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Gene name Primer sequence Amplicon length (bp) Annealing Tm (°C)
F: 5>-GGCGGCGAGAGGATCGAGAC-3’
crylAb 1194 62
R: 5>-TCGGCGGGACGTTGTTGTTC-3’
F: 5>-TTTAGGTTCTACACAAAACCCTC-3’
MPI 886 64
R: 5>-TCTAGACCGGACCAGTTGACGA-3’
. F: 5>-GTCGGCCACAAGTCATCATC-3’
Slactin2 245 63
R: 5>-TCACCCACATACGCATCCTT-3’
F: 5’-AGGTGTCCATGCTGCTAGTT-3’
SISOS1 250 57
R: 5’-ACCAGTTCGTTCCACATCCT-3’
F: 5>-TCCGCTTTGTTTGACAGACG-3’
SISOS2 175 63
R: 5’-CAGCCCTATTTGCCGTTACC-3’
Real-Time qPCR 3 (PCR) 31,0 L (slo iy (2815 4l o =Y Jsur
Table 2. PCR and Real-Time qPCR cycles
o3 s’U LSl PCR 4l ,,
Gene name Reaction PCR program
MPI PCR 95°¢:5min+35 (94°c:45s, 64°c:1min, 72°c:1min)+ 72°c:5min
crylAb PCR, RT-PCR 95°¢:5min+35 (94°c:45s, 62°c:1min, 72°c:1min)+ 72°c:5min
Slactin2 Real- Time gPCR 95°¢:12min+40 (95°c:15s, 63°c:30s, 72°¢:30s)
SISOS1 Real- Time gPCR 95°¢:12min+40 (95°c:15s, 63°c:30s, 72°¢:30s)
SISOS2 Real- Time gPCR 95°c:12min+40 (95°c:15s, 63°c:30s, 72°c:30s)
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Figure 1. Analysis of transgenic and non-transgenic plants in 1/2 MS medium containing gentamicin antibiotic.
(A): The plants containing the antibiotic resistance gene grew adequately in a medium containing antibiotic. (B):
The plants without the antibiotic-resistant gene died.
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Figure 2. Molecular confirmation of gentamicin-resistant transgenic plants. (A): Physical map of the construct:
LB, left border, pPZP122: MPI: crylAb, RB: right border, P: promoter, T: terminator, GmR: gentamicin antibiotic
resistance gene, MPI, Maize Proteinase Inhibitor: wound-inducible promoter. (B): Confirming the presence of
MPI promaoter in transgenic plants, L, ladder: 100 bp, 2-7 samples containing the gene, 1: control plant. (C):
Confirming the crylAb gene: transformed plants, L: 100bp, 2-6 samples containing the gene, 1: control plants
(non-transgenic). (D): crylAb gene expression using RT-PCR.

Yn


http://dx.doi.org/10.22034/pgr.9.2.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.2.5
https://pgr.lu.ac.ir/article-1-279-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

VEN /Y oylad /4 A/ ol S sl ta g

o bl b o el o Ll g i s hai
2 Ay gl Shs st 5 el gl S
Loy Olge fals il el 58 oo oS et
o 5A Mg sl g s L Llg s
.(Ahmadi and Souri, 2018) Lil a5 5 jues s

= «(Electrolyte leakage) <y i3I ks (g 805101
3 GE S ot 5 a8 3l DL Laesls bl a
Loy Sl sy cdy S s s Lol bl i
U8 3l 0L L Kol aglin (8 Jsdr) dis g s _ins
0 5t Gosd RS ol 3wl OLLS S (AS
Lol czsll sl a5 8 0blS L Ve Lo
Al LOT o O (s mae S5
olals s e S s sl ol el S sbols
SGosba 55 )l 5 b QLS 5l 2aS Sl e a5
Yoo 5100 Ovr 658 A5 s 53 A Sl
) 5 5l S Ao ;s YY sl 5 Ol s [N ge e
KT RN T Bt PSP O C R
o adlnals Ll ol A g sl e
o5 e (Kaya et al., 2006) Jsl o sl o 5 I
s badpbe cls 1 e aud s Sl il o5
S 25y el S b e Bl e, S
(Igbal etal., 2008) .il K" i~ yNa* Cl" slag s
Ol s g Dlre K Olpsas oy Sl el
OLLS Jorsd Ol 5 OLS & b 25 51 30 ol
St Jamte Slac 55 Ysame 5358 e eslinad S5
Lee and Zhu, 2010; Sairam et ) .05 (5 S oy I
5 elie ol 5 ey S cis sals (., 2002
oot s Llg e CH-Falat-Bt a5 OlalS
s Nat oL s 5o plendly clis Glag s 5
Sbaoly 318 5 s 4 sty s 2530 15 e KT
el QLS 53 (58 A 4 Jed o]

AR

Ve 5 ha 5o w5 QLS s S el o
(AT IS8) 35l ime CDstl B (5555 5V ga Jue 1 00
53 1 48 513 0L b Sls aglis gl ety Gos 51
OLLS o Vse e Yoo 5000 (o558 A5 # sk
t| CH-Falat a )l 5.6 5 CH-Falat-Bt ax | 5
03 &y Ges Sg b (BY S8) Ll sdalie i e
G glackle o a8 4 Cand sl 5 OLLS
WLy alsel ks ps YA 5 VVAY (S e

SR a5 055 Sl el mls L
53l Ol mals glaa>de LB sba (o) ps A clad
5wl 5 LS gl pme SVl o el
53 a3 QLS (CF K8) A sdaliv a )l 5 0
S &day 5 03 Ol 3l Gusd A5 BB Lyl 5
Tl IR L el ss e BVl s g Jlas s
oy 5 0 aSusba rodly Ll Ly, gosh S
Yoo )00 e (558 A5 sl o a5 ObalS o
53 01055 51 e al i VA 5 VN0 i N o loe
35 4l e QLS

3 Ay S O oS als ol LAJK.,[:.» dwo s @L.J
Lo Al s pme g5 BB sbay o5 s sk
e (DY JS2) A 2alS 0T Ol s (5555 pedame Sl 331
O BB Lyl s s a3 OLS s aky, S 0
Rl s e a i e QLIS 4 ced 5 o5
Yse ko Yoo g V00 Vv (608 2 ija.w 05 sl
13 QLS bl gl 3y iy ol g TV 5 VIV Y e
gy S 5 o Ol (Soph il s 53 oS
S 52wl e ) i e w15 OLLS s
Gire 3lge 5 T e Ol Gras 03 28 (Slady s s
(Naz et al., 2014) 3,13 of jana oLS T Com sy Lai>
Soys 4 pislis Sba S s S Cal el asis

5 Llasls [hals L gte () pd S5 L5 b, e S


http://dx.doi.org/10.22034/pgr.9.2.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.2.5
https://pgr.lu.ac.ir/article-1-279-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

b‘)m 3 é-"j‘f‘{;

A

60 -

a OCH-Falat

jab b . WCH-Falat-Bt
c

d e d
f

Leaf area (cm?)
(pr s S 5l
N w B a1
o o o o
1 1 1

-
o
I

o

0 50 100 150 200
NaCl (mM)

ab
c
c
d d
. e
e

_ |—I ’ll

50 100 150 200

NaCl (mM)

@

w
o1
J
®

= N
oo W
1

Root fresh weight (gr)
((’)f ) adsy FU3s

o
ol
1

o

Rood Dry Weight (gr)

Root length (cm)

(o lo) a2 Gos

5P (N5 P s S Sns N F a2 sosd S8 S

5022 g

45 bc d
40 A
35 - €
30 A f
25 A
20 -
15 -
10 -

0 50 100 150 200
NaCl (mM)

0.35 1~

Bl

a
b

20254 C
: d

0.2 - .
3 e
§ 0.15 - . ¢
0.1
- g h

0.05 A

0
0 50 100 150

200

NaCl (mM)

5055 d(B) aday Ges (A) S, b~ Slis  CH-Falat 5 CH-Falat-Bt VLS s ()i calises Cobw A=Y I
wliv e Gy Gl sl st 5 (P<0.05) SSls O s031 b a1 Silie amlin (D) aiu, Ki 035 5 (C) aiy,

| QT Ls)bg'.;u saasolis

Figure 3. The effect of different salinity levels in CH-Falat-Bt and CH-Falat on Leaf area (A), Root length (B),

Root fresh weight (C) and root dry weight (D). The comparison of means with Duncan's test (P < 0.05).

Lo glaa=e B sbas (Bt [SK2) 5l 0L e Sils
OS5l min s LB sba w5 OIS

WY i Ve e Yoe 5100 ()50 5 sk 5o

Yy

bl 2l i RWEC) & 3 O o (sl 5200 5505100
Cogo o5 5 i 55 a8 31 QLIS La sl il sls 4525 5
Hlze 35 dos S v 53 Sy ST e Ol
Jodar) 35 s pms Lo 53 0 mhas 53 (6558 S5 5 5 85
(x5 e Gl L 2 et S sboles (8

e s A3 aulS S, Ol s &lgies Olpee


http://dx.doi.org/10.22034/pgr.9.2.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.2.5
https://pgr.lu.ac.ir/article-1-279-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

VEN /Y oylad /4 A/ ol S sl ta g

CH- 4 <o CH-Falat-Bt aoo )l 5 OlalS 5 i
(Sogs s Sl 3 s OLS ol aS sl oLis Falat
Wlas S 15 i o ol S cow S
bl 5 ol il S Sl eslinal b S5k
Sl pals wsle Jelse ool anl s e O3
53 I Jdowr ey SalS 5 st slae 5]
ol S JS 5 ks ol o o35 O
.(Askari et al., 2006)

O ilsls ams ml b Gilae AS 458
PSR st 5 e M5 g 55 o Sol3 e
313 5 L35Sl Slyme b5 do s S sl o
Oljer (D JSE) 313 0L i ikn avglin gl (8 J5or)
CH-Falat- 4= )| 5 OLlS 53 i Jlesl 5l L3 i 4558
sls OLis il 531 CH-Falat axsw )l 5 8 0lS 4 oo Bt
a oY s ke 00 (o538 5 e 53 Ulsee (pl S5
AEE éjpdiﬁcjb.w)s sl il sy 0/4 Ol e
aor 55 01 Ol e (glala=Se LG 5 sboas ;¥ ge La Yoo 5V 00
@S Soss oS OlalS & s ol olis als ollS
sl 8 o3 £33 o 15 555,18 Ol il 3l sy
35 alS LSS58 lyme I VL (6558 sk
b glaanl 3l cmiles 5 ol 58 Ll 4558
Ol a5l sl ol 2l 3. S e (63L sl )
Doganlar etal., ) 55 o il gla i Lilis 55 olS
.(2010; Gholami, 2018

s Sl Jels ml il u Ol S S eIl
I RN SN WL [ IPCN PR - PN g PP
OS5 Jsloes A3 Oy 2 gopd A5 il
\ Cla.w)b CH-Falat a= | 5 & 5 CH-Falat-Bt «x, | 5
sls OLE b Sols anslie (8 Jsd) 550 ls sme duoys
LS Olpe (5o 53 o SRl L oS (A0 )
OLS 3 e 55 1B e OF Jlde 5 3l il 531 J shoes

Yoo jo. lea_w DL C}q‘)‘;ﬁbw@)\j

YY

eBol 53 RWC palie 20550 ol 0L gl Aoy \Y
Ja ot a4 e pBo 4 Sl ()58 4 et
33l Sas 5 LS O il o sl o o
oS el RWC Ol 2als (Hand et al., 2017)
Ol i Ly Al 4 e Solgs 5 pme s
Sl 55 bl Jole S Ol se s RWC 555 e slgly
Giron-Calva et) 5 a3 S L 55 (5558 [i0 4 Jamie
»» RWC =il LYs 51 .(al., 2020; Ziaf et al., 2009
wse ) 5 8 LS 4 s CH-Falat-Bt a5l 5 OlalS
s sanl s & Ul e Sops S 0 CH-Falat
ol o5 55 o)lil IS 5 i ol ms 2 5 Bl

L e Sl Ol ol U S il g Lais
Cobe olls 4 Jadr i b Gillas 1 JST J9 S
ReEs s Soss M Rl s o S s
> CH-Falat 5 CH-Falat-Bt olsLS ;5 JS b5 IS Olsme
alie @l (8 Jsdn) A e dops ) ke
Ol opd A5 s Gl L S sls OLES b SiLs
o (CE JS2) Cil fals (g)ls sme jsbas IS Léy IS
O ot (Gogh A5 st 53wl 5 b 5 a5 LS
Il b s sdalie (gl ome sl Y go o Vov
5 6 Ol 3y i w515 QLS 53 Ly JS Ol e
S Glsmmn i ¥sn shea Yor 5100 mslans 53 (6550
oblS & o CH-Falat-Bt ax,l; ollS s
Jbs IS Jlaie &S5, 5bas 35 S CH-Falat as )l 5 8
WY S A5 sl s a5 ObaLS s S
45 21> 0L Sl a5 b OAlS 4 el Ao 524
(Saeidi-Sar et al., 2013) OL,Kea 5 ghaw glaal L
Na* slap s clale Ol VU (6558 25 55 o)l s
Cel & Al o maad SIS s s Sl Cl
Jbs ) chale cid> s (Ashraf, 2004) 5505 0 g 55
sl 5 Gogd RIB 4 ml 3 e e S
bS8 Ol (Chanratana et al., 2019) ol Joos


http://dx.doi.org/10.22034/pgr.9.2.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.2.5
https://pgr.lu.ac.ir/article-1-279-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

b‘)m 3 é)‘j‘f‘{;

am 53 QLS cpl 53 i ol A5 Sl 3l edas Ol
Gl 5 olS 5 pl il olS o slas prn (55 4
23 A 5t (55 4 QLS els sla sl oy
O3 AL e S 4 e VU gl il
5 OSan oble Sl CBlis s lads oames 35l e
Souri and ) L,ls i Jbe L3 sl GladiOsl, Gl

.(Tohidloo, 2019

_ OCH-Falat
70 { mCH-Falat-Bt b

Electrolyte leakage (%0)

0 50 100 150 200

NaCl (mM)
d
¢ f
ﬂ
150 200

w 0O
J

®

©

b b

N
(6]
1
o

N
1

S r;fs*:*)':‘}f J3AS ol soe
oo

(5 03 L
ol
1

o

Total Chlorophyll (mg g FW)

0 50 100
NaCl (mM)

5P (N5 P s S Sns N F a2 sosd S8 S

e 53 dlpll wdls s e 2153 (555 SV se s
OLLS 5 dylome A5 Olse Vsa oo Yoo (558 i3
OLlS 5l mis Ao ¥ S sy r;d\?a YY/A sl 5
Souri and ) Ju s 5 (o Slalllas 5y a5 e
(Botellaetal., 2021) ol ,lKen 5 5 5 (Tohidloo, 2019
Sozs dlesl L1 A3 ke Ol s 3 e 5 LB ) sba
DS 3 Jyloe ladd Ol Sill S o Aol

(Cogps RS wtl g e OblS 4 ol as s

B
100 -
a
§ooqd ¢ P c g
3 70 1 e f
g beof
03 20 1
S 5 40 -
T v 30 -
3, 20 A
3 10 -
<0
0 50 100 150 200
NaCl (mM)
D
0.9 ~ a
08{ . P
s3 0744
L "3\ 06 n
5 3 v f e ef
2\ 0.4 4 i
3 2503
% ; 0.2 -
83 o.(1) :
0 50 100 150 200
NaCl (mM)

A el (P<0.05) ) Sls O30 L s o Sols dslie (D) A 555, 5 (C) IS Jeds IS s (B) S
Figure 4. The effect of different salinity levels in CH-Falat-Bt and CH-Falat: Electrolyte leakage (A), RWC (%)
(B), Total Chlorophyll (C), and Carotenoids (D). The comparison of means with Duncan's test (P < 0.05).

\§


http://dx.doi.org/10.22034/pgr.9.2.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.2.2.5
https://pgr.lu.ac.ir/article-1-279-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-12-31 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

VeV /Y oylad /4 A/ ol S sl tagn

oy iliies &l > CH-Falat 5 CH-Falat-Bt OlalS Cilis Slis uilly 4 =Y Jsds
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Abstract

Salinity stress affects morpho-physiological and biochemical traits of plants. The transgenic Bt plants play
a significant role in pest control, but their response and ability to cope with environmental stresses still need
to be evaluated. Therefore, effect of salinity stress at 0, 50, 100, 150, and 200 mM on morphological,
physiological, and molecular traits of T3 transgenic tomato plants containing crylAb gene (CH-Falat-Bt)
was investigated and compared with that of the non-transgenic control (CH-Falat). Evaluation of the
morphological traits (leaf area, root length, fresh and dry weight of roots) at different salinity levels revealed
that CH-Falat-Bt transgenic plants are more tolerant to salinity stress compared to CH-Falat non-transgenic
plants. The chlorophyll content at 150 and 200 mM salinity levels was 12 and 9% plants, respectively.
Moreover, the amount of RWC, carotenoids, proline and soluble sugars increased significantly in transgenic
plants as salinity levels increased. The relative expression of SOS1 and SOS2 genes showed a significant
increase in all salinity levels in CH-Falat-Bt transgenic plants compared to CH-Falat non-transgenic plants.
The amount of electrolyte leakage in the transgenic plants was significantly reduced compared to the non-
transgenic plants. The results of morphological, physiological, and molecular investigations of CH-Falat-Bt
transgenic plants confirmed that the undesirable effects of salinity stress on transgenic plants is much less
than non-transgenic ones. in general CH-Falat-Bt transgenic plants are more tolerant to different applied
salinity levels than the wild variety.
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