
Saudi Journal of Biological Sciences 27 (2020) 1324–1332
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Feasible regeneration and agro bacterium-mediated transformation of
Brassica juncea with Euonymus alatus diacylglycerol acetyltransferase
(EaDAcT) gene
https://doi.org/10.1016/j.sjbs.2019.12.036
1319-562X/� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: MS, Murashige and Skoog; PGR, plant growth regulator; NAA, a-naphthalene acetic acid; YEP, yeast extract-peptone medium; PCR, polymeriz
reaction.
⇑ Corresponding authors at: Institute of Biotechnology Genetic Engineering, The University of Agriculture, Peshawar, Khyber Pakhtunkhwa 25130, Pakistan (I

School of Ecology and Environmental Science, Yunnan University, Kunming, China (M. Shuaib).
E-mail addresses: iqmunir@yahoo.com (I. Munir), zeyadz44@yahoo.com (M. Shuaib).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Ijaz Naeema,d, Iqbal Munir a,⇑, Timothy P. Durrett b, Aqib Iqbal a, Karanbir S Aulakh b, Mian Afaq Ahmad a,
Hayat Khan c, Imtiaz Ali Khan e, Firasat Hussain c,f, Muhammad Shuaib g,⇑, Asad Ali Shah h,
Ikram Muhammad i, Saraj Bahadur j, Khaist Begim k, Fida Hussain l

a Institute of Biotechnology Genetic Engineering, The University of Agriculture, Peshawar, Khyber Pakhtunkhwa 25130, Pakistan
bDepartment of Biochemistry and Molecular Biophysics, Kansas State University, 66506, USA
cDepartment of Microbiology, University of Swabi, Khyber Pakhtunkhwa 23561, Pakistan
dDepartment of Biotechnology, University of Swabi, Khyber Pakhtunkhwa 23561, Pakistan
eDepartment of Entomology, The University of Agriculture, Peshawar 25000, Pakistan
fDepartment of Microbiology, Cholistan University of Veterinary & Animal Sciences, Bahawalpur 63100, Pakistan
g School of Ecology and Environmental Science, Yunnan University, Kunming, China
hDepartment of Medical Laboratory Technology, College of Applied Medical Science, Jazan University, Saudi Arabia
i Laboratory of Plant Metabolic Engineering, Faculty of Life Science and Technology, Kunming University of Science and Technology, China
jCollege of Life and Pharmaceutical Sciences, Hainan University Haikou China
kDepartment of Genetics, Hazara University, Pakistan
lDepartment of Botany, Qurtuba University Peshawar, Pakistan

a r t i c l e i n f o
Article history:
Received 19 October 2019
Revised 14 December 2019
Accepted 22 December 2019
Available online 8 January 2020

Keywords:
Brassica juncea
Callus
Agrobacterium tumefaciens
Transgenic plants
Biodiesel
a b s t r a c t

In the present study an effort has been made to optimize the in vitro regeneration protocol for
Agrobacterium-mediated transformation of Brassica juncea, because of its importance as oilseed crops.
The highest callus induction frequency of 87% was observed on MS (Murashige and Skoog, 1962) medium
supplemented with 4 mM 6-benzyladenine (BA) after four weeks of culture period. Subculturing of orga-
nogenic calli in MS media with a similar hormonal composition resulted in shoot organogenesis after six
weeks of culture cultivation. The highest shoot induction frequency (92%) was recorded on MS medium
containing 4 mM BA in combination with 1 mM of a-naphthalene acetic acid (NAA). Further, well-
developed roots were formed in MS media augmented with 6 mM of Indole acetic acid (IAA) in combina-
tion with 1 mM Kinetin (Kn). Cotyledon explants were exploited in vitro for the successful transformation
of B. juncea. A binary vector comprised of the Euonymus alatus diacylglycerol acetyltransferase (EaDAcT)
gene under the transcriptional control of a glycinin promoter and with a basta selection marker was
introduced into A. tumefaciens strain GV3101 via electroporation. EaDAcT gene is responsible for unusual
triacylglycerol’s production where the sn-3 position is esterified with acetate instead of the long-chain
fatty acid found in the triacylglycerol’s. The highest regeneration frequency (100%) of transgenic shoots
was observed on MS medium supplemented with 4 mM BA plus 1 mM NAA in the presence of 25 mg l�1
ed chain
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basta and 160 mg l�1 timintin. The efficiency of stable transformation was found to be approximately 7%
in the transgenic plants. Moreover, the transformed regenerated shoots were confirmed by PCR analysis
using EaDAcT gene-specific primers.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction of acetyl-TAG. The gene for the expression of this enzyme was
Today energy is the foremost important factor influencing the
progress, development, economic growth, social welfare and qual-
ity of life in any country (Singh and Ma, 2006). Fossil fuels have
been used conventionally as the major energy source, but many
countries are often not available domestically in sufficient quanti-
ties to meet fast-growing energy demands. Most developing coun-
tries spend a considerable amount of hard-earned foreign currency
revenues for the purchase of petroleum products to meet their
increasing energy demands (Agarwal et al., 2015). The maximum
utilization of petroleum products has thus caused a tremendous
increase in their prices worldwide. This has led to a search for
alternative options, such as the replacement of fossil fuel with
other substitutes such as biodiesel (Karmee and Chadha, 2005).

Biodiesel is a renewable transport fuel created from oil
extracted from plant seeds or other parts. It is simple to use,
biodegradable, non-toxic and eco-friendly (Srivastava and Prasad,
2000). Due to many molecular similarities to the paraffinic diesel,
biodiesel can fulfill the demands that diesel engine makes of its
fuel. For instance, no engine modifications are required to substi-
tute biodiesel as diesel fuel that can maintain the engine perfor-
mance. Further, biodiesel is better than diesel in terms of sulphur
content, flash point, aromatic content and biodegradability
(Slabaugh et al., 1997). Brassica juncea of the Brassicaceae family
is among the most vital and cultivable plant varieties for seed oil
production. It is cultivated in numerous countries of the world
including Canada, Australia, China, India and Russia (Rabbani
et al., 1998; Woods et al., 1991). This plant and some other species
of the family Brassicaceae are medicinally important and contain
some important phytochemicals such as vitamins, minerals and
anti-carcinogenic agents, etc. (Nosheen et al., 2016; Bahadur
et al., 2018a; Ullah et al., 2018a, 2018b; Ashfaq et al., 2019a;
Shuaib et al., 2019; Zaman et al., 2019). The potential for produc-
tion of higher yields in terms of biomass under extreme conditions
makes B. Juncea an attractive crop for biodiesel production. How-
ever, the seed oil produced from this species has the disadvantage
of being highly viscous. Due to the presence of high amount of long
chain fatty acids, the oil cannot be used directly in diesel engines
and must be first trans-esterefied to reduce its viscosity
(Kulkarni and Dalai, 2006). Poor fuel atomization in contemporary
diesel engines occurs due to the high viscosity of plant oils, there-
fore plant oils with low viscosity can be produced by altering the
fatty acid composition of triacylglycerols (TAGs) in vegetable oils
(Durrett et al., 2010). Recently, a novel approach has been
employed to lower the viscosity of triacylglycerols by acetylating
the sn-3 position of the long chain of triacylglycerols in vegetable
oils, potentially eliminating the requirement of transesterification
in-engine use. The seeds of Euonymus alatus produce an unusual
3-acetyl-1,2-diacyl-sn-glycerols (acetyl-TAG), where the sn-3 posi-
tion is esterified with acetate instead of the long-chain fatty acid.
The sn-3 position of the acetyl group changes the physical and
chemical properties of acetyl-TAGs, by reducing their viscosity by
approximately 30% compared to regular triacylglycerols (here
referred to as long-chain TAGs or lcTAGs, to emphasize the differ-
ent in the acyl character of the sn-3 position of the molecule). A
membrane-bound O-acyltransferase (MBOAT) enzyme present in
the endosperm of E. alatus is mainly responsible for the production
sequenced and was named E. alatus diacylglycerol acetyltrans-
ferase (EaDAcT). The previous study shows that down-regulation
of the DGAT1 pathway for synthesis of lcTAGs leads to the
enhanced accumulation of acetyl-TAGs in Camelina and Arabidop-
sis. The effective application of this approach to the oilseed crop
Camelina sativa resulted in up to 85 mol% acetyl-TAGs in the oil,
representing the maximum levels of unusual lipids achieved in
transgenic plants (Liu et al., 2015).

Thus, the other oil-producing crops can be transformed with the
EaDAcT gene so that they can produce these unusual acetyl-TAGs
which possess biofuel and other applications. In addition, genetic
engineering will serve to modify field crops with desirable qualita-
tive and agronomic traits. Establishment of an efficient tissue cul-
ture system is vital for the success of any plant genetic engineering
procedure, especially for Agrobacterium-mediated transformation
(Liu et al., 2015). With this in mind, the present study was aimed
to develop and standardize an efficient and high-frequency
Agrobacterium-mediated transformation system for B. juncea (Raya
Anmol) with the EaDAcT gene.
2. Materials and methods

2.1. Plant material and in vitro seed germination

Mature and viable seeds of Brassica juncea (genotype Raya
Anmol) were rinsed quickly with 70% (v/v) ethanol for 5 min prior
to surface sterilization with 0.1% (w/v) freshly prepared mercuric
chloride solution (HgCl2) for 3 min. After rinsing three times with
sterile distilled water, all the seeds were placed on MS medium
(Murashige and Skoog, 1962) solidified with 0.8% agar in sterilized
magenta jars for germination.
2.2. In vitro regeneration

Cotyledon explants (~5 mm) were excised from two week old
seedlings and were surface sterilized. All the explants were then
placed on MS media containing 4.0% (w/v) sucrose and 0.8% (w/
v) plant agar in 150 ml conical flask supplemented with various
concentrations (2, 4, 6, 8 or 10 mM) of 6-benzyladenine (BA) or in
combinations with (1 mM) a-naphthalene acetic acid (NAA) or
(1 mM) gibberellic acid (GA3). The pH of media was adjusted to
5.8 prior to autoclaving (121 �C, 20 min at 1 atm.). All cultures were
incubated in a growth chamber at 16 h photoperiod with a light
irradiance of ~40 lmol m�2 sec�1, and temperature was main-
tained at 25 ± 1 �C with 70% relative humidity (Bangash et al.,
2013). In all experiments, PGR free solid MS medium was used as
a control treatment. After four weeks of culture period, the callus
induction frequency was recorded. Calli were then transferred to
fresh medium supplemented with the same plant growth hor-
mones for shoot organogenesis with five replications. After four
weeks of culture cultivation the data was recorded as shoot induc-
tion frequency (%), number of shoots and shoot length (cm). Long
and healthy green shoots were then transferred to rooting medium
(20% sucrose and 8% agar) supplemented with (2, 4, 6, 8 or 10 mM)
of Indole acetic acid (IAA) alone or in combination with 1 mM Kine-
tin (Kn).
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2.3. Plant transformation

2.3.1. Agrobacterium tumefaciens strain and binary vector
The Agrobacterium tumefaciens strain GV3101 harboring the

binary vector plasmid pBinGlyBar4-EaDAcT (Durrett et al., 2010)
was used for the transformation of Brassica juncea. To construct
this vector, the EaDAcT coding sequence was amplified with the
primers 50-ACCCAATTGATGATGGATGCTCATCAAGAG-’3 and 50-AG
ACCTGCAGGTTAAGCGTAATCTGGAACATC-30 which containing
MfeI and SbfI recognition sites, respectively (Durrett et al., 2010).
Standard restriction enzyme digests followed by ligation allowed
the insertion of the PCR amplified fragment into the MfeI and SbfI
sites in the multiple cloning site of pBinGlyBar4. This binary vector
contains the glycinin 1 promoter from soybean that provides seed-
specific expression of coding sequences inserted into the multiple
cloning site. In addition, pBinGlyBar4 contains the bar gene which
provides resistance against the herbicide glufosinate (phos-
phinothricin) allowing for the selection of transgenic plants. After
sequencing to confirm the fidelity of the inserted sequence, the
completed vector was then introduced into A. tumefaciens strain
GV3101 by electroporation (1.8 kV, 200 X, 50 mF)
2.4. Co-cultivation medium

The infected B. juncea explants were co-cultivated on MS media
containing 20 mg l�1 sucrose, 20X iron sources, 0.1 mg l�1 myo-
inositol and supplemented with 6 mM BA in combination with
4 mM NAA.
2.5. Selection media

After co-cultivation the putative transgenic B. juncea explants
were transferred to MS media containing 20 mg l�1 basta,
160 mg l�1 timintin fortified with 4 mM BAP plus 1 mM NAA for
the selection of explants (selection medium 1). For efficient selec-
tion, the putative transgenic explants were further tested at higher
concentrations of basta (25 mg l�1) and Timintin (160 mg l�1) (se-
lection medium 2).
2.6. Rooting medium

The putative transgenic shoots were transferred to rooting
medium i.e. MS medium containing 6m M IAA in combination with
1 mM Kn (Bano et al., 2010).
2.7. Preparation of the Agrobacterium inoculum

The transformed Agrobacterium tumefaciens was cultured over-
night at 28 �C on a rotatory shaker in YEP medium containing
50 mgl�1 kanamycin sulphate, 50 mgl�1 gentamycin and 25 mgl�1

rifampicin. The bacterial suspension was then centrifuged at
3000 rpm for 10 min, the supernatant was decanted and bacterial
pellet was re-suspended in plan MSmedium. The resulting suspen-
sion was diluted to obtain an OD600 of 0.5 which was then used for
the transformation experiments.
Table 1
Primers used for the PCR amplification of target EaDACT gene in the putative transformed

Name Sequence

EaDACT-F ACCCAATTGATGATGGATGCTCATCAAGAG
EaDACT-R AGACCTGCAGGTTAAGCGTAATCTGGAACATC
2.8. Explant isolation, inoculation and cultivation

Cotyledons were excised from two weeks old seedlings and
were subsequently placed on the cultivation medium followed by
inoculation through dipping in the transformed Agrobacterium sus-
pension. The plates were sealed with micropore tape and were
then transferred to the growth chamber and incubated at 21 �C
under 16-hour day length for three days (Mollika et al., 2011).

2.9. Selection

After three days on the co-cultivation medium, the explants
were transferred to the selection medium and again transferred
to the growth chamber. In each step, a control plate was also used
with explants not treated with the Agrobacterium suspension. After
three weeks of incubation, the explants were then directly trans-
ferred to a fresh MS media in a 250 ml flask containing 25 mgl�1

basta. The transgenic shoots were then isolated and transferred
to rooting media comprised of 6 mM IAA combined with 1 mM Kn.

2.10. Transplantation of plantlets into soil

The rooted plantlets were then shifted to plastic pots containing
soil, horticulture and vermiculite at ratio 4:2:1 along with osmo-
cote covered with transparent plastic and placed in an acclimatiza-
tion room at 21 �C with 70–90% humidity. The temperature of the
room was gradually increased up to 25 �C. The transparent cover
was removed after 3 weeks for proper hardening to obtain estab-
lished transgenic plants (Barfield and Pua, 1991).

2.11. Molecular analysis of transgenic plants

Genomic DNA was extracted from basta-resistant and control
plants using the cetyltrimethyl ammonium bromide (CTAB)
method (17). Putatively transformed plants were genotyped for
EaDAcT using PCR The PCR reaction was carried out in a 20 ml mix-
ture containing 50 ng genomic DNA, 200 mM dNTPs, 0.4 mM of each
EaDAcT specific primer (Table 1), 2.5 mM MgCl2, 2 ml Taq poly-
merase, buffer (10X) and 2.5 units Taq polymerase enzyme (Ther-
moscientific�, USA) and PCR grade water for final volume
adjustment. The mixture at first was heated at 95 �C for the com-
plete denaturation of genomic DNA and then subjected to amplifi-
cation in a 30 cycled reaction with the thermal profile of 94 �C for
30 sec, 57 �C for 30 s and 72 �C for 1 min respectively. A final exten-
sion at 72 �C was made for 5 min at the end of the reaction.

3. Results and discussion

3.1. Callogenesis

The highest callus induction frequency (87%) was observed
when cotyledon explants were incubated on MS medium supple-
mented with 4 mM BAP (Fig. 1a). The callus formation was initiated
at the cut end of explants on day 12th of culture inoculation. More-
over, the callus tissue was compact in texture and yellowish-green
in color (Fig. 5a). It was observed that an increase in BAP concen-
tration beyond this optimal level decreased the frequency of callus
Brassica juncea.

GC Contents Tm (�C) Expected size

44% 58.9 1 KB
47% 68.9



Fig. 1. Application of different PGRs concentrations and their impacts on callus formation frequency in B. juncea. Values are mean of five replicates with ±SE and observations
were recorded after 4 weeks of culture. Columns with common alphabets are not significantly different at p � 0.5.
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formation. For example, a frequency of only 30% was observed with
10 mM BAP (Fig. 1c). Combinations of BAP either with 1 mM GA3

promoted callus formation more effectively when the BAP was
applied at lower levels. Explants failed to form callus in plain MS
medium (MS medium without growth regulators; used as control).
Similarly (Parveen and Shahzad, 2011), observed the highest callo-
genic response in Acacia sinuate cotyledon explants at 4 mM BAP.
Previously, a combination of 1 mgl�1 NAA and 1 mgl�1 GA3
resulted in 75.3% callus formation from cotyledonary explants of
Sinapis alba (Abbasi et al., 2011). In contrast, previous work found
that callus induction ability in Brassica napus cultivars was
enhanced by using 2,4-D in combination with GA3 or AgNO3 (Ali
et al., 2007).

3.2. Organogenesis

The organogenic callus tissue was refreshed on MS medium
with similar composition and concentrations of PGRs. Subsequent
shoot induction started after 28 days of culture time. A maximum
frequency of shoot organogenesis (88%) was observed when callus
was refreshed on MS medium supplemented with 4 mM BAP
(Fig. 2a). Further increases in shoot induction frequency (92%)



Fig. 2. Impacts of BAP, NAA and GA3 on organogenesis in B. juncea. Values are mean
of five replicates with ±SE and observations were recorded after 4 weeks of sub-
culture. Columns with common alphabets are not significantly different at p � 0.5.
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was observed when 4 mM BAP in MS medium was combined with
1 mM NAA. However, 2 mM BAP in combination with 1 mM GA3

resulted in 70% a lower shoot induction frequency, with only a
Fig. 3. Impact of plant growth regulator (BAP GA3 and NAA) on shoot number in B. junce
4 weeks of sub-culture. Columns with common alphabets are not significantly different

Fig. 4. Impacts of different PGRs on mean shoot length in B. juncea. Values are mean of fi
Columns with common alphabets are significantly different at p � 0.5.
70% effectiveness with 1 mM GA3 (Fig. 2b). These results are consis-
tent with similar findings mature cotyledons of soybean, were 68%
shooting frequency was obtained on 4.54 mM BAP while 50%
response was obtained on 13.3 mM GA3 (Franklin et al., 2004).

When considering the number of shoots per callus, 4 mM BAP
produced the most shoots (11.1 ± 0.21); however, further increases
in BAP concentration beyond 4 mM resulted in a drastic decline in
the number of shoots per callus and eventually resulted in shoot
inhibition at 10 mM (Fig. 3b and c). A significant increase in the
number of shoots (17.3 ± 0.43) occurred with 4 mM BAP in combi-
nation with 1 mMNAA (Fig. 3a). An optimum shoot length of 5.7 cm
was observed at 4 mM BAP which was further enhanced by addition
of 1 mMNAA into the media containing 4 mM BAP (Fig. 4a). The role
of BAP during in vitro morphogenesis is associated with metabo-
lism of endogenous growth regulators i.e. cytokinins, auxins, GA3

and ethylene (Radke-Yarrow et al., 1998). It is suggested that most
probably, BAP enhances the susceptibility of plant tissues for
exogenous and endogenous factors that are involved in differenti-
ation and dedifferentiation of the plant cells in vitro (Khan et al.,
2015). However, the choice of explants also plays a vital role in
shoot organogenesis. Nonetheless, cotyledon explants are more
potent than hypocotyl explants for callus mediated shoot organo-
genesis in B. juncea (Bano et al., 2010).
3.3. Root induction

Elongated shoots were then transferred into rooting media for-
tified with different levels of IAA, either alone or in combination
with Kin. The elongated shoots initiated root formation at 6 mM
of IAA. The higher concentration of IAA showed inhibitory effects
on root organogenesis (Table 2). The rooting frequency was further
a. Values are mean of five replicates with ±SE and observations were recorded after
at p � 0.5.

ve replicates with ± SE and observations were recorded after 4 weeks of sub-culture.



Table 2
Impacts of different concentrations of IAA and its combinations with Kin on root
growth parameters in B. juncea.

Treatments Rooting
(%)

No. of roots/
shoot

Root-length
(cm)

IAA (2 mM) 32 ± 2.43 1.9 ± 0.43 3.8 ± 0.93
IAA (4 mM) 47 ± 2.55 2.1 ± 0.73 4.2 ± 1.12
IAA (6 mM) 58 ± 1.93 3.1 ± 0.83 6.2 ± 1.23
IAA (8 mM) 42 ± 1.12 2.7 ± 0.43 4.4 ± 1.28
IAA (10 mM) 38 ± 1.85 0.9 ± 0.23 3.1 ± 0.02
IAA (2 mM) + Kin (1 mM) 55 ± 1.93 2.7 ± 0.63 3.1 ± 0.23
IAA (4 mM) + Kin (1 mM) 65 ± 2.13 3.8 ± 1.93 5.2 ± 2.13
IAA (6 mM) + Kin (1 mM) 82 ± 3.43 5 ± 1.93 8.2 ± 1.23
IAA (8 mM) + Kin (1 mM) 75 ± 2.89 4.8 ± 1.33 5.5 ± 0.63
IAA (10 mM) + Kin (1 mM) 68 ± 2.33 3.5 ± 0.83 3.2 ± 0.13

Note: Values are mean of five replicates and observations were recorded after
4 weeks of culture.
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enhanced when the elongated shoots were incubated in the med-
ium supplemented with 6 mM IAA in combination with 1 mM Kn.
With this particular PGR treatment, the highest rooting frequency
(82%) with the maximum number of roots (5 roots/shoot) and the
highest root length (8.2 cm) were observed (Table 2). Auxins, nota-
bly IAA and NAA, have been indicated as effective PGRs for rooting
in different Brassica spp including B. juncea (Cogbill et al., 2010;
Khan et al., 2009; Teo et al., 1997).

3.4. Agrobacterium-mediated B. juncea transformation and
regeneration

A total of 200 B. juncea cotyledons were infected with Agrobac-
terium transformed with a binary transformation vector containing
EaDAcT. Compared to other types of media, the highest regenera-
tion frequency (100%) was observed on co-cultivation medium
(Table 3). The incubation of explants for three days on co-
cultivation mediumwas followed by transferring to selection med-
ium 1. After 10–15 days on section medium 1, creamy greenish cal-
lus formation at the cut ends was observed which eventually
resulted in shoot formation. In our study, the responding frequency
Table 3
Growth % of transgenic plants with different medium.

Explants PCM SM-I SM-II PRM TE

200 100 50 25 14 07

PMC: Plant Cultivation Medium, SM: Selection Medium PRM: Plant on rooting
medium, TE: Transgenic efficiency.

Fig. 5. In vitro regeneration in B. juncea. (A) Callus formation from cotyledon explants aft
shoot number (bar = 2.5 mm). (C) Shoot organogenesis in terms of mean shoot length (
of cotyledon explants was much higher for callus organogenesis
than the previously published data on the exploitation of the same
explant for callus formation followed by Agrobacterium-mediated
transformation in B. juncea (Barfield and Pua, 1991; Das and
Joshi, 2011; Dutta et al., 2005). Non-transgenic explants became
yellow in color and did not respond in vitro on selection media 2
containing 25 mgl�1 Basta and 25 mgl�1 timintin. This media
was found inhibitory for the growth of non-transgenic plants.
Our study further suggests that half-cut cotyledons without meris-
tem are better explants when used for transformation and regener-
ation because meristematic cells in the hypocotyl explants are
often recalcitrant to Agrobacterium infection (De Block et al.,
1989). The explants that were co-cultivated for more than 72 h
period on co-cultivation medium could cause necrosis of the
explants due to the excessive growth of Bacteria (Khan et al.,
2003). After three weeks’ culture period the transgenic explants
were refreshed on selection medium 2, containing a higher level
of basta (25 mgl�1) and multiple shoots were regenerated from
the callus. The appropriate temperature contributes an important
role in tissue culture transformation because it induces the expres-
sion of VIR genes, responsible for the transfer of T-DNA to the plant
cells (Longdou et al., 2005). Therefore, for effective transformation,
the growth chamber temperature was adjusted to 25 �C as at this
temperature the Agrobacterium may efficiently transform the T-
DNA region.

For rooting single shoots were excised and transferred to the
rooting medium. Initially, small creamy callus was observed at
the cut ends of the shoots followed by root organogenesis. After
four weeks’ culture period, well-established roots were formed
(Fig. 5D and E).
3.5. Acclimatization and hardening

Rooted shoots were then shifted to plastic pots containing soil,
vermiculite and horticulture along with osmocot (4:2:1) and the
pots were covered with transparent cover bags and placed in
acclimatization room at 21 ± 1 �C with 70–90% humidity. The tem-
perature was gradually increased up to 25 �C. The transparent cov-
ers were removed after three weeks for proper hardening. The
acclimatization of plantlets by the gradual increase in temperature
and use of polythene bags to control humidity improved the sur-
vival rate and hardening process (up to 78%) (Fig. 6). Numerous
studies have reported vitrification in many Brassica species that
is a variety-dependent process and can potentially cause problems
in tissue culture transformation due to shoot maladjustment in the
soil (Radke et al., 1988). Vitrification may be potentially reduced by
using 0.5% agar in the rooting medium with perforation to assist
with the release of CO2 and ethylene gas easily.
er three weeks of culture (bar = 1.5 mm). (B) Shoot organogenesis in terms of mean
bar = 1 mm). (D, E) Root organogenesis (bar = 200 mm).



Fig. 6. Plants grown in different conditions. (A) Plant grown in covered pot. (B) Plant grown in open pot (C) plant grown in open field.

Fig. 7. Transformed E. coli culture overnight growth on solid LB medium in the presence of Kanamycin at 37 �C.

Fig. 8. PCR amplification of EaDAcT gene. Confirmation of transformants. Lane 2 is
positive control (amplified from DNA construct) and 10, 11 represent negative
controls. Lane 1 is 1 kb ladder (Quick-load 1 kb DNA ladder, NEB) and lanes 3–9
indicate transformed colonies. The size of construct is 1092 bp.
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3.6. Molecular analysis of transgenic plants

PCR analysis of genomic DNA extracted from transgenic plants
and control, was carried out by using specific primers for the EaDAcT
gene (table 1). Here, the wild type plants did not show any amplifi-
cation. For the confirmation of transformation, Transformed E. coli
culture overnight growth on solid LB medium in the presence of
Kanamycin at 37 �C (Fig. 7) and Transformation of the B. juncea
plants was by the successful amplification of about 1 kb amplicon
region of the EaDAcT gene as depicted in the positive control lane
(Fig. 8). The amplification of the genomic DNA with EaDAcT primer
confirmed the successful integration and the final transformation
efficiency was found to be 7%. Moreover, for plant selection marker
bar gene was used. The bar gene codes for the enzyme PAT, which
activates the herbicide phosphinotricin (glufosinate) by acetylating
it (Hara et al., 1988). This enzyme is a glutamate analog that inhibits
glutamine synthetase thus accumulates more NH4+ which is toxic
for the growth of plant cells.

Moreover, B. juncea should be further screened out for its taxo-
nomic, pharmacological, phytochemical, antimicrobial and genetic
improvement to tolerate drought and salinity stress. As taxonomic
studies like pollen (Ashfaq et al., 2018; Ayaz et al., 2019; Bahadur
et al., 2018b, 2019a, 2019b; Gul et al., 2019c; Sufyan et al., 2018;
Naz et al., 2019; Ullah et al., 2019a, 2019b) and foliar epidermal
(Gul et al., 2019a, 2019b) have been found significant in the correct
identification of species. Similarly, pharmacological (Rubab et al.,
2019) and antimicrobial studies (Arif et al., 2018; Feroze et al.,
2019; Saqib et al., 2019a, 2019b; Sarah et al., 2019; Qasim Nasar
et al., 2019) and genetic improvement (Kumar et al., 2018, 2014)
have been shown the importance of medicinal plant).
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4. Conclusion

The present study comes to the conclusion with the results in
which, highest callus formation frequency (87%) was observed
with 4.0 mM BAP. For shoot organogenesis, maximum shooting
was observed in medium supplemented with 4.0 mM BAP and
1.0 mM NAA (92. However, at the concentration of 4 mM BAP + 1 m
M NAA maximum shoots per explant (19 shots/explant) was
observed. The highest shoot length (6 cm) was recorded at BAP4
mM plus NAA 1.0 mM. For rooting IAA (6.0 mM) in combination with
Kin (1.0 mM) was found best. The root induction frequency was
82%, with an average root length of 8.2 cm and mean number of
5 roots/shoot. The transformation efficacy was up to 7.0% using tis-
sue culture-based transformation method.

Author’s contributions

IN participated in the design of the study, carried out the exper-
iments and drafted the manuscript. IM, TPD, AI, KA, MS, SB, KB, IK
and MAA involved in the practical work and sample collection. SB,
HK, IA, MS, AAS and FH, MS helped in manuscript writing and IM
supervised the overall study. All authors read and approved the
final manuscript.

Compliance with ethical standards

This work was partially supported by the Strat-up Research
Grant Programs (No. 21-182 0/S RG P/R&D/HEC/2018 and 21-
2104/SRGP/R&D/HEC/2018) of Higher Education Commission
(HEC), Pakistan. The authors acknowledge the financial support
of the Higher Education Commission (HEC) of Pakistan and from
the United States Agency for International Development
(Pakistan-U.S. Science and Technology Program award PGA-
2000003650).

The ethical approval

This article does not contain any studies with human partici-
pants or animals performed by any of the authors.

Declaration of Competing Interest

The authors declared that there is no conflict of interest.
References

Abbasi, B.H., Rashid, A., Khan, M.A., Ali, M., Shinwari, Z.K., Ahmad, N., Mahmood, T.,
2011. In vitro plant regeneration in Sinapis alba and evaluation of its radical
scavenging activity. Pak. J. Bot. 43, 21–27.

Agarwal, V., Bell, G.W., Nam, J.-W., Bartel, D.P., 2015. Predicting effective microRNA
target sites in mammalian mRNAs. elife 4, e05005.

Ali, H., Ali, Z., Ali, H., Mehmood, S., Ali, W., 2007. In vitro regeneration of Brassica
napus L., cultivars (Star, Cyclone and Westar) from hypocotyls and cotyledonary
leaves. Pak. J. Bot. 39 (4), 1251.

Arif, M., Ali, K., Shuaib, M., Zeb, U., Aslam, Z.U., Shah, M., Khan, I., 2018. 40.
Antibacterial activity of selected medicinal plants and its economic importance
of Khyber agency, Pakistan. Pure Appl. Biol. (PAB) 7 (2), 745–753.

Ashfaq, S., Zafar, M., Ahmad, M., Sultana, S., Bahadur, S., Khan, A., Shah, A., 2018.
Microscopic investigations of palynological features of convolvulaceous species
from arid zone of Pakistan. Microsc. Res. Tech. 81 (2), 228–239.

Ashfaq, S., Ahmad, M., Zafar, M., Sultana, S., Bahadur, S., Abbas, N., 2019a. Medicinal
plant biodiversity used among the rural communities of arid regions of
northern Punjab, Pakistan. Indian J. Trad. Knowl. 81 (2), 226–241.

Ayaz, A., Zaman, W., Ullah, F., Saqib, S., Jamshed, S., Bahadur, S., Shakoor, A., Arshad,
B., 2019. Systematics study through Scanning electron microscopy; a tool for
the authentication of herbal drug Mentha suaveolens Ehrh. Microsc. Res. Tech.
2019, 1–7. https://doi.org/10.1002/jemt.23391.

Bahadur, S., Khan, M.S., Shah, M., Shuaib, M., Ahmad, M., Zafar, M., Begum, N., Gul, S.,
Ashfaq, S., Mujahid, I., 2018a. Traditional usage of medicinal plants among the
local communities of Peshawar valley, Pakistan. Acta Ecol. Sin., 1–29 https://doi.
org/10.1016/j.chnaes.2018.12.006.

Bahadur, S., Ahmad, M., Mir, S., Zafar, M., Sultana, S., Ashfaq, S., Arfan, M., 2018b.
Identification of monocot flora using pollen features through scanning electron
microscopy. Microsc. Res. Tech. 81 (6), 599–613.

Bahadur, S., Ahmad, M., Zafar, M., Sultana, S., Begum, N., Ashfaq, S., Saqib, S., 2019a.
Palyno-anatomical studies of monocot taxa and its taxonomic implications
using light and scanning electron microscopy. Microsc. Res. Tech. 82 (4), 373–
393.

Bahadur, S., Ahmad, M., Zafar, M., Gul, S., Ayaz, A., Ashfaq, S., Rubab, S., Shuaib, M.,
Ahmad, S., 2019b. Taxonomic study of one generic and two new species record
to the flora of Pakistan using multiple microscopic techniques. Micros. Res.
Tech., 1–9 https://doi.org/10.1002/jemt.23420.

Bano, R., Khan, M.H., Khan, R.S., Rashid, H., Swati, Z.A., 2010. Development of an
efficient regeneration protocol for three genotypes of Brassica juncea. Pak. J. Bot.
42 (2), 963–969.

Bangash, S.A.K., Khan, M.S., Ambreen, Khattak, S.H., Siddique, A.N., 2013. Genetic
transformation of B. junceawith Antimicrobial Wasabi defensin gene. Pak. J. Bot.
45, 993–998.

Barfield, D.G., Pua, E.-C., 1991. Gene transfer in plants of Brassica juncea using
Agrobacterium tumefaciens-mediated transformation. Plant Cell Rep. 10 (6–7),
308–314.

Cogbill, S., Faulcon, T., Jones, G., McDaniel, M., Harmon, G., Blackmon, R., Young, M.,
2010. Adventitious shoot regeneration from cotyledonary explants of rapid-
cycling fast plants of Brassica rapa L. Plant Cell Tissue Org. Cult. (PCTOC) 101 (2),
127–133.

Das, P., Joshi, N.C., 2011. Minor modifications in obtainable Arabidopsis floral dip
method enhances transformation efficiency and production of homozygous
transgenic lines harboring a single copy of transgene. Adv. Biosci. Biotechnol. 2
(02), 59.

De Block, M., De Brouwer, D., Tenning, P., 1989. Transformation of Brassica napus
and Brassica oleracea using Agrobacterium tumefaciens and the expression of the
bar and neo genes in the transgenic plants. Plant Physiol. 91 (2), 694–701.

Durrett, T.P., McClosky, D.D., Tumaney, A.W., Elzinga, D.A., Ohlrogge, J., Pollard, M.,
2010. A distinct DGAT with sn-3 acetyltransferase activity that synthesizes
unusual, reduced-viscosity oils in Euonymus and transgenic seeds. Proc.
National Acad. Sci. 107 (20), 9464–9469.

Dutta, I., Majumder, P., Saha, P., Ray, K., Das, S., 2005. Constitutive and phloem
specific expression of Allium sativum leaf agglutinin (ASAL) to engineer aphid
(Lipaphis erysimi) resistance in transgenic Indian mustard (Brassica juncea).
Plant Sci. 169 (6), 996–1007.

Feroze, N., Arshad, B., Younas, M., Afridi, M.I., Saqib, S., Ayaz, A., 2019. Fungal
mediated synthesis of silver nanoparticles and evaluation of antibacterial
activity. Microsc. Res. Tech. 2019, 1–9. https://doi.org/10.1002/jemt.23390.

Gul, S., Ahmad, M., Zafar, M., Bahadur, S., Sultana, S., Ashfaq, S., Siddiq, Z., 2019a.
Foliar epidermal anatomy of Lamiaceae with special emphasis on their
trichomes diversity using scanning electron microscopy. Microsc. Res. Tech.
82 (3), 206–223.

Gul, S., Ahmad, M., Zafar, M., Bahadur, S., Celep, F., Sultana, S., Ayaz, A., 2019b.
Taxonomic significance of foliar epidermal morphology in Lamiaceae from
Pakistan. Microsc. Res. Tech. 82 (9), 1507–1528.

Gul, S., Ahmad, M., Zafar, M., Bahadur, S., Sultana, S., Begum, N., Shah, S.N., Zaman,
W., Ullah, F., Ayaz, A., Hanif, U., 2019c. Taxonomic study of subfamily
Nepetoideae (Lamiaceae) by polynomorphological approach. Microsc. Res.
Tech. 82 (7), 1021–1031.

Ullah, F., Shah, S.N., Zaman, W., Ali, C., Gul, S., Saqib, S., Ali, A., 2018a. Traditional
knowledge of medicinal herbs among indigenous communities in Maidan
Valley, Lower Dir, Pakistan. Bull. Environ. Pharmacol. Life Sci. 7, 1–23.

Franklin, G., Sheeba, C., Sita, G.L., 2004. Regeneration of eggplant (Solanum
melongena L.) from root explants. Vitro Cell. Dev. Biol.-Plant 40 (2), 188–191.

Hara, O., Anzai, H., Imai, S., Kumada, Y., Murakami, T., Itoh, R., Nagaoka, K., 1988. The
bialaphos biosynthetic genes of Streptomyces hygroscopicus: cloning and
analysis of the genes involved in the alanylation step. J. Antibiot. 41 (4), 538–
547.

Karmee, S.K., Chadha, A., 2005. Preparation of biodiesel from crude oil of Pongamia
pinnata. Bioresour. Technol. 96 (13), 1425–1429.

Khan, M.A., Abbasi, B.H., Ali, H., Ali, M., Adil, M., Hussain, I., 2015. Temporal
variations in metabolite profiles at different growth phases during somatic
embryogenesis of Silybum marianum L. Plant Cell Tissue Org. Cult. (PCTOC) 120
(1), 127–139.

Khan, M.M.A., Hassan, L., Ahmad, S.D., Shah, A.H., Batool, F., 2009. In vitro
regeneration potentiality of oil seed Brassica genotypes with differential BAP
concentration. Pak. J. Bot. 41 (3), 1233–1239.

Khan, M.R., Rashid, H., Ansar, M., Chaudry, Z., 2003. High frequency shoot
regeneration and Agrobacterium-mediated DNA transfer in Canola (Brassica
napus). Plant Cell Tissue Org. Cult. 75 (3), 223–231.

Kulkarni, M.G., Dalai, A.K., 2006. Waste cooking oil an economical source for
biodiesel: a review. Ind. Eng. Chem. Res. 45 (9), 2901–2913.

Longdou, L., Jun, G. W., Jingxue, W., Hongying, D., Ruili, L., 2005. Expression of
chitinase gene in transgenic rape plants. Analele Stiintifice ale Universitatii‘‘ Al.
I. Cuza” Din Iasi.(Serie Noua). Sectiunea 2. a. Genetica si Biologie Moleculara, 6.

Liu, J., Adam, R., Kathleen, M., Vincent, S., Hyunwoo, P., Tom, C., Mike, P., Ohlrogge,
John, Timothy, P.D., 2015. Metabolic engineering of oilseed crops to produce
high levels of novel acetyl glyceride oils with reduced viscosity, freezing point
and calorific value. Plant Biotechnol. 13, 858–886.

http://refhub.elsevier.com/S1319-562X(19)30336-5/h0005
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0005
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0005
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0010
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0010
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0015
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0015
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0015
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0020
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0020
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0020
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0025
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0025
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0025
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0030
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0030
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0030
https://doi.org/10.1002/jemt.23391
https://doi.org/10.1016/j.chnaes.2018.12.006
https://doi.org/10.1016/j.chnaes.2018.12.006
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0045
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0045
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0045
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0050
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0050
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0050
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0050
https://doi.org/10.1002/jemt.23420
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0060
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0060
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0060
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0065
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0065
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0065
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0070
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0070
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0070
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0075
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0075
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0075
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0075
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0080
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0080
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0080
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0080
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0085
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0085
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0085
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0090
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0090
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0090
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0090
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0095
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0095
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0095
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0095
https://doi.org/10.1002/jemt.23390
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0105
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0105
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0105
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0105
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0110
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0110
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0110
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0115
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0115
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0115
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0115
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0120
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0120
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0120
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0125
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0125
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0130
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0130
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0130
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0130
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0135
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0135
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0140
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0140
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0140
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0140
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0145
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0145
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0145
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0150
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0150
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0150
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0155
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0155
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0165
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0165
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0165
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0165


1332 I. Naeem et al. / Saudi Journal of Biological Sciences 27 (2020) 1324–1332
Murashige, T., Skoog, F., 1962. A revised medium for rapid growth and bio assays
with tobacco tissue cultures. Physiol. Plantarum 15 (3), 473–497.

Mollika, S.R., Sarker, R.H., Hoque, M.I., 2011. In vitro plant regeneration in Brassica
spp. Plant Tissue Cult. Biotechnol. 21, 127–134.

Rubab, S., Rizwani, G.H., Shah, M., Alsamadany, H., Alzahrani, Y., Alghamdi, S.A.,
et al., 2019. Neuropharmacological potential of various morphological parts of
Camellia sinensis L. Biol. Sci. Saudi J. https://doi.org/10.1016/j.
sjbs.2019.11.025.

Saqib, S., Munis, M.F.H., Zaman, W., Ullah, F., Shah, S.N., Ayaz, A., Farooq, M.,
Bahadur, S., 2019a. Synthesis, characterization and use of iron oxide nano
particles for antibacterial activity. Microsc. Res. Tech. 82 (4), 415–420.

Saqib, S., Zaman, W., Ullah, F., Majeed, I., Ayaz, A., Hussain Munis, M.F., 2019b.
Organometallic assembling of chitosan-Iron oxide nanoparticles with their
antifungal evaluation against Rhizopus oryzae. Appl. Organomet. Chem. 2019
(33), e5190. https://doi.org/10.1002/aoc.5190.

Shuaib, M., Ahmed, S., Ali, K., Ilyas, M., Hussain, F., Urooj, Z., et al., 2019.
Ethnobotanical and ecological assessment of plant resources at District Dir,
Tehsil Timergara, Khyber Pakhtunkhwa, Pakistan. Acta Ecol. Sin. 39 (1), 109–
115.

Kumar, T., Bao, A., Bao, Z., Wang, F., Gao, L., Wang, S., 2018. The progress of genetic
improvement in alfalfa (Medicago sativa L.). Czech J. Genet. Plant Breed. 54, 41–
51.

Kumar, T., Khan, M.R., Abbas, Z., Ali, G.M., 2014. Genetic improvement of sugarcane
for drought and salinity stress tolerance using Arabidopsis vacuolar
pyrophosphatase (AVP1) gene. Mol. Biotechnol. 56 (3), 199–209.

Sufyan, M., Badshah, I., Ahmad, M., Zafar, M., Bahadur, S., Rashid, N., 2018.
Identification of medicinally used Flora using pollen features imaged in the
scanning electron microscopy in the lower Margalla Hills Islamabad Pakistan.
Microsc. Microanal. 24 (3), 292–299.

Naz, S., Zafar, M., Ahmad, M., Memon, R.A., Sultana, S., Bahadur, S., Ozdemir, F.A.,
Siddiq, Z., Shah, M.A., 2019. Palynological investigation of lactiferous flora
(Apocynaceae) of District Rawalpindi, Pakistan, using light and scanning
electron microscopy. Microsc. Res. Tech. 82 (9), 1410–1418.

Elahi, N., Duncan, R.W., Stasolla, C., 2016. Modification of oil and glucosinalte
content in canola seeds with altered expression of Brassica napus LEAFY
COTYLEDON1. Plant Physiol. Biochem. 100, 52–63.

Parveen, S., Shahzad, A., 2011. A micropropagation protocol for Cassia angustifolia
Vahl. from root explants. Acta Physiol. Plantarum 33 (3), 789–796.

Qasim Nasar, M., Zohra, T., Khalil, A.T., Saqib, S., Ayaz, M., Ahmad, A., Shinwari, Z.K.,
2019. Seripheidium quettense mediated green synthesis of biogenic silver
nanoparticles and their theranostic applications. Green Chem. Lett. Rev. 12 (3),
310–322.
Rabbani, M.A., Iwabuchi, A., Murakami, Y., Suzuki, T., Takayanagi, K., 1998. Genetic
diversity in mustard (Brassica juncea L.) germplasm from Pakistan as
determined by RAPDs. Euphytica 103 (2), 235–242.

Radke, S., Andrews, B., Moloney, M., Crouch, M., Kridl, J., Knauf, V., 1988.
Transformation of Brassica napus L. using Agrobacterium tumefaciens:
developmentally regulated expression of a reintroduced napin gene. Theoret.
Appl. Genet. 75 (5), 685–694.

Radke-Yarrow, M., Yarrow, M.J., Marian, R.-Y., Martinez, P., Ronsaville, D., 1998.
Children of Depressed Mothers: From Early Childhood to Maturity. Cambridge
University Press.

Sarah, S., Burni, T., Shuaib, M., Alzahrani, Y., Alsamadany, H., Jan, F., Khan, S., 2019.
Symbiotic response of three tropical maize varieties to Eco-friendly Arbuscular
mycorrhizal fungal inoculation in Marginal soil. BioCell 43 (5–1), 245–252.

Singh, N., Ma, L.Q., 2006. Arsenic speciation, and arsenic and phosphate distribution
in arsenic hyperaccumulator Pteris vittata L. and non-hyperaccumulator Pteris
ensiformis L. Environ. Pollut. 141 (2), 238–246.

Slabaugh, M., Huestis, G., Leonard, J., Holloway, J., Rosato, C., Hongtrakul, V., Schell,
J., 1997. Sequence-based genetic markers for genes and gene families: single-
strand conformational polymorphisms for the fatty acid synthesis genes of
Cuphea. Theoret. Appl. Genet. 94 (3–4), 400–408.

Srivastava, A., Prasad, R., 2000. Triglycerides-based diesel fuels. Renew. Sustain.
Energy Rev. 4 (2), 111–133.

Teo, W., Lakshmanan, P., Kumar, P., Goh, C.-J., Swarup, S., 1997. Direct shoot
formation and plant regeneration from cotyledon explants of rapid-cycling
Brassica rapa. Vitro Cell. Dev. Biol.-Plant 33 (4), 288–292.

Ullah, F., Zaman, W., Papini, A., Zafar, M., Shah, S.N., Ahmad, M., Saqib, S., Gul, S.,
Sohail, A., 2019a. Using multiple microscopic techniques for the comparative
systematic of Spergula fallax and Spergula arvensis (Caryophyllaceae). Microsc.
Res. Tech. 82 (4), 352–360.

Ullah, F., Nasar Shah, S., Zaman, W., Zafar, M., Ahmad, M., Ayaz, A., Saqib, S., 2019b.
Using palynomorphological characteristics for the identification of species of
Alsinoideae (Caryophyllaceae): a systematic approach. Grana 58 (3), 174–184.

Ullah, F., Shah, S.N., Zaman, W., Ali, C., Gul, S., Saqib, S., Ali, A., 2018b. Traditional
knowledge of medicinal herbs among indigenous communities in Maidan
Valley, Lower Dir, Pakistan. Bull. Environ. Pharmacol. Life Sci. 7 (1), 1–23.

Woods, D., Capcara, J., Downey, R., 1991. The potential of mustard (Brassica juncea
(L.) Coss) as an edible oil crop on the Canadian Prairies. Can. J. Plant Sci. 71 (1),
195–198.

Zaman, W., Ahmad, M., Zafar, M., Amina, H., Lubna, F., Ullah, S., Bahadur, A., Ayaz, S.,
Saqib, N Begum, Jahan, S., 2019. The quest for some novel antifertility herbals
used as male contraceptives in district Shangla Pakistan. Acta Ecol. Sin., 1–11
https://doi.org/10.1016/j.chnaes.2019.05.017.

http://refhub.elsevier.com/S1319-562X(19)30336-5/h0170
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0170
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0175
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0175
https://doi.org/10.1016/j.sjbs.2019.11.025
https://doi.org/10.1016/j.sjbs.2019.11.025
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0185
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0185
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0185
https://doi.org/10.1002/aoc.5190
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0195
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0195
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0195
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0195
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0200
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0200
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0200
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0205
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0205
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0205
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0210
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0210
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0210
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0210
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0215
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0215
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0215
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0215
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0220
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0220
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0220
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0225
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0225
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0230
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0230
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0230
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0230
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0235
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0235
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0235
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0240
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0240
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0240
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0240
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0245
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0245
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0245
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0250
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0250
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0250
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0255
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0255
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0255
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0260
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0260
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0260
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0260
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0265
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0265
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0270
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0270
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0270
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0275
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0275
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0275
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0275
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0280
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0280
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0280
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0285
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0285
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0285
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0290
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0290
http://refhub.elsevier.com/S1319-562X(19)30336-5/h0290
https://doi.org/10.1016/j.chnaes.2019.05.017

	Feasible regeneration and agro bacterium-mediated transformation of Brassica juncea with Euonymus alatus diacylglycerol acetyltransferase (EaDAcT) gene
	1 Introduction
	2 Materials and methods
	2.1 Plant material and in&blank;vitro seed germination
	2.2 In vitro regeneration
	2.3 Plant transformation
	2.3.1 Agrobacterium tumefaciens strain and binary vector

	2.4 Co-cultivation medium
	2.5 Selection media
	2.6 Rooting medium
	2.7 Preparation of the Agrobacterium inoculum
	2.8 Explant isolation, inoculation and cultivation
	2.9 Selection
	2.10 Transplantation of plantlets into soil
	2.11 Molecular analysis of transgenic plants

	3 Results and discussion
	3.1 Callogenesis
	3.2 Organogenesis
	3.3 Root induction
	3.4 Agrobacterium-mediated B. juncea transformation and regeneration
	3.5 Acclimatization and hardening
	3.6 Molecular analysis of transgenic plants

	4 Conclusion
	Author’s contributions
	Compliance with ethical standards
	The ethical approval
	Declaration of Competing Interest
	References


