“Sugarbeet Genetics, Genomics, and
Germplasm Enhancement ”
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Average regional sugar beet output (kg/ha)
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Sucrose ~ 8 million tons
55% beet (green), 45% cane (red)

American Sugar Alliance, 2111 Wilson Bivd., Suite 600, Arlington, VA 22201
Phone: 703:35 Fax 703-351-6 o
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1.25 million acres (0.5 million hectares)
$1.34 billion to growers

1 Dot = 1,500 Acres
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Sugar Beet Field Operations

Saginaw Bean & Beet Farm

SUGARBEET ROOT Approximate
- oo Composition
ater ry Matter Of a Typical
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65+ year history at MSU




Sucrose accumulation over time

Yield accumulation over time

R? = 0.995 R =0.882
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LEAF TYPE VARIETIES

SPINACH BEET etc.

{

Difterent forms

ROOT TYPE VARIETIES
SUGAR BEET
(2) (N) (E)

%
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Genetic diversity
via AFLP analysis

Sea beet populations of the Adriatic sea

The average genetic diversity between

Beta vulgaris spp. maritima populations >>>>

[ . sugar beet cultivars

} Sugar beet

0.73 0.79 0.85 0.92 X Stevanato et al. (2012) Euphytica
Coefficient of Dice (1945) DOI 10.1007/s10681-012-0775-0

Historically important US public sugar beet germplasm releases (~1940-2000)

NB1

FC701

SP6822

) 5 5 5 ) Us401
Nei's Genetic Diversity Estimates
UPGMA Phylogram us3s3

GW304
GW359

12 plants per accession
69 RAPD alleles scored

R&G Old Type
Klein E
SLC133
GW85
Us75
Co1
6869 (CA)
us22
sugar beet SLC129
EL48
GWS9
SLC101
PI...409
PI...625 -
Pl...196 HI 0.324
PI...523

wild beet

Within population heterozygosity has decreased with local breeding over time




Sugar beet (from the
Atlas des Plantes de
France, 1891)

1747 — Marggraf

Beet crystals = cane crystals

1784 — Achard

Selected first sugar beet

1830’s — Vilmorin
Selected high sugar
mother roots &
tested progeny

Mulitgerm

MM or Mm

02271.htm!

for flowering:
(greenhouse protocol)

Req’s vernalization:
(5°C, Oct 1 — Dec 30%)

Bolting
B- annual, bb biennial
(Jan — Feb)

Flowering
(March-April)

Seed harvest &

processing
(June-July)

Monogerm

mm

Kern: Am.Crystal Sugar Co.


http://www.sci-news.com/biology/

Pollen control is key to beet breeding

Shuana Bushey, USDA-ARS

Fertile anther Cytoplasmic MS anther
- normal cytoplasm - sterile cytoplasm
Expression of O-type CMS requires 3
recessive genes: XX, (YY), Zz (2 are linked)

Nu I‘é“ar. MS anther

¢ aa

L | Stigmaand ovule (functional)

John Kern: Am.Crystal Sugar Co.



Source: Alan Taylor (Cornell Univ.)
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Numerous CMS
Seed Parents

Experimental hybrid = o
seed production FPR & o (monogerm)

Single Pollen
Parent

(multigerm)
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Breeding in open pollinated crops:
Manipulating gene frequency where gene function(s) unknown
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Mother root selection (mass selection with or without progeny testing)
Sib-mating (Pair crosses)

Inbreeding via dominant self-fertility allele (s, suppressor of self-incompatibility?)
Hybrids enforced with nuclear or cytoplasmic male sterility

Predominant diseases of U.S. growing regions
and USDA-ARS breeding station disease
responsibilities

Cercospora
% |Aphanomyees
Cutly Top Rhizoctonia

Rhizomania

Aphanomyces
Cercospora
Rhizoctonia

Cyst nematode
Rhizoctonia *

Viruses * gercospora :
% - Curly Top yst nematode

- Yelows Complex
- Rhizemania
Cyst nematode




Cercospora leaf spot resistance (mass selection)

Mother root selection for Rhizoctonia Crown & Root Rot
and damping-off resistance

July 7, 2008

East Lansing, Ml



Using self-fertility (S') to examine segregation
- dominant suppressor of self-incompatibility

Sucrose content in MSR F, sugar x red population
(greenhouse grown plants)
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Individual roots

Sugar x Red
= MSR RIL
population




Sugar x Red beet (MSR) F5 inbred population (showing just green segregants)

between family

high

Root Weight
0.3-25Kg

Sucrose content
11.5 - 23.3%

Water content
71.4-81.1%

Dry Matter = biomass
18.9 - 28.6%

y variation

low within famil

154 Sugar x Red MSR F5 RILs
(average of 5 roots)
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1G1 162 63 1G 4 1G5 LG 6 167 1G 8 169
Partitioning phenotypic variability across the chromosomal landscape
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Yield Traits

’ Physiological Traits

’ Water (1- biomasér) ‘

Elements of Modern Plant Improvement

Populations

|

‘real’
breeding

f

“Markers” — Phenoetypes




Elements of Modern Plant Improvement

Populations

>

phylogeny historif;al
(inheritance) breeding

“Markers” — > Phenotypes
ontogeny
(development)

The phenotype: seed with 95% germination consistently average 60 established beets

- high vigor hybrid Germination in solution
- low vigor hybrid

Percent Germination

1997 1998 1999 Water

Filter
Paper
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BvGerl165 |

BvGerl71

Constitutivt_a gene BvGeri72 |
expression |
(95%)

Actin

807 cDNA/bands surveyed
50 primer dd-pcr combinations
40 cDNA fragments cloned & sequenced




‘transcriptomes for traits ?’
-> gene / process / marker discovery

Germinating seedlings

Light
harvesting Glycolysis
IREIDex Oxidative Phosphorylation:
Secondary TCA cycle
Energy

Hormone ATP Synthase
Metal
Phosphorous
Nitrogen
Nucleic acids

Lipid 1-Carbon

Sugar
Carbohydrate  Amino Acid

Count transcripts devoted to catabolic functions:
Germinating seedlings -> ~26%
Developing seedlings -> ~15%

3-10 week developing roots

62 | |IF2 /%
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cellular metabolic process

organic substance metabolic process
primary metabolic process
single-organism metabolic process
nitrogen compound metabolic process
single-organism cellular process
biosynthetic process

regulation of biological process
establishment of localization

cellular response to stimulus
response to stress

response to chemical stimulus
single-multicellular organism process
anatomical structure development
single organism signaling
multicellular organismal development
catabolic process

single-organism developmental process

GO - Biological Process

Need a genome sequence to better inter-relate genes and phenotypes

2n=2x=18

I0[0)%
T. Schmidt

Grm: - - Oryza sativa ssp. indica
--------- Zeamays
Beta vulgaris /

Solanum lycopersicurm
Asterids - = = = - Solanum tubsrosum
g = = = = Vitis vinifera
0
k] Glycine max
o
Rosids - = = - Populus trichocarpa

----- Theobroma cacao

Arabidopsis thaliana

Rhabdodendraceae

Droseraceae Venus’ fly trap
Nepenthaceae

Drosophyllaceae
Ancistrocladaceae
Dioncophyllaceae
Frankeniaceae

Tamaricaceae

Plumbaginaceae

Polygonaceae rhubarb
Simmondsiaceae
Asteropeiaceae

Physenaceae

caryophyllaceae Carnation
Achatocarpaceae
Beet, spinach,
stegnospermatac @amaranth, quinoa,
Limeaceae many weeds
Lophiocarpaceae

Barbeuiaceae

Aizoaceae ice plant
Phytolaccaceae
Sarcobataceae
Nyctaginaceae
Molluginaceae
Halophytaceae

Cactaceae cactus
Portulacaceae

Didiereaceae

Basellaceae

Hectorellaceae




Current status of beet genome sequence(s)
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- Good gene-space coverage - 11
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Genome  Version Derivation Coverage Contigs > 1kb Total Length (Mb) % of genome  # predicted genes
RefBeet * 11 doubled haploid 387 x 43721 569.0 75.9 27,421
869 04 inbred 185 x 54,793 535.3 714 30,671
MSR-F7 (pool) 0.1 bi-allelic 114 x 104,202 2515 335 nd

]
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-*Dohm et al. (2014) Nature 505:546-549

]

Currently pursuing reference genome quality genome sequence:
- Next-next-generation sequencing
- Hi-C scaffolding libraries
- Optical mapping
- Hybrid next-gen sequencing & BAC library integration
- Genetic map integration

Background slide: Network of beet root developmenggenes
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