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Generation of Biotechnologies

First Generation of Biotechnology
Initial phase in the use of biotechnological techniques |

Key aspects

“» Application of traditional breeding methods
combined with emerging molecular biology
techniques

“ Development of Tissue Culture Techniques

Early Genetic Engineering
*Genetic Transformation
Development of Transgenic Plants




Second Generation of Biotechnology

Represents more sophisticated techniques and applications,
particularly in genetic engineering and molecular biology.

Key Aspects

Advanced Genetic Engineering- Creation of genetically
modified organisms (GMOs) with specific traits and more
complex manipulations of DNA, like gene silencing & gene
editing

Proteomics and Genomics- Study and manipulation of entire
genomes and proteomes for understanding complex biological
processes and finding novel traits to control diseases and pests

Bioinformatics and Computational Biology- Using
computational tools to manage and analyze biological genomics
and metabolomics data and understanding biology




Third Generation of Biotechnology

Represents an even more advanced phase in the evolution of biotechnological
applications, with cutting-edge techniques and innovative approaches.

Key aspects
Advanced Gene Editing Technologies
CRISPR-Cas9 become more refined, allowing for

targeted gene editing with higher accuracy and
fewer off-target effects.

Biofortification
Metabolic Engineering

Use of NanoPhytoBiotechnology



New Breeding Techniques (NBTs)-Targeted Gene Editing
% Clustered regularly interspaced short palindromic repeats and CRISPR-associated protein-9 (CRISPR-

Cas9)

 Directing a guide RNA (gRNA) complementary to a defined target, together with a CRISPR-associated
endonuclease, Cas9, to create double-stranded DNA cleavage

“* gRNA: crispr RNA (crRNA), a 17-20 nucleotide sequence complementary to the target DNA, and a
tracrRNA, which serves as a binding scaffold for the Cas nuclease

Cas9

— ] tracrRNA
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https://www.synthego.com/



Where to start......

Method

Crop?
Tissue culture?

Gene Information and gRNA Design?

Mutant screening?

Regulation?



Rapeseed

% Third-largest source of vegetable oil after soybean and palm oil

” 13

% The terms “rapeseed”, “canola”, “mustard” interchangeably used in different continents

*» In Europe, it is known as rape and oilseed rape

** In India, use of rapeseed oil in lamps since 2000 BC
% In Canada, lubricant for war ships (1936)

“ In Europe, making food and soap since 13th century

“ Rapeseed (traditional name) - group of oilseed crops in the Brassicaceae family, and naturally
contains high amounts of erucic acid (>45%) and glucosinolates

% ‘Canola’ refers to the edible oil crop - low erucic acid (less than 2%) and <30 umol/g of dried
defatted meal of glucosinolates -developed via traditional crossbreeding



Genome organization

*+ Rapeseed, Brassica napus subspecies, napus, is a large winter or spring annual oil crop
“ Rapeseed is related to Arabidopsis, mustard, cabbage, broccoli, cauliflower and turnip
“* Many important crops are polyploid, and rapeseed is one among them

“ Polyploid plants are generated by evolutionary processes and/or crop domestication

“ Doubling of genomes at least once in evolutionary history, resulting in polyploidy

“» Autopolyploid- whole-genome duplication event

“ Allopolyploid- interspecific or intergeneric hybridization event followed by chromosome duplication




Rapeseed

Nutrient Composition

Fats 40-45%
MUFA Oleic acid (w-9) 60-65% Stable

PUFA
linoleic acid (w-6) 20%
a-linolenic acid (w-3) 9-11%
1:1
SFA 7-8% £y

Erucicacid <2%
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Genetic Improvement in Rapeseed

% Rapeseed (AACC, 2n = 38)
% Interspecific hybridization - B. oleracea (CC, 2n = 18) and B. rapa (AA, 2n = 20)
Major Quality issues/Challenges: Erucic acid and Glucosinolates

* 1970 -Intensive breeding programs

¢ Back-cross with high erucic acid line to high erucic acid cultivars for non-food purposes

¢ Back-cross with low erucic acid line and low glucosinolate line to develop low erucic-acid and
glucosinolate cultivars High oil value

Agronomic traits and oil quality
By-products of oil industry- Oilseed cake or meal?

% Second-largest source of protein meal (heat and press)/cake (solvent)

% Source of protein, energy, carbohydrates and mineral contents

More palatable



Challenges
** Highly complex and repetitive nature
“* More copies of each gene that are identical to each other

% Chromosomal rearrangements and epigenetic shifts

¢ Activation of transposable elements,
“* Neo- and subfunctionalization events after gene duplication

% Co-editing of multiple alleles/genes
Advantages

o Generation of a range of functionally differing phenotypes by partial loss of
expression

o Complete loss-of-function may impair plant performance
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Antinutrient factors (ANF) in rapeseed

UMAMIT-Exporters

Seedcake/meal

Protein: 35-45%

Rich in Tryp & Threonine

Good amounts of Lys, Met & Cys
Fiber: 10-12%

Fat: 3-5%

™ GSL (in seed)
3 15-30 pmol/g DW

GSL transporters
* (6 GTR1,6 GTR2)

Photo: Anja Persson GTR Importers

Anti-Nutritional Factors

1.Erucic Acid: Harmful to heart health

GSL (in leaf)

2.Glucosinolates: Sulfur-containing compounds-bitter- 40-80 pmolig DW

interfere with thyroid function

3.Sinapine: A phenolic compound - bitter taste- binds
to minerals and digestive enzymes

4. Phytic Acid: Binds to minerals, iron and zinc

2( Benzoyloxyalkyl

Long-distance glucosinolate transport
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Glucosinolates

% Synthesized in vegetative tissues and transported to seeds which is mainly regulated by
glucosinolate transporter (GTR) genes (GTR1 and GTR?2)

% Glucosinolates-sulfur- and/or nitrogenous secondary metabolites
% Glucosinolates-defense compounds against pests
“ Antinutritional and negative physiological effects

% Pungent flavor in rapeseed is imparted by glucosinolates

Constraints in traditional breeding and MAS

“ Multiple homoeologous copies (alleles) of each gene
% Challenges in mutation breeding

» Extensive backcrossing or introgression
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Gene identification

Functionally characterized genes from Arabidopsis

oo v [

@
(’\ . Home Help Contact AboutUs Subscribe Login Register Institution: Swedish Uni ity of Agr Sci
tair (subscribed)
Search Browse Tools Portals Download Submit News Stocks

Locus: AT3G47960 What's new on this page Add a Comment | Ara b i d O pS i S d ata base

Representative
Gene Model @ AT3G47960.1

Gena Madel protein_coding
Type 8
Other names: ATNPF2.10, GLUCOSINOLATE TRANSPORTER-1, GTR1, NPF2.10, NRT1/ PTR FAMILY 2.10 G Tl E 1 g e n e

Description @ Encodes a high-affinity, proton-dependent glucosinolate-specific transporter that is crucial for the transport of both
methionine- and tryptophan-derived glucosinolates to seeds.

Center on AT3G47960 | Full-screen view

17,698,750 17,700,000 ]
= Araport11 - Protein Coding Genes
Map Detail
Image -+ ——
AT3G47960.1 | )
Major facilitator superfamily protein
J
Annotations @  ratannry ralatinnchin tuna @  kavward £
agtgtaaaaatgggcctacctaaatccagctaactcagcccacacattaaaaagaaacgttaaagggaaagtaataaatgaaaatgagtcactcagagac
17700900 agatgtctctatctttcacagccaaattcas ttctttattttcattt tttgcccagattccgacaaaatccactcgtttgattccacca
ctatatataattgagcggagaagcttgacm
17700700

gtaacgctcctttttacttgtttgtgtctaattcagacatcatttttttetttt
17700500 ggggtgctttgtcggattttagggaagtgtaacattttgtcegtgatgtttttaaatttegtttettttectettectetttgacttgactctgtcaaaaat
ctcgaatttggagttctttectctgagatttcgaagtgaaattggttttaaaactgagatttecgttgaaacaatgaaacccagataatcttacagatetgt
17700300 ctaatggaaattatattttttacaattgttttcattttattttcaaagagacttttgaaatctttaacacaaaaaacagagactttaaatcatgcagtta
agtttctgaaaaaagtagataagatttttgtgaatttctggataagacaaaattagtttatgggagttacaaaacagttataaagtttcatgtgaaccaa
17700100 agtcagaacattggaagtccaaactttgatttgtgtgtttccttgtacattaaatgtaaaaaaaaaactgtaactgtattcttaatttcttatcattaat
ttgctattgtag!
17699900
gtactacttttatatataatctttcatgactccggtttegttttecgecaatgttttectaaaccattttte
17699700 atctctgtag

17699500
17699300
gtaaattgatatctacttattcttggttctettget
17699100 ttatgtttctggcttttgttttgectgaaaaatgtttgtttattatgttgecag
17698900
17698700
17698500
17698300
tctggaaacttatatatttttggta

17698100 ttctacttcaatctcecgtagtttttecttcacccgaaatcaaccttgttgtacttttatagattaattgaagaagaaaatcacttcatctttgtagacatg
tattgtaaaataagttttttgttgctaatttcaacctccgtacgaagtttectgtttettctttcatcaccacaacagaacagaacataacaaaccgctaa
-

cowvuNRRWAD

.
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Brassica napus databases

JLLLLIESY Databases Details

® The Brassicaceae Database (BRAD) was previously a Database of iceae genomic data News
hosted on the website " http://brassicadb.org". For the policy and safety reasons, we moved it to the new BRAD V3.0 has been launched
T . " It ichi for trial. We welcome any feed
website " http://brassicadb.cn ". It is now a new database which includes not only newly released genome i T o
sequences of Brassiceae species, but also published genomic data of most other Brassicaceae species. il 2
 In total, we provided services for 35 genomes or genome versions from 25 species (refer to Species info). The g‘f;'tlf“'@:ﬁz'

genomic data include mainly genome assemblies, predicted gene models and gene annotations. s

® These data can be browsed in JBrowse or seached in BLAST. We continue offering the featured service of

searching for syntenic genes, which are generated based on their syntenic relationships to the genes in VORIt Dereine
Arabidopsis thaliana. Haixu Chen
E-mail:

 We will regularly update the database with newly released high-quality reference genomes. e (e

Visitors

W — o — .

Syntenic Gene @ Subgenomes Genomic Region MicroSynteny Polymorphism

Publications:

EnsemblPlants v 1mver | BLAST | BioMart | Tools | Downloads | Help & Docs | Blog

Ensembl Plants Home

Brassica napus (AST_PRJEB5043_v1) v

Brassica napus Assembly and Gene Annotation

SCOPE

Brassica napus Genome Browser

Genoscope Home Browser | Blat = Synteny = Download
Browse Data

chrA01 Search =

Search using a sequence name, gene name, locus, or other landmark. 3 2 g2
The wildcard character * is allowed.

Search: Display:
chrA01:6,320,000..6,340,999  region of chromosome chrA01 from 6,320,000 to 6,340,999

chrC01:11,338,000..11,372,999 region of chromosome chrC01 from 11,338,000 to 11,372,999
BnaA01g00030D Gene prediction BnaA01g00030D B. napus Browser




NCBI databases for B. napus

Search NCBI

brassica napus

- I

Results found in 22 databases

TAXONOMY

Brassica napus

family).
Taxonomy ID: 3708

Genomes
Browse all Brassica napus genomes

Literature

Bookshelf m
MeSH @
NLM Catalog 0

PubMed
PubMed Central

Genomes

Assembly / Genome [NCBilDatasets! e

BioCollections Y

Was this helpful? w1

Rape (Brassica napus) is a species of eudicot in the family Brassicaceae (mustard

Genes Proteins

Gene Conserved Domains

Identical Protein Groups 355,912

GEO Profiles 0 Protein 7

GEO DataSets

Protein Family Models

29
@
Structure o

Clinical PubChem

ClinicalTrials.gov 0 BioAssays 119

Clinvar 0 Compounds o
—

Q Search NCBI ...

Jatasets Taxonomy Genome Gene Command-line tools Documentation

Genome

Download a g

data k including genome, ipt and protein sequence, annotation and a data report
Selected taxa

Brassica napus (rape) @ Enter one or more taxonomic names

= Filters

Download v Select columns 4 genomes Rows perpage 20 ~
D Assembly Scientific name Modifier Annotation H Size (Mb) Level

0 Da-Ae ( reference Brassica napus Da-Ae NCBI RefSeq 1,001 Chromosome

RefSeq: GCF_020379485.1 rape cultivar
GenBank: GCA_020379485.1

Submitter

D Bra_napus_v2.0 Brassica napus ZS11 NCBI RefSeq 975.8 Chromosome
RefSeq: GCF_000686985.2 rape cultivar

GenBank: GCA_000686985.2

0 AST_PRJEB5043_v1 Brassica napus Submitter 848.2 Scaffold
GenBank: GCA_000751015.1 rape

O ASM1417057v1 Brassica napus CLR6430 768.2  Scaffold
GenBank: GCA_014170575.1 rape isolate
Standard Nucleotide BLAST
blastp blastx thlastn thlastx
BLASTN i . more,
Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) @ Ciear Query subrange @
Tt
[ATCAT TTGAGGTT From [ |
TCTT T
TCATGCCTTTTATCAT TTGAGAAGCT TATCAAACCTT
CTTGTGTACCTAACTTCTGT CCTTAA me|  To [ ]
ATTTCGGGACT CTGCCTTTCTTTGCGACACTTACTT
T T TTC
ceTcGT TGCT
ACTGTTTCTGCTCATGGGTTTAGGCTTTCT TTT
CGTT STTTCTY
Or, upload file Choose File  no file selected (2]
Job Title
Enter a descriptive ttle for your BLAST search @
_J Align two or more sequences @
Choose Search Set
Database @ standard databases (nr etc.): () rRNA/ITS databases () Genomic + transcript databases () Betacoronavirus
[ Nucleotide collection (nrint) v]e
Organism
Optional [ Brassica napus (taxid:3708) ] ] exclude (Aadsrgansm)
[ ] exclude
Enter organism common name, binoma, or tax id. Only 20 top taxa will be shown @
E;dudu. [_J Modets (xmxP) ] Uncultured/environmental sample sequences
jonal
Limit to ] sequences from type material
Optional
Entrez Query [ | YoulfIl3 Create custom database
ptional

Enter an Entrez query to limit search @

Program Selection
Optimize for @ Highly similar sequences (megablast)
©) More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)

1-40f4

Year

2021

2017

2014

2020

BETA

Action
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NCBI database for B. napus

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ' [ Select columns ~  Show e
select all 710 sequences selected GenBank Graphics Distance tree of results [EIMSA Viewer
Description Scientific Name Common Name Taxid L5 || W | (CIEhy
— — = + Score Score Cover
v v v
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106397267), mRNA Brassica napus rape 3708 1912 1912 90%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106410496), misc_ RNA Brassica napus rape 3708 1912 1912 90%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10 (LOC106445255), mRNA Brassica napus rape 3708 1906 1906 90%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106408997), mRNA Brassica napus rape 3708 1890 1890 90%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC111202315), mRNA Brassica napus rape 3708 1873 1873 91%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106414122), mRNA Brassica napus rape 3708 1845 1845 91%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106384518), mRNA Brassica napus rape 3708 1480 1480 71%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.11-like (LOC106366160), transcript variant X2, misc_ RNA Brassica napus rape 3708 1040 1040 87%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.11-like (LOC106366160), transcript variant X1, mRNA Brassica napus rape 3708 1040 1040 87%
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.11-like (LOC106366161), mRNA Brassica napus rape 3708 1035 1035 87%
& Download v  GenBank Graphics ¥ Next <«Descriptions

PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like (LOC106397267), mRNA
Sequence ID: XM_013837850.2 Length: 2254 Number of Matches: 1

Range 1: 370 to 2106 GenBank Graphics

Score

1912 bits(1035)

Expect Identities Gaps Strand
0.0 1509/1743(87%) 12/1743(0%) Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

147
370
207
430
267
490
327
550
387
610
447
670

it it i
gtiitntostinmioideomibiom
ittt ittt ey
uthithitiRtimnitehti i
thtinitsatidiinihitibioti

GATACTACTTACTGCTGCAATTCCGTCGTTGCACCCCGTTGCTTGCGGAA-ACAAAATCT

SHAA oA bt bAcHEbacontH AL Eat tHE M AAM -

206
429
266
489
326
549
386
609
446
669
505
728

Related Information
Gene - associated gene details
Genome Data Viewer - aligned
genomic context
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NCBI genome database for B. napus

PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like
(LOC106397267), mRNA

NCBI Reference Sequence: XM_013837850.2

FASTA Graphics

Go

Locus
DEFINITION
ACCESSION
VERSION
DBLINK
KEYWORDS
SOURCE
ORGANISM

COMMENT

FEATURES
source

XM_013837850 2254 bp mRNA linear  PLN 04-0CT-2017
PREDICTED: Brassica napus protein NRT1/ PTR FAMILY 2.10-like
(L0C106397267), mRNA.
XM_013837850
XM_013837850.2
BioProject: PRINA293435
RefSeq.
Brassica napus (rape)
Brassica napus
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliopsida; eudicotyledons; Gunneridae;
Pentapetalae; rosids; malvids; Brassicales; Brassicaceae;
Brassiceae; Brassica.
MODEL REFSEQ: This record is predicted by automated computational
analysis. This record is derived from a genomic sequence
(NC_027762.2) annotated using gene prediction method: Gnomon.
Also see:

Documentation of NCBI's Annotation Process

On Oct 4, 2017 this sequence version replaced X¥_013837850.1.

##Genome-Annotation-Data-START##

Annotation Provider NCBI

Annotation Status Full annotation

Annotation Version : Brassica napus Annotation Release

101

Annotation Pipeline :: NCBI eukaryotic genome annotation
pipeline

Annotation Software Version 7.4

Best-placed RefSeq; Gnomon
: Gene; mRNA; CDS; ncRNA

Annotation Method
Features Annotated

##Genome-Annotation-Data-END##
Location/Qualifiers
1..2254
/organism="Brassica napus"
/mol_type="mRNA"
/cultivar="zs11"

) axon:3708"

/chromosome="A6"

1..2254

/gene="L0C106397267"

/note="Derived by automated computational analysis using
gene prediction method: Gnomon. Supporting evidence
includes similarity to: 16 Proteins, and 100% coverage of
the annotated genomic feature by RNAseq alignments,

introns"
/db_xref="GeneID:106397267"
221..2125
/gene="L0C106397267"

/codon_start=1

/product="protein NRT1/ PTR FAMILY 2.10-like"
/protein_id="XP_01369330.
/db_xref="GeneID:106397267"
/translation="MKSRVIHSHRERRDKHNYTQIETMERKPFDVETTEDHKPYSSVD
GGGSDSVDSFEDEQKKLVYRGWKVMPFIIGNETFEKIGIIGTLSNLLVYLTSVFNLKS
VTAATIINAFSGTINFGTFLAAFLCDTYFGRYKTLSVAVIACFLGSLVILLTAAVPGL

Customize view

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features
Find in this Sequence

Show in Genome Data Viewer

Reference sequence
information

RefSeq protein product

See the reference protein
sequence for protein NRT1/ PTH
FAMILY 2.10-like
(XP_013693304.1),

More about the gene
LOC106397267

LOC106397267 gene

Related information
BioProject

Protein

Taxonomy
Annotated Genomic
Functional Class

Gene

Recent activity
Tun Off Cli

LOC106397267 protein NRT1/ PTR FAMILY 2.10-like [ Brassica napus (rape) ]

Gene ID: 106397267, updated on 28-Jun-2022

| Summary 32

Gene symbol LOC106397267
Gene description  protein NRT1/ PTR FAMILY 2.10-like
Locus tag  HIDS8_022707
Gene type protein coding
RefSeq status MODEL
Organism Brassica napus
Lineage Eukaryota; Viri
Brassica

@ Try the new Gene table
Try the new Transcript table

rosids; malvids;

“ Genomic context 2al?

Location: ~ chromosome: A6 See LOC106397267 in Genome Data Viewer

Exon count: 4

Annotation release Status Assembly Chr  Location
102 current Da-Ae (GCF_020379485.1) A8 NC_063439.1 (16532196..16534979, complement)
101 previous assembly Bra_napus_v2.0 (GCF_000686985.2) A6 NC_027762.2 (15031015..15033869)

Chromosome A6 - NC_063439.1

C1sszoocep C16s57060 b
Lociosezsset 00106397267 4 Loct0ea0zian —Locizsersess
Loctosszsee
“| Genomic regions, transcripts, and products 22
Goto reference sequence details
Genomic Sequence: NC_063439.1 Chromosome A6 Reference Da-Ae Primary Assembly 8
Go'to nucleotide: Graphics FASTA  GenBank
& NC_063439.1~ | Find: i @ == T A Tools - | ¥ Tracks~ ¥, Download + & 7 ~

NCET B: ca napus Annotation Release 102, 20! 100x

Loc08337267

B PREDICTED: Brassi
protein NRT1/ PTR

Q@ Assembly for Nucleotide

(Select 1888613234) Assembly

Q “plant 1 0"[flter] (557761)

ucleotide

BioSample

B AST_PRJEB5043_v1-

Genome - Assembly A‘s‘;;m’b\y

B ASM1417057v1 - Genome -

Assembly - NCBI

Assembly

12878503 I I ——————————— ¥ e 0138923042
annotation provided by N 100 x
nioss p227e7
p ,
Lineage Eukaryota; Viridi yophyta; rosids; malvids; Brassicales;
Brassicaceae; Brassiceae; Brassica
m Try the new Gene table
Try the new Transcript table
ontext B
romosome: A6 See LOC106397267 in Genome Data View:
4
| Sequence View (positive strand) AE x|
lease Status

G PrevPage | 5 Next Page
current 1s

s

A\ Flip Strands | #£° Annotated v | gk Go To Position

previous asse TG CTCTT

egions, transcripts, and pr( ! 5

vV FNLKSUVTAATTITINATEFSGTTINTEGTTFTLAA ATFTLTC CDTTYTFG

dence: (NC_027762.2 Chromc¢ | 15032061 GC!
R

Y KT L S VAV IAGCTFL

G S LV ILLTAAVYVZPGLEHTPTIPCGTOQSSCOQGP S

ezt || it E G O I A F L LMGLATLTLVVGAGSGTIH®RZPTCNILATFGADOTFNTZPIKS

830,800 [15031 K  [15631,200 ||15032391

E S G XK K GINSTFFNW®WYFFTFTFAOTILITISLTTLVYVVYTIOQSNUV

15032501 !

Brassica napus Annotation S WTIGLSIPUVGELMFTLACU VTITFTFAGEHE KTLYVKGYZKASGSPL f
15032611

J— | T AL K KR L K R Y K O P W LoD L Y N HIP N YOANS

| coverage, aggregate (fil T L K Y TDOTLR F '

LD KAATIMT®PEDIKTLNSDGTASD®PWEKTLTCTMOQZXKVETEV KC

1 4
on-spanning reads, aggreq I LRV IPIWFACATILYZYTLATLISMOMTZY®PUVFOQALGO OQSDRTZRTLG

S GG F K IPAATZYVVFLMSGMTGVFTITIIZYDRVYTLVGPSLEKTRUV

on features, aggregate (f Help Close
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B. napus pan-genomic database

Gbrowse Synteny

Genome Synteny And Gene Index

Westar
Genome Browser For Westar

Zheyou7

Genome Browser For Zheyou7

Gene Index
Find Colinear Orthologous Genes

Homologous Regions
Interactive Homologous Region Viewer

Seq_fetch

Fetch Sequence By Location And Name

SERY

#

P ‘é“ t & 64 & 3
 sEARCH® 4+ ‘srowst PATHWAY DOWNLOAD ABOUT US

Species | A7 Gene Expression

Knowledge Of Genes In Rape 1689 Rapeseed Accessions Information

~100 Thousand Genes Expression Level

Transposable Elements - Population Variation ﬁ NLR Genes
Rape Repeat Database ~50 Million Varitations ~Three Thousand NLRs

ZS11

Genome Browser For ZS11

Shengli

Genome Browser For Shengli

No2127

Genome Browser For No2127

Blast

Find Similiar Genes Or Sequence

Orthologous

Paralogs And Orthologous In Brassica

Literature
10 Thousand Related Paper

Gangan
Genome Browser For Gangan

Tapidor

Genome Browser For Tapidor

Quinta
Genome Browser For Quinta

KEGG/GO Enrichment

Enrichment

Phylogenetic Tree
Phylogenetic Analysis Of 1688 Accessions

Genome Facts
Source And Facts
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TOOLS + PATHWAY DOWNLOAD ABOUT US

Rapeseed Genome Facts

BnPIR Rape Genome Annotations, release v0:

Accessions ZS11 Westar No2127 Zheyou?7 Gangan Shengli Tapidor Quinta

Gene Number 100,919 97,514 95,385 96,209 96,843 94,586 96,117 95,492

+ TOOLS + PATHWAY DOWNLOAD ABOUT US ‘

BLAST finds regions of similarity between biological sequences. The program compares nucleotide or protein sequences to sequence databases (B. rape,

Basic Local Alignment Search Tool

B. oleracea, and eight B. napus accessions) and calculates the statistical significance.

BLAST program [BLASTN: NT query, NT db 4)
Organism: Ozs11 westar tapidor no2127 darmor Bra Bol

Database (zs11_CDS(-UTR-intron)(NT) B
Query sequence ATGAAGAGCAGAGTCATCCACAGCCATAGAGAGAGAAGAGATAAGCATAATTACACACAGATTGAAACAATGGAG

AGAAAGCCCTTTGATGTTGAGACAACTGAGGATCACAAACCCTACTCCTCCGTCGATGGCGGTGGTTCTGATTC
GGTCGATTCATTTGAAGACGAGCAGAAAAAGCTCGTTTATAGAGGCTGGAAAGTCATGCCCTTTATCATTGGTAA
GAGACATTTGAGAAGATAGGGATCATTGGGACACTATCAAACCTTCTGGTGTACCTAACTTCAGTATTCAACCTC,
AGAGTGTTACAGCTGCAACCATCATCAACGCCTTCAGTGGCACTATCAACTTCGGCACTTTCCTCGCTGCTTTC
TCTGCGACACTTACTTTGGTCGCTACAAGACTCTCTCTGTTGCTGTCATCGCCTGTTTTCTGGGATCGCTTGTGA

Descriptions
: TACTACTGACGGCTGCAGTTCCAGGATTGCACCCCATTCCTTGTGGAACACAAAGTTCTTGCCAAGGCCCAAGC
Description Max score Total score Query cover Evalue  Ident A AAAAAAAAATTAAATTTATTATA ATAAATTTA AAAATTATTATAATANATANTANTAN A ATAAAAAAATATA A
BnaA06T259000N0 3519 3519 100% ] 100%
BnaC03T0484400N0 3342 3342 100% ] 98%
BnaA06TO166500N0 2243 2243 93% ] 89%
BnaCO3T0534600N0 2237 2237 96% 0 89%
BnaA01T@192000N0 2097 2097 95% [} 88%
BnaC05T0292100N0 2075 2075 95% [} 87%
BnaC03T0462800N0 1129 1129 88% [} 79%
BnaA@6T0281700NO 1118 1118 88% [} 79%
BnaC02T0484300N0 1111 1111 89% ] 79%
BnaA02T0392300N0 1091 1091 94% ] 78%
BnaC09TE042300N0 1067 1067 88% [} 78%
Alignments

>[BnaAO6T0259000NO Iocus=no2127v0_ACK 32588651:32591193:4]Length: 1905 Number of Matches: 1

Range 1: 110 1905
Score Expect Identities Gaps Strand
3519 bits(1905) ] 1905/1905 (100%) /1905 (0%) Plus/Plus
Query 1 ATGAAGAGCAGAGTCATCCACAGCCATAGAGAGAGAAGAGATAAGCATAATTACACACAG 60
FECCECEEEEEEEE R E R L ey
Shjct 1 ATGAAGAGCAGAGTCATCCACAGCCATAGAGAGAGAAGAGATAAGCATAATTACACACAG 60

Query 61 ATTGAAACAATGGAGAGAAAGCCCTTTGATGTTGAGACAACTGAGGATCACAAACTCTAC 120

CLEECECEEEECEEEE TR
Sbjct 61  ATTGAAACAATGGAGAGAAAGCCCTTTGATGTTGAGACAACTGAGGATCACAAACTCTAC 120

Query 121  CCCTCCGTCGATGGCGGTGGTTCTGATTCGGTCGATTCATTTGAAGACGAGCAGAAAAAG 180

CECLPEEEEEEEEEE L L
Sbjct 121  CCCTCCGTCGATGGCGGTGGTTCTGATTCGGTCGATTCATTTGAAGACGAGCAGAAAAAG 180

Query 181  CTCGTTTATAGAGGCTGGAAAGTCATGCCCTTTATCATTGGTAATGAGACATTTGAGAAG 240

LELCLEEEEECEEEE L e
Sbjct 181  CTCGTTTATAGAGGCTGGAAAGTCATGCCCTTTATCATTGGTAATGAGACATTTGAGAAG 240



t. BnaOmics Home Reference Genomes - Data~ Search ~ Tools - About -  Login

Database Name Source

Brassica napus pan-genome v3

Welcome to BhaOmics Portal

. Brassica napus Westar genome
ﬂn\pr’ehensive database for rapeseed genetics discovery and crop improvement. Brassica napus Kale genome
Please aite: Cui, X{Bt al{2yz 'a) BnaOrmics: a comprehensive platform combining pan-genome and muli-omics data of Brassica napus. Plant Communications Brassica napus Mendel genome
8 1\3
: ;.' 3 Brassica napus LT genome
Brassica napus ZS11 genome FAFU Chen et al. 2020
Brassica napus ZS11 genome HZAU Song et al. 2020
Brassica napus ZS11 genome v201608 Sun et al. 2017
Brassica napus Darmor genome v4.1 Chalhoub et al. 2014
Brassica napus Darmor genome v10 Rousseau-Gueutin et al. 2020
Brassica napus Express617 genome v1 Lee et al. 2020
=3
Brassica napus NY7 genome v2 Zou et al. 2019
Collection of rapeseed reference genome assemblies, annotations, gene expressions Variations including single nucleotide polymorphisms (SNPs) and structure variations

and epigenome information ) Brassica napus ganganF73 genome Song et al. 2020
Brassica napus no2127 genome Song et al. 2020
Brassica napus quintaA genome Song et al. 2020
Brassica napus shengli3 genome Song et al. 2020
Brassica napus tapidor3 genome Song et al. 2020
Brassica napus westar genome HZAU Song et al. 2020
Brassica napus zheyou73 genome Song et al. 2020

Whole Genome Sequencing

Bottlenecks in the gene identification

% DNA sequence of genes is needed for gene editing
% Chromosomal-level gene assemblies are needed

% Identical copies of genes in the same chromosome



General workflow for cloning of a target genes

Primer design based on untranslated regions/genes based on
reference genome

l

DNA extraction and PCR

l

Agarose gel electrophoresis

|

Gel extraction of PCR product

Cloning into vector and E. coli transformation

l

Plasmid purification

I

Sanger Sequencing with vector specific
and gene specific primers



RNA extraction

l

cDNA synthesis

I

PCR using gene specific primers

General workflow for cloning |

of a target gene from cDNA

Agarose gel electrophoresis

Gel extraction of PCR product

I

Cloning into vector and transformation into E.coli

l

Plasmid purification

I

Sanger sequencing with vector specific
and gene specific primers

23



Nucleotide similarity of GTR1 genes in B. napus

LOC106397267 LOC106408997 LOC106410496 LOC106414122 LOC106445255 LOC111202315

LOC106397267 87.32 87.32 86.41 98.16 86.35
LOC106408997 87.32 98.48 85.88 87.21 85.56
LOC106410496 87.32 98.48 85.99 87.10 85.67
LOC106414122 86.41 85.88 85.99 86.51 97.84
LOC106445255 98.16 87.21 87.10 86.51 86.46
LOC111202315 86.35 85.56 85.67 97.84 86.46

Protein identity of GTR1 genes in B. napus

LOC106397267 LOC106408997 LOC106410496 LOC106414122 LOC106445255 LOC111202315

LOC106397267 88.94 89.27 85.37 98.58 85.04
LOC106408997 88.94 99.19 86.41 89.11 85.76
LOC106410496 89.27 99.19 86.57 89.43 86.08
LOC106414122 85.37 86.41 86.57 85.53 97.56
LOC106445255 98.58 89.11 89.43 85.53 85.20

LOC111202315 85.04 85.76 86.08 97.56 85.20



Transformation Techniques
(Tissue culture dependent)

@ Grow seedlings — @ Protoplast isolation —> @ Protoplast transfection

N

Transgene-free
gene edited plant

§

CRISPR/Cas RN Ps/Plasmids
@ '/ . PEG-mediated

@ Shoot formation <«— @ Callus formatlon

-~ @

Genome editing using protoplasts
Homozygotic transgene-free mutants

at TO generation

Agrobacterium with
Cas9/sgRNA expregs_iqg plasmids

@ $E>) = \ 9%
NS > /

Leaf explant Somatlc
embryogenesis

Screening and
propagation

Genome-edited plants



Plasmid-based editing

Plasmid

Cas9 3. Transcription
& nuclear export
gRNA \

4. Translation
& RNP formation
(I}?gRNA

as9 mRNA
Tx

\__/

2. Transport into nucleus 5. Nuclear import & genome editing

RNP-based editing

gRNA Cas9

e +

kRNP formation

¥ __ 2. Delivery to cells

o _2
fle SO

3. Nuclear import & genome editing

https://eu.idtdna.com
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Plasmid-based editing

Adaptors primers design

l Vector Map

Cloning of sgRNA expression cassettes
into vector

(173..195 )
(16,625 .. 16,645) 35S promoter ,»‘“:
(16,443 ..16,462) Neo-R |
N PspOMI (1368)
(15,833 .. 15,852) Neo-F A { Apal (1372)
\ \ |\
\ \
25

—
— j&‘
< — N

Golden Gate cloning

(14,369) BspEl *
(14,224) Aarl

E. coli and/or Agrobacterium transformation

l (12,999) Sspl
(12,376 .. 12,395) pBR3220ri-F —
2 0
( !
(118¢

= Pstl (2308)
* 77| lac promote, Dralll (2348)

CaMV 355 prop,,,
€

BbvCl (3133)

——— Zral (4868)
Aatll (4870)

Transfection/Transformation

Nrul (5590)
Kfll (5735)

BamHI (6512)
MauBl (6746)
- SP6 (7024 .. 7041)
(10,908) BsiWl - SP6 (702
—_BsrGl (7169)
A ccdB-fwd (7297 .. 7316)

T N stul (7426)
(9948) Acll \ ~ Pl-Scel (7591)
AW Ahdl (7667)

(3359) Rasl \  'M13 Forward (7691 ..7708)

(7895) Pmel M13/pUC For

27



Adaptors primers design

& TTTTIT

# CRISPR-GE targetDesign MMEJ-KO

primerDesign-V: design primers for vector construction

To prepare CRISPR/Cas9 binary constructs, the first step is to
generate target-sgRNA expression cassette(s). The
primerDesign-V (Vector) tool automatically outputs the primers
for PCR-based generation of the sgRNA expression cassettes in
the vector system of our lab and other vectors using the adapter-
ligation method.

Miu |

ll‘l | & 82) 03) B84) | tBR)
s g - ‘-ﬂ.. -—-, o
15'}) E.coPr B2) B3)

(84) tl‘.)

Ls  (BL) (BR) RB
o g | Y M—

PYLCRISPR/Cas9P,,-H (16419bp)
PYLCRISPR/Cas9F,,-B (15889bp)

Go to primerDesign-V tool

Ma, X. and Liu, Y.-G. 2016. CRISPR/Cas9-based multiplex genome editing in monocot and dicot plants. Curr. Protoc. Mol. Biol. 115:31.6.1-

31.6.21. doi: 10.1002/cpmb.10

primerDesign offTarget

seqDownload

# CRISPR-GE targetDesign MMEJ-KO

primerDesign offTarget seqDownload

primerDesign-V: automatically generates primers for vectors constructing of CRISPR/Cas9 genome editing in plants

Currently, the primerDesign-V tool can design primers for preparation of the sgRNA expression cassettes in the vector system of our lab and other vectors

using the adapter-ligation method.

Please select the vector system for construction of sgRNA expression cassette:

© The vector system of YG Liu Lab Another vector sy (use the adapter ligati: thod)
Reference:

Ma X, Zhang Q, Zhu Q, et al., A robust CRISPR/Cas9 system for ient high-effici ip editing in and dicot plants.
2015, Mol. Plant, 8 (8), 1274-1284. [Link]

Ma X, Liu Y-G*. CRISPR/Cas9-based multiplex genome editing in monocot and dicot plants. Curr. Protoc. Mol. Biol., 2016, 115, 31.6.1-31.6.21. [Link]

Please enter your target sequence (20 nt) without PAM. [..demo

pp  Target seuance ;f) CRISPR/Cas9 | p . morer Method @ Primers (5'-3')

AtU3dT1F: gtcaATGAGACATTTGAGAAGAT
1 AATGAGACATTTGAGAAGAT AtUsd B method1 B

AtU3dT1R: aaacATCTTCTCARATGTCTCAT
AtU3bT2F: gtcaGAATCAACAGTTTCTTCAAC

2 GRATCAACAGTTTCTTCAAC AtUSD B method1 B
AtU3bT2R: aaacGTTGAAGAAACTGTTGATTC

Insert Delete Design

58.2
56.4

60.4
58.7

http://skl.scau.edu.cn/primerdesign/vector/
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Assembly of sgRNA expression cassettes into a CRISPR/Cas9

construct

% Preparation of sgRNA expression cassette
templates

% Arrangement of sgRNA cassettes in a
PYLCRISPR/Cas9 vector

1 target: LacZ-AtU3d

2 targets: LacZ-AtU3d—AtU3b

3 targets: LacZ-AtU3d—AtU3b—AtUG-1

4 targets: LacZ-AtU3d—AtU3b—AtU6-1—AtU6-29

% E. coli and/or Agrobacterium transformation

++ Transfection/Transformation

.
i
NLS NLS

A Bsal-digestion/ligation

Target sgRNA

A strategy for preparation of
SgRNA expression cassettes

29



gRNA Design

OCRISPR=P 2.0

CCTop - CRISPR/Cas9 target online predictor

no file selected

5 :
@ ST o | o
Osingle query batch mode
query sequence: (plain nucleotide sequence, max 500 bases) (multi-)fasta file |
be notified by email [your@email.com
CCTop Y
ACEOfBASEs
Hel PAM type @: NGG (Streptococcus pyogenes) 2]
elp

Supported species

Target selection Off-target prediction

CCTop Q/A forum S’ limitation —TPAM ——max 4 MM——— —TPAM
CCTop standalone 5! NNNN 5' NNNNNNN
3’ limitationdd |—|
max 2 MM core
target site length @ : 20 @ max. total mismatches @: 4 @
target site 5' limitation @ : (NN |
target site 3' limitation @: (NN ] core length @ : 128
In vitro transcription ® max. core mismatches @: 2
OT7 U6 Custom
fwd overhang: species @ :
rev overhang: —
S —— Petunia (Petunia axillaris)

Supported by:

Pisum sativum (pea)

Populus alba (sPta717 v2)
Populus tremula (sPta717 v2)
Populus trichocarpa (JGI v3.1)

Potato (Solanum tuberosum DM1-3 v4.04)

Step 1
Planning a lentiviral gene knockout screen? Use CRISPOR Batch
Sequence name (optional):

Enter a single genomic sequence, < 2300 bp, typically an exon ©*
Clear Box - Reset to default

cttectt

TGATGATATCGCCGCGCTCGTCGTCGACAACGGCTCCGGCATGTGCAAGGCCG
GCTTCGCGGGCGACGATGCCCCCCGGGCCGTCTTCCCCTCCATCGTGGGGCGCC

1se is preserved, e.g. you can mark ATGs with lowercase.
1 of a sequence, you can paste a chromosome range, e.g. chr1:11,130,540-11,130,751

Version 5.01 - Documentation

CRISPOR (citation) is a program that helps design, evaluate and clone guide sequences for the CRISPR/Cas9 system. CRISPOR Manual
July 2023: A faster server has arrived and should come online within 2-3 months. Python3 upgrade on hold, the ML models output different scores on Py3. Full list of changes

Step 2

Select a genome

Solanum tuberosum - potatoes - NCBI GCA_010127505.1 (ASM1012750v1) ¥.

We have 1029 genomes, but not yours? Search NCBI assembly and send a GCF_/GCA_ ID to CRISPOR support.

Step 3
Select a Protospacer Adjacent Motif (PAM)

_ 20bp-NGG - Sp Cas9, SpCas9-HF1, eSpCas9 1.1 )

See notes on enzymes in the manual.

—

- Contact us - Downloads/local installation - Citation - License

bl
b
B T A TGAGACATTTGAGAAGAT

BNGTRILOC106397267
BRGTRIZOC106408997 TAGAGGATGGAAAGTCATGCCTTTTATCATTCC NN RN T T YTVYTE:
BRGTRILOC106410496 TAGAGGATGGAAAGTCATGCCTTTTATCATT GO RN T T TGy
BRGTRILOCI06414122 TAGAGGTTGGAARGTCATGCCTTATATCATT GG NI T I
BRGTRILOC106445255 B rGRCACATTICAGARGAT,
BRGTRILOC111202315 B rGRGACATTICAGARGAT)
consensus TAGAGG TGGARAGTCATGCC T TATCATTGGTRTWITTCTITYIRETE, GGGATCAT GGGACA TATCAAACCTICT GF TACCTAACT A
BRGTRILOC106397267
BNGTRILOC106408997
BRGTRIZOC106410496
BRGTRILOC106414122
BRGTRILOC106445255
Search for common and unique CRISPR guide RNA targets in multiple similar sequences e
consensus GTATICAACCT AGA  ACAGCTGOAAC AT ATCA GCCTT AGTGGCAC ATCAA TICGGCACTTIC T GCTGCTTT CT TG GACACTT
5 dinucleotide
AL 3 BNnGTR1LOC106397267
Wiy BAGTRILOC106408997
BNGTRILOC106410496
PAM squencearincton e itctoeirtin
o3 BRGTRIZOC106445255
BRGTRILOC111202315
DSOS consensus ACTITGG CGCTACRAGACTCTC TGT GCTGTC TCGC TGTTTICTGGGATCG TF  ATACTA T ACGGC GOAGTICC GGA TGCACCC A
e
LL BnGTR1LOC106397267
PAM sequence BAGTRIZOC106408997
0 NGG (scoring is avallable*) T
Your own PAM sequence BNnGTRILOC106414122
BNGTRILOC106445255
“Scoring is available for 20-nt type Il sgRNAS. See Doench et al. 2014 for detais. High scores may indicate more potent sGRNAS. However, PRCTRILOCI1IZ02315
some potent sgRNAS have scores < 0.1 and a number of successful sgRNAs had scores between 0.1 and 0.2. Therefore, potential consensus TCCTTOT AR ARAGTECRTCORAA GG N AN GR GG oA A G T C G AT o0 S TR A SC SC T R G G GG TOCTO O G AT
experimental utility and subsequent experimental verification should guide the choice of SGRNAS.
Off-target analysis parameters: pl
GT-Scan: S(an No resmmons on PAM sequence or target length. Adjust the target rule on the submission form. BAGTRILOC106397267 N T Y T e T GG TACTICTTCACTT
r: Length should be 20bp for SpCas9 (PAM = 'NGG), 18bp for StCas9 (PAM = 'NNAGAAW?), and 24bp for NmCas9 (PAM = BnGTRIZOC106408997 VY T e e GG TACTICTICACTT
NRNGHTT, BRGTRILOC106410496 T T Y T e GG TACTICTTCACT T
Input sequence(s)” BRGTRILOC106414122 G cGTACTICTTCACTT
BRGTRILOC106445255 G cGTACTICTTCACTT
BRGTRIZOC111202315 GARTCARCAGTTTCTICANC e )

P
*Multiple sequences must be submitted as a FASTA text. The size of any sequence must be smaller 50 kb.

Qusodpoiisirs
. no fil selected

Demo input

AGGCCGTGTAA TTGGC TT GG GC GA CAGTTCAACCCCAAGIC GAATC GGAA GAAACEVESNWYFREta VGG TACTTCTTCACTT

gRNAs targeting
Multisequence



Off Target Prediction

Target Genome

ﬁké?N Tools About  Cas-OFFinder ~Microhomology Cas-Designer Database~ Analyzer~ Digenome-Seq~ Base Editing~  Prime Editing~
Organism Type
Cas-OFFinder
A fast and versatile algorithm that searches for potential off-target sites of Cas9 RNA-guided endonucleases. Plants
Citation info: Bae S., Park J., & Kim J.-S. Cas-OFFinder: A fast and versatile algorithm that searches for potential off-target sites of Cas9 RNA-guided endonucleases. Bioinformatics 30, 1473-1475
(2014).
Genomes

Submit a new searching job, or download an off-line version of Cas-OFFinder here.

Arabidopsis thaliana (TAIR10) - Thale cress
Oryza sativa (OSv4) - Rice

Job title (Optional):

£-mail (Optional): Solanum lycopersicum (SL2.4) - Tomato

* The result will be notified by e-mail (searching job is working in sequence for many input data, therefore it would be convenient to receive the results by e-mail).

Zea mays (AGPv3) - Corn
Chlamydomonas reinhardetii (Chlre4)

PAM Type Query Sequences
CRISPR/Cas-derived RNA-guided Endonucleases (RGENS) Query sequences (5' to 3'), one sequence per line. Mismatch SOIan um tu berOSU m (PGSC V4'03) - POtato
Number .
© SpCas9 from Streptococcus pyogenes: 5'-NGG-3' =
] : Please write crRNA sequences without PAM sequences (e.g. (eq or less than) GIyCI ne max (V1 0) Soybean
SpCas9 from Streptococcus pyogenes: 5-NRG-3' (R = A or G) B
o o without NGG for SpCas9). 0 s e . f I .
StCas9 from Streptococcus thermophilus: 5-NNAGAAW-3' (W =A or T) The length of each query sequence should be between 15 and Vitis vinifera (IGGP_12X/Ensplant26) - European grapevine
NmCas9 from Neisseria meningitidis: 5-NNNNGMTT-3' (M = A or C) 25 nt, and all be the same length! DNA Bulge Size
SaCas9 from Staphylococcus aureus: 5-NNGRRT-'3 (R=A or G) e, Manihot esculenta (JG] 41) - Cassava
CjCas9 from Campylobacter jejuni: 5-NNNVRYAC-3' (V=G or Cor A, R=AorG,Y 0 s
=CorT) v

Malus domestica (JGI 1.0) - Apple
Hordeum Vulgare (Ensembl Plants 28) - Barley
Nicotiana benthamiana (v1.0.1)

Fragaria vesca (1.0) - Wild strawberry

CRISPR-GE targetDesign MMEJ-KO primerDesign offTarget seqDownload

Citrus sinensis (1.0) - Sweet orange

offTarget: predict the potential off-target sites of Cas9/Cpf1 RNA-guided endonucleases Theobroma cacao (CIRAD 1.0) - Cacao

Theobroma cacao (CGD 1.1) - Cacao

PAM type: SpCas9 from Streptococcus pyogenes: 5'-NGG-3' (<] SOIanUm lycopersicum (SLZ 5) ~ Tomato

* Or define your own PAM:
PAM sequence: NGG
PAM position: Arachis ipaensis (PeanutBase v1.0)
Guide length (nt): 20

Musa acuminata (MA1) - Banana

Arachis duranensis (PeanutBase v1.0)

Target (reference) genome: [ Brassica napus (Genoscope, v5) 8) Actinidia chinensis (from IKGC) - Kiwifruit
Brassica napus (v4.1) - Rapeseed
Query o pus (v4.1) - Rap
Please enter your target sequences and PAM. [..demo Glycine max (v2.0) - Soybean
B Target soquence (75) PAM Sorghum bicolor (v1.0) - Cereal grass
Target sequence 1:

Insert Delete Submit



Vectors and
intermediatory
Plasmids

A s NS (BL) (BR)
q Cas9p
PYLCRISPR/CasOP,,-H (16419 bp)
PYLCRISPR/Cas9P ,-B (15889 bp)
Tass LB
2%Pass >|HPT/BarJ.D_|_| KanR >_| PBR322 ori ] pVS1 replicon
Ascl B-L Bsal
GCGGTGTCATCTATGTTACTAGATCGGGAGCACCGGTAAGGCGCGCCGTAGTGCTCGAGAGACCTCTGAAG
SP-L1 (sequencing primer)  Bsal B-R Ascl

(Pacz:CcdB, 657bp) GAGCGTGGGTCTCGCGEGTAT CATTGGCGCGCCTCTCGAGCTAGCGGCCGCATGCAT
CGATCTCCTACATCGTATAAATTAGCCTATACGAAGTTATTGCATCTATGTCGGG-3’

b SP-R (sequencing primer )
Bsal Bsal
(B-L) (B-R)

2xP355

Cas9p

PYLCRISPR/Cas9Pyss-H (15227 bp)
PYLCRISPR/Cas9P;55-B (14743 bp)
PYLCRISPR/Cas9P;55-N (15011 bp)

HPT/Bar/NPTII KanR pBR322 ori H pVS1 replicon
S B-L Bsal
GTCGTGCTCCACATGTTGACCQGTAAGGCGCGCCGTACTGCTC(‘xVAU\CCTCTGAAG

SP-L2 Bsal B-R Ascl
(F’,acz ccdB) GAGCGTGGGTCTCGCEGGTATCAT TGGCGCGCCTCTCGAGCTAGCGGCCGCATG

CATCGATCTCCTACATCGTATAAATTAGCCT. ATAE;GAAGTTATTGCATCTATGTCGGG 3!

B ApR PYLsgRNA-OsU3m, -OsU3m/LacZ,
pUC18 backbone| -OsU6a, -OsU6a/LacZ, -OsU6b,
Pps -OsU6c, -AtU3b, -AtU3b/LacZ,
Hindil | -AtU3d, -AtU3d/LacZ, -AtU6-1,

Bsal(2) NG

VBsal(1)

Inserting a target adaptor

-AtU6-29

H

usiue | ‘
UF pps Promoter ¢ Bsal(1) vector backbone Bsal(2) §
GGCAAGAGACCTTCT _ _ _ /L = = = o GCCGGGTCTCGGT TT
T PEEC _&TCTGCTAGA # CGGCLLZ\\,A\,CLA]\Q 5-sgRNA-3
. 0sUsm T Pgs gR-R
L0700 CTmmeeall o Transcription initiation site
SCCG GTTG TCAG GTCA ATTE”
“GGC CAAC AGTC CAGT TAAC
U

o Q n\

sUBa OsUBb OsUsBc AtU3b, AtU3d AtU6-1,AtU6-29
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RNP-based editing

» CRISPR relies on the nuclease activity of Cas protein and their
specific binding to the genome directed by guide RNAs
(gRNAs)

CRISPR-endonuclease production | Single guide RNA

l

sgRNA production e

l

tracrRNA

RNP assembly

l

Transfection to protoplasts

4
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RNP-based editing
Why it is needed

» Transgenes can be segregated through breeding; the process is usually time- and labor-intensive

> Not a viable option for species having a lengthy juvenile growth period or vegetatively propagated
plants

» Self-incompatible plants

> If genomic DNA is continuously exposed to CRISPR construct, there is the possibility of off-target
mutagenesis and chimeric mutants

Advantages

» Enables generation of transgene-free gene-edited lines
» Minimal off-target effects

» Reduced toxicity due to the rapid degradation of RNPs
> Ability to titrate their dosage while maintaining high editing efficiency

Disadvantages

» Regeneration of plants from protoplasts is a major bottleneck in most crop species
» Somaclonal Variation and Genomic Instability

34



Workflow for genome editing using protoplasts

@ Grow seedlings — @ Protoplast isolation —> @ Protoplast transfection

CRISPR/m
\ ES PEG-mediated

Transgene-free
gene edited plant

Lo @

Courtesy: Sjur Sandgrind

)

<G @ Shoot formation <«— @ Callus formation
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PEG-mediated protoplast transfection/regeneration

© 8 o
e o ) ;
LIE R @ D .. ° @ -
. & @ @@
@?@ 4 ® @@
€ <
o@o
de é ® -
o* o I
u 3 e ., 9 I | e =&
> 0 NI1ER e N .
Freshly isolated Protoplasts undergoing cell divisions and
protoplasts multiplication

¥ (o S |
- . e ‘) 4 * . o
s, gy ) ¢ g =
> » . nes . v '..'"“ ¥
- R . *Aeg
-, . 4 T o 5 3 R g .,..u,ﬂ‘ E
wh'y N -y
o X % ?g A =
. ok >
St “ 3 L IO ’

Profoplast colonies Shoot regeneration from protoplast

colonies
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Molecular characterization of editing events

RAPID AND EASY QUANTITATIVE ASSESSMENT OF
GENOME EDITING

Medium-throughput assays

 T7 Endonuclease 1 (T7E1) Assay

- HRFA

High-throughput assays

Sanger Sequencing

Tracking of Indels by Decomposition (TIDE)

SYNTHEGO
ICE Analysis

ICE (inference of CRISPR edits)

NGS

37



High Resolution Fragment Analysis

% 3500 Genetic analyzer

% PCR with one of the primer attached Florescent dyes
% 6 different dyes at the same time

% GeneMapper™ analysis

% Thermo Fisher Connect™

V'] Microsatellite Analysis
CE Fragment Sizing
.
M

Microsatellite Analysis Software(MSA) is a microsatellite genotyping module available on Thermo Fisher
Cloud used to analyze a mixture of DNA fragments, separated by size, on any one of the supported capillary

More CE Fragment Sizing Apps

.15 Peak Scanner
A CE Fragment Sizing

38
https://apps.thermofisher.com/apps/spa/#/dashboard



High Resolution Fragment Analysis

Fragment analysis using Thermo Fisher Connect™

appliedbiosystems | S4 GTR1&amp;amp;2 T11-96 7M 7 Poweredby Thermo Fisher Cloud (&%

MSA| Setup Results
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Red 4-255-267F 122-315H 997-496P 844-883H 844-161H 3 993.88 74.00 350.00 3893 993.10 995.21
Sample Filename.
Red 4-255-267F 122-315H 997-496P 844-883H 844-161H 3 991.88 55.00 105.00 11.67 991.43 992.21
Dye Color
Peaks Red 4-255-267F 122-315H 997-496P 844-883H 844-161H 3 987.88 83.00 313.00 34.76 986.88 988.43
Dye, Sample Peak
Red 4-255-267F 122-315H 997-496P 844-883H 844-161H 3 982.00 52.00 378.00 4191 981.22 983.10
Sample Name
4-255-267F 122-315H 997-496P 844-883H 844-161H 3 980.00 145.00 2,152.00 238.18 97790 982.00
@ Size
4-255-267F 122-315H 997-496P 844-883H 844-161H 4 980.00 200,00 2,946.00 32522 977.79 98287 .
YELLOW Height
4-255-267F 122-315H 997-496P 844-883H 844-161H 74 980.00 169.00 2,313.00 259.92 977.41 982.36
Area (Data Point)
Red 4-255-267F 122-315H 997-496P 844-883H 844-161H 3 979.23 69.00 217.00 24.00 978.78 979.78
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4-255-267F 122-315H 997-496P 844-883H 844-161H 4. 934.30 334.00 5,566.00 585.51 933.04 935.99



High Resolution Fragment Analysis
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High Resolution Fragment Analysis
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Multiple PCR products in one sample
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Sanger Sequencing Result Analysis

PCR with gene-specific primers amplifying gRNA targeting DNA

Cloning and transformation

1. LOCT...

FUL 2. Bn...

FUC 3. Bn...

FU 4. Bn...

REY5, Bn...

REY 6. Bn...

\TGGTTTGACTAATTATTTATGTTGAAAAAAATATATTGTGTCACAGGTAATGAGACATTTGAGAAGATAGGGATCATTGGGACAC

SgRNA1
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Molecular characterization of editing events

Analysis of genome editing outcomes
from deep sequencing data

CRISPRess02

e|lous
prime

NGS-lllumina-Next Generation
Sequencing Technologies

Amplicon sequencing Analysis

Cas-Analyzer

A JavaScript-based instant assessment tool for high-throughput sequencing data for genome edited cells.

Thanks to the improvements in the newest JavaScript engines in the most recent web browsers, the Javacript based internal algorithm of Cas-Analyzer completely runs on the client-side so that large amounts of sequencing data do not need to be uploaded to
the server. Currently, Cas-Analyzer supports various single nucleases (SpCas9, StCas9, NmCas9, SaCas9, CjCas9, and ACpf1/LbCpf1) and paired nucleases (ZFNs, TALENS, Cas nickases, and dCas9-Fokl nucleases).

Citation info: Park J. et al. Cas-Analyzer: an online tool for assessing genome editing results using NGS data. Bioinformatics 33, 286-288 (2017).

For the ones who would like to clarify the errors derived from DNA polymerase during PCR or sequencing process, comparison of treated sample and negative control (e.g. untreated sample) is recommended,

Please input your data in below form, or download an example data here.

Sequencing Data

File Type:

Paired-end reads +

Read 1 (fastq or gzipped fastq): Read 2 (fastq or gzipped fastq):

no file selected no file selected

Choose File Choose File

Basic Information Analysis Parameters

Full reference sequence (5' to 3): Comparison range (R) 2]

or use both ends

Minimum frequency (n) [7]

Nuclease Type:
Single nuclease L

(Optional) WT marker (r) [7]

Select Nuclease:

210 220 230 240

| = |

60 70 80 88 90
identity I N S
60 70 78 86 88
[+ subject A GGTAATGAGACATTTGAGAA--GATAGGGA|TCATTSG
sgRNA 1
66.98% No nucleotide variant (51,...
32.54% Frame shift 2 bp insertion ... A A
[ S—
290
Identity
200
I+ subject

210 220 230 240

T CEIE T C GE GGl G C G GGG AIC A G AT ALALCIEN GG G G ACGAIA G AGCHE

SERNA 2

98.82% Frame shift 1 bp deletion (...

0.64% No nucleotide variant (485 ...

-



Regulatory Landscape of Genome Editing

“ Aim of plant breeding is to find or generate new genetic variation by searching for different
alleles in germplasms or induced mutagenesis using chemicals or physical mutagens

“* Regulation in North America, South America, and Asia-Pacific region rapidly approving gene-
edited crops, especially crops without external DNA having no off-target edits

“ On July 5, 2023, the EU adopted a proposal to deregulate the approval of gene-edited crops
under New Genomic Technologies (NGT)

“* NGTs are currently under debate in EU parliament with some specifications, such as
Up to 20 different independent genetic changes
Substitution or insertion of no more than 20 nucleotides
Deletion of any number of nucleotides
Modification does not interrupt an endogenous gene, etc.
No risk assessments, mandatory traceability, or labelling on the end product as compared
to transgenic crops developed in earlier biotechnology techniques
Gene-editing crops can not patentable



Conclusion

**+Limited genetic diversity in available elite cultivars/germplasms
*» CRISPR/Cas9 could be a game-changer in modern plant breeding

“»* Targeted gene modifications can be obtained more precisely and faster than
conventional plant breeding techniques

“*Need to find out the novel traits and genes for biofortification to address the
hidden hunger

“*While challenges in genome editing in many crops, and advancements in
nutritional biotechnology are paving the way



Questions?

selvaraju.kanagarajan@slu.se



