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Milestones In Interspecific / Intergeneric
Hybridization (1)
A First intergeneric hybrids - Wheat x rye, Wilson 1876

- Wheat x barley, Farrer 1904
- Wheat x Aegilops, Kihara 1937

A Colchicine - Blakeslee 1937
A Embryo rescue and in vitro culture - Kruse, 1973,
Murashige and Skoog,1962

A Pioneers i Tsitsin, Ceoloni; Islam, Jauhar; Sears Mujeeb-Kazi; Friebe-Gill;
Molnar-Lang; P. Chen; S. Xu

A Screening alien species for variability - Oliver et al. 2006

A Ph1 mutants - Riley and Chapman, 1958

A Cytogenetic stocks - additions, substitutions i Sears PBI, KSU, Dvorak,
Joppa, P. Chen, Molnar-Lang

A Wheat and Maize pollination i Laurie and Bennett, 1988




Milestones in Interspecific / Intergeneric
Hybridization (2)

Chromosome - genome identification - C-banding, Lukaszewski & Gustafson 1983
- FISH - Rayburn & Gill, 1985; Danilova et al. 2014 - (cDNA)
- GISH - Shwarzacher et al. 1989; Kruppa & Molnar-Lang, 2016
Molecular markers - RFLP, RAPD, EST-SSR, DART
Maps - T. monococcum - Dubcovsky et al 1996
- T. dicoccoides - Peng et al 2000
Draft Genome Sequences - T. urartu - Ling et al. 2013
- Ae.tauschii - You et al. 2013
Luo et al. 2013
Jia et al. 2013
Next Generation Sequencing - RNAseg. - Yrl5 T. dicoccoides - Ramirez-Gonzalez, 2015
- Transcriptome analysis - Pm -Th. intermedium - Li et al. 2016
- Exome capture i Sm1, Pozniak et al. 2013
- SNP - Sr Cad - Kassa et al. 2016
- KASP i Sr Cad - Kassa et al. 2016; Neelam et al. 2013
- GBS - Sr24 - Gao et al. 2015
- STARP - Long et al. 2016
- Flow sorting - Dolezel et al. 2014




Estimates of Available Disease Resistance

Genes
Trait Number of Loci
Leaf rust 80 QTL in last 15 years
FHB 200 QTL
Powdery mildew 119 genes
Stem rust 141 loci ( 63 numerically designated genes)

Stripe rust 67 genes




Traits Lacking in Primary Gene Pool

A BYDV resistance
A Leaf spotting resistance
A New disease threats ( e.g.Ug99)




Examples of Recent Introgressions from Secondary
and Tertiary Gene Pools T Biotic Stresses

Trait

Source

Reference

Stem rust (Ug99)

FHB

Mildew

Stripe rust

WSMV

BYDV

Head and leaf blast
DON content

Current status eg. Sr43, Ae markgraffii
Sr26 L. ponticum

Additional Screening

E. repens, T. monococcum, T. timopheevii
T. miguschovae, Ae. cylindrica, Th. elongatum
A. cristatum

D. villossum

L. mollis

Th. intermedium

1B/ 1R

S. africanum

L. mollis

Numerous species

Th. intermedium

Ae. ventricosa
Numerous species

Niu et al. 2014; 2017
Dundas et al. 2015
Zheng et al. 2014
Fedak et al. 2017

Li et al. 2016

Xing et al. 2017; Zhang et al. 2016
Yang et al. 2014

Li et al. 2016

Qi el at. 2016

Lei et al. 2011

Yang et al. 2015

Ali et al. 2016

Ma & Tomita, 2013

Cruz et al. 2016
Fedak et al. 2017

Resistance introgressed into wheat from 52 species from 13 genera ( 400,000 gene bank accessions)
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Examples of Recent Introgressions from
Secondary and Tertiary Gene Pools i
Physiolodical Traits

Trait Source Reference

Heat stressolerance Synthetic hexaploids Cossanet al. 2015
Wheatblast Ae.ventricosa Cruz et al2016

Salt tolerance Th. distichum Marais et al. 2014

Stress tolerance Ae.biuncialis Dulaiet al. 2013
Enhanced B glucan Wheat- barley translocations Csehet al.2011

Improved protein and gluten Th.intermedium Liet al.2016

Grainyield, biomass PS Emmer Merchuk-Ornatet al.2016
Enhanced kernels / spike A. cristatum Zhanget al.2016

Early maturity Ps.huashanica Wanget al.2015

Micronutrient content Ae.biunciales Farkaset al. 2014




Origin and Chromosome Location of
Stem Rust Resistance Genes

Sr Origin Chromosome Sources

gene Location

Sr 33 T. tauschii 1DL Sambasivam et al. 2008
Sr 35 T. monococcum 3AL Zhang et al. 2010
Sr36 T.timopheevi 2B Tsilo et al. 2008
Sr39  Ae. speltoides 2B Liu et al. 2011

Sr40  T. araraticum 2B Wu et al. 2009

Sr Cad Norin 40 6DS Heibert et al. 2011
Sr43 L. ponticum 7DL Lui et al. 2014

P




Disease Resistance Gene Combinations

Parental hybrid combination

A AC Cadillac(SrCad-Bt10,Lr34)/Carberry(Fhbl,Lr34)
/[ RL5405(Sr33)/ Carberry

Doubled haploids
A 68 DH lines produced




Stem rust infection type of various gene stacks

Order Gene type Stem rust infection type
1 Lr34-Sr42-Sr33-Fhbl 1-
2 Lr34-Sr33-Fhbl 1-1
3 Lr&3r42-Fhbl -1%
4 r34-Sr42-Sr33 -11
5 Lr&3r42-Fhbl 1
6 Lr&Rr42 1
7 Lr&3r42-Fhbl 1
8 Lr&&r33 1
11 Lr&3r42 1
12 Lr&r33 -14
Ac Cadillac Lr34-Sr42 11
RL5045 Lr33 1-1
Carbemy - 3-3
Shaw - 3-
Little club - 3-3+

Note: Sr42 is SrCad; tightly linked to Bt10




Pyramids with combination of Sr33, Sr36,
Sr42, (SrCad) Sr43

A Hybrid combination

I AC Cadillac (SrCad ) / Lang (Sr36) // RWG 34 (Sr43)/ RL 5405 (Sr33)
A Progeny

I 78 F, plants screened

I 7 F, plants contained all four genes

I 54 DH plants produced

Gene combinations No. of DH lines
Sr33 Sr36 SrCad  Sr43 7
Sr33 Sr36 SrCad _ 4
Sr33 Sr36 _ Sr43 2
Sr33 _ SrCad Sr43 1
_ Sr36 SrCad Sr43 4
Sr33 Sr36 _ _ 2
Sr33 _ _ Sr43 2
\ _ Sr36 SrCad _ 3
. Sr36 Sr43 4
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Crosses of Sr genes onto Canadian
spring wheat cultivars

Cultivars Gene combinations

Carberry Sr3371 SrCad i1Lr34; Sr331 Sr39; Sr33171 Sr43; Sr391 SrCad,
Sr391 Sr40

Hoffman Sr331 SrCad i Lr34; Lr34 7 Fhbl; Sr391 Sr40

Fusion Sr331 SrCad i Lr34; Lr34 7 Fhbl; Sr391 Sr40

Scotia Sr3371 SrCad iLr34;: Lr3471 Fhbl; Sr33 71 Sr39: Sr401 SrCad;
Sr391 Sr40

FL62R1 Sr3371T SrCad i Lr34; Lr34 7 Fhbl: Sr3371 Sr39: Sr3971 Sr40

A BC2 produced in several combinations plus another 48
combinations




Search for new Sr Genes (Ug99)

A T.monococcum (;-1)
I Mapping population
i BC1 with AC Superb
T. miguschovae (1-2)
I Mapping population
Ae. cylindrica (1)
I Mapping population
Triticale USDA (1)
i BC1 produced
Rye USDA (1)
b Amphiploids with Rusty, Brigade, Langdon, Cocorit
Primary triticale- ABIP (;)
I Top crossed, F2 produced
Elymus repens (1)
I Crosses to separate 2 translocations
Synthetic hexaploids (; 1)
I F2 produced
Translocation lines 7E-7D (; -1)
I BC3F3 produced
Lianquan Zhang - (A. Xue ) Ug99 funding
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Amphiploids
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8801 (ABE genomes) (;)

Ma X H. villosa (ABV) (1-1)

Zhong 4, Zhong 6, Zhong 7 (ABDE) (0-1)
OK (ABDE) (;)

08-53-55(ABE) (1)

08-47-50 (ABE) (;)

PWM206 (ABDJ) (1)

Ag-wheat hybrid (ABDJ) (;)

Primary triticales -6X & 8X (0-1)

20 triticales-USDA (1)




Translocation Lines

A KS-10 (7E-7D) (1)
A KS-24 (7E-7D) (1+)
A K-11696 (7E-7D) (;)
A 14/21 Knott translocation lines (; - 1)




Screening of 31 Synthetic hexaploids for
Resistance to Ug99, Leaf Rust and Stripe Rust

Disease package Number of lines
*Lr + Sr+Yr 2
Lr + Sr 2
Lr +Yr 3
Sr+Lr 2
Sr+Yr 4

*Langdon x AS2399
*P194655 x AS2404




Th. elongatum at 21 DAI




FHB symptoms on 7E lines following point

Inoculation
Aneuploid Lines Severity % infected florets
7EL disomic addition 2n =42 +2t 9.6
7ES disomic addition 2n = 42+2t 86.5
7E disomic addition 2n =44 14.5
7E(7A) disomic substitution 2n =42 18.8
7E(7B) disomic substitution 2n =42 5.8
7E(7D) disomic substitution 2n =42 8.0
Chinese Spring parent 57.5
Sumai 3 2.8

Dvorak and Knott, 1974
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Spikes of CS (a) and CS-7EL(b) 4 days after inoculation. Arrows indicate
Inoculated spikelets. c,d) Rachis with florets removed above and below
point of inoculation, 21 days after inoculation. c) CS, d) CS-7EL.

~ Miller et al. 2011 Botany 89:301-311
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GISH of 7E(7D) substitution line (M. Molnar)




Hybridization Procedure

CS phlbphlb fhbfhb X 7E substit. line PhlbPhlb FHBFHB
l, anthocyanin pigments

CS phibph1b fhbfhb X F, 7E Phlbph1lb FHBfhb (556)

BC,F, ( Select with phlbphlb markeri PSR574
Select for FHB resistance in progeny)
l (124/286 - 43.4%)

Meiotic analysis

|

BC,F,
Segregates phlbphlb - FHB resistance
- anthocyanin pigments
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MIi Phlb x 7E(7D)
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SSR markers 1 specific for chromosome 7E

A Lingrang Kong (P.C.)
A Hu et al. Genes Genome 34:67-75, 2012
A Gou i Ouellet, Crop Sci. 56:354-364, 2016




Line
Primer

64-8-25-
1

64-8-25-
2

64-8-25-
3

64-8-25-
a

64-8-25-
5

64-8-25-
6

64-8-25-
7

64-8-25-
8

64-8-25-
9

64-8-25-
10

64-8-25-
11

Lu3757

LuS875

Lu4301

Lu336

Lu480

Lu3836

Lu632

Lu270

Lul38

Lu495

Lul274

Lu295

Lu9736

Lule?2

Lul29

Lul851

Lu387

Lu5846

short arm

barc 184

cfd31

cfd66

long arm

cfd175

cfd69

barc53

FHB
rating (20)

17

60

13

band
no band

Segregation of




Line 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20 58-5-20

-38Li _38Lii _38Liii _38Liv 38Lv _38Lvi _38Lvii -38Lviii _38Lix -38Lx 7ES | 7EL | 7E(@D) |Phib]l CS

hand
no band

Segregation of 7E- specn‘lc SSR markers on BC1F5 segregates from Phlb x 7E(7D)
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w
Primer

1
58-5-36-19

2
58-5-20-37

3
58-5-20-38

4
58-5-20-381

5
58-5-20-38H]

6
64-8-35-1

Z
64-8-35-15

8
64-8-35-39

9
64-8-35-4Q

10
64-8-5-7¢

7A

gwmo666

gwm635

barcl51

wmc593

cfa2019

gwms54

wmc809

7B

wmc606

gwms37

wmc758

wmc475

7D

wmcl50

gdm67

wmc797

wmc671

barcl1l1l

barc53

gwm4 28

gpw334

wmc634

barc184

cfd41

gdm88

wmcl21l

wmc698

FHB Infection (%0)

15

14

hand =

no band

BC1F5 segregates probed with primers from chromosomes 7A, 7B, and 7D of wheat
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Green:Th.elongatumRed: 6C6
GISH preparatlon of segregant 64-8-35-1 (F. P. Han)
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Link\igf map of wheat chromosome 7A, 7B and 7D of wheat ( Somers et al. 2004)




Introgression of resistance to Fusarium
head bright, stem rust and stripe rust
from Triticum timopheevii (AG genome)




- Accession P1343447 crossed &
backcrossed to Crocus.

- 535 plants advanced to F7 by SSD.
- TC67 selected.

- Mapping population of 230 F7 RIL
lines produced from TC67 X Brio
Cross

- SSR markers

- SNP - DH

Malihipour et al. 2015
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Segregation of Fusarium head blight, stem rust and stripe rust in
TCo67(T. timopheevii) x Odessal29-2 (Ae. cylindrica) DH population (154

lines)
Line FHB  Sr-original Yr - Original QTL Resistance
FHB: 5A
e f
G03*E0287 Sr- 3B FHB + Sr
FHB: 5A
* e
G03*B0390 v 1B FHB + Yr
Yr: 1B
* +
GO3*E0066 w Sr- 3B FHB + Sr
a wSaAs3
- Susceptible

Donor Trait  Chromosome

TC67 FHB 5A
TC67 Sr 3B
TC67 Yr 1B




Introgression of Fusarium head blight
resistance from Elymus repens (StStH
genome)

A BC1 advanced to F7 by SSD
A 16 lines selected in FHB nursery
A SSR Markers




Spike symptoms of: 1) Roblin, 2) P1135%, 3) P11421-2-6, 4) P11422-9, 5)
P11422-5, 6) P11422-15, 7) P11423-B, 8) P11423-E, 9) P11423-1-5 at 21 days
aﬁﬂﬁqculatlon Wlth Fusarium gramlnearumspores
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