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Plants frequently encounter repeated episodes of water deficit in their natural Citation dlis o) 23 il A,

environment. Some plants can acquire an enhanced stress response upon re-
exposure to the same stress, a phenomenon termed “stress memory”. This
study investigates whether Pyrroline-5-carboxylate synthetase I (P5CS1), a key
gene in proline biosynthesis, exhibits transcriptional memory in response to
repeated dehydration stress in Arabidopsis thaliana. A transgenic line
expressing the B-glucuronidase (GUS) reporter gene under the control of the
P5CS1 promoter was subjected to two cycles of dehydration (4 h) and
rehydration (4 h). Histochemical GUS staining revealed minimal expression
after the first dehydration (S1), but strong expression after the first
rehydration (R1) and significantly enhanced expression after the second
dehydration (S2) and rehydration (R2). The proline content increased in
each cycle; this increase was observed in the shoot after S2 and in the roots
after R2 compared to the control. These results demonstrate that P5CSI is a
dehydration stress memory gene, with both its expression and proline
accumulation being potentiated upon repeated exposure to water deficit.
This work provides a functional link between proline metabolism and
transcriptional memory in plant adaptation to recurring dehydration.
Keywords: P5CSI, proline, dehydration stress, stress memory,
transcriptional memory

Rezaie-Nik H, Ramandi A, Marashi S H, Seifi
A. (2026). Analysis of P5CS1 Gene
Expression Pattern in the Induction of Drought
Stress Transcriptional Memory in Arabidopsis
thaliana. Genetic Engineering and Biosafety
Journal, 14 2): 248-256. Doi:
10.61882/gebsj.14.2.10

URL: http://gebsj.ir/article-1-545-fa.html



http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
http://dx.doi.org/10.61882/gebsj.14.2.10
http://dx.doi.org/10.61882/gebsj.14.2.10
http://gebsj.ir/article-1-545-fa.html
http://dx.doi.org/10.61882/gebsj.14.2.10
https://gebsj.ir/article-1-545-en.html

[ Downloaded from gebs.ir on 2026-08-30 ]

[ DOI: 10.61882/gebs.14.2.10 ]

e NS S e gy Al Wl s PSCST 05 0l oS e 5 Was 5 S ol

Genetic Engineering and Biosafety Journal
Volume 14, Number 2, 2026

i
Gl calie (25 L st gl 51 e OLALS 5 st el e Of a8 Slaes o b5 S sk w3 and e 53 OLaLS
53 SIS w3 PSCSIOS ooy bl 25 Jiagh cnul 3 355 0 sl (25 abablo 6 dias o OLES 35 5 (lodiidy s
Arabidopsis ) b‘@/b”mjylz.,/jsz vjvs oS s C‘”L > (Pyrroline-5-carboxylate synthetase 1 g5 52w g0 e
5 (sl 8) G10S 23 JSom 55 5 me 53 PSCSI ey J 58 Comi GUS K058 05 Jol aie)) 5 oY A oo (thaliana
sl 3 a5 LB Ol (SD) TS (25 sl 55 03 cnl SEI 0L GUS pbard sied 500155 23,5 )13 (sl £) s (L]
DIl S 2 s s Ol 313 0L 15 (R2) pss sdome (65ll 5(S2) ps3 oS 55 53 s llidls Ol 5 (R1) 3 (5L
a3 o OLE gl cal i sdalie dald 4 o $R2G1 g oy 3 5 8250 g alsm ol s sl sb 4 (Rl cal 23l

Bahe Sush 0SS L S gl 55 sy Sl L el en OT Ol s Sl 0S5 dadls 4 by e S5 PSCST

Introduction FPRYH

el Olgr 5l pmns i 53 ) e GRS L Ol 8l romen 5 OLLST QLS aglso Ol e il 381 J= 5s Bl Ol s
ol 5 Sose g A &S s goaaas 5 odas IS 93 SL Slsles 5L S o S ous by il el s ol el e
S ale s gla i (Eckardt et al, 2023) tites o 350aS 5 YU slales cins o 5l 3 30 o |y ol OV pame olie
Slacles 53 Il (S wsy el o e (S 55l esdle s o 13 b e 1 olS ) e ples i Ses
U5 wiamen (Ilyas et al, 2021) 33 5 o aee Jgamwe 3 Shes Sl 4 Culg 3 45 358 0 LOp ol ialS 5 eopl il
o0t A 4 el ol oS WS o 3 sdome 5 S AenSI6s o 5 olS T el slaiss St e 5 BB L pbey S Al
Sleday (635lES 5 ol sdiSs sioe ole JLSlist (s 8 sla i Obs 53 (Chaudhry & Sidhu, 2022) A dal g e ol S
! (Farooq, Hussain, Wahid, & Siddique, 2012; Umezawa, Fujita, Fujita, Yamaguchi-Shinozaki, & Shinozaki, 2006) >, .
Ol 5> b QLS s 5> i o ol ol bl Lol 5 b o St e SLLS 53 sy W5 s
(Takahashi, Kuromori, Las oLi Sty il o glaals 5 b 51 delial Ll o 4 iy ol 38 cen by Cslee

Urano, Yamaguchi-Shinozaki, & Shinozaki, 2020)
O S 5 w5 S s i LSl a2 s G Ss Sl e L4 S 15 S 5 e 0 S SIS
4 e Ol es5 opl (Friedrich et al, 2021; Kappel et al., 2023; Liu, Fromm, & Avramova, 2014) . 4% JJNLL cJCuj sla s
Gl s OLS (3 55 Ll i b Se agmlge opgm 5 das o QLA oS sl ol (15 ababl) & P35 e SoS IS
—(.S o Lyl & s (Virlouvet, Ding, Fujii, Avramova, & Fromm, 2014) was 0L 352 51 4yl J 4 ol 5 5658 ‘5&'6,4[.;
s S ki s S5 dasle (gl S ey cnl 5 s (gt Ol GRS b e e 3 cdipd sl 25 1 00 oS e 05

e gl (LS e 1S S10S S 2 3 Lk S sl OLS &S Sl (Aviamova,2015) 5,15 pb Cote alidl> oS 5 5 e

- \F.¥ ul.w.w)g).ub Al OJM/MQ)LQ%O)QQ /w)wlgm)ww


http://dx.doi.org/10.61882/gebsj.14.2.10
https://gebsj.ir/article-1-545-en.html

[ Downloaded from gebs.ir on 2026-08-30 ]

[ DOI: 10.61882/gebs.14.2.10 ]

e NS S e gy Al Wl s PSCST 05 0l oS e 5 Was 5 S ol

e ekl i S A0 4 ed i S5 Bl s el 05 s e SHAS o Gl S BOS F 50 s 55

(Dlng et al., 2013) Jj":'@ e.,L:AL: ‘;m:‘f'JJ abidl> calosl>~ C).: w\ 9 "L’}“:’Lf S abisl~ ‘;Lau'j‘uuj

bl 5l Claslow gl 53503 age SIS ol 3Ol 35S 55 om0 &8 SLLS s Cdgenl K Ol 4 (Proline) s 5
oS 5 s n sewse 53 PSCSI gl ﬁj-ﬂ {(Koenigshofer & Loeppert, 2019) ol (55,0 S 0 5 aiu) S5 atus o
.(Yoshiba, Nanjo, Miura, Yamaguchi-Shinozaki, & Shinozaki, 1999) s,ls & (drabidopsis thaliana) LI ijlﬁ/ﬂ‘
o goima DB IS 51 g e e 0SS i e o T Sl Sl OS5 S-0- s e W T eaiSUS 0 S PSCSI
S8 (Mattioli et al., 2009) LS o Lol S 15 Cod a5 osd 4 Jesw Gl g e LB SRR 5 sl
Sl 15 0T bl o sdll joba 5 dms ois |y ol 15 Olen 4 olS sl oo il 5 Se i d GLAES (5 5me 53 (S
(Dingetal, 2013) asl i aasl S w by e Ll 55 o odody cpl s il 5l wlie gla i
A5 15 (GSA) (s 43T sam WS ATP 3 NADPH Dbl ylS 51 aslizal L PSCS2 5 PSCSI (glagy 5l ¢ o sl oLS 55
o5 53 e U5 PSCSL (Funck, Eckard, & Miiller, 2010) .S o JoAs onds» 4 |, GSA PSCR w5l 01 51 g S
(Funck, Baumgarten, Stift, <ol 30 5,50 (55 Oads bl 5 3wl Ad) g als b Ad, (6l s PSCS2 &5 Jb= 5 o)l s
e i Jagl 8 o 5 i sl s 3o b 3l Ll e UGS s 5o Sle PSCSI ﬁjﬂ .Von Wirén, & Schénemann,2020)
(Sharma, Villamor, & 33 o Wl Sl &0 e slo ] ol g8 i 55 PSCST 05 ool ol (6l 55 (Anwaretal, 2021) 5,3

Verslues, 2011)

sl onl 53 et gt oTeS i S sl IS (b sy SRl el Wl e 05l s al 0L S LT S 5l
oMo s s 0S5 Se Sla 5 56 S PSCST Oly o 50dd hate GUS 1550 60 AiS AS05 4 PSCST 05 Sses e s

A Sl O 35S 5 S gla i b Cos 5 olS s (gl e (0l

Materials and Methods b b, 3l

DNA ;I (AT2G39800) P5CS1 o} gar O3S CewdVL 55 3L i = VYY U —AOA Aol js Sseg, g a5 glacsV sl
5= 5'-GCATAAGCTTgtatgatacacatctagge  la el o 31 eslazad L (Col-0) Ll Mj,tﬁ/j/’ PE]
&l BamHL 5 Hindlll L;La(..".jﬂ LIS el sl b asl o ol s 2S5 GCATGGATCCgatcaccaaggaagatatg
OS5 J same) Tag polymerase Soo e 2y Ko Voo bold 1)y Ko Vo e 53 PCR sty s g i iludloen
V;(J:.:J;J.if/fjf)&t. Vor) #s5DNA s Ko ) d(GY 505,80 Vo S ial) s ool s 5 ¢l S e ) Fuds, S ) (Sl Ampligon
S 0 cad gl O gonl 5 5U5) alds £ oo w3 S mile w55 48 (ASL o Sy (b PCR )l Ll g o5 s o 2y S
(S 2 s 38 mle am ) als) b Yy e w3l Sl a3 0= (0 sel 505) BT e w31 S Sl a5 48
Yo ode a0 sl, S Sle am s e @B Y e w sl S ol a s A JK ¥ e (5 208) adB Y e w518 Sl as s VY

.45{5:%Q.,\.aeu.:\jfg‘;jb«;.-);VYﬁ@L@juij;mf«l}f)S@UW Q.,\p@;\)f@;}b«g-):\/\‘ sl

Vo PCRU prame ids SCo Yo ol (il s Son 00) an (2uSTy s on BamHl 5 Hindlll glag 51 L sdd 285 Olakad
)5, Se V (Thermo Fisher « oJy S 5 d=ly Vo) BamHI ,oJ5,Ss ) (Tango Buffer 10X(Thermo Fisher) s 3l AT

- \F.¥ ul.w.w)g).ub Al OJM/MQ)LQ%O)QQ /w)wlgm)ww


http://dx.doi.org/10.61882/gebsj.14.2.10
https://gebsj.ir/article-1-545-en.html

[ Downloaded from gebs.ir on 2026-08-30 ]

[ DOI: 10.61882/gebs.14.2.10 ]

e NS S e gy Al Wl s PSCST 05 0l oS e 5 Was 5 S ol

A i BamHL 5 Hind U1 glan 5T GpBII21 585 55 o 53 &1 2l s S A 5 (Thermo Fisher « 25 s s A1) +) Hindl11
Tango Buffer 10X 3L ,ids Seo VY (s, Sn s p S 5L Yoo) PBII2T deedly il S Yo ¢ ol (il S V1) s 28
s, Se g d=lg Vo) Hindll ) SV (Thermo Fisher « o5, 5 d=lsa=15 V+) BamHI :J5,5s \ (Thermo Fisher)
SYBR Green (s = V7 5,81 J5 (55, pBI121 dowdly 5PCR J oo (o2 Sl e 3 g1 0553 ©f 25,5 V5 (Thermo Fisher
Loy 5 gilu el J5 51 Khaw 50 e iy S5l eslianad b e g0 55505 xS0 g Av 5Ly s ai3s Y Ode & TAE 5L s

A4s 5l oS (Thermo Fisher)ol s 56

0)T4 Ligase =5 ,Kw ) (T4 Ligase Bufferl0X ,oJ; S ) ‘j;;j;?aﬁrﬁj;u AV Clle LpBII21T dendly il o Yol g Ko

4)}5) BE P5CS1 J:’j"ﬁf.’, @994 G)b Jﬁ‘t 6‘;: ey ()Y}ﬂ ‘jl‘:,a 0')ATPJ’J.A_5J>/\.:A '/Y_} ¢ (Thermo Fisher <J:€J_}J$:A 2 J.?-U
L pBI121-P5CS1Pro::GUS-NOSt &3l .5 5 PSCS1 5905 5 2S5 aslin PCR Lol L5 03 C\?r.;‘ LoDl w—lj—ﬂ 22 colony PCR

S VO Slalad s 3,585,500 VA 3T U5 (5 0l s Sladeandly PCR U game A s BamHl 5 Hindll1 (slag 551

A sdalie ey o 531 2n 5 PCR gramee 51 1 Ul 3550 (s34
Sosibse Sy leslinul b e 5 0ds Jite GV3101 « 5o Agrobacterium tumefaciens « (V&) PSCS1Pro:: GUS-NOSt s 5L
Lo Tl olS O sele s sansl 5 (gl 0 (255 ool 5> (Zhang, Henriques, Lin, Niu, & Chua, 2006) . Jeze MJJ,:JJ @ Q.:';Uf
Silwet L- 5 o ;3 0 lale b 3,50 (3l p 5L s ST 0ol son 3 65,05 &0 4 OLLS 5 s il Bl w23l sla S
S O gelo y 32l 551 e U5 534k 58 O peandlons s 53 Dol 0350 la S 4y 5k 3 S il g ) 3 do s /Y chale L 77
£ SR T2 OBLS LSud Jael g 2l S s 00 Clals b crsbllS (55l MS Lagme 53 g s ST T o a5 OalS

s eslital guar lasUT (gl 0315 5 asd Gl T3 s sen slaipY e LS S5l T-DNA- (lasens S

-LB I:I
Rﬂ NOS promoter > KanR l\:s:’ P5CS1 promoter> GUS r‘:gf HA-

5 otbllS 53 a e Conslis T-DNA b 5 450 5 1) sl ¢ Cooglie el €2ty pBI121-P5SCS1Pro:: GUS-NOS lsl -\ S

S o IS 1y e st
Fig 1. Structure of the pBI121-P5CS1Pro:: GUS-NOSt construct. The plasmid backbone encodeskanamycin resistance, and the
T-DNA region confers resistance to both kanamycin and neomycin.
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Fig 2. Histochemical GUS assays in transgenic Arabidopsis plants carrying the PSCS1Pro:: GUS-NOSt construct, showing the expression
pattern of the GUS reporter gene. The plants were subjected to a 4-hour stress treatment followed by a 4-hour recovery period. GUS activity
was evaluated 14 days after germination. A gradual increase in GUS staining from S1 to S2 and from R1 to R2 is noteworthy.
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Fig 3. Histochemical GUS assays in recovery treatments. With each recovery step, GUS gene expression increased, such that in R2, the
expression level in the roots was higher than in R1. Observations were recorded 14 days after germination.
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Fig 4. Proline content during dehydration stress. Different letters indicate statistically significant differences (Tukey’s HSD test, p < 0.05).
Error bars represent the standard deviation of the mean (n=>5). Control, no stress; S1, first dehydration stress (4 h); R1, first rehydration (4 h);
S2, second dehydration stress (4 h); R2, second rehydration (4 h).
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