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Challenges

e Data collection, sharing and integration issues :

O increased data size and complexity o quality control
O diverse data formats o data formats, metadata annotation
O computer intensive analysis o data storage and access

e Limited data visualization and analysis tools: to
address a biological question, output formats

e Data interoperability and integration: genotype and
phenotype data

e Lack of Funding for Expert Biocuration: limited high
4 quality knowledge synthesis



The Genotype-Phenotype Working Group
Aims & Goals

« To improve the data collection and data sharing
 To facilitate linking genotype and phenotype data

« To promote data interoperability and re-use



Aim 1 To Improve the Data Collection

Review of diverse data types, annotation, storage, and archiving in
primary repositories

Genotype Data

Epigenome

Genome

Genetic Variation

GWAS

QTLs

Gene(s)

Phenotype Data

Metabolome

Proteome

Molecular Phenotype

Transcriptome

Traits
(Quantitative or Qualitative)

Mutant Phenotype

Phenome

Phenotype Variation

Data and metadata annotation:
best practices are available for
Genotype data and molecular
phenotype data

Ontologies: well-developed to describe
both genotype and phenotype data of
various types

Public Repositories: for storage,
archiving & accessibility:
Additional infrastructure is needed
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Genotype Data

Gene

AIM 2: Linking Genotype & Phenotype Data
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Examples of existing resources-->secondary
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one or more
data types
(e.g., ePlant)




Integration of Heterogenous Data Types
Gramene-Ensembl Genome Browsers
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Assembly structure and sequence
Genes & transcripts

Comparative alignments

Baseline Annotation & Ontologies

Genetic markers (SNPs, Indels, QTLs, SSRs)
Repeats & transposable elements
Regulatory & Epigenetic marks

Transposon discovery
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Integration of omics data in the Plant Reactome
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Analysis of Arabidopsis thaliana Redox Gene Network Indicates Evolutionary

Expansion of Class III
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Displaying gene-gene interaction data on Plant Reactome pathways

Synthesizing gene-gene interactions information

3 990
*

..&_ Users can also
upload their
own data

Users can send

us the data
from
their favorite
: species
AF2G329%0 = Data source:http://www.functionalnet.org/aranet/
“W“EL Geisler-lLee J et al. (2007). Plant Physiol. 145(2):317-29
— & R
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http://www.functionalnet.org/aranet/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geisler-Lee%20J%5bAuthor%5d&cauthor=true&cauthor_uid=17675552
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+Predicted+Interactome+for+Arabidopsis+Jane+Geisler-Lee,

AIM 2: Linking Genotype & Phenotype Data

Examples of existing resources-->secondary Knowledgebases

g Rice SNP-Seek Database
#r Home O search v Bowsew = wylsts ) OcerSeecs O Download Help v

By using SNP-Seek, you abide by the data use license stated here , and development here

Genotypes JBrowse GWAS
Query for SNPs from the 3000 g Rice Genome Browser GWAS Rosults and tools
project
How to cite:
- Mansueto, et al. Rice SNP-seek database update: new SNPs, indels, and queries.Nucl. Acids Res.(2017) 45 (D1): D1075-D1081. doi: 10.1093/nar/gkw1135 This paper describes new
features sets added to SNP-Seek in 2015-2017 as well as software and database updates.
- Oth

Genomic variation in 3,010 diverse accessions of
Asian cultivated rice

» ~29 million single nucleotide polymorphisms,

« ~2.4 million small indels

e ~ 90,000 structural variations that contribute to within-
and between-population variation.

« ~10,000 novel full-length protein-coding genes that have
a high number of presence—absence variations.

% Wensheng W. et al. (2018), Nature 557:43—49

ePlant

Arabidopsis thaliana

Enter a gene name

https://bar.utoronto.ca/eplant

Data visualization tools for multiple levels of plant data.
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https://bar.utoronto.ca/eplant/

AIM 3: Limitations of data re-use and interoperability

Genotype Data Phenotype Data
- : Identify the missing links among
Epigenome Traits phenotype and genomic Data
P ,;” (Quantitative or Qualitative)
QTLs ’ R
GV’\.I[AS 4 Metabolome
Genetic$Variation - g *i:;
‘5\ = Proteome 5|
Genome N $ Bl f- =, | . L
4 ___.W Transcriptome 2 || Public repositories for
{ Ge?me(s) S S ij phenome/ phenotype
' N T~ variation do not exist: no
S |- Mutant Phenotype ‘ | : image database
Integl;‘a_ti(:n_an_d_ ~ ~ [ ~|_Variant Phenotypes \/l ~~ | Mutant phenotype data: images
visualization of ~ T limited to maize at present
genotype Phenome

and phenotype data?




How does genotype relate to
phenotype?

Reverse Genetics Approach

One Gene

|

One Phenotype

Mendelian Genetics

Gray, W. M. (2004). "Hormonal Requlation of Plant Growth and
Development". PLoS Biology 2 (9):
e311. DOI:10.1371/journal.pbio.0020311



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC516799
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1371/journal.pbio.0020311

Extension to Mendelian Genetics

Gene 1+ Gene 2--> Multiple Phenotypes

Gene A
increases orange

Example:
Fruit color in squash

Gene B
InCreases
yellow

Immature cukes
are green

m Additional

= colors result
from interaction
of these two loci




How does genetic variation give rise to phenotypic variation?
One Gene with Multiple Phenotypes

.. Example: Transposition Tetul

¥ TCP R rsz transposon alters HaCYC2c
HaCYC2c Transposition of Tety7  CXPression and affects its TCP
s o domain folding that gives rise
Transposition of ~ ATACACTA......TAGTGATA (Tetu1 CACTA TE) )& [E0UR O OTEr
Tetu1 generates WT turf MUT—1 MUT-2 phenotypes of ray flower
footprints: new » P v T ey corolla and sexual organs

Tetut
A (5,787 bp)

HaCYC2c alleles |
—’

. TCARARAAAGATGGGCATAATAGTAAAATCTATACCGCACA (turf)
TCAAARARAGATGGGCATA GTAAAATCTATACCGCACA (WT)

HaCYC2c alleles generated after Tetu? excision

TCAAAARBAGATGGGCATA  GIAAAATCTATACCGCACAR (WT) [1s]
TCAAAABBAGATGGGCAT- - -AABRATCTATACCGCACAR (MUT-1) [4*]
TCAAAABAAGATGGGOAT -  —----m-m == ACCGCACAA (MUT-2) [2]
TCAAAAABAGATGGGCAATATAGTAAAATCTATACCGCACAA (MUT-3) [1]
TCARAAARAGAT------ L GTAAAATCTATACCGCACAA (MUT-4) [3]
TCARAARAAGATGGGCA--  ----AATCTATACCGCACAA (MUT-5) [1]
TCAARARRAGATGGGCATA TGETAAAATCTATACCGCACAR (MUT-6) [2+%]
B TCP
<olixN_ Basic Helix |

SKKDGH SKIYTAQGPRDRRVRLSIDIAR (WT)

Y SKKDGH -KIYTAQGPRDRRVRLSIDIAR (MUT-1)
B SKKDGH ----TAQGPRDRLVRLSIDIAR (MUT-2)
SKKDGQYSKIYTAQGPRDRLVRLSIDIAR (MUT-3)
Y SKKD-- SKIYTAQGPRDRLVRLSIDIAR (MUT-4)
SKKDGQ --IYTAQGPRDRLVRLSIDIAR (MUT-5)
SKKDGE MNLYRTRPERSEGEIVH [stop] (MUT-6)

Fambrini et al. (2014) Gene, 549(1), 198-207. https://doi.org/10.1016/j.gene.2014.07.018.




Multiple Genes—> One Phenotype
X/'
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https://www.ncbi.nlm.nih.gov/pubmed/12615349
https://doi.org/10.1016/s0005-2728(02)00396-1

Complexities in Relating Phenotype to Genotype

(Exemption to Mendel’s Law of one gene->one phenotype)

A. halleri

PerSpectiveS stage 12 stage 13 stage 14 stage 15

Cell specific expression
Stage specific expression
Environmental effect

Gene redundancy
Multiple alleles > many phenotypes
Penetrance or Expressivity

EpiStaSiS ] (Suwabe et‘aI. 2020)

Lethal genes A. halleri https://doi.org/10.3389/fpls.2020.576140
Linkage stage 12 stage 13 stage 14 stage 15
Pleiotropy

Photo by Jing Yuan, Ph.D. student, Kessler Lab

(https://ag.purdue.edu/stories/pollination-a-classic-tale- Bel-compatible Selincompatibls
of-romance-love-and-death/)


https://doi.org/10.3389/fpls.2020.576140

Phenotypes are the outcomes of complex interactions (G(s) +E)

Genes Cells Phenotype  Environment

ecec B



Phenotype -> Genotype

Phenomics Approach & GWAS

For understanding

natural variability and biodiversity



Linking phenotype to genotype in genome-wide association
studies ( GWAS): Forward Genetics Approach

(@)

Weigel and Mott (2009)

: Genome Biol. 2009;10(5):107. doi: 10.1186/gb-2009-10-5-107

Natural habitat of various
accessions of A. thaliana

Vegetative rosettes
illustrating genetically
determined variation in
morphology among A.
thallana accessions



Improving grain yield, stress resilience and quality of
bread wheat using Iarge -scale genomics
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Manhattan plots showing marker—trait associations for GY and agronomic traits from a genome-wide association mapping study.
The 2AS chromosomal region was significantly associated with grain yield in several environments, whereas the 5BL and 2BS
chromosomal regions were associated with days to heading and maturity in several environments.

Nature Genetics volume 51, pages1530-1539(2019)


https://www.nature.com/ng

Linking Phenotype with existing platforms

Plant Pathways would be very useful
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Linking genotype to Phenotype Data with gene pages of
Ensembl and other crop databases like MaizeDB

® snp

Gene
B Phenotype
<> Observed association

Phenotypes

<==» Predicted association T

—— SNP relationship
— Phenotype similarity
Gene interaction

SNPs Genes

L Images of

Missing:

phenotypes

Mutant phenotype data;
limited to maize at present

MaizeDIG: Maize Database of
Images and Genomes



Aim 3: To Review Data Interoperability & Re-use

Data Formatting, Annotation, and Storage

Secondary

Data generation & ’\ Knowledgebases
collection e.g., Crop databases, Data Impacts
* Genome Sequence Primary Phytozome, Gramene- - Hypothesis
* Transcriptomes - Ensembl, PMN, Reactome - Shortlist

Repositories : : :
 Proteomes . Cvberinfrastructure « Annotation enrichment candidate genes
» Genotyping/GWAS . Sy « Integration of Genotype & & pathways
» Phenotype torage_ Phenotype Data « Translational

« Annotation - Analysis & Visualization research
» Phenome : :

« Metadata « Biocuration

» Knowledge synthesis /
\/ + Building analysis tools
Bottleneck in Omics data

nteroperable | {eusab\e

Eﬁable ACCeSSib\e
¢ O% & &

Modlified figure from Naithani et al. (2019), Database (Oxford), Volume 2019, bay146, https://doi.org/10.1093/database/bay146



https://doi.org/10.1093/database/bay146

Some Thoughts ..........

« Linking genotype and phenotype data is one of the greatest challenges
in research and development

« Why it is so difficult to map phenotypes to genotype data?

Potential solutions:

* Standardized data formats

« Data annotations using ontologies, enriched metadata
* Automated flows for data management and mappings

Input machine readable---> output machine readable

Not useful for human mind: the way it works,
thinks and creates new



How to we integrate the diverse data so it is easy to
understand ?

The Biocuration by experts could help in Knowledge synthesis

Manual Biocuration
Additional investment in data

visualization platforms will be
of tremendous value to
biologists

Automation/AI

Illustration by Dmitry Shevela
https://www.instagram.com/scigrafik




MaizeDIG: provides high-quality data on Genotype—to-phenotype through
value added expert curation, with easy-to-understand visual format in a model
species rich in genotype and phenotype data.
https://maizedig.maizegdb.org (cho et al. 2019: https://doi.org/10.3389/fpls.2019.01050)
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bz2, bronze: modifies purple aleurone and plant

color to pale and reddish brown, respectively: no

Description: effect on pericarp color; anthers not fluorescent.
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functional. (by jack)
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Thanks!

The community is fundamental to advance
we have deluge of Omics data: help is appreciated
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