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Abstract
Background. The study of the molecular mechanisms regulating gene expres-

sion in response to various types of stress in woody plants, particularly drought and 
high soil salinity, is becoming a necessary condition for breeding or creating new re-
sistant cultivars, forms, and hybrids with specific economically valuable traits. Cur-
rently, the extent and depth of studying the genes involved in drought and high soil 
salinity tolerance in woody plants is extremely low compared to agricultural crops, 
which significantly complicates and slows down the breeding process that should 
be based on achievements in molecular biology and genetics.

Purpose. To summarize, describe, and select potential genes involved in the 
formation of drought and salt tolerance in a range of woody plants used in agrofor-
estry and protective afforestation, growing in areas with arid and semi-arid climates.

Materials and methods. To achieve the research objectives, more than 250 sci-
entific sources were reviewed and a search in open gene databases was conducted 
to identify genes and their homologues databases using the BLAST program as-
sociated with drought and salt tolerance in woody plants used in agroforestry and 
protective afforestation.

Results. This study summarizes and describes 28 genes associated with drought 
tolerance and 14 genes associated with salt tolerance in the genera Quercus and 
Populus, and the families Fabaceae, Rosaceae, and Oleaceae.

Conclusion. Thus, as a result of the analysis of genes associated with drought 
and salt tolerance in woody plants, key targets have been identified that can serve as 
a basis for molecular selection, followed by the identification of potential markers 
and their possible association with economically valuable traits.

Keywords: drought tolerance genes; salt tolerance genes; woody plants, mark-
er-assisted selection; agroforestry; review
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Научные обзоры

ГЕНЫ ДРЕВЕСНО-КУСТАРИНИКОВЫХ 
РАСТЕНИЙ, ВОВЛЕЧЕННЫЕ В ФОМИРОВАНИЕ                                                                  

УСТОЙЧИВОСТИ К ЗАСУХЕ                                                             
И ЗАСОЛЕННОСТИ ПОЧВ

А.В. Третьякова, В.О. Малов, П.А. Крылов

Аннотация
Обоснование. Изучение молекулярных механизмов регуляции генов в от-

вет на различие типы стрессов у древесно-кустарниковых растений, в частно-
сти засухи и высокой засоленности почв, становятся обязательным условием 
для выведения или создания новых устойчивых сортов, форм и гибридов с 
заданными хозяйственно-ценными признаками. В настоящий момент степень 
и глубина изучения генов, вовлеченных в формирование устойчивости к засу-
хе и высокой засоленности почв у древесно-кустарниковых растений крайне 
низка по сравнению с сельскохозяйственными растениями, что значительно 
затрудняет и замедляет селекционный процесс, который должен базироваться 
на достижениях молекулярной биологии и генетики.

Цель. Обобщить, описать и отобрать потенциальные гены, вовлеченные 
в формирование засухо- и солеустойчивости у ряда древесно-кустарниковых 
растений, используемых в агролесомелиорации и защитном лесоразведении, 
произрастающий на территориях с аридным и субаридным климатом.

Материалы и методы. Для достижения поставленной цели исследо-
вания был произведён обзор свыше 250 научных источников, поиск в от-
крытых базах данных генов и их гомологов с помощью программы BLAST, 
связанных с формированием засухо- и солеустойчивости у древесно-кустар-
никовых растений, используемых в агролесомелиорации и защитном лесо-
разведении.

Результаты. В данной работе обобщены и описаны 28 генов, вовлеченных 
в формирование засухоустойчивости, и 14 генов с солеустойчивостью у родов 
Quercus, Populus и семейств Fabaceae, Rosaceae, Oleaceae. 
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Заключение. Таким образом, в результате анализа генов, связанных с фор-
мированием засухо- и солеустойчивости у древесно-кустарниковых растений, 
обозначены основные мишени, которые могут быть взяты за основу для мо-
лекулярной селекции с последующим выявлением возможных маркеров и их 
возможной связи с хозяйственно-ценными признаками.

Ключевые слова: гены засухоустойчивости; гены солеустойчивости; дре-
весно-кустарниковые растения; маркерная селекция; агролесомелиорация; обзор
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Introduction
Woody plants play a crucial role in agroforestry, protecting crops from vari-

ous negative impacts and fighting against desertification [3; 14; 38; 49]. Studying 
the molecular mechanisms that regulate gene expression in response to different 
types of stress, such as drought and high soil salinity, is extremely important for 
plants, including woody plants [15; 17; 53; 57; 63]. Open database resources such 
as Genome (NCBI) and Phytozome13 (Department of Energy’s Joint Genome 
Institute) provide complete genomic sequences, but there is a lack of information 
on the genomes of woody plants, while information on agricultural plant genomes 
prevails. At the same time, the limited knowledge of genomes and genes in woody 
plants, especially genes involved in responding to adverse environmental factors, 
makes the selection process more complex and protracted, as the success in creat-
ing new varieties with economically valuable traits depends on the development 
of molecular techniques and genetic knowledge [1; 25].

Based on the above, there is currently a need to identify genes responsible 
for stress tolerance in woody plants widely used in agroforestry practices, and 
to create new varieties with desired agronomic traits.

Purpose. To summarize, describe, and select potential genes involved in 
the formation of drought and salt tolerance in a range of woody plants used 
in agroforestry and protective afforestation, growing in areas with arid and 
semi-arid climates.

Materials and methods
The search for genes of interest associated with drought and salt toler-

ance was conducted in the open database PubMedCentral (NCBI, USA). Ar-
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ticles were searched using synonymous constructs [(“gene”) AND (“plants” 
OR “organism”) AND “salt”[All Fields]) AND resistant [All Fields] OR 
“droughts”[All Fields] AND resistance [All Fields] AND arid [All Fields] 
AND zone [All Fields])]. The “organism” section specified the studied plant 
in English/Latin. 

Further investigation of information on each potential gene of interest 
was conducted, including functions according to the Gen RIF section and 
articles in the PubMed database. Arabidopsis thaliana L., a well-studied 
model plant at the molecular-genetic level, was used as the model organ-
ism. Subsequently, homologs of these genes were searched among taxa of 
interest in the open database Gene (NCBI, USA) using the synonymous con-
struct (Gene name) AND Taxon of interest name [Organism]. Homologues 
of genes were searched using the BLAST program. Genera and families of 
woody shrubs and trees were taken from the forest seed base organization 
program for protective forest management in the Southern region of Russia 
[2]. The taxa of interest included the oak genus (Quercus), poplar genus 
(Populus), legume family (Fabaceae), rose family (Rosaceae), and olive 
family (Oleaceae).

Results of the research and discussion
As a result of the conducted search, 28 genes associated with drought 

tolerance and 14 genes associated with salt tolerance were identified. Fig-
ure 1 presents a histogram showing the identified genes and their homologs 
in the studied taxa. Since A. taliana is a model organism, it had the highest 
number of genes related to drought and salt tolerance. Genes and their ho-
mologs associated with drought tolerance were most commonly found in 
the Fabaceae family, and least commonly were found in the genus Quercus 
and in the Oleaceae family. 

The genus Populus and the Fabaceae family had slightly more poten-
tial genes identified compared to the genus Quercus, the Rosaceae fam-
ily, and the Oleaceae family. The Fabaceae family is one of the largest 
and most diverse plant families, which includes many species adapted to 
arid conditions [21], which may explain the number of identified genes 
and homologs. Other families and species are presumably less studied in 
this regard.

Tables 1 and 2 present the identified potential genes and homologs in the 
woody plants. Table 1 shows genes associated with drought tolerance, and table 
2 shows genes associated with salt tolerance.
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Figure 1. The number of identified genes and their homologs in the genus Quercus, 
genus Populus, Fabaceae family, Rosaceae family, and Oleaceae family.

Table 1.
Potential genes associated with drought tolerance

Gene 
name

Physiological processes Taxa

Enzymes
ABA3 Sulfur metabolism, abscisic acid biosyn-

thesis, drought tolerance [18]
Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

ABI1 Negative regulator of stomatal closure, 
negative regulator of drought response 

[32], growth, stomatal function [4]

Arabidopsis taliana, Populus, Faba-
ceae, Rosaceae, Oleaceae

COP1 Suppression of growth in light, drought 
tolerance, control of flowering, photoperi-

odism [26, 37]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

EDS1 Drought tolerance, response to pathogen 
invasion, growth regulation [51] 

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

HA1 Proton transport across the cytoplasmic 
membrane, ATPase, stomatal closure in 

response to drought [29]

Arabidopsis taliana, Populus, Faba-
ceae, Rosaceae, Oleaceae

KIN11 
(SNRK1.2)

Sucrose metabolism, hypocotyl growth, 
drought tolerance [36]

Arabidopsis taliana, Quercus ro-
bur, Populus, Fabaceae, Rosaceae, 

Oleaceae
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MPK6 Drought tolerance [60], response to ox-
idative stress [56], response to osmotic 

stress [30] 

Arabidopsis taliana, Fabaceae

NCED3 Drought tolerance, abscisic acid biosyn-
thesis [20].

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae

PAD4 Drought tolerance, response to pathogen 
invasion, growth regulation [51].

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

PLDAL-
PHA1

Drought tolerance, stomatal movement 
[33], negative regulator of cold response 

[40]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

PLDDEL-
TA

Negative regulator of drought tolerance, 
recovery after freezing, reactive oxygen 

species metabolism [13]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

RbohD Regulation of reactive oxygen species, 
response to various stress types, drought 

tolerance, salt tolerance [31]

Arabidopsis taliana, Quercus robur, 
Populus, Fabaceae, Rosaceae

SAL1 Negative regulator of drought tolerance 
[59], sulfur assimilation, response to cold, 

degradation of small RNAs [18] 

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

SIZ1 Plant immunity, drought tolerance, re-
sponse to low temperatures, growth regu-

lation [35]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

YUC6 Drought tolerance, regulation of reactive 
oxygen species [9]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

Transcription factors
ABF3 Response to various stress types, drought 

tolerance, salt tolerance, chlorophyll deg-
radation [16]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

ABI4 Drought tolerance, response to various 
stress types, regulation of lateral root for-
mation [26, 46], regulation of flowering 

[47]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

ABI5 Drought tolerance [34], regulation of flow-
ering [58]

Arabidopsis taliana, Fabaceae

AGL20 Flowering under drought conditions, 
drought tolerance [42]

Arabidopsis taliana, Rosaceae

AREB1 Activation of genes related to drought 
response, response to salt stress [61]

Quercus robur, Populus, Fabaceae

DREB2A Transcription factor activating drought 
response genes, response to high tempera-

ture [44].

Arabidopsis taliana, Fabaceae, 
Rosaceae

LSD1 Drought tolerance, response to pathogen 
invasion, growth regulation [51]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

MYB96 Drought tolerance, response to cold, re-
sponse to various stress types, seed germi-

nation [26]

Arabidopsis taliana



620 Siberian Journal of Life Sciences and Agriculture, Vol. 17, №3, 2025

TOC1 Drought tolerance, photoperiodism [27] Arabidopsis taliana, Fabaceae
Other proteins

GI
regulatory 
co-chaper-

one

Photoperiodism, control of flowering, 
carbohydrate metabolism, drought toler-

ance [19]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

GRP7
RNA-bind-
ing protein

Drought tolerance [62], stomatal closure, 
response to cold, circadian rhythms [45]

Arabidopsis taliana, Quercus, Popu-
lus, Fabaceae, Rosaceae, Oleaceae

NHX1
ion channel

Sodium ion transport, drought tolerance, 
salt tolerance [6]

Arabidopsis taliana, Populus, Faba-
ceae, Rosaceae, Oleaceae

The identified protein of the alpha-beta hydrolase family, PAD4, tightly in-
teracts with the proteins EDS1 and LSD1, regulating physiological processes 
such as response to moisture deficiency, growth and biomass accumulation, 
as well as defense against pathogens. These functions have been well studied 
in Arabidopsis thaliana, and PAD4 homologs are present in plants of interest 
for agroforestry. Another important DNA-binding protein, ABI4, is involved 
in abscisic acid signaling, regulating seed germination and the expression of 
the NA+/K+ channel HKT1, which is important for the stress response. Its ho-
mologues are also found in plants of interest. The multidomain protein COP1 
regulates photoperiodism, drought resistance, and stomatal closure. NHX1 is 
an ion antiporter channel, transporting protons and sodium ions, essential for 
salt and drought tolerance. Homologs of this protein are absent in the genome 
of Q. robur. SIZ1 attaches the small ubiquitin-like modifier SUMO to proteins, 
participating in signaling pathways in response to drought and cold, regulating 
growth. HA1 is an ATPase, transporting protons across the cytoplasmic mem-
brane, important for stomatal closure under moisture deficiency. Mutations in 
this gene reduce this function. GI, a regulator of circadian rhythms and mor-
phogenesis, also plays a role in the response to moisture deficiency. AGL20 reg-
ulates flowering in drought conditions through the gibberellin pathway, while 
the transcription factor TOC1 affects histone modification and chromatin or-
ganization. NCED3 catalyzes the biosynthesis stage of abscisic acid in chlo-
roplasts and has numerous homologs in plants of interest. Phospholipase delta 
PLDDELTA is involved in the response to cold and drought tolerance. ABI1, 
an abscisic acid antagonist, also has no homologs in Q. robur. MPK6 is a MAP 
kinase involved in signaling pathways related to pathogen invasion, oxidative 
stress responses, and moisture deficiency with few homologs. ABI5, a critical 
participant in the abscisic acid response, also has few homologs. YUC6, a fla-
vin-binding monooxygenase, regulates active oxygen species content and stress 
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tolerance, with numerous homologs. ABA3 sulfotransferase is involved in the 
final stage of abscisic acid biosynthesis. GRP7, an RNA-binding protein, regu-
lates circadian rhythms and immunity, with many homologs. Phospholipase D 
alpha PLDALPHA1 is a positive regulator of abscisic acid and an antagonist of 
the cold response. KIN11 (SNRK1.2) phosphorylates bZIP transcription factors 
and has many homologs. Lastly, RbohD is a NADPH oxidase that regulates the 
active oxygen species content. Homologs of this protein are numerous but not 
found in the Oleaceae family.

The transcription factor SAL1has phosphatase activity and is involved in 
sulfur assimilation. Similar to previously studied proteins, it has numerous ho-
mologs in plant genomes of interest. Mutants of this gene are drought-resistant 
but sensitive to cold. DREB1A, a DNA-binding transcription factor activating 
drought response genes, is present in plants of interest but absent in the genome 
of Q. robur. AREB, a stress-activated bZIP transcription factor, has few homo-
logs in the genomes of interest. Other important transcription factors include 
ABF3 and DREB2A, which also play a key role in stress response, activating 
drought and high temperature response genes. The transcription factor MYB96, 
activated by abscisic acid, has no homologs in the genomes of interest. 

Table 2.
Potential genes associated with salt tolerance

Gene name Physiological processes Taxa
Ion channels

CLC-A Transport of nitrates [12] and chlorides 
across the tonoplast [22].

Arabidopsis taliana, Fabaceae

CLC-B Transport of nitrate anions across the 
tonoplast [55], transport of chloride 

anions [22].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
CLC-C Transport of chloride anions across the 

tonoplast, stomatal movement [24].
Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
EIN2

translation 
regulator, ion 

channel

Leaf senescence, transport of metal 
cations, regulation of salt stress [28].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae

HKT1 Salt tolerance, transport of sodium ions, 
potassium ions [10].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
NHX1 Transport of sodium ions, drought resis-

tance, salt tolerance [50].
Arabidopsis taliana, Populus, 

Fabaceae, Rosaceae, Oleaceae
SOS1 Salt tolerance, extrusion of sodium 

cations from the cell [5, 64].
Arabidopsis taliana, Populus
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Enzymes
CDPK Salt tolerance, resistance to excess light 

[29].
Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
PCS1 Chelation of metal cations [11]. Arabidopsis taliana, Quercus, 

Populus, Fabaceae, Rosaceae, 
Oleaceae

RbohF Salt tolerance, degradation of H2O2, 
regulation of reactive oxygen species 

[7].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
Transcription factors 

AREB1 Response to abiotic stress factors, initi-
ation of transcription [23].

Quercus, Populus, Fabaceae

STZ Salt tolerance, initiation of transcrip-
tion, response to various types of stress 

[43].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae
Other proteins

AZI1
protein-binding 

protein

Negative regulator of salt tolerance, 
mutants with overexpression are hyper-

sensitive to salt stress [39].

Arabidopsis taliana

MT2A
metallothionein

Binding and immobilization of metal 
ions in metal-protein clusters [15].

Arabidopsis taliana, Quercus, 
Populus, Fabaceae, Rosaceae, 

Oleaceae

HKT1 is a transmembrane transporter of sodium and potassium cations, 
expressed in the parenchyma surrounding vessels in A. thaliana. Homologs of 
this protein have been found in all sequenced taxa, indicating its importance 
for plant survival. Ion transport across the cell membrane is also facilitated by 
NHX1, an ion channel transporting sodium cations. This channel is widespread 
in the plant kingdom, with homologs even found in Q. robur. CLC-A, CLC-B, 
and CLC-C - anion channels located in the vacuole membrane - play an im-
portant role in ion balance regulation. CLC-A and CLC-B transport chloride 
and nitrate anions, while CLC-C transports only chloride anions and is also 
involved in stomatal movement regulation. Both channels are present in many 
plants, with the exception of CLC-A in Q. robur. SOS1, an ion channel that 
extrudes sodium cations from the cell, is critically important for salt tolerance. 
Mutants with impaired SOS1 function are hypersensitive to salt stress. A SOS1 
homolog has only been found in the genus Populus, indicating its evolutionary 
novelty or specialization.

Another important detoxification mechanism is the binding and immobili-
zation of metals. PCS1, phytochelatin synthase 1, synthesizes short peptides 
called phytochelatins, which bind to metal cations and convert them into a less 
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dangerous form. MT2A, metallothionein, also plays a role in detoxification by 
binding to metal cations and immobilizing them in metal-protein clusters. Ho-
mologs of both PCS1 and MT2A have been found in all sequenced taxa, which 
highlights their role in adaptation to adverse factors.

Equally important is the regulation of gene activity in response to stress. 
AREB1, a transcription factor characterized in the tomato genome (Solanum 
lycopersicum L.), is involved in the response to various types of stress. Howev-
er, homologs of this gene have been found in only a small number of genomes, 
which may indicate its specialized role. Another transcription factor, STZ, 
which contains a zinc finger domain, is involved in the response to salt stress 
and other abiotic stress types, and has many homologs in genomes of interest. 

Regulation of reactive oxygen species levels is another crucial mechanism 
of stress adaptation. RbohF, an NADPH oxidase, regulates reactive oxygen spe-
cies content and is involved in degradation of hydrogen peroxide. Homologs 
of this protein have been found in many genomes, highlighting its significance 
in plant defense mechanisms.

CDPK, calcium-dependent protein kinase, is involved in signal transduc-
tion in response to various abiotic stress types. It has numerous homologs in 
plant genomes, indicating its central role in adaptive processes. EIN2, a metal 
cation transporter, influences salt tolerance, leaf senescence, and participates in 
the ethylene signaling pathway. It is also found in the genomes of many plants. 
Another protein, AZI1, is involved in signaling pathways in response to cold, 
pathogen invasion, and other stress types. Overexpression mutants of AZI1 are 
hypersensitive to salt stress. Homologs of this protein have not been found in 
many genomes, suggesting a specific role.

Genes involved in the regulation of the abscisic acid signaling pathway 
are critically important for plant adaptation to stress, and therefore represent 
a promising target for breeding and genetic engineering [8; 54]. In this case, 
the following genes are of interest: ABI1, ABI4, ABI5, AREB1, NCED3, ABA3. 
Additionally, genes involved in regulating stress responses, such as DREB1A, 
DREB2A, MPK6, KIN11, RbohD, and YUC6, are also significant [48]. Among 
the genes involved in salt tolerance, the most important role is played by genes 
involved in ion transfer, for example, HKT1, SOS1, CLC-A, CLC-B, CLC-C, 
and NHX1. The transcription factor AREB1, activated during stress and regu-
lating the expression of genes related to salt tolerance, is also of interest. How-
ever, the role of each gene in drought and salt stress may vary depending on the 
plant species, environmental conditions, and other factors [52]. Some genes may 
interact with each other, creating complex regulatory networks [41]. Further 
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research is important to fully understand the role of these genes in combating 
drought and soil salinity.

Conclusion
Thus, the study summarized and described 28 genes involved in drought 

tolerance and 14 genes involved in salt tolerance in genera Quercus, Populus, 
and families Fabaceae, Rosaceae, Oleaceae. Analysis of genes associated with 
drought and salt tolerance in woody plants identified key potential target genes 
that can be used as a basis for molecular selection with the subsequent identi-
fication of potential markers and their possible link to economically valuable 
traits. Further research will deepen the understanding of the molecular mecha-
nisms underlying salt and drought tolerance in woody plants.
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