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The optimization of gene transfer to tomato and the study of
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Abstract. One of the main strategies to improve plant tolerance is the expression of stress-induced genes, which play a
significant role in the ionic balance of plants. SOS3 is one of the important components of SOS-regulated ionic
homeostasis pathway. Therefore, the expression of this gene could be an important step towards producing salt-resistant
plants. In this work, we have transformed tomato (Solanum lycopersicum) by Agrobacterium (GV 3101 and LBA4404)
containing plasmids with SOS3 genes. The maximum regeneration rate was determined in cotyledons of CH genotype.
The simultaneous use of cotyledons and hypocotyls in the culture medium had the best outcome. In addition, the best
time was found to be one day after inoculation. Also, the best transgenic variety was detected for Agrobacterium
GV3101, which can be attributed to the interaction between the genus Agrobacterium and the tomato variety.
Transgenic plants were transferred to a culture medium containing sequestrene, which caused the acceleration of the
seedling growth in particular. The presence of the SOS3 in the transgenic plants was verified by PCR and RT-PCR
methods.

K eywor ds. agrobacterium, cotyledon, hypocotyl, regeneration, transgene

Received 21.11.2018/ Revised 01.02.2019/ Accepted 04.01.2019/ Published 04.04.2020  YA%/- N2 el AYAVN <N F 33 NYRVA N oMl ATV AN izdl o

76/V#



Mohjel et a. The optimization of gene transfer to Tomato

SN BazsS ol @ (5 JWasl (g jleaige o Sen 5 S

50 Sod pazs A Sl yga i [ls i g 0
4S5 058 g0 D ype NATH' & joy il 3 b 51 J555T5 40 Jla
s (Palavelasa et dl., 2017) o ,ls ,I, 8 SOS ,ws ;o
4 a5 SOS3 159 0 JuSid (g0l S 5 4w 5 SOS
S a5 8082 S o Joe CBF I g
P35 a8 SOSL g sl 5LuS (5 g (raigh 5l ot s
At 3] sla e ,o (Shi et dl., 2000) <ol Na'/H*
s 3 03595 oS 0 ALSOST (5 (L (ial3l oS 0as
NYueetad., 2012) .l o..\_l.))f o9 S J,o:u uw‘)_‘)‘
o)lo L;))L).Q_M,.Sy| wJLx.S ‘Lg)L..\S M.JL&S > 09){9 S0Ss2 O
SOSL wsles oS oo Liyl il (6,55 dn Coaglie 4o a5
GoNng ) wabise G369 e S1 0 SOS2 I (sl
(et al., 2002

5 kS ol Colas 5 ()8 4z S ol Sl @ azgi b
s ookl a 5ls (Sl 5 (Fa) GBS Fller 4 Cond
Sedisr bl Gy 5l G oS cnl el )3 (ng slacsty,
@bl 0390l (DBLS Mol (w (sla by, 2 odle jolaecnley
Sl sz (o39; alS & o Jil 5 (15 @ Ceslie (slags
Slopd, Clasl Liagh cpl jo cul i 4 pglie LS ol
SOS3 5 J! (silwtinte Saled o 5 o5 JUl gz el
4 S0S e ol lizl 5l (S Olgie 4 bl slaed, &
Lol 48513 (s 9590 oS (]

g 9 dlge

oy byl g (BLS Slgo

CaiN3, (slapls b (Sjdarss o8, G slo)ds (guoy o)
o9 Jly 5,0 5 Fdlat CH, Falat Vana, Super strain B
Joll 1o 48,80 90 oo dy )& s A0l dug dungyl g 3 5
Aoy Vo WSy 50 aiBo VO Dae 4 pizmad wo o Ve
St il ombans oyl (TWERN Y- 1) Lo G (54l>)
P ER W RS B g RN R WP R Gijc\_v"? S b jo bydy
Sy Sl S SIS s ladigasn ) s 9 998 Jol>
28 ool J59S g 9 lad S sladigasy,

dodo

HLls ale> ;I «Solanum lycoperscum L.) 55,845 45
sl (SOlanacese) Liluol o, 4 Blaie g slad g0 o5
Ay u] 040 )'| oolazul S aLS O‘l‘ )‘ 6)L.:-'~“4. LSL‘”‘&.'.)‘B as
I sl Gz (S8axsS (Wsei et d., 2017) Ngu oo
ahox 5l laadsisy) 5 oolls Sl g8 diz g (ol Elgil 0 iiss
Sarwarkhan et ) w18l oo oS ool (o3,l p a5 Canl (39,51
olos o Galisee glaealdl 38 Ll by ol sS4 (@, 2006
S Jad g 5 S b o (SiarsT Jyamo s Jsad
Qlwjgr el o)l slaglinl oS e adpe L 4
SSpdarsS GEaSals 3S 5 (Brd olmlydl s (5500
ogre JoSis (Ahmadi et d., 2016) wig, o Jlods 45 y5iS o
i Slse dlezr | e b (paiz ol S5 parsS o
Jite 5 K0S 5 45 Sl g, B Jb 5 S 4y
(Feietd., 2006) « s

3 shame Ll il o ez o (o8l g a5
AfIOZ € ) 515 o )1 (Foms) 3o 5 (St SLOGES dlaz
s ) e sl i a2 ol w5l @, 2010
Ao g S sblie ,o (Sreenivasulu et a., 2007)
orlaitl sg 3 a1 Lo slaps) pow S5 Loy 45 St
Sl A5"°|)) ‘Suw_a) J_.m u.a)_j)).) ‘5)9_....: dileols
Lo i 4 Cuglie 45 o, oo Hlaias (Archibold, 1995)
i ol 5 6,55 by b oS sles o Sis wiile asxe
Deinlein et ) (=35 Slao) Bgd J S o pois lawg
S 40 (5ye i dn Sl b 25 Jess @, 2014
slagys (Asch et al., 2000) sl (Ko 5 o] (So54098 590
" (ol Al diz 4y (69,5 Bl 1 (6,08 4 polie
Fomsid g 650l a8 el ;5 T ey st
Fiew Jgime slocys (Palavelasa et dl., 2017) os)ls juis
Sl slogs o Jobo Lid 5 Jsho o s (55l Sl 5
a5 08 sl teilannST A5 pln 0 oo sl (S
by glag)s dojem sl 5l eaiSuS slags (o JUI
Sy pla 5o 2o lageiiyp oaniSaS slay) dajliasy
DENlEin et ) —sis, sLo,siS couSaS slacys s Jsko
oo jolaieds IS 5 o 5l Baes (55,58 LS .@., 2014
o.lS ol (Huazhong et a., 2000) oS o oolaul Vge

55Ty 40 ) B madlgins (20 )0 1) oo JUSl Ul

T7/vY



Nova Biologica Reperta 7(1): 76-84 (2020)

S g deemdl Sobe 2 S g ST L il S 950
—op el SOl o el s 5 eolazl pPBING1-SOS3
59599 3 S Lg S sladob L e MS s o 228
ciS bme 4 @5k Sl el (S ee Lams 55 (655,18
Zeatin = oy ;Lo Y+ IAA 2 o Le o)) + MS
Bio sl GrtlalS 5 e SUgs S 3l Ly ol 0
ObalS wad Jine osu )l plalS olsl s pg Sl ST
Fd e Sk ) sl MS Lo @ 0l gz oad i3S
59 3 ooy NS Jie (e g g0 05 e ¢/0Y s BAP
Y Jobo any 4zl asds, oLl jsie base o 0, a2in
=85 DY US8) 9o 5 gy JUidl pljaty; bap 4 e S0lo
i) L 53 s o il ¥ as 00l Tl (slaadls o3l
i 48] 5l dm o (65l Lulyd e o g a8 5 18
d JLBl 5l am 59, T 0ga2) w5 095 4 (lalS a4t
SIS Sl Ll oo g Jite QIS @ ((plias ) lame
P50 slojllil eadoloail oS o ()] 95z dnl gz iad
285 ol
990 5T

S1s s CTAB (55, L (als <L 51 DNA gl sl
Cd 5 plowl Gl ol sl 4 SOS3 sla el » L PCR
(8 Jgoz) 0 (ommsy a3 ) 59,51 5 095 s
0950 3 Ol Hgam i jlas aisl wb) (kS 5l eiores
SIRNA 5l wisg: socd ali PCR U sgs5 DNA
e P9y el L s slaS 1 0l slacdly
DNA sla JsSse Bi> jglaindy o 2 all Trizol
Qiagen ¢S lwg DNase Lo o zl 5l RNA
) Superscript Il <5 51 cDNA i sl .o 5 alxl
&5 ) cmmimmed 8,5 oolixul (INVitrogene 5 6 sl
s ooliisl (55l Loy gz S|

ouly iyl 5 (LS il g oy )l
S5 45 (bl S8l LS i (et SKE g
P Smse Jalse et 3 (S 0 S e )8 Gl
CiSha e n i S Sz nlpl el b )15
8 iy 0,90 ZERIN 5 KiN, BAP Jolis S g g5 dus
A (KBS oLy oIl Gles oS ols plis leasdly 28 3
J=lae 51 gyls (e Wosls (yizmen «unl 18 4 alily ol
CeiS Lame ;3 and e (LS Co ol sl I o, xAES Lame

948, (5l g oad 039 IS ladigain ) cusl (90,90 W3l &S M1

(FR2) YFAF ) o )lods ¥ b s pole 15 g5 sloasdly

S ydaz oS oLS 4 pBiN61-SOS3 Y56 Juis!

Sharghi et d., ) pBin61-SOS3 L ;555 (g opl o
4o bge o5 90 slhls JBU ol .cd )3 18 eolazl 5,90 (2015
oy 4l (6 525 5 ol DBl 45l g lablS Cunglie
3 Fg—sn O 5 SOS3 15 8L ol 3 0 (e ol 3,
las 2L 5l aalsl 4o ol 438 5 15 CAMV 35S silis i
Agrobacterium s 251 4 TOP10 «,5.. Escherichia coli
ool GV3101 4 LBA4404 oL aas . tumefaciens
35 oLl LBLST S Loy Ly S 5 ago 5
ol jlosliinl Ly galyns 2SI o9, 4 655k (Sl
2 5 Edgihee YO+ 5l b (LT Eppendorf),silys odse
Sl 00t 5 Lo lS i o g ooy
P9y Gl el gl il SOS3 (5 g5l 15575
31 =3 55, 99 .08 5 & y90 1AVA L Lo Doly 4 Birnboim
Sosandly g5l ps: iSlg ST gl JslST S5 dadigais ) madls
LSz 5] 53l o LB Lo 2 Lo ¥ 1o oS 55
et S S s g 00nd Bl el ) 9 e LS
ol 5 il a0 YA glos g YATPM Ce s bl Sl 5565
YO an Las Sl iS5l iy Koo Vo v s 55 00l 03,
Jlisl LacS_gm T olod 55l aule LB Lases 5 5o o
Josz) wiab eals wl, (L8 baylyd o il G o 4y g aidly
Lgaido) e Soe s pg Sy ST slacas aa al>po 4o ()
2 65k s ©gw; g 0ol Gonds yilu Fre e TPM e s
Cales yo ot o o)lgs mle cetS iy bz 5 5 e YO
5l Sl 10+ F Ly 1l OD Ly (6551, sl
il (iS5 90 5w ad coliiul (58 axsS lalS
P27 S g S gmilinsgns 51 yid (oo ¥ (139331 Lasgs ndigasn
P lagl ool 8 5 (Baigein; ssl) plojer cutS Lo 4
Ol g g a5 ploml 4B B0 Ve Do 4y 3BT sleo
Lo el 50 b (6 slen slrons Lawgi (Lol psy S ST
Celw VP (5,95 0,90 Lol i ol , 5 il a0 YV (gles o
Aad ools 18 565w Dae 4 (SO celw A g oliss,
S slosigaisny (o parsS Sl olals Sl cex
(rmntablS) 5 35 ST 55l (Al L &, 00
)5 il a0 YV sles ;o 5 wuld i punSUsiuw o
90 3l o .aiad ooly 18 ole 90 de 4 VPN (5,95 0590 Lyl
o Nt 5l G 9 00,5 (wgllS adg o' pladigesin; ole
L asws S e S (1 g 4zl o) caS lane
sloazolS 5l slad Sy sladigaisy, aly o 000 &, oS 0,

Sladigein; il So b e Slalad jl g 4 039, 00 e

78/YA



Mohjel et al. The optimization of gene transfer to Tomato S5,8a255 oS @ 5 Jasl g ledings .o, Sen o Joxme

Bzl 50 o eolanul glaSign ool clale -y Jaue
Table 1. The antibiotics used in this study.
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Table 2. Optimum mediafor the transformation of Solanum lycopersicum.
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Table 3. Plant growth regulators concentration (mg/L).
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Table 4. Primer sequences.
(Sequence)
Forward: 5ATCCATGGTCTAGAGGATGGGCTGCTCTGTATCGAA 3

Reverse: 5 ATGAATTCAGATCTTTAGGAAGATACGTTTTGCAA 3
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Fig. 1. Comparison of average scores of Mediaxvarieties.
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Fig. 3. Transgenic plant formation. A. regeneration of the transgenic parts of cotyledon in selective medium. B.
regeneration of the transgenic parts of hypocotyl in selective medium. C. Callus formation from lateral buds which were
shown in green and the other one in white in selective media. D. Transfer of transgenic plants to the rooting medium.
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Fig. 4. The effects of sequestrene on seedlings growth. A. Medium without sequestrene. B. Medium with sequestrene.
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Fig. 5. PCR product (669 bp) of 8 transgenic plants (1-8) with SOS3 primers on DNA. Positive control (+), Negative
control (-) and Wt: wild type, without any products.
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Fig. 6. PCR product (actin gene) on cDNA. Wt: control, 1-8: 8 transgenic plants.
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Fig. 7. PCR product of 8 transgenic plants (1-8) with SOS3 primers on cDNA. The gene has not been expressed in
samples 1 and 5. Wt: wild type, Negative control: -, Positive control: +, M: marker.
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