CropSNPs

A low-cost genotyping solution for breeding programs
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Why do we
need/want to
fingerprint

breeding
lines?

<
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Assess the relationships between lines in
a breeding program

|dentify which lines would make the best
crosses/progeny

Perform selection of  For specific traits
the best lines For genetic makeup

|dentify advanced breeding lines that could
become the next generation of parents




Genetic fingerprinting technologies

“SNP chip” Genotyp|rzgébBys-f)equencmg
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~ 50,000 SNPs ~ 50,000 SNPs
S50-100/line S20-30/line




The challenge: fingerprinting a lot of lines

e Basic research often requires
genotyping hundreds of lines

* Breeding can require the genotyping
of tens of thousands of lines




The opportunity: lower marker density is ok

e For basic research/marker = EEEECEE HHH

discovery, a dense marker
coverage is required

e For most breeding work, a
much lower density (100s to
1000s)

Breeding




CropSNPs project

(joint effort for barley and soybean)

e Step 1: Assess existing genetic diversity (@high density)

e Assemble collections representative of Canadian breeding programs
e 500 barley lines/500 soybean lines

e Characterize these with lots of markers (~50,000 SNPs)

e Step 2: Identify subset of well-distributed markers
* Build genetic maps to provide information on the position of markers
» Select desired subset of markers for low-density genotyping

e Step 3: Design low-cost genotyping solution

e Develop assays that minimize per-sample cost
 Validate and optimize performance



Step 1: Assess genetic diversity
Assembled genetic material

»Objective: 500 barley lines
e 294 from Western Canada (SK and MB) — 2-row

e 324 from Eastern Canada (ON and QC) - 6-row

» Provided by breeders as being representative of their

breeding program



Step 1: Assess genetic diversity
The process

Leaf tissue Clean-up
1. Plate DNA &
adapter pair ﬁ;::’sl\ f'\
‘o0 SSs (P\
- _s == : [ |

DNA =

2. Digest DNA with RE fragment sizes
3. Ligate adapters
(may be done simultaneously)

ApeKI (5 base-cutter)

GBS libraries

High-throughput Bio-informatic
Sequencing analysis
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Assess di
Results for high-density marker coverage

Step 1
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Step 1: Assess diversity
Results for high-density marker coverage

e How are these lines related to one another?

0.05

0.29

Phylogenetic tree Principal component analysis



Step 2:

Physical
position

Genetic
position

Subset of well-distributed markers

10Mb 10Mb
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How often will two markers this far apart (physical distance)
be inherited together in the progeny?
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The genetic map reflects the shuffling of genes that occurs in a breeding program



Step 2: Subset of well-distributed markers
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To determine the genetic distance between pairs of markers,
we need to build genetic maps



Step 2: Subset of well-distributed markers

* Make a cross between two lines differing

Genetic mapping i )
at numerous positions in the genome

P1 ] = P2
F—

I

* Assemble collections of progeny lines
(~200-300/cross)

F,

e Perform genotyping on the individual
progeny lines with a few thousand

le
F,
markers
"HHH"HH" * Calculate the genetic distance between
marker pairs



Genetic mapping — In progress

e Saskatoon:
e 2 populations of 200 lines
e Genotyping completed

 Brandon
e 2 populations of 200 lines
e Genotyping completed

e Ottawa
* To be determined

* Quebec
e 2 populations totaling >400 lines
* Genotyping soon

L Ready to build individual maps for each cross




Genetic mapping — Next Steps
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CropSNPs project

(joint effort for barley and soybean)

e Step 1: Assess existing genetic diversity (@high density)

» Assemble collections representative of Canadian breeding programs
e 500 barley lines/500 soybean lines

e Characterize these with lots of markers (~*50,000 SNPs)
. *Step 2: Identify subset of well-distributed markers
Cgoﬁg';,f}g * Build genetic maps to provide information on the position of markers
| » Select desired subset of markers for low-density genotyping
@- Step 3: Design low-cost genotyping solution

@ * Develop assays that minimize per-sample cost
 Validate and optimize performance
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