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* |[dentify candidate genes for genetically
mapped resistance genes

* Develop molecular markers for routine
screening of blackleg resistance genes

* Deliver novel sources of qualitative blackleg
resistance



e AUSTRALIA

Resistance genes

nromosome A02: LepR1
nromosome AO7: RIm1, RIm3, RIm4, RIm7, RIm9
nromosome A10: LepR2, RIm2, LepR3
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nromosome C03: RIm13, RIm6 - napus



ene mapping using high-density SNP markers

* 60 and 90K SNPs and WGRS SNPs
e GWAS and QTL mapping

* Introgression detection

* Used for species confirmation
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Resistance (R) genes

TM-LRR
(Transmembrane leucine-rich-repeats)

—Q000000 1— 0000000 XIS

RLP RLK

(Receptor-like proteins) (Receptor-like kinase)

0000000 LRRs () TIR/CC/RPWS ] T™

NLR

CN

(Coil coiled nucleotide-
binding site)

NL

(Nucleotide binding site
Leucine-rich repeats)

X

(TIR-unknown domain)

NLR

(Nucleotide binding site-leucine-rich repeats)

C O 0000000

CNL NBS

(Coil Coiled nucleotide-

binding site-leucine rich (Nelzsiteeie i

repeats) site)
TN TNL
(Toll/Inteleukin-1 (Toll/Inteleukin-1
receptor-NBS) receptor-NBS-LRR)
OTHER

(TIR-unknown
domain)



On-going validation of candidate blackleg A-
genes

Genetic mapping

QTL mapping and GWAS using the 60

and 90K and WGRS SNPs

A02 A07

C03

* BjB06  BjAO7

klml.?
RImé6

R-gene mining in reference

g el e RO i A S K

Locus

RIm1
RIm6-napus
RIm13
LepR1
LepR2
BLMR2
RIm6-juncea

genomes

Candidate genes
29
44
28
30
19
2
16

Gene validation

PCR amplification
nCATs

WGRS

Sequencing (Nanopore,
MiSeq and Sanger)

Functional validation



Current targets

A02 A10 Co03
33 Mbp 21 Mbp 74 Mbp

Imé6
}LepRZ }R "
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A02

33 Mbp 21 Mbp

A10

Co03

74 Mbp

Current targets

Major gene Total number Strong candidate

of candidate genes
R genes
LepR1 30 1
LepR?2 19 5

Rimé6 60 1



Current targets

A02 A10 Co3 . .
33Mbp 21 Mbp 74 Mbp Major gene Total number Strong candidate

of candidate genes
:||>—le6
J— R genes
epR1

LepR1 30 1
LepR?2 19 5
Rim6 60 1

Consensus
Identity
1. avclepR1 R ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGAC GGGCTAAAAAGGGCBTGCGTAAATTACTATGTS
. .aycLepR1 R ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGC T TCCTTACAGACGGGCTAAAAAGGGCBTGCGTAAATTACTATGTY
3. aycLepR1_R ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGACGGGCTAAAAAGGGCBTGCGTAAATTACTATGT]
4. ayclLepR1_R ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGAC GGGCTAAAAAGGGCBTGCGTAAATTACTATGTS
5. ayclepR1_S ATGGCCAAAACAGACCACCAAGTGTTCATTAGT T TCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGC T TCCTTACAGACGGGCTAAAAAGGGCRTGCGTAAATTACTATGTY
6. ayclepR1_S ATGGCCAAAACAGACCACCAAGTGTTCATTAGTT TCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGAC GGGCTAAAAAGGGCBTGCGTAAATTACTATGTS
7. ayclepR1_S ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGC T TCCTTACAGACGGGCTAAAAAGGGCRTGCGTAAATTACTATGTY
8. ayclepR1_S ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGAC GGGCTAAAAAGGGCBTGCGTAAATTACTATGTS
9. ayclepR1_S ATGGCCAAAACAGACCACCAAGTGTTCATTAGTTTCAGAGGAGCAGACGTGCGAAAAAACTTCCTAAGCT TCCTTACAGACGGGCTAAAAAGGGCBTGCGTAAATTACTATGTY
File Edit View Tools Sequence Annotate & Predict Help p Geneious Prime
920 3930 3920 3950 3,960 3970 3,980 3.9% 4,000
Consensus TACCGAACCGTTAGAAGGGA TGAARGTIIAAAGTCAAGAGAT CTGAAGTGABGT TGACTGCGIIACTCTTTGAAGATGTAGGAGCCGT!
Identity
24277 10,124,287 10,124,297 10,124,307 10124317 10,124,327 10124337 10,124,347 10,124,357
~ BnapusDarmor-bzh_...
.. CDs

e 1. cg_03 Extract ITACEGAATE GTTGGAAGGGATGAAGGTTAAAGTEAAGAGATET GAAGTGAE GTT GACT GEGAACTETTTGAAGATGTAGGAGEEGT]|

O 2. cg3_Sallele (1) TACCGAACCGTTEGAAGGGATGAABGTEAAAGTCAAGAGAT CTGAAGTGACGTTGACTGCGIACTCTTTGAAGATGTAGGAGCCGT

Te 3. cg3_5 allele (2) TACCGAAC CGTTEGAAGGGA TGAABGTEAAAGTCAAGAGAT CTGAAGTGAC GTTGACTGCGRACTCTTTGAAGATGTAGGAGCCGT

Ce= 4. cg3 R allele (1) TACCGAACCGTTGGAAGGGATGAAGGTTAAAGTCAAGAGAT CTGAAGTGAGGT TGACTGCGAACTCTTTGAAGATGTAGGAGCCGT

[+ 5. cg3_Rallele (2) TACCGAACCGTTGGAAGGGATGAAGGTTAAAGTCAAGAGAT CTGAAGTGAGGTTGACTGCGAACTCTTTGAAGATGTAGGAGCCGT

§ 140 150 160 170 180 190 200 210 20 230 20 250
Consensus
Identity

C# 1. pg_016_refer... ATCTCCTTAATTAGTAATATTGAGGAGAGATTAG TTTAGTTGCTTTCTGACTTGGGGATCAAAAGATCAAACCTTTCTTGTTCTGTAGTATTGCCTCATTCTCTATAACTTTGAC

~ BnapusDarmor-...

¢ 2.pg 016365 ATCTCCTTAATTAGTAATATTGAGGAGAGATTAG TTTAGTTGCTTTCTGACTTGGGGATCAAAAGATCAAACCTTTCTTGTTCTGTAGTATTGCCTCATTCTCTATAACTTTGACT
Ck 3.pg 0161415  ATCTCCTTAATTAGTAATATTGAGGAGAGATTAG TTTAGTTGCTTTCTGACTTGGGGATCAAAAGATCAAACCTTTCTTGTTCTGTAGTATTGCCTCATTCTCTATAACTTTGACT
0k 4.pg 016,83 S  ATCTCCTTAATTAGTAATATTGAGGAGAGATTAG TTTAGTTGCTTTCTGACTTGGGGATCAAAAGATCAAACCTTTCTTGTTCTGTAGTATTGCCTCATTCTCTATAACTTTGAC
¢ 5.pg 016 .85 R ATETCCTTAGTTAGTAATGTTHAGGAGABATTAGETTTGGTTGCHTTCTGANT TGGINATC - AAAGATCAAACCTTTCBTGTTCTGTABTATTGCCGCAT THITC TRAAACT THIIGCT
D¢ 6.pg 016 75 R ATEMTCCTTAGTTAGTAATGTTHAGGAGABATTAGET TTGGTTGCETTCTGAMTT -GGGATC- AAAGATCAAACCTTTCEITGTTCTGTABTATTGCCGCAT THITC TRAAACT TRIIGCT]
O+ 7.pg 016_116_R ATETCCTTAGTTAGTAATGTTIAGGAGABATTAGHTTTGGTTGCETTCTGANTT - GGGATC- AAAGATCAAACCTTTCHTGTTCTGTABTATTGCCGCAT THITC TRAAACT TRIIGCT




Current targets

Major gene Total number Strong candidate

of candidate
R genes

LepR1 30
LepR?2 19
RIimo6 60

RG20-65 RG20-66 RG20-67 RG20-68 RG20-69 RG20-70 RG20-71 RG20-72 RG20-73 RG2

Resistant lines

W e D D D D D B e Y B o

S5! S6 S8 9 S10 S11 S12 S13

RG 21- RG 21- RG 21- RG 21- RG 21- RG 21- RG 21- RG 21- RG 21-
025 026 029 030 031 032 033 034 039

Susceptible lines

genes

LepR1

1 10 20 30 40 50 60 70 80 90 100 110
Consensus AT CCAAAACA ACCACCAA T TICATTA TTTCA A A CA AC T € AAAAAACTICCTAA CTTCCTTACA A€ CTAAAAA @1 @ TAAATTACTAT
Identity
1. avclepR1l R
. aycLepR1 R
3. aycLepR1_R
4. aycLepR1_R
5. ayclepR1_S
6. ayclepR1_S
7. ayclepR1_S
8. ayclepR1_S
9. ayclepR1_S

LepR?2

File Edit View Tools Sequence Annotate & Predict Help Geneious Prime

920 3,930 3,940 3,950 3,98

Consensus TACCGAACCGTTHGAAGGGATGAARIGTIIAAA GTCAAGAGA AAGTG T C GRACTCTTTGAAGAT

Identity

10,124,287 10,124,297 10,124,307 10,124,317 10,124,327 10,124,337 10,124,347 10,124,357

~ BnapusDarmor-bzh_...

A4.CDS
D& 1. cg_03 Extract ITACCGAACEGTTGGAAGGGATGAAGGTTAAA GTCAAGAGATET GAAGTGAE GTTGACTGEGAACTETTTGAAGATGTAGGAGEEGT
O 2. cg3_Sallele (1) TACCGAACCGTTEGAAGGGATGAABGTEAAAGTCAAG CTGA GACGTTGACTGCGEACTCTTTGAAGATGTAGG CGT
I 3, cg3_5 allele (2) EC GGATGAABGTEAAAGTCAAG G GA. :

GTTAAAGT

AAAGTCAAGA

GG,
\GGGATGAAGGT

= 4. cg3 Rallele (1)
[+ 5. cg3_Rallele (2)

GA/
TTTGAAGATGTAG

G,
G
G
G,

R‘lmét

Consensus
Identity

CAAAAGA

TCAAACCTTTCTTGTTCTGTAGTATTGCCTCATTCTCTATAACTTTGAC

GTTCTGTABTATTG
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KASP Markers

(a) A o RIM2/RIm2 srim2/rlm2 «NTC « Heterozygotes (b)35 elepR3/LepR3 elepR3/lepR3  NTC » Heterozygotes
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Novel Resistance

SN lines

 SNI, 2,5, 18, 19 (also QR)
* YM x westar

e YMG6,7,14



Conclusion

* We have 1dentified strong candidate genes for LepRI, LepR2 and Rim6,
which are currently undergoing further validation.

* Screening markers can be used to rapidly identify the genotypes of B.
napus lines.

* Conduct functional tests of the strong candidate genes using transgenic or
genome editing approaches

* Develop kompetitive allele-specific PCR (KASP) markers for use in
marker-assisted selection.
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