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Figure 1- pBI121 plasmid containing the Chimeric Chit42 gene fragment.

L geiny §l 2 pem bl Chle g5luang
lio ke o (6 LU 2 S e Yrr 5000 e VOO0 YO e glaclale 5 Ll JrlesT G o
S e b alar oS sbas - b B s e gl “Mariachi Pure White” (35 S 5 axlas 500525 5l am LIS
Y Jels 5 0/V pH p)tfij;g“,;/\”,;yﬂjﬁpfm ShIs MS CiS Jaes s S eslinal 1S5 5 e
S g BT A s me HUSS skd 534S s B A slas s s TBA) sl b &) p S ke
Gladaos 4o Oly glacals 53 5 03 13548 05 SCn /YT (S5 s 18 b iiS Jamms 4 035330 51 i rmmm LUIS
A S I3 YO les 5o 5 SU celu A 5 lsy Cell V8 Ll GBI 5o e LA 02558 2 S CliS

Olen b atis aww oo 5l ialasl 3550 ladise sy 5 by LIS w0 slel ciS s penllS s S5 slacble

Benzyl Adenine -y Nopaline Synthase -\

i) ol 5 )5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal .6.2.147 ]

VESVEV (NP (1 Fee) s 0lS 5 S

Gloparle B 5l S glakipein, atis 23 5l e 0Ll 3 LAE it gde SIS 55 4 cpemblls chle
L 8 18 b5l ssse 155k as 5 OAS A 5 DA 555 ( S 5 K
S5 ab
05 bl e L A, tumefaciens s :SU LBA4404A w v shils S5 wbe lases 53 S e o 0XO (laasks
Code 4 IPM Yoer 5o Sl 555 b5 s g odewy */A (ODgoonm) 55 & 40 4lus <S55 o5 Chimeric Chitd2
e ai3 Y e 4 oS ST 5 A SaoliS ol Ok cdame £ 50 Sler 5o (Aisg el esls gy 435 )
o abe e 3 pH e (55 ale Lame ¢ 5 AL s Sl 5wl Jae g5 ol A sl pl b LS
Agrobacterium %, b gl 4 g a8 5las 05 Jsl L S5 ale s 3 Sojlaa g S Oljer 5§55 o 5
Jolo s onl ool Sles Slez A S 515 Sl ssse DSS25 0 5 5SS an b ol JelS ) sbay - b LJG s
D5 d s abe e 65 ke

53850 A p ST el O/APH LMS A

553 2 e ST el eae O/Y pH LMS B

5555 A 20500 el ene O/APH L%MS .C

VPH b pleb S 2 o SN0 5 jass ojbas 2 51 p S0 05 580 2 5 p SV glb LB D
S
Sl andad s s st Cad 4 B LA a3l 13 el ol3aS Bl LS ch, S5 ale Sl e S le askd
A e S Y Jols OV PH L BT 23 o SA 5 5585w 2 2 p ST (ks el MS 23S0 Lo 40 S
LS Jime o sedes 453 YOEN (los 3 5 SOU JolS sb a Ll s sl sy
S N O
SONPH L 5555w 1) 2 o ST Ghls e MS sined Lass b S sle andsd (23S 0n 51 555 4w S8 51 ey
el o3 Jade DT b 4 e sn e D 0313 5 035 10 De wp oenSU sk 2 g S ke Frr ol
g 4 S 0T Cusby WS B Lds eals 55 el ol5348 Slo Al 5, S o gla ankad OF 1 w5 Lds 2T
LUKTJ:;M;M;};,M,gﬂrﬁm Gls dole MS o el 23S0l i S ases 0 S (gla andas aslsl s
eSU ke 2 20,5 en Voo s el 2 e S e O olimn il i 2 g S ke T Juli 5 OV pH
G sy GBI 35 o gendis a3 YOV (slos 53 5 S0 sl A 5 plidsy cele V8 Lol 3 55 5 s esls JLaz)
LS A & g axke Hler B an e bio )Lt Ll 0Us G855 i Jaoes 5o )L G e 4 o badiged LU
S e 55 S35 55 53 (bl 1) 5 e S Jee O (1) ol i S s 5 i3S e el ls
A e S e VO L) St S Bme 55 iS55 G (e bl ) e S e 00 (s1) sl

'O\

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal .6.2.147 ]

VESVEV (NP (1 Fee) s 0lS 5 S

4 0L 3 Lol s L (GAQ) el S 2 2 08 oo /0 L s oS sis 3 (g LIS (58S 5 51
s S g Jsh (NAA) "ol Sl ks 2 5 0 S e /0 Ll ol5adsy Jaome

PCR 5 s 55 DNA g il

O3 2575 Al sl s el Sinaclon Plant DNA Extraction Kit.50T-EX6131 =S 3l eslizul L olS 53 gl A
5'_-TGCCTACGCCGATTATCAGAAGCA-3' (1F24) 5, i 3T .t sslizl 035 3T 55 31 Chimeric Chitd2
sbul S5T i 5l LPCR ams o o35 5-CTTCAAGTTGCGGTTGGCCTTCTT-3' (163R24) 5, o S5 5
Bio- o5, cxle) T IS ge 5 ol ) eslizad Ul ealy ast o (2ST5 b e 3L G VAP 5u= Jsb 4 (glankas
DNA 25 Son # Ol Sea VYO 55m STl Sea VYO 5500 ST 2815 OS5 L (K el 528 Rad
a5 o STy sl g a3 S bl )5 S YO olg e 55 S 3 )5 S VYO Se i 5 a5 S0 ¥
w5 AF 4SBT Jals 4 o YO (g a3 40 sles b 4ids 0 ke 4 3l o pils asly alid  5lalds
S Gl s 3 VY (Lo L alBa V OLL 5o 5 o sedis a5 VY 0B ¥ (i a0 P 00T (g
38T U5 53 Sy 4z a3 ges S ISGlasn 5 olis 3 Sliedy 45 2 OLL 1 s S las UL
A3 8 (K60 425 Major Science S i ol ol8aws) 55585 53 5 A o155,k do s V/0

UV
Dpo3l b dals slaamalS L oamul 5 slacnY amlis 51 B Soley & avil s slageY STy oLss) oy
S35 S 330 0> S Fosolani S by a5 03l ol 53 ks S eslinal pdies Js orlg b S 4 oo
S Sl b s 5 0 53 0 L MS S e ls 6 eslinad Soles Ol 4 g 0dd C2S PDA Lo
azalS Olyr S g n ml 53 A els 3 Fosolani Soley w1 e oo SO e 0 e B VO 2y
Al azmalS S o o3Il pa Ly 55 o8 a5 slacnY Ol S s VU Lo 5 (it J28) sl Ol e w1 5 8
1358 JlS Lyl 15 6 i LSLL L Las 53 5 b o3l 13 Sl spn 5 5 el o108 SIS Il 5 s (s
Gl 5 135 BB s Soles wltr a5 S o sls anlad Sleodis oo Sl 23 53 e 355 0l 3VL b, Lol
sin 533 s 45 il B CB S S5 s 358 Sy on ek iikle S s 5 e ,m ol eals 53w s 453 YO
oS ol a5 e Cslie L3l 5 3 S 1 S e 5 g n xin Fosolani 3 ley 4l
A3 S asie ol sl 5550 Ol 5 0B S0 51 sl gle Sl

bl 3815

el DS 550 5 LY L5 0l ¥ s L) sSE o son halal oS sk 4 S - b B s bl a e
313 305 ooy 3 015 (slamals i 0 paT 31 onlitd b Laesls (5 Kibie dnglin .4 2l SAS (5L 51530 o 5 L Laosls (558515

123 S & 5o GraphPad Prism 6 1350 ¢ 5 L

Bioassay -¥ Thermocycler —v Naphthaleneacetic Acid -v Gibberellic Acid -

QY

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal .6.2.147 ]

VESVEV (NP (1 Fee) s 0lS 5 S

o g s

Laeip, 65y WSS 4o 3T Ogline glachls 3

S pl gl Gl s sl il el 5wl Gy (S L et alal) ai )l 5 OLLS W5 L6
nptll &5 gl PBIL2L oS -l a5 b Cods cpl o oliaws gl .l alS Ki 505 L6 wleal ons 0 5L (s
sl S ele Oy a4 e LblS lize gl lle 1 cdas o Ol 1y e LblS &0 oo slio 05 ol 5 AL 0
# 3 o e B 2 e S s Yoo 500 lasles i 03 .28 S 13 abiol s)se S sls wakad Sains )
S e S e VYO 5V e slasles 3,3 5 (H G Y JS8) s e (ilesl 5,50 S gla anked alel azin
SEY JS0) s S sl e ol 53 o)l b 1550 s 5 S 355 b Goled 5 doir S (sla anlal 51 I3
A edalie Ol s elestli 35l 5 Bas 355 S sla anlad esbllS 2 0 S L VO 500 slajlog i1 s (F
Sl dals e 4 Sl el 2 p S ke YO Lla s skd 13k slaeslsls Jles (D 5 C Y JS)
5> 5 A5 ool 3Ll 28 Base (sl oLl 1) p S s 00 Olpe (BY JSK8) ils (5ls pmn 5 S i
A3 amsblS 2 0 S e Ver 5 VO polie (5 Sl e s S e Lok gl sy SIS 5
Al a4 S

oS o O Sl 5l a3 O SKiagsy L3 o550 cen S gla aalad 1) p S a0 clale s el cnl s
Azuma et al., 2016; Bradley et al., 1999; Nakano, ) L5 5 o3 S esliiusl sl & 03 Jlasl i S lases gl 0 2 5
S Jasme 313l i S basme 3l éa estled @ 05 JUs! s 2017; Laura Semeria et al., 1995;)
(e oo S s 53 Jiagh ool 53 (Chen etal., 2010; Semeria et al., 1995) s S eslital e 5 Coew
Ly 4 (el s o3 5 58 @ WU ) 0 S (o V0 S (25 lams 03 5 &) S (e VO
S 38 o S (sla andad wgmines 53 slels 2155k 5 Sl Bl amlbblS 1) e S ke 00 clile oS
(Mercuri etal., 2001; X3 o g (S Jams (gl o sl 0 05 JWH 55 Ll 2 50 S L Vee clale
Voo oS e 5l sl 4 GUS-INT 5 NPTIE glags Jlsl ,s> = Thiruvengadam and Yang, 2009)
(Guan etal., 2014; 55 ila3l cpl 5> Sloim 23S Lasea L Ol g oa o5 i3 S olial oeslellS 2) 0 S e

.Semeria et al., 1996; Thiruvengadam and Chung, 2015; Zhao Qing et al., 2012)

oY

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal .6.2.147 ]

VEVEV (TP (O F ) s olalS 5 S

e 5l S e ankad Kl G5 e LU il glaclale J1-Y JSKS

LB 5 Y e =H 400 =G VY0 =F e v sE w0 =D 00 =C Y0 =B ¢ =A () 5 0 8 e adsloclils Juls ) les

Figure 2- Effect of different concentrations of kanamycin on leaf fragment explants of lisianthus.
Treatments include concentrations (in mg L™): A =0; B =25; C=50; D =75; E =100; F = 125; G = 150;
H = 200 of Kanamycin.
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Figure 3 - Effect of four types of inoculation medium on the transfer of Chimeric Chit42 resistance gene to
lisianthus cultivar ‘Mariachi Pure White’ on the average number of regenerated plantlets on the more
stringent selection medium (containing 100 mg L kanamycin).

Means with the same letter(s) are not significantly different according to Duncan's multiple range test at
1% level. Red lines represent SE.

A- MS with pH 5.8 along with 30 g L! sucrose; B- MS with pH 2.5 along with 30 g L* maltose; C- %2MS
with pH 5.8 along with 15 g L sucrose; D- LB containing 10 g L* bacto-peptone, 5 g L yeast extract and
10 g L* salt with pH 7.
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Figure 4- Confirmation of the presence of 182 bp fragment from PCR product using forward primer
(1F24) and reverse primer (163R24) of Chimeric Chit42 gene in transgenic plantlets.

1 and 24- Ladder; 2- Negative control (PCR product of distilled water with primers 1F24 and 163R24);
3- Positive control (PCR product of transgenic Agrobacterium single colony containing plasmid pBI1121
with 1F24 and 163R24 primers and expected 182 bp fragment amplification); 4 to 23 and 25- Line
numbers of 1 to 20 and line number 21.
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Figure 5- Percentage of ‘Mariachi Pure White’ lisianthus leaf infection during 14 days of bioassay with F.
solani pathogen isolate and comparison of leaf infection of control and transgenic lines.
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Figure 6- Lines confirmed by bioassay test by F. solani pathogen isolate.
Bottom of petri-dish, young leaf of non-transgenic plantlets as control (severe and destructive symptoms
of fungal disease due to the isolate of F. solani pathogen after two weeks, in control plantlets) and top of
petri-dish, young leaf of transgenic lines (without symptoms or with limited symptoms of fungal disease
due to isolate of F. solani pathogen after two weeks, in transgenic lines).
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Table 1. Transformation rate of lisianthus cultivar ‘Mariachi Pure White’ with fungal disease resistant
gene Chimeric Chit42.

YO 5l edd (2155k slazals jled 05030 g ok Aol slacnY Hled odd Aol a5 glage Y led
sS/Jg axkad & god 3y ol | le Y\ CM 3 PCR (T S Qjﬁ)] .h....‘,;
Number of regenerated The number of lines confirmed Number of transgenic lines
plantlets from 45 leaf pieces by PCR test was separated froma  confirmed by bioassay test
explants total of 21 lines
24 10 8

Aol & i e xS wedipd Bl ras ol S SlxS T 5 ol Y e 05 Chitd2 lissS oo 5T
Sl Lzl laesl s 55 53 (6l SUaS Sl & s S ol O Kta s das e il Bl opl i
Y& 1530 (Kowsari et al., 2014; Kowsari M., 2016; Matroodi et al., 2013) 5,15 Chitd2 LaS & s 455 LB
ol Ji,l5S Chitd2 3Las 4 cund (5,08 keSS s (Fanetal., 2007) s .l » 0/0 5 (Limon etal., 2004) stws s
@ Cuslie L35S0l s (g mhe piSe 05 cpl &S A eals JUisl IS & 0L s 5 Zigel baw 5 g elS 5laS 05 .ol
(Ziaei, Motallebi, Zamani, s e L) 05 JUsl alie gla Jiass ;3 Chitd2 5Las 05 4 Cond 1S 55 56 slas sl
sl slas V‘u'j Ol b s 8 5Lies o and Panjeh, 2016; Ziaei, Motallebi, Zamani, Zarin Panjeh, et al., 2016)
w5 OLS Cwslie 35Sl o e OF g 55 s Lzl i oolps S eSS 5 s el a1 5 0blS s
(Kowsari et al., 2014; Kowsari M., 2016; Matroodi et 55 S » = 6 sl e 5 LS sl les szl Sle
OLLS @ od (6 s Sl Canslie sy 51 5 OWLS o s3y ol 5o e sl 0 (0l 5lias 05 JUisl L al, 2013)
sl olas F.osolani T8 Sy 4 Ll

& S 4o

o) 03 s 5 IS0 Gla0 50T A3l pr e gld & 5 mlS 5laS 05 I 518 s e ol
wso sl 5 0SS U ey sy cpl o3 e Fosolani o6 gles 4 esnlend Cuslie (5 S SLE e

S 4SSl S L s Ll olas Fosolani T8 St & o S0 Dl sl all ollS & o

Domain -\

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 |

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal.6.2.147 |

VESVEV (NP (1 Fee) s 0lS 5 S

& oo glin syl oS ol Ladlie 5 Aitl o U3l s 3 sl (Sba IS0 o gn 51 S ailisd Slaslen
ol 4 (6,08 5laS 0 Jl (il o 25 L s el nl ol labde on Sage Sl e olis sassles

w)ﬂd.’».:&j).) M}ﬁ&&uﬁ&)ﬁ w\))c.’\.j rl}u\duw)j 'Jﬁ')"a\?w;.ﬂ.‘dﬁ'b’\?”“))bj)ﬁb)}bj

s 50 e aw 3l 5 ol e ssbas 5ol egmlend 4 05 cpl JUER) s béﬂg&);@pH:O/Y L3l

@L:o

Adesoye, 1., Togun, O., Machuka, J. (2010). Transformation of cowpea (Vigna unguiculata L. Walp.) by
Agrobacterium infiltration. Journal of Applied Biosciences, 30, 1845-1860.

Ahmadpour, R., Zare, N., Asghari-zakaria, R., Sheikhzadeh, P. (2016). Enhancement of Agrobacterium -mediated
transformation efficienc- y in immature embryo of Triticum aestivum, cv . Arya. Iranian Journal of Genetics
and Plant Breeding, 4(1), 45-53.

Azuma, M., Morimoto, R., Hirose, M., Morita, Y., Hoshino, A., lida, S., Oshima, Y., Mitsuda, N., Ohme-Takagi,
M., Shiratake, K. (2016). A petal-specific INMYBL1 promoter from Japanese morning glory: A useful tool
for molecular breeding of floricultural crops. Plant Biotechnology Journal, 14(1), 354-363.
https://doi.org/10.1111/pbi.12389.

Bertoldo, C., Gilardi, G., Spadaro, D., Gullino, M. L., Garibaldi, A. (2015). Genetic diversity and virulence of
Italian strains of Fusarium oxysporum isolated from Eustoma grandiflorum. European Journal of Plant
Pathology, 141(1), 83-97. https://doi.org/10.1007/s10658-014-0526-2.

Bezirganoglu, I., Hwang, S. Y., Fang, T. J., Shaw, J. F. (2013). Transgenic lines of melon (Cucumis melo L. var.
makuwa cv. ’Silver Light’) expressing antifungal protein and chitinase genes exhibit enhanced resistance to
fungal pathogens. Plant Cell, Tissue and Organ Culture, 112(2), 227-237. https://doi.org/10.1007/s11240-
012-0227-5.

Bhupendra, K., Sugandha, S., Amla, D.V., Indraneel, S. (2014). Establishment and optimization of Agrobacterium-
mediated transformation and regeneration of tomato (Solanum lycopersicum L.). International Journal of
Biosciences (1JB), 4(10), 51-69. https://doi.org/10.12692/ijb/4.10.51-69.

Bradley, J.M., Deroles, S.C., Boase, M.R., Bloor, S., Swinny, E., Davies, K.M. (1999). Variation in the ability of
the maize Lc regulatory gene to upregulate flavonoid biosynthesis in heterologous systems. Plant Science,
140(1), 31-39. https://doi.org/10.1016/S0168-9452(98)00200-3.

Broglie, K., Chet, I., Holliday, M., Cressman, R., Biddle, P., Knowlton, S., Mauvais, C.J., Broglie, R. (1991).
Transgenic plants with enhanced resistance to the fungal pathogen Rhizoctonia solani. Science, 254(5035),
1194-1197. https://doi.org/10.1126/science.254.5035.1194.

Chen, Y.T., Fang, Q.S., Chiang, C.H., Yeh, S.D., Wu, HW., Yu, T.A. (2010). Transgenic Eustoma grandiflorum
expressing the bar gene are resistant to the herbicide Basta®. Plant Cell, Tissue and Organ Culture, 102(3),
347-356. https://doi.org/10.1007/s11240-010-9739-z.

Clough, S.J., Bent, A.F. (1998). Floral dip: A simplified method for Agrobacterium-mediated transformation of
Arabidopsis thaliana. Plant Journal, 16(6), 735-743. https://doi.org/10.1046/j.1365-313X.1998.00343.X.

Curtis, 1.S., Nam, H.G. (2001). Transgenic radish (Raphanus sativus L. longipinnatus Bailey) by floral-dip method
- Plant development and surfactant are important in optimizing transformation efficiency. Transgenic
Research, 10(4), 363-371. https://doi.org/10.1023/A:1016600517293.

Fakhraei, M.M., Arab, M., Shariat Panahi, M.E. (2014a). Effect of cold, heat and chemical stresses on the induction
of androgenesis in lisianthus (Eustoma grandiflorum). Journal of Applied Crop Breeding, 2(1), 1-12 (In
Persian).

Fakhraei, M.M., Arab, M., Shariat Panahi, M.E. (2014b). Effect of cultivar, growth regulators and light during
incubation on induction of haploid in lisianthus (Eustoma grandiflorum) through microspore culture. Journal
of Crop Production and Processing, 4(12), 171-178 (In Persian).

Fan, Y., Fang, W., Guo, S., Pei, X., Zhang, Y., Xiao, Y., Li, D., Jin, K., Bidochka, M. J., Pei, Y. (2007). Increased

Al

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 |

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal.6.2.147 |

VESVEV (NP (1 Fee) s 0lS 5 S

insect virulence in Beauveria bassiana strains overexpressing an engineered chitinase. Applied and
Environmental Microbiology, 73(1), 295-302.

Gao, N., Shen, W., Cao, Y., Su, Y., Shi, W. (2009). Influence of bacterial density during preculture on
Agrobacterium-mediated transformation of tomato. Plant Cell, Tissue and Organ Culture, 98(3), 321-330.
https://doi.org/10.1007/s11240-009-9566-2.

Gilardi, G., Gullino, M. (2006). Ornamentali - Prime osservazioni sulla suscettibilita a Fusarium oxysporum f. sp.
eustomae di diverse cultivar di lisianthus (Eustoma grandiflorum). Informatore Fitopatologico, 56, 30-33.

Grison, R., Grezes-Besset, B., Schneider, M., Lucante, N., Olsen, L., Leguay, J.J., Toppan, A. (1996). Field
tolerance to fungal pathogens of Brassica napus constitutively expressing a chimeric chitinase gene. Nature
Biotechnology, 14(5), 643-646. https://doi.org/10.1038/nbt0596-643.

Guan, C., Liu, X., Song, X., Wang, G., Ji, J., Jin, C. (2014). Overexpression of a peroxiredoxin Q gene, SsPrxQ,
in Eustoma grandiflorum Shinn enhances its tolerance to salt and high light intensity. Molecular Breeding,
33(3), 657—-667. https://doi.org/10.1007/s11032-013-9982-1.

Hahm, Y.I. (1998). Occurrence of Fusarium wilt on lisianthus (Eustoma grandiflorum) caused by Fusarium
oxysporum f. sp. eustomae. Korean Journal of Plant Pathology, 14(2), 188-190.

Halevy, K.A. (1984). Evaluation of lisianthus as a new flower crop. HortScience, 19(6), 845-847.

Harbaugh, B.K. (2006). Lisianthus: Eustoma grandiflorum. In Flower Breeding and Genetics: Issues, Challenges
and Opportunities for the 21st Century (pp. 644-663). https://doi.org/10.1007/978-1-4020-4428-1-24.

Jach, G., Gornhardt, B., Mundy, J., Logemann, J., Pinsdorf, E., Leah, R., Schell, J., Maas, C. (1995). Enhanced
quantitative resistance against fungal disease by combinatorial expression of different barley antifungal
proteins in transgenic tobacco. The Plant Journal, 8(1), 97-109. https://doi.org/10.1046/j.1365-
313X.1995.08010097.x.

Jones, J.D G., Dean, C., Gidoni, D., Gilbert, D., Bond-Nutter, D., Lee, R., Bedbrook, J., Dunsmuir, P. (1988).
Expression of bacterial chitinase protein in tobacco leaves using two photosynthetic gene promoters.
Molecular & General Genetics, 212(3), 536-542. https://doi.org/10.1007/BF00330861.

Kowsari, M., Motallebi, M., Zamani, M. (2014). Protein engineering of chit42 towards improvement of chitinase
and antifungal activities. Current Microbiology, 68(4), 495-502. https://doi.org/10.1007/s00284-013-0494-
3.

Kowsari M., Zamani, M.R. and Motallebi, M. (2016). Overexpression of chimeric chitinase42 enhances the
antifungal activity of Trichoderma harzianum against Fusarium graminearum. Mycologia Iranica, 3(1), 15
-23.

Kuronuma, T., Ando, M., Watanabe, H. (2020). Tipburn incidence and ca acquisition and distribution in lisianthus
(Eustoma grandiflorum (Raf.) Shinn.) cultivars under different ca concentrations in nutrient solution.
Agronomy, https://doi.org/10.3390/agronomy10020216.

Kuronuma, T., Kinoshita, N., Ando, M., Watanabe, H. (2020). Difference of Ca distribution before and after the
onset of tipburn in lisianthus [Eustoma grandiflorum (Raf.) Shinn.] cultivars. Scientia Horticulturae,
https://doi.org/10.1016/j.scienta.2019.108911.

Limoén, M.C., Chacon, M.R., Mejias, R., Delgado-Jarana, J., Rincon, A.M., Coddn, A.C., Benitez, T. (2004).
Increased antifungal and chitinase specific activities of Trichoderma harzianum CECT 2413 by addition of
a cellulose binding domain. Applied Microbiology and Biotechnology, https://doi.org/10.1007/s00253-003-
1538-6.

Liu, X., Yu, Y., Liu, Q., Deng, S., Jin, X., Yin, Y., Guo, J., Li, N., Liu, Y., Han, S., Wang, C., Hao, D. (2020). A
Na2CO3-responsive chitinase gene from leymus chinensis improve pathogen resistance and saline-alkali
stress  tolerance in  transgenic  tobacco and maize. Frontiers in  Plant  Science,
https://doi.org/10.3389/fpls.2020.00504.

Mantis, N.J., Winans, S.C. (1992). The Agrobacterium tumefaciens vir gene transcriptional activator virG is
transcriptionally induced by acid pH and other stress stimuli. Journal of Bacteriology, 174(4), 1189-1196.
https://doi.org/10.1128/jb.174.4.1189-1196.1992.

Matroodi, S., Zamani, M., Haghbeen, K., Motallebi, M., Aminzadeh, S. (2013). Physicochemical study of a novel
chimeric chitinase with enhanced binding ability. Acta Biochimica et Biophysica Sinica, 45(10), 845-856.

\#Y

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 |

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal.6.2.147 |

VESVEV (NP (1 Fee) s 0lS 5 S

https://doi.org/10.1093/abbs/gmt089.

McGovern, R.J. (2018). Diseases of Lisianthus. In R.J. McGovern, W.H. Elmer (Eds.), Handbook of Florists’
Crops Diseases (pp. 583-632). Springer. https://doi.org/10.1007/978-3-319-39670-5_20.

Mercuri, A., Sacchetti, A., De Benedetti, L.D., Schiva, T., Alberti, S. (2001). Green fluorescent flowers. Plant
Science, 161(5), 961-968. https://doi.org/10.1016/S0168-9452(01)00497-6.

Miller, J. (1972). Experiments in molecular genetics. Astrophysics and Space Science, 203-209.

Murashige, T., Skoog, F. (1962). A revised medium for rapid growth and bio assays with tobacco tissue cultures.
Physiologia Plantarum, 15(3), 473-497. https://doi.org/10.1111/j.1399-3054.1962.tb08052.x.

Nakano, Y. (2017). Effect of acetosyringone on Agrobacterium-mediated transformation of Eustoma grandiflorum
leaf disks. Japan Agricultural Research Quarterly, 51(4), 351-355. https://doi.org/10.6090/jarg.51.351.

Onozaki, T., Satou, M., Azuma, M., Kawabe, M., Kawakatsu, K., Fukuta, N. (2020). Evaluation of 29 lisianthus
cultivars (Eustoma grandiflorum) and one inbred line of e. exaltatum for resistance to two isolates of
Fusarium solani by using hydroponic equipment. Horticulture Journal, 89(4), 473-480.
https://doi.org/10.2503/hortj.UTD-151.

Pérez-Pifieiro, P., Gago, J., Landin, M., Gallego, P.P. (2012). Agrobacterium-mediated Transformation of Wheat:
General Overview and New Approaches to Model and Identify the Key Factors Involved. In: Y. Ozden Ciftgi
(ed.). Transgenic Plants-Advances and Limitations. Rijeka, Croatia: Intech Open Access Publisher, 326.
https://doi.org/10.5772/35232.

Rai, G.K., Rai, N.P., Kumar, S., Yadav, A., Rathaur, S., Singh, M. (2012). Effects of explant age, germination
medium, pre-culture parameters, inoculation medium, pH, washing medium, and selection regime on
Agrobacterium-mediated transformation of tomato. In Vitro Cellular and Developmental Biology- Plant,
48(5), 565-578. https://doi.org/10.1007/s11627-012-9442-3.

Selitrennikoff, C. P. (2001). Antifungal Proteins. Applied and Environmental Microbiology, 67(7), 2883-2894.
https://doi.org/10.1128/AEM.67.7.2883-2894.2001.

Semeniuk, P., Griesbach, R.J. (1987). In vitro propagation of prairie gentian. Plant Cell, Tissue and Organ Culture,
8(3), 249-253. https://doi.org/10.1007/BF00040952.

Semeria, L., Ruffoni, B., Rabaglio, M., Genga, A., Vaira, A.M., Accotto, G.P., Allavena, A. (1996). Genetic
transformation of Eustoma grandiflorum by Agrobacterium tumefaciens. Plant Cell, Tissue and Organ
Culture, 47(1), 67-72. https://doi.org/10.1007/BF02318967.

Semeria, L., Vaira, A.M., Accotto, G.P., Allavena, A. (1995). Genetic transformation of Eustoma grandiflorum
Griseb. by microprojectile bombardment. Euphytica, 85(1-3), 125-130.
https://doi.org/10.1007/BF00023940.

Thiruvengadam, M., Chung, I.M. (2015). Efficient in vitro plant regeneration and Agrobacterium-mediated genetic
transformation of lisianthus [Eustoma grandiflorum (Raf.) Shinn]. Propagation of Ornamental Plants, 15(1),
21-28.

Thiruvengadam, M., Yang, C.H. (2009). Ectopic expression of two MADS box genes from orchid (Oncidium
Gower Ramsey) and lily (Lilium longiflorum) alters flower transition and formation in Eustoma
grandiflorum. Plant Cell Reports, 28(10), 1463-1473. https://doi.org/10.1007/s00299-009-0746-7.

Tomioka, K., Hirooka, Y., Takezaki, A., Aoki, T., Sato, T. (2011). Fusarium root rot of prairie gentian caused by
a species belonging to the Fusarium solani species complex. Journal of General Plant Pathology, 77(2),
132-135. https://doi.org/10.1007/s10327-011-0295-0.

Vernade, D., Herrera-Estrella, A., Wang, K., Van Montagu, M. (1988). Glycine betaine allows enhanced induction
of the Agrobacterium tumefaciens vir genes by acetosyringone at low pH. Journal of Bacteriology, 170(12),
5822-5829. https://doi.org/10.1128/jb.170.12.5822-5829.1988.

Wang, L., Xue, W., Li, X, Li, J., Wu, J., Xie, L., Kawabata, S., Li, Y., Zhang, Y. (2020). EQMIXTA1, a MYB-
type transcription factor, promotes cuticular wax formation in Eustoma grandiflorum leaves. Frontiers in
Plant Science, 11, 1-9. https://doi.org/10.3389/fpls.2020.524947.

Zhao Qing, Ji, J., Wang, G., Wang, J., Ma, Y., Jin, C., Wu, W., Guan, C. (2012). Testing an induciable expression
system in transgenic lisianthus (Eustoma grandiflorum cv. LisaBlue). African Journal of Biotechnology,
11(21), 4767-4772. https://doi.org/10.5897/ajb11.3306.

\FY

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 ]

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal .6.2.147 ]

VESVEV (NP (1 Fee) s 0lS 5 S

Ziaei, M., Motallebi, M., Zamani, M.R., Panjeh, N.Z. (2016). Co-expression of chimeric chitinase and a
polygalacturonase-inhibiting protein in transgenic canola (Brassica napus) confers enhanced resistance to
Sclerotinia sclerotiorum. Biotechnology Letters, 38(6), 1021-1032. https://doi.org/10.1007/s10529-016-
2058-7.

Ziaei, M., Motallebi, M., Zamani, M.R., Zarin Panjeh, N., Moghaddassi Jahromi, Z. (2016). A comparative study
of transgenic canola (Brassica napus L.) harboring either chimeric or native Chit42 genes against
phytopathogenic fungi. Journal of Plant Biochemistry and Biotechnology, 25(4), 358-366.
https://doi.org/10.1007/s13562-015-0347-1.

\5¥

wiit) ol g J5


http://dx.doi.org/10.52547/flowerjournal.6.2.147
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.2.6.6
http://flowerjournal.ir/article-1-215-fa.html

[ Downloaded from flowerjournal.ir on 2026-06-04 |

[ DOR: 20.1001.1.26765993.1400.6.2.6.6 ]

[ DOI: 10.52547/flowerjournal.6.2.147 |

Flower and Ornamental Plants (2021), 6(2): 147-164
Research article
DOI: 10.52547/flowerjournal.6.2.147

Flower and Ornamental Plants

Effect of the type of inoculation medium on chimeric chitinase gene transfer
to lisianthus (Eustoma grandiflorum [Raf.] Shinn) for resistance to the
fungal disease Fusarium solani

Mohammad Mehdi Fakhraeil, AliReza Motallebi Azar?!, Hassan Salehi?, Nasser Mahnal,

Mostafa Motallebi®
1. Department of Horticultural Sciences, Faculty of Agriculture, University of Tabriz, Tabriz
2. Department of Horticultural Science, Faculty of Agriculture, Shiraz University, Shiraz
3. National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran
B motallebiazar@gmail.com
Received: 2021/12/11, Revised: 2021/12/22, Accepted: 2021/12/22

Abstract

Lisianthus is in the top ten flowers in the world and in 2017, it was the fifth largest exporter and
seller of ornamental plants in the world. Resistance to fungal diseases, especially Fusarium, is
one of the most important breeding objectives for lisianthus. Little work has been done on the
modification of resistance to fungal diseases in this ornamental plants. Therefore, gene transfer
of chimeric chitinase to lisianthus will be an important contribution to achieve this important
goal. The transfer and expression of chitinase gene in plants show a high level of resistance to
fungal infections and a delay in the onset of symptoms when exposed to fungal pathogens. The
researchers showed that the activity of chimeric chitinase in destroying fungal walls is
significantly different from that of Chit42 chitinase. The aim of this study was to achieve
resistance to Fusarium solani in lisianthus by transfer of chimeric chitinase gene using
Agrobacterium tumefactions. In this study, the effect of different culture media, MS, ¥2MS and
LB, two pH values of 5.2 and 5.8 and 30 and 15 mg L sucrose and 30 mg L maltose in the
inoculation medium were investigated. The results showed that the B treatment with MS
inoculation medium containing 30 g L™* maltose with a pH of 5.2 gave the best response in gene
transfer to lisianthus and the presence of a more stringent selection medium containing 100 mg
L of kanamycin was superior to the other treatments with an average regeneration of 11.13
plantlets per leaflet. The results of this study show that MS medium is more efficient than LB
medium for gene transfer to lisianthus. Lowering the pH and changing the carbohydrate source
from sucrose to maltose in the inoculum medium increased the transformation efficiency. In
this study, 471 plantlets were generated from 45 leaf explants during gene transfer of chimeric
chitinase to lisianthus in a more stringent selection medium and out of 21 randomly selected
plantlets and lines, 10 lines were selected by PCR and 8 lines responded positively to bioassay
test. This is the first report of chimeric chitinase gene transfer in lisianthus.

Keywords: Agrobacterium, Bioassay, Fusarium, Fungal disease resistance, Transgenic line.
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