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ABSTRACT

Potato virus Y (PVY) is one of the most important and widely distributed viral
diseases of Solanaceae family and the use of resistant cultivars is the most effective
control measure of this disease. In this research, the response of seven pepper
cultivars was investigated in two conditions, healthy control and infection with PVY.
This experiment was performed as a factorial in a completely randomized design
with four replications. The results showed that under the conditions of viral
infection, the growth indices including: height of the plant (31.84%), shoot fresh and
dry weight (46.55 and 46.61%), plant fresh and dry weight (50.16 and 50.09%), root
fresh and dry weight (54.76 and 51.93%) of all seven cultivars decreased compared
to the control conditions.While the amount of chlorophyll a, b and total chlorophyll,
carotenoid, the content of phenol and flavonoid and diseases severity of all studied
cultivars increased compared to the control conditions. To confirm the infection of
treated plants, PVY virus identification was performed by direct ELISA test with
IgG-PVY antiserum and RT-PCR test using specific primers PVY-8687F and PVY -
9295R.The results of the RT-PCR test showed the amplification of a fragment of 327
base pairs, which indicates the confirmation of the ELISA test and it was consistent
with the sequence determination results in the NCBI database (Accession number—
KR909091.1) that was previously registered for this isolate. In general, the Cauba
cultivar has shown a better reaction in the face of infection with PVY virus. So, this
cultivar can be suggested for future studies of pepper cultivars.

KEYWORDS
Pepper cultivars, Disease severity, Photosynthetic pigments, Growth traits, Phenol
and flavonoid content
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Fresh_weight_

Dry weight Freshweight Dryweight Rootfresh Rootdry Diseases

Source df  Height . . . . .
aerial parts aerial parts oftheplant ofthe plant  weight weight  severity
Variety 6 3853.7" 10.85™ 072" 19.54™ 1.04™ 1.62™ 0.11™ 23.45™
Inoculation 1 32448.3™ 579.09” 8.64™ 1146.5™ 25.24™ 95.9™ 434"  108.64™
Interaction effect of variety x inoculation 6 701.8™ 573" 0.309 10.19" 0.7 12m™ 0.36™ 531"
Error 42 865.02 522 0.18 3.62 0.29 1.207 0.55 0.405
cv) - 13 12.89 139 14.8 11.2 12.54 12.11 89

ns, *, **: no significant difference, significant difference at 5% and 1% level, respectively.

Jals Bl (S35 g0 Slao i o8y psbaw il (1Ske dnglis @ls Y Jgaa

_ Height Fresh_weight_ Dr)./ weight Fresh weight Dry weight Diseases
Variety cm) aerial parts aerial parts of the plant of the plant severity
(gr) (gr) (9r) (gr)
Avante 96 c 8.966 ¢ 2.68¢ 11.506 ¢ 3.45hc 6.75a
Gassipal 148.38 bc 10.714bc 3.21hbc 13.475bc 4.04ab 6.5a
Benino 1385a 12.561a 3.76a 16.17a 485a 4b
Taranto 104.50 be 9.871bc 2.96Db 12.72bc 3.81bc 3.5b
Inspershin ~ 115.13bc 9.88 bc 2.964b 12.406 ¢ 3.72bc 3.5b
Nirvin 138.13ab 10.88ab 3.26 bc 12.406 bc 3.72c 4h
Cauba 150.88 ab 11.297 ab 3.28hc 14.806 ab 4.443b 2c
Similar letters for each trait between control and treated samples indicate non-significant differences between them.
Jalb o)l (So5lsh g0 Slao y Fiale slos ok Sl 1Sike duslio b & Jeua
Inoculation Height Fresh_weight_aeri Dr){ weight Fresh weight Dry weight Root.fresh Roo.t dry Diseases
treatment (cm) al body aerial body of the plant of the plant weight weight severity
(gr) (gr) (9r) (gr) (gr) (gr)
Control 151.42 a al3.81 ad.l4 a18.04 ab4l a4.23 al7 571a
Virus 103.2b b7.381 b2.21 b 8.99 b27 b1.61 b 0.48 2.92b

Similar letters for each trait between control and treated samples indicate non-significant differences between them.



i anbe 9 w8y Joliie 3l (S0l aalis oy ol
o929 4ot S pLB ) (glwor (b oAb jasetie g
pae) Ml pdaw dy o sy S SS9 5059 PVY
935 09 iy 45 s 4 A alS sy, ((S>9)
L stz o8 4 bgpye (509l pas) aalds Ly (b lnasy Szs
b Jg a5 otnlia (g lel bl ) 3] S3gl Luly 15 oy
5 35039 Oryde 45 a5 el (Sogl Ll 3 pB)f Ao
Ligls' o8y a0 p)5 V125 5 Vo VY (5:50ke i & 5 S Sis
bulyd )3 s 5 Sds 5 1509 ke (a8 (ioned 9 392
(D JS2) 592 atlsl 08 41 bgoye (S35l

(VVA)IFY Gl ot 9 o 2l p)lee o)lod o3 s Jlo ¢ 2l)) (ol (5ygldcumn (ole aloxe

Ol ¥ Jgda slrosls (uibjly 4 jos Joao I ol gl
$raabe qvdy Lo ol Cov wg J§ SKis g 55 a5 0
2 el pai 5l BMsl g e85 18 T hlite 5 (g0
JA pB) o 590 S St g 5 i 1ol L Y g
JS S g Fojs oetie & sk 4 0) g2y (SN
£S5 ¥IAD 9 VFNY (slaySilo Ly giis o8 ) bgsyo 45y
ald waw by gy Gianle sles o S5k jl dloe
Ao b odaline dig S SS9 4505 bld 5l olacslas
iy JS S 5 505 ol oy S (b &S s
oialS o 0/40 50V Sy @ dald paw 4 Caus
(¥ Jass) ol lis

= Virus = Control

Dry weight aerial body (g)
[
g

0.5

a)

= Virus ®Control

e
o N B O O
L . L )

feresh weight aerial body (g)

O N B O Co
I R N R

b)

ooang Sitle g w8y Jlite 31 pSile duslie (b £ Jald p) olgn plil 5iijg 2 wang (Sidle 5 08y Jilie Bl (3sSSkie dunli (@ € JSW
Jal o)l olgn plal SiS 55 5

mVirus mControl
30 4

Feresh weight of The whole plant

mVirus ®Control

Dry weight of the whole plant (g)

b)

a)

2 ooons Sidle 9 pd) blite S 5:SSke auolio (bt Jald pB)l gy 5 (159 2 any Sikle 5 08y blite I (1Sle duslie (A L0 JSS
Jald s aigy i 50



(PVY) (iooj s sly o929 2 0391 Jald pB)1 (5 S5l 5089890 5 (limsdion i sy 2 20 )0 5 (Sibog Ve

Sasls bbd 5l gy (Siale 5 wald klyd (b w)p

Sltiwly 3 asdllae )50 pL8)) (S5 slacglis 51 (8L

Parker and ) ._sl swgpg So9 4 olals Jeso b (il
aS s edaliie ol 4 aag L )b 5| (Gilbert, 2004

F 0dg 2o YVIAY) g eli5)] (ials cow gy (Sjasle

P ey g 38 Slagadld ol )3 JRals ol 4

el L gy (Sile slosd (b JAlb () 3)90 £

» L, TUMV yog,sg 51 45 Jafari et al., (2015) adllas

5 s Shamali et al., (2017) « 1515 ¢,bx pls)l g LY
Pazarlar et al., Lgw calisee pls)l ;o |, TSV' jogyms
i ol slaanly (S 2 [, TMV g i1 45 (2013)

Oy Sled b idges b))l

69> 3= TOMV' (g9 (Sjenle Lo p51 (imgy 5

o Lt @l g (yp (N8 25 olS a3y slapasls
Wl Jobo (cdio Y-V LinlS o jdile lasi g i3
plasl Sid 59 (samoyd Yo/YY iy Jsb (60,0 A/B)Y

2ol pdaw 4 Cowd didyy Sid (59 (guo)d YOIAY 5 olsn
=0 ol ol aob bl ,> (Aseel et al., 2019) s
ool Jass b Jilh o8] 505y ln sl inlS o
,51Sofy et al., (2021) _aiss > PVY g, ss L
Ol el g gy Leodl olS (55, 2 1) AMV Lug
w)jdﬁng_Jactf)Jb]chS)Jélachwaoy;Juﬁ

00929 155D ()15 Bl als aals waw 4 s

s 5 o, Vicia faba cv. Giza 461 oLS , BYMV?®
i gy goaasls (i g b (Sogl (b o ol s
PlAs S5 5 35 59 o5 grbans o5y dass cbles Jobo lusd
oy YOIND (—idlS sy an dals paw 4 Caws ols

1Turnip mosaic viros
2Tobacco streak virus
3Tomato Mosaic Virus
4Alfalfa mosaic virus
5Beta yellow mosaic viros

Ol ¥ Jgia slrosls (uibly 4 jos Joao I ol gl
S gdaw p3 dody) 5 0Jg ;= ooang Sitle sle &S 3
AU Sitlempdy Mite 51 5 08y Jlas Ll g2 515 ine 10>
Ol dwlio guls .Codlh 398 Cano Hlde y (gl sxe
F0ds crans b Siale sleg (b &b (s Sjale zobaw
oy LS ghod SVAY  ials dald pdaw 4 Cowd didy
Laosls (uilo)ly amjos gl olowly oniomen (V Jgaz)
Ay il sl 8l Cov ady) SS9 o 45 sanlis
2 el bLod 1 BMesl g b5 )18 Sjalempd) lice
(Y o) 298 503 (e 68 ST Lol 3yl dine 20> S a
45 0 pasuie Siale slas il 5x0ke auglie gols bl
T o S doo d VIV ady) i (g 98 o
dlie gl ol oizmes (¥ Joa2) cudly (ials aals
Sitle sl > &5 wd oaalie (7 JS5) Jilie I S (SSlee
o G (o 3y90 JAlb P ady) SIS (459 gy L
e pyiidns a5 (gyab 4 cuib dals B, dali paw
VAY) gz o5y 4 oo ol Ll )5 ady) Sid (g
JuslS 08y & bgrpo (Sogll Ll > o] Jlaie (208 5 (p 5
5 4lgl pB)1 L o5) ) e 4 Az p 051 25 < IVY (S0l L
ool blsd 5 g)ls mo BMS) Sngdl bly 5 )5 gits
RWARRTARPY

mVirus EControl
2.5 4
) 2 -
E b
20
£ b
b L5 b ¢ o be
= c-e c
E
= 1 o d-f
f f f €
0.5 -
0
& D> o & & &
qu& & & {é\‘ & & 410&
w Gg‘f L &F &\‘ < o
&

038 2 0o Sidle 9 p8) blite 3 (ke duglie T JSW
A pB )l ay) Suis

5 o plasl Sis g 5 g ) ol s bl
dyg—e Jalb o8] o a5 AD astdie Guivs opl jd Ady) g &gy



W (=AY sl i 5 o ol epoleer ojlesd e Jlo (ool)j QLS (6ygldicumsj cole dlone

g 0 Slao
M9 5 (5 Fwgid S0 355
Slasoly (i d Jass laodls uibyly 4350 51 ol s
8 J89)lS Gl Siile o8y Jliie Sl g Siarle lajless
AU oy S Al 3 a8l ogine 2op> S o
@l ool g (izren SCuBIN 398 Cho Gl 2 ()l e
lo (v 8y lajle Sl aS wb sdalin Wosly il yly 4500
P S 9D Jde)lS e s (Sianlemed) i 515
Tob xSlee dlie @l gy (6 dne o> gy aw
F5 Jb9)lS 9D Jidg)lS (e cynden a5 0l LS £ Jgax
039 P3S = S e VBV (g8 pB)) & by o5
S (Jb 339 (5 0ig 5 2 pS ke VIAPO) (e ppitly (5
VAN b Jd)ls ol o oS G o Sl 5
2SSk VIVOD) JS Jd9)lS w2 5 (55 0jg £)5 2 p5 ke
P oSbee dmlis mlis angi b (b jlog (5 0 )5
5 ale sles Jlesl (b 4 ud pasede Siale zolaw
=il a9y Jalb el (sl siSSy (lie PVY g g
bilyd (b 39 Slio Glie opyide o5 5ygb 4 b (LS
@l bl (Y Joiz) 28 odabide (wgpg (Sjule loss
Jlos 4545 jasuie 05 ¥ JSi hlite O3l :50ke unlie
5wy (Lo Sy Glime Glalidl co (gpg b Sile
J85)lS" Olsn (it & 5pgb 4 AD gy 3y50 6 )
9 V0 laeSShe L cngys o8y & bgye S J:)18 5 2
Lpa b o)l i ot 9 5059 £55 2 205 (shee Y104
s90 4lgl o8) & bgiye 5 01jg 5 2 p S e VAVY (5Sike
POl (&S dizpn ad Job (oo b (Siale lulyd (b oS
Slsme SIS gy (Soodl Laylid (b )y 2090
P » S he +107)a Jdg)lS (e (nyieS g M odalie
o boe (5 0jg PS5 2 eSSk VO) IS B9yl 5 (5005
prS 2 pySishe <IVAVD Jdo)lS jee i y2eS g aslyl o3
el bulyd (o aS 39 Jewl 68) 4 baie o (505
AoV JS3) 1 ol

Hlas ol flis Lasaly wilsyly asjou 5l Jols zols
Aoy iy gaw 3 A595, Gl 2 Sinle 5 o8y lasles
o ey 6ol ime 3l ba ] ilize 31 Lol gy yly sins
7 Jois o (Sl duslie @ls (0 Jouo) cudlys (358
G VY ol ko b cus 5 b ailgl g g pB)) a8 ol L

FAYA § 5o ) SYVNIYE o DFFIY o ¥V 2V cdio )3 ¥4 /NS
aalllae oyl cloazily L 45 (Sofy et al., 2020) azls 1o,
2 ol Gradye adex jl o) Glapasls )b Sl en
osen 2linylen Jolge lawg Lol (ialS g el als
ol (s3glgten g Iilon Jolge b > & ol (S o pug g
AZiZi & ) sb o 10l (s08y slaasls o] dois > & Ll

.(Shamsbakhsh, 2014; Vinodkumar et al., 2017

& ol

My i Y Jods slaodly iyl 40 Jeds 5l ol zols
g s Sitle by gl b cov (Sagl s &
S b gl sl WSl g 8,5 )6 ] blise
3y zolw ke duslio bt ulwl y g b txe do
SN o ol s I g 3)90 Jalb B oy (Y Jgi2)
Gy yeS gy iy 4S5 (gye b 4 Gl d93g I sxe
Cpiomed W odnlie LslS g aslgl Pl )3 s 4y (5o
S 55 aald o g gy b (File los obaw o
00929 b (Sitle Jlosi I g & 4b oaalie (V JSU3) Jolie
o 1b iy (Sapdl b Mo )y 3y90 Jilb pB)N o
5 S5 9 alsl o5) 4 bgyye (Sogll ol VL oS (g5
o dog bl og Lls 08, 4 bgsye 5 (Sogll ot oy 208
26 o6 j1aS gy 2 2050 pB) 3 )3 LS 08 alols s
4 Comd Syt Jodll 1S 5 85 8 gy ol b (5o
Wb uLwJ ‘p@)‘ );L.u

mVirus ®mControl

[ury
o
|

Disease severity

o B N W AR 0y N 0 W
I I 1 I I 1 1 I I

GAS ey Sikbe 5 a8y hlite I ke duglie Y JSUS
Jals pl5)) Sl



(PVY) (iooj s sly o929 2 0391 Jald pB)1 (5 S5l 5089890 5 (limsdion i sy 2 20 )0 5 (Sibog w

b gy 3y90 Pl 43959

rons e Cov Jald pl)l (So5els b Cluogad (S puibyly 4jes s 0 Joda

Ol creS g cpyida by pise p)S 3 p)Sdee VWY
b paseide Vgl gl el p cpioren Xdg 4543598

Source df Chlorophyll a Chlorophyll b Chl_(l)_gtgglhyll Carotenoid Phenol Flavonoid
Variety 6 0.006 " 0.011" 0.306" 0.4" 0.179™ 0.484™
Inoculation 1 1.82™ 0.27" 0.19" 15.83" 0.209™ 12.42™
Interaction effect of o * * * *
variety x inoculation 6 0.024 0.03 0.05 0.044 " 0.205 0.29
Error 42 0.011 0.011 0.049 0.259 0.078 0.11
cVv -- 12.43 14.63 15.91 18.52 10.65 14.42
ns, *, **: no significant difference, significant difference at 5% and 1% level, respectively.

Jald B Sojslen s Slao o) ol I (ke dnlie @l T Jo
. Chlorophyll b Chlorophyll Total Carotenoid Flavonoid
Variety 1 9 1 1
(mg.g*fw) (mg.g*fw) (mg.gfw) (mg.g™fw)
Avante 1.502 a 1.773 ab 1l1lc 0.898 ab
Gassipel 1.131b 2.355b 1.417b 0.946 a
Benino 1.25ab 2.87ab 1737 a 0.71c
Taranto 1.352 ab 2.89ab 1.449b 0.915ab
Inspershin 1472 a 2.987 a 1.356 b 0.919a
Nirvin 1.516a 2.862 ab 1492 b 0.894 ab
Cauba 1.24 ab 2552 ab 1.262 be 0.797 cb
Similar letters for each trait between control and treated samples indicate non-significant differences between them.
Inoculation Chlorophyll a Chlorophyllb  Chlorophyll Total Carotenoid Phenol Flavonoid
Treatment (mg.gtfw) (mg.gtfw) (mg.gtfw) (mg.gfw) (mg.gtfw) (mg.gtfw)
Control 092b 1.293a 2.218b 1.346 b 0.181b 0.688b
Virus 1.867a 1415a 3.282a 1.460 a 0.319a 1.049a
Similar letters for each trait between control and treated samples indicate non-significant differences between them.
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ABSTRACT

Plants with special compounds in their root exudates can strengthen a
specific microbial community in the rhizosphere and prevent harmful
microbial community from forming. The rhizosphere is a dynamic region
around the plant root that is governed by the interaction between the plant
and microorganisms. Plant root secretions can be influenced by plant species,
plant growth stages and stress conditions and can be different; therefore, each
microbial strain can regulate the expression of its genes at each stage of plant
growth. Microbes are an unknown and huge source of secondary metabolites
that play a very important role in the field of medicine and other industries.
The present review focuses on factors inducing the production of new
secondary metabolites from rhizosphere microbes. Each microbial strain has
the potential to produce several compounds, but considering that the
production of secondary metabolites is very costly for the cell, their synthesis
is highly controlled by the cell. Studies have shown that changing the growth
conditions of microbes, such as: temperature, salinity, co-cultivation
(bacteria-bacteria, fungi-fungi, bacteria-fungi), change in oxygen
concentration, aeration speed, addition of soil elements and rare metal ions,
light radiation and also genetic engineering methods such as: insertion of
strong inducible promoters, ribosome engineering, chromatin rearrangement,
overexpression of pathway-specific regulatory genes and small molecules
and chemical stimuli can help to discover new compounds. In this study, the
above cases are explained in detail.
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Induction, Plant root secretions,
metabolite.
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ABSTRACT

The most valuable products obtained from the (Peganum harmala L.) are
phenolic compounds and other biochemical contents, which widely is used in
treating of many diseases. This study has been done with the goal of
evaluating the effect of different habitats on some biochemical and
physiological parameters in pecan plant. First, the samples were identified
and collected simultaneously in the four studied habitats. A factorial
experiment with a completely randomized design with three replications was
conducted in the central laboratory of Razi University in 2023. Results of the
analysis of the variance of the studied traits has been showed, that there is a
significant difference between the ecotypes and also the two leaf and seed
samples in the characteristics of total chlorophyll content, soluble sugar,
flavonoid and anthocyanin. The results showed that, there is a significant
difference between the ecotype and the sample in chlorophyll b index. The
difference between the samples is due to the type of ecotype and the effect of
the environment. There is a significant positive correlation between
chlorophyll a, chlorophyll b and total chlorophyll. Phenol and flavonoid
content showed significant negative correlation with total chlorophyll and
positive and significant correlation with anthocyanin. Considering the content
of biochemical compounds and the high content of phenols and flavonoids as
antioxidant compounds in the studied samples, it can be stated that Ecotype
No. 2 can be introduced to researchers as a suitable sample for further studies
in the pharmaceutical field. The authors are grateful for the cooperation of the
director of the Faculty of Engineering Sciences and Natural Resources, Razi
University.
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ABSTRACT

The use of heterosis in hybrid rice breeding technology is one of the ways to increase
production per unit area, and hybrid rice varietiesproduce 20 to 30 percent higher yields than
improved or high-yielding varieties of the same growing period. The seed of male sterile lines
in hybrid rice seed production is controlled based on the potential for producing male sterile
lines (A line), evaluation as a fertile line (B line) and the percentage of allogamy or
appropriate behaviour of the flowering male sterile lines and the factors that influence this.
Ensuring the genetic purity of hybrid seed is a prerequisite for the successful production of
hybrid rice. Hybrid seed is often contaminated by pollen from other varieties or by self-
fertilisation from impure parental lines (cytoplasmic male sterile). The aim of this study was to
identify informative microsatellite markers (SSR) able to discriminate hybrid rice parental
lines and allow their use in the evaluation of seed purity, as well as to characterise the
morphology of F1 hybrid rice to complement the varietal description. As part of the hybrid rice
production programme, an initial evaluation of traits related to the degree of outcrossing,
sterility stability and genetic purity in male sterile rice lines is required to select the preferred
lines. In the present study, eighteen Iranian and exotic cytoplasmic male sterile lines of
different cytoplasmic origins and their maintainers (B line) and one thermosensitive genetic
male sterile (TGMS) line, TG51, were tested in a randomised complete block design. The use
of molecular markers based on PCR was investigated to assess their purity. The results showed
significant differences in plant height, flag leaf length, flag leaf width, number of fertile tiller,
flower length and width, panicle length, initial panicle condition, percentage of allogamy, total
number and percentage of panicle fertility. The mean comparison of the traits showed that the
selection and prioritization of superior lines according to the percentage of fertility, panicle
outgrowth, percentage of allogamy and flower density were related to the traits Fajr A and
Neda A and IR58025 A. Due to adequate height, panicle length, number of flowers and higher
percentage of allogamy in Dasht B, these lines were included in the seed production program
as favorable lines.Molecular tests were performed based on PCR using four markers for purity
of the seed parent, CMS and differentiation between male-sterile and maintenance lines. The
combination of the CMS and RG136 markers as well as the RMT6 marker made it possible to
distinguish between CMS-WA lines and those without male sterility. The results showed that
the bands of the drrcms marker discriminate cytoplasmic male sterility lines between different
WA, DISSI and Gambiaca sources and generate different monomorphic fragments for each of
the male sterile and B lines. Therefore, these markers can be used for genetic purity and
possible infection test of seed parents and suitable alternative for GOT.
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CMS-WA, Cytoplasmic male sterility, Hybrid rice, Molecular marker.
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Table 1. Cytoplasmic male sterile and maintainer rice lines studied
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan test.
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Table 5. Correlation coefficients between different morphological traits in male sterile rice lines studied
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Figure 1. Banding pattern obtained using combined CMS and RG136 markers: All lines showed monomorphic fragment

using RG136 marker. Using the CMS marker, only CMS-WA lines showed a band, but the others including GAM, dissi,
mutant and TG51 line did not show a band.
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ABSTRACT

Dehydrin (DHN) proteins are a group of proteins that effectively respond to abiotic
stresses such as cold and drought stress in plants. These proteins are a subset of protective
greater group of proteins called type II Late embryogenesis abundant which are
protecting other proteins from stresses shock. Due to the significant effect of dehydrin
proteins in plants, specialy under abiotic stresses, the aims of this study were to survey
the linear structure along with phylogeny relationship of this proteins’ group in different
plants species. The protein linear sequences of different plant species were downloaded
from NCBI site and then were aligned using MegaX software. The results of aligning
showed highly conserved segments within the considered sequences such as K- and S-
segments that are respectively responsible for covering other proteins and protecting them
from damaging effects of stresses and transporting dehydrin proteins from cytoplasm to
nucleus. Using the sequences’ alignment, phylogenic tree was extracted using Neighbor
Jjoining method. Furthermore, linear sequence order of amino acids and their ratio in the
structure of these protein were evaluated. Folowing that, the composition of these proteins
genomic sequences were considered to compare with the results of amino acids
evaluation. The results indicated that dicotyledon and monocotyledon plants can be
clearly separated into two distinguished classes based on the amino acid structure of DHN
proteins. Similarly, The ratio and order of DNHs linear sequences were distinctly altered
between mono- and di-cotyledon plants. Evaluation of genomic base pairs of these
proteins showed that there are numerous unchanged motifs with eighter no or a little
difference shared among the genomic sequences of DHN proteins.
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DNH genomic sequences, K-segment, S-segment, Late embryogenesis abundant proteins,
Neighbor Joining.
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Figure 1. Preserved segments of dehydrin protein sequences in evaluated plant species

FEEEEEE
T

Specianitecy - LT
B WF 364134 Arsbidopels thallans
I. BAGTSHTTIA Arsbidopsis susclca
3. XF S104BFATS Camelina mative
4. ASTEL4D Atriplen hallsis

5. ADgT3843 Sclamom chilanse

§. ABCEIITE Colfes cansphota

7. CANASALS Plamtags major

5. WP 051340106 Glpvine max

3. XF G0E435110 Citrus n clessntine
15, AANTHIZS Citrus = pazediai
B, P DOFATITEI Citaus sinensls
12. AFOINIS Malus domestica

11, AZDORLTI Trifolium sepans

. npanicus

13. XP SOIECIBET Medicags truncatuls
i - wanivm

17 in vinifeza

ymahansnals
13, 2a333E4 Capsells bursa-pastorie
30. 3333753 Brassica napus

e
4. P SEMETTL Barghum biccler

33 EP DOIZCEA0D Zes mays

26. WP SRI4TEES Cuysa mative Jeponic
7. EATITOIM Deyea sativa tndice Ges
28, XP DOEEATEED Oryza brachyantha
9. MADCIIE Werdeus vulgars subsp.
30, AAmI20] Triticm asativa

31, AFFARILE Tricieus turgldus subep.
12, AZFIAISE Agrepyroa cristatum

33, EMrieINd Aegilops tausshii

Lmo] duslio cgs S 9 K sndcbiblbre slacns .Y JSG
Figure 2. Preserved K and S segments of dehydrin protein sequences
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Figure 3. Phylogenic tree of dehydrin proteins based on Neighbor Joining method using Mega 11 software
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Figure 4. Unpreserved segments of dehydrin protein family regarding monocotyledon and dicotyledon plants
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Table 1. Ration (Percent) of each amino acid in the linear structure of dehydrin protein of different plant species

P aigs Ala Cys Asp Glu Phe Gly His lle Lys Leu Met Asn Pro GIn Arg Ser Thr Val Trp Tyr jLcegs sl

Arabidopsis thaliana 347 0 502 1892 27 502 425 3.09 1699 4.63 232 193 734 27 116 656 656 656 0 0.77 259
Arabidopsis suecica 3.11 0 467 1984 233 467 506 233 179 5.06 233 233 739 195 1.17 739 584 545 0 1.17 257
Camelina sativa 392 0 392 20 275 431 51 275 1725 471 235 353 745 3.14 118 549 6.67 471 0 078 255
Atriplex halimus 472 0 944 1545 258 6.01 773 3 17.6 258 215 258 515 172 172 644 3 601 0 215 233
Solanum chilense 553 0 503 21.11 201 7.04 4.02 4.02 1859 4.02 05 151 553 151 1.01 9.05 3.02 503 0 151 199
Coffea canephora 793 176 573 19.82 1.76 8.81 2.64 3.08 2026 441 044 088 529 176 132 6.17 264 396 0 132 227
Plantago major 568 3.06 568 214 218 48 1.75 349 1878 437 044 087 742 175 0.87 48 524 568 0 175 229
Glycine max 467 0 561 2009 1.87 7.01 654 28 17.76 467 047 093 514 234 14 748 467 561 0 093 214
Citrus x clementina 556 0 598 20.09 1.71 556 598 2.14 1923 513 0.85 043 6.84 3.85 128 641 342 47 0 085 234
Citrus x paradisi 513 0 598 20.09 1.71 556 598 2.14 1923 513 0.85 043 726 3.85 128 641 342 47 0 085 234
Citrus sinensis 513 0 598 2051 1.71 513 598 2.14 1923 513 0.85 043 726 3.85 128 641 342 47 0 085 234
Malus domestica 542 0 722 2022 144 578 6.86 253 1661 3.61 036 108 6.14 217 144 722 361 433 0 397 277
Trifolium repens 276 0 737 1659 184 5.07 5.07 323 17.05 3.69 046 184 507 138 138 783 11.52 645 0 138 217
Lotus japonicus 386 0 687 176 215 7.73 5.15 343 1631 472 043 386 3.80 3.80 043 687 6.01 644 0 043 233
Medicago truncatula 478 0 861 1531 191 526 574 287 1675 3.83 048 @& 478 191 144 6.7 11 526 0 144 209
Pisum sativum 509 0 556 1852 185 741 556 278 162 417 046 139 417 093 139 648 11.11 55 0 139 216
Vitis vinifera 361 12 6.63 1928 0.6 542 6.63 241 2048 482 181 181 6.63 3.0l 06 783 361 361 0 0 166
Vitis yeshanensis 361 12 6.63 1928 0.6 542 6.63 241 21.08 482 181 181 6.63 3.0l 0 783 361 361 0 0 166
Capsella bursa-pastoris  3.83 0 4.6 21.07 1.15 421 4.6 345 1456 421 153 268 6.51 192 1.15 766 92 728 0 038 261
Brassica napus 517 0 443 2288 221 443 48 185 1587 554 148 148 6.27 185 258 627 7.01 517 0 074 271
Brassica juncea 412 0 494 23.05 2.06 4.12 453 206 1811 576 1.65 0.82 535 247 206 6.17 741 494 0 041 243
Brassica oleracea 503 0 6.03 206 201 553 503 201 191 452 1.01 05 653 05 151 754 553 653 0 05 199
Brassica rapa 365 0 573 2083 208 573 521 208 1823 4.69 1.04 052 6.77 052 1.04 729 677 729 0 052 192
Sorghum bicolor 989 0 7.07 1484 035 7.07 9.9 212 1378 53 1.06 0.71 813 3.53 177 565 283 636 0 035 283
Zea mays 996 0 854 1281 036 7.12 7.83 249 1246 534 1.07 178 819 4.63 214 569 356 569 0 036 281
Oryza sativa Japonica 1138 0  5.52 1448 1.03 793 586 207 13.1 483 1.03 1.03 1069 1.03 207 69 517 552 0 034 290
Oryza sativa Indica 11.64 0 548 1438 1.03 788 6.16 205 13.01 479 1.03 1.03 10.62 103 1.71 7.19 514 548 0 034 292
Oryza brachyantha 1045 0 557 1429 1.05 836 453 209 1394 523 105 0.7 108 139 139 836 418 627 0 035 287
Hordeum vulgare 9.41 0 627 1686 0.78 7.45 392 196 149 6.27 157 1.18 7.06 157 196 6.67 431 706 0 078 255
Triticum aestivum 1082 0 597 1604 0.75 7.46 448 187 14.18 597 1.12 075 7.09 187 149 634 522 784 0 0.75 268
Triticum turgidum 1045 0 597 1604 0.75 784 448 187 1418 597 1.12 075 7.09 187 149 634 522 784 0 075 268
Agropyron cristatum 543 0 543 1793 1.09 1087 38 217 1359 598 1.63 109 435 272 272 761 543 7.61 0 0.54 184
Aegilops tauschii 714 0  6.04 18.68 055 879 33 1.65 1538 7.14 1.65 1.1 495 22 22 879 385 549 0 1.1 182

oSke 637 0.19 6.03 183 154 639 532 248 1649 489 1.16 138 6.82 224 147 685 541 576 0 091 237

)] gladeslgiel oS5 olul y alS sladssS S (distance) dlols L (dissimilarity) glueal cpess .Y Jgos
Table 2. Estimated genetic dissimilarities, or genetic distances, in the structure of dehydrin protein in different plant species
based on their amino acid content
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ORI 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Arabidopsis thaliana(1)
Arabidopsis suecica(2)

Coffea canephora(6)

Plantago major(7)

0.0
0
Camelina sativa(3) 0(')0 0(')0
Atriplex halimus(4) 052 0(‘)6 034
Solanum chilense(5) 0(')0 O(')O O(')O 027
03 05 05 04 02
i 7 6 10
00 00 00 04 00 00
0 1 5 6 8 3
Glycine max(@) 00 00 G0 01 00 03 00
Citrus x clementina (9) OiO 050 Oél Oéo 0(‘)0 080 060 02'0
Citrus x paradisi(10) 00 00 01 01 00 01 00 00 00
Citrus sinensis(11) 00 00 01 02 00 01 00 00 00 00
Malus domestica(12) 00 00 01 00 00 00 01 00 00 00 00
Trifolium repens(13) 60 00 00 02 05 10 05 04 06 05 06 04
o 0 00 00 00 02 07 03 00 01 01 01 01 0.
Lotus japonicus(1d) 00 00 00 00 02 07 03 00 01 O 0l 01 00
Medicago tuncatula1s) 00 01 02 00 08 10 04 05 02 02 02 06 00 00
Pisum sativum(6) 00 00 01 04 02 05 02 01 03 03 04 02 00 OI oI
I 02 00 01 00 00 00 00 00 00 00 00 00 01 00 00 00
Vitis vinifera(17) > 0 7 0 0 0 0O 0 0 0 0 0 6 0 7 17
” - 02 00 02 00 00 00 00 00 00 00 00 00 02 00 01 01 00
Vitis yeshanensis(18) ) i 4 i 0 0 0 0 0 0 0 0 0 5 0 0 0
Capsella bursa- 00 00 00 05 00 05 00 00 01 0l 01 02 00 00 01 00 00 00
pastoris(19) o o0 o0 4 0 i 06 06 3 0 0 2 0 2 7 0 0 0
- 00 00 00 08 00 05 00 00 00 00 00 01 00 01 03 00 00 00 00
Brassica napus(20) 5 0 0 0 0 6 0 0 7 4 2 4 0 7 06 0 0 4 0
o 01 00 00 07 00 03 00 00 01 00 00 00 00 01 02 00 00 00 00 00
Brassica juncea(21) 9 3 3 9 1 6 0 0 5 9 8 6 0 4 3 0 0 0 0 0
. 00 01 02 02 00 00 00 00 00 00 00 00 00 02 01 00 00 00 00 00 00
Brassica oleracea(22) 0O 9 6 6 0 4 0 0 0 O 0 0 0 9 2 1 0 0 5 0 0
- 00 02 02 03 00 01 00 00 00 00 00 00 00 01 01 00 00 00 00 00 00 00
Brassica rapa(23) O i 8§ 3 0 7 06 3 06 0 0 0 0 3 2 7 9 0 0 0 0
- 06 07 07 02 05 02 12 04 00 00 00 02 10 05 08 1.0 00 00 08 05 06 05 06
Sorghum bicolor(24) 7 2 8 5 7 2 9 1 o0 0 0 4 2 7 5 4 2 7 8 2 9 & 9
10 12 10 04 08 04 17 08 05 06 06 07 11 08 06 11 02 03 12 11 13 11 12 00
Zea mays(25) 4 0 7 8 o0 7 3 i 4 7 5 7 0 3 7 % % 6 5 & 9 4 6 0
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Continued table 2. Estimated genetic dissimilarities, or genetic distances, in the structure of dehydrin protein in different
plant species based on their amino acid content

PLS s 22 23 24 25 26 27 28 29 30 31 32 33 26 27 28 29 30 31 32
Oryza sativa Japonica(26) 0.18 0.14 029 0.17 0.1 012 081 0.05 000 003 0.07 011 056 029 069 040 0.00 0.00 044
Oryza sativa Indica(27) 024 020 032 0.15 0.11 0.17 084 007 000 003 008 0.14 056 033 0.69 040 0.00 0.00 049
Oryza brachyantha(28) 0.05 0.05 026 029 005 021 071 0.11 000 000 0.00 021 063 027 072 066 0.00 0.00 034
Hordeum vulgare(29) 026 025 038 0.14 0.00 0.00 033 0.00 000 000 000 010 056 0.14 053 040 0.00 0.01 043
Triticum aestivum(30) 035 035 048 0.17 023 000 070 0.06 005 008 0.11 023 058 0.11 052 040 0.00 0.02 044
Triticum turgidum(31) 035 035 048 0.17 023 0.00 070 006 005 008 0.11 023 058 0.11 052 040 0.00 0.02 044
Agropyron cristatum(32) 0.00 0.02 012 015 020 0.10 042 0.00 000 0.01 0.00 001 000 0.07 001 000 0.03 0.11 0.10
Aegilops tauschii(33) 0.12  0.04 021 022 0.00 000 043 0.03 000 000 0.00 004 046 0.02 040 020 0.01 0.08 0.18
PLS s 23 24 25 26 27 28 29 3 31 32 33 3 3
Oryza sativa Japonica(26) 0.15 027 0.07 0.08 0.04 020
Oryza sativa Indica(27) 0.17 030 0.09 0.08 003 0.19 0.00
Oryza brachyantha(28) 0.15 023 0.06 0.09 0.15 033 002 0.05
Hordeum vulgare(29) 0.12 0.18 0.03 0.06 009 024 0.00 0.00 0.00
Triticum aestivum(30) 0.17 026 0.09 0.09 0.04 0.18 000 0.00 0.05 0.00
Triticum turgidum(31) 0.17 026 0.09 0.09 0.05 020 0.00 000 003 000 0.00
Agropyron cristatum(32) 0.01 0.00 003 0.00 0.11 015 0.00 0.00 000 008 0.02 001
Aegilops tauschii(33) 0.00 0.03 0.04 0.01 0.00 0.06 0.00 0.00 0.00 000 001 001 0.02
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Figure 5. Correlation plot of evaluated plant species based on their amino acid sequences regarding dehydrin proteins
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Figure 6. Clustering analysis of the evaluated plant species based on their amino acid sequences regarding dehydrin
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Figure 7. Correlation plot of the amino acids in the protein structure of dehydrin family belonging to the evaluated plant species
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Figure 8. Clustering of the amino acids in the protein structure of dehydrin family belonging to the evaluated plant species
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ABSTRACT
Machine learning plays a crucial role in identifying specific stressors that impact

plant species and provides a comprehensive understanding of the challenges plants
face in natural environments. The use of machine learning algorithms has
significantly enhanced our ability to classify and differentiate the types of stress.
There are two main methodologies in machine learning: supervised learning and
unsupervised learning. In supervised learning, the model is trained using input-output
data pairs, while unsupervised learning involves training the model without access to
output labels. Unsupervised learning is primarily used for data exploration and
dimension reduction. This detailed classification helps us better understand the
distinct characteristics associated with different stressors and provides a more
nuanced view of the plant stress landscape. Machine learning also enables the
quantitative assessment of stress intensity and extent, allowing for an accurate
evaluation of its impact on plant health and productivity. This quantitative approach
helps researchers measure the true extent of stressors and their effects on the overall
health of plant ecosystems. By employing advanced algorithms, machine learning
can make predictions about future occurrences of stress and their potential
consequences on plant ecosystems. This foresight strengthens preventive measures
for sustainable agricultural practices, as researchers and practitioners can anticipate
and mitigate potential threats to plant health. The purpose of this review is to provide
a comprehensive understanding of the applications and concepts of machine learning
in uncovering the complexity of plant stress phenotyping and elucidating the
involved molecular mechanisms.
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1Support Vector Regression
2Upport Vector Ordinal Regression
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lUnmanned aerial vehicle
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1Region-based Convolutional Neural Network
2Fast Region-based Convolutional Neural Network
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1Faster Region-based Convolutional Neural Network
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1. Recursive-support vector machines
2. Linear Discriminate Analysis
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