Agricultural Biotechnology Journal

p-ISSN 2228-6705
Shahid Bahonar pISSN 2228-6500)
Umversity of Kerman

Optimization of gus gene transferring to Begonia soli-mutata

Fateme Hosseini
MSc. of Agricultural Biotechnology, Ferdowsi University of Mashhad, Iran. Email:

fatemehosseini12@yahoo.com

Nasrin Moshtaghi
Associate Professor, Biotechnology and Plant Breeding Department, Ferdowsi University of

Mashhad, Iran. Email: moshtaghi@um.ac.ir

Ahmad Sharifi

*Assistant Professor, Ornamental Plant Biotechnology Department, Academic Center for
Education, Culture and Research: ACECR, Khorasan Razavi Province, Mashhad, Iran. Tel:
+985131997456, Email: ahmadsharifi66@ yahoo.com

Abdolreza Bagheri
Professor, Biotechnology and Plant Breeding Department, Ferdowsi University of Mashhad,

Iran. Email: abagheri@um.ac.ir

Hasan Marashi
Professor, Biotechnology and Plant Breeding Department, Ferdowsi University of Mashhad,

Iran. Email: marashi@um.ac.ir

Abstract
Obijective
Begonias are popular ornamental plants in the world so introducing of various forms of
this plant is very important. Nowadays plant modification through biotechnology and
genetic engineering for production of new genotypes with varied forms is highlighted in
this genus. So optimization of regeneration in in vitro culture condition and gene
transferring is in priority to provide a suitable condition for gene transferring in this

plant specially those responsible in flower color.
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Materials and methods

In the first step, thin cell layer (TCL) explants from petioles of B. soli-mutata were
assayed in MS medium containing Kin or TDZ (0.2, 1 and 2 mg/l) in combination with
NAA (0 and 0.2 mg/l). For co-culturing of petiole TCL explants with Agrobacterium
tumefacians strain LBAuos4 containing GUS and NPTIlI genes MS medium
supplemented with 1 mg/l Kin and 0.2 mg/l NAA was used. Transformed plantlets were

confirmed by PCR and Gus assay test.

Results

Based on the regeneration results, Kin was better than TDZ, also adding NAA to the
medium has positive effect on both of cytokinins. In transformation process, out of
2000 explants which infected with Agrobacterium, after 4 months of culture only 17
plantlets were adopted. Of these 17 plantlets, only 7 plantlets were confirmed by Gus

assay test and PCR as transgenic plants.

Conclusions
The result showed in this species transformation percentage is low and optimization of
transformation condition is important.
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<9 MS cuiS lase > B soli-mutata 455 S e iU Joko 4 slamidigeiyyy oljasls 1ol i yigy g g0
i) 090 (51 3 25 o 012 5 O) NAAL oS 5 55 (12 13 25 (ke 251 0/2) TDZ 1, Kin (glam oyt st
LBA4404 555 A, tumefacians (oS b LigSs S pued digesny oyl Hlals g g cwiSed (lyp )5 )8
NAA 2 3 25 e 012 g Kin 12 )3 8 oo S5 (g9l> MS casS laa 1o NPT Sy 5 555 GUS 5 (sl
09251 5 VIR 5 GUS (clag5 (sl ST L jlyacdy (gloyeorss 28Ty 5l eosal s (slaazmalsS 5 )5 4 (sl - s
A ool GUS b))l

0355 4Ll g > 650 TDZ & o KiN (S g 3l (2153L bl @0 3 (Lis gy ol 5l Jol> s s
S sl S b 1 iSan ol W ad Slio plod 35t el (5t g slod 93 2 p3 culS lame 4 NAA
2000 risom ol 4 3l any ey |5 ol A a8 (o b odlizel NAA 2 15 25 Lo 02 s Ki 2 55 55 Lo
4 20l sty azalS 17 (685l alo jo 3 munlellS 2 )3 .5 o B0 (g9l o5l S laa )3 (65 b gl
4 30l GUS (b5l ysesl g jlreely csloyeerss (STy 5l oolitl b azealS T 25l 5

hUS Gl sl bl )5 a9 ool ol olS el p3 iyl Ao 3 LS oy ol aulS 18 S AT
sl I35 345 Canl ol o 5 Jasl

(Bl e e il ps Sl ST 2 glS SlalS

395 4 b .(Frodin 2004) 1:b .. Begoniaceae sslgls jl g il oy b s op 555 5l (S LisS

DS i =) 53 o e 15000 dg00 plys 09Me sy oo 3590 1835 & in cpl 3 oads el clamaisS sl
g0 4 0jgyel o LlalisSs ity g 298 00 pltl ]y & im0l (0900 (gl e (SaNAGTIND 2017) caslons
(S (Bl ol g 4 o8l ploa puli ) (5 QLS Gl 5 S s At 4y e Xigd oo Mg )l
2015 JLuw > o3l 59uS cuenl Lxd ;I (Hvoslef-Eide & Munster 2006) s9i o 0305 (39, (6L § gl
2011 Jlo > Sgw 5 cyoakee 2719 51 i 2013 Jlos y3 Gyl «yguen 13 51 i 2013 Jlo 5 sk ¢ ygukeo 2/75 5 i
&5 sl (International Statistics Flower and Plants 2014) 1555 s Jg LseSs oS ¢ygabeo 2/7 51 i
@ Coglie 5 Sl I g oS BAS Gloj (S5 Sl gy p)3 o JS ) @ by po wafitene ok 4 CEN 5 LS
L ool plow asle j i) 4565 opl o g9 bo) (Sharifi et al. 2017) wil o wwjpmé g (aw lots
Sy SUl (o35 alng 9 S5 otine JB o a wcanl oy (Sl S (udiges 9 oS Mol a3,
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1ile Slals 3 a8 e wald g0 Slad) dedin i b ()5 i) ole Bk J e Sliosad b B Wy
Cowhod A5 (6l ()b g bae Sluogas b asu )l 5 lals S5 wdine 31)b 555 9 SSue (86 ((g399b
(Sharifi et al. 2017)

9 S sle geify) jl id g Cul aldie Lg%y 148 elgil gl <L cutS ST hg) (39050 42 5]
o= 5L Ll (Burritt & Leung 1996; Burritt 2008; Nhut et al. 2010) 345 0 oslatl o135 Wl (¢l S yuod
Joole cleloslal 3)5 0 48y (slrosisS wulaid gslaw (IS job 4 A8l o0 Cglite Ay (SlaToAlS pulas 4 LaT45S
Pl g (Joho jales 5 0205 1y (Joboo mansdl g distuas 005 Sl digaifn) poled g 00y b (2D (2l el o
Kumari et al. ) coul cglie 1505 4565 4y cligS 5l as)y (clmodisS wabsts cowlio clale § o5 058 o Sy 0
IAA 3 NAA L .S 5 o TDZ 5 Kin BA s olo S st | it 2055k il cge ige <l cuis (2015
.(Nada et al. 2011; Kabirnataj et al. 2012; Shobi and Viswanathan 2017) ¢l oas ssliul

aS 1) g Ll .ud )3 e (1995) Einset & Kopperud Lawgs LisSs (Ssi gojaly o)bys &Y lie sl
Hvoslef-Eide & ) »5 B. cheimantha cciis ;> 45 ssaebn o B. heimalis olusl 4 559 03905 450l
olalS 3 S ples Jlo cpl b ws)S (ogals |y (il jiiwge yeans 5 JlusnSTACC (5 Ll oSyl 5> .(Munster 2006
(Einset & Kopperud 1995; Hvoslef-Eide & Munster 1995) il sylss aals d4u Cous asu)lp
Dl ol ges byl35 ROL 4 GUS (sles L 1, B. tuberhybrida S5 35,55 (1996) Kiyokawa et al.
o=l (2002) Kishimoto et al. .c$,5 )0 LBAGL0A cagmw pinild og5 pos yiSbg ST 5l ookl b Se55
lol® 050w cnl 53 Kidgad (3155 AGLO (sagm b (65 (ypem 5l oolizl L |y GUS (51, B. hiemalis Sz
Kishimoto s sl caw a5 olS S Lazs (1995) Einset & Kopperud 45" (s gbas g ciglize (Ls o3l
a5 bl s ) 24 (1996) Kiyokawa et al. 5 15,8 (3155 2oy 32 5l 1y Lii)ly ao,y (2002) et al.
ok ;I A. tumefacience jl esliwl L B. semperflorens sl jokie 4 (2003) Hoshi et al. .xs5905 o5
Jize oLS oyeen 4 1, (ISOpentenyl pyrophosphate) IPT 5 (2010) Ping-qu & Lei .x5,5 oslazul olS opl Sy
Xu et al. .39 )bygs 0 (S Laylyd & Comd (600 Cunglie | sali 4ol & coms ol Wg5 s )l 5 bS5,
Al SLS Loyl Lamphisl oo (65895 g ok yo Cuoguas b > oge i & KNOX 45 (2011)
FSle g ol 53 S W IS e cusgd K ol ol o siilys 9 1505 Jaxe B. maculate 4, tumefacience
o3 B. tuberhybrida ,» 1 S5, Wy jebaie 4 (2017) Sandgrind poces .05 (5155 203 S8 35l oy
oS 18 S )3 93,5 JLasi |y asgeinn, 1692 (¢ 5,8 Jano oS opl 4 A. tumefacience jl osliza L 1, F3’5°H
253,55 005 e B ol S5, T §1 S g 45 2505 g iyl
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Mg Jlaebl b 5 @y slam1 by 4 (oliwd (slp canlio bl cnl 5V g (VL (6,0 0] 4 a g L
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395 35 w9 03litul 483 15 e 4y 20> 15 s o S gun Jglono 5l gl Sgiers (el b geisn ()lo] 5
Thin Cell ) LTCL a5 ly obladl cuond 1 S prod slasl 9 (905 i 1 oy 05 guiitanss o yiasl I b jlise
sba cale LKINL TDZ S gt sols MS cuiSlame )3 adigeisyy . ool yio i 93 caalsus 4 (Layer
5/8 L 15T 503 018 4 5,500 auoyd 3 (12 1 2,5 e 0/2 5 0) NAA (uSTL S5 o i) 13 p)5 e 2 51 012
155516 93 Uy sS4y ialegl ol 5 S S Lagms 12 oo 12 sl (652 o 50 elo JUug > PH=
5 plorl 1S5 e b (ol MalS' oo B 55 (o 9 L (ST g Cale i L tsS gts €59 99) (ST 9 (S s
A5 (6,0 (S0, celw 8 g olisgy el 16 (oy95 Lol b o5 il 435 25 F 2 clos b sy U1 > Wadiges o,
igaiiny ook oy Jolis 2l3sl (slojalyly a5 plosl s cutS Lo 4 ladigaiyy cutSly catin 4 o ol 5l
e e 351 55 5) )y olass oS 2l g pgd Sy Lk 2liadsy 2oy g 2l Loy (s s ao )
05 ()b bl oo cutSly (bl > (e e 351 55 sl ad ples Jobo (65 Sk ) o oo 5 (Usbo

LBAA404 3155 puindldm og5 posyiSg ST 51 Giolojl ) 103liw] 3590 dnowwdly g (6 5L Olasuiin
5ol cps GUS 55,155 05 9 NPTIT s lblS g 51 a0 canglin (L5 5 slyb PBI121sesdly Jols
STy dcus A 5T030atl Slyacly (gloyors; (2STy S uindliTpog psn g ST (68T 2l (gl (1 JS) aseolin

lod imoslinl aob ¢ iS5 e (1J9a) NPTIT 5 VIR GUS (lo; colais! slo S5l i onlitul b a5l
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as$)3 a5 308 sl 45,5 55 5905 NPTI g GUS (clam 5 cly 9 51,5 (lo 45,5 64 5905 VIR (5 ¢l Jlas]

A plosl 4 ya 35 )3 5,5kl PCR 4 i

FJJ2002-14 FJJ2002- FJJ1999-12 FN2001-15
L =
RB aTG _ Tea LB
i - i — | ] | -
. mNoSpror= NPT Il (Kan') = NOS-ter =CaMV 355-pr0: ‘i A-glucuronidase (GUS) HOS-ter
[ 5 s 1 ekl .
: 795bp 1812 bp ]

GUS (5 g9l PBI12L suonsdly prguas .1 JSW

Figure 1. pB1121 plasmid containing GUS gene.

NPTII 5 VIR GUS slapyj oolaid! gl 550 Jlgi 1 Jouss

Table 1. The sequences of specific primer for GUS, VIR and NPTII genes

(b cdz) Jpae Jobo Sl Sl Jlgs Sl pb
Length of fragment (bp) Nucleotide sequence Name of primer
Forward 5'- CTCATCAGGCACGCTTG-3' )
1056 Primer for VIR gene

Reverse 5'- GCGGATGCTTCAAATGG-3'

Forward 5- ACGTCCTGTAGAAACCCCAA-3'
1100 Primer for GUS gene
Reverse 5- CCCGCTTCGAAACCAATGCC-3’

Forward 5- CAGGTTCTCCGGCCGCT-3'
900 Primer for NPTII gene
Reverse 5- GAACTCGTCAAGAAGGC-3'

sladisain) Gi5S Can mnlellS cuslio ClIE s (4l 1 BRE] ClS bapme g (uiSod byl

£S5 ke o g NAA 1 3 55 Lo 012 gl MS cuiSlay=e ,5 B. soli-mutata olS TCL (sladiges s, cais )5

e 2l el o cazS 1 )5 0,8 ke 100 575 50 25 0 Lol s loblS cilises slaclals o Kin ) s
WD gyl cablaly ds i

Il gy g0yl buly s 5> a4l ws,y B soli-mutata syl claazals I TCL (ladigesss, cwison iy

ciS Kin 2l o o8 o S s NAA 1) 55 2.8 Lo 012 sglo MS et lamo 53 Jloss iy 90 4 b 350352,

s 5o 600 5o Jsbo 53 551 OD 8 (oloj 42585 15 oolital 3,50 (6,55 b (285 0 e i Sy ] dmy 505

GSU Cygmmilgw (1950 5 4883 30 oo 4 o glazin 5 TCL (cladiges oy b o3kl iSon (cly oy S5 1 0/8

WYgog,Se0 100 Kin ,d 13 5,5 o 6 NAA 2 13 5,5 Lo 02 cols MS coiSlamo 13 g 505 03l 1,3
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» TCL ageisn, 2000 3503 e )LST ao)s 0/8 4 5,151 ss > 4w (Kishimoto et al. 2002) o pogiul
o Ladigessyy miSon jl el 12 5 48 cso (b jl an .85 51,5 oslitl )90 (puisiild ag5 p2S1g ST b (iSon
50 5 paSLighw -t 5 oy 5 o 500 KN ) 3 5 o S0 NAA 1) 3 55 Lo 012 gls MS cosS oo
Jrsb Cap ond 3y slbazalS atin 6 )y bad cutSly LSy atin g o g A8l JUES] punloblS 120 10 p)5 e
adyy Mo oliil cuiS e (pon )3 laazalS a4 dngi b 5l Jie (panleblS 08 ciS laioe (ot 4 (0
58l U] 1L s b g g CansS oS sl st 41 ()l (6l cidge

— Lt 1 ol biorte sl b 43lS 6,55l §) e (GUS a3l 9 PCR 1 oaliias! by ity ) 5 g
B o5l cudlsd oanlie 9 QUS Jsloo a5 1y 48 plol GUS (o)l (g0l (Jlois! a5 (slaaalS )3 jlasig o8 ol
SosS slb Sawd g angg Jleisl aiso )5 asls xis asmealil (1987) Jefferson et al. Josllygiws I jlasg, s VIS
o B (IS g,y Alus o e 4 31,5 Sl a3 )3 3T (sled y3 ladiges ) BAS H9dboge QUS Jgloe p Ll Sy )
& Sy g 45wl Oygo p3 b g 2oy 10 JSIIL b g ¢ ol (o puSsy Gl jolaie 4 Site oyl (b ]
ol onlie B Mt i) 50

Juisl 03 J5-Sse 0B ogeil 390 £5Y GUS (sl oigesl sl oolizl b ol a5 ol (255 5l
o3 ST 5l oslizd Ly 5 .8 g0 DNA zletl 1aasli ol 5l ol 558 &0 sl oyl sy p asily
clatiges I DNA g5l jslaie 4 .15 ol PCR guasea 3559l g 5 plocl PCR sl oy VIR  GUS

(Doyle & Doyle 1987) s oslizwl CTAB g, 5l disu |yt g a5 olblS Sy

cou g b
Jgi2) ol il g 4355 ol el B sOli-mutata (21530 p CulS basco (90,98 oS 5 451
2 sy 2050 Slaio ples )3 NAA (S e 315 25 GoglS Loy 3o 2l 590 Slio plos r tsS st 51 (2
slewi 93y W NAA 12 56,5 Lo 02 j9an a8 ol (L by 03l (1Sl dunlin zulis 39y 4l ine o> D pxlaws
5 gaifny (o 0155 1o)d 0350 s 330 Dliio plas 3 KiN (yizren (3 Jgan) a8 Clio plos 29 el S gt
5 il Lo o Slas ples )3 T cbale g S g blate 1l TDZ & cons g yue 51 oy 45L5 ao)d
045 Ao yd (i &S O L ook 1 Slee dunslio (2 ‘_Js.\?) 390 )l ime duopd gy grdaw ) 0l Mg S dlaws
26/25) aSigeisn, po ol 4 ond g Sy ol o (100) Ll asls oy (42/5) oy wdllS doys (100) wgeiy Sbo

iy Sl oyt Cpiomen el Cowts NAA 1) 1558 L 02 g Kin i 1555 o S gols catS baymo (s

94
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500




1398 c‘)')&.o@ 9 o>

e 072 5 Kin ;) )5 )5 (Lo 0/2 (gl> oS oo 3 (520 (oo 35/TD) aigaifs y slil & 4ty Jsbo g (32 46)
ol bl 5> JolS 4zl g g S e digeiny p0 45L5 il W2 JS (3 Jaz) ael sty NAA 2 3 o5

a3 (oo oL ]y 950

99 opl bl pd y3 B soli-mutata 6igs o550 & bty Olhuo (il jlg 4305 .2 Joas

Table 2. Analysis variance for regeneration characteristics of B. soli-mutata in in vitro

condition
&y Bls oy o) Loy ]
(50ske) Aoy Dl S poolaw sl as g s @lio
Shoot <l ol Slo o
Root Root Leaf Degree of  Source of

regeneration Callogenesis  Survival

length number  number freedom variation
percentage  percentage percentage
(mm)
172.93 77.34 18.25 860.82 209.35™ 0.13 5
Cytokinin
OS]
7482.25" 12191.84" 5220.06" 69086.61° 70201.59" 4.30" 1
Auxin
OsS| # 0S g
372.96° 228.84"  27.52° 24844 22941 0.12" 5 Cytokinin*
Auxin
(5SS
3.37 2.39 8.78 48.8 84.39 0.02 36
Error
(4252)
15 10 4.7 19 8.3 0.3

Coefficient of

variation (%)
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s B.soli-mutata g1y aday 9 ol 43U wbo o NAA (ST oyl5a0 5 CoieS g 531 .3 Joa>

959 (! bl o
Table 3. Effect of cytokinin and concentration of NAA on mean of shoot regeneration and

rooting of B. soli-mutata in in vitro culture codition

adyy Jobo 35 Joyd
Lo yd Loy
(ogsh) ey S S ol s oSl clile paSswclle
e = ol Sleey; S gioms
Root Root Leaf  gphoot Concentration Concentration -
Callogenesis Survival Cytokinin

length number number regeneration of auxin of cytokinin

percentage percentage

(mm) percentage
0.00d 0.00i 0.00h 0.009 0.00b 0.00i 0
0.2
13.25¢c 12.00fg 0.00h 0.009 8.25b 37.009g 0.2
0.75d 0.75i 1.50fg 16.50 fg 5.50b 27.50 h 0 TDZ
1
19.75b 20.75d 0.00h 0.009 23.25ab 57.00 cd 0.2
0.00d 0.00i 0.00h 0.009 0.00b 37.009g 0
2
13.00c 16.50e 0.25fg 1509 16.50 ab 57.00 cd 0.2
250d 0.75i 0.75fg 11.00 fg 0.00b 49.50 def 0
0.2
35.75a 46.00a 15.75c¢c  83.00 bc 0.00b 61.25¢c 0.2
12.75¢ 9.50gh 5.25de  49.50 de 22.00 ab 53.50 cdef 0
1 Kin
19.75b 40.50b 26.25a 100 a 42.50 a 100.00 a 0.2
12.00c 11.25fg 3.50ef 70.75 bc 16.50 ab 54.50 cde 0
2
13.75¢c 23.75¢ 21.50b 100 a 0.00b 7750 b 0.2

S5 ()b dxe BB 103D Jlass! g 3 (Sl (glaialy six g0l bl ygie y2 p3 Al g (b (ol Silo
Means within a column followed by the same letter are not significantly different by Duncan’s multiple

range test at 5% probability level.
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1Cm
(a) Spwod digoia, o 2155b W (cwly) B. soli-mutata sLS 3 ALl ol550 Jalpw 2 JSWS

oaws 1330 axealys

Figure 2. Shoot regeneration in B. soli-mutata, right) regeneration induction in petiole

explant, left) regenerated plantlet

05 L oo 6 MS S e 51(1997) Castillo and Smith s 15 (Solegw (slacps Mg ¢lp
3 (asges30y s glil ey 242 T0 L5 60) i sl sty 50, o0litd LS 0y oy 93 5 KN 2 1 2.5 o
3=, 5| B. tuberous (¢sLssjls, cogs (2005) Nhut et al. sl custs Sy (cladiges o) 1 odel Cawnts slam1 ugls
(3 foity Gt 5 153,50 d TDZ 5 32 )5 o 012 L osis i caiS b > 5 oo TOL. slaige
eSS So g NAA ) 1 p)S Lo OILBA 12 5 5,5 Lo 05 L o JeoS5 MS S lagma jl o St (clasls
L Sy ;» TDZ 4 Kin BAP (clam 48 510 (2017) Shobi and Viswanathan .. S el Jlé Ji&; 2l
O35 Ll Lol ,3 oy 3590 BL fallaX 1556 0 1, MS b cuiS e 3 NAA 4 IBA JAA (lam oy
2 sl 3 aelsd sl oS 5 e NAA 20 132571 Lo 05 5 BA 11 15 £ 571 Lo 05 (g5l S Laioms 1558
s glite cmgly cely Bl e bmais Gglize (K55 gl lile 4 cul ol 1 S LisSy cilie clmaseS
AbbTedd cusS bass (Sgeyen LS 5
byl 43 B. soli-mutata 4595 ol j,l 3,90 Olao 9 LU lideo gacdile b1 o)y
» B.osoli-mutata a5 obj)l 590 Slaw s s leblS calises lacdale 31 by 400 g gls 19 gy
Salis 1oy> 5 Jlatol g 53 i3l 203 5 (Slowdij suoys ylas jl il laclalé oy o o Lt gl bl
CrmnlablS” 2 )3 28 s jho clale 13 (105 100) 1530 5 (w03 100) Sleoss oy oy yitr wcudld dg2g (53 ime
5 S e B0l 1 o &igasy (10,3 25) Slooss g (w0 11) (2l a8l o> 4 a2 b (4 Jga2) b oanlie
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Einset & .. oolat .l Azl e Sgad iy i iS5 sl ool slaccis o » cbale il bl
ecble 51(2010) Ping-qu & Lei 4(2002) Kishimoto et al. (1996) Kiyokawa et al. (1995) Kopperud
clale ol a8 s 53 05,8 o3l LisKy 1503 cladieS w5 )5 cladals i cas omuablblS 2 )5 p)5 Lo 100

(3 JS) 0535 ladiged 3oy pled (Sibgu Lvge 9 039 cunliol B. SOli-mutata 455 )

Ot U Sgm i e gLCIIE gols CuiS lawmo 45 B. soli-mutata gbasals .3 JSW

) 3 5 e yio (o o )3 5 eo 25 (Lamag 53 53 0,5 ke 50 (S
Figure 3. B. soli-mutata plantlets in media containing different concentration of
Kanamycin. Right) 50 mg/l; Middle) 25 mg/l; Left) 0 mg/l.

gr9cn] bl pui 3 B. soli-mutata byl 3,90 Slio o s LUK e gcdile 514 Jgas

Table 4. Effect of Kanamycin concentrations on regeneration of B. soli-mutata in in vitro

culture codition

(3 2 15 ) oS clile

el elsasy o 085 oy

. . Concentration of Kanamycin

Shoot regeneration percentage Survival percentage
(mg/1)
100 a 100 a 0
66.25 b 81.25a 25
11.00c 25.00b 50
0.00c 15.00 b 75
0.00c 750b 100

B85 (g e BB )3 5 Jlain] aws j3 (Sl (glaials wix 05T ol 3y yb y3 e gy gyl (clanSSle
Means within a column followed by the same letter are not significantly different by Duncan’s multiple
range test at 5% probability level.
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A5 3w, 390 6 5SL )3 Lg§ ol yeas NPTIH g VIR« GUS 5 dlm)f)'l.é] b shesds (glopuoi; iiSTg 5l

ol o o3l L o8 5l 45,5 55 953 Jlasl sled 3 GUS 5 ¢l PCR STy aoms 1 (ol aigei 4 S5 o

e e —— 1 1 00bp

(2¢ 5,k ple (1 Sals Agrobacterium ;5 GUS (5 jpas & baspo (55U céa 1100 Wb 4 IS
55 w4 ;3 55 Jlail sl (3 4 31,8 gilw 4 55 53 Jlail sled

Figure 4. The 1100 bp fragment for the presence of GUS gene in the Agrobacterium. well 1)
Ladder, well 2) annealing temperature in 53°C, well 3) annealing temperature in 55°C.

CTAB )5, 42 B. soli-mutata sals cladaxals Sy ol I DNA gl sl (disy )15 LS b
2yl DNA Jlie L5 slacSy 55 el SUIST (oYL ol 3439 J> 4 Jg (Doyle & Doyle 1987) i plx!
» DNA £ 550 38 Jlibe cunsy cpyie )3 9 35 5 030l gl b oad zlyseiol DNA s 59 Sl jlas o
b gt e (1995) Einset & Kopperud g, ;5 s 20l slgiti 4 Ly Joallygiand ol 1300l sty y2dg Sl
135,50l gl DNA i sgus sl o8 15 2ol (Tris 10 mM, EDTA 10 mM) T10E10 S 3L,
Doyle & Doyle g, jl Sl J5 50 Lg% o i g 05U slacSy 5l DNA zl,5l 5> (2005) Forrest et al.
Sl 53 5 003,50, LsSy (elacS s 5 DNA gzl St 4 (2012) Chen & Mii 5,8 osli.d (1987)
10 mM Tris Hel + 10 mM) T10 E10 ,sL ;1(1995) Einset & Kopperud g, b Liss claSy 5 DNA
,» (1980) Murray & Thompson Jedlygiws (ulwly CTAB g, 5l s 9 03,8 o3lisiwl guitunis (sl (EDTA

23,8 03lizsl DNA gl 5zl
58 Shws i ild og pgs Sl ST 5,5 L B. soli-mutata 45 TCL (s wgei, 2000 iSon I e

26 5 celw 48 loj sae 32 48 w55 1550 CraanalabS y2d 13 )5 (Lo 50 (ggls o] cutS Lo )3 lamdiges ) 5 ae
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L auwlio ,d lamdges sy opl 5l oad 5L slamamals als ;5 . x09 03905 (b |y (68L b aiSen celio 12 5l 22
gy Lamasals (ol cusS e (i 5 atin 1251 G cplplo 053 osalie 45, a8 aald (lamasals
17 Loy niSon gl jl azin 14 S 1 Ly il JUis) (ppeg bl g 51 86 MS S L & 45, il
5 o b o2l LT s 4y iy b olpon Cp oSS s 1 Lo ol (65500 (gl i) ()55l b po ) azeal S
139 sy JLsb Camdg 3 8 sz sla Sy 5l (00 S 8 oo L) S canlio 1) 5 )55 5l 55, 60 cusls
05 ol i) 0nd ,3ko 4zl 17 5106 JSE) 8,5 41,5 oolinal 5,90 s (sla 2 52 9 45 g5l DNA
GUS (5 slan Sl jlho sl opos; ,28T5 (B US2) a8 10l o ol g o8 oo (o 5 olS' 7 )3 leis GUS
Ol 1y GUS 5 5> & byye (65 cin 1100 b azealS 7 lon s 5 1 plosl azealS 17 ol ples g9, 2 VIR
Dol s [y VIR 5 9 a0 bgage (65b cuin 1056 b plaS” zn ¢ (7 JS3) ol
odlil LBA4404 ¢ :SU slss 51 B. tuberhybrida o GUS -5 Jisl <), (1996) Kiyokawa et al.
31 uSTACC o5 s9els (¢l (1995) Einset & Kopperud .uss,S i,l5S doys 22/5 1) 5w )l doyd g 23S
03 355 ol 5l edliid b 55 (2002) Kishimoto et al. ..s,S6 su)ly doyd 4 (6l o)Ll Lol 155,S oslizasl 55 ppe
oy 5ol )5 oS 2 L niSen 5> odlitul 390 diges 3y, 028 1wl Ll .58 Jaxe B. hiemalis « 1, GUS
B. oLS 1> alol digai oy 4 s Lojayly Mo y> (2011) Xu et al. .5g o3 16 & v o)1 3 Joiaslys o yd 48 15 5]
B. oLS ;5 1 ) Wy ¢l (2017) Sandgrind .wss,S )55 518 b 1T oy (6581 o815 & 4z |, maculata
doyd g 3038 Jite olS oyl & uieils o5 poy SLg,S1 GV310L oI5 jl eslazwl L 1y F3°5°H -5 tuberhybrida
Oml s olS )3 Gyl woy o sl (al e Qe ol SIS gl ggeme > 38 IS |y s 1 il
inlesl opl 33 osel Conds gl b 45 Wgud 00l iSon algl digeizsy (60bj 2w Cansl p3Y a5 olS g5 (sl g ol
oy g 3 Jrols (f Cute Glo b aoxalS Cdm dgae (IS o (5 dgei; e 93 5l 55 pole (e )3 ) bl
5 2losdgn Cluogad 4 dtwly of JUEl 3 olS (pl SOty Canb atdl 2ges Jols |y dop> 4 1 5 omly (85215
05 JUl oS (taliél glate 4 Jlo cpl b i o Wl byl (Sogll 50 (S)lojl i L oS canl ol 53 S8 5
il oS Wl Jalge 5 (tSion (loj %03 sl igai ) s STl ilisen (sla bl (2 (65505 Jelgs sl e ol gl

xS 8 e oy 590
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Cod 1 + CagS 95y ,d B. sOli-mutata aisw 1,5 olS .5 UG

Figure 5. Transgenic B. soli-mutata in CocoPeat and perlite medium

(o Cuonw) didy 5 sl 2L 0LS > of S,

Figure 6. Blue color in gus assay of leaf disk in transgenic plant (right) and non-transgenic
plant (left)
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wﬁkim)aomw}?&hl;(181791691591491391291191099989796

Figure 7. The 1100 bp fragment for the presence of GUS gene in the transgenic plants.
Well 1) Ladder, wells 2-18) Selected plantlets in media containing Kanamycin, Well 19)
Control, Well 20) Negative control

g5 Jlgalol BB 5 oo sl i) 4 (2lis po3) 5 LisSe VL ()l (35 4 az g Ll g 5 oS

3,90 B. soli-mutata 455" 4 5 JEsl g o550 Ll b dlo e 90 )0 pols ipgh ;0 olS cpl )0 was slamip s
O 5 D ke 9y Gl Bl 50 Fhees wisein; 5l olS 2l llpn Jgl Al e 0285 15 L)
208,85 Syme NAA 2 0685 Le 02 gKin o 005 Lo 02 g9l> MS csS oo oS lausme
S )l LS S sl b ang GUS K555 05 2 e 955 cnl @ o5 JiSl Ll g0 al o
Slas 5l Gile] bt gemme 5o b oolitul renlblS ) 3 0,5 Le 50 (s5l> bl coiS lae
adgl dgeitny ool olows cuwl p3¥ aiz |5 olS adgi (6l g Conl by LigS a3sS ol o (5,15 o yo aS ols
o 315 g7 6,50 Jelss ol yige oSl 53 05 JUE (oIS Gl jslate &) (prizad g ool iSen

255 5B Sy (o )90 gl 0aiiS Wl Jelge g (SiSen ploy 00 sl Lgain; (6L Calia
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