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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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Hayunsle 0630ps!

T'EHBI JTPEBECHO-KYCTAPUHUKOBBIX
PACTEHU, BOBJJEYEHHBIE B ®OMUPOBAHUE
YCTOMYUBOCTHU K 3ACYXE
M 3ACOJIEHHOCTHU ITOYB

A.B. Tpemwvakosa, B.O. Manos, I1.A. Kpvinos

Annomayus

OodocHoBaHue. V3yuyeHue MOJIEKYISIPHBIX MEXaHU3MOB PETYIISALUN T€HOB B OT-
BET Ha pa3JInYKe TUIIBI CTPECCOB Y IPEBECHO-KYCTAPHUKOBBIX PACTEHUH, B YaCTHO-
CTH 3aCyXH M BBICOKO 3aCOJICHHOCTH MIOYB, CTAHOBATCS 00513aTEIbHBIM YCIOBUEM
JUTSL BEIBEIGHHS VUM CO3/IaHMsI HOBBIX YCTOHYMBBIX COPTOB, (OPM U THOPUIOB C
3aJJaHHBIMHU XO351ICTBEHHO-LIEHHBIMH ITPU3HAaKaMU. B HacTOSIIMII MOMEHT CTETeHb
1 NIyOMHA U3y4eHNUS TCHOB, BOBJICUEHHBIX B ()OPMHUPOBAHUE YCTOHUNBOCTH K 3aCy-
X€ ¥ BBICOKOH 3aCOJIEHHOCTH TI0YB Y IPEBECHO-KYCTAPHUKOBBIX PACTEHHI KpaitHe
HHU3Ka 10 CPAaBHEHHUIO C CEJIbCKOXO3SHCTBEHHBIMH PACTEHUSIMH, YTO 3HAUYUTEIHHO
3aTpyAHSCT ¥ 3aMEJJISICT CEJICKIIMOHHBIN MTPOIIeCC, KOTOPBIH TOJKEH 0a3UpOBaThCS
Ha JOCTHKEHHUSX MOJICKYIISIPHOM OMOJIOTUH U TeHETHKH.

Heab. O600uMTh, ONKUcaTh U 0TOOPATh MOTEHIUAIBHBIE T€HBI, BOBJICUCHHbIC
B ()OPMUPOBAHKE 3aCYX0- M COJICYCTOWYMBOCTH Yy psijia IPEBECHO-KYCTAPHUKOBBIX
pacTeHui, UCIONB3yeMbIX B arpoJIeCOMETNOPALIMH 1 3aIIUTHOM JIECOPa3BEeICHUH,
[IPOU3PACTAIOIIUI HA TEPPUTOPUSAX C APUIHBIM U CYOapPUIHBIM KIMMATOM.

Marepuanabl 1 MeToabl. JlJIsi TOCTHKEHUS MMOCTABICHHON eI HCCIENO0-
BaHHUs ObUT Mpou3BenéH 0030p cBbIie 250 HayYHBIX HCTOYHHMKOB, MIOUCK B OT-
KPBITHIX 0a3ax TaHHBIX TeHOB M MX TOMOJIOTOB C ITOMOIIbI0 mporpaMMel BLAST,
CBSI3aHHBIX C (POPMUPOBAHHEM 3aCyX0- U COJIEYCTOWYMBOCTH y APEBECHO-KyCTap-
HHUKOBBIX PacTCHHH, UCIIOIb3YEMbIX B arpojIeCcOMENINOpaii U 3aIIUTHOM JeCOo-
pa3BeCHUH.

Pesyasrarsl. B 1anHoii pabore 0000111eHbI 1 OnEcaHbl 28 TeHOB, BOBJICYEHHBIX
B ()OPMHUPOBAHHUE 3aCYyX0yCTOMUMBOCTH, U 14 TEHOB € CONEYCTOHYNBOCTHIO Y POLOB
Quercus, Populus u cemeiictB Fabaceae, Rosaceae, Oleaceae.
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3akuouenue. Takum 00pa3om, B pe3ysbTaTe aHaJln3a TeHOB, CBI3aHHbBIX ¢ (op-
MHUPOBAHUEM 3aCyXO0- U COJICYCTOMYMBOCTH Y APEBECHO-KYCTAPHUKOBBIX PACTEHHH,
0003Ha4YeHbI OCHOBHBIE MHUIIIEHHU, KOTOPBIE MOTYT OBITH B3STHI 32 OCHOBY JUISI MO-
JISKYJISIPHOM CEJICKIIUH C ITOCIIETYIOIIUM BBISBJICHUEM BO3MOKHBIX MAapKEPOB U UX
BO3MOYKHOM CBSI3U C XO35IICTBEHHO-1IEHHBIMU ITPU3HAKaMHU.

KutioueBble ¢JI0Ba: TeHBI 3aCyXOYCTONYUBOCTH; T€HBI COJIEYCTONINBOCTH; Jpe-
BECHO-KYCTapHUKOBbIE PACTEHUSI; MapKEpHAsi CEJIEKIIMS; arpoJIeCOMENTMOpaLysi; 0030p

Jas nutupoBanus. TperbsakoBa, A. B., Manos, B. O., & Kpsuios, II. A.
(2025). T'eHbl 1peBECHO-KYCTAPHUKOBBIX PACTEHHI, BOBICUYCHHBIC B ()OPMHPO-
BaHHME YCTOMYMBOCTHU K 3acCyXe W 3aCONCHHOCTH TouB. Siberian Journal of Life
Sciences and Agriculture, 17(3), 614-633. https://doi.org/10.12731/2658-6649-
2025-17-3-1118

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 Phytozomel3 (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-



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne3, 2025 617

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 (Oleaceace).

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 4. 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 tamily, 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 Physiological processes Taxa
name
Enzymes

ABA3 Sulfur metabolism, abscisic acid biosyn- | Arabidopsis taliana, Quercus, Popu-

thesis, drought tolerance [18] lus, Fabaceae, Rosaceae, Oleaceae
ABI1 Negative regulator of stomatal closure, | Arabidopsis taliana, Populus, Faba-

negative regulator of drought response ceae, Rosaceae, Oleaceae

[32], growth, stomatal function [4]

COoP1 Suppression of growth in light, drought | Arabidopsis taliana, Quercus, Popu-
tolerance, control of flowering, photoperi- | lus, Fabaceae, Rosaceae, Oleaceae
odism [26, 37]

EDS1 Drought tolerance, response to pathogen | Arabidopsis taliana, Quercus, Popu-
invasion, growth regulation [51] lus, Fabaceae, Rosaceae, Oleaceae
HAI Proton transport across the cytoplasmic | Arabidopsis taliana, Populus, Faba-
membrane, ATPase, stomatal closure in ceae, Rosaceae, Oleaceae
response to drought [29]
KINI11 Sucrose metabolism, hypocotyl growth, Arabidopsis taliana, Quercus ro-
(SNRK1.2) drought tolerance [36] 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-
PHAI

Drought tolerance, stomatal movement
[33], negative regulator of cold response
[40]

Arabidopsis taliana, Quercus, Popu-

lus, Fabaceae, Rosaceae, Oleaceae

PLDDEL-
T4

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

SALI

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

Yuce

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

AREBI

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

Quercus robur, Populus, Fabaceae

DREB24

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
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T0C1 | Drought tolerance, photoperiodism [27] | Arabidopsis taliana, Fabaceae
Other proteins
GI Photoperiodism, control of flowering, Arabidopsis taliana, Quercus, Popu-

regulatory | carbohydrate metabolism, drought toler- | /lus, Fabaceae, Rosaceae, Oleaceae
co-chaper- ance [19]
one

GRP7 Drought tolerance [62], stomatal closure, | Arabidopsis taliana, Quercus, Popu-
RNA-bind- | response to cold, circadian rhythms [45] lus, Fabaceae, Rosaceae, Oleaceae
ing protein

NHX1 Sodium ion transport, drought tolerance, | Arabidopsis taliana, Populus, Faba-
ion channel salt tolerance [6] ceae, Rosaceae, Oleaceae

The identified protein of the alpha-beta hydrolase family, PADA4, 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. ABII,
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. ABIS, a critical
participant in the abscisic acid response, also has few homologs. YUCH, 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 PLDALPHALI 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-4 Transport of nitrates [12] and chlorides Arabidopsis taliana, Fabaceae
across the tonoplast [22].

CLC-B Transport of nitrate anions across the Arabidopsis taliana, Quercus,
tonoplast [55], transport of chloride Populus, Fabaceae, Rosaceae,

anions [22]. Oleaceae
CLC-C Transport of chloride anions across the Arabidopsis taliana, Quercus,
tonoplast, stomatal movement [24]. Populus, Fabaceae, Rosaceae,

Oleaceae
EIN2 Leaf senescence, transport of metal Arabidopsis taliana, Quercus,

translation

cations, regulation of salt stress [28].

Populus, Fabaceae, Rosaceae,

cations from the cell [5, 64].

regulator, ion Oleaceae
channel
HKTI Salt tolerance, transport of sodium ions, Arabidopsis taliana, Quercus,
potassium ions [10]. Populus, Fabaceae, Rosaceae,
Oleaceae
NHX1 Transport of sodium ions, drought resis- Arabidopsis taliana, Populus,
tance, salt tolerance [50]. Fabaceae, Rosaceae, Oleaceae
SOS1 Salt tolerance, extrusion of sodium Arabidopsis taliana, Populus
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CDPK Salt tolerance, resistance to excess light Arabidopsis taliana, Quercus,
[29]. Populus, Fabaceae, Rosaceae,

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

Oleaceae
RbohF Salt tolerance, degradation of H,0,, Arabidopsis taliana, Quercus,
regulation of reactive oxygen species Populus, Fabaceae, Rosaceae,

[7]. Oleaceae

Transcription factors
AREBI Response to abiotic stress factors, initi- Quercus, Populus, Fabaceae
ation of transcription [23].

STZ Salt tolerance, initiation of transcrip- Arabidopsis taliana, Quercus,
tion, response to various types of stress Populus, Fabaceae, Rosaceae,

[43]. Oleaceae

Other proteins
AZIl Negative regulator of salt tolerance, Arabidopsis taliana
protein-binding | mutants with overexpression are hyper-
protein sensitive to salt stress [39].

MT24 Binding and immobilization of metal Arabidopsis taliana, Quercus,
metallothionein ions in metal-protein clusters [15]. Populus, Fabaceae, Rosaceae,

Oleaceae

HKT1 is a transmembrane transporter of sodium and potassium cations,
expressed in the parenchyma surrounding vessels in 4. 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. SOSI, 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.
AREBI, 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, AREBI, NCED3, ABA3.
Additionally, genes involved in regulating stress responses, such as DREBIA,
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, SOSI, CLC-A, CLC-B, CLC-C,
and NHX1. The transcription factor AREBI, 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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