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Abstract

An efficient callus induction and plant regeneration system has been developed
using three local soybean (Glycine max L.) varieties. All the varieties showed
good callusing (78.30 - 88.80%) from shoot tip (ST) in MS + 3.0 mg/1 2,4-D + 1.0
mg/l BAP. Best callus induction and embryo formation were recorded in Ts for
BS-6 as 88.80 and 81.20%, respectively from ST. In case of cotyledonary node
(CN) the maximum callus induction (82.40%) and embryo formation (74.20%)
were recorded also in Ts for BS-6. Highest frequency (79.40%) of plant
regeneration was recorded where ST were used and cultured in MS
supplemented with 2.5 mg/l BAP + 1.0 mg/l NAA as well as 76.30% from CN in
BS-6. The length of shoot was observed 5.32 and 4.62 cm, respectively from ST
and CN for BS-6 with the same medium composition. It was observed that half
strength of MS + 2.0 mg/l IBA showed best rooting (9.04). Among the genotypes
BS-6 proved to be best explants than ST that exhibited better performance on
callus induction and green plant regeneration for all parameters.

Introduction

Soybean is an important oil crop of Fabaceae grown in tropical, subtropical and
temperate region. It is now cultivated throughout the east and south-east Asia
including Bangladesh and plays an important role in solving the malnutrition in
developing countries. Soybean was introduced in Bangladesh a long time ago
and it is becoming more popular and the total cropped area is 5000 ha and the
total production of the country stands at 4000 ha. It is a potential source of
biodiesel and energy in the world and also in Bangladesh (Habibullah et al.
2015).
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There are some reports on tissue culture system for direct organogenesis
using embryonic axes (Liu et al. 2004), primary leaf tissues (Wright et al. 1987),
cotyledonary nodes (Janani and Kumari 2013), hypocotyls (Reichert et al. 2003),
mature and immature cotyledons (Franklin et al. 2004), immature embryos
(Ahad et al. 1994, Hong et al. 2007, Islam and Bhattacharjee 2015) and shoot tip
(Ugandhar et al. 2011). Cheng et al. (1980) were able to get multiple shoot bud
from cotyledonary nodes with high concentrations of BAP. They found that
growth improved when the cultures were transferred to MS with low
concentrations of BAP. They also reported that BAP, the cells in embryonic axes
do not remain quiescent and are reprogrammed to produce multiple somatic
foci. In addition of TDZ (thidiazuron) or Kn + BAP showed better performance
on embryoids formation from cotyledonary node in soybean (Shan et al. 2005,
Ma and Wu 2008).

Most of the crops are infected by systemic disease caused by fungi, viruses,
bacteria, nematode, etc. Meristem and/or shoot tip culture provides a
reproducible and economically viable method for producing pathogen free
plants (Roy et al. 1994, Ahsan et al. 2003, Jha and Ghosh 2005, Huda and Sikdar
2006). While plant infected by pathogens till there is no commercially available
treatment to cure fully infected plants. Soybean is a virus prone seed crop and
through tissue culture (shoot-tip or meristem culture) it is possible to develop
virus free plants. A major advantage of working with such a small explants is the
potential that this holds for excluding pathogenic organisms present in the donor
plant through in vitro culture (Alam et al. 2004). Till there is not enough report
for soybean’s to develop pathogen free plants through advance biotechnological
approaches. Under these circumstances the present research work has been
undertaken to develop an efficient callus induction and regeneration systems
using shoot tip and cotyledonary nodal explants for further advance
biotechnological research of soybean in Bangladesh.

Materials and Methods

Mature seeds of three soybean genotypes viz., BARI Soybean-5 (BS-5), BARI
Soybean-6 (BS-6) and Shohag were surface sterilized with 70% (v/v) ethanol and
then completed the sterilization procedure by 40% Clorex (NaOCl; ROTH,
Germany) + 1 - 2 drops Tween 20 + 1 - 2 drops savlon. Surface sterilized seeds
were then plated in culture vessels that contained 20 ml MSo and incubated them
at 25 + 2°C in dark. The shoot tip and cotyledonary nodal segments of 14 days
old seedlings were cut into small pieces and inoculated them in MS that
supplemented with six different concentrations of PGRs either singly or in
combination for callus induction. Then culture vessels were incubated at 25 + 2°C
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in dark for 12 hrs photoperiod (30 pu mol/m/%s) provided by white florescent
tubes.

The treatments were as follows T1= 2.0 mg/1 2,4-D; T>= 3.0 mg/1 2,4-D; T3=4.0
mg/12,4-D; T+= 2.0 mg/1 2,4-D + 0.5 mg/l BAP; Ts= 3.0 mg/1 2,4-D + 1.0 mg/l BAP
and Te= 4.0 mg/l 2,4-D + 1.5 mg/l BAP. After 10 - 14 days of inoculation, calli
were formed and data were recorded on the basis of callus induction frequencies.
Fourteen days old calli were sub-cultured in the same fresh medium for embryo
formation. After four weeks of culture, data were recorded on the basis of
somatic embryos formation (SEmF). For embryo maturation (EM) four weeks old
embryos were transferred to MS supplemented with different concentration of
BAP (1.5, 2.0, 2.5, 3.0 and 3.5 mg/l) + 2,4-D (0.5 mg/l). Afterwards four weeks of
culture embryo maturation frequencies were recorded.

After maturation the somatic embryos were transferred to regeneration
medium (RM) that was supplemented with different concentrations of BAP (1.5,
2.0, 2.5, 3.0 and 3.5 mg/l) + 1.0 mg/l NAA. After 4 weeks the lengths of shoots
were measured and plant regeneration frequencies were recorded. When length
of shoot was around 3 - 5 cm transferred them to rooting medium (RIM). Then
well rooted plants were transferred to pots and after acclimation plants were
transferred to the field.

Data were recorded on the basis of callus induction, embryo formation and
its maturation, plant regeneration, shoot length, roots per plants, length of root.
The average or mean values were computed from three replications with
standard error (SE). The experiment was arranged CRD and data were
statistically analyzed by the statistical package software SPSS (version -20) and
Microsoft Excel. The analysis of variance (ANOVA) was performed and means
were compared by DMRT at 5% level of probability for interpretation of results
(Gomez and Gomez 1976).

Results and Discussion

Shoot tips and cotyledonary nodal explants were inoculated in CI medium
supplemented with 2,4-D (2.0, 3.0 and 4.0 mg/l) either single or in combination
with BAP (0.5,1.0 and 1.5 mg/l) for callus induction (Fig. 1.). Callus was initiated
from the cut ends of both shoot tip and cotyledonary nodal explants in contact
the medium within 7 days of culture initiation (Fig. 1B). After 4 weeks of sub-
culture in same medium and PGRs combination clusters of somatic embryos
were developed from the embryogenic callus of the explants (Fig. 1C-D). Among
the genotypes, BS-6 performed maximum callus induction 88.80 and 82.40% from
ST and CN, respectively in Ts i.e MS augmented with 3.0 mg/l 2,4-D in
combination with 1.0 mg/l BAP (Table 1). For embryo formation, BS-6 also
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performed highest 81.20 and 74.20% from ST and CN, respectively in Ts(Table 1).
In case of BS-5 and Shohag, Ts also showed highest callus induction and embryo
formation from both ST and CN compared to control (Table 1). The lowest callus
induction was recorded for both ST (47.70%) and CN (41.10%) in Ts for Shohag
(Table 1). For embryos formation Ts also showed the lowest from both ST
(23.50%) and CN (21.70%) for Shohag (Table 1). Between the explants ST showed
better performance on callus induction and embryos formation than CN and
among the tested genotypes, BS-6 showed better than others.

Table 1. Effect of PGRs on callus induction and somatic embryos formation from shoot

tip and cotyledonary node of three soybean varieties.

Variety = Treatment Shoot tip (% + SE) Cotyledonary node (% * SE)
CI EF CI EF
Control 0 0 0 0
Ti 63.30+1.13¢ 46.20+0.81«¢  49.40 +1.22P 43.60 + 1.01bc
T2 68.80 +1.36%%  52.20+1.15  62.70 +1.41¢f  47.20+1.15«
BS-5 Ts 59.80 +1.51¢  25.70 £0.98>  42.40 +0.822 23.50 + 0.642
T4 7130 +1.048"  68.70+0.995  68.80 +1.368 62.80 +0.91"
Ts 8220+1.18 77.60+1.07F  76.20+0.78" 71.90 + 1.10°
Te 65.70 +0.82¢f  52.40+0.82¢  53.70 + 0.90¢ 51.40 +0.82¢f
Control 0 0 0 0
T 65.30+1.22¢f  47.50+0.89¢  58.20 +1.10¢ 43.80 + 0.85
T2 75.10+0.821  53.20+1.57¢ 71.30+1.245  48.50 + 1.46%
BS-6 Ts 56.50+1.23¢  28.50+0.78>  48.80 +1.15° 24.20+1.242
Ta 76.90+1.18  7450+1.40M 7090+1.238  62.20+1.18%"
Ts 88.80+0.93"  81.20+1.15  82.40+1.36 74.20 + 1.56!
Ts 73.30+1.05"  71.30+1.168"  64.50 + 1.19f 62.30 £ 1.168"
Control 0 0 0 0
T 5210+0.67°  43.30+1.47¢  48.80 +1.04° 40.30 +1.18°
T2 65.60 +0.87¢f  47.20+0.61¢  59.60 +£1.25%  45.60 + 0.96
Shohag Ts 4770095  2350+1.31*  41.10+0.89° 21.70 £1.182
Ta 67.30+1.52F  68.50+1.188  63.30 +1.54f 58.90 +1.378
Ts 7830+1.060 71.60+0.878"  71.20+0.91s 65.80 + 1.76"
Te 65.80 +0.83¢f  59.50+1.19f  58.30 + 0.87¢ 53.40 + 1.45¢

Control = MSy, different superscripts letter(s) in a column indicate significant different at
p < 0.05 levels according to DMRT. Ti=2.0 mg/l 2,4-D; T2= 3.0 mg/l 2,4-D; Ts= 4.0 mg/1
2,4-D; Ta= 2.0 mg/l 2,4-D + 0.5 mg/l BAP; Ts= 3.0 mg/l 2,4-D + 1.0 mg/l BAP; Ts= 4.0 mg/l
2,4-D + 1.5 mg/l BAP. CI = Callus induction, EF = Embryo formation.

Suitable embryos were sub-cultured on MS supplemented with BAP (1.5 - 3.5
mg/l) + 0.5 mg/l 2,4-D for development and maturation of somatic embryos (Fig.
1E). In addition 2.5 mg/l BAP + 0.5 mg/l 2,4-D promoted the highest (76.60%)
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maturation of somatic embryos found in BS-6 from shoot tips (Fig. 2). The BS-5
and Shohag exhibited 74.80 and 71.30% embryos maturation, respectively in the
same medium and plant growth regulators (Fig. 2). It was observed that ST
explants originated embryos showed better embryo maturation than CN.

Fig. 1 (A-H): Regenerated plants derived from shoot tip in soybean. A. Inoculated shoot
tips, B-C. Callus induction from shoot tips, D. Somatic embryos formation from
embryogenic callus, E. Matured embryos becoming to be greenish, F. Regenerated
shoots from mature embryos, G. Green plantlets, H. Acclimated plants transferred to
pot.

The globular embryos were transferred to regeneration medium for shoot
induction. It was observed that MS in combination with BAP and NAA exhibited
significant results on shoot induction (Table 2, Fig. 1F). The highest regeneration
frequencies (79.40 in BS-6, 76.40 in BS-5 and 75.70% in Shohag) were recorded
from shoot tip in MS + 2.5 mg/l BAP + 1.0 mg/l NAA (Table 2). To observe the
effect of growth regulators on shoot elongation (Fig. 1G), five different types of
hormonal combinations were evaluated and the maximum lengths of shoot were
recorded 5.32 cm, 4.75 cm and 4.35 cm in BS-6, BS-5 and Shohag, respectively. In
this case as explants ST were used and cultured them in MS + 2.5 mg/l BAP + 1.0
mg/l NAA. Here, lowest shoot length was recorded for Shohag (2.42 cm) in MS +
3.5 mg/l BAP + 1.0 mg/l NAA that derived from CN (Table 2). Between the
explants ST originated regeneration frequencies and lengths of shoots higher
than CN. Considering all the treatments for shoot regeneration, it was evident
that BAP (2.5 mg/l) performed better in combination with 1.0 mg/l NAA (Fig.
1G).
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Table 2. Effect of BAP in combination with 1.0 mg/l NAA on plant regeneration and

shoot elongation of three soybean varieties.

Islam et al.

‘ (PH?;IS) Shoot tip Cotyledonary node
Variety BAD Regeneration Shootlength  Regeneration Shoot length
(% £ SE) (cm + SE) (% £ SE) (cm + SE)
Control 0 0 0 0
1.50 4220+1.10> 3.01£0.06®  38.20+1.18*  2.98 +0.15%<d
BS -5 2.00 61.80 +0.89¢f  4.12+0.13¢f  54.80+1.43c  3.64+(.13df
2.50 76.40 +0.83"  4.75+0.158 7120 +0.55¢  4.35+0.24M
3.00 63.90+1.14f  4.12+0.12¢  52.80+1.20c  3.46 +(.18dcf
3.50 51.10+0.70c  3.35+0.15> 43.40+1.67° 2.75+0.28®
Control 0 0 0 0
1.50 4480+£1.30° 3.65+0.10%  41.50 £1.48%®  3.24 +0.17bcdef
BS-6 2.00 68.20+1.07s  4.39+0.15%8  64.60 +1.18%  3.91 +0.25"
2.50 79.40+1.37  532+0.10" 7630 +1.445  4.62+0.24
3.00 6520+ 1.13% 4.47+0.14%  61.90+£0.89¢  3.79 £ 0.42¢fh
3.50 5220+1.70¢  3.39+0.16>¢  43.80+1.00°  3.14 + 0.06bde
Control 0 0 0 0
1.50 38.30+£1.290  3.05+0.13®  3790+1.15*  2.82+0.12%¢
Shohagh 2.00 56.80+1.434  3.85+0.08%  5210+1.53¢  3.42 + (.24bcdefs
2.50 7570 £1.000  4.35+0.09%  67.70 £ 1.46°f  4.08 +0.168h
3.00 59.50 £1.374¢  3.76 £0.31dc 53.80 £1.80c  3.26 = 0.11bcdef
3.50 44.60+1.24> 2.76+0.20 39.90 +1.40® 2.42+0.19

Control = MSy, different superscripts letter(s) in a column indicate significant different at
p <0.05 levels according to DMRT.

It was observed that IBA significantly influenced on root development for
the three tested genotypes (Fig. 1H). The results indicated that both explants
showed an increasing trend with both parameters (number and length of roots)
with the increase of IBA concentration up to 2.0 mg/l. Significant differences
were found on the number of roots/shoot due to the effect of IBA. The highest
roots/shoot (9.04) was recorded with 2.0 mg/l IBA in BS-6 from ST and lowest
was in Shohag (3.40) with 3.0 mg/l IBA when CN were used as explants sources.
On the other hand, root length showed highest in BS-6 (4.57 cm), and thereafter
BS-5 (4.27 ¢cm) and Shohag (4.17 cm) in the same medium from ST (Data Table
and Figs are not shown herein). Between the two explants ST showed better
performance than CN in case of roots number and length.

After acclimation, the plants were transferred into pots (Fig. 1H) and then
cultured in the field of natural condition. Here, MS and in combinations with 2,4-
D + BAP showed significant variation in embryogenic callus induction whereas
single uses of 2,4-D showed less number of embryogenic calli. Kumari et al.
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(2006) reported that combined effect of 2,4-D and BAP showed similar type of
results using their genotypes. Another studies of soybean 2,4-D has been the
most commonly used auxin for induction of callus and somatic embryogenesis
(Ranch et al. 1985, Mariashibu et al. 2013). Callus induction was reported in
soybean within 7 days of inoculation (Settu and Ranjithakumari 1999) and Jang
et al. (2001) found callus initiation after 10 - 14 days of culture initiation. In this
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Fig. 2. Effect of BAP in combination with 0.5 mg/l 2,4-D on maturation of somatic
embryos.

experiment the genotypic differences and growth regulators type might be
causes shorter duration for callus induction. Present results indicated that higher
concentration of BAP (2.5 mg/l) with lower doses of 2,4-D (0.5 mg/l) increased
embryo maturation. Lazzeri et al. (1987) and Tian et al. (1994) were reported that
positive effect of the cytokinins on somatic embryogenesis in soybean. McKently
(1991) reported that when the auxin concentration was increased, the probability
of a normal shaped embryo was decreased. Higher concentration of auxin not
only decreased the number of embryos but also delayed embryogenesis (Reddy
and Reddy 1993). Kim et al. (2001) observed that 8.0 roots/shoot when 1.5 mg/l
IBA used singly. Yuan et al. (2001) reported that when as PGRs, IBA added in MS
the root formation was enhanced. Liu et al. (1998) observed that suitable root
formation in MS with 2.0 mg/l IBA. Bhojwani and Razdan (1983) reported that
using auxins in the medium enhanced root formation in plants.
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