,

Use of the Applied Biosystems™ Axiom™ and
Eureka™ genotyping platforms to fill‘a gap in
low to medium-density genotyping

PAG 2019 Classification: PUBLIC
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Key R&D centers across the world
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Genotypic data are used across Syngenta R&D

0 Supported by an array of technologies

Research & Discovery

I
i

r breeding stages

Marker density

ly breeding stages &
commercial support

>

&
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Molecular Breeding at Syngenta

Population creation and inbred per-se selection

Parent
Selection

SEEEE)

*

Classification: PUBLIC

Progeny Hybrid
Selection Selection

a A

Need: A cost-effective, medium-density
option for genome-wide fingerprinting

Performance selection

DHor F, :><> — <>:>W:>W:>
* *

Selectfor
commercialization

Genome
Predictiory

syngenta



Need: a lost cost, fast-turn around option for low-density

marker panels

o ) . ' 4X 96 Samples / \/ \ /—\
Rapid, low-plex genotyping of wheat 384 R
and other cereals . al I ymetrlx :

3. D. Curry, V. Joshi, Q. Wan, H. Koshinsky part of Thermo Fisher Scientific
_ Affymetrix, Inc., Santa Clara, CA
N—

" l“ )| - Quantify and QC
Introduction Cluster plots of two loci produced with Eureka Genot_ypmg Solution in [ l > libraries
Furala™ Gannhunina Snlitinn hac utility in nlant hraading and remnlatans Hordeumn vulgare (barley) and a 400+-plex genotyping panel ‘ II

"

Application of analysis tools from Affymetrix on

Ligation

Eureka™ Genotyping Solution to provide accurate ‘ .t penature l
and automated animal and crop genotypes a “ le rlx psiteation
S. N. Malakshah, V. Joshi, A. Pirani Biology for a better world

Affymetrix, Inc., Santa Cara, CA 95051 -

I

Sequence libraries

e, ne S
s o
—_—

Probe hybridization

Pool, clean, and
~ Benefits \ )\ concentrate amplicons

Genotype any species, gencme size, or ploidy level with your own proprietary
markers or markers from recent sequencing initiatives on the fully Fastiumatoundiitie f‘:ﬁ;’;ated genotype @
customizable Eureka genotyping platform.
Data scored as scatterplots
» Rapid: Two-day workflow goes from extracted DNA to genotypes for o ’ " : g i >
thousands of samples per week. o % .
» Targeted: The custom design process and assay workflow ensures that all g 2s b oA ]
informative loci are targeted across all samples and across all manufacturing g sal 88 1
batches. ““5
» Flexible: Eureka genotyping panels can easily be updated to add or remove variants. § wr 1
« Affordable: The low cost per base of NGS is achieved through an intelligent combination of locus and allelic barcode :‘,5,, 101 ]
and sample multiplexing. 3 os - AA ;:’:‘x’: .
o oK
0.0 - - - -~ - —

) 0.0 05 10 15 20 25 30 35
Source: Therno Fisher

Log of Reads for Allele A

&
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Eurekapanel development

L [ [ Ll |

[ 8006'W53m0< NEW

EXCITING TOP-END YIELDS

« Unique Rps gene stack for i
superior Phﬁophthora protectio
» SOl Stamdab

————— Flexibility for “must-haves”
Standability

. . Poyiophthora Fied Tolerance. |
. \;r;izlllssurted for highly productive —

1 11

L0 Illl‘\‘u,ll |
Mostly “anonymous” markersfor genome-wide selection

Sclerotinia White Mold

Good designability rate... SRR R
==m

Source: http:/www.syngenta-us.com/'seed-quides/_assets/nk-northern-region-2016. pdf

Final panel: 78%

butsome assays are not designable or fail during validation

e Number of markersadu @
“Confounding” SNPs )
A LHS’
5
CTGNNNCTGATCTNNNNNNNNNCTCTW. [A/T] YAGSGTACATTATTACTCTCTCTCT
\ )

V{S
Y '\AV
Ambiguous nucleotides

Variation near target SNP j/\l

Source: Therno Fisher

Fixed probe position limits options for challenging footprints

-
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http://www.syngenta-us.com/seed-guides/_assets/nk-northern-region-2016.pdf

Able to apply genomic selection at an earlier stage

Cost and fast dataturn-around time enable progeny selection before
replicated field trials Genomic Selection

Flexibility to add/remove New line
assays over timeis also key i R | R e |[Fu 2| F

Still, some obstacles to overcome for implementation

Adapting to a production workflow
Sample management & DNA preparation Scoring algorithms for atypical clusters

ey w 1 II/")

» Track and trace

44{ MSRL_ delivers
» Capacity management

¢

g 2(A+B)

-i0 05 00 05 10
sinh(K{A-BY¥(A+B))sinh(K)

T T T T T Source: Therno Fisher
-0 -05 oo 0.s 10

Genotype QC and reporting to customer sinh(K(A-B)/(A+B))sinh(K)

&
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An alternative for medium densities
e Eureka is a good fit for lower density panels, e.g., for ~1k markers

e Other crops with lower LD, higher genetic diversity, etc. require higher
densities

- Example: Corn genomic selection

e Axiom 384 HT provides an alternative for medium-density panels, e.g.,
3-5k markers

oo Ability to multiplex crops
Two—ct‘:'ftfr labeling — -
Ligation Event "_""’? m‘ .; 3 -
arra /° :-_ B o4 r.. '- ‘ .... L . v

Mo s

PR e

Genomic DNA target {6}

Source: Therno Fisher

&
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Flexibility in array design
Typically 1 probeset per variant

Forward strand

~
.l
ProbeSet CAACATCATATGCAGGAGGTGCTCTGACAA[G/T]AAAAAATAAGCAACTTGGATCTCCCCCAGT

GTTGTAGTATACGTCCTCCACGAGACTGTT[C/A]TTTTTTATTCGTTGAACCTAGAGGGGGTCA
&z
€ Reverse strand

ﬁ ProbeSet

Source: Therno Fisher

SNP Site

For more complex or “Must-have”, both directions are used

Left side requires 1 probe

—D
»

GGTGGCCCTAAGTCCCTAACAATGACATTAAAGTTIA/GITTYAGWGGTGTCTAAAKKGAGATAGGAACTTGCCA

<

Right side requires 16 probes B est p ro beS et can Vary

Left side requires only 2 probes but not recommended

—D
»

GGAAG KTGTGTGTGTGTGAA[A/CIGAAGCAATTAGAACGTAAGCCCGATGATGCTAATC

<

Right side requires 1 probe

Allele 1 | e

Different handling for larger SVs /—/\

Allele 2 =—j ? —

S syngenta




Many factors contribute to results quality & consistency

AX-107983017 propn— Footprint quality matters!
called genotypes called genotypes o ] ]
’ ’ E.g., variation closely flanking the SNP of interest
5 - . * - | ¥ - * GGTA GACCATTASGGTAAAKKGAGATAGGAACTT
oS A & - i " S .
g‘ al -, N - @ 2] - B 0y -
:5 A \ $ [ W x D \ ! \ Didion et al. BMC Genomics 2012, 13:34 .
2 ] ' Y o ] R g " ' Dd o httpz/fweww. biomedeentral. com/1471-2164/13/34 BMC
= ' ' ' il b Genomics
o il o ) "1 . )
T T T T T T T T T T
A A e 3 e TR Discovery of novel variants in genotyping arrays
A-B A-B . .
it Theme Fehor improves genotype retention and reduces
ascertainment bias
DNA quantity is important... Femano P Ve ds il and Gay A Chtchl®
Complex or bulked samples can have poor clusters
AX-116952117
3000- Intensities: called genotypes
] =
@ e
E status @ 1 .::' ° AX-116952117 .
EZDDD' — Fal g- -'.: i s o i “
E — Pass §: .m‘ i o - ]
o T T T (: 7] o
1000 - R - ?— T o B o I:II:| E o
P - R B a
. g
N 2 = T T T T T
o- I ol i -0 05 00 05 10
0 X 100 200 300 400 g =
' DNA concentration (ng/ul)} ) )
: 1 1 T 1 Credit: Thernp Fisher
. . -2 -1 o 1 2
... butdoesn’talways correlate with success/failure AD

&
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The use of priors can improve scoring

11

Especially with 1 or 2 clusters

Previous
performance

Updated
priors

Eigure credit: Therno Fisher

Classification: PUBLIC

fog2(A+B)

0g2(A+B)
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95
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a0

95

90

a0

Batch 1

AvM - called genotypes

-0 -05 00 0s 10

sinh(K(A-B)/(A+B)Vsinh(K)

AvM - called genotypes

-10 05 00 0s 10

sinh(K(A-BV(A+B))/sinh(K)

log2(A+B)

0g2(A+B)

as 90 95

a0

90 a5 100

as

Batch 2

AvM - called genotypes

sinh(K(A-B)/(A+B))/sinh(K)

AvM - called genotypes

{ A
“ ¢
o, a "
v o
ol v . A
v o
1 1 || 1 T
-10 05 00 0s 10

sinh{K(A-B)/(A+B))¥sinh(K)

0g2(A+B)
85 90 a5

a0

l0g2(A+B)
3 95 100

as

Batch 3

AvM - called genotypes

-15 05 05 10 15

sinh(K(A-BY(A+B)¥sinh(K)

AvM - called genotypes

-0 -05 00 0.5 1.0

sinh(K(A-B)/(A+B))¥sinh(K)

syngenta



Accounting for population structure can also improve scoring

Examplecrop 2

Examplecrop 1 Original: passrate =39%
call_rate vs DQC

100
B
Cc
D
98
E
F
8 6
Sl 96 H
S
1 2 3 4 5 6 7 8 9 10 "
]
94 | Re-processed with new QC controls
New: passrate =95%
100.00
92 1 1 1 &
0.95 0.962 0.975 0.988 1 210
B 99.40
DQC ¢ 99.10
0 98.80
Probesets selected for QC during validation e s
may not be optimal for divergent populations ; o750
G 97.60
H 97.30

Eigure credit: Therno Fisher

&
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Opportunities

Structural variants

E.g., quantifying copy # variation
X

2X

number of samples

cnd

04

!\h”mm

04

i

o0

02 02
maman log2rats

Credit: Therno Fisher

Seeds and other tissues

Composition complexity:
« Starch

+ Qils

* Polyphenols

* Etc

Classification: PUBLIC
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PI 567342
Pl 424505
1438489 B
P1424137 B
PI 507471
PI 567516 C
P1437725
Pl 468903
PI 567491 A
PI 468915
PI567336 B
PI 303652
Pl 438497
Peking

PI 404166
P190763
P1567336 A
P1 438496 B
P1404198 A

INA
P1 437679
Pickatt
Pl494182
P1507443
Pl 437690
P1 437654
1467327
PI 84751
P1438342
Pl 416762
189772
P1404198 B
PI 339868 B

P187631-1

Fayotte
PI 438503 A

= Whole genome sequencing

= Genomic GPCR

0 2 4 6 8 101214

Copy number

DICOTYLEDONEAE

Seed coat

https://onlinelibrary.wiley.com/doiffull/10.1111/mec.13138

— Embryo

Cotyledon

Dominant markers

12000

Genotype.
WAL (2
v " & Nocol
A\ Genotype
Present v e b
iy v
2000 v
: 'y
ok
"'
#l; v
= v ®
§ oom M v ﬁ‘%'
£ T .
. Absent
3000 “
A A
A Aaa
. = = = =

Maternal seed coat , Pt §

\ N

Seed coat

—— Endosperm

>' Mixed ploidy

Cotyledon

— Embryo

J

\ "T—
)

MONOCOTYLEDONEAE

https://biologigonz. blogspot.com/2010/01/angiospermae-gymnospermae. html
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https://biologigonz.blogspot.com/2010/01/angiospermae-gymnospermae.html
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.13138

Summary

e Eureka and Axiom are in use for production-scale genotyping for most
crops for early genomic selection.

e Invested significant effort to properly adapt to and integrate with
Syngenta’s existing infrastructure for production workflows.

e Ability to handle high sample volumes with short turn-around times offers
the possibility to extend Eureka to other, more demanding applications.

&
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Bringéng Blant-poteatial fo lefe

Disclaimer: Thermo Fisher Scientific and its affiliates are not endorsing, recommending, or promoting any use or application of Thermo Fisher Scientific
products presented by third parties during this seminar. Information and materials presented or provided by third parties are provided as-is and without
warranty of any kind, including regarding intellectual property rights and reported results. Parties presenting images, text and material represent they
have the rights to do so. Speaker was provided travel and hotel support by Thermo Fisher Scientific for this presentation, but no remuneration.
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