Environmental association analyses identify candidates for abiotic stress

tolerance in Glycine soja, the wild progenitor of cultivated soybeans

Abstract

Natural populations across a species range demonstrate
population structure owing to neutral processes such as localized
origins of mutations and migration limitations. Selection acts on a
subset of loci, contributing to local adaptation. An understanding of
the genetic basis of adaptation to local environmental conditions is
a fundamental goal in basic biological research. When applied to
crop wild relatives, this same research provides the opportunity to
identify adaptive genetic variation that may be used to breed for
crops better adapted to novel or changing environments. The
present study explores the USDA germplasm collection, an ex situ
conservation collection, of Glycine soja, the wild progenitor of
Glycine max (soybean). The collection was genotyped at 32,416
SNPs to identify population structure and test for associations with
bioclimatic and biophysical conditions variables. Candidate loci were
detected that putatively contribute to adaptation to abiotic stresses.
The identification of potentially adaptive variants in ex situ
collection may permit a more targeted use of germplasm
collections.

Public databases

USDA GRIN Soybean WorldClim
Germplasm Collection (Global Climate Data)

www.ars-grin.gov www.worldclim.org

Soybase ISRIC
W_Z,ybase_org (World Soils Database)

\_ www.isric.org/
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Figure 1. Utilizingpublicdatabases to explore local adaptation in Glycine soja. Spatial Ancestry
Analysis (SPA) was calculated accordingto Yanget al., 2012.
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Figure 2. Populationdistributionand clusteringin G. soja. A) Results of STRUCTURE analysis
and the samplinglocation of each accession. Colors correspond to the STRUCTURE
assignment of each accession, Green: Mainland South; Blue: Mainland North; Red: Island.
Assignment of samplesinto three genetic clusters generally accords with geography. B)
Principle component analysis (PCA) of the genetic data. Samples are colored by STRUCTURE
assignment with shapes for each country of origin. The first PC explained 5.1% of the
variation and separated samplesin an east to west gradient. The second PC explained 2.7%
of the variation and corresponded more generally to a north to south separation.

Table 1. Diversity summary statistics within assigned clusters of Glycine soja sampled.

Percent pairwise
difference

Private allelic
richness

Segregating

Sample Size i
sites

Population

Island 31,698 0.025 (0.011) 0.340

0.009 (0.005) 0.337

Mainland South 32,360

0.001 (0.0001) 0.306

Mainland North 23,797

Mainland South + Island 32,416 0.25(0.16) 0.349

0.006 (0.002) 0.345

Mainland North + Island 32,350

Mainland South + Mainland
North

32,360 0.045 (0.029) 0.338
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Figure 3. Genome-wide associations with Mean Temperature Wettest Quarter. A) Manhattan
plot of —log(P). B) Zoomin on 60 kb region around the two most significant markers,
showingnearby genes. The Arabidopsis homologfora neargene, Glyma.08g298200, is
MYB88, a gene associated stomatadevelopment. C) The frequency of non-reference “G” and
“T” allelesis high in G. soja and rare in a previous study of landrace and elite lines.
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Figure 4. Genome-wide associationsignificant marker for July Precipitation and Precipitation
Wettest Quarter. A) Manhattan plotoflJuly Precipitation associationresults. B) Zoom in on
60 kb region around the significant marker BARC_1.01_Gm_08 2254106_G_A.The
Arabidopsis homologforthe nearest gene, Glyma.08g028200, is AT2G38670, PECT1, involved
in Phosphatidylethanolamine biosynthesis but also implicated in respiration capacityin
leaves (Otsuru et al., 2013). C) The “A” alleleis commonin G. soja and landraces, butrarein
elitelines (Song et al., 2013). D) Geographiclocationofindividuals with the allele “A” (light
gray) or reference allele “G” (dark gray) with jitteradded to show overlapping samples.
Individuals with missing genotypingdata are not shown. E) Density plot of allele frequency
distribution for July Precipitation. Thereference allele “G” individuals are shaded in dark gray
overlaid with the non-reference allele “A” individuals in light gray.
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Figure 5. Genome-wide associationresults of percent sand and percentssilt. A) Genome wide
view of association results for Percent Sand Subsoil. B) Zoom in on 60 kb region around the
most significant marker for topsoil and subsoil percent sand, and topsoiland subsoil percent
silt. C) The “A” alleleis rarein our sample and found to be rare or not presentin a previous
screen of soybean genotypicclasses (Song et al., 2013). D) Density plot of allele frequency
distribution for Percent Silt. The individuals with the “G” allele are shaded in dark gray
overlaid with the “A” allele individualsin light gray. E) Geographiclocation of individuals with
the “G” allele (Dark gray) or “A” allele (light gray) with jitter added to show overlapping
samples.

SPA and F;

/\ - - /
T T T T

20 25 30 35 45

Chromosome Position (Mb)

| |
9410k 9420k 9430k

A A
(a) BARC_1.01_Gm15 10376148 G_A

(b) BARC_1.01_Gm15 10382285 T C
Glyma.15g119400 Glyma.15g119600* Glyma.15g119800*
d d

B <] (D d
Glyma.15g119300 Glyma.15g119500 Glyma.15g119700*

c Arabidopsis j | | - - |

1903I6k 1903I7k 1903I8k 1903I9k 1904I0k 1904Ilk
Chromosome5

1
AT5G46900

Bifunctional inhibitor/lipid-
transfer protein/seedstorage 2S
albumin superfamily protein

1
AT5G46890

Bifunctional inhibitor/lipid-
transfer protein/seedstorage 2S
albumin superfamily protein

Figure 6. SPA, F.;, and recombinationrateinthe G .soja genome. A) Slidingwindow means of
these values plotted on chromosome 15. Recombination rate decreases dramatically through
the pericentromericregion, denoted by the the vertical gray lines.B) Zoom in on 60 kb
region around the two SNPs showing the highest SPA score, a region with notably low
recombinationrate and high Fs. Three genes in this region (denoted with asterisks) were
previously found to be duplicated or deleted in elite soybean lines (Anderson et al., 2014),
and appearto be part of a Bifunctional inhibitor/lipid-transfer protein/seed storage 2S
albumin superfamily proteinfamily. The Arabidopsis top hit for the genes denotedinred is
AT5G46890 (C) and the Arabidopsis top hit for Glyma.15g119600, denoted in blue, is
AT5G46900 (C). The implications of structural variation relating to Fs;, SPA hits, or
recombinationare not yet clear.

Conclusions

* |solation by distance is the primary driver of population
structure in Glycine soja.

Environmental association readily detects loci putatively related
to climatic adaptation. These loci often contain homologs
already implicated in abiotic stress.

ldentifying loci associated with local adaptation in crop wild
relatives has potential to address issues related to crop
improvement; or issues likely to be exacerbated by a changing
global climate

Implications

Genotyped germplasm collections and large public databases
present an opportunity for population genetics techniques
exploring local adaptation and detecting putatively beneficial
alleles.

Specific loci detected require further phenotypic validation but
can readily be introgressed into elite germplasm for evaluation

and pre-breeding.

This method of targeted germplasm evaluation could prove
useful in collaboration with recent initiatives to categorize and

evaluate the world’s germplasm collections (www.DivSeek.org,
McCouch et al., 2013; Dempewolf et al., 2014).
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