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 Commercial hexaploid bread wheat (Triticum aestivum ) grown in
monoculture highly susceptible to a large number of diseases.

* This necessitates frequent spraying with fungicides and insecticides.

* Many diploid ancestors, including Triticum monococcum (Einkorn)
and related species exhibit strong resistance to most of these
diseases.

* s it possible to transfer (introgress) the natural resistance traits from
I.mon into bread wheat using conventional crossing strategies?

* |deally this would result in still high-yielding bread wheat partially or
fully resistant to multiple diseases.
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What is Triticum monococcum??

|
e Einkorn, “Nature’s First And Oldest Wheat”

 Originates from the Karacadag Mountains (Eastern Turkey) W|th|n the

Fertile Crescent \
 domesticated between 6500 — 9000BC

T. monococcum “Golden Age”

' "\ Durum Wheat
Pasta wheat

Bread Wheat

Domestication of
Collecting and eating wild Einkorn and Emmer
Einkorn and Emmer

| | | | | —
17000BC 10000BC 7800BC 7000BC BOOO-TOOOBCE 4700BC

Neolithic period

* diploid wheat species — only has A genome (A™A™) BUT is not the actual
A genome donor of modern wheat
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Crossing Strategy No.3 — Using Tetraploid T.durum as a Bridging Species

T.durum T.monococcum

Kronos, Hoh501 MDRO0O31, MDR049, MDR308
(2n=28, AABB) (2n=14, A™A™)

F T.aestivum
(2n=21, A™AB) X (Paragon)

(2n=42, AABBDD)

T. ivum
F, complex aestivu

(2n=35, AMABBDB) (Paragon)
(2n=42, AABBDD)

T.aestivum
X (Paragon)
(2n=42, AABBDD)

BC,F,
(2n=35-42, AABBDD)

T.aestivum
BC,F, X (Paragon)
(2n=35-42, A"ABBDD) (2n=42, AABBDD)
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Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

T.durum
Kronos, Hoh501
(2n=28, AABB)

F, complex
(2n=35,
ATABBDE)

BC,F,
(2n=35-42,
ATABBDD)

I.monococcum
MDRO31, MDRO49,
MDR308
(2n=14, AmA™)

T.aestivum

(Paragon)
(2n=42, AABBDD)

T.aestivum
(Paragon)
(2n=42, AABBDD)

T.aestivum
(Paragon)
(2n=42, AABBDD)

BC,F,
(2n=35-42, A"ABBDD)

MDRO031 (Take-all)
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i average fertility F1C (stage2) M average fertility BC1(stage3) W average fertility BC2(stage4) M average fertility Reverse Cross

40.0%
=
S 30.0%
L

20.0%

0.0% -
F1CH24 F1C#47-1 F1C#47-1S F1C#86-1 F1C#86-1S F1C#86-2 F1C#94 F1CH94S R2#MDRO049 R2#MDR308 Paragon(@)

BC, grains generated:
1. round 2 for MDR049 & MDR308 — F,C#MDR*** (Q) x Paragon (), BC, grains generated: BC,-F,C# (?) x Paragon (J)

2. selfed F,C#MDRO031 plants: F,C#***S (Q) x Paragon (3), \D

grains generated from reverse cross: Paragon (%) x BC,-F,C# (3) ROTHAMSTED
RESEARCH
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F1C#94

35
l F1CH86-1
T hybrid plants generated: F1CHSED
30 e 22 BClpIantsforMDR031
8 F1C-S(elfed) plants for MDR031 o
F1CHA7-1
-  1F1C plant for MDR049
. 3 F1C plants for MDR308
R2#MDR049
20
15
109 [ Tgrains/plant
10 118
100
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T.durum

Kronos, Hoh501
(2n=28, AABB)

Fl
(2n=21,
A™AB)

F, complex
(2n=35,
ATABBDS)

BC,F,
(2n=35-42,
A™ABBDD)

BC,F,

PCO plot shows clear clustering of hybrid plants at the same Introgression stage

T.monococcum

MDRO31, MDRO49,

MDR308
(2n=14, AmA™)

T.aestivum
(Paragon)
(2n=42, AABBDD)

T.aestivum
(Paragon)
(2n=42, AABBDD)

T.aestivum
(Paragon)
(2n=42, AABBDD)

(2n=35-42, A"ABBDD)

0.1
hexaploid?
\
0.05
-0.06 -0.04 -0.02

R2 16-7
R2 _16-7_replicate

BC,-plants

BC1-X12-4_replicate

(1St FIELDER & 2" Paragon) BC1-X12-1

BC1-X12-1 replicate.1

-0.15

-0.2

Triticum monococcum
(MDRO31, MDR049, MDR308)

O

PCO plot produced by Amanda Burridge, UoB

-0.25

-0.3

-0.35

Cultivar

F,C (& F,C-S) plants
(all from MDRO031
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0.08

BC,-plants
(15t & 2"d Paragon)

R2 plants = F,C plants
from
MDRO049 & MDR308

® Monococcum @BC1 @FLC @ PxW4E7 @R2
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AX-94562264 on Chromosome 7A  position: 260,316,59bp
sequence:

GCTGAATCCAGCATGGGAGATGTGGGCGATGTGCC [T/ ] CTAATCCTGCAATTGGCCATCAACAACGGCTGTGA

every one of ~35000 Axiom Markers is scored for homozygous (AA or BB) or heterozygous (AB):

1) homozygous AA — both paired chromosomes have [T]
GCTGAATCCAGCATGGGAGATGTGGGCGATGTGCC[T]CTAATCCTGCAATTGGCCATCAACAACGGCTGTGA

2) homozygous BB — both paired chromosomes have [ ]
GCTGAATCCAGCATGGGAGATGTGGGCGATGTGCC[ G ]CTAATCCTGCAATTGGCCATCAACAACGGCTGTGA

3) heterozygous AB — 1 of the paired chromosomes has [T], the other [ ]
GCTGAATCCAGCATGGGAGATGTGGGCGATGTGCC[ T]CTAATCCTGCAATTGGCCATCAACAACGGCTGTGA
GCTGAATCCAGCATGGGAGATGTGGGCGATGTGCC[ G CTAATCCTGCAATTGGCCATCAACAACGGCTGTGA

4) if both MDRO031 and [Paragon/Kronos] are homozygous but opposite (MDR031= AA, Par = BB, or reversed),
any Axiom marker giving a heterozygous call (AB) for the hybrid plants indicates an introgression event
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hetMarkers total:
A Genome -
182 markers (55%)

* B Genome-—
99 markers (30%)

* D Genome —
50 markers (15%)

Considerably Higher hetMarker Density in A Genome

Acserames

csusanse

Chr 7A
47 (80%)

AX-94412079
AX-94705221
fr AX-94638185
r £(-94495234
F- AX-94617813
AX-94412117
|- AX-D4461643
AX-94687336
 AX-95241877
AX-94923482
AX-94915156
AX-95020997
AX-94454450
AX-94641503
AX-94970650
AX-94530376
- AX-04513973

AX-54518375
k AX-85201301
| AX_04474345
§ AX-94457250
L A% -04538509
g1 AX-95150509
wr SX-95259025
B AX-095161034
B AX-85120205
Iy 4%-55620849
AX-B4721880
AX-54530510
i £-04714503
fr AX-DARCA00E
AX-D4GTETEE

] £-05156591
AX 04571064
AX-04939463

Chr 7B
4 (7%)
116.5 AN 04471567
165.3 AN 85156314
589 4 AN 54524484
685.4 AN 54470451

Chr 7D

8 (13%)
4399 AX-95123519
485.1 AX-85185429
525.4 AX-54555683
5449 AX-G520T820
5532 AX-04564230
556.3 AX-04404884
511.8 AX-85159156
520.4 AN _QAST 3208
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Chr7A_F1C#24 Chr7A_F1C#47-1 Chr7TA_F1C#86-1 Chr7TA_F1C#86-2 Chr7A_F1C#94 \

. Network

AX-04638185
AX-04495234

AX-95201801
500 AX-95201801 AX 04474346
520 AX-94474346 AX-94457250
540 AX-94457250 AX-94638909
AX-95190609
560 AX-95250029
580 AX-95161034
500 AX-95629849 AX-95120206
AX-95620849
620
640
660 AX-94986625
680 AX 04084534 AX QATT2883
00 AX-94972714
AX-95018779 AX-94972714
720 AX-95156591 AX-05156591 AX-95156591

AX-04986625

2 s e s @ .
50 AX 95241377 AX 945ar3zs E F,C#86-1 and F,C#86-2 originate from 2
AN -04923482 :: : L .
T00 R AXgagmace ! grains from the same cross on the same ear
120 AX 04454450 ) - .
140 T of the F, Hybrid pollinated with Paragon.
160
180
200 e
o X gimese
AX 04513978
23 iﬁ:gigggggl AX-94562264 AX- 94562264 AX.05173484 [
300
320
340
360
380
400
420
440
460 AX-94719118
480 AX-04518379
e
[
[
i
=

AX-94571964
AX-94939463
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What’s Next?

* testing for resistance: first Zymoseptoria tests completed, others
being designed

* next round of backcrossing to generate BC; grain started: >98% of BC,
grains germinated, all (~240 plants) in vernalisation

e GBS (Genotyping By Sequencing) (modified procedure) underway at
Julius Kuehn-Institute (Germany) with Dragan Perovic to determine
extent of integration

* SSD (Single Seed Descent) being planned for field trials
P
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Thanks to: -

e Kim Hammond-Kosack (RRes)
* Hai-Chun Jing (ex RRes, during WGIN 1)
e Kostya Kanyuka (RRes)
e Richard Horsnell (NIAB)
e Jill Maple, Jack Turner, Tom Yaxley (RRes)
* Defra
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