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Genomic Open-source Breeding -
informatics initiative mGOBii

To transform breeding by enabling the implementation of genomic

and marker-assisted selection as part of routine breeding programs
in developing countries

v Build scalable databases for genomics and marker data management
v" Connect to breeding management systems

v Build and connect tools and analysis pipelines
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Enterprise Breeding 22

. Excellence

System (EBS) NF InBreeding

Core Breeding (B4R)

Breeding Program Planning
Inventory Management
Find Germplasm

Nursery Creation

Trial Design

Crossing

Harvest Manager

Services
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Shipment

Field mapping, Phenotyping, QC (KDX)

1abeue sjdwes

Genotype Management (GOBiIlI)

Loader

Extractor

QC (KDC)

MAS (Ped Ver, MABC, FB) (Flapjack)
GWAS (Galaxy)
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Genomic Selection (Galaxy)

Trial Analytics

Advancement Decision




Genotyping Data Management —
Dimensionality Issues aGOB

Samples | >

Large number of samples
A - -

Large
number of
MEILES

Markers |

Search by markers or samples




GOBII Genomic Data Management  _geas;;

Designed with extract performance in mind

e N\ [ )
Database

IUPAC, SNP, Indel, Web
diploid, tetraploid,

. services
codominant,

dominant, SSRs, APls
Vcf,.txt, .csv, .hmp e BrAPI

L~ " EXTRACT ﬁ (og)
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EXTRACT

Hapmap
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GOBII Germplasm levels amGOBi

* Germplasm name (accession, common name)
* External code (eg plot ID)
* Sample name (name sent to vendor)
* Sample UUID (Universal unique identifier)
* Sample number
* DNA run name (name from vendor)



GOBII-GDM Data Loader

Define projects
Map markers to
multiple maps
Define marker
groups

Define entities to
support data eg
platform, analyses,
maps etc

—
aMGOBii.
dev| Clear All Forms

_aGOBi
GOBII Data Loac

& Menu = Explorer

<

Experiments

‘ Datasets

|
‘ Mapsets |
‘ Marker Groups |

Define .

Analyses

Platforms

\ |
\ |
‘ Protocols ‘
\ |

Controlled Vocabulary

Organizations

Contacts

References

Manifests

Marker Wizard

DNA Sample Wizard

Dataset Wizard

\ |
\ |
\ |
\ |
Wizards .

Projects 53\
*Project Name:| test marker groups |
Pl Contacts: :
Code:| Jones, Liz_test marker groups |
‘ Jones, Liz
test marker groups
Projects: Project
test marker groups Description:
testqcwithcodominat
*P| contact: Jones, Liz v
Property Value
date_sampled feb
division last

‘ Export

‘ Refresh

Properties:

genotyping_purpose mabc

study_name

Add New

Update

Clear Fields

Add Experiment

DNA Sample Wizard




GOBII-GDM Data Loader _alGOBi
. GOBII Data Load

* Define prOjeCtS [dev] [Clear All Forms|
e Mab markers to & Menu = Explorer Projects | Mapsets
P Cremte .

multiple maps

* Define marker
groups

* Define entities to  [Gefine
support data eg
platform, analyses,
maps etc

*Mapset Name:‘ codominant_test ‘

| Projects Mapset Types:

Code:‘ Genetic_codominant_test ‘

| Experiments ‘ Genetic v

Mapsets: Mapset
codominant_test Description:
Deb_Genetic

| Mepsets

arker Groups

Analyses

Platforms

Reference: %

|
|
‘ Protocols
|

Controlled Vocabulary Map type: Genetic

Organizations Property Value

Contacts

References Properties:

Manifests

|
|
|
|
| |
| |
| |
| |
Wizards i
| |
| |
| |

Marker Wizard

‘ Add New ‘

DNA Sample Wizard
‘ Update ‘

Dataset Wizard | | Clear Fields |




GOBII-GDM Data Loader _alGOBii
. GOBII Data Loac

¢ D Efl n e p rOJ e Cts & Menu‘lzz Explorer B Projects |Mapsets [Marker Groups *v‘@
) M a p m a rke rS to |Create p— 2‘ *Marker Group Name:‘ Disease resistance SS ‘
. - Code:‘ Disease resistance SS_Stiff stalk ‘
m u Itl p I e m a pS | Experiments ‘ . Germplasm group:‘ Stiff stalk ‘
. . | Datasets | Marker Groups:
D efl n e m a r ke r‘ e ——— Markers Platfor... Favorable all...
> ‘I" Disease resistance1 codom...SSR.S... 1
g rou ps S : codom... SSR_S... 1
Define 3 test codom... SSRS... 1
» Define entitiesto | fms
e e e eS O | DIatiorms | codom... SSR_S... 1
codom... SSR.S... 1
support data eg | Powcs codom... SSR.S... 1
| Controlled Vocabulary Markers:| 1o SSRS. 1
platform, analyses, oo oo lssr s T2
Contacts
codom... SSR.S... 2
mMa pS etC | References \ codom... SSR.S... 2
| Manifests |
Wizards 2 ‘ Import Markers ‘
‘ Marker Wizard ‘ ‘ Export Markers ‘
‘ DNA Sample Wizard ‘ ‘ Add New MarkerG ‘
ew MarkerGroup
‘ LEEEE (T ‘ ‘ Export ‘ ‘ Update MarkerGroup ‘
| Refresh ] Clear Fields |




GOBII-GDM Data Loader _aGOBi
. GOBII Data Load

° DEﬁ N e p rOj eCtS |dev‘ |Clear All Formi|
o M a p ma rke rs tO £ Menu = Explorer il PrOJLtslMapsets 2
|
|
|
|
|

*Mapset Name:‘ codominant_test ‘

Projects Mapset Types:

Code:‘ Genetic_codominant_test ‘

Create
multiple maps I s
* Define marker [ Dawses
groups s
* Define entities to oo —
support dataeg | patfoms
platform, analyseS, _ Controlled Vocabularv}
maps etc Organizations i
|

‘ Genetic v

Mapsets: Mapset
codominant_test Description:

Deb_Genetic

Marker Groups

Reference: %

‘ Protocols

*Map type: Genetic i

Property Value

Contacts

References
Manifests

Properties:

‘ Marker Wizard ‘

‘ Add New ‘

‘ DNA Sample Wizard ‘
‘ Update ‘

‘ Dataset Wizard ‘

Clear Fields



GOBII-GDM Data Loader _alGOBii
o GOBII Data Load

: M a p fl e I d S I n & Menu\::z Explorer‘ " 4‘ Projects 33]
d ata S et tO Create . *Project Name: | test marker groups ‘

Projects Pl Contacts:
H | J ‘ Code: | Jones, Liz_test marker groups ‘
ata a Se | e S | Experiments ‘ ‘ Jones, Liz ¥ test marker groups
| Datasets ‘ Projects: Project
| Mapsets ‘ test marker groups Description:
| Marker Groups ‘ testqcwithcodominat
Define - :
| sl ‘ Pl contact: | Jones, Liz -
| Platforms | Property Value
‘ Protocols ‘ date_sampled feb
| Controlled Vocabulary | division last
| Organizations ‘ Properties: | genotyping_purpose mabc
| Contacts | study_name
References
Manifests
Wizard
lzaras ‘ Add New ‘
‘ Marker Wizard ‘ ‘ ‘
Update
‘ DNA Sample Wizard ‘ ‘ p Field ‘
ear Fields
‘ D EEEl LT ‘ ‘ Export ‘ ‘ Add Experiment ‘
‘ Refresh ‘ ‘ DNA Sample Wizard ‘




GOBII-GDM Data Loader _alGOBii

‘®e0 @ New Wizard

Wizard : Dataset Information

() U p I O a d d at a f r O m Wizard to load dataset information

Information (] 1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

I OC aI m a Ch i n e Or o .Jones Uiz mark... dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar.. dnar...

m3 1T T T T T T T T T T T T T T T T[T
R 5T TEST TooTT TT 7T TT 7T 7T TT T 1T T

re m Ote S e rve r Experiment: TEST TEST E1

m3113cc cc c€c cC © e cC e ¢ ecc TC € ¢ cc ¢ ¢ cc  cC
Dataset: TEST_TEST_E1_none
m3118cC CcCc c€C cC c cc cC e ¢ cc cc e cc TT € cC cc  cC
d a t a S et t 0 mai22cc cc c© © © ©c ¢c c e ec e e e ¢ e c cC cC
m318 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG
([ J A I t I t Remove Selected File(s
y e I I | a e S ) m3130CC C© € c cc e Tc e TT TT NN € ¢ T cc TT TT cC

<

ogopooooo

m3114cC €C cc cc ©c cc c cC cc eC e ¢ ¢ e cc cc ec  cC
m3115cC € cCc ©c c©C cC cC € € cC NN cC ¢ ¢ e cc cc cC
° . d m3116TT TT TT TT TT TT TT TT TT TT TT TT 1T T T 1T T TT
P review aa t a Datasst Type: |Nucleotide 2 letter m3117GG GG GG GG GG GG GG GG 66 GG GG 66 GG G GG GG GG GG

. . Platform:  lllumina_Infinium m3119GG AA AA AA GG AA AA  AA  AA  AA  AA GG GG AA  AA  AA  AA  AA

o M a fl e I d S I n m3120 TT cc cc TT TT cc TC cc cc cc NN T T TT TT cc cc T
REREE B73v3 m3121 7T cc cc TT TT ¢cc TC c€ ¢c ©e NN TT TT TT TT ¢€c cc TT

Remetelpath: m3l7 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG  AA

[Users/yn259/programs/CGdal  aqo3an NN NN NN AA NN AA NN NN NN AA  AA AA  AA NN NN NN AA

H Local files: m3124TT cc ¢ cc TT ©c € € ¢ e e TT TT ¢ € ¢ ec cC

a a a S e | e S m319 CC c€c ¢cc ©cc ©C c©cC cC cC € eC € cC ¢ e e cc cc cC
m3126G6G GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG

m3127cc cc cc ©c ©c ©c c c cc ec e c ¢ ¢ c c cc CcC

ma181Tr T T TT TT T T¢ TT 6 ¢ e TT T TC TT e cc TIT

Saved template: m320 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG
L [m—— jg ms21 TT TT TT TT TT TT TT TT T TT T 7T 7T 7T TTTT T T

: m313266 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG

Preview Data m3133G66 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG

m322 AA  AA  AA  AA  AA  AA  AA  AA  AA  AA AA AA  AA  AA AA AA AA AA

Marker Position: LEFT m3i34cc cc c€c CcC 6 e ¢cC e ¢ cc ¢cC e ¢ cc e ¢ cc  cC
o m313%scc cc TT ¢ ¢ TT TT 7T TT TT TT ¢ ¢ TC € TT TT cC
DNA'sample|Position: | TOP m3136 AA  AA  AA AA  AA AA  AA  AA  AA  AA  AA  AA  AA  AA  AA  AA  AA  AA
m3137 GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG

First Data coordinate: 1 1 m3138GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG GG

< Back Next > Cancel




http://gdm-demo.gobii.org:8081/gobii-portal/
GOBII Marker Portal _aGOBii

GOBI11 Marker Portal

Docu mentation Web Apps Desktop Apps Links

GDM

Timescope '
File Browser

GDM Data QC

GS Pipeline

Galaxy Documentation
Flapjack

TASSEL 5

KDCompqte T~G a Ia Xy

P 4
4 \
E é@, TIMESCOPE Data Analysi
. 4,

EXTRACT

Timescope File Browser KDCompute EiB GS pipeline Demo Portainer

Qo
@

F1 PED VER

Flapjack Bytz PedVer



http://gdm-demo.gobii.org:8081/gobii-portal/

Open-source GOBi

» Request access to a demo http://cbsugobii05.biohpc.cornell.edu/wordpress/index.php/gdm-

access/

» Public documentation https://gobiiproject.atlassian.net/wiki/spaces/GD/overview

» Code to Genomics Data Manager http://gobiinl.bti.cornell.edu

» Flapjack https://ics.hutton.ac.uk/flapjack/download-flapjack/

» Galaxy GS pipeline http://galaxy-demo.excellenceinbreeding.org

> New: http://cropgalaxy.excellenceinbreeding.org/

» DArTView: https://software.kddart.com/kdxplore/dartview/



http://cbsugobii05.biohpc.cornell.edu/wordpress/index.php/gdm-access/
https://gobiiproject.atlassian.net/wiki/spaces/GD/overview
http://gobiin1.bti.cornell.edu/
https://ics.hutton.ac.uk/flapjack/download-flapjack/
http://galaxy-demo.excellenceinbreeding.org/
https://software.kddart.com/kdxplore/dartview/

GOBII Tools: Pedigree Verification in Flapjack _alGOBii

| P (. N (G ({— . g B The James
% Hutton

I'Il Institute

Parents -[ B
P2

Simulated F1-— & fiamipEe
Fl-1 o

Fl-2
F1—-3
Fl-4
Fl1-5
Sampled Fls' =i-e¢
"N | f-7

Fl-8
Fl-5
F1-10
Fl-11
Fl-12

* The ability to use higher quality seed can improve yields by two to three times
Gary Vaughan-Smith 2017




What hinders tool adoption? aosi

* Integration: easily importing data into
application

* Formatting data

* Genotyping projects contain multiple
populations that have to be split

* Genotyping projects contain multiple
replicates of parents that need consensus
calling

* Populations and parents across different
genotyping datasets




Import GOBiIi data into Flapjack using BrAPI e

File Edit View Visualization Analysis Data Help

New project Ctrl+N  [mport Data ™ '1"'33 Find |F & T | [T ;‘-‘; Genotypes =] Chromosomes () @‘@
| Open project... Ctrl+O  hromosome: 1 1,194 lines, 97 markers, length: 96
Pttt lrr ettt rtr ettt et et rrrrtr ettt rr ettt rrrrirrrtrnl
Save project Ctrl+S

Save project as...

E I

Optimize project

Import data...

Import data (via BrAPI)...

=+

(== e M T S N

G TH 6| €€, 66, TH &% € e
_ C - 33 M ¥ Ff 35 T E
2 - F : 50 TG EI' T G T E
_ : : 3G M| B0 T T r E
= : T Fl’ E = F-Fr
i . AA TT. TT| AA TT. © C ot TT. T ad r
Quick export... - i X i . - - - P
gEEEEstiiaa - EREFE
. _9 I roih T - FE
Recent projects > ‘o o 5A TT T Fr - Fr F - F.Fr
11 ; Tl 7 P on | | TR T T E
_12 =[x - z wok T = E
- EEr e EErE=EE
Exit 14 F -y 3 - - E
..... T oTrooe 15 r r - r - r - r r- - r e r.
[ Trdit UdL 2019QC_16 ol Tl T Fl' ¢ 7 E E x Fr
EI Default Vie V[ 20190c 17 o o - il F E : r
2019QC_18 FF F I F - -~ - E - P
. 20190C 19 e e - E -
Overview | 201000 20 EEEPFERE E E r S g
[l Ii 20190c 21 Tl Tl 7 FI' ; E E E . Fr
~ Wl 2z0190C 22 . . - - - r




Consensus calling and splitting tool _aGosii

Consensus

Get data and calling for
metadata replicated populations :
samples file

< )

:8081/gobii-portal

Create

I Analyze in

Flapjack



http://gdm-demo.gobii.org:8081/gobii-portal/

GOBiII Tools: Batch Analysis, Flapjack

Batch
analysis
of four

pops

File Edit View Visualization Analysis Data Help

~ New Project || Open Project‘ = ‘ 4+ Import Data ‘ ¥ 2Ke * ‘ (4, Find

Data Sets (5)

__-] output 74x9

+[ Trait Data
&2 Default View
~[&. PedVer Fis View 1
~.[ | PedVerFis Results
/310x9
[ Trait Data
- Default View
=J-{&.. PedVer F1s View 1
~-[ " PedVerF1s Results
1 410x9
~{ Trait Data
&, Default View
S
~[ | PedVerF1s Results
/11009
- Trait Data
-l Default View
~I /2| PedVer F1s View 1
~-[ " PedVerF1s Results
1 210x9
[ Trait Data
-5, Default View
~J- {41, PedVer F1s View 1
“.[ | PedVerF1s Results

2 T s B8 ‘ = Genotypes |:=| Chromosomes ‘ Q @‘0

Chromosome: All Chromosomes 11 lines, 9 markers, length: 8

IR12A282*
IR08ALlT76*

A2018DSC48_1 2101
A2018DSC48 2 2102
A2018DSC48_3 2103
A2018DSC48_4 2104
A2018DSC48 5 2105
A2018DSC48 6 2106
A2018DSC48 7 2107
A2018DSC48 8 2108

Exp F1:IR12A282*xIR08ALT76*

100 33.33 Parent 1
100 33.33 Parent 2

100 100 Expecte...

100 100 True F1

100 44.44 No deci...

100 77.78 True F1
100 100 True F1
100 100 True F1

88.89 37.5 No deci...

100 100 True F1
22.22 100 True F1




»

GOBIi Tools: Threshold Setting, Flapjack {Iyif i _aGosii

Threshold Settings X
et parntal Heterozransiy: .................. ' =
Percent F1 Heterozygosity: ' 20 3
Percent Heterozygosity: ' 20 <
Percent Match to F1: ' 713

OK Cancel Help
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GOBII Tools: Pedigree Verification, Flapjack

Parents TR12A282%* 100 33.33Parent 1
TROSA176* 100 33.33 Parent 2
: —» Exp F1:IR12A282*xIR08A176* 100 100
Simulated F1 ™ A2018Dsc48 1 2101 100 100
A2018DSC48 2 2102 100 44.44 Selfs
led A2018DSC48 3 2103 100 77.78
Sample A2018DSC48 4 2104 100 100
Fls " a2018Dsc48 5 2105 100 100
A2018DSC48 6 2106 88.89 37.5
A2018DSC48 7 2107 100 100
__ A2018DSC48_8 2108 22.22 100

Decision on
selection




GOBII Genotyping Data QC e

& DArTView File Views / & AR A 460 % ) = 100%EF Fri7:31PM andrew Q =
‘00 @ 4 Dartview: geno_10000_2000_vs_1.csv
Markers: 10000 /= Markers: call_rate (Calculated)y Markers: het_freq (Calculated)y

MataData: 11 i Varker and Metacaa View D scaver IR RS i Histogram
R samples

3,500
m Non-Numeric
Metadata Name Graph? Min Max Mean 3,000
call_rate (Calculated) 0.000000 0.950000 0.739428
chr B 1 10 5 2,500
data_count (Calculated) ® 0 1900 1478 ’
S e I e Ct het_count (Calculated) 0 703 495
het_freq (Calculated) 0.000000 0.392652 0.318497 2,000
hom_1_count (Calculated) 0 718 491 .
. hom_1_freq (Calculated) 0.000000 0.394677 0.316023 V iew
t r'a | t S to hom_2_count (Calculated) 0 708 491 1,500
hom_2_freq (Calculated) 0.000000 0.391620 0.315480
maf (Calculated) Ol 0.000000 0.500000 0.466007 d H 1 b 1
Vi W missing_count (Calculated) (] 100 2000 521 1,000 I St rl U t I O n S
e no_data (Calculated) 0 0 0 H
pos 1 1000 500 500 [ R 1 f I d
sample_count (Calculated) 1999 2000 1999 , O r Se e Cte
unexpected_count (Calculated) 0 1 0 o 0.55 ,'Hn |
00 02 04 06 08 1.0 [ t ra |t S as

ples: call_rate (Calculated)s Samples: het_freq (Calculated)s

[ Scatter sl Histogram Scatter pIOtS
or

histograms

Double-click Metadata Name or select check boxes to plot the statistic

Fil!ers+ s, i’, 2 é ' 7& ~ %age ?EI

Exclude If Use? # remaining
v 8 Twoletter

)

Filter
data

MyMarkerFilters.csv
Mem: 1323.8Mb used of 3641.0Mb = 36.36% current=1694.0Mb

SN2 N




|£|Marker and Metadata View [Datasethmp.txt] = a X

Metadata Filters: | Apply Clear

e

h oo Py e e by 5

"
o Lo Wy Je LT

N L T

sod

ot o oh L

EEE Sample: SEEDGWAS2451:MRG:4:250070060
o |
J Y Not over a Sample




