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Abstract. Blue-grain lines were created on the basis of the spring bread wheat variety Saratovskaya 29 (S29) with chromo-
some 4B or 4D replaced with chromosome 4Th from Thinopyrum ponticum. The leaf pubescence of the two lines differs 
from S29 and from each other. In this work, we studied the effect of these substitutions on the manifestation of this trait. 
To quantify pubescence, the LHDetect2 program was used to determine trichome length and number on the leaf fold 
microphotographs. The key gene Hl1 on chromosome 4B and another unidentified gene with a weak effect determine 
the leaf pubescence of the recipient S29. Their interaction leads to the formation of trichomes of up to 300 microns in 
length. Replacement of both copies of chromosome 4B with two copies of wheatgrass chromosome 4Th modifies leaf 
pubescence in line S29_4Th(4B) so that the leaf pubescence characteristic of S29 becomes more sparse, and trichomes 
of up to 600– 700  µm in length are formed. Additionally, we described modification of pubescence in the substitution 
line S29_4Th(4D) where chromosome 4D that does not carry any pubescence gene was replaced. Under this substitution, 
trichomes of up to 400 µm in length were formed and the average length of trichomes on the underside of the leaf was 
reduced. The replacement of the Hl1 gene in the lines was also confirmed by the allelic state of the linked microsatellite 
marker Xgwm538. Thus, as a result of the studies, a new leaf pubescence gene introgressed from Th. ponticum into bread 
wheat was identified. We designated it as Hl1th. For the purpose of selection, we propose to use the unlicensed informative 
microsatellite markers Xgwm538 and Xgwm165, allowing chromosomes 4A, 4B, 4D and 4Th to be distinguished.
Key words: trichome; digital characteristics of pubescence; phenotypic markers; microsatellite markers; interactions of 
genes.
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Аннотация. На основе сорта яровой мягкой пшеницы Саратовская 29 (С29) были созданы голубозерные линии 
C29_4Th(4B) и C29_4Th(4D) с соответствующим замещением хромосом 4B и 4D хромосомой 4Th от пырея вида 
Thinopyrum ponticum. У этих линий опушение листа отличается от реципиента и различается между собой, в связи 
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с чем нами проведено исследование эффекта замещений на проявление данного признака. Для количественной 
оценки опушения была применена программа LHDetect2, определяющая длину и число трихом на микрофотогра-
фиях. Опушение листа у сорта С29 определяется главным геном Hl1 в хромосоме 4B и еще одним геном со слабым 
эффектом с неизвестной хромосомной локализацией. Их взаимодействие приводит к формированию трихом дли-
ной до 300 мкм. Замещение пары хромосом 4B на пару хромосом 4Th пырея модифицирует опушение листа у линии 
C29_4Th(4B). Характерное для сорта С29 опушение листа у линии C29_4Th(4B) становится реже, при этом образуются 
трихомы длиной до 600–700 мкм. Замещение гена Hl1 на Hl1th у линии C29_4Th(4B) также подтверждается аллельным 
состоянием сцепленного с геном Hl1 микросателлитного маркера Xgwm538. Нами была описана модификация опу-
шения у замещенной линии C29_4Th(4D), где произошло замещение пары хромосом 4D, не содержащей гена опу-
шения. Экспрессирующиеся совместно гены Hl1 и Hl1th у линии C29_4Th(4D) в хромосомах 4B и 4Th соответственно, 
формируют трихомы длиной более 400 мкм. Однако в таком генотипе снижается средняя длина трихом в сравнении 
с реципиентом. Таким образом, в результате проведенных исследований идентифицирован новый ген опушения 
листа, интрогрессированный из вида Th. ponticum в мягкую пшеницу, который мы обозначили как Hl1th. Для ведения 
отбора мы предлагаем использовать находящиеся в открытом доступе информативные микросателлитные марке-
ры Xgwm538 и Xgwm165, позволяющие различать хромосомы 4A, 4B, 4D и 4Th.
Ключевые слова: трихомы; цифровые характеристики опушения; фенотипические маркеры; микросателлитные 
маркеры; взаимодействие генов.

Introduction
Alien hybridization is widely used in breeding programs to 
transfer new useful traits into bread wheat (Triticum aestivum, 
AABBDD, 2n = 6x = 42). For this purpose, both closely related 
species from the genus Triticum L. with similar genomes, such 
as Aegilops, are used, and species from other genera of the 
family Poaceae. Decaploid wheatgrass species Thinopyrum 
ponticum (Podp.) Barkworth & D.R. Dewey (2n = 10x = 70, 
StStStStEeEeEbEbExEx syn. Agropyron elongatum Host., 
Elytrigia pontica (Podp.) Holub) belongs to the tertiary gene 
pool of wheat relatives, and since the mid-20th century it has 
served as a source of useful genes in wheat breeding (Kroupin 
et al., 2019). With its tolerance to biotic and abiotic stress fac-
tors, Th. ponticum has become a donor of effective genes for 
resistance to various wheat diseases: root rot, leaf, stem and 
stripe rust, powdery mildew (Li H. et al., 2004; Li H., Wang, 
2009; Niu et al., 2014; Wang et al., 2019; Li M. et al., 2021; 
Yang et al., 2023).

For 30 years, the Institute of Cytology and Genetics 
SB RAS has been expanding the collection of substituted, 
isogenic and alloplasmic lines of bread wheat based on the 
spring variety Saratovskaya 29 (S29) and other varieties. 
They carry either individual chromosomes, or certain rear-
rangements in the wheat chromosomes, or the cytoplasm of 
related species acquired through alien hybridization. Many 
of these introgressions have been identified using cytological 
or molecular methods (Leonova et al., 2008; Adonina et al., 
2021; Shchukina et al., 2022; Pershina et al., 2023). The 4Th 
chromosome pair of the species Th. ponticum was transferred 
into the genome of S29 from the winter wheat variety Meropa 
developed in Bulgaria (Gordeeva et al., 2019). As a result, a 
substitution line with blue anthocyanin grain color was ob-
tained. It has been established that the Ba gene responsible for 
the blue color of the aleurone layer (Blue aleuron) is located on 
chromosome 4Th of wheatgrass Th. ponticum (Zeven, 1991).

Using GISH analysis, it was shown that the centromeric 
and pericentromeric regions of chromosome 4Th originate 
from the E-genome chromosome, and the distal regions of 
its two arms, from the St-genome chromosome (Zheng et al., 
2006). After the selection of hybrid plants in the generation 
BC7F2-3, according to the results of cytological and molecular 

analyses, no recombination was found between the wheat and 
wheatgrass chromosomes. Therefore, a complete replacement 
of 4B or 4D chromosome pair with 4Th chromosome pair oc-
curred (Gordeeva et al., 2022). In addition to the blue color 
of the grain, the changes in the pubescence of leaf blades 
were visually and tactilely detected in comparison with the 
recipient in the obtained substitution lines S29_4Th(4B) and 
S29_4Th(4D) (Gordeeva et al., 2022).

Leaf pubescence is known to be an adaptive trait (Kaur, 
Kariyat, 2020). Hairiness in rice affects transpiration and 
drought tolerance, thereby increasing the yield (Hamaoka 
et al., 2017). A positive effect of this trait on photosynthetic 
parameters of wheat plants under drought conditions has been 
shown (Pshenichnikova et al., 2019; Osipova et al., 2020). 
The pubescence of cereal leaves is presented as outgrowths 
of epidermal cells – non-secretory trichomes; their length and 
density varies greatly among the carriers of different genomes 
(Pshenichnikova et al., 2017). For example, for winter wheat 
cultivars, leaf pubescence is not typical (our unpublished 
data), but the phenotypic diversity for this trait among spring 
wheat cultivars may depend on the region where they were 
developed (Genaev et al., 2012a).

The occurrence of this trait among cereals corresponds to 
the “law of homological series”, which was formulated in 1920 
by N.I. Vavilov (Vavilov, 1935). Among the cereal species, 
such as rye, barley, rice, and other, more distant species, the 
accessions may be found with leaf pubescence similar to that 
found in wheat (Shvachko et al., 2020). The main dominant 
gene Hl1 of cv. S29 is located on chromosome 4BL and is 
responsible for the formation of medium-length trichomes 
(Maistrenko, 1976; Dobrovolskaya et al., 2007). The non-lo-
calized minor gene Hl3 is also known to form small trichomes 
and slightly enhances the effect of the Hl1 gene (Maistrenko, 
1976). In the diploid genome of barley (Hordeum vulgare L.), 
the genes for leaf blade and for leaf sheath pubescence were 
mapped on the long arms of chromosomes 3H and 4H, respec-
tively (Saade et al., 2017; Shvachko et al., 2020). In synthetic 
hexaploid wheat, the leaf sheath and leaf margin pubescence 
was associated with Aegilops tauschii Coss genome and the 
responsible gene was found in the long arm of 4D chromosome 
(Dobrovolskaya et al., 2007; Wan et al., 2015).



A.V. Simonov, E.I. Gordeeva, M.A. Genaev 
W. Li, I.O. Bulatov, T.A. Pshenichnikova

604 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding • 2024 • 28 • 6

Manifestation of a new gene Hl1th for leaf pubescence  
from Th. ponticum introgressed into bread wheat substitution lines

The present work is aimed at studying the phenotypic mani-
festation of a new allele of the Hl1 gene for leaf pubescence 
transferred with chromosome 4Th from the species Thino
pyrum ponticum to the genome of wheat cultivar S29. At the 
same time, work was carried out to identify the substitution of 
chromosomes 4B or 4D with chromosome 4Th of wheatgrass 
using molecular markers. The aim of the work was to study 
the phenotypical interaction between two genes during the 
replacement of chromosomes 4B and 4D by quantifying the 
length and number of trichomes.

Materials and methods
The plant material was represented by the spring recipient 
cultivar Saratovskaya 29 (S29) and two single chromosome 
substitution lines S29_4Th(4B) and S29_4Th(4D) (other 
previously used synonyms, respectively: s:S29_4Th(4B) and 
s:S29_4Th(4D), Gordeeva et al., 2019, 2022). According to 
cytological and molecular data (Gordeeva et al., 2019, 2022) 
the substitution lines are stable.

Analysis of leaf fold image. Microphotographs of trans-
verse folds on the upper and lower sides of a boot leaf were 
used to determine the number and length of trichomes ac-
cording to the protocol developed at the Institute of Cyto-
logy and Genetics SB RAS (Doroshkov et al., 2009). Images 
were obtained at the Center for Microscopic Analysis of the 
Institute of Cytology and Genetics SB RAS on a Carl Zeiss 
Axioscop 2 plus microscope through a 5x/0.12 lens. The mi-
croscope was equipped with an AxoCam HRc digital camera 
with a TV2/3C 0.63x adapter. The physical size of the field 
of view during shooting was 2730 × 2163 μm, the resolution 
of digital photography was 1300 × 1030 pixels. The physical 
pixel size was 2.1 microns. To obtain digital characteristics of 
leaf pubescence, the images were analyzed using the comput-
ing resources of the Bioinformatics Center for Common Use 
using the LHDetect2 program developed at the Laboratory 
of Evolutionary Bioinformatics and Theoretical Genetics of 
the Institute of Cytology and Genetics SB RAS (Genaev et 
al., 2012b). The program identifies trichomes, determines 
their length and produces the result as a sequence of numbers 
in a text file.

For each of two plants of the same genotype, 12 micropho-
tographs were analyzed, with six folds from the upper and 
lower sides of the boot leaves. Trichomes formed under the 
influence of different genes within each class differ greatly 
in length. Therefore, the length values were presented in 
logarithmic scale. The calculation of the average length was 
carried out both in absolute values (microns) and as a decimal 
logarithm. Additionally, the distribution of trichome lengths 
and numbers was analyzed. 

Statistical processing. The significance of differences 
between genotypes in length and number of trichomes was 
assessed using Student’s t-test, for which MS Excel with the 
statistical add-in AgCStat was used (Gonchar-Zaykin, Chertov, 
2003). The criterion for the significance of differences p < 0.05, 
0.01 and 0.001 was indicated by one, two and three symbols, 
respectively: a – the difference between the substitution line 
and the recipient, b – the difference between the two substi-
tution lines, * – the difference between the upper and lower 
sides of the leaf within the genotype. Diagrams of trichome 
length distribution were constructed in PAST v.3.0 statistical 

package. The data on the trichomes recognized from a total 
of six images were used for each genotype.

Genotyping. DNA was isolated from young leaves ac-
cording to J. Plaschke et al. (1995). Samples diagnostic was 
made using PCR with microsatellite markers (SSR, simple 
sequence repeats) developed for chromosomes of the fourth 
homoeologous group according to recommended amplification 
programs (Röder et al., 1998). For this purpose, the markers 
Xgwm538 and Xgwm165 were chosen. 

The Xgwm538 marker is located on the long arm of chromo-
some 4B approximately 2.1 cM proximal to the Hl1 gene in 
wheat (Dobrovolskaya et al., 2007). It showed amplification 
products of 157 bp in size for cv. S29 genome, and 155 bp for 
cv. Purple Feed (Dobrovolskaya et al., 2007). For cv Chinese 
Spring, it showed three fragments of 137, 147 and 152 bp, 
with the last product corresponding to chromosome 4B, and 
the others amplified from chromosome 4D as shown in null-
tetrasomic lines (Brooks et al., 2006). This marker is often 
used, for example, to map the genes for infection resistance 
(Sukhwinder-Singh et al., 2003; Brooks et al., 2006; Singh 
et al., 2012). In our work, we used classical primers of the 
Xgwm538 marker (Röder et al., 1998), which show PCR 
products from chromosomes 4B and 4D. This marker also 
showed multiple polymorphisms in two species of wheatgrass 
and wheat-wheatgrass hybrids (Kroupin, 2011). The Xgwm165 
marker is located on the long arms of chromosomes 4B and 
4D and on the short arm of chromosome 4A with pericentric 
inversion (Röder et al., 1998). It is often used to map different 
genes and QTLs (Pshenichnikova et al., 2012; Salem, Mattar, 
2014; Shchukina et al., 2018).

For PCR, a ready-made mixture of BioMaster HS-Taq 
reagents from BiolabMix LLC was used. PCR products 
were separated by electrophoresis in 3.5 % agarose gel with 
the addition of ethidium bromide. For electrophoresis, TBE 
buffer (Tris-borate-EDTA) and DNA fragment length marker 
Step50+ (BiolabMix, Novosibirsk, Russia) were used.

Growing conditions. The plant material was grown in a 
hydroponic greenhouse at the Center for Collective Use of 
Plant Reproduction of the Institute of Cytology and Genetics 
SB RAS. Growing conditions: lighting with 600W HPS lamps 
with adjustable suspension height (up to 45–50,000 lux at the 
level of the upper leaves) for 12–14 hours at a temperature of 
18–20 °C at night and 24–26 °C during the day. Soil substrate: 
expanded clay, moistened with Knop nutrient solution three 
times a day.

Results
The pubescence of line S29_4Th(4B) with the replacement of 
chromosome 4B by chromosome 4Th tactilely distinguished 
it from the recipient. According to the results of microscopic 
observations and a detailed study of the leaf pubescence 
morphology (the method described above), both substitution 
lines, S29_4Th(4B) and S29_4Th(4D), differed from S29 
and from each other. Figure 1 shows microphotographs of 
leaf folds of the three genotypes, which demonstrate visually 
distinguished trichomes of different lengths. Digital processing 
of microphotographs of S29 leaves showed that the average 
length of trichomes was 64.5 µm on the underside of the leaf 
and 67.1 µm on the top (see the Table). Their maximum length 
did not exceed 306 µm. Despite the fact that the longest tri-
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Fig. 1. Effect of substitution of chromosomes 4B and 4D with chromosome 4Th on the leaf pubescence phenotype in S29. 
The photographs show trichomes from the folds of the upper part of the leaf in transmitted light.

Average morphometric characteristics of leaf pubescence of cv. S29 and substitution lines with introgression from  Th. ponticum 

Genotypes S29 S29_4Th(4B) S29_4Th(4D)

Upper side of the leaf

Average trichome number 32.8 ± 2.7 6.8 ± 1.1aaa 39.8 ± 3.13bbb

Average trichome length, µm 67.1 ± 2.7 71.5 ± 16.5 46.2 ± 1.97aaa

Logarithmic trichome length 1.72 ± 0.02 1.41 ± 0.06aaa 1.56 ± 0.01aaabb

Trichome length limits, µm 8.1–306.6 8.4–705.3 9.5–426.8

Sum of trichome lengths, µm 2204 ± 240 482 ± 104aaa 1840 ± 140bbb

Lower side of the leaf

Average trichome number 49.8 ± 2.2 10.0 ± 1.07aaa 52.6 ± 4.5bbb

Average trichome length, µm 64.5 ± 1.56 100.8 ± 13.91aa 54.4 ± 2.0aaabbb

Logarithmic trichome length 1.74 ± 0.01 1.59 ± 0.05aa 1.63 ± 0.01aaa

Trichome length limits, µm 11.2–265.3 9.5–539.8 10.4–421.3

Sum of trichome lengths, µm 3215 ± 173 1008 ± 133aaa 2861 ± 239bbb

Significance of differences between the upper and lower sides of the leaf

Average trichome number *** * *

Average trichome length, µm – – **

Sum of trichome lengths, µm ** ** **

Notе. Values marked with superscript “a” are significantly different between the substitution lines and the recipient S29; values marked with superscript “b” are 
significantly different among the substitution lines; values with superscript asterisks “*” are significantly different between the leaf sides in the same genotype; 
numbers of superscript symbols indicate significant levels:  p < 0.05ab*, p < 0.01aabb**, p < 0.001aaabbb***.

a Saratovskaya 29

500 μm

S29_4Th(4B) S29_4Th(4D)b c

chomes were formed on the upper side of the leaf, the density 
of pubescence and the sum of the lengths of all trichomes on 
the lower side of the leaf were one and a half times higher 
than on the upper side (see the Table).

The number of trichomes in line S29_4Th(4B) was reduced 
fivefold in comparison with the recipient (see the Table). On 
the upper side, single trichomes up to 705.3 µm long were 
observed, and on the lower side – up to 539.8 µm, which was 
two times greater than the maximum length of trichomes in 
S29. Trichomes were more common on the underside of the 
leaf than on the upper side, and the sum of lengths was twice 
the sum of the lengths of trichomes from the upper side. The 
average length of the trichomes on the upper side of the leaf 

in the line and in S29 did not differ significantly; however, on 
the lower side of the leaf, the difference in the average lengths 
of the trichomes was significant. The sum of the lengths of 
trichomes on both leaf sides in line S29_4Th(4B) was signifi-
cantly reduced compared to S29.

Small and large trichomes differ in length greatly on the 
leaf fold of line S29_4Th(4B) (Fig. 1b). Figure 2 shows the 
distribution of trichomes of different lengths according to 
their number. In line S29_4Th(4B) (red bars), the number of 
trichomes with a length from 30 to 300 μm is significantly 
reduced, but a class of trichomes with a length of more than 
300 μm has appeared, which is absent in S29. The difference in 
the average trichome logarithmic lengths of line S29_4Th(4B) 
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Fig. 2. Distribution of trichome density by length in different genotypes. 
The X-axis scale is logarithmic. The Y-axis scale presents the number of tri-
chomes by class from six images with a total width of approximately 13 mm 
(the width of one image is 2.163 mm). The data is presented for the lower sur-
face of the leaf.

Fig. 3. Electrophoregram of PCR products obtained as a result of DNA amplification of S29 and substitution lines S29_4Th(4B) and 
S29_4Th(4D) using microsatellite markers  Xgwm538 (a) and Xgwm165 (b).
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and the recipient was significant on both sides of the leaf (see 
the Table). The sum of the trichome lengths of the substitution 
line is also 3–4 times smaller on both sides compared to S29.

A different morphology of trichomes was observed on 
microphotographs of leaves in line S29_4Th(4D). The dense 
canopy of pubescence of S29 is preserved, but additional 
longer trichomes have been formed. Tactilely, they were 
hardly noticeable against the general background, but in mi-
crophotographs they stood out above the main trichome layer 
typical of S29 (Fig. 1b). The maximum trichome length in line 
S29_4Th(4D) exceeded 400 microns on both sides of the leaf, 
whereas in S29 it was slightly more than 300 microns on the 
upper side and more than 200 microns on the lower. In com-
parison with S29, the total number of trichomes increased in-
significantly. At the same time, the difference in this indicator 
between lines S29_4Th(4D) and S29_4Th(4B) was significant 
on both sides of the leaf in favor of the first line. The sum of 
the trichome lengths in line S29_4Th(4D) decreased slightly 
compared to S29, but it was 3–4 times higher than that of line 
S29_4Th(4B). Nevertheless, the line with S29_4Th(4D) had a 

significantly lower average trichome length than the recipient 
variety with S29. In terms of the average logarithm length of 
trichomes, line S29_4Th(4D) differed from both S29 and line 
S29_4Th(4B). In Figure 2, the distribution of trichomes in line 
S29_4Th(4D) clearly demonstrates a multiple decrease in the 
number of trichomes of average length and the presence of a 
class of trichomes longer than in S29.

The microsatellite marker Xgwm538 amplifying a 157-bp 
product is closely linked to the Hl1 gene on chromosome 4B in 
S29. Using Chinese Spring nulli-tetrasomic lines, it was shown 
that this marker amplifies a fragment 174 bp in size, specific 
for chromosome 4B, and two fragments (147 and 137 bp) for 
chromosome 4D. In S29, only one product less than 150 bp 
is detected, corresponding to chromosome 4D. The Xgwm538 
marker confirmed in our work the presence of chromosomal 
substitution in the genome of S29 in both substitution lines 
(Fig. 3a). Line S29_4Th(4B) lacked a fragment larger than 
150 bp, which corresponds to the diagnostic fragment for 
chromosome 4B. On the contrary, line S29_4Th(4D) did not 
have a fragment smaller than 150 bp, which indicates the 
presence of chromosome 4D. Thus, the polymorphic marker 
Xgwm538 detects wheat chromosomes 4B and 4D of S29 and 
is not amplified on wheatgrass chromosome 4Th.

The microsatellite marker Xgwm165 used in our work 
amplifies fragments on chromosomes 4A, 4B and 4D. We 
detected bright signals of amplification products of this marker 
for S29 in an agarose gel (Fig. 3b) with sizes of ~200, ~260 bp, 
as well as a less pronounced signal with a size of ~350 bp. 

A PCR fragment about 200 bp was also observed in both 
substitution lines, which corresponds to chromosome 4A. 
Line S29_4Th(4B) lacked a 260 bp PCR product, but a 
180 bp fragment was detected. A fragment of the same length 
(180 bp) was detected in line S29_4Th(4D) in combination 
with PCR products 200 and 260 bp in size as in S29, but there 
was no signal of 350 bp (Fig. 3b). PCR results obtained using 
Xgwm165 suggest that 180 bp fragment is synthesized from 
chromosome 4Th and therefore can be used in determining 
this chromosomal substitution.

Discussion
The first identified wheat leaf pubescence gene with estab-
lished chromosomal localization was the Hl1 gene on chromo-
some 4B of cv. S29 (Maistrenko, 1976). The replacement of 
chromosome 4B of this variety with the chromosome of the 
non-pubescent cultivar Yanetzkis Probat changes the mor-
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phology of pubescence. This genotype has a noticeably re-
duced number of trichomes as well as their size (Doroshkov 
et al., 2016). This phenotype is determined by the presence of 
gene Hl3 with a weak effect. In the absence of Hl1 and Hl3, 
trichomes are practically not formed on the leaves of the S29 
isogenic line, as was shown by the development of a glabrous 
isogenic line of this cultivar (Doroshkov et al., 2016). 

Long, sparse trichomes are not typical for leaves of S29. 
Their appearance in the two substitution lines is apparently 
determined by a new variant of the pubescence gene trans-
ferred from Th. ponticum. Our studies indicate that wheatgrass 
chromosome 4Th carries a new allelic variant of the gene, 
orthologous to the wheat Hl1 gene, but with a different phe-
notypic manifestation. The wheatgrass gene, which replaced 
wheat gene Hl1 in line S29_4Th(4B), or was added to it in 
line S29_4Th(4D), not only forms long trichomes, but also 
reduces their total number. In accordance with the rules of the 
Catalog of Gene Symbols for Wheat (McIntosh et al., 2013), 
we designated the new allele with the symbol Hl1Th. Previ-
ously, the leaf margin pubescence gene Hsh (otherwise Hs) was 
found on chromosome 4H of barley (Hordeum vulgare L.) in 
a region comparable with chromosomes 4B and 4D (Korzun 
et al., 1999). A QTL associated with leaf margin pubescence 
was identified on chromosome 4D using the ITMI mapping 
population (Dobrovolskaya et al., 2007). In this work, we 
supplemented the homologous series of pubescence genes for 
the fourth group of chromosomes of cereal plants.

Previously, we suggested that the Hl1 gene is responsible 
for the number of trichomes on the leaf surface, that is, for pu-
bescence density (Doroshkov et al., 2014). In the substitution 
line C29_4Th(4B), the wheatgrass gene Hl1th in the absence 
of Hl1 stimulated the formation of single long trichomes. 
When combined in one genotype in line S29_4Th(4D), the 
Hl1th gene apparently has a suppressive effect on Hl1, reducing 
the average length of trichomes and the sum of their lengths. 
Genes promoting formation of long, rare trichomes on the leaf 
surface were also localized on other chromosomes of diff erent 
cultivars. The Hl2 gene located chromosome on 7B, was found 
in the Chinese cultivar Hong-mang-mai (Taketa et al., 2002). 
The Hl2aesp gene was introgressed from chromosome 7S of 
 Aegilops speltoides Taush. in сv. Ro dina (Pshenichnikova et 
al., 2007). In the species Triticum timopheevii, the Hltt gene 
with a similar phenotypic manifestation was found on chro-  
mosome 5A (Simonov et al., 2021). 

The substitution lines of S29 were obtained to study the 
genes regulating anthocyanin biosynthesis. Wheatgrass chro-
mosome 4Th carries the Ba gene responsible for the blue color 
of the grain aleurone layer (Gordeeva et al., 2019), which is 
also a phenotypic marker of the presence of this chromosome 
in the genome. However, the grain color is manifested both 
during the replacement of chromosome 4B and chromoso-  
me 4D. The phenotypic effect of introgressed pubescence 
can serve as a morphological marker for plant selection when 
obtaining the blue-grained forms with a certain chromosomal 
substitution in cultivars having the S29-like type of pubes-
cence.

In this work, we studied polymorphism in microsatellite 
markers that were previously associated with chromosomes 
of the 4th group and with the Hl1 gene on chromosome 4B in 

particular (Dobrovolskaya et al., 2007). Figure 3a shows the 
Xgwm538 marker, which is located near the Hl1 gene; in S29, 
it showed a 157 bp fragment (Dobrovolskaya et al., 2007). 
This marker can clearly indicate which of the wheat chromo-
somes, 4B or 4D, is replaced by 4Th from Th. ponticum. It 
was previously noted that the Xgwm538 marker demonstrates 
specific fragments for the genomes of Th. intermedium and 
Th. elongatum (Kroupin et al., 2011). But in our work, no 
signals were detected from chromosome 4Th consisting of 
fragments of the St and E genomes of Th. ponticum (Zheng 
et al., 2006). 

Since the wheatgrass chromosome 4Th does not recombine 
with homeologs, the Xgwm165 marker was used in this work, 
amplifying products specific to chromosomes 4A, 4B and 4D 
(Röder et al., 1998). According to various molecular maps 
of the GrainGenes database (https://graingenes.org/cgi-bin/
GG3/browse.cgi), on chromosome 4B this marker is located 
proximal to Xgwm538 at a distance of about 20–30 cM. In 
the genome of S29, this marker synthesized different PCR 
products (Fig. 3b) for chromosomes of the 4th homoeologous 
group: for 4A, about 200 bp, for 4B, about 260 bp, and a weak 
signal of about 350 bp, presumably for chromosome 4D. 
Xgwm165 also exhibited a 180 bp fragment for chromosome 
4Th. This makes it possible to differentiate wheat plants with 
different chromosomal substitutions within the fourth group if 
the parent varieties are not characterized by S29 pubescence.

Trichomes form a special microclimate on the leaf surface; 
they are able to influence the stability of the surface air layer, 
changing laminar flows to turbulent ones (Schreuder et al., 
2001). Turbulent flows, in turn, contribute to more dynamic 
gas exchange. Accordingly, changes in the parameters of 
surface pubescence should affect the parameters of stomatal 
conductance, the absorption of carbon dioxide and the inten-
sity of moisture evaporation. In the future, it is planned to 
study these lines on the dynamics of photosynthetic param-
eters under various growing conditions, in particular, during 
adaptation to drought.

Conclusion
In our work, for the first time, a new allelic variant of the leaf 
pubescence gene Hl1th transferred from the decaploid species 
Thinopyrum ponticum to bread wheat was discovered and 
described using digital phenotyping. Its observed phenotypic 
manifestation against the background of the wheat genome 
was significantly different from the effect of the wheat gene 
Hl1. In its morphology, it is similar to that of the genes Hltt 
and Hl2aesp localized in chromosomes 5A and 7S of the related 
cereals T. timopheevii and Ae. speltoides. The created lines 
make it possible to compare the adaptive value of similar leaf 
pubescence morphotypes controlled by different genes within 
the same model recipient genotype.

References
Adonina I.G., Timonova E.M., Salina E.A. Introgressive hybridiza-

tion of common wheat: results and prospects. Russ. J. Genet. 2021; 
57(4):390-407. DOI 10.1134/S1022795421030029

Brooks S.A., See D., Brown-Guedira G. SNP-based improvement of 
a microsatellite marker associated with Karnal bunt resistance in 
wheat. Crop Sci. 2006;46(4):1467-1470. DOI 10.2135/cropsci2005. 
05-0065



A.V. Simonov, E.I. Gordeeva, M.A. Genaev 
W. Li, I.O. Bulatov, T.A. Pshenichnikova

608 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding • 2024 • 28 • 6

Manifestation of a new gene Hl1th for leaf pubescence  
from Th. ponticum introgressed into bread wheat substitution lines

Dobrovolskaya O.B., Pshenichnikova T.A., Arbuzova V.S., Lohwas-
ser U., Röder M.S., Börner A. Molecular mapping of genes de-
termining hairy leaf character in common wheat with respect to 
other species of the Triticeae. Euphytica. 2007;155:285-293. DOI 
10.1007/s10681-006-9329-7

Doroshkov A.V., Arsenina S.I., Pshenichnikova T.A., Afonni kov D.A. 
The use of computer-based image processing to leaf hairiness analy-
sis in wheat Triticum aestivum L. Informatsionniy Vestnik VOGiS = 
The Herald of Vavilov Society for Geneticists and Breeding Scien
tists. 2009;13(1):218-226 (in Russian)

Doroshkov A.V., Afonnikov D.A., Pshenichnikova T.A. Genetic analy-
sis of leaf pubescence in isogenic lines of bread wheat Novosibir-
skaya 67. Russ. J. Genet. 2014;50:153-160. DOI 10.1134/S102279 
5413120028

Doroshkov A.V., Afonnikov D.A., Dobrovolskaya O.B., Pshenichniko-
va T.A. Interactions between leaf pubescence genes in bread wheat 
as assessed by high throughput phenotyping. Euphytica. 2016;207: 
491-500. DOI 10.1007/s10681-015-1520-2

Hamaoka N., Yasui H., Yamagata Y., Inoue Y., Furuya N., Araki T., 
Ueno O., Yoshimura A. A hairy-leaf gene, BLANKET LEAF, of 
wild Oryza nivara increases photosynthetic water use efficiency in 
rice. Rice. 2017;10(1):20. DOI 10.1186/s12284-017-0158-1

Genaev M.A., Doroshkov A.V., Morozova E.V., Pshenichnikova T.A., 
Afonnikov D.A. WheatPGE: A system for analysis of relation-
ships among the phenotype, genotype, and environment in wheat. 
Russ. J. Genet. Appl. Res. 2012a;2(3):262-269. DOI 10.1134/
S2079059712030045

Genaev M.A., Doroshkov A.V., Pshenichnikova T.A., Kolchanov N.A., 
Afonnikov D.A. Extracting quantitative characteristics of wheat leaf 
hairiness using image processing technique. Planta. 2012b;236: 
1943-1954. DOI 10.1007/s00425-012-1751-6

Gonchar-Zaykin P.P., Chertov V.G. Nadstroyka k Excel dlya statis-
ticheskoy ocenki i analiza rezul’tatov polevyh i laboratornyh opytov 
[Elektronnyy resurs]. Available at: URL: http://vniioh.ru/nadstrojka-
k-excel-dlya-statisticheskoj-ocenki-i-analiza-rezultatov-polevyx-i-
laboratornyx-opytov (Accessed 26.09.2021) (in Russian)

Gordeeva E., Badaeva E., Yudina R., Shchukina L., Shoeva O., Khlest-
kina E. Marker-assisted development of a blue-grained substitution 
line carrying the Thinopyrum ponticum chromosome 4Th(4D) in 
the spring bread wheat Saratovskaya 29 background. Agronomy. 
2019;9:723. DOI 10.3390/agronomy9110723

Gordeeva E., Shoeva O., Mursalimov S., Adonina I., Khlestkina E. Fine 
points of marker-assisted pyramiding of anthocyanin biosynthesis 
regulatory genes for the creation of black-grained bread wheat (Tri
ticum aestivum L.) lines. Agronomy. 2022;12:2934. DOI 10.3390/
agronomy12122934

Kaur J., Kariyat R. Role of trichomes in plant stress biology. In: Núñez-
Farfán J., Valverde P. (Eds.). Evolutionary Ecology of Plant-Her-
bivore Interaction. Springer, 2020;15-35. DOI 10.1007/978-3-030-
46012-9_2

Korzun V., Malyshev S., Pickering R.A., Börner A. RFLP mapping of 
a gene for hairy leaf sheath using a recombinant line from Hordeum 
vulgare L. × Hordeum bulbosum L. cross. Genome. 1999;42(5):960-
963. DOI 10.1139/g99-021

Kroupin P.Yu., Divashuk M.G., Fesenko I.A., Karlov G.I. Adaptation 
of microsatellite SSR-markers of wheat for the genome analysis 
of wheatgrass, intermediate wheatgrass, and wheat-wheatgrass hy-
brids. Izvestiya Timiryazevskoy Sel’skohozjajstvennoy Akademii = 
Izvestiya of Timiryazev Agricultural Academy. 2011;3:49-57 (in 
Russian)

Kroupin P.Yu., Divashuk M.G., Karlov G.I. Gene resources of pe-
rennial wild cereals involved in breeding to improve wheat crop. 
Sel’skokhozyaistvennaya Biologiya = Agricultural Biology. 2019; 
54(3):409-425. DOI 10.15389/agrobiology.2019.3.409eng

Leonova I.N., Röder M.S., Kalinina N.P., Budashkina E.B. Genetic 
analysis and localization of loci controlling leaf rust resistance of 
Triticum aestivum × Triticum timopheevii introgression lines. Russ. 
J. Genet. 2008;44:1431-1437. DOI 10.1134/S1022795408120077

Li H., Wang X. Thinopyrum ponticum and Th. intermedium: the pro-
mising source of resistance to fungal and viral diseases of wheat. 
J. Genet. Genomics. 2009;36(9):557-565. DOI 10.1016/S1673-8527 
(08)60147-2

Li H., Conner R.L., Chen Q., Li H., Laroche A., Graf R.J., Kuzyk A.D. 
The transfer and characterization of resistance to common root rot 
from Thinopyrum ponticum to wheat. Genome. 2004;47(1):215-223. 
DOI 10.1139/g03-095

Li M., Wang Y., Liu X., Li X., Wang H., Bao Y. Molecular cytogenetic 
identification of a novel wheat – Thinopyrum ponticum 1JS (1B) sub-
stitution line resistant to powdery mildew and leaf rust. Front. Plant 
Sci. 2021;12:727734. DOI 10.3389/fpls.2021.727734

Maistrenko O.I. Identification and localization of genes controlling the 
pubescence of the leaf of young soft wheat plants. Genetika (Mos
cow). 1976;12(1):5-15 (in Russian)

McIntosh R.A., Devos K.M., Dubcovsky J., Morris C.F., Rogers W.J. 
Catalogue of Gene Symbols for Wheat. Supplement. 2003. Available 
at: https://wheat.pw.usda.gov/ggpages/wgc/2003upd.html

Niu Z., Klindworth D.L., Yu G., Friesen T.L., Chao S., Jin Y., Cai X., 
Ohm J.-B., Rasmussen J.B., Xu S.S. Development and characteriza-
tion of wheat lines carrying stem rust resistance gene Sr43 derived 
from Thinopyrum ponticum. Theor. Appl. Genet. 2014;127(4):969-
980. DOI 10.1007/s00122-014-2272-4

Osipova S.V., Rudikovskii A.V., Permyakov A.V., Rudikov skaya E.G., 
Permyakova M.D., Verkhoturov V.V., Pshenichnikova T.A. Physio-
logical responses of wheat (Triticum aestivum L.) lines with geneti-
cally different leaf pubescence. Vavilovskii Zhurnal Genetiki i Selek
tsii = Vavilov Journal of Genetics and Breeding. 2020;24(8):813-820. 
DOI 10.18699/VJ20.678

Pershina L.A., Trubacheeva N.V., Shumny V.K., Badaeva E.D. Deve-
lopment and characterization of a line with substitution of chromo-
some 4B of wheat Triticum aestivum L. on chromosome 4Hmar of 
wild barley Hordeum marinum ssp. gussoneanum (4x). Vavilovskii 
Zhurnal Genetiki i Selektsii = Vavilov Journal of Genetics and 
Breeding. 2023;27(6):545-552. DOI 10.18699/VJGB-23-66

Plaschke J., Ganal M.W., Röder M.S. Detection of genetic diversity 
in closely related bread wheat using microsatellite markers. Theor. 
Appl. Genet. 1995;91(6-7):1001-1007. DOI 10.1007/BF00223912

Pshenichnikova T.A., Lapochkina I.F., Shchukina L.V. The inheritance 
of morphological and biochemical traits introgressed into common 
wheat (Triticum aestivum L.) from Aegilops speltoides Tausch. 
 Genet. Resour. Crop Evol. 2007;54(2):287-293. DOI 10.1007/ 
s10722-005-4499-z

Pshenichnikova T.A., Khlestkina E.K., Shchukina L.V., Simonov A.V., 
Chistyakova A.K., Morozova E.V., Landjeva S., Karceva T., Bör-
ner A. Exploitation of Saratovskaya 29 (Janetzkis Probat 4D*7A) 
substitution and derivate lines for comprehensive phenotyping and 
molecular mapping of quantitative trait loci (QTL). In: EWAC 
Newsletter 2012, Proc. of the 15th International EWAC Conference, 
7–11 November 2011, Novi Sad, Serbia. 2012;19-22

Pshenichnikova T.A., Doroshkov A.V., Simonov A.V., Afonnikov D.A., 
Börner A. Diversity of leaf pubescence in bread wheat and relative 
species. Genet. Resour. Crop Evol. 2017;64(7):1761-1773. DOI 
10.1007/s10722-016-0471-3

Pshenichnikova T.A., Doroshkov A.V., Osipova S.V., Permyakov A.V., 
Permyakova M.D., Efimov V.M., Afonnikov D.A. Quantitative 
cha rac teristics of pubescence in wheat (Triticum aestivum L.) are 
associated with photosynthetic parameters under conditions of nor-
mal and limited water supply. Planta. 2019;249(3):839-847. DOI 
10.1007/s00425-018-3049-9

Röder M.S., Korzun V., Wendehake K., Plaschke J., Tixier M.H., 
Leroy P., Ganal M.W. A microsatellite map of wheat. Genetics. 
1998;149(4):2007-2023. DOI 10.1093/genetics/149.4.2007

Saade S., Kutlu B., Draba V., Förster K., Schumann E., Tester M., Pil-
len K., Maurer A. A donor-specific QTL, exhibiting allelic variation 
for leaf sheath hairiness in a nested association mapping popula-
tion, is located on barley chromosome 4H. PloS One. 2017;12(12): 
e0189446. DOI 10.1371/journal.pone.0189446



Проявление нового гена опушения листа Hl1th  
от Th. ponticum у замещенных линий мягкой пшеницы

А.В. Симонов, Е.И. Гордеева, М.А. Генаев 
В. Ли, И.О. Булатов, Т.А. Пшеничникова

2024
28 • 6

609ГЕНЕТИКА РАСТЕНИЙ / PLANT GENETICS

Conflict of interest. The authors declare no conflict of interest.
Received December 3, 2023. Revised June 26, 2024. Accepted June 26, 2024. 

Salem K.F.M., Mattar M.Z. Identification of microsatellite alleles for 
salt tolerance at seedling stage in wheat (Triticum aestivum L.). Life 
Sci. J. 2014;11(12s):1064-1073

Schreuder M.D.J., Brewer C.A., Heine C. Modelled influences of non-
exchanging trichomes on leaf boundary layers and gas exchange. 
J. Theor. Biol. 2001;210:23-32. DOI 10.1006/jtbi.2001.2285

Shchukina L.V., Pshenichnikova T.A., Khlestkina E.K., Misheva S., 
Kar tseva T., Abugalieva A., Börner A. Chromosomal location and 
mapping of quantitative trait locus determining technological pa-
rameters of grain and flour in strong-flour bread wheat cultivar 
Saratovskaya 29. Cereal Res. Commun. 2018;46(4):628-638. DOI 
10.1556/ 0806.46.2018.047

Shchukina L.V., Simonov A.V., Demenkova M.A., Klykov A.G., Sha-
manin V.P., Pozherukova V.E., Lepekhov S.B., Chebatareva M.V., 
Petin V.A., Börner A., Pshenichnikova T.A. Increased grain protein 
and gluten contents of bread wheat caused by introgression of a 
T. timopheevii segment into chromosome 2A. Euphytica. 2022;218: 
170. DOI.10.1007/s10681-022-03121-w

Shvachko N.A., Semilet T.V., Tikhonova N.G. Trichomes in higher 
plants: homological series in hereditary variability and molecular 
genetic mechanisms. Russ. J. Genet. 2020;56(11):1359-1370. DOI 
10.1134/S1022795420110083

Simonov A.V., Smirnova O.G., Genaev M.A., Pshenichnikova T.A. 
The identification of a new gene for leaf pubescence introgressed 
into bread wheat from Triticum timopheevii Zhuk. and its manifes-
tation in a different genotypic background. Plant Genet. Resour. 
2021;19(3):238-244. DOI 10.1017/S1479262121000277

Singh A., Pallavi J.K., Gupta P., Prabhu K.V. Identification of mi-
crosatellite markers linked to leaf rust resistance gene Lr25 in 

wheat. J. Appl. Genet. 2012;53(1):19-25. DOI 10.1007/s13353- 
011-0070-0

Sukhwinder-Singh, Brown-Guedira G.L., Grewal T.S.,·Dhaliwal H.S., 
Nelson J.C., Singh H., Gill B.S. Mapping of a resistance gene ef-
fective against Karnal bunt pathogen of wheat. Theor. Appl. Genet. 
2003;106(2):287-292. DOI 10.1007/s00122-002-1112-0

Taketa S., Chang C.L., Ishii M., Takeda K. Chromosome arm location 
of the gene controlling leaf pubescence of a Chinese local wheat 
cultivar Hong-mang-mai. Euphytica. 2002;125(2):141-147. DOI 
10.1023/A:1015812907111

Vavilov N.I. Scientific Foundations of Wheat Breeding. Moscow–Le-
ningrad: Selkhozgiz Publ., 1935;70-87 (in Russian)

Wan H., Yang Y., Li J., Zhang Z., Yang W. Mapping a major QTL for 
hairy leaf sheath introgressed from Aegilops tauschii and its asso-
ciation with enhanced grain yield in bread wheat. Euphytica. 2015; 
205:275-285. DOI 10.1007/s10681-015-1457-5

Wang S., Wang C., Wang Y., Wang Y., Chen C., Ji W. Molecular cyto-
genetic identification of two wheat – Thinopyrum ponticum substitu-
tion lines conferring stripe rust resistance. Mol. Breed. 2019;39:143. 
DOI 10.1007/s11032-019-1053-9

Yang G., Deng P., Ji W., Fu S., Li H., Li B., Li Zh., Zheng Q. Physical 
mapping of a new powdery mildew resistance locus from Thinopyrum 
ponticum chromosome 4AgS. Front. Plant Sci. 2023;14:1131205. 
DOI 10.3389/fpls.2023.1131205

Zeven A.C. Wheats with purple and blue grains: a review. Euphytica. 
1991;56:243-258

Zheng Q., Li B., Mu S., Zhou H., Li Z. Physical mapping of the blue-
grained gene(s) from Thinopyrum ponticum by GISH and FISH 
in a set of translocation lines with different seed colors in wheat. 
 Genome. 2006;49(9):1109-1114. DOI 10.1139/g06-073


