[ Downloaded from pgr.lu.ac.ir on 2025-01-10 ]

[ DOR: 20.1001.1.23831367.1400.8.2.9.5]

[ DOI: 10.52547/pgr.8.2.1]

Vern /Y olad /A W/ Al S sl i

Populus X eUromericana ) & yus obws » gup ;3 CSu )l 5 bugf“ga;”ﬁ;ﬂwﬁ Seaos 05 Jws!

(Dode Guinier

TS B a5 s e
Q\j@_? ‘MW°K:“:"° s LSJ)L.‘-Z’J(}'L; o dSESNs cdﬁbg&)jw@ﬁjjr}l;ojﬁnf&bﬁ 6}5:—\
i s oS (g3lS e uSiils (alS (650 5SS s 5 g3l Ba ey ,S lisls -Y

OENYYE S pdy b= Ve NN /r0 il s 5 00)

s S

Lo g LS 5 g e o 5o (oolail e glas )8 2L «(Populus x euramericana) & ,us olew 5o
5 e S ST Jrasar 05 JUsl asbeged (Jragsy opl 5o ol Sb sla So T Gl 5 sl slge 5
A el ol 5 DS JST5e o 5 W1 s sl s 4Bl 0 Sl 3L Sl ealinad b olS s 51550
5 Kdlyge b g5l glale Ul CiS s 53 Bl o Sle glawised )y iS5 RS olS L350 cr
Gl i, W cuiS s 51 RIM) liads gl 5 BAP X IBA oS 5 ciliis glachle 5 (MS) S Sl
Bl 253k O VU coiis 2153k 53 Spessnpd slaysSB obiol b odd eslinad IBA X NAA lacble
/00 s BAP i e S e /0 g5l SIM iSlass 3 add S gladigai ) Sl (G5ei ) 5o Sl YA/OV)
SIBA 2 oS Jee /) sl RIM coiShama s 1350 lasdle slieiy; oo g el Cosas IBA 2 e S s
El L 8 fame SllS @ 5 ad S5l Lase L1550 OLLS dos Vev as W5 NAA 2 o S e v/re
sbdse Sl Cm Lads S (e BaSA® V505 Koo +/0 &S ol 0L ISdle 4 ol 4 b
= 5 50\ Doy eyl yry SIS iy G b 1 (A3 AYYY) 05 I Glsl 3 5V 5T e el b ol 5 8
Vo Sdets O szl [V ge5 o Vo ol ea (ODeoo = +/1) LBA4404 5. Agrobacterium tumefaciens L Laof
0f e 33 B S 203 o 50 BUS placdis 05051 5 RT-PCR (Opsler (613840 (sla pJUT ol sy i
wslo g Ol gty Ll g5 o Gaiows opl (glaal 3 S aul Cowe TO Jud OlalS 55 1, 0T Slub Ols 5 e 55 DNA L3 gus

258 A SN e 2550 e sl i olS w0 05 JEH 5 1550

Populus x euramericana «alus ,Sobe (0 sl g 1S 4T GUS o5 ol o 21530 (SISO 50

bahrambaghban.kr@tabrizu.ac.ir : K s 28 s w351 < gt sukinns 5


http://dx.doi.org/10.52547/pgr.8.2.1
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.9.5
https://pgr.lu.ac.ir/article-1-238-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-10 ]

[ DOR: 20.1001.1.23831367.1400.8.2.9.5]

[ DOI: 10.52547/pgr.8.2.1]

S90545 OLEL 5 g,

s WS S5 s «Siam e 055
Abbas et al., 2020; Bae et al., 2011; ) 555 . sl

Balestrazzi et al., 2009; Bali et al., 2016; Biswal et
al., 2015; Bjurhager et al., 2010; Bonadei et al.,
2012; Bruegmann et al., 2019; Bryan et al., 2016;
Buhl et al., 2017; Cai et al., 2016; Caruso et al.,
2008; Che et al., 2003; Chen et al., 2009; Dai et al.,
2003; Dharmawardhana et al., 2010; Du et al., 2012;
Fan et al., 2020; Fan et al., 2015; Foston et al., 2011,
Han et al., 2000; Hori et al., 2020; Igasaki et al.,
Muhr ;2002; Kim et al., 2020; Movahedi et al., 2021
et al., 2018; Nayeri et al., 2022; Raj et al., 2011;
Ruttink et al., 2007; Song et al., 2019; Stanciulescu
et al., 2018; Street et al., 2006; Triozzi et al., 2021;
Xin et al., 2020; Xu et al., 2021; Yoo et al., 2017;

s g, ks logl ol Lo (Zhang et al., 2021
DLl 53 Coplae Slis JUsl 5 K55 s
Gl S 3 s 3 ol Lk oy 5t cou L
sl oo g 0556 0T Ay en SLOSIS 5 ol 500
Po) sl jigo 655 55 by pseSUs ST o 03
Confalonieri ) <l sas 5,158 (nigra L. var. italica

et al., 1994; Mobhri et al., 1996; Nishiguchi et al.,
Yevtushenko ) | 5 sS85 oopl posdle (2006

05 Jsl 5 4550 asle g Lzl (and Misra, 2010
5 Bl lawisain, 3l esliad Loy SUy ST 5o
P.nigra x ) ol pyio 31 (6,503 A 455 55 S
WJcpl bs &l 1, (P maximowiczii A, Henry
oLi (Rutledge and Douglas, 198) 58 55 ol
Ld ol o 3 Al Gl 155k Ol &S wsls
(meman 5,10 54> 5 P X euramericana cv. Robusta
rro GO S 3 LS slaanalS glaiiioss W
Loy 5L ol sl (P x euramericana) & s ol
oslizl L (Agrawal and Gupta, 1991) kS 5 JIsl ST
Ot ys a4 bga Sl alr sl slasla oS )
Murashige and ) MS .iSlawe 55 slew 5 5o dJlu YO
olS 155k ol pdse ax 5 L ad 2153 (Skoog, 1962
Poox e 68 S s bl Ssin
st s MJ;SLJ;T L o) Just o #SL euramericana
orl sl i 1S B8l s ase )l OalS

et 253k S g @l st L Gl (6l G

gt 33 B 5 OS5 0 2y ST g pe 05 JUEs!

PRV
51 S (Populus x euramericana) & s slew 50
Populus (14558 e (O 51 &S ol by jep 50 6L
Sl o el s LIS ST Ponigra 5 oL sl deltoides
Dot it ST 5 Sology 5 BT Ll s
Arend and Fromm, 2007; ) 5,05 VU coslis Si
Populus & ,ua slads S 31 (gl .(iang et al., 2015
Jbe Slosar Joa Ol ol Gbls s sp.
SV e 5 ) B e M) bl alex
O 2 g cnSa e Yl Y0) alS ibes )5
G YhelS RIS et s mlo 5o (Sl e g e
sl 5 Jsblee W5 5 aliobl ws )l glasls
Rishi et al., ) Wsd o CiS o4l Oojsmas 35k
Populus x ) W&, olw sse s (2001
sy S5y Gy et 5K ¢ « S (eUrAMericana
Arend ) ol EES 5 e gl s pslie «oiS L
and Fromm, 2007; Confalonieri et al., 1998; Cong et
Dol 5 A 855 onl e bl @l 2013
S s 3 0F ol ciS W me 0T (VL (g3lasl
tl ol Jlod Olul 2 B Ol 3T bl ol Ol ]
Jd a8 Ko doys YV 31 i &S (5 5ba
Khosravan et al., ) s ls jolawt! &8 ol 4 ,4i8

(2017
Gpe ol pgeo Aws GbdS goladl ol
o o a5 0 K25 5 ol s
ol SIS g (s SR Sl eslinal L solail
Jsems s isy bacossdos Llg o S ol
S5 o O Mo Ol 3 ) g 1) ULl
¢l (Confalonieri et al., 2003) s>, ol S-Sl
Ko ~000) p5 oS o3l Mo o OLLS
sy Glowap Sbuls @ e ies (Gl
AS s 2l Ol WS sy e eddOl
oS S Olgeay 05 Wl s e 5 latadlgs
Sy (Si5h Slallles s ele S Je

ol (e S (S5 idsose s3 Shes


http://dx.doi.org/10.52547/pgr.8.2.1
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.9.5
https://pgr.lu.ac.ir/article-1-238-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-10 ]

[ DOR: 20.1001.1.23831367.1400.8.2.9.5]

[ DOI: 10.52547/pgr.8.2.1]

Vern /Y olad /A W/ Al S sl i

ey (b oIS Ao s 0 (gl s o NS 5en)
Voo S L BT ey Ao ) e kS aiBs
A=y Ld b Jseds @lds s s
OS5 Gopms Ol b aids ¥ Sidoas ki gas ¢ g pie s
L e ¥ ladse Solg e Bad it el
S 5 s i3 0 ey wdd IS ST GosS s
KA

I I I [ R N T R o
OV L dsys /1 58T (sl MS wl CuiS Lams 3 0
ol o (om) JSE) Kas S wie § Sdew PH =
e SUs ST rosa 05 Jal 5 G55k e anllas
2wl Ay e Ble ) Jgb 4 bl o Sl sladisal s
() 59 A oslind (gladady s Lo 5

W s WPGR chile 5 oS5 SU )y
Ble o Sle €y 3 Ble LI53L Ol 1 pljaile
CiShos (55 kit b pyee GResle ) Jb)
s> (Shoot inducing medium, SIM) |54l L3l
CAT. No. B3274, ) BAP ; MS 4l c.iSlos
33 el rt?;,\ Slallas Ll s (Sigma-Aldrich, USA

Alba, 1992; Biswas et ) P. nigra s P. alba slas ;S

al., 2012; Confalonieri et al., 1998; Confalonieri et
al., 2000; Pintari¢, 2008; Yevtushenko and Misra,

5 sl gl bl mb 5 (2010; Zhang et al., 2021
kol Sl g5 3 U3 « P x euramericana « 8
S ke tIVO 50/ Y0 ) ChIEE s Kledd 4 2
CAT. No. 15386, Sigma-Aldrich, ) IBA 5 (J ,»
(i 5> oSk ) 5 0100 ) clle Y s (USA
Extra pure Agar CAS 9002-18-0, ) A, +/1 LK1
S S S35 PH = 0/A 5 (Merck, Germany
0 il @l Job il gl cgr () IS2)
Shoot elongation ) L. ods Lob W ciShow
/00 3 MS 4l oS e gyl (Mmedium, SEM
i 53 p badiged ) Ldd Jaze BAP 2 e S e
o Gy o Sl e ghale sl 5 slsts LSS

A Sl S azaa Ul

3 oS ST Jras 05 JUs) asbo g of onas olS
e I TR U NS R LR
s 5,058 Populus % euromericana Dode Guinier
Loy sledis s Bl (oS 5o e candllas
05 eS| 5 oS s (Plant growth regulators, PGR)
oS 3 S Gl ook Bl o Sle 3L 55k
chle Bl a8 slbs ws e s
S S Sl Olgsa Basta® iScale oSl
Gldisein, 53wl OIS Ay cgx (Al
wbosd 4 pliws Cgr A3S ew Sl o Sk
0 S el en Sty ST e (S Jlasl
A5 g 05 Wl asleged 5 LS ) 05 JW
Oy 5 Jisl 255 513 eslial 5,50 axi)l s OLS
L e ol sin TO OLALS ¢ 55 L3 gus O Lk
Glo sy (2815 5 05l (IS aST (gla oy Sl esliz
L3 4l (RT-PCR) v sSae (65 pasend 51k

L s, 920

b3 3 G ol 3t e Ssiedd 5 ALS S
P. x euramericana Dode & ua sl o Slsaslialil
sbdelS Slias L s «ls Guanier cv. 561/41
38°0330.4"N ULl s> 5,2) (BRGUT) 55 oKils
e b 35 AB°20078E Uil b 5 e
Wiz el g S eslial (e e T Sk
Yoo Jsba) Aiy J s s Ol sl sde Yool
Wler ol Cra gl v/Y=v/00 Lo &l 5 e sl
o st 3 5 Ll b a5 il sladlyr 5 ol
DSl s Ol sl b s 5 () JS) el
L iz o8ilesl a4 ol S sle s £ gles 5 50l
Glaals (hu gl Sodl 5 L sl Gl cgx
Seslial b (Y JS8) il 5 ol gladilsr ol
Blo pa gl & s b mle ol S (ol Sl
Voot G 5 phied JS sba adds 0 ey
JbI b 5 s b gas s 20T Ol o 5 csl

Aoy Vo ool ediStidn mle il Y ooty Ao p3 Ve


http://dx.doi.org/10.52547/pgr.8.2.1
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.9.5
https://pgr.lu.ac.ir/article-1-238-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-10 ]

[ DOR: 20.1001.1.23831367.1400.8.2.9.5 ]

[ DOI: 10.52547/pgr.8.2.1]

550445 OLEL 5 s

(A) W

g 3> )| 5 OS5 0 g 7S5 ST s 03 JUes!

(P. xeuramericana Dode Guinier) . ;s ol » 5z olS i 2133 Ao g (el g 03l8tal 350 450l 3 ¢85 g Js
Figure 1. Explant source and type for shoot regeneration of hybrid black poplar (P. <euramericana Dode Guinier)
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A) The young and healthy branches with 20-30 cm in length and 0.3 cm in diameter from hybrid black poplar. In the left, the
apical and lateral buds of the hybrid black poplar was shown; B) The lateral and apical buds cultured on MS medium to
obtain in vitro regenerated shoots; C) The shoots from buds after 4 weeks culturing on MS medium. The cultures were

maintained at 26°C, 16/8 hrs light/dark photoperiod exposing to 4500 Lux light intensity from a cool white, fluorescent lamp.

D) The internodal stem explants with 1 cm long from the in vitro regenerated shoots cultured on SIM. Bars indicate 1 cm.
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Figure 2. Schematic diagram from map of pPCAMBIA3301 binary vector (11320bp) containing GUS reporter

gene (Purple-colored arrow) and bar plant selectable marker gene encoding phosphinothricin acetyltransferase
enzyme (Green-colored arrow) to obtain Basta® herbicide resistance in transgenic plants.
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Table 1. The sequence of forward and reverse primes used for PCR reaction to validate the regenerated TO plantlets
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Table 2. The variance analysis of shoot regeneration from internodal stem explant of Populus xeuromericana
cultured on SIM with different BAP and IBA combinations

Sless b 35T 4 Sl e Sl F
Source of variables Degree of freedom Mean square
Treatment) ;Lo 11 286.772 30663312.03**
BAP 3 976.688 104433122.71**
IBA 2 66.698 7131710.79**
BAP x IBA 6 15.172 1622273.76**
(Error) Ua> 24 9.352E-6
(1) St o 757E-5

Coefficient of variation (%)

Lo ) Jle| dg,., 55 J\’L;W e
. Significant at 1% probability level
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X euromericana
Table 3. The variance analysis of the interaction effects of the traits, including root No. and root length in regenerated plantlets of
Populus x euromericana cultured on RIM with different NAA and IBA combinations

(Number of root) ais , slaas

(Root length) ais, J sk

@bl 4z

St e b o Sile Sl
Source of variables Degree of freedom ~ — = oSl F Sha e oSk F
Mean square Mean square
(Treatment) ,los 8 65.24 1504.45™ 73.63 1959.78™
IBA 2 232.64 5351.70 266.09 7082.34™
NAA 2 9.60 221.357 6.58 175.11™
IBA x NAA 4 9.64 222.38™ 10.92 290.83**
(Error) U= 18 0.043 0.04
(1) DS o 5 3.85 255
Coefficient of variation (%)
Ao o)l o 53 s e S

™ Significant at 1% probability levels
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Figure 3. The compare means of in vitro plant regeneration and MIC of Basta® in internodal stem explants from
hybrid black poplar (P. x euramericana Dode Guinier).
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A) The compare mean of shoot induction from internodal stem explant of P. xeuramericana cultured on SIM
with different BAP and IBA combinations. B) The compare mean of root No. in regenerated plantlets of P.
xeuramericana cultured on RIM with different NAA and IBA combinations. C) The compare mean of root
length in regenerated plantlets of P. xeuramericana cultured on RIM with different NAA and IBA
combinations. D) Effect of commercial herbicide Basta® with phosphinothricin active compound on shoot
regeneration (Dark grey-colored column) and survival rate (Light grey-colored column) of internodal stem

explant of P. xeuramericana cultured on SIM medium containing basal MS medium supplemented with BAP
(0.5 mg/L), IBA (0.05 mg/L) and Basta® in 5 concentrations levels (0, 0.25, 0.5, 0.75 and 1.0uM) after 6 weeks.
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Figure 4. Direct plant regeneration from internodal stem explant of hybrid black poplar (P. x euramericana
Dode Guinier) without callus induction.

J:‘:!Ji r‘)fk):ﬂ v/00 }BAP‘)::IJ; r‘)fdl:.a v/0 6}[>SIM .]a._?u)J ol LS aslw aﬁl:ﬁ LSLAM}NJ{))‘W.\)‘ o &‘)ij ;j.‘)‘ék”‘ 6‘.&3\ (g_ﬂ.“
A ppSker0 sBAP 1 e S Lo t/0 (ool SIM Lase s win 51 oy il o Sl g0 525 o Bl 1350 51 S sled (o IBA
a3 0lS . NAA ) ?)fufh“ /vo 5IBA 23, (’)gui‘:‘ N sl RIM S o 53 002 1330 (sbaazeal 55 sliads; Wl (CJBA

Y s ey wals) St bglis 3 a3 glalslS Ll 5 s, SB61 s e 5L P. X euramericana Dode Guinier glai.:

e e Sl V(6,803 5 edias QLIS Kol b ghast (FV2)

A) Shoot induction and regeneration after 6 weeks from internodal stem explant cultured on SIM containing MS

basal medium supplemented with BAP (0.5 mg/L) and IBA (0.05 mg/L). B) Closeup view of regenerated shoots
from single internodal stem cultured on SIM containing MS basal medium supplemented with BAP (0.5 mg/L)
and IBA (0.05 mg/L). C) Root development in MS basal medium supplemented with IBA (0.1 mg/L) and NAA

(0.05 mg/L). D) A hardened in vitro raised P. x euramericana Dode Guinier growing in soil mixture (sand, peat
moss and perlite in 3:2:1 ratio). Bars indicate 1cm.
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Table 4. The variance analysis of the interaction effect of the traits, including preculturing of internodal stem explant in SIM
medium, concentration of bacterial suspension (OD600) and A. tumefaciens strain on frequency of Agrobacterium-mediated
genetic transformation using inter nodal stems explants from P. x euramericana Dode guinier

S i b3l ax s Sl Sl .
Source of variables Degree of freedom Mean square
et 23 1023.206 1743.688**
Treatment
SAL s g 1 383.876 654.179**
Bacterial strain type
(ODe00) (o 5L slad gl 2 ale 2 3207.204 5465.531%*
Concentration of bacterial cell suspension (ODsoo)
i S Olajke 3 2318.246 3950.621**
Preculturing time
St lad b e x 6 5L s 5 2 532.881 908.105%*
Strain type x ODsoo
e 6 524,283 893.452%*
Preculturing time x ODsoo
S e Sled e x S S 4 15 3 1414.756 2410.960**
Strain Type x Preculturing time
Sty ejle X o S Slad o Bl X 45 5 6 220.826 376.318**
Strain type x Preculturing time x ODeoo
o 48 0.587
Error
) u\;ﬁ«.«i ““l)"’ 4.76

Coefficient of variation (%)
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Table 5. The compare mean of the interaction effect of the traits, including preculturing of internodal stem explant in SIM
medium, concentration of bacterial suspension (OD600) and A. tumefaciens strain on frequency of Agrobacterium-
mediated genetic transformation using internodal stems explants from P. x euramericana Dode guinier

S e ST Gy 4 05 JUH 13 s

A. SL 5 . . .
S A & Agrobacterium-mediated transformation frequency (%)

e tumefaciens G20 ODéoo
Treatment  Agrobacterium Explant oSl 3,1kl Gl
strain preculturing Time

(day) Mean SD
1 LBA4404 0 0.3 0.00k 0.00
2 LBA4404 0 0.6 0.00k 0.00
3 LBA4404 0 0.9 0.00k 0.00
4 LBA4404 3 0.3 21.67f 1.53
5 LBA4404 3 0.6 43.00c 1.00
6 LBA4404 3 0.9 6.50j 0.50
7 LBA4404 6 0.3 35.00d 1.00
8 LBA4404 6 0.6 68.83a 0.76
9 LBA4404 6 0.9 13.25h 1.00
10 LBA4404 9 0.3 0.00k 0.00
11 LBA4404 9 0.6 33.50d 1.00
12 LBA4404 9 0.9 0.00k 0.00
13 EHA105 0 0.3 0.00k 0.00
14 EHA105 0 0.6 0.00k 0.00
15 EHA105 0 0.9 0.00k 0.00
16 EHA105 3 0.3 10.00i 0.50
17 EHA105 3 0.6 21.50f 1.00
18 EHA105 3 0.9 4.67j 0.57
19 EHA105 6 0.3 28.50e 1.50
20 EHA105 6 0.6 13.50h 1.00
21 EHA105 6 0.9 1.33k 0.57
22 EHA105 9 0.3 21.33f 1.25
23 EHA105 9 0.6 47.33b 0.29
24 EHA105 9 0.9 17.169 0.29

() S 2 57.24
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Figure 5. The compare means of Agrobacterium-mediated transformation frequency of the internodal stem explant under the

influence of Acetosyringone concentration and inoculation time
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A) The compare means of Agrobacterium-mediated transformation frequency in different AS concentrations, including 0, 50,
100 and 150 uM. (B) The compare means of GUS-positive transformation frequency in different inoculation times, including 5,
10, 15 and 20 mins using bacterial suspension of A. tumefaciens strain LBA4404 (OD600=0.6). C) Southern blot analysis of
five independent TO poplar plants of TO-1 - TO-5 (Lanes T0-1-T0-5) and untransformed plant (Lane WT) reveals stable insertion
of the gus gene in the genomic DNAs digested with EcoRI and Hindlll restriction enzymes. D) RT-PCR analysis of the control
and TO transgenic plants. The RT-PCR reaction were performed using GUS-specific primer pair to specifically amplify the 450
bp GUS fragment in the five TO plants. Lane M, DNA ladder 100 bp; P, positive control (plasmid pPCAMBIA3301); WT,
negative control (wild type plant); Lanes TO-1 to TO-5, PCR product from GUS-related cDNA of TO hybrid black poplars. E)

GUS assays in the leaf samples of the three month-old control and TO plants.
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Abstract

Black poplar (Populusx euramericana Dode Guinier) is an industrially important tree with broad
applications in wood and paper, biofuel and cellulose-based industries as well as plant breeding
programs and soil phytoremediation approaches. Here, we have focused on development of direct
shoot regeneration and Agrobacterium-mediated transformation protocols using the in vitro internodal
stem tissue from hybrid black poplar. To obtain efficient plant regeneration, the internodal stem
explant was cultured on SIM and RIM medium containing different concentrations of BAP x IBA and
IBA x NAA, respectively. The crucial factors involved in genetic transformation have been evaluated
to achieve Agrobacterium-mediated transformation protocol. We achieved fast and highly potential
shoot regeneration from the explants cultured on SIM containing BAP 0.5mg/L and IBA 0.05mg/L
with 28.57 shoots per explant. The normal roots developed from the plantlets cultured on RIM
containing IBA 0.1mg/L and NAA 0.05mg/L and 100% of the regenerated plants were hardened and
transferred to the greenhouse condition. Our results indicated that 0.5 UM Basta® could provide a
stringent selection for the inhibition of non-transformed cells. We also obtained the highest
transformation efficiency of 93.33% through preculturing the explants for 6 days and dipping into IM
medium containing A. tumefaciens strain LBA4404 (ODeso = 0.6) and 100 pM AS for 10 min. The
Southern blotting analysis, RT-PCR and GUS histochemical analysis were confirmed the stable single
or two-copies gus transgenesis in the genomic DNA and its expression in the selected TO generation
plants. The findings indicate that these protocols could be used for genetic engineering approaches in
hybrid black poplar.
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