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Plant genome

Oat
research at
IBERS
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and Chromosome Biology
Catherine Howarth

Tim Langdon

Angharad Evans

Simon Betts

Model winter and spring populations (2n and 6n)
Genome sequencing diploid, hexaploid (FISHIS) QTL for traits including naked grain, flowering, B-glucan, domestication,
Transcriptome sequencing annotation, gene discovery NUE, yield components

Domestication and Adaptation GIS wild relatives and landraces Association genetics
Genetic resources NAM population (spring oat), diversity panels MAGIC spring oat population development
Marker development




GENE CONTENT GENOME ASSEMBLIES COMPARATIVE
& EXPRESSION & CONTIG MAPPING RESOURCES
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Reference references
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Hexaploid A APPLICATION
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Transcriptomes

Hexaploid D

Hexaploid C Pre-breeding

Breeding
programmes

Strategy for accidental oat genomics




GENE CONTENT GENOME ASSEMBLIES COMPARATIVE

& EXPRESSION & CONTIG MAPPING RESOURCES
Y&l STRIG damascena

canariensis

longiglumis
Aveneae spp.

ATLANTICA
ATLANTICA ZIPPER

11 tissues

VENTRICOSA
CONTIGS

APPLICATION

HEXAPLOIDS
Grain &

various




GENE CONTENT GENOME ASSEMBLIES COMPARATIVE
& EXPRESSION & CONTIG MAPPING RESOURCES
canariensis

longiglumis
ATLANTICA ATLANTICA VENTRICOSA
11 tissues ZIPPER CONTIGS

FIRTH FISHIS
FIRTH [ FIRTH FISHIS
NAM x20 FIRTH FISHIS

Grain &
Nested Association Mapping m

various
Family (NAM o

damascena




Reference genome

Hprat3-3740 50 B07
[~ Hsems5 375623 GO3

L Hsem4-3740

52007
[ Alop2 3740181
2ga273756 60 D08
2gad6-374024 HO3
7.12r-3808 71 GO9
A7.5f-3808 20 D03
A7.9f-3808 22 FO3

agad1-3740 23 GO3
agal73757 29-124 E04
2£2303756.61 €08
‘damas5-3740 26 B4
damas4-3740 65 A
vent-1f-38(

o
28!
23
&

nud28 3756 36 DOS
maroc-11f-3808 25 A4

ster16-3740 20 D03
murph-1r-3808 64 HO8

murph-7f-3808 18 B03
kan19 3756 85 E11

Diacyl glycerol
transferase (DGAT)

GW14-3740 06 FO1
murph-1£:3808 19 C03

" hurph-21 3808 17 A
LN 3r 3608 51.C07

strigD30 3756 15 G02
7651-3-5r-3808 82 B11
7651-3-11f-3808 36 D05
7

strigD16 3756 76 S5t
7651-3-1-3808 33 AOS

bar24 3757 25- 12004
barb1-3740 53 E07.
bar113756 56 HO7

7277-3-7f-3808 30 FO4

atlant6-3740 75 C10

06
5-3740 49 AO7

FO1
-4r-3808 95 G12
-1f-3808 45 E06
eri7735-5r-3808 63 G08

macro11-3740 22
macro3-3740 61 E08.

DIPLOID C

POLYPLOID C

POLYPLOID D

POLYPLOID A

DIPLOID A



Reference genome

Hsems 3756 2305 />0 2

{___ Hsem:

[ —— Hsem4-3740 52 D07

[ Alop2-3740 48 HOG
———————"Alop5-3740 49 A07
2ga273756 60 D08

agad6-3740 24 HO3
A7.12r-3808 71 G09

A7.5f-3808 20 D03

A7.9f-3808 22 FO3

agad1-3740 23 GO3
agal73757 29-124 E04
2ga303756 61 E08.
‘damas5-3740 26 B4
damas4-3740 65 A
vent-1f-3808 06 FO1

eriM-4r-3808 95 G12
-1f-3808 45 E06
eri7735-5r-3808 63 G08
eriM-3f-3808 46 F06
eri7735-2f-3808 14 F02

macro11-3740 22 F03
macro3-3740 61 E08.

-3740
fster16-3740 20 D03
ph-1r-3808 64 HO8
urph-7f-3808 18 B03
75685 E11
375682 B11

28!
23

DISTANT

DISTANT POLYPLOID D

(diploids extinct?)

POLYPLOID A
CLOSE

9
4-6r-3808 75 C10

t . ‘ \
strigd16 3756 76 D10

7651-3-1-3808 33 AOS .

bar24 3757 25-120 A04

barb1-3740 53 E07. a a n I ( a

bar113756 56 HO7

7277-3-7f-3808 30 FO4

hirt13 3756 66 B9
277-3-2r-3808 77 E10
atlant1-3740 73 A10

0.01 atlant6-3740 75 C10



Firth\WRvac 57

< HEXAPLOID

Additional .
reference
genomes

FithPhChac 171

INSULARIS CONTIG 13 |nSUIa rls DC

STRIGOSA CONTIG 23

] L ATLANTICA CONTIG &

(>20x cover)

LONG-P1367390

‘longiglumis’ A

100

100
- Lagurus L LONGCWST
outgroup

DAMctDNAconsensus

00
DAMCansensus

damascena pre-A/D?
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60kb chloroplast DNA alignment - A. sativa ctDNA is derived from a DC progenitor?



An Avena zipper (POPSEQ)

- Comprehensive sequencing of one
parent (A. atlantica)

- ‘Skim’ sequencing of second parent
and progeny (15 RiLs)

- Map contigs

Avena strigosa

Crop, adaptedto
N & W Europe

Parent has

naked grain, late
and synchronised
flowering, doesn’t
shed seed

RIL number Barcode/parent combinations
Avena atlantica 1 2 3 4 5 6 7 8 9 found in contigs

_ AL,4,7 8:2,3,5,6,8 e“:'d““e
Wild, Morocco A1,24,9  B35678 oo
A:2,359 B:1,4,6,7,8
) A:2,35,6 8:1,4,7,8,9
Parentha~s hlgh A:1,2,3568 B:4,79 | binsizeswill
B-glucanin grain, A1,23568 B:479 | vary!

early butirregular
flowering, sheds

A:1,456,7,8 B:23,9
A:1,2,3,6,7,8 B:25,9

seed paa o
1 derivedfromparent A Bl derivedfromparent B

850k scaffolds (2/3 genome) .

137k mapped (16%)

N50 12kb

Auajuhs

31k high confidence genes
29k mapped (94%)
N50 >20kb

4

Average map accuracy 6¢cM — very little use of synteny!



A hexaploid oat zipper?
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0.18 0.28 0.38 0.48 0.58 0.68 0.78

Coefficient

Ethiopian tetraploid
0.88 0.98

In order to map contigs, need
polymorphism in each contig

- Limit to contig size with
short read shotgun

= need diversity in germplasm

SSR based tree



Nested Association Mapping population (NAM);
common single parent

Spring
H Bulwa
L Greywinter
Winter ofey
S$147
Hendon
Lexicon
olva
Racoon
Krypton
Expression
Pendragon
Grafton
Fu5|8n )
gei\ eri
ado
K?ng?isher
Gerald

0.18 0.28 0.38 0.48 0.58 0.68 0.78

Coefficient

Common parent,

Ethiopian tetraploid

Firth, European spring

Parents include;

A. byzantina (red oat),
Turkish landraces,

wide cross hybrids (maybe),
US elites,

UK breeding material (F1s),
naked line

Chosen for range of beta-glucan
content (2.7-5.7%)

(Additional sub-populations in
progress)



NAM genotyping-by-sequencing

11 sub-populations analysed (collaboration with Tinker and Boyle)
Pstl-Mspl digest — ~ 300k polymorphic tags in total
Mapping based on ~5000 tags per sub-population

25000 Haplotag markers across populations, 2727 common to all

- hexaploid reference assemblies to improve confidence in linked markers?



NAM and oat diversity Red — CORE GbS panel
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Based on 630 common genotyping-by-sequence markers
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NAM and oat diversity Blue — sterilis

Based on 630 common genotyping-by-sequence markers
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Based on 630 common genotyping-by-sequence markers



Uncategarised

NAM and oat diversity Blue — sterilis

RED
STER

Purple — fatua

Red — byzantina

Based on 630 common genotyping-by-sequence markers
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WINTER

NAM and oat diversity Light blue - winter

Green - spring

Based on 630 common genotyping-by-sequence markers



NAM and oat diversity Red — byzantina

Green — NAM
A y N
Blue — sterilis
Purple - fatua
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Based on 630 common genotyping-by-sequence markers



NAM population

97-129
97-129
97-129
Clav5332
Clav5332
Clav5332
HiFi
P1258568
P1497903
P1497903
P1497903
P1497917
PI1577854
P1577854
PI1577862
Pl612421
Pl612421

also;

P1296141 (Fulghum?),

naked, IBERS F1

‘Craig’, Cornell

high BG, N. Dakota
byzantina, Azerbaijan
wide hybrid, > 3species

wide hybrid, x barbata?
Turkey, sativa x sterilis?

Turkey, landrace
Quaker programme

P1536549 (Marion),

Field phenotyping (min 2 years 2014-2016, F7-F9s)

Trait

Ear Emergence-June
Powdery mildew
Yield

Ear Emergence (1)
Ear Emergence (2)
Powdery mildew
Ear Emergence
Average Height
Average Height

Ear Emergence
Yield

Powdery mildew
Ear Emergence
Powdery mildew
Ear Emergence-June
Powdery mildew
Yield

97-117 (IBERS F1)

LOD

2.93
3.06
3.31
7.24
3.19
3.56
2.98
3.3
3.26
3.61
2.76
3.44
5.28
3.17
2.86
4.78
3.11
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Quaker programme
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3.06
3.31
7.24
3.19
3.56
2.98
3.3
3.26
3.61
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3.44
5.28
3.17
2.86
4.78
3.11

Develop genomic selection methods (Innovoat project with NIAB)



Quality, grain morphology, plant architecture screens

Parents described as 2.7-5.7% beta-glucan; IBERS 3.2-6.4% (Megazyme)
Progeny — 2.8-8.3%

Others (parents); TGW 26.7-50.75, grain length 9.5-13mm, grain width 2.7-3.2,
grain number, panicle structure, (roots, canopy)



Quality, grain morphology, plant architecture screens

Parents described as 2.7-5.7% beta-glucan; IBERS 3.2-6.4% (Megazyme)
Progeny — 2.8-8.3%

Others (parents); TGW 26.7-50.75, grain length 9.5-13mm, grain width 2.7-3.2,
grain number, panicle structure, (roots, canopy)

Precision phenotyping for prediction — phenomics, metabolomics



Combining genome and metabolome screening technologies for precision breeding
(Innovoat project with James Hutton Institute)

Parents

biochemical
screening
methods,

geneticand

biochemical

' ' s Phenolics and lipids
QTLs

NGS

3

Genome and gene
expression markers

VOC’s Lipids
(aroma)
Central

metabolism
(amino and organic
acids, sugars)

!

Genetic and biochemical markers associated with
grain quality i.e. B-glucan or starch content/type , and
how grain quality impacts on metabolic networks

!

Higher nutritional oats



Significant metabolite profile and content differences
between NAM parents

- Trait and quality prediction?
- Candidate gene identification (Gbs)
- Metabolic pathway dissection (RNAseq)

(b) NAM parents PCA - LC-MS ESI+ (normalised to reserpine IS) PC1 v PC2

80 4
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PC1 loadings
Compounds more

— concentrated in Red oats -

P1458.803; P1258.586;
P1296.141; P1577.854;
P1606.326



Diploid transcriptome database, 11 tissues assembled & annotated
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AnthersA_(paired)_trimmed_{orphans)_cantio_3134
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Connected to puhlic database: h2g_sep13 Memory usage: 2509MEB of 3916MB
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RNAseq — hexaploid allele mining and (crude!) expression screens

LR1

Identify high/low /biased expression in NAM - elite vs landrace and unadapted

GXE — multisite trials (Turkey, Kazakhstan, elsewhere?)



Polyploid sequence assembly
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Hexaploid sequences can be seen

to be derived from divergent
sub-genomes — software cannot always
= resolve into correct haplotypes

= - Diploid progenitors help software

- ldeally physical sorting of templates?

RNAseq (Firth developing grain)



FISHIS - Fluorescent In Situ
Hybridisation in Suspension

7

(ACT)5-FITC labelled
FISHIS sorted
chromosomes ( R4)

(ACT)5-fitc FISH on
metaphase spread

FISHIS - (ACT)5 labelled o}
suspension

GBS tag content of
FISHIS fraction R4

P

* Unlabelled chromosome
suspension & I I I I I
) > e _ - - - Bl . I los. l =8 _.slls

Debora Giorgi and Sergio Lucretti, ENEA, Rome



FISHIS simplifies assembly — hexaploid zipper (POPSEQ)?

[llumina HiSeq reads mapped to FISHIS R3 UPL contig

FISHIS (Firth) R8 — C-genome

RNAseq (Firth developing grain) RS — A-genome
R3 — D-genome

Firth contigs to align on third generation assemblies (North Carolina, Brigham Young)
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ENEA (Italy)

Debora Giorgi, Anna Farina, Sergio Lucretti — FISHIS

AAFC Ottawa (Canada)

Nick Tinker (with Brian Boyle, Laval) - GbS
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GBS tag content of FISHIS fractions

R3 R4 R6 R7 R8 R9 R12 R13
9D, 14D 2C 16A,5C 11A 3C 4C 13A 5C, 16A /C-17
13A 9D,10D 11A /C-17 7C-17 14D, 19A 15A,1C 20D, 12D
10D 12D, 5C

Matches of HiSeq assemblies to mapped genotype-by-sequencing tags (Huang
Y-F et al (2014) Using Genotyping-By-Sequencing (GBS) for Genomic Discovery in
Cultivated Oat. PLoS ONE 9(7): e102448. doi:10.1371/journal.pone.0102448



Screen read maps for new differential FISH probes?

R3
9D, 14D 13A

mmmmmmmmmmmmmmmm

FISHIS fraction

reads, >3000x
different content
of repeat < 30x
families on ATL
contigs S

rrrrr

R8
3C 4C, 7C-17, 10D



A. atlantica map position (cM)

7(D)

6(G)

5(E)

4(F")

3(C)

2(B")

1(A)

Expected synteny of R8, R9 and R3 fractions

A. sativa map position (cM)
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Assemblies helped significantly by using diploid sequence as guide

Guide N50 Max Total Scaffold
None 331bp | 7.5kb 640k 5k N
C-genome 465bp | 47.1kb | 593k 688k N
A-genome 2.23kb | 49.4kb | 722k 72902k N




EU REFERENDUM
HOW THE UK VOTED

TURNOUT 72.2%

LEAVE 51.9%

REMAIN 48.1%




GENE CONTENT GENOME ASSEMBLIES COMPARATIVE
& EXPRESSION & CONTIG MAPPING RESOURCES

ATLANTICA
ZIPPER

damascena
canariensis
longiglumis

Aveneae spp.

VENTRICOSA
CONTIGS

APPLICATION

ATLANTICA
11 tissues

FIRTH FISHIS
FIRTH FISHIS

NAM x20
Grain &

various
- h

FIRTH FISHIS




Integration of GBS SNPs with an existing
genetic consensus map

Haplotag No. of

map shared loci
PI577854 (Turkey, sativa x sterilis?) 941 9241
P1536549 (Marion) 802 802
P1497917 (wide hybrid, x barbata?) 710 710
P1497903 (wide hybrid, > 3species) 6226 887
HiFi (high BG, N. Dakota) 5221 1060
Clav5332 (‘Craig’, Cornell) 6016 909
PI577862 (Turkey, landrace) 521 521
P1296141 (Fulghum? Azerbaijan) 886
P1258568 (byzantina, Azerbaijan) 5803 816
97-129 (naked, IBERS F1) 4466 523
97-117 (IBERS F1) 518
PI612421 (Quaker programme) 1196 1196




