Jonn Innes Centre Solving a 100-year old mystery:
Cloning the P17 locus in Triticum polonicum




The P1 locus of Triticum polonicum confers lon lumes
and grains

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
ume length curve of 595 individuals of Rivet x Polish wheat, F2.

Biffen 1905; Matsumura, 1950; Watanabe et al., 1996; Kosuge et al., 2010;
Okamoto and Takumi, 2013
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Spikelet composition




Near Isogenic Lines (NILs)

James Simmonds

- Backcross by phenotype (long glumes)
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BC 4 /BC 6 NILs

T. polonicum I. aestivum
cv. Paragon



Near Isogenic Lines (NILs)
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Phenotypic effects of P17 in field-grown NILs N

pP1wT P1POL

+5.0% Grain length
+5.5% Thousand Grain Weight

+0.5%N°  Yield

6 environments over 5 years; all data in Adamski et al., 2021
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6 environments over 5 years; all data in Adamski et al., 2021



Mapping the P17 locus - BC4 recombinants

Markers ordered via POPSEQ (genetic; cM)
POPSEQIcM] | 9856 | - | 9925 | 9os | o043 | o214 | fon4

AX|om SNP BS00022435 | Phenotype | BS00022469 A BS00022306 | BS00021964 | BS00033578 | BS00077445

Paragon Paragon Paragon Paragon Paragon Paragon Paragon Paragon

Mascher et al., 2013



ing the P71 locus - BC4 recombinants

Markers ordered via POPSEQ (genetic; cM)

POPSEQ [cM] 98.56 - 99.25 99.82 100.43 102.14 107.1

Axiom SNP BS00022435 | Phenotype | BS00022469 BS00022306 | BS00021964 | BS00033578 | BS00077445
Paragon
Rec 01
Rec 02
Rec_03
Rec_04
Rec_05
Rec 06
Rec 07
Rec_08
Rec_09
Rec_10
Rec_11

Polonicum




Mapping the P17 locus - BC4 recombinants

Markers ordered with RefSeqv0.4 (physical; bp)



Mapping the P17 locus - BC4 recombinants

Markers ordered with RefSeqv0.4 (physical; bp)
POPSEQ [cM]

Axiom SNP | BS00022306 | BS00021964 | BS00022469 | BS00033578 33000224353300077445

RefSeqv0.4 [bp] | 117,276,239 | 118,073,697 | 120,105,578 | 120,899,237 | 127,502,160 | Phenotype | 544,983,113




Mapping the P17 locus - BC4 recombinants

Markers ordered with RefSeqv0.4 (physical; bg
POPSEQ [cM] 102.14

Axiom SNP | BS00022306 | BS00021964 | BS00022469 BS00033578 | BS00022435| -  |BS00077445

RefSeqv0.4 [bp] | 117,276,239 | 118,073,697 | 120,105,578 120,899,237 | 127,502,160 | Phenotype | 544,983,113
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Mapping the P17 locus - BC6 recombinants

Glume length (mm)
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ing the P71 locus - BC6 recombinants

Glume length (mm)
1,0 1.2

Recombinant line




Fine-mapping the P17 locus

~50 kbp interval

o : >k
TraesCS7A02G175100 TraesCS7A02G175200
1 kbp

1 kbp



Fine-mapping the P17 locus

~50 kbp interval

-—|||'}4 H - H —

TraesCS7A02G175100 TraesCS7A02G175200

1 kbp

1 kbp

1 563 bp 2 345 6 7 8
- ] ==
RefSeqv1.0
ATG
1 2 345 6 7 8

T. polonicum

Adamski et al., 2021: Liu et al., 2021; Chai et al., 2021; Xiao et al., 2021



Allele classification

TraesCS7A02G175200 is a Short Vegetative Phase (SVP) homolog



Allele classification

TraesCS7A02G175200 is a Short Vegetative Phase (SVP) homolog
VEGETATIVE TO REPRODUCTIVE TRANSITION 2 (VRT2)

Kane et al., 2005



Allele classification

TraesCS7A02G175200 is a Short Vegetative Phase (SVP) homolog
VEGETATIVE TO REPRODUCTIVE TRANSITION 2 (VRT2)

VRT-A2a allele (wildtype)

VRT-A2b allele (polonicum)

Adamski et al., 2021; Liu et al., 2021



Potential origin of the VRT-A2b allele

CTTTTCTCTCTTACTCCAGATCTGTCCGITCTTCTCGTGTCCCCGACTCGATGCGGATTCGGGATCCTCTTGCTGCACGGGCTAGCTCITIGCACCCAAGCAGTAGCATAAGACTAGTAGTAGTITITCTCCTATACICTTGATCTGTCCGTTICTICTC
CAGATCTGICCGTTCTTCTCCAGATCTGTCCTACTCCAGATCCTACTCCAGATCTGTCCGTTCTTCTCCAGATCTGTCCGTTCTTICTCCACTAGCAGTAGGATAAGAGTAGTAGTTTTTCTTGGGCTA



Potential origin of the VRT-A2b allele

CTTTTCTCTCTye oot yanpepiolehpisip8GTGTCCCCGACTCGATGCGGATTCGGGATCCTCTTGCTGCACGGGCTAGCTCTTTGCACGCARGCAGTAGGATAAGAGTAGTAGTACTITTTCTCCTATACTCTTGATCTGTCCCTICTICIC

CAGATCTGTCCGTTCTTCTCCAGATCTGTCCTACTCCAGATCCTACTCCAGATCTGTCCGTTCTTCTCCAGATCTGTCCGTTCTTCTCCACTAGCAGTAGGATARGACTEHAGTTTTTCTTAGGCTA




Potential origin of the VRT-A2b allele

CTTTTCTCTC TS oo e VR (I h G LR G TG TCCCCGACTCGATGCCEATTCGGGATCCTCTTGCTGCACCGGCTAGC TETTTGCACGC ANGCAGTACGAT AR GACTAGTAGCTAGCT T T T TC TCC TATACTC TTGATC TG TCCGTTCTTCTC
CAGATCTGTCCGTTCTTCTCCAGATCTGTCCTACTCCAGATCCTACTCCAGATCTGTCCGTTCTTCTCCAGATCTGTCCGTTCTTCTCCACTAGCAGTAGGATARGACTEHAGTTTTTCTTAGGCTA

CTTTGCACGCAAGCAGTAGGATAAGAGTAGTAGTAGITTTTCTCCTATACTCTTGATCTGTCCGTTCTTCTCCAGATCTGTICCGTTCTTCTCCAGATCTGTCCTACTCCAGATCCTACTCCAGATCTGTCCGTTCTTCTCCAGATCTGICCGTTCTTCTC

TACTCygyGATCTGTCCGTTCTTCTC

CAGATCTGTCCEITCTTCIG
CAGATCTGICC
TACTCCAGATCY
mHnmn!HEHmﬂﬂﬂEmEﬂEﬁmmnmqlllllllllllllllll
CAGATCTETCCGTTCTTCTC

AGT Y AGTAGTIITTCT




Distribution of P17 allele

T. dicoccoides T durum @ Normal glumes

(wild emmer) AABB Domestication (durum wheat) AABB (@) Long glumes

@ Selection @

T. polonicum
(Polish wheat) AABB




Distribution of P17 allele
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Distribution of P17 allele
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Distribution of P17 allele

T. dicoccoides 5 o T. durum (N) Normal glumes
(wild emmer) AABB omestication (durum wheat) AABB @) Long glumes

® 70/0 Selection ® 21/0 n 563bp / n 160bp

T. polonicum
(Polish wheat) AABB
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Ae. tauschii Domestication T. aestivum
DD ) Hybridisation Selection > (bread wheat) AABBDD
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Paragon p1vT P 1POk id#39259 id#39260

T. aestivum cv. Paragon T. petropaviovskyi




Distribution of P17 allele

T. dicoccoides o T. durum (N) Normal glumes
(wild emmer) AABB Domestication p (durum wheat) AABB ®© Long glumes

® 70/0 Selection ® 21/0 n 563bp / n 160bp

T. aestivum 'Arrancada’
T. polonicum AABBDD

P (Polish wheat) AABB > @ 0/7

® o/36 T. petropaviovskyi

Ae. tauschii Domestication T. aestivum AABBDD
> ®©o/4

DD Hybridisation > Selection bread wheat) AABBDD
Hexaploid wheat . Lanqraces (e.g'. Watkins') @ 103 /0 -
(AABBDD) « Cultivars (e.g. 10+ Genomes') (N) 173/0

Adamski et al., 2021
Liu et al., 2021

Paragon P1WT p1FOL Pl 191834 Pl 191837 Pl 1918458id#39259 id#39260 Chai et a/ 2021
T. aestivum cv. Paragon T. aestivum landraces 'Arrancada’ T. petropaviovskyi Xi 20 et a /.’ 2021
")




Conservation of VRT-A2a intron 1 sequence across grasses




Conservation of VRT-A2a intron 1 sequence across grasses
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Conservation of VRT-A2a intron 1 sequence across grasses
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The VRT-A2b allele is misexpressed in developing spikes
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The VRT-A2b allele is misexpressed in developing spikes
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The VRT-A2b allele is misexpressed in developing spikes
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The deleted motifs seem to act as binding sites for repressors of VRT-AZ2 transcription.



The VRT-A2b allele is misexpressed in developing spikes
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The deleted motifs seem to act as binding sites for repressors of VRT-AZ2 transcription.



VRT-A2b is ectopically expressed in glumes
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VRT-A2b is ectopically expressed in lemmas
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VRT-A2b affects outer and basal organs of spikelets

Lemma length (mm)
1.2 1.4 1.6

i P <0.001
\

4

Floret 1




VRT-A2b affects outer and basal organs of spikelets

Lemma length (mm)
1.2 1.4 1.6 1.0 1.2 1.4 1.6

] P<0.001 | P <0.001

Floret 1 Floret 2




VRT-A2b affects outer and basal organs of spikelets

Lemma length (mm)
1.2 1.4 1.6 1.0 1.2 1.4 1.6 1,0 1.2 1.4 1§

] P<0.001 P <0.001 P <0.001
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VRT-A2b affects outer and basal organs of spikelets

Lemma length (mm)
1.2 1.4 1.6 1.0 1.2 1.4 1.6 1,0 1.2 1.4 1§ 1.0 1.2 1.4 1.6

] P<0.001 P <0.001 P <0.001

Floret 1 Floret 2 Floret 3 Floret 4




VRT-A2b affects outer and basal organs of spikelets

Cross-section




VRT-A2b affects outer and basal organs of spikelets

Cross-section




VRT-A2b affects outer and basal organs of spikelets
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VRT-A2b affects outer and basal organs of spikelets
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Exon 5

T. polonicum substitution
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Mark Smedley Hayta et al., 2019



VRT-A2b acts in a dosage-dependent manner in T1 lines

Zero




VRT-A2b acts in a dosage-dependent manner in T1 lines
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VRT-A2b acts in a dosage-dependent manner in T1 lines
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SVP family in grasses

77 TaSVP-D1 TraesCS6D02G293200
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SVP family in grasses
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Sentoku et al., 2005; Trevaskis et al., 2007 ;
Wingen et al., 2012; Han et al., 2012




VRT-A2b reminiscent of “pod corn” allele in maize

Wingen et al., 2012; Han et al., 2012



VRT-A2b reminiscent of “pod corn” allele in maize
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Wingen et al., 2012; Han et al., 2012



VRT-A2b reminiscent of “pod corn” allele in maize
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SVP family in grasses
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TaSVP-A1 linked to long glumes in T. ispahanicum

—
I ] |

iy

Chen et al., 2022:

Yi (Andy) Chen


https://doi.org/10.1101/2022.01.27.478079

TaSVP-A1 linked to long glumes in T. ispahanicum
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TaSVP-A1 linked to long glumes in T. ispahanicum
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https://doi.org/10.1101/2022.01.27.478079

Transcription levels of SVPs essential for spike development

WT UBI::HVSVP1
Trevaskis et al., 2007



Transcription levels of SVPs essential for spike development

UBJ':VRT2

VRTZ2 transcription levels

UBI::HVSVP1
Trevaskis et al., 2007; Li et al., 2021



Summary

- SVPs play a crucial role in grass spike development

- (Core) Functional regulation (motifs) conserved between distantly related
grasses

- SVPs act in a dosage-dependent manner

- Modulating the expression pattern of SVPs holds potential to improve
agronomic traits



Next steps

- Investigate motifs in intron 1 of VRT-A2
 Is loss of one or both motifs necessary for “polonicum” phenotype?

* Which proteins bind the intron 1 motifs?

- Elucidate genetic network surrounding VRT2
« Upstream regulators

 Downstream targets
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