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EFFECTS OF DWARFING GENE RHT5 ON COLEOPTILE LENGTH,
SOME AGRONOMIC AND SEED TRAITS IN BREAD WHEAT

Abstract. Rht5 is a gibberellin-sensitive dwarfing gene and reduces plant height without affecting early growth. In this
study, the effects of dwarfing gene RAt5 on coleoptile length, some agronomic and seed traits were revealed in an F, population
obtained from a cross between Marjl12 (semi-dwarf, RAt5) and Scholar (tall). The genotypes of F, individuals were screened
using SSR marker BARC102 linked with the RAt5 gene and the dwarf, tall and heterozygous individuals were identified.
Analysis of variance in the F, population indicated highly significant differences among the lines for all traits studied,
suggesting genetic differences existed for all traits among these lines. In general, the RAt5 dwarfing gene was associated with
plant height and peduncle length reduction of 25.44 and 22.28 %, respectively, as well as decreases in spike length, number
of spikelets, and kernels per spike. Higher values of kernel weight, seed width and seed length could be observed in the tall
lines when compared to the dwarf lines. The dwarfing gene RA¢5 increased coleoptile length by 6.03 % in dwarf lines and also
increased primary root number and first leaf length. The results of the study could contribute to the proper use of dwarfing
gene RAt5 in breeding programs aimed at modifying plant height and coleoptile length in wheat.
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BJIMSAHUE 'EHA KAPJIUKOBOCTU RHTS5S HA JJIMHY KOJIEOIITUJIS, HEKOTOPBIE
ATPOHOMUWYECKHWE U CEMEHHBIE NPU3HAKHY XJIEBHOM MIIEHUIbI

AnHoTtanus. ['eH kapnukoBocTH Rht5, 9yBCTBUTEIBHBIH K THOOCPEITUHY, CHIYKAET BBICOTY PAcTeHUH, HE BIUSAS Ha
paHHHH pocT. B 1aHHOM HCCIen0BaHNN H3Yy9aJIOCh BIUSHUE TeHa KapINKOBOCTH R/At5 Ha HEKOTOPHIE arpOHOMUYECKUE MPH-
3HAKH, AJIUHY KOJICONTHIIA U XapaKTEPUCTUKU CEMsH B monynsuun F,, momydeHHoll B pe3yibrare CKpellMBaHHs COPTOB
Marjl2 (momyxapnukosslii, Rht5) u Scholar (Beicokopociblif). [enorunsl rudpuaos F, ObLM MPOBEPEHBI ¢ HCIIONIE30BAHUEM
SSR-mapkepa BARC102, cueruieHHOro ¢ TeHOM RAtS5, 1 MIeHTH(UIHPOBAHBI KapJINKOBEIE, BBICOKOPOCIIBIE H TeTePO3UTOT-
Hble 0cO0M. JIUCTIEpCHOHHBIH aHaIU3 B HOMyIauK F, moka3ana BEICOKO3HAYMMbIE PAa3/IMUMs MEXKY JTHHUSAMU [0 BCEM H3Y-
YEHHBIM [IPU3HAKaM, YTO CBHAETEIbCTBYET O HAJIMYMH FeHETUUECKUX PAa3IM4Mi 10 BCeM IpU3HaKaM Mex1y Humu. B nienom
I'eH KapJIMKOBOCTH R/t5 ObLI CBsI3aH C YMEHBIICHHEM BBICOTHI PACTEHUS M JUIMHBI TOJKOJIOCOBOI0 MEXA0y3ius Ha 25,44
n 22,28 % COOTBETCTBEHHO, a TAK)KE C YMEHBIIEHHEM AJHHBI KOJI0OCA, KOJHUECTBA KOJIOCKOB U 3€PEH B KOJIOCE. Y BBICOKHX
TUHUN HaOmiomanmuck Goree BBICOKME 3HAUEHHS! MACCHl 3€PHA, UIUPUHBI U JIHHBI CEMSH IO CPAaBHEHHUIO C KapIHKOBBIMH
nuHUSAMH. ['eH kapaukoBocTn RAt5 yBenndun JIHHY KoneonTuus Ha 6,03 % y KapaIuKOBBIX JTHHHM, a TaKKe KOIUYECTBO
TIEPBUYHBIX KOPHEH U ITHHY NEPBOTO JINCTA. Pe3ynbTaThl HCCIEJOBAHHS MOTYT ITIOMOYb B ITPABUIBLHOM HCIIOJIE30BAaHUH T€HA
KapJIMKOBOCTH RAt5 B CENEKIIMOHHBIX TPOrpaMMax JUIsl U3MEHCHH S BBICOTHI PACTCHUS U JTTMHBI KOJICONTHIIS Y MIISHUIIBI.

KuroueBble c10Ba: NIICHNUIA, TSH KApIUKOBOCTH, RAtS, arpOHOMHUYECKHE IPU3HAKH, JITHHA KOJICOI THIIS

Jas mutupoBaHusi: YrypOamrandek, [omka. BiausHue rena xapnukoBocTH RAt5 Ha JUTMHY KOJIEONTHIIS, HEKOTO-
pble arpOHOMUYECKHEe M CeMEHHBbIe NMPH3HAKH XJIeOHOM mmeHunns! / [omka Yrypoamrunyek, ®arma Alikyt Tonk / Becmi
HaupisinanbHail akagamii HaByk bemapyci. Cepbisi arpapubix HaByk. — 2026. — T. 64, Ne 4. — C. 300-306. https://doi.
org/10.29235/1817-7204-2026-64-4-300-306

Introduction. Various plant genetic resources were discovered in the 1900s and have been used, de-
veloped, and preserved to the present day. In the 20th century, scientists developed the Norin 10 variety
by crossing Turkish Red Winter wheat with Daruma wheat [1]. The dwarf Norin 10 variety was crossed
with Brevor, a local American variety, and high-yielding varieties were obtained from these lines,
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which were investigated by Dr. Borlaug and his colleagues [2]. Transferring dwarfing genes to existing
high-yielding varieties has resulted in a net increase in harvest index of over 50 % [3]. Cultivation of
these high-yielding varieties began to spread rapidly worldwide in the 1950s, and they have also found
widespread cultivation in Tiirkiye.

After the Green Revolution, semi-dwarf wheat varieties played an important role in wheat
breeding [4]. Genes that eliminated lodging problems and shortened plant height in high-yielding varie-
ties known as Mexican wheat were designated as RAt (Reduced height) genes. The development of semi-
dwarf wheat genotypes resulted in increased grain yield [5]. Coleoptile length and plant height were
independent traits in varieties lacking the RAt¢ gene, while in varieties carrying the RAt gene, a positive
correlation was observed between plant height and coleoptile length, and a positive correlation was also
observed between grain yield and plant height [6].

To date, 21 Rht genes have been identified [7], the most widely known and used genes worldwide
being Rht-B1b (Rhtl) and Rht-DIb (Rht2) [8, 9]. The RAt2 gene has been shown to have a more dominant
effect on plant height than the RAt/ gene [10, 11]. Other dwarfing genes, RAt3, Rht4, Rht5, Rht6, Rht7,
Rht8, Rht12 and Rhtl3, have also been reported to reduce plant height (7-55 %) and grain yield [8, 12—-15].

Rht genes are divided into two groups, depending on their response to gibberellic acid, as gibberellic
acid sensitive or insensitive genes [16]. It is known that RAt¢l, Rht2, Rht3 and Rhtl(0 genes are insensitive
to gibberellic acid, while other dwarfing genes are sensitive. The gibberellin-sensitive dwarfing genes
decrease plant height while having small or negligible effects on coleoptile length [17-19]. Similarly,
RAt5 is a gibberellin-sensitive dwarfing gene that reduces plant height without affecting early growth
[19]. Significant relationships have been identified between the RAz5 gene and plant height [13, 15]. One
study reported that the RAz5 gene causes a 55 % reduction in plant height [13]. Although some researchers
have observed dwarfing genes in the F, generation, dwarfism is generally observed in the F, generation
and subsequent generations [20-22].

In order to further increase yield in wheat and to create a broader genetic base for dwarfing genes, it
is essential to search for additional dwarfism sources. In this study, the SSR marker for the RAt5 gene was
used in the F, generation of a cross between the Marjl2 genotype carrying the RAt5 gene and the Scholar
bread wheat variety to identify plants carrying the gene. The effects of the RAt5 dwarfing gene on seed
characteristics, coleoptile lengths, plant heights and some other agronomic traits of the plants in the F,
generation lines were investigated.

Materials and Methods. The material for this study consisted of the F, generation of a cross
between Marjl2 and Scholar bread wheat varieties. The Marjl2 genotype possesses the RAtS gene, while
Scholar lacks this gene and carries no dwarfing genes [23]. The crossing and F,, F,, F, generations
were acquired in a wheat breeding program of the Soil and Crop Sciences Department of Colorado
State University. The 65 F, lines were grown under rainfed conditions at Ege University, Faculty of
Agriculture, Department of Field Crops experimental fields in the 2014-2015 wheat growing season.
The trial was conducted using an augmented design with 5 blocks. Four regional standard varieties
(Cumhuriyet, Ziyabey, Basribey and Sagittario) were repeated in each block as controls. The 65 F, lines,
their parents and control genotypes were planted in two rows of 1 m length with a spacing of 20 cm
between rows and 5 cm between plants. The soil of the experimental area has a heavy soil structure;
silty clay soil at 0-20 cm depth and clay-loam soil at 20—40 cm depth. Fertilizer was applied in equal
amounts at planting time and stem elongation period, totaling 160 kg N ha™! and 60 kg P ha™".

The precipitation and temperature averages of the growing seasons and long-term average in the ex-
perimental area are presented in Table 1. The average temperatures and rainfall of the growing season
did not differ significantly from the long-term average values.

The plant height, peduncle length, spike length, spikelet number and kernel number per spike were
measured on ten plants of each F, line, the control genotypes and the parents at maturity. Also, kernel
weight, seed width, seed length, coleoptile length, primary root number and first leaf length were evalu-
ated in ten seeds each from each genotype. Coleoptile length, primary root number, and the first leaf
length were measured following Jamali and Arain [24]. The seeds were soaked in a 2.5 % sodium hy-
pochlorite (NaClO) solution for 2-3 minutes for sterilization, then rinsed in double-distilled pure water
for 2-3 minutes. The sterilized seeds were placed in a PVC and paper towel-lined container and rolled
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up. The rolls were then placed in a germination chamber and kept in a container filled with sufficient
water in complete darkness for 13 days under observation. Coleoptile length, primary root number, and
the first leaf length were measured at the end of the observation period.

Table 1. Climate data for Izmir province in the 2014-2015 wheat growing season

Month, year Average temperature (°C) Long years avg. (°C) Rain distribution (mm) Long years avg. (mm)
November 2014 13.2 13.6 15.2 73.0
December 2014 11.1 10.0 206.8 161.9
January 2015 8.9 9.0 125.1 123.7
February 2015 9.5 9.1 101.9 82.4
March 2015 11.7 11.6 75.6 88.9
April 2015 15.9 15.6 46.4 56.0
May 2015 20.8 20.3 30.9 19.5
June 2015 25.6 25.1 9.8 30.0
Average / Total 14.5 14.2 611.7 635.4

DNA isolation from young leaves of the 65 F, lines was performed using DNA mini-extraction from
fresh leaf tissue [25]. The purity of the DNA template was investigated using A260 : A280 absorbance
ratio. DNA of all samples was diluted to 25 ng/ul using the absorbance value measured at 260 nm.
The presence of the Rht5 gene was confirmed at the molecular level using SSR marker Barcl02 pub-
lished by Ellis et al. [26] (Table 2). The polymerase chain reaction (PCR) was performed in a total volu-
me of 10 pl according to Tonk et al. [27]. Amplification was performed in an Eppendorf thermocycler
(Eppendorf, Germany) using the protocol described by Tonk et al. [27]. After PCR, the samples were
separated on 8 % non-denatured polyacrylamide gel at 90 V for 16 h with 0.5x TBE buffer using a Bio-
Rad Protean II xi Cell electrophoresis system (Bio-Rad, Hercules, CA, USA). The gels were stained
with ethidium bromide and visualized using a UV transilluminator (Vilber Lourmat, Marne-la-Vallee,
France).

Table 2. Base sequence and chromosome location of Barc102 SSR primer

Marker Base sequence Primer type Chromosome Location
Xbarcl02 GGAGAGGACCTGCTAAAATCGAAGACA Forward Primer 1B
arc
GCGTTTACGGATCAGTGTTGGAGA Reverse Primer

To determine significant differences among the genotypes, all data were subjected to analysis of
variance (ANOVA) according to Steel and Torrie [28], using JMP 7.0 statistical software from SAS. SSR
marker bands of F, lines were scored as the presence of maternal band (A), paternal band (B) or both
maternal and paternal bands i.e., heterozygous (H) [27, 29]. The results were analyzed for conformity
with the expected 7A : 2H : 7B genotypic segregation ratio for a codominant marker in an F, population
using chi-square (%) goodness-of-fit test:

Observed — Expected)?
X2 :z( p ) ‘
Expected

The chi-square values found were compared with the chi-square table values and the hypothesis was
accepted or rejected according to these values. The relative effect of RAt5 gene was compared as a per-
cent change between the tall and the dwarf groups [22]:

Mean ¢,; — Mean
tall dwarf 100.

%change Rth5gene = Mean 1
tal

Results and Discussion. The estimation of the mean squares for the investigated traits in the F, lines
from Marjl2 (Rht5) x Scholar cross are shown in Table 3. As seen in the Table, the differences among
the lines for all traits were statistically significant (p < 0.01), suggesting genetic differences existed for
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all traits among the F, lines. Similar to our results, Daoura et al. [14] reported highly significant dif-
ferences among all the F, ; lines of NingchunlO (#4¢5) x Marfed M (RAt5) for all the traits investigated
except for biomass, grain yield and harvest index using ANOVA.

Table 3. Analysis of variance (Mean Squares) of investigated traits
in F, lines of Marj12 (Rht5) % Scholar cross

Peduncle Spike Spikelet Kernel Kernel Seed Seed Coleoptile | Primary First leaf

length length number | number per | weight width length length root num- length

(PL),cm | (SpL), cm (SN) spike (KN) [ (KW), g | (SW), mm (::;1)’ (CL),cm | ber (PRN) | (FL),cm

Source of Plant height
variation (SV) (PH), cm

Block 1.82 7.10 2.20 8.75 1.83 1.04 0.00 0.00 5.56 5.70 0.02
Genotype | 31207.80* | 4298.01* | 234.54* | 365.78% | 9646.79* | 0.01* | 36.31* | 28.39* | 114.06* | 141.92* | 425.43*

* Significant at a = 0.01.

The presence of Rht5 gene was confirmed at the DNA level using SSR marker Barcl02 in the F,
lines; the mother parent Marjl2 was used as a positive control and the father parent Scholar as a negative
control. Barc102 marker produced a band approximately 150 bp long in Scholar. Marjl2 parent, which
possesses the RAt5 gene, had a smaller band of 140 bp. Ellis et al. [26] mapped RAt5 on chromosome
3BS and they amplified a 200 bp band in Marfed M (R/¢5) and a 165 bp band in the Vigour 18 parent of
mapping population using Barcl102 marker. Most of the lines in the Marjl12 x Scholar population could
be readily classified as tall (#4t5), short (RAt5) or heterozygous. According to the Barc102 marker results,
19 individuals from the 65 F, lines carried the RAt5 gene, while 34 lines carried the 7At5 gene and 12 in-
dividuals were observed to be heterozygous (Table 4). The chi-square test showed the significant dif-
ferences between the expected and the observed ratios of RAt5 gene segregation (y~ = 6.067 > y= = 5.99,
p = 0.05, df = 2). This means that the observed values do not match the expected values of the segrega-
tion of a single gene in the F, generation.

Table 4. Distribution of F, population individuals in terms of RAz5 gene according to Xbarc102 marker

Number of individuals i
Genotype class Chi-square values
Observed Expected
Maternal band pattern 19 28.438 3.132
Paternal band pattern 34 28.438 1.087
Heterozygous band pattern 12 8.125 1.848
Total 65 65.000 6.067"

N o te. ™ — Non-significant of x* (p = 0.05, df = 2 for F,) = 5.99.

The mean values for the tall, dwarf and heterozygous F, plants and the mean differences between
the tall and dwarf group, and the effects of RAt5 on the investigated traits were calculated and shown
in Table 5. The mean values of all traits except coleoptile length, primary root number and first leaf
length were higher in tall lines than in dwarf lines. Notably, the heterozygous lines had higher values for
peduncle length and the seed characteristics such as kernel weight, seed width, seed length. The plant
height and peduncle length of the tall lines were higher than those of the dwarf F, lines by 25.44 % and
22.28 %, respectively. This means that the dwarfing gene RA¢5 has a high effect on plant height and pe-
duncle length of the lines. In a study investigating the genetic effects of the RAt5 gene, plant height and
peduncle length of the F, , lines from the Marfed M (Rht5) cross were found to be 22.4 % and 20.4 %
lower, respectively [14]. In another study by the same researchers, an average of 25.84 % reduction in
plant height could be associated with RAz5 [15]. However, Rebetzke et al. [13] reported the largest reduc-
tion (—55 %) in plant height associated with RA¢5. Cui et al. [30] emphasized that the plant height of RAtS5
dwarf lines was reduced by 32.67 % and 27.84 % in the Jinmai47 and Ningchun45 population, respec-
tively. As can be seen from these comparisons, the results obtained from this study were more consistent
with those of both Daoura et al. studies [14, 15].
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Table 5. The effects of Rht5 gene on the investigated traits in the F, lines of Marj12 (Rht5) x Scholar cross

. Tall Dwarf Heterozygous Difference Effect
Traits (htS) Range (Rht3) Range (RhtSrhis) Range | li-dwarf) | (%)
Plant height (PH), cm 100.45 + 59.00— 74.89 + 44.50—- 95.46 + 81.80— 2556 2544
14.11 127.75 21.96 117.16 8.52 108.12 ’ ’
Peduncle length (PL), cm 37.88 £ 22.12— 29.44 + 20.37— 39.77 + 33.10— ] 44 2098
5.21 48.18 8.99 51.05 5.62 4775 ’ ’
Spike length (SpL), cm 8.45+ 5.41- 7.00 £ 5.60—
146 1225 157 4.35-9.20 | 8.08 = 1.72 10.50 1.45 17.16
Spikelet number (SN) 1864= | 1520- | 1670= | 1140- | 1790= | 1480- | o0 | o
1.93 23.40 2.89 22.80 1.66 19.40 ’ ’
Kernel number per spike (KN) 40.07 + 23.20— 30.23 £ 12.40—- 36.30 + 23.20— 0.84 24,56
9.11 71.00 15.16 64.80 10.37 54.00 ’ ’
Kernel weight (KW), g 0.0423 £ | 0.0201—- | 0.0363 + | 0.0306— 0.0429 + 0.0464— 0.006 1418
0.0084 0.0579 0.0100 0.0390 0.0070 0.0520 ’ :
Seed width (SW), mm 362§1i 2.54-3.81 2(')931i 2.60-3.34|3.28+0.31 |3.52-3.57| 029 | 9.00
Sced length (Sel.), mm 6(.)032; 6.75-5.14 5(.)1211 485-681|612+029|575-650| 084 | 13.95
Coleoptile length (CL), cm 7.46 £ 5.50— 791 +
0.98 10.25 0.98 5.83-9.50 | 717 +£1.37 [ 5.25-9.50 | -0.45 -6.03
Primary root number (PRN) 4(')676; 3.00-6.00 4(')7;; 3.50-6.00 | 4.69 % 0.75 |3.30-6.00| —0.07 | —1.50
First leaf length (FL), cm 13.00 + 7.70— 13.87 9.58— 13.44 + 10.00— _0.87 _6.69
2.39 18.75 2.10 16.83 2.64 17.00 ’ ’

N o te. The data represented as the mean + standard deviation (SD).

The spike length of the tall F, lines was 1.45 cm (17.16 %) greater than that of the dwarf F4 lines.
The effect of the RAt5 gene on the number of spikelets per spike was observed to be lower compared to
spike length, and 10 % more spikelets were observed in tall lines than in dwarf F, lines. Higher spike
length caused a significant increase in the number of kernels per spike. The kernel number per spike of
the tall lines was 9.84 kernels (24.56 %) greater than that of the dwarf F, lines. The effect of the Rht5
gene on spike traits has been previously reported, with similar trends: spike length, spikelet number, and
grain number were reported as higher values in tall groups than in the dwarf groups by 16.35 %, 7.53 %,
and 13.84 % [14] and 21.16 %, 11.51 %, and 38.1 % [15], respectively.

Although the seed traits such as kernel weight, seed width and seed length had the highest values in
heterozygotes, the tall lines had higher values than the dwarf lines by 14.18 %, 9 % and 13.95 %, respec-
tively. Similar findings were reported by Cui et al. [30] that the grains of dwarf lines had significantly
lower grain length, grain width and thickness in all progenies of the two populations.

In the study, one of the features for which higher values were measured in dwarf lines was the co-
leoptile length and it was obtained as 6.03 % higher in dwarf lines. Coleoptile length is an important
factor determining sowing depth in wheat. A long coleoptile is a desirable trait in wheat, but as coleop-
tile length increases, there is a parallel increase in plant height [31-33] and this is undesirable. From this
perspective, in our study dwarf lines carrying the RAt5 gene had longer coleoptile lengths. The dwarfing
genes Rhtl and Rht2, which are commonly found in wheat varieties, are the gibberellin-insensitive genes
and cause reductions in coleoptile length and seedling vigor [22, 26, 34]. Although the GA-responsive
Rht5 gene caused a decrease in plant height, it caused an increase in coleoptile length in this study.
Similar results were observed for primary root number and first leaf length. The primary root number
and first leaf length of the dwarf lines had higher values than those of the tall lines by 1.5 % and 6.69 %.
This shows that the lines carrying the Rht5 gene may show improved seedling vigor.

Conclusion. The present study revealed the association of the GA-responsive RAt5 gene with re-
ductions in plant height, peduncle length, spike length, number of spikelets, kernels per spike, kernel
weight, seed width, and seed length. However, in contrast to these reductions, the RAt5 gene had an
enhancing effect on coleoptile length, primary root number, and first leaf length. Coleoptile length is an
important factor determining sowing depth in wheat. The high-yielding modern wheat varieties widely
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used today have short coleoptile lengths. Therefore, they will not be able to meet expectations in a world
that is becoming increasingly arid and where deep seeding is becoming increasingly important. For this
reason, it is recommended that the dwarfing gene R/At5 be taken into consideration in the development of
new wheat varieties suitable for changing climatic and environmental conditions.

Acknowledgements. We would like to thank Ege Uni- Baarogapuoctu. Bripaxkaem OnaromapHocts Kommuc-
versity Scientific Research Projects Commission for financial ~cuu mo Hay4HO-HCCIEIOBATEIBCKUM MPOCKTaM DTEHCKOTro
support to carry out this study (Project no: 15-ZRF-051, PI: 326).  yHuBepcuteTa 3a (GUHAHCOBYIO MOIJCPKKY IpPU MpPOBEIE-

HUU JAaHHOTO HccaeqoBaHus (HoMmep mpoekTa: 15-ZRF-051,
HOMED PYKOBOAMTENS IpoeKTa: 326).

References

1. Wilhelm E. P,, Boulton M. L., Barber T. E. S., Greenland A. J., Powell W. Genotype analysis of the wheat semidwarf
Rht-B1b and Rht-DI1b ancestral lineage. Plant Breeding, 2013, vol. 132, no. 6, pp. 539-545. https://doi.org/10.1111/pbr.12099

2. Rajaram S., Borlaug N. E., Van Ginkel M. CIMMYT international wheat breeding. Bread wheat: improvement and
production. FAO Plant Production and Protection Series, no. 30. Rome, 2002, pp. 103—-117.

3. Evans L. T. Feeding the ten billion: plant and population growth. Cambridge, Cambridge University Press, 1998. 245 p.

4. Singh R. P., Huerta-Espino J., Rajaram S., Crossa J. Grain yield and other traits of tall and dwarf isolines of modern
bread and durum wheats. Euphytica, 2001, vol. 119, no. 1-2, pp. 241-244. https://doi.org/10.1023/A:1017541805454

5. Tang N., Jiang Y., He B., Hu Y. The effects of dwarfing genes (RAt-B1b, Rht-D1b, and Rht8) with different sensitivity
to GA3 on the coleoptile length and plant height of wheat. Agricultural Science in China, 2009, vol. 8, no. 9, pp. 1028—1038.
https://doi.org/10.1016/S1671-2927(08)60310-7

6. Trethowan R. M., Singh R. P., Huerta-Espino J., Van Ginkel M. Coleoptile length variation of near-isogenic R/t lines of
modern CIMMYT bread and durum wheats. Field Crops Research, 2001, vol. 70, no. 3, pp. 167-176. https://doi.org/10.1016/
S0378-4290(00)00153-2

7. Mclntosh R. A., Hart G. E., Gale M. D. Catalogue of gene symbols for wheat. Proceedings of the Sth International
wheat genetics symposium, 20-25 july 1993, Beijing, China. Beijing, 1995, pp. 1333—-1500.

8. Gale M. D., Youssefian S. Dwarfing genes in wheat. Progress in Plant Breeding—I. London, 1985, pp. 1-35. https://doi.
org/10.1016/b978-0-407-00780-2.50005-9

9. Gent M. P. N., Kiyomoto R. K. Physiological and agronomic consequence of Rht genes in wheat. Journal of Crop
Production, 1998, vol. 1, no. 1, pp. 27-46. https://doi.org/10.1300/J144v01n01_02

10. Allan R. E. Differentiating between two Norin 10/Brevor 14 semidwarf genes in a common genetic background.
Seiken Ziho, 1970, no. 22, pp. 83-90.

11. Borner A., Worland A. J., Plaschke J., Schumann E., Law C. N. Pleiotropic effects of genes for reduced height (R/7)
and day-lenght insensitivity (Ppd) on yield and its components for wheat grown in Middle Europe. Plant Breeding, 1993,
vol. 111, no. 3, pp. 204-216. https://doi.org/10.1111/j.1439-0523.1993.tb00631.x

12. Sastry E. D. V. Inheritance of dwarfism in wheat. Rachis, 1989, vol. 8, no. 1, pp. 12—13.

13. Rebetzke G. J., Ellis M. H., Bonnett D. G., Mickelson B., Condon A. G., Richards R. A. Height reduction and agro-
nomic performance for selected gibberellin-responsive dwarfing genes in bread wheat (Triticum aestivum L.). Field Crops
Research, 2012, vol. 126, pp. 87-96. https://doi.org/10.1016/j.fcr.2011.09.022

14. Daoura B. G., Chen L., Hu Y. G. Agronomic traits affected by dwarfing gene ‘Rht-5’ in common wheat (‘Triticum
aestivum’ L.). Australian Journal of Crop Science, 2013, vol. 7, no. 9, 1270—1276. https://search.informit.org/doi/epdt/10.3316/
informit.620070573545255

15. Daoura B. G, Chen L., Du'Y., Hu Y. G. Genetic effects of dwarfing gene Rh#-5 on agronomic traits in common wheat
(Triticum aestivum L.) and QTL analysis on its linked traits. Field Crops Research, 2014, vol. 156, pp. 22-29. https://doi.
org/10.1016/j.fcr.2013.10.007

16. Gale M. D., Gregory R. S. A rapid method for early generation selection of dwarf genotypes in wheat. Euphytica,
1977, vol. 26, no. 3, pp. 733—738. https://doi.org/10.1007/BF00021699

17. Rebetzke G. J., Richards R. A., Fischer V. M., Mickelson B. J. Breeding long coleoptile, reduced height wheats.
Euphytica, 1999, vol. 106, no. 2, pp. 159-168. https://doi.org/10.1023/A:1003518920119

18. Rebetzke G. J., Richards R. A., Sirault X. R. R., Morrison A. D. Genetic analysis of coleoptile length and diameter in
wheat. Australian Journal of Agricultural Research, 2004, vol. 55, no. 7, pp. 733—743. https://doi.org/10.1071/AR04037

19. Ellis M. H., Rebetzke G. J., Chandler P., Bonnett D., Spiclmeyer W., Richards R. A. The effect of different height
reducing genes on the early growth of wheat. Functional Plant Biology, 2004, vol. 31, no. 6, pp. 583-589. https://doi.
org/10.1071/FP03207

20. Leighty C. E., Taylor J. W. Studies in natural hybridization of wheat. Journal of Agricultural Research, 1927, vol. 35,
no. 10, pp. 865—-887.

21. Bachir G. D., Hu Y. Inheritance of RAt5 dwarfing gene in common wheat (Triticum aestivum L.). International
Journal of Innovation and Scientific Research, 2014, vol. 1, no. 2, pp. 75-82.

22. Bulguroglu C., Tonk F. A., Istipliler D., Tosun M. Dwarfing gene Rht4 and its effects on key agronomic and coleoptile
traits in bread wheat. Bulgarian Journal of Agricultural Science, 2023, vol. 29, no. 2, pp. 332-337.



306

Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2026, vol. 64, no. 4, pp. 300-306

23. Lanning S. P., Bowman H. F., Habernicht D., Carlson G. R., Eckhoff J. L., Kushnak G. D., Talbert L. E. Registration
of ‘Scholar’ wheat. Crop Science, 2000, vol. 40, no. 3, pp. 861-862. https:/doi.org/10.2135/cropsci2000.403849x

24. Jamali K. D., Arain S. Coleoptile length studies in semi-dwarf wheat (Triticum aestivum L.) with different dwarfing
genes. Proceedings of the 11th International wheat genetics symposium, 24—29 August 2008, Brisbane, Australia. Sydney,

2008, pp. 221-223.

25. Doyle J. J., Doyle J. L. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochemical

Bulletin, 1987, vol. 19, pp. 11-15.

26. Ellis M. H., Rebetzke G. J., Azanza F., Richards R. A., Spielmeyer W. Molecular mapping of gibberellin-responsive
dwarfing genes in bread wheat. Theoretical and Applied Genetics, 2005, vol. 111, no. 3, pp. 423—430. https://doi.org/10.1007/

s00122-005-2008-6

27. Tonk F. A., Istipliler D., Tosun M., Turanli F., {lbi H., Cakir M. Genetic mapping and inheritance of Russian wheat
aphid resistance gene in accession IG 100695. Plant Breeding, 2016, vol. 135, no. 1, pp. 21-25. https://doi.org/10.1111/pbr.12339
28. Steel R. G. D., Torrie J. H. Principles and procedures of statistics. A biometrical approach. 2nd ed. New York,

McGraw-Hill, 1980. 633 p.

29. Zuki Z. M., Rafii M. Y., Ramli A., Oladosu Y., Latif M. A., Sijam K., Sarif H. M. Segregation analysis for bacterial
leaf blight disease resistance genes in rice ‘MR219” using SSR marker. Chilean Journal of Agricultural Research, 2020, vol. 80,
no. 2, pp. 227-233. http://dx.doi.org/10.4067/S0718-58392020000200227

30. Cui C., Lu Q., Zhao Z., Lu S., Duan S., Yang Y., Qiao Y., Chen L., Hu Y. G. The fine mapping of dwarf gene RAt5
in bread wheat and its effects on plant height and main agronomic traits. Planta, 2022, vol. 255, no. 6, pp. 114. https://doi.

org/10.1007/s00425-022-03888-1

31. Allan R. E., Vogel O. A., Peterson C. J. Seedling emergence rate of fall-sown wheat and its association with plant height and
coleoptile length. Agronomy Journal, 1962, vol. 54, no. 4, pp. 347-350. https://doi.org/10.2134/agronj1962.00021962005400040022x

32. Whan B. R. The association between coleoptile length and culm length in semi-dwarf and standard wheat. Journal
of Australian Institute Agricultural Science, 1976, vol. 42, pp. 194-196.

33. Rebetzke G. J., Appels R., Morrison A. D., Richards R. A., McDonald G., Ellis M. H., Spielmeyer W., Bonnett D. G.
Quantitative trait loci on chromosome 4B for coleoptile length and early vigour in wheat (Triticum aestivum L.). Australian
Journal of Agricultural Research, 2001, vol. 52, no. 12, pp. 1221-1234. https://doi.org/10.1071/AR01042

34. Peng J., Richards D. E., Hartley N. M., Murphy G. P., Devos K. M., Flintham J. E. [et al.]. ‘Green revolution’ genes
encode mutant giberellin response modulators. Nature, 1999, vol. 400, pp. 256-261. https://doi.org/10.1038/22307

Information about the authors

Gonca Ugurbasgicek — M. Sc. Agricultural Engineering,
Department of Field Crops, Faculty of Agriculture, Ege Uni-
versity (35100, Izmir, Tiirkiye). https:/orcid.org/0009-0005-
2894-8957. E-mail: goncagul0135@gmail.com

Fatma Aykut Tonk — Ph. D. (Agriculture), Professor of
the Department of Field Crops, Faculty of Agriculture, Ege
University (35100, Izmir, Tiirkiye). https://orcid.org/0000-
0003-4557-5919. E-mail: fatma.aykut@ege.edu.tr

HNudopmanms o6 aBTopax

Veypbawuuuex [onosxca — MarucTp CeIbCKOXO3si-
CTBCHHOW MHKEHEpHH, Kadenpa IONEeBBIX KYIBTYp, CElb-
CKOXO3SIICTBEHHBIN (aKynbTeT, OTEHCKHH YHUBEPCHUTET
(35100, Usmup, Typuus). https://orcid.org/0009-0005-2894-
8957. E-mail: goncagul0135@gmail.com

Atixym Touxk @amma — 1OKTOP CEIbCKOXO035HCTBEHHBIX
HayK, mpodeccop Kadeapsl MOJEBBIX KYJIBTYP, CEIbCKOXO-
3siicTBeHHBIN (akynpTeT, Drefickuil yauBepcuteT (35100,
Wamup, Typuwms). https://orcid.org/0000-0003-4557-5919.
E-mail: fatma.aykut@ege.edu.tr





