Genomic Selection for Fusarium Head Blight in a soft red winter

wheat (Triticum aestivum L.) breeding program

M.P. Arrudat, A.M. Krillt, P.J. Brown!, C. Thurber?, and F.L. Kolb!"
LUniversity of Illinois at Urbana Chamapaign, Department of Crop Sciences, Urbana-IL. 2Abraham Baldwin Agricultural College, School of
Science and Mathematics, Tifton-GA. Corresponding Author: (217) 333-4256, f-kolb@uiuc.edu .

Introduction 0.60 0.75 0.65 100

: : : : .. ‘ 90
Genomic Selection (GS) is breeding strategy aiming at 055 0.70 %,% 060 I/_{ 20
selecting superior individuals based on their genomic - 0.65 // ' 0.55 TRt 70
estimated breeding values (GEBVSs). The strategy Is 060 7 / 0.50 S vl 60

. - . , . ] ] ' ' /
particularly promising for quantitative traits and requires 045 sl el i:
i ' ! ' T /
dense, genome-wide marker data. Here we show how GS C N i

: - . 040 050 = 040 £~ 30
accuracies are affected by different parameters, for six 9 B C 20
traits associated with FHB resistance. 5 0¥ - o 10

S .
g — 0

. . 0.85 - 0.80 il -
Ob]eCtlve / LEE / 0.75 80
08017 .t g .+ 0.0 70

The aim of this work is to assess the effect of genotypic il P i 00 xS | ‘0
- - - - - ’ =+ ° e _E ' L
Imputation methods, statistical models, marker density, and + 065 — .t L LETTTTT 4 se
.. . . 0.70 4 L 0.60 ju n g >
training population size on GS accuracy. ¥ 060 - 055 " 2 a0
0.65 0 0.55 : 0.50 % 30
Materlals and MethOdS 0.60 = o = = = = = o = 050 o o o = = = = o o 045 Q = o = o = = GFG 207
Germplasm: 273 lines from, or in use at the University of TAANARSESS "HARRARSSY TAHNARAEIS 10
.. . —RR  ~=NET - 0
I1linois wheat breeding program. RR-=~NET -LASSO SNP number
Phenotyping: Field evaluation in a scab nursery In Urbana- Figure 1. Five fold cross validated genomic selection accuracies for six FHB-related traits as a function of genomic selection ::
- i - models and SNP numbers. A = SEV (severity), B = INC (incidence), C = FHBdx (FHB index), D = FDK (Fusarium damaged
IL In 2011’ 2013’ and 2014. BLUPs calculated for: Severlty kernels), E = ISK (ISK index), F = DON (deoxynivalenol concentration). RR = ridge regression best unbiased linear 70
(SEV), Incidence (|NC), FHB 1ndex (FH Bdx=SEV X ||\|C)’ Etrae:(;c;tr(érérl\lr(l)i:;tile_,rAnSé;'rllC-NET, LASSO = least absolute shrinkage and selection operator. Error bars represent £+ one co
kernels quality (FDK), ISK index (ISK=0.3xINC+0.3xSEV | o
+0.4XFDK), and deoxynivalenol concentration (DON). 0.95 40
: . . - - aaaa B EMI 8 MNI Il RFI SDVI 0.95
Genotyping: Genotyping-by-sequencing used with three 30
two-enzyme combinations: Pstl-Mspl, Pstl-HinPI, and Pstl- 0.85 0.85 20
Bfal. Sequence data obtained from lllumina HiSeq2000, and - . 0.75 Pl 20 3 4 s e 70 s s © 5 10 15 2 2 320 3
then analyzed with UNEAK (maf = 5%, missing data per g 075 g ! 9 PEBVSs
marker < 20%, and Fisher’s exact test at 0.001 |eve|) E § 065 Figure 1. Distribution of phenotypically estimated breeding values (PEBVs) and genomic estimated
i i i i < 0.65 aaaa < breeding values (GEBVs) for severity (A), incidence (B), FHB index (C), Fusarium diseased kernel (D),
Imputation methods: mean imputation (MNI), singular " @@ Ej‘__ 0.55 L= ISK index (E), and deoxynivalenol concentration (F). The GEBVs were calculated with the mean marker
- - e effect of 5054 SNPs after 300 runs, calculated with rr-BLUP. The genotypic data was imputed with the
\(/;||2u|e) dngmpOSItlo_n (SDVI_)’ ranc_lom(fEOI(/Tls; regression 0.55 I ' 0.45 EMI method, and the training population size was 218.
, and expectation maximization .
Genetic structure: Assessed through principal component L 035 T e 4 o © a w v' The imputation methods performed equally well in terms of GS
. . . _ DON FDK FHBdx INC ISK  SEV @ 4 N % © K~ o 9o A TPsize - - - -
analysis (PCAs) using all 5054 markers in JMP Genomics. accuracy, with a numerical advantage for EMI In three out of six
PR . : . . Figure 2. Five fold cross validated genomic selection Figure 3. The effect of training population (TP) size on traits.
Statistical models: marker effects estimated with rldge accuracies for six traits associated with FHB resistance  genomic selection accuracy for six FHB related traits. v e i i ..
regression best linear unbiased predictor — rrBLUP, least and four imputgtion methods. Methods receiv_ing the same The an_alysis were performed using rr-BLUP and 5054 A SlgnlflC_aﬂt_lﬂCrease on accuracles was observed as the Fralﬂlﬂg
absolute shrinkage and operator selector — LASSO, and Wielch multple comparison test at 0.08 level. Ertor bars - one stanard evor of e mean. - |POpulation size increased. A plateau was observed for all traits when
ELASTIC NET. The R packages “rr-BLUP” and “glmnet” represent + one standard error of the mean. nTP>1921 e)((;ep’[ for |S-K_ | | |
were used. 005 v' The mean accuracy increased linearly with the ratio TP/VP,
- FDK - - . : .
Marker density: random samples (p = 500, 1500, 3000, and . | L L whereas the variance Increases exponentially. The best combination
4500 SNPs) obtained from a total 5054 SNPs. ' — _ﬂlﬂ_;_%____::s.( 0.78 o« — — Variance | oo : of mean and variance was observed for TP/VP=0.8.
.. i i P Bt . ————"1DON ® .
Training population size (nyp): random samples of np=96, | o7 " - - > 0.74 0.03 5 ¥ We found a high agreement between PEBV's and GEBV for all
144, 192. and 218 were obtained from the 273 lines. : - - g . 002 8 traits, especially for the mid values. Since the agreement Is not
' SR < 0.70 ) 3 : i
Accuracy: Calculated as r(GEBV: PEBV)/VhZ, where r = T 001 & perfect, some lines can be lost If the same threshold from_PEBVs are
Pearson’s correlation between genomic and phenotypically 055 . 0eell o used for GEBVs. Then, when performlng selection, relaxing Fh_e
breeding values (GEBVs and PEBVs): h? = broad-sense L 2 8 PE’. n_a fjm GEBYV threshold may be necessary in order to keep the promising
- . - o o o o o roportion o -
heritability. A 3 S & fm lines. .
- . ] Proportion of TP/VP
Mean comparison. E_aCh anaIySIS was repe_ated 300 times Figure 4. The effect of proportion of the training Figure 5. The effect of proportion of the training C | :
and the mean accuracies were compared using the Ryan- oopulation/validation population on genomic selection population/validation population on the mean and ONnciusions
- - - - accuracy for six FHB. The analysis were performed using variance of genomic selection accuracies for DON ] ] ] _
Einot-Gabriel-Welch multiple comparison test at 0.05 -BLUP and 5054 SNPs, imputed by the EMI method.  (deoxynivalenol ~concentration). The analysis were | This study showed that moderate to high accuracies can be achieved
level with SAS PROC GLM. Frror bars represent £ one standard error of the mean. - performet using rrrBLUP and 5054 SNPs. imputed byhe | for FHB resistance-related traits within the context of a breeding
& [inos program. Ridge regression-BLUP outperformed the other models
7 m—— Results for all traits, even with its unrealistic assumption of all markers
05, o . o having the same variance. High accuracies can be obtained even
j . v With the GBS protocol and the UNEAK pipeline, we were able to call . X J . ..
@ ruURDUE =054 hiah auality SNPS with a reduced set of SNPs and a few hundred lines in the training
CTL | [Ty @ | NORTH CAROLINA Ing y_ ’ S _ set. These results are encouraging and show that genomic selection
~ R e— v Very low genetic structure exists in this collection, as revealed by the PC . . .
S _ _ _ L can indeed be a promising strategy when breeding for FHB
loos & @ PIONEER analysis. The first PC explained only 4.6% of the variability. esistance
Y o O ArKANsAS v Moderate to high accuracies were obtained for the traits evaluated in this '
." ;‘ > r 0.05 a O oHio " "
=S study. The Iowe_st accuracies were observed for SEV (rangl_ng from 0.38 to Acknowledments
L 0.58), and the highest values were observed for FDK (ranging from 0.68 to _ o
9 fuen 0.87) This material is based upon work supported by the U.S.
© SYNGENTA ' ' I - -0-
Py Fe— v' rr-BLUP outperformed the LASSO and ELASTIC-NET for all traits Departrr?_en_t of Agriculture, un_derAgrﬁerlrent No. 5h9 0206-9 I
- except INC (with SNP number > 1500). g57|-o IT;S o Cg?]pef'ﬁa“tve Ft)lf]OJeCt Vt‘"]f I} e URS- V\1 gat & Barley
- PREPT - - - Cab Initiative. e TIISt autnor gratetu dCKNOWIeages
Figure 1. Principal component analysis of 273 breeding lines. Position of the lines in the coordinate system v Marker denSIty had a S|gn|f|cant effect on predlctlon accuracies, with f f - | g y ” hg
defined by first three principal components using all 5054 SNPs. dlmlnlShlng increments after 1500 SNPs. Monsanto for financia Support (I\/Ionsanto Fellows Ip)




