AUDPC

Genome Wide Association Studies of Fusarium Wilt Resistance in Wild Spinach
Sanjaya Gyawali!, Gehendra Bhattarai?, James C. Correll3, Ainong Shi2, and Lindsey J. du Toit*

1Department of Plant Pathology, Washington State University, Mount Vernon, WA; 2Department of Horticulture, University of Arkansas, Fayetteville, AR.
3Department of Plant Pathology, University of Arkansas, Fayetteville, AR. Email: gyawalisanjaya@gmail.com

Introduction
<74 \'¢ /Pza" Fusarium wilt, caused by Fusarium oxysporum
\ "/ f. sp. spinaciae (Fos), causes major losses in
the primary region of spinach seed production in
= the USA, western Oregon and Washington. Acid
soils in this region are highly conducive to the
disease. A majority of spinach parent lines used
in hybrid spinach seed crops are very
susceptible to Fos. Wild spinach, Spinacia
turkestanica, has been used as a source of
resistance to a number of spinach diseases.
The potential for S. turkestanica accessions to
provide sources of resistance to Fos remains to

Root symptoms of be determined.

spinach Fusarium wilt

Objectives

1) Identify potential sources of resistance to Fos in S. turkestanica.
2) Employ genome wide association studies (GWAS) to map
Fusarium wilt resistance found in S. turkestanica accessions.

Materials and methods

= S. turkestanica (n = 74) and S. oleracea (n = 16) accessions
were evaluated for reaction to intermediate (37,500 spores/ml|
soil) and high (112,500 spores/ml soil) inoculum levels of a mix of
three isolates of Fos (Fus058, Fus254, and Fus322) compared to
non-inoculated soil. The experiment was completed in a
greenhouse with a factorial design of genotypes and inoculum
levels, and two replicates of six plants per treatment combination.

A Fusarium wilt severity index (FWSI, 0 to 1) and area under

the disease progress curve (AUDPC) were calculated from

wilt severity ratings 21, 28, and 35 days after planting

(DAP). Fusarium wilt severity was rated on a 0-to-5 ordinal scale
(Gatch and du Toit 2015).

Single nucleotide polymorphism (SNP) markers (n = 7,065)
were identified with genotype by sequencing (GBS).

Population structure of the spinach genotypes was
investigated using Structure 2.3.4. Structure harvester was
employed to deduce the number of S. turkestanica groups.

Marker-trait associations were investigated using TASSEL 5
and GAPID with multiple general and mixed linear models.

Results
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Fig. 1. Area under the disease progress curve (AUDPC) of Fusarium
wilt severity index for susceptible, moderate, and partially resistant
spinach inbred lines grown in soil with no, intermediate, or high
inoculum levels of Fusarium oxysporum f. sp. spinaciae (P <0.05
among inbred lines).
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Fig. 2. Area under the disease progress curve (AUDPC) of Fusarium
wilt severity index for Spinacia turkestanica accessions grown in soil
with a high inoculum level (P <0.05).

= Of the 74 S. turkestanica accessions, 9 had resistant reactions to
the Fos isolates, with AUDPC values <3.0 at the high
inoculum level (Fig. 2A). Likewise, 32 accessions had moderately
resistant reactions, with AUDPC values <5.0.

= Genotypes St21, St7, St58, St25, St55, St57, and St20 had more
resistant reactions (less wilt) than the resistant control inbred (Fig.
2B).
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Fig. 3. Population structure of 74 Spinacia turkestanica and 16 S.

oleracea accessions based on 7,065 SNPs. A) Subpopulation 4K = 3.

B) Three subpopulations were identified: Q1 = S. oleracea accessions,

Q2 = S. turkestanica accessions, most of which originated

from Uzbekistan, and Q3 = S. turkestanica accessions, mostly

from Tajikistan. C) Geographic distribution of the genotypes [pie

charts show proportions of the subpopulations in each accession).

= Three subpopulations were identified: Q1 = S. oleracea accessions
(10% of accessions), Q2 = S. turkestanica accessions (30%), and
Q3 = S. turkestanica accessions (30%), with the remaining
genotypes showing admixture (Fig. 3A and 3B).

Of the accessions most resistant to Fusarium wilt, genotypes St55
and St20 are in subpopulation Q2; accessions St21, St17, St25,
and St57 are in Q3; and St58 is an admixture of Q2 and Q3 (Fig.
2B and 3C).

Table 1. Significant SNPs associated with resistance to spinach
Fusarium wilt at high and intermediate inoculum levels, identified
using different genome wide association studies (GWAS) models.

SNP CH Position

Wilt risk GWAS model lod value

511 131 286 155 146 100 112 115
336 297 333 306 299 239 271 197

S125051949 1 25051949 Intermediate 2.8
5129168394 1 29168394  HIGH 3.3
144196225 1 44196225 HIGH 323 323 283 315 286 289 224 255 090
5148745097 1 48745097 Intermediate 207 532 18 217 202 205 173 18 311
4557414 Intermediate 213 573 239 213 266 262 227 309 086
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310604391  HIGH 152 152 146 151 143 147 302 342 967

3 10604403 HIGH 152 152 146 151 143 147 302 342 967
5310604424 3 10604424 HIGH 152 152 146 151 143 147 302 342 967

492628754 HIGH 320 320 287 319 305 286 351 428 140

6 11538772 HIGH 348 348 305 344 314 308 390 477 131
X 6 35438289 HIGH 335 335 294 329 313 298 220 242 109
56 38110665 6 38110665 Intermediate 7.91 924 _ 449 658 534 511 364 571 603
SNP = Single CH=Ch osition = Physical the
chromosome. GWAS models used: BLNK, FarmCPU, MLM, MLMM, Super, GLM, T-MLM, T-GLM, and SMR.

Using multiple GWAS models, 12 significant (P <0.001) SNP
markers were associated with mean AUDPC values of Fusarium
wilt severity at intermediate and high inoculum levels (Table 1).

Fig. 4. Manhattan plot showing —log,, of P values from a genome
wide association study (GWAS) with model BLINK based on the
AUDPC values of Fusarium wilt severity at medium risk inoculum
level.

A major QTL was identified on chromosome 6H (S6_38110665) in
soil with an intermediate inoculum level. The QTL was validated
with multiple GWAS models (Table 1 and Fig. 4).

Discussion

Two distinct sub-populations were identified among the 74 S.
turkestanica accessions, Q2 and Q3, originating largely from
Uzbekistan and Tajikistan, respectively, in central Asia (Gyawali
et al. (2021). These subpopulations have implications for
selecting accessions with resistance to spinach Fusarium wilt
for breeding programs.

Fusarium wilt resistant S. turkestanica accessions may provide
new sources of resistance to Fusarium wilt for spinach
breeding programs.

To diversify sources of Fusarium wilt resistance alleles in
spinach breeding programs, accessions of S. turkestanica
with resistance to Fusarium wilt should be selected from both
the Q2 and Q3 subpopulations.

A major QTL for Fusarium wilt resistance identified on
chromosome 6H in S. turkestanica could be introgressed into
spinach cultivars with suitable commercial backgrounds.

The significant SNPs can be used for marker-assisted selection
for Fusarium wilt resistance in spinach breeding programs.
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