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Abstract

Bulguroglu, C., Tonk, F. A., Istipliler, D. & Tosun, M. (2023). Dwarfing gene RA#4 and its effects on key agronomic
and coleoptile traits in bread wheat. Bulg. J. Agrtic. Sci., 29 (2), 332-337

The gibberellin sensitive gene RA#4 is a single recessive factor and reduces plant height in wheat. To reveal its potential
use in wheat breeding, the effects of Rht4 gene on plant height and other key agronomic and coleoptile traits were investi-
gated and compared using a bi-parental population from a cross between “BSJ-14” (semi-dwarf, Rht4) and Scholar (tall, no
known dwarfing alleles) under the rainfed conditions. The presence of Rht4 gene was controlled at the molecular level using
SSR marker of RAt4. It was found that 25 out of 72 F, lines carried Rht4 gene while 36 lines did not possess the gene and 11
lines were heterozygous. RAt4 gene reduced plant height and peduncle length by 5.2% and 5.3%, respectively. Spike length,
spikelet number and kernel number per spike were decreased but thousand kernels weight increased in lines with RAt4 gene
as compared to tall lines. Reduction in coleoptile length, coleoptile diameter and first leaf length was observed in lines with
Rht4 gene by 5.5%, 2.1% and 6.6%, respectively. The increase in thousand kernels weight in plants carrying Rht4, especially
in heterozygotes, shows that this gene should be put emphasis on in wheat breeding programs, particularly in the development

of hybrid varieties.
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Introduction

The use of major dwarfing or reduced height (RAt) genes
has led to extreme shortening and increasing the yield po-
tential of cereals since the 1960s. Especially, obtaining
high-yielding varieties in wheat and rice breeding programs
caused the Green Revolution in the World (Evans, 1993).
The “Norin 10” dwarfing genes, Rht-B1b (Rhtl) and Rht-
DI1b (Rht2) were used in a breeding program of CIMMYT
germplasm and present in most grown wheat varieties world-
wide (Evans, 1993; Ellis et al., 2005).

Rht1 and Rht2 are the gibberellin insensitive genes and
encode proteins involved in gibberellin (GA) signal trans-
duction. Due to this, the pleiotropic effects of these genes on
plant growth led to causing reductions in coleoptile length
and seedling leaf area (Peng et al., 1999; Ellis et al., 2005).

However, some other dwarfing genes such as Rht4, RhtS,
Rht9, Rht12 and Rhtl3 are the gibberellin-sensitive dwarf-
ing genes and decrease plant height by 12-50% while having
small or negligible effects on coleoptile length (Rebetzke et
al., 1999; Rebetzke et al., 2004; Ellis et al., 2004). In total, 20
Rht genes have been reported as other height-reducing genes
by Konzak (1988).

Rht4 allele was induced by X-ray and fast neutron irra-
diation in the variety Burt and preserved in hexaploid stock
Burt ert 937 (Konzak, 1976; Gale & Youssefian, 1985). Hu
(1980) reported that RAt4 segregated as a single recessive
factor and reduced plant height by about 45%. Otherwise,
the reducing effect of RAt4 on coleoptile length is not con-
sistent (Konzak, 1982; Gale & Youssefian, 1985). Liu et al.
(2017) stated that Rht4 gene alone has a 10% effect on reduc-
ing plant length while the study of Du et al. (2018) revealed
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that the dwarfing gene RAt4 had moderate effects on plant
height.

Ellis et al. (2005) used the double haploid population of
Vigour 18 x Burt ert (RAt4) cross to identify chromosomal re-
gion and molecular markers linked to RA#4. The researchers
reported that Rht4 was associated with molecular markers on
chromosome 2BL and the highest proportion of phenotypic
variation in plant height was explained by marker Wmc317
which amplified a 170 bp band in Burt ert (RA¢4) and a 150-
bp band in the Vigour 18 parent. It has been reported that this
SSR marker (Wmc317) can help breeders select Rht4 dwarf
genes in wheat (Ellis et al., 2005).

This study aims to determine the effects of RAt4 gene on
plant height, peduncle length, some spike traits, thousand
kernels weight and coleoptile length & diameter with the
first leaf length using the F, lines from the cross between
BSJ-14 (Rht4) and Scholar under the rainfed conditions to
explore the potential availability of RAa#4 gene in bread wheat
breeding programs.

Materials and Methods

The plant material consisted of the 72 F, lines from the
cross between BSJ-14 (RAt4) and Scholar which contains
no known semi-dwarf genes and is classified as a normal
height cultivar (Lanning et al., 2000). The cross and the F,
F,, F, generations were produced from the wheat breeding
program of the Soil and Crop Sciences Department of Colo-
rado State University. The F, lines were grown in augmented
design with 5 blocks in Ege University, Faculty of Agricul-
ture, Department of Field Crops experimental fields under
rainfed conditions in 2014-2015 wheat growing season. The
precipitation and temperature data during the growing sea-
sons of the wheat in the experimental site are shown in Table
1. The soil of the experimental site has a heavy soil structure
with clay-silt soil at 0-20 cm depth and clay-loamy structure
at 20-40 cm depth. The F, lines and the parents were sown

in two rows of 1 m length with a spacing of 20 cm between
rows and 5 cm between plants. The four regional varieties of
bread wheat were used as control genotypes in each block.
Recommended cultural practices were followed to raise a
good crop. The fertilizer was applied as 160 kg N ha' and
60 kg P ha'' equally at sowing time and during the stem elon-
gation period.

The plant height, peduncle length, spike length, spikelet
number, kernel number per spike and TKW (thousand ker-
nels weight) were measured on ten plants representing F,
lines, the parents and the control genotypes when the plants
reached harvesting maturity. The coleoptile length, coleop-
tile diameter and the first leaf length of the same line were
measured following Jamali & Arain (2008).

The presence/absence of the Rht4 gene was controlled
at the molecular level using SSR marker Wme317 (Ellis et
al., 2005). Genomic DNA from young leaves of the 72 F,
lines was isolated by DNA mini-extraction from fresh leaf
tissue (Doyle & Doyle, 1987). Purity of the DNA template
was checked by the 260:280 nm absorbance ratio. Dilu-
tions that gave 25 ng/ul were calculated from the absor-
bance measured at 260 nm. The polymerase chain reaction
(PCR) consisted of 50 ng/ul genomic DNA, 2 mM MgCl,,
0.5 mM deoxyribonucleotide triphosphates (ANTPs) (Sig-
ma-Aldrich, St. Louis, MO, USA), 1x PCR buffer, 0.5 U
Taq DNA polymerase (Sigma-Aldrich) and 0.5 uM each
of forward and reverse primers in a total volume of 10 pl
(Tonk et al., 2016). Amplification was carried out in an
Eppendorf thermocycler (Eppendorf, Hamburg, Germa-
ny) using the protocol described by Tonk et al. (2016). The
PCR products were separated on 8% non-denatured poly-
acrylamide gel using a Bio-Rad Protean II xi Cell electro-
phoresis system (Bio-Rad, Hercules, CA, USA). Gels were
electrophoresed at 90 V for 16 h with 0.5X TBE buffer,
stained with ethidium bromide and visualized using a UV
transilluminator (Vilber Lourmat, Marne-la-Vallee, France)
(Tonk et al., 2016).

Table 1. Average monthly rainfall and temperature during growing seasons of wheat in the experimental site

Months Average temperature, Long-term average Rain distribution, Long-term rain
°C temperature, °C kg/m? distribution, kg/m?
2014 November 13.2 13.6 15.2 73.0
December 11.1 10.0 206.8 161.9
January 8.9 9.0 125.1 123.7
February 9.5 9.1 101.9 82.4
2015 March 11.7 11.6 75.6 88.9
April 15.9 15.6 46.4 56.0
May 20.8 20.3 30.9 19.5
June 25.6 25.1 9.8 30.0
Average /Total 14.5 14.2 611.7 635.4
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All data recorded were subjected to analysis of variance
(ANOVA) according to Steel & Torrie (1980), to determine
significant differences among the genotypes using JMP 7.0
statistical software from SAS. The relative effect of Rht4
gene was compared as a percent change for the tall group.

Mean, — Mean

dwarf tall % 100
Mean
tall

% change of Rht4 gene =

The SSR marker bands of the lines were scored as mater-
nal band presence (A), paternal band presence (B), or both
maternal and paternal band presence i.e., heterozygous (H)
(Tonk et al., 2016; Zuki et al., 2020). The marker results
were analyzed for conformity with an expected 7A: 2H: 7B
genotypic segregation ratio for a codominant marker inan F,
population using chi-square () goodness-of-fit tests.

5 (Observed — Expected)?

2

X

>

Expected

where y? is chi-square.

The chi-square values were compared with the values in
chi-square Table and the hypothesis was accepted or rejected
based on those values.

Results and Discussion

The most important difference between the gibberellin
sensitive and insensitive dwarfing genes is that the gibberel-
lin sensitive genes reduce the plant height without affecting
coleoptile length (Ellis et al., 2004; Liu et al., 2017). The
gibberellin sensitive gene RAt4 has not been used widely
in commercial wheat varieties, however, it has a potential
for short plant height with long coleoptile. In this study, we
utilized 72 F, lines from the cross between BSJ-14 (Rht4)
and Scholar to evaluate the effects of the dwarfing gene Rht4
on a range of agronomic traits and coleoptile features under
rainfed conditions.

The presence of Rht4 gene was controlled at the molec-
ular level using SSR marker Wmc317 and the mother (BSJ-

14 - Rht4) and the father (Scholar) of the lines were used as
control. Wmc317 marker amplified a 150-bp band in BSJ-
14 (Rht4) and a 140-bp band in Scholar parent. Ellis et al.
(2005) mapped RAt4 on chromosome 2BL and found a 170-
bp band in Burt ert (RAt4) and a 150-bp band in the Vigour
18 parent of mapping population using Wmc317 marker. Re-
sults showed that 25 out of 72 lines carried RAt4 gene while
36 lines did not possess the gene and 11 lines were heterozy-
gous (Table 2). The chi-square test showed a non-significant
difference between expected and observed ratios of monohy-
brid segregation (Table 2) which proved that RA#4 is a single
gene. These results are in agreement with Hu (1980) who
reported that Rht4 segregated as a single recessive factor in
wheat.

The estimation of significant mean squares of the F, lines
from BSJ-14 (Rht4) x Scholar cross for investigated traits
is shown in Table 3. Results indicated that differences for
plant height, peduncle length, spike length, spikelet number
and kernel number per spike were non-significant among the
lines while differences for thousand kernels weight, coleop-
tile length, coleoptile diameter and the first leaf length were
significant. The presence of Rht4 gene in some F, lines did
not make a statistical difference among all the lines in the
population for some investigated traits. Rht4 gene is one of
the rarely studied genes among the dwarfing genes in wheat.
However, Liu et al. (2017) investigated and compared the
effects of Rht4, Rht-Blb, and Rht4 + Rht-Blb on plant
height and key agronomic traits using the wheat RILs and
they found significant differences among the three types of
dwarfing lines, however, spikelet number spike did not differ
statistically.

The mean values for key agronomic and coleoptile traits
for the F, lines carrying the RAt4 gene, tall (without RAt4)
and heterozygous are displayed in Table 4 and Figure 1.
Plant height for maternal parent BSJ-14 (Rht4) was signifi-
cantly smaller (69.2 cm) than that of paternal parent Scholar
(104.20 cm). Although the parental lines are quite different,
plant height was reduced by 5.2% in RAt4 lines and 0.9% in
heterozygous lines compared with the tall lines. This effect
of Rht4 on plant height reduction was weaker than that re-

Table 2. The expected and observed values of segregation and chi-square values for the F, lines of BSJ-14 (Rht4) x

Scholar cross

Number of lines

Observed value

Chi- 1 .
Expected value I-square value (')

Lines with mother band (RA#4) 25 31.5 1.341
Lines with father band (Tall) 36 31.5 0.643
Heterozygous 11 9 0.444
Total 72 72 2.428*

* Significance limit of * (P = 0.05, df = 2 for F,) = 5.99. Total y* value lies between P value 0.3 > 0.05.
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Table 3. Analysis of variance (Mean Squares) of investigated traits in F, lines of BSJ-14 (Rht4) % Scholar cross

Source of Variation PH PL SL SN KN TKW CL CD FL
Blocks 57.43" 57.58" 1.58 0.63 5.24rs 8.65™ 1.42r 0.04** 2.07m
Genotypes 134.89m 37.87m™ 1.23 1.92 47.20m 346.63** 1.89%** 0.17%* 13.76**
Error 146.05 24.80 1.35 1.42 30.62 9.77 0.70 0.007 2.76

ns: non-significant, **: significant at o = 0.01, PH: plant height (cm), PL: peduncle length (cm), SL: spike length (cm), SN: spikelet number, KN: kernel
number per spike, TKW: thousand kernels weight (g), CL: coleoptile length (cm), CD: coleoptile diameter (mm), FL: first leaf length (cm).

Table 4. Effects of Rht4 gene on the investigated traits in the F, lines of BSJ-14 (Rht4) x Scholar cross

Traits BSJ14 (Rht4) Scholar Tall Rht4 Heterozygous
PH 69.2+6.99 104.2+10.89 101.1+11.83 95.85+14.48 (-5.2%) 100.17+9.84 (-0.9%)
PL 13.03+3.71 13.38+3.15 39.17+6.76 37.09+6.88 (-5.3%) 40.72+6.37 (3.9%)
SL 7.27+1.66 9.90+1.68 9.26+1.22 8.91+0.96 (-3.8%) 10.05+1.28 (8.5%)
SN 16.2+£2.35 19.4+2.72 18.30+1.72 17.80+1.17 (-2.7%) 17.91+1.23 (-2.1%)
KN 29.6+7.66 31.5+6.11 43.83+8.59 42.65+6.80 (-2.7%) 43.95+4.61 (0.3%)
TKW 40.0+0.61 28.0+0.62 65.66+14.45 66.60+9.66 (1.4%) 73.95+16.67 (12.6%)
CL 6.38+1.03 6.16+£0.91 5.41+1.36 5.11£1.13 (-5.5%) 5.05+1.85 (-6.6%)
CD 1.39+0.18 1.52+0.16 1.4620.52 1.43+0.38 (-2.1%) 1.44+0.24 (-1.4%)
FL 13.04+1.65 15.77+2.13 9.99+3.85 9.33+4.39 (-6.6%) 9.09+3.37 (-9.0%)

The data represented as the mean + standard deviation (SD), where the percentage in parentheses shows the reduction compared with the tall genotype. PH:
plant height (cm), PL: peduncle length (cm), SL: spike length (cm), SN: spikelet number, KN: kernel number per spike, TKW: thousand kernels weight (g),

CL: coleoptile length (cm), CD: coleoptile diameter (mm), FL: first leaf length (cm).

ported in previous studies i.e., 17% (Rebetzke et al., 2012b)
and 11.5% (Liu et al., 2017). The reason for this difference
may be that Rh#4 gene has a different effect in varied genetic
backgrounds and growth environments. Plant height reduc-
tions by Rht genes can be attributed to the length of the inter-
nodes, particularly the peduncle length and the length of the
second internode (Rebetzke et al., 2012a; Liu et al., 2017).
However, the peduncle length of the parental lines was esti-
mated as 13.03 cm in BSJ-14 (Rht4) and 13.38 in Scholar.
Compared with the tall lines, peduncle length was decreased
by 5.3% in Rht4 lines whereas it was increased by 3.9% in
heterozygous lines.

The effect of RAht4 gene on spike length, spikelet and
kernel number per spike and thousand kernels weight were
shown in Table 4 and Figure 1. The highest spike length was
found in heterozygous lines (8.5%) while the lowest value
was determined in the lines with Rht4 (3.8%) compared with
the tall lines. The spike lengths of BSJ-14 (Rht4) and Scholar
parents were 7.27 and 9.90 cm, respectively. Spikelet num-
ber for maternal parent BSJ-14 (Rht4) was significantly less
(16.2 cm) than that of paternal parent Scholar (19.4 cm).
Spikelet number reduced by 2.7% in RA#4 lines and 2.1%
in heterozygous lines compared with the tall lines. The lines
that had higher spikelet number, possessed a concomitant in-
crease in their kernel number per spike. Compared with the
tall lines, kernel number per spike was decreased by 2.7%
and 0.3% for Rht4 and heterozygous, respectively. However,

Liu et al. (2017) found that dwarfing lines with R4#4 exhib-
ited the greatest increasing spike length, spikelet and kernel
number per spike compared with tall lines. The highest thou-
sand kernel weight was found in heterozygous lines (12.6%)
while the increasing value was determined in the lines with
Rht4 (1.4%) compared with the tall lines. Besides, the thou-
sand kernel weights of BSJ-14 (Rht4) and Scholar parents
were 40.0 g and 28.0 g, respectively (Table 4). Our results
are not in agreement with several reports about the effect of
Rht4 on thousand kernel weights (Rebetzke et al., 2012b; Liu
et al., 2017) who reported the significant reduction by Rht4.
The length of the coleoptile determines the depth of seed
sowing and is under the control of many genes (Rebetzke et
al., 2007; Rebetzke et al., 2014). Coleoptile length, coleop-
tile diameter and the first leaf length of the lines were com-
pared (Table 4 and Figure 1). Although the coleoptile length
of BSJ-14 (Rht4) was higher (6.38 cm) than that of Scholar
(6.16 cm), coleoptile length was reduced by 5.5% in Rht4
lines and by 6.6% in heterozygous lines compared with the
tall lines. RA#4 reduced coleoptile length in this study, which
was consistent with the results obtained by (Rebetzke et al.,
2012b). Compared with the tall lines, coleoptile diameter
was decreased by 2.1% and 1.4% for RAt4 and heterozygous,
respectively. Despite this small decrease in the lines, cole-
optile diameter was measured as 1.39 mm in BSJ-14 (RAt4)
and 1.52 mm in Scholar. The first leaf length of RA#4 and
heterozygous lines was shorter than that of the tall lines, and
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Peduncle Length (cm)
40,72
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Spike Length (cm)
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10,05
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1 I
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8

o

7% 73,95
43,83

72
70
68 66,6 65,66
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Coleoptile Diameter (mm )

First Leaf Length (cm)

10,5

9,99
10

9,33
. 3

Fig. 1. Effects of Rht4 gene on the investigated traits in the F, lines of BSJ-14 (Rht4) x Scholar cross

the greatest reduction (9.9%) in the first leaf length was ob-
served in Rht4 lines. The first leaf length for maternal parent
BSJ-14 (Rht4) was significantly shorter (13.04 cm) than that
of paternal parent Scholar (15.77 cm).

Conclusion

Rht4 gene reduced plant height, peduncle length, cole-
optile length and first leaf length in the lines while slightly
decreased spike length, spikelet number, kernel number per
spike and coleoptile diameter. However, significantly higher
thousand kernels weight was observed in the lines with RAt4.
The heterozygous lines showed higher peduncle length, spike
length, kernel number per spike and thousand kernels weight
compared to the tall and RA#4 lines. These results indicate
that heterozygotes are superior in terms of these traits. The
increase in thousand kernels weight in plants carrying RAt4,
especially in heterozygotes, shows that this gene should be

put emphasis on in wheat breeding programs, particularly in
the development of hybrid varieties.

Acknowledgments

We would like to thank the Soil and Crop Sciences De-
partment of Colorado State University for the material sup-
port.

References

Doyle, J. J. & Doyle, J. L. (1987). A rapid DNA isolation proce-
dure for small quantities of fresh leaf tissue. Phytochem Bulle-
tin, 19, 11-15.

Du, Y., Chen, L., Wang, Y., Yang, Z., Saeed, 1., Daoura, B. G.
& Hu, Y. G. (2018). The combination of dwarfing genes Rht4
and Rht8 reduced plant height, improved yield traits of rainfed
bread wheat (Triticum aestivum L.). Field Crops Research, 215,
149-155.

Ellis, M. H., Rebetzke, G. J., Chandler, P., Bonnett, D. G.,



Dwarfing gene Rht4 and its effects on key agronomic and coleoptile traits in bread wheat 337

Spielmeyer, W. & Richards, R. A. (2004). The effect of differ-
ent height reducing genes on the early growth of wheat. Func-
tional Plant Biology, 31, 583-589.

Ellis, M. H., Rebetzke, G. J., Azanza, F., Richards, R. A. &
Spielmeyer, W. (2005). Molecular mapping of gibberellin-re-
sponsive dwarfing genes in bread wheat. Theoretical and Ap-
plied Genetics, 111, 423-430.

Evans, L. T. (1993). Crop Evolution, Adaptation, and Yield. Cam-
bridge, UK: Cambridge University Press.

Gale, M. D. & Youssefian, S. (1985). Dwarfing genes in wheat
1. In: Progress in Plant Breeding. London, Butterworths and
Co., 1-35.

Hu, M. L. (1980). A study of the X-ray induced semi-dwarfing
gene in wheat (Triticum aestivum, L. em Thell.). Journal Agri-
cultural Association of China, 109, 5-16.

Jamali, K. D. & Arain, S. (2008). Coleoptile length studies in
semi-dwarf wheat (Triticum aestivum L.) with different dwarf-
ing genes. In: 11th International Wheat Genetics Symposium,
24-29 August 2008, Australia. 221-223.

Konzak, C. F. (1976). A review of semi-dwarfing gene sources and
a description of some new mutants useful for breeding short
stature wheats. International Atomic Energy Agency (IAEA),
Vienna, (Austria).

Konzak, C. F. (1982). Evaluation and genetic analysis of semi-
dwarf mutants of wheat. In: Semi-dwarf Cereal Mutants and
their Use in Cross Breeding, IAEA-TEECDOC 268. Proc. of
a Research Co-ordination Meeting, Joint FAO/IAEA Division,
Vienna, Austria, March 1981, 25-38.

Konzak, C. F. (1988). Genetic analysis, genetic improvement and
evaluation of induced semi-dwarf mutants in wheat. In: Semi-
dwarf Cereal Mutants and Their Use in Cross-breeding III Re-
search Coordination Meeting, 16-20 December 1985. Interna-
tional Atomic Energy Agency, Vienna, Austria, 39-50.

Lanning, S. P., Bowman, H. F., Habernicht, D., Carlson, G. R.,
Eckhoff, J. L., Kushnak, G. D. & Talbert, L. E. (2000). Reg-
istration of “Scholar” wheat. Crop Science, 40, 861-862.

Liu, Y., Zhang, J., Hu, Y. G. & Chen, J. (2017). Dwarfing genes
Rht4 and Rht-B1b affect plant height and key agronomic traits
in common wheat under two water regimes. Field Crops Re-
search, 204, 242-248.

Peng, J., Richards, D. E., Hartley, N. M., Murphy, G. P., Devos,
K. M., Flintham, J. E. & Harberd, N. P. (1999). ‘Green rev-
olution’ genes encode mutant gibberellin response modulators.
Nature, 400, 256-261.

Rebetzke, G. J., Richards, R. A., Fischer, V. M. & Mickelson,
B. J. (1999). Breeding long coleoptile reduced height wheats.
Euphytica, 106, 159-168.

Rebetzke, G. J., Richards, R. A., Sirault, X. R. R. & Morrison,
A. D. (2004). Genetic analysis of coleoptile length and diame-
ter in wheat. Australian Journal of Agricultural Research, 55,
733-743.

Rebetzke, G. J., Ellis, M. H., Bonnett, D. G. & Richards, R.
A. (2007). Molecular mapping of genes for coleoptile growth
in bread wheat (Triticum aestivum L.). Theoretical and Applied
Genetics, 114, 1173-1183.

Rebetzke, G. J., Bonnett, D. G. & Ellis, M. H. (2012a). Combin-
ing gibberellic acid-sensitive and insensitive dwarfing genes in
breeding of higher-yielding sesqui-dwarf wheats. Field Crops
Research, 127, 17-25.

Rebetzke, G. J., Ellis, M. H., Bonnett, D. G., Mickelson, B.,
Condon, A. G. & Richards, R. A. (2012b). Height reduction
and agronomic performance for selected gibberellin-responsive
dwarfing genes in bread wheat (Triticum aestivum L.). Field
Crops Research, 126, 87-96.

Rebetzke, G. J., Verbyla, A. P., Verbyla, K. L., Morell, M. K.
& Cavanagh, C. R. (2014). Use of a large multiparent wheat
mapping population in genomic dissection of coleoptile and
seedling growth. Plant Biotechnology Journal, 12, 219-230.

Steel, R. G. D. & Torrie, J. H. (1980). Principles and Procedures
of Statistics, A Biometrical Approach. 2nd edition. McGraw
Hill Book Company Inc., New York.

Tonk, F. A., istipliler, D., Tosun, M., Turanl, F., ilbi, H. & Ca-
kir, M. (2016). Genetic mapping and inheritance of Russian
wheat aphid resistance gene in accession IG 100695. Plant
Breeding, 135, 21-25.

Zuki, Z. M., Rafii, M. Y., Ramli, A., Oladosu, Y., Latif, M. A.,
Sijam, K. & Sarif, H. M. (2020). Segregation analysis for bac-
terial leaf blight disease resistance genes in rice ‘MR219’using
SSR marker. Chilean Journal of Agricultural Research, 80,
227-233.

Received: February, 23, 2022; Approved: July, 22,2022; Published: April, 2023



