55 32 55 1Y) FEHXRLHFR Vol.32 No. 1
2014 4 1 H Agricultural Research in the Arid Areas Jan.2014

The effects of dwarfing gene Rht-8 on plant height and other
agronomic traits in common wheat
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Abstract: A study was carried out to estimate the inheritance, genetic effects of dwarfing gene Rhi-8 on plant
height and other agronomic traits in common wheat. Three tall elite cultivars of Jinmai 47, Xifeng 20 and Fengchan 3
were crossed with the Rht-8 donor cultivar Jining 13 to produce F;. The F; was self crossed to obtain F, seeds. Then the
F, segregation populations were used to estimate the inheritance and genetic effects. For the plant height, the progeny of
Fengchan 3 with Jining 13 attained the highest broad inheritability (74.32% ) followed by the progeny of Xifeng 20 and
Jinmai 47 with Jining 13 (69.49% and 67.60% , respectively) . The effect of dwarfing gene Rht-8 was more prominent
in the progeny of Xifeng 20 with Jining 13, with plant height and peduncle length reduced by 30.26% and 19.20% , re-
spectively. By contrast, in the progenies of Fengchan 3 and Jinmai 47 with Jining 13, plant height and peduncle length
were reduced by 27.14% and 26.15% , 14.86% and 14.59% , respectively. There were no significantly negative ef-
fects of dwarfing gene Rhi-8 on the other agronomic traits except that it reduced the number of tillers per plant. Correla-
tion analysis indicated that plant height was positively and significantly correlated with number of tillers (0.415, 0.355,
and 0.489) and peduncle length (0.408, 0.450, and 0.500), but no significant correlations were observed among
plant height and spike length, No. of spikelets per spike, and No. of grains per spike.
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Wheat plant height is an important character, which
can significantly influence not only lodging resistance, but
also photosynthesis and assimilate distribution, therefore
grain yield'"'. Most current wheat cultivars contain Rhi-
BIb (formerly Rht-1) or Rht-DIb (formerly Rht-2),
which were GA ( gibberellic acid) insensitive dwarfing
genes and transferred from the Japanese line ° Norin
10°2). These two dwarfing genes had been located on ho-
moeologous chromosome arms of 4BS and 4DS, and had
pleiotropic effects on plant growth, causing reduction in
coleoptiles length and seedling leaf area”>’, and increase in
ear productivity under favorable conditions. Sip and Skor-
pik™ found that only the strong height reduction caused by
Rht-3 had a negative influence on yield, while dwarfing
genes Rht-8, Rht-Blb and Rht-D1b, had no negative ef-
fect on yield. Significant effects of these genes on earliness
and grain quality characters were not detected? .

It is evident from different analyses that the effects of
Rht alleles vary greatly with genetic background and envi-
ronment>’ . Even though obtaining desirable bread-mak-
ing quality does not seem to be a great problem with the
commonly used Norin 10 genes, there still persist prob-
lems with obtaining broader adaptation and resistance to
different stress factors. Poor emergence from depth be-
cause of shorter coleoptiles and lower adaptation, espe-
cially to dry environments, are known problems connected
with the presence of the Rhi-Blb and Rhi-DI1b alle-
lest®~7). This has led to the examination of alternative

10:8) and/or additional genes that increase

Rht  genes
coleoptile length in Rhi-B1b and Rhi-DI1b backgrounds
while maintaining semi-dwarf heightm .

The GA responsive ( GAR) height-reducing gene
Rhi-8 was introduced into Italian wheat from the Japanese
landrace Akakomugi, and has been widely used in wheat
adapted to southern and eastern European conditions. The
Rht-8 allele has been shown to reduce plant height and
increase carbon-partitioning to grain to increase grain
number and yield'® . Rht-8 has a smaller effect on height
reduction (ca. 8% ~ 12% ) than the GAI-dwarfing genes
Rht-BIb, Rht-Ble and Rht-DIb'®® . Rht-8 has been
widely used in commercial wheat varieties identified with
molecular markers'®! , the distribution of the cultivars with
Rhi-8 are in a range of environments, highlighting the
potential of the other GAR-dwarfing genes for use in

breeding of commercial varieties. A number of other GAR
dwarfing genes have been identified with potential to re-
duce plant height without affecting seedling Vigor[g’m.
Alleles at two of these loci, Rht-8 and Rhtl3, show
promise for use in breeding owing to their effects of de-
creasing plant height and stem lodging without reducing

[10] However, little is known on the effects

seedling vigor
of Rht-8 on grain yield and grain yield components.
Following identification of a close linkage to Rht-8,
microsatellite marker Gwm 261 has been used extensively
to screen large numbers of diverse international
germplasm. A192 bp allele at this locus has been taken
as ‘diagnostic’ for Rhi-8 and used to infer the presence

1] , Bonnett re-

of Rht-8 in wheat. In a previous study[
ported that several Australian wheat cultivars contained a
192 bp allele at the Xgwm 261 locus. Some cultivars
comprised a mixture of genotypes at this locus, cultivars

Mitre and Perenjori contained both 192 bp and 165 bp

(2] Some au-

variants without apparent height differences
thors stated that the presence of Xgwm 261 192 bp is only
indicative of Rhi-8 in wheat cultivars that have inherited
this allele from Akakomugi or a Strampelli wheat ances-
tor[ 13] .

The aims of this study were to evaluate the inheri-
tance of GAR dwarfing gene Rhi-8 in F2 segregation pop-
ulation of wheat and understand the effects of GAR dwarf-
ing gene Rht-8 on plant height and other agronomic

traits.

1 Materials and methods

1.1 Materials

Three elite cultivars of Jinmai 47, Xifeng 20 and
Fengchan 3 were crossed with the Rhi-8 donor Jining 13,
respectively. The F; were selfed to obtain the F, seeds.
The F, segregation populations were sown by single seed
apart 10 cm with 20 rows per cross along with two rows for
each parent. The row length was of 2 m with intervals of
0.25 m. The field experiment was conducted at the No. 1
farm of Northwest A&F University, Yangling, Shaanxi,
China.
1.2 Traits evaluation

Two hundred plants from each F, population and ten
plants from each parental line were selected at random

and indexed to record the data for quantitative traits.
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Plant height (em), peduncle length (c¢m), number of
tillers per plant, spike length(cm), No. of spikelets per
spike, and No. of grains per spike of the main stem of
each individual were recorded accordingly at maturity .
1.3 Data analysis

All of the F, progenies and their parents were used to
estimate genetic parameters of genetic variance( Vg ) and
coefficient of variation ( CV ), heritability percentage

! and

(hy% ) of plant height as suggested by Falconer!
modified by Ansari et all’®

To understand the effects of the dwarfing gene on
plant height and other agronomic traits, all of the individ-
uals among the F, population were sorted to three groups

of tall, medium, dwarf, according to their plant height at

the law of segregation, and then the effects of dwarfing
genes were estimated. While for mean variance, signifi-
cant level at 5% was used to declare difference. Data
analysis was conducted in MS Office Excel 2007 and Sta-
tistical software SPSS 16.0.

2 Results and analysis

2.1 The distribution of plant height among the F,
population

As for the three progenies namely Jinmai 47, Xifeng

20 and Fengchan 3 with Jining 13, the plant height of the

two parents and among the F, population were significantly

different and all of three progenies showed transgressive

segregation(table 1) .

Table 1 Ranges and mean difference for plant height(PH) in F,

Parents/Crosses Dwarfing gene Tall/cm Dwarf/cm Difference/cm Range/cm
Jinmai 47 rht-8 103.50 — 19.40 —
Xifeng 20 rht-8 112.95 — 28.85 —

Fengchan 3 rht-8 108.65 — 24.55 —
Jining 13 Rht-8 — 84.10 —
Jinmai 47 x Jining 13 Rhi-8/ rht-8 93.36 74.01 19.35 67.0~104.0
Xifeng 20 x Jining 13 Rhi-8/ rht-8 109.14 83.78 25.37 57.0~119.5
Fengchan 3 x Jining 13 Rhi-8/ rhi-8 104.93 82.53 22.24 67.0~112.5
Mean of three crosses Rhi-8/ rhi-8 102.48 80.11 22.32 —

2.2 Inheritance of dwarf gene Rht-8
Genetic parameters of genetic variance coefficient of

variability( Vg ), environmental variance( CV), heritabil-

ity percentage in broad sense( h,% ) of plant height in the

studied F, progenies were estimated and shown in table 2.

Table 2 Genetic parameters estimated for plant height in three wheat F, progenies

F, cross Vg cv VE hy/ %
Jinmai 47 x Jining 13 38.65 13.23 18.52 67.60
Xifeng 20 x Jining 13 71.89 9.83 31.56 69.49

Fengchen 3 x Jining 13 58.21 11.30 20.11 74.32

For the plant height, the progeny of Fengchan 3 and
Jining 13 revealed the highest heritability percentage
(h2% =74.32%) followed by crosses Xifeng 20 ( h,%
=69.49% ) and Jinmai 47 (h,% =67.60% ) with Jin-
ing 13. This reflected the higher heritability of plant
height, which offered the possibility of the improvement
through selection in early generations[m .

2.3 The effects of Rht-8 on plant height and pedun-
cle length

Among the F, populations, the effects of dwarfing

gene Rhi-8 on plant height were estimated and showed in
table 3, as in the progenies of Jinmai 47, Xifeng 20 and
Fengchan 3 with Jining 13, the plant height showed re-
duction of 27.92% in average, with stronger effects ob-
served in the back ground of Xifeng 20. The effects of
dwarfing gene Rht-8 on peduncle length were calculated
and listed in table 4. The peduncle length in the three
progenies was reduced by 16.34% in average. It suggest-
ed that the dwarfing gene Rhi-8 had better effects on re-
ducing plant height and peduncle length in wheat.
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Table 3 Effects of the dwarfing gene Rh#-8 on plant height based F, population

Parents/ Crosses Tall/cm Dwarf/cm Difference/cm Effect/ %
Jinmai 47 x Jining 13 93.36 74.01 19.35 -26.15
Xifeng 20 x Jining 13 109.14 83.78 25.37 -30.26

Fengchan 3 X Jining 13 104.93 82.53 22.24 -27.14
Mean of three crosses 102.48 80.11 22.32 -27.92

Table 4 Effects of the dwarfing gene Rh#-8 on peduncle length based F, population

Parents/ Crosses Tall/em Dwarf/cm Difference/cm Effect/ %
Jinmai 47 x Jining 13 27.24 23.77 3.47 -14.59
Xifeng 20 x Jining 13 36.43 30.56 5.87 -19.20
Fengchan 3 x Jining 13 36.39 31.68 4.7 -14.87
Mean of three crosses 33.35 28.67 4.68 -16.34
2.4 The effects of Rht-8 on some agronomic traits were observed among the three progenies with a reduction

2.4.1 The effects of Rht-8 on No. of tillers per plant of 24.11% in average. It suggested that the dwarfing
With regards to the effects of dwarfing gene ( Rht-8) gene could reduce the No. of tillers per plant.
on No. of tillers per plant (table 5), negative effects

Table 5 Effects of the dwarfing gene Rht-8 on No. of tillers per plant

Parents/ Crosses Tall Dwarf Difference Effect/ %
Jinmai 47 x Jining 13 9.3%a 5.82b 3.57 -23.47
Xifeng 20 x Jining 13 9.29a 5.94b 3.35 -22.00

Fengchan 3 x Jining 13 7.91a 4.56b 3.35 -26.86
Mean of three crosses 8.86a 5.44b 3.42 -24.11

2.4.2 The effects of Rhi-8 on spike length As to the 6), there were no significant differences. It indicated that
spike length, although negative effects were also observed Rhi-8 can reduce plant height while not affect the spike
in all the three populations with average of 4.94% (table length.

Table 6 Effects of the dwarfing gene Rht-8 on spike length

Parents/ Crosses Tall/em Dwarf/cm Difference/cm Effect/ %
Jinmai 47 x Jining 13 11.04a 10.76a 0.28 -2.60
Xifeng 20 x Jining 13 11.73a 10.97a 0.76 -6.93
Fengchan 3 x Jining 13 10.40a 9.88a 0.52 ~4.94
Mean of three crosses 11.06a 10.54a 0.52 ~4.94

2.4.3 The effects of Rhi-8 on No. of spikelets per of spikelets per spike(table 7), no significant differences
spike  As for the effects of dwarfing gene Rhi-8 on No. were observed in all the three populations.

Table 7 Effects of the dwarfing gene Rh#-8 on No. of spikelets per spike

Parents/Crosses Tall Dwarf Difference Effect/ %
Jinmai 47 x Jining 13 20.76a 20.96a -0.20 0.95
Xifeng 20 x Jining 13 21.09a 20.64a 0.45 -2.18

Fengchan 3 X Jining 13 19.00a 18.80a 0.20 -1.06
Mean of three crosses 20.28a 20.13a 0.15 -0.75

2.4.4 The effects of Rht-8 on No. of grains per spike No. of grains per spike (table 8), significant reduction
Regards to the effects of dwarfing gene Rhi-8 on effect was observed in the progeny of Xifeng 20 and Jining
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13 with 8.76% , but there were no significant differences
observed in the progenies of Jinmai 47 and Fengchan3
with Jining 13. It suggested that the effects on No. of
grains per spike varied with the background of tall par-

ents. However, it should be combined with spike charac-
ters when introducing Rht-8 to breeding new wheat culti-

vars using different genetic background.

Table 8 Effect of the dwarfing gene RAt-8 on grains per spike

Parents/ Crosses Tall Dwarf Difference Effect/ %
Jinmai 47 x Jining 13 56.07a 53.64a 2.43 -2.21
Xifeng 20 x Jining 13 36.43a 30.56b 5.87 -8.76

Fengchan 3 x Jining 13 54.43a 52.84a 1.59 -1.48
Mean of three crosses 48.98a 45.68a 3.30 -7.22

2.5 Relationships between plant height and other a-

gronomic traits

The correlation coefficients between plant height and
the other agronomic traits were estimated as shown in
table 9. In general, it indicated that plant height was
positively and highly correlated with number of tillers
(0.415, 0.355 and 0.489) and peduncle length(0.408,
0.450, 0.500), but no significant correlations were ob-

served between plant height with spike length and No. of
spikelets per spike and No. of grains per spike. While in
the progenies of Xifeng 20 and Fengchan 3 with Jinjing
13, plant height was highly significant and positively cor-
related with spike length (0.208, 0.191). It also sug-
gested that dwarfing gene had negative effects on number
of tillers per plant, but no significant effects on the num-

ber of spikelets per spike and number of grains per spike.

Table 9 Correlation coefficients between plant height(PH) and other agronomic traits

Xifeng 20 x Jining 13 Fengchan 3 x Jining 13

Traits Jinmai 47 x Jining 13
No. of tillers per plant 0.415"
Spike length -0.03

Peduncle length 0.408" *

No. of spikeletsper spike -0.013

No of grains per spike 0.078

0.355" " 0.489" "
0.208" ~ 0.191" "
0.450" ~ 0.500" ~
0.127 * 0.041
0.083 0.096

Note: * * and * indicates correlation significant at the 0.01 and 0.05 level (1 - tailed), respectively.

3 Discussion

Heritability of a trait reflects its response to selec-
tion. In broad sense heritability, the environment plays a
significant role in the expression of the phenotype!'® .
Analysis on plant height in the three progenies of dwarfing
gene Rhi-8 revealed higher broad sense heritability,
which are in accordance with those previously reported by
Jedynski[m , Patel & Jain[m , Kumar et all®) and sug-
gests that selection at an early segregating generation is ef-
ficient for plant height, which will be beneficial for se-
lecting superior wheat lines with dwarfing gene.

Reducing plant height is a key objective in wheat
breeding programs worldwide'> . Rht-8 is reported with a
smaller effect on height reduction (ca. 8% ~ 12% ) than
the GAI - dwarfing genes Rhi-B1b, Rhi-Blc and Rhi-
DI1bl6:8] Despite this, Rhi-8 has been identified in

commercial wheat varieties!!, highlighting the potential

of the GAR — dwarfing genes for use in breeding of com-
mercial varieties. The Rhi-Blb and Rhi-DI1b alleles re-
duce stem internode length through a decreased sensitivity
of vegetative tissues to endogenous gibberellins[g’m_m ,
thus decreasing overall plant height. This finding showed
that GA3 insensitive dwarfing genes ( Rht-Blb and Rht-
DIb) reduced the plant height of wheat by approximately
20% ~ 30% , while dwarfing gene ( Rht-8) reduced the
plant height by only 18% , which was not agreement with
the results obtained in this study. Comparisons among the
three populations in this study demonstrated stronger ge-
netic effects on plant height reduction associated with
dwarfing alleles Rhi-8 (27.92% ). The disagreement of
these results with previous findings may be caused by en-
vironmental effect or presence of some other alleles in
these populations.

Agronomic performance is a key consideration in as-

sessment of new alleles for use in breeding. It has been
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reported that Rhi-8 reduced plant height, but had no ef-
fect on coleoptile length and seedling vigor compared with
GA - insensitive dwarfing genes Rhi-Blb and Rhi-
DIb'® . Rebetzke et al'? reported that Rht-8 had little
effect on grain number ( — 1% ) . In this study, consider-
able genotypic variation was observed for all agronomic
traits measured in each population. Negative effect
(24.11%) of dwarfing gene Rht-8 was observed in num-
ber of tillers per plant, no significant effects were ob-
served for the other traits as spike length, number of
spikelets per spike and number of grains per spike. But
the variations in the effects of dwarfing gene Rhi-8 were
observed among different crosses, which suggest the back
ground of tall parents also play very important role on the
agronomic traits. However, the modest height-reducing
gene Rhi-8 may be more suitable to reduce final plant
height without affect spike characters.

Correlation analysis indicated that plant height was
positively and highly correlated with number of tillers per
plant and peduncle length in all the three populations,
but only positively correlated with spike length in two
populations, not correlated with number of spikelets per
spike, and grains per spike. The results are in agreement
with the findings of Nirala and Jha[m , Khan and Moham-
mad** and Mohsin et al"* .

The effect of dwarfing gene Rht-8 on plant height,
and a number of agronomic traits were evaluated. It
showed that Rht-8 has higher heritability on plant height,
which offered the possibility of the improvement through
selection in early generations. Rhi-8 has significantly re-
duced plant height by almost 30% in the three F, popula-
tions. However, Rht-8 has no significant effect on yield
components except the number of tillers per plant. It in-
dicates that Rhi-8 is suitable for wheat improvement.
However, when introducing the dwarf gene Rht-8 to
breeding new wheat cultivars, it should be combined with
other agronomic traits (such as grain size, harvest index,
coleoptile length, root characters or flag leaf area) to se-
lect ideal plant type. In addition, large population with
different genetic background carrying Rht-8 should be
used in further studies to acquire a thorough understand-
ing of the effects of Rhi-8 on plant height and yield com-
ponents under different environments. The present find-
ings will be helpful for better understanding of Rht-8 in

wheat .
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