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ABSTRACT

Sorghum, a hardy cereal crop, is a basic staple food foe many rural communities. Its adaptability to more drought
prone areas gains attention for cultivation of this crop for food security. Sx genotypes of Sorghum were examined
for efficient protocol design in tissue culture studies, Tissue cultures were initiated from immature inflorescence on
a modified MSmedium containing combination of auxins and cytokinins. Studies were carried out on callus
induction, regenerable callus formation, callus fresh, dry and total weights, volume for the development of an
effective regeneration. Of all the six Sorghum genotypes IS 462, IS 2898, IS 3477, IS 3541, IS 5291, IS 27703
studied, genotype IS 3477 showed highest callus induction. Among all the genotypes the MS-medium containing 2,
4-D 1.5mg /L+ 0.5KN mg/L showed good results. The growth rates of total callus, callus fresh and dry weights were
also highest for the genotype 1S 3477. The total callus volume was highest (80mm) on 12" week for the genotype IS
3541.
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INTRODUCTION

Sorghumis mainly cultivated in drier areas and can be még@ as a staple food for many rural communitiesar
the world. The nature of tolerance to more drouwgginditions made a better implication on this crad &avet plant
biotechnologists’ interest. It is mainly grown oow potential, shallow soils with high clay conteft.has the
capacity to tolerate more alkaline salts and spertods of water logging. High frequency plant megmtion in
Sorghum still requires standardized protocols using vasienplants becausgprghum has been considered as one
of the most difficult plant species to manipulateotigh tissue culture and transformation [4]. Adwethtransgenic
studies, genomic research, agronomy and breeditoeh@ogies forSorghum crop are mutually complementary
along with tissue culture studies. The main obyecfocused on regeneration response and potefftiairoature
inflorescence explant oforghum and effect of different concentrations of planbwth hormones on callus
inductioninvitro. A reliable, efficient and reproducible tissuetatg system is vital for the development of sorghum
transformation. A number of researchers have cdrete on the development of successful regeneratiethods.
Most of them used immature embryos and immaturkoriegcences or shoot meristems as source material f
efficient callus induction and subsequent planeregation. However, the rate of plant regenergti@nexplant is
not satisfactory. This low level of regeneratiogpense from callus cultures is associated with typeospecificity
and gradual loss of regeneration ability. Furttigegeneration could be through either organogermssomatic
embryogenesis. [16] reported that, tissue cultuotogols are genotype specific and suitable prdsoneed to be
developed when a new variety is to be used. Thedemnaadetailed study on callus induction and regsioer using
different explants ofSorghum. The efficiency of callus induction depends oncpetage of embryogenic callus,
callus weight (fresh and dry), and callus volumatelr on it also plays a crucial role in regeneratibshoots during
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sub-culturing. Therefore, standardization of calluduction protocol is a prerequisite f8orghum tissue culture
system.

MATERIALSAND METHODS

2.1 Genotypes and explants

Six Sorghum genotypes IS 462, IS 2898, IS 3477, IS 3541, IS152S 27703 were provided by International Crop
Research Institute for Semi-Arid Tropics (ICRISAHyderabad, India. The explants studied for caihgiiction
for the six genotypes is immature inflorescence.

2.2 Medium preparation
The media chosen for callus induction was prepaocedrding to [8] with some modifications.

2.3 Surface sterilization of the explant

Immature inflorescences enclosed in the boot leakveollected from field grown plants, swabbed 0867ethanol
after removing outer whorl of leaves. Small paridlg-4cm) were aseptically cut open and were ser&erilized
in 70% ethanol for a minute and 3% sodium hypodtddior 10 minutes and then rinsed 10 times witrilst
distilled water. This explant was cut into smaléges (0.5cm or less) and inoculated asepticallp tim¢ callus
induction medium, containing different concentraticand combinations of auxins and cytokinins. Gekuwvere
maintained in the dark at 252°C and subcultured at an interval of 21 days. Atehé of first subculture, those
cultures containing smooth, shiny globular struetumvere defined as embryogenic callus and thoséndhav
unorganized, creamy or yellow colored structures@sembryogenic callus. For shoot regeneratiorgogenic
calli were detached from the explants and cut siwall pieces which were then transferred onto regeion
medium containing 0.5-3.0 mg/L of BAP/ZN/KN/TDZ.

2.4 Statistical Analysis
The experimental data were analyzed statisticalySPSS software. Data on the effects of variethaimone
treatments at various concentrations and combimatieere tested by using ANOVA.

RESULTSAND DISCUSSION

3.1 Callusinitiation

The explants started showing the callus developrinent the &' day after inoculation. Callus initiation occurrea
the surface or cut ends of the explants 6-14 dfgs imoculation. A week after culturing, a darlotan and purple
colour pigment began exuding from the cut endshefdxplants. The pigment reached the medium, hlitlinot
affect the callus growth and plant regenerationlaserved visually. To control this phenolic seamtithe explants
present in liquid MS medium were kept in a shake2Grpm for 24 hours. Then phenolic secretion redsased
into the liquid MS medium. Also activated charc¢a®) or citric acid was used in culture medium mdibit
pigment formation. Frequent sub-culturing was asoe to overcome this problem of pigmentation.

3.2 Callus derived from immatur e inflor escence

Immature inflorescence explants were cultured on M&lium supplemented with 2,4-D and kinetin (Kn) at
different concentrations to study their respongectdlusing and further differentiation. Callustiated by 12-14
days after inoculation from the inflorescence aisl spikelets. The primary callus was non-embrymgédaose,
white and yellowish but differentiated rapidly ingopale yellow, nodular and friable embryogenidusalvithin 2
weeks. Most of the callus turned embryogenic anlg anvery minor portion remained watery, yellow asuft,
which was non-embryogenic, separated out duringudtiye. Embryogenic callus was separated fromptimaary
culture and subcultured onto fresh medium at regukervals for prolonged periods for further pfefation and
development, which formed globular structures. €hg®bular structures developed into somatic engiyo the
surface of the callus when maintained on the sarSenMdium for 2-3 weeks. The frequency of embryogisne
increased with consecutive subcultures. The emiemnyiogcalli on transfer to regeneration medium poedbwhitish
embryoids, which later differentiated into plandletn the same medium. The plantlets rooted 1-Xsviser on
MS basal medium and were then transferred to ¢iffys for hardening for a week. The plants were themsferred
to glasshouse and were grown to maturity.
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3.3 Effect of PGR concentration on callusing

Concentrations of 0.2, 0.5, 1.0, 1.5, 2.0, 2.5, 2u@ing/L of 2, 4-D, IAA, IBA, BAP, NAA, KN and ZN ere used
to check the effect of them on callus formationli@ainitiation has appeared for all the varied camtrations of 2,
4-D, IBA, KN. But, there was no callus initiation l@wer concentration of IAA, NAA and ZN. Callusduaction
frequency varied among the different concentratiwhBlant growth regulators. The embryogenic caffeguency
was maximum (84%) at 1.5 mg/L of 2, 4-D, followeg 2mg/L of IBA, IAA, and NAA each with 72% inductio
frequency (Table 1). Our observations also fourad shhigher concentration of auxins has hinderddscanduction
and growth. The callus induction response was alsalyzed with a combination of auxin and cytokitirat
ultimately gave a redundant outcome. Callus indicfrequency was enhanced by 8-16% with a comlminatf
1.5mg/L 2, 4-D and 0.5mg/L of KN in all the genatgp The genotype IS 3477 resulted maximum calldsdtion
frequency (100%), followed by IS 2898 (80%), CS Bad IS 5291(each 72%), IS 462 (60%), and IS 2132%)
(Table 2).

3.4 Growth rate of total callus, embryogenic callus and dry callusweight

The callus growth rate of immature inflorescence @iven in the (Table 3). The variety IS 3477 gthe highest
response in terms of both total and embryogeniagatallus fresh and dry weights (Figure 2, 3 Amdspectively),
followed by CS 3541, IS 2898, IS 5291, and IS 4B2e least response was observed for the genoty@517S.
These calli dry weights were tested by analysiganfance and genotypic differences were found teigpeificant (p
< 0.05) (Table 4, 5, 6).

3.5 Total callusvolume and embryogenic callus volume

The total volume of the callus was highest in ti 8541, followed by IS 3477, IS 462, IS 2898, I9@¥ and
lowest in IS 5291. The average quantity of totdlusavolume per explant ranged from a minimum ofMm26 to a
maximum 80mm. The results of these initial studiekcated that the E and NE could be distinguigyethe end of
three weeks after their culture inoculation. Therage total callus volume in different genotype8,a, 9, and 12
week intervals is summarized in the (Figure 5). Enebryogenic callus volume growth rate was highedhe
variety IS 3477 followed by IS 2898, IS 462, IS 5295 27703, CS 3541. The average quantity of eogswyic
callus volume per explant ranged from a minimun24xihm to a maximum 38mm. The average volume of E<al
volume in different genotypes at 3, 6, 9, and 12kvatervals is summarized.

Broad range of varietal differences in callus fotimraand plant regeneration was observed by [5]réferted that,
sustained varietal differences displayed in calbrsation and plant regeneration 8arghum as well as in other
major cereals. Similarly, a study on genotypided#nces in callus induction in Barley by using unatembryo
explant was done by [16]. [14] reported that, tessulture protocols are genotype specific and Blgtarotocols
need to be developed when a new variety is to leel.uShey made a detailed study on callus inductiod
regeneration using different explants of Sorghuhreylreported multiple shoot induction and regem@naising 1-6
mg/L concentration of BAP. The effect of developitarstages on embryogenic callus induction was rteddoy
[10]. They found that, the inflorescence of 4-5 icmength with pinhead size spikelet primordial wehe optimal
stage for the production of efficient embryogeratius productionln vitro response of different explants viz., shoot
tip; immature inflorescence and immature embryoeanstudied by [9]. They found that shoot tip and imbune
inflorescence were more totipotent than the imneateambryo. Moreover, immature embryos and immature
inflorescences are considered to be excellent atgpfar establishing embryogenic cultures of sdvgeaotypes of
sorghum. Researchers like [2], [7], [1], [3], [1B12] and [6] worked on developing a standardizestqrol design
by using immature inflorescence as an explant.

This report describes parameters for induction ot&tlus maintaining and subsequent regeneratiocoofplete
plants. [17] optimized callus induction and develd@n efficient regeneration system for sweet sergbenotypes
by using germinating seeds. A rapid regeneratiatesy from shoot tip explant &rghum was done by [13]. The
effect of plant growth hormones were studied widbly various researchers. Many reports revealed tthat
combination of auxin and cytokinin in proper prajmm showed synergistic effect on callus inductaanwell as its
size. [11]reported that, the addition of casein hydrolysate, mixtofeamino acids and vitamins to the callus
induction medium promoted the production of embemg callus in Sorghum. He also reported that, rteest
important factors for embryogenic callus inductimd regeneration were the physiological state efitmature
embryo.
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Table 1. Effect of Plant growth hormoneson callusinduction

Concentration of PGR No. Of Explants Responded
24-D | IBA | IAA | NAA | BAP | KN | ZN With E.C E.C. Frequency
1.0 12 48
1.5 21 84
2.C 16 64
25 15 60
3.0 16 64
1.0 12 48
15 14 56
2.0 18 72
2.t 12 48
3.C 14 56
1.0 - -
1.5 - -
2.0 10 72
2.5 14 56
3.C 13 52
1.C 14 56
15 - -
2.0 18 72
25 14 56
3.0 16 64
1.C 12 48
1.t 12 48
2.0 14 56
2.5 15 60
3.0 12 48
0.2 8 32
0.£ 13 52
1.0 10 40
1.5 10 40
2.0 12 48
0.2 0 0
0.5 0 0
1.C 14 52
15 10 40
2.0 12 48

25)

Table 2. Callusinduction from immatur e inflorescence in combination with 2,4-D and KN

Variety PGR concentration mg/L Total explants idated | Explants with E. Callf E. Calli Frequen

1S462 | 2,4-D 1.5mg/L 25 13 52
0.5KN mg/L 25 12 48
2,4-D 1.5mg /L+ 0.5KN mg/ 25 15 6C

IS 289¢ | 2,4D 1.5mg/L 25 18 72
0.5KN mg/L 25 11 44
2,4-D 1.5mg /L+ 0.5KN mg/L| 25 20 80

IS 3477 | 2,4-D 1.5mg/L 25 21 84
0.5KN mg/L 25 13 56
2,4-D 1.5mg /L+ 0.5KN mg/ 25 25 10C

CS3541| 2,4-D1.5mg/L 25 15 60
0.5KN mg/L 25 12 48
2,4-D 1.5mg /L+ 0.5KN mg/L] 25 18 72

IS5291 | 2,4-D 1.5mg/L 25 16 64
0.5KN mg/L 25 10 40
2,4-D 1.5mg /L+ 0.5KN mg/ 25 18 72

IS 27703| 2,4-D 1.5mg/L 25 11 44
0.5KN mg/L 25 7 28
2,4-D 1.5mg /L+0.5 KN mg/L] 25 13 52
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Table 3. Growth rates of total callusweight, embryogenic callusweight and dry weight of immatur e inflorescence (Mean £ SE)

Source of variation Total Callus weight| Embryogenic Callus weight Dry weight
N Mean+ SE Mean+ SE Mean+ SE
39 week 300 238.23+ 3.86 212.13 3.20 169.3% 3.08
6™ week 300 356.53+ 3.92 313.13 4.83 246.4% 3.95
9" week 300 481.43+ 6.57 442.5& 6.19 369.8% 6.52
12" week 300 593.43+ 7.8¢ 548.73+ 7.9¢ 469.30+ 8.01
Total 1200 417.41+ 4,95 379.13 4.69 313.74 4.38

Figure 1. Callusinduction and regener ation from immatur e inflor escence explant
a, b. Immature inflorescence explant

c. Inoculation of the explant

d. Callusinduction

e, f. Regeneration

g, h. Shoot initiation

i. Plantlet
Table4. Analysisof variancetest for total callusweight (ANOVA)
Source of variation Sum of Squargs Degree of freedoMean squarg  F Value
Between Groups 21268034 3 7089344.[75
Within groups (Error) 13946306 1196 11660.79 607.96*
Total 35214340 1199

*Sgnificant at p < 0.05
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Figure2. Growth rate of total callusweight in different genotypes
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Figure 3. Growth rate of embryogenic callus weight in different genotypes
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Figure4. Callusdry weightsin different genotypes
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Table5. Analysisof variance test for embryogenic callusweight (ANOVA)

Source of variation Sum of Squares  Degree of freegoMean squarg  F Valug
Between Groups 19507348 3 6502449.42
Within groups (Error) 12132833 1196 10144.51 640.98*
Total 31640181 1199

*Sgnificant at p < 0.05

Table 6. Analysis of variancetest for dry weight (ANOVA)

Source of variatic Sum of Squar¢ | Degree of freedo | Mean squat | F Value
Between Groups 15814421 3 5271473.64
Within groups (Error) 11815079 1196 9878.83 533.61*
Total 27629500 1199

*Sgnificant at p < 0.05
Figure 5. Callus volume of six genotypes
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