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Abstract

Optimization of the effective parameters in the biolistic method for high-performance DNA transferring
into the chloroplasts without tissue damage is a necessary requirement for developing transplastomic
plants. Due to the relative similarity of the physical barriers at the entry of microcarriers into the nucleus
and chloroplasts, the nuclear gus reporter gene is usually used, but the physical and biological parameters
involved in plastid engineering have not been directly reported. In this study, to optimize gene transfer to
tobacco chloroplasts, some parameters such as microcarrier type, DNA concentration, helium accelerating
pressure, leaf arrangement and shooting distance, and pretreatment duration of explants before
bombardment were investigated. After transferring the chloroplast's vector to explants, regeneration of
transplastomic plants was performed in a selection medium containing 500 mg/l spectinomycin. The
highest number of transplastomic plants (2.5 plants per bombardment) was obtained with Tungsten
particles with a diameter of 0.7 x m, with 1 © g DNA/shooting, accelerating helium pressure 1100 psi,
shooting distance of 6 cm and 24h pre-treatment period. Homoplasmic plants were obtained after three re-
regeneration periods at the presence of both strepto/spectinomycin antibiotics. Molecular confirmation of
the correct insertion of expression cassette at the targeted place of the genome and the confirmation of
homoplasmy were performed using PCR analysis and southern blotting. Maternal inheritance of the
transferred genes into the chloroplasts was confirmed by green and albino seedlings resulted from seed
germination, product of reciprocal crosses between control and transplastomic tobacco plants.
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Fig 2. Regeneration of transplastomic tobacco plants A, B) appearance and growth of the single green and resistant seedling on RMOP
medium containing 500 mg/l spectinomycin 35 days after shooting, C) foliar explant of control plant on selection medium and yellowishing
of them. D) regeneration of green shoots from foliar explant of control plant in antibiotic-free medium, E) resistant seedlings obtained from
the third round of regeneration on RMOP medium containing 500 mg/l spectinomycin, F) rooted transplastomic plant in MS medium
containing 500 mg/I spectinomycin 3 months after shooting, G) adapte transplastomic plants to natural conditions.
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Fig 4. Molecular analysis of transplastomic plants, A) PCR amplification using a forward primer from the chloroplast genome near the
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S5ED 5 cwls = aadA 0 5 (chy SHLD o
ples 53 [ VAT bp Jsb & PCR Jguame s 4ty (iS5
4 56 dals LS I (s S a5 p el 5 OalS
(A S8 L8 S5l i (pl L DNA walss zn W5
Dl s IS 055 s sy olr 53 S5 ClS s A
s ST 4 Cwslie 05 358 n Gl 0py
OLLS iS55 (@adA 03) asle sty sl 5 gl i
3k S WY aalad S5 e STk e Sl
s OB L5 Sl B WS S sl Gk
4 e oS L 16STRNA 0] 3 hgr s o sedlodl 5
Harris ) 553 o Gasle 5ol a0 Cond G slin 51 VL e
aen o Tl 3y 00 asdad 3T Ly s ol s (et al, 1994
16SIRNA 3 g ¢ 3550 5 4l plal psmdlil 5 OlaLS
22 sl s LSy e S 200 b e ol i
o533l edd b ST i G 51 5 et IS b

9 oslaul ‘_;aj LY C)b 4:9-[.: “ Lgibj’ f‘f BE Q«u‘)&g))ls

DLLS g 1S 055 3 JUE S 755 S8 50 b

p sl 5
Obbas 51 g psiedlndl 5 ol sl oL e S
ST sdeme 2550 5 p Dl 5 slaamalS A, 5 (sle)
oS e s sl pedldl s OLLS gladiseln,
Shoplas a5l 0 mg/l ss>) mudls S olant
2 Shes sl Aol L5 e (s il 5 gl 52
Sl el o s anl Js sl Lol sl
Shoodde aedgen 5 SIS el s e lS
s T 53 ol a3 Olge 4 p sl 5 OlaLS
5 e O 53 JsS0pe Aol e ol (555 5 03Y
Sboeslizd b PCRJUT 51 oy pan Sty (s
055 4 JEL S 5 e 5 s b sl ST
oslizal 3550 (sl ST s 8 eslizad (1 Jsdr) Sl IS
SIS 055 e oAl L3 skl fue 4 b b

YRR |


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.18.0
http://gebsj.ir/article-1-405-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.18.0]

e OBLS sl 3 250 S5 5 Ses sl

q\)\SAA 9 y;@uw\

sl slbajles S g5 LB sl 53 o 52l 5 olS A
e ($31A5 53 p Sl 5 ol WS 5 Bse 5 5 el
Sl ol slaesls 035 Jle b 003l (55less slacS 5 5
S S Ol bl s O3y Jbg 4 ars b el

.(Abney, 2002) L s3lizw| (Bootstrapping) Koy il

djw&eJ}DJOJSﬁJ C,S gDNAw}ﬂ

Slood Ohbes Jhus 4 sl 53 o3y g8 5 oMl L
CS 4 el DNA S oyl 4 ar g b il
Cy & )‘ ‘J,:o.LLA)T JS 6(JJ EIEEEY .19).’}» DNA C\ﬁ;‘&w\
s sdeend DNA Chle s col il eslizal DNA
oMbl bl s S s s glaySL L Ol folize
sbee 53k i Ve DNA J5b) DNA S35 555 S o
Y/E alre (63L5hS 03 oy S (S5 sb (s 2T Y
Loy o S e b 8l S0 (S il e 05,80
Saln LB G N 5 N S, el L Xl e
LS B ol Ol Bl el an 5 63500
J.lé.'t BE b e.l.'oj:b uUﬂ Q\).Jﬁ) 9 Lg.l:M}’\i DNA 6(]’ “‘<:’.
02355 A 4 oDy Sl e dlasl bl b s S
&'i JB‘J} 5)5 JA uUJ.i L: gﬁj) eéﬁ JA;}LG o.,\.;j.ir uUﬁ
G oL Lo dle 5ol sy DNA JS05e L deadl
Gy S ol e S siblay 5 S
Lﬁ-‘ QLGJ\J‘) 39 QJ).! r@.d g_)b.)ﬂ) S DNA LSLGJ‘,Q}A
e Ly Oda O 4 asl Jlsl DNA ol Slie Sllkes
5 @S 4 e DNA WL lackale 51 eslizal S s
6@ ooy J_’J& ok eals U':M'”ﬁ Q\)Jﬂ) )( 03 ¢ J.;iwj
2 el 4 e Joke canl sl U (S €503 Ol ks
.(Dhiretal., 2010) 55 5 . 5l 5

Shestanal 535l 50 &S 00 Jendl s 4 a5 L gy 5 cpl 3
LB el onl Jlas o gy 53 & S el
35 53 DNA cble (el sdl &l S 5 slacsl ¢l 5 Y
Osls iy sl Sha o b p 85 S K s o ek
Sl 03 G N O 5 S ,Se Y eSS s

Ik DNA aalad S o bl 5 OalS 5o o8 3 5 pshee
oSy U 51 o5 255 DNA anlsd | o311 s 5 Y/¥ kb
20k S ke el Olge a0 ol 5 s eslinad 54
L DNA (S axkd g5 o)l 5 8 5 dald oS 5o 485550

(B ) s S ud s Y Kb o3l

T W UK S PN PV JOWS T b

e AT 5 Gl S s ST 8 a1l ol
ST 2as 5 p sl LS oDl pon Zins
b 3l el 4y KaslS 1 eslizad Lods eslizal O sl
wan Jobe JSDNA ;5 055 <ty IS 055 16SIDNA
¢ sl 5 OlalS 43 0/V Kb o3l L asked G Bglll L ol
ol s ealial s 50 ey 3 Jool askad o3Il e
5 als SalS 55 S 5e 5o Wl bl e dald Olge @
G JSE) Ao edalis /0 Kb askd o udlll 5 8
5 bl S g ST 51 G ol s Al
oS €8 me ol 0l eslital Slojes p5b 4 aole s 2l

A edalie o zeSldl 5 OLLS (5 O3S sl

555 p il 5 OBLE W5 5 s slo il

L 055 ol 5 OWLS A5 53 50 5 S Jel s Sl
LS oS5l m b LB s ele an Ly psU sl s
E oY dolr 5o by e ilsls 4o bl 5 ) p ol
OblS ples S5 Olaar Cotle & x5 Ll 0l )
S 3 55 S (Slats iyl 5 oS vl p el 5
S93 Ggm 3 hims o 0L £ 55 53 0315 203 ol 5 4
Dot Jloiml (55 S (B e slsm slagysa Sy e s
A% e O she Dlejon by olfis (SO slax
00 31 e o dd LS €500 2 el 5 €505 8 4 Ollas
S e gl S (Y em? ssas s o3Il @) & sed sy
o g Sl Susb 4l 2l L s S 5 b il
slws a3 S ealizal L YE 1 LSBT s s lle
0393 de b5l ey S e Sl ol e medll 5 OlelS
5 dmlome SLE o Sl el ST Glags b pgemme Sl RS

e 4 ax g L Ju:.ejf O3 eslinal 5,40 &bl Lo ¢l

VFeo limo) g 3l /Y o louls /o 0590 [ S ) (Sos] § Sl § (qmwkien


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.18.0
http://gebsj.ir/article-1-405-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.18.0]

Qb&w 3 "JLJQLWLM;—\

OS5l 3 S50 (SC50sm 5 (S sl el

ook b f 93 ol LS es SIS AN Sl
03 s ekd ome 95 S by 4 03 JWE L3 Jens
s K 5 o3l Ll S 515 eslinal 3 5e sate oliises
Sl B 350 e (SSdnid 5 Surd ol 4w
Sy ks Gl 3 50 cou | )l 5 oL Ails e Ol
De iy A ey il o s 4 Lo 2S5
5 Sdker 4l deie ST (Sogd Ll oo
5 Slo mohan Lo ol S M s i 04d les s
G oy o ol 5 51 00 5 058 S8
S a5l Lime DNA 03l iy 115 dib s
Jlaz=l s w0 55 Ko /NS S5 ey ool 53 ASle e
<3 5 (Luo et al, 2019) comen 5 o35 LS5 b
L Shaal s s VU oLl s 4 S S Y 2 KS
O3 eslenal 5 50 (Rasco-Gaunt et al., 1999) s>y DNA
RRIKY

ks Aol 5 (S bl s Ot ppda L8

Jole 3 cpadn S8 S e 50 5 S SO O Ol
s s 3L 4 S35, e 3s 5 S 53 ol
S 4, PDS-1000/He 6lKemus (g0 SBLI M LaS 53 e
Hagio, ) 55 5o @bl o g gl YI-VA s (6l ados oy
SacKaus Sl oslinal b 55 ks Ok pgla Li3 (1998
g Gb S e dlesl 5 S elpdenl s lukl
el gl Ve psi o jLis (V44Y) O, 5 Sanford
pobr DL RIB L Js eap e S5 glas 208
e Bl s B sk 4 Gt Sl o4 ol
e HLid g U Gl pl) s .(Sanford et al., 1993)
ol gbls s Yo psi o VYee psiosdasolis
Sl bl a5l Jeol i 5 s 055 Dl IS
PSi sdns olis HLid 3l a5 OWLS sl o xie oS sl

(OA S5) ol o i VY e
5 oled i B 5, S 03l e b (S LT
Bl 5 ) 055 S p Gl b GBS e Ol

S s (Kikkert, 1993) i eslital 05 5 cawdl s IS
TS ol V) e psipgds SLEE L asl il OB
Soo okd sl L bS5 ke clﬂw Sy S sk
s asle EA 5 YE Gio (il A 6593 4w 3 RMOP Lass
2 A LA Ol lay es gl YU e el S
Loy sSB sl F osesl (silsime 5 uilsls wms 51 ol
S35 N eSS 003 55 g8 e (7 ) (a5
0555 K Sy DNA clle o e 5 (BA S2)
wolo §A 5 Y8 oy (8B ISE) Bad b L3 a ik
S s 3 Jel oSSk Slclie Gb S ol i
Ol Sde p g ol oy C]a“ e ol Kol
s S e odd S 3 il s 6l sl Gl s
GAomb oS 03 sl i essd Ok ladised 4 S

(C [K2) ws 8 53

(Db ols 5leds b, S WS 5 35 e g
elae el 5 el el gLl
0033 03 S 03y Jihe JS bl mb a8
o553 o Sl DNA s spdbe ssiie sbml Ll
e 035 I 4 5 S5 S b 3 s lS
S il er g e b (Sl ol
ol sl Gule Selwl 5 sk V..M.u Cdles
Zuraida 5 Y++q Jlo ;5 01, s Taha i)l 8 Gb s s
CiS s 53 adisen, B85 3L YV s O
ol Gha e 53 A slaediS bl 5 (gdaa slse (55l
Tahaetal., 2009, ) Ly oo S o5 b oo 51 ad sl
wlbr o s flas ol o) .(Zuraida et al., 2010
Gbs eas Llagas 035, g8 b Gl DNA cLle
S s a il sl oS5 e o S0ke alis
DNA ¢ 5580 G Lol iy 8o Ol)s (S il
NS sl 5o eslid sl S S e S

(8D JS2) 3 S e
by Olhdy, el g Chle Cole, LS o) ol 5o



https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.18.0
http://gebsj.ir/article-1-405-fa.html

[ Downloaded from gebs.ir on 2026-01-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.18.0]

OS5l 3 S50 (S3sm 5 (S sl el

q\)\SAA 9 y;@uw\

ladshe & Sly3 358 0BGl 3y Sy ials 5 alols
Srole & 5N Aol e G opl 45 Ll e alS
O B A S e el s (g5 Sl Sl 3L
sy Ol SSls O30 Gk 5l Ko il S i, 4 andllas
ST ol 4 S (Sl e sl (6 e Sl Akl oS
ol mE e s (s sl e sle 4
el opl (0C JS2) Wil o Aol (pl 4 by e ol IS
Wang, 2016, ) Cos 3 sdeie SliIS L Cile s

.(Rasco-Gaunt et al., 1999

AL edd e Gl sSU o el Gla uiSan 2 )
(& o) A bims ppla L5 5 S sl Lz
OLE 5015 s s blie A ol S 5 st (Sl gl
Sl o a S 4 by e 558 5 S e e

(6D JK3) Ll o V) v e pSisdiasliss paabs LLS 5o

o> 5 s 8 ol by dtes edalise b oansls (0B
5 858 mhaw 53 3 e bS5 ST 5 e 00 e
ored (VS8 il Sl Sl 055 S Sl
2 S Sl mhae a4 S 50 a4 e LIS e g
S p Sl mla s oo pd SB gl b alie
5358 il 53 ke 3 o sdaline 65l glacS S 15
ghe b ol s S B8 e S S
Sladshe 4 Spos9n slge m o JUE 4 s S8 Jaes
23 eliS g 58 b Oda SL oy ahol 5 S e S
Gos 3 D B8 Ol 5 bl (S5 iy e S
sl o bl el S adles el S5 acdl
bl S S glares s diles 2udhy IS
Bld 5 dlsy st Al glis i Bl 5l gl
Oads s S35, DNA - Lol Ol 35, ool oSS Ll

DBl b gene 5sb 4ol g Sl Ik stz ol

055 p el 5 OLLS W5 s Jles i Oley e 5 S35 ¢ 8 DNA LIS Sl 3 bl 452 ¥ g

Table 3. Analysis of variance for DNA concentration, particles type and pretreatment time in developing tobacco

transplastomic plants.
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Fig 5. Mean compression of transplastomic seedling number per shot using different A) particle type B) DNA concentrations,
C) pre-treatment period. D) Mean compression of interaction between particle type and DNA concentrations. Column indicate
means + SE. Treatment with different letters have a statistically significant difference (P< 5%).

Table 4. Analysis of variance for
tobacco transplastomic plants.
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Fig 7. A) Germination of seeds resulted from the crossing of a maternal non-transgenic plant with a paternal transplastomic plant and B)
maternal transplastomic plant with a paternal non-transgenic control plant in the presence of 500 mg/I spectinomycin.
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