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Figure 1. Explant source and type for shoot regeneration of hybrid black poplar (P. <euramericana Dode Guinier)
&L@h‘j LS“’L’. LSLAA:‘f%WJJ‘J:_ﬂA aL:m‘)..:}'\.p C}J)J\ ok U"J:"L;:’L" '/leasjjh&'bbv"—\" J.UES J)laduvﬂ,w‘ju‘f =L (Ll

(C.AQLA.\.::)}A})'U)Q-C«RMS C,.is.]a.?mjéJ.:»_}::Aa@ﬂwag&_@ﬂ\jfb_-ﬂﬁdbéﬂ}l)w(g el edo3ls OLAS pgm s

C&Lu/\J&LL.'Z‘})C«FLu\-\mjjsjéU}Jl{d}j}i‘:ﬁ)}#})}aduwd\ﬂs al base o CiS ania bl a5l asl As ) gladdla

J)laqébeﬁpduéﬁﬁ)wb.xﬂL;)\J&;\deﬂbo_-);\"\L;Le;);:ﬂ;%@ggﬂﬂb’%ﬁ\b\yb—ws}!ion o5 OAd s S
ol o 5l ) Jslas (6,803l ol ains L b glos SIM S oo 53 e gl )

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.
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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
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Concentration of bacterial cell suspension (ODsoo)
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Preculturing time
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Strain Type x Preculturing time
Sty ejle X o S Slad o Bl X 45 5 6 220.826 376.318**
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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 . . .
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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
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18 EHA105 3 0.9 4.67j 0.57
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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
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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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