High level of structural and sequence divergence

between homologous regions of bread wheat and

T. militinae within the powdery mildew resistance
locus QPm.tut-4A
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Cloning of powdery mildew resistance gene QPm.tut-4A
introgressed to bread wheat from T. militinae

Introgressions
detected in:
1A, 1B, 2A, 4A, 5A,

5B, 7A,
Triticum aestivum cv. Tahti Triticum militinae Triticum aestivum line
(AABBDD) (AAGQG) 8.1 (AABBDD¥)
SUSCEPTIBLE TO POWDERY RESISTANT TO IMPROVED SEEDLING
MILDEW POWDERY MILDEW AND ADULT PLANT
RESISTANCE

Major Pm resistance QTL identified on
chromosomal arm 4AL and denominated as
QPm.tut-4A
Minor Pm QTL identified on chromosomes 7AL,
5AL, 1A and 5B

LRS

£61 2Ieqy
gg0edsdy —
qoLgumby —

P B B TR
Epr g k-



Radiation hybrid panels

A- RH panel for Pm resisitance gene cloning
The seed panel

Irradiated seeds
RH, at 25 krad

Resistant
ditelosomic line
4 ALT.m.

B - RH panel for 4A physical map
anchoring

The endosperm panel
Irradiated pollen

_at1,1,5and 2 krad

Nullitetrasomic lines
N4AT4B, NAATA4D,
cv. Chinese Spring

Self-pollinated

1
Resistant line

Al T.m.

944 lines

Identification of the
DNA breaks in
homologous state
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RH

Radiation hybrid seed
. panel 4ALT-™

4B°'(4D""") 4AL"
863 lines

Phenotyping for resistance
to powdery mildew,
genotyping by the markers
linked to the resistance
locus.

48 lines susceptible to the
powdery mildew, DNA from all
lines axtracted

RH,

Radiation hybrid
en‘osperm panel 4A

4B (D) 4A°

Endosperm preparation
1069 samples

DNA extractions, marker
characterization



4A Endosperm Rradiation Hybrid (ERH) map for physical
map anchoring and genes loci saturation

414 DNA extracted / genotyped - 11 STS
markers

Selected 119 lines —60B /59D + 3 reps
of control DNAs (15 4A deletion lines (4-
S/11-L arms), 4AS/4AL MDA DNA, CS,
NT4A4B/NT4A4D, 4A monosomics)

Genotyping 90K iSelect SNP array
81 587 genotypes

Morm Theta



2687 SNPs

16 bins/2 newlv identified

A 4AS3 - 0.76-1
4AS4 - 0.63-0.71
4AS1 - 0.20-0.63

4ASC - 0-0.20
centromere

4ALC - 0-0.59

4AL13 - 0.59-0.66 - 1
4AL10 - 0.82-0.84
4AL11 - 0.66-0.73
4AL5 - 0.66-0.73
4AL7 - 0.66-0.73
4AL9 - 0.73-0.75
4AL2 - 0.75-0.79
4AL4 - 0.80-0.82
4AL1-0.85-1

4AL14 - 0.79-0.80
4AL6 - 0.84-0.85 - 1
4AL13 - 0.59-0.66 - 2

4AL6 - 0.84-0.85 - 2
Deletion map

4A ERH SNP map

2308 SNPs

973 common SNPs

4A consensus map
Wang et al., 2014

Balcarkova et al., 2017 Front. Plant Sci., doi: 10.3389/fpls.2016.020

2711 4A spec.
markers - retention
fr. 72%

29 2687 in deletion
map/16 bins 2
newly identified

2308 SNPs on RH
map in 1080
mapping bins and
map length 6550.9
cR




In silico chracterization of introgression to bread wheat from
T. militinae

FLOW SORTING CHROMOSOMES ILLUMINA SEQUENCING CHROMOSOMES ASSEMBLY
Wheat TM

Wheat CS

COMPARATIVE ANALYSIS GENOME ZIPPER
CONSTRUCTION

Abrouk 2017 Plant Biotech. J., doi: 10.1111/pbi.12610



In silico chracterization of introgression to bread wheat from
T. militinae

Chromosomal Rearrangement Identification and Characterization (RICh) - Identification
of translocated regions

= 1
|

= |
- |
b3 A !
; Al
§ 1 - De?sity mafch with SBL | “ | 1 1
- I ENSITY Matcin WITn o» ‘ AI‘] ‘ I I

l ‘ M‘ I I
o] il Wt il L
=400 a6 ‘l l ll l “‘1 l l 1
. }i!l@!lylﬂ iy lll im ]t ém mlLl buﬁv i llll! |1||Jll1|_||l um!i“ll *i'-y' ?‘!HK%QHAQELLT

N ‘ I Ll il I ! 1 L il [ B ‘I “" 1
= I wa U’Lf 1 I % URLJI i FiEEinR kLl HL
= I - Density match with 7AS ! ! f !
f I - Density match with 7DS | | | ‘ |
= 1
1 |
N J I
"'lll |“|1 w' i, J
R T ilh‘l l ;’NHN! " ll“H ’IF!M Y e IT
LT W i

4AS

Abrouk 2017 Plant Biotech. J., doi: 10.1111/pbi.12610



In silico chracterization of introgression to bread wheat from
T. militinae

RICh - Identification of introgressed region
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Abrouk 2017 Plant Biotech. J., doi: 10.1111/pbi.12610



QPm-tut-4A locus mapping in the introgressive line 8.1

Genetic maps:

new genetic markers

owma82

4AS

Cs 8.1 het. H,0

8519 plants of CS x 8.1 mapping

population 0.012 cM

4AL

Lines of CSPh1 x 8.1 mapping

population 4 rec

Wheat
chromosome 4A
with the
T. militinae introgressi

Physical maps of 4A of CS and 4AL™:
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In total 102 markers developed and 75 mapped to the QPm-tut-4A locus

A CSx8.1Ph1, 85191
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owme65
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QPm-tut-4A locus high — density mapping
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Physical map of the QPm-tut-4A locus

Four walking steps and 27 BAC sequenced and analyzed =480 kbp, 12 HC genes
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Applying CS reference sequence v1.0 = 641 kbp, 16 HC genes

P CC-(LRR)-NB-ARC domains
PGG-domain-containing protein

ANK- and PGG-domain containing protein
LRR-malectin-(Pkinase) domains
patatin-like protein

PMEI-like domain

uncharacterized protein

A 4 4 4



QPm-tut-4A locus mapping in the introgressive line 8.1

cv. Chinese Spring

641 kb
T. militinae introgression
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