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Human 3 Gb

Genomes are vast information repositories F—e—Mammals

Kb = 1000 bp

eMb = 1x108 bp
*Gb = 1x10° bp
*Tb = 1x10% bp
ePb = 1x10%5 bp
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Acquiring Knowledge through Big Data

Results
Domain

Knowledge

Machine Learning
classification, modeling,
visualization & data Integration

Scalable Algorithms
Streaming, Sampling, Indexing,




Gene Conservation of Tree Species —
Banking on the Future (2016)

» Survey Conducted

— Breeders, Geneticists, Land Managers, and
Ecologists

— 31 Questions

» Trees (greenhouse, plots, landscape, numbers, species)
« Data collection (devices, software)

* Analytical tools (statistical, databases)

* Data storage

* Challenges

— 283 Respondents
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Motivation (Data Provider)

» Support next-generation data requirements
for the biological database

— Increased quantity and availability of new data

— Support data integration across resources
— Support complex data analytics
— Move data efficiently



TreeGenes Database: History

treegenesdb.org

— Began to hold forest tree genetic maps and
associated markers

— Expanded to other data types

* Sequence

— Resegeuncing, Large-Scale Genotyping,
Transcriptomics/Expression

— Full Genome Sequences

* Analysis and Visualization Tools
— Ability for users to mine the data

* Resources for the user community =
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TreeGenes Database: Users

treegenesdb.org

2,086 users from 862 organizations in 94 countries

Unique Web Visitors to TreeGenes Database per month, January-December 2016




TreeGenes Database: Species

* 1,774 species from 101 genera
— At least one genetic artifact from each species

» Full genome sequence: 21 species

* Transcriptome/Expression resources:
4,120,817 sequences from 283 species

* 106 genetic maps from 35 species



TreeGenes Database: Species

treegenesdb.org

~————
PUBLICATIONS FEED

Random amplified
polymorphic DNA

markers tightly linked to

a gene for resistance 10
white pine blister rust in

Caryophyllales Ericales Fagales
sugar pine

(1 species) (6 species) { 375 species) (228 species)

UPDATES AND NEWS

Douglas Fir genome
published in G3

Gentianales Gnetales Lamiales Laurales

{1 species) {1 species) (3 species) {1 species)

MEETINGS

UFRC Conservation of
Forest Genetic
Resources

October 2 2017 to
October 7 2017

X omel, Belarus
Magnoliales Malpighiales Malvales Myrtales L e
) ) _ Plant and Animal
{1 species) { 216 species) { 2 species) { 223 species) Genome Conference

January 132018 to

Pinales Ranunculales Rosales Sapindales

( 4g5 species) (1 species) (2 species) ( 7 species)




TreeGenes Database: Data Sources

treegenesdb.org

Primary data sources (semi-automated)
* Primary databases such as NCBI/EBI

« Appropriate data should be submitted to primary
databases

* Consistent with changing standards
— Currently no repository for non-human SNPs (new!)

User submissions

 For data and metadata not captured well by primary
databases (Journals)

Project submissions
* Internal project management (private to public)

Curated Sources
* Phytozome and PlantGDB
* PLAZA (OrthoFinder)
« TRY-DB (Phenotypes)
* Dryad (Flat files)

— NCBI

— <PubmedArticleSet>
— <PubmedArticle>

— <MedlineCitation Owner="NLM" Status="PubMed-not-MEDLINE">
<PMID Version="1">25202539</PMID>
— <DateCreated>
<Year>2014</Year>
<Month>09</Month>
<Day>09</Day>
</DateCreated>
— <DateCompleted>
<Year>2014</Year>
<Month>09</Month>
<Day>09</Day>
</DateCompleted>
— <DateRevised>
<Year>2014</Year>
<Month>09</Month>
<Day>12</Day>
</DateRevised>
— <Article PubModel="Electronic-eCollection">
— <Journal>
<ISSN IssnType="Electronic">2168-0450</ISSN>
— <JournalIssue CitedMedium="Print">
<Volume>1</Volume>
<Issue>4</Issue>
— <PubDate>
<Year>2013</Year>
<Month>Apr</Month>
</PubDate>
</Journallssue>
<Title>Applications in plant sciences</Title>
<ISOAbbreviation>Appl Plant Sci</ISOAbbreviation>
</Journal>
— <ArticleTitle>
Application of proteomics to the study of pollination drops
</ArticleTitle>
— <Pagination>
<MedlinePgn/>
</Pagination>
<ELocationID EIdType="doi" ValidYN="Y">10.3732/app!
<ELocationID EIdType="pii" ValidYN="Y ">apps.130000¢
— <Abstract>
<AbstractText Label="UNLABELLED">*</AbstractTe:
— <AbstractText Label="PREMISE OF THE STUDY" NIn
Pollination drops are a formative component in gymnos
sexual reproduction. *
</AbstractText>
— <AbstractText Label="METHODS" NImCategory="ME
Pollination drops were sampled from eight gymnosperm



TreeGenes Database: Data Sources

treegenesdb.org

Data that is not collected!

Submit genetic maps,
association or population

study data
e — Most submissions from

journal requirement:
Tree Genetics and

= I Genomes, New
Phytologist, and Forests




TreeGenes Database: Data Sources

Population
Study

e Publication
® Species

Study Design

e Landscape
e Common Garden

* Greenhouse

e Growth Chamber
* Breeding (Plot)

Phenotype,
Clsigieiniole | e Georeferenced
Environment

Raw Data

——

* Trees
e Genotypes
* Phenotypes



TreeGenes Database: Data Sources

treegenesdb.org

Metadata on published studies!

Genetic maps, association or
population studies

A listing of data submissions is displayed below.
To submit data to TreeGenes, click here.

TGAD Accesslon Request Form

Tris submission process wi alow you 1 upload Genesc, Phenctypic, andlor envronmental data o the
TroaGones database. Rasuls of o as50ca0n tosts wi be accepsod a6 raw Poralues and al fies wil b0

el s ¥ 104D o e e gl v 94 Date Accession  Paper Title Species Data Statistics Data Files
::::\‘rmvmmmwm”w. T T ——y 8/5/2011 TGDR0O1 Association Populus Total Sites: 1 Covariate Data (Population Structure)
your sy nchades ke spacie, Boch o0 o spories cata wl b coteces | UBIGIS S genetics of traits trichocarpa Total Samples: 480 Genotype Data (SNP)
e e it R, o 5 s w5 e controlling lignin Total Genotypes: 419520 GPS Data
e " Forams and cellulose Total AFLP Markers: 0 Haplotype Data
["Soict e et i Goacos Fow GPS s e biosynthesis in Total RAPD Markers: 0 Phenotype Data
. T =} black cottonwood Total SNP Markers: 874 Phenotype Definitions
B e (Populus Totl cpSSR arers:
= 5 | s b st trichocarpa, Total SSR Markers: 0
I Y [ Environmentai Data - Salicaceae) Total Phenotypes: 1344
::::’::,‘1 D.’:-.:N”mm - Faoe s o secondary xylem. Total Environmentals (per sample): 0
S 3 o] Total Environmentals (per site): 0
e T 9/25/2012  TGDR002 Astonishingly low Quercus Total Sites: 59 Genotype Data (cpSSR)
Conta [Seg v £] genetic variation in issi Total : 2152 GPS Data
Quercus Total Genotypes: 12912 Haplotype Data
i acutissima, an Total AFLP Markers: 0 Supplemental Data
important tree Total RAPD Markers: 0
species in Total SNP Markers: 0
Satoyama, a Total cpSSR Markers: 6
traditional Total SSR Markers: 0
Japanese rural Total Phenotypes: 0
forest and Total Environmentals (per sample): 0
agricultural Total Environmentals (per site): 0
landscape, revealed
by chloroplast
microsatellite
markers
1 11/5/2012 TGDR003 Extensive selfing in Pinus Total Sites: 2 Genotype Data (SSR)
an endangered parvifiora Total Samples: 116 GPS Data
population of Pinus Total Genotypes: 464 Supplemental Data

— e — parviflora var. Total AFLP Markers: 0 Supplemental Data
parviflora Total RAPD Markers: 0 Supplemental Data
- For 00 1he accagiavis o of thene (Pinaceae) in the Total SNP Markers: 0 Supplemental Data
< : Organtzation o Boso Hills, Japan Total cpSSR Markers: 0

e — PA—— Total SSR Markers: 4
Total Phenotypes: 0
Total Environmentals (per sample): 0
Total Environmentals (per site): 0

Aot [Euben, Arderd =l
P oo [P o o B v ek e e )

Ssppiemert | Ganete Map =
Tree

P ———— 11/14/2012 TGDR004 Pollen dispersal Dryobalanops Total Sites: 1 Environmental Metric Data
ot v Forme s _pome | and fine-scale lanceolata Total Samples: 858 Envir Metric D
D 0rganizaton | nmernty of Collomse w D ¥ spatial genetic Total Genotypes: 13728 Genotype Data (SSR)
structure of Total AFLP Markers: 0
Suorisometon Dryobalanops Total RAPD Markers: 0
lanceolata in a Total SNP Markers: 0

Bornean rain forest Total cpSSR Markers: 0




TreeGenes Database: Data Sources

treegenesdb.org

Obtain TGDR accession number!

Genetic maps, association or
population studies

A listing of data submissions is displayed below.
To submit data to TreeGenes, click here.
s umision process wh o you 10 030 GeneS, PROTCYG, anclr nvionmental ata o tha
Tr00Ganos daabase Rosuls o o as5ccason ests wlba accogd 28w P-aiuos nd a les wil bo
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s controlling lignin Total Genotypes: 419520 GPS Data
S:"‘i E-:,‘,‘mmm-«,w | — and cellulose Total AFLP Markers: 0 Haplotype Data
St e et i avicos o GPS 50 ~ biosynthesis in Total RAPD Markers: 0 Phenotype Data
Y | (o o v ot omecai v sy el black cottonwood Total SNP Markers: 874 Phenotype Definitions
::.:y;ﬁ.@ Prenotpe? i:t:‘:f'::‘:wm o Fow Phanaype e s o e yor sy (Populus Total cpSSR Markers: 0
= 5 | s b st trichocarpa, Total SSR Markers: 0
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i:f:::h:::l D.’:- — Faoe s o secondary xylem. Total Environmentals (per sample): 0
S 3 o] Total Environmentals (per site): 0
D e — 9/25/2012  TGDROO2  Astonishingly low Quercus Total Sites: 59 Genotype Data (cpSSR)
Conta [Seg v £] genetic variation in issi Total : 2152 GPS Data
Quercus Total Genotypes: 12912 Haplotype Data
i acutissima, an Total AFLP Markers: 0 Supplemental Data
important tree Total RAPD Markers: 0
species in Total SNP Markers: 0
Satoyama, a Total cpSSR Markers: 6
traditional Total SSR Markers: 0
Japanese rural Total Phenotypes: 0
forest and Total Environmentals (per sample): 0
agricultural Total Environmentals (per site): 0
landscape, revealed
by chloroplast
microsatellite
markers
l—-— — e e 1 11/5/2012 TGDR003 Extensive selfing in Pinus Total Sites: 2 Genotype Data (SSR)
s g an endangered parvifiora Total Samples: 116 GPS Data
population of Pinus Total Genotypes: 464 Supplemental Data
5 parviflora var. Total AFLP Markers: 0 Supplemental Data
parviflora Total RAPD Markers: 0 Supplemental Data
(Pinaceae) in the Total SNP Markers: 0 Supplemental Data
< “Ovganization o Boso Hills, Japan Total cpSSR Markers: 0
= = 4 Total SSR Markers: 4
— Total Phenotypes: 0
D Poowe I et v kv e s S ) Total Environmentals (per sample): 0
"'"'”"“’;‘;'j S Moy = Total Environmentals (per site): 0
_ — 11/14/2012 TGDRO04 Pollen dispersal Dryobalanops Total Sites: 1 Environmental Metric Data
et ] and fine-scale lanceolata Total Samples: 858 Envir | Metric D
 organtesson (Gapry e Cllerss WOWE =l spatial genetic Total Genotypes: 13728 Genotype Data (SSR)
structure of Total AFLP Markers: 0
Suorisometon Dryobalanops Total RAPD Markers: 0
lanceolata in a Total SNP Markers: 0
Bornean rain forest Total cpSSR Markers: 0




/fé Tripal

Open source content man.agen.lent system ‘\& ¥,
(CMS) and database for biological data \ ‘ * E)

h | %,
The Hardwood Genomics Project

knowpulse -

Modules for genetic, genomic, and breeding
data generated through a CMS and

Standardized Schema pulse crop lbréedmg & geneticg

< GDRIgzizmse

Benefits: . CottonGen

a genomics, genetics and breeding resource for cotton

Reduces development costs
Provides an API for complete ¥ Citrus Genome Database

customization USDA .
_ —am ok Workspace@NAL
* Uses GMOD Chado and community
ontologies for standardization {1&7% LIS - Legume Information System
* Access control for user/user groups Tre e Ge nes
» Allows for sharing of extensions between The Bar r.y.""[en Genome Hub
sites 70 i it

— Implemented in over 30 databases!



Current State of Tripal

* http://tripal.info
« Content Management System for Biological Data
* Over 100 Installations
* CurrentVersion 2.0

“Q Tripal

Weekly project usage

125
6.x B 7.x
100 M Total

25
0
Oct 2014 Jan 2015 Apr 2015 Jul 2015 Oct 2015 Jan 2016 Apr 2016 Jul 2016 Oct 2016
Week 6.x 7.x Total

November 20, 2016 1104 105



Tripal Gateway Project (Data
Provider)

* Support next-generation data requirements for
the biological database

» Tripal Gateway Project
— Increased quantity and availability of new data

— Support data integration across resources (Web
Services) — Tripal Exchange (v3.0)

— Support complex data analytics (Integration with
Galaxy API)

— Move data efficiently (Software Defined
Networking — Tripal Data Transfer BDSS)
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TreeGenes Database: Interfaces

treegenesdb.org
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Web-based framework (Galax
promotes genomics ana|y5|s

— (&AW & Secure https://usegalaxy.org

= Galaxy

Tools

search tools o

Get Data
Lift-Over
Collection Operations

Text Manipulation
Datamash

Convert Formats

Filter and Sort

Join, Subtract and Group
Fetch Alignments /Sequences
NGS: QC and manipulation
NGS: DeepTools

NGS: Mapping

NGS: RNA Analysis

NGS: SAMtools

NGS: BamTools

NGS: Picard

NGS: VCF Manipulation

NGS: Peak Calling

NGS: Variant Analysis

NGS: RNA Structure

NGS: Du Novo

NGS: Gemini

NGS: Assembly

NGS: Chromosome Conformation
NGS: Mothur

Operate on Genomic Intervals
Statistics

4

i+

Analyze Data Shared Data ~ ~ Help~ Login or Register~

Galaxy is an open source, web-based platform for data intensive biomedical
research. If you are new to Galaxy start here or consult our help resources. You can
install your own Galaxy by following the tutorial and choose from thousands of tools
from the Tool Shed.

Tweets by @gala axyproject (1]
== Galaxy Project @galaxyproject

Plan your GCC2017 agenda on your mobile
device: gcc2017.sched.com/mobile-site
#usegalaxy

() +

GCC 2017
..llomnlllu

Public Galaxy Servers
and still counting

Embed View on Twitter

PENNSTATE L7 : ‘
LTH

= w il TRAGCE S CYVerRsE

| JOHNS HOPKINS ENCE

"@.:.:.7?.6.?.

History (¥

Using 0%

search datasets

Unnamed history

(empty)

1 This history has been deleted

€ This history is empty. You can

load your own data or get data
from an external source




Integrating Galaxy with Tripal

@ Manage Galaxy Inst- x
L C [} 192.168.233.165/no

verlay=admin/tripa

& Dashboard Content Structure 9 Appearance People Modules Configuration GenSAS Reports Help Hello administrator Log out

Tripal Content Content Edit shortcuts

Manage Galaxy Instances ®

Home » Administration » Tripal » Extensions » Manage Galaxy Instances ﬁ\ﬂﬁ
Galaxy Server Name * I 1 1 y amazon
Il

BF webservices

Please provide the name of the remote Galaxy Server

Description

Provide any additional details about this server.

URL *

The URL for the remote Galaxy server.

User Name

The user name for the Galaxy server. This username is used to launch all jobs by default. If this field is left blank then it is expected that the user
has an account on the Galaxy server and will provide their username when executing workflows.

API Key

The API key for the user name specified above. If this field is left blank then it is expected that the user will provide their own API key when
submitting a job. .




Data analysis brought to the user via
the database with Galaxy Workflows

DNA Sequence Data

Re-sequencing alignment

Variant discovery (against the reference)
Variant discovery (between samples)
Prediction of functional genetic variants
Association Genetics

Functional Annotation

RNA Sequence Data

Transcriptome assembly

Alignment to a reference

Differential Expression analysis

Gene co-expression network construction
MiRNA analysis

.....

Bcaaxy



BDSS: Big Data Smart Socket

treegenesdb.org

* Smart Data Transfer
e Standalone client with a metadata repository
* First step is to build an inventory of data sources

relevant to a particular user community
 NCBI (Genbank for Raw Data)
e Cyverse (iPlant for analytics)
* Tripal supported websites for supporting data

* Determines optimal method for data transfer for
each data source through testing

* Data transfer methodology is encoded into the
metadata repository



BDSS: Moving data effi

ciently

treegenesdb.org
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Tripal Gateway: Use Cases

Tripal Gateway:

1. A user could search across community DBs for their
set of SNPs interest (from a genotyping array) using

2. The probe sequences could be gathered as a list and
transferred to the user with the
tool.

3. If the user prefers to use Galaxy for analysis, the
transfer could load the probes into the

module and align them to a recently released genome
reference

4. Basic workflow for alignment could be selected along
with the appropriate target in Galaxy



Phenotype = Genotype + Environment
Provenance or Common Garden Trials Phenotype X Environmental Associations
Marker Assisted Tree Breeding Genotype X Phenotype Associations

Landscape Genomics Genotype X Environmental Associations




TreeGenes Database: Data Sources

Population Gl In addition to:

Study * Species Internal projects
TREESNAP (public)
DRYAD
TRY-DB

e Landscape
e Common Garden
Study Design e Greenhouse

e Growth Chamber
* Breeding (Plot)

Phenotype,
Clsigieiniole | e Georeferenced
Environment

* Trees
Raw Data e Genotypes
* Phenotypes

4




TreeGenes Database: CartograTree

treegenesdb.org
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— Providing context to geo-referenced data
_TDI%\J[(a[%)m TreeGenes, WorldClim, Ameriflux,



TreeGenes Database: Interfaces

treegenesdb.org

% @es ¢ ARIZONA .\ ew MEXICO |
[] oExact(15) @ = ANEW MEXICO I

.0
—_ Phoenix - -
San%?go““*-—\ s : )
i T O\ L =

| © Approximate (68) @ i
\ - s s .
. Map data £2015 Google, INEGI, Inav/Geosistemas SRL, ZENRIN | 500 km .————1 | Termsof Use  Report a map error

Analyze the data
Map selection Amplicons X
File~v | Editv @ View~ | Tools~
™ ID AmpliconlD Top Blast Description (BLAST nr) Species-Specific BLASTs GO Annotations  Interpro Annotations =~ PFAM Annotation:  Discover pipelines at SSWAP
™ 1 0_10054_01 "NAC domain protein: IPR003441 [Po... "NAC domain protein: IPR0O... “GO:0003676 nucl...-999 -999
M 2 0_10706_01 "uninformative (1.90E-27) (unspecified)" "uninformative (1.90E-27) (u... "GO:0009536 plas...-999 -999
¥ 3 0_11090_01 “PREDICTED: protein OBERON 4-like... "PREDICTED: protein OBER... -999 “IPR004082 Protein of u...-999
™ 4 0_11270_01 "PREDICTED: probably inactive leuci... "PREDICTED: probably inact..."G0:0016740 tran... -999 -999
™ 5 0_11389_01 "PREDICTED: protein phosphatase 2... "PREDICTED: protein phosp... "G0:0001932 reg... -999 -989
M R n 11411 N1 "PRENICTEN: nalantnea nvidaca.lilka "PRENINTEN: nalantnea nvi -aaa "IPRN127R2 Immiinnnin "PFENQ11R Namain n

— Retrieve genotype, phenotype, environmental, and
sequence data

— Further analysis (MUSCLE, TASSEL, PAML) via SSWAP



TreeGenes Database:

treegenesdb.org

) sswap.info._.
-— j Simple Semantic Web Architecture and Protocol
\gﬁplant Collaborative ™

¥ New pipeline - executed " :;gegl:e:e:s Tz;:\;gt

O w |\ O I

MyData o MyData

v Output Data Set
(’*\)‘/
\ J - .
N Display Data:
MyData iPlant Path: /hansvg/sswap/New_pipeline-2014-01-12-10-38-42.rrg.owl
Produced by: http://sswap.info/iplant/svc/tassel

— SSWAP “reasons” over the input data and responds with
relevant applications

— Send data through pipeline with selection (parameters)



TreeGenes Database: Cyverse

TACC

treegenesdb.org

@ Data

& Upload ~

Navigation

& New Folder @' Refresh &0 hd

4 ] archive
4 ljobs

() job-39277-tasseldispatcher-1013350u1-by-ipc
u_'] job-39279-tasseldispatcher-1013350u1-by-ipc

> d,‘_] job-39281-tasseldispatcher-1013350u 1-by-ipc

> (] job-39289-tasseldispatcher-1013350u1-by-pc

(] job-39291-tasseldispatcher-1013350u1-by-ipc

D u_j job-39292-tasseldispatcher-1013350u1-by-ipc

q,.’l cog

q_'] job-39319-tasseldispatcher-1013350u1-by-pc
uj job-39347-tasseldispatcher-1013350u1-by-ipc
e_data

q_ﬂ sswap

ﬂ_f] tempDir
> (] Community Data

b ) Shared
- [ Trash

With Me

m

O |

1

] Name «

OOOO

0 O

| genotype.txt
" glm_BLUEs.ixt
1 glm_ftest.txt

run_pipeline.pl...

] run_pipeline.pl...
" tasseldispatch...
" tasseldispatch...

| traits.txt

— Connect with Cyverse Views
— Download data locally or maintain on cloud-based

storage

Last Modified
2014 Jan 12 09:55:27

2014 Jan 12 09:55:26
2014 Jan 1209:55:28
2014 Jan 1209:55:29
2014 Jan 12 09:55:30
2014 Jan 12 09:55:29
2014 Jan 12 09:55:28

2014 Jan 12 09:55:26

Size
51KB
239KB
323KB
0 bytes
4KB
4KB
3KB

309 bytes

) Trash ~

Details »

Select 2 file or folder
to view its details



CartograTree: Current Development

treegenesdb.org

 Flexible georeferenced tagging
* Approximate
* Exact

Obscured (radius)

* Environmental layers (Geoserver)
Soil

* Fire/Drought

* Climate models

LIDAR

* Integration with Tripal

» User control of workspace

* Ability to upload their own trees/phenotypes
» Connection with Galaxy framework

*  More analytical options (PLINK, TASSEL, MSA, PAML)
* Intelligent workflows



Cartogralree: TreeSNAP

e Validated accessions from TreeSNAP (obscured

Q TreeSnap Map  About Login  Register

AVAILABLE NOW

Help Our Nation’s Trees!

Invasive diseases and pests threaten the health of America’s forests. Scientists are working to understand what allows some
individual trees to survive, but they need to find healthy, resilient trees in the forest to study. That's where concerned foresters,

landowners, and citizens (you!) can help. Tag trees you find in your community, on your property, or out in the wild using
TreeSnap! Scientists will use the data you collect to locate trees for research projects like studying the genetic diversity of tree
species and building better tree breeding programs.

#  Download on the ET

App Store P> éoééle Play

Application Features

<o Availability It's a Snap

TreeSnap is available for i0S and Android smart phones, and is Come across an ash, hemlock, chestnut, or white oak in the
completely free. The app will be available on the Apple woods? Record it with TreeSnap and its geolocation will be
AppStore and Google Play. shared with scientists to study it.




CartograTree: Galaxy Workflows

ranscriptomics - Whole Genome
Array

4 ) 4 ) 4 )
(E;(F())trgree Affy Resequencing
- J - J - J
4 ) 4 ) 4 )
GBS
RNA-Seq lllumina e RAD-Seq
e ddRAD-Seq

- J - J - J




CartograTree: Advanced Interface

treegenesdb.org

* 142 species

* 27,913 TGDR

* 17,412 Inventory
* 26,332 TRY-DB

e 815 TreeSNAP

e Release Date:
e December 2017




TreeGenes Database: Team

treegenesdb.org tg-help@gmail.com
Project Leads Project Developers  Collaborators
Jill Wegrzyn Sean Buehler Stephen Ficklin (Tripal)
Emily Grau Taylor Falk Alex Feltus (BDSS)
Nic Herndon Peter Richter Meg Staton (HWG)

. Clayton Michael Dorrie Main (GDR)
Advising

Damian Gessler

Semantic Options

@ TreeGenes m TreeGenes Database

UCONN USba

= “fé Tripal




