[ Downloaded from journals.lu.ac.ir on 2024-04-28 ]

[ 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

Wiyl g SLS JaUse 5 SO58 a5 (K500 S S no 5 F g Gosd S8 S
CrylAb &5 sl Ta Jud K a5

rdw‘f\} |}h)' 9 Y@\A}m LIRS ﬁ‘*.:l.ﬂr,"- bliﬂjﬂni' L,b) ‘\“‘).J"L:’ dou S~

oy ONS oK (g5, 5LES fﬁl’ s ASCES1s (63,9l (6559 555 s 05,5 (6 S5 (G gmeils )
CM:) u)')f\.:f amb 4&)’)}% le.c« oSS ‘L_g)'))L:S (_gjj}jxﬁ 5‘5; UL:.\LS\J—Y

C».i-) cu‘)&:f o@‘b ‘Lg)')jL:S r}lﬁ OM‘J ‘65))u5 dj;l,&:ﬁ ojjf gd.aa.aﬁd LSJJS.:—V

OENNYNT 250 syl = VE VAN il s 5 06)

s S

O Bt 4l 5 0lalS el LIS 36 0LS abendgn ol b 5 (S5 s b (S shogn Sleosast 5 o5 AT
ﬁéﬂj}jﬁﬁ LJQ’jjjjﬁ)yQLL&f)Y}dé:AY" j\O' Noew 06 (v ijﬂ.w)) 6)}3&.3_)3\ u'i‘j"t“‘ ‘Ca»—ﬂ‘wjg‘)‘j.g
3,0 (CH-Falat) ws )l 5 8 05,5 L ol yen (CH-Falat-Bt) crylAb 03 (s> S pam S Tyl a5l 5 0alS sS4
Q;Sl"ksjj‘&mC)b)" (4.&.1)&&?-)‘];0)} 5@‘)L}a&¢g§jcldm>u§{j)j)—9)}ﬂ s WSl C"'ij)\f;g;’“)f
e ) 5 LS 3 0555558 5 olS o Of (gl gtms Ol sae 5 0 CH-Falat a1 5 &, CH-Falat-Bt axsu )| 5 olS (5 5 5
WY i Ve e Yoo 5000 (6)5d A5 sl 53 Ly IS (slgme s a5 8 SLLS Sl i ool pme ssbe
by ralS glalemSle LB sbas a5l 58 4 ol ane sl 5 OlalS s xS il g a5 e Sl i Ao 53 4
ol 31 LSOS2 5 SOST (ladsy o Ol als LS 2ol 53] (55ls pxe 5 sbas a5 OLLS 55 Jsloes 6‘-“-)*33}&9);;@-?'5
E ol Ol e LB Rl CH-Falat a5 8 OlalS 4 cows CH-Falat-Bt axw )l 5 OLlS 5 (s 5d i Ol e
Coes CH-Falat-Bt ase )l 5 OalS (6558 i ogllaall Ol 31 a8 515 0Lid J o050 5 SS380 058 « SS5 80505 50 (o oy
slidlesl ()58 il - lan w15 OIS (ol b GBS L Al 0o paazens 5 o S any )l w

SOS2 SOSL CrylAb Bt S pax S (s)sd i 1 gohdS O 50

r.shirzadian@guilan.ac.ir : Sy xS cuy Je)ﬂ o gt 0t 33


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

[ Downloaded from journals.lu.ac.ir on 2024-04-28 ]

[ DOR: 20.1001.1.23831367.1401.9.2.2.5]

[ DOI: 10.22034/pgr.9.2.2]

bljm 3 BQ‘}U.OL:.G

05 by oS ol Jiey S 55, S Bt (Rout, 2018
S Olgea 5 555 0 A5 B thuringiensis s S cry
Wkl le GBI 2 Cormex 8 3 [iSe b
Bt &Y yuame 555 o oslitad aaS 5 OV s (oS s
3 Npd e SIS (Golad Dy S Conl aas 3 5l
WlS 53 Bt (s lyme 5> 2l ase belse U
Olee 5 bl U8 55 Bt N jmsee 250l Olje
e 556 S st dd ey OF e sS s
SSPns 5 SO Sl p e sl
55 30 3 g Sladllas .ol oSy OLLS ol o
w5 Y pame slo g 5 S e Bt azy 55, 5 Btes
(Giron-Calvaetal., 2020) ¢l ol Sl a5

ol o3 el eslind a5 OLS (S Slllae alul
Ll o Jomze Lepidoptera asal, bl = 4 jiass
eyl 5 S a8 aslllas ol 3 (Hajiahmadietal., 2020)
CH- aso )l 5 & 0lS 5 crylAb O3 (ssl~ CH-Falat-Bt
slackle b g)pd 25 Cou Al 4yl |-l e 5o Falat
s NAS esls 513 Vee e Yer g V00 00 oo (NaCl als
L CH-Falat-Bt S 3 S ayjl 5 0alS Jess Cnss
S 5 el (SO S S o
ol 3 S 3 e 3yse el OWLS b aslie s
e S w5 SalS caalllas ool 53 0dd 2l S il
5> (1 5l el Grie ayily) Sl b 0S4 oo
s 5 et (6550 5 b agrlse

LB, g 5l

Solanum ) S pax S axllas pl o3 ALE e
5 (Olgaal )4y OL) CH-Falat 4,15 (Iycopersicum L.
crylAb o5 b= Ts Jud CH-Falat-Bt a5l 5 OlalS
Az S 413 eslisl 54 4 (Hajiahmadi et al., 2020)

5 relalir 4 pslie Ty fud a5 olls sl
S a8 slasdy Ll CrylAD O3 Oy g ) g (o 2
Vot So S s b (CH-Falat-Bt) Tz Jos ae )l 5

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

dsdde

A 3 Se (Solanum lycopersicum L.) (S5 jsax S
35i o CiS Olgr sl 55 S el LS Y paes
OldenST 5T (5l J gams ool .(Abdeldym et al., 2020)
) € el (5 ) A el (0 S
3l s Sl sl 5 B el (K sSd
.(Bergougnoux, 2014) WL . o Ssn 5 oy
Wl (I CLSS e pe ppmer K S
(Raiolaetal., 2014) Ail e laas D

b S Sl i S S S5 Ol s
Sl 5 Mk a5 Y ams LS A, e S B
(Abdeldym et al., 2020) &S o Lag |, 1 Sl
Ciliies (gla el Sl oalizal b 58 55 4 OWLS
e 03,5 Jlad NAT ol 5 Ol oS e
(Sl pis QB Al ez (G| BT el
il slaslnl Gl 5 ALS Gladgespn s wlas
Nazari Khakshoor et al., ) Las &b o el
Sb & (20227 Khan et al., 2019; Salami et al., 2016
oS S s ) (e G 50 S Sla s 5 a0
GMIS 2 adlis Jolge pl .(ZhU, 2016) s st
JolSS 5 A5, Os JEE (S glad s Sl J 2S5
ol S (Xie et al, 2022) kyls aesl 5 ad sk
Salt Overly ) JLSe JWl s ks Julse
S, 4w 31 SOS . .ol SOS  (Sensitive
Shi et al., ) col sus | Si5 SOS3, SOS2 SOS1
il e Sl 53 bt onl o el (2003
Na* 05 Coonr a8 5 Sledly glie 5INAT 5 >
(Khanetal.,, 2019) >, ..

Y gamme anwss (5,58 glasyskes 5SS
o pslie Bacillus thuringiensis s SU 03 (s>
kg sl iy 5l eslal L (Bt WY seams) Ol i
Peng et al., 2019; Samal and ) 1L . OlalS 53 K3


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

[ Downloaded from journals.lu.ac.ir on 2024-04-28 ]

[ 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-laamalS :0bLE 5 ()90 il C_,h.w Jles!
sl solS « T L CH-Falat-Bt , Falat
5ol VN Sl 6y 4.>l)§5:.'ol,,u a5 Yo gles
TL a0 U as)300-10 Cogby s ool A S50
alises 6\.&% DL ‘5)}.:4 )LA:: caL:f )‘JE.L.»\ )‘ Juu
J).LNL{Jﬁ)Y}AL;L:AY" _5\0' O (v JaL&NElCl
3l WalS b B s LS bl o) soa
Jols OIS a5 OIS £ Lels 1SS a) LSS aw 5o
iy (65,5LES (G585S s oRaulesl 53 (LS S

SEFIESA S Jle s LS

i eals phaed o ol Jade O b aw 5 Ssdeds 1o
Gsl= U2 MS 28 lases 3 il 5 OlalS e
4 255 DNA #lsaul dad Jus eslalir Veepd/ml
sy s 3 gl (Dellaporta et al., 1983) U ,,Ns s,
PCR Law 55 (o5 Jaw 33 oy 5Ul) MPI .2y 5 CrYIAD 3
a3 (V Jsa) ol olanst gla ST 5l oslizal U
Mo oz LY led Jsdor 30 i (slo iy 281
S5 3l JS RNA 1 sl s el (BioRad Co., USA)
5 (U5l dgie) g 365 RNA 2l sl oS 1 S OlalS
Reverse Aid First Strand =S L. 5 CDNA ol a3
238 Cype (K 6l) ke s oS5 cDNA Synthesis
05 (V Jsd) ol ls S5l Law 5 RT-PCR 2815
A el (Y J5ur) PCR ey glue 1 CIYIAD

PCR aSly 55 olant| ciS 5 5 <y gl S5LT JIg -\ sl
Table 1. The sequence of specific forward and reverse primers

o5 el Skl Jis 5SS skl Jsbo (1S Sl)dlasl sles
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.
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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).
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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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