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Genome Sequence: A Key for Crop Engineering & Improvement

Trait Discovery Genome Modification Marker Aided Breeding
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How Do You Analyze Across Genomes Data?

Reference Genome Based Approach

Ref. Genome- Chromosome 1

nrgene

Ref. Genome- Chromosome 2

High rate of false discovery
polymorphism due to

High rate of undetected
polymorphisms due to

of only

part of the polymorphism:
SNPs and small INDELs (no
structural variation)
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More Genome Assemblies are Being Made Available
How Can They Be Integrated for Analyses?
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The PanMAGIC™ Solution

a method to capture genomic information and move across genomes

Select key lines
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Comparative Genome Analyses Starts with High
Quality Assemblies

OO >
DNA i LIBRARIES . SEQUENCING WITH : RAW SEQUENCING i ASSEMBLY-NRGENE i  ASSEMBLED
i PREPARATION i NOVASEQ6000BY | paTA | SCAFFOLDS
| ILLUMINA
Library type Insert size Reads length Coverage NRGENE DeNovo3.0
PCR-Free Shotgun Pair-end 470bp 250X2 4bX NRGENE DeNovoMAX
RERtdr@d/Eetpain Pair-end 2004 150X2 3bX
NBkEnanvbatempair 204K0pKbp 150X2 36X
Natakbra Mate-pair 5-7Kbp 150X2 PBX
Nextera Mate-pair 8-10Kbp 150X2 30X
10X Chrmoium 50-100Kbp 150X2 30X
Total 210X
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Improved Algorithms Have Allowed Lower Sequence

Coverage While Malntalnlng High Quality Assemblies
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(%N) 1.4% 0.8% 3.4% 1.4% 0.5% 0.9%
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Available crops
(Homozygote):

Wheat

Durum Wheat

Barley

Rye

Oat

Canola (Brassica Napus)
Brassica oleracea
Maize

Soybean

Common bean (phaseolus vulgaris)
Chickpea

Pepper

Tomato

Tobacco

Melon

Rice

Sugar beet

Cotton

Sunflower

Peanuts
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Pangenome Positioning is Enabled by All to All
Mapping of Genome Coordinates

Hai7124
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Input: a set of reference genomes
Output: all vs. all mappings depicting areas of homology and sequence polymorphism

nrgene © 2019 All rights reserved to Energin .R Technologies Ltd



Transcript Analysis and Structural Variants Calling
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Locate transcript areas

Match annotation and indicate PAV/ CNV and translocations
Transcript analysis enables gene variation calling coupled with
accurate mappings
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Immediate and Future Utility of Pangenome

Pangenome Haplotype dB- GenoMAGIC system
N - x \/—_
A =,
Short term Future capabilities

Cost effective Multi reference genome Improved Genotyping Array development
access- full sequence comparisons High Density seq based genotyping capability
PAV/CNV Gene identification Marker imputation for genotyping cost
Allele sequence identification savings
sequence positioning across genomes Streamlined trait marker

discovery/implementation
Hap based mapping and functional allele
discovery

nrgene
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Transcript Analysis and Structural Variants Calling
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MINOR TRANSLOCATION
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Polymorphisms Detected Across 3 Cotton Genomes

Subsample of genome — chr 1

Chrl comparison |count of MINPs |count of SNPs |count of InDels

TM1 vs Tx1766 4533 (2.0%) 174954 (78.6%) 42993 (19.3%) 1.88
TM1 vs Hai7124 7595 (1.3%) 495839 (83.6%) 89821 (15.2%) 5.13
Tx1766 vs Hai7124 5808 (0.9%) 540601 (85.8%) 83569 (13.3%) 5.33

NRGene initial GenoMAGIC built with pangenome of TM1, Hai7124, Tx1766, + 16 lines to
capture haplotype diversity

Pangenome comparisons allows for identification of significant polymorphisms ~5.1 per
1000 bps

~15% of polymorphisms identified as Insertion/Deletions

nrgene © 2019 All rights reserved to Energin .R Technologies Ltd

12



Gene Editing Requires Discovery and Integrated

Genomics Data

Pangenome can identify allelic variants across
PAV/CNYV for gene the pangenome are
discovery identified

Positions genes relative
to QTL

Pangenome improves Pangenome improves
precision of targets for quality of markers for
edits breeding

Multi-reference improves
off target detection
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Gbvdr6, a gene encoding a receptor-like protein of cotton (G. barbadense,
confers resistance to verticillium wilt in Arabidopsis and upland cotton, Yang
et al, Front. Plant Sci 2017.

Verticilium wilt resistance has a unique haplotype derived from G. barbadense, all other
upland lines have similar haplotype.
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EXPERT USER’S
APPLICATIONS

VISUALIZATION
SYSTEM

TRAIT
MAPPING

Summary:

New method of capturing sequence based
diversity in cotton using pan-genome

positioning.
BIG-DATA
N . (HADOOP)
Pangenome utilized multiple reference USER DATABASES
level assembled genomes
. - -
See bulletin, flyer and www.nrgene.com for
11 1 ANNOTATION GENOME HAPLOTYPES
addltlonal Info and ContaCtS & EXPRESSION DATABASE DATABASE
4+ 4+ 4+
Pangenome integrates into GenoMAGIC to - o -
Offer additional Ca pabllltles Expression Analyzer DeNovoMAGIC ™ Genotyping
1 1 1 RNA-seq of hybrid lines Whole genome sequencing of ~X1 WGS/GBS of inbred lines
trait mapping, genotyping, marker Mole gernams sedusnoing < St

(PE, MP, long reads, RNA) : '
from segregating populations

development, diversity analyses e A

SNP Arrays data
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