* Genetic mapping and SNP marker identification
for downy mildew and white rust resistancein

spinach;

* Evaluation, QTL and association mapping and
SNP marker identification for Fusarium wilt
resistance in spinach;

* Introgression of downy mildew and white rust
resistance into spinach lines with diverse leaf
quality characteristics to satisfy market demand,;

* Construction of high density SNP consensus
genetic maps of six chromosomes in spinach
using whole genome resequencing.
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Plant materials: So far, 1,009 spinach genotypes were done
for NGS, including USDA germplasm accessions, varieties,
hybrids, and Arkansas lines.

DNA extraction: genomic DNA is extracted from spinach
leaves using the CTAB.

Sequencing: using GBS, ddRADseq, whole genome
resequencing (WGR) by lllumina HiSeq platform at the
Genomics and Bioinformatics Service at Texas University
and BGI Americas.

SNP discovery: 200Mb from GBS and ddRADseq, and
6.5Gb from WGR. More than one million SNPs were
discovered.
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Spinach Genetic Structure and Diversity
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: Genetic diversity and population structure
countrles) analysis of spinach by single-nucleotide
. . . polymorphisms identified through
45: commercial spinach F1 hybrids (3 genotyping-by-sequencing
countries) ey
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Results:

The genetic background in improved
commercial F1 hybrids and in Arkansas j
cultivars/lines had a different structured
populations from the USDA germplasm
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= Family: Amaranthaceae

Fer A, A

= Native: Central and western Asia
= Chromosome: 2n=2x=12, and Genome size: 980 Mb

= Annual value: $11.8 billion worldwide (Correll et al.,
2011; van Deynze, 2014)

= Pollination: Open-pollinated and a dioecious plant
(usually male and female plants, separately)

= US: The second largest producer of spinach after
China with over 550,000 metric tons harvested,
valued at over $S300 million annually since 2009
(Correll et al., 2011; NASS, 2015)

The genetic diversity were associated with '
geographic origin and germplasm from the :
US Arkansas breeding program had a unique
geneticbackground

Genome-wide association study for white rust
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resistance

* Four hundred and twelve

spinach lines were
evaluated for white rust
resistance

e Eight SNP markers were
identified to be associated
with WR resistance.

* The selection accuracy is
>80% for each SNP markers.

Number of ’s_pinach lines
ey
o [=] r
[~}

o
(=]

1=

Distribution of WR Resistance in Spinach among Five Parties
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Fig. 1. A Systemic Vegetable Breeding and Genetics Program at the University of Arkansas
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Genetic Map Construction

spinach

Targeting 10 F, populations:
F1 sister-plant-crossed F,

CTAB protocol

HiSeq x Ten

SOAP family software

JoinMap for single population
MergeMap for multiple populations

Genetic Map Construction in Spinach

Plan to do 10 segregating

populations such as F2 populations derived
from F1 hybrid sister-plant-crossed or derived
from two heterogeneous lines crossed F1 to

samples each including the populations with
rust resistance or downy mildew resistance or
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Identification of Downy Mildew Resistance in Spinach
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Spinach Genetic Diversity

Asia
*» Commercial cultivars were Turkey
Europe
separated from germplasm. America

* Asia lines are closer to Europe

than America.

. US F1 and Netherland F1 are
closer to US Arkansas lines than

US or Netherland germplasm or

from others.

* F1 lines can be divided based

companies.
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Genomic Selection in Spinach

White Rust Resistance as example

Genomic Selection (GS), dense SNP genotypes

covering the entire genome are used to predict

the genetic value of a trait or individual. QTL1

All markers are counted based on genomic

T

Conventional MAS QT4

estimated breeding value (GEBV) estimated as

the sum of the effects of markers across the

genome.

for all markers.

1. Within-population prediction

Using whole set

Training set Validation set

Breeding values are derived from Best Linear
Unbiased Predictors (BLUPs) as the sum of BLUPs

QTL2

QTLS
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684 SNPs from GBS

QTLe

Genome Selection for White Rust Resistance

2. Within-population prediction
Using part as training and part

as validation set

1 412 spinach lines with WR data |-

All 412 spinach lines as both
training and validation sets

r=0.66

| and 162 lines as validation set

ation set

Traini

250 spinach lines as training set

The correlationr is calculated between
the predicted breeding value and the
phenotypic WR data

Genome Selection for White Rust Resistance

3. Within-population prediction Only

Using whole set with only
associated SNP markers

Training set

Validation set

GWAS
_,//
eight SNP

markers associated |.
| with WR resistance

4. Within-population prediction
Using whole set with only
associated SNP markers

412 spinach lines with WR data |-

training and validation sets

All 412 spinach lines as both | - r=0.71

r=0.68

ation set

Traini

250 spinach lines as training set
and 162 lines as validation set

The correlationr is calculated between
the predicted breeding value and the

phenotypic WR data
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Developing Genetic and Molecular Resources to Improve

04-103FAY UAF
08-101 UAF
08-140 UAF
08-104 UAF
08-144 UAF
08F380 UAF
08-03-316fay UAF
08-143 UAF
08-354REG UAF
08-135 UAF
08-150 UAF
08-167 UAF
04-103VGRS UAF
08-112 UAF
08-128 UAF
08-183 UAF
08-116 UAF
08-134 UAF
08-86-310 UAF
08-166 UAF
08-88-212 UAF
08-191 UAF
08-122 UAF
08-180 UAF
08-109 UAF
08-115 UAF
08-110 UAF

97-154 UAF

Samish USA

Regal USA
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Denali USA
Menoroa USA
Sardinia USA
Unipack151 USA
NSL28216 USA.Wyoming
NSL28217 USA Wyoming
NSL6098 USA Virginia
NSL4683 USA Maryland
NSL6086 USA.California
|: NSL6094 USA Pennsylvania
PI648961 USA Maryland
IndianSummer USA
NSL22003 USA California
NSL6087 USA.New York
NSL22149 USA California

NSL6082 USA.New York
NSL92513 USA.Oregon
PI358257 Serbia

NSL6088 USA.New York

NSL6096 USA Missouri

NSL6557 USA Washington
— Melody USA

NSL26513 USA.Michigan
NSL6693 USA Michigan
PI179590 Belgium

— PI222270 Iran
Avenger USA
Interceptor USA
Cherokee USA
Cheetah USA
Greyhand USA
Lion USA
Crocodile USA
Spinner USA
NordicV USA
T-Bird USA
PolarBear USA

Bolero USA

Bossanova USA

Lazio USA

Unipack12 USA

Mig USA

Unipack277 USA
—

Eagle USA
Whale USA

I: Hector USA
PI274065 England

PI285751 Poland
PI499372 SovietUnion
P531451 Hungary
PI379547 Serbia

Ideal USA

PI358251 Serbia
P274046 England
Pi499373 SovietUnion
PI274051 England

P274047 England

NSL68264 USA.New York
PI360895 Netherlands
PI361127 England

P531452 Denmark
— PI360894 Netherlands
P531453 Hungary

NSL6092 USA.New York
NSL6097 USA Minnesota
NSL81328 USA.Maryland
Olympia USA

NSL65915 USA.Oregon

P531449 Hungary
P531450 Hungary
NSL6084 USA. California
PI266926 Germany
PIB04777 Jap?n .
P274042 Englan
L pgroset Seibia
PI274050 England
P274056 England
PI360710 France
e
iopia
—L Pi368824 Serbia
PI274052 England
Pl531448 Hungary
Pi339548 Turkey
NSL6090 USA.Pennsylvania
PI606707 NorthHollands
| Tyee USA
PI184137 Serbia
Pi358248 Serbia

|

P1358252 Serbia

PI648955 USA Maryland
L Tarpy USA

NSL6085 USA.California
NSL6782 Netherlands
PIL79509 Turkey.Bursa
PR74044 England
P531454 Hungary

NSL 184378 USA.Oregon
PI648962 USA Maryland
NSL 184380 USA.California
NSL184398 USA.California
Vancouver USA
NSL186328 USA.Oregon
P531456 Hungary
P1358259 Serbia

PI648950 USA Maryland
PI648952 USA Maryland
PI648953 USA Maryland
PI648958 USA Maryland
PI648959 USA Maryland
PI648951 USA Maryland
PI648956 USA Maryland
PI648960 USA Maryland
PI648957 USA Maryland
Pi478393 China

SevenR USA

NSL37031 USA.Oregon
NSL6099 USA Pennsylvania
NSL6095 USA Missouri
PI648964 California

Polka USA

PI274049 England
PI535897 Poland

PI261788 France

I: PIL69668 Turkey.izmir
PI169673 Turkey.Aydin

PIL69675 Turkey.Manisa

E PIL79597 Belgium
PI604782 Afghanistan
NSL32629 UAS. Louisana
P249920 Spain
PI664497 China
P1358250 Serbia
P1358253 Serbia
PIL76371 ftaly
PIL76372 taly
PIL76775 Turkey
P263873 Greece
PI274048 England
PIL64965 Turkey
P204632 Turkey.Sivas
PIL69026 Turkey
PI169684 Turkey.Kirklareli
PIL71858 Turkey.Kastamonu
PIL76769 Turkey.Erzincan
PIL76770 Turkey.Erzincan
PIL77082 Turkey.Kayseri
PIL76774 Turkey.Konya
PIL73125 Turkey Mardin
PIL75926 Turkey.Kocaeli
PIL76772 Turkey.Nigde
PIL75928 Turkey.Yozgat
PIL77558 Turkey
PI174386 Turkey.Mardin
PI222749 Iran
PI179591 Belgium
PI181923 Syria
Alrite USA
PI165710 Japan
PI604785 Mongolia
Megaton USA
PI604779 Japan
PI604780 Japan
Pi433212 China
PI664498 China
PI165994 India
PIL66366 India
PIL74960 India
PIL75312 India
PI192945 China
PI604786 Nepal
PIL73124 Turkey.Van
PIL79593 Belgium
PI179594 Belgium
PIL75595 Turkey
PI296393 Iran
PI209644 Iran
PI251507 Iran
PI226671 Iran
PI256079 Afghanistan
PI220546 Afghanistan
PI227045 Iran
PI222838 Iran
PI227383 Iran
PI229792 Iran
PI209647 Iran
PI227230 Japan
r PI179588 Belgium
PI181808 Syr?a
PI209646 Turkey
P212119 Afghanistan
P211632 Afghanistan
PI220686 Afghanistan
Ames23662 Afghanistan
P212328 Afghanistan
PI604787 Afghanistan
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PI169670 Turkey.Antalya
PI165012 Turkey
PI205235 Turkey

Bordeavx USA
PI419218 China
P527332 China
PI648940 China
PI648943 China
PI648944 China
PI648946 China
PI648948 China
PI648947 China
PI648942 China
PI648949 China
PI648945 China
P508504 SouthKorea
Pi433210 China
Pi433211 France

PI219949 Afghanistan

PI604790 Afghanistan
— P1207518 Afghanistan

— Pu45782 Syria

PIL73126 Turkey.Urfa
— PIL71862 Turkey. Tokat

— P1224959 Iran
PIL69679 Turkey.Istanbul

E PIL79044 Turkey Cankiri
P206753 Turkey

PI179508 Iraq
PI205234 Turkey
PI262161 Spain
P1358249 Serbia
P1368825 Serbia
Pi91261 Greece
PI223536 Afghanistan
PU45784 Syria
P1358247 Serbia

PIL69678 Turkey.Hatay
—L PI171866 Turkey.Kars

e

PIL71859 Turkey.Samsun
PIL75924 Turkey.Samsun
PIL75923 Turkey Balikesir
PIL69671 Turkey.Burdur
— PI205231 Turkey
PI222750 Iran
P1379550 Serbia
Pi374233 Egypt
PIL69674 Turkey.Istanbul
PIL69685 Turkey Balikesir
PIL67098 Turkey
PIL71867 Turkey.Kars
PIL73127 Turkey.Maras
PIL73130 Turkey.Malatya
PR04735 Turkey
P204736 Turkey

Pi217425 SouthKorea
PI604784 Afghanistan
PI664499 China
PI163310 Pakistan
L purroen Turkey. Tekirdag
PIL76777 Turkey.Bilecik
PIL76778 Turkey.Bilecik
PIL79041 Turkey.Zonguldak
PIL69682 Turkey.Edirme
PIL75932 Turkey.Kayseri
PIL79043 Turkey.Eskisehir
PIL76771 Turkey.Sivas
—L PIL77557 Turkey.Ankara
PIL71863 Turkey.Tokat
PIL74385 Turkey.Diyarbakir
P06473 Turkey
PIL73122 Turkey.Kars
PIL75931 Turkey Kirsehir
PIL76776 Turkey
PI163309 India
PI648937 Syria
PI648936 Greece

PIL75925 Turkey.Canakkale

—— PIL74383 Turkey.Van
— PI164966 Turkey
PIL69676 Turkey.Manisa

PIL69689 Turkey.Bursa
PIL73123 Turkey.Kars
PIL74384 Turkey.Van
PI169690 Turkey.Kocaeli
PIL71865 Turkey.Trabzon
PIL71861 Turkey.Samsun



