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ABSTRACT

The successful regeneration from immature embryare wested in three inbred lines (UMI 29, UMI 541 &5V
1007), MS and N6 were used. Among these, UMI 29wsldo highest percentage of somatic embryogenesis and
regeneration frequency. The embryos were culturedN6 medium supplemented with different concentragi of 2,
4-Dichlorophenoxy acetic acid (2,4-D). The resdt®wed that the highest percentage of somatic ergknesis was
obtained on N6 medium supplemented with 2,4-D (1l)ngroline (2.8 g/l), casein hydrolysate (200 thggilver nitrate
(10 mg/l) and 2% sucrose. The results showed tBatI4.66%) medium was found better than MS (63.00@nts were
regenerated successfully from embryogenic callusoinmone free MS medium. Regenerated plantlets saceessfully

acclimatized in soil and raised to maturity. Thepense to tissue culture proved to be highly geretiependent.
KEYWORDS: Maize, Inbred Lines, Callus, Somatic Embryogendegeneration
INTRODUCTION

Maize ea mays) is one of the most important crops around theldvoecause of its importance as food and feed
in the past and present; thus, breeding technaloglyis crop has been the subject of intense effagsulting in several
biotechnology approaches. Molecular plant breedngrgely dependent on availablevitro regeneration protocols that
are amenable for use in genetic transformatioriniprovement of the target traits. Although there ®arious reports on
successful regeneration of maize, there are oiteitet] to particular genotypes. The response okzenissues in culture is
genotype dependent. The success of regenerati@edgures is affected predominantly by genotype tyhe of explants
material employed and media composition (Lindsay &omes, 1989; Phillips al., 1988). Therefore there is need to assess

a wide range of genotypes to identify those witihhiegenerative response which can be used dugimgfig transformation.

Successful plant regeneration has also been repfsdm calli initiated from anthers (Ting al., 1981), glumes
(Suprasannat al., 1986), immature inflorescences (Pareddy andliRetdl990), immature tassels (Rhodesl., 1986;
Songstadtt al., 1992), leaf segments (Congetral., 1987; Ray and Gosh, 1990), seedling segmentdqSet al., 1984),
shoot tips (Zhongt al., 1992; O’'Connort al., 2002) and shoot apical meristems (Zhahgl., 2002). Since the first
report on maize tissue culture by Green and Ph{li8g5), immature zygotic embryos have become xpéaat of choice
in cereals including maize (El-Itribst al., 2003; Ward and Jordan, 2001; Odaboal., 2006; Vasikt al., 1984).

The objective of this study reported here was talate the tissue culture responses of selectagdnines
popularly used in the maize breeding program of iT&adu Agricultural University by using immatureanéryo as an

explant. The developed information on tissue calfar the studied inbred lines eventually woulchk#ful for improvement
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of maize using biotechnological tools.

MATERIAL AND METHODS
Plant Materials

The maize inbreds (UMI 29, UMI 54, and UMI 1007)edsin this study was obtained from Department of
Millets, Centre for Plant Breeding and GeneticsinifaNadu Agricultural University. Immature embryegere used as
explants for tissue culture experiments. The puwftynbred lines was maintained through selfinghgshand pollination.
The immature embryos were taken at the age of 8alOafter controlled self pollination. The maizéosavere collected
when embryos were at appropriate size (usually ab&umm long). The husks were removed and the a@pe taken in a
glass beaker for surface sterilization. The imnatobs were surface sterilized with 70% ethyl ab¢dbr 1 min followed

by 2.5% sodium hypochlorite for 7 min. The cobsewvren rinsed 3-4 times with sterile distilled wate

A forceps was stabbed to the bottom end of thetogivovide a makeshift handle. Using a #22 scdifsde, the
top half of the kernels in a row were sliced ofbime pass. An arrow shaped dissection scalpeluwvaslockwise along the
inside of the pericarp to make the embryo to stideand stick to the scalpel. The embryo was cdttand placed on the
culture medium with the scutellar side up and thdmyo axis side in contact with the media. This graborientation

permits extensive proliferation in the scutellund aninimizes germination.
Callus Induction

For callus induction, Nénedium (Chuet al., 1975) and MS medium supplemented with 20 g/l s&r@.8 g/l
proline, 200 mg/l casein hydrolysate, 10 mg/l siitrate and 2,4-D at different levels (0.5, 1.8, 2.0, 2.5 mg/l) solidified with
4 g/l gelrite, adjusted to pH 5.8 with KOH was usktkédia were autoclaved at 121°C, 15 psi for 20.rSiterile silver
nitrate was added to the medium after autoclaviie embryos were cultured at 25+2°C in a cultui@mon dark for 2
week. The shoots of the germinating embryos wémaried off at 7-8 day after inoculation. The primasfli produced at

the end of two week were subcultured on to the saedia composition periodically.
Embryogenic calli Formation

The primary calli, thus formed were subcultureaifresh callus induction medium and incubated &22€ in
dark condition for two subcultures at a two weeleinal. After four weeks of culture on subculturedium in darkness,

the embryogenic calli were evaluated.
Plant Regeneration

The embryogenic callus induced from the immaturebryos were transferred into regeneration medium
containing MS medium supplemented with BAP (2, 48 @énd 10 mg/l), 2, 4-D (0.25 mg/l) and silveraii¢ (0.85 mg/l)

for shoot induction. The cultures were maintaine@&C under 16 h photoperiod with cool white flescent lights.
Acclimatization

The regenerated shoots were transferred into @atiadium containing MS medium supplemented withesil
nitrate (0.85 mg/l) for root development. Healthosts of 3-5 cm were transferred to basal MS mediomnrooting.
The rooted plants were transferred to paper cupgaoung sterile soil and vermicompostixture in 1:1 ratio. The
hardened plants were placed in the culture roormeutite light at 25°C for 10-15 days. After the planoduced 1-2

healthy leaves, they were transferred to larges mith soil in the greenhouse and grown to maturity
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Statistical Analysis

Data analysis was done by AGRES statistical packdgan values were separated by Fischer’'s LeasifiSignt
Difference (LSD) at 5% probability level. In casiepercentage values obtained from count data, retrsinsformations of

the variable was performed before analysis and w@ngerted back to percentage for presentation.

RESULTS AND DISCUSSION
Callus Induction

In recent yearsn vitro technology has received considerable attentionfddiher genetic improvement of
maize. The success of any transformation work dégpem culture duration (to avoid too many deletesieffects from
somaclonal variation) and efficiency of the regaien system utilized. So far almost all maize uessulture and
transformation involves the use of immature zyg@inbryos as an explant source for regeneration $&kong and
Green, 1985; Carvalhet al., 1997; Dansoret al., 2006; Duncaret al., 1985; El-Itriby et al., 2003; Pareddy and
Petolino, 1990). The production of compact embryogeallus arises at low frequency and only forcfie genotypes.

Regeneration ability also influenced, to a greaeet by the media composition (Armstrong and Grd&35).

The immature embryos larger than 2 mm often germimathout callus formation (Dolgykh, 1994; Armsti
1993 and Sellmeet al., 1993). Between 10 and 20 days after pollinatioonmature embryos provide several distinct
developmental stages of meristematic tissue compdte transformation (Schlappi and Hohn, 1992). ohg the
temperate lines, the reported age of embryos iallysin the range of 8-13 DAP (Franetal., 2002; Ishideet al., 1996;
Lu and Vasil, 1983; Vaiet al., 1989).

The immature embryos responded to culture on calldisction medium (CIM) by swelling to almost twitiee
initial size after 3-5 days. The colour of the eyds did not change during culture on CIM irrespectf MS and N6.
Callus was induced in all the genotypes testederAfiree to seven day of culture on CIM, callus wétsated with the
swelling of the embryo on the middle portion of tetium as well as the basal side. Later the catidiferated and
covered the entire dorsal surface. Similar obs@matwere also recorded by Al-Abetal. (2006), Huang and Wei (2004)
and Vasilet al. (1985). Bimmineni and Jauhar (1997) suggestedutieeof pre-cultured immature embryos or isolated
scutellar with competent cells for somatic embrywgges. They also considered that these tissuesxasdlent target for
microprojectile bombardment and for subsequentdragiovery of transgenic plants. There were sigaifi differences in

percentage of callus formation observed amongréiffemedia and 2,4-D levels tested.

Of the different levels of 2,4-D (0.5, 1.0, 1.50 2and 2.5 mg/l) tested, N6 medium with 2,4-D leakl1.0 mg/l
was found to be more effective for embryogenicusalhduction with a frequency of 91.66% in UMI Z%e variation in
embryogenic callus formation in different inbredeowed that callus induction frequency is genotymecsic
(Abe and Futsuhara, 1986; Hodgetsal., 1986). Auxins, especially 2,4-D in the rangeled mg/l are essential for the
formation of embryogenic callus from cereal embr{®set al., 2007; Bhaskaran and Smith, 1990; Daneoal., 2006;
El-Itriby et al., 2003; Oduokt al., 2006). The findings on callus induction in thegent study is in agreement with the
results of Armstrong and Green (1985), who founat e nitrogen composition of the basal growth iomedhas a
dramatic effect on embryoid and embryogenic caltushation in maize when L-proline and 2, 4-D wedded to the

medium, with N6 basal medium generating betterlteshian MS medium.

The morphological variations exhibited by the depéig calli were used to identify embryogenic callim non-

www.iaset.us anti@iaset.us



4 S. Geetha, R. Nagganatha Suganthan, P. Prasanthi,KK Kumar, E. Kokiladevi, L. Arul, P. Balasubramanian & D. Sudhakar

embryogenic calli. Three types of callus morphosypere observed in the present study. Calli whiehragenerable and
embryogenic in nature could be distinguished byrthearly structures on dorsal side, compactnegdility and pale or
creamy colour and by their scutellar origin (Typedlli). Non regenerable calli were translucenatevy, white in colour
and were of both scutellar and non-scutellar or{@iype | calli). Rhizogenic calli were formed héike structures on the
scutella surface on CIM medium. The immature embryball the genotypes (except UMI 1007) formed @arfriable,
regenerable embryogenic callus on N6 medium in @ispn to MS medium. These observations were stgpdry Vasil
and Vasil (1982); Armstrong and Green (1985); Batheidert al. (1997) and Framet al. (2006). The type of callus
induced has also been shown to be dependent @etiotype (Carvalhet al., 1997).

There was no callus induction in medium devoid ofi:D. Instead, embryos readily germinated to fatmots
and roots after 4-6 day on induction medium. Arréasing trend in callusing percentage with incregasévels of 2, 4-D
was found both in N6 and MS medium. The callus atidm frequency ranged from 64.00% to 99.66% dejmgndn the
2, 4-D concentrations. Of the two different cultunedia (MS and N6) and different 2, 4-D levels (A®, 1.5, 2.0, 2.5
mg/l) tested, N6 medium with 2, 4-D level of 1.0 /ingas found to be more effective for callus indowstwith highest
frequency of 99.66% in UMI 29 followed by 98.33% WMl 54 after 2 week of culture (Figure 1). The gentage of

callus induction at different levels of 2, 4-D wagnificantly different among the inbreds and me@diable.1).
Somatic Embryogenesis

On N6 medium the embryos formed a more friableusathan on MS, and somatic embryos were productd bo
from the edge of the scutellum and from the callire proliferative, friable, fast growing calli veedistinguished to be of
regenerable nature by the presence of somatic eslmgvealed by closer examination using light ngcopy. These
somatic embryos were initiated as spontaneous rsegtowing from well formed friable calli and viggbas globular
protuberances. These cultures were characterizeits thigh regeneration capacity. These somatic gashgerminated
rapidly when transferred to MS medium containinglBAhe present study documents the formation ofasiocrembryos
on the surface of callus established from prolifatascutellum of immature embryos of maize as regubearlier by
Freelinget al. (1976). The somatic embryos formed on top ofdhkus were globular but in some instances it apgaba
lobed and folded as reported by Vasibl. (1984).

There were differences in percentage of embryogealic formation among the different levels of 2D4were
tested. Of the different levels of 2,4-D (0.5, 11(, 2.0 and 2.5 mg/l) tested, N6 medium with -2 #evel of 1.0 mg/l
found to be more effective for somatic embryogerattus induction with a frequency of 91.66% in URB (Figure 2).
The percentage of embryogenic calli at differemels of 2, 4-D was significantly different amongtimbreds and media
(Table 1).

Plant Regeneration

Mature calli from all the genotypes were placedsbionot induction media and cultured for 14 day im light.
After embryogenic calli were transferred to regatien medium containing BAP (10 mg/l), calli turngteen within a
week and plantlet regeneration occurred within 3§sd When multiple shoots grown on regenerationiumedvere
divided and transferred to rooting medium, thickite/moots developed in about 2 week. However, adewormal plants
were noticed among the regenerants irrespectivgesfotypes. Plantlets with a well-developed roottesys were

transferred to greenhouse (Figure 3).
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The experiments conducted to study the effect &emdint levels of BAP on regeneration indicatedt ttiee
medium, MS+BAP-10 mg/l showed the highest percant#ghoot regeneration in all genotypes. The lghegeneration
frequency of 88.33% and 60.33% was observed for P8and UMI 54, respectively (Figure 4).

The genotype UMI 29, that produced highest somatidbryogenic calli percentage exhibited highest shoo
regeneration frequency of 88.33% and also highestnrmumber of shoots per explants (Figure 5). Bgermeration
frequency at different levels of BAP was signifidgrdifferent among the inbreds and media (TableTHough shoot
induction was observed in all the genotypes evatljatrequency of embryogenic calli and regenerati@ne higher in
UMI 29.

Some of the earlier reports indicate that the cépaé plantlet regeneration is correlated with #dality to form
embryogenic callus but, not all calli recognizedeasryogenic produced plants, and some recognsedraembryogenic
produced plants, showing that this classificatiaresd not accurately predicts the regenerative cgpaéithe callus
(Bohorovaet al., 1995; Carvalhet al., 1997 and El-Itribyet al., 2003). MS medium was used as the regeneratiaiiume
as it was reported to be a better medium for plagéneration (Armstrong and Green, 1985; Vasal., 1985; Emons and
Does, 1993; Rosatt al., 1994; Dagt al., 2001 and Shohaei al., 2003).

The proper ratio of cytokinin to auxin was reportedstimulate shoot formation (Skoog and Miller,5T%.
Although a range of cytokinins are known to affectitro plant cultures (Bhaskaran and Smith, 1990), aaiditif BAP
(10 mg/l) to regeneration medium had an effect lomos induction in the present study. The experimemninducted to
study the effect of different levels of BAP on rageation indicated that the medium, MS + BAP-10 Inshbwed the

higher percentage of shoot regeneration in all tyges.

Most of the reports on maize shoot induction shegeneration in hormone free medium (Armstrong aree(,
1985; Luet al., 1983; Bhaskaran and Smith, 1990; Huang and @03£14). One possible explanation for this is that th
somatic embryos capable of germination to give tsenew plantlets have already formed and theie fatay be
predetermined by the initiation media (Huang and,\®@04) which may again differ according to nataféhe genotype,
its region of origin i.e. tropical or temperate aruture conditions. The varying levels of regetieraof genotypes in
different media showed that somatic embryogenesi regeneration in maize is genotype specific saagkemeration
efficiency depends on media environment (Hodgeal., 1986 and Suprasanehal., 1994). In conclusion, this study
identified three maize inbred lines responding welkmbryogenic callus induction and plant reget@marom immature
embryos. The highest embryogenic callus and plegmeration response was produced from inbredUie 29, hence

this genotype can be used in genetic transformation
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Figure 1: Calli Induction Response of Selected Ma&Genotypes to Different Media Combinations. The aes
Presented are Mean % Denoted by Alphabets to Implgignificant Difference (P<0.05) and Values with Same
Letters are not Significantly Different. Error Bars= Mean+SE
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Figure 2: Embryogenic Calli Induction Response of 8lected Maize Genotypes to Different Media Combin&ins.
The Values Presented are Mean % Denoted by Alphab&to Imply Significant Difference (P<0.05) and Values with
Same Letters are Not Significantly Different. Error Bars= Mean+SE
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Figure 4: Regeneration Efficiency of Immature Embry Derived Callus of Maize Genotypes at Different BR
Levels. The Values Presented are Mean % Denoted Byphabets to Imply Significant Difference (P<0.05) and
Values with Same Letters Are Not Significantly Diferent. Error Bars= Mean+SE
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Figure 5: Effect of Different Levels of BAP on MearNumber of Shoots per Explants in Three Maize Inbrds.

The Values Presented are Mean % Denoted by Alphab&to Imply Significant Difference (P<0.05) and Values with
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Same Letters are not Significantly Different. Error Bars= Mean+SE

Table 1: ANOVA for the Callus Induction Percentage Embryogenic Callus Percentage and Regeneration
Frequency

:\;‘23‘?3; 2 | 65.86* | 1912.20* | 2 6343.46 ** | 4103.75* | 2 8390.46**
nbrede x | 4 | 396.94*| 8072 4 471.24* | 23191 * 4 485.47%
Mo 8 | 356 7.83 8 15.49 25.47 8 3.38*
Error 30 1.33 6.60 30 7.24 5.31 30 10.64

** . Significance at 0.01 levels; NS - Norgsificant
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Figure 3: Callus Induction and Plant Regenerationfom Immature Embryos of Maize Inbred Lines a. immature
Embryos on N6 Media with 2,4-D, b. Immature Embryos3 d Old), c. Immature Embryo Derived Calli, d. Sanatic
Embryos, e. Germination of Somatic Embryos, f. Callon Regeneration Medium, g. Shoots on Rooting Medin, h.

Rooted Plants

www.iaset.us anti@iaset.us



In Vitro Regeneration of Indian Maize Zea Mays L.) Inbred Lines Through Immature Embryo Derived Somatic Embryogenesis 9

REFERENCES

VI.

VII.

VIII.

XI.

XIlI.

XIII.

XIV.

XV.

XVI.

www.iaset.us

Abe, T. and Futsuhara, Y. 1986. Genotype varighitit callus formation and plant regeneration teri
Theor. Appl. Genet. 72: 5-10.

Al-Abed, D., Redrabhatla, S.R., Talla. and Goldm&n, 2006. Split-seed: a new tool for maize
researchers. Planta, 223: 1355-1360.

Armstrong, C.L. 1993. Regeneration of plants frasmatic cell cultures: applications fam vitro genetic
manipulation. In: M. Freeling, V. Walbot (Eds.),&Naize Handbook, Springer, New York, pp. 663-671.

Armstrong, C.L. and Green, C.E. 1985. Establishnamt maintenance of friable, embryogenic maize

callus and the involvement of L-proline. Planta41%07-214.

Bhaskaran, S. and Smith, R. 1990. Regeneratioen@at tissue culture: a review. Crop Sci., 30: 1328
1336.

Bi, R.M., Kou, M., Mao, S.R. and Wang, H.G. 200TarR regeneration through callus initiation from

mature embryo ofriticum. Plant Breed., 128-12.

Bimmineni, V.R. and Jauhar, P.P. 1997. An evaluatid target cells and tissue used in genetic

transformation of cereals. Maydica, 42: 107-120.

Bohorova, N.E., Luna, B., Brito, R.M., Huerta, L.Bnd Hoisington, D.A. 1995. Regeneration potential
of tropical, subtropical, midaltitude, and highlamaize inbreds. Maydica, 40: 275-281.

Brettschneider, R., Becker, D. and Lorz, H. 199Ticient transformation of scutellar tissue of imina
maize embryos. Theor. Appl. Gené&4, 737-748.

Carvalho, C.H.S., Bohorova, N.E., Bordallo, P.Nbréu, L.L., Valicente, F.H., Bressan, W. and Paiva,
E. 1997. Type-II callus production and plant regatien in tropical maize genotypes. Plant Cell Rep.
17: 73-76.

Chu, C.C., Wang, C.C., Sun, C.S., Hsu, C., Yin, KChu, C.Y. and Bi, F.Y. 1975. Establishment of an
efficient medium for anther culture of rice througmparative experiments of the nitrogen sourceis. S
Sin., 18: 659-668.

Conger, B.V., Novak, F.J., Afza, R. and ErdelskyEEK1987. Somatic embryogenesis from cultured
leaf segments afea mays. Plant Cell Rep., 6: 345-347.

Danson, J.W., Lagat, M. and Mbogori, M. 2006. Scirg tropical maize lines for the production and
regeneration of friable and embryogenic Type llusalAfr. J. Biotechnol.5(23). 2367-2370.

Das, U.R., Hadiuzzaman, S. and Sarker, R.H. 200thafic embryogenesis and regeneration of plantlet

from immature embryos of maiz&ga mays L.). Plant Tissue Cult., 11: 65-75.

Dolgykh, Y.l. 1994. Establishment of callus cultsir@nd regeneration of maize plants. In: Y.P.S. Baja

(Ed.), Maize, Biotechnology in Agriculture and Fsirg, vol. 25, Springer, Berlin, pp. 24—-36.

Duncan, D.R., Williams, M.E. Zehr, B.E. and WidholhE. 1985. The production of callus capable of

anti@iaset.us



10

XVIL.

XVIII.

XIX.

XX.

XXI.

XXIL.

XXIIL.

XXIV.

XXV.

XXVI.

XXVII.

XXVIII.

XXIX.

XXX.

XXXI.

www.iaset.us

S. Geetha, R. Nagganatha Suganthan, P. Prasanthi,KK Kumar, E. Kokiladevi, L. Arul, P. Balasubramanian & D. Sudhakar

plant regeneration from immature embryos of numeZea mays genotypes. Planta, 16322—-332.

El-ltriby, A.H., S.K. Assem, E.H.A. Hussein, F.Mbdel-Galil and M.A. Madkour. 2003. Regeneration and
transformation of Egyptian maize inbred linéa immature embryo culture and biolistic particleidely
system. In Vitro Cell Dev. Bio. Plant., 39: 524-531

Emons, A.M.C. and Does, H. 1993. Origin and devslept of embryo and bud primordial during
maturation of embryogenic calli @ea mays L. Can. J. Bot., 71: 1349-1356.

Frame, B.R., Shou, H., Chikwamba, R.K., Zhang,Xdang, C., Fonger, T.M., Pegg, S.E.K,, Li, B.,
Nettleton, D.S., Pei, D.and Wang, K. 200%yrobacterium tumefaciens-mediated transformation of

maize embryos using a standard binary vector sy$tant Physiol., 129: 13-22.

Frame, B.R., McMurray, J.M., Fonger, T.M., Main,lM.Taylor, K.W., Torney, F.J., Paz, M.M. and Wang,
K. 2006. ImprovedAgrobacterium-mediated transformation of three maize inbredslimsing MS salts.
Plant Cell Rep., 251024-1034.

Freeling, M., Woodman, J.C. and Cheng, D.S.K. 1996velopmental potentials of maize tissue
cultures. Maydica, 2197-112.

Green, C.E. and Phillips, R.L. 1975. Plant regeti@enafrom tissue cultures of maize. Crop Sci., 15:
417-421.

Hodges, T.K., Kamo, K.K. Imbrie, C.W. and Becwar,RV 1986. Genotype specificity of somatic

embryogenesis and regeneration in maize. Bio/Tdohgp4: 219-223.

Huang, X.Q. and Wei, Z.M. 2004. High-frequency plaegeneration through callus initiation from
mature embryos of maiz&da mays L.). Plant Cell Rep., 22: 793-800.

Ishida, Y., Saito, H., Ohta, S.Y., Hiei., Komari,anhd Kumashiro, T. 1996. High efficiency transfation of

maize Zea mays L.) mediated byAgrobacterium tumefaciens. Nat. Biotechnol., 14: 745-750.

Lindsay, K. and Jones, M.G.K. 1989. Plant Biotedbgg in Agriculture. Open University Press, Milton
Keynes, UK.

Lu, C. and Vasil, I.LK. 1983. Improved efficiency sbmatic embryogenesis and plant regeneration in
tissue cultures of maiz&€a maysL.). Theor. Appl. Genet., 66: 285-289.

Lu, C,, Vasil, V. and Vasil, I.K. 1983. Improvedieiency of somatic embryogenesis and plant regeioer

in tissue cultures of maiz&da maysL.). Theor. Appl. Genet., 66: 285-289.

O’Connor, S.A., Ponce, J.L.C., Melara, M.V., RodrguP.T., Hernandez, J.L.P. and Estrella, L.H. 2002
Transgenic maize plants of tropical and subtropigahotypes obtained from calluses containing

organogenic and embryogenic-like structures derfv@th shoot tips. Plant Cell Rep., 21: 302-312.

Oduor, R.O., Njagi, E.N.M., Ndungu, S. and Machulié§. 2006.n vitro regeneration of dryland
Kenyan maize genotypes through somatic embryogenesi J. Bot., 40: 146-151.

Pareddy, D. and Petolino, J. 1990. Somatic embryegje and plant regeneration from immature

anti@iaset.us



In Vitro Regeneration of Indian Maize Zea Mays L.) Inbred Lines Through Immature Embryo Derived Somatic Embryogenesis 11

XXXII.

XXXIII.

XXXIV.

XXXV.

XXXVI.

XXXVILI.

XXXVIII.

XXXIX.

XL.

XLI.

XLII.

XLII.

XLIV.

XLV.

XLVI.

www.iaset.us

inflorescences of several elite inbreds of maizant’Sci., 67211-219.

Phillips, R.L., Somers, D.A. and Hibberd, K.A. 19&3ll/tissue culture anich vitro manipulation. In;
Corn and corn improvement. Sprague, G.F. and Dudlgyw. (Ed.), 3rd edn. Madison:
SA/CSSA/SSSA, pp. 345-387.

Ray, D.S. and Ghosh, P.D. 1990. Somatic embryoigersesl plant regeneration from cultured leaf
explants oZea mays. Ann. Bot., 66: 497-500.

Rhodes, C.A., Green, C.E. and Phillips, R.L. 198#ctors affecting tissue culture initiation frominea
tassels. Plant Sci., 46: 225-232.

Rosati, C., Landi, P. and Tuberosa, R. 1994. Rentigelection for regeneration capacity from immatu

embryo derived calli in maize. Crop Sci., 34: 3483

Santos, M.A., Torne, J.M. and Blanco. J.L. 1984.tdds of obtaining maize totipotent tissues. I.
Seedling segments culture. Plant Sci. Lett., 33-305.

Schlappi, M. and Hohn, B. 1992. Competence of inumgataize embryos fakgrobacterium-mediated

gene transfer. Plant Cell, 4: 7-16.

Sellmer, J.C., Ritchie, S.W., Kim I.S. and Hodg@&sK. 1992. Initiation, maintenance, and plant
regeneration of type Il callus and suspension céfis M. Freeling, V. Walbot (Eds.), The Maize
Handbook, Springer, New York, 1993, pp. 671-677.

Shohael, A.M., Akanda, M.A.L., Parvez, S., Mahfuf, Alam, M.F., Islam, R. and Joarder, N. 2003.
Somatic embryogenesis and plant regeneration framature embryo derived callus of inbred maize
(Zea mays L.). Bio/Technology, 2154-161.

Skoog, F. and Miller, C.O. 1957. Chemical regulataf growth and organ formation in plant tissues
culturedin vitro. Symp. Soc. Exptl. Biol., 11:18-131.

Songstad, D.D., Peterson, W.L. and Armstrong, @992. Establishment of friable embryogenic (type

) callus from immature tassels &éa mays (Poaceae). Am. J. Bot., 79: 761-764.

Suprasanna, P., Rao, K.V. and Reddy, G.M. 1986tletaregeneration from glume calli of maizéed
maysL.). Theor. Appl. Genet., 72: 120-122.

Suprasanna, P., Rao, K.V. and Reddy, G.M. 1994.rizmgienic callus in maize: genotypic and amino
acid effects. Cereal Res. Comm., 22: 79-82.

Ting, Y.C., Yu, M. and Zheng, W.Z. 1981. Improveuattzer culture of maizeZga mays). Plant Sci.
Lett., 23: 139-145.

Vain, P., Yean, H. and Flament, P. 1989. Enhanceafgmoduction and regeneration of embryogeniethp
callus inZea mays L. by AgNQs. Plant Cell Tiss. Org. Cult., 18: 143-151.

Vasil, V. and Vasil, I.K. 1982. Characterization afi embryogenic cell suspension culture derived

from inflorescences oPennisetum americanum (pearl millet, Gramineae). Amer. J. Bot., 69141-

anti@iaset.us



12

XLVIL.

XLVIII.

XLIX.

LI.

www.iaset.us

S. Geetha, R. Nagganatha Suganthan, P. Prasanthi,KK Kumar, E. Kokiladevi, L. Arul, P. Balasubramanian & D. Sudhakar

1449.

Vasil, V., Lu, C. and Vasil, I.K. 1985. Histology somatic embyogenesis in cultured immature embryos

of maize Zea maysL.). Protoplasma, 127: 1-8.

Vasil, V., Vasil, I.K. and Lu, C. 1984. Somatic emytigenesis in longterm callus culturesZeh mays L.
(Gramineae). Amer. J. Bot., 71: 158-161.

Ward, K.A. and Jordan. M.C. 2001. Callus formatamd plant regeneration from immature and mature
embryos of rygSecale cereale L.). In Vitro Cell Dev. Biol. Plant. 37: 361-368.

Zhang, S., Williams, C. and Lemaux. P.G. 2002. 3i@mation of recalcitrant maize elite inbreds gsim

vitro shoot meristematic cultures induced from germuhatedlings. Plant Cell Rep., 21: 263-270.

Zhong, H., Srinivasan, C. and Sticklen, M.B. 1992.vitro morphogenesis of corrizda mays L.).l.

Differentiation of multiple shoot clumps and somatimbryos from shoot tips. lanta, 187: 483-489.

anti@iaset.us



