[ Downloaded from journals.lu.ac.ir on 2024-11-24 ]

[ DOR: 20.1001.1.23831367.1401.9.1.3.4 ]

[ DOI: 10.52547/pgr.9.1.3]

VEN /Y opled /il / alE Sy sla g

T1 ol 5 0L Ll 5 o se slaads; 5 DIsBI-CBDAVIS oS 55 155 Oy W

T 3Ll 8 0L sla b ) ek dyly 4 0 ! 3l |
)LT(J;- cQLL..:J’ aKﬁJ‘J ‘6)')}1.:5 a.&.«.ﬁ\: gJaLS u@j 9 J..;J}S dw.\...@.a a}; uk;w& LgJ,?SJ -\
JLJC-J}- ;QLT.wJJ amb g‘_;)‘))L:S 0 dSESNs ‘th\.;s/ &:"uj 9 J»:!}: kf*'w ojjf ol =Y

VEN/00/VY sy Fob = VBN YTV Bl s @ﬂ;)

oS>

S Ol amlie s p a0 ol asdlle 55 s DS S 55 Glantsn Ol 6l ral 5 mse slaade,
Gl il Lol S0 danl jghite pl (gl s axtls el 5 5o laain, 55 DrSB1-CBDAVIA .S 5
Sl 5 olS 53 o3y W8 Sl b alBlar bl an 55 mse 5 ral plaaiy, W g gl ot Ll
sl Sl Loy sianl Sl ST o g odd Wl slaain, A5 G (3 S )3 ) 5550 DrsB1-CBDAvI4
—asy sosls (’fj)’ Bl jsleys oS 5o Ay 03 35,55 PCR leslatal U cpooman (S .,\ﬁU rolC o} olawst
il 5 g slaaly; OIS (slaoslas ELISA LT 5l eslinl b oS 550 s el 13 DL Lrall 5 (e sl
iy dob c pidy 5 3l o iy o sl Ol el 4y, W5 W 51 Jeol slaesls (bl 4y o (5 S5l
diyy 035y 3l Jol s Aol sy IBA ) 5o S ke /0 sNAA 1) e S e ) 5l MS (sladamme 5o
Sola e Sl o3 St s W5 Olie 05 NAA Gy 5m Sl 2 e S e ) ol mle MS Lo &8 515 0L Lral
S 5 dl Cwsa NAA Ogay5n 2 e S o ) Olis (S5l MS S Lame 3 63 53 o 2 - ils (P<0.01)
ATCC15834 4 yor 45 513 L3 anlllas wl@uw.mTwwNAA Doy 58 O3 V/EMS Laes 3 S 5 5055
oLS 3 (e i) S S oledd S ot aidn Ve s Ol s Lo a0 Lol jer MS Lo
S ke Ol S5 (sls e sl aky) 53 Sl edal ot S0 S oS sls QLS ELISA mls sy ol 5

3 bl i s 5l R CIlea g oy SLAOIS S ol oS 5 i Ol e Lisls OLES IS

03 5o ol Ay g &) Wy SlaediS (oS (oS S Ay 1S 0831

nazarian.f@Iu.ac.ir : S s 25 G o551 < ghoms oukinns 5

YV


http://dx.doi.org/10.52547/pgr.9.1.3
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.3.4
https://journals.lu.ac.ir/pgr/article-1-240-en.html

[ Downloaded from journals.lu.ac.ir on 2024-11-24 ]

[ DOR: 20.1001.1.23831367.1401.9.1.3.4 ]

[ DOI: 10.52547/pgr.9.1.3]

f)bm 3 wa‘;’-

A s pbe M5 6l Ol5 e by Sis )
(Giri and Narasu, 2000) > S eslatwl .S 555 9, 3
5,08 Slls 5o br s U laaly s (50 slaaly ) Lilen
S0 el bral glaaiyy 1SS s gl
Popetal,) sl Koo Lagse,sn e i o3 4
et B k) 5 ST sl gey 58 Ole L3 (2011
POP ) oS oo il OaLS ST s bl (slaeia; W5 53
.(etal., 2011; Rahmat and Kang, 2019

G by odas QL Lralls slaaly s aey s ot Dlalllas
3007 ey 5 e £S5 el Sl (S0
Carvalho and Curtis, ) cul o3 5 by LS 5 A 6

1998; Kevers et al., 1999; Sudha and Ravishankar,
ey ey bl 3 bral glaaiy; 3l eslizad (2002

o SV e 5 sl s Gl s 3 g p e oa,
claayia 2alS Ok sbdshe Gl ae s
sdd s ol 5 gesle iy, Olgea il ol
Ll slaady; AL Ll 5 )5 28 ()l i
My sl el S Olsea S b | ey
3,8 S5 ool 550 mey ol > by LS 5
.(Choi et al., 2000; Gaosheng and Jingming, 2012)

At S (Dermaseptink B1, DrsBl) Bl uuleys
23l Glaze aldend YV b w0 G538 5 Sl
“wlyd p5 Swp DS 5l Sl aesleys
Mor etal., ) ol ol g 5lula (Phylomedusa bicolor)
.(1994; Mor and Nicolas, 1994; Khademi et al., 2019
dad oy 3 1y o9 Seds Oy o niy Bl ale s
b (Yevtushenko and Misra, 2007) 3,15 Layxsle s
55 Bl by s Seds e i bl
Gl dan opl & ol el Olas ARl Ll s
G Sl ade 0328 ik L oy Sl Sl
.(Osusky etal., 2005) ol 2,6 5 oL SU il
Sopl a U BL by S S5 gladsy o
3 b el Sl ade oy S b o i
sdalie DrsB1-CBD Avrd .S 5o dag 5 oL SU
(Khademi etal., 2021) ol oo

YA

e o ge sWaady, ;3 DIsBL-CBDAVI4 S 5 oS5 Ol Wl

VRV

Shoeslaalgosbdcans 5 el glals iy
2 Sl et Olgsa ) Al Glay 5815
A ol LSS s ety ety ol A8
Oeed 5 bl 5 Jpame YL Ol ol at L
5 dpame sl Sy 335 eop el O b5k
Shanmugaraj et al., ) coul ol 5 ml; 5,585
.(2020

S Saa s L Ol s s St laasy Ay
el ot el JS0ge el olals 5l clble
Sl b Jsbr 28 51lS gy e Sl e (slaptenn
ol a alies 3 1 gl slalpl ol S b
o) (Shanmugaraj et al., 2020) Wles sa il Cia
iy e aiply 5 by Wy e b beae
S Bl VL lde b s 5o oYL Jeudly 5 daes
Sloslial 53t Ol gt sl wilge S S
-dxjﬁ%:ﬁu;squgwumg}i,wwi
L .(Shanmugaraj et al., 2020) wlots Lds S 55 sla
AL e ool 53 bl o 5855 51 (S -
el AS lad s SES ol 033L 5 oS A (S5
3 Omse Saads ;) CuiS (Sl S Cile 058 Ole 2
S SloEsn M sly @YU ClB Sl et
(Hussain et al., 2022) L. jls, 6 5

- (Agrobacterium rhizogenes) +jsxl pu Sty , ST
A 5 ledss LS Lges 5 ess i o5 sl SL
Slaaty) [ a4 e 5 &S o 0301 1) S OlalS
sladsle (Christey and Braun, 2005) ss& o 50
055% 53 R deaedy T-DNA (ankad Jol 1y 50 slaaly
Lol p 53 gsdaze lelse Bl sp lanes o5
el 5o Sanls s S STL QWIS 05 Col 5
385 (P Slsins e agss Jeld Ll
(Chilton et al.,, 1982) &il o ciS Lo oSS
Lilys s Ads s aE e Ul e sleaty,

,_).::)‘J b &QLS Juil) 6&5.).'«5(’.«14—: g_)lt.o L é‘md)‘)b


http://dx.doi.org/10.52547/pgr.9.1.3
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.3.4
https://journals.lu.ac.ir/pgr/article-1-240-en.html

[ Downloaded from journals.lu.ac.ir on 2024-11-24 ]

[ DOR: 20.1001.1.23831367.1401.9.1.3.4 ]

[ DOI: 10.52547/pgr.9.1.3]

VEN /Y opled /il / alE Sy sla g

Ll 53 () o S ke ) s 5 0/0 Dy o ) IBA
s aw Ddeas 315 Sl amys YO by 5 S6
oAb B s oSt oo Silesl s (g
sl Slacio 5 A el 1S5 s alas SLS
L g S o3l aty, dob 5 ada,

pr AL STGTL Jod cou )l 5 055 S5 Gls
DrsBl- sl 5 olS 55 (g iy Gl g 1300
Qoo Hispl pa Sty ST wse s> 5l CBDAvA
55 $isnl sl SL s elidd A4, ATCCI5834
S S A oS w00 sl mle LB oS b
b Sed o oS She a3 YA Glos 53 sl
Ll esls S Cela FA Sdeds 483y 53 590 VY ey
w3 bogles 53 /B L 2 OD L6 S O gl o
gy 5 A 033 g ak3 o3 pp3 feer by ol S Sl
Ol g ) 315 00 o )T 4 MS Jamma 53 5 S
e QLS 5l Oy (S diged A sl mdl ) laten,
S Aol S a4 (250 50 S s ag (gl
GL" 095 4 e «(Dashchietal., 2021) Las osls 5 5
OG azda Ve B0 5 Jame 1iispl pa Sl ST s sl s
cdéLp .lblSL;j)J{w}ﬂ stmfﬁ LS}ﬁiJ).\U“i LA esls
S5 S 5 050558 O3 MS LS Lams (55, Lot gal 5
e YEEY gl o (SO6 Lald s 5 ¥ oos
Sob= Jas 5o A 5ai 50, e LS s3ls 13 ;\)fdi}l.w
VBl s 0 5518 oy ) 551 il S e
3 AL Slaage Sl bS5 L (Ao V5L 5 ds s
Vs 0 baolode LA (S as) Sy laesl
0 ol yds L ATTCIS834 (g ;SL s 5 C.}.L 4283
0 bjles oplus S ania 55 odeay (aids Vo g
b 33l I bl JosSB s iles
S ol s el (6 Sl Slis Ll awslie 5 SO
By i opsp Ol 5 Jgb ol Lels 2ol

o Su,l 5 LS s bl slaads ;03 ) M5
My sl DrsB1-CBDAVIA oS 56 A (o> T1

B (Df IY) e il 0 Jsb 4 el slaaly ;e Sy

Yq

Sl Soles 4 Cuslis cwdigs S35 2 (g3 ate Slaio
Gladay wiSOLy lals Jusl gk 5l alS
Gl a3 S s OS5 Bl palbeys o5 Seds
Ji> I L «(Osusky etal., 2005; Khademi et al., 2020)
TS S S n P Ul o S Slandllae 0 ST
DrsBl- .S s dag 51 TL s coe )l 5 OlS s
s i o dud @u 0o bl 5 use iy, ;> CBDAvI4
g g aa b Ll S dsl gl addlae l s el
oz 31 iz gl eyl s 5o Ll 5 se 4y
(IBA 5 NAA) la eS| glad yoysn cilises slaclals
03 5 ) M55 5 (Silutgs ramad 5 SIS e g 50
5 el lamaty; s Sledie la il el s
DrsBl- 5 sbabls gol= Tl i coy )l 5 olals
285 15 obsl 2,5+ CBD

b g,y sl

Slasds L Jud Cu,l 5 glasdy CiS 5 Jgaedd
DrsB1-CBDAVI4 55 wbl. b= T1 i 055
N AT )
Voo Odeas il o (Khademi et al., 2021) s>
b Do S sen A S Yo (gl ey 50 s adds
Sl s S Ve s XV 0 5 2l Sea Ve 0
st ol ST 5 0t s 5 i8S ¢ o e
MS S Lams 555 1 sl3alols &) suas Laydy Ll
Sl A p Sk 00 sl (PH = 0/A)
el VT L WSV e (8 bl s 5o 5 e LS
a0 Y2 Y gl s u_iwl: celu A 5 sl
WP PGS HIPT RN g W

o Sl 5 BLS s ral glaady, SW1 5 A
ssbiea, DrsB1-CBDAVI4 oS 5 Aiy g5l T1
055 oS S asein, 3l brab slaaiy, Wy
DrsBl- S5y Jdow s> T1 J.w; oyl
S osllilay & gel sy S eslatul (glaes 4w CBDAvVI4
glackle Joli MS Loz ;3 5 A osls oy 2o la
3 Cad oS Jee) s 5 0/0 B 0 A1) NAA (il


http://dx.doi.org/10.52547/pgr.9.1.3
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.3.4
https://journals.lu.ac.ir/pgr/article-1-240-en.html

[ Downloaded from journals.lu.ac.ir on 2024-11-24 ]

[ DOR: 20.1001.1.23831367.1401.9.1.3.4 ]

[ DOI: 10.52547/pgr.9.1.3]

bbm 9 w:‘;’- R 9 sady, ;3 DrsB1-CBDAvr4 g_zSJS‘,J R QLg (r]]

Lo ) S5 e b bl S = b aly by s 55 (MS @ 5 \/Y MS @ /¢ MS @) MS slalas
L.J‘f"';j)'ﬂ. Q‘ﬂ alja.ﬂhcb Sis E) JB' Ol Sles B C”LAJ(JKT Loy /) Jﬁb‘&;.:osd))}.ﬂhjﬁ:m
Waesls M}Qﬂ E) Lg)LaT 6\.&@);: L d;a)\.b\ B NAA Q}d)j.ﬁ b 4(@[.4 Ibz E) .l.at?- bl) ()@T deu)
MSTATC 5 (/) 450) SAS (slal33lo 5 3l eslizul | (a2 p S ke \ 035 +/0 €2 1) e (slaals
A ol Cosots bl s esls 13 ol K oe
(i (=
[}]
[SPLLDrsE1IN | 2 o
: 7 7 B [
pCaMV Recombinant NOS { —~J
355(3X) gene Terminator pLB| Ny 4 —
Neol Bamkn ﬁ\ ,\—‘ ﬂ\\
@ g (4 2 s
m ¢ £ & F : 3§ $ 3 2 ¢ s 2
< M 3 I g c

500 bp »

750 bp >

250 bp | 100 bp .

05 @b T3l el 5 sdd ppnnslo g5 NPLIT Gliees yo sile g IMASPID TL s ) 5 OlalS s e Oy 35 alalos il SKs
sl o3 0SS )15 CBD 0555 oIS S Sl 50 iy CAMVSES (Gl il ans aaslss MAS-TEN ¢ punglbllS 40 oo slis
1 Gl 551 suasaails 10SC B picile 5 ity SIS 15 DISBL ez JWKs :SP Avrd BTG TIIRENE
05 plesl 3 40IC 03 (gl ST 3l aslil b (5o (slaaty ; PCR Ul - sphyre2 jljdle s Sl aslisd b oS 55 (55 2 (Sebomptn it
05) e SRS € KD 5 )00 b Sl M el 5 o go slaely s 53 o 2l sl o555 DNA SIPCR T eslizd | DrsBl
3 Jeol i se slaaiy s Haliry TOOEP (35 Sleles 05 0555 ol8) dalis olS 3l Lol brals 4y, Adventitious-wt (S DNA
ol a4l AAdventitious root-23 (s )| 5 g0 424 5 :Halry r0ot-12 Ri ey

Figure 1. a: Schematic representation of genetic constructs expressed in T1 transgenic plants. MAS promoter:
Mannopine synthase promoter, npt 11: Neomycin phosphotransferase 11, MAS Ter: Mannopine synthase
terminator, CaMV35S (3x) Cauliflower mosaic virus 35S promoter, CBD: Chitin binding domain from Avr4
effector protein, SP: Signal peptide, DrsB1: Dermaseptin B1 peptide, OSC: Octopine synthase terminator; b: The
3D structure of recombinant protein predicated by phyre2 software; c: PCR analysis for hairy roots using the
rolC gene (629 bp) specific primer; d: Stable integration of the DrsB1 gene (100 bp) was determined by PCR
analysis of genomic DNA extracted from transformed adventitious and hairy roots.

M: 100 bp and 1 Kb DNA Marker, C: negative control, Adventitious-WT: DNA from wild-type adventitious
root (not transgenic), Hairy root-P: Hairy root derived from Ri plasmid, Hairy root-12: transgenic hairy root,
Adventitious root-23: transgenic adventitious root.
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Figure 2. Development of adventitious roots in different media. a: MS medium supplemented with 0.5 mg/L
NAA; b: MS medium supplemented with 0.5 mg/L of both NAA and IBA hormones; ¢: MS medium
supplemented with 1 mg/L NAA and 0.5 mg/L IBA, Means comparison the of the interaction effect of NAA
and IBA hormones on d: number and e: length of adventitious roots. NAA (a:: 0, a2: 0.5 and as: 1) and IBA
(bs1: 0, bo: 0.5 and bs: 1) Treatment. Means with at least one common letter are not significantly different, the
error bars indicate mean values + SD.
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Table 1. Analysis of variance of the effects of NAA and IBA hormones on adventitious roots
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s and **: Non-sighnificant and sighnificant at 1% probability level, respectively.

Sl S e alas Sy g Slho (S bl e =Y Jader
Table 2. Analysis of variance of some traits in transgenic hairy roots
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s and **: Non-sighnificant and sighnificant at 1% probability level, respectively.
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Table 3. Analysis of variance of biomass trait of adventitious roots

Slay o Sl
S.0.V D.F 505 KL 05 J osan okl
Fresh weight Dry weight  Protein concentration
T 2 10.40 0.08 5111.44
Media
L >
e 1 422" 0.06™ 1134.37™
Liquid and solid cultures
C:»L» B Jm[} X Joso o o
G : 2 1.004 0.02 35.37™
Media x liquid and solid culture
NAA ¢
O 2 3.93™ 0.02™ 2465.005™
NAA
NAA oo
D5 B 4 0.66™ 0.002" 686.63™
Media x NAA
NAA ¢ Lo >
AR Qgeosh X e 5 e 2 0.31" 0.008" 14,0421
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NAA ¢ b g dol> xoes
O X e g e X 4 0.06"™ 0.003" 84.083"™
Mediax liquid and solid culture x NAA
Lo
36 0.15 0.003 13.62
Error
(403) ks o 15 20.74 2418 46
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s and ™*: Non-sighnificant and sighnificant at 1% probability level, respectively.
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Figure 3. Hairy root formation in transgenic plants. a: MS medium supplement with 3% sucrose inoculated with ATTCC15834
bacterial inoculation time 10 minutes; b: MS medium supplement with 5% glucose inoculated with ATTCC15834 inoculation
time 10 minutes, comparison of mean interactions of the medium, NAA concentration, solid and liquid of the culture medium
on; ¢: Number and d. Root length on the trait. Treatments carbon source (a:: Glucose1%, a,: Glucose 5%, as: sucroce 1% and as:

source 3%) and combation of incoulation time with bacteria strain (b1 A4 strain with 5 min incoulation, by: A4 strain with 10

min incoulation, bs: ATTC strain with 5 min incoulation and bs: ATTC strain with 10 min incoulation). Means with at least one
common letter are not significantly different. Data represent mean value + SD
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Figure 4. Compare means of the interactions effect type of culture medium with bacterial strain x Carbon source on total
protein concentration. Treatments carbon source (ai: Glucose 1%, az: Glucose 5%, as: sucroce 1% and as: source 3%) and
combation of incoulation time with bacteria strain (b;: A4 strain with 5 min incoulation, by: A4 strain with 10 min

incoulation, bs: ATTC strain with 5 min incoulation and bs: ATTC strain with 10 min incoulation). Means with at least
one common letter are not significantly different. Error bars represent mean value + SD.
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Figure 5. Development of adventitious roots in transgenic plants. a: in the liquid medium; b: Means Comparison of the
effect of type of culture media x solid and liquid culture on fresh weight; ¢ and d: Means Comparison of the effect of type
of culture media supplement NAA on the fresh and dry weight. Treatment MS media (ai: ¥4 MS, a,: %2 MS and az: MS),

type of media (by: solid culture and by: liquid culture), and NAA (c1: 0, ¢ 0.5 and cs: 1 mg/L). Means with at least one
common letter are not significantly different. Error bars represent mean value + SD.
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Figure 6. Means Comparison of the effect of media x solid and liquid culture x different concentrations of NAA hormone
on total protein concentration. MS media (a1: ¥4 MS, az: ¥2 MS and as: MS), type of medium (bs: solid culture and by;

liquid culture), and NAA (c1: 0, ¢2: 0.5 and c3: 1 mg/L). Means with at least one common letter are not significantly
different error bars represent mean value + SD.
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Figure 7. The results of ELISA analysis of the highest and lowest total protein concentration of DrsB1-CBDAvr4
recombinant protein expressed in three-week-old hairy and adventitious roots are shown as the percentage of total
soluble protein (TPS%). DrsB1-CBD-HR18 , DrsB1-CBD-HR1: Hairy roots with the highest and lowest total
protein concentrations, respectively, DrsB1-CBD-R18, DrsB1-CBD-R1: Adventitious roots with the highest and
lowest total protein concentrations, respectively, WT: Non-transgenic adventitious root. Error bars represent mean
+ SE. The Student's t test was performed to analyze the significance of differences, N = 3, the value of P<0.05 is
considered as significant. The amount of protein expressed in hairy roots and adventitious roots were compared

separately with the highest (DrsB1-CBD-HR18 and DrsB1-CBD-R18) and lowest (DrsB1-CBD-HR1 and DrsB1-
CBD-R1) total protein concentrations.
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Figure 8. Effects of exogenous NAA and IBA on Adventitious root formation. a: in medium supplemented with 1
mg/L of NAA and IBA, b: Formation of white calli in MS medium supplemented with 1 mg/L of NAA and IBA,; c:
Production of dark and hard calli in MS medium supplemented with 0.5 mg/L of NAA hormone; d: plant
regeneration in media supplemented with 0.5 mg/L of IBA.
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Abstract

Hairy and adventitious roots are efficient systems for expressing recombinant proteins. In the present
study, the amount of DrsB1-CBDavs recombinant protein in hairy and adventitious root systems was
compared. To this end, the effect of different factors on the optimization of culture conditions to obtain
adventitious and hairy roots was evaluated in three separate experiments by assessment of biomass
production in T1 transgenic plants expressing DrsB1-CBDawa recombinant protein. The efficacy of
Agrobacterium rhizogenesis in producing hairy roots was ensured using rolC gene specific primers. The
insertion of DrsB1-CBDaws recombinant peptide transgene in the genome of hairy and adventitious
roots was confirmed by PCR analysis. Also, the level of DrsB1-CBDaw4 protein was measured in hairy
and adventitious roots by ELISA analysis. Analysis of the variance of data showed that the highest
number of roots and the longest roots were obtained in MS media supplemented with 1 mg/L NAA and
0.5 mg/L IBA. The results of adventitious root biomass showed that liquid MS medium containing 1
mg/L of NAA hormone had a significant effect (P <0.01) on biomass production. More biomass was
obtained in MS medium supplemented with Img/L NAA, whereas a lower fresh and dry weight was
obtained in a 1/4 MS medium with no NAA. The results also showed that ATCC15834 strain with MS
media supplemented with 3% sucrose, 10 minutes inoculation time was high efficiency to induce hairy
roots in tobacco plants. The results of ELISA analysis showed that clones obtained from both roots
showed a significant difference in terms of total protein content. The amount of recombinant protein
from hairy roots was much higher than that of adventitious roots.
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