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Abstract
Objective
Lettuce is considered as a model plant for biotechnology because of its compatibility with

stable genetic transformation and tissue culture. GDP-mannose-3’,5’-epimerase (GME) is

one of the key genes in ascorbic acid biosynthesis pathway in plants. The present study

aims to transfer GME gene from Actinidia deliciosa L. into Lactuca sativa L.

Materials and Methods

To investigate callus induction rate using the effects of explant (cotyledon and true
leaves) and 16 plant growth regulator combination including concentrations of 0.02, 0.04,
0.05, and 0.1 mg/l NAA and 0.1, 0.2, 0.4, and 0.6 mg/l BAP, and also direct regeneration

rate using the effects of explant (cotyledon and true leaves) and 6 plant growth regulator
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combination including concentrations of 0.02 and 0.05 mg/l NAA and 0.2, 0.4, and 0.6
mg/l BAP, a factorial experiment based on completely randomized design with three
replications was conducted. In order to transform GME into Lactuca sativa L. using L.
sativa L. cv. Setareh and Agrobacterium tumefaciens strain (C58) on two types of
explants (cotyledon and true leaves), a factorial experiment with three replications and 2

min and 8 min inoculation was done.

Results

The results revealed that the highest percentage of callus induction and indirect
regeneration (100%) were observed on leaf and cotyledon explants and MS medium
containing 0.1 mg/l BAP and 0.04 mg/l NAA. The results also confirmed the presence of
pBI1121+GME in transgenic plants.

Conclusions
The explant true leaves and 2 min inoculation (with 18 percent transformation ratio) were
more suitable for transformation.
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3. Lactupicrin
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5. Reactive oxygen species
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Sl dromodly 5| imggy ol 3 45 ool MSTAT-C 4 SPSS (el l58lp 5 51 oozl | 5315 el atols iz 3051 3o,
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55 ) 25 T IS oSad) S s b ) s 325 12) 53 0 ol 5 |5 g (o568 Lo
e 0ae 4 (NAA 2 05 oo 1-F 5 BAP ) 3 0.5 o -1 81 05 cutn Jsiiile ) S oo V-
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Table 1. Kanamycin resistance gene specific primers (nptll)

yoly el roily Jgs slndse wop (TM)ogd gl
Primer Primer Sequence (Mer) GC  Temperature
Size %GC Melting
npt (Forward) 5"CAC TGA CGT TCC ATA AAT 20 40 53.2
TC3
npt (Reverse) 5 AAG AAC TCC AGC ATG AGA 20 45 55.2
TC3

SBlo BB L a5 03933 355 (gadgel 4 B> a9 95 Splej Gt by ptl bl Cou badiges 3,

I8 oS ol dayd YO (glod g (S0 10 9y 93 e &y (CaiS i A )Lalf) CulS v base (g9 o B S s il
Jsigalse sy p)Sdee Voo Lo i) p S ¥ MS lacsl) sl cuiS g & ladisal 5oy e i85
Szl 1 ) g pSike Yoo NAA 1) 5 p S e +/F BAP 2 oS e -1\ BT 1) o p)5 cutn
psl Bl bee (59) )b G win 93 2 ladigel ) Sy Nad Jie ((pnlell 5 5 p)S e B 5 punSTUshes
2 8liee LSl ) GraleblS 4 Canglio ()7 €Ly 2 S raleblS gols Lo 59y cou)l plalS 5, .c8)5
5 03litl (NPH) ysagloblS & anglio 15 51 0nd oyl (lapauly 51 ooliol b PCR 1 il ool s (ol sl
3 dm Wl 03y Lis (Y 9 Y Jglis) p3 5JUT ol (sl als po o (slod g o) oo dla JSuuw dlass s PCR 281y Loyl s

A ool doy> S5 58T 5 5l gyl (o5lo, ST (ol sl 5 cou,ly lals DNA S5 9 PCR (505

cou g e
Sl 480l LS sy 2135k 203 9 ogllS (s 43 (23S Loy Blao sy ib)ly @55
iz 3l 5 (NAA) sl Szl (s g (BAP) (29 el 52 15y (looaisS oelats blizo 31 (i pogllS 2o o
ln blize 51y Lol gl e g 2oy o Jlois] o 5 NAA 3 BAP _alS 15, (slaodiS wlith g 4iges 3, 95
@il dmepd 5 dlS (s 48 Slino (ogad )3 (P Jodn) S ) ne doyd iy Jleinl e 53 ;503 459
BAP 5 aS90i 1) 55 (ool lojgiSh Jl 5 wload jl5 e di0)d S Jloio] o )3 bl dot blite il ouftine o
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Table 2. PCR conditions for amplification of nptll gene

osle (idgsSr) olion
Material Rate (ul)
DNA Template 2.0
dNTP (10mM) 1.0
Primer (nptll) F (10 pmol) 1.0
Primer (nptll) R (10 pmol) 1.0
MgCl; (50mM) 1.0
Taq DNA Polymerase PCR Buffer (10X) 2.5
Taq DNA Polymerase (5 u/pl) 1.0
DDW 15.5
Total 25.0

PCR STy 4 03laiws! 3590 5bod 9 yloj oo b S dlai .Y Jou

Table 3. Number of cycles, duration and temperature used in PCR

(3,5 Blw axy3) Led (a2ds) oo 4y ol
Temperature (°C) Time (Minutes) Number of cycles
94 5 1

94 1

50 1 30

72 1:15

72 10 1
A
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Table 4. Analysis of variance for studied traits in callus induction experiment

(MS) cleye ke
Mean Squares
freions o (21j3L Moy oIS (o 13 ol 2o s s @olie
Indirect Regeneration Relative Fresh Weight Callus Degree of Source of Variation
Growth Induction  Ereedom
1204.16" 1.65™ 16.67" 1 Kges o,
Explant
1080.55 0.81" 16.67" 3 BAP
802.77™ 0.14™ 16.67" 3 NAA
3506.94™ 0.47™ 16.67" 3 BAP x &gei 1,
4229.16™ 0.19™ 16.67" 3 NAA x dgei 3,
1103.70™ 0.18™ 16.67" 9 BAP x NAA
1361.57" 0.10™ 16.67" 9 BAP X x dises 3,
NAA
292.70 0.01 4.16 64 oinlejl (llas
Experimental Error
25.19 % 50.07 % 2.05% (ACV) &l i gy
Coefficient of
Variation

w®#% % NS
‘

7Y 970 Jloial maw 13,15 e ¢ )I3 sxe mé i i 43 g

" *and ™: Non-significant, Significant at 5% and 1% probability levels, respectively

5 45905 jmy £95 Jlite )31 ) maditns it 2155k A3 5 gllS (oo 8 (RS Aoy Jold Clao poles

Sl (Sl dulie gl (F Jpdn) 505 5 _sine oy Ky Jlais] s 1> NAA § BAP _alS 1, (slaosssS i
b 3 gl Sy asgel 52y olewd oS 5 453 (LS ltne 8 2155k 20 )3 5 IS (s A5 2150l Moy
imr crpinS oy A1V liae s NAA 1 1) 1 oy § o +/+0 g BAP 1) 1 o8 bon +/) b okis a5 i

(B Jgdo) a1y (12)3 Ve o) o ol (l5ee o i Ao OS5 il g (olj g8

q.
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Table 5. Mean comparison of interactions among explant, BAP and NAA phytohormons

for studied traits

oot o (2133l 40> IS (oo 43, ol ey e
Indirect Regeneration Relative Fresh Callus Induction  Characteristics
Weight Growth Solos oS 5

mbination Treatment

_BAP NAA e i 5

Explant Type

100.00? 2.9]8bca 100.00? 0.1 0.1 Sy
Leaf
80.00@pede 3.10%¢ 100.00? 0.1 0.02 Sy
Leaf
100.00? 3.76% 100.00? 0.1 0.04 S
Leaf
100.002 2.77%c 100.00? 0.1 0.05 Sy
Leaf
53.32pcaergn 0.74% 100.00? 0.2 0.1 S
Leaf
100.00? 4,53 100.00? 0.2 0.02 S
Leaf
80.00@pcae 3.80% 100.00? 0.2 0.04 ;i
Leaf
70.0Q@ccaergn 4.87° 100.00? 0.2 0.05 Sy
Leaf
36.67¢mN 0.71% 100.00? 0.4 0.1 Sy
Leaf
90.00%¢ 2.45°¢ 100.00? 0.4 0.02 S
Leaf
80.0Q@0cae 1.83%« 100.00? 0.4 0.04 S
Leaf
46.67¢c0eran 2.630cd 100.00? 0.4 0.05 Sy
30.009" 3.1280¢ 100.00? 0.6 0.1 E(;if
76.67a0c0er 3.062¢c 100.00? 0.6 0.02 L;if
Leaf
70.0(Q@ccoergn 1.85% 100.00? 0.6 0.04 Sy
30.009" 1.720 100.00? 0.6 0.05 Lgif
Leaf
66.6720cderon 2.38vcd 100.00? 0.1 0.1 aJ
Cotyledon
26.67" 3.05%¢ 100.00? 0.1 0.02 aJ
Cotyledon
100.00? 2.58vcd 100.00? 0.1 0.04 aJ
Cotyledon
43.330¢1n 0.499 86.67° 0.1 0.05 aJ
Cotyledon
53.33pcoeran 0.78™ 100.00? 0.2 0.1 aJ
Cotyledon
33.33™" 1.01°¢ 100.00? 0.2 0.02 aJ
Cotyledon
73.33@0c0erg 0.60™ 100.00? 0.2 0.04 aJ
Cotyledon
)
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86.673<C 1.02° 100.002 0.2 0.05 aJ
Cotyledon

60.0030cderon 0.64% 100.00? 0.4 0.1 aJ
Cotyledon

66.6 720cderon 0.58¢ 100.00? 0.4 0.02 aJ
Cotyledon

53.33pcderon 0.77% 100.00? 0.4 0.04 aJ
Cotyledon

73.33@0ccerg 0.63™ 100.00? 0.4 0.05 aJ
Cotyledon

03.33% 3.53% 100.002 0.6 0.1 aJ
Cotyledon

53.33pcaeran 3.90% 100.00? 0.6 0.02 aJ
Cotyledon

46.67c0eran 1.76% 100.002 0.6 0.04 aJ
Cotyledon

100.00? 3.47% 100.00? 0.6 0.05 aJ
Cotyledon

0.0001 0.0000 0.0004 P

2.78 0.14 0.29 (SE) 5 kel slas

Standard Error

Cwl dwoyd ) Jlais] maw 13 (5,10 Sxo HSly giw j2 43 Oigliso gy

The different letters in each column represent a significant level at a probability level of 1%.

NAA =) o pS o /-0 s BAP i) 5y p)S o IV Lol oS5 S b S 5 )3 S diged ) slod

P Gke o140 9 BAP 1 5 oS o /) b oad JeoSS S Lo S 5 53 sl S w5905 ) slend 9 (FIAY) (i
9 45909 =) &9 Jlite | (eles dunliio gl O Jgi> 4 rgi L1y (+/¥R) (S (o 3y (jem (1 3205 NAA 1)
DN Lo JeoSS S bame ) (lad Sy et )3 pditane e (21550 A3 NAA § BAP alS 1) claoris’ odas
b oo S 5 )3 S dged oy slasd 13 5 (VEIRY) (liee (308 NAA 2 5y p)S o +/+Y s BAP ) 51 05 s
2 Sy w903 30y sload NAA i gy p)S oo (20 5 /¥ V) s BAP 1)y p 5 o o) gacle gl> sacuis
s BAP ;o o py S o1V 5 lad S diged o) NAA iy p)S o /¥ 9 BAP 1) i )5 oo «IY b oS5
Ot NAA 2 o) oo <120 s BAP 12 0 o35 oo <17 5 (sl S ai903 2y s NAA 1) 505 oo /0¥
A0 g BAP 1 ey S e oV Lyoad JreSS S Lame 1 (gl Sy e o)l i ) (103 Vo) i
ke dunlie (ul @l wrgil (rmed Wdg gl s A3y 5 23S oy (npeS G NAA 1 5 05 s
i SlaS g lad Sy adsed 1y 93 2 P NAA ) e S e o/oF s BAP ) oS e o)) slackle
ol o3y L ) S5 > 9alS s Sy 5 sl Sy gladised ) 2liedlS g etee it (2135l 009 Sl

ul_u.d Slods e OL\E & oo b )55l Cos LY ]) uA.uLo)T dl{,ﬁl PR J.Jy Lgl.zm.gwlf Y sz; (el Cw
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Figure 1. A) Indirect regeneration and B) callus induction in cotyledon and true leaves

explants.

OIS &1 s 3 (1 JS5) S8 IS @ 01 58 gl 53 1531 (sbenles JUGG .Y JSL

oo b (6,1 5l coa (@ JSW)

Figure 2. Seedlings transmission to glass (A) and then to pot (B) under controlled

condition for environmental adaptivity.

PNAA =) ey S e o[ g BAP 2 1 oy Sk <) slaclale ) il cuis’ polofl b aesgil

dxy g Jie (bl e 4 baaiged 51 (S gy 99 3l dm 0,8 el o Jsl cae bl g iSee slalae
bl Kp 51 2 1 S e B0 ol cals yo ol 53 &l (Gl Y US3) w5 St WS asin g0 3905 5|
o 5 505 35l azim g3 ] day polie sla gl 08,5 |y bablug S5 g o pwsl it 45, gsla bl e 5
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ool 3l skl b ous Wl ol LS (0 Y USs) €85 plonil il g5y PCR (901 oled anli jglateds 5 (olulis

(05 F sla i) 5us 10l PBII2L Slo suewdl )3 cpanloblS & cuaglio 5 olais! (slayeslp L PCR

(& 5 (@ wwou s gladise ) j ol g5 Sl wgllS (W .92l5" (5w )15 Jolye ¥ JSS
R Cou )15 aolS (5 9 Sl 5 pd 00l Wgi S SoacalS

Figure 3. Transgenic stages of lettuce. A) Produced callus from transgenic explants, B)
and C) non-transgenic produced white seedlings, and D) transgenic lettuce seedling.
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So 5o plw b ,00) M .ad sladiges 33, ,3 PCR ;I oaliiuw! b ,hid g0 8jle jouds sl £ U5
WT ((pB1121+GME suo—wdly PCR Jg—azo) P (3531 DNA 933 PCR ¢ o J58) W (5 5Lk
7 490d) ¥ g (Sl S (Sadiged ) jI oyl gladised) £ 9 ¥ o) (Sl s wall (aLS)

(14 S 2 diged ) j 15
Figure 4. Confirmation of presence of transgene by PCR in cotyledon explants. DNA size
marker (lane M), negative control (lane W), plasmid PCR product (lane P), non-
transgenic control plants (lane WT), transgenic samples from cotyledon explants (lanes 1,
3, and 4), and non-transgenic samples from cotyledon explants (lane 2).

3 Jlosl digai 52) £59 99 9 4885 Culid 5 93 el (yloj 93 3l ealisl b ygiS1e g0y o Jlil olol 2 )b
oSl aids cuin il oy e 3 Lkds Sy g sl Sy cladiges )l SO g O L PCR LT gl

(5 Jods) A ooliusl t-teSt LJUT 5l diges 3y €95 93 (p dwlio glp cplply wlonss

i SlaS y (sladssad jy g Culld 929 Ao ) iy aw 5D I ixe BWB] ()l 5 s jl iged j2) 93 (om
SS9 Do Slidod (5 Jgan) My (4o )d VD) (sl slacS oy cud (g ykd (03 VA) (S50l )5 2o
cdale oy 9alS Bl CutS gl (ilodige Sy BRoR 5 ol 00l ylite 9l5 )0 25k 5 RIS egas
Jools 32 pSibee <IY g 32 pp Sk o100 i a4 lioer 9 2w sl BA g NAA 1) (claosiss ol
s LBA ) ey S e o/ g NAA 1) 5 p 5 oo o[-0 (lackile umen ol (HoONari et al. 2009) as
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Figure 5. Confirmation of presence of transgene by PCR in true leaves explants. DNA size
marker (lane M), negative control (lane W), plasmid PCR product (lane P), non-

transgenic control plants (lane WT), transgenic samples from true leaves explants (lanes 1,
3, 4, and 6), and non-transgenic samples from true leaves explants (lane 2 and 5)

T-test ;JU1 s T Jgua

Table 6. Results of T-test analysis

adllaodyge o > Sy diged joy (Ske  (slad Sy digel ) (1Ske t P
Studied traits ~ Mean true leaves explant Mean cotyledon explant
)l Aoy 18 155 4.33x% 0.04

%Transformation

7.0 o 45 45 oxe *
*: Significant at 5% probability levels
038 malas 9 MS s )3 o ol &S 0l LS oljads) Cho pogad 3 yols Gibss pls &S S)ge
So s NAA 12 5 08 o o185l MS S L 55 ogllS Bl sl 0 5Vl o) gl 59 a3 Jols a2,
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