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Extended Abstract

Background: The identification of high- yield cultivars and genotypes with adaptation to a wide
range of environments (planting date) is one of the major goals in crop breeding programs.
Combining the best linear unbiased predictions (BLUP) and additive main effects and
multiplicative interaction (AMMI) methods in multi-environment experiments and multi-trait
stability selection (MTSI) helps to better evaluate cultivars and plant genotypes and achieve more
accurate results. The present study aims to identify high-yielding cultivars and genotypes that are
stable in terms of grain yield and desirable in terms of other traits using the linear mixed effects
model (LMM) and multi-trait stability index (MTSI) indices.

Methods: To determine the most appropriate planting date and stable genotype in sesame
cultivars and genotypes using the LMM and MTSI, evaluate the genotype X planting date
interaction on grain yield, and determine the grain yield stability of four sesame genotypes and
cultivars using the AMMI and BLUP models, this experiment was conducted at the Borujerd
Agricultural Research Station during two years (2019-2020). This experiment was conducted as
a two-factorial in a randomized complete block design with three replications. The experimental
factors included four planting dates (June 13, July 11, July 30, and August 15), and four genotypes
(Darabl, Oltan, Halil, and JL16). Each environment was a combination of the year and planting
date. Ten plants per plot were used to measure plant height, the number of capsules per plant, and
the number of seeds per capsule, which were selected from each plot after physiological maturity.
The mean of the ten plant data was used in the analysis of variance of the data. For statistical
analyses, the multi-environmental experiments analysis package, called Metan Ver.1.9.0, was
used in the R software environment. The uniformity of experimental errors across environments
was tested using the Bartlett method, and then the combined analysis of variance of the data was
performed using the restricted maximum likelihood (REML) method, assuming a fixed genotype
effect and a random year and location effect. The significance of random effects was tested by
the likelihood ratio test (LRT) and fixed effects by the least squares method. To estimate stability
quantities, singular value decomposition (SVD) was applied to the matrix of best linear unbiased
predictions (BLUPs) obtained from genotype-by-environment interactions with an LMM.
Variance components were estimated using the REML method. After analysis of variance for the
data, the characteristic roots obtained from the AMMI analysis on BLUP were used to estimate
the stability parameters WAASB and WAASBY (for simultaneous selection based on average
yield and stability), and the best genotypes were selected with these two indices. The MTSI was
estimated as well. Genotypic stability values were obtained from the harmonic mean index of
genotypic values (HMGYV). Genotypic compatibility was assessed based on the relative yield
index of genotypic values (RPGV), and the harmonic mean index and relative yield of genotypic
values (HMRPGV) were used to simultaneously assess stability, compatibility, and grain yield.
Results: The effects of the environment (planting date), genotype, and genotype-environment
interaction were significant on biomass yield, the number of seeds per capsule, and oil percentage.
Based on the biplot analysis, genotype 2, in addition to having the highest grain yield, gsined
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greater yield stability. Based on different values for the grain yield and stability index, WAASB
scores, cultivars darab 1 and Ultan were high-yielding and stable, and the superior cultivars in
terms of the MTSI were genotype JL16 and the Ultan cultivar. The HMRPGYV index identified
Darabl and Ultan as cultivars that, in addition to grain yield, showed high stability and
adaptability.

Conclusion: The results showed that the genotype by environment (planting date) interaction was
significant on seed yield, plant height, biomass yield, the number of capsules per plant, the number
of seeds per capsule, oil percentage, and oil yield. Based on the heat map, the Ultan cultivar can
be considered stable. Based on the MTSI, the JL.16 genotype and Ultan cultivar were selected as
superior genotypes.

Keywords: Heatmap, Planting date, Single value decomposition, Simultaneous selection,
Weighted average of absolute scores
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3. Screet test
4. Likelihood ratio tests
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Table 2. Evaluating the significance of factors for random effects by LRT(y?) and for fixed effects by ANOVA

Ol glin &l 5 Slas &bl 59 Sgy gl 0395y j 3, las Gy > JgmaS Sl

SOV Seed yield 1000-seed weight Plant height Biological yield Number of capsules per plant
(MSG) gy luyo S0be
bl 0.584 " 0.99 "™ 3.670 ™ 2452° 2.061"™
Gen
LRT (y°) Likelihood ratio test
oSl S oSl sl S oSl oSl
x2 x2 x2 2 2

Rt 0.300 ™ 0.0001™ 3.012m 1.3122™ 0.8197 ™
Gen
Env 16.495** 42,963 ™ 36.328 " 27.857"" 32.607 **

ke X g3 81.571"" 2.4331™ 73.58 ™ 5.5150 " 4.9548 °

Env x Gen

*x

S gixe pas g [+ g /4N Jlain] olaw jd 5 pxe MBS s ey 1 o *

,"and ™: significant differences at the probability levels of 0.01 and 0.05 and non-significance, respectively.

w5 b e cob Bl sy g oleiiuo ) Coams 905l b (Bolas (sla gl gl balise Jao )3 aygiSs (oyl5 dime byl =Y Jgdo el

H|
Bl Y]
Table 2 (Continued). Evaluating the significance of factors for random effects by LRT(y?) and for fixed effects by
ANOVA
Sy gilio JounsS 53 ily dlasws Gy 5o a3l sl O9) Mo 09y OySles ols" 5 Slos
Ne)Y Number of seeds in the capsule Number of branches Qil percentage Qil yield Straw yield
(MSG) ¢uigi) laye (1Sike
“G*;;) 2450° 1.620 ™ 1036 ™ 2212 0.6396 ™
LRT (y°) Likelihood ratio test
Sl 8 Pl g8 Syl 5 Syl g8 Pyl g8
x2 x2 12 12 2
s 1309 ™ 0388 ™ 11.580 ** 1.003 ™ 0.0001
B 25.531° 10.92 " 67.053 20.04 " 21.0017
Lo X i) 02526 0.001 ™ 35.925 " 4174 " 12606 ™
Env x Gen

gz pas g [+ g /4N Jlain] Zolaw )0 5 gz MBI s ay 1 o *
" and ™: significant differences at the probability levels of 0.01 and 0.05 and non-significance, respectively.
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Table 3. Estimation of variance components by REML for the studied traits

2,2 il (sl
Estimates of variance components (%)

oaB3gme (lad Cusyd Sk (g d; 0addygly csla sl A oles b im gy Sy ) edgice) Skes | digy )3 JpeS S0
REML
Seed 1000-sced  Plant Biological Number of
yield weight height yield P P
plant
S 02 g (555 ol 541.5 1.64le-11 53.01
Genotypic variance (oribyls 3 2op) (6.235) (1.33) (23.45) 2004 (8.850) 5.997 (6.505)
variance of Genotype X 02 gei lazes 3 g} uilyly 7297 0.02471 151.7
Environment (obls f aop)  (8403) (18.77)  (67.09)  0242Q27.57)  24.71(26.80)
: . 062¢ oxile,dly (i)l 845.2 0.09878 21.41
Variance of residual value (bl 3l o) 9.733) (80.23) (9.469) 14397 (63.58) 61.49 (66.70)
Phenotypic variance 62p (agid ulyylg 8684 0.1814 226.1 22643 92.20
General heritability h2g eges gpiycdly  0.06235 0.1545 0.2345 0.08850 0.06505
Detection coefficient of GEI Rt sl fl s caps 0.8403 03126 0.6709 02757 0.2680
Average genotypic heritability h2mg 935 xSk s pdicslyg 0.3637 0.8152 0.7275 0.5922 0.5149
F value for environment effects (E/F) (Jawxe oIl gl F lade 9.387** 52.5 #* 30.18%* 19.9%x* 15.56 **
Genotype selection accuracy As g bl cdy 0.6031 0.9029 0.8530 0.7695 0.7175
Correlation between genotypic Ol 33 ) plie (o (St
values among environments ro ok, 0.8962 0.3697 0.8763 0.3024 0.2866
Genotypic coefficient of . e s .
oypie ool () CVE Loisis S caps 1442 6.260 15.17 8.942 8.839
Residual coefficient of CVr oxlodly yolie &lyuis oy
variation (CVr) ) 18.01 11.63 9.639 23.97 28.30
S 2 ) Ol cups £
CVg/CVr ratio CVg/CVe oulasdly polie ol ypuss 0.8004 0.5384 1.573 0.3731 0.3123
ratio
Standard deviation (SD) Hhme il 154.25 0.05 35.82 362.41 21.24
Standard error (SE) 3kl gllas 15.83 0.92 3.67 37.18 2.18

TN i) g 3 5 gime BN
"*: A significant difference at the probability level of 0.01.
o e Glaw (gly oadagazme sledtus)d ySlas 59y b willy (slinl 3550 =¥ Jguo sl
Table 3 (Continued). Estimation of variance components by REML for the studied traits

12,12 il (sl
Estimates of variance components (%)

03539100 lad Gy Sl gy 0080y0 5 (sl el b JssS bl Gy padliohe ey oy o9y 3,Sles oS 3 )Slas
REML Number of .
- Number of Oil - Straw
Segg;;gléhe branches percentage Oil yield yield
o 028 s oy 0.009964 13.88 258.8 0.1
Genotypic variance A (oibsls 3 2op0) 2.349 (11.55) (2.517) (48.48) 11.07) 02)
variance of Genotype x 02 gei lae ) iy i)l 10.42 1524 1870
Environment (ool S amyy)  1OASGL3D) 0.01 (0.02) (36.39) (65.17) (13.70)
‘ ' 626 olesdl il s 4336 555.7 11780
Variance of residual value ( ol s 31 2my) 7.549 (37.11) 0.3859 (97.46) (15.14) (23.76) (86.30)
Phenotypic variance 62p (aigid wiliyly 20.34 0.3958 28.64 2339 13651
General heritability h2g osas (&iscdlys 0.1155 0.02517 0.4848 0.1107 0.01
Detection coefficient of GEI R2gei (6ol Lyl gy 05135 0.01 03639 0.6517 0.1370
Average genotypic heritability h2mg (i) (ke g piycdlyg 0.5918 0.3826 0.9035 0.5478 0.01
F value for environment effects (E/F) (dawxo lil gl F jlais 102%* 4.801%* 89.87%* 11.07** 10.76%**
Genotype selection accuracy As g Qbwl eéy 0.7693 0.6186 0.9505 0.7401 0.02
Correlation between genotypic 2 5 plie G (Stpod
Valnes Amone onviro saenie 26 e o 0.5805 0.02 0.7062 0.7328 0.1370
Genotypic coefficient of ) e e .
oD S () CVE i} s 3371 3.132 8.601 19.39 0.001
Residual coefficient of variation L
(CVi) () CVr 6.043 19.49 4.806 28.41 31.99
2 @95 St cays £
CVg/CVr ratio oblon8l yalie Oy oy 0.5578 0.1607 1.789 0.6825 0.01
CVg/CVe ratio
Standard deviation (SD) Hhre Gl 18.93 0.88 17.66 81.77 238.97
Standard error (SE) 3 )lbul sllas 1.94 0.09 1.81 8.39 24.52

**: A significant difference at the probability level of 0.01.

TN Jln] a3 o gims SIS
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Figure 1. The biplot of the seed yield vs WAASB. The circle in the right corner and horizontal and vertical blue
arrows in the left corner indicate a hypothetical highly productive and broadly adapted genotype and the direction of
the increase in yield and stability, respectively.
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Figure 2. Ranking sesame genotypes based on different weights for stability and seed yield
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Figure 3. Genotype ranking based on the multi-trait stability index (MTSI)
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Table 4. Ranking sesame genotypes based on the adaptability parameters of genotypic values for the seed yield of
sesame genotypes
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G2 162.3 3.14 4 0.966 156 4 0.861 139 2
G3 106.8 16.8 1 0.979 158 3 0.654 106 4
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