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ABS 'RACT

This study was carried ouf in n attempt to obtain higher grain yielding
recombinants than the parents of the c oss befween a glaucous wheat mutant line
(GWAMG6) and Giza 164 variey and 1) evaluate the selected recombinants and
transgressive segregants for grain yield 1 lated traits as compared to their parents. The
F; population displayed moderate mean - alues between the two parents for number of
spikes/plent, number of grains/spike, anl number of spikelets/spike; and high mean
values for grain yieldiplant, grains/spil elets, and 100-grain weight, indicating that
recombination has occurrell emong yieli -related traits. Twenty four recombinants and
transgressive segreganits were selected for grain yield and its related traits from Fy and
F; populations. Highly significant differc nces were observed by the analysis of variance
among the two parents and the selected €, and Fi-derived lines with respect to studied
traits, It was observed that each of th. selected progenies recombined one or more
Juvorable yield-related traits from the tvo parents. Twelve recombinanis significantly
transgressed their highest parent for griin yield/plant. Among these, the recombinant
RL18 (68.18 g} transgressed its highest rarent Giza 164 for grain yield/plant due to its
superiority in number of grains/pike {154.19), grains/spikelet (6.04) and 100-grain
weight (5.91 g). The significant transgre sion of some recombinanis in the present study
for grain yieldiplant over their highest rarent Giza 164 (40.07 g} was accompanied by
their superiority in owo or three yield related fraits. No (ransgressive segregant was
observed for number of spikes/plant ind number of spikelets/spike in the selected
recombinations.

Key words: Bread whent, Triticum iestivurm,Genetic recombination, fransgressive
segregation.

INTF ODUCTION

Grain yield in wheat is rec >gnized as the main trait and many studies
have been conducted on its inh:ritance. The consensus of these studies
indicates that grain yield is a coriplexly inherited trait, of low to moderate
heritability and strongly influenc 2d by the environment. Researchers have
attempted to clarify the inheriti nce of grain yield by studying its main
components, i.e. number of spik :s per plant, number of kernels per'rs'pike,
and kernel weight (Fonseca and ’atterson 1968, Hsu and Walton 1970, Sun
et al 1972, Sidwellet al 1976, S ngh et al 1986, Allan 1987 and Al- Bakry
2010). Selection for one of yielc components to increase grain yield would
be the most effective if the cor tponent is hlghly heritable and genetically
correlated with grain vield in | positive manner {Fonseca and Patterson
1968, Sidwellet al 1976 and Al- 3akry 2010). '



Recombination is a cruc: | component of evolution and breeding,
producing new genetic combinati »ns on which selection can act. Through
recombination, combining many 11ivorable alleles into a single genotype is
the main objective of plant breedig (Esch et &/ 2007). Hybridization is the
principal breeding procedure for tt e development of new recombinations in
wheat. The chief role of hybridization is to cross diverse genotypes and
create hybrid populations with genetic variation from which new
recombinations of genes may be se ected (Singh 2000). In this approach, the
improvement of grain yield of bre: d wheat can be achieved by combining
more favorable genes for grain yiel. and its related traits.

Transgressive segregation 11 a phenomenon- specific to sepregating
hybrid generations and refers to the individuals that exceed parental
phenotypic values for one or more characters (Rieseberg et al 1999 and
Singh 2000). Such plants are prodiced by an accumulation of favorable
genes from both parents as a conse yuence of combination, Consequently,
transgressive breeding could be use! as a tool for improving yield and its
contributing characters through the -ecovery of transgressive segregations
(Singh 2000). Observations on trar sgressive segregations in segregating
hybrid generations were previously explained by many research workers
(Rick and Smith 1953, Voigt and Tis hler 1994 and Al-Bakry ez al 2608).

This study was carried ouw on 24 selected recombinanis and
transgressive segregants for yield anc its related traits. These recombinants
and transgressive segregants- derived {rom the F» and F; populations of the
bread wheat cross between one gl ucous wheat mutant (GWM6) and
Gizal64 variety (GWM6 X Gizaltd described by Al-Bakry (2010). The
selected recombinants and transgressi ¢ segregants were field evaluated in
the F, generation for grain yield and it : refated traits. The aims of this study
were to: (1) attempt to obtain higher grain vielding individuals than the
parents of the cross under study and (2} evaluate the selected recombinants
and transgressive segregants for gral yield related traits as compared to
their parents.

MATERIALS AT D METHODS .

The F, cross between glaucous bread wheat (Triticum aestivum L.)
mutant line (GWM6) and the Egyptian variety Giza 164 was made during
2005/2006 season at the experimental 1irm of Plant Research Dept., NRC,
Atomic Energy Authority, Egypt. Tte F; and F, were grown during
2006/2007 and 2007/2008 seasons to prc duce F2 and F; seeds, respectively.

The two parents and Fs plants wire grown during 2008/2009 season
in an experiment for evaluation and sclection. The experiment was
conducted in a randomized complete »ock design (RCBD) with three
replications. Each replication consisted o “ 34 rows, two rows for each parent
and 30 rows for F3 population.
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Selection was performed in the F; segregating generation 1r grain
yicld and its componenis, i.e. numt or of spikes per zlam, nunber of grains
per spike, and grain weight. Twinty four individual recombinants and
transgressive segregants were selected; their seeds were harvested
separately.

During winter season of 20119/2010, the two parents and the twenty
four selected recombinants and trinsgressive segregants in the ¥ were
evaluated for their F; progenies. The experiment was conducted in a
randomized complete block desim at the experimental farm of Plant
Research Dept., NRC, Atomic F1ergy Authority, Egypt. The experiment
consisted of three replications, eash composed of 54 rows; three rows for
each parent and two rows for each :ecombinant or transgressive segregant.

In both experiments, indi idual grains were planted in 2.5-meter
rows, Each row included 25 plant: spaced 10 cm apart. Rows were spaced
30 cm apart in plots.

Data were collected from tie 10 most healthy, vigorous and guarded
F; and F, plants in each row on gr: in yield/plant (g), number of spikes/plant,
number of spikelets/spike, namber of grains/spike, number of
grains/spikelet and 100-grain weig ht (g).

Statistical analysis
The data of each season were subjected to RCBD analysis and LSD

values were calculated to verify t1e differences among means according to
Snedecor and Cochran (1989).

RESULTS AND DISCUSSION
F; and parents:
Analysis of variance

Analysis of variance fr number of spikes/plant, number of
spikelets/spike, number of graiis/spike, number of grains/spikelet, 100-
grain weight and grain yield/flant on the GWM6, Giza 164, and F,
population is presented in Table (1). According 10 the analysis of variance,
highly significant differences ..mong gcnotypes were detected for the
studied characters. A :

Table 1, Mean squares of the F; jeneration and the two parents, GWMS6 and
Giza 164, for grain yielc /plant and its related traits (2008/2009).

SOV bDf Grain Spkes Spikelets Grains Grains 100-
yield/plant  /p ant ispike /spike /spikelet  grain
weight
Replications 2 8.702 0.)79 0195 11914 0.031 0.038
Genotypes 2 65.72%% 32 T4%*  14.38*"  (183595%% ] §5%%  (,23**
Error 4 5.947 0719 0.447 11.050 0.035 0,033

**: indicates highly significant dif'erend es at 0.01 Jevels of probability.
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. Mean performance :

Means of the studied charecters of GWMS6, Giza 164 and their F3
hybrid population are presented in Table (2). The mutant line GWM6
showed the highest number of grai 1/spike, spikelets/spike, grains/spikelet,
and 100-grain weight. The parent Giza 164 had the highest number of
spikes/plant and gmin yield/plant. 'The F; generation had the highest grain
yield/plant, greater number of grain /spikelet, and heavier 100-grain weight.
It was observed that the F; populition displayed moderate mean values
between the two parents for number of spikes/piant, number of grains/spike,
and number of spikelets/spike; and high mean vaiues for grain yieid/plant,
grains/spikelets, and 100-grain v eight, mdlcatmg that recombination
occurred among yield-related traits.

Table 2. Mean values for grain yiel I/plant and its related characters of F;
' " population and the parents (GWM6 and Giza 164) evaluated in

* 2008/2009 season. ‘

Genotypes.  Grain Spikes/ Graing/ | | Splkeletsl Grains/ 100-
yield/plant Plant .spike . spike  spikelet = graip

& i T weight

GWMé6 3436 b S531c {17.6 a 2646 a d445a 540 a

1) . o . o L B

" Gizal6d 4000 2 11832 (954 ¢ 2208 ¢ 315D 487 b
F 43.65 a 766 b 037 b 2408 b 433 a 501 ab

Values within each column followed by the sam Ieuer are not !hﬂlnﬂ")’ different at 5% level of
probability. : g

F4 progenies and parents:
.Analysis of variance :

Highly significant dlfference; were observed by the anaIysxs of
vartance (Table 3) among the two p: rents and the selectcd progemes in Fa
with respect to grain yield and yield-r :lated traits.

Table 3. Mean squares of the selecte: progenies in F4 and the two parents,
GWM6 and Giza 164, for j rain yield/plant and its related - tralts
(2609/2010).

sov = df Grain  Spikes Spikelets Grains Grains  100-

o yield/plant /plant /spitke  /spike /spikelet grain
_ weight

Replications 2 66599 1232 243 8604 036  0.04

Genotypes 28 224.71*%  7.86** 6.51** 1314.48** L1.75** 0.68**

Error 50 56.65 1.82 1.14 226.26 0.24 0.15

** indicazes highly significant differences at 0.0 level of probability.
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Mean performance
Mean values of grain yield and yield-related traits for the selected
progenies in F4 and their parents are pre: ented in Table (4).

.Table 4. Meaun values for grain yield/ dant and its related characters of
the selected progenies in F and their parents (GWM6 and
Giza 164) evaluated in 2009/ 010 season. '

Genotypes Grain Spikes/ Grains/ Spikelets/ Grains/ 100-geain
yield/plant plant spike spike spikelet weight {g)
[{2)
GWMS (P))  32.16 4.67 128.90 27.67 4.71 5.21
Gizal6d (P2)  40.07 10.09 79.20 24.03 3.29 4.86
RL1 54.56 2.50 105.80 23.50 4.50 5.63
RL2 43.60 6.00 129.80 25.00 5.18 5.66
RL3 52.89 8.00 116.7 26.67 4.36 " 574
Ri4 53.49 8.50 118.4( 25.33 4.62 5.34
RL5 43.77 10.00 77.31 23.00 3.36 573
RL6 56.26 9.00 119.41 24.00 498 537
RL7 48.40 7.0 126.6 24.50 5.18 - 5.47
RLEY 44.46 8.00 104.5 4 2350 4.42 ‘538
RL9 49.85 9.60 92.91 22.50 4.13 6.12
RL10 51.33 9.00 114,7} 2500 4,57 - 497
RL11 62.20 10.33 99.7 24.67 404 . 608
RL12 43.87 7.00 11650 2400 487 542
RL13 60.90 7.50 137.690 29.00 472 6.02
RL14 64.57 9.33 148.¢0 26.33 564 4.65
RL15 52.63 7.50 134.00 23.50 5.70 5.41
RL16 42.71 5.00 143. 9 23.33 6.15 5.97
RL17 55.24 7.00 162. 0 25.67 6.31 4.90
RL18 68.18 7.50 154. .0 25.50 6.04. 591
RL19 39.21 5.67 119.0 24.00 4.97 6.03
RIL20 59.32 8.00 123.%0 24.33 5.04 6.27
RL21 54.47 6.33 147.30 25.00 . 590 5.85
RIL.22 39.74 5.00 123.70 26.00 4.79 6.42
RL23 49.00 6.67 117 80 25,33 4.65 6.18
R124 49.10 7.00 128 1¢ 25.67 499 5.47
L.5.D 0.05 12.34 2.21 24,57 1.75 0.79 0.64

The parent Giza 164 was |igher than the parent GWMS in grain
yield per plant, and number of s>ikes/plant, while the glaucous wheat
mutant line 6 (GWMS6) had tigher 100-grain weight, number of
grains/spike, number of grains/spik elet and number of spikelets/spike than
Giza 164.
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The recombinant RL11 w:s the highest in numnber of spikes/plant
(10.33), and it was nearly similir to the parent Giza 164 (10.07). By
contrast, the parent GWMG6 had the lowest value (4.67 g) for this character.

The recombinant RL.13 was the highest in number of spikelets/spike
(29.00) followed by the parent GV/M6 (27.67); the highest parent for this
character. The parent Giza 164 hac a2 medium number (24.03) between the
highest value shown by the reconbinant RL13 and the lowest number
shown by the recombinant RL9 (22 50).

. Two recombinants (RL17 and RLI18) exceeded significantly the
highest parent GWM6 (128.90, for number of grains/spike. The
recombinant R1.17 exhibited the h: chest number of grains/spike (162.20).
However, the recombinant RL5 an | the parent Giza 164 were the lowest
amorig the studied genotypes for thi: trait.

The highest parent for numb :r of grains/spikelet was GWM6 (4.71),
while the parent Giza 164 scored tie lowest value (3.29). There were six
studied recombinants that exceeded significantly the highest parent for this
character. The recombinant RL1"' displayed the highest number of
grains/spikelet (6.31). Figure 1 illistrates the difference in number of
kernels per spikelet: (a) for the pareit Giza 164, (b) for the parent GWMS,
and (c) for the recombinant RL17 - a transgressive segregant selected for
high number of kemnels per spikelet).

Twelve recombinants excecded significantly the highest parent
(Giza 164) in grain yield/plant (40.0 7 g). The recombinant RL18 exhibited
the highest grain yield/plant (68.18 g\, i.e. about 70.15% higher grain yield
than Giza 164.

Recombination between yield comp nents

From the data presented in T: ble (4) it is observed that each of the
selected progenies recombined one r more favorsble yield-related fraits
from the two parents. The recomtinant RI.18 recombined three high
favorable yield traits, namely numbe of grains/spike (154.10), number of
grains/spikelet (6.04) and high 100-g-ain weight (5.91 g) as compared to
higher parent. The recombinant R_.14 accumulated high number of
spikes/plant (9.33) and high numer of pgrains/spike (148.60) The
recombinant Ri.11 recombined the hi thest number of spikes/plant (10.33)
and heavier 100-grain weight (6.{8 g) compared to GWMS6. The
recombinant RL13 recombined the highest number of spikelets/spike
(29.00) and greater 100-grain we ght (6.02 g) than GWMS6. The
recombinant RL17 accumulated the hij hest number of grains/spikelet (6.31)
and the highest number of grains/spil ¢ (162.20). The recombinant RL21
recombined high number of grains/spik 2 (147.80), number of grains/spikelet
(5.60) and greater 100-grain weight (5.:'5 g).
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Fig. (1). A part from middle of the spike showing number of kernels per
spikelet: (a) parent Ciza 164, (b) parent GWMG6, and (c) the
recombinant RL17 (a transgressive segregant selected for high
number of grains per spikelet).
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It was noticed that none of the recombinants has recombined the
highest mean values for all grain yield-n lated characters.

Transgressive segregants in grain yie d and its related traits

According to the definition of Vi ga and Frey (1980), a transgressive
line has to exceed the parental mean b one "least significant difference”
value.

No transgressive segregant was « bserved for number of spikes/plant
and number of spikelets/spike in the sel :cted recombinations; although the
recombinant RL11 exceeded the highes parent for number of spikes/plant
and the recombinant RLI3 exceeded he highest parent for number of
spikelets/épike, but their superiority wer: not significant,

For. number of grains/spike two transgressive segregants
significantly transgressed their highest | arent GWM6 (128.90) namely the
recombinants RL17 (162.20) and the RLI18 (154.10). For number of
grains/spikelet, six recombinants signi icantly transgressed their highest
parent GWM&6 (4.71). Mecan values for 1 wese six recombinants ranged from
5.64 to 6.31 grains/spike {the recombin: nts RL14 and RL17, respectively).
Nine recombinants significantly transgr :ssed their highest parent for 100-
kernel weight. Mean values for these nir 2 recombinants ranged from 5.91 g
to 6.42 (the recombinants RL18 and RLZ 2, respectively).

Twelve recombinants significant y transgressed their highest parent
for grain yield/plant. Among these, the recombinant RLi8 (68.18 g)
transgressed its highest parent Giza 164 for grain yield/plant because of its
superiority in number of grains/spike ( 54.10), grains/spikelet (6.04) and
100-grain weight (5.91 g). The sijnificant transgression of some
recombinants in the present study for grain yield/plant over their highest
parent Giza 164 (40.07 g) was accompanied by their superiority in two or
three yield-related traits.

The selection of new recombinan s and transgressive segregants was
previously reported in different crops (Rik and Smith 1953, Vega and Frey
1980, Snape 1982, Rieseberget al 1999, Al-Bakry er af 2008). Rieseberg ef
al (1999) assessed the frequency of tansgressive segregants in hybrid
populations, described its genetic basis ind discussed the factors that best
predict its occurrence. They reported th: t only 113 studies failed to report
extreme phenotypes for at least one cha -acter, and of 579 traits examined
across the 113 studies, 336 (58%) exhib ted transgression. They concluded
that transgression is the rule rather than t 1e exception, and the transgressive
segregation appears to be ubiquitous it plant hybrids. The results from
classical genetic studies have provided airly convincing evidence for the
hypotheses that transgressive segregatior can result from the expression of
rare recessive alleles (Rick and Smith 1953) and/or from complementary
gene action (Vega and Frey 1980).
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The greater genetlc diverge ice between the two parents under study
was accompanied by an increase in the number of fixed differences between
the parental lines, resulting in 1ew recombinations and transgressive
segregations for number of kernels 'spike, number of kemels/spikelets; 100-
kernel weight, and grain yield/p!nt. Transgressive segregants for grain
yield and its related traits occurr:d in many recombinants. The selected
transgressive segregants for mos studied traits suggested that the two
parents selected for this study hal alleles that were associated with high
values of these traits. Further studi »s will be conducted to assure the genetlc
divergence of the transgressive segregants from their parents on the
molecular level. Moreover, these high-yielding segregants selected in this
study beside some others that wire previously selected by Al—Bakr_vet al -
(2008) would be used as a grmplasm sourcg  for improving wheat
productivity.
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