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BOTANY, GENETICS, & CROP DIVERSITY

There is a growing need to reintroduce
traits from wild plants into crops.

Genomic resources generated for

plant breeding are used to study wild
plants.

| | Advances in genetic engineering will
S S I S G S enable us to utilize crop wild relatives
" In new ways.

GM techniques used in process
(no new gene material inserted in product)
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TALK OUTLINE

1. Phylogenetic approach

2. Cucurbita and breeding aims for squashes and
pumpkins

3. The arid origins of Cucurbita and relationships
between crops and their close wild relatives

4. A model for studying domestication genetics



2x300 sequencing on lllumina MiSeq™
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Amplicon-seq assembly with dbcAmplicons
(github.com/msettles/dbcAmplicons)
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Gene concatenation + Gene trees >
ML Species Tree

PHYLOGENETIC APPROACH

Incongruent evolutionary histories among
genes have complicated Cucurbita
phylogenetics

We sequenced a set of 44 nuclear introns for
96 wild and domesticated individuals from 19
Cucurbita taxa.



PHYLOGENETIC APPROACH

First Cucurbita phylogeny with high-
degree of within-species resolution

We resolved the first
Cucurbita phylogeny with
a high-degree of within-
species resolution and
Rl with a new species-level
w | 3 i topology
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ML tree from 44 concatenated loci (1,000 BS reps)
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Cucurbita (Cucurbitaceae, 2n=40)

%",?:"} | 14 wild species are distributed
Os X iIn North and South America.
Bon e Most species are native to
“ Mexico and the southwestern
S Us.
S, The six Cucurbita crop species
O were likely domesticated from

Cucurbita occurrence map dlffe rent W||d SpeC|eS

colored by species.
Hypothesized origins of
domestication indicated by
colored circles.



DOMESTICATION TRAITS AND BREEDING AIMS

Fewer Diverse fruit
Bush habit Larger seeds trichomes Larger fruit morphology



DOMESTICATION TRAITS AND BREEDING AIMS

Domesticated Cucurbita exhibit a decreased resistance to disease.




DOMESTICATION TRAITS AND BREEDING AIMS

Domesticated Cucurbita water requirements are among the highest
of all vegetable crops.

Wild buffalo gourd (C. foetidissima), Mojave Domesticated pumpkin (C. pepo ssp. pepo),
Desert, CA ~6 in. rain/year Verde Valley, AZ ~1 in. water/week



DOMESTICATION TRAITS AND BREEDING AIMS

Arid-adapted Cucurbita species exhibit more disease resistance than

non-arid-adapted species
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Wild and domesticated
non-arid-adapted species

Cucurbita_pedatifolia_Mexico_1

Cucurbita_pedatifolia_Mexico_NC
Cucurbita_foetidissima_Mexico_NC_2
Cucurbita_foetidissima_US_TX
Cucurbita_foetidissima_Mexico
Cucurbita_pedatifolia_Mexico_2
Cucurbita_foetidissima_Mexico_NC_1
Cucurbita_foetidissima_Mexico_SW
Cucurbita_foetidissima_US_NM
Cucurbita_palmata_US_CA_2

Cucurbita_palmata_US_CA_1

Cucurbita_cordata_Mexico_2 \/ \/ \/ \/ \/ X O
Cucurbita_cordata_Mexico_1 \/ \/ \/ \/ \/ X O
Cucurbita_digitata_Mexico \/ \/ \/ X \/ X X
Cucurbita_digitata_US_AZ N4 v4 V4 X Vv X X
Disease resistance data from Provvidenti et al. 1978. v resistant; X susceptible; O no data



THE ARID ORIGINS OF CUCURBITA

All Cucurbita species likely evolved from an arid-adapted ancestor

. Non-arid-adapted
Arid-adapted

& Likelihood of ancestral state Non-arid-adapted

(wild and

C. argyrosperma domesticated)

C. maxima

C. ecuadorensis

C. ficifolia

Arid-adapted |

Arid-adapted Il Arid-adaptEd (Wild)

Peponopsis adharens

. Polyclathra cucumerina

Ancestral character state reconstruction for arid-adaptation



THE ARID ORIGINS OF CUCURBITA

The wild ancestors of Cucurbita crops grow in moist or dry forests
and plains
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RELATIONSHIPS BETWEEN WILD AND DOMESTICATED CUCURBITA

o \ L L SRR \
aw (C. argyrosperma) Giant pumpkin (C. maxima)




RELATIONSHIPS BETWEEN WILD AND DOMESTICATED CUSHAW

C. argyrosperma (cushaw)

Domesticated Wild
]

Patterns of relatedness within C. argyrosperma are consistent with a
broad domestication bottleneck(s) and continued introgression




RELATIONSHIPS BETWEEN WILD AND DOMESTICATED GIANT
PUMPKIN

C. argyrosperma (cushaw)

C. maxima (giant pumpkin)
-
‘HE_—_ Domesticated Wild
]

Patterns of relatedness within C. maxima are consistent with a

narrow domestication bottleneck and limited introgression



GENETIC DIVERSITY WITHIN DOMESTICATED CUSHAW AND
DOMESTICATED GIANT PUMPKIN

C. argyrosperma (cushaw)

Crop species Heterozygosity'
— ‘ C. pepo ssp. pepo 18%
- L "fj”; C. pepo ssp. ovifera 15%
=———" | ga|C. Maximassp.
maxima 13%
- Cesmmm
C. maxima (glant pumpkin) e’ LL}|C_moschata 24%

C ficifolia 15%

Proportion of biallelic individuals per locus averaged over all loci
H i === Domestlcated Wild

Domesticated Cucurbita argyrospermaand C. maxima have
contrasting levels of observed heterozygosity
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(] eVl Landrace

INVESTIGATING THE DOMESTICATION PROCESS AND
DOMESTICATION GENES IN CUCURBITA

)

10,000 genomic loci
targeted and
sequenced for 96
individuals

Cushaw (C. argyrosperma) Giant pumpkin (C. maxima)



INVESTIGATING THE DOMESTICATION PROCESSES AND
DOMESTICATION GENES IN CUCURBITA

Ancestry coefficient

1
Wild Landrace Improved Wild Landrace Improved

Cushaw (C argyrosperma) Giant pumpkln ((.'. ma)(/ma)

Structure plots for K=2 based on 30,264 (C. argyrosperma) and 25,718 (C. maxima) SNP loci for 48 individuals per species

Preliminary population genomics data suggests genetic structure

consistent with phylogeny-based domestication hypotheses



CONCLUSIONS

=3
S

B en 1. Most comprehensive and robust molecular
£ phylogeny for Cucurbita to date.
! ‘ 2. Single loss of arid-adaptation suggests traits
| Lo for robustness lost before primary genepool
1 3§ CWRarose.

3. Phylogeny provides framework for
domestication-genetics studies.

4. Independently domesticated Cucurbita species
exhibit different patterns of genetic structure.
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THANK YOU! QUESTIONS?

Soltis Lab of Molecular Systematics &
___Evolutionary Genetics Germplasm and sample preparation

Danlel Barrer |
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