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Abstract
Objective

Early heading as an adaptation mechanism for end season heat and drought stress is an important
goal in wheat breeding programs. Photoperiod (Ppd) and vernalization (Vrn) are the most
important genes controlling early heading in bread wheat. The aim of the present study was to
investigate the effect of Ppd and Vrn genes on early heading, grain yield and important agronomic
traits in BC4F, generation of Roshan (recurrent parent) and Excalibur backcross.

Materials and methods

A BC.F; population resulted from backcross of Roshan and Excalibur was generated in Shahid
Bahonar University of Kerman. In this breeding program, early heading was transferred from
Excalibur cultivar to Roshan (recurrent parent). This population, including 175 BC4F, progenies,
and their parents were cultivated in the research field of Shahid Bahonar University of Kerman

in the 2019-2020 growing season. The progenies were genotyping using specific markers Vrn-
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B1, Vrn-D1 and Ppd-D1. In this population, early heading, grain yield and important agronomic
traits were evaluated.

Results

Excalibur and Roshan had Ppd-D1a, and Ppd-D1b alleles, respectively. The frequency of Ppd-
Dla/Ppd-D1la and heterozygous genotypes in the evaluated population were 27.33% and 415%,
respectively. In this population, Ppd-D1a/Ppd-D1a, which is photoperiod insensitive genotype,
was 6 and 4 days earlier heading than Ppd-D1b/Ppd-D1b and Ppd-Dla/Ppd-D1b genotypes,
respectively. There was no allelic diversity between progeny for Vrn-1 locus. Early heading had
a significant negative correlation with grain yield, 1000-grain weight, spikes number and grains
number per spike.

Conclusions

The results confirm the importance of Ppd-D1a gene in the early heading, grain yield and yield
components. Selection for early heading increased grain yield, 1000-grain weight, spikes number,
biological yield, stover biomass at harvest and spikes dry weight. Due to the large and significant
effect of Ppd-D1a gene on grain yield and yield components, we recommend marker assisted
selection of this gene in wheat breeding programs. Phenotypic selection was performed before
BC.F; generation and Vrn gene diversity was established in the population.
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Figure 1. Transfering early maturity from Excalibur (donor parent) to the recurrent parent,

Roshan, to generate BC4F» generation
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997 Vrn-D1 GTTGTCTGCCTCATCAAATCC Intrl/D/F
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Number (ag83) Elongation Annealing  denaturation Initial
of cycles Final elongation denaturation
36 72 (5) 72 (45) 57(30) 94 (30) 94 (2) Ppd-D1b
36 72 (5) 72 (45) 60(30) 94 (30) 94 (2) Ppd-Dla
35 72 (10) 72 (60) 60(60) 94 (60) 94(2) Vrn-Dla
36 72 (10) 72 (60) 58(60) 94 (60) 94(2) Vrn-D1
36 72 (10) 72 (60) 58(60) 94 (60) 94(2) Vrn-Bla
36 72 (10) 72 (60) 56(60) 94 (60) 94 (2) Vrn-B1
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Figure 2. PCR product of Vrn-D1 (A and B represent Vrn-D1 and Vrn-D1a, respectively)

and Vrn-B1 (C represents Vrn-Bla and Vrn-B1, respectively. Primers were loaded in pairs

for each progeny)
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Figure3. PCR product for photoperiod sensitivity gene locus. Ppd-D1a and Ppd-D1b were
loaded in pairs for each genotype, respectively
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Table 2. Analysis of variance of studied traits in Roshan BC4F, generation

PGy, S gy e Job Job gw)l gy i gl
Day to Al Spike 0,5 e Plant Fertile &3l S.0.vV
flowering - length o height tillers
Dry weight Peduncle DF
of spikes length
372" 627.45" 0.27m 56.62 " 6.73™ 33.2m 2 %)
Genotype
559
13.08 144 .57 13881 35.93 101.35 34.79 165
Error
Sy oy
variation
Caanss 5 033D oa>ls alby olass FCST) 5,Sles 5,Sles a ) i zilio
olej 40 0395 by Graibns b &l Soiden ! SHOAY
sl Harvest nUMbEr 1000 Grain Biological DF
Stover index ker_ner:f yield yield
biomass at welg
harvest
3443/15™ 0/001 " 63900/64™  63/61™ 644/55™  7598/14™ 2 w9
Genotype
s
293/69 0/01 26810/54 0/29 75/23 565/85 165
Error
40.48 26.62 42.74 10.14 43.51 38.51 - Coefficient of
variation

D sxe juf 9 Mo B o )d N prdaw )3 D Gz i 4 NS g i

*, ** and ns: significant at 0.05, 0.01 probability levels and no significant, respectively

owgy BCaF2 U5 5 aadllas 390 Olhio (Sl Ol o Y Jous

Table 3. Mean Comparisons of the studied traits in the Roshan BC4F; progeny

S Al

oasls s Job sk 4y el TS
clsy Grait?s ISpiker:] 0,5 ke 190k hPl_ar;]t Genotype
Harvest ~ UmOoer engt Peduncle Fertile eight
index length tillers
33.18 347.32 10.12 4252 15.12 112.42 Ppd-D1b/Ppd-D1b
50.8? 424.2° 10.12 4462 162 112.22 Ppd-D1la/Ppd-Dla
42.92 3812 10.22 43.92 16.62 111.8% Ppd-D1a/Ppd-D1b
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Figure 4. Mean comparisons of studied traits in Roshan BC4F, generation. A grain yield, B
biological yield, C 1000- grain weight, D day to flowering, E stover biomass at harvest, F

spike dry weight
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Table 4. The correlation coefficients between the studied traits in the Roshan BC4F;

s,

population
3fdes Dl elas) b Jeb QJ9 3fdes i gy albdolas b G, 03
ab o PlNU sl din Sas s ab GRS a8 wgca;
: .1 height : ; : number
Grain Fertile 3 Peduncle Spike ..., Biological 1000 9 Dayto  culy,, ,»
yield spike @) length length yield (7)  grain ©) flowering
5 " 5 Dry iaht 10 Stover
) “) ®) weight welg (10) biomass
of ®) at harvest
spikes(6) (11)
(2) 0.71™
(3) 0.30™ 0.34™
(4) 0.24™ 0.18™ 0.41™
(5) 0.24™ 0.30™ 0.10™ 0.14"
(6) 0.89™ 0.80™ 0.37" 0.27" 0.33"
(7) 0.87™ 0.82" 0.36™ 027 0.33" 0.90™
(8) 0.25™ 0.15™ 0.0™ 0.05™ 0.01"™ 0.19" 0.26™
(99 0.96™ 0.76™ 0.31™ 0.25™ 0.26™ 0.88™ 0.85™ 0.06™
(10) -0.28™ -0.20" -0.03™ -0.03"™ -0.20° -0.26™ -0.35" -0.40" -0.22"
(11) 0.72" 0.80™ 0.34™ 0.25™ 0.37"" 0.83™ 0.98™ 0.24™ 071" -0.34™
(12) 0.35™ 0.0™ 0.01™ 0.01™ -0.17° 0.10"™ -0.11"™ 0.0™ 0.30™ 0.03™  -0.33"

D sxe puf 9 o3 B o )d N prdaw )3 D Gz i 4 NS g i

*, ** and ns: significant at 0.05, 0.01 probability levels and no significant, respectively
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