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Regeneration of Indian maize genotypes (Zea mays L.) from immature embryo
culturethrough callusinduction
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Abstract: Callus induction and regeneration ability of five maize genotypes UMI 757, UMI 615, UMI 112, UMI 285
and CO 1 and one promising maize hybrids COH(M) 5 were investigated using 14 days old immature embryos as
explants. Callus induction depends on genotype, explants (age and size of explants), medium, type of auxin and
their concentration. Explants grown on Murashige and Skoog (MS) medium supplemented with 1.5 mg/l 2, 4 - D (2,4
— dichloro phenoxy acetic acid), 0.3 mg/l kinetin with 30 g/l maltose showed the highest percentage of embryogenic
callus induction. Among the six genotypes tested, COH(M) 5 maize hybrids have highest percentage of embryogenic calli.
The embryogenic calli incubated on MS medium supplemented with 1.5 mg/l BAP (Benzyl Amino Purine), 0.2 mgl/l
NAA (Naphthalene Acetic Acid) with 1.0 mg/l kinetin was found to give the highest organogenesis response and
regeneration of plantlets.
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INTRODUCTION for establishing regeneration competent cells ¢atlus
cultures for genetic transformation (Ahmadabetdil .,

Maize (Zea mays L.) is the most important cereal crop 2007). First developed transgenic maize for biadsp
in the world in terms of global annual tons prodice | .qistance (Gordon- Kamret al., 1990). First time

(FAO, 2009). It is raw material for a number ofustfial eveloped insect resistant transgenic maize wighlcr

?rogucts besides r:ts dusesl asdhum?g food an_d animaly, (Koziel et al., 1993). However, maize genotypes
ﬁe "ﬁ‘t p(;eselnt,fc e ev%o%e ¥vor USes ga;zgmo adapted to temperate regions have been used ia thes
than the developing world, but forecasts indical@ t — q,jjag on regeneration and transformation (Bolerov

by the year 2020, the developing countries will @8th o '1995) To hamess the benefits of genetic tranafimin
more than the developed world (Duvick, 1998). Hence p oo ding” programme under tropical and sub-tropical
it is time to embrace fast, effective and reliablhniques Indian climatic conditions, it is important to déwe

like biotechnology, in maize improvement programme 0015 of regeneration and transformation fatidn

to ensure sufficient production (Machuka, 2001 andmaize inbreds. Therefore. the obiecti :
. : . S . , jectives in thesgme
Pingali and Pandey, 2001). One such techniquenstige 4y were to establish a reproducible regeneration

transformation. The success _of any tr_ansformationpmmco' for well adapted Indian maize genotypes an
work depends on culture, duration and efficiencthef hybrid and also to compare the efficiency of difer

regenerati_on system. Green "_’md Philips (1975) \@bor 5 \rces of auxins on callus induction and regerograt
regeneration of maize from immature embryo for thecapacity

first time. Since then, maize tissue culture agasformation
has involved the use of immature zygotic embryos adM ATERIALSAND METHODS
an explants source for regeneration (Iskdda ., 1996;
Shohaett al., 2003; Dansoset al., 2006; Aguado Santacruz
et al., 2007; Manivannaret al., 2010; Rakshitet al.,
2010), mature embryos (Huang and Wei, 2004; Al-dAbe
et al., 2006; Abebeet al., 2008), nodal regions
(Vladimir et al., 2006), leaf tissues (Ahmadabaitlial .,
2007), anthers (Barloy and Beckert, 1993), tasedl a

Plant materials and embryo excision: Five well
adapted Indian maize genotypes such as UMI 757,
UMI 615, UMI 112, UMI 285 and CO 1 and one hybrid
COH (M) 5 were used in the study. These lines were
planted in the Botany farm of Agricultural Colleged
Research Institute, Tamil Nadu Agricultural Univts

: : Madurai. Pollination was controlled by covering the
ear meristem (Pareddy and Petolino, 1990), Praiopla sprouting ears with transparent polythene bag.t®lan

(Morocz et al., 1990) and shoot meristem (Sairam .
al., 2003). Immature embryos are predominantly used’ c'e self pollinated angl th_e whole ears were ctalibc
' at 14 Days After Pollination (DAP) for subsequent
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tissue culture experiment according to Ishilaal., for seven days following acclimatization, plantsreve
1996. Immature embryo has proven to be the besmoved to the green house for further growth.

source for the establishment of embryogenic calhtd  The observations recorded were statistically aralyz
plant regeneration in maize. The immature embryoby subjecting the data to Factorial Completely Ramized
from immature cob were collected at 14 days afterDesign, designed by (Gomez and Gomez, 1984). Level
pollination, explants were excised only from hegalth of significance was determined by using standard
plant. The kernel were surface sterilized with 70% analysis of variance. Differences among mean values
ethanol for 2 minutes followed by 0.1% HgGbr 5 were assessed by LSD. The data obtained with mer ce
min and then washed with three to four times with values were subjected to arc sine transformation.
sterilized distilled HO, under aseptic conditions. Under

laminar Air Flow chamber, the immature embryos RESULTSAND DISCUSSION
were aseptically excised from the kernel of theségr  An efficient regeneration protocol is prerequiditea
cutting off kernel using scalpel blade and remowimg  successful genetic transformation work in any crop
endosperm. Immature embryos of 1.0 — 2.0 mm sizeplant. Maize genotypes have profound differences fo
were aseptically excised from surface sterilizechéds.  invitro culture and only a small number of maize genotypes
The immature embryos were placed on the semisolidyosses regeneration capacity. Hence, it becomesriam

MS medium (Murashige and Skoog, 1962) with the to specify growth condition for specific genotypesier
rounded scutellar side exposed and the flat pluradieal  in vitro culture to exploit potential tools df vitro
axis side in contact with the medium. culture such as doubled haploid, somaclonal vanati
Callus induction: Different media (MS and N6) were and genetic transformation. Many reports are aptgla
used for callus induction supplemented with 1.5Img/ in maize suggesting successful regeneration frotrma
2,4 — dichloro phenoxy acetic acid (2,4- D) witl80. embryos (Huang and Wei, 2004), nodal culture
mg/l kinetin with pH adjusted to 5.8 prior to auédng  (Vladimir et al., 2006), split seeds (Al-Abeét al.,

at 121° C for 15 - 20 min. Thirty explants per tne@nt  2006) and immature embryos as explants (Duretan
were taken in three replications. Explants werebated  al., 1985; Furini and Jewell, 1994 and Bohore&val.,

in dark for 24 hour at 28° C. Then these were fearesd  1995). The present work focuses on devising a atdnd
to 16 hour photoperiod, 50-70 puE/slight intensity.  protocol for regeneration of tropical Indian maiizereds.
After two weeks, number of explants producing prina Therefore, we made an effort to obtain regeneration
callus were recorded, calli were subculture onrésH using immature embry() as best exp|ants in maiagaids
medium of the same composition after 15-20 days.  this endeavour we principally followed the protacol
Regeneration: After one month, the embryogenic calli suggested by (Bohorovet al., 1995), who reported
transferred on to maturation medium for three weeksthat N6 medium containing Dicamba and Ag\five
Every ten days, the regenerated calli were sulu@dt  efficient callus induction and plant regeneration i
on fresh medium. The calli were transferred onmexggion  tropical and sub tropical maize germplasm. The oble
medium with out any hormones for two weeks. After 2 4-D with MS media in inducing highly regenerable
two weeks, the calli were transferred on to différe calli from mature embryos (Huang and Wei, 2004).
shooting medium. After 10 days they were transterre Successful regeneration from immature embryos using
on to rooting medium (MS+ with out hormone) for one MS supplemented with 2,4-D reported by (Rooz,
week. Plantlets with well developed roots weresteamed  2002). Thus, we made an effort to induce regermrati
overnight to half strength liquid MS medium (pH 6.8 in Indian maize using both MS and N6 media suppitede
with out sucrose and then transferred to pots tontg  with 2,4-D and kinetin.

sterilized soil for acclimatization, under 16 hphiotoperiod  Callus induction: Based on analysis of variance, all

Table 1. Effect of media on callus induction per cent in iatore embryo culture (expressed in per cent).

Media MS+15mg 24D +03mg K + Ne+15mg 24D +03mgI K +
30 g I* sucrose (§,D,K ) 30 g I'* sucrose (Ng)

Genotypes A B C D A B C D
(G UMI 757 84.96 70.16 14.78 39.32 67.13 62.71 21.75 9.82
(G2) UMI 615 86.62 72.16 15.52 45.16 76.89 63.83 .028 26.25
(G3) UMI 112 85.13 71.15 16.50 40.10 77.01 64.88 19.54 7.8@
(G4) COH (M) 5 88.75 75.22 13.28 47.26 68.15 63.50 26.15 25.12
(Gs) UMI 285 78.45 66.43 18.22 35.33 51.74 42.26 37.24 5.14
(G6) CO 1 65.71 61.52 23.42 19.42 80.06 67.67 18.03 30.96

Callus induction (A), embryogenic callus formatid),(rhizogenic callus formation (C) and regenera{idh
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(a) Callus induction from immature embryo on COH(M) 5  (b) Emergence of green spot from embryogenic callus

(d) Regeeeaiint

(e) Regenerated plantlets on rooting media (f) Hardening plant in plastic cups

Fig. 1. Regeneration of plants from immature embryo culture.

the four parameters, including genotype, inductiondays. The embryogenic callus formation ranged from
medium, type of auxin and level of auxin influenced 61.52 to 75.22 on MS and it was lower on N6 42@®6 t
the frequency of callus induction. The mean callus67.67 (Table 1)Among the four different media composition,
induction percentage was higher on MS media rangedi2D2K2 (MS+1.5 mg/l 2,4-D + 0.3mg/l kin + 30g/I
from 65.71 to 88.75 compared to N6 media. Callusmaltose) recorded the highest callus inductiongreege
intiation from cultured embryos was observed with i of 99.10 (Table 2). Auxin especially 2,4- D in the
one weed following culture, with swelling of the range of 1-3 mg/l, is essential for embryogenidusal
scutellum and formation of mass on the surface ofinduction from cereal embryos (Bhaskaran and Smith,
scutellum. Within 15 days of incubation, the swolle 1990). The result of this study showed, there was n
scutellum developed in to irregular callus, which response in any of the genotypes in the abserzd-&.
turned in to organogenic callus after an additiotal There was no callus induction with out 2,4-D repdrt
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Table 3. Organogenesis per cent from callus of immature gmat various levels of hormones.

Treatments
R; R, R; R4 Rs Rs R+ Rs Rg M ean
Genotypes

(G1) UMI 757 35.10 38.16 43.12 4586 44.63 4512 6535 96.091.38 5275
(G2)UMI615 1817 19.00 2259 33.26 40.17 43.16 61.32 93.52912 4337

(G UMILIZ 5550 2438 2513 3528 4362 4438 6237 9415978 4584

(G)COH(M)S 4018 4417 4838 5093 5215 5238 7038 98.1P7-15 5321
(Gs) UMI 285 38.13 4052 4247 4893 5111 4631 6758 96.3§3-87 5502
(G6) CO1 14.18 16.68 1854 3215 39.12 4275 60.23 89.829-04 4139
Mean 28.05 3049 33.37 41.06 4513 4568 6459458 61.89 4943

Table 4. Regeneration percent of plantlets from immature gmht various levels of hormones

Treatments
R, R> R; R4 Rs Re R+ Rs Rg M ean
Genotypes

(G) UMI 757 36.58 37.94 4806 49.13 50.37 62.12 60.20 73.15 0%2. ©3.29
(G2)UMI615 2852 2841 3090 3440 4058 50.14 51.34 6473613 4279
(Gs) UMI 112 30.18 33.72 39.27 42.05 4455 5413 5658 70.6%7-15 4758
(G)COH(M)5 3613 41.24 5346 5452 57.74 6514 66.17 8116813 5818
(Gs) UMI 285 39.35 40.32 51.60 52.04 5230 64.19 6508 77.28715 5659
(G6)CO 1 20.10 20.18 2512 2813 38.12 4813 50.18 60.28412  38.26
Mean 31.81 33.64 4140 4337 47.28 5730 5823120 6079 4945

by (Sumathi, 1992). Addition of 2,4-D induced callu sensitivity to 2,4-D between genotypes as repobied
development and the presence of 2,4-D in the aultur (Agrawal et al., 2006) and Katiyaret al., 1999 also
medium was critical for callus induction from maize concluded that callus induction and plant regererat
and formation of embryogenic callus. Addition 061. were found to be greatly influenced by the gendagype
mg/l 2,4-D was found to induce good callus growth i and 2,4-D concentrations in media.

MS medium. Ansari (1997) reported that 1.5 mg/tR2,4 Regeneration: Maize plant regeneration can take place
with 0.3 mg/l Kn gave maximum embryogenic callus through two avenues viz., organogenesis or somatic
induction. These findings were similar to thoseortw embryogenesis. Organogenesis involves the formation
by (Ansari, 1997; Wenbiet al., 2002; Al-Abedet al., of organs (shoot and root) directly from the exfdan
2006 and Binotet al., 2008). Immature embryos can or indirectly via callus formation on the other Han
initiate two types of callus cultures from theiusalar somatic embryogenesis involves the formation of
surfaces. Type | and Type Il callus. Type | is caotp  scutella like structures from the explants or allu
and organogenic and easily obtained from immature(Slater et al., 2004). Somatic embryogenesis is the
embryo. On the other hand, Type Il is friable amtbrgogenic  most common avenue of plant regeneration (Odbur
and is initiated at a lower frequency than Type 1 al., 2006). The embyogenic callus when allowed to grow
(Carvalhoet al., 1997). Only a few tropical genotypes in regeneration medium, it passes through orgarnogen
have been shown to be capable of initiating Type lIstages until it reaches plantlet stage. This higlpghe
callus (Odouret al., 2006). Type Il callus has been recovery of highly developed plantlets. Embryogenic
found to be more regenerable than Type | callus€Om callus was transferred to regeneration medium which
et al., 2008). Mixture of type | and type Il calli was contains MS medium with 30 g/l sucrose for three
observed in COH(M) 5. Among the six maize genotypesweeks. Later, these calli transferred to fresh oradi
investigated in this study, hybrid COH(M) 5 yielded for subculture. Organogneic response from immature
the highest frequency (99.10 %) of embryogenicusall embryo revealed highly significantly differencesheT
formation was recorded in MS medium with 2,4-D, range for this trait among genotypes was from 41.39
kinetin and maltose. These genotypic variations may(%) (Col) to 58.21 (%) (COH(M) 5). The treatment R8
be attributed to differences in the componentsthed (1.5 mg/l BAP + 0.2 mg/l NAA+ 1.0 mg/l kn) showed
concentrations of the endogenous plant hormones ansignificance (94.58%) followed by R7 (64.54%), R9
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(61.89%) (Table 3). The treatment R1 (0.5 mg/l BAP REFERENCES
0.1 mg/l NAA + 1.0 mg/l kn) showed poor performance
(28.05%). In this study, BAP (0.5, 1.0 and 1.5 g/l of tropical maize linesZga mays L.) from mature zygotic

NAA (0.1, 0.2 and 0.3 mg/l) and kinetin (1.0 mg/]) embryo through callus initiationAfrican Journal of
were used for plant regeneration. When the efféct o Biotechnology, 7: 2181-2186.

BAP was studied on organogenesis it was observeg\grawal, P.K., Gosal, S.S. and Sidhu, G.S. (2088juential

Abebe, Z.D., Teffera, W. and Machuka, J.S. (20B88peneration

that high levels of BAP (1.5 mg/l) combined withwlo reduction of 2, 4-D improves whole plant regenerati
levels of NAA (0.2 mg/l) in MS medium containing from long term maintained calli in sorivadica cultivars
1.0 mg/l kinetin, induced highest regeneration qent of rice. Oryza, 43: 10-15.

in immature embryo derived calliThe capacity of ~Aguado - Santacruz, G.A., Moya, E.G. Acuna, J.L.A.
plantlet regeneration did not correlate with praggn Gomez, B.M., Moya, E.S., Ortiz, E.R.P., Bremont, J.

. . . . F.J. and Cruz, Q.R. (2007). In vitro plant regenenat
for callus induction or somatic embryo formation, from quality Protein Maizen vitro Cell. Dev. Bial., 43:

since not all embryogenesis calli were convertetbin 215.224.

plantlets. When organogenic callus were transfetved aAnmadabadi, M., Ruf, S. and Bock, R. (2007). A leaséd
regeneration media, their surfaces turned greemirwit regeneration and transformation system for maZzea (
the one week and plantlet regeneration occurrekinwit mays L.). Transgenic Res.,16: 437-448.

21 days (Binotet al., 2008). When the effect of BAP, Al-Abed, D., Rudrabhatla, S., Talla, R. and Goldm&n,
NAA and Kinetin was studied on the duration of (2006). Split-seed: a new tool for maize reseasher
organogenesis, lower concentration created speéd lo Planta, 223: 1355-1360.

ari, N.A. (1997). Tissue culture studies in maiZea

where the organ formation was delayed. The treatmen™"S
9 Y mays L.) Ph.D. (Ag.) Thesis, TNAU, Coimbatore.
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plays an important role in tissue culture response tissue culture a reviewtrop Sci., 30: 1328-1336.
across crop plants. Among the genotypes, the mawimu Binott, J.J., Songa, J.M., Ininda, J., Njagi, EAdd Machuka,

regeneration percentage of plantlets was obsemved i  J.(2008). Plant regeneration from immature embuoyfos
COH(M) 5 G4 (58.18%) followed by UMI 285 (G5) Kenyan maize in bread lines and their respectinglsi
(56.59%) (Table 4) Figl. The interaction effect,RB4 cross hybrids through somatic embryogemdrican
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