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ABSTRACT

Heat stress has detrimental effects on the growth and performance of plants
through biochemical, physiological, morphological, and molecular changes.
Plants have developed complex mechanisms to balance growth and tolerance
to stress, allowing them to effectively defend against more severe stresses by
remembering mild stress and forming heat stress memory, known as
thermopriming. To investigate the role of thermopriming in inducing the
transcription response of HSFA2, HSFA1b and MIPS2 genes, the changes in
the transcriptional level of the genes were studied at different times after
priming and return stress in canola seedlings using the qRT-PCR technique.
The results showed that the expression of these genes was not stable during
the recovery period after the initial mild stress (memory phase), while their
transcription level immediately after facing the second severe stress was
induced at a much higher level in primed plants (P+T treatment) compared
to non-primed plants (T treatment) which continued until 48 hours after
return stress. Also, morphological analysis of seedlings at 7 and 14 days after
release from the second stress showed that thermopriming increase the
growth indices and heat tolerance in these plants through strengthening the
expression of stress memory genes. Since the HSFA1b, HSFA2 and MIPS2
genes have maintained their expression level until days after the return stress,
these genes can be the key components of the transcriptional memory of heat
stress and be used in breeding programs and the development of heat tolerant
varieties.
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ABSTRACT

Today, using advanced technologies such as the global positioning system
(GPS), agricultural drones, satellite mapping, remote sensors, and precision
agriculture machinery provides farmers with a lot of big data during
production. According to the reports, this can be considered a part of the
digital economy in precision agriculture and be economically exploited. The
analysis of this data cannot be processed by traditional processing systems
due to its complexity. Given the size and complexity of big data, artificial
intelligence can transform this data into valuable information through
machine learning algorithms. This technology is being used to performance
prediction algorithms, reducing agricultural inputs such as fertilizers and
poisons, monitoring the growing conditions, pest management, breeding,
molecular studies and finally value chain management. Developing programs
using artificial intelligence technology will soon be able to manage the time
of agricultural products entering the market, in addition to determining the
planting time in order to increase productivity. The production of bio fertilizer
from agricultural waste can be another achievement of the development of
algorithms based on artificial intelligence to reduce the negative
environmental effects and increase the economic productivity of the
remaining waste from agricultural products. This study discusses the
important applications of artificial intelligence in agriculture and its impact
on Precision agriculture.
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© 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/


http://creativecommons.org/licenses/by/4.0/
https://cropbiotech.journals.pnu.ac.ir/

(VA=Y IF-Y e oy 9 o 2l pow 0)loud comd s Jlo

VXNV o pdy o)

VEY/N o8 il s fu

DOI: 10.30473/ch.2024.70090.1941

(ool 4 535
i oL ©ogtdcws )

€839 50 Vo>

b ol 9 B p b5 Gluileus (8399l 10  Louan wod S9Lé

T SNy 3 3L yg0 Famos duowry (031300 B 183 (88 50 cyuimo (G3EE Lo yomo ! 29K pLS  biome

B

A eyl oo 9% Slongln ¢ Slex (liumbge i Liilo 438 piny (glacsygld (65 B: 0jg el
2 1y Lodls M 5l ooy v (65y9liS 38> YT uile ¢ 493 ol 5l (cla Ko c(glojlgnlo (gl5p
39k > Jlwomd bl jl oo lgisas N5 oo oS 0300 )15 (559l LSl 53 s dial 8 Jobo
PB (Saomy cledy bodly ol Judod g 400 20,5 51,8 (eobaidl (61100 0 3550 g 005 Cgusre (348D
S guas yign @M (Saomg g ojlil 4 dagi b sl el (K (3 (gt g (33105 4
Aol 5l led s aiesjyl leMbl &y 1y bodld oyl eopmidle (63:33L (sl yoX 53,k 5l sl (o6
sleosles ials o Slas cuite slapi sl 4 (g (Sguacbon g Sl ) 9 208 Gl
5 J5g0 Slalllas 5 (3l bl g pyo (Y guasmo sy Loyl 2 LS o g 365" o (555l
(52374 o8 g ion 5 odlial b dmogs o 33 cclaaslip 3,8 o8 35, 025 it calipy
b s cape g 1) 5lik d (65ysliS SV ganme 3959 ploj aoutS loj (e 0gMle dg: Minlgs )38
)53 y9ld Blgi o (659l lulid I (gt so3sS g5 X598 (6y90 0 el Bl s lesyd
S0 ol g (Jae Cunsj (giite I IS gl (oghas Ben b p Sl dswgs |l
x5S g (gldmwgs (slad S dalllas cpl p3 Bl (6550liS Y gaze I ebilewdl ciluls 5l gl
DS oo B 2o 3590 355 (65988 > o 86 g egan gn

Sl slaojly

omle 63653k €385 (65)9LiS egran g odld (M

RS (i pte Ca IS o tua ple 018y
oyl

(55955 A5y ol s 55
«3S @y 5 ohisel Saos plojls g5 ysiS
drles

Olesls 98" sty Cliiod dumogo (g3l i’

RS 48355l gy g bjoel liios

:ghune ol g
85 Pl (e
khayam@modares.ac.ir :asbl],

o oyl @ dliwl

P Eouan osr 5yl jluleads o by ills das IS (Ve Y) oS pe e s tsldl iy cdnomy ceas i dl5 b8 e (630 b jdesre (glaE ¢ itre (25 plS
N0V (FONY ¢ elyj lS (g)slidcumn; ol dolidiad . g5,5lis

https://cropbiotech.journals.pnu.ac.ir/


https://cropbiotech.journals.pnu.ac.ir/

Y (VO=Y)VFY jlee ooxiz 9 oz (ol e oslad omdjp Jlo 2y GlalS (gyglidunyj (sols dlone

Wilgi o (Sgia s gr n e kg jlodlie 1L ljpsli
kel bwgi Wlgi o )8yl iled Aoy 3 1) Y guame Codl
o8 w0 Cpsblo (sl oS 3l osliw ] b sbgs baw 5 oas a8 3
Ol @ )5 5l iS sl ) aese oM Sl ()5S 5
4 Jlosl g gl g BT gons S35 siilgigo ;598
h g laainja b 3 Slas 4 (ol 3 0gMle ddS” dBga
Kumar et al., 2020; Patricio & Rieder, ) sa> ials
9 39350 (sl ooy ISl B e b8l Goxse oyl > (2018
Jo 5 5l s slofag Cadgl f o] 4 s o> s
D o 03wl Loy (M adei (oly b S g bl jl pols

EPa0 9B
Wilo  Sloludl Wlgy o S il yogn (o5 (Eoian osb
a3 el 1y @lb Lyl yo3ldy o Sy by Gosby ( olin
5 oy deSag) l (slie game o gimo ybon ] 2 0gMle
COo0K ) 03,5 S )5 diauign Jldy (g5l dud (gl 1) ASSS
Slodo Sloladl g cayllsg plol 4 318 4 (& O’Neill, 2020
15 o ditad jale ol 5 diadon slagygld K] plo oS
Uy (eguan yign o] 5 ogdle (Davenport et al., 2020)
Ulg g STyl (6 533b «(s35ya0b SVl Juid 5l Sl
Lo b gluilalis b9y ddes s b ol g <8 >
Wlgie egangr ladsely 5l (B o)) i ©)08
Mg 4 Cwsd (gl g aid) Sl il (o g eyl )b )
Sl ,> (Sparrow et al., 2021) kg oolawl 5)lul
235 ) 5 o & Lo oS 5 ntsl s o isn
oo slalenlon ile S50 saolKiwd jd el &S wa s
SouisS Y Oesle b Led bl slacsly da Jao gl ¢ punis yus
28 odlis] 390 (398 o yomeds "l plgisa IS o)
b ablio clp adpi o sbasbg) 503 9 o Lo 6530 o
Ehanygn S yglis S oo odlatnl (6)oliS sla il
sokaiedy sl Slase—iad Ml 5L iS & as 0 0 S
Q@ 85yl Y gase Glali yials .aiS SS g)l50 G pie
$yoliS sl Kaly 5l eslar wl guls 5o Slas isl58l ol yos

.

400

Age gy Ldlis g ol Gl Jb 3 o yits (o Conex
5 e plojlw ol odin) 355 (je cn Vb & (555l 9 i
Yete Sl b oS el 03,8 oMl (518) doxte o (55,5l
9 da—w)y s Camen j& O kb Vo il Gl 4 ey Cuxes
(Oliveiraetal., 2023) 55" salgs usy a0y V- b lie Lol
e 9 i J (S gt (55l oo Bl |
9 > Coxex GBI O (900 39:eS” Sty @l (5
ool il b i (ol 3 paasiie JEUS (590 ol ials
Wy oo ka5 4 oplpls (Zhang et al., 2021) a_ib o aslse
alio 505 dle (65 JelS (3,55 S iojls (65ysliS Canio
Jb 3 e g e G Gln b il ol 2 acks e
CaS g CadS doe i OL ) e Sl Hlngh b
P b Sl s plicdog Ceyw b (65,08 Y gae
o3l Ao ol g)slid &S (g peboay .ol pbl Jb 3 egias
395 glioo dan 3 by i s Lo (65550 5 (ogiam nsigh ecsgS
S8 Jbas o5 mli—o 4> S1.(Jha et al., 2019) wlos
J55 o b 653k S )lee 5 (gia aben lapiu s

a8 e @3 o0 Lol Sl iy (gy9 0500 2 k29 B
ot yg—aie Jlpmd Joos S IS b o |y (g5y5liS
@ ) 2Vl by iy (g5pglsS > (Souanbon ()5l
Pl 1y oty sl Bosl il Sl oo (59lgiSS (nl 4555k
S sria iz Sl b slapiy oSl 13 Coyiin b g 03>
3 ipgltS is il Ko jrg 395 sblje ) Sl SLal
JrS a3 (Sgian om0 00 & E9yd Ll e
s sV game sy oy oy yicaslio 39l 5yn (clacile
(#0329 sl (ligliS Cunl 03)5 Y gase 5 SB- Cdl
Sl (6 g Sloge—al (£gianhon (SHlpSS pasS L Al
Olyed 298 (65)sliS Slidgi 33 LD Sl 4 e o S
Sl e 5 sl (liedlge G b 5 slacile Jo
SYgazme 3Sles (4S9 (o5 R 4 e kjlew
2 pdbghe Ohlus pogde 5o cladle Xgd o (555liS
il oo o olSTa (o9l (Jol Jelge I g3yl i i
o pegmae G )Sws (S 0L (sgian bgn (i
cile oy g g md Gaskds | jyn clacile 4 o3yl gblie Ales

s 4.._.99; u_wL.o uLo) )39‘_')&9 L)l 2 oala_wl (_51).» 1)0,.5

2Machine learning

1Artificial intelligence



S3o9US > (Eghan er (5ygld jluleuia 5 bl e )8 i g (255 LS W

» &y 290 Vi Bl g 450 d90 sl ool aaS
(Ryan etal., 2021) wlas, )i 4 4o

ual &)lie BLbI )3 a5 b yed 9 b S onl 2 ogde
Oigd b g 4 353 gl odly (635)5 sy Lloa s
Wil 2l ptehl by ygd g b Swas Xig) 0 ) 4 (o ginan
S o e |y bl )by o ST jpian 0l 5 SB cagb,
Sy gt drw g glp bl ol jl o giae sbsn
olist | 38> (o sl (1ol S & SS9 (6 S o
5 Mo 38> IS 5 aje ) 0ad il pglual S e
R e (Fgaahen Kigd o odlite | Y g )l
Wl jlo & Gloj a8 (o0 S8 ()9l tS & guels
oial33l b (Lokers et al., 2016) sy plodl |y a0 loladl
2500 9 Sogly dmodls @y (il 5 033D Je—iliy
Wolfert et al., 2017; Krisnawijaya et ) L o yiol3dl
Sguan yoeb il odlisl (al., 2022; Weersink et al., 2018
o2l 1y LS cuodl dlasd 4y alasd b Sl gjysliS
Cyeio j0 &S 223 o 1y Kol cpl o550l i8S & g S o
pLeil 1y oY Clolidl i lon Jole s g0 jl 5395 i i
A > Copde ) (itned Ssuas yosd (RyaN, 2019) wxs
Y g ()l Cund g iy loj ol)j plalS )
OBgp 2l S SLb)lS s claid) )5 4 (5 pliS
ORIl g Mg sladiza (Ll Ca > (65ygliS ) (g
)13 3529 (5590 %

P WG9S 53 (Foan gt

i (oo L Cunaj (il Jdo )3 (ogianbon  odlin]
P 38 oS 5 L o Wb Gy Ol )5 |y (g 5,50
Judo Ul S o ) g o (w Ui s 3 g (g o
) Sl be 1S (sblje | (S M (gloodls dgomo
SR LS b (ogia aben S odlite b gt oo (g Lid
(Sngin Sl pSings (2 eSangi Lo (ol gylid
Losls jl (eolj wor 4y liire (98T pSuegdgplio (uSo9Ton
5 S sodls oyl 5l leMbl gyl ills 5l aw yiiawd
Comgj Sl Jde D)1 3929 (uSuegid rodls b bl 6)l)3
ool bl B couan ybon 3l odlaiwl b bypiuow awlid
l S35 9 oSeegid (o L)l aosly (M5 ) Laslg, g a5l
i (e3S g (b))

.(Ben Ayed & Hanana, 2021) cool sedign

S309LS 50 (FLghan gd GBS yw
el by Jlo 5> (ke (oS b lojer (e Cunex
5 Ol Cammer 2ty Lo 3,5 039l polaieds yl oy
sl 8ol 4 5l ol5liS SB 5 O lie Codguoes Jloey
Disr Sl LS 9 pdy 5 g Bl sl e
S,y (Sl plmed S| (S (5,988 )3 (e gi—an
Sharma, 2021; ) sl o J—dzo opl b ablis 1y 39540
U8 s BasSals po b Jls s (Mohr & Kiihl, 2021
Mo b g ylow g bl b 51 ados oS dgume Julge
9 stnt) oo dpwlone L (o gian hon ilarle (So5LS
P ol & Gl e gaodly JJUT o ol Ken bl
2 s 36 Aluagdy iniio (6509l (5pg00e SRl
WSB Copte 0l digg By —ae (g By iae Cypde
sles abl g b g ylew 5 GBI o e dmodlys B pa s Copie
sy lis lsl (Beloev et al., 2021) cusly anlgs s 5
=¥ ) 5 Slas 5l o clio c S gyl Ll oS
s isn 3 odliz | i 5 (Awasthi, 2020) aa )58
NS 0, Sles lime (g0 Vo (ili8l el asyi0 VWO

[(Dharmaraj & Vijayanand, 2018) cuslids
L oo aeion cilize (glo 5,55, daly V IS
i B3,y Sl Jl 3 e el ) (68
Jelse 32 3l g (6559l (slmorles (el & dgama e giums
hon 3l 55 pata 3,Slac fin GalBl  Bdos 5 0391 Jaoee
Olyear ol 5l alizke mlie (Al (g5y5liS ) (o giae
ugh) 65 ol dbod Vb zo—B9 b (2lon pslad (Jle
& odlin 13)90 Cljras (o) £95 S ladiged ( SH)L
xSl oSS 5l sl ul 5 ciliseo (gl IS w5l

Sy o Jlos g 4325 oy cnl 2 A8 e (9l gen |y cilie
O i385 g JalS Cuusbiye giai sl g lagSl oLl
Con digej ;b 3l G dle (650 (g FanelS o pi oS
Cook & O"Neill, ) 15 o oslitul 45y Juad JS (sl )l
53 )5 loj 5 slade ¢ SsSs 3)50 53 380 slad gy (2020
o 8 5S> (Sen o Jgazme Cullyy ploj g w65
Sy Foe Gl g iy G Sloaleglyn (Jlo (lgicay 3,8
S 2 2loodls L)l 5 2lo sl S (855 g lje (5 b oo
35 3 S pAt (sl izmon T D95 ydy Sal U



63l Cu e

29058 Uyl

OV gz

S bsn Oyl v (65)sliS ol LY JSWS

Lyl )3 olS 518y i Spd 4y SeS 4l ot drgs
(Harfouche et al., 2019) s oloa 5 ol calisee
S e sl b Tt s bl pl 0 y5iec 08 enlis
dloJJ.gj d‘ﬁ 1) 01) FURRE u;i“‘"‘jﬁ) u’_ia.‘il)f oJJ)".)ﬁ: YVeouo
o a5 edial 3 (Sganisr LS (e lsen —ds)
whe cunl g g5yl S50 oMl dbul (gly (o5b oDy
(Streich et al., 2019) ws sales Shes

Sejls GlalS gMol 5 (o gian ben (gam s ool
ool b ( >Mo ! (claodls acgosmo 1ol)S" 5 siasd 92 2 ySiao]
i Jd il porde Jb 3 (LS oSl (2019
Jeos g s |y (Mol Gla b))l 45 dis (e5iae sisn
o Loyl Cod oy Slas | sels Jdod g 4y o0 5 A
Uos o opl oM (Niazian et al., 2020) a»s )] Jaxo
o> (LS 5 €85 d9e (sl %o yobar (iopen (Sy—an
S SRy «lon 4 Cunglio Joloe sl (niie slp oS
s 9 9 gl (Mol (Sladelyy @ s 205 53 5 25
BB jsba 38> Ll la el g 035 (gl yn 0L
Sl 03> 5 1y (2 LS g s pdy Slasl gy
ke Slao Cuigid sl Gllas! (Parmley et al., 2019)
o & Bewis w0 &S el Ol o 50 (golaidl
e @345 &5 b (o B a2y LB pba >
(Rai et al., 2022) cosl Lo b ol iiSany

u_u:l' S J) (SS9 naui':9m dlﬁ'rv*-’)9§” )l odlwl l.»
SousilSo (500 o i Bres S Al o i
Holzinger et ) auisbaws s s slaanlyd (gilulely (ool
o (Sl dud 3 ¢y Lo (6,500 (slani oSl L(al., 2023
53k 4 B by )oS ol g (o0 4B IS 4y (s sl
53 s 550k o ol s o i pll g laodls M 5)
LSLQD.)‘) Lgu le).A LFCMAL):"?B 6)91.0.9 )1 LS]MM&- ¥ JS*“’
dawgl & e &S (wlod odly &) pSogid g Sl
B9 (5 5 2g) oMoy 29 ooy (Mol a3 S,
duwy) ‘_,’.’Lw‘u» 5 adslolw u’.w‘.w Cumd) D (Sgaas
S b bl Bk 5l (s jf g () SRS 4 pglde
sl 3 9 QLS Ml 9 3y Wl jagin) ol dnel>
Pérez-Jaramillo et al., ) 5,8 salps KaS loonis ¥ ialS
@l p Sy—an ion by Jio jl o)Sen 5 )losS (2018
@ Joos padld Gl ) Gnpbe o (55 sty
Kumar et)m)ﬂ Cuw 3y gy [y Jooo sl 9 S5
(al., 2022

(SEFangh b (SFh Wi pas
b oVoa e g |53 gia o ybgn il osliiw | Lo | uSTs
b egly > S (oo JooSS ]y 53154 ) cde o yot e )l
Oloj Cun | oS0 (ST T dmosls maess 5 5130 (gm0 Logil
2 ole) perddyo b (soiman ben IS Bpo ) (g yieS
Mol 1y s BB dgw Llgi o dodly 5oy 9 ololis
J LS o5 sl (Khan et al., 2022) 1S sl



Balbly bl Cws )

ML
Sy Ll |

oSyl (Slvosls

oSwgid (slaosls

g3 ! ‘q&-yyh ‘ Sans Hu-‘»ru‘

e ‘ whfwr"-"f

Y game Mol 3 cgunn ben ol yonds dilobs  wlidcums; ¥ JSu0

.Niazian & Niedbala, 2020) 55" Ja—wi Iy £lyj oo
039 Cumj Sy 2Lyl sl Vb 2l ol b Sinligd
.(Muraya et al., 2017) ¢l 48,5 |3 odlawl 5y90 )
Sianli g8 b 8o S poij ple Ol &5 39y 0 la ]
o piiSly e Sy sl |y (e b 93)8des (Sfelen i
sl yeize (slalomo 53 5 ol Jsb 1> A5 & gl 3 ol
£
b ablie (ol badgy 9 Waylil 5l slasgoome (Slane Sungid
&5yl Y pae Slao @ gl il o b il oyl
A O b g Sl gulS aBldgny (sladl g dxwes (gl p
bglad o 50 jobday lg 0 a8 el di iy (glas e
sl b (0 9 53,5 Curer 0y 3Sdes b AWMl
Ly sly (Shakoor et al., 2017) 5 JB 3los caliseo
O Cgple bl dsyie Suegid 2ol slaaelp b (39
e 2,5 ) A ]y ej slagSis g (i 19 (290
il egols (slrodld Co e dxwgl 5 0B iS Cuigi oyl
03> g LS Juban 3 1y dsyi0 0 Jaa e (gilw Jde alex
Oedle (6530 sl b souan yogn lawgl o Mo gl
5T gl pglaiacnty Wgd o il g 4525 Gres 50k
b S o SaS iy slacuig; olwlid p» o, 50l5a kool
ety olowr plp 3 poliie Clivo 5 (o)) i cn 00

Ban b ooy wS jobay Jxd S ol gladolyy ¢ oplpnly
SIS 05355 2 b (o1 QLS () jof G35 Joo0 9t
o> 2y cuigid (g pblanl ) s Jdda &S i) Cuigid
2 oeS! i ((Javaid et al., 2023) 4 oplool cuw |
ol odal i cudgid g (Jaoro 5 oisii sleodly pleal s
lold (gly ) pf G5 ol Asl oo (gl
ol 48 bl s are (o)) Slio b Cuigi oy
i Sy Wigd (o JyuS (oo slagi b oty Claw
Sy (Egan Jign (5)gld 5l gl Y S > aSeds
).75.:.40 45 5W]OM DD‘.) 45‘)‘ u.«Sv.&r9.».9 9 ‘)Mﬁa.aal dl.bb.)l.) JJ?""
Dgdse yitg (Mol 5155, drngs &

O gd 33 (£ g0 g 351l
S8 (M w0 S (diee lge cnl  ade
35 Se S Slgi oo oS Kho3)S ] (ogimo ign (e
Pl ey o &) 92 9 SB L iy 0 LS 0 &Sy (g
Nabwire et al., ) 15" (6 ,503l0) o wmeasl-olS—SB o o0
O 2 Sl (5 Se oS Sinligd e (] (2021
&l pdtoee a ) Calisee LS ged 5 0y )0 oy Gla o
5 polie yllas oyl 0gMe (Tripodi et al., 2022) > .o
Lol gy Jelbw g 4 o5 g adisd o ooy ol 3o
b L Sl oo (sgianSen (am i 3505, 5l ool |
o b ladye (LQTL b oyt | & simdg by <laQTL



A (VO=Y)VFY jlee ooxiz 9 oz (ol e oslad omdjp Jlo 2y GlalS (gyglidunyj (sols dlone

3 e el a3 50 (ol sl S, (s (al., 2022
5,8 (Vishwakarma et al., 2022) ulss 1y Ja5 5550 Jouaxo
Y g o 1055 s 5 9 PLEL ) JigualS e glo 5)glb
il g Gl 3,8lee bl 5 LS (bl «Solagil
Sl R g ¢ pulilom (sloodly (g bL3) bl b (e 5ian 9o
Sllaod S jgislogind § S 3 Cagbo Gljae (ioxi & bayye
2 g oloj 3y ol & b8 s e Gedigdle (sl g0
o b 4 ol Cdy an e 5l a1 9 0390 39l 5L 3)90
YO s o o) Ken 5 S5 (Kakani et al., 2020) axls
b bl o panass (ly (il a6 o)l 5 glolid
ailaio > 153,812 TF(CNN) ey oome 45 )b |

Oloj S 5 0,8kes (e b (s s &b Giilel]
lolis Gy pogad 3 (solendy 3)505) 05 edlatul Shjsel
2o YT 3,3 g oy AAD B3 b (o)l (sl
9 lsui oS (Zhang et al., 2018) 55" Jos ¢ glw L glaasdly
We Sl rle e ()5l SHYAYY oo 5 ) San
LS LI il odlitw] b &Y gmme (o)l aul s ojle
2S5 a3 0dlaiol b odsd yojee] uas 4Kl 038 dlpiidy
45l 350 O e asle (clyy olog Al e > )
My Jolpe €85 9 2o AV U HlalS slolds céd 5gd odid)S
o)less Joi> [(Kamyshova et al., 2022) cuol 639 10)> AY 5

S g—as ey e oygls Bb il 1) (gyll Cu e )

Sy g

P SE Copte Lol 48T S loyad sou0 g ais
Kushwaha ) b o Y same (550 0 ol 381 sl (655908
dawg § po—ad Lhiby &y b, dw L (et al., 2022
) sn S 3 (Inssd i (o) o (sl
J ol 3 (Sgmanbgn p (e ol o 3o,
ol Gl did S )1\8 da g )90 «SB pole dles il da iz
ool 3l s 5 3980 (xglaer g b SB gl g,
395 (o 03l | logl gapaior g gl (sl (1 o (e
dype 2 e Slalles & ¥ Jsd> . (Zhang et al., 2021)
ol 04 o)Ll SB- Jlod 9 4525 3 (egian e 350

5 (GWASS) p555 0318 clalllas j oS 5 il ool ol b s
955 Ologad ( Suogi; ( 2LS Ssi Olallas (gl bas
[(Harfouche et al., 2019) 1" Jos Mol

DU CEbds )0 cghac igd S )l

S g e Jelos 4y 2l cobec S e o]y
W5 i > (b pd g oy B slaslp g o)l (i
whlize Jolge Jlgie (giladinns 3250 j| g9o90 cpl Nigd 00
ol s cuplo 4y (pSbpy 4 2B &S db gy g plej (0D
e Sl )08 3o b ol 48 )3 5118 dogi 5590 cums bd yuxio
Jde Gl joriSlaseel g (ou 5 (63 S5g) 4 (eoinn sign
oo @l 4 oliwd gy el gt (glwdige 5 gl
slasby) 29—dise L feS glie jlodiiul g jiaS o)
o3> ot g jod (sl 1) (suo aald (oo an ign p (e
u......., 9 IR W) Lﬁ)ﬁiéﬁ? dl.ambb )u.u.m ‘d‘d.u.ﬂ..\.u) 0992 s dh‘a
S o ol (gladnd (19)0 (S3ddan (Sl 3)50 13 (Gres
(osly plésl (o551 yiml) egunn on (sl Jse jl S5 ] o
3 cdbeuis LSL“’JQS).{. do s &S d));,.es (_ngJ.xo Qo o (_5|).3
o Sl A 5 i b il 90 (Soiglen sy
]) GCMAL)»}Q: ‘_gl!buus) cu;‘ » 09)’19 W .xm|9> obln.wl sAMf
sladediygy bbb Glals el (355 03l sl Ol
33 8 4 s S Ao pgiy lal g (slgsyglid 9 SuF (wipe
(Hesami & Jones, 2019)

ST poe
sl 3290 e Ol lie a3 AD (55l 8 25
d‘ytab;9wm>w1)5lb.ho)b JI Jufude d).\a..o]) ULQ?
a1y 2al)l8 g ot slasyghid 4 Sl yel cpl b o tal3dl i
d)L\j Cy e JSL;o )Jc_i»)): A_j é.»L.o )1 oo odlézw ‘)9.‘4»0
93 (g JB (W g dog5 4 5l (6y0liS Cladg ise
Sl oo Sl (£l 9 (ol ( K3l pnm Jola Lo )
dlgo) 5O Sle Mb OJ)J C—wddy le)a dxllas R L}")’L"

Elbeltagi et ) cul 48,50 25 s il 5y s,

Somasher 13 S) il edlatel 55k il (gyll oo 3y50 5 (LS Clidllae LY Jgas

2Convolutional Neural Network

1Genome-wide association studies



S3o9US > (Eghan er (5ygld jluleuia 5 bl e )8 i g (255 LS vy

&b =W

5 o) 352)8 9 Slaal

P RIAUSTC R PR P SEN %
Sl s 1y <AV (Siased copo bod dwie U-Net b JUIS Ol (ot punds Jdo

(Kim et al., 2022)

500y AV/Y (Sho cioyd AY cés Sl

(Kumbi & birje, 2022)
Jo 3 AF/Y Couslus

(Choudhary et al., 2022)

(Arvind et al., 2017)

0 Jlgslb o cdda Sentinel yglas b cslivlej]

(Tang et al., 2017)
A8l Coawd duoyd

(Chen et al., 2020) Dgr o pd AN Aol ol

wlaidl v Kl 5 805 oL iol38l

St Ll b 4l 5 20,00 iy e

ResNet-50 L yolai (ciuanls ; ;
9 ) pola) (Siuda, bl JUS U ppa

o (i (omas 4 oy55l Slel glesil

mas 4Sud a4l g JHS el
Egeae

8% 9 o Je

Oble (63:50k p St (slai ysSl ol ol (S
e @595y Ollas

GBros 5l e (b oSl :
$ e Syee Sl sla

(mas 4Sud Bos oS Jho ‘ ;
$i9liS o)kl wlie

SK ot g ajo0 )0 egnan yben sdS5g) 3)90 1 (LB Clidlae Y Jgua

&b =W

5 9 352y 9 Slaal

(Riese & Keller, 2019) ) i )
bl e (Al (g e

(Omondiagbe et al., 2022)
ooy sdwlo ko S5 3>

smas a8 (gl o > /0% 5 Sles

(Yuetal., 2019)
Smda 0l

a9 A (o (30055 sl 203 0 YL

(Pyo etal., 2020) T
i o)A Oy

d);.)l‘{c&.,ﬁdlﬁ Loy AA &I)Lf

(Azadnia et al., 2022) )
Omile

o $p50b (6lene Sk sl Ul

Cuxed p (e Sk
Jbn S wubas JB gla jilid e wienas
aib gly gamdw pdomy (omas 45D g mlo Sk gun aib
SB g
b (sdory (omas aSd (S polas jl oolatl I ERWE
g)m‘wol}léwﬁddl){d)lf.\f u‘i“"
b (gly bl (6550 2 (e Sl el i
il U

S oS5 s

8B egian Sed p (e poal (At S Sl
Spas g0 S0 (o ppos g len g bl sl
Gy g e 5l edlawl b asecs j3 dged a1y poe—w
pas—ia Sloj soj )31y pga—u b i azgriz
LS dpogi 5)liS 4 g dwboe |y odlatul (loj (ke g dunlie
Copde gl Eoua o yben (Khoshnevisan et al., 2020)
lacile (515 5 (ST st (pizmen g 10 )lus Jalgs
(553 sl (e (S gan (mas (aaSud I 5
5 430 (Liakos et al., 2018) . ilo (5uS3b (s, S

OBLS Cwdlw 6T
y loaisSjlossel sla o ol (o giman ygn die )3 8y
o Wi g oylas cdsa |y 039l lalS b wmd o 5ygli S
SxSsle ol it ggnd Sl is)lon @ Copiel g aiiS
o Olipgli S e lo jo (a8ly slaodly s b Hlasl o b LS
3 15l 5 ole S5 sl 1y cow o g gy olaladl aslys
S Gloj (Fojlead S5 ) sims plosl ol bt S ) 55l
Vgone 25 (0 )| (sdne dlge 3905 b LT o yme )3 0LeS
JeloS g 458 Wb o0 alb S Bl ) > @M
> e d5 S5e oS G 3 |y Slpes cpl Sl oo g



vy (VO=Y)VFY jlee ooxiz 9 oz (ol e oslad omdjp Jlo 2y GlalS (gyglidunyj (sols dlone

do DAY B b oolpiig Jdo o5 0 ol Buiss ol ol
alo p,S cdl jasuid 3 awlie dSles (cdo)d M Coo
Olllas 4, Y Joi> 5o .(Fallah & Ghanbari, 2022) 5 )ls 1

LS Cods ST )3 oot s g 3,S05) 3590 3 oo
G W o)Li':l

Silw (oS

{Gerhards & Christensen, 2003) Jtuows pgas Juboo
ras basud 5 (Udupi, 2019) LaS claosls (gils oS
OhSen g M8 .15 o ookl (Yang et al., 2002) e gine
aSs g diowd 9o ol o 42l poliad jleolaiw I L YAYY Jlu
Sld sy po g Hleddile p)S 068 Sluld & Gres oas

=
0313 9l 2> - o3l> ghjlay - ‘s_,:?;\l_.‘. Joo dsuwgi Jae gbiyl
gl
& zW Jgparmo S5 P9 22,8 g Slaal
ResNet-. oo L S CBY s oy yed Ao > ;
(Tetila et al., 2020) Vet b o A g e g & e e Sl i
Selcuwds 1oy AY/AY Hlude 4, 50 Gros (550 Jdo p
Joe b paseds s jlude oy ey slon ololis
. 35595 93l 5y5kd
(Ritharson et al., 2023)  cuwddy Juo > A/AF 30 & VGG16 a3y o oM g sloged asd ccundly
] Sl 55k
o] St
5 g S dudas plolis oty sS]
o9 PSR (s ) . . :
. . 9 Ry i oS 5 SIL b olulis
(Espinozaetal., 2016)  wop AY g duo > AY dgds 3 YL cdd gires ] o
ey (S Gutn ouas dSud ALS D g
Syed-Ab-Rahman et A/A 393> 3> (sylew S 8y > g 4 Je
y ) 3 2 Slex paris S e 9 o ras 45D S o ot o ookt
(al., 2022 ol Cundds Lo S
Chavan & Nandedkar, ) i b Jao 9 5554 ' '
SegNet (¢ly b yd ANTY cés =y 5 FCN Goos c,53k i slaale Slols

(2020

SegNet




iy Jole 5> dige 3 el boodled Byae )3 by )i
h Sladl salas 385 )13l plyisa (eguansbgn A5 Jalgs
oo e loj anly 10 Hlod o Clwbxo b g 0dld i gy
2155 51 ol ol b 45 S o S|y 3l 3,90 (399
b e s wad g sleasly slacn Wi
SaS by s guas yhen .(Schimmelpfennig & Ebel, 2016)
Sisly SV gmmo A5 (gl 0ad iy Ll 5 by S
oauie Sloj saaaly 53 sled (o Glawlre pbol b 5 iy
Sl g 035 o35 1y 5y90 000 Gl lp diae bl
ot la Bl (655 slwr LB p3Y ladno 5 5 Sl
653 5l oolaiw ] g odly Juloo g 4350 LA bans 1> (g5,9LiS
Ly ol asly (ool cute el 55 L8 4o cleMbl 33l
e jyalisS o lp WS )8 5 ) Ay alols s IS
V) =hi el e e A 4 P Skl Jlw G

il T3 (S 2 3 p ok

S329Las” 55 oLl & Khos g Lguao igh Wb
@l docSy b o Wb o Legiangbon (53585
2 ol Gliiss ) ddaed (Sl gloyw 5 )5l woladl
oM Jeos (Gentili et al., 2020) cul ausly )8 4y S s
3> 4 (65y9liS 0je > (golaidl Cladss o 1) (glosi]id an g
slgygls &8 LS b ol ad IF dad s T3S s
wdly Gl g2y B jgods 3,5 o0 5 & |y (ogian Sn
wladl glacoe 5| 5, (Davenport et al., 2020) ¢l
o (e Sasle Sl (GigliS > (eguas ign
Sl sl ials i sloayze (ials Jle lysa)
S92 9 ylas {s)lo (2b)) 9 (—wnil) s g 35 ilS)
Ndb o b 2l )8 sl sl wl > g olie Slge cuaS
ki | )b j e gua o yien il esliws | .(So0d et al., 2022)
aizym el il 38> Sl g o 5 ) (g5 51 26l
hake b (ouanbon o pbplen 21, juiie sl
503l i |y S g ot 5 A5 Cylid ol ooy
ey @ VT Jlo B bl cpl 053 (o 5y9050 o138l el
Sl (Vb (S gias fhgn w0 3Y3 3)le YOO 5551 &,
O A8 S 00 sla su o 9 b o)l ey 1y aldle L
by azdls 5ol ol plo o ]y F-FY B YY) (gla Lo
obsn 3 dalgs 0@ ol 3l Ay e oVl Aoy VF
9 455 4 dxgi b ojugas g (Ol s Slos Coghi b (syias

S5 S pa0 gk

o g BN Mg e Sn od e Chgw Span
bl e siime pol Cpl 5l (6550liiS (glaolS S abo 4y il
93 o b)) (6ilBp b el (gl lgieds (ogimnbon
P S wh 2 Ol e (giglt S e glio )3 Bpa s
&lo 3l ool oo S bl b 05 0 Chgw Bpas i
oge & Gy sy soly JB15 9 )b Lo 4 bgye (oo
dl.b)])ﬁl ‘D)J )‘ odlé| l.s 9 ‘usbc,wa g,a-?w L.é)..a.n )‘ L;a?r.m.n
iebe ) Cdaw (i daxd oo (lgie (Souas e
A Cand Solg 31 10 3l 0j00 (oled Hlw g I b &S jasiie
i1y b cdls ol )3 0,8 3550 1y i b e olg 2y (glod
5 Sl celw o il jo)al—d > glas Jilis 5 ST
d)9h§ L)"] )).g)lf LC IVIIN] W Am|9> 3)9]).3 wy.u A_B);.a.a JBL\>
P b sl Chow Bua s yials D gl PO LialS
03k Sbml b (sia o ign (e waldl 5 Slaiun po ol
c_é).a.p u.,.mlf o o LglmJB‘» 9 )S‘b )1 A_,cl.ge ) sl
Mol A8 Sl (65,0lsS g sty pledly Gl g S g
i Lyiul38l cely GDP glaosly cyjgome b S5 68 (sl 5llao
094 S |z Nigbe (65,988 Sk > (g plely 55
GDP sy s (sl 3llao AT (55,5 5 3 b (o aeisign
gy Cowdy b Jlop ol g 485 )13 Sbeos i)
-2 ¢ga>9.u.’ L.é)..an u.u‘/;ﬁl).’ D9M$ 450.3)5 L\.u By dua.o
Liao & ) wms o i)l 15 g5low Jolos 45 connnd |y &Y gua 0
(Yao, 2021

Lodlg Wb pao oo g
A (e Clgisd (39)5) (Srae slodls S o
S > ph8l g8y ol il o (65yglitS > Mg
Oill s g5ysldS (—ise By el oled Byan JialS
boslgs By o olie b Saled b (gy50 500 b Sy poes
$ ol g g asly oyl U eadg classly olp
bowg Sloj sbary ool il o padeie Sloj slaan
oo el claasly (gl ole Jloj anly 40 g by uiSS
o3> ¢l g sldlasd ULl eolaiw | o giun o yigh 033 )5 o
Mg oly laland 5L cun | B agl / el [ gy anly
5>l Gl By jl g pSsla b a3 5 03500 pasiia
oty o g s ] 15 Jlases o3l Jils Gpas by
bl,él pae w55 o (Eli-Chukwu, 2019) yla Jas Jas



g s | (Sl gy Jland Sl g sd (S)lol i @
ol s bl 5l (gl 3 Sl oyl s o)l 4 (3l
o & | (Slood 3 50l 0dlizs | 3,90 siiss 9 45y o
Iy Ml gy Sy @l 3 S Byo (0L o inlss
y olights bosls SleMl ol s 1 93,65 o0 3yl
pb & (59 llind S (gam Sl S o ko
Ly oyl g5 (woliilen slaodly jl oolaiwl b &5 «ewl ONESOIl
|y 55a9ntS sy (53 2 &l b (lize 5 A5 o e e
S |y caslio Jpamo ¢y Jlo glsp g Ol ity ol
o > 2 9295 0 i) SB g5 o e o ogdle S
35 i 1y Jlo G505 (i 1 85 Jya o il Lnly
Sy (loj Gy SIPFSS s 85 B o S0l
s |.>).3 uLo) Oy .LSUA uaﬁuf;.o ul))ﬁlw.f Lgl)..v ‘) Jyam
don S5 Ale ABL ok Jpase Sl o Jb 5 Jpasme
(s g ol bl 4y s A5 Lo Glog ol o (gl
o 1y bl o5 iy Jpame (S e 5 5 Bl
)?.9"‘43 Cun> sziU)LM,1 Uﬂl L] u.&m: )l:a.u.] )lf «§ cJJSL;o
S oS oS ) oolizl b g 35,5 o bl 4 gamaus
e e |y Y gazee (S (e b, ) 4

gt S S Al g5 i 2 ()55 5 et gl
3 Sy yogn b aS w5l Sl la o i ol 4l
A Y¥ Jlo b g oy VY 4 YoV Jlo b cuto 156 ol 59y 00
o il 5l e o e ogMedy b ol s Y
sy 33 529188 Cpgebsa Vo ST Y Y Jlw 1295 delga
lodds dieo by Eguan yoor (sblie 5l ks
Cadybs 5l ool b a8 amy oyl |y ool bl ¥ S
a Sl VY Ll ool Ly caliste Lls > e gina bgn
ol bl sguas yign il odliiwl b 3840 dng;,To)l:wl Olgis
il oYL 55l adei o YL GDP &S wleas bl y3y ¢ (3390
‘u"?‘—““u"?“ )‘ odlar_wl L S ‘.\_mlJL;o d\gufo]‘ UTO)\.’Z_MJ
2l gl cins blE (gamaw (il pgal g ondle 5,500
b closly g |y s ylow g Bl dadgeS yasx i dige;
sl 5 (lalS (slasgeS g 50 53y 2 okty Jof
S oo 52975 o 9365 ol (gl 5 S o 2l i ) Lol
xS o ol )8 ) Sl S 4 e 8 o 5
Heliopas lnb 4 @Lo.ﬂ U]U)L—Mﬁ‘ <SS ‘0370 u](.))‘.';_w‘ 3090
Ui ol o) aass  Sis jasti dse oS Ml e
o > p Ol | ol g oo did IS o3 Cyguo @ £)l30 5
o Saota h ohb Ol olidlsn (slaosly 9 SB- (gl S




E—b Olixe 9 £95 2929 Jloo| a5l (005 sl
So9p S oo oy Jlein] @yl 35905 lise > g U]
olyor (sla yali & l.mui})])’f g odly J_w)l L S 0
Coi ) opds S e e B o pie 0 sl 4 ¢l lmiS
Sl g il S 5 oty g Y L] Wl oo 5pgliS
A Jlae ] LT £gu 5

e B 3505 4 b (65,9l S )3 (e ga s bgn ot)]
O e adaw 5o Lodly (M g GleMbl w o d Gliee p
SHi Eilie o b aby iy basyglid S Jl 3155
ple 5 rble (50l (e (5)ygl S g o0 ool
Eole Juail cubld g ow yiwd i yiS b odld yowdd g il
bl 513 sl s (o ool )3 490 3blie 5 S8
5 3laya ST 4, wlio ohlS 5 odlitul egian ,bon 45
P S Bbop ) )l (908 5 plie 29008 (2295 JB 2> U
OEZmen (§)9 (pl 29 Wl Fhe g Mde (6))gldS Cxio
Jalgd Ll Y guaste die) ) drwgl g 32850 )0 (awll Lid
$5o9S Al slaojon )3 Slaswsi g (530 lagiagk
° Sy bed (IS (il )3 Meon (55)9iS Sl yeS>
Magsl (slaojon )3 (5)94S (M (a5 pronad )3 Sl
d‘.lb.)‘); 9 Pb)‘ uﬁ):m PRIp Ty m—" S Cupde g 9§.” Jle
Ol ot «2LS 5 sl (Seif ol Gus iy
S5 ol o pse g (S5 e Sopte ygle 5 (LS
ke Wl g 5

References

Arvind, G, Athira, V. G, Haripriya, H, Rani, R. A, &
Aravind, S. (2017, April). Automated irrigation
with advanced seed germination and pest control.
In 2017 IEEE Technological Innovations in ICT
for Agriculture and Rural Development (TIAR)
(pp. 64-67). IEEE.

Awasthi, Y. (2020). Press “a” for artificial
intelligence in agriculture: A review. JOIV:
International Journal on Informatics
Visualization, 4(3), 112-116.

Azadnia, R., Jahanbakhshi, A., Rashidi, S., &
Bazyar, P. (2022). Developing an automated
monitoring system for fast and accurate
prediction of soil texture using an image-based
deep learning network and machine vision
system. Measurement, 190, 110669.

oypzd; o b 5 pas bl & coias yion
4 ol ool S 0 S8 5 liS 4 Sl g sladhie i)l

o rod (ipgliS o)l 3 &S by slaalaiBl slasaly sl 0
Oher Cwl Cuedl Pl jb s o5yl 5L SleMbl 4 (54108
sodls 5lels 35503 (21 Jolge p &5 (5jp0li S egiuas
0SBy —as glajls (Vg ame Cuaid ik Ny 4 by
Sl ol 155l 4y S e olit] i ool g cilolsl
Cubric, ) 5,5 5L 53 (g pailiied g Glosewas b aad o |,

(2020

SFFAR I 7 (P $3r9US o T Il
M ane g Blos (sl (ogimmnbon o )sls il 5
H editn 2 gya9) 0l b olo oo oo olipslis §° oS egppls S
G5 oy > 9 lm g o i ey b axs ) T S
oo b aaled 1) ads g Slygle ola s oly dc y3e
oM 3l ealaiwl b U2y anlgs S8 (5)sliS & (o ginan
iy o B e bas 5yl liie—iily 4 aodly
po b Jb o aiS apy b gl W a1y GV gua >
& Niwd ool daw g b 0 couns gior S b
sllbhow o) alise @by Vb cey wgcds b )i
P 5 Fa—w ey 3 b, ool aimd plol ac) g
@by ol Wload (2Ll o Slasl 695 5| 5385 s Jpaee
CopdeS (w0 y 0 & OV gua o (G Ay g b By 2 0gMe o
onl edly sl o] (dlioylus Jalse pioly 5 Jgmame
e (6)yslsS ) g9y ML p WlE oo (pizmen Ll
o3> g (slolgale (sl e jl (egtuan fign slapi)l s

Ben Ayed, R., & Hanana, M. (2021). Artificial
intelligence to improve the food and agriculture
sector. Journal of Food Quality, 2021, 1-7.

Beloev, I., Kinaneva, D., Georgiev, G., Hristov, G.,
& Zahariev, P. (2021). Artificial intelligence-
driven autonomous robot for precision
agriculture. Acta Technologica Agriculturae,
24(1), 48-54.

Bhagat, P. R., Naz, F., & Magda, R. (2022). Artificial
intelligence  solutions enabling sustainable
agriculture: A bibliometric analysis. PloS one,
17(6), 0268989.

Chavan, T. R., & Nandedkar, A. V. (2018).
AgroAVNET for crops and weeds classification:
A step forward in automatic farming. Computers
and electronics in agriculture, 154, 361-372.



vy (VO=Y)VFY jlee ooxiz 9 oz (ol e oslad omdjp Jlo 2y GlalS (gyglidunyj (sols dlone

Chen, H., Chen, A., Xu, L., Xie, H., Qiao, H., Lin,
Q., & Cai, K. (2020). A deep learning CNN
architecture applied in smart near-infrared
analysis of water pollution for agricultural
irrigation  resources.  Agricultural ~ Water
Management, 240, 106303.

Choudhary, S., Gaurav, V., Singh, A., & Agarwal, S.
(2019). Autonomous crop irrigation system using
artificial intelligence. Int. J. Eng. Adv. Technol,
8(5), 46-51.

Cook, P., & O'Neill, F. (2020). Artificial intelligence in
agribusiness is growing in emerging markets.

Cubric, M. (2020). Drivers, barriers and social
considerations for Al adoption in business and
management: A tertiary study. Technology in
Society, 62, 101257.

Davenport, T., Guha, A., Grewal, D., & Bressgott, T.
(2020). How artificial intelligence will change the
future of marketing. Journal of the Academy of
Marketing Science, 48, 24-42.

Dharmaraj, V., & Vijayanand, C. (2018). Artificial
intelligence (Al) in agriculture. International
Journal of Current Microbiology and Applied
Sciences, 7(12), 2122-2128.

Elbeltagi, A., Kushwaha, N. L., Rajput, J,
Vishwakarma, D. K., Kulimushi, L. C., Kumar,
M., ... & Abd-Elaty, 1. (2022). Modelling daily
reference evapotranspiration based on stacking
hybridization of ANN with meta-heuristic
algorithms  under  diverse  agro-climatic
conditions. Stochastic Environmental Research
and Risk Assessment, 36(10), 3311-3334.

Eli-Chukwu, N. C. (2019). Applications of artificial
intelligence  in  agriculture: A review.
Engineering, Technology & Applied Science
Research, 9(4).

Fallah, M., & Ghanbari Parmehr, E. (2023).
Detection of Chilo  Suppressalis using
Smartphone Images and Deep Learning. Journal
of Agricultural Machinery, 13(2), 195-211.

Fusari, C. M., Kooke, R., Lauxmann, M. A,
Annunziata, M. G., Enke, B., Hoehne, M., ... &
Keurentjes, J. J. (2017). Genome-wide association
mapping reveals that specific and pleiotropic
regulatory  mechanisms  fine-tune  central
metabolism and growth in Arabidopsis. The Plant
Cell, 29(10), 2349-2373.

Gentili, A., Compagnucci, F., Gallegati, M., &
Valentini, E. (2020). Are machines stealing our
jobs? Cambridge Journal of Regions, Economy
and Society, 13(1), 153-173.

Gerhards, R., & Christensen, S. (2003). Real-time
weed detection, decision making and patch
spraying in maize, sugarbeet, winter wheat and

winter barley. Weed research, 43(6), 385-392.

Harfouche, A. L., Jacobson, D. A., Kainer, D.,
Romero, J. C., Harfouche, A. H., Mugnozza, G.
S.,... & Altman, A. (2019). Accelerating climate
resilient plant breeding by applying next-
generation artificial intelligence. Trends in
biotechnology, 37(11), 1217-1235.

Hesami, M., & Jones, A. M. P. (2020). Application
of artificial intelligence models and optimization
algorithms in plant cell and tissue culture. Applied
Microbiology and Biotechnology, 104, 9449-
9485.

Holzinger, A., Keiblinger, K., Holub, P., Zatloukal,
K., & Miiller, H. (2023). Al for life: Trends in
artificial intelligence for biotechnology. New
Biotechnology, 74, 16-24.

Javaid, M., Haleem, A., Singh, R. P., & Suman, R.
(2022). Artificial intelligence applications for
industry 4.0: A literature-based study. Journal of
Industrial Integration and Management, 7(01),
83-111.

Javaid, M., Haleem, A., Khan, I. H., & Suman, R.
(2023). Understanding the potential applications
of Artificial Intelligence in Agriculture Sector.
Advanced Agrochem, 2(1), 15-30.

Jha, K., Doshi, A., Patel, P., & Shah, M. (2019). A
comprehensive review on automation in
agriculture using artificial intelligence. Artificial
Intelligence in Agriculture, 2, 1-12.

Jung, J.,, Maeda, M., Chang, A., Bhandari, M.,
Ashapure, A., & Landivar-Bowles, J. (2021). The
potential of remote sensing and artificial
intelligence as tools to improve the resilience of
agriculture production systems. Current Opinion
in Biotechnology, 70, 15-22.

Kakani, V., Nguyen, V. H., Kumar, B. P., Kim, H.,
& Pasupuleti, V. R. (2020). A critical review on
computer vision and artificial intelligence in food
industry. Journal of Agriculture and Food
Research, 2, 100033.

Kamyshova, G., Osipov, A., Gataullin, S., Korchagin,
S., Ignar, S., Gataullin, T, ... & Suvorov, S. (2022).
Artificial neural networks and computer vision’s-
based phytoindication systems for variable rate
irrigation improving. IEEE Access, 10, 8577-8589.

Khan, M. H. U., Wang, S., Wang, J., Ahmar, S., Saeed,
S., Khan, S. U,, ... & Feng, X. (2022). Applications
of Artificial Intelligence in Climate-Resilient
Smart-Crop Breeding. International Journal of
Molecular Sciences, 23(19), 11156.

Khoshnevisan, B., Rafiee, S., Pan, J., Zhang, Y., & Liu,
H. (2020). A multi-criteria evolutionary-based
algorithm as a regional scale decision support
system to optimize nitrogen consumption rate; A



S3o9US > (Eghan er (5ygld jluleuia 5 bl e )8 i g (255 LS YA

case study in North China plain. Journal of Cleaner
Production, 256, 120213.

Kim, K. H., Kim, M. G,, Yoon, P. R,, Bang, J. H,,
Myoung, W. H., Choi, J. Y., & Choi, G. H. (2022).
Application of CCTV image and semantic
segmentation model for water level estimation of
irrigation channel. Journal of The Korean Society of
Agricultural Engineers, 64(3), 63-73.

Krisnawijaya, N. N. K., Tekinerdogan, B., Catal, C.,
& van der Tol, R. (2022). Data analytics
platforms for agricultural systems: A systematic
literature review. Computers and Electronics in
Agriculture, 195, 106813.

Kumbi, A. A., & Birje, M. N. (2022). Deep CNN
based sunflower atom optimization method for
optimal water control in 1oT. Wireless Personal
Communications, 1-26.

Kumar, R., Yadav, S., Kumar, M., Kumar, J., &
Kumar, M. (2020). Artificial intelligence: new
technology to improve Indian agriculture.
International Journal of Chemical Studies, 8(2),
2999-3005.

Kushwaha, N. L, Elbeltagi, A, Mehan, S, Malik, A,
& Yousuf, A. (2022). Comparative study on
morphometric  analysis and RUSLE-based
approaches for micro-watershed prioritization
using remote sensing and GIS. Arabian Journal
of Geosciences, 15(7), 564.

Liakos, K. G., Busato, P., Moshou, D., Pearson, S.,
& Bochtis, D. (2018). Machine learning in
agriculture: A review. Sensors, 18(8), 2674.

Liao, M., & Yao, Y. (2021). Applications of artificial
intelligence-based modeling for bioenergy
systems: A review. GCB Bioenergy, 13(5), 774-
802.

Liu, S. Y. (2020). Artificial intelligence (Al) in
agriculture. IT Professional, 22(3), 14-15.

Lokers, R., Knapen, R., Janssen, S., van Randen, Y.,
& Jansen, J. (2016). Analysis of Big Data
technologies for use in agro-environmental
science. Environmental modelling & software,
84, 494-504.

Mor, S., Madan, S., & Prasad, K. D. (2021). Artificial
intelligence and carbon footprints: Roadmap for
Indian agriculture. Strategic Change, 30(3), 269-
280.

Mohr, S., & Kiihl, R. (2021). Acceptance of artificial
intelligence in German agriculture: an application
of the technology acceptance model and the
theory of planned behavior. Precision
Agriculture, 22(6), 1816-1844.

Muraya, M. M., Chu, J., Zhao, Y., Junker, A., Klukas,
C., Reif, J. C.,, & Altmann, T. (2017). Genetic
variation of growth dynamics in maize (Zea mays
L.) revealed through automated non-invasive

phenotyping. The Plant Journal, 89(2), 366-380.

Nabwire, S., Suh, H. K., Kim, M. S., Baek, 1., & Cho,
B. K. (2021). Application of artificial intelligence in
phenomics. Sensors, 21(13), 4363.

Niazian, M., & Niedbata, G. (2020). Machine
learning for plant breeding and biotechnology.
Agriculture, 10(10), 436.

Oliveira, R. C. D., & Silva, R. D. D. S. E. (2023).
Acrtificial Intelligence in Agriculture: Benefits,
Challenges, and Trends. Applied Sciences,
13(13), 7405.

Omondiagbe, O. P., Lilburne, L., Licorish, S., &
MacDonell, S. (2022). Soil Texture Prediction
with Automated Deep Convolutional Neural
Networks and Population Based Learning. Social
Science Research Network, 40(03), 387.

Patricio, D. I., & Rieder, R. (2018). Computer vision
and artificial intelligence in precision agriculture for
grain crops: A systematic review. Computers and
electronics in agriculture, 153, 69-81.

Pérez-Jaramillo, J. E., Carrién, V. J., de Hollander,
M., & Raaijmakers, J. M. (2018). The wild side
of plant microbiomes. Microbiome, 6, 1-6.

Rai, K. K. (2022). Integrating speed breeding with
artificial intelligence for developing climate-
smart crops. Molecular Biology Reports, 49(12),
11385-11402.

Ritharson, P. I., Raimond, K., Mary, X. A., Eunice,
R. J., & Andrew, J. (2023). DeepRice: A deep
learning and deep feature based classification of
Rice leaf disease subtypes. Artificial Intelligence
in Agriculture.

Riese, F. M., & Keller, S. (2019). Soil texture
classification with 1D convolutional neural
networks based on hyperspectral data. arXiv
preprint arXiv:1901.04846.

Rodzalan, S. A., Yin, O. G., & Noor, N. N. M.
(2020). A foresight study of artificial intelligence
in the agriculture sector in Malaysia. J Crit Rev,
7, 1339-1346.

Ryan, M. (2020). Agricultural big data analytics and
the ethics of power. Journal of Agricultural and
Environmental Ethics, 33, 49-69.

Ryan, M., van der Burg, S., & Bogaardt, M. J.
(2021). ldentifying key ethical debates for
autonomous robots in agri-food: a research
agenda. Al and Ethics, 1-15.

Schimmelpfennig, D., & Ebel, R. (2016). Sequential
adoption and cost savings from precision
agriculture. Journal of Agricultural and Resource
Economics, 97-115.

Shakoor, N., Lee, S., & Mockler, T. C. (2017). High
throughput phenotyping to accelerate crop
breeding and monitoring of diseases in the field.
Current opinion in plant biology, 38, 184-192.



v (V=Y WY le qooxia 9 Jaz (olo pom 0)led oo Jlo o ol)5 ol (oyglidcun ) (ole alxe

Sharma, R. (2021, May). Atrtificial intelligence in
agriculture: a review. In 2021 5th International
Conference on Intelligent Computing and Control
Systems (ICICCS) (pp. 937-942). IEEE.

Sood, A., Sharma, R. K., & Bhardwaj, A. K. (2022).
Acrtificial intelligence research in agriculture: A
review. Online Information Review, 46(6), 1054-
1075.

Sparrow, R., Howard, M., & Degeling, C. (2021).
Managing the risks of artificial intelligence in
agriculture. NJAS: Impact in Agricultural and
Life Sciences, 93(1), 172-196.

Syed-Ab-Rahman, S. F., Hesamian, M. H., & Prasad,
M. (2022). Citrus disease detection and
classification using end-to-end anchor-based
deep learning model. Applied Intelligence, 52(1),
927-938.

Tang, J., Arvor, D., Corpetti, T., & Tang, P. (2021).
Mapping Center Pivot Irrigation Systems in the
Southern Amazon from Sentinel-2 Images. Water
2021, 13, 298.

Tetila, E. C., Machado, B. B., Astolfi, G., de Souza
Belete, N. A., Amorim, W. P., Roel, A. R., &
Pistori, H. (2020). Detection and classification of
soybean pests using deep learning with UAV
images. Computers and Electronics in
Agriculture, 179, 105836.

Tripodi, P., Nicastro, N., Pane, C., & Cammarano, D.
(2022). Digital applications and artificial
intelligence in agriculture toward next-generation
plant phenotyping. Crop and Pasture Science.

Udupi, V. R. (2019). Identification of soybean
diseases using learning vector quantization neural
network algorithm. Journal of Analysis and
Computation (JAC), 1(1), 1-3.

Vishwakarma, D. K., Pandey, K., Kaur, A., Kushwaha,
N. L., Kumar, R., Ali, R.,... & Kurigi, A. (2022).
Methods to estimate evapotranspiration in humid
and subtropical climate conditions. Agricultural
Water Management, 261, 107378.

Waleed, M., Um, T. W., Kamal, T., Khan, A., &
Igbal, A. (2020). Determining the precise work

area of agriculture machinery using internet of
things and artificial intelligence. Applied
Sciences, 10(10), 3365.

Weersink, A., Fraser, E., Pannell, D., Duncan, E., &
Rotz, S. (2018). Opportunities and challenges for
big data in agricultural and environmental analysis.
Annual Review of Resource Economics, 10, 19-37.

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M. J.
(2017). Big data in smart farming—a review.
Agricultural systems, 153, 69-80.

Xu, Y., Zhang, X., Li, H., Zheng, H., Zhang, J, Olsen,
M. S., ... & Qian, Q. (2022). Smart breeding
driven by big data, artificial intelligence, and
integrated  genomic-enviromic prediction.
Molecular Plant, 15(11), 1664-1695.

Yang, C. C., Prasher, S. O., Landry, J., &
Ramaswamy, H. S. (2002). Development of
neural networks for weed recognition in corn
fields. Transactions of the ASAE, 45(3), 859.

Yang, W., Guo, Z., Huang, C., Duan, L., Chen, G., Jiang, N.,
.. & Xiong, L. (2014). Combining high-throughput
phenotyping and genome-wide association studies to
reveal natural genetic variation in rice. Nature
communications, 5(1), 5087.

Yu, Y., Xu, T., Shen, Z., Zhang, Y., & Wang, X.
(2019). Compressive spectral imaging system for
soil  classification with  three-dimensional
convolutional neural network. Optics Express,
27(16), 23029-23048.

Zhang, C., Yue, P, Di, L., & Wu, Z. (2018). Automatic
identification of center pivot irrigation systems from
landsat images using convolutional neural
networks. Agriculture, 8(10), 147.

Zhang, Y., Chu, J,, Leng, L., & Miao, J. (2020).
Mask-refined R-CNN: A network for refining
object details in instance segmentation. Sensors,
20(4), 1010.

Zhang, P., Guo, Z., Ullah, S., Melagraki, G., Afantitis,
A., & Lynch, 1. (2021). Nanotechnology and
artificial intelligence to enable sustainable and
precision agriculture. Nature Plants, 7(7), 864-876.



Spring (2024) 13(45): 31-39.

DOI: 10.30473/ch.2024.70419.1951

Received: 28, Jan. 2024

ORIGINAL ARTICLE

Accepted: 27, Mar. 2024

Crop Biotechnology *=

Localization of QTLs controlling starch and neutral detergent
fiber of durum wheat grain

Sina Ghanbari', Kianoosh Cheghamirza'?’, Leila Zarei'?, Roghayeh Naseri’,

Elisabetta Mazzucotelli®

‘Department of Plant Production
Engineering and Genetics, Faculty of
Sciences and Agricultural Engineering,
Razi University, Kermanshah, Iran.
“Cereal Research  Center, Razi
University, Kermanshah, Iran.

®Council for Agricultural Research and
Economics (CREA), Research Centre
for Genomics and Bioinformatics,
Fiorenzuola d’Arda, Italy.

Correspondence
Kianoosh Cheghamirza
Email: cheghamirza@yandex.ru

How to cite

Ghanbari, S., Cheghamirza, K., Zarei,
L., Naseri, R., & Mazzucotelli, E.
(2024).  Localization of  QTLs
controlling starch and neutral detergent
fiber of durum wheat grain. Crop

Biotechnology, 13(45), 31-39.

ABSTRACT

Among cereals, durum wheat (Triticum turgidum L. var. durum) is one of the
most important protein and energy sources after bread wheat. It has a
significant role in human nutrition in most countries. In this study, to identify
and localization of QTLs controlling traits related to starch and Neutral
detergent fiber, 118 durum wheat recombinant inbred lines obtained from the
cross between the local genotype of Iran-249 originated from the west of Iran
and the local cultivar of Zardak from Kermanshah were evaluated in two
environments (2014 and 2015) under rainfall conditions at the acireale
research center using randomized complete block design along with parents
in three replications. QTL analysis for each trait was performed using the
inclusive composite interval mapping method to identify genomic regions
that significantly affected the studied traits. A total of six QTLs were
identified for the two traits measured, grain starch content and neutral
detergent fiber. Three QTLs were identified on chromosome 7A and one
QTL on chromosome 4B for the grain starch content trait. For the neutral
detergent fiber trait, one QTL was localization on chromosome 6B and one
QTL on chromosome 7A. ldentifying and localization QTLs controlling traits
related to seed quality characteristics can provide an opportunity to improve
these traits through marker-assisted selection. The results provide QTLs with
high breeding potential along with associated markers useful for precise
localization and molecular breeding.
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ABSTRACT

Knowledge on genes effect and action (additive/dominance) is one of the
necessities to achieve cultivars with high performance and quality. Estimating the
breeding value (additive effect) can be done thanks to molecular markers through
best linear unbiased prediction (BLUP). In the present study, 100 oilseed
sunflower genotypes were evaluated based on the 10x10 lattice design during
two crop years of 1392-1393 under normal and drought stress (irrigation
limitation) conditions. The breeding value of 13 traits in 78 genotypes out of 100
was estimated due to having genotyping data with SSR and Retrotransposon
based markers in each one of normal and drought stress (irrigation limitation)
conditions through BLUP. For this purpose, the kinship matrix was calculated by
SSR and Retrotransposon based markers data. According to total ranks of
breeding values of all studied traits estimated by molecular data of both markers,
in normal conditions, genotypes 47, 11, 8 and 35 and under drought stress
(irrigation limitation) conditions, genotypes 8, 11 and 35 showed the highest
breeding value. Based on SSR markers data in normal conditions; genotypes 76,
36, 34 and 41 and based on Retrotransposon based markers data; genotypes 61,
78, 72 and 52, and in drought stress (irrigation limitation) conditions based on
SSR markers data; genotypes 76, 38, 34, 29 and 70 and based on Retrotransposon
based markers data; genotypes 16, 71, 78 and 61 showed the lowest breeding
value. Considering both studied conditions and all studied traits and both
molecular markers information, genotypes 8, 11 and 35 with high breeding value
are introduced as desirable parents for breeding programs.

KEYWORDS
Abiotic stress, Gene action, Molecular marker, Prediction of breeding value,
Sunflower.
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ABSTRACT

Salinity is one of the most important environmental stresses that disrupt the natural growth of
plants. Plant use different mechanisms to cope with stress conditions, such as salinity, in which
changes in protein expression is the most important one at molecular level. Changes in protein
expression depends on their physicochemical changes such as half- life, stability index, iso-
electric point, molecular weight, extinction coefficient etc. Furtermore, identification of
motifs, patterns and protein domains make it possible to predict changes in the conformation,
structure and proteins functions. In this research was selected a number of changed protein in
expression under salinity stress in wheat based on the previous proteomic studies for further
was selected bioinformatic analysis. Study Physicochemical properties of proteins by
ProtParam software, identification of domains by InterProScan and CDD, identification
patters for prediction of post translational modification by ScanProsite, similarity by Blast,
alignment of similar proteins for identification of conserved block was performed by T-
Coffee. Out of the 25 proteins associated with salinity stress, 20 proteins have a half-life more
than 20 hours. The molecular weight of these proteins was varied between 13 to 117 kDa and
15 protein showed instability index of less than 40 and therefore classified as stable proteins.
Investigation of proteins using TMHMM and Protscale softwares, it was found that
Aquaporins, Plasma membrane intrinsic proteins, Plasma membrane ATPase and Rust
resistance kinase Lr10 are highly hydrophobic proteins, whose major structure located inside
the membranes. Out of 25 proteins, 8 proteins were selected and analyzed for identification of
patterns, domains, structure and function. a-tubulin as a monomer participates with B-tubulin
to make of3-tubulin dimer. Tubulin create a major part of microtubules that are essential for
cell growth and division. This protein consisted of one pattern, Tubulin subunits alpha, beta
and gamma signature domain namly PLN00221. For the Triosphosphate isomerase protein, a
domain called TIM, which is involved in the catalytic mechanism and for the Calmodulin
protein a domain called PTZ00184 was identified which is a calcium binding domain. For the
Putative glycine decarbixylase subunit a domain called PRK01202 has been identified that has
carboxylase activity. For Cu/Zn superoxide dismutase protein the domain called as SOD is
involved in the absorption of superoxide. For Fructose-bisphosphate aldolase protein, the
catalytic converter domain was identified as PLV02455 and for Hsp 70- Hsp 90 organizing
protein, STI1 domain was identified with ATPase property. For the 2- Cys peroxiredoxin BAS
1 protein, for the PRX-Typ 2 cys domain that plays an important role in regulating oxidation-
cell reduction.

KEYWORDS
Data bank, half life, motif, pattern, transmembrane.

© 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/


http://creativecommons.org/licenses/by/4.0/
https://cropbiotech.journals.pnu.ac.ir/

(FY=Y0) Y g ot 5 o ol op3 olash quazem Jlo

VEY/VYIYE s ol

VEY/N o5 il s fu b

DOI: 10.30473/ch.2024.70089.1942

]
i oLl ygldcws )

«é&g}; Jlos

O gt ¢ Il a0 39 Ol —o g il jodilaw el 9 @ 2
PAS (Sogd Jooui 90 5 30 S W9y SS9 Sldos §

G>ou e Z g8 dgazme 03l e Lol 937

S

obS 29500 QLS (b 23y )3 JHST el & Cunl aee Sl 5 (e S S 98
ke 45 355 0 I ] (liSe SlaeusilSo ()5 (5 aler 51 55 bl b ablie (gl
Cotlros S50 Clyeds 9,5 )3 WS n Ol yeed ol oy ol 23 S ¢ 55 s )3 Lol
ol 0 el (Bgols i g JsSse (g S ySUlgil aba gyl (eSS es dag o LSl
Saddos g 4355l pAS ) (5)98 A5 CoT ol s L e ) olis piagk
g Ve dasi cdalllan 390 (695 (A5 L Lasipo (g YO (g sl 00 o3lital (Sl gl
0392 o5l obS VIV LYy by cnl (JoSge (19 g2 Csls Vol iy yos dos )
O 5 553 By o 3150 250 Jlasly g b Fe 5l a8 (6l (as s (g VO
Ol —OB Bl 4 seul> o > il P olyen @ pegise o s & e —0L pAS (590
oo s 9 Ay sl &5 WS o Sbml ) b gigig e sdes iSu (g WS (o 0555
Tubulin subunits alpha, beta and gamma s < s G (6l gy ol g9 00
UL wed ¢}l pog plcslind o 5 cpiSig (sly bl o PLNOO221 5b 4 (yed 5 g SigNAture
9y Sy 9 3y Wi (6,95b1 puilSs p3 &5 TIM- like beta/ alpha barrel domains
Gl il oo mandS 4 015945 Juate ped &S A oLl PTZ00184 b 4 ey <G 3 9350)lS
&S ws ol PRK01202 £ 4 e Putative glycine decarboxylse subunit ..o,
PRX-Typ 2 e 2-Cys proxiredoxin BAS 1 559y clp 3yl (cMenS 9,8 cllabd
aS oy lis imghs cpl )b sl bl = pmlins] plas ) e R FLEW ol CYS
23 e il Oglite sl plard g (S5 Gl Shy b slBon Jl s el ()98 LS
SYob yos dos Gl MLl g Hhul S g (S Ji50 59 b Sl Jol 93,5

P9 o ol Soliste S yiSlg ol dlas (g1l 9 oUgS

S sl
s d.o.u cL;)L.u.C 05).) u.’>|9) cLM?c 030> oli:l:g c5§”

oSty 2lS GidsSSan 5 lPa 09
‘O‘)ﬁ‘ BIRE T oKl ‘d)‘”LA‘S

:ghune ol g
) L ey e
mtoorchi@tabrizu.ac.ir :a.Ly|,

Wlio ol @ sliwl

o5 50 153 sl oBin (00 5 (shan Sms Dlyas ¢ liondsS b Dluoguas Siloysilyn low g i (VF0¥) Lo (3oody 5 2905 o295 1951 wdlile Lol
SYVO (FONY e oly; LS (6)5ld Consj ale dolilind paiS (g5

https://cropbiotech.journals.pnu.ac.ir/


https://cropbiotech.journals.pnu.ac.ir/

0 (FY=Y0) V¥ e oz 9 Jaz (olo pom o)lod comdjan Jlo o ol)5 ol (6yglidcun j ole alxe

slosbslaolsoly 5 o)l low (sl (bl (Sle il
O 5 3l (I _tlojl b 018 eSS Wl e 29290
G5 iz oS 5 (asle sl (il 3 g8
sl gy 5l del oy glaodly S byl o0 slaedl
ol Lo yutigr (sms A sl kil Sl
i > Ngd o gl INMR o X ands | ol,8 Jliu s S
Jos (K555 g 08 Joho g w8 Slejsilsn (oled S
S Jlg Jlos g 4520 b ol (JoS90 a5 ol
Oliod gyl slaodly Guizmen g pls (J5Sse
IS 8l i 0)by> syl leMbl 5l e Suslo ygilan
S ol 5 ol

s 4 &S Wi s b pgn (LSS glaas g b e
3o 4 (35 (2 9 GeBon slaly il )3 0308
S J95 Sap3 wed L gy )l 38" (atg
5 OxSon el (gim )l Lo LIS 15 sl ope ol
e red ol o gosill (pliorBgn b (Jslw 3)Sles
o9 4y SWISS-PIot cosl> oLSGL, I (glodas isy
b oS ol bl ol sl Lo yetigpy (slpppod silojlo
9 a9 M) Hload o b (oLl 5290 (sla b
o b piigy ;0 Las sbad Slas sl (gl (VoO) o5
iSS laasly Gl o Lo (sl pmed Dbl g b e o]T50
(Vo0 el 9 S pipm) 35 6 Simn |y (5 (55, 05
Cole lacwe p bug Jlgobj (SSUS 0f) 4 laped
Cenle slacu 2y il Wed (o alo L Glb 35 Iy
Jlo lad)lles w8 & &5 distd (B9 ) (bbcisige (I
a5 3130l i b o ol i b6 ot Blats] el
da ped ( uigp s odlgls (ooluxs ok 15 1, 0PROSITE
LD Can 55l gl bgyye SleMB] 5 lacisige Sl
0313 ol 4l Y-V (S an 5 sba) il (£elsiSInn 5
o5 gl (Slaliws 5 (CDD) NCBI oy bl gl yped
5 o clablons (slaiyed (63518 & cunl 2Sgn slaJlgs
o o &l g 03,8 |y b ped a4 basye cullad o1
W3 )13 gy 3y90 |y BinSan dn dw HlBLo (uinen
Goke & S iy 1y o Slas /Hislw [ Jlg oy dlayly U
s (gl oAb cailoes o3l olS,l, CDD ¢S g e

.

400

o A8’ et (g Sy 0dimd oSS Azl (slatpul 05,255
9 3 oy (63,8es &S ol ol (D9 JsSVge S
kg 01 Wl (g s IS5 51 (8b o] s 2155
Cmdw JSb g | e b Jobss )3 dieliww | glacis,
W o1 g5 baogs (gylmansil jobo 0 (89 J5SUse oS
oo (Jge Slpess (VO phigs g (M) 235 e
Ol Jl (Se &5 w30 & 0kj sladshe 3 ol lulyd coo
(Voo ¥ ol g o) sl e (sla iS5 oS Ll
2 arme oaiiS39a0e Jalse (e Sl (S 69— GBI
i alex 5l d5 a5 blyd b ablie (gl olS | puS Ay
Onyieen 31 45 2,5 o0 )8 4 1) (ilidie laeusilSs (555
5 $9:99) Sl Bion ol 1 s (Js¥ge oo 5 o]

(Y0 dgoulely
as 58S e UNIiProt o se 50 sla Jlg olas
L lolbCun (Syb jl ccul odpwy (uiigy YOYTYVYYY
sl ) (g o Slod & (Siloyodilsn (slajlil I erlinl
ol (Fo¥Y (K on g 51 ) 3515 ogal le Mol oyl
L oleMbl s & gl Judoo 455 9 bosls ol Sled )y
Gl enSsn 63,8es 5 Lo Slogas i (5j)
b U sy el i)l la,ls aie aSl sas 0
(Vor¥ (o hlSo 5 osly) ay o ials
b S b ey sla Jlgy UniPortKB/Swiss-Port
am3 o &) 1) LT 60, Sdae leMb] ol pandy 151w yiwd g
9 1oj ol Suijskd bLiyl ol (V47 (oSen 5 cig)
Sloo gad (oo )3 (Vo0 ()lSod 5 ynsld) g Jlys
(VO ohlSen 9 S obor—don 5 2bor—555 5
el g 52993) W (ed (V-0 (oS an g 5 50) (3, Shes
§ Sl o (55,85 (YD ph) s Ciige Y-
(VoY oy Kan g gbn) dan 5 5l uy Slpuss (Vo o8 (UL
(V5 cohlSan g 3 ) i sol (slo byl g5 Lindyon
soll o ilgy owed sl Juo w81l oa s oolauwl
9 Suigd) g (VoVe )Kan g cpd) Pfam? ygoman (slosl
S by b loa 3 (6)5laed’SMART (V-5 ()5 o

5Scaffold sequence signatures
6. Simple modular architecture research tool
7. Nuclear Magnetic Resonance

1. Motif

2. Fold

3. Post-translational modification
4. Protein sequence alignments



e 5 Slaa S m Sl (oliard 950528 Cluogad Silojgiilse Jilod 9 4520 10 S g 03lle Juol %

PAS )3 (598 A5 4 okind Gl sl (g e Y Jgia

- . 0 lows .
Owdgy PU . o
(o
Cold-responsive LEA/RAB-related QOMATY il hals
COR Protein b ROS 0w
Putative  Glycine  decarboxylase Q8L807 gl pials
subunit b ROS o
i gl el
Group3 late embryogenesis abundant ATVL25 Pl
protein » ROS o
Fructose-bisphsphate aldolase Q9sJQ9 Fawgd
Triosephosphat-isomerase QIFS79 s ﬂ#:]y
55!
Nucleic acid binding protein 1 Q41834 ’ W”JH
ey
gl gals
Ras-related protein RIC1 B3TLRY 7o
 ROS o
. . . all juals
Temperature stress-induced lipocalin Q8S9HO
o ROS _ow
o gl hals
Cu/Zn superoxide dismutase 024400
o ROS _ow
ATP synthase beta subunit Q41534 e '.Vf"']y
55!
. all juals
Glutathione S-transerase DHAR2 M7ZKX9
o ROS _ow
Oxygen-evolving enhancer protein 2, Q00434 by gy
(OEF, 2) chloroplastic ok et 9
Gyl mals
L-ascorbate peroxidase Q945R5 s o
o ROS _ow
Ribulose-1,5- bisphospate QISAWE 9 05 pedglie
carboxylase/oxygenase small subunit <55
2- Cys Peroxiredoxin BASI, 096468 gl eals
Chloroplastic b ROS 0w
RuBisCo large  Subunit-binding P08823 9 005 predglie
protein <55
o . ol gl hals
Hsp 70-HSp 90 organizing protein F8RP11
 ROS _ow
. il uals
Calmodulin Q7DMG9
> ROS _ow
. all jials
Aquaporin A9UEBS
b ROS cows
o . il ials
Plasma membrance intrinsic protein A7J213
b ROS cows
. . all juals
Rust resistance kinase Lr10 P93604
> ROS _ow
all jials
Plasma membrance ATPase P83970
b ROS cows
o o il ials
Ubiquitin- activating enzyme E11 P20973
b ROS cows
Chlorophll  a-b  bindin rotein,
p g P P04784 Friaogid

chloroplastic

ool 1l 58 uligy (sloodlgls ) Cpund Caw by gy 3, Slas
g i Jhe (Vo O) b ylosle) el pdy 56l CDD
oid & Jo s 5850 LEA Ll nZey (W) K e
by )3 (Slo jodilow 4 355 3)90 |y o g g2 > (S—iS
OleMbl b puoy b gy S5ekd <oy ClustalW jlssle s
ol (19 sl i «iige da Jlg Sluo gad 4 by
Siaog)S L85 Sjgo (JoNVge g (Sejelon Clld () g
Oy By s nd oS 3l 5148 150 09,5 Caam 3 |, L@jl W g 5
2 4SS paS slauiion jl ool (imgh cpl
iy b M8 g ats 135 (5085 (55 b adye clapalSe
—)) S>> 9 ul.’x.u‘ PR P u;l_wL._w k&:ﬁ?ﬁsﬁ
Slaged s o plion—D950 58 Cliogad (sl (iRgh
P odb 4l b slaugn b bonSan (350 «(Suign
Nl g 3,Shes Al s can By SN sl
o Ol o g 2L b9y (2lp lelid 55 (e
Bl o pAS (6)98 AT 53 3550 SnSgn ey

by 9y 9 3190
Srgd GBS )3 15> S I eaha bl il ol 5
23,5 i3S g 0ad (ol Wb Suaglign (ho) L oS paS
GolL ¢ gy leMbl aalllas (gly (Yoo ¥ ploli g 354)
5)5— PDBY NCBI/Protein.UniProt/Kb LM Ll
oGl 03l 5l S yiitie (sl (g Caled 3 5 €85 )18
odd &V Jadn 55 bl cand 9 15,5zl 50l UniProt/Kb
]
)l odla ! L» Lmdj’9)’ L))] dwﬁrﬁ c_AL_.o9_a.a.‘>
G (Sho wess 4oy pl b yuss ProtParam lisle
S5l Sl 10 SHHICO g, 4 iy ometSo s
s Jo L sy cslo gally J ol () ign)
aieliclasl G0 olss ol g 6595 Sgo 4]y IaiyBigy

T bl 5 i) 55 oo pulone Lo osims iS5

2. Protein data bank

1. National center for biotechnology information



£y (FY=Y0) V¥ e oz 9 Jaz (olo pom o)lod comdjan Jlo o ol)5 ol (6yglidcun j ole alxe

o I3 GRS )3 15 )3 laguBan om > C8Ly Ol e
doss (pyeS lyl> 2-Cys peroxiredoxin BAS1..a ROS
Ol )l 1y adsi Sl am Jolw 3 48B3 Y jes e 5 039 yes
el b Fojl a8 ()bl pasls (udls Jds 4 (nan
9 () ST 3l gk ol WjlacnSTyy g5 g
Bl g o o 5ST Jlub slo J00]) W5 g sl
031 sl JSoal, e ey (ST 5T slap 3l g oS
i g it ] 5] S Waliaan ST,y 48 B0 oo bnJolo
hlen o 5955 d) S oo bl HoO2 sl iplio )3 (sogee
R
Oy HSp 70-Hsp90 organizing protein sy
o SR ) 51500 S Ssn o 2 ) JsVse 019
Jslms )3 o] yos dah g 0392 Juullb (B9 ol 5> BROS
Sod SomSen (VJos2) Sy celiw Vel i &
ol Lol 1358 o Jod” JoSUga ladlona e & )l
5 Ik 093 Ofgn wlxile 00 By b gy
Sy gl ol @ 9o G @ loppBisn Colin riman
Clbliz )3 0ullS a5 (2lo)S S9—3 Sl
gl (b JS—8 4 g p (10,5 0 sl A5 ade oS
(lSon 5 ,18) 1)1 oage r Jobo (g5l gon a5 5 oSl
L isBay CU-ZN (SOD) jFgasd ey (V1)
P el Vo 5l 5Vb (g pee 4o a5 cl Bl bud (g )lub
oSS 4 SBgonsd b ST g (Y J92) 3,0 0855 Jsho
s O 9> Shls ey i p Jld ool 5 039 yeudg090
eS| g UL sl e (65503 5 59y (S 45 L
O Ol 56 5 3l cpl 0 Sles o9 4 CU-ZN 5Ug0umsd
YooV ) an g (6b) dmd 0 pinlas |y ol sloasly pj
YU (S cdabocs b o 51 S CU- 2N Bganas sy
Bl Mg 11 (O2) 18T pgw (sla JIS3)) &5 150 o0
Ly ce b ouliS gy he—ST ol colled S e
g b)) 1dlco o 3l Cllad S oS 255 0 ST yg
o ) ol bad sl lsie 4 il gl (Y008 (LIS
O3t S 4 1y il 5 03,8 Jos 2S5 (sl IS0,
o Ao &S Sl Jluky (o n (lg9ellS NS o
295 Olye 4 0eSan cal () Jgiz) 3y el Ve ) iy
aly gl g cébp ) b ik Jl (Gl s quen S gl N>

Ay gy i

Tubulin alpha chain Q9ZRB7
(oo s 9

gz Sl By (Slhe 5y SlpdS (g )y polaie 4
ScanProsite ,l;éle 5 la_wgs PROSITE 496 o150 03ly )
P50 S L) gy Jg lsle s ol as eolawl
S0 sl lagy b oSl ccisge g 03,5 4 _uwlio PROSITE
LS e ot |y Jo e e 2 S Sl g Iy o
FASTA cuo,d b (iuSgp o Jlg (Yo oV o)) Kan g olon)
Exclude motifs with a high 4y 35 .05 8yme )38l 5 4
» >l o 135, jslaie 4 probability of occurrence
IyPROSITE SleMbl o5l )3 35390 (sl oS 5 a0 d
Hit cjle Ly oad olols b lilg, o Hit by Pattern
Apd oo ioles DY Profile
oS 5l @3l Sl (GeSan o alwlid

Cpgme (§rgh 5 4 odimd Fwly (sl o | it
Conserved Domain ) CDD sl 5 jimgs opl o .cd)S

b gy 4oy oyl b oalitw] b ped olwlids 41y (Database
Py ey pre pmed | golas g 0uis Sl NCBI
4 FASTA Cw,8 b s dy50 cpiign Jol§ Jlgs 3yl 595
EXpect au i3 s gcuns plool | L8 .00,5 8 yxe 4ol oyl
S /oY gy 42 Liw ysb 4 45 Value Threshold
Gl ped oo s Kl b ad 00> puss +/+0 &4 Cuw o
P ey Spg—ad S 4 aaale b3S ald i
Owed gl ead S E-Value 4 asg b gasly 29,5
ad et e glol sl eas &1 ola peed 390 I ime

(VY bl le)

95 (bt g 518 Do g (yumad
Ll 6y (5 2 &5 (i (ol |y aalllae 5)90 (sla S
Sl il )3 15 aiSan (holog)S ez 4 335
O pdgilio 9 598 ( Jobo o 9 45, BROS (o
od &) ol Jdod g 40550 b LNad (sabpe S (555 9
Olhosad pus jslale 4 ProtParam liéle g b _wg
Cow Lodd 03,9l F BV Jghis 15 oS b pfig s (ooloowd 95038

2. Folding

1. Molecular Chaperones



e 5 Slaa S m Sl (oliard 950528 Cluogad Silojgiilse Jilod 9 4520 10 S g 03lle Juol A

o9l oS VF/EA JoSUse (459 b 5 membrane ATPase
Sl Jolow )3 Celio Vol o yos 4o b g )l0b (2o n
dyrse ldfly lacuSon cn ot 1 S s () g2
U8 g ol a8 a il e plS lewdly oLz
Lol opl kS oo las] ope i L 0,0 5l o¥las)
b & YL |, HY (00 ATP 50 (g5, 5l ool
@B & oFn 0O ey Jos S o Colin (Mg
ol g oS Lié dye 53 (ol b Sl o Sbnl ey
lid GlBL b el (i |y p3Y o) (yg cdald SVS
5 Woa Wl iy @5 «(5)9)—2 Slgo ol sl 5 355 00 o0l 8
(VoA csangm 5 5) 3980 Jobo 5l (o S8 5 ol

L lub g, Ubiquitin- activating enzyme E11
ol o 315 (1 Jyiz) onl o5 s VWY J5Sse
Loles eiloass adgs i3 (b )3 & (aseie slayiyn 4
Db o0 po3lligy (pSdeS by g n (nl 4jo8 g
i 4 (LS Jood (Rl ) (b 4iSeS o (B
Gl 23y 3l 4y (6090 § (SiS JA5 S jl o)
(VN (ygl)

o 9 4By (g0 S )3 30550 S S O
el Vo5l YL pos daws g 009y Hlsb OEF2 59y Jolo
daclinng S p—wdilio mubais )3 (19 p crl (Vga2) 3,
Sl Jal, Blo s 55 5 (650l 5 0595 el slol
OB (Ve oA ()t g 9wg)lS) Al o Jds (ST b
9039 )l LU gy Nucleic acid binding protein-1
(¥ Jp2) o el Y+ 5VL 50 40

il 5 Jlai! )b ) cowd ol SS ol ys
Ml s osIogkS VVYY J5SUse s b copanlsST

(N dgia) 25 Jobo 3 sl Vo5l 5VL jos e o5 s |
2 o8 i ol dgo sloiign Sl (295 i ysylss
Lo ol 325k jl g 48,5 sl cudligisi b alawdly slis
Plasma membrane _,lic Sy S8 o sl (i (59
Oy oedld oS YA JoSUge 459 L iNtrinsic protein
5 Jslw el w Vel i jos dowd &5 cwl (gl
o Sl SRl 5 e (e gy g (Y- g )
Sboxsl Lol (6y9b i & 6y il bl e piiS 53 LROS
b ey (el i ol ol Laslg,y 0aiiS olas Lol (gl
S &Y g3 glalie g 5 Ol sl ol e
5 Olo) 2be Gl Ol 0 Lie (6 ddes5 a3 g
S Rust resistance kinase Lr10 &gy (Yoo ¥ o)) S
slooaisS ulats Sl 4 cuw | (LS gy syl sl )
S5 epled A5le Jsho (sl b gl 3 old cblis jla
() SO 4 Funly )3 (ot A5 g Wbl o0 S ye 9 A
ROS ) code dlox jl (Sgey9n slagwl 9 (snzjns 9
0ig b osSan ol VooV (ohlen 5 SU ) w800
Job—w 53 9 0392 )bl (g (yolls shS VIV JoSUge

Plasma 59y () Jado) )b el Vel Ll yos dow

R (kD) J9¥s0 &9 pl I o5 dogd
2-Cys Peroxiredoxin BAS1, Chloroplastic AATARY O/FA ya/ay YMin
Hsp 70-HSP 90 Organizing protein £0/-4 OIYA ¥e/v- > vH
Putative glycine decarboxylase subunit YV/YY ¥/ ¥y > YH
Cu/Zn superoxide dismutase Y/Y0 AT YY/as > vH
Calmodulin \FIAY A7AN YY/IYY > YH
Aquaporin YA/YY Al YV/BY > YH
Plasma membrane intrinsic protein Ya/AQ alvs YY/As > vH
Rust resistance kinas Lr 10 YA/Y £IvY ¥¥/av > YH
Plasma membrane ATPase Vo ¥/EA SIYA AZAR > YH
Ubiquitin- activating enzyme E11 VY- AYS Yo/ > YH




A (FY=Y0) V¥ e oz 9 Jaz (olo pom o)lod comdjan Jlo o ol)5 ol (6yglidcun j ole alxe

o9 U (kD) J9N9e &9 pl I P8 dogd
Oxygen- evolving enhancer protein 2(OEF2) YVIVE AAY YY/oF > vh
Nucleic acid binding protein 1 ARVAN ¥/5- aY/aA > Yh
Tubulin alpha chain ¥a/v¥ ¥/ YEloY > Yh

g G Cod pAS )3 Jiwgid )0 1530 Subigy (olendsS b Cluogas ' g

o9 U (kD) J5Vs0 339 pl I o5 dogi
Fructose- bisphosphate aldolase YAYA Y/ YAI¥Y > Yh
UDP- Sulfoquinovose synthase, chloroplastic INZAR! A¥Y YV/VY > Yh
Chlorophyll a-b binding protein, chloroplastic YAIYS oIy YA/AR > Yh

039 b ylub s, a-b binding protein, Chloroplastic
o iiSTly 55 a8 (Y gis) el oygidls oS YAIYE JoSs0
s 938 (65l )3 (1S9 cnl bl B Jriw 88 ()90
bl o I piawgid (oShaS' 1 (G2 9 2)b GR&

2 g G5 & odimdgwly sy il p)lee aiwd
sl (555l 5 8 p—dgilio )3 350 o (S S
dows &S Caw | (5)lul 5, ATP synthase beta subunit
ol (Fgiz) )l 055 slasl—w ) el Yol o yos
kol G 9398 (o0 CBL (6,08 gin 9 g )IS 1> (g
S o)l Ly ey )l oage 635l el 53,
aSJl 30yl Jolo o celw Vo 3l i yoe dowd 5 canl Hlub
S el bl JgSdge s & (g et LI 22ly 5
25 4% Jgtz) alice Jglow 3 4ads ¥ b 35 ol jae dos
9 MU o n (b8 gie jlinw -ATP (355 LI 5l
acgecne (¥ Joiz) cuw | Jobo o csles Ve 5l j s das b
sl > (6550 Janl 1y 635 e Liis ATP Synthase
A o ] 05

RubisCo large subunit- binding protein .54,
Lben Jolo 3 Sl Vol i yos do b g )l (g n
RuBisCo large s slgy; il ouiion opl (¥ Jsiz)
subunit- binding protein subunit alpha, Chloroplastic
Bl Johw )3 B Y jes de b g 5l (xSgn & Cul
8> Jes STy 9 s | gl S 2 0lS 5T g
¥ U550 95 4 ()8 dSlgd 5 Slid L B9 ) el
23155 on e gla 5 S oo U |y Sy oS (39008
$Sung) CbS p JB e b ctSp BB 8 byt coge

ol o A5 4 odimd Gl yolis 4 gy ()l
Jlost b cales )3 45 398 00 () pizr olo el 0 Juate
@ clio Gl @) el Sujsle 8 o alerdon i
bl n ol Wl o9 o ol Jlosl (Jame (25
o3yl ol (Y Jgiz) ABlie celw Ve 5l iy jos doss
Ay 8 3B O claedlpls 5l 48 e ASan
Caol glodds cslis sl slapigy Lol cawl ord LSis
S JngiaSee (ool 93, 8es 5 s)lidlw Sl &S
(VW e g (oo piisd) Wm0 S5 1) (S52)8

Ol e )l & ()9 A )0 1550 sl g ;503 ]
o, L1 Fructose- bisphosphate aldolase 4 55 0 59 o0
Vel ey des g ALBIS (A Jw 98 50 (B9 (nl 900
ooyl g plalejl gl )3 g (FJgaa) 25 Jobo 55 el
oSz ] domgs o S o 361 1y STy el ol
ribulose-5- . —w .»_iL . ribulose-5- phosphate
RUBP 4 sa3 o J:Sis 1y RUBP 4 005 4l 0 phosphate
CasS Glad &S Jol 56 0,Lsd 5 00 o0l | RUBISCO Low o5
(Voo ephlSon 5 (590b) 3980 bl ccunl ()8

dosd 9 0392 sl (g S jogidgsS sl ~UDP
i o5lS (1 Jgi) 35 Jolow p3 el Vel iy poe
3 (SQDGY JgyalS il 53 JigsisisS sillos (s
S dingSlS 5l plaie 530 392y siiwsd slalis
2 9 Jorm oS Jowo 1 03 Jow s85YB 990 Jio )03 )0l s
hgrge oo 3 S &5 5 ol JpydS ol (55 oSS
0SS Jiwgid Olgnge yu 0 dSh ((gilen 008 F_wgid
Chlorophyll (Sato et al., 2003) 3,5 3525 w2 (5jlg2

1.Sulfoquinovosyl diacylglycerol



e 5 Slaa S m Sl (oliard 950528 Cluogad Silojgiilse Jilod 9 4520 10 S g 03lle Juol v

N385 b Slpegial lad o5 w3l (s 3 Jol>
SO S ol 9wl 0ais 1)l & Jgis ,> ScanProsite
5 ool asds gy S5 g 6N

0ad (ol Ld (3003 K4 Jlheg il lan 8 5o 5 (g
TIM- like beta/ alpha barrel jlgic b o> opl .ol
A3l . triosephosphate isomerase oslgls ;1 domains
Jbd ol g cunl oads S5 atsoliml Yo o =Y+ I cpead oyl
S &S 2 o s Oldllas el 4l S50y w5l o)
ot Sl 2331 2)Sbos (el a1 Jlub ore (0355 5 0o
(YoVe sLL 4 ob1BL) cul

Putative glycine decarboxylase subunit -9 ¢
Putative glycine  niigp —wyp il J—ols mls
Jed> ,> ScanProsite ,)3sle 5 L decarboxylase subunit
Flon S g oS S gn cpl >l o b LIV

W 03D eSS
ol 1,CDD 33l ¢ 5 L glycine decarboxylase subunit
Cpmed O‘..l Lol 00 ol (yed S (g L};J BRIV S
;I glycine cleavage system protein GevH lsis U
Oem odlgils a5l Biotinyl- lipoyl- domains oslsls
S 5 oS wloa s JS s 3l 5l 29,5 5l oS 528
ol )55 laie 4 (gn & e (Sgp 09)5

Cu/Zn superoxide dismutase 9y
B e Sl 185 ol ] Sl iy ol Jolo IS0
o) it 2 ROS Lo | pio a5” Joluo slacSalusl o gl ST
Ol oo il o b @l (V8 (o) Sen g gigend o) S o
ol 005 &I A Jsds > ScanProsite jl5le s b ySgy
Copper/zinc superoxide lge b odd olo s yed
Cu/Zn superoxide- oslg L5 ;I dismutase (SOD)
b e dismutase

Srdsens dhwgy ciSy By ol b yé oS, -Ngd
dawly 4 45 ey 00 Ha 4 358 (o0 (IR 00D i
O o5 olS 53 gl o gSmngy sdslg s 392 bl
O bl )3 oS gy Sz e le oliee il RS
AlgS o g8y S)n sanlg b o SRl (5)9
Oz Jlasl ol )3 0ud LSty Jlb (530S saisS Loy
O (Yoo ) (ohlSen g gainla) Ny 5 S5 (g3l
Ribulose -1,5 -bisphosphte carboxylase/ oxygenase
Vool i yos da b9 )lu LU 259, small subunit
Aolgp 4 baye (nSgn ool (FJga2) 2dliee Jolo > csl
I3 G ()8 e plie )3 85 sl gy SoroS

b el (g isdg)lS Slpeginl Cland oy 5 5l
jo (Fdsia) Silien Jobow ) csliw Yo 5l i yos dosd
Ot | (g Soyten (93 )b 9 s (A8l leg ol lins 3
LS oo 56 ) lawd g paad] S 60 ¢ clawd

IR Sl med 9 Sl i g Dl (o) 2
oy WT
locyign ool i 92939 Sse (ool (il b on)gegs
oot b bl (B0 Lo 25ls 05 93 51 (losecls
4 (253 ScanProsite )ljle 5 g 4 g5 U (S50
Tubulin subunits alpha, beta and gamma signature st
3529 Ol Sloaslgn > oSl (B Joaz) a8 (alw Ls
J—aio 595 8k 93 SIGTP JoUso 90 &4 o cplgugy o)
Jsb 5 GTP, ENE b 5 (E o N claolSyls ) wy i 0
Sl ol S35 39 e ks JsissSaes & JL
0,255 85 0 (GGGTGSG) [y 5l & 9 ol glasl
JUasl ol )3 boaigtlS o5 4y (g piaod JyiS sl 9 2)15 392
(VY hlSan g ws) canl ol I Ll

S8, CDD 3l 5 b eS9 cnl iy jl ol @bt
PLNO0221 pU L s ololid (peed .ol oas 00l yioles
Sl B lawl 1 oS ams oo (LS ) (il 4 by e 029
Gl 0ads 008" JIg

309l Slaud 393 5 o9 g
alin dols s 90 5l a8 el Jould S jlyegil lawsd jos )
25 ol izl sl YD+ (Sl 2515 25yl o oS

1. Exchangeable



g i o8 paS 53 (653l g ()8 el )3 15 )0 b g p (olendsSi s Cluogad & Jgua

O9n U (kD) I 39 p! n o8 Ao
ATP synthase beta subunit 0/YY¥ o/oF Yy/o¥ > Yh
ATP synthase gamma subunit, chloroplastic Wy ¥/5¥ d/a Ymin
ATP synthase gamma subunit, mitochondrial Yo/ov a/.a INVATN > vh
RuBisCo large subunit- binding protein INTINE ¥/AY YY/¥- > Yh
RuBisCo large subunit- binding protein subunit alpha, chloroplastic INZARS ¥/AY YY/IVA Ymin
Triosephosphate- isomerase YEIA- O/YA YEINY > Yh
Ribulose- 1,5 -bisphosphate carboxylase/-oxygenase small subunit Aoy MAY ¥v/.a > Yh

Alpha tubulin .55, ,> ScanProsite )ljéls 5 buwgs odd (ololis slo bligy o LS .0 Jgas

sowd bl g gy s (2 bwlid (5la oS! gy U

Tubulin subunits alpha, beta and gamma signature:
- TUBULIN
Position: (142-148)

Tubulin alpha chain (451 aa)
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Triosephosphat isom%?\;e_ 2(TIM) family profile: Triosephosphat isomerase active site: TIM-1 Triosephosphat- isomerase
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Biotinyl/lipoyl domain profile: 2-oxo acid dehydrogenases acyltransferase
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Copper/Zinc superoxide dismutase signature 1:
SOD-CU-ZN-1
Position: (91-101)
Copper/Zinc superoxide dismutase signature 2:
SOD-CU-ZN-2
Position: (185-196)

Cu/Zn superoxide
dismutase (201 aa)
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- site: ALDOLASE-CLASS-I
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Fructose- bisphosphate aldolase 6, cytosolic (358 aa)
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ABSTRACT

Plants use a variety of strategies to cope with abiotic stress, depending on the
species and the growth of the plant. Abiotic stresses such as drought is the
most important stress that affects yield of agricultural products. In addition,
drought stress is one of the main limiting factors in plant growth, it can also
inhibit respiration, photosynthesis, and thus affects the growth and
physiological metabolism of plants. Plants activate several mechanisms such
as morphological and structural changes as well as the expression of drought-
resistant genes, the synthesis of hormones and osmaotic regulators to reduce
drought stress. Drought accelerates grain leaf senescence, altering the
expression of thousands of genes and ultimately affecting grain protein
content and grain yield. However, the genotypic variability exists for drought
induced disruption and tolerance in barley. In this review, the approaches can
help for improving barley genotypes in response to drought stress through
breeding and physiological traits, genetic engineering, and marker-assisted
selection (MAS). We detected genes and proteins involved in response to
drought-tolerance using proteomics, transcriptomics and metabolomics
approaches. Also, the introduced Quatitatives Traits Loci (QTLS) related to
yield and Stay green and physiological traits found in this study can be used
for MAS in barley improvement for drought tolerance in the future. In
particular, comparative studies of genetically diverse germplasm exposed to
adverse conditions such as drought provide valuable insights into plant
responses to stress and create information on biochemical pathways involved
in adaptation to environmental limitations. Proper evaluation of omics data
can help the biomarker discovery.

KEYWORDS
Barley, Omics, Physiological Traits, Seed Filling, Marker-Assisted
Selection.
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Figure 2. Traits related to yield improvement during seed
filling under drought stress.
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