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ABSTRACT

Eggplant is a notable vegetable crop grown in a variety of tropical and temperate regions. In vitro
regeneration of eggplant was established to determine an efficient phytohormone concentration for development of
organogenesis from cotyledon and leaf explants. Ten-day old cotyledon and 25-day old leaf explants were cultured
on MS medium amended with Gamborg’s B 5 vitamins and 2% sucrose in 10 different concentrations and
combinations of NAA, BAP, TDZ, 2,4-D and IAA phytohormons. Cultured explants were incubated at 25 ± 2 ºC for
3 weeks under 16:8 h photoperiod. Well-grown regenerated shoots were transferred to fresh growth medium after 3
weeks for shoot elongation. All cotyledon and leaf explants produced various callus masses but only white and
friable ones were able to regenerate into vigorous shoots. Shoot regeneration medium (SRM 10) containing MS +
TDZ 2 mg/L + BAP 0.5 mg/L + NAA 0.5 mg/L showed high potential in
Keywords:
organogenesis of both explant types. Shoot regeneration and organogenesis from
o Solanum melongena
cotyledon explants were much more advantageous than leaf explants. The average
o tissue culture
of cotyledon and leaf explants producing shoot were 4.3 ± 0.33 and 1.6 ± 0.67 out
o phytohormones
of 5 in each plate, respectively. The percentages of regenerated shoots in cotyledon
o cotyledon explant
and leaf explants cultured on SRM10 were 86.6 ± 6.67 and 33.3 ± 13.3%,
o leaf explant
respectively. Current work can shed a light on production of transgenic eggplants
o shoot regeneration
and can be followed by normal mature plants regeneration.
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Introduction Eggplant (Solanum melongena L.) or aubergine as it is called in
France, is a vegetable long prized for its beauty as well as its unique taste and food
value. Significantly, more than 4,000,000 acres of farmlands were devoted to
eggplant cultivation in the world[4] and farm gate was value of $37 million.[23] It
has been used as a food full of vitamins and also as a traditional medicine.[11]
Eggplant has been cultivated in Asia for over 1500 years and its germplasm
resources and collections have been well documented, evaluated and conserved
throughout the world.[19] Biotechnology applications in eggplants were launched
by in vitro tissue culture and regeneration development.[3,8,18] Eggplant could
easily be regenerated through in vitro organogenesis[13,20] and somatic
embryogenesis[10,20] from cultured explants provided from stem, hypocotyl, leaf,
cotyledon and root, also from cell suspension, anthers[9], isolated microspores [15],
and protoplasts.[22] Explant regeneration in eggplant has been performed using
media supplemented with benzyladenine[7], zeatin[7], kinetin[7], and thiadiazuron
(TDZ)[13] for organogenesis, and α-napthaleneacetic acid[7,20] for somatic
embryogenesis. Efficient regeneration of other species of Solanum was obtained
from cotyledon explants culture.[6] Using of TDZ enhances shoot organogenesis;
the leaves and cotyledons development mostly influenced by TDZ.[13] Advances in
laboratory methodologies along with eggplant high potential for tissue culture,
particularly in regeneration of cultured leaf, cotyledon and hypocotyl segments
have allowed development and implementation of various powerful
biotechnological techniques implementation in genetic resources management and
improvement. The objective of the present research was performing a high
efficient in vitro shoot organogenesis of eggplant using two types of eggplant
explant and determination of a suitable medium in which hormone concentrations
can help to explants to be regenerated.

Materials and Methods
Eggplant seeds provided from Forest Research Institute of Malaysia (FRIM)
superficially sterilized dipping in 70% EtOH for 1 min, followed by 25%
commercial bleach along with 5.25% of sodium chloride for 20 min and washed
three times with sterilized distilled water and cultured on MS medium[16]
supplemented with basal salts, B5 vitamin[5] and 2% of sucrose. Seeds were
incubated at 25 °C in cultural tubes containing 30 ml of hormone-free MS medium
for three days in darkness, followed by a photoperiod of 16:8 hours (L:D) to
acquire cotyledon and leaf explants. Cotyledon and leaf tissues obtained
respectively from 10 and 25-day old seedlings were used as explants. Cotyledon
explants were prepared in 5 × 5 mm and leaf explant in 10 × 5 mm in size using
sterile scalpel on sterile filter
paper from the center of
cotyledon tissue. Cotyledon
and leaf segments were
cultured on culture media in
Petri dish (90 × 25 mm)
(Table 1) and each plate was
consisted of five explants in
three replications (Figure 1).
Plates were kept at 25 ºC
under a photoperiod of 16:8
hours for three weeks. The
regenerated
shoots
were
excised from explants and
sub-cultured on fresh medium
for
additional
shoot
development.
The
type,
volume and color of callus
were exactly assessed by
direct
observation
with
stereomicroscope.
The
number of shoots developed
from the callus was counted.
Standard
errors
were
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calculated and the means compared
using SPSS software. All graphs
were drown using Graphpad Prism
6 software.

Results
Effect of phytohormones on
explants regeneration
The results of tissue culture
establishment
showed
high
performance of shoot regeneration
on SRM10 used for the entire of
experiment, afterward. The volume
of callus initiation in SRM3, SRM4,
SRM8 and SRM10 were higher than
cotyledon-cultured in other MS
media (Table 2). Callus volume was
higher on SRM4 and SRM10 than
others indicating that cotyledon was
more flexible tissue than leaf for in
vitro culture and regeneration. Most
of the produced callus type on
SRM10 medium was friable and soft
which was most efficient callus type
for shoot organogenesis, also callus
color in SRM10 was white and
creamy and these type of callus
efficiently produced shoot. The
percentage of cotyledon explants
produced shoot was higher than leaf
explants in shoot organogenesis and
it was because of more competent
callus production potential for
shoots generation.
In cotyledon explants, no shoot
initiation and competent callus
formation was able to produce shoot
on SRM1, SRM3 and SRM7 media
but SRM10 showed the highest
percentage of explants, producing
shoots (Figure 2). In leaf explants,
the number of explants produced
shoot was high on SRM4 and there
was no shoot formation on SRM1
and SRM7 (Table 2).
The higher percentage of cotyledon
explants producing shoots was on
SRM10. Leaf explants showed high
potential in shoot developing on
SRM4. Overall, the average number
and percentage of cotyledon
explants produced shoot were
higher than leaf explants and
potential of cotyledon explants were
more than leaf explants for in vitro
shoot organogenesis.
Shoot organogenesis
Small buds were generated at the
cut edge of eggplant cotyledonary
explants after three weeks followed
by regeneration of shoots on SRM10
medium (Figure 2). It was estimated
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Table 1. Plant growth regulators combination and concentrations in MS
media
Plant Growth Regulators (mg/L)

MS Medium
NAA

2,4-D

IAA

TDZ

BAP

SRM0 (Control)

-

-

-

-

-

SRM1

-

-

-

0.5

-

SRM2

-

-

-

1

-

SRM3

-

-

-

-

0.5

SRM4
SRM5 [17]

-

-

0.5

0.1

1
2.5

0.5

-

-

-

2.5

-

0.5

-

-

2.5

SRM6
SRM7 [20]
SRM8

[1]

SRM9
SRM10

-

0.3

-

-

-

0.3

-

-

-

-

0.5

-

-

2

0.5

leaf

cotyledon

explant

Table 2. Effect of different plant hormone concentrations in MS media on
shoot organogenesis of eggplant cotyledon and leaf explants
MS medium
concentration

number of
explants
produced
shoot

explants
produced
shoot (%)

callus
color

callus
volume

callus
type

SRM0 (Control)

0.3 ± 0.33*

6.6 ± 6.67

LB/Y

++

SC/CC

SRM1

0 ± 0.00

0 ± 0.00

B

+

CC

SRM2

0.6 ± 0.33

13.3 ± 6.67

LB/W

++

CC/FC

SRM3

0 ± 0.00

0 ± 0.00

B/Y

+++

CC

SRM4

1 ± 0.00

20 ± 0.00

W/Y

+++

CC/FC

SRM5

1 ± 0.58

20 ± 11.55

LB/W

++

SC/CC

SRM6

0.6 ± 0.67

13.3 ± 13.33

LB/W

+

CC

SRM7

0 ± 0.00

0 ± 0.00

B

+

CC/FC

SRM8

1 ± 0.58

20 ± 11.55

W/Y

+++

FC/SC

SRM9

1 ± 0.58

20 ± 11.55

LB

++

CC/FC

SRM10

4.3 ± 0.33

86.6 ± 6.67

W/C

+++

FC/SC

SRM0 (Control)

0 ± 0.00*

0 ± 0.00

B/LB

+

CC

SRM1

0 ± 0.00

0 ± 0.00

B

+

CC

SRM2

0.3 ± 0.33

6.6 ± 6.67

B/W/G

++

CC

SRM3

0.6 ± 0.67

13.3 ± 13.3

B/W

++

CC/FC

SRM4

2 ± 1.00

33.3 ± 20.00

W/Y

+++

FC/CC

SRM5

0.6 ± 0.67

13.3 ± 13.3

LB/W

++

CC/SC

SRM6

0 ± 0.00

0 ± 0.00

B/G

+

CC

SRM7

0 ± 0.00

0 ± 0.00

B

+

CC

SRM8

0.3 ± 0.33

6.6 ± 6.67

B/W

+

FC/CC

SRM9

0.3 ± 0.33

6.6 ± 6.67

LB/W

++

CC/SC

SRM10

1.6 ± 0.67

33.3 ± 13.3

W/C/LB

+++

FC/SC

SRM: Shoot Regeneration Medium. Callus Color: B = Brown, LB = Light Brown, C = Creamy, G =
Greenish, LG = Light Green, DG = Dark Green, W = White, Y = Yellow, LY = Light Yellow. - = No
Callus and no shoot. Callus Degree: + = Slight Callus, ++ = Moderate Callus, +++ = Massive Callus. 0
& - : tissue necrosis. Callus Quality: FC = Friable Callus, SC = Soft Callus, CC = Compact Callus. The
mean ± standard error of three replicated with five explants per treatment in each experiment. data are
given as mean ± standard error

that the best stage of soil
acclimatization of transformants
would be after the shoot elongation
and root formation (Figure 2).
Root formation and soil
acclimatization
After three weeks some eggplant
plantlets were rooted and some
others were needed to be subcultured on fresh rooting medium
for additional root development.
Rooted shoots were transferred into
the plastic pots filled with sterilized
soil, sand and vermiculite (1:1:1,
v/v/v) for soil acclimatization and
plant development.

Discussion In vitro regeneration
and shoot organogenesis of eggplant
carried out in current research, shoot
organogenesis was only achieved in
white and friable callus consisting
of large and succulent cells which
could actually produce shoots.[12,21]
Compact, greenish and brown callus
was not able to produce shoot;
however, they were developed
during culture days. Obviously,
shoot regeneration was initiated
from white and friable callus masses
in this research shown in Figure 2.
Addition of high concentrations of
sucrose to MS medium caused early
necrosis at the cut edges of explants.
It might be a result of phenolics
accumulation at the cultural
condition which caused necrosis
traces on the edges of explants.[24]
Rotino and Gleddie (1990) used 1%
of sucrose in B5 medium
preparation
for
eggplant
transformation and regeneration. In
contrast, Billings et al., (1997) used
2% sucrose in MS medium
preparation in order to culture the
eggplant leaf and stem segments
and in this research only 2% of
sucrose was used in medium
preparation for the entire of
experiment and no necrosis
symptoms on the edge of explants
were observed. However, the
standard level of sucrose in MS
medium is considered 3%.[16] In
cotyledon explant culture, the
central section of cotyledon tissue
was used as explants in present
work for its suitable cells and using
different concentration of plant
hormones effected on the number of
explants producing shoot from
white and friable callus. We found
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that TDZ was more efficient than
BAP in shoot regeneration of
eggplant, also NAA was effective
than the other type of auxins in this
experiment
particularly
in
combination
with
BAP.
Organogenesis in eggplant has been
induced on media containing NAA
or TDZ.[13] Although, there are
several research reported a negative
effect of TDZ on shoot elongation
in eggplant[14]; hence SRM10 was the
best option for regeneration and
developing of initiated shoots from
white and friable callus masses in
about all genotypes of eggplant
particularly commercial traits. In
conclusion, recognition of highly
regenerative explant type, effective
hormone type and concentration in
medium for shoot regeneration of
eggplant can be very helpful to
developing transgenic eggplant be
successful
in
production
of
transgenic eggplant in future as in
vitro tissue culture and shoot
organogenesis is a prerequisite;
however environmental factors and
plant genotype[20] were not assessed
in this research.
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Figure 2. Shoot regeneration and development of eggplant in SRM 10 media. a) small
buds formed from friable and white callus. b and c) small buds developing and shoot
organogenesis. d) root formation of regenerated shoot. Arrows show regenerated shoot
e) white and friable callus f) Brown (B), greenish (G) and white (W) callus formation in
cultured explants
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چکیده

تادهجاى یک گیاُ جالیشی هْن کِ در هٌاطق هختلف گزهسیزی ٍ هعتذل رضذ هیکٌذ.

تاسسایی تادهجاى در هحیط هصٌَعی جْت تعییي کزدى غلظت هٌاسة ٍ کارآهذ َّرهَىّای گیاّی تِ
هٌظَر اًذامسایی اس تافت کَتیلذٍى ٍ تزگ اًجام ضذ .تافت کَتیلذٍى  10رٍسُ ٍ تافت تزگ  25رٍسُ

شناسه مقاله:
ًَع هقالِ :پژوهشی

در هحیط کطت  MSحاٍی ٍیتاهیيّای  %2 ٍ B5ساکارس ٍ در  10غلظت هختلف اس َّرهَى-

تاریخ پضٍّص1392-93 :

ّای  IAA ٍ NAA, BAP, TDZ, 2,4-Dکطت گزدیذًذ .تافتّای کطت ضذُ در دهای  25 ± 2درجِ

تاریخ دریافت93/11/13 :

سلسیَط تحت  16:8ساعت رٍضٌایی ٍ تاریکی قزار گزفتٌذ .اًذامّای خَب تاسسایی ضذُ (ساقِ) تعذ

تاریخ پذیزش94/05/07 :

اس سِ ّفتِ تِ هحیط کطت جذیذ جْت افشایص طَل ساقِ هٌتقل ضذًذ .توام تافتّای کَتیلذٍى ٍ
تزگ تَدُّای کالَط یا تافتّای هتوایش ًطذُ هختلفی تَلیذ کزدًذ ٍلی تٌْا کالَطّای سفیذ ٍ تزد
قادر تِ تَلیذ جَاًِّای قَی تَدًذ .تاالتزیي تاسدّی هحیط کطت هزتَط تِ هحیط کطت جَاًِ

واژههای کلیدی:

 SRM10کِ هحیط کطت  MSحاٍی  2هیلیگزم در لیتز  0/5 ،TDZهیلیگزم در لیتز 0/5 ٍ BAP



کشت بافت

هیلیگزم در لیتز َّرهَى  NAAتَد کِ تیطتزیي هقذار تاسدّی ٍ تَلیذ را در ّز دٍ ًَع تافت ًطاى



هورمونهای گیاهی

داد .ساقِ-سایی ٍ اًذامسایی اس تافت کَتیلذٍى خیلی تیطتز اس تافت تزگ تَدُ ٍ تِ طَر هتَسط اس ّز



پٌج تافت کَتیلذٍى ٍ تزگ در ّز ظزف پتزی تِ تزتیة  1/6 ± 0/67 ٍ 4/3 ± 0/33تافت اًذامسایی

بافت کوتیلدون



بافت برگ



باززایی جوانه

ایجاد کزدًذ .درصذ تاسسایی تافت کَتیلذٍى ٍ تزگ در هحیط کطت  SRM10تِ تزتیة ٍ 86/6 ± 6/67
 33/3 ± 13/3تَد .ایي تحقیق هیتَاًذ راُ حلی جْت تَلیذ تادهجاى تزاریختِ ارایِ دادُ ٍ تاسسایی ٍ
تَلیذ گیاّاى تالغ را در هحیط هصٌَعی ایجاد ًوایذ.
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