[ Downloaded from mg.genetics.ir on 2025-07-02 ]

Wl ABC transporter (bt by ol o8 (v y 9
S 4 Eul) 33 (o s (3o gl (G909 Ao o150 40 ook
S ) o
Evaluation of the expression pattern of selected genes ABC

transporter identified in different stages of potatoes stolen
development in response to abiotic stresses

P Ve Voo
BT B P R S =S P ST RS
SosliS o aSidls (Al K5 5 W5 edige 05,8 Glslial (] b8 (g medils b Sa )

Sl Ghsal Glaal Ol s dugd o251
Lolal A 5o bileanl ol&2515 (g5, 5LiS 0aSisls ealzwsl =Y

Pourfarid B, Sorkheh K™, Martinez-Gomez P?

1- MSc Student, Assistant Professor, Department of Production engineering and
Plant Genetics, Faculty of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran
2- Professor, Department of Plant Breeding, Espinardo, Murcia, Spain

k.sorkheh@scu.ac.ir : S5 ;S oy (DL J ss ok 5 3%

(Ve e/ /YA 5y gyl = Ve /e VY il s )

BOT by gb 0 c8b Lgib 9 Bg s g g gy (Lol 9,08 4w 30 ABC transporter JEs! i
Al y 50 x> ddlllae g b 45 opl & dr gl il s 3 SBLE 10 Lo b e g0 HLikl b Jld Oder dawlg
2 S0 BOS 3 diwd ol (i Ol (S99 95 ol 3 ol 4 S W90 ABC transporter syl Sl s b
) b G5 (S sled) S5 Balsd 03 (e O gl Ll oo 10 50 BOT (3909w 8 5hes
axfllao 3390 (4Y909 50 Voo 9 Y0 0- mhaw 4w) ABA 435 9 (81,5 olo 4350 £ (Sbd) boyw (guid (1 5 oo 4> 58
S Imé ST 4 fwl 0 STABC transporter o3 oly (omd Ol s Ol (owsy soktod .25 15
SO o Oy b3 e (Real-time PCR) 815 Oloj 38 3yl (Slopxiy sais19 1 ABA g oy o 5
iz S50 58 STABC transporter oi Ol (omd Ol Ol (595 g bogw (oif F1 .ol oolatul sl
StABC-001 sbvos 9 ole ml#l sfs1s SABC-002 9 StABC-012 slvyyi 45 818 OliS  wdjomw (G903
ABA 45 4 &ul 50 9 YL Ol mlaw 1518 b5 5 58 STABC-138 StABC-124 StABC-002 StABC-024
GBS .N0g J 58 tul i 4 Cuwd (8 Oy 81518 Lalisee (903 S0 58 SLABC transporter sboj (ol
StABC-001 StABC-084 slvy § J3! (Saad 4o o 30 3¥909 a0 0+ ABA ki 53 StABC-138 9 StABC-084
G905 A 0 30 5Yg09 3550 1o+ Hlos 53 STABC-024 g pw (S908 dlo o 10 HY 909 50 YO slod 55 STABC-124 ¢
oL @ (G it Sl ST Jloat f Obseb! g cmizmat Hidg (Vb Ol S1510 G908 Sl 5lo 4 Sl P
Ol 316 b5 1B (235! 9 Somi 390 Oglgiul Ll (903 S0 33 ABA 3 ilg 5 Olime ( n i
WJ31 S35 U0 g Ol o7 G5 33 a3l gy 6 alisie 5905 S0 33 38 (92 Oiwo (G5
Oliw0 (coidmod (Sl 4RbIS (518 gz ST 036 039 o5~ 30 5 YV/EA 9 WYY £V/VE iy paw § 3D
23 47 (Gagbd 0318 Ol 1) (S18 gxo 38! (815 Jole 4358 £ (SLd) bogw b Jloj i Zolaw 30 9
20 O gl Fm (S0 Al 0 9 0 Kl (036 39 £ 2 5 Sho YY) el £A (Silod g 50 Sl g0 Al 0
ABA izt 31 ol zulis (obld 1y g g Ofam o ™ (036 039 P57 5 P57 e ££/0A) Celw £A (Sslosd gedaw
S0 Ao 50 90 1) 1380w i 090090 (9l YV 909 a0 0SS 3 (S 0 UL J 5 b 1) G108 Sxe SN
G908 Al 50 33 ABA Ol 5m0 5¥909 550 YO 4 Ogasgd SIS Ol (g l381 b (cqmiamon (318 QLIS (+/+ - YYPPM) pow
33 Bl 1 Bud s 0 Ol 1y (Jad BB Sal5B0 [e VY PPM Ol 4 J 587 tulyd 4 s 30
GBS 4 gowl 10 (Sudhoww O giwl (Sa0i Lilisee o150 58 ABC transporter sl Olby (91 (g Ol s
1, ABCtransporter 3 calgils & lhos &5 30 Wilgi 0 addllan o 31 Jol> Srabdl .adb 0 ABA § L 5~ oy

led Jugud ) (Gwodim (258180 9 (J990 3 Ko Juake DSz 3590 53 iy Dlalllae 9 WSy S9.e

RTL S
1640 sl ) oslods pdad 0590
LY - oY axio

oS>

Soals slaejly

9lgl

O3 ol

RS
() ol (S i

ABC transporter


http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

OLes 5 a5 5 =S

ABC transporter gl O3 O S99 (wi p

S i 53 (5 g 3l B S s e S 2
Slapll YL =gl 53 OF SB35k a5 S o 550 Lapltil
Clr (el S Ulsea e 5 e edalie LS
5ol O il 31 el 03 S 35domn |y oS a5l O
Wy b &S Sl dalp Jlis a4 1) s L5J('-§ a3
Thomashow ) Ll oo ol es G, 2alS 5 baaiy, 0L
b jo A5 05050 (e b S5 e I 5151 (G .(1999
Osds SLS 5 ol S (osba o35 S5l DLS 5 (VL e
Oeomes 5 Sy ylid b o e WL laclils o pH s
GOl 53 age A S ol sLiE 5 i Sltle Cun
Rl e NS pdon Al e gla i 4 e
o sl 5 OIS e g 31 S Al e LS S &
Sl 01 g o3l Slie 4 25 Lald cod o5 pd 0
Alia and Saradhi 1991; Naidu and Thusitha 2005; ) L .
.(Ashraf and Foolad 2007

axy e G Ogessr S Olsea (ABA) sl ol
W G205 L O geysn ol (Zeevaart et al. 1988) 5,15 5l 3
bag O Clr o5 el pals 1 of cdl daays, oad
Ly Sped Olis ABA Sl eslial s e L5l 1, Laads,
Gl i 5 ol b uS o S8 ol 4 5 s e S s
S5 oS e SRl Wil Al bl fess | e
Sl e, oS Gyl sed 5 sl ado) L) Wi, S
S s 4 by Oldalie daes g Ol ol ales
0 g e 30T OGS 33T 5 Jases (25 o5 ABA x5
53 NS Ogansn Olgea 1 gl donl 28 (b e
(Naqvi 1999) 53l s 0Ll OlalS

Sisnid ol Sl Gl U5 sl ik el
Gl s n S Jkee s, b3 5l OLLS
Sdels (Spke SV game 5 ol S (g g
s -(Parida and Das 2005) ol sl 3 e QLS LS|
el QLS s A e b Sl Gl e de S
b e 4 el 5o 5T s oS OblS 5l ok o
Ozturk et al. ) cl s o 5 S SRS 1 s
Slap sl 3l chbl (gyeml L3 L L s, (2012

doddo

o3l 4 laze (Solanum  tuberosum L.)  cosjcow
St glon 5 o A3l 5 5,0 Jead Jsuams Solanaceae
Sskiea Sy &gt 5 035 A skl S 5T olS ) AL
Lol SN oo Sler Pl 3 350 e SIS e WS
A Sl e e gME Sl S A5
L e e slasls 5l Gledas Cand &S ol Y gams
.(Hassanpana et al. 2019) xS o -pels

0 Gt S ISAI S 0 S S 5 e 5558 Sl b o
Sl 5 Sl sy tin o Sy OF Sl ey 5 ool Ol
Ol 53 i A5 Olpe Jh S Ol lan 518
bl Loy siS Ole s s 223l5 a5, 3 Ol slassis
FAO ) 5,05 13 ey 455 55 L 5 oy oy 5l ey
51 S (a(ATP Binding Cassette) ABCtransporter .(2013
han 53 &S i sdasdliml s slaesl gl o 585
Sy o35S sbar JBU sslsle ) il s LS|
(b Sadul b 5l ol 3 O liael 5 a5 )13 sy
g5 sladle ;s (Hyde et al. 1990) . ,ls sl 28
Sl Ml S Ol (Bl s 55 s b gl S
.(Bellard et al. 2012) ol odd o Olals s s Ay
Gl s ) Sasles Gble 4 plralr LUls ObLLS
AU cos Lol e 5 iy gl B s aesa I
Lsd 585 Jase Sl is Ll 580 5 a8 S )5 o
Jele Olgeas L (Bindi and Olesen 2011; Pereira 2016)
Sldibe S5 5 oltle Gladul 3 o age e
Sosba il e LS Glad sk axu g pizen 5 ALS
WS 5> Bl b b GRS L LI e sl
355 b LS ladshe Jltle aler 5l alS slaayl
3 S LS ms o (GhasemiGolazaniand  Lotfi 2015)
(Jha et al. 2015) 353 o O gumes Lis 53 (55,508 OIS
S S Jdsa o5 OblS 5 Shes 5 ud; el Cob &S
5 SN (SOdnn Dk 4 OblS sl
Jle Olgea (Zandalinas et al. 2018) 558 o ol o

et e s 5 N



http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

ABC transporter gbs! O3 O S99 (wi p

OSan 5 a5 o o S

Loy Bl les] OIS e 5 S 5 OIS S
bl s KIS s A5 G 5 b Bl d s laess
st S SazealS il 5 beeds Uiy Sl e 28 S 13
sla 25 «(Kloosterman et al. 2005) —ilses (505 J>l 0 5o
250 olesd ilite sl 3 ABA 5 LS e b
Glaeds Caliss (gsa Jolie 31 e E dlesl L2l
by e gl i3 dlesl Sl 5 5 J xS Bl 2 s see s
O35 0355 A 2550 adises (2l el (61 i 5al
J LS O3 o 2ose S ol 3 B s 3 e
ke OF al gty e aly; SIS RNA £ sl
Ly 53 b s s DEPC Ol law 5 culg S5 5 A e
.(Pourfarid et al. 2021) s 525 515 M C\f;:,.d\

YA sl Cou b sy OIS oS 5 Jlesl S
JUsl [ sl s o&aws s (Lafta et al. 1995) 5 S sl ax s
5l e SladamalS As; Sl ada 55 5l e 5 LA el
Kloosterman et al. (2005) s, b 04 sl g0 J=l 0
A de b gl 3 oo 25103 2y D) g0 (510 5
53 s A S5 sl S sl amys £ gles 4 el EA 5 YE
.(Bournay et al. 1996) =3 S el (ol i ged (RS slem!
Voo 5 VO 0 ool Cﬁh” ABA 5 Jlel e
S35 2 Segel Aol Jslos 03500 Gl b Y5058
Sl atia 53 5l e 5 A3 el (Etehadnia et al. 2008) LS,
oY Tl o) O sl (gsed il Jol e 3l aeds A,
3 s g | S 53 A (513 0 503 (i 5 o o) IS
ol 0313 DL snjams olS (555 o andllas 5500 (sla i
LSS a3 skl S Sk 2 b LB e alesT
Al (g5leesly

Gildee La i plas b3l slp el Ol yoas 15T s
o it S il (g 5ed Jol e 5o Bates (1973) s,
22 e S SLadi gl 5l p S /0 A (S 5 S
3 ool Y Sl sl gl 2l Joo Ve s il [
A Olo il B L el Cosey o Kan b sliee

1+ )LQJ. A O)lM/pbm 0)50/0-?.93 M}

NP | sl ST I, Gl 5 Dl g
S Olgeas wzean (Kavi Kishor et al. 2015) 555 o J sk
sl oSl el by Jle 0Ll 55 85l E sad
5okl gl YU b gackile s Jl ol 8 ol
Lk et Vs IS Sl s Shes
S Sl sl e Olgeas b 51 (Rhodes et al. 1993)
bl 53 3 53505 551 0l 3 el R 05555 5
Sl (s saml Sla 25 Cod DAL s Lty glie S LSS
Mansour 1998; Mirza Masomzadeh et al. ) uS » &

(2012
sWABCTransporter Lol « el Bl Il s (2019) & 5,5
L Ols el ol o3 ged (Sl siilsn (555 & S
bl sla0s ¢ SL e 5 NCBI sledbl oL s ot
05 s gLl ABC transporter 05 YYA Colg s el
SLO5 Ol (soed Dt Oljr (sl 2 osBeay 51 anllla
Real- 3|« cwsj o sl 25 o L StABC transporter
G Olsme gy Geod ol 5l a1 eslizud time PCR
O sl G ges s |1 0 ;3 ABC transporter slad Ol
Al ABA 5 LS e S5 4 b 3 e
ABC i} ol 5 Shas S caddllas ol 51 Jool> (glaasily
Sl 3550 5 mie Oldlle § Aisy e 35 |, transporter
et L e (SO s SN 2 Ses Jade

g, g olge
aff Olden Dlaiss 58,0 51 Usdsle o3, svejnm laeds
5 sl ST 5 Ol oy b OXLIS 5l S
oRiils GllS 55 Oz Sl A6 g Jsasds
O :l;dﬁlﬂa a0 Wl js slgal Oles Al
23 LA led 5 CiS (kS 0) Lasie e L LLolls
3 83505 7l il S sl g ) OIS S

;A”}'L"‘J‘“”)SWJC’H’J%‘U“{“”J“SJUJ";’USJ“)J


http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

Oes 5 5 o o S

ABC transporter gbs! SO O S99 (wi p

S i Y

A G oo olS 655 2 ABA s Ji (s (Kloosterman et al. 2005) (- «(Pourfarid 2019) (o 5 il e O sl Ciliies (g 500 Jol o =\ IS

(Pourfarid 2019) J =5 <l 53 olS () e bS5 s, 2 LS i

5SSy el s a8 15 5 55 oS e
ool ol sy a5 A YL Y el She) Al
S3o Seod Sl b 5 (Jl 5 V) (NaOH) 55 o 5 i
555031 gl el U1 e oplas pl L ks pH= Y/0
5305 S YINM =50 Jsb 1 65lae

sb (5L) Sevse RNA e oS 5l eslinad L« S RNA
3 eDNA - e as Cl_,sr:wJ sl &S5 feall) gres
Primescript RT reagent .S | eslatwl L RNA slad 53 50
AT slans 2S5 K1 5 eslinal by opl5 558 Jgemmes LISG
26 3 el oS el sz b

5 am sl bl end gLl 05 YYA Ol
Fotit S b Bl e Lol (S5 sles Sas
Skl cax= A lle 05 Ve Pourfarid et al. (2021)
Olgeas 05 i 35 5 ABC Transporter slays L olaw
)‘ oalail L B ul;;?_a‘ (\ J)J&-) (Sequ Elf) ‘jl:-‘.: JJ,;S
SN 5Sam IS5 g 5 b Primer3 T sl
s e Ol iy

g_ﬁ.JfJ‘iL""’ ;<J) ‘)‘J“L;Li LS“’]:"""’) u«.«s‘) )\ oslai! Li
Ol @S LG oS s oS zes 5 (SYBER Green 1)

sl LS s s &k > ABC Transporter (slag}

ol Cime S e 5o L eld Glo slas 1 ) e 5
Sde 45 bylsve JLodS Sanl sl 2 e 53 5 odes
osls 3 3l S mle am s Vor gl s (gobep 3 cole S
sladsl 5 8Ll Jols byloe & 5 il e b g A
WY 53 aids V10-Ye 5l s el OIS e il
i cde o S bl gl s e SLlS
Lomegl oYe oo dsb 3ol S5 (S5 ool 51 asiie
bolg 3,8 S5 o ) g0 0 g5 7Sl olSs 5l o3linud
5 o 3,00kl e 31 eslizad U @ped a5 ol Sl
Sy 5 05 08 3 e S e el e 2l
08 (nl S ABA LS losl Sl Oleabl J i g
= is SKI L Hubick et al. (1980) %5, b olKislosl s
G55 1 AL AL e S 0l (8 S 5 e s e
e Sy odule ogta 5 Ay e Osle 0503 w3 S
PIRCEPANINCY (Jtéyhdf't”(’ﬂﬁjls) sl 51 Yoml
CHlpS glojlas LSE Gl w opdie edule [3dom
wu;y bl A b orml 0,836 055 15 OF (s 555 50)
Ly ) pehs IS 56 0s blol e yes o Jkisc] Yoml
36w s s sas e TS0 Sl eduSTar Ci Ls onn S
Ol skl D as wlsl skl sl Yoml sdile 3L

Sy Slacand (S S ST o) 5 Sl S

etz e [



http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

ABC transporter gbs! O3 O S99 (wi p

OSan 5 a5 o o S

Ad e s Heml-windiws-1-0-win64bit -l 3dle 5 L g
o by laesly (pomes (Wankun et al. 2014)

s PJLTSAS Jlgdle 5 baw s (S5 58 la e L

ABA 5 s (S sd slalae oL

LU g ol Olgen ABA 83 Ol

Sl s
S Sl 03 i sbbazalS oy » oeld Jlesl
53 8 sblles (23S 13 GLil 5 e 3550 il
b 5 LS 55 5 s Olee ol ol eals OLES Y s
oI Gll JS bl s 4 e il 500 Jle 2
53 ol ol VL sl 51 0L g ol 5 03y o

.LJJLoda c)J:.AU 6&&3 “ Cwlﬂ

SEIf 05 .08 5 13 aslizad 5,50 oS Jaall 525 3b ABA
Sl gbels giledle ) gz 5 A=l J xS Olgeas Secd
Ll ealizd

Laosls o 5 4525

Slamslin i,y 31 eslinad b 05 Oly S & by je slaesls

A3 Lk 5 4525 (Schmittgen and Livak 2008) Y 4¢T

ABC slall Ok (omd i Ol mnp Lobwes
Real- Sl 5l xess e la 25 4 'CWL; > transporterst
A oslinad bl Glads s Ol o3l < time PCR
ol 05 53 3l eslinul L CT Ol i ged 2 Gl e 5 opbs
Sleslial b e 5 ore aily o 0 L (EIF 5 S€03) o e
S A 2 8l 05 O b St T 2,

Excel [l 5 Lw s i Ciliiee sbajled Cod e

GRT-PCR 3 s3lizal 3, 50 ABC ransporter (sbaoss ow s sslad 5 o3 505,8 0K e (slos Iy  S3LT ol =) Jsir

Name Sequence(5'- 3 Tm (°c) Locus Tag Accession number
SABCOOLR  TGGAGACTGTTTCGTCOTEG 007 sicha XP_006350179.1
SABCOIZR  TGCAAGCATGGAGATGOGTA 11 SChriz  XP_00G499621
SABCO2MR  AGGGCCAGTTACAAGAAGSS 096 stchra XP_015167802.
sector  checToccoTereoATeTC k)
SABCOBLR  AATTCACCCTCGGCAACCTT co15 Sich7 XP_015161404
SABCORR  AGACCAGACGTIGGTTCGTC 007 SChiz  XP_OlsiewsiLl
ecivt  fecrieccolcomiom
SABCAZR  GTTGCTGOGTGCTACTCTTG 04 sich? XP_015150734.

Elf-F GTCACACTTCCCACATTGCT 60 - Locl0259287

EIf-R CCAGCATCACCGTTCTTCAA 60

s Seemcreccrarenen i -

F 05505 53 p S ken o I ES 5 S5 Bl 55 e e (gad Jolie 3 3T s (slpe S0l el =Y st

slesl 4 sl QWC)L.,, Jsl Syed a5 £33 S35 e oS3 e
J s SlS L s YTV 08/ EEY /Y R7ASER
LS i3 RSN 1) OUFEEV /YL YE/OYEWNY £1/)0£TV/EA
el
= W/OTEET/ OVVARTE/AY S EA T4
ST
L = £0/ U ETVY Ya/8\EEV/AY £0/70EAN/OA
T oLl A
= W0y AY Y/ E01/0A YY/AYEL§/0A

1+ )LQJ. A O)lM/pbm 0)50/0-?.93 M}


http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

OLes 5 a5 5 =S

ABC transporter gl O3 O S99 (wi p

Kim ) Wiz 35 < 5Cd 5l 5 5 |, Arabidopsis & slis
L pasie Siagh 5l Jeole b 5l el 5 (et al. 2006
o (§ 7S ol St S O3 520l 755 (S g0d a0 oS
Loaglin 53 1) (6,08 o Ol | ol axils o S 25 @
Ol s Sl StABC (slad Ols 53 505 J=l o Koo
s e

ija.‘ o &b StABC sl o Ol & oS o
S Gosba il sl eals OLES £ S 55 L 55 il
cele A 5 YL A C)k.w 4 C”b 03 i Sges Sl
Oly isls OLiS 8 L1y (yls e Ot lo e i
5 StABC084 StABC002 StABCO12 StABCOL (clacss
Ol Bl gl S5 Cilihe w5 SIABCLSS
Lsls 0L Ol gl (g 305 el 5 T3l o gl ) (Sl e
S5 A= pe 53l 5 Gl Sl Bl ol m LS
Gilate Cele A 5T ol A5 sk 4 el 52 05l
das e OLS 1y (sl snn il 3l 5 63

oo A,y 5 aalS LEll s s e g opl S
Al o Sl Pl sl Sas j

S Jole StABC sla0s Oly i Slpis 0 IS o
eolps el 4 ABA Ciliis sl 4y gl 53 e S
NVges S VO (goles gl & das e 0L Lol il ol
OS5l s (500 a0 S35 5 1y ol sme Sl S
StABCO12 StABCO0L (slaoi 4S5 sba 505 iwojum
Ol =331 StABC138 4 stABC124 stABCO084 stABCOS0
Va5 Kn VO (ol rha 53 Ol sl ol (g gad a0
Sl ABA (Va5 Koo Vot (ko a3 o blie 53 il
StABC axllas 3,50 slads Slo Ol is (595 5 (S &l
Ak o

ATABCGAD 5y s gy S i35 51 OLalS a8 olSin
e G335 sba 353 g Sl Aol A 158 ey
JL> e s (Pighin et al. 2004) 555 Laas s, Od 4t
23 or i 55 ABCG cas sazma 5 1 38 5 Ol e
.(Zhang et al. 2020) .S o Ll ol & sla i

S 03 erioae gladised 53 ABA Olpe i
4 s e L S el ol osls 0L Y IS s il
53 L il i Osaen onl GV e e 00 lale s
Lok S sdas e QLS (/00 WV PPM) T (6 500 al o
53 Ol ol GV a5 S0n VO) Dgapsn CBlE Ol Sl 381
Rl (/Y ppM) J S Ll 4 s (S50 050 Al e
ABA chle il L aS s das o Ol |y Jsd LG
OLi 1y s 5 eas ooy ol (Ssad a5 gy (5
Ol B LS b ekias OLAS g pb ge cpl e
S i s AEL 2iy ABA Chle Ol 45 05 a 63yl
SapesilS a5 B 25l s 58 0 Jool (6 S
Olea 53 «slio S5 day 5 S o Jlas olS 3 1, elis
Lo ol Sl

@ 'C'“Li ,s StABC transporter slads Oly s oS
e G S

«s»LS ABC transporter 3L a5 ol esls OLi lidss
Slodes i ABCB o3lgls 15 5 ABCG a3l sl 3 o5 sa
O D3 B 5 Jom ST 3 Sl ALS sl pe) 505
Jod> 5 45 ((Martin et al. 2000) L)ls o5 8 A5
Slas same 4 alis 5 sbay SLABC 51 S a oS sls OLis Lassls
sdel sy il 55 opl Sl dms o Gl 05 8 Sla i |
Loawlie 5 LS 5w Gl 53 StABC sla) axlllas 5|
i Odgl e Gsad e aS Sl Ol J xS
ol ol Ol LS 2 b BLl ps 1 Gl pel o 2ie
Sl ods LIS 5 S Sbrode Sl aal B Sl g s e
sphige odalin ¥ USE 3 S boles L3l e Caenl il
StABC138 ; StABC084 StABC024 (slalss o Ol Ol
23S G el a1 55 0k e e ke
isls QLIS 55 10 sl 0w (S gad 4l o

ol e ABCB o315l 5 oS ol w3l OLis L3 olalllas
il et K5 DL LS Sy ekisng sl b
.(Shen et al. 2010; Pang et al. 2013; Chai et al. 2016)
e Sl 4 Cglis 4 by e AtABCB25 (Jlie O g
Ll 55 oo AtABCB25.>31 i Oy 5 <l Arabidopsis s

et e s 5 IR



http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

ABC transporter gl syl Oy $9 (w) g R{B{C ORI =S

0.0082 -
0.008 -
0.0078 -
0.0076 -
0.0074 -
0.0072 -
0.007 -
0.0068 -
0.0066 -

0.0064 L3 :
50

O The first developmental stage

L

B The second developmental stage

= Third developmental stage

100

w)wg_ﬂ;mdwy‘f)AABA)Y}A)ﬂﬁ\" jVO O Q)LL“.A LSLAJLQ.J\LPJ(ppm WJ.:) &MTJM‘QM&Q\J:AJW)J;—Y Jg.;

Heat stress chart
12 -

1 4
08 4
06 |
0.4 1
e
P
ey e |
0 4 s, = P i

o J SABCO001  StABC-012  StABC024  StABC-050 StABC-034 StABC002 StABC-124  StABC-138

mCONT-L
o heat 1
A heat2
O heat3

0§ Lpeed Ol

LS 5w ol 53 e il (g 5ai 150 3 STABC transporter 05 ol s ol s -1 IS5

GCONTL
@ Cold 6h-1
 Cold 612
5Cold 6h 3

StABC-050  StABC-084  StABC-002  StABC-124

Cold stress Chart-24h

aCONT-L
& Cold 24-1
~Cold 2412
& Cold 2483

StABC030  StABC084  StABC002  StABC-124

Cold stress Chart-48h

@CONT-L

o Cold 48h-1
& Cold 48h-2
* Cold 48h-3

StABC084 StABC-138

b 235 0 ey 53 s s il (5 500 J=1,» 53 StABC transporter o5 Oly ol ol i -8 IS5

B e



http://mg.genetics.ir/article-1-1725-fa.html

RIP|C OUSPEa =S ABC transporter gbxil o5 Ol (S99 (v y

ABA stress chart -50

% :: 7 5? Eel 5‘: gﬁ ECONT-L
b Allw-+ A gl e i b -
N 2 1115 P u‘(* *4 u‘(\\ {Q
B ([ w-# 2% [ g B 3 o ABA 50-1
o lles allisg i B
o dliest: izl Bl B i ABA 502
o A4l 10 Ex (1S | ST T el
illvetie] et ee] Eidlledn]  Sllledn] ERllednl - 122 0 ABA 303
SIABC-001 StABC012 StABC024 SIABC-050 StABC0S4 StABC-002 StABC-138
APBA stress chart-75
12
1
5 08
3
] 06 r aCONT-L
= 04 E - "E l v ABAT51
02 E - : E: = Bt O ABAT32
o L eSS e v S = : S e 5 ABAT53
SIABC001 SIABC01Z StABC024 SIABC050 StABC084 SIABC002 SIABC-124  SHABC-138
12 ABA stress chart-100
l —
3081 [
a _:.
]io.a = BCONTL
o047 Pt o ABA 100-1
02 B 3 » ABA 100-2
] bt
0 == a @ ABA 100-3

SABC-001  StABCO012  StABC-024 SHABC(50 StABC-084 StABC-0(2  StABC-124  StABC-138

ABA 5« Fl 03 oS il (5500 1 2 StABC transporter 03 oly omd Ol ess -0 K5

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

Wlol 35 V8 Ode 4 2 )5 Oy seas ABA G55 Ve 5 V0
) Sl Olme ABA Oy 5l L Lo glaanl b s
2,55 sl (6 i J D 3 a3l RS 4 Sud O5e 50
Sup el o 3855 51 S ABC transporter o5l 5l
ol arls b p 8 s s s s 5 53 &S ol 255
o Jate g sl e 511 0T Olg s s e
o> (Higgins et al. 1986) sls esis lajls aole ATP
o3 Ol Jsensy sbas ABC transporter glal) daco 4,18 5
(TM) plibans axksd 53 s ATP & Late isu 53 5l JSCie
SIS 505 5 LTM s S 5 ATP S (g5l 8050 e
o g,y S cundly ol ((Hyde et al. 1990) .S
S das o Ol e ABC slas 5 ool sl (sl
atia e S5 edlglt ol Ll slasl ke
.(Boguski et al. 1993; Adams et al. 1993) wlokls 3L
ABC 5L slads Jald s sl sl 53 a3l 5l 5 o 5555
lgl 3 s S5 TA Wi K buy S Cnl o3l e

.))\) )l} cAtABCG

o5 5 Ay e glaaz 53 (ABA) ol dol 050558
Slial 5 a5 5l e L35 s 5 Olsy fl ahex 5l olS
Higgins 1992; ) sl (s e 2 Jasee Ol id a4 20
SblS ;5 S, il ABA cLle (Finkelstein et al. 2002
il Sl g3 (b axmis 5 i il pdiS i
Lee et al. 1993; Gupta 1997; Davies and Mansfield 1983; )

.(Alsher and Cumming 1990
b SRIBl T 4 S ABA S a L S bl
P 33 i S 5 3 1 sl Slals szl
o5 3 ABA Ll w biaul AS e sbal o5
o kbl ¢l Etehadnia (2008) iy, b 50 Guies
NS Vo DL K S 4w o a8 35 655 pl SV 50 S
VO s 55 s S oo A ablsl db g e sla0lUS o ABA

e 5L S Sy 4w 8 Gl G a5 Ve S Ve

et e s 5 R


http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

ABC transporter gbs! O3 O S99 (wi p

O 545 e o S

StABC-001
StABC-024
StABC-084

StABC-050

StABC-012

CONT-L
heat-1
heat-2
heat-3

Cold 6h-1
ABA 753
ABA 751
ABA 50-1
ABA 50-2
Cold 6h-2

Cold 6h-3
Cold 48h-3
Cold 24h-2

Cold 48h-1 -
|

ABA 50-3
ABA 100-1
Cold 24h-3
ABA 100-2

ABA 100-3
Cold 24h-1
Cold 48h-2
I—

ABA 75-2
‘

)

A
P2 LT

&

StABC-138

StABC-002

StABC-124

U=

i

ABA ;5 LS b j oo b i 4 el 55 s oLS ABC transporter gla0 ol > i -1 IS

) el
G313 S e 5 Sl Ol e At o8 51 s DNy
9 JXJ.J ﬂl} J:’-“)}:'. fbd B C,{Lv CAL’ JS&Kiils &

&bw

Abbas M, Lafta AM, Lorenzen JH (1995) Effect of high
temperature on plant growth and carbohydrate metabolism
in potato. Plant Physiology 109:637-643.

AdamsMD, KerlavageAR, FieldsC, VenterJC (1993) 3400
new expressed sequence tags identify diversity of
transcripts in human brain. Nature Genetics 4:256-267.
Alia P, Saradhi P(1991) Proline accumulation under heavy
metal stress. Journal Plant Physiology 138:554-558.
Alscher RG, Cumming JR (1990) Stress Responses in
Plants: Adaptation and Acclimation Mechanisms. John
Wiley and Sons, INC Publication.

VP 3l 1) 0 ks [ Bk 0,93 [ (5199 Sl

el & Wl S8l 5o Lo pelant Ol gl S
5 15 Lol EE 5 e sad SaS LS slaw S5 ol 5 Shas
GO ol s Gl @S S Gt g 5 A
Sharws cpl a8 sl Ol (U IK8) )1~ 448 Law 55 SABC
5 S IR ghuarb s slex 0555 adlas 55 gla0S

s 63 ias M| sls SABC (slads} Ol

Ashraf M, Foolad MR(2007) Roles of glycine betaine and
proline in improving plant abiotic stress resistance.
Environmental and Experimental Botany59:206-216.
Bates LS, Waldren RP, Teare ID (1973) Rapid
determination of free proline for water stress studies. Plant
Soil 39:205-207.

Bellard C, Bertelsmeier C, Leadley P, Thuiller W,
Courchamp F(2012) Impacts of climate change on the
future of biodiversity. Ecolology Letter. 15:365-377.


http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

OLes 5 a5 5 =S

ABC transporter gl O3 O S99 (wi p

Bindi M, Olesen JE(2011)The responses of agriculture in
Europe to climate change. Regional Environmental
Change 11:151-158.

BoguskiMS, LoweTMJ, TolstoshevCM (1993) The EST
express gathers speed. Nature Genetics 4:331-332.
Bournay A-S, Hedley PE., Maddison A, WaughR,
MachrayGC (1996) Exon skipping induced by cold stress
in a potato invertase gene transcript. Nucleic Acids
Research 24:2347-2351.

Chai C, Subudhi PK (2016) Comprehensive analysis and
expression profiling of the OsLAX and OsABCB auxin
transporter gene families in Rice (Oryza sativa) under
phytohormone stimuli and abiotic stresses. Frontier Plant
Science 3:593.

Davies PJ, Mansfield TA (1983) The role of abscisic acid
in drought avoidance, In: Abscisic acid (ed. by F.T.
Adicott). Praeger, New York. 237-268.

Etehadnia M, Waterer DG, Tanino KK (2008) The Method
of ABA Application Affects Salt Stress Responses in
Resistant and Sensitive Potato Lines. Journal of Plant
Growth Regulation 27:331-341.

FAO (2013) Agriculture statistics. Retrived on 14
November 2015 from URL.: faostat, fao.org/faostat.
Finkelstein RR, Gampala SS, Rock CD (2002) Abscisic
acid signaling in seeds and seedlings. Plant Cell 14
(Suppl):S15-S45.

GhasemiGolazani K, Lotfi R (2015) Cold stress in plants.
Tabriz University Press. (In Farsi with English abstract).
Gupta US (1997) Crop Improvement: Vol II. Stress
Toleronce. Oxford and IBH Publishing CO. Hartung W.
1983: The site of action of abscisic acid at the guard cell
plasmalemma of Valerianella locusta. Plant Cell
Environmental 6:427-428.

Hassanpanah D, Kazemi M, Musapourgorji A, Jalali A H
(2019) Comprehensive guide to modern potato farming.
Agricultural  Research, Education and Extension
Organization (AREEO) 5-13. (In Farsi with English
abstract).

HellebustJohan A, Ming SL (1976) Regulation of proline
metabolism  in  the  marine  centric  diatom
Cyclotellacryptica. Canadian Journal of Botany 54:949-
959.

Higgins CF (1992). ABC transporters:  From
microorganisms to man. Annual Review Cell Biology
8:67-113.

Higgins CF, Hiles ID, SalmondGPC, GilIDR, DownielA,
EvanslJ, HollandB, GrayL, Buckel SD,
BellAW,HermodsonMA(1986) A family of related ATP-
binding subunits coupled to many distinct biological
processes in bacteria. Nature 323:448-450.

Hyde SC, Emsley P, Hartshorn MJ, Mimmack MM,
Gileadi U, Pearce SR, Gallagher MP, Gill DR, Hubbard
RE, Higgins CF (1990) Structural model of ATP-binding
proteins associated with cystic fibrosis, multidrug
resistance and bacterial transport, Nature 346:362-365.
Hubick KT, Reid DM (1980) A rapid method for the
extraction and analysis of abscisic acid from plant tissue.
Plant Physiology 65:523-525

Rhodes D, Hanson AD (1993) Quaternary ammonium and
tertiary sulfonium compounds in higher plants, Annual

Review Plant Physiology. Plant Molecular Biolofy 44:357-
384.

Stephen CH, Emsley P, Hartshorn MJ, Mimmack MM,
Gileadi U, Pearcet SR, Gallaghert MP, Gill DR,
HubbarRE, Higgins CF(1990) Structural model of ATP
binding proteins associated with cystic fibrosis, multidrug
resistance and bacterial transport. Nature 346:362-365.

Jha UC, Bohra A, Singh NP(2014) Heat stress in crop
plants: its nature, impacts and integrated breeding
strategies to improve heat tolerance. Plant Breeding
133:679-701.

Kavikishor BP, Hima kumaraP, Sunida MSL, Sreenvasulu
N (2015) Role of proline in cell wall synthesis and plant
development and its implications in plant ontogeny.
Frontiers in Plant Science.6:455.

Kim DY, Bovet L, Kushnir S, Noh EW, Martinoia E, Lee
Y (2006) AtATM3 is involved in heavy metal resistance in
Arabidopsis. Physiologia Plantarum. 140:922-932.
Kloosterman B, Vorst O, Hall RD, Visser RGF, Bachem
CW (2005) Tuber on a chip: differential gene expression
during potato tuber development. Plant Biotechnology
Journal 3:505-519.

Lafta AM, Lorenzen JH (1995): Effect of high temperature
on plant growth and carbohydrate metabolism in potato.
Plant Physiology 109:637-643.

Lee TM, Lur HS, Chu C (1993) Role of abscisic acid in
chilling tolerance of rice (Oryza sativa L.) seedling I.
Endogenous ABA levels. Plant Cell Environment. 16:481-
490.

Mansour MMF (1998) Protection of plasma membrane of
onion epidermal cells by glycine betaine and proline
against NaCl stress. Plant Physiology and Biochemistry
36:767-772.

Martin C, Berridge G, Mistry P, Higgins C, Charlton P,
Callaghan R (2000) Drug binding sites on P-
glycoproteinare altered by ATP binding prior to nucleotide
hydrolysis. Biochemistry 39:11901-11906.

Masoumzadeh MB, Imani AA, Khayamaim S (2012)
Salinity stress effect on proline and chlorophyll rate in four
beet cultivars.Scholars Research Library. 3:5453-5456.
Naidu B, Thusitha G(2005) Increasing cold tolerance in
rice by selecting for high polyamine and gibberellic acid
content. Australian Journal of Plant Physiology 25:793-
800.

Nagvi SSM (1999) Plant hormones and stress phenomena.
In: m. Pessarakil (ed.). Hand book of plant and Crop
Stress. Marcel Dekker, Inc., New York, USA, pp. 709-
730.

Nazari MR, MaaliAmiri R, Ramezanpour SS
(2011).Quantitative assessment of gene expression pattern
of sucrose synthase under cold stress condition in
chickpea. Modern Genetics Journal 2:59-69. (In Farsi with
English abstract).

Ohno S (1970) Evolution by gene duplication, Springer-
Verlag, New York.

Ozturk L, Demir Y, Unlukara A, Karatas |, Kurunc A,
Duzdemir O (2012) Effects of long-term salt stress on
antioxidant system, chlorophyll and proline contents in pea
leaves. Romanian Biotechnology Letter. 17:7227-7236.

etz oz s NN



http://mg.genetics.ir/article-1-1725-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

ABC transporter gbs! O3 O S99 (wi p

OSan 5 a5 o o S

Pang K, Li Y, Liu M, Meng Z, Yu Y (2013) Inventory and
general analysis of the ATP-binding cassette (ABC)gene
superfamily in maize (Zea mays L.). Gene 526:411-428.
Parida AK, Das AB (2005) Salt tolerance and salinity
effects on plants: a review. Ecotoxicology Environmental
Safety 60:324-349.

Pereira A(2016) Plant abiotic stress challenges from the
changing environment. Frontierin Plant Science 7: 1123.
Pighin JA, Zheng H, Balakshin LJ, Goodman IP, Western
TL, Jetter R, Kunst L, Samuels AL (2004) Plantcuticular
lipid export requires an ABC transporter. Science 306:702-
704.

Pourfarid B (2019) Identification of ABC-Transporter
gene family and analysis of gene co-expression network
pattern in different stages of potato stolone development in
response to abiotic stresses, Master Thesis, Faculty of
Agriculture, Shahid Chamran University, Ahvaz. (In Farsi
with English abstract).

Pourfarid B, Sorkheh K, Martinez-Gomez P (2021)
Identification of ABC-Transporter gene family and
analysis of gene co-expression network pattern in different
stages of potato stolone development in response to
drought and salinity stress. Genetic Engineering and
Biosafety Journal.10:21-30.

Livak KJ, Schmitgen TD, 2001. Analysis of relative gene
expression data using real-time quantification PCR and the
272 method.Methods 25:402-8.

Shen CJ, Bai YH, Wang BJ, Zhang SN, Wu YR, Chen M,
Jiang DA, Qi YH (2010) Expression profile ofPIN,
AUX/LAX and PGP auxin transporter gene families in
Sorghum bicolor under phytohormone and abioticstress.
FEBS Journal 277:2954-29609.

Thomashow MF (1999) Plant Cold Acclimation: freezing
tolerance genes and regulatory mechanisms. Annual

1+ )LQJ. A O)l.M/pbm 0)50/0-193 M}

Review PlantPhysiology andPlantMolecular Biology
50:517-599.

Wankun Deng, Yongbo Wang, Zexian Llu, Hun Cheng,
Yu Xue.Published: November 5, 2014Heml : A Toolkit
for Ilustrating Heatmaps. DOl:
10.1371/journal.pone.0111988. Source: PubMed

Zhang Z, Tong T, Fang Y, Zhang X, Niu C, Li J, Zhang X,
Xue D (2020) Genome-Wide identification of Barley ABC
genesand their expression in response to abioticstress
treatment. Plants 9:1281.

Zeevaart JAD, Creelman RA (1988) Metabolism and
physiologhy of abscisic acid. Annual Review Plant
PhysiologyandPlant Molecular Biology 39:439-473.
Zandalinas SlI, Mittler R, Balfagon D, Arbona V,
GbémezCadenas A (2018). Plant adaptations to the
combination of drought and high temperatures.
Physiologia Plantarum 2-12.


http://mg.genetics.ir/article-1-1725-fa.html
http://www.tcpdf.org

