Utilization of multi-trait genotype-ideotype distance index (MGIDI) increases

expected genetic gains for simultaneous improvement of wheat traits

B G RI Zine El Abidine Fellahi i, Abderrahmane Hannachi 2, Amar Benmahammed 3

Borlaug Global Rust Initiative 1University of Bordj Bou Arreridj, Algeria, 2 National Agronomic Research Institute of Algeria, 3 University of Setif-1, Algeria UNIVERSITE MOHAMED EL BACHIR EL IBRAHIMI

BORDJ BOU ARRERIDJ

INTRODUCTION

FAI-BLUP SH-1

*» Selected genotypes, coincidence index and predicted selection gains : Table 3: Coincidence index and shared genotypes
for each pair of indexes evaluated.

Multi-trait-based selection has a great potential to increase genetic gain Table 2: Eigenvalues, explained variance, factorial Index1 Index2  Coincidence  Shared
: sy : . . loadings after varimax rotation, and communalities Shared genotypes
in 'wheat (Triticum qest/vum L.) br.eec'zllng programs (Fellahi et al., 2020). In obtained in the factor analysis. 5 o8 T ONay [T s
this study, the Smith-Hazel classic indexes (SH1 and SH2), the modern Traits FAl FA2 FA3 FA4 FA5  ht E e o= MGIDI  SH-1 11765 None
ideotype-design index (FAI-BLUP) and the recently proposed multi-trait LGGW ggg 8‘1‘3 823 82‘1‘ 8(2)3 ggg 5 o Gaf MGIDI  SH-2 5.88G8
genotype-ideotype distance index (MGIDI) were compared and used to GY 0.81 010 016 049 -010 0.95 A v FAI-BLUPT SH=1 17,65 None
lect : heat t for thirt : tant ic trait HI 093 -006 007 -0.09 -0.12 0.90 z7 O ors FAI-BLUP  SH-2 5.88G8
select superior wheat genotypes for thirteen important agronomic traits = T T o T $ o & - " i ——
with negative and positive desired gains. PH 027 -068 032 039 -019 083 s o 62 i
DVP -0.30 -0.26 -0.53 -047 -0.14 0.68 2 G30 G19
- _ - & Figure 7: Number of common
cc 012 -001 -0.82 -0.19 012 0.73 s G12 a18 _ o _
MATERIALS AND METHODS RWC 0.02 -020 0.77 -018 009 0.68 B o i genotypes between the indexes Table 4: Predicted genetic gains for the indexes MGIDI, FAI-BLUP,
FLA 049 -009 051 033 -0.14 0.64 = 3. e MGIDI, FAI-BLUP, SH-1 and SH-2 SH-1 and SH-2.
. . = . . . < 1o
“* Plant Materials : 34 local and introduced bread wheat genotypes. NS 0707 B0 R0 0% ERO:G MO0 S50 528 620 611 @9 based on coincidence index. N P T —— Genetic gain (%)
. . . . . BIO 0.31 -0.10 0.17 0.88 -0.04 0.91 - MGIDI FAI-BLUP SH-1 SH-2
s* Experimental design : all genotypes were tested in a randomized MT 009 -007 002 002 092 087 AL LN FAL  TGW Increase 39.95:0.53 0.81  -2.33 -7.12 -2.85
. . . . . i G3 Ga;
complete block design with three replications at the Agricultural Eigenvalues —q oy ) o @ MNonselected @ Selected 0 apy o S (G i el PRey727:2.0-:35 v IRO7 B2 BRGS0
. . . ) i Variance 343 177 116 927 8.02 . . . &z, &1y FAl  GYt  Increase 54.14+0.81  0.27 141 125 NA
Experimental Station of the ITGC institute, Setif (Algeria). Accumulated 343 52 636 728 809 :;IgGu:rDelg(.]I Genotypes ranking based on the w0 ° ©FAL M increase R R Ry R ey
inaex.
% : : . i t: Communality, bold values indicate the variables grouped g 61, FA2. CT DECeEsE 18.89+0.02 -0.13 “Dagel D) Eon
% Traits scoring : heading date (DVP), canopy temperature (CT), el 13 k\ = " R PH Increase 86054138 659 014 -2.07 512
ofe . 9 g
membrane thermostability (MT), chlorophyll content (CC), relative iy . FA3  DVP Decrease  11848:0.63 22  -123 243 2.94
. FA3 CC Increase 33.66+0.75 4.16 4.77 -4.58 -8.46
water content (RWC), flag leaf area (FLA), plant height (PH), thousand G % | A3 RWC  Increase S R R ERE T
. . . . Gzg Gg
grain weight (TGW), number of spikes/m? (NS), number of grains/m? o e ST By S o Eﬁi LLSA :ncrease 9541167?1?2)';2 clﬂzt gg; 8;2 1.51§
.. . , G13 GT : G, @ ncrease 71£12. : .05 -0. :
(NG), grain yield (GY), biomass (BIO) and harvest index (HI). EQE oms o T, & oy FA4  BIO Increase 15243046 -0.02  0.04 -0.15 0.39
. . . . [ : - - =
« Statistical analysis : data collected were analyzed using ‘metan’ =5 oo S = Figure 8: Grain yield for the ou (po'\:i;ve) Decrease —
package in R software (Olivoto and Nardino, 2020). . 2 ° & evaluated genotypes. The selected  Total (negative) 471 544 463 2.09
@000 ., ako genotypes by the MGIDI index are t: Traits removed from SH-2 due to multicollinearity issues.
RESULTS AND DISCUSSION o7 E o - highlighted in blue color.

Contributio

. . . . ~ iy vl CONCLUSION
** Variance components, genetic parameters and correlations : o1 os

G3 G12
O G156 G111 GO e . . . . .
00 TTer _0x>0%% 622 oy O3 The most efficient selection was obtained by MGIDI index, which
TGW FOZaAFF=0TIDOZDOL0M G19 G16 _ o _ ‘ .
A Tow | (T mrrYvgggge g’ rat [ e [ raa [ ras ] e outperformed the Smith-Hazel and FAI-BLUP indices with higher desired
cc | F FPa g v ga d o 26 . . . . .
1S N Qq e * lonschcted ®  Selcted gains considering all traits simultaneously.
E MHTI IT'H ?3 ‘ﬂ N 5 rﬁ; ‘:: QD; 2 E z 71 Figure 4: Strengths and weaknesses view of the  Figure 5: Genotypes ranking based on the FAI-BLUP _ _ _ .
c oy RWC e S e BERRAHEE ol MM | 1 selected genotypes identified by MGIDI index. index. The MGIDI provided negative gains (-2.20% < gains < -0.07%, a total of -
MT - . L .
A TA @D "@VOT T by 4.71%) for all the three traits that wanted to decrease and positive gains
or A SAMMMAE P%% ‘ S lo 11 621 SR T L (-0.41% < gains < +6.59%, a total of +14.32%) for eight of the ten traits
10 Gy dd BT PT Ry DY P® I & e e R that wanted to increase.
0.00 0.25 0.50 075 1.0( ne @9 BY L EERGE 08 = g0 O16 G22 £ o O G0
Proportion of phenotypic variance dl BF P o g cE G18 =4 G6 G . .. . . . .
[;E q S a4 DT 020[} B 5 IDI“-% S0 L o400 4, MGIDI can greatly increase the efficiency of selection for multiple traits in
[ cen [ mesia 1 5 27000 g ot 5% o a2 wheat breeding programs.
Figure 1: Estimated variance components Figure 2: I.Dhenotypic (Iower diagonal) and genotypic = dn el E ar ais
for the traits evaluated. (upper diagonal) correlation between the traits = i e = o7 a6 REFERENCES
evaluated. £ daf " £ arf afa
, , 611 629 ce c22 Fellahi, Z., Hannachi, A., & Bouzerzour, H. (2020). Expected genetic gains
Traits h? cv CV_/CV,_ p-value Traits h? cv CV, /CV_ p-value . ; a1 G25 G23 G11
g g/ Ve g g/ Ve Table 1: Deviance i clogt &1 G12 . . . .
DVP 095 317 254 2.1e23TGW 0.85 846 136 1.2e-10 sis and  senetic G123 a1p e O12 G12 g gag O from mono trait and index-based selection in advanced bread wheat
CT 0.16 1.68 0.25 5.6e-01NS 0.53 10.75 0.61 9.7e-03 analy g T t t L I t R . t F It d N . I d
e s R R s e e T T K palfameters for wheat ( ricicum agestivum ) populations. evista acuita aciona e
cc 0.86 1405 143 15e-11GY 047 1278 054 3.1e-02 Craits evaluated. * lonsckcted ®  Selected # lonselected ®  Selected Agronomia, 73(2), 9131-9141.
RWC 0.54 3.03 0.63 7.3e-03BIO 0.15 4.6 0.24 5.9e-01 . . . . .
FLA e B B T e B B _ _ _ ] P Olivoto, T., & Nardino, M. (2021). MGIDI: toward an effective multivariate
Figure 6: Genotypes ranking based on the SH-1 (left) and SH-2 (right) indexes. . . . . . L .
PH 089 9.9 165 46e-14 selection in biological experiments. Bioinformatics, 37(10), 1383-1389.

BGRI 2021 Virtual Technical Workshop

https://bgri.cornell.edu/




