/Pl: N/A 

Administrative Official: Signing Official: 

MARIE COOLAHAN MARIE COOLAHAN 
620 W. Lexington Street 620 W. Lexington Street 
4th. Floor 4th. Floor 
Baltimore , MD 21201 Baltimore , MD 21201 

Phone number: 410-706-0011 Phone number: 410-706-0011 
Email: m_coolahan@umaryland .edu Email: m_coolahan@umaryland .edu 

Human Subjects: No Vertebrate Animals: No 

hESC:No Inventions/Patents: No 
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RPPR FINAL 

B. ACCOMPLISHMENTS 

8 .1 WHAT ARE THE MAJOR GOALS OF THE PROJECT? 

Aim 1. To shift imaging genetics toward richer, higher resolution imaging analyses and denser genome examination through high 
performance computing . The shift in imag ing genet ics toward WGS genotyping and high-reso lution multimodal imaging data necess itates 
improvement of computationa l efficiency of likelihood calculations. To speed calculations up by 105-6-fold we will implement high­
performance computing: novel data decomposit ions and single -step algorithmic techniques and integration of Massive Universal Linear 
Model (MULM) GPU library of genetic too ls for massively parallel genetic analyses. These developments will enable interact ive WGS and 
GWAS ana lyses for Big Data project by implementing SOLAR-Eclipse in web-ana lyses portals such as HCP Dashboard and 
ENIGMAVis . 
Aim 2. To accelerate data sharing and replication in imag ing genetics. Demands for high-performance computing and greater 
reproducibi lity and transparency in scientific research require a new data format optimized for imaging genetics applications and easy 
sharing of provenance. Expanding on the work of the Internationa l Neuroinformatics Coordinating Facility's Neuroimaging Data Shar ing 
Task Force, we have assemb led a panel of community experts to develop a draft of imaging genetic format based on existing 
neuroimaging formats along with extending on-going provenance efforts to imaging genetic research . We wi ll submit this format and API 
for formal registration with NIF. 
Aim 3. To implement and exp loit empir ica l kinsh ip methods. Empirical kinsh ip algorithms that directly measu re the degree of shared 
genetic variance (such as those used in GCTA/ REACT A and MEGHA) will be integrated for performing polygen ic and Quantitative Trait 
Loci Linkage (QTL-L) analyses in the related, unrelated and mega-genetic samples. We propose to re- invent the Quantitative Trait Loci 
Linkage (QTL-L) methods for localizing QTLs based on simple empirical similarity in larger (1cM) regions of DNA instead of per-locus 
GWA-SNP analysis. This will answer questions such as loca lization of chromosomal segments that are respons ible for normal and 
disorder-re lated variability in neuroimaging traits. Emp irical QTL-L analyses will power chromosoma l local ization studies with no shar ing 
of raw genotypes for our Big Data partners. 
Aim 4. Interact ive improvement of developed tools in collaboration with 'big data' partners. Methods developed in Aims 1-3 will 'push' the 
scientific aims of our Big Data partners, who comm itted a large (N=1 OK) sample and effort for three collaborative studies . The high­
performance imaging genetics comput ing and emp irical QTL-L techniques (Aims 1 and 3) will be honed by performing the largest 
genetic localization ana lyses with ENIGMA, ACP and GOBS projects , and by integrating voxe l-w ise GWAS analyses in web-analysis 
portals. Likewise, the utility of new format for data and workf low sharing (Aim 2) w ill be honed for multi-site Big Data research. Finally, we 
wi ll deve lop and rank pioneering resting-state FMRI endophenotypes for Big Data research by demonstrating cons istent heritability 
ac ross samples and pleiot ropy with mental disorders. The feedback gathered from our partne rs will sharpen SOLAR -Eclipse tools for 
imag ing gene tics commun ity. We will continue to deve lop annual workshop at Imaging Genet ics Conference to educate our users and 
disseminate new methods. 

8 .1.a Have the major goals changed since the initial competing award or previous report? 

No 

8 .2 W HAT WAS ACCOMPLISHED UNDER THESE GOALS ? 

File uploaded: progress _ report_2017 _ 1.pdf 

8 .3 COMPETITIVE REVISIONS /ADMINISTRATIVE SUPPLEMENTS 

For this reporting period, is there one or more Revision/Supplement associated with this award for which reporting is required? 

No 

8.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED? 

NOTHING TO REPORT 

8.5 HOW HAVE THE RESULT S BEEN DISSEMINATED TO CO MMUNITIES OF INTERE ST? 

NOTHING TO REPORT 

8 .6 WHAT DO YOU PLAN TO DO DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS? 

We plan to continue development to support the large NIH-funded imaging genetic initiatives. Specifically , the emp irical genetic analyses 
that are being tested in the moment wil l be used in pin-point ing chromosomal reg ions that harbor genetic risk factors for complex 
polygenic disorder. We wil l be concentrating on updat ing our website with videos on the use and how-to documentations on starting 
genetic imaging ana lyses . We will restart the SOLAR-Ecl ipse workshop at Imaging Genetics Conference . It was canceled th is year due to 
the logistical prob lems of organizing it due to late decision of grant funding . 
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B.2 (progress _report_20 17 _ l .pdt) 
8.2 WHAT WAS ACCO MPLISHED UNDER THE SE GOALS? 

List the major goals below. 
Aim 1. To shift imaging genetics toward richer, higher resolution imaging 
analyses and denser genome examinat ion through high performance computing. 
The shift in imaging genet ics toward WGS genotyp ing and high-resolution multimoda l 
imaging data necessitates improvement of computational efficiency of likelihood 
calcu lations . To speed calculat ions up by 105

-
6-fold we will implement high-performance 

computing: novel data decompositions and single-step algorithmic techniques and 
integrat ion of Massive Universal Linear Mode l (MULM) GPU library of genetic too ls for 
massive ly parallel genetic analyses . These deve lopments wi ll enab le interactive WGS 
and GWAS analyses for Big Data project by implement ing SOLAR-Ec lipse in web­
analyses portals such as HCP Dashboard and ENIGMAVis. 
Aim 2. To accelera te data sharing and replication in imaging genetics . Demands for 
high-performance computing and greater reproducibi lity and transpa rency in scientif ic 
research requi re a new data format opt imized for imaging genet ics app lications and easy 
shar ing of provenance. Expand ing on the work of the Internationa l Neuro informatics 
Coordinating Facility's Neuro imaging Data Sharing Task Force, we have assembled a 
panel of community experts to develop a draft of imaging genetic format based on 
existing neuro imaging formats along with extend ing on-going provenance efforts to 
imaging genetic research . We will submit this format and API for forma l registration with 
NIF. 
Aim 3. To implement and explo it empirical kinship methods. Empirica l kinship 
algor ithms that directly measure the degree of shared genetic variance (such as those 
used in GCTA/ REACTA and MEGHA) will be integrated for performing polygenic and 
Quantitative Trait Loci Linkage (QTL-L) analyses in the related, unrelated and mega­
genetic samples. We propose to re-invent the Quanti tative Trait Loci Linkage (QTL-L) 
methods for localiz ing QTLs based on simple empir ical similarity in larger (1 cM) regions 
of DNA instead of per-locus GWA-SN P analysis . This will answer quest ions such as 
loca lization of chromosomal segments that are responsib le for norma l and disorder­
related variabi lity in neuroimaging traits. Empirical QTL-L analyses will power 
chromosoma l loca lization studies with no sharing of raw genotypes for our Big Data 
partners . 
Aim 4. Interactive improvement of developed tools in collaboration with 'big data ' 
partners. Methods developed in Aims 1-3 will 'push ' the scientific aims of our Big Data 
partners , who comm itted a large (N=10K) samp le and effort for three collabora tive 
studies . The high-performance imaging genetics computing and empirical QTL-L 
techn iques (Aims 1 and 3) will be honed by perfo rming the largest genetic loca lization 
analyses with ENIGMA, ACP and GOBS projects , and by integrating voxel -wise GWAS 
analyses in web-analysis porta ls. Likewise , the utility of new format for data and 
workflow sharing (Aim 2) wi ll be honed for multi-s ite Big Data researc h. Finally, we wi ll 
develop and rank pioneer ing resting-state FMRI endophenotypes for Big Data research 
by demonstrating consistent heritability across samples and pleiotropy with menta l 
disorders . The feedback gathered from our partners wi ll sharpen SOLAR -Eclipse too ls 
for imaging genetics community . We wi ll cont inue to develop annua l workshop at 
Imaging Genet ics Conference to educate our users and disseminate new methods. 
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B. 2 (progress_report_201 7 _ 1. pd t) 

1) major activities and specific objectives 
We active ly pursued activates along all four specific aims Aims. Activity on Aim 1 
included in continues released development vers ion of SOLAR-Eclipse (SE). In total, 
nine releases were made, each constituting a major change . All distribution was made 
through the NITRIC website http ://www.mdbrain.org /personalpages /solareclipse/ , which 
registered 11000 downloads and became top 23rd most downloaded resource on NITRC . 
The current production version of SE is used for perform ing imaging genetic research at 
several centers, including UCLA, University of South Californ ia, Yale University and 
Human Connectom Project at Washington University . Several novel and important 
developments were accomp lished . Overall , the research performed during this 
productive year was described in 25 peer-reviewed publicat ions. 

Our chief accomp lishment was developmen t of accelerated genetic analyses for 
high-throughput imaging genetics appl ications. The experimental versions of the addit ive 
and association genetic analyses are already available for both CPU and GPU 
application. We addit ive genetic accelerat ion algorithm with permutation based statistical 
inferenc e was published by our group [1-3]. The algorithm uses eigen value 
decomposition of the data for related subjects and a single step approximat ion for 
measurements of additive genetic variance . The software acceleration achieves about 

1,000 fold computational 
SOLAR-Eclipse-Addit ive Genetic Model improvement over the full 
(her itability and genet ic correlat ion) maximum likelihood calculation 

GPU GP\J 

Calculate eigenvectors 

(Figure 1 ). Implementat ion of this 
algorithm on GPU provided an 
additional 1,000 fold improve ment 
when used on a dual K-80 GPU 
computer at the Human 
Connectome Project/ Washington 
University. This provided for ab ility 
to calcu late full scale genomic 
connectivity matrix (101110) genetic 
correlations about 1,000,000 faste r 
than using a full model approach 

Normalize and rotate traits Permutation-based inference 
Calculate weights 

HDF5-based 
output 
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Cluster-based 
inference 

Calculating Voxel-Wise Genetic Connectiv ity 
Matrix (1010 genetic correlations) 

Full MLE Mode l FPNI-CPU FPNI-GPU 

Figure 1. GPU-accelerated voxel -wise genomic connec tivity matrix calcu lated 
by perform ing genetic cor relation analyses across all voxe ls in full resolut ion 
(1 mm isotropic) in 560 related individua l achieves 106 improve ment versus full 
maximum likelihood analys is. GPU ana lysis was performed on server with dua l 
NVIDIA K80 GPU (four K-20 acce lerators) 

We have worked on incorporating 
similar approach in acceleration of 
the genetic association analyses in 
related individuals. The manuscript 
descr ibing the new algorithm is 
under internal revisions. Both the 
CPU and GPU versions of the 
algorithm was released in the 8.20 
version of the software and has 
already been used in one 
application [4]. We demonstrate 
that the use GPU acceleration 
(Figure 2) provides for practical 
applicat ion of voxel-wise GWA 
analyses in large (n> 1,000) 

applications. Together, the algorithmic and hardware acceleration approaches will 
provide the basis for high-performance science portals. Along this direction, we have 
developed www.enigma-viewer.org website where results of genetic studies can be 
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Figure 2. GPU -accelerated voxel -wise genomic association 
analysis in full spatia l (1 mm isotrop ic) and genetic (2*106 exome 
snps) reso lution in 560 related individua l achieves 107 

improve ment versus full maximum likelihood analysis. GPU 
analysis was pertormed on server with dual NVID IA K80 GPU 
cards (four K-20 accelerators) 

3). The interactive viewer software is 
now made availab le on NITRC 
(www.nitrc.org /projects /en igmaviewer_ 
20) Our aim is to increase the 
usefulness of Big Data studies by first 
providing visualization of the resu lts 
and second providing real-time 
recalculations of the association and 
heritabili ty studies using high­
performance algorithm and GPU 
acceleration. 

The work in Aim 2 included 
collaborative discussion with the 
Internat ional Neuroinformat ics 
Coordinating Facility 's Neuroimag ing 
Data Sharing Task Force on the 

standardizing the imaging genetic format. At present our team is evaluating several of 
the proposed data format solution. We have tested the HDFS based format in the 
parallel computing environment and found it to perform well for both reading and writ ing 
large volumes of data and parallel access from mult iple servers. 

illllll lli / 

lltllllNI / 
r 

..... u. __/ 

I 
The work on Aim 3 
is on-going. The 
empir ical kinship 
pedigree calc ulation 
functionality is 
being tested and 
will be included in 
the next release of 
the software. We 
are working with 
both University of 
Texa s Rio Grand 
Valley and Wash U 

Figure 3. Interactive visualization of Big Data imaging genomic studies, including re-calculation of 
association and heritabil~y measurements to get access to raw 

genomic data for 
large pedigre e 

where the empirica l kinship approaches can be tested for chromosomal linkage analyses. 

Progress on Aim 4 has led to acknow ledgement of SOLAR-Eclipse in publication s in 
high impact journal s, including PNAS , Nature, Neuroima ge, Human Brain Mapping and 
others[5-17]. A continued development during this funding period on the multi- site 
mega -analytical statistical homogeni zation led to ability to combine large and diverse 
data set to analyze the overa ll effect of the illness on the imaging phenotype. For example, 
our group used the developed mega-analyti cal homogenization approach to demon strate 
the effects of heterochronicity of white matter development in the largest dataset to date . 
Briefly. Specifically we tested two hypothe ses using the newly-developed mega and then 
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using the classical meta-stat istical approaches. The first hypothesis tested pat ient-contro l 
differences in FA values across different WM areas. The hypotheses tested age-related 
decline in FA values. In both analyses, the patient-contro l differences and the age-re lated 
declines were compared to the normal rate of FA changes in different WM areas. The 
mega-analysis implemented in SOLAR-Eclipse was used to normalize data from each 
cohort to remove scanner-and-cohort related biases in FA values (Figure 3). 
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Figure 3. The mega- and meta-analyt ic analysis workflow deve loped by ENIGMA -DTI 
[18] was adapted to analyzed patient-control differences in FA values and aging trends. 
The ENIGMA-DTI mega-and-meta workflow was developed to harmonize DTI-FA 
values collected from different sites and scanners. This examp le demonstrates its use for 
mega- and meta-ana lysis of patient-control differences. The patient and controls are 
treated as the same popu lation by the workflow. Patients and controls are presented as 
separate histogram (dotted vs. solid lines) to show the impact of the analysis on the main 
contrast of interest. The raw FA values (panel I, top) shows significant site-specific 
biases, but similar patient -control differences (panel I, bottom). In the first step, 
regression of nuisance covariates (age, sex, age2

, agexsex and age2xsex) is performed per 
site (panel II, top). The residua l patient-control difference is used for N-weighted meta­
analysis (panel II, bottom). The inverse normal transformation was applied to the residual 
values to remove any remaining site biases, and to demonstrate the mega-analytic patient 
control contrast (panel III, top). The mega-analysis of patient-contro l differences in then 
performed in the combined mega-sample (panel III, bottom). 
Figure S2. Mega-ana lytic estimates in three cohorts (A, B and C) are plotted versus 
mega-analytic est imates in cohorts A and B. Both mega-a nalytic estimate for patient­
contro l differe nce (left) and accelerated-aging (right) showed significant correlation 
(r=0.96 and 0.91, p<0.01, respective ly) 
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A classical meta-analy sis was perform ed as a validation to demon strate agreement 
betwee n mega- and meta-analytical approache s of pooling data. We also repeated 
analyses in the three cohorts separately to exami ne if large biases arose from any 
particular cohort. 
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Figure 4. Mega-analysis was used to demonstrate a pattern of heterochronicity in the 
regional impact of schizophrenia on wh ite matter integrity . 

This SOLAR-Eclip se development s enabled the largest schizophrenia DTI analysis to 
date where the tract- spec ific heterochroni city of normal WM development was shown to 
modulate the presentation of patient-control differen ces in WM FA values in 
schizophrenia. WM tracts that can·y higher cognit ive information and continue to mature 
past the average age-of-onset of schizophrenia are more sensitive to the pathophy siology 
of this disorder. The finding suggests the importance of impl ementing better white matter 
protection and treatment in supporting neurocognitive function and rehab ilitation in 
individual s with this disorder. This study also posits regional WM measurements as 
promising endophenotypes for future studies of the genetic risks for schizophren ia. 

Presently, these development s were disseminated to ENIGMA , SPINS and other groups 
where they will lay the foundation for several largest imaging genetics analyses to date. 
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What opportunities for training and professional developm ent has the project provided? 

"Nothing to Report. " 

4) What do you plan to do during the next reporting period to accomplish the 
goals? 

We plan to continue development to support the large NIH-funded imaging genetic 
initiatives. Specifically, the empirical genetic analyses that are being tested in the 
moment will be used in pin-pointin g chromosomal regions that harbor genetic risk factors 
for complex polygenic disorder. We will be concentrating on updating our website with 
videos on the use and how-to documentations on starting genetic imaging analyses . We 
will restart the SOLAR-Eclip se workshop at Imaging Genetics Conference. It was 
canceled this year due to the logistical problems of organizing it due to late decision of 
grant funding. 

Enter response below (NIH recommended length is up to 1 page. Limit is 8000 
characters or approximately 3 pages.) 

5) C.1 Publications 
Are there publications or manuscripts accepted for publication in a journal or other 
publ ication (e.g ., book , one-time publication , monograph) during the reporting period 
resulting directly from this award? 

There were 25 peer-reviewed manuscript publi shed for the reportin g period. All 
manuscript s are being timely uploaded and are available through the NIH reporter system 

https:/ /projectreporter.nih.gov /project_info_results.cfm ?sp= 1 &aid=9038122&icde=3394 
1288 

6) List the URL for any Internet site(s) that disseminates the results of the research 
activities. A short description of each site should be provid ed. It is not necessa ry to 
includ e the publications already specified above. 
http://solar-eclipse-genetics.org/ is the main site for solar eclipse including manual page. 
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http://www.nitrc.org/projects/se linux/ Is the main distribution point for the solar-eclipse 
software. It also provides the github link for source code and version references 

http://enigma-viewer.org/ is the site for reporting results from large mega-analytical 
cohorts analyzed using solar-eclipse 

For awards not designed to create or maintain one or more websites select "Nothing to 
Report". A description is only required for awards designed to create or maintain one or 
more websites. Limit the response to this reporting period . 

7) Technologies or techniques 

Identify technologies or techniques that have resulted from the research activities. 
Describe the technologie s or technique s and how they are being shared. 

Solar eclipse team is developing novel algorithms for imaging genetics analyses. We 
distribute our tools as software, analytical pipelines and manuscripts detailing methods 
and research findings. 
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L, Fisher SE, Fleischman DA, Ford I, Foroud TM, Fox PT, Francks C, Fukunaga M, 
Gibbs JR, Glahn DC, Gollub RL, Goring HH, Grabe HJ, Green RC, Gruber 0 , Gudnason 
V, Guelfi S, Hansell NK, Hardy J, Hartman CA, Hashimoto R, Hegenscheid K, Heinz A, 
Le Hellard S, Hernandez DG, Heslenfe ld DJ, Ho BC, Hoekstra PJ, Hoffmann W, Hofman 
A, Holsboer F, Homuth G, Hosten N, Hottenga JJ , Pol HE, Ikeda M, lkram MK, Jack CR 
Jr, Jenkinson M, Johnson R, Jonsson EG, Jukema JW, Kahn RS, Kanai R, Kloszewska 
I, Knopman DS, Kochunov P, Kwok JB, Lawrie SM, Lemaitre H, Liu X, Longo DL, 
Longstreth WT Jr, Lopez OL, Lovestone S, Martinez 0, Martino! JL, Mattay VS, 
McDona ld C, McIntosh AM, McMahon KL, McMahon FJ, Mecocci P, Melle I, Meyer-
Lindenberg A, Mohnke S, Montgomery GW, Morris DW, Mosley TH, Muhleisen TW, 
Muller-Myhsok B, Nalls MA, Nauck M, Nichols TE, Niessen WJ, Nothen MM, Nyberg L, 
Ohi K, Olvera RL, Ophoff RA, Pandolfo M, Paus T, Pausova Z, Penninx BW, Pike GB, 
Potkin SG, Psaty BM, Reppermund S, Rietschel M, Roffman JL, Romanczuk-Seiferth N, 
Rotter JI, Ryten M, Sacco RL, Sachdev PS, Saykin AJ, Schmidt R, Schofield PR, 
Sigurdsson S, Simmons A, Singleton A, Sisodiya SM, Smith C, Smoller JW, Soininen H, 
Srikanth V, Steen VM, Stott DJ, Sussmann JE, Tha lamuthu A, Tiemeier H, Toga AW, 
Traynor BJ, Troncoso J, Turner JA, Tzourio C, Uitterlinden AG , Hernandez MC, Van der 
Brug M, Van der Lugt A, Van der Wee NJ, Van Duijn CM, Van Haren NE, Van T Ent D, 
Van Toi MJ, Vardarajan BN, Veltman DJ, Vernooij MW, Volzke H, Walter H, Ward law 
JM, Wassink TH, Weale ME, Weinberger DR, Weiner MW, Wen W, Westman E, White 
T, Wong TY, Wright CB, Zielke HR, Zonderman AB, Deary IJ, DeCarli C, Schmidt H, 
Martin NG, De Craen AJ, Wright MJ, Launer LJ, Schumann G, Fornage M, Franke B, 
Debette S, Medland SE, lkram MA, Thompson PM. Nove l genetic loc i underlying human 
intracranial volume identified through genome-wide association. Nature neuroscience. 
2016 December;19(12):1569-1582. PubMed PMID: 27694991; PubMed Central PMCID: 
PMC5227112. 

Complete Kochunov P, Ganjgahi H, Winkler A, Kelly S, Shukla DK, Du X, Jahanshad N, Rowland 
L, Sampath H, Patel B, O&apos;Donnell P, Xie Z, Paciga SA, Schubert CR, Chen J , 
Zhang G, Thompson PM, Nichols TE, Hong LE. Heterochronicity of white matter 
deve lopment and aging expla ins regional patient control differences in schizophrenia. 
Human brain mapping. 2016 December ;37(12):4673-4688. PubMed PMID: 27477775; 
PubMed Central PMCID: PMC5118078. 

Unpublished 

In Process at NIHMS Unpublished 

Complete Chiappe lli J, Kochunov P, Savransky A, Fisseha F, Wisner K, Du X, Rowland LM, Hong 
LE. Allostatic load and reduced cortica l thickness in schizophrenia. 
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Psychoneuroendocrino logy. 2017 March;??:105-111. PubMed PMID: 28027496; 
PubMed Central PMCID : PMC5336512 . 

In Process at NIHMS 
Unpublished 

C.2 WEBSITE(S) OR OTHER INTERNET SITE(S) 

Nothing to report 

C.3 TECHNOLOGIES OR TECHNIQUES 

NOTHING TO REPORT 

C.4 INVENTIONS , PATENT APPLICATIONS, AND/OR LICENSES 

Have inventions, patent applications and/or licenses resulted from the award during the reporting period? 

No 

C.5 OTHER PRODUCTS AND RESOURCE SHARING 

NOTHING TO REPORT 
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RPPR 

D. PARTICIPANTS 

D.1 WHAT INDIVIDUALS HAVE WORKED ON THE PROJECT? 

KOCH UNOV ■11111111 
Glossary of acronyms: 
S/K - Senior/Key 
DOB - Date of Birth 
Cal - Person Months (Calendar) 
Aca - Person Months (Academic) 
Sum - Person Months (Summer) 

D.2 PERSONNEL UPDATES 

D.2.a Level of Effort 

PD/Pl EFFORT 

FINAL 

1111111■ 
Foreign Org - Foreign Organization Affiliation 
SS - Supplement Support 
RE - Reentry Supplement 
DI - Diversity Supplement 
OT - Other 
NA - Not Applicable 

Will there be, in the next budget period, either (1) a reduction of 25% or more in the level of effort from what was approved by the agency 
for the PD/Pl(s) or other senior/key personnel designated in the Notice of Award, or (2) a reduction in the level of effort below the 
minimum amount of effort required by the Notice of Award? 

No 

D.2.b New Senior/Key Personnel 

Are there , or will there be, new senior/key personnel? 

No 

D.2.c Changes in Other Support 

Has there been a change in the active other support of senior/key personnel since the last reporting period? 

No 

D.2.d New Other Significant Contributors 

Are there , or will there be, new other significant contributors? 

No 

D.2.e Multi-Pl (MPI) Leadership Plan 

Will there be a change in the MPI Leadership Plan for the next budget period? 

No 
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E. IMPACT 

E.1 WHAT IS THE IMPACT ON THE DEVELOPMENT OF HUMAN RESOURCES? 

Not App licable 

E.2 WHAT IS THE IMPACT ON PHYSICAL , INSTITUTIONAL , OR INFORMATION RESOURCES THAT FORM INFRASTRUCTURE? 

NOTHING TO REPORT 

E.3 WHAT IS THE IMPACT ON TECHNOLOGY TRANSFER? 

Not App licable 

E.4 WHAT DOLLAR AMOUNT OF THE AWARD'S BUDGET IS BEING SPENT IN FOREIGN COUNTRY(IES)? 

NOTHING TO REPORT 
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F. CHANGES 

F.1 CHANGES IN APPROACH AND REASONS FOR CHANGE 

Not App licable 

F.2 ACTUAL OR ANTICIPATED CHALLENGES OR DELAYS AND ACTIONS OR PLANS TO RESOLVE THEM 

NOTHING TO REPORT 

F.3 SIGNIFICANT CHANGES TO HUMAN SUBJECTS, VERTEBRATE ANIMALS, BIOHAZARDS , AND/OR SELECT AGENTS 

F.3.a Human Subjects 

No Change 

F.3.b Vertebrate Animals 

No Change 

F.3.c Biohazards 

No Change 

F.3.d Select Agents 

No Change 
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G. SPECIAL REPORTING REQUIREMENTS 

G.1 SPECIAL NOTICE OF AWARD TERMS AND FUNDING OPPORTUNITIES ANNOUNCEMENT REPORTING REQUIREMENTS 

NOTHING TO REPORT 

G.2 RESPONSIBLE CONDUCT OF RESEARCH 

Not Appl icable 

G.3 MENTOR'S REPORT OR SPONSOR COMMENTS 

Not App licable 

G.4 HUMAN SUBJECTS 

G.4.a Does the project involve human subjects? 

No 

G.4.b Inclusion Enrollment Data 

Not Appl icable 

G.4.c ClinicalTrials.gov 

Does this project include one or more applicable clinical trials that must be registered in ClinicalTrials.gov under FDAAA? 

G.5 HUMAN SUBJECTS EDUCATION REQUIREMENT 

Are there personnel on this project who are newly involved in the design or conduct of human subjects research? 

G.6 HUMAN EMBRYONIC STEM CELLS (HESCS) 

Does this project involve human embryonic stem cells (only hESC lines listed as approved in the NIH Registry may be used in NIH 
funded research)? 

No 

G.7 VERTEBRATE ANIMALS 

Does this project involve vertebrate animals? 

No 

G.8 PROJECT/PERFORMANCE SITES 

Primary: University of 188435911 
Maryland, Baltimore 

University of Maryland , 188435911 
Baltimore 

University of Texas 800772162 
Health Science Center at 
San Antonio 

RPPR 

MD-07 

MD-007 

TX-021 

PO Box 21247 
Baltimore MD 21228 

UNIVERSITY OF MARYLAND BALTIMORE 
Office of Research and Development 
Baltimore MD 212011508 

7703 Floyd Curl Drive, Mail Code 7828 
San Antonio TX 782293900 
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University of Warwick 231745683 00-000 University House 
Kirby Corner Road 
Coventry , West Midlands 

University of Maryland 188435911 MD-007 Maryland Psychiatric Research Center 
Baltimore Grounds of Spring Grove Hospital Center 

Baltimore MD 212284663 

G.9 FOREIGN COMPONENT 

No foreign component 

G.10 ESTIMATED UNOBLIGATED BALANCE 

G.1 O.a Is it anticipated that an estimated unobligated balance (including prior year carryover) will be greater than 25% of the current 
year's total approved budget? 

No 

G.11 PROGRAM INCOME 

Is program income anticipated during the next budget period? 

No 

G.12 F&A COSTS 

Is there a change in performance sites that will affect F&A costs? 

No 
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QVR NIH Business System (NBS) Accounting Details 
PRINT DOWNLOAD CLOSE 

Pl: KOCHUNOV, PETER V FY: 2017 

Total IMPAC/1 Award Amt: $400,000 

Obligation Details for Project: 
5R01EB015611-05 

External Organization: 
UNIVERSITY OF MARYLAND BALTIMORE 

Accounting System Totals 

PMS Account 
Type: Subaccount:domestic(P) 

Award Document REB0 156118 Number: 
Click hyper/ink for accounting details for all projects 
with this document number 

TIMING INFORMATION: QVR gathers disbursement data from NBS/nVision on a nightly basis, however , PMS data in NBS may lag as much as 2 

weeks. 

Accounting System 
IC CAN Budget Obligated Dt 

FY 
Last NBS Obligated NBS Disbursed 

Disburse . Dt $ $ 
EB 8015183 2017 2017-07-19 2019-08-01 $400,000.00 $127,912.00 

Accounting System Transactions 
Accounting System Transactions 

IC CAN occ NBS Doc Num NBS Transact. Obligation Amt 
Dt 

EB 8015183 414E 380REB015611 B 2019-08-01 $ 0.00 
EB 8015183 414E 380REB015611B 2019-05-01 $ 0.00 
EB 8015183 414E 380REB0156118*10001 2017-07-19 $ 400,000.00 

Grand Totals: $400,000.00 

Obligated 
Balance 

$ 272,088.00 

Disbursement 
Amt 

$ 108,035.64 
$19,876.36 

$ 0.00 
$ 127,912.00 

1/1 Obtained by Rise for Animals. Uploaded 07/05/2020


